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Abstract

In southwest China, the major Cathaysian-Gondwana divide (the Palaco-Tethyan suture) is very well delineated
by a narrow north—south zone of oceanic siliceous sedimentary rocks and dismembered ophiolite complexes
including probable remains of reef-capped oceanic islands. The location of this zone, the Changning—Menglian
suture, is not well appreciated in the English language literature, probably because of the failure to recognise the
approximately 600 X 400 km Simao terrane which lies to the east of the suture. Many analyses mistakenly include the
Simao element in the Sibumasu terrane thus placing a terrane of distinct Cathaysian affinities on the Gondwana side
of the major palaecogeographic divide. A measure of the size and time span of Palaeo-Tethys is contained in the
Changning—-Menglian suture zone sedimentary rocks; deep marine cherts are dated between Early Devonian and
Middle Permian, and limestones, interpreted as caps to seamounts, extend the age range of the ocean to Late
Permian. These data agree with recent views of Cathaysian elements rifting from Gondwana in the Silurian or
Devonian followed by a major rifting event on the north Gondwana margin early in the Permian. Subduction created
an active continental margin on the western edge of the Simao terrane throughout much of the Triassic and the
closure of this branch of Palaeco-Tethys is marked by the cessation of this activity in the early Late Triassic.

1. Introduction that all post-dated the Palaeozoic. Sengér, in a

series of papers (e.g., 1979, 1984, 1985, 1987),

In its simplest expression, the Tethyan para- demonstrated that the paradox, as initially stated,
dox, as formulated in the early 1970s, arose from was resolved by the recognition of earlier
the failure of late Palaeozoic continental recon- Palaeo-Tethyan (Cimmerian) sutures (now often
structions (e.g., Wilson, 1963) to fit the field data much overprinted by Alpine tectonism). Sengdr
from the Mediterranean region (Sengdr, 1979). envisaged two independent oceanic realms sepa-
Interpretations of the Permo-Triassic Pangea rated by an east—west-oriented continental strip
predicted a triangular ocean tapering from around or archipelago that began rifting from Gondwana
SQOO km width in the central Asian area to a still mainly in Triassic times. Subsequently, several
significant ocean in the eastern Mediterranean workers redefined the Tethyan paradox as being
f'md terminating in western Europe. In contrast, the conflict between reconstructions requiring a
in the 1970s, the only sutures identified in this huge eastern Tethys ocean (e.g., Van der Voo et
region related to rifting / drifting / collision events al., 1984) and evidence from floral/faunal and
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palaeomagnetic studies for limited if any separa-
tion of the continental masses (Lin and Watts,
1988; Smith, 1988; Lin and Fuller, 1990).

Smith (1988), concentrating on late Palaeozoic
faunal distributions, concluded that, what he

termed the Cathaysian composite continent,
formed a single biotic region. To Smith, the
Cathaysian region comprised the North and South
China blocks, and much of what is now Southeast
Asia including the Indochina and Sibumasu
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Fig. 1. A selection from the many and varied interpretations of the suture pattern (and hence terranes) in Southeast Asia. The thick
lines represent the sutures identified by the various authors and in each part the tectonic elements are named as in the source

publication. B = Baoshan; CM = Chiang Mai; P = Puer; K = Kunming. Sources: (A) Mitchell, 1989; (B) Sengor et al., 1988; (C)

Smith, 1988; (D) Hutchison, 1989b.
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blocks. No geographic barriers were recognised in
his study implying the absence of separation of
oceanic proportions and faunal changes were
considered to be a function of latitudinal control.
Also he proposed that his Cathaysian tectonic
elements remained part of Gondwana until late
Early Permian time. At the same time Lin and
Watts (1988), employing a mixture of palacomag-
netic, geological and palaeontological data, inter-
preted a virtually contiguous land mass through
the central Palaeo-Tethys region in the Late Car-
boniferous. They suggested that the northern and
southern branches of Tethys may have been epi-
continental seas and saw no need for oceans (see
also Long and Burrett, 1989).

The recent redefinition of the paradox is still
being actively debated. Like the initial conflict,
many of the problems grew out of a lack of field
data largely stemming from the remoteness of
many of the key localities. Much of the region in
question is difficult mountainous terrain where
even reconnaissance mapping is incomplete. Some
of the more recent data to emerge from critical
regions are supporting the case for a significant
Palaeo-Tethys. For example, the latest palaeo-
magnetic results from the Devonian and Car-
boniferous of western Yunnan contradict the re-
construction proposed by Lin and Watts (1988).
Mutually supportive results from several groups
indicate a palaeolatitude of about 40°S for the
Baoshan area during Devonian-Carboniferous
time (Zhang and Zhang, 1986; Fang et al., 1989;
Huang and Opdyke, 1991). Baoshan (Fig. 1) is the
northern part of the Sibumasu block (Metcalfe,
1984) which has been variously named the Shan—
Thai craton, Shan-Thai—Malay block, or Sino-
burmalaya block. There is general consensus that
the South China block was in equatorial regions
during the late Palaeozoic, hence the two blocks
were at very different latitudes.

Limitations in the field data are particularly
apparent when the plethora of putative sutures
and terranes is compiled from publications on the
Southwest China and Southeast Asian region (Fig.
1 provides a sample from the spectrum). Many of
the major terranes are identified in most analyses
but boundaries are often placed in very different
positions (see e.g., Sengor, 1979, 1984, 1985, 1987;

Mitchell, 1981, 1989; Metcalfe, 1984, 1988, 1990,
1993; Smith, 1988; Hutchison, 1989a,b). Minor
tectonic elements are very variably treated as are
possible links between major terranes around the
Northwest Yunnan syntaxis. Such basic uncer-
tainty adds to the difficulties of determining the
timing of rift, drift, amalgamation, and accretion
events, over which there are considerable differ-
ences of opinion (Metcalfe, 1990, 1993). Clearly,
palaeobiogeographic research will be severely
hampered if the tectonic building blocks are not
well defined. Several studies claim to have used
well established tectonic lineaments to bound
sample areas even though considerable tectonic
complexity was present; having gathered and
analysed the data within these confines, few au-
thors took the step of questioning the validity of
the tectonic subdivisions employed and how they
withstood the analysis. Many reconstructions are
incomplete because they do not recognise enough
of the complexity of the tectonic assembly of Asia
even though this picture was emerging in the
early 1970s (see e.g., Burrett, 1974).

Our contribution is based on recent field work
we have carried out in western Yunnan aimed at
improving the definition of the tectonic elements
and their histories. The results published here
focus on the palaeogeographic significance of late
Palaeozoic radiolarian chert sequences and
oceanic basalts found along the Changning—
Menglian and Jinsha zones (Fig. 2). Preliminary
reports on the siliceous sequence, and the radio-
larian assemblage from Menglian, were published
by Wu and Li (1989), and Wu and Zhang (1989).
Here we present further data on the late Palaeo-
zoic oceanic sedimentary rocks of western Yun-
nan that represent evidence for a vast Palaeo-
Tethys ocean which separated the Sibumasu
block, a Gondwanan element, from the Cathay-
sian South China block (superterrane). The
Changning—Menglian zone is equivalent to the
suture between the Sibumasu and Indochina
blocks which was identified by Hutchison
(1989a,b) as the major faunal break between
Gondwanan assemblages to the west and
Cathaysian to the east. Himalayan overprints are
particularly severe in this region which make the
links between Southeast Asia and Tibet particu-
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Fig. 2. A geological map of the main tectonic elements of the
area of Southwest China studied for this report.

larly hard to trace. Prior to the India/ Asia colli-
sion, the Cimmerian orogenic belts were trending
approximately east—-west. As a result of the Hi-
malayan collision, oroclinal bending has, over
large distances in the Three River Belt
(Salween—Mekong—Yangtze), turned these trends
through 90°. Considerable contractional and
strike-slip deformation of Himalayan age have
deformed the earlier sutures and terranes creat-
ing a region of considerable complexity. The
kinematics of this zone are important in the de-
bate concerning the mechanism of India’s inden-
tation into Asia. In the view of Tapponnier et al.
(1986) this was largely achieved by extrusion of
eastern Asia, whereas Dewey et al. (1988) see no
need for significant extrusion and considered the
orocline to have been created by a right-lateral
shear zone along the eastern edge of the inden-
ter.

2. Changning—Menglian suture zone

The tectonic significance of the Changning—
Menglian suture zone (Fig. 2) was first recognised
by Huang et al. (1984) who named it the Chang-
ning—Shuangjiang suture. They interpreted the
zone as representing a pre-Permian ocean that
separated the Baoshan-Shan State block
(Sibumasu terrane) from the terranes to the east.
Huang et al. (1984) regarded the suture as a
branch of the Jinsha-Tengliao River suture. This
latter suture, normally referred to in the English
literature as the Jinsha suture, forms the eastern
and northern boundary of the Qiangtang block
(referred to as the Yunling-Wu Liangshan ter-
rane by Huang et al., 1984). Unfortunately, Huang
et al. (1984) provided very little descriptive infor-
mation about the nature of the suture. In 1985,
Zhang et al. applied the name Changning—
Menglian ophiolite belt to the Changning—
Shuangjiang suture and described an ophiolite
melange in the northern part of the belt. In this
publication we prefer the name Changning—
Menglian suture, first used by Wu and Zhang
(1989), because Menglian is close to the southern
end of the suture as mapped within Chinese
territory. In addition, the Menglian area contains
well developed sequences of ophiolitic basalts
and radiolarian cherts.

The Changning—Menglian suture, marked by
dismembered ophiolites and associated deep-
water sedimentary rocks, can be traced from
Menglian northwards through Laochang, Tong-
changia to Changning (Fig. 2), a distance of more
than 400 km. It is interrupted to the north by the
Chongshan metamorphic belt which also cuts the
northern margin of the Baoshan block. South-
ward, the suture probably extends through Burma
into northern Thailand. The most complete de-
scriptions of the ophiolitic melange and ophiolitic
basalts are from Tongchangjia in Yun County,
and the Menglian district (Zhang et al., 1985; Li
et al.,, 1986). The ophiolitic melange (Zhang et
al., 1985) is composed of blocks of harzburgite,
cumulate websterite, gabbro, basalt, limestone,
and chert, set in a mud-silt grade matrix. The
basalts include two types distinguished on the
basis of their geochemistry. One is characterised
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Fig. 3. An outline geplogical map of the Menglian district
showing the extent of suture zone features at the southern
end of the Changning-—Menglian belt just inside Chinese
territory.

by high-Fe and low-Mg which, taken with REE
data, indicate that they are similar to mid-ocean
ridge basalts. The other basalt type has high-Ti
and REE patterns similar to ocean island basalts.
Deng (1987) noted more than 100 small ultra-
mafic and mafic bodies distributed along the
Changning—Menglian zone but did not provide
information on the nature of their contact rela-
tions with the country rocks.

Within the narrow Changning—Menglian belt
(Fig. 2) there is a complexly deformed oceanic
sedimentary sequence associated with the ophi-
olitic rocks. In the Menglian district (Fig. 3),
which is so remote that geological work only
commenced there in 1980, the zone of oceanic
sedimentary rocks is well developed with widths
varying between 4 and 10 km. The zone consists
mainly of dark green and dark grey cherts with
minor black chert, siliceous shales, and silty
shales. The original stratigraphic sequence is very
difficult to reconstruct for a variety of reasons. In
this tropical region, exposure is generally very
poor, with the shales being particularly badly
affected by deep weathering. Tectonism compli-
cates the internal geometry of the siliceous se-
quence; the bedded cherts are tightly folded and

affected by contractional faults. Also fossils are
sparse.

The earliest fossil-bearing strata found so far
in the belt are Early Devonian. Early Devonian
graptolites (e.g., Monograptus microdon Richter,
M. aequabilis (Pribyl) and Neomonograptus cf.
hercynicus, Jackson and Lang) occur in dark shales
intercalated with bedded cherts to the south of
Menglian (Duan et al., 1982). In the northern
part of the suture zone, immediately south of
Changning, Qin et al. (1980) recovered the Early
Devonian fossils Neomonograptus himalayaensis
Mu and Ni, and Nowakia acuaria (Richteri). Be-
cause the Late Devonian conodonts Palmatodella
delicatula Virich and Bassler, Palmatolepis sp.
and Ozarhodina homoaronata Helms were also
found in an alternating chert and siliceous mud-
stone to the south of Menglian, the local survey
inferred the whole siliceous sequence to be Devo-
nian (Duan et al., 1982). Subsequently, Wu and
Li (1989) reported Carboniferous and Permian
radiolarian fossils from the siliceous sequence
from several localities along the highway to the
south of Menglian. The Early Carboniferous radi-
olarians Archocyrtium menglianense Wu, A. cf.
wonae Cheng, Deflandrellium sp., and Albaillella
sp., were found from near the 37 km marker. The
Early Permian radiolarians Pseudoalbaillella U-
forma Holdsworth and Jones, and P. longicornis
Ishiga and Imoto, and others, were found near
the 29 km marker. The middle Permian (late
Guadalupian) radiolarian assemblage consisting
of Follicucullus sp., Albaillella excelsa Ishiga, Kito
and Imoto, A. levis Ishiga, Kito, and Imoto, and
A. triangularia Ishiga, Kito, and Imoto, was found
near the 30 km marker and at many localities
between the 43 and 48 km markers. Therefore,
the age of the siliceous sequence, based on the
fossil evidence, ranges from Early Devonian to
middle Permian, though younger rocks are proba-
bly present.

The siliceous sequence, which is in fault-con-
tact with the basalts, has an outcrop width nor-
mally ranging between 4 and 10 km. Because of
severe weathering the basalts are mostly covered
with thick red soils, but fresh pillow lava expo-
sures can be seen in riverbanks and in a new road
cut near Manxin village, 20 km south of Menglian.
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On top of the basalts, thick-bedded limestones
form caps to the mountain peaks or occur as
widespread small patches of outcrop in the main
basalt outcrop. Neritic fossils, especially fusulin-
ids, found in the limestones range in age from
middle Carboniferous to Late Permian (Duan et
al., 1982). On this basis, the basalts were assumed
to pre-date the oldest limestone and on the
1:200,000 regional geological maps are assigned
to the Lower Carboniferous. However, some ge-
ologists from the local survey have argued for a
Permian age for the basalts based on the pres-
ence of Permian fossils such as Parafusulina sp.
in limestone lenses within the basalts (Duan et
al.,, 1982). Wu (1991) considered the limestone on
the top of the basalts to be allochthonous, trans-
ported from the east during collision. He consid-
ered the stratigraphic and map relationships were
best explained by contractional faulting. Indeed,
the contact between the limestones and basalts is
never clearly exposed because of the strong
weathering and neither has a conformable con-
tact between the basalts and the siliceous se-
quence been observed. However, we recently
found the Early Carboniferous radiolarians Ar-
chocyrtium menglianense in a chert lens in basalts
along the new road south of Manxin village. Fos-
sils with a range of ages from middle Carbonifer-
ous to Permian have also been reported by the
local survey from limestone blocks and lenses
within the dominantly basaltic sequence. For ex-
ample, the middle to Late Carboniferous fusulin-
ids Schwagerina sp. and Schubertella obscura Lee
and Chen were reported from 7 km south of
Menglian, the Late Carboniferous fusulinids
Schubertella sp. and Triticites sp. from 12 and 23
km southwest of Lanchang, respectively, and the
Early Permian Parafusulina sp. was found 23 km
south of Menglian (Duan et al., 1982).
Additional diversity in the geology of the
Menglian belt is seen in the presence of both
ocean island basalts and mid-ocean ridge basalts
(Zhang et al., 1985 and Zhang Qi, written com-
mun., 1991) and recently we found ultramafic
pillow lavas in the region. Therefore, the basalts
of the Menglian volcanic belt formed in a spec-
trum of widely differing tectonic settings and they
show an appreciable age range from Early Car-

boniferous to Permian. Significantly, the thick
sequences of shallow water limestones are coeval
with basalt effusion from the middle Carbonifer-
ous to the Late Permian, indicating considerable
lateral facies variation. Fusulinids obtained by the
local geological survey from ridge capping lime-
stones overlying basalts include taxa similar to
those found in South China, for example Fusulina,
Triticites, Misellina, Neoschwagelina, Verbeekina,
and Yabeina, indicating a low-latitude marine en-
vironment. Recently, however, the cold-water type
fusulinids Monodiexodona, which were wide-
spread on the northern margin of Gondwana in
the Early Permian, were also reported from lime-
stones in the Laochang district (Han et al., 1991).
Some aspects of the basalt / limestone relations in
the Menglian belt may be explained in terms of
thrust interleaving (Wu, 1991), but when all of
the data are considered the best explanation in-
volves incorporation of seamounts into a subduc-
tion complex (Liu et al., 1991). It seems likely
that the limestones on top of the basalts might
have been located originally in different latitude
zones and represent carapaces to seamounts in
different parts of Palaeo-Tethys. Considerable
structural interleaving probably occurred during
suturing to add the final element to the observed
relationships.

An indication of the extent of the tectonic
overprint is seen in the Laochang district, 45 km
north of Menglian (Fig. 2). Here the equivalent of
the Menglian basaltic sequence is mostly green
intermediate-composition pyroclastic rocks inter-
calated with highly vesicular andesites and minor
vesicular basalts. Strong hydrothermal alteration,
in part related to mineralisation, does however
cause some problems in determining the original
geochemistry. The volcanics are covered by exten-
sive sheets of middle Carboniferous to Late Per-
mian limestones. What is probably the upper part
of the volcanic sequence is composed of alterna-
tions of limestones and purple tuffaceous sand-
stones, which contain latest Permian bivalves.
These are immediately overlain by middle Car-
boniferous limestone resting on a major thrust
fault. Despite several hundred metres of diamond
drill core from the Laochang lead-zinc mine
showing low internal strain in the volcanics, the
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thrusts probably represent major amounts of tec-
tonic transport (Wu, 1991). It is apparent that the
volcanics in the Menglian and Laochang districts
have overlapping ages.

Northward (Fig. 2) the suture extends more
than 300 km to beyond Changning. The volcanic
belt is mainly basaltic, and basic pyroclastic rocks
dominate in some areas. Geochemical data, from
amygdaloidal basalts 23 km southwest of
Shuangjiang, show ocean island basalt character-
istics (Sun et al., 1984). The limestones that cap
the basalts also extend northwards where the
local survey has recorded ages ranging between
Early Carboniferous and Late Permian. Lime-
stones also form intercalations within basalts in
some places. For example, about 50 km northwest
of Shuangjiang, the basalts are intercalated with
shales and siltstones which include lenses of lime-
stone which have yielded the Late Carboniferous
fusulinid Triticites (Sun et al., 1984). The siliceous
sedimentary sequence associated with the basalts
also extends northward, but the percentage of
chert decreases. Analysis of the radiolarian bios-
tratigraphy has been minimal; only middle Per-
mian radiolarian fossils, from chert blocks in the
ophiolitic melange in the Tongchangjia district,
have been studied.

Northwards from Changning, the basaltic se-
quence is progressively more affected by regional
ductile deformation creating greenschists. Before
the Lancang Jiang River is reached, the Changn-
ing—Menglian suture zone is interrupted by the
Chongshan metamorphic belt (Fig. 2), which is a
generally high-grade metamorphic belt composed
of gneiss, migmatite, granulite, and mylonite. The
belt is usually considered to be Precambrian or
partly early Palaeozoic, but the Devonian fossil
Nowakia sp. has been found to the north of
Changning (Peng et al., 1979). The Chongshan
metamorphic belt is probably a composite of dif-
ferent stratigraphic units of different ages tele-
scoped by later dynamic metamorphism. It
obliquely terminates several tectonic belts includ-
ing the Baoshan block, the Changning—Menglian
suture, the Lancang metamorphic belt, and the
Lincang granite belt. To the northeast side of the
Chongshan metamorphic belt there is a large
area of Mesozoic and Cenozoic red beds, though

Palaeozoic strata reappear further north in north-
west Yunnan.

The Baoshan block, the continental terrane to
the west of the Changning—Menglian suture (Fig.
2), is very clearly of Gondwana affinities. The
hallmarks of a southern continent derivation are
unequivocal, including Upper Carboniferous
glacial-marine diamictites and cool-water faunas
(Wang, 1983; Cao, 1986a,b). Also there is no
doubt that the Baoshan block is the northern tip
of the Sibumasu terrane. The suture pattern in
China delineates the western margin of the
Baoshan block as being along the north—south
trending Gaoligong Mountains approximately 50
km west of Baoshan. Therefore, the northern
extension of Sibumasu into China is a thin
north—south strip, a shape which contrasts
strongly with that shown on many published ter-
rane and suture maps for Southeast Asia (Fig. 1).
Figure 1B is a common representation of the
tectonic elements in this region; Sibumasu is
shown to widen appreciably in the north before
thinning rapidly going into the Yunnan syntaxis.
This style of interpretation erroneously adds to
Sibumasu the terrane to the east of the Chang-
ning—Menglian suture. In the discussion that fol-
lows we investigate the nature and definition of
this largely ignored terrane.

3. The southern extension of the Changning-
Menglian suture

This topic is controversial but is important in
the analysis of the terrane to the east of the
Changning—Menglian suture. In the Menglian
district, the suture zone assemblage of deep-
marine siliceous deposits and oceanic basalts is
well-defined and can easily be traced to the
Sino—-Burma border (Figs. 2 and 4). Immediately
to the south is that region of Burma, Laos, and
Thailand known as the “golden triangle” which is
very poorly documented geologically. Further
complications for regional analysis have arisen
because few people had access to the Chinese
literature. The paucity of data in the English
language literature from this entire region is re-
flected in the very different positioning of sutures
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Fig. 4. A regional sketch map indicating the possible southern
extension of the Changning—Menglian suture, and the possi-
ble extent of the Simao terrane. Within China the black
ornamented areas are the sutures identified in Fig. 2. The
black areas near Chiang Mai (CM) in Thailand show the
extent of the Chiang Mai volcanic belt and the crosses mark
older mafic rocks in the district. Other black areas are ophio-
lites and melange belts as identified by Hutchison (1989b, fig.
7.1). B =Baoshan; CM = Chiang Mai; K = Kunming; §=
Simao.

by different authors (Fig. 1). For example,
Hutchison (1989b, fig. 7.1, p. 254) provides a map
of ophiolites and melange belts in Southeast Asia
but does not show the Changning—Menglian
ophiolite belt (Zhang et al., 1985), though, in
other diagrams (Hutchison, 1989b, fig. 6.1, p. 202
and shown here as Fig. 1D), he shows the
Changning-Shuangjiang suture of Huang et al.
(1984). Hutchison (1989b) recognises many of the
tectonic elements in the region under discussion
but favours placing the Shan-Thai (Sibumasu)/

Indochina terrane boundary along the
Uttaradit—Luang Prabang—Dien Bien Phu (Laos)
line (his fig. 6.15); this is the zone of mafic/
ultramafic rocks that trends northeast—southwest
through northern Laos (Fig. 4) and becomes the
Nan River suture zone in northern Thailand (Barr
and Macdonald, 1987). Perhaps Hutchison’s
choice was influenced by the uncertainty associ-
ated with the southern continuation of the
Changning—Shuangjiang suture. Sengor et al.
(1988) made the same choice as Hutchison (see
Fig. 1B). In Laos, the definition of the suture is
less certain in terms of its junction with the Song
Ma / Ailaoshan suture, though most authors (e.g.,
see Fig. 1B) show a high-angle contact (compare
Sengor et al., 1988, fig. 3; Burrett and Stait, 1985,
fig. 1; Hutchison, 1989b, figs. 6.15 and 7.1).
Though in general agreement with each other,
none of these interpretations show any direct link
to the Changning—Menglian suture. A contrasting
interpretation by Barr and Macdonald (1987)
proposes a correlation between the Nan River
and Changning—Menglian sutures but this, in part,
was based on an unattributed map (their fig. 1)
which incorrectly locates the Changning—
Menglian suture. In this erroneous position, which
approximately follows the Mekong River out of
China, a link between the Nan River and the
Changning—Menglian sutures was more plausible.

Where the Uttaradit—-Luang Prabang—Dien
Bien Phu suture swings to the east or northeast, a
diffuse north—south trend is seen in a belt of
mainly basaltic volcanic rocks within Permo-
Carboniferous sedimentary sequences. Barr et al.
(1990) named this the Chiang Mai volcanic belt.
Northward continuation of this zone would link
directly with the Changning—Menglian suture but
the suggested correlation (Fig. 4) is not without
challenge, nor is it well substantiated in this poorly
documented area. Interestingly Barr and Mac-
donald (1987, fig. 1) show a north—south trending
branch of their Changning—Menglian suture, in
approximately the correct position, which when
projected southwards, would link with the Chiang
Mai volcanic belt. However, Barr and Macdonald
(1987) rejected any correlation between the
Changning—Menglian suture and the Chiang Mai
belt because of the lack of ophiolitic characteris-
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tics in the latter, a point dealt with in detail by
Barr et al. (1990). The most recent terrane inter-
pretation of Thailand (Barr and Macdonald, 1?91)
represents a significant departure from previous
terrane models for the country but none of the
proposed sutures can be correlated with the data
from China. A firmer link between the Chang-
ning-Menglian and Chiang Mai belts relates to
the shared presence of deep-water sedimentary
rocks. Lower Devonian graptolites have been re-
ported from a siliceous sequence in the Fang
district, north of Chiang Mai, close to the Thai—
Burma border (Bunopas and Vella, 1978). Also
Sashida et al. (1993) have further investigated the
Fang district and report a very wide range of ages
from the Fang Chert. Devonian, Early Carbonif-
erous, and Permian radiolarians were found and
Sashida et al. (1993) infer that the host sequence
is oceanic in character. Similarities also exist in
that, at Chiang Mai, limestones with middle Per-
mian fossils form a strip within the volcanic zone,
perhaps equivalent to the upper limestones in the
Changning—Menglian district. The geochemistry
of the Chiang Mai volcanics remains problemati-
cal for a suture zone interpretation because they
have extensional continental setting signatures.
There is, however, the potential for rift-related
volcanics formed during continental rupturing to
be eventually incorporated into a suture / collision
complex. According to Barr et al. (1990), gabbro-
and pyroxene-rich ultramafic rocks also occur in
the Chiang Mai volcanic belt suggesting the po-
tential for the discovery of ophiolitic assemblages
in the region.

In summary we agree with the general posi-
tioning of the Nan-Uttaradit—Luang Prabang—
Dien Bien Phu suture curving from north /south
towards the east/northeast to intersect the Song
Ma suture at high angles, which means that the
Nan zone is not a candidate for correlation with
the Changning-Menglian belt. We are certain
that the Changning—Menglian suture continues
southwards out of China (Fig. 4) but its exact
trace south of the border is uncertain. The pat-
tern of sutures we propose (Fig. 4) defines a
sizeable crustal element bounded by the Sibu-
masu and Indochina blocks to the west and south,
and the Song Ma suture to the northeast. We

propose to name this element the Simao terrane
after the largest town within this unit in Yunnan.
Wang (1991) also shows a direct extension of the
Changning—Shuang Jiang suture to Chiang Mai
but, because the Nan-Uttaradit suture was not
included in the analysis, the Simao terrane was
not recognised.

4. Simao terrane

The Simao terrane, as seen in China, is
bounded by the well defined sutures of Chang-
ning—Menglian to the west and the Ailaoshan to
the east (Fig. 2). The terrane is largely covered by
late- to post-orogenic Mesozoic and Cenozoic red
beds though Palaeozoic strata appear from under
the cover sequence in limited areas on the east-
ern and western margins of the terrane. Precam-
brian metamorphic rocks (Lancang Group) are
also present on the western margin. The only
palaeontologically well-dated lower Palaeozoic
strata occur on the eastern margin. These are a
marine clastic sequence of turbidite style with
Silurian and Early Devonian graptolites. Deep-
water sedimentation continued into the Middle—
Late Devonian and volcanic activity started in the
Early Carboniferous. Six kilometres southeast of
Mojiang (Fig. 2), Early Carboniferous fusulinids,
Eostaffella sp., were found in a calcareous inter-
pillow matrix (Zhou Dejin, pers. commun., 1990).
Geochemical analysis shows that these pillow
basalts formed in a continental-rift type environ-
ment but, as the sequence may be allochthonous,
its tectonic significance is unclear. Recently, Early
Carboniferous radiolarians have been discovered
in cherts associated with the basalt sequence
(Feng Qinglai, pers. commun., 1990).

In contrast, on the western edge of the Simao
terrane, Middle-Upper Devonian littoral de-
posits with brachiopods and plant fossils were
documented from south of Jinghong (Qu et al.,
1976). This implies that part of the Simao terrane
was emergent forming a source area to supply
terrigenous material. The later Carboniferous and
Permian strata in this area contain carbonate
sedimentary rocks with benthonic fossils but also
much sandstone and shale.



276 W. Haoruo et al. / Tectonophysics 242 (1995) 267-280

An extensive basic to acid volcanic sequence is
widely distributed along the Lancang River
(Mekong) on the western margin of the Simao
terrane. Acid pyroclastic flow deposits (ignim-
brites) and fall deposits (accretionary lapilli) indi-
cate a subaerial environment for part of the vol-
canic pile which in places was intruded by very
high-level acid sills creating peperitic margins and
redeposited hydroclastic breccias. Combined with
the Lincang granite batholith from the same belt
(Fig. 2), this zone has the characteristics of a
magmatic arc which was named the Lincang Arc
Terrane by Li (1988). As originally defined, this
terrane included all the area between the Yangtze
block and the Baoshan block, whereas the mag-
matic arc is restricted to the western margin.
Some controversy exists in relation to the age of
this volcanic sequence. Lin (1983) considered the
arc volcanics to be entirely Permian and that the
arc was active throughout much of the Permian.
The local geological survey identified Middle Tri-
assic fossils from the volcanic sequences (Qin et
al., 1981) and all maps published since 1983 as-
sign the volcanics to the Late and Middle Trias-
sic. Radiometric ages on the Lincang granite be-
tween 280 and 210 Ma (Cheng, 1987) do not
resolve the issue because these almost span the
entire Permian and Triassic. Middle and Upper
Permian strata in the central and eastern parts of
the terrane are littoral sedimentary sequences
with bioclastic limestones and coal seams from
which the Cathaysian Gigantopteris flora has been
recovered (Zhang et al., 1976). Lower Triassic
deposits are rare. The Upper Triassic sequence
consists of non-marine conglomerates and sand-
stones in the lower part, shallow-marine clastic
deposits with carbonates in the middle part, and
littoral coal-bearing clastic deposits in the upper
part. Since the Late Triassic the Simao terrane,
the Yangtze and Baoshan blocks have developed
similar stratigraphic sequences.

Several lines of evidence suggest that the Simao
terrane was derived from the Yangtze block. They
share the same Cathaysian flora, glacigenic sedi-
mentary rocks are absent, and they have very
similar regional acromagnetic patterns (Fei, 1983).
Yi and Zhang (1991) point out that palacontolog-
ical and stratigraphic data are comparable from

the Simao region and the Yangtze block. How-
ever, considerable uncertainty exists in the defini-
tion of the rift/drift/accretion history of the
Simao terrane. Li (1988) proposed that back-arc
spreading, during subduction along its western
margin, detached the Simao terrane from the
Yangtze block and implied that its subsequent
welding back onto the continental core of Asia
did not involve significant orogen-parallel dis-
placements. In contrast, Yi and Zhong (1991)
have recorded Early Carboniferous and Early
Permian deep-water sedimentary rocks in the
Ailaoshan suture zone. This, together with the
presence of Early Carboniferous rift-related
basalts on the eastern margin of the Simao ter-
rane, led Yi and Zhong (1991) to propose that
ocean crust separated the Simao and Yangtze
tectonic elements from the Early Carboniferous.
In this model the Simao terrane existed as a
separate entity for much longer than envisaged by
Li (1988), whose estimates would be reduced by
the reassessment of the age of arc volcanism.
Suturing of the Baoshan block and the Simao
terrane pre-dates the latest Triassic as indicated
by ultramafic clasts in the Late Triassic Yiwan-
shui Formation (Yi and Zhong, 1991). Since the
Late Triassic all of the elements have been part
of the Asian continent.

A consequence of the above interpretation is
that the Nan River suture does not represent the
Gondwana—Cathaysian divide as is proposed in
many publications. We view this suture, which
forms the southeastern margin of the Simao ter-
rane, as a link between two Cathaysian elements
(Simao and Indochina). Barr and Macdonald
(1987) note that the Nan River suture zone is
poorly dated but, without firm age data, it is
impossible to know if the zone represents an
amalgamation event prior to final suturing or
progressive collisions with the Cathaysian conti-
nental core.

5. Northwest Yunnan syntaxis
In northwest Yunnan three great rivers (Jinsha

Jiang, Lancang Jiang, Nu Jiang—the upper
reaches of the Yangtze, Mekong and Salween,
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respectively) follow parallel paths flowing south
in deep and narrow gorges separated by narrow
and linear mountain ranges. This is the Three
River Belt where Cimmerian sutures have been
deflected through 90° during India’s indentation
into Asia. Both the Baoshan block and the Simao
terrane and possible remnants of other terranes
have been severely attenuated and are now pre-
served as deformed masses scattered within stacks
of thrust sheets. Because access is difficult, geo-
logical study is only in its infancy in this remote
area. Here we report some late Palaeozoic deep-
sea deposits associated with ophiolitic rocks in
the Degin district (Fig. 2) between the Jinsha
Jiang and the Lancang Jiang in northwest Yun-
nan.

Ninety kilometres south of Degin County, al-
ternations of almost vertically dipping carbonate
rocks and basalts crop out over 10 km along a
small branch of the Jinsha Jiang in the Xiarou
district. Each basalt unit is typically between 500
and 1000 m thick and some preserve clear pillow
structures. The carbonate rocks are in fault con-
tact with the basalts; most are thickly bedded
coarsely crystalline limestones devoid of fossils.
Only a few broken conodonts of possible Late
Carboniferous age have been recovered from the
limestones. Carbonate debris flow deposits occur
in this section. Hundred metres of disorganised
limestone conglomerates and breccias with clasts
up to 0.5 m across, pass upwards into limestone
turbidites.

A few metres of tightly folded grey or black
chert beds occur near one basalt sheet, but the
contact between them is obscured by talus de-
posits. Early Carboniferous radiolarian fossils
have been extracted from the cherts and the
assemblage is characterised by Albaillella indensis
(Won) and Entactinia variospina (Won). This as-
semblage can be correlated with the late Tour-
naisian—early Visean radiolarian assemblage of
Western Germany and Oklahoma, North Amer-
ica (Ormiston and Lane, 1976; Won, 1983). Asso-
ciated with the cherts are some thin-bedded
siliceous limestones, which contain conodonts
characterised by Gnathodus typicus, and G.
rhodesi, also indicative of an Early Carboniferous
age. Some limestone thrust slices contain a few

conodonts, possibly Late Carboniferous in age.
The lack of benthonic fossils and other terrige-
nous material indicates a deep-water sedimentary
environment. The carbonate turbidites are com-
patible with this interpretation.

East of Degin County the road climbs steeply
from the bottom of the Jinsha Valley to the top
of the Baima Snow Mountain. Fragments of a
dismembered ophiolite including harzburgite,
gabbro, sheeted dykes, and pillow basalts, discon-
tinuously crop out along the highway. Carbonate
debris flow deposits occur on the highway near
Luna village on the eastern slope of the Baima
Snow Mountain. These overlie green pillow
basalts and consist of fragments of bioclastic
limestones surrounded by a basaltic matrix. The
limestone debris is poorly sorted and clasts are
irregular in shape; foraminifera including Fusuli-
na sp. indicate a possible Late Carboniferous age.
The basaltic matrix commonly permeates bioclas-
tic fragments and it is likely that the debris flows
and basalt extrusion were synchronous.

A further 10 km up the highway, another expo-
sure shows alternations of basalts, thin-bedded
limestones and tuffaceous mudstones in which a
few isolated fine-grained feldspar grains within
pelitic laminations might be formed by con-
tourites. On top of the Baima Snow Mountain
blocks of turbiditic sandstone with Bouma se-
quences are enclosed within an ophiolitic
melange.

Degin County is located to the west of the
Baima Snow Mountain and here some limestone
units with neritic bioclasts have been thrust upon
a siliciclastic sequence. To the west a pyroclastic
sequence is distributed along the eastern side of
the Lancang Jiang; it consists mainly of purple
and green agglomerates of a possible Middle to
Late Triassic age according to the local geological
survey. West of the Lancang J iang the geological
survey reported an Early Carboniferous siliciclas-
tic sequence, radiolarian cherts, and limestones,
together with basic dykes and basalts which have
mid-ocean ridge geochemistries (Lei, 1987). The
lithological assemblage and age range are similar
to that in the Changning—Menglian suture to the
south. Further west, to the west of the Nu Jiang,
Permo—Carboniferous pebbly slates or diamic-
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tites and Precambrian metamorphic rocks were
also reported by the survey (Lei, 1987); a correla-
tion with the Baoshan block seems highly proba-
ble and extends the possibility of identifying Cim-
merian tectonic elements despite the intensity of
the Himalayan overprint.

The above data indicate that the Baoshan block
and the Changning—Menglian suture extend
northwest into the Yunnan syntaxis, and that the
deep-sea environment was in existence by at least
the Early Carboniferous. However, the nature of
the northward connection with Tibet is still poorly
defined.

6. Conclusions

(1) The Changning—Menglian suture zone is a
well-defined feature in southwest Yunnan that
separates the Baoshan block to the west from the
Simao terrane to the east. The former is part of
the Sibumasu terrane, a Gondwanan element,
and the latter is a Cathaysian element. The
boundaries of the Simao terrane are well defined
in China, being delineated to the east by the
Ailaoshan suture, but its extension to the south is
poorly constrained.

(2) An assemblage of basalts, cherts, and lime-
stones, found throughout the Changning-
Menglian belt, is the most common expression of
the suture zone, though mafic/ ultramafic ig-
neous rocks are well represented. Despite signifi-
cant structural overprint (Cimmerian suturing and
Alpine—Himalayan oroclinal deformation), con-
siderable stratigraphic complexity within the zone
is best resolved by modelling many of the basalt—
limestone relationships as having formed in an
ocean island setting including sedimentary caps
to seamounts. Both MORB and OIB geochemical
signatures have been identified and the zone’s
overall features combine to define a subduction
complex.

(3) The deep-marine siliceous sequence in the
Changning—-Menglian suture zone has a palaeon-
tologically defined age range from Early Devo-
nian to middle Permian, but younger rocks are
probably present. This, together with Triassic
subduction-related magmatism on the Simao ter-

rane, demonstrates the existence of Palaco-Tethys
during all of late Palaeozoic time. These data on
the life-span of Palaco-Tethys support the emerg-
ing consensus (e.g., Metcalfe, 1993) that derives
most of the terranes in China and Southeast Asia
from Gondwana but involves two main phases of
rifting. Pre-Devonian rifting of South China and
final suturing of Sibumasu to South China and
Simao in the Triassic is compatible with the
broader-scale conclusions of Metcalfe (1993).

(4) The Changning-Menglian suture is offset
by the Chongshan metamorphic belt to the north,
but a probable continuation is found in northwest
Yunnan extending into Tibet. Southwards, the
suture must continue into northeast Burma and
possibly into northwest Thailand. Such a projec-
tion of the suture zone intersects the Uttaradit—
Luang Prabang-Dien Bien Phu suture outlining
the boundaries of the Simao terrane.
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