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Abstract - Furongian sandstones yield shallow-water trilobite faunas along the length of the Sibumasu 
Terrane in the four regions of NW Malaysia (Langkawi), southern Thailand (Satun), the Shan States 
of Myanmar and the Baoshan Block of western Yunnan. These are associated with felsic plutonics, 
volcanics or volcaniclastics in all four regions. Correlations of Langkawi Island and Satun Province 
shallow-water carbonates reveal a succession of dominantly molluscan, stromatoporoid-brachiopod 
faunas which, from conodont evidence, range from the mid-Tremadocian to the Darriwilian, and which 
have dominantly North China-Australian affinities. A major increase in sea-level in the late Darriwilian 
led to trilobite-brachiopod faunas with very strong South China affinities. Deep-water conditions of 
more than 150 m prevailed in the Katian with the deposition of red, stromatolitic limestones with cool/
deep-water trilobite and conodont faunas. This ‘Pa Kae facies’ re-occurs in limestones of Silurian and 
Devonian age in several areas of Sibumasu. Llandovery graptolitic shales occur along the length of the 
terrane. Silurian, probably outer shelf, limestones occur in NW Malaysia, the Shan States and Baoshan 
but have a limited distribution in Thailand. Most Katian to Devonian faunas in NW Malaysia, Thailand 
and Baoshan show evidence of deep-water deposition which continues into the Mississippian of NW 
Malaysia and into the Pennsylvanian of Thailand contrasting with the Baoshan Block’s extensive, 
Devonian to Mississippian shallow-water, coral-rich carbonates. 
	 A significant mid-Carboniferous to Pennsylvanian depositional gap in the Shan States and 
Baoshan may be due to regional uplift by the mantle plume that triggered Cisuralian rifting of  
Sibumasu from Gondwana. Palaeomagnetic results from Baoshan, along with biogeographic evidence 
and provenance data from Thailand show that Sibumasu was definitely part of the Australian sector of 
Gondwana until the Cisuralian and did not experience major deformation until Late Triassic collision 
with Indochina. 
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1. 	Introduction
The >3000 km long Sibumasu Terrane was established to 
include the continental areas of western Thailand, western 
peninsular Malaysia, Sumatra and the Baoshan and Tenchong 
blocks in western Yunnan, China (Metcalfe, 1984; 1992) 
and therefore includes the Shan-Thai Terrane of Bunopas 
(1982) who did not explicitly include Baoshan and Sumatra 
(Fig.1). The Sibumasu Terrane is characterized by Cisuralian 
Gondwana marine faunas and glacimarine sediments which 
contrast to the contemporaneous tropical, fusulinid and 
coral-bearing limestones of the Indochina and Inthanon 
Terranes (Shi and Archbold, 1995; Ueno and Charoentitirat,  

2011; Wang et al., 2001). Current models suggest that the 
Inthanon Terrane of northern Thailand was thrust over the 
Sibumasu Terrane in the Late Triassic (Metcalfe and  
Henderson, 2017; Ueno and Charoentitirat, 2011). Lower 
Palaeozoic strata are well developed along the Sibumasu 
Terrane from northern peninsular Malaysia, through to the 
Baoshan Block in western Yunnan, China. 

2. 	Paleozoic correlations
Good sections of Palaeozoic rocks, often with abundant 
fossils, are known in northwest Malaysia (particularly in 
the Langkawi Islands – Fig.1), in Satun Province in southern 
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Thailand (including Tarutao Island), in the Shan States of 
Myanmar and in the Baoshan region of West Yunnan, 
China (Fig.1). We will briefly summarise the Palaeozoic 
in the four main, relatively well-studied areas, of Sibumasu 
listed above (Figs. 2-3), emphasise their similarities and 
differences, suggest correlations and summarise their  
palaeogeographic development. We plot, in detail and for 
the first time, the probable stratigraphic ranges of most 
described or illustrated taxa using the lithological units 
mapped in the Langkawi Islands and Satun Province and 
suggest correlations to the international chronostratigraphic 
column (Fig.2). In order to simplify lithostratigraphic 
comparisons between the four major fossiliferous areas of 
Sibumasu (Fig.3), lithologies are shown as either  
dominantly carbonate (brickwork pattern) or siliciclastic  
sequences (dotted pattern) plus the two major volcanic  
sequences (v pattern) of the Late Cambrian felsic Bawdwin 
Formation in Myanmar and the Early Permian mafic  
Woniusi Formation in Baoshan. 
	 Despite a wealth of taxonomic studies, detailed  
correlations have not previously been attempted between 
the Ordovician sequences of Satun Province in southern 
Thailand and Langkawi. This is mainly because most  
authors have not attempted to subdivide the approximately 
1900 m of the Kakit Bukit Formation (formerly the Lower 
Setul Limestone). However, our mapping in the Langkawi 
Islands showed that by using simple field-based criteria the 
formation could be divided into nine mappable members 
designated units E-M (Laurie and Burrett, 1992; Stait et 
al., 1987; Wongwanich et al., 1983; Wyatt, 1983) and that 
the formations mapped on Tarutao Island (Mason, 1986; 
Wongwanich et al., 1983, 2002; Wongwanich 1990) could 
be recognized as metamorphosed units near the Kuah 
Granite in Langkawi. Figure 2 is the first attempt at a  
relatively detailed correlation between Satun and  
Langkawi pre-Hirnantian sequences by plotting all  
available palaeontological information against generalized 
lithostratigraphy. Figure 2 shows the diversity of  
pre-Hirnantian faunas described from numerous papers in 
both Langkawi and Satun. It emphasizes a paucity of  
Furongian to Tremadoc faunas in Langkawi, mainly due 
to metamorphism by the Late Triassic Kuah Granite.  
Because the lithological units are plotted by thickness, it 
also emphasises the great thickness of the Furongian - 
Sandbian carbonate sequences compared to younger,  
Katian to Carboniferous, possibly condensed sequences. 
	 Cambrian, mainly siliciclastic sequences have been 
studied in Thailand, Malaysia, Myanmar and the Baoshan 
Block and good faunas have been described from these 
regions except from Malaysia. In the Langkawi Islands in 
Malaysia, the Machinchang Formation yields fragmentary 
trilobites that are generally not identifiable to species. The 
first Cambrian fossils in Thailand were discovered 60 years 
ago by Mr Saman Buravas on Tarutao Island and described 
by Kobayashi (1957). The Tarutao Group sandstones were 
recollected for trilobites and the fauna described by  
Shergold et al., (1988) who identified 12 taxa (Fig. 2). This 
fauna is similar to that found in lithologically similar  
Furongian sandstones from Baoshan (Sun and Xiang, 1979) 

and from the Shan States of Myanmar (Myint Lwin Thein, 
1973). Correlations of the Chinchin and Jemurok Members 
of the Machinchang Formation to the Ao Tami and Ao Mo 
Lae Formations of the Tarutao Group are therefore based 
mainly on lithology (MTJGSC, 2013), (Fig. 2). 
	 The upper Talo Wao Formation on Tarutao Island 
yields a Tremadoc trilobite faunule consisting of Pseu-
dokainella malakanesis, Rossaspis bunopasi, Asaphellus 
sp and a harpid (Stait et al., 1984). Ross et al., (1993) 
consider that R. bunopasi is “indistinguishable” from  
Rossaspis superciliosa from the Middle Tremadoc of the 
USA. Limestone lenses from the upper part of the Talo 
Wao Formation also contain Tremadoc conodonts  
Chosonodina herfuthi, in a lower lens, and Paltodus deltifer 
in an upper lens (Teraoka et al., 1982). The conformably 
overlying Thung Song Group carbonates on Tarutao Island 
contain Tremadoc-Floian conodonts, (Agematsu et al., 
2008),  Rossaspis sp., the chiton Chelodes whitehousei, the  
gastropod Peelerophon oehlerti (Jell et al., 1984) and the 
rostroconch Euchasma sp. (Fig. 2). Rossaspis is also found 
in the Ordovician of Kanchanaburi Province in western 
Thailand (Wolfart, 2001). Unidentifiable endocerid  
nautiloids are common in the lower formations, a new 
genus of discosorid is found in the Lae Tong Formation 
and the coiled nautiloid Hardmanoceras chrysanthemum 
is common in the upper formations (Stait and Burrett, 
1984a). The uppermost formation on Tarutao Island, the 
Rung Nok Formation, yielded the conodont Prioniodus 
evae along with stromatoporoids and corals. Receptaculitids,  
probably assignable to Fisherites sp., are also present in 
the Rung Nok Formation and are common also in Thung 
Song correlates in Kanchanaburi, near Mae Sariang in 
northwest Thailand and in the Shan States of Myanmar 
(Kruse, 1989). The Lower Ordovician formations of  
Tarutao may be recognized lithologically on Langkawi 
Island to the west of the Triassic Kuah Granite (formerly 
Gunung Raya Granite) where they have been metamor-
phosed by the granite (Wongwanich et al., 1983) (Fig. 2). 
The polyplacophoran (chiton) Chelodes sp. is the only 
fossil that has been identified in this sequence (Fig. 2). On 
Langkawi, nine members were mapped within the Kakit 
Bukit Formation (formerly the Lower Setul Limestone) 
and informally designated units E to M (Wongwanich  
et al., 1983; Wyatt, 1983). The lower units E and F are 
strongly dolomitic and may overlap in age with all or part 
of the metamorphosed Lower Ordovician to the west of 
the Kuah Granite or to units on the Satun mainland but a 
lack of both macrofossils and conodonts prevents definite 
correlation. 
	 It is difficult to plot the range of the conodonts  
described by Agematsu et al., (2008) using the mapped 
units of Wyatt, (1983) and Wongwanich et al., (1983). 
However, by using thickness estimates, the obvious 
slumped limestone beds mentioned by Agematsu et al 
(2008) which probably equate with those described by 
Wyatt (1983) from within unit H, (note 2 on Fig.2) and 
from the few conodont species identified by S. Carey in 
Laurie and Burrett (1992) and re-assigned by Burrett, a 
tentative range and correlation chart may be erected (Fig.2). 
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Figure 1. Location map of mainland South East Asia and part of Sumatra showing major terranes and sutures (modified 
from Burrett et al., 2014, Thassanapak et al., 2017 and Udchachon et al., 2017). Note the major Sibumasu Terrane regions 
discussed in this review are (from the north) Baoshan, western Yunnan, Shan States, (Myanmar), Satun Province, (southern 
Thailand, including Tarutao Island) and northwest Malaysia (including the Langkawi Islands). 
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Figure 2. Preliminary correlation chart of Lower to Middle Palaeozoic of Langkawi and Satun Geoparks. N.B. Only 
pre-Hirnantian faunas are plotted. Note rarity of Upper Cambrian to Lower Ordovician faunas in Langkawi Islands. Note 
also great thickness of pre-Hirnantian sections compared to deeper water Hirnantian-Devonian formations. Numbers in 
circles: 1= First 4 conodonts as listed from Kakit Bukit Formation (Bergstroemognathus sp etc) by Laurie and Burrett 
(1992), 2= Beds of slumped limestone used as a marker horizon. 3= Wutinoceras robustum is referred to W. moeseini 
(Myint Lwin Thein, 1968) from the Shan States of Myanmar by Niko and Sone (2014). 4= Possible overlap of sequence 
of metamorphosed limestone to the west of the Kuah Granite and sequences mapped by Wyatt (1983) in Langkawi. 5= 
Probable overlap of some part of the Tarutao Island section and outcrops and subcrops on the Satun mainland. Furo-
ngian trilobite Tsinania (Tsinania) nomas is placed in Shergoldia (Zhu et al., 2007). 



Palaeozoic correlations and the palaeogeography of the Sibumasu 
(Shan-Thai) Terrane - a brief review

5Vol 2. No 2  July-December 2016

	 The ranges of the gastropods described by Hamada 
et al., (1975), Kobayashi (1958, 1959), Kobayashi and 
Hamada (1964), Jell et al.,(1984) and Yochelson and Jones 
(1968), the brachiopods described by Laurie and Burrett 
(1992) and Cocks et al., (2005 ), the stromatoporoids  
described by Webby et al., (1984), the nautiloids described 
by Stait and Burrett (1982) and Stait et al., (1987), and 
partially re-assigned by Niko and Sone (2014,2015) from 
the Langkawi Islands are shown on the chart (Fig.2).  
However, further work is clearly needed to substantiate 
and modify this preliminary diagram. Faulting is common 
on Langgun Island and on the main Langkawi Island and 
careful structural work needs to precede re-mapping and 
re-collection of these units. This faulting, which is often 
far from obvious, repeats and cuts-out lithic units, causing 
problems, mistakes and debates both on Langkawi and 
mainland Malaysia but also in mainland Satun Province 
(e.g. Lee 2009; Meor and Lee, 2002; Wongwanich et al., 
1990). Langkawi, units G to L range, therefore, from the 
upper Floian to the Sandbian and correlate with unnamed 
Thung Song Group limestones on the Satun mainland. 
These Satun limestones underlie the distinctive red  
limestone of the Pa Kae Formation and are generally, but 
not completely, (see note 5 on Fig.2) younger than the Rung 
Nok Formation. Fossils have been collected from many 
scattered outcrops on the Satun mainland but no coherent 
stratigraphy has been erected. The Satun mainland outcrops 
include the conodonts from the Thung Wa sections  
described by Agematsu et al., (2006b), brachiopods  
described by Hamada (1964) and Laurie and Burrett 
(1992), nautiloids by Stait and Burrett (1984), and  
Serratognathus sp. and other conodonts by Wilkinson 
(2008), and Cantrill (2002). The Floian Serratognathus 
from Satun (Langu district) drill-core found by Wilkinson 
(2008) shows that at least some Lower Ordovician  
limestone is present on mainland Satun. Serratognathus 
sp. has also been found in mainland northern Malaysia but 
not in Langkawi (Metcalfe, 1980). 
	 A calcareous shale, or decalcified limestone known 
as the “Satun Shale” has yielded the biogeographically 
interesting trilobites Hungioides sp., Ovalocephalus sp and 
Encrinurella sp. (Fortey and Cocks, 1998). This informal 
unit is thought to underlie the Pa Kae Formation but its 
exact composition, thickness, stratigraphic position and 
age have not yet been determined. The Encrinurella is 
similar to the type species from the Shan States (Reed, 
1906), Ovalocephalus is a characteristic South China genus 
(Fortey and Cocks, 1998) and Hungioides has a  
peri-Gondwana distribution (Fatka et al., 2008). Agematsu 
et al., (2007) found the lower Sandbian zonal conodont 
Pygodus anserinus at the base of, or just below, the Pa Kae 
Formation, however the exact relationship between the 
trilobite, brachiopod and conodont ranges within the Pa 
Kae Formation have not yet been determined. Unit M in 
Langkawi and the Pa Kae Formation in Satun are distinctive  
red stromatolitic limestones that both contain a Katian to 
lower Ashgill trilobite and deeper/cooler ‘North Atlantic’ 
province conodont fauna (Agematsu et al., 2007, 2008). 
Thirty nine species of trilobite have been described from 

the Pa Kae Formation (Fortey, 1997) and 11 from unit M 
of the Kakit Bukit Formation (Kobayashi and Hamada, 
1978). Nileids, cyclopygids and Telephina all suggest deep 
to very deep marine conditions and the conodont faunas 
also suggest cool or cool and deep seas. The Foliomena 
brachiopod fauna also indicates deep shelf conditions 
(Cocks and Rong, 1988; Zhan and Jin, 2005). The purple 
and green shales and micritic nodular limestones of the 
Pupiao Formation of the Baoshan block contains a generally  
similar trilobite deep-water fauna to that of Satun and the 
Shan States with Ovalocephalus, Cyclopyge and  
Encrinurella of Katian age with a Foliomena brachiopod 
fauna interbedded with graptolite shales and overlain by 
Hirnantian graptolitic shales (Zhang et al., 2014) . 
	 The Pa Kae Formation in Satun and unit M in  
Langkawi are overlain by the Wang Tong and Tanjong 
Dendang Formations respectively. These contain the  
Ordovician-Silurian boundary, underlain by a typical  
Hirnantian fauna with Mucronaspis mucronata, Hirnantia 
and Metabolograptus persculptus overlain by shales with 
Llandovery graptolites (DMR, 2014; Wongwanich et al., 
1990; Cocks and Fortey, 1997; Cocks et al., 2005;  
Agematsu et al., 2006a). Although the Hirnantian fauna of 
the northern Shan States’ Panghsa-Pye Formation contains 
typical Hirnantian elements such as M. mucronata,  
Hirnantia, Kinnella and Hindella, it is surprisingly  
different, in detail, to the Hirnantian faunas of both Satun 
and South China (Cocks and Fortey, 2002).
	 Successive Llandovery graptolite zones are recorded 
in Langkawi (Jones, 1973), have been studied in the Shan 
States recently (Loydell and Kyi Pyar Aung, 2017) and are 
probably present in Satun but have not been studied in 
detail (Meesook, 2014). Similarly, the Jenhochiao Formation  
in Baoshan contains a succession of well-studied graptolite 
zones from the latest Ordovician Hirnantian to the Mono-
climacis griestoniensis Zone of the uppermost Llandovery 
(Ni et al., 1982). These widespread Llandovery graptolitic 
shales are overlain by limestones in Langkawi, Myanmar 
and Baoshan belonging to the Mempelam, Linwe and  
Lichaiba formations respectively. Llandovery, Wenlock 
and Pridoli-Lockhov age conodonts have been described 
from the Mempelam and Lichaiba formations (Igo and 
Koike 1973, Zhang et al., 2014) and Monograptus is  
recorded in the Linwe Formation of Myanmar. Other than 
a few undescribed graptolites, Silurian faunas are not yet 
definitely known from Satun (Meesook, 2014). However, 
Silurian conodonts are known from coastal outcrops of 
nautiloid bearing ‘Thung Song Group’ limestones near 
Khanom, in Nakhon Si Thammarat province (Burrett  
unpublished) and possibly from limestones referred to the 
‘Rung Nok Formation’ in mainland Satun (Sashida in 
Meesook 2014). Late Silurian to Early Devonian  
limestones of the Mae Ping Formation in northern Thailand 
(Burrett et al., 1986), yield conodonts and probable  
elements of a distinctive nautiloid fauna that has recently 
been described by Niko et al., (2017) from the Mempalam 
Formation of Langkawi and which is also illustrated by 
Zhang et al., (2014, p. 112) in the Lichaiba Formation in 
Baoshan (see Number 3 on Fig. 3). 
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 	 The Lichaiba Formation is overlain by purple  
‘reticulate’ limestones of the Pridoli-Lochkov Niushiping 
Formation and may be a similar facies to the Pa Kae  
Formation (Zhang et al. 2014). A photograph of the red, 
‘phacoidal’ Linwe Formation in Myanmar shows that it is 
also very similar in appearance to the Pa Kae Formation 
(Bender, 1983, fig.37b), to the red limestone of the Early 
Devonian Kuan Tung Formation in Thailand and to the 
thrombolitic limestone of the Silurian Mempalam Formation 
illustrated by Lee (2009). Thus the deep-water Pa Kae 
lithofacies, the distinctive texture of which has been shown 
by Wongwanich (1990) to be stromatolitic and thrombolitic 
in origin, may be widespread in Sibumasu and probably 
occurs in Late Ordovician, Silurian and Devonian  
limestones (see Number 2 on Fig.3). Wongwanich (1990) 
estimated the depositional depth of the Pa Kae Formation 
as about 200 m, which is consistent with both the presence 
of psychrospheric and benthonic trilobites, the deep-shelf 
Foliomena brachiopod fauna and cool-water conodonts. 
The ‘Pa Kae Facies’ is very similar to the red and partially 
stromatolitic and thrombolitic, filament and coccoid rich, 
‘Ammonitico Rosso’ of the European Jurassic, widely used 
a facing stone and which has also been interpreted as a 
low-oxygen, quiet water, ‘pelagic’ limestone (Martire et 
al., 2006; Massari, 1979). The red colouration of  
deep-water limestones is probably due to iron-bacteria 
mediated deposition of hematite (Mamet and Preat, 2006). 
	 Remarkably, the Ludlow-Pridoli Niushiping Formation  
of Baoshan contains the unusual, but distinctive, loboliths 
(bulbous floating holdfasts) of the crinoid Camarocrinus 
or Mahrhoumacrinus which are also described from the 
coeval Mempelam Formation of Langkawi (Lee, 2005; 
Zhang et al., 2014, p.118) (see Number 2 on Fig.3). The 
Mempalam Formation also contains a Llandovery trilobite 
fauna consisting of 15 species and named the Prododon-
tochile fauna by Kobayashi and Hamada (1971) but this 
fauna has not been found elsewhere. Thus the Silurian 
graptolitic shales of all four regions are similar and the 
Silurian limestones are faunally and lithologically similar 
except for Satun Province. However, the Emsian trilobite 
(Fortey, 1989) and conodont (Long and Burrett, 1989a) 
faunas described from the Kuan Tung Formation of Satun 
Province have not been found elsewhere in Sibumasu. 
	 The limestones of the Mempelam and the Kuan Tung 
Formations are overlain conformably by the mainly silici-
clastic Timoh Tasoh (formerly the Upper Detrital Member) 
and the Pa Samed formations respectively. These contain 
a tentaculitoid fauna near their bases containing Nowakia 
(Turkestanella) acuaria which extends to Baoshan  
(Agematsu et al., 2006a; Burton, 1967, 1970). This  
tentaculitoid fauna is found with the southern Thai  
brachiopods Plectodonta forteyi and Lissatrypa? and the 
southern Thai trilobite Plagiolaria poothai Kobayashi and 
Hamada 1968, in mainland Perlis, northern Malaysia (Meor 
and Lee, 2005; Ong and Jasin, 2007). These are the only 

Devonian brachiopods and trilobite described from southern 
Thailand that are also found in northern Malaysia. Lower 
Devonian Monograptus species occur in both formations. 
Nowakia (Turkestanella) acuaria is found with Monograptus 
atopus, and the Satun brachiopods Plectodonta cf forteyi 
and Clorinda cf wongwanichi in the Zebingyi Formation 
of Myanmar (Aye Ko Aung, 2012). The Devonian of  
Baoshan is represented mainly by limestone and contains 
an abundant coral fauna which is reefal in part (Wang, 
1994) whereas the coral-brachiopod rich Devonian  
limestone in the Shan States is limited stratigraphically 
(Aye Ko Aung, 2012). These coral-rich Devonian  
limestones contrast with the non-coralline, deep-water 
Devonian limestones in southern Thailand (Emsian, Kuan 
Tung Fm) and the Upper Devonian Sanai Limestone of 
Malaysia (Lee, 2009, Aye Ko Aung et al., 2013).  
Deep-water, occasionally turbiditic, Middle to Upper  
Devonian limestones are known in NW Thailand near the 
Myanmar border (Long and Burrett, 1989b; Savage, 2013) 
and Devonian limestones are also present in Kanchanaburi 
province, western Thailand (Savage et al., 2006). 
	 The oldest, well-dated Carboniferous fauna in Satun 
consists of deep-water Tournaisian radiolarians found in a 
chert within the Khuan Klang Formation (Imsumat, 2012; 
Saesaengseerung and Saiid, 2016) and these Tournaisian 
cherts are also well studied in NW Malaysia (Jasin and 
Harun, 2011). The siliciclastics of the Khuan Klang Formation 
contain goniatites, Langgonbole vulgaris and Posidonomya 
sp which are also found in the lithologically similar  
‘redbeds’ (the Langgon Red Beds) of the lower Singa 
Formation in the Langkawi islands (Jasin, 2015). Younger 
Carboniferous faunas have not definitely been found in 
Langkawi but the Namurian (Late Mississippian to Early 
Pennsylvanian) brachiopod/goniatite fauna of the Pa Samed 
Formation (Wongwanich et al., 2004) suggests that the 
Khuan Klang and Pa Samed formations in Satun and the 
revised Singa Formation of Langkawi are, at least in part, 
lithological and biostratigraphic correlates (Figs.2-3). The 
Carboniferous in the Shan States is poorly known and most 
belongs to the mainly siliciclastic Taugnyo Formation 
(Metcalfe and Kyi Pyar Aung, 2014). In contrast, the 
Lower Carboniferous of Baoshan is mainly carbonate and 
rich in brachiopods and corals (Shi et al., 2005).
	 Because of their close lithological similarities, there 
is no problem correlating the upper, glacial part of the 
Singa Formation in Langkawi and the outcrops of the 
Kaeng Krachan Group in the Adang-Rawi Islands and 
mainland Satun and further north to better exposures in 
Phuket (Fig. 1) and nearby provinces (MTJGSC, 2013; 
Ridd, 2007, 2009 a,b). Cisuralian faunas from siliciclastics 
in NW Malaysia, Thailand, and Baoshan are similar and 
strongly support contiguity with Gondwana (Shi and  
Archbold 1995; Wang et al., 2002; Xiaochi, 2002;  
Chaodumrong, 2010; Chaodumrong et al., 2007).
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Figure 3. Correlation between major sections of Palaeozoic in Sibumasu showing simplified lithologies. Mainly carbonate 
sections are shown by brickwork, dominantly siliciclastics by dots and major volcanic units by v’s. Columns are Northwest  
Malaysia (mainly Langkawi Islands), Southern Thailand (mainly based on sections in Satun province, including Tarutao 
Island), Myanmar (based mainly on southern Shan States) and Baoshan, western Yunnan, China. Numbers in circles 1= 
Furongian trilobite fauna in sandstones, 2 = Pa Kae facies, in Katian, Silurian and Devonian limestones. 3= Silurian 
nautiloid fauna, Number 3 in Southern Thailand is Silurian limestones at Khanom, Nakhon Si Thammarat Province. 4= 
Occurrences of loboliths of Camarocrinus in Late Silurian limestone. 5= Glacimarine sediments in N.W. Malaysia, S.
Thailand, Myanmar, and Baoshan. Myanmar glacimarine sediments are restricted to the area south of the Shan States 
suggesting that most of eastern Myanmar was (glaciated?) land during the Cisuralian, hence the gap in strata shown in 
the Myanmar column. 6= Occurrences of major felsic magmatism in the Late Cambrian to Early Ordovician. Thailand 
occurrence is in the upper peninsula near Hua Hin (Lin et al., 2013). 7= Occurrence of Darriwilian Saucrorthis brachio-
pod fauna. 
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3. 	Palaeogeographic development
It is clear that, in the Furongian, a shallow shelf siliciclastic 
sea extended from Malaysia to Baoshan. Conglomerates 
and heavy mineral bands suggest that the source region 
was nearby and palaeocurrent indicators suggest this source 
was to the present day west (Akerman, 1986). In Baoshan, 
sandstones become coarser and conglomeratic toward the 
west (Zhang et al., 2014). In Malaysia, the Furongian 
sandstones were probably deposited in a delta complex 
grading into the barrier bar complex of Thailand (Lee, 
2006). Furongian rhyolites are well known around the 
Bawdwin Mine in Myanmar and are probably associated 
with the belt of felsic plutons and volcanics that extends 
from Sibumasu through the Tibetan terranes and along the 
Himalayan margin of Gondwana (Wang et al., 2015) 
(Number 6 on Fig.3). Evidence of volcanism occurs as ash 
deposits in the Upper Cambrian and Lower Ordovician of 
Malaysia, Thailand, Myanmar and Baoshan. The cause of 
this belt of Furongian to Darriwilian S-type calc-alkaline 
magmatism (Lin et al., 2013; Shi et al., 2016; Wang et al., 
2015) is debatable but a syn- to post-orogenic origin is 
most likely and is possibly due to a ‘Pan African’ age  
collision of South China or all of the main Chinese terranes 
with Gondwana (Xu et al., 2016; Zhai et al., 2016).  
Siliciclastic sand-sea deposition continued into the  
Tremadoc in all areas of Sibumasu and, as the siliciclastic 
source region was depleted, it converted to a shallow, 
tropical carbonate platform or ramp by the mid-Tremadoc 
and through the Floian and Dapingian in Malaysia and 
Thailand and also possibly in Myanmar. Myanmar and part 
of western Kachanaburi in western Thailand, seem to have 
experienced subtidal conditions with a diverse trilobite-
brachiopod-ostracode fauna and may have belonged to a 
separate basin in the mid-Ordovician (Agematsu et al., 
2008; Agematsu and Sashida, 2009; Wolfart, 2001).  
However, in Baoshan, the Floian and Dapingian are  
represented by deeper water fine quartz sandstones, shales 
and minor gravel beds of the Liaojianshan Formation. Rare 
macrofossils include the trilobites Neseuretus, Basiliella 
and Ampyx, the brachiopods Leptellina pulchra and a 
cystoid along with graptolites Callograptus and 
Didymograptus. The fauna suggests mid- to outer shelf 
conditions whilst some of the sediments suggest shallow 
water. The conformably overlying Shitien Formation  
contains abundant mid- to late Darriwilian graptolites such 
as Didymograptus murchisoni and D. spinulosa and  
Hustedograptus teretiusculus, Trilobites include Birman-
ites birmanicus, Cyclopyge, Encrinurella, Lonchodomas, 
Neseuretus, Ovalocephalus, Pseudosphaeroxochus, Hexa-
copyge and Sinocybele which suggest both deep water and 
affinities with the (?slightly) younger Ordovician trilobites 
of Myanmar and Thailand. This formation also contains 
50 genera of the relatively deep-water ‘Saucrorthis’  
brachiopod fauna which is also found, but with lower  
diversity, in the Shan States of Myanmar, South China and 
Iran (Zhan et al., 2014b). In contrast, the dominantly  
peritidal Darriwilian carbonates of Malaysia and Thailand, 
contain the widespread, shallow-water ‘Aporthophyla’ 
brachiopod fauna (Laurie and Burrett, 1992; Zhan et al., 

2014a) (Fig.2). In Baoshan, the Katian Pupiao Formation 
consists of mudstone with some micritic limestone in its 
lower part. Graptolites indicate the P.linearis Zone and the 
formation also contains deep-water trilobites Encrinurella, 
Ovalocephalus and Cyclopyge which are generically 
similar to those from the Katian of Thailand (Fig.2) as is 
its Foliomena brachiopod fauna. The Upper Katian is  
probably absent across Baoshan (Zhang et al., 2014). As 
in Thailand, the Ordovician–Silurian boundary in Baoshan 
is defined with graptolites of the Metabolograptus  
persculptus and P. acuminatus biozones, within the shales 
of the Jenhochiap Formation. In all four Sibumasu areas, 
the Llandovery is represented by deep-water graptolitic 
shales. In Malaysia, graptolitic shales and the trilobite 
Cyclopyge (Kobayashi and Hamada 1970) appear to be 
eastern deep-water correlates of the Ordovician shallow 
water carbonates of the west (Lee, 2010). In Malaysia and 
Thailand most of the Devonian and Carboniferous is  
represented by siliciclastics. 
	 The Silurian Mempalum Formation and the Famennian 
Sanai Limestone in Malaysia, the Devonian Kuan Tung 
Formation in Thailand and the Wenlock to Ludlow  
Lichaiba and Niushiping formations in Baoshan all contain 
suggestions of relatively deep-water conditions (e.g the Pa 
Kae facies and basinal conodonts). However, transported 
calcareous algae and plants in the Niushiping Formation 
could suggest shallow-water conditions (Zhang, 2014). In 
Myanmar and Baoshan shallow marine carbonates are 
definitely present in the Devonian (Bender, 1983; Aye Ko 
Aung 2012). The Devonian in Baoshan is represented by 
shallow water carbonates of the Heyuanzhai Formation 
which contain an abundant and diverse coral fauna (Wang, 
1994) overlain by the limestones of the Yudong Formation 
(Shi et al., 2005). The Pennsylvanian is missing from 
Baoshan (Shi et al., 2005) perhaps due to initial doming 
and uplift by the Pennsylvanian to Cisuralian, mantle plume 
centred around northern Greater India (see below). The 
Carboniferous of NW Malaysia and southern Thailand is 
represented by siliciclastics that grade eastwards into 
definite deep–water deposits often containing radiolarians 
(Jasin and Harun, 2011; Sashida et al., 2000; Saesung-
seerung and Saiid, 2016). In the west of Sibumasu, the 
often turbiditic Pa Samed and Khuan Klang Formations in 
Thailand contain Carboniferous faunas including radiolarians  
and goniatites along with brachiopods and the thin-shelled 
bivalve Posidonomya (Imsumat, 2012; Jasin, 2015;  
Wongwanich et al., 2004) suggesting relatively deep-water. 
The relatively deep-water Carboniferous of Malaysia and 
Thailand contrasts with the fossiliferous, shallow-water 
Missisippian carbonates of Baoshan. In, Myanmar the 
Carboniferous Taungnyo Group consists of interbedded 
marine sandstones, mudstones and minor limestone that 
yields a Pennsylvanian macrofauna near its top and a 
Tournaisian conodont fauna and possibly a Visean  
macrofauna elsewhere in the section (Metcalfe and Kyi 
Pyar Aung, 2014) but little is known about the group’s age 
range, lithology or environment of deposition. 
	 The 1 km thick sequences of Lower Permian  
siliciclastics of Thailand and Malaysia display abundant 
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evidence of glacimarine conditions (Stauffer and Lee, 
1986; Hills, 1989; Ampaiwan, 2009; Chaodumrong, 2010; 
Chaodumrong et al., 2007). In Myanmar, these glacial 
siliciclastics are only found south of the Shan States and 
are represented by a very thin non-glacial sequence in the 
Shan States. The Lower Permian in Baoshan is also thin, 
but contains evidence of glacimarine conditions (Xiaochi, 
2002). By the Middle Permian (Roadian) and possibly in 
the Kungurian, limestones are established in all four  
regions. The basal, chert-rich, limestone of the Ratburi 
Group in Thailand contains Lower Permian conodonts 
(Burrett et al, in prep), and no evidence of a tropical fauna 
(Hills, 1989; Chaodumrong et al., 2010). Similarly the low 
fusulinid diversity of the Wordian to Capitanian limestone 
of Baoshan suggests a warm water sub-tropical environ-
ment rather than the tropical conditions that characterise 
South China at that time (Huang et al., 2015). 

4. 	Palaeobiogeography
The Furongian trilobite faunas of Sibumasu have affinities 
with several parts of Asia but most notably with North 
China (Shergold et al., 1988; Sun and Xiang, 1979). 
Lower to Middle Ordovician nautiloid faunas have  
affinities to North China and Australia and include  
Tasmanoceras (Tasmania and Shan-States), Georgina 
(Thailand, Lhasa Terrane and Georgina Basin, Australia), 
Madiganella (southern Thailand and Central Australia) and 
Mesaktoceras ( Lhasa and Georgina Basin), Ordosoceras 
(Shan States and N. China Terrane), Paratunkuskoceras 
(Shan States and North China and Kogenoceras  
nanpiaoense ( Langkawi, Lhasa and North China) (Stait 
and Burrett, 1982, 1984a, 1987; Stait et al., 1987; Stait and 
Laurie, 1985; Niko and Sone 2014, 2015; Tongtherm et 
al., 2014). Because of their lack of planktonic larval 
stages and the frequent presence of heavy cameral  
deposits (in contrast to the modern Pearly Nautilus,  
Nautilus pompilius) many of these nautiloids are unlikely 
to have floated very far post-mortem and are therefore 
excellent indicators of terrane palaeoproximity (Burrett 
and Stait, 1985, 1987). The brachiopod genus Spanodonta 
is common in the Kaki Bukit Limestone of Malaysia and 
rarely in mainland Satun Province and is also found  
elsewhere only in Western Australia (Laurie and Burrett, 
1992). The Sibumasu-North China- Australia link is also 
shown by the conodonts (Agematsu and Sashida, 2009), 
the chiton (polyplacophoran) Chelodes whitehousei (Stait 
and Burrett, 1984b) and the stromatoporoids Labechia 
variabilis and Rosenella woyuensis (Webby et al., 1985). 
The slightly deeper–water subtidal Saucrorthis brachiopod 
fauna replaces the coeval, Darriwilian peritidal Aporthophyla  
brachiopod fauna in the Shan States and in Baoshan (Zhan 
et al., 2014). A major tectonic and/or environmental change 
in the Darriwillian, led to a major switch to South China 
affinities for the majority of the macrofossils and conodonts 
throughout the Sibumasu Terrane and, by the Katian, the 
trilobite and conodont faunas have very strong South 
China affinities and depositional depths change from a few 
metres to hundreds of metres. 
	 Silurian and Devonian faunas from Sibumasu have 

mainly peri-Gondwana distributions as illustrated by  
Silurian nautiloids from Langkawi and Baoshan (Niko et 
al., 2017), by Llandovery graptolites from the Shan States 
(Bohemia and Saudi Arabia, S China and Northern Europe) 
(Loydell and Kyi Pyar Aung, 2017) and by the Early  
Devonian reduced-eyed trilobite Plagiolaria (Sibumasu, 
N Vietnam, Uzbekistan and Czech Republic (Cronier and 
Fortey, 2006; Cronier and Tsmeyrek, 2010). Aye Ko Aung 
and Min (2011) note that some Lower Devonian corals 
from the Zebingyi Formation of the Shan States show close 
relationships with those from peri-Gondwana southern 
France and that their Emsian Dohmophyllum grave-
yardense is a common species in north Queensland,  
Australia. The Devonian and Carboniferous corals of  
Baoshan have widespread affinities to parts of Laurasia but 
the Mississippian brachiopod species Stegacanthia strigis, 
Podtshermia aff. thomasi and Rugosochonetes obtectus are 
also found in the Bonaparte Basin of NW Australia and 
Unispirifer striatoconvolutus is found in eastern Australia 
(Shi et al., 2004; Wang et al., 2001). The Mississippian 
thin-shelled bivalve Posidonomya, found in NW Malaysia 
and southern Thailand has a peri-Tethyan distribution from 
South China to SE Laurasia (Jasin, 2015). The trilobite 
Langgonbole from the Mississippian of Satun and NW 
Malaysia and the brachiopod Aseptella from the Pennsyl-
vanian of Satun are found elsewhere in peri-Gondwanan 
Spain and, the latter, also in Argentina (Gandl, 1983;  
Imsamat, 2012; Martinez-Chacon and Winkler-Prins, 1999; 
Wongwanich et al., 2004). 
	 Cisuralian faunas of Sibumasu show strong  
relationships to cool-water faunas in Australia and other  
Gondwana terranes but these Australian affinities weaken 
through the Permian as Sibumasu drifted away from  
Australia into progressively warmer seas (Shi and Archbold,  
1995; Wang et al., 2001, 2002; Zhang et al., 2013).  

5. 	Tectonic summary
The deposition of considerable thicknesses of siliciclastic 
material, including coarse conglomerates, in the Furongian 
and Tremadoc suggests that Sibumasu was part of an  
eroding continent. Spectra of detrital zircon ages from the 
Furongian Tarutao Group sandstones and its heavy  
mineral bands show close similarities with the Ordovician 
Tumblagooda Sandstone of western Australia (Burrett et 
al., 2014; Cawood and Nemchin 2000). Shallow–water 
Floian-Dapingian conodonts (Agematsu and Sashida 2009) 
and nautiloids, which were unlikely to have floated far 
post-mortem (Burrett and Stait, 1985; Burrett et al.,1990; 
Niko and Sone, 2014, 2015) suggest that this continent was 
Australia. Extensive Cisuralian glacimarine deposits with 
Gondwanan fauna show that Sibumasu was still attached 
to Gondwana at this time. Detrital zircons from a clast 
within the Kaeng Krachan Group of Phuket Island form a 
peak at 1860 Ma which suggests northern Australia as a 
source; though, of course, clasts in pack-ice may be  
transported considerable distance from their source (Burrett 
et al., 2014 p. 36). 
	 Palaeomagnetic data from Sibumasu are sparse and 
only data from Baoshan are reasonably reliable. Both 
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Devonian (Fang et al., 1989) and Permian data (Ali et al., 
2013; Xu et al., 2015) suggest that Sibumasu was part of 
Australia until the Sakmarian or Artinskian and oriented 
with Baoshan near the Himalayan margin and Sumatra 
closer to Irian Jaya. This orientation of Sibumasu is  
supported by the palaeocurrent data from the Furongian of 
Thailand, by the coarsening of siliciclastics westwards in 
Baoshan and by the deepening of Ordovician to Triassic 
sequences eastwards in southern Thailand and NW  
Malaysia (DMR 2014; Lee, 2009; Ridd, 2009, a, b; 
Sashida et al., 1995, 2000). However, all palaeomagnetic 
data have a few degrees of error (at least 60 for the  
Devonian limestone pole of Fang et al., 1989 and 80 for 
the Permian basalt pole of Xu et al., 2015) which could 
place Baoshan closer to or further from the Himalayas. 10 
of latitude is about 111 km which means that the Baoshan 
error may amount to 900 km. Many, if not most, palaeo-
magnetic results derived from sedimentary rocks may 
suffer from inclination shallowing mainly due to sedimen-
tary compaction (Li and Kodama, 2016) and this limitation 
should be borne in mind for the Devonian data from  
Baoshan, i.e. Baoshan may have been at a higher palaeo-
latitude than indicated by its palaeomagnetic inclination. 
The Cisuralian data are from the 400 m Woniusi Basalts 
and therefore their inclination (and hence palaeolatitude) 
is probably more reliable. However, volcanics are not  
immune from inclination shallowing as Pavon-Carrasco et 
al., (2016) have shown 30 of shallowing within 400 years 
in historical volcanics. 
	 The Woniusi Basalts of Baoshan are almost  
certainly part of a large plume dated at 301 to 285 Ma, 
centred in northern Greater India and including the Abor 
and Panjal Traps of India (Liao et al., 2015). These rift 
basalts and mantle plume probably triggered the rifting of 
Sibumasu and Qiantang terranes from the Australian sector 
of Gondwana along with the deposition of thick rift-relat-
ed sediments (Liao et al., 2015; Ridd, 2007, 2009 a,b, 
2016).
	 In southern Thailand, the Triassic limestones of the 
Chaiburi Formation continue to the Late Triassic (see Fig. 
2 in Burrett et al., 2014; DMR 2014). There is no notable 
stratigraphic gap in the Palaeozoic to Triassic of Sibumasu 
or in the Sukhothai Terrane which suggests that the timing 
of collision between Sibumasu and the Sukhothai Arc  
Terrane was a Late Triassic probably late Norian event 
(Chaodumrong and Burrett 1997 a, b). This is confirmed 
by the deformation of Carboniferous to middle Triassic 
radiolarian cherts in southern Thailand (Kamata et al., 
2013) and by detailed studies in northern Thailand (Hirsch 
et al., 2006).

6. 	Conclusions
Although there are some notable differences in faunas and 
facies along the 3000 km length of the Sibumasu Terrane 
there are many obvious correlations that suggest that it 
constituted one terrane. Late Cambrian faunas and  
sandstones and Late Cambrian felsic magmatism is found 
from Malaysia to Baoshan (Fig.3). Ordovician faunas are 
similar along the terrane with differences being probably 

due to bathymetry with, for example, the shallow water, 
mainly peritidal, Darriwilian molluscan-Aporthophyla 
community in Malaysia and Thailand differing from the 
coeval subtidal Saucrorthis–trilobite community in  
Myanmar and Baoshan. Llandovery graptolitic shales, 
Silurian crinoid loboliths, Lower Devonian Nowakia  
acuaria shales with Plectodonta forteyi and sometimes 
Plagiolaria show continuity across the terrane. However, 
coralline limestones in Myanmar and thick coralline reefal 
limestone sections in Baoshan are notably different to the 
thin, deeper water Devonian limestones of southern  
Thailand and NW Malaysia. Devonian to Mississippian 
coral-rich carbonates in Baoshan contrast with the deeper 
water siliciclastics of NW Malaysia and S Thailand. 
Cisuralian glacimarine sediments with a Gondwana marine 
fauna, although absent from the Shan States, are present 
in the Malaysian, Thai, southern Myanmar and Baoshan 
parts of Sibumasu. 
	 The Woniusi Basalts in Baoshan were part of a large 
mantle plume that triggered the rifting of Sibumasu in the 
Cisuralian and initiated its drifting into the progressively 
warmer Palaeotethyan seas prior to collision with the  
Sukhothai Volcanic Arc and the Indochina Terrane in the 
Late Triassic. 
	 Although some authors have regarded Sibumasu as 
a vagrant terrane, and unattached to a parent continent in 
the Early Palaeozoic (e.g. Cocks and Torsvik, 2002) or have 
the terrane moving along the margin of Gondwana (e.g. 
Agematsu et al., 2008, fig. 7) it is clear from provenance, 
palaeomagnetic and palaeobiogeographic studies that it 
formed a fixed part of the northern Australian crust prior 
to Cisuralian rifting and was oriented with Baoshan close 
to the eastern Himalayan margin of Gondwana and with 
Sumatra close to Irian Jaya. 
	 From almost continuous platform sequences in  
western Sibumasu and from deep-water shales and cherts 
in eastern Sibumasu, without any significant unconformities,  
it is clear that Sibumasu was not involved in any terrane 
collision between the Late Cambrian and its collision in 
the Norian with the Sukhothai Terrane. 
	 Although the Shan-Thai and Indochina terranes have 
been subdivided and renamed, work in the last 35 years 
has confirmed the model of Sangad Bunopas (1982) who 
first proposed Early Permian rifting from Australia and 
Late Triassic collision of the Shan-Thai Terrane with  
Indochina. 

Acknowledgements
Clive Burrett is grateful to Drs Sangad Bunopas, Thanis 
Wongwanich, Pol Chaodumrong, Somboon Khositanont 
and Wattana Thansathein of the Royal Thai Department of 
Mineral Resources (DMR) for their support and friendship 
since 1982. Professors C.P Lee (Lee Chai-Peng) and Ian 
Metcalfe provided help in Langkawi and Drs Richard 
Fortey and John Shergold provided help and fellowship in 
Thailand. Colleagues and students at the University of 
Tasmania especially, Tim Akerman, John Hills, Roger 
Mason, David Wyatt and Drs Max Banks, Ron Berry, 
Steve Carey, Ramsay Ford, Khin Zaw, Prasada Rao, 



Palaeozoic correlations and the palaeogeography of the Sibumasu 
(Shan-Thai) Terrane - a brief review

11Vol 2. No 2  July-December 2016

Robin Cantrill and Bryan Stait provided information,  
support and encouragement. The Australian Research 
Council, the University of Tasmania and the DMR  
provided funds. We thank the reviewers for their useful 
comments.

References
Agematsu, S. and Sashida, K. 2009. Ordovician sea-level 

change and paleogeography of the Sibumasu terrane 
based on the conodont biostratigraphy. The Palaeon-
tological Society of Japan, Paleontological Research 
13, 327–336. doi:10.2517/1342-8144-13.4.327

Agematsu, S., Sashida, K. and Ibrahim, A. 2008. Biostratig-
raphy and paleobiogeography of Middle and Late 
Ordovician conodonts from the Langkawi Islands, 
northern peninsular Malaysia. Journal of Paleontol-
ogy 82, 957–973. doi.org/10.1666/07-058.1 

Agematsu, S., Sashida, K., Salyapongse, S. and Sardsud, 
A. 2006a. Ordovician-Silurian boundary graptolites 
of the Satun area, southern peninsular Thailand, The 
Palaeontological Society of Japan, Paleontological 
Research. 10 (3), 207 – 214. http://www.bioone.org/
doi/abs/10.2517/prpsj.10.207

Agematsu, S., Sashida, K., Salyapongse, S. and Sardsud, 
A. 2006b Lower and Middle Ordovician conodonts 
from the Thung Song and Thung Wa areas, southern 
peninsular Thailand, The Palaeontological Society 
of Japan, Paleontological Research 10 (3), pp. 215 
– 231.http://www.bioone.org/doi/abs/10.2517/ 
prpsj.10.215

Agematsu, S., Sashida, K., Salyapongse, S. and Sardsud, 
A. 2006c. Lower Devonian tentaculitoid bed in  
Satun area, southern peninsular Thailand. Journal of 
Asian Earth Sciences 26, 605 – 611.

Agematsu, S., Sashida, K., Salyapongse, S. and Sardsud, 
A. 2007. Ordovician conodonts from the Satun area, 
southern peninsular Thailand. Journal of Paleontol-
ogy 81, 19–37. doi.org/10.1666/0022-3360(2007).

Agematsu, S., Sashida, K., Salyapongse, S. and Sardsud, 
A. 2008. Early Ordovician conodonts from Tarutao 
Island, southern peninsular Thailand. Palaeontology 
51 (6), 1435-1453. doi: 10.1111/j.14754983.2008.0
0810

Agematsu, S., Sashida, K. and Sardsud, A. 2008. Reinter-
pretation of Early and Middle Ordovician conodonts 
from the Thong Pha Phum area, western Thailand, 
in the context of new material from western and 
northern Thailand. Paleontological Research 12, 
181-195. doi.org/10.2517/13428144(2008)12[181:
ROEAMO]2.0.CO;2

Akerman, T. 1986. The Geology of the Lower Palaeozoic 
Tarutao Formation, Tarutao Island, Southern  
Thailand. Unpublished Honours thesis, University 
of Tasmania. 84 pp.

Ampaiwan, T., Hisada, K. and Charusiri, P., 2009. Lower 
Permian glacially-influenced deposits in Phuket and 
adjacent islands, peninsular Thailand. Island Arc 18, 
52-68.  

Ali, J. R., Cheung, H. M. C., Aitchison, J. C. and Sun, Y. 

2013. Palaeomagnetic re-investigation of Early  
Permian rift basalts from the Baoshan Block, SW 
China: constraints on the site of origin of the  
Gondwana-derived eastern Cimmerian terranes. 
Geophysical Journal International 193, 650–663.

Aye Ko Aung 2012. The Paleozoic stratigraphy of Shan 
Plateau- An updated version. Journal of the Myanmar 
Geosciences Society 5, 2-73.

Aye Ko Aung, Meor Hakif Amir Hassan and Ng Tham Fatt 
2013. Discovery of Late Devonian (Frasnian) cono-
donts from the “Sanai limestone”, Guar Jentik, 
Perlis, Malaysia. Bulletin of the Geological Society 
of Malaysia 59, 93-99.

Bender, F. 1983. Geology of Burma. Gebruder Borntraeger, 
Berlin, 295 pp. 

Boucot, A. J., Cocks, L. R. M. and Racheboeuf, P. R. 1999. 
Early Devonian brachiopods from Satun Province, 
southern Thailand. Journal of Paleontology 73 (5), 
850 – 859.   

Bunopas, S. 1982. Palaeogeographic history of Western 
Thailand and adjacent parts of Southeast Asia. Geo-
logical Survey of Thailand Paper, 5. Royal Thai 
Department of Mineral Resources, Thailand, 810 pp.

Buravas, S. 1963. Progress in Geology and Geophysics in 
Thailand since the First Pacific Science Congress 
(1920). Japanese Journal of Geography 733, 38-42.

Burrett, C., Carey, S. and Wongwanich, T. 1986. A Siluro-
Devonian carbonate sequence in Northern Thailand. 
Journal of Southeast Asian Earth Sciences, 1, 215-
220. 

Burrett, C., Duhig, N., Berry, R. and Varne, R. 1991. Asian 
and south west Pacific Continental Terranes derived 
from Gondwana and their biogeographic significance. 
Australian Systematic Botany 4, 184–90.

Burrett, C., Khin Zaw, Meffre, S., Lai, C. K., Khositanont, 
S., Chaodumrong, P., Udchachon, M., Ekins, S. and 
Halpin, J. 2014. The configuration of Greater Gond-
wana: evidence from U–Pb geochronology of detri-
tal zircons from the Palaeozoic and Mesozoic of 
Southeast Asia and China. Gondwana Research 26, 
31-51. doi: 10.1016/j.gr.2013.05.020

Burrett, C., Long, J. and Stait, B. 1990. Early–Middle 
Palaeozoic biogeography of Asian terranes derived 
from Gondwana. In: McKerrow, W. and Scotese, C. 
(Eds.), Palaeozoic Palaeogeography and Biogeogra-
phy. Geological Society Memoir 12, 163–174.

Burrett, C., and Richardson, R. 1980. Trilobite biogeogra-
phy and Cambrian Tectonic Models. Tectonophysics 
63, no. 1-4, pp. 155-192.

Burrett, C. and Stait, B. 1985. South East Asia as a part of 
Ordovician Gondwanaland — a palaeobiogeograph-
ic test of a tectonic hypothesis. Earth and Planetary 
Science Letters 75, 184–190.

Burrett, C. and Stait, B. 1987. China and Southeast Asia 
as part of the Tethyan margin of Cambro-Ordovician 
Gondwanaland. In: McKenzie, K. (Ed.), Shallow 
Tethys, 2. Balkema, Rotterdam, pp. 65–77.

Burrett, C., Stait, B., Sharples, C. and Laurie, J. 1984. 
Middle to Upper Ordovician shallow platform to 



R & KClive Burrett et al.12

deep basin transect, southern Tasmania, Australia. 
In: Bruton, D. (Ed.), Aspects of the Ordovician Sys-
tem p.149-157. Palaeontological Contributions from 
the University of Oslo, no 295. Universitets forlaget.

Burton, C. K. 1967. Graptolite and tentaculite correlations 
and palaeogeography of the Silurian and Devonian 
in the Yunnan-Malaya Geosyncline. Transactions and 
Proceedings of the Palaeontological Society of Japan 
(New Series) 65, 27-46. 

Burton, C. K. 1970. The palaeotectonic status of the Malay 
Peninsula. Palaeogeography, Palaeoclimatology, 
Palaeoecology 7 (1), 51-64.

Cantrill, R. 2002. Ordovician stratigraphy and conodonts 
of Thailand and Malaysia, Volume 1. Unpublished 
PhD thesis, University of Tasmania, 1-153. eprints.
utas.edu.au/.../whole_CantrillRobinCrawford-
2003Vol2_thesis.pdf

Cantrill, R. and Burrett, C. 2003. The Greater Gondwana 
distribution of the Ordovician conodont Panderodus 
nogamii (Lee) 1975. Courier Forschung Institut 
Senckenberg 245, 407–419.

Cawood, P. A. and Nemchin, A. A. 2000. Provenance of a 
rift basin: U/Pb ages of detrital zircons from the Perth 
basin, Western Australia. Sedimentary Geology 134, 
209–234. http://dx.doi.org/10.1016/S0037-0738(00) 
00044-0.

Chaodumrong, P. 2010. Revised lithostratigraphy of the 
Kaeng Krachen Group. Stratigraphy Report Geo-
logical Bureau, Royal Thai Department of Mineral 
Resources 1 (2553), 1–172.

Chaodumrong, P. and Burrett, C. 1997a. Stratigraphy of 
the Lampang Group in central north Thailand: new 
version. CCOP Technical Bulletin 26, 65–80.

Chaodumrong, P. and Burrett, C. 1997b. Early Late Trias-
sic continental collision between Shan-Thai and 
Indochina Terranes as indicated by the occurrence 
of fan delta deposits of the Pha Daeng Formation, 
Central North Thailand. In: Dheeradilok, P. and 
Hintong, C. (Eds.), Proceedings of the International 
Conference on Stratigraphy and Tectonic Evolution 
of Southeast Asia and the South Pacific (GEOTHAI 
97), Bangkok, Thailand, pp. 143–157.

Chaodumrong, P., Wang, L. and Shen, S. Z. 2007. Permian 
lithostratigraphy of the Shan–Thai Terrane in Thai-
land: revision of the Kaeng Krachan and Ratburi 
Groups. In: Tantiwanit, W. (Ed.), Proceedings of the 
International Conference on Geology of Thailand 
(GEOTHAI 07), Bangkok, Thailand, pp. 229–236.

Cocks, L. R. M. and Fortey, R. A. 1997. A new Hirnantia 
fauna from Thailand and the biogeography of the 
latest Ordovician of south-east Asia. Geobios 20, 
117-126.

Cocks, L. R. M. and Fortey, R. 2002. The Palaeogeo-
graphical Significance of the Latest Ordovician 
fauna from the Panghsa-Pye Formation of Burma. 
Palaeontology 67, 57-76.

Cocks, L. R. M., Fortey, R. and Lee, C. P. 2005. A review 
of Lower and Middle Palaeozoic biostratigraphy in 
west peninsular Malaysia and southern Thailand in 

its context within the Sibumasu Terrane. Journal of 
Asian Earth Sciences 24, 703-717.

Cocks, L. R. M. and Rong, J. 1988. A review of the late 
Ordovician Foliomena brachiopod fauna, with new 
data from China, Wales and Poland. Palaeontology 
31, 53-67.

Cocks, L. R. M.and Torsvik, T. 2013. The dynamic evolu-
tion of the Palaeozoic geography of eastern Asia. 
Earth Science Reviews 117, 40-79.

Cooper, T. 2008. Origin and features of MVT mineralisa-
tion in southern Thailand. Thesis University of 
Tasmania 1-102. (unpublished).

Cronier, C. and Fortey, R. 2006. Morphology and ontog-
eny of an Early Devonian phacopid trilobite with 
reduced sight from southern Thailand. Journal of 
Paleontology 80, 529-536.

Cronier, C. and Tsmeyrek, H. 2010. First record of the 
Devonian phacopid trilobite Plagiolaria from Uz-
bekistan. Memoirs of the Association of Australasian 
Palaeontologists 39, 43-50.

DMR. 2014. Geology of Thailand. Department of Mineral 
Resources, Bangkok, Thailand. 506 pp.

Fatka, O., Budil, P., Rabano, I., Sa, A., Kraft, P., Linne-
mann, U., Marek, J. and Drost, K. 2008. Ordovician 
trilobite genus Hungioiodes Kobayashi 1936. In: 
Rabano, I. and Garcia- Belido, D. (Eds), Advances 
in Trilobite Research. Cuardermos del Museo Ge-
ominero Number 9, Instituta del Museo Geominero 
de Espana, Madrid, 122-124.

Fang, W. and Van der Voo, R. 1989. Devonian paleomag-
netism of Yunnan Province across the Shan Thai-
South China Suture. Tectonics 8, 939-952. 

Fortey, R. 1997. Late Ordovician trilobites from Southern 
Thailand. Palaeontology 40,397–449.

Fortey, R. 1989. An early Devonian trilobite fauna from 
Thailand. Alcheringa 13, 257–267.

Fortey, R. and Cocks, L. R. M. 1998. Biogeography and 
palaeogeography of the Sibumasu terrane in the 
Ordovician: a review. In: Hall, R. and Holloway, J. 
(Eds.), Biogeography and Geological Evolution of 
SE Asia. Backhuys Publishers, Leiden, pp. 43–56.

Gandl, J. 1983. Trilobites from the Upper Carboniferous 
of the Cantabrian Mountains (NW Spain) and their 
biostratigraphical significance. 10th International 
Congress on the Carboniferous, Volume 2, 501-513, 
Instito Geologico y Minero de Espana, Madrid.

Hamada, T. 1964. Some middle Ordovician brachiopods 
from Satun, Southern Thailand, Contributions to 
Geology and Palaeontology of South East Asia 1, 
279-289.

Hamada, T., Igo, H., Kobayashi, T. and Koike, T. 1975. 
Older and Middle Palaeozoic formations and fossils 
of Thailand and Malaysia. Geology and Palaeontol-
ogy of Southeast Asia 15, 1-37.

Hills, J. W. 1989. The Geology of the Phuket District of 
Thailand and its tectonic relationship to Gondwana-
land. Unpublished honours thesis, Department of 
Geology, University of Tasmania, 120 pp.

Hirsch, F., Ishida, K., Kozai, T. and Meesook, A. 2006. The 



Palaeozoic correlations and the palaeogeography of the Sibumasu 
(Shan-Thai) Terrane - a brief review

13Vol 2. No 2  July-December 2016

welding of Shan–Thai. Geosciences Journal 10, 
195–204.

Horny, R. 2002. Ordovician Tergomya and Isotrophic 
gastropods (mollusca) of Bohemia. Acta Museum 
Natural Prague Series B (Natural History) 57, 69-
102.

Huang, H., Jin, X. and Shi, Y. 2015. A Verbeekina assem-
blage (Permian, fusulinid) from the Baoshan Block, 
western Yunnan, China. Journal of Paleontology 89, 
269-280.

Igo, H. and Koike, T. 1973. Upper Silurian and Lower 
Devonian conodonts from the Langkawi Islands, 
Malaysia with a note on the conodont fauna of the 
Thung Song Limestone, southern Thailand. Geology 
and Palaeontology of Southeast Asia 13, 1-22.

Imsamut, S. 2012. Lithostratigraphy of the Khuan Klang 
Formation Satun Province, Peninsular Thailand. 
DMR Report, 95-112. (unpublished).

Imsamut, S. and Yathakam, W. 2012. Stratigraphic correla-
tion of the Tarutao-Langkawi, area, (Thai side). 
Report Bureau of Geological Survey, DMR, Bang-
kok, Thailand, 1-64 (unpublished).

Jasin, B. 2015. Posidonomya (Bivalvia) from northwest 
Peninsular Malaysia and its significance. Sains Ma-
laysiana 44 (2), 217-223.

Jasin, B. and Harun, Z. 2011. Lower Carboniferous (Tour-
naisian) radiolarians from peninsular Malaysia and 
their significance. Bulletin of the Geological Soci-
ety of Malaysia 57, 47-54.

Jell, P. A., Burrett, C. F., Stait, B. and Yochelson, E. 1984. 
The Early Ordovician bellerophontid Peelerophon 
oehlerti (Bergeron) from Argentina, Australia and 
Thailand. Alcheringa 8, 169-176.

Jones, C. R. 1973. The Siluro-Devonian graptolite faunas 
of the Malay Peninsula. Overseas Geology and Min-
eral Resources 44, 1–28.

Jones, C. R. 1981. The geology and mineral resources of 
Perlis, North Kedah and the Langkawi Islands. Geo-
logical Survey of Malaysia District Memoir 17, 
1-256.

Kamata Y., Shirouzu, A. and Ueno, K. 2013. Late Permian 
and Early to Middle Triassic radiolarians from the 
Hat Yai area, southern peninsular Thailand: Implica-
tions for the tectonic setting of the eastern margin of 
the Sibumasu Continental Block and closure timing 
of the Paleo-Tethys. Marine Micropaleontology 110, 
8-24. https://doi.org/10.1016/j.marmcro.2013.07.006

Kobayashi, T. 1957. Upper Cambrian fossils from penin-
sular Thailand. Journal of the Faculty of Science, 
University of Tokyo 10, 367-382.

Kobayashi, T. 1958. Some Ordovician fossils from the 
Thailand-Malayan borderland. Japanese Journal of 
Geology and Geography 29, 223-231.

Kobayashi, T. 1959. On some Ordovician fossils from 
northern Malaysia and her adjacence. Journal of the 
Faculty of Science, University of Tokyo 11, 387-407.

Kobayashi, T. 1964. Geology of Thailand. Geology and 
Palaeontology of Southeast Asia 1, 1-15.

Kobayashi, T.  1984.  Older Palaeozoic gastropods and 

nautiloids of Thailand Malaysia. Geology and Pal-
aeontology of Southeast Asia 25, 195-199.

Kobayashi, T. and Hamada, T. 1964. On the middle Ordo-
vician fossils from Satun, the Malaysian frontier of 
Thailand. Geology and Palaeontology of South East 
Asia 1, 269-278.

Kobayashi, T. and Hamada, T. 1968. A Devonian Phacopid 
recently discovered by Mr. Charan Poothai in Pen-
insular Thailand.  Geology and Palaeontology of 
Southeast Asia 4, 22–28.

Kobayashi, T. and Hamada, T. 1971a. A cyclopygid-bearing 
Ordovician faunule discovered in Malaya with a note 
on the Cyclopygidae. Geology and Palaeontology of 
South East Asia 8, 1-18.

Kobayashi, T. and Hamada, T. 1971b. Silurian trilobites 
from the Langkawi Islands. Geology and Palaeontol-
ogy of South East Asia 9, 87-134.

Kobayashi, T. and Hamada, T.  1972. A unique trilobite 
assemblage of the Devonian Kroh fauna in west 
Malaysia, with notes on the Tentaculites facies and 
the older Palaeozoic sequences in Thailand-Ma-
laya. Geology and Palaeontology of Southeast Asia 
10, 1–34.

Kobayashi, T. and Hamada, T. 1978. Upper Ordovician 
Trilobites from the Langkawi Islands Malaysia. Ge-
ology and Palaeontology of Southeast Asia 19, 1-28.

Kobayashi, T. and Hamada, T. 1984. Trilobites of Thailand 
and Malaysia. Geology and Palaeontology of South-
east Asia 10, 273–284.

Kobayashi, T., Jones, C. and Hamada, T. 1964. On the 
Lower Silurian shelly fauna in the Langkawi Islands, 
northwest Malaysia. Japanese Journal of Geology 
and Geophysics 35, 73-80.

Kruse, P. 1989. A Thai receptaculitalean. Alcheringa 13, 
141-144.

Laurie, J., Burrett, C. 1992. Biogeographic significance of 
Ordovician brachiopods from Thailand and Malaysia. 
Journal of Paleontology 66, 16–23.

Lee, C. P. 1983. Stratigraphy of the Tarutao and Machin-
chang Formations. Proceedings of the workshop on 
Stratigraphic correlation of Thailand and Malaysia; 
Volume 1, Technical papers, Stratigraphic correlation 
of Thailand and Malaysia, Haad Yai Thailand 20-38.

Lee, C. P. 2005. Discovery of plate-type scyphocrinoid 
loboliths in the uppermost Pridolian – lowermost 
Lokhovian Upper Setul Limestone of Peninsular 
Malaysia. Geological Journal 40, 331-342.

Lee, C. P. 2006. The Cambrian of Malaysia. Palaeoworld 
15, 242-255.

Lee, C. P. 2009. Palaeozoic Stratigraphy. In: Hutchison, C. 
S. and Tan, D. N. K. (Eds.) , Geology of Peninsular 
Malaysia, University of Malaya and Geological 
Society of Malaysia, Kuala Lumpur, 55 – 86.

Leman, M. S. 2003. An Early Permian (Early Sakmarian) 
brachiopod fauna from the Sungai Itau Quarry and 
its relationship to other Early Permian brachiopod 
horizons in Langkawi, Malaysia. Bulletin of the 
Geological Society of Malaysia 46, 155-160.

Li, Y. -X. and Kodama, K. 2016. Detecting and Correcting 



R & KClive Burrett et al.14

for Paleomagnetic Inclination Shallowing of Sedi-
mentary Rocks: A Review. Frontiers in Earth Science 
4 article 7, 1-6. doi: 10.3389/feart.2016.00007

Liao, S., Wang, D., Tang, Y., Yin, F., Cao, S., Wang, L., 
Wang, B. and Sun, Z. 2015. Late Paleozoic Woniusi 
basaltic province from Sibumasu terrane: Implica-
tions for the breakup of eastern Gondwana’s northern 
margin. Geological Society of America Bulletin 127, 
1313-1330.

Lin, Y., Yeh, M., Lee, T., Chung, S., Iizuka, Y. and Charu-
siri, P. 2013. First evidence of the Cambrian base-
ment in Upper Peninsula of Thailand and its implica-
tion for crustal and tectonic evolution of the 
Sibumasu Terrane. Gondwana Research 24, 1031-
1037.

Long, J. A. and Burrett, C. 1989a. Early Devonian cono-
donts from the Kuan Tung Formation, Thailand: 
systematics and biogeographic considerations. Re-
cords of the Australian Museum 41(2), 121–133. do
i:10.3853/j.0067-1975.41.1989.140.

Long, J. A. and Burrett, C. 1989b. Fish from the Upper 
Devonian of the Shan–Thai terrane indicate proxim-
ity to east Gondwana and south China terranes. 
Geology 17, 811–813.

Loydell, D. K. and Kyi Pyar Aung 2017. The “Pang-
hkawkwo graptolite bed” (Llandovery, Silurian), 
Myanmar and the location of the Sibumasu (or 
Sibuma) Terrane in the Silurian, Palaeogeography 
Palaeoclimatology Palaeoecology 469, 1-17.

MTJGSC-Malaysia-Thailand Border Joint Geological 
Survey Committee, 2013. Geology of the Langkawi-
Tarutao Transect Area along the Malaysia Thailand 
Border. Royal Thai Department of Mineral Re-
sources, Bangkok, 1-227.

Mamet, B. and Preat, A. 2006. Iron-bacterial mediation in 
Phanerozoic red limestones State of the art. Sedi-
mentary Geology 185, 147-157. 

Mason, R. 1986. Lithostratigraphy, sedimentology and 
structure of the Lower Palaeozoic Thung Song Lime-
stone, Tarutao Island, Thailand. Thesis, University 
of Tasmania, 1-87 (unpublished).

Martinez-Chacon, M. L. and Winkler-Prins, C. F. 1999. 
Distribucion paleogeografica de Aseptella (Pro-
ductida): connexion entre los braquiopodos Carbon-
iferos de Espana y Argentina. Trabajos de Geologia, 
Universidad de Oviedo 21, 222-227. 

Martire, L., Clari, P., Lozar, F. and Pavia, G. 2006. The 
Rosso Ammonitico Veronese (middle-upper Jurassic) 
of the Trento Plateau); a proposal of lithostrati-
graphic ordering and formalization. Revista Italiano 
di Paleontologia e Stratigrafia 112 (2), 227-250.

Massari, F. 1979. Oncoliti e stromatolite pelagiche nel 
Rosso Ammonitico Veneto. Memoire Scientifia 
Geologiche 32, 1-21.

Meesook, A. 2014. Lithostratigraphy and faunal assem-
blages of the Ordovician-Silurian-Devonian se-
quence in the Ban Pa Samet-Ban Thung Samet area, 
La Ngu district, Satun province, peninsular Thailand. 
Report to DMR, Bangkok, Thailand. 1-58 (unpub-

lished).
Meor Amir Hassan and Lee, C. P. 2004. The depositional 

environment of the Mid-Palaeozoic red beds at Hatan 
Aji, Perlis and its bearing on global eustatic sea 
level change. Geological Society of Malaysia Bul-
letin 48, 65-72.

Meor Amir Hassan, Aye-Ko Aung, Becker, R. T., Noor 
Atirah Abdul Rahman, Tham Fatt Ng,Azman A. 
Ghani , Mustaffa Kamal Shuib. 2014. Stratigraphy 
and palaeoenvironmental evolution of the mid- to 
upper Palaeozoic succession in Northwest Peninsu-
lar Malaysia. Journal of Asian Earth Sciences 83, 
60-79.

Metcalfe, I. 1980. Ordovician conodonts from the Kaki 
Bukit area, west Malaysia. Warta Geologi 6, 63-68.

Metcalfe, I. 1984. Stratigraphy, palaeontology and palaeo-
geography of the Carboniferous of Southeast Asia. 
Memoires Societe Geologiques France (New Series) 
147, 107–118.

Metcalfe, I. 1992. Ordovician to Permian evolution of 
South East Asian Terranes: NW Australian Gond-
wana connections, 293-306. In: Webby, B. and 
Laurie, J. (Eds.), Global Perspectives on Ordovician 
Geology, A.A. Balkema, Rotterdam, 513 pp.

Metcalfe, I., 2002. Devonian and Carboniferous conodonts 
from the Kanthan Limestone, peninsular Malaysia 
and their stratigraphic and tectonic implications. In: 
Hills, L., Henderson, C., and Bamber, E. (Eds.), 
Carboniferous and Permian of the World, Canadian 
Society of Petroleum Geologists Memoir 19, 552-
579.

Metcalfe, I., Henderson, C. M. and Wakita, K. 2017. 
Lower Permian conodonts from Palaeo-Tethys 
Ocean Plate Stratigraphy in the Chiang Mai-Chiang 
Rai Suture Zone, northern Thailand. Gondwana 
Research 44, 54-66.

Metcalfe, I. and Kyi Pyar Aung. 2014. Late Tournaisian 
conodonts from the Taungnyo Group near Loi Kaw, 
Myanmar (Burma): Implications for Shan Plateau 
stratigraphy and evolution of Gondwana-derived 
Sibumasu Terrane. Gondwana Research 26, 1159-
1172.

Myint Lwin Thein. 1968. On some nautiloid cephalopods 
from the area east of Kyaukse, Burma. Union of 
Burma Journal of Science and Technology 1, 67-76. 

Myint Lwin Thein. 1973. The Lower Paleozoic Stratigra-
phy of western part of Southern Shan States, Burma. 
Geological Society of Malaysia Bulletin 6, 143-163.

Ni, Y., Chen, T., Cai, C., Li, G., Duan, Y. and Wang, J., 
1982. The Silurian rocks in Western Yunnan. Acta 
Palaeontologica Sinica 21, 119-132.

Niko, S. and Sone, M. 2014. Actinocerid cephalopods from 
the Ordovician of Myanmar, and their palaeobio-
geographic implications for northern Gondwana. 
Paleontological Research 18, 94-103. doi 10.2517/2 
014PR010

Niko, S. and Sone, M. 2015. Gondwanan nautiloid cepha-
lopods from the Ordovician of Myanmar. Paleonto-
logical Research 19, 288-293. doi 10.2517/2015PR00



Palaeozoic correlations and the palaeogeography of the Sibumasu 
(Shan-Thai) Terrane - a brief review

15Vol 2. No 2  July-December 2016

Niko, S., Sone, M. and Leman, M. S. 2017. Late Silurian 
cephalopods from Langkawi, Malaysia, with peri-
Gondwanan faunal affinity. Journal of Systematic 
Palaeontology. doi.org/10.1080/14772019.2017.13
16322

Ong, S. T. and Jasin B. 2007. Discovery of a Lower Devo-
nian dacryconarid bed from Hill B, Guar Jentik, 
Perlis. Geological Society of Malaysia Bulletin 53, 
1-6.

Pavón-Carrasco, F., Tema, E., Osete, M. and Lanza, R. 
2016. Statistical Analysis of Palaeomagnetic Data 
from the Last Four Centuries: Evidence of System-
atic Inclination Shallowing in Lava Flow Records. 
Pure and Applied Geophysics 173, 839–848.

Reed, F. R. C. 1906. The Lower Palaeozoic fossils of the 
northern Shan States, Burma. Palaeontologia Indica 
(new series) 2, 1-154.

Ridd, M.F. 2007. A geological traverse across Peninsular 
Thailand. Journal of the Geological Society of Thai-
land. 2006-2007, 1-48.

Ridd, M. 2009a. The Phuket Terrane: A Late Palaeozoic 
rift at the margin of Sibumasu. Journal of Asian Earth 
Sciences 36, 238-251.

Ridd, M. 2009b. Geological history of the Sibumasu Block 
in Peninsular Thailand: report of a Geologists’ As-
sociation Field Meeting in 2007. Proceedings of the 
Geologists’ Association 120, 163-174.

Ridd, M. 2016. Should Sibumasu be renamed Sibuma? The 
case for a discrete Gondwana-derived block embrac-
ing western Myanmar, upper peninsular Thailand 
and NE Sumatra. Journal of the Geological Society 
173, 249-264.

Ross, R., Hintze, L., Ethington, R., Miller, J., Taylor, M. 
and Repetski, J. 1993. The Ibexian Series (Lower 
Ordovician), a replacement for “Canadian Series” in 
North American Chronostratigraphy. United States 
Geological Survey Open-File Report, 93-598, 1-64.

Saesaengseerung, D. and Saiid, N. B. M. 2016. Carbonif-
erous radiolarian fauna from radiolarian-bearing 
rocks along the Malaysia-Thailand border and their 
depositional environments. In: Geoscience for the 
Society, 52nd Annual CCOP Session, 1st November 
Bangkok. p.17.

Sashida, K., Adachi, S., Igo, H., Koike, T. and Amnan, I. 
1995. Middle and Late Permian radiolarians from 
the Semanngol Formation, northwest peninsular 
Malaysia. Transactions and Proceedings of the Pal-
aeontological Society of Japan 177, 43-58.

Sashida, K., Nakonsri, N., Ueno, K. and Sardsud, A. 2000. 
Carboniferous radiolarian faunas from the Saba Yoi 
area, southernmost part of peninsular Thailand and 
their palaeogeographic significances. Scientific Re-
port, Institute of Geoscience, University of Tsukuba, 
Section B 21, 71-99.

Savage, N. 2013. Late Devonian conodonts from North-
western Thailand. A Trinity Press Co. Oregon, USA, 
48 pp. 

Savage, N., Sardsud, A. and Buggisch, W. 2006. Late 
Devonian conodonts and the global Frasnian-Famen-

nian extinction event, Thong Pha Phum, western 
Thailand. Palaeoworld 15, 171-184.

Shergold, J., Burrett, C., Akerman, T. and Stait, B. 1988. 
Late Cambrian trilobites from Tarutao Island, Thai-
land. New Mexico Bureau of Mines and Mineral 
Resources Memoir 44, 303–320.

Shi, G. and Archbold, N. 1995. Permian brachiopod faunal 
sequence of the Shan-Thai terrane. Journal of South-
east Asian Earth Sciences 11, 177-187.

Shi, G., Chen, Z. and Zhan, L. 2005. Early Carboniferous 
brachiopod faunas from the Baoshan Block, west 
Yunnan, southwest China Alcheringa, 29, 31-85.

Shi, Y., Anderson, J., Wu, Z., Yang, Z., Li, L. and Ding, J. 
2016. Age and origin of Early Paleozoic and Meso-
zoic granitoids in Western Yunnan Province, China: 
geochemistry, SHRIMP zircon ages, and Hf in zircon 
isotopic compositions. Journal of Geology 124, 617-
630.

Stait, B. and Burrett, C. 1982. Wutinoceras (Nautiloidea) 
from the Setul Limestone (Ordovician) of Malaysia. 
Alcheringa 6, 193-6.

Stait, B. and Burrett, C. 1984a. Ordovician nautiloid faunas 
of Central and Southern Thailand. Geological 
Magazine. 121 (2), 115-124.

Stait, B. and Burrett, C. 1984b. Early Ordovician polypla-
cophoran Chelodes whitehousei from Tarutao Island, 
southern Thailand. Alcheringa 8, p.112.

Stait, B. and Burrett, C. 1987. Biogeography of Australian 
and Southeast Asian Ordovician Nautiloids. In: Mc-
Kenzie, G. (Ed.), Gondwana Six: Stratigraphy, 
Sedimentology and Paleontology. American Geo-
physical Union, Washington, pp. 21–28.

Stait, B., Burrett, C. and Wongwanich, T. 1984. Ordovician 
trilobites from the Tarutao Formation Southern Thai-
land. Neues Jahrbuch fur Geologie und Palaeontolo-
gie Monatschefte 1984 (1), 53–64.

Stait, B. and Laurie, J. 1985. Ordovician nautiloids of 
central Australia, with a revision of Madiganella 
Teichert and Glenister. BMR Journal of Geology and 
Geophysics 9, 261-266.

Stait, B., Wyatt, D. and Burrett, C. 1987. Ordovician nau-
tiloid faunas of Langkawi Islands, Malaysia and 
Tarutao Island, Thailand. Neues Jahrbuch fur Palae-
ontologie Abh. 174, 373–391.

Stauffer, P. H. and Lee, C. P. 1986. Late Palaeozoic glacial 
marine facies in Southeast Asia. Geological Society 
of Malaysia Bulletin 20, 363-397.

Sun, Y. and Xiang, L. 1979. Late Upper Cambrian trilobite 
fauna from Western Yunnan. Bulletin of the Chinese 
Academy of Geological Sciences 1, 1-17.

Teraoka, Y., Sawata, H., Yoshida, T. and Pungrassami, T. 
1982. Lower Paleozoic formations of the Tarutao 
Islands, Southern Thailand. Prince of Songkhla 
University, Geological Research Project Publication, 
6, 1-54.

Thassanapak, H., Udchachon, M. and Burrett, C. 2017. 
Silurian radiolarians from the Sepon Mine, Truong 
Son Terrane, central Laos and their palaeogeograph-
ic and tectonic significance. Geological Magazine 



R & KClive Burrett et al.16

doi:10.1017/S0016756817000425
Thura Oo, Hlaing, T. and Htay, N. 2002. Permian of My-

anmar. Journal of Asian Earth Sciences 20, 683-689.
Tongtherm, K., Nabhitabhata, J., Srisuk, P., Nutadhira, T. 

and Tonnayopas D. 2016. New records of nautiloids 
and ammonoid cephalopod fossils in peninsular 
Thailand. Swiss Journal of Palaeontology 135, 153-
168. doi:10.1007/s13358-015-0108-8

Udchachon, M., Thassanapak, H. and Burrett, C. 2017. 
Early Permian radiolarians from the extension of the 
Sa Kaeo Suture in Cambodia – tectonic implications. 
Geological Magazine doi:10.1017/S0016756817 
000322

Ueno, K. and Charoentitirat, T. 2011. Carboniferous and 
Permian. In: Ridd, M., Barber, A. and Crow, M. 
(Eds.), The Geology of Thailand. Geological Soci-
ety, London, pp. 71–136.

Wang, X. 1994. The rugose coral fauna from the upper part 
of the Heyanzhai Formation in western Yunnan, 
China. Journal of the Faculty of Science Hokkaido 
University, Series IV 23, 343-352. 

Wang, X., Shi, G. and Sugiyama, T. 2002. Permian of west 
Yunnan, southwest China – a biostratigraphic syn-
thesis. Journal of Asian Earth Sciences 20, 647-656.

Wang, X., Ueno, K., Mizuno, Y. and Sugiyama, T. 2001. 
Late Paleozoic faunal, climatic, and geographic 
changes in the Baoshan block as a Gondwana-de-
rived continental fragment in southwest China. 
Palaeogeography Palaeoclimatology Palaeoecology 
170, 197-223.

Webby, B. D., Wyatt, D. and Burrett, C. 1985. Ordovician 
stromatoporoids from the Langkawi Islands, Malay-
sia. Alcheringa 9, 159-166.

Wilkinson, A. 2008. Geological setting and mineralisation 
characteristics of sedimentary hosted Au deposit, La 
Ngu, Satun, southern Thailand. Thesis. University 
of Tasmania, 1-98 (unpublished).

Wolfart, R. 2001. Ordovician faunas from west Thailand 
- their significance for biostratigraphy and palaeo-
biogeography. Geologisches Jahrbuch B heft 94, 
1-265. 

Wongwanich, T. 1990. Lithostratigraphy, sedimentology 
and diagenesis of Ordovician carbonates, Southern 
Thailand: University of Tasmania, unpublished Ph.D. 
thesis, 215 pp. 

Wongwanich, T., Burrett, C., Tansathein, W. and Chaodum-
rong, P. 1990. Lower to mid-Palaeozoic stratigraphy 
of Satun Province, southern peninsular Thailand. 
Journal of Southeast Asia Earth Sciences 4, 1-9.

Wongwanich, T., Boucot A. J., Brunton C. H., House, M. 
R. and Racheboeuf, P. R. 2004. Namurian fossils 
(brachiopods, goniatites) from Satun province, south-
ern Thailand. Journal of Paleontology 78(6), 1072-
1085. doi:  http://dx.doi.org/10.1666/0022-
3360(2004)078<1072:NFBGFS>2.0.CO;2

Wongwanich, T. and Burrett, C. 1983. The lower Palaeo-
zoic of Thailand, Warasan Samakhom Thoraniwit-
thaya Haeng Prathetthai. Journal of the Geological 
Society of Thailand 6 (2), 21-29.

Wongwanich, T. and Burrett, C. 1995. The Upper Ordovi-
cian deeper water stromatolites of Thailand and 
correlation in SE Asia; Proceedings of the interna-
tional symposium; Geology of Southeast Asia and 
adjacent areas, Geology (Vietnam), 1995, no. 5-6, 
172-173.

Wongwanich, T., Tansathien, W., Leevongcharoen, S., 
Paengkaew, W., Thiamwong, P., Chaeroenmit, J. and 
Saengsrichan, W. 2002. The Lower Paleozoic Rocks 
of Thailand, The Symposium on Geology of Thai-
land, 26-31 August 2002, Bangkok, Thailand, 16 – 
21.

Wongwanich, T., Wyatt, D., Stait, B. and Burrett, C. 1983. 
The Ordovician System in southern Thailand and 
northern Malaysia; Proceedings of the workshop on 
Stratigraphic correlation of Thailand and Malaysia; 
Vol. 1, Technical papers, Stratigraphic correlation of 
Thailand and Malaysia, Haad Yai Thailand, pp. 77-
95.

Wyatt, D. 1983. Lithostratigraphy and sedimentology of 
the Ordovician Lower Setul Limestone, Pulau Lang-
kawi, Malaysia. Unpublished thesis. University of 
Tasmania, 125 pp.

Xiaochi, J. 2002. Permo-Carboniferous sequences of 
Gondwana affinity in southwest China and their 
palaeogeographic implications, Journal of Asian 
Earth Sciences 20, 633-646.

Xu, Y., Cawood, P. and Du, Y. 2016. Intraplate orogenesis 
in response to Gondwana assembly: Kwangsian 
orogeny, South China. American Journal of Science 
316, 329-352. 

Xu, Y., Yang, Z., Tong, Y, Wang, H., Gao, L. and An, C. 
2015. Further palaeomagnetic results for lower Per-
mian basalts of the Baoshan Terrane, southwestern 
China and palaeogeographic implications. Journal 
of Asian Earth Sciences 104, 99-114. 

Yochelson, E. and Jones, C. 1968. Teiichispira, a new 
early Ordovician gastropod genus. United States 
Geological Survey Professional Paper 613-B, 1-15.

Zhai, Q., Jahn, B., Wang, J., Hu, P., Chung, S., Lee, H., and 
Tang, S. and Tang, Y. 2016. Oldest Paleo-Tethyan 
ophiolitic mélange in the Tibetan Plateau. Geological 
Society of America Bulletin 128, 355-373.

Zhan, R. B., Harper, D. A. T., Jin, J., Liang, Y., Liu, J. B., 
Stemmerik, L. and Stouge, S. 2014a. Middle Ordovi-
cian Aporthophyla brachiopod fauna from the roof 
of the world, southern Tibet. Palaeontology 57, 141-
170.

Zhan, R.B., Luan, X., Huang, B., Liang, Y., Wang, G. and 
Wang, Y. 2014b. Darriwilian Saucrorthis Fauna: 
Implications for the Great Ordovician Diversification 
Event (GOBE). Estonian Journal of Earth Sciences, 
63, 323-328. 

Zhan R. B. and Jin, J. 2005. New data on the Foliomena 
fauna (Brachiopoda) from the Upper Ordovician of 
China. Journal of Paleontology 79(4), 670-686. doi: 
10.1666/0022-3360(2005)079[0670:NDOTFF]2.0.
CO;2

Zhang, Y., Wang, Z., Zhan, R., Fan, J., Zhou, Z. and Fang, 



Palaeozoic correlations and the palaeogeography of the Sibumasu 
(Shan-Thai) Terrane - a brief review

17Vol 2. No 2  July-December 2016

X. 2014. Ordovician and Silurian Stratigraphy and 
Palaeontology of Yunnan, Southwest China, Science 
Press, Beijing, 132 pp.

Zhu, X. -J., Hughes, N. C. and Peng, S. -C. 2007. On a new 
species of Shergoldia Zhang & Jell, 1987 (Trilobita), 
the family Tsinaniidae and the order Asaphida. Mem-
oirs of the Association of Australasian Palaeontolo-
gists 34, 243-253. ISSN 0810-8889.


