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Abstract Metabasites within the Paleozoic volcanic-clastic sedimentary sequences in
Hainan Island, South China, show large differences not only in the nature of protoliths, but
also in zircon U-Pb sensitive high mass-resolution ion microprobe (SHRIMP) ages. The
protoliths for the Tunchang area metabasites have intraoceanic arc geochemical affinities.
In the east-central island gabbroic to diabasic rocks and pillow lavas are also present, while
the Bangxi area metabasites with back-arc geochemical affinities in the northwest island
consist of basaltic, gabbroic and/or picritic rocks. Three types of zircon domains/crystals in
the Tunchang area metabasites are defined. Type 1 is comagmatic and yields concordant
to approximately concordant 206 Pb/238 U ages ranging from 442.1 � 13.7 Ma to
514.3 � 30.2 Ma with a weighted U-Pb mean age of 445 � 10 Ma. Type 2 is inherited and
yields a weighted 207 Pb/206 Pb mean age of 2488.1 � 8.3 Ma. Type 3 is magmatic with a
207 Pb/206 Pb age of ca 1450 Ma. Magmatic zircons in the Bangxi area metabasites yield a
weighted U-Pb mean age of 269 � 4 Ma. We suggest 450 Ma is the minimum age for
crystallization of protoliths of the Tunchang area metabasites, because the age range of ca
440–514 Ma probably corresponds to both the time of igneous crystallization and the
high-temperature overprint. The presence of abundant inherited zircons strongly favors
derivation of these rocks from a NMORB-like mantle proximal to continental crust. A
protolith age of ca 270 Ma for the Bangxi area metabasites probably records expansion of
an epircontinental back-arc basin and subsequent generation of a small oceanic basin. The
presence of ophiolitic rocks with an age of ca 450 Ma, not only in Hainan Island, but also in
the Yangtze block, highlights the fact that the South China Caledonian Orogeny was not
intracontinental in nature, but characterized by an ocean-related event.
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INTRODUCTION

Multidisciplinary studies on ophiolitic, mafic/
ultramafic rock associations in South China (i.e.
the amalgamated Yangtze and Cathaysian blocks)
reflect that the geodynamic evolution of South

China was related to at least two oceans since the
Proterozoic: (i) the Paleo-South China ocean,
located between the Cathaysian and the Yangtze
blocks, probably opening from the Mesoprotero-
zoic onward (Guo et al. 1985, 1996; Chen et al.
1991), and (ii) the Paleo-Tethys, surrounding the
South China and probably opening from the early
Carboniferous onward (Zhang et al. 1994; Metcalfe
1996, 2000; Liu et al. 2005 and references therein).

*Correspondence.

Received 16 June 2006; accepted for publication 13 May 2007.

Island Arc (2007) 16, 575–597

© 2007 The Authors
Journal compilation © 2007 Blackwell Publishing Asia Pty Ltd

doi:10.1111/j.1440-1738.2007.00584.x

mailto:xuderu@gig.ac.cn


The closure of these oceans in response to conver-
gences between the Yangtze and the Cathaysian,
between the South China and the Indochina, and
between the South China and the North China
blocks, eventually resulted in the present South
China, characterized by a high complexity of nappe
structures (e.g. Hsü et al. 1988, 1990; Yan et al.
2003). In order to unravel the preorogenic paleo-
geography and the complex tectono-magmatic-
metamorphic processes of the South China, a series
of different models involving the Proterozoic
trench-arc-back arc basin system (Guo et al. 1985,
1996), the Rodinia breakup leading to the late
Neoproterozoic Nanhua trough (Li et al. 1999,
2003) and the Mesozoic continent-continent colli-
sion (Hsü et al. 1988, 1990), have been suggested for
the evolutionary history of South China over the
many years of geological research. However, the
interpretation of South China is still a matter
of debate, because whether the observed mafic/
ultramafic rocks veritably represent remnants of
oceanic crusts, and if so, when the magmatic crys-
tallization of these ophiolitic rocks took place, have

not been well constrained (Wu 2003 and references
therin).

Hainan Island in China, separated from the
Cathaysian block of South China by the Qiongzhou
strait (Fig. 1a), is a continental-type island. Abun-
dant metabasites within the Paleozoic volcanic-
clastic sedimentary sequences occur widely in this
Island (Fig. 1b). The geochemical and isotopic data
appear to favor an interpretation of these meta-
basites as relics of fragmented oceanic crust of the
eastern part of Paleo-Tethys (e.g. Li et al. 2002).
Available geochemical and Sr-Nd isotopic results,
however, show that the Tunchang area metabasites
in the east-central island might have been gener-
ated above an intraoceanic arc or supra-subduction
zone-like setting, whereas the Bangxi area metaba-
sites in the northwest island more likely represent
the expansion of a marginal basin (epircontinental
back-arc basin) followed by the generation of a
young oceanic crust (Xu et al. 2007; in review).
Because the ages, the rock associations and the
protolith natures of these metabasites have not
been well constrained, the suggested tectonic

Fig. 1 Simplified geological map of Hainan Island, China, showing the main tectono-stratigraphic and tectono-magmatic units. Note: tectono-
stratigraphic subdivision of Hainan Island into the southeast and the northwest islands after Metcalfe et al. (1993).
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settings for these rocks still are ambiguous. As a
result, previously geological, petrographic and
geochemical data constrained a late Paleozoic
intracontinental magmatism for these metabasites,
owing to lithosphere thinning (Xia et al. 1991a,b;
Fang et al. 1992). Despite the lacks of typical spin-
ifex textures and the arguable dating by whole rock
Sm-Nd methods, an interpretation of these
metabasites as the Proterozoic komatitic basalts
also was proposed by Zhang et al. (1998) and Liang
et al. (2000). Obviously, detailed studies on the
protolith natures and ages of the metabasites
in Hainan Island are still needed, and also of
extremely importance, to identify the existences of
some oceans at the times, as inferred from the
previously suggested suture zones (e.g. Yang et al.
1989; Hsü et al. 1990; Metcalfe et al. 1993; Chen
et al. 1994; Li et al. 2002). These in turn allow a
greater understanding of what these rocks can tell
us about the tectonic processes as well as the for-
mation and evolution of Hainan Island, with
respect to the tectonic evolution of South China.

Based on new geological and petrographical
investigation, in this paper, a Cathodoluminescence
(CL)-controlled sensitive high mass-resolution
ion microprobe (SHRIMP) U-Pb dating on zircon
has been carried out, in order to (i) determine the
ages of the protoliths of metabasites both
in the Tunchang and the Bangxi areas, and (ii)
better understand their representative tectono-
magmatic-metamorphic events. Our studied
results confirm that the metabasites within the
Paleozoic volcanic-clastic sedimentary sequences
in Hainan Island, South China, were diachronous
and probably recorded two stages of oceanization.

REGIONAL GEOLOGY

The strata cropped out in Hainan Island include
Paleozoic-dominated, Proterozoic, Paleozoic,
Mesozoic and Cenozoic. The Precambrian rocks
(Fig. 1b), composed of the underlying Mesoprot-
erozoic Baoban Group (ca 1800–1400 Ma) and the
overlying Meso-Neoproterozoic Shilu Group (ca
800–1100 Ma), have been reinterpreted as base-
ment to the Island (Wang et al. 1991). An older
basement probably underlying the Island also can
be inferred from that the gneissic charnockite-
amphibolite assemblages in Qiongzhong, the east-
central island have a zircon U-Pb age of ca
2560 Ma (Zhang et al. 1997a).

The Shilu Group comprising of iron-rich
metavolcanic-clastic sediments with typically

turbidite sequence has been defined only in the
northwest island (Fig. 1b). This Group is overlain
unconformably by Sinian to Silurian (?) neritic
facies volcanic-clastics and in turn overlain uncon-
formably by Carboniferous basal conglomerates
followed by meta-shales, quartzites, conglomer-
ates and diamictites. The Carboniferous rocks are
conformably covered by the Lower Permian rocks,
which the latter contains fusulinid foraminifera
and is unconformably overlain by the Cretaceous
continental siltstones and mudstones. Locally, the
Upper Lower Triassic mudstones overly the Car-
boniferous in a few small isolated grabens and then
are overlain uncomformably by the Cretaceous
rocks. The Cretaceous rocks are further overlain
by the Mid-Eocene red mudstones and carbon-
aceous shales, and then by basalts of Neogene and
Quaternary ages. In the southeast island, the
Lower to Middle Cambrian and Ordovician rocks in
Shanya area (Fig. 1b) are composed of manganese-
and phosphorite-bearing carbonates with trilobite
fossils, stromatolitic limestones, calcareous argil-
lites, siltstones and quartzites. These early Paleo-
zoic sequences are underlain unconformably by the
Carboniferous rocks, and then directly covered by
the Cretaceous rocks.

The major structural patterns (i.e. faults and
folds) in the Island show an east–west and
northeast–southwest orientation. The east–west
structures are dominated by four faults: the
Wangwu-Wenjiao fault, the Changjiang-Qionghai
fault, the Jianfeng-Diaoluo fault and the Jiusuo-
Lengshui fault, from the north to the south
(Fig. 1b). The northeast–southwest structures
consist of a few short-axis uplifts and depressions,
which are controlled by a series of marginal faults,
e.g. the northeast–southwest trending-Baisha and
Gezhen faults, respectively, in the East-central and
the north-west Islands. All these faults began with
their activities probably at Proterozoic, or Early
Paleozoic, or Late Paleozoic and/or Mesozoic (Wang
et al. 1991).

Polyphase intrusive and extrusive rocks are
widespread in the Island. The Hercynian to
Indosinian syncollisional S-type granites (ca
240 Ma of SHRIMP zircon U-Pb age: Li et al.
2005), and Yanshanian granites (ca 90–130 Ma:
Wang et al. 1991) are major intrusions and take up
60% area of the Island (Fig. 1b). Because of the
complicated tectonism and polyphase magmatism,
all the pre-Paleozoic rocks in the Island generally
have a greenschist to upper amphibolite facies
and/or up to eclogite facies metamorphism (Xia
et al. 1991a,b; Wang et al. 1991; Xu et al. 2006).
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FIELD DESCRIPTION AND PETROGRAPHY

This paper focuses on the metabasites, respectively,
in Tunchang area, the east-central island, and
Bangxi area, the northwest island (Fig. 1b).
Because of extremely poor outcrop resulting from
the thick Quaternary cover sequence and heavy
forest cover, the detailed field description and
petrography of the Tunchang area metabasites
have been done in this study, whereas the geologi-
cal and petrographical data of the Bangxi area
metabasites are cited mainly from Xia et al.
(1991a,b), Fang et al. (1992) and Zhang et al. (1998).

THE TUNCHANG AREA METABASITES

The Tunchang area metabasites in the east-central
island are situated at the region between the Yash-
iyuan and the Xichangyuan with longitude and lati-
tude ranging from 109°57′ 22′′ to 109°58′ 15′′ and
from 19°25′ 30′′ to 19°26’ 15′′, respectively (Fig. 2).
Our field investigations indicate that the rocks out-
cropping in this area are rather complex. The
metabasite body itself shows a wedge-shape with a
northeast-trending axis and has a length of about
3.0 km and a width of about 0.6 km. The main folia-
tion within the body trends NNE-NNW dipping

east at an angle of ca 50–70° (Fig. 2a). There is an
associated roughly shive-parallel mineral linea-
tion. The Carboniferous (?) host rocks comprise of
a set of huge thick, low-grade argillaceous, arena-
ceous and silicious sediments of middle-deep
marine facies origin. Two metamorphic zones, i.e.
the sericite and the biotite, have been identified in
this area (Fig. 2a), based on the first appearance of
biotite. The biotite zone only occurs locally in the
western part of the metabasite body and has a
width of ca 50–200 m. Up to meter-scale tight to
isoclinal folds and possible migmatition are also
observed in this zone (Fig. 3a). The melanosomes
in the zone are composed of biotite and muscovite,
with quartz, opaque minerals, apatite, zircon and
monazite as accessory phases, whereas the leuco-
somes are granitic in composition. The similarity
in strike and dip to the metabasite body indicate
the biotite zone occurs as an interlayer within the
metabasites. The sericite zone crops out widely in
the studied area and generally exhibits northeast-
trending schistosity and stratification, both of
which roughly dip W at an angle of 35–70°. Fault
contacts in the northwest and the southeast mark
the boundaries between the sericite zone and the
metabasite body (Fig. 2a), while the Yanshanian
granites intruded into the host rocks.

Fig. 2 Geological map shows the metabasite complex in Tunchang (i.e. Chenxing) area, the east-central Hainan Island (a) and the possible Ophiolitic
unit (b). Note: these metabasites are generally fine-grained near the margins, and become coarse-grained towards the cores, which are cross-cut by
diabasic-gabbroic dykes, probably indicating an incomplete, dismembered ophiolitic suite.
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The rock assemblages of the Tunchang area
metabasites comprise of coarse-grained, medium
to fine-grained and massive/or fine-grained
amphibolites, and then are crosscut by medium to
coarse-grained amphibolites. These rocks appear
to be fine-grained near the margin, and become
coarse-grained towards the core (Fig. 2a). The

coarse-grained amphibolites are dark and dark-
green in color, and contain radiating clusters of
green, cylindrical amphibole with a length of 0.5–
3 cm, and milky, porphyritic plagioclase with a size
of about 0.5–1 cm. These rocks often have a homo-
geneous, poikilitic texture shown by pseudomor-
phic amphiboles after pyroxenes (Fig. 3b), and

Fig. 3 Field photograph and thin-
section photomicrograph of the metaba-
sites and associated host rocks in
Tunchang area, the east-central island
(a–f) and Bangxi area, the northwest
island (h), respectively. Red pen and
hammer, respectively, in field photo-
graphs (a) and (f) showing the sizes.
Figure 4d is BSE image and others are
cross-polarized light photomicrographs.
Amp, amphibole; Chl, chlorite; Ilm,
ilmenite; Ol, olivine; Pl, plagioclase; Rut,
rutile.
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thus most of their primary rocks are proposed to
be cumulus, gabbroic rocks. The medium to fine-
grained, massive/or fine-grained but more foliated
texture amphibolites of green-gray to green color
are equigranular and have the same mineral
assemblage as their coarse-grained equivalents.
The relics of pillowed structures are well preserved
in these rocks (Fig. 3c). Rare metavolcanic tuff
covers the underlying meta-pillow lava. Locally,
massive and disseminated sulfide mineralization
(mainly pyrite) hosted by massive or fine-grained
rocks, is well developed. Ultramafic rocks appear to
be missing, but the presence of such rocks at deeper
levels cannot be ruled out.

Thin section observations show that magmatic
minerals pyroxene, olivine and/or hornblende are
no longer preserved in our studied metabasites,
and amphibole pseudomorphs after pyroxene and
chlorite pseudomorphs after olivine or amphibole
can be seen. Besides major minerals of amphibole,
plagioclase (dominated by albite and oligoclase-
labradorite) and chlorite, Ti minerals are also
present in these rocks. Minor rutile grains as idio-
blastic crystals (ca 10 mm) or pods of small crystals
may present in ilmenite (Fig. 3d). Minor muscovite,
prehnite and tourmaline also occur as secondary
minerals.

The Tunchang area metabasites are character-
ized by intense ductile-brittle shear deformation.
Our observations display that these rocks vary
from slightly to strongly foliated, and the fine-
grained samples generally contain a main foliation
defined primarily by olive-green, pleochroic
amphibole grains and plagioclase grains, which
form either interfingered nets of 1–4 mm diameter
or clusters of elongated crystals up to 5 mm in
length. Thus the fine-grained samples contain a
perfect nematoblastic texture and a well-expressed
orientation of minerals along the schistosity
(Fig. 3e). The amphibole from the coarser-grained
samples does not show a well-expressed mineral
orientation, but commonly contains a mylonitic
texture with undulose extinction and fish-like shape
in a very fine-grained matrix (Fig. 3f). Despite the
intense deformation and metamorphism, our
studied rocks sometimes preserve gabbroic to dia-
basic textures in medium to coarse-grained
amphibolites (Fig. 3g).

Collectively, the protoliths for the Tunchang area
metabasites most likely are coarse-grained gab-
broic rocks, medium to fine-grained gabbroic rocks
and fine-grained and/or massive pillowed lava,
which are intruded by diabasic to gabbroic dykes,
and in turn are covered by the volcanic-clastic

sediments. These rocks are subjected to intensive
deformation and alteration. In connection with the
geochemical data (see the summary, below), we
thus suggest that the Tunchang area metabasites
most likely represent the upper layers of an
unkown ophiolite or an incomplete, dismembered
ophiolite body (Fig. 2b).

THE BANGXI AREA METABASITES

The Bangxi area metabasites have been exposed in
the northwest island from Shilu (i.e. Changjiang),
Junying via Bangxi to Nanyang along the east–
west-trending Changjiang-Qionghai fault zone, by
an elongation of about 180 km (Fig. 1b). As discon-
tinuous, lensoid or stratiform-like bodies, these
rocks have an east–west strike with the well-
developed schistosities dipping to ca 205° south-
west and are intercalated within the Ordovican
metavolcanic-clastics (Fig. 4), which comprise of
phyllites, fine-grained sandstones, siltstones, mica-
bearing quartz schists, chlorite-bearing quartz
schists and locally dolomitic rocks of marine to
neritic facies. The host rocks show an overall east–
west strike with both to south and north dips, and
are intruded by the Hercynian-Indosinian gran-
ites, which in turn are intruded by the Yanshanian
granites. Because of the rather complex strati-
graphic sequences and associated deformation in
the Shilu-Junying-Bangxi terrane, Yang et al.
(1989) and Hsü et al. (1990) interpreted this area as
a late Paleozoic-early Mesozoic tectonic mélange
complex and named it the ‘Shilu mélange’.

The Bangxi area metabasites generally display a
greenschist facies metamorphism and contain two
major lithotypes: coarse-grained with dark to dark-
green color and fine-grained with a green-gray
color. The coarse-grained rocks with a porphyritic
texture are predominant and include minerals of
plagioclase and pseudomorphic actinolite after
pyroxene (accounting for 85% to 90%); whereas the
fine-grained rocks with a nematoblastic texture
contain a major mineral albite. In the less altered
rocks, igneous textures such as amygdaloid and
pillow structures are locally preserved (Zhang
et al. 1998). The residual magmatic mineral olivine,
which is highly cataclastic and surrounded by
matrix of amphibole, also has been found in the
coarse-grained metabasite sample 05BX04-1
(Fig. 3h). Compositionally (see the summary,
below), the Bangxi area metabasites are mafic/
ultramafic in nature and thus, the protoliths
for these rocks most likely are basaltic rocks
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(fine-grained), gabbroic and/or picritic rocks
(coarse-grained).

SUMMARY ON GEOCHEMISTRY AND Nd ISOTOPE

The geochemical and Nd isotopic data (Xu et al.
2001, 2007; Li et al. 2002; in review) show that the
Tunchang area metbasites in the east-central
island typically have an affinity to low-Ti tholeiites
with the ratios of Ti/Y < 350 and Zr/Y < 3, and the
SiO2 contents between 44.7 wt% and 55.7 wt%.
These rocks generally contain extremely low con-
centrations in high field strength elements (HFSE)
and rare earth elements (REE) (an overall enrich-
ment of 5–12 times chondrite: Sun & McDonough
1989), and are characterized by a strongly light
REE (LREE)-depleted pattern (La/Ybcn = 0.14–
0.53) except for a few boninite-like samples with
a concave-up, slightly LREE-enriched pattern
(Fig. 5a). The primitive mantle-normalized spider-
grams (Fig. 5b) also reveal that these rocks gener-
ally are enriched in large ion lithophile elemets
(LILE) such as Ba, Rb, Sr and U, and strongly
depleted in HFSEs such as Nb, Ti, Y, Zr, Hf
and Th, relative to the normal mid-ocean ridge
basalts (NMORB) and primitive mantle (Sun &

McDonough 1989). The low ratios of Ti/V (6–20) and
Ce/Yb (generally < 2.2), the high Mg-number (55–
82) and the contents of Zr (8.0–37.0 ¥ 10-6), Cr (540–
3100 ¥ 10-6) and Ni (160–470 ¥ 10-6), are indicative
of a plume-influenced magma intraoceanic arc
source (Teklay et al. 2002; Manikyamba et al. 2004),
being consistent with a high eNd(450 Ma: based on
this study) value (+3.0 to +6.1). These features
imply that the protoliths for the Tunchang area
metabasites are relics of an intraoceanic arc, and
the parental melts to these rocks were generated
from a depleted, primitive mantle arc source rather
than an NMORB source in a supra-subduction zone
or subduction-related slow-spreading mid-ocean
ridge settings (e.g. Robertson 2002).

The Bangxi area metabasites in the northwest
island are distinctive in geochemistry and Nd
isotope from the Tunchang area metabasites, but
are comparable to the Shuanggou ophiolites in the
Honghe-Ailaoshan sutured zone, South China
(Figs 1a,6). These rocks show high but variable
MgO (up to 28.2 wt%), TiO2 (up to 2.5 wt%) and
Na2O (up to 3.5 wt%) contents, low but variable
SiO2 contents (40.7–54.3 wt%), and high but vari-
able Zr (50–250 ¥ 10-6), Y (12.50–43.50 ¥ 10-6), Cr
(285–2526 ¥ 10-6) and Ni (48–1219 ¥ 10-6) concen-
trations (cf. Xia et al. 1991b; Fang et al. 1992; Xu

Fig. 4 Sketch map showing regional geology of the Bangxi area metabasites in the northwest island.
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et al. 2001; Li et al. 2002 and this study). They
also occupy high but variable REE concentrations
(24–120 ¥ 10-6) and REE patterns dominated by
LREE-enriched type with minor occurrence of
LREE-depleted type (Fig. 5c). The eNd (270 Ma:
based on this study) values (-4.4 to +6.8) (cf. Fang

et al. 1992 and Li et al. 2002) suggest a highly
depleted to an enriched mantle source for these
rocks. Thus the Bangxi area metabasites most
likely occurred during the extension of a back-arc
basin or marginal basin as a result of the activity of
mantle plume (e.g. Jahn 1986). The extension of
the basin probably was quick and so that, a small
oceanic basin could have been formed at that time,
based on geochemical signature (e.g. the occur-
rence of NMORB-like compositions) and geologi-
cal observation (e.g. an extrusive feature of
submarine facies for these rocks: Xia et al.
1991a,b).

Fig. 5 Chondrite-normalized rare earth element spectra and primitive
mantle-normalized multielement plots for the metabasites from both the
Tunchang (a,b) and the Bangxi areas (c), respectively. Chondrite rare earth
element (REE) compositions, primitive mantle normalization values,
NMORB, enriched MORB and oceanic island basalt (OIB) values from Sun
and McDonough (1989). Data for the Tunchang area metabasites from Xu
et al. (2007; in review), whereas data for the Bangxi area metabasites from
Xia et al. (1991b), Fang et al. (1992), Li et al. (2002) and this study.

Fig. 6 Plots of Zr vs Zr/Y (a) and V vs Ti/1000 (b) for the metabasites
from both the Tunchang and Bangxi areas, after Pearce and Norry (1979),
and Shervais (1982). IAT, island arc basalts; MORB, mid-oceanic ridge
basalt; WPB, within plate basalts. The Bangxi area metabasites from Xia
et al. (1991b), Fang et al. (1992), Zhang et al. (1998), Xu et al. (2001), Li
et al. (2002) and this study, the Tunchang area metabasites from Li et al.
(2002) and Xu et al. (2007; in review), and the Shuanggou ophiolites from
Zhang et al. (1994).
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SHRIMP ZIRCON U-Pb DATING

SAMPLE SELECTION AND ANALYTICAL METHODS

For the purpose of SHRIMP zircon U-Pb dating,
three metabasite samples TC001 (medium to
coarse-grained metadiabasic rock), YSY05-2
(coarse-grained metagabbroic rock) and YSY03
(fine/massive metapillowed lava) from the Tun-
chang area, and one metabasite sample 05BX04-2
(coarse-grained metagrabbroic rock) from the
Bangxi area are selected, respectively. Representa-
tive zircons are obtained by a standard procedure
of crushing, sieving, magnetic and electromagnetic
density separation, and hand picking. Zircon
samples and transmission electron microscopy
(TEM) reference material were mounted onto
double-sided adhesive tape and enclosed in an
epoxy resin disc. The disc was polished, cleaned
and gold-coated (Williams 1992; Song et al. 2002).
The zircons were examined with reflection and
transmitted light and cathodoluminescense (CL)
images to reveal their internal structure. The loca-
tions of the ion probe measurements were marked
on the zircons before analysis (Figs 7–9).

Analyses for U-Pb compositions used the
SHRIMP II ion microprobe at Beijing SHRIMP
Center, China. The U-Pb ratio of the TEM zircon
reference material was corrected using the SL13

standard (age: 572 Ma; U: 238 ¥ 10-6). Analysis of
the reference sample was performed after four
analyses of unknown zircons, so the quality of
the analyses was closely controlled. The mean
206Pb/238U age for 31 analyses of the TEM reference
sample was 417 Ma, indistinguishable from the
certified value 417 Ma (Black et al. 2003). Data pro-
cessing was carried out using the ISOPLOT pro-
grams of Ludwig (Ludwig 1999, 2001). Corrections
for common Pb used the measured abundances of
204Pb. The error of a single analytical result shown
in Tables 1 and 2 is expressed as 1 standard devia-
tion, 1s. The final age result used is the weighted
mean of 206Pb/238U and/or 207Pb/206Pb ages and the
error is quoted at 2ó. All mean ages are quoted with
95% confidence limits. Our statistic analysis has
ruled out those analyzed spots with discordant
degree greater than 50% and/or a percentage of
common 206Pb greater than 5%.

RESULTS

THE TUNCHANG AREA METABASITES

Fifteen, 12 and 19 zircon crystals were recovered,
respectively, from the Tunchang area metabasite
samples TC001, YSY05-2 and YSY03. These
zircons have a grain size ranging from 60 to 150 mm

Fig. 7 Cathodoluminescence (CL)
images of zircons in the Tunchang area
metabasite samples TC001 (A), YSY03
(B) and YSY05-2(C) from the east-
central island. A7.1 representing ana-
lyzed spot. The ages for spots A1.1 and
A4.1 (Type 2) marked in the figure are
Pb-Pb data, whereas others (Type 1) are
U-Pb data. Note, all zircon domains/
crystal are typical comagmatic, but
affected due to high temperature
overprint.
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long and 40–120 mm wide. Most of these zircons in
the samples are light yellow in color and show
more or less euhedral shapes. A few zircons are
colorless, transparent, euhedral and prismatic in

morphology. CL images show that the internal
structures of zircon in the Tunchang area samples
are rather complex (Figs 7,8), and three types of
zircon domains/zircon crystals have been defined

Fig. 8 Cathodoluminescence (CL)
images of zircons in the Tunchang area
metabasite samples YSY03 (B) and
YSY05-2 (C) from the east-central
island. B4.1 representing analyzed spot,
and all ages marked in the Fig. by Pb-Pb
data.

Fig. 9 Cathodoluminescence (CL)
images of zircons in the Bangxi area
metabasite samples 05BX04-2 from the
northwest island. Shown in the figure are
zircon U-Pb ages except for the spot 5.1
with a Pb/Pb age of ca 835 Ma.
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(see the discussion, below). SHRIMP-II was used
for 23 spot analyses on a further 22 zircon grains
from these selected samples.

Two analyzed spots A5.1 and A11.1 showed a
discordance degree greater than 50% and were
rejected. The other nine analyzed spots from eight
zircon grains in sample TC001 give two age asso-
ciations (Table 1 and Fig. 10a). (i) Two analyzed
spots A1.1 and A4.1 have been carried out on zircon
domains of one zircon grain and yield approximate
SHRIMP zircon 207Pb/206Pb ages of 1442 � 23 Ma
and 1453 � 10 Ma (1ó), respectively. (ii) The other
seven analyzed spots from seven zircon grains
produce concordant to approximately concordant
206Pb/238U ages spanning from 442.1 � 13.7 Ma to
514.3 � 30.2 Ma with a weighted U-Pb mean age of
445 � 14 Ma (MSWD = 0.057).

Two analyzed spots B6.1 and C5.1 showed a dis-
cordance degree greater than 50% and a percent-
age of common 206Pb more than 5%, and thus they
were rejected. The other nine analyzed spots
carried out on nine zircon grains in samples YSY03
and YSY05-2 yield three age associations (Table 1
and Fig. 10b). (i) Six analyzed spots from six zircon
grains give a weighted 207Pb/206Pb mean age of
2488.1 � 8.3 Ma (MSWD = 1.35). (ii) Two spots on
two zircon grains give concordant U-Pb ages of
446.0 � 7.7 Ma (1ó) and 501 � 47.5 Ma (1ó), respec-
tively. (iii) One spot B1.1 on one zircon grain with
broad zoning yields an approximately concordant
U-Pb age of 567.3 � 9.5 Ma (1ó) with a 207Pb/206Pb
age of 864 � 51 Ma (1s).

THE BANGXI AREA METABASITES

Fifty-four zircon crystals, which have a size
ranging from 50 to 200 mm in length and from 50 to
100 mm in width, were recovered from the Bangxi
area metabasite sample 05BX04-2. Most of zircons
in this sample are colorless, transparent, euhedral
and prismatic, and contain a very clear, homo-
geneous, and well-preserved oscillatory zoning
(Fig. 9). One grain (the analyzed spot 5.1 in Fig. 9)
consists of an inherited core surrounded by an
oscillatory domain of magmatic origin. For a few
grains, faint or ghost oscillatory zoning is also
observed, and is interpreted as various degree of
lead loss. Thus the CL-patterns and morphology of
zircon in the Bangxi area metabasites are distinct
from those of zircons observed in the Tunchang
area metabasites.

SHRIMP-II was used for 17 spot analyses on
a further 17 zircon grains from the sample
05BX04-2. The results show that the analyzed

spots yielded three age associations (Table 2
and Fig. 11). (i) 15 analyzed spots on 15 zircon
grains with oscillatory zoning give a concordant
to approximately concordant 206Pb/238U age range
of from 260.6 � 7.5 Ma to 284.4 � 8.2 Ma with a
weighted concordant U-Pb mean age of 269 �
4 Ma (MSWD = 0.78). (ii) One spot on one zircon

Fig. 10 U-Pb Concordia diagrams of zircons in the Tunchang area
metabasite samples TC001, YSY03 and YSY05-2 from the east-central
island (a: for the sample TC001, b: for the samples YSY03 and YSY05-2,
and c: for samples TC001, YSY03 and YSY05-2).
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core with broad zoning yields an approximately
concordant 207Pb/206Pb age of 835 � 39 Ma (1s). (iii)
One spot on one zircon core with oscillatory zoning
gives a rather young concordant U-Pb age of
159.1 � 4.6 Ma.

DISCUSSIONS

Li et al. (2002) suggested that both the Chenxing
(i.e. Tunchang) area and the Bangxi area metaba-
sites had a derivation of their primitive magma
from an NMORB-type mantle source. A Sm-Nd
isochronic age of ca 333 Ma also was yielded by the
whole rock samples from both the areas and inter-
preted as the protolith age for these rocks. They
thus postulated that these metabasites were relics
of the Paleo-Tethys and that the east–west-tending
Changjiang-Qionghai fault zone (Fig. 1b) was a
sutured location due to the collision of southern
Hainan Island (part of Indochina) with northern
Hainan Island (part of south China). Our studied
results, however, have revealed that the Tunchang
area metabasites are distinct from the Bangxi area
metabasites not only in the geochemical and isoto-
pic compositions, but also in the protolith natures
and ages, implying these rocks most likely recorded
a different tectono-magmatic-metamorphic event.

TIMING OF PROTOLITH

In metabasites, Schulz et al. (2006) suggested that
zircon Th/U is 0.9–1.6 for the within plate basalt

(WPB)-type sample, 0.2–0.9 for the volcanic arc
basalt (VAB)-type rocks and 0.03 for the NMORB-
type eclogitic amphibolite, reflecting its depen-
dence on and increasing with whole rock Th/U.
Especially, ophiolitic meta-mafic/ultramafic rocks
are highly variable in Th/U ratios for zircons. For
examples, a Th/U ratio ranges from <0.01–15.60 for
zircons in the Zermatt-Saas-Fee (Alps) ophiolitic
metagabbros (Rubatto et al. 1998), from 0.33 to 1.61
for zircons in the Switzerland metamafic/ultramafic
rock association (Schaltegger et al. 2002), and from
0.47 to 1.02 for zircons in the southern Brasi’lia belt
(central Brazil) amphibolites (Piuzana et al. 2003).
Liati et al. (2002, 2003, 2004) also reported a broad
Th/U range of from 0.005 to 1.03 for zircons in the
UHP garnet-rich mafic rocks of the Rhodope zone
(Greece), from 0.01 to 1.12 for zircons in the ophi-
olitic amphibolites of the Alps, and from 0.002
to 0.78 for zircons in the ophiolitic rocks of
the Hellenides (mainland Greece). Hence, the
Th/U ratio needs to be treated with caution as a
criterion to distinguish igneous and metamorphic/
recrystallized zircon in metamorphic igneous
rocks, especially in metabasites.

THE BANGXI AREA METABASITES

As the summary above, the Bangxi area meta-
basites in the northwest island have variable but
relatively high Zr contents, and so that yielded
abundant zircon crystals; consistent with petro-
graphical and mineralogical observations. The
Th/U ratios (0.13–0.83), the U concentrations (gen-
erally �410 ¥ 10-6: Table 2) and the internal struc-
tures of zircons commonly characterize most of
the zircons in these metabasites as typical mag-
matic petrogenetic zircons (e.g. Vavra et al. 1996;
Belousova et al. 2002). The suggested protoliths
and the geochemical affinities of these metabasites
to OIBs and/or MORBs (Fig. 5c) also imply that
the magma generation was related to breakup of
continental lithosphere followed by formation of
an ocean crust due to mantle plume activity
(e.g. Francis 1995; Revillon et al. 1999). Thus
the weighted concordant 238U/206Pb mean age of
269 � 4 Ma yielded by 15 analyzed spots on zircon
domains in sample 05BX-04–2 should represent
the most precious forming time, reflecting their
emplacement at the early Permian. However, the
zircon with 207Pb/206Pb age of 835 � 39 Ma prob-
ably is inherited from the host rocks, whereas the
zircon with concordant U-Pb age of 159.1 � 4.6 Ma
most likely is from contamination due to mineral
separation.

Fig. 11 U-Pb Concordia diagram of zircons in the Bangxi area
metabasite sample 05BX04-2 from the northwest island.
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THE TUNCHANG AREA METABASITES

Based on the CL images and SHRIMP II analysis,
most of the zircons in the Tunchang area metaba-
sites are characterized by oscillatory and/or broad
zoning, and have Th/U ratios of ranging from 0.23
to 0.98 (Table 1), implying a derivation of these
zircons from magma crystallization. However, the
low Zr concentration in most of the Tunchang
area metabasites, especially in samples YSY05-2
(10.1 ¥ 10-6) and YSY03 (9.9 ¥ 10-6) by ICP-MS
analysis (Xu et al. 2007; in review), being compa-
rable to that in primitive mantle (11.2 ¥ 10-6: Sun &
McDonough 1989), reflects that these zircons prob-
ably are comagmatic due to igneous crystallization
(Liati et al. 2002, 2003).

The zircon in the Tunchang area metabasites
further can be grouped into three types, based on
CL patterns, morphology and isotopic analysis of
23 zircon domains/zircon grains. Type 1 is charac-
terized not only by an internal structure of homo-
geneous, clear, well-preserved oscillatory zoning
(Fig. 7), but also by a high Th/U ratio of ranging
from 0.32 to 0.72, as is the case for melt precipi-
tated crystals (Liati et al. 2002, 2003). A few
zircons show gray-white and/or white mantle or
core in CL images, and contain faint or ghost
oscillatory zoning, being due probably to (partial)
recrystallization ascribed to high temperatures
(T) in the presence of high amounts of fluids (Liati
et al. 2004). Thus the weighted U-Pb mean age of
445 � 10 Ma (MSWD = 0.045: Fig. 10c) yielded by
the five analyzed spots on Type 1 zircon domains
probably reflect a minimum time of magmatic
crystallization, because the 206Pb/238U age range of
from ca 440 to ca 514 Ma encompasses both the
time of igneous crystallization and immediately
following high-T metamorphism in a high-T shear
zone after their formation. Type 2 has a broad or
oscillatory but faint or ghost zoning represented
by the alternating presence of gray- (high U) with
bright- (low U) sectors. Radiating and zoning frac-
tures also are well developed in this type, which
partly contains resorbed shapes or other mineral
inclusions (Fig. 8). Thus Type 2 is inherited mag-
matic zircon but was affected by high-T fluid meta-
morphism. This is an additional indication that
the protoliths of the Tunchang area metabasites
more likely were a subvolcanic rock or a dyke (e.g.
diabase or fine-grained gabbro) and/or a basalt,
where zircons could not grow large in the rela-
tively rapidly cooling basic melt (Liati et al. 2003).
For Type 3 with the 207Pb/206Pb age value of ca
1450 Ma (A1.1 and A4.1 in Fig. 7), majority of

them consist largely of an oscillatory zoned, mag-
matically formed domains surrounded by a very
thin metamorphic rim, bright in CL images. The
crystal size (about 150 mm long and 100 mm) as
well as the relatively euhedral shape of the zircon,
also favor the interpretation of the zircon as
comagmatic zircon.

ORIGIN OF THE INHERITED ZIRCONS

Precambrian, especially the Neoarchean-
Paleoproterozoic inherited zircons occur widely in
the Tunchang area metabasites, the east-central
island. These inherited zircons also are character-
ized by typically magmatic zoning of zircon and
high Th/U ratio (0.23ca 0.98: Table 1), which
resemble the inherited zircon generally present in
ophiolitic mafic magma (e.g. Pilot et al. 1998;
Rubatto et al. 1998; Liati et al. 2002, 2003, 2004).
These workers interpreted these inherited mag-
matic zircons as a result of: (i) underplated subcon-
tinental lithospheric mantle due to rifting leading
to oceanization, or (ii) assimilated mafic magma by
subducted continental crust, or (iii) previously
crystallized zircon in the mantle and then were
carried up by mafic melts, and/or (iv) zircons in
ocean floor sediments trapped in basaltic magma
when ophiolitic magma went up to ocean floor. Liati
et al. (2003) further suggested that the presence of
abundant inherited zircons in ophiolitic rocks indi-
cates partial mantle melting within subcontinental
mantle or generally MORB-type mantle close to a
continental margin, favoring the proximity of an
ophiolitic unit to thinned continental crust. The
geochemical and isotopic characteristics imply an
intraoceanic arc or a supra-subduction zone-like
setting for the protoliths of the Tunchang area
metabasites. Thus these inherited zircons with sig-
nature of magmatic zircon most likely are inter-
preted as a derivation from partial melting of
MORB-type mantle close to a continental margin.

IMPLICATIONS FOR THE GEODYNAMIC EVOLUTION
OF SOUTH CHINA

CONNECTIONS OF SOUTH CHINA WITH EAST GONDWANA

Recent geochronological studies both in the Pan-
African and Braziliano belts (e.g. Schmitt et al.
2004 and references therein) indicate the assembly
of Gondwana was only completed by the end of the
Cambrian and Early Ordovician. The peak for
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assembly of the Gondwana was between 505 and
518 Ma whereas between 490 and 450 Ma for oro-
genic collapse (Fitzsimons 2000; Boger & Miller
2004). The assembly of the east Gondwana, which
had been accompanied by various subduction-
accretion and collision events, was multiphase and
had a time interval of between ca 750 and ca
500 Ma (Meert 2003). Wilde et al. (2003) and Jacobs
et al. (2003) also noted that the terrenes sourced
from east Gondwana appear commonly to show a
metamorphic peak at ca 500 Ma. Obviously, these
age values are less compatible with the minimum
age of crystallization for protoliths of the Tunchang
area metabasites in the east-central Hainan
Island, South China, appearing to imply that
Hainan Island is unlikely to have been attached to
Australian Gondwana during the entire Cambrian-
Ordovician. However, trilobite faunal affinities
suggest that the South China block (including
Hainan Island), the North China block and the
Siberia Craton had drifted close to the Australia-
East Antarctica margin of Gondwana during the
Early and Middle Cambrian (Li 1998 and refer-
ences therein). Geological observation also reveals
that the early Paleozoic volcanic-clastic sedimen-
tary rocks in Sanya area, the southeast island
(Fig. 1b) are comparable to those in the late
Proterozoic-early Cambrian Tasmania fold belt
terrene (Zeng et al. 1992). Thus, Hainan Island
when the Gondwana was formed by the Early
Cambrian most likely was part of the northern
extension of the continental ribbon including Tas-
mania and South China block adjacent to the
eastern Australia mainland (Fig. 12). If so, the
westward subduction of the Paleo-Pacific ocean
during the Cambrian along the eastern margin of
Australia-Antarctica (Li & Powell 2001), probably
had an important influence on the Paleozoic tec-
tonic development of Hainan Island. The metavol-

canic rocks with continental arc signatures, which
occurred as interlayer with the early Paleozoic
felsic schists in Tunchang area, the east-central
island, have a zircon U-Pb age of 528 � 48 Ma
(Ding et al. 2002), heralding such the subduction
event at that time.

THE NATURE FOR THE CALEDONIAN OROGENY IN
SOUTH CHINA

The nature of the intensive Caledonian Orogeny
during the early Paleozoic in the region between the
Yangtze and the Cathaysian blocks of South China
(Li 1998), is still unclear. More and more evidence
indicate the possible consumption of substantial
oceanic crust during this orogeny, probably sug-
gesting the Caledonian Orogeny was not intracon-
tinental in nature, but characterized by various
subduction-accretion and collision events. The
widespread outcrops of the late Precambrian-early
Paleozoic (ca 590–460 Ma) ophiolitic mélanges and
associated volcanic arc rocks along both sides of
the Zhenghe-Dapu deep fault zone in South China
(Yang et al. 1995; Ren et al. 1997a,b; also see:
Fig. 13), indicate a Sinian-Cambrian subduction-
accretion. The Sinian-early Paleozoic (ca 460–
540 Ma: Ding et al. 2005 and references; Peng et al.
2006a) volcanic-clastic sedimentary rocks of deep-
water facies with arc geochemical affinities and
the synchronous arc-type granites in the region
between the Yangtze and the Cathaysian blocks, in
fact, accounted for the synchronous occurrence of a
back-arc basin (Qiu et al. 1996). The abundant, syn-
collisional S-type granites (HBGMR 1988; Wang
et al. 1999; Ding et al. 2005; Peng et al. 2006a), and
the widespread granulite facies metamorphism
recorded by these granitic rocks in the region
between the Cathaysian and the Yangtze blocks
(Chen & Zhuang 1994), also reveal the collisional

Fig. 12 Simplified map of East
Gondwana at ca 530 Ma showing the
inferred position of South China (includ-
ing Hainan Island), modified after Li &
Powell 2001). SCB: South China block;
NCB: North China block.
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orogeny at a dominant time of ca 435–400 Ma. This
is in agreement with the observation that the Pre-
Carboniferous rocks in South China (including
Hainan Island) were strongly deformed, and that
the underlying early Paleozoic rocks generally
have a high-angular unconformity with the overly-
ing Carboniferous rocks (Wang et al. 1991). More-
over, the gabbroic rocks in the Yunkai area between
the Guangdong and Guangxi Provinces, South
China probably marked the orogenic detachment
at ca 400 Ma (Peng et al. 2006b).

The most significant is the possible presence of
an Ordovician oceanic crust in the region between
the Yangtze and the Cathaysian blocks of South
China. On the basis of SHRIMP U-Pb dating on
zircon in the ophiolitic metamafic/ultrmafic rocks
of the Yiyang area, Hunan Province of the Yangtze
block (Fig. 13), nine analyzed zircon domains
yielded a concordant 206Pb/238U age range of from
434 � 11 Ma to 539 � 13 Ma with a weighted
U-Pb mean age of 438.5 � 6.6 Ma (MSWD = 1.7:
Fig. 14a). The eight analyzed zircons in the eclog-
itic ophiolitic rocks of the Yingshan area, Hubei
province of the Dabie terrane (Fig. 13) which has
been considered as a northern part of the Yangtze
block (Chen & Jahn 1998) also gave a concordant
206Pb/238U age range of from 440 � 5 Ma to

471 � 5 Ma with a weighted U-Pb mean age of
461 � 7 Ma (MSWD = 1.57: Fig. 14b). The Yiyang
metamafic/ultrmafic rocks appear to occur in
the Mesoproterozoic volcanic-clastic sedimentary
rocks (Fig. 15a), thus they are often interpreted as
a Mesoproterozoic age (ca 1300 Ma by whole rock
Sm-Nd method: Liu 1994; Tang et al. 1997) or as an
older, Archean-Paleoproterozoic age (ca 3000–
1800 Ma by whole rock Sm-Nd method: Guo et al.
2003). However, field observation shows that these
rocks not only are present as lensoid or stratiform-
like bodies within the Mesoproterozoic host rocks,
but also show a fault contact with the latter
(Fig. 15b), clearly indicating their inclusion in a
mélange (e.g. Rao et al. 1993; Jia & Peng 2005). In
connection with their complex metamorphism,
the suggested protolith age for the metamafic/

Fig. 13 Simplified map of South China showing the tectonic relation-
ship between the Yangtze and the Cathaysian blocks, and the possible
occurrences of ophiolitic rocks with Paleozoic age, modified after
Chen and Jahn (1998). The shaded area represents the exposed
Mesoproterozoic-Neoproterozoic volcanic-clastic sedimentary rocks in
the southeast margin of the Yangtze block.

Fig. 14 Concordia diagrams of signal zircon SHRIMP U-Pb dating
for both the ophiolitic mafic/ultramafic rocks from Yiyang area, Hunan
Province (a: after Jia & Peng 2005) and the eclogitic ophiolitic rocks from
Yingshan area, Hubei Province (b: after Gao et al. 2002), respectively.
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ultramafic rocks in the Yiyang area needs to be re-
considered. Indeed, the analyzed zircon domains
and/or zircon grains by Jia and Peng (2005) are
extremely similar in CL patterns and morpholo-
gies to these in the Tunchang area metabasites, the
east-central Hainan Island, because the zircon
domains/zircon crystals with the concordant U-Pb
age of ca 450 Ma are characterized not only by a
very clear, homogeneous, oscillatory zoning in CL
images, but also by high Th/U ratios (generally
between 0.2 and 0.66). Abundant inherited zircons
with 207Pb/206Pb apparent ages of ranging from ca
920–3000 Ma also are recovered from these rocks.
Thus the age of ca 450 Ma can be interpreted as the
minimum age of crystallization for the protoliths of
the metamafic/ultramafic rocks in the Yiyang area.
The eclogitic ophiolitic rocks in Yingshan area (e.g.
Zhang et al. 1995; Gao et al. 2002) are similar in
field geology, geochemistry and isotope to those of
the metamafic/ultramafic rocks in the Yiyang area.
Similarly, the zircon crystals with a Th/U ratio of
ranging from 0.32 to 1.55 (cf. Gao et al. 2002) prob-
ably are comagmatic and the minimum age for
protoliths of these rocks should be ca 460 Ma. Thus
the age of ca 450 Ma for the time of crystallization of
the protoliths of the metabasites with oceanic
(MORB) geochemical affinities from the Yangtze
block and the Hainan Island, record the oceanic
magmatism, although they were interpreted
earlier and/or younger as remnants of ophiolitic
orogin.

THE CONNECTION OF THE PALEO-TETHYS WITH
SOUTH CHINA

The boundaries between the Gondwana-derived
East and Southeast Asian continental terranes are
marked by suture zones recognized by the pres-
ence of ophiolites, mélanges and accretionary com-
plexs, representing the opening and closing of
successive Tethys oceans, i.e. the Paleo-, Meso-
and Ceno-Tethys oceans (Metcalfe 1996, 2000). The
Jinshajiang ophiolitic rocks and their Ailaoshan
equivalents in the Honghe-Ailaoshan sutured zone
(Fig. 1a) due to the collision between the Indochina
and the South China blocks have time intervals of
ca 330–280 Ma and ca 360–260 Ma, respectively,
based on SHRIMP U-Pb dating on zircon in the
ophiolitic rocks and associated granitic rocks (Jian
et al. 2003a,b). Zhang et al. (1994) also proposed
a small oceanic basin, likely responding to
slow-spreading ridge, was responsible for the gen-
eration of the Shuanggou ophiolites in the Honghe-
Ailaoshan zone. The late Paleozoic island arc-type
basaltic rocks in the Chenxi area, Guangxi Prov-
inces, South China (Fig. 13) which represented the
products due to the subduction of Paleo-Tethys
under the South China continental margin, had an
extrusive age of ca 261 Ma (Zhang et al. 1997b). In
Hainan Island, the typically calc-alkaline I-type
granites formed in an active continental margin in
the Qingzhong area have a SHRIMP zircon U-Pb
age of 267–262 Ma (Li et al. 2006). We thus sug-

Fig. 15 Sketch map showing regional
geology of the ophiolitic mafic/ultramafic
rocks in Yiyang area, Hunan Province
(a), and their relationship to host rocks
(b).
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gested the subduction of the Paleo-Tethys beneath
the South China continental margin probably led to
the opening of back-arc basin, the subsequent for-
mation of a small oceanic basin and the generation
of ca 270 Ma protoliths for the Bangxi area meta-
basites along the Changjiang-Qionghai fault zone
in Hainan Island. The widespread Hercynian-
Indosinian syncollisional S-type granites in Hainan
Island more likely propagated the closure of the
eastern part of Paleo-Tethys in South China during
the late Permain-earliest Triassic.

A POSSIBLE MODEL FOR THE GEODYNAMIC EVOLUTION
OF SOUTH CHINA SINCE THE LATE PRECAMBRIAN

It is a rather common feature in ophiolites world-
wide that intraoceanic thrusting may take place
while the slow-spreading mid-oceanic ridge is still
active (or immediately afterwards), which leads to
heat responsible for the metamorphic overprint
(for a review see: Liati et al. 2004). This implies

that magmatic crystallization is quasi-synchronous
to the high-T overprint. The internal structures of
zircons from and the intensive shear-related defor-
mation in the Tunchang area metabasites support
that idea that the zircons originally crystallized in
the gabbro-related protoliths and were (partially)
recrystallized immediately afterwards in the
high-T shear zone. We thus suggest that the sub-
duction of an intraoceanic arc at the middle to late
Ordovician which was accompanied by the quasi-
synchronous spreading of mid-oceanic ridge, prob-
ably had taken place in the region between the
Yangtze and the Cathaysian blocks of South China.

Based on the various age data and above discus-
sion, herein, a geodynamic model is proposed to
describe the geodynamic evolution of South China
since the late Precambrian (Fig. 16). The main geo-
tectonic domains involved in this model are the
Paleo-Pacific plate, the Cathaysian block (including
Hainan Island), the Nanhua trough or the residual
Paleo-South China ocean, the Yangtze block, the

Fig. 16 Schematic diagrams show
the possible tectonic development of
South China since the late Precambrian:
(a) subduction stage of the Paleo-Pacific
plate; (b) expanding stage of the back-arc
basin; (c) collisional stage of the Yangtze
block with the Cathaysian block and
(d) subduction stage of the Paleo-
Tethys. Nanhua trough and Paleo-South
China ocean in the figure are cited from
Li et al. (1999) and Guo et al. (1985),
respectively.
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Paleo-Tethys and the Indochina block. The west-
ward subduction of the Paleo-Pacific plate beneath
the South China continental margin during the late
Precambrian-Cambrian led to the occurrence of a
continental margin arc system (Fig. 16a). The
backarc basin probably covered the position of the
Nanhua trough (Li et al. 1999), or the residual
Paleo-South China ocean (Guo et al. 1985). The sub-
sequent extension of the basin was due probably to
the quick impingement of a mantle plume on the
oceanic mantle triggered by the subducted slab.
The extreme extension led to the generation of a
middle to late Ordovician intraoceanic arc in the
basin (Fig. 16b). The ocean basin probably was
mature and large, because the subduction of the
intraoceanic arc at ca 435–400 Ma was accompa-
nied quasi-synchronously by activity of a slow-
spreading mid-oceanic ridge, and the basin closure
led to the overthrusted ophiolitic rocks into the
South China and the widespread, syncollisional
S-type granites in the region between the Yangtze
and the Cathaysian blocks (Fig. 16c). Afterwards,
the drift of the Gondwana-derived Indochina
northwards to the South China and the subduction
of the Paleo-Tethys beneath the southern con-
tinental margin of South China during the early
Carboniferous-early Permian probably induced
a continental margin arc system (Fig. 16d). The
further extension of the younger backarc basin at
last resulted in the formation of a small oceanic
basin, which were represented by the ca 270 Ma
mafic/ultrmafic rocks in the southern continental
margin of South China.

CONCLUSIONS

SHRIMP U-Pb dating of zircon domains/crystals
assisted by CL images, in combination with
geological, petrographical and geochemical data
revealed the following features of the metabasites
within the Paleozoic volcanic-clastic sedimentary
sequences in Hainan Island, South China:
1 The protoliths for the Tunchang area metaba-

sites in the east-central Hainan Island probably
are composed of gabbroic rocks, gabbroic to dia-
basic rocks and pillow lava, which most likely
represent the upper layers of an incomplete,
dismembered ophiolite body. The Bangxi area
metabasites in the northwest Hainan Island
have a protolith nature probably containing pil-
lowed lava, gabbroic rocks and/or picritic rocks.

2 The minimum age of ca 450 Ma for the magmatic
protoliths of the Tunchang area metabasites

recorded the formation of an intraoceanic arc.
The presence of abundant inherited zircons in
these rocks clearly indicates their protoliths
were originally derived from a MORB-type
mantle close to a continental margin. In contrast,
the ca 270 Ma age for the magmatic protoliths of
the Bangxi area metabasites most likely marked
the formation of a small, oceanic basin due to
the subduction of the Paleo-Tethys beneath the
southern continental margin of South China.

3 The early Paleozoic ocean between the Yangtze
and the Cathaysian blocks, South China, was due
to further spreading of the late Neoproterozoic
Nanhua trough or the residual Paleo-South
China ocean initiated by the subduction of the
Paleo-Pacific ocean and subsequent or synchro-
nous impingement of a mantle plume. Thus, the
Caledonian Orogeny in South China probably
was not intracontinental in nature, but charac-
terized by various subduction-accretion and col-
lision events.
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