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Abstract

The early Carboniferous Shuanggou ophiolite lies in the middle segment of the Ailao Shan orogenic belt between the South China
Block to the north and the Indochina Block to the south. The ophiolite consists of meta-peridotite, gabbro, diabase and basalt, capped
by radiolarian-bearing siliceous rocks. No layered gabbros or sheeted dikes have been observed. The meta-peridotite underwent low
degrees of partial melting, consistent with the low magma budget of this oceanic lithosphere. Whole-rock rare earth element analyses
of gabbro indicate a geochemical affinity with normal mid-ocean ridge basalts, consistent with the crystallization order of plagioclase
followed by clinopyroxene recognized in the gabbros. The ophiolite is believed to have formed in a small, slow-spreading oceanic basin.
Collision of the Indochina Block with the South China Block in the late Paleozoic was responsible for the closure of the oceanic basin
and emplacement of the ophiolite in the Ailao Shan orogenic belt.
� 2007 Elsevier Ltd. All rights reserved.
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1. Introduction

The South China and Indochina Blocks were once sep-
arated by eastern Paleo-Tethys. The amalgamation of these
two blocks is now clearly marked by the 900 km long Ailao
Shan suture zone, extending from SW China to northern
Vietnam (Fig. 1), although the zone has been extensively
modified by Tertiary left-lateral strike-slip movement on
the Ailao Shan–Red River Fault (RRF) (Tapponnier
et al., 1990; Leloup et al., 1993, 2001). Numerous ophiolites
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occur in the suture zone and these may shed light on the
origin and evolution of eastern Paleo-Tethys (Metcalfe,
1996; Chen and Xie, 1994). However, the original tectonic
environment in which the ophiolites formed has long been
controversial and remains uncertain. For example, the
ophiolites have variously been interpreted to have formed
in a wide ocean (Mo et al., 1993), a back-arc basin (Pan
et al., 1997; Hsu et al., 1995), a remnant oceanic basin
(Li et al., 1991), or a small oceanic basin (Sun et al.,
1997). The ages of the origin, spreading and subduction
of this ocean basin are not yet fully constrained.

In this paper, we integrate the available geological infor-
mation on the ophiolites along the RRF and present new
petrographic and geochemical data for the Shuanggou
ophiolite, the best-preserved body in the Ailao Shan suture
zone. Available field evidence and geochemical data sug-
gest formation in a slow-spreading oceanic basin. Using
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Fig. 1. Regional map of southwest China and northern Vietnam showing the location of the Song Da zone and the Ailao Shan orogenic belt. Inset shows
the position of the suture zone in Yunnan Province and location of the Shuanggou ophiolite. ASRR = Ailao Shan Red River.
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these data, we present a model for the tectonic evolution of
the ophiolite belt.

2. Regional geological background

The Ailao Shan orogenic belt extends for over 900 km
from the Day Nui Con Voi range in northern Vietnam to
the Ailao Shan, Diancang Shan and Xuelong Shan in Yun-
nan, SW China (Fig. 2). It separates the South China Block
on the northeast from the Indochina Block on the south-
west. The 10 km wide zone contains hundreds of ophiolitic
mafic–ultramafic bodies that lie between high-grade gneiss
on the east and an island arc volcano-sedimentary belt on
the west. The ophiolite zone is bounded by the Ailao Shan
fault on the east and the Amojiang fault on the west (Yun-
nan, 1990; Dong et al., 2000). The mafic–ultramafic bodies
have been thrust westward over the Phanerozoic Ailao
Shan metamorphic belt.

The ultramafic rock bodies are typically a few tens to
hundreds of meters long with length/width ratios of about
3:1–40:1. A few are over 1000 m long and the largest is
about 15 km long and 2 km wide. Mafic rock bodies are
typically hundreds of meters long with length/width ratios
of about 2:1–15:1 with the largest being about 11–14 km
long and 300–1000 m wide. Individual rock bodies are
elongate parallel to the regional tectonic orientation and
crop out as tectonic slices (Yunnan, 1990).

In northern Vietnam, about 120 km south of the Red
River, ultramafic rocks are exposed over a distance of about
170 km along the NW–SE-striking Song Ma suture zone
(e.g., Hutchinson, 1975, 1989; Sengor, 1984, 1987). These
ultramafic rocks are in fault contact with early Paleozoic to
Permian sedimentary strata associated with late Permian
to early Triassic siliceous shale and basaltic lava (Pan
et al., 1997). These rocks, which appear to have been thrust
northward, crop out along a belt of reportedly Paleozoic
metamorphic rocks. South of this belt, Siluro-Devonian
shale and silicic tuff are intruded by granodiorite and granite.

The Shuanggou ophiolite extends for about 8 km in a
NNW direction and is up to 2.5 km wide. It is the best-pre-



Fig. 2. Geologic map of the Shuanggou ophiolite.
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served and best-studied body in the belt, and is considered
to be representative of the Ailao Shan ophiolites (Fig. 2).

3. Geology and petrography of the Shuanggou ophiolite

The Shuanggou ophiolite is composed of three main
units from the base upward: meta-peridotite, diabase–gab-
bro and basalt (Fig. 2). No layered gabbro or sheeted dikes
have been recognized. The meta-peridotite, at the base of
the section, is overlain tectonically by a crustal assemblage
composed of diabase, gabbro and pegmatitic gabbro. Some
of the gabbros contain diabase xenoliths and have been
intruded by pegmatitic zones. The basalt is in fault contact
with the meta-peridotite, but the relationship between the
basalt and the diabase–gabbro assemblage is not clear.

Although strongly serpentinized, the meta-peridotite
is identified as mostly lherzolite with minor harzburgite.
Both the lherzolite and harzburgite consist of olivine,
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orthopyroxene, clinopyroxene and spinel (some contain
grossular instead), and they differ chiefly in their modal
percent of clinopyroxene. Both have minor impregnations
of clinopyroxene and plagioclase. They mostly have proto-
granular and porphyroblastic textures (terminology follow-
ing Mercier and Nicolas, 1975), with a schistose matrix.
Kink banding and undulatory extinction are common in
the olivine and pyroxene grains. The olivine is altered to
serpentine, chlorite and magnetite whereas orthopyroxene
is altered to bastite. Spinel grains are reddish-brown and
range in shape from amoeboid to euhedral. Plagioclase
blebs, altered to clay, were noted in some samples.

The gabbros have subhedral granular textures, and are
composed of uralitized pyroxene and saussuritized plagio-
clase with minor veins of zoisite and amphibole. Most are
adcumulates although mesocumulate and orthocumulate
varieties are also present. In the adcumulate rocks, large
euhedral crystals of plagioclase and clinopyroxene are the
cumulus minerals. Most of the clinopyroxene crystals con-
tain small inclusions of plagioclase, and exsolution lamellae
of orthopyroxene are present in some grains. Bent lamellae
and undulatory extinction in the clinopyroxene and, to a les-
ser extent, plagioclase crystals suggest some deformation.
Post-cumulus minerals are chiefly small, anhedral clinopyrox-
ene grains. The dominant crystallization order for the gabbro
is plagioclase fi clinopyroxene fi magnetite. Locally, the
gabbro grades into diorite composed of primary hornblende
and sericitized plagioclase with minor quartz. Plagioclase in
the gabbros is variably altered to clay and chlorite whereas
clinopyroxene is altered to chlorite and uralite.

The diabases have ophitic textures, and consist of pla-
gioclase, pyroxene, hornblende and ilmenite. Sparse plagio-
clase phenocrysts are altered to clay and calcite.
Clinopyroxene is altered to chlorite.

The mafic lavas are fine-grained, sparsely phyric rocks
with intersertal textures. Most of the rocks are highly
altered and the degree of alteration generally increases
upward (Wei et al., 1999). Secondary minerals include
albite, chlorite and minor epidote.

4. Analytical methods

Samples were cut with a diamond-impregnated brass
blade, crushed in a steel jaw crusher that was brushed
and cleaned with de-ionized water between samples, and
pulverized in an agate mortar in order to minimize poten-
tial contamination. Major oxides were determined by
wavelength-dispersive X-ray fluorescence spectrometry
(WD-XRFS) of fused glass beads using a Philips PW2400
spectrometer at the University of Hong Kong. Selected
trace elements, including Sc, V, Cr, Ni, Zn and Cu, were
analyzed by WD-XRFS on pressed powder pellets. Addi-
tional trace elements, including the REE, were determined
by inductively-coupled plasma mass spectrometry (ICP-
MS) of nebulized solutions using a VG Plasma-Quad
Excell ICP-MS, also at the University of Hong Kong.
The solutions were produced by a 2-day closed beaker
digestion using a mixture of HF and HNO3 acids in
high-pressure bombs (Qi et al., 2000). Pure elemental stan-
dard solutions were used for external calibration and
BHVO-1 and SY-4 were used as reference materials. The
accuracies of the XRF analyses are estimated to be ±1%
(relative) for SiO2, ±2% for the other major oxides present
in concentrations greater than 0.5 wt% and ±5% (relative)
for minor oxides present in concentrations greater than
0.1%. The accuracies of the ICP-MS analyses are estimated
to be better than ±5% (relative) for most elements.

5. Analytical results

Analytical results for 7 meta-peridotite, 3 diabase and 15
gabbro samples are listed in Table 1. The major oxide data
presented in Table 1 are measured values but the values in
Figs. 2–4, as well as those in the following discussion, have
been normalized to 100% on an anhydrous basis.

5.1. Meta-peridotite

The meta-peridotites have all been extensively serpenti-
nized as indicated by their high loss on ignition (LOI). How-
ever, despite the high degree of alteration, the major element
concentrations do not appear to have been greatly modified.
For example, the Mg#s [100Mg/(Mg + Fe2+)] of the meta-
peridotites range from 87 to 91 (average 89). In addition,
the major oxide contents are compatible with the mineralog-
ical compositions. As expected, the harzburgites have the
highest MgO contents (average 42.4 wt%) (Mg# = 91), but
relatively low CaO (average 0.5 wt%), Al2O3 (average
2.4 wt%) and TiO2 (average 0.05 wt%), and are similar to
highly depleted harzburgites, such as those in the Troodos
ophiolite of Cyprus. The lherzolite has slightly lower MgO
(40.9 wt%) and Mg# (90) and relatively high CaO (average
2.0 wt%), Al2O3 (average 2.9 wt%) and TiO2 (average
0.09 wt%), similar to values for primitive mantle lherzolite.
A plot of whole-rock CaO versus Al2O3 suggests that almost
all of the Shuanggou samples have undergone �25% partial
melting with one sample showing 30% partial melting
(Fig. 3a). A plot of whole-rock CaO versus XMg gives similar
results (Fig. 3b). However, these can only be considered to be
rough estimates because CaO can be easily mobilized during
serpentinization and alteration.

Both the lherzolites and harzburgites contain spinel with
similar Cr# [100Cr/(Cr + Al)] ranging from 30 to 56, indi-
cating that these are I-type abyssal peridotites as classified
by Dick and Bullen (1984), implying formation beneath a
mid-oceanic ridge. Olivines and orthopyroxenes in the peri-
dotites are highly magnesian (Fo of olivine = 90–91 and En
of orthopyroxene = 90–92) (Zhang et al., 1992; Zhong,
1998).

5.2. Gabbro–diabase assemblage

Due to the paucity of fresh volcanic rock, the gabbro sam-
ples from the Shuanggou ophiolite are taken, at a first order



Table 1
Abundances of major oxides and trace elements of the Shuanggou ophiolite, SW China

Sample No. HH-3 HH-4 HH-5 HH-32 HH-33 HH-34 HH-35 HH-18 HH-19 HH-20 HH-6 HH-7 HH-8
Rock types U U U U U U U D D D G G G

Major oxides (wt%)

SiO2 39.25 39.35 39.10 38.61 37.19 39.13 38.30 48.34 49.67 47.67 37.61 36.86 36.56
TiO2 0.06 0.09 0.08 0.02 0.01 0.10 0.09 0.97 1.71 1.05 0.72 0.74 0.66
Al2O3 1.98 3.52 2.42 2.08 0.98 1.94 3.54 15.44 13.35 14.92 11.72 12.63 12.93
Fe2O3t 7.58 7.87 8.22 8.43 8.14 8.51 7.84 9.52 12.73 9.63 9.32 9.96 11.66
MnO 0.08 0.12 0.11 0.08 0.13 0.11 0.12 0.15 0.14 0.16 0.19 0.17 0.18
MgO 37.11 34.97 35.82 35.77 36.72 34.46 34.53 8.60 6.52 8.98 18.72 16.05 11.50
CaO 0.78 2.02 1.26 0.11 1.44 2.06 1.71 11.82 9.88 11.31 13.35 16.64 20.63
Na2O 0.00 0.00 0.00 0.00 0.00 0.00 0.00 2.14 3.24 2.44 0.01 0.00 0.00
K2O 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.39 0.16 0.17 0.04 0.04 0.05
P2O5 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.10 0.17 0.10 0.03 0.04 0.04
LOI 12.53 11.44 12.80 14.16 15.08 13.50 13.50 2.32 1.97 2.95 7.66 6.75 5.72
Total 99.39 99.40 99.83 99.28 99.71 99.83 99.65 99.79 99.54 99.38 99.37 99.88 99.85

Trace elements (ppm)

Th 0.01 0.01 0.01 0.00 0.00 0.01 0.00 0.06 0.15 0.06 0.02 0.02 0.01
Nb 0.07 0.07 0.05 0.04 0.04 0.11 0.05 0.90 1.93 0.94 0.46 0.25 0.24
Ta 0.08 0.06 0.04 0.01 0.01 0.02 0.01 0.07 0.15 0.07 0.06 0.05 0.05
Zr 2.72 2.89 4.53 0.33 1.17 3.18 3.84 57.30 115.00 60.70 37.80 36.20 23.60
Y 1.67 1.99 2.42 1.51 0.16 1.62 3.04 21.30 39.60 23.40 34.20 28.70 22.60
La 0.12 0.17 0.12 0.03 0.05 0.22 0.16 1.66 3.30 1.57 0.62 0.79 0.73
Ce 0.36 0.48 0.37 0.05 0.08 0.80 0.53 5.55 11.00 5.52 2.10 2.72 2.53
Pr 0.06 0.08 0.07 0.01 0.01 0.14 0.09 1.01 1.97 1.02 0.44 0.53 0.48
Nd 0.30 0.47 0.41 0.05 0.08 0.72 0.47 5.87 11.00 5.92 2.95 3.35 2.76
Sm 0.11 0.14 0.16 0.03 0.02 0.23 0.19 2.16 3.94 2.24 1.52 1.50 1.21
Eu 0.05 0.07 0.08 0.01 0.01 0.08 0.07 0.85 1.37 0.89 0.73 0.55 0.56
Gd 0.18 0.24 0.29 0.09 0.02 0.28 0.35 3.16 6.00 3.46 3.08 2.69 2.24
Tb 0.04 0.05 0.05 0.02 0.00 0.05 0.07 0.59 1.06 0.63 0.67 0.56 0.46
Dy 0.25 0.33 0.37 0.18 0.02 0.30 0.49 3.85 7.12 4.20 5.15 4.09 3.36
Ho 0.06 0.07 0.08 0.05 0.01 0.06 0.12 0.86 1.58 0.94 1.19 0.94 0.81
Er 0.17 0.20 0.25 0.16 0.02 0.18 0.36 2.48 4.58 2.64 3.42 2.86 2.32
Tm 0.03 0.03 0.04 0.03 0.00 0.03 0.06 0.37 0.68 0.40 0.50 0.42 0.34
Yb 0.20 0.22 0.25 0.19 0.03 0.19 0.37 2.34 4.23 2.54 2.86 2.56 2.03
Lu 0.04 0.03 0.04 0.03 0.01 0.03 0.05 0.35 0.65 0.39 0.39 0.36 0.29

Sample No. HH-9 HH-10 HH-11 HH-12 HH-13 HH-14 HH-15 HH-16 HH-17 HH-21 HH-22 HH-31
Rock types G G U G G G G G G G G G

Major oxides (%)

SiO2 35.89 32.47 38.67 50.22 50.61 47.38 46.43 46.39 46.11 50.39 50.10 50.44
TiO2 0.77 0.65 0.89 0.52 0.37 0.88 0.68 0.74 0.58 0.54 0.43 0.36
Al2O3 12.83 14.96 13.76 15.60 13.89 16.52 18.69 18.42 20.00 16.01 13.08 17.65
FeOt 10.93 13.78 15.10 8.16 6.16 9.01 8.05 8.16 6.43 6.82 6.42 6.52
MnO 0.16 0.16 0.21 0.12 0.10 0.15 0.14 0.13 0.11 0.11 0.11 0.10
MgO 14.96 15.43 12.02 7.62 9.95 8.29 7.88 7.74 6.91 7.55 10.45 7.03
CaO 17.42 14.28 13.53 11.47 13.53 11.29 11.61 10.86 11.83 12.82 14.17 11.12
Na2O 0.00 0.00 0.04 3.11 2.34 2.48 2.28 2.38 2.75 2.70 2.09 3.46
K2O 0.05 0.05 0.05 0.33 0.26 0.42 0.51 0.66 0.34 0.27 0.20 0.19
P2O5 0.04 0.03 0.04 0.05 0.04 0.09 0.07 0.08 0.07 0.08 0.05 0.07
LOI 6.68 8.07 5.64 2.13 2.00 2.94 2.98 3.77 4.52 2.29 2.36 2.39
Total 99.73 99.88 99.95 99.33 99.25 99.45 99.32 99.33 99.65 99.58 99.46 99.33

Trace elements (ppm)

Th 0.02 0.00 0.00 0.05 0.06 0.06 0.04 0.05 0.03 0.04 0.06 0.48
Nb 0.36 0.23 0.03 0.56 0.37 0.88 0.60 0.61 0.47 0.42 0.51 1.10
Ta 0.05 0.05 0.03 0.06 0.04 0.07 0.05 0.06 0.04 0.04 0.05 0.11
Zr 39.90 38.90 31.90 37.30 32.70 50.70 37.90 43.70 30.80 31.60 62.80 81.70
Y 32.60 42.80 25.80 21.90 17.30 19.40 16.10 17.50 13.60 18.20 26.50 32.80
La 0.96 0.56 0.54 1.44 1.44 1.52 1.20 1.23 0.94 1.41 1.59 7.37
Ce 3.18 1.87 2.34 5.27 5.00 5.11 3.88 4.10 3.14 4.85 6.24 20.80
Pr 0.63 0.36 0.53 1.00 0.88 0.93 0.70 0.75 0.58 0.91 1.22 3.05
Nd 3.72 2.39 3.53 5.74 4.77 5.21 3.95 4.36 3.31 5.15 6.81 14.20
Sm 1.65 1.31 1.66 2.11 1.68 1.98 1.50 1.68 1.25 1.79 2.57 3.78
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Fig. 3. (a) CaO versus Al2O3 diagram showing that most peridotites in the Shuanggou ophiolite have undergone �25% partial melting. One sample may
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(continued on next page)
Table 1 (continued)

Sample No. HH-9 HH-10 HH-11 HH-12 HH-13 HH-14 HH-15 HH-16 HH-17 HH-21 HH-22 HH-31
Rock types G G U G G G G G G G G G

Eu 0.69 0.64 1.30 0.96 0.61 0.81 0.71 0.73 0.57 0.89 0.74 1.05
Gd 3.07 3.06 3.07 3.21 2.50 2.88 2.30 2.53 1.95 2.69 3.66 5.04
Tb 0.67 0.73 0.63 0.59 0.46 0.53 0.42 0.47 0.36 0.48 0.71 0.87
Dy 5.10 6.14 4.65 3.91 3.06 3.52 2.87 3.10 2.44 3.20 4.70 5.58
Ho 1.22 1.66 1.08 0.88 0.69 0.78 0.64 0.72 0.54 0.71 1.03 1.25
Er 3.59 5.24 3.02 2.58 1.97 2.24 1.90 2.04 1.59 2.12 3.04 3.65
Tm 0.54 0.83 0.42 0.37 0.31 0.34 0.28 0.31 0.23 0.30 0.45 0.57
Yb 3.28 5.22 2.43 2.38 1.91 2.16 1.86 1.99 1.50 1.98 2.82 3.56
Lu 0.46 0.75 0.32 0.35 0.28 0.31 0.29 0.29 0.23 0.30 0.41 0.51
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of approximation, to represent melt compositions. This
approach is permissible because none of the samples have
cumulate textures. Plots of the gabbro and diabase samples
in Harker-type diagrams, with MgO as the fractionation
index, show two populations that cannot be related by sim-
ple fractionation (Fig. 4). These two groups are best defined
in plots of TiO2, Fe2O3 and MnO. The other oxides show
variable trends, particularly for CaO, Na2O and K2O, which
are sensitive to alteration. In a Cr versus Y diagram (Pearce,
1982) the gabbros and diabases plot mostly in the MORB
and volcanic arc basalt (VAB) fields (Fig. 5a). The Th/Yb
versus Ta/Yb diagram shows that the majority of the sam-
ples plot within the MORB–WPB array (Fig. 5b).

To determine whether or not the whole-rock REE in the
diabases and gabbros have been remobilized, the REE were
plotted against three alteration-resistant incompatible ele-
ments, Y, Ti and Zr (Fig. 6). In general, the total REE
increase smoothly with increases in these three elements
indicating that the gabbros preserve their magmatic REE
signatures, although the samples again fall into two distinct
groups. In primitive mantle-normalized diagrams (Sun and
McDonough, 1989) all samples, including the meta-perido-
tites, show negative Th and Nb anomalies. The meta-peri-
dotites show pronounced negative Sr anomalies, whereas
the gabbros exhibit both negative and positive Sr anoma-
lies (Fig. 7). Compared to the primitive mantle, the meta-
peridotites are depleted in all the trace elements that are
incompatible during partial melting. Chondrite-normalized
REE patterns for both the diabase and gabbro samples are
indistinguishable from MORB patterns, except for one
sample that exhibits LREE enrichment (Fig. 8a and b).
Some samples also exhibit small positive or negative Eu
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anomalies. Chondrite-normalized REE diagrams for the
meta-peridotite exhibit relatively flat REE patterns with
slight LREE depletion (Fig. 8a).

6. Discussion

6.1. Tectonic setting of the Shuanggou ophiolite

The meta-peridotite in the Shuanggou ophiolite is pre-
dominantly lherzolite with lesser amounts of harzburgite.
A thin crustal section composed of gabbro, diabase and
basalt directly overlies the meta-peridotite. There are no
sheeted dikes or layered cumulate mafic and ultramafic
rocks in the sequence. Ferruginous sediments overlie the
ophiolite and, in some instances, lie directly on the meta-
peridotite. All of these features are consistent with a low
magmatic budget, which is characteristic of slow-spreading
ridges (e.g., Dilek et al., 1998; Yumul, 2003). Extension and
spreading in such settings is dominated by a magmatic pro-
cesses mostly associated with listric faulting (e.g., Schalteg-
ger et al., 2002). Radiolarian cherts are common in the
early Carboniferous strata on top of the ophiolite, and
the radiolarian assemblage belongs to a bathyal facies
(Shen et al., 2001). The crystallization of plagioclase before
pyroxene, as observed in the cumulate gabbro, is similar to
the crystallization sequence observed in MORB (e.g., Dilek
and Flower, 2003). The whole-rock geochemistry of the
gabbros and diabases mimic that of MORB, although all
samples have negative Th and Nb anomalies, suggesting
a limited subduction influence. The spinel in the meta-peri-
dotite has Cr# ranging from 30 to 56, suggesting approxi-
mately 12–18% partial melting for the peridotite (e.g.,
Hellebrand et al., 2001; Brunelli et al., 2003). The generally
low degrees of partial melting in the meta-peridotite are
consistent with the predominance of lherzolite and the
slow-spreading character of the oceanic basin (Yumul,
2003) (Fig. 3a and b). The low degrees of partial melting
noted in the Shuanggou ophiolite are similar to those
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observed in other Ailao Shan ophiolites (Wei et al., 1999).
The presence of plagioclase in the peridotite is consistent
with a low pressure (�5 kbar) regime. In summary, the
available field and geochemical data suggest that the Shu-
anggou ophiolite was formed in a small, slow-spreading
oceanic basin. The negative Th and Nb anomalies and tec-
tonic discrimination diagrams suggest a limited subduction
zone influence, perhaps indicating formation in a back-arc
basin. Alternatively, these geochemical characteristics
could be an inherited mantle feature (e.g., Moores et al.,
2000).
6.2. Age of the Shuanggou ophiolite and its tectonic

significance

Zhong (1998) reported an 40Ar/39Ar plateau age of
339 ± 14 Ma for clinopyroxene from a gabbro in the Shu-
anggou ophiolite. Jian et al. (1998a,b) obtained a SHRIMP
zircon U–Pb age of 362 ± 41 Ma, which is similar to the
40Ar/39Ar age, although with a large uncertainty. An early
Carboniferous age was determined for the radiolarian chert
capping the ophiolite (Shen et al., 2001). The Shuanggou
ophiolite meta-peridotite is overlain by the upper Triassic
Yiwanshui Formation and some pebbles of meta-peridotite
are included in the basal conglomerate of the Yiwanshui
Formation (Zhang et al., 1992). From this relationship, it
can be inferred that the ophiolite was emplaced prior to
the late Triassic. Toward the southeast, in the Song Ma
suture zone, the existence of a regional upper Carbonifer-
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ous unconformity (Deprat, 1914) may suggest an upper
Paleozoic collision of the active margin of the Indochina
Block with the South China Block (e.g., Fontaine and
Workman, 1978; Leloup et al., 1995). Paleogeographic
reconstruction implies a SW-directed subduction (based
on present geographic setting) possibly in the mid-Paleo-
zoic. The upper Paleozoic collision would reflect closure
of the ocean basin between the two blocks. Emplacement
of the Ailao Shan ophiolitic belt, of which the Shuanggou
ophiolite is a part, occurred during this collision.

During Carboniferous and Permian time, the southwest-
ern part of the South China Block was a passive margin in
Paleo-Tethys, characterized by deposition of a thick
sequence of continental clastic sedimentary rocks and con-
tinental flood basalts (Xiao et al., 2003). From east to west,
Paleo-Tethyan lithosphere is represented by the Ailao Shan
ophiolite in Yunnan, the Jinshajiang ophiolite in the cen-
tral segment and the Kokoxili ophiolite in North Tibet.
The existence of Paleo-Tethys between the Indochina and
South China Blocks is supported by paleomagnetic data
(Huang et al., 1992), which suggest that the ocean existed
for over 100 Ma. The Ailao Shan oceanic lithosphere was
subducted southward beneath the Indochina Block where
a former active volcanic margin has been identified (Fon-
taine and Workman, 1978). At the same time, these two
blocks drifted northward until they collided with the South
China Block. Although the timing of collision of Indochina
with South China is uncertain, emplacement of the Ailao
Shan ophiolite must have occurred before Late Triassic
because molasse deposits of that age unconformably over-
lie the ophiolite. In addition, post-collisional igneous
assemblages have been dated at around 210–240 Ma
(Yan et al., 2006). The amalgamation of these two blocks
during the Triassic, as marked by the emplacement of the
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Ailao Shan ophiolite, was associated with the opening of
the Neo-Tethyan Ocean to the south.

7. Conclusions

The Shuanggou ophiolite formed in a small, slow-
spreading oceanic basin. The emplacement of the ophiolite
in the Ailao Shan orogenic belt marked the closure of the
oceanic basin between the Indochina and South China
Blocks.
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