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concerning whether the vast Nanling Mountain granitoids of South China are the
result of Jurassic paleo-Pacific subduction. We address this question by examining two Mesozoic basalt
successions in South China, one parallel and the other oblique to the convergence boundary between the
paleo-Pacific plate and South China continent. The geochemical characteristics of these basalts are used to
constrain the influence of this presumed subduction system on mantle composition. 40Ar/39Ar age, major
element and trace element abundances, and Sr, Nd and Pb isotope data indicate that the northeast-southwest
trending basalts in the Southeast Coast Magmatic Belt that formed during 101–76 Ma exhibit arc-like
signatures and are derived from subduction-modified mantle. However, the east–west trending basalt array
extending from the Cathaysia Interior to the Cathaysia Folded Belt, which decreases in age from 175 to 98 Ma
in an eastward direction, is characterized by lithosphere-modified OIB-like asthenosphere composition,
except for a few younger rocks from Huichang which resemble Southeast Coast Magmatic Belt basalts. These
results suggest that the Jurassic mantle beneath the Cathaysia Interior and the Cathaysia Folded Belt was
rather homogeneous and undisturbed, and was not affected by the paleo-Pacific subduction system.
Alternatively, post-orogenic (Indosinian) extension accompanied by mafic underplating may have been the
cause of vast Jurassic granitic magmatism in South China.

© 2008 Elsevier B.V. All rights reserved.
1. Introduction

South China is a continental block formed by the amalgamation of
Yangtze and Cathaysia Blocks in the Neoproterozoic–Paleozoic. The
Cathaysia Block is composed mainly of Mesozoic granitoids-volcanic
rocks with a total area of ~220,000 km2 (Zhou et al., 2006).
Traditionally, Mesozoic granitoids in South China (Triassic 16%,
Jurassic 47%, and Cretaceous 37%; Fig. 1a) were thought to have
resulted from staged orogenic cycles under prolonged, low-angle, and
west-dipping subduction of the paleo-Pacific plate, based on the
observation that these rocks decrease in age in an eastwardly
direction (Zhou and Li, 2000; Li and Li, 2007). However, other
observations seem to conflict with this flat subduction model. For
instance, Triassic granitoids are widespread in South China (Chen
et al., 2006); and the Early Jurassic was basically a non-magmatic stage
in the Cathaysia Block (Zhou et al., 2006). The convergence vector
determined from paleomagnetic data was in the northwest direction
for paleo-Pacific subduction during 175–150 Ma (Ratschbacher et al.,
2000); and Jurassic magmatism, exemplified by the vast Nanling
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Mountain granitoids, was largely concentrated at ca.160 Ma (Xu et al.,
2005).

During the Mesozoic, intermittent basic eruptions, generally in
association with silicic volcanism, occurred in the Cathaysia Block.
Because basaltic rocks are good indicators of mantle composition, the
study of these rocks can provide information on mantle composition
and directly reveal whether the mantle beneath this Block has incor-
porated a subducted component. Therefore, we measured 40Ar/39Ar
age, major and trace elements, and Sr, Nd and Pb isotope ratios from
basalts in the region that had previously not been studied in detail.
Combined with related data from the literature, the new data is used
to document the spatial and temporal distribution of Mesozoic basalts
and constrain the characteristics of the mantle beneath South China.
This approach enables us to evaluate the influence of Jurassic paleo-
Pacific subduction.

2. Geological background and sample localities

The Cathaysia Block can be separated into the Cathaysia Interior,
Cathaysia Folded Belt and Southeast Coast Magmatic Belt by two
tectonic lines, the Shi-Hang Zone and the Lishui-Haifeng Fault (Fig.1a).
The fact that Triassic granitic rocks (S-type) are mainly distributed
in the Cathaysia Interior and Cathaysia Folded Belt, Cretaceous rocks
(I-type) in the Southeast Coast Magmatic Belt, and Jurassic rocks
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Fig.1. (a) Map showingMesozoic granitoids of the South China Block (modified from Zhou et al., 2006; Li and Li, 2007) and distribution of Permo/Triassic Emeishan basalts. The South
China Block is comprised of two smaller Blocks: Yangtze and Cathaysia. The Shi-Hang Zone (1) and the Lishui-Haifeng Fault (2) further separate the Cathaysia Block into three tectonic
units: Cathaysia Interior (Cl), Cathaysia Folded Belt (CFB), and Southeast Coast Magmatic Belt (SCMB). Sample locations of studied basaltic rocks are denoted as triangles in the
Cathaysia Interior and Cathaysia Folded Belt and polygons in the Southeast Coast Magmatic Belt. The chain-saw symbol along Taiwan is a presumed Cretaceous subduction zone of
the paleo-Pacific plate. (b) The enlarged area of the east-west basalt array. Detailed location map of the northeast–southwest basalt array in the Southeast Coast Magmatic Belt (1:
Xuentandi, 2: Pingyen, 3: Tientai, 4: Shanmeng, 5: Kuiqi, 6: Matsu, 7: Chinmen, and 8: Yongtai) can be seen in Chen et al. (2008).
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(intermediary type) in the Cathaysia Folded Belt has been the basis for
tectonic models of Mesozoic Cathaysia. Lithologically, the vast Late
Jurassic granitoids are predominately biotite granites of high-K calc-
alkaline affinity. The presence of Early Jurassic aluminous A-type
granites, gabbros, syenitic rocks, and intraplate basalts in Hunan and
Jiangxi is an indication of the development of continental extension or
intraplate rifting in the western Cathaysia Folded Belt (Li et al., 2003,
2004; Wang et al., 2003, 2005). Yet the timing of such an extensional
environment in the eastern Cathaysia Folded Belt is not well
constrained. In the Southeast Coast Magmatic Belt, magmatism was
characterized by shallow intrusions of voluminous I-type granitoids at
110–99 Ma and subsequent near-surface emplacement of A-type
granites with eruptions of silicic-dominated bimodal volcanic suites
and injections of mafic dikes (Martin et al., 1994; Chen et al., 2008).
The time sequence and rock type relationships observed in South
China are consistent with subduction-driven thermal activity that
developed in the post- to anorogenic extensional stages of an active
continental margin (Zhou and Li, 2000; Chen et al., 2004).

Basaltic rocks in the Southeast Coast Magmatic Belt are distributed
along the southeast China coastal area as an array extending for
~700 km parallel to the northeast–southwest trending convergence
plate boundary of the paleo-Pacific subduction system. Here we focus
on another array of basaltic rocks outcropping across the Cathaysia
Interior and Cathaysia Folded Belt for ~550 km, oblique to the plate
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boundary (Fig. 1a). The former consist of basaltic lavas intercalated
with rhyolites (Xuentandi, Pingyen, Teintai, Shanmeng and Yongtai)
and mafic dikes intruding Cretaceous granitic plutons (Kuiqi, Matsu
and Chinmen). The latter include various types of basaltic rock
distributed from south Hunan (lavas in Daoxian, Ningyuan and
Hengshan), through north Guangdong (mafic dikes in Zhuguangshan
and Guidong), south Jiangxi (basalt/rhyolite bimodal suites in
Linjiang-Dongkeng, Huichang, Zhongzhai and Heling), to southeast
Fujian (similar bimodal suites in Fankeng, Jianyindong, Landi and
Meilin) (Fig. 1b). Permo/Triassic Emeishan basalts (Xu et al., 2007) are
widespread in the western part of the South China Block over an area
of about 250,000 km2 (Fig. 1a) and their relationship to Mesozoic
mantle evolution is also considered here.

3. Analytical methods

Fresh basalt chips were dated using the step-heating 40Ar/39Ar age
spectrum technique described by Lo and Lee (1994) to establish the
time of basaltic volcanism. These dating analyses were performed
using a Varian® MAT GD150 mass spectrometer at National Taiwan
University (NTU). Results of the 40Ar/39Ar incremental heating
experiments for the Cathaysia Folded Belt basalts are shown in
Appendix 1. Major element composition was determined on fused
glass disks by the X-ray fluorescence technique using a Rigaku® RIX
2000 spectrometer and trace element abundances ware measured on
a digested solution by inductively coupled plasma-mass spectro-
metry using a Perkin Elmer® Elan-6000 spectrometer at NTU. Ratios of
87Sr/86Sr and 143Nd/144Nd isotope were measured using a Finnigan®

MAT 262 mass spectrometer at National Cheng Kung University. De-
tails for all these analytical methods have been previously described
by Chen et al. (2004, 2008). Lead isotopemeasurementsweremade on
a Finnigan® MAT 262 mass spectrometer at the University of the
Ryukyus. Lead isotopic ratios were corrected for mass fractiona-
tion using a 204Pb–207Pb double spike with 207Pb/204Pb=~1. The
procedure is similar to that described in Woodhead et al. (1995).
Fractionation-corrected ratios measured for NBS-981 (n=3) were
206Pb/204Pb=16.9403 (±0.0004 at the 2σ level), 207Pb/204Pb=15.4976
(±0.0005), and 208Pb/204Pb=36.7195 (±0.0022). Results of elemental
and isotopic analyses of representative samples for Cathaysia Folded
Belt and Southeast Coast Magmatic Belt basalts, together with some
Emeishan and Cathaysia Interior basalt data from the literature, are
presented in Appendix 2.

4. 40Ar/39Ar dating results

Relevant rocks with known ages include Emeishan basalts: 259–
251 Ma (Xu et al., 2007 and references therein); south Hunan basalts:
summarized as ~175Ma (Ningyuan), ~150Ma (Daoxian) and ~125 Ma
(Hengshan) (Wang et al., 2003; Li et al., 2004); and north Guangdong
mafic dikes in three stages: ~140, ~105 and ~90Ma (Li andMcCulloch,
1998). In the Southeast Coast Magmatic Belt, basaltic eruptions (101–
81 Ma) and mafic dike injections (94–76 Ma) took place nearly
simultaneously over the entire belt (Chen et al., 2008). Basically, all
these ages were obtained using the 40Ar/39Ar age spectrum technique,
except for a few analyses of the Emeishan plume eruption (~259 Ma)
which were obtained from the most reliable SHRIMP U/Pb zircon age
dates (Ali et al., 2005 and references therein).

Our new 40Ar/39Ar age data on eight Cathaysia Folded Belt basalts,
which are based on well-developed plateau ages, reveal that they
erupted in two stages at 137–123 Ma (Fig. 2a–d) and 108–98 Ma
(Fig. 2e–h), respectively. The timing of these two basaltic cycles fairly
closely matches the north Guangdong mafic dike injections at ~140
and 105Ma, respectively, probably indicating that episodic heat pulses
occurred in the Cathaysia Folded Belt. Spatially, stage-1 and -2 basalts
are more concentrated in the central and eastern parts of the east–
west basalt array (Fig. 1b). Such an eastwardly age-decreasing trend
differs greatly from the previous view that all the Cathaysia Interior
and Cathaysia Folded Belt basalts erupted simultaneously at ca. 180–
170 Ma (e.g., Xie et al., 2006).

5. Geochemical and isotopic results and interpretations

The tectonic settings of the Permo/Triassic Emeishan and Late
Cretaceous Southeast Coast Magmatic Belt basalts in South China are
well established as mantle plume derived (Xu et al., 2007) and paleo-
Pacific plate subduction (Chen et al., 2008) events, respectively. In this
study we focus on the major and trace elements, and Sr, Nd and Pb
isotopic compositions of the Cathaysia Interior and Cathaysia Folded
Belt basalts, particularly those distributed in south Jiangxi to south-
west Fujian. The basalts of the Southeast Coast Magmatic Belt are
mostly alkaline (Na2O+K2ON3.8 wt.%), whereas the Emeishan basalts
are largely subalkaline (Na2O+K2Ob4.9 wt.%) (Fig. 3a): a common
feature of flood basalts (Xu et al., 2001). The Southeast CoastMagmatic
Belt basalts and the Emeishan basalts are more clearly distinguished
on a TiO2 vs. Al2O3 plot (Fig. 3b): Southeast Coast Magmatic Belt
basalts have a high Al2O3 (N15.2 wt.%) and low TiO2 (b2.5 wt.%)
content as do island arc basalts (IAB), and Emeishan basalts have a low
Al2O3 but variable TiO2 content. All these major element character-
istics may reflect first-order processes related to their mantle sources
with or without involvement of significant fluids expelled from the
subducted slab, as subduction modified magmas are often enriched in
Al2O3 by plagioclase accumulation, and plagioclase nucleation may be
delayed, depending on the H2O content (Crawford et al., 1987). The
TiO2 variability is probably related to the FeO content of the iron oxide
phases in the basalts. Early crystallization and separation of magnetite
at high oxygen fugacity can cause a calc-alkaline differentiation trend,
which is more pronounced at high water content (Berndt et al., 2005).
Therefore, the high-Al, low-Ti character of Southeast Coast Magmatic
Belt basalts reflects a relatively high-H2O environment, most probably
contributed by the subducted slab.

Basalts of the east–west array overlap Emeishan and Southeast
Coast Magmatic Belt basalts in terms of alkalinity, and have
intermediate compositions straddling the Al2O3 boundary (at
15.2 wt.%) between these two basalt distribution fields. In the
Cathaysia Interior section, Ningyuan basalts exclusively fall in the
Emeishan field; however, Daoxian basalts show extremely low Al2O3

and TiO2 content. Along with high MgO content (N16 wt.%), Daoxian
basalts are similar to the unusual low-Ti, high-Mg basalts in the
Deccan Traps that were explained by involving significant crustal
input (Mellusoa et al., 2006; see later sections). In the Cathaysia
Folded Belt section, some samples occupy the high Al2O3 and TiO2

quadrant where no Emeishan and Southeast Coast Magmatic Belt
basalts are situated; others, like the Huichang basalts from south
Jiangxi, retain their high aluminous character but have low TiO2

content down to 0.9–1.0 wt.% (6 analyses). These features reflect the
complexity of Cathaysia Interior and Cathaysia Folded Belt basalts.

Trace element behaviors of these basalts are best exemplified by
the primitive mantle-normalized multi-element distribution pattern
(Fig. 4) using Emeishan basalts (Xu et al., 2001; Ali et al., 2005) as the
reference (the shaded pattern). Ningyuan basalts have slightly higher
concentrations of incompatible trace elements, such as Ba, Th, U, Nb,
Ta, Sr and LREE, than the north Guangdong mafic dikes and Cathaysia
Folded Belt basalts (excluding those from Huichang), which are in
general, similar to Emeishan basalts (Fig. 4a–c). Such geochemical
features of Ningyuan basalts resemble those of typical ocean island
basalts (OIB) (McDonough and Sun, 1995). On the other hand,
Southeast Coast Magmatic Belt basaltic rocks are characterized by
slight but diagnostic Nb–Ta–Ti depletions, as in IAB, indicative of
subduction-related processes for their magma generation. It is noted
that Huichang basalts possess the same Nb–Ta–Ti depletions as
Southeast Coast Magmatic Belt basaltic rocks. However, the lack of Th
and U depletions in Huichang basalts (Fig. 4d) makes them



Fig. 2. 40Ar/39Ar plateau ages for some Cathaysia Folded Belt basalts in South China, with source data in Appendix 1. Localities and chemical compositions of each rock sample can be
found in Fig. 1 and in Appendix 2.
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distinguishable from the latter rocks (Fig. 4e–f). These basalts may be
more influenced by fluid- than sediment-dominant fluxes from the
subducted slab at a greater distance from subduction zone (Turner and
Hawkesworth, 1997). On this basis, Mesozoic basaltic rocks in South
China with arc signatures first appeared in the central part of the
Cathaysia Folded Belt at 108 Ma, or the earliest phase of stage-2
basaltic eruptions. In the following we combine one of the most
sensitive trace element discriminators of tectonic environments, the
La/Nb ratio, with Nd isotope data to further delineate mantle sources
for these basalts.

Based on Os, Pb and Nd isotopic compositions, Emeishan basalts
are suggested to have been generated from a mantle plume similar to
the source of OIB, with partial melts of this mantlemixing significantly
with the subcontinental lithospheric mantle (Xu et al., 2007).
Emeishan basalts thus can be used to define a mixing trend between
the OIB-like asthenospheric mantle and the continental lithospheric
mantle sources using La/Nb and εNd(T) covariations (Fig. 5). This
mixing trend is nearly identical to that constructed for basalts of the
southwest Basin and Range in the western United States by mixing of
two components, the OIB-like asthenospheric and lithospheric
mantle, which is inferred from the good correlation not only between
εNd(T) and La/Nb, but also εNd(T) and 87Sr/86Sr (DePaolo and Daley,
2000). Ningyuan basalts and the great majority of Cathaysia Folded
Belt basalts (except those from Huichang) fall along this trend,
suggesting that they are derived in a similar way. North Guangdong
mafic dikes are mostly clustered near the OIB-like asthenosphere end;



Fig. 3. Major element distribution for Mesozoic basaltic rocks in South China based on (a) Na2O+K2O vs. SiO2 plots and (b) TiO2 vs. Al2O3 plots. The division line of alkaline and
subalkaline rocks is taken fromWilson (1989). Some published data of Emeishan basalts (Xu et al., 2001), Jurassic and Cretaceous Cathaysia Interior and Cathaysia Folded Belt basalts
(Li et al., 2003, 2004; Xiong et al., 2003; Wang et al., 2005) and mafic dikes (Li and McCulloch, 1998) are also included.
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a few having higher La/Nb ratios are explained by crustal contamina-
tion through dike injections (Li andMcCulloch, 1998). On this basis, an
OIB-like asthenospheric mantle component deduced from Emeishan
and Ningyuan basalts and north Guangdong mafic dikes has a low
value of La/Nb (0.6), and high εNd(T) (+5) in associationwith low initial
87Sr/86Sr (0.704). Interestingly, the Late Cenozoic basalts in Zhejiang–
Fujian region, which are spatially associated with these Mesozoic
rocks have also been interpreted as OIB-like basalts and exhibit similar
values (La/Nb=1.0, εNd(T)=+5, and initial 87Sr/86Sr=0.704) for rela-
tively uncontaminated samples (Ho et al., 2004). Trace element and
isotopic characteristics of the subcontinental lithospheric mantle
component, although not well defined because of the paucity of data
at the low εNd(T) end, may label a few of the basalts in the Southeast
Coast Magmatic Belt (La/Nb=1.7 and εNd(T)=−9.5) (Fig. 5). However,
there could be slight differences in the Cathaysia Folded Belt as the
limit of the range of composition of these basalts (La/Nb=1.6 and
εNd(T)=−6) lies somewhat away from the lithosphere end-member.

On the other hand, the great majority of Southeast Coast Magmatic
Belt basalts and mafic dikes have elevated La/Nb ratios which deviate
significantly from this asthenosphere–lithosphere mantle mixing
trend and are widespread over a field similar to the West Great
Basin basalts (Fig. 5). The overall heterogeneity is explained either by
crustal contamination (e.g., a few north Guangdong mafic dikes as
mentioned), or by involvement of a subduction component. Just as the
West Great Basin basalts were explained by a mixing between
asthenosphere-derived magmas (Basin and Range basalts) and litho-
spheric mantle-derived magmas enriched via fluids expelled from a
subducted slab (Fitton et al., 1991; Rogers et al., 1995) or subducted
pelagic-to-turbidite sediments (Beard and Johnson, 1997), Southeast
Coast Magmatic Belt basalts and a few of the stage-2 Cathaysia Folded



Fig. 4. Primitive mantle-normalized multi-element distribution pattern for Mesozoic basaltic rocks in South China, including (a) Ningyuan basalts (Li et al., 2004); (b) north
Guangdong mafic dikes (Li and McCulloch, 1998); (c) Cathaysia Folded Belt basalts (except Huichang); (d) Huichang basalts; (e) Southeast Coast Magmatic Belt basalts and (f) mafic
dikes. The shaded pattern represents the Emeishan basalts (Xu et al., 2001; Ali et al., 2005). Primitive mantle normalizing values are from McDonough and Sun (1995).
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Belt basalts (Huichang) can likewise be regarded as derivatives of
subduction-modified basic magmas. As for Daoxian basalts, they are
better explained by crustal contamination based on the Pb isotopic
compositions in the following section.

Involvement of subducted sediment in themantle of South China is
further examined by using Pb isotope ratios, which are especially
sensitive indicators. Here we use the deep-sea sediments of the
Philippine Sea Plate (Yu, 2005) as the reference. The oldest oceanic
crust of the Philippine Sea Plate and northwest Pacific Plate were
reported to be Late Jurassic to Early Cretaceous (Deschamps et al.,
2000; Hirano et al., 2006). These deep-sea sediments are chosen to
represent material derived from the adjacent Asiatic continent at the
time when the west Pacific subduction system was operating during
the Late Mesozoic. When Pb isotope ratios are plotted with Nd isotope
ratios, several features are noted: (1) There are no discernible
differences between the Emeishan and Cathaysia Folded Belt basalts;
(2) Daoxian basalts have elevated 207Pb/204Pb ratios like the case of
some Deccan Traps basalts, indicating a moderate but significant
influence from the upper crust (Mellusoa et al., 2006); (3) Ningyuan
basalts are characterized by distinctive Nd and Pb isotope composi-
tions close to Basin and Range basalts; (4) Huichang basalts have the
lowest values, close to deep-sea sediments for all Pb isotopic ratios
among the Cathaysia Interior and Cathaysia Folded Belt samples, and
(5) Southeast Coast Magmatic Belt basalts, comparable to the West
Great Basin basalts, are restricted to a small field sitting between
Cathaysia Folded Belt basalts and deep-sea sediments (Fig. 6).

Some interpretations can be readily made. Due to overlapping of
these isotopic compositions, Cathaysia Folded Belt basalts are derived
from compositionally similar mantle components to Emeishan basalts
(except Daoxian basalts that may involve a significant upper crust
component); Ningyuan samples are comparable with Basin and Range
basalts and are the least contaminated basalts derived from the
asthenosphere that has Pb isotopic compositions that deviate slightly
from Emeishan and Cathaysia Folded Belt basalts; and Southeast Coast
Magmatic Belt (+Huichang) basalts could bemixing products between
Cathaysia Folded Belt mantle melts and deep-sea sediments —

indicative of magma generation from subduction-modified sources.
Therefore, the Mesozoic mantle of the entire east–west basalt array in
South China seems to be related to the eastward migration of the
Emeishan mantle, with possible asthenospheric upwelling during the
Early Jurassic when the rift system developed (Zhou et al., 2006). Also
the Cretaceous Southeast Coast Magmatic Belt mantle reflects a



Fig. 5. εNd(T) vs. La/Nb plots for Mesozoic basaltic rocks in South China revealing that Cathaysia Folded Belt basalts (except Daoxian and Huichang samples) fall in the narrow
asthenosphere–lithosphere mantle mixing trend constructed from Emeishan and Ningyuan basalts, whereas Southeast Coast Magmatic Belt basalts have a much wider distribution.
Asthenosphere- and enriched lithosphere (subduction-induced)-derived basalts of western United States (Fitton et al., 1991; Rogers et al., 1995), in dotted and shaded areas,
respectively, are shown for comparison. The Late Cenozoic Zhejiang–Fujian basalts (Ho et al., 2004) fall into the ocean island basalt (OIB)-like asthenosphere field. Unmodified South
China subcontinental lithosphere is inferred from the combination of low εNd(T) and high La/Nb (DePaolo and Daley, 2000). Symbols are same as in Fig. 3.
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simple subduction system as compared to theWest Great Basin, which
probably requires an additional, less radiogenic (lower 206Pb/204Pb)
composition than the pelagic sediments (Fig. 6c).

The distance between the Cathaysia Folded Belt basaltic areas and
the presumed subduction zone is relatively short (Fig. 1a) and the time
lag between the Cathaysia Folded Belt and Southeast Coast Magmatic
Belt basaltic activity is rather small (b10 Myr). However, few of the
Cathaysia Folded Belt basalts (e.g., Huichang basalts) have geochem-
ical and isotopic characters similar to the Southeast Coast Magmatic
Belt basalts, showing that little of the Cathaysia Folded Belt mantle
had undergone mantle wedge-subducted plate interactions like those
in the Southeast Coast Magmatic Belt. This suggests that a large part of
the Late Mesozoic Cathaysia Folded Belt mantle have been undis-
turbed by the subduction system before 108 Ma. This is in accord with
the occurrence of two Early Cretaceous gabbroic intrusions in south
Fujian, with K–Ar ages of 130–126Ma and 108Ma, respectively, which
were also derived from a mantle source unmodified by subduction
components (Zhao et al., 2007).

6. Implications for Mesozoic tectonic evolution in South China

Age, geochemical and isotopic characteristics of all the Mesozoic
basaltic rocks in South China are summarized in Table 1, from which
the inferred magma sources for these basalts are proposed. Here we
emphasize two major points for Cathaysia Interior and Cathaysia
Folded Belt basalts: (1) they decrease in age eastward in the Mesozoic,
and (2) except the Huichang basalts, they were mainly mixtures of
melts derived from OIB-like asthenospheric mantle and the South
China subcontinental lithosphere mantle without being significantly
modified by the crust during their transit to the surface. Any tectonic
model applied to Mesozoic Cathaysia must satisfy these criteria.

It is generally accepted that there was magmatic quiescence during
the period 205 to 180 Ma, and new magmatism began with intraplate
basaltic eruptions in the Cathaysia Interior, accompanied by intrusions
of syenitic andA-type granites (180–170Ma) in theCathaysia FoldedBelt
(Li et al., 2003, 2004; Zhou et al., 2006). The model of Li and Li (2007)
relates all the Triassic to Cretaceous granitoids in the Cathaysia Block
to paleo-Pacific subduction and ascribed the generation of Late
Jurassic granitoids to “slab foundering” as a consequence of rollback
of the retreating flat subduction. Based on the proposed flat-to-normal
slab variations in the Central Andes, western North America and
southeastern Tibet, the final thermal activity right before the
magmatic gap is characterized by the generation of adakites under
thickened arc crust conditions. The resuming magmatism consists of
“normal” calc-alkaline rocks (Kay and Mpodozis, 2002; Saleeby, 2003;
Wen et al., 2008). However, there are no known Late Triassic adakitic
rocks in the Cathaysia Block, and the resumption of syenitic and A-
type granitic intrusions cannot support the conclusion that the
granitic magmatic evolution during the Mesozoic followed such a
pattern. The flat subduction model for the paleo-Pacific plate is
therefore not convincing.

On the other hand, Zhou et al. (2006) considered that Triassic
granites were influenced by a paleo-Tethyan subduction system, and
that the occurrence of the Early Jurassic basaltic, syenitic and A-type
granitic rocks marked the beginning of the paleo-Pacific tectonic
regime, and formation of voluminous Late Jurassic granitoids was
controlled by rift-type intraplate magmatism, but no tectonic
evolution model was proposed. Our geochemical and isotopic data
demonstrate that mantle beneath the Cathaysia Interior and Cathaysia
Folded Belt is characterized by a rather homogeneous domain,
distinctly different from the Southeast Coast Magmatic Belt that has
been modified by the paleo-Pacific subduction system. Age data
indicate that such mantle remained undisturbed during the Jurassic
(Table 1). Therefore, the east-west basalt array represents an eastward
trace of continental extension through time, most likely subjected to
the progressive Triassic continent–continent collision between the
Indochina and South China Blocks, or the so-called Indosinian orogeny
(e.g., Carter et al., 2001). Appearance of OIB-like basalts in some places
along the east–west basalt array (e.g., south Hunan and north
Guangdong) is an indication of extension that gives way to astheno-
spheric sources. By asthenosphere upwelling associated with constant
underplating of mafic magmas under the extension regime, the



Fig. 7. Schematic diagram showing the tectonic configuration of the Oligocene–Early
Miocene seafloor spreading in the South China Sea relative to the Early Cenozoic India–
Eurasia continent collision (Lee and Lawver, 1995) and the Jurassic extension in the
Cathaysia Block (South China) relative to the Triassic Indochina–South China continent
collision (Indosinian orogeny). On the basis of the collision–extension relationship, the
latter may be an earlier analogue of the former although the scale is smaller. Hence,
Jurassic tectonism in South China is explained as mainly due to post-Indosinian
continental extension. Open symbols denote Cenozoic and solid symbols denote
Triassic/Jurassic direction of plate movements.

Fig. 6. Variations of Pb and Nd isotopic compositions for Mesozoic basaltic rocks in
South China. Data sources are shown in Appendix 2 except for the deep-sea sediments
of the Philippine Sea plate that are taken from Yu (2005), and the Basin and Range and
West Great Basin basalts from Kempton et al. (1991). Symbols are the same as in Fig. 3.
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overlying crustal materials were eventually melted to form vast
Jurassic east–west striking granitic batholiths in the Cathaysia Folded
Belt in a relatively short period of time at 160±5 Ma as the geotherm
Table 1
Summary of age, geochemical and isotopic characteristics of Mesozoic basaltic rocks in S Ch

Tectonic unit Emeishan1 Cathaysia Interior2

Ningyuan Daoxian

Age (Ma) 259–251 ~175 ~150
Lithology Subalk (+alk) flood basalt Alkaline basalt High-Mg b
TiO2⁎ H+L H L
Al2O3⁎ L L L
La/Nb 0.5~1.6 0.5~0.6 4~5.5
(87Sr/86Sr)i 0.704~0.706 ca. 0.704 ca. 0.706
εNd(T) −5~+5 ca. +5 ca. −2
206Pb/204Pb 17.8~19.3 19.5 18.5~18.7
207Pb/204Pb 15.6~15.7 15.6~15.7 15.7~15.8
208Pb/204Pb 38.0~39.9 39.4~39.6 38.8~39.1
Interpreted magma source Plume+lithosphere mantle OIB-like asthenosphere± litho

mantles±crust contamination

⁎Divisions for H (high) and L (low) are 2.5 wt.% for TiO2 and 15.2 wt.% for Al2O3; those in the p
in Appendix 2.
(87Sr/86Sr)i: initial 87Sr/86Sr. SCMB: Southeast Coast Magmatic Belt.
crossed the solidus of preexisting (mainly Caledonian) granitic crustal
material. As for the Early Jurassic syenitic and A-type granitic rocks,
they are simply the fractionated derivatives of alkaline gabbro — the
intrusive equivalent of alkaline basalt (Hsieh et al., 2008).

The Jurassic extensional environment in the Cathaysia Block after
the Triassic Indochina-South China continent collision may be an
earlier analogue of Oligocene–Early Miocene seafloor spreading in the
South China Sea after the Early Cenozoic India–Eurasia continent
collision (Fig. 7). The indentation experiment of Tapponnier et al.
(1982) has been used to describe the tectonic evolution in Southeast
Asia, mainly including southeastward extrusion of the Indochina Block
and opening of the South China Sea (marked by open arrows in Fig. 7)
subsequent to the beginning of the India–Eurasia continent collision
(Lee and Lawver, 1995). On the basis of the relative position and
ina

Cathaysia Folded Belt SCMB

Stage 1 Stage 2

137–123 108–98 101~76
asalt⁎⁎ Subalk (+alk) basalt Subalk+alk+high-Al basalt High-Al basalt

H+(L) L+(H) L
L+(H) H+(L) H
0.8~1.6 0.7~4 2~7
0.706–0.710 0.705~0.708 0.707~0.711
−6.3~+0.1 −5.1~+3.7 −9.5~−2.7
18.5~19.3 18.2~18.5 18.4~18.7
15.7~15.8 15.6~15.7 15.6~15.7
39.0~39.9 38.6~38.8 38.6~39.0

sphere OIB-like asthenosphere+lithosphere±
subduction-modified mantles

Subduction-modified
mantle

arenthesis are present in lesser amount. ⁎⁎MgON16wt.%.1–2: Data sources are included
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orientation of the collision zone and spreading axis, as well as the time
sequence of these tectonic events, the configuration of the Jurassic
extensional (rifting) system in the Cathaysia Block can be regarded as
analogue of the South China Sea spreading, with the only difference
being that continental extension was not vigorous enough to trigger
seafloor spreading. In conclusion, we modify the proposition of Zhou
et al. (2006) by interpreting the Jurassic granitoids in South China as
products of post-orogenic (Indosinian) magmatism, while the oro-
genic magmatism is marked by the Triassic strongly peraluminous
(partly haplo-) granites in Hunan and Guangxi (Li and Li, 2007).

7. Conclusions

The orogenic cycles related to the sequence of tectonic events in
association with paleo-Pacific subduction are best reflected by time-
dependent granitic intrusions andbasalt/rhyolite bimodal eruptions in the
coastal area (Chen et al., 2004, 2008). The syn-orogenic stage is reflected
by the tonalite–trondhjemite–granodiorite assemblage that was
emplaced at 24–28 km depth west of the Southeast Coast Magmatic
Belt between140–110Ma, i.e. the thickened crust stage. Thepost-orogenic
stage is characterized by shallow intrusions (6–8 kmdepth) of 110–99Ma
granitoids and succeeding 100–90 Ma A-type granites. We now consider
volcanic eruptions of Southeast Coast Magmatic Belt basalts to have been
generated in the closing (anorogenic) stage of themagmatic cycle. In other
words, the so-called Late Yanshanian orogeny, like some other con-
temporaneous magmatic and orogenic belts of the circum-Pacific
continental margin (e.g., Rubin et al., 1995), underwent independent
and complete cycles of magmatismwithin a time span of ~50 Myr.
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