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Abstract

The Anhua-Xupu shoshonitic lamprophyres, emplaced along the western margin of the South
China orogen (Cathaysian block), formed about 207 Ma. They are characterized by high K2O/Na2O
ratios (0.84–1.72), high K2O + Na2O contents (>4.33–6.41%), low TiO2 contents (0.54–1.21%),
variable but high Al2O3 contents (13.32–16.28%), strong enrichments in LILE and LREE, and
distinct depletions in HFSE (such as Nb, Ta, and Ti) with no Eu anomalies. The rocks possess highly
initial radiogenic 87Sr/86Sr ratios (0.721565–0.722292) and nonradiogenic 143Nd/144Nd ratios
(0.511836–0.511869), corresponding to εNd(t) = –9.81 to –10.45. Such geochemical characteristics
are comparable to the Åva lamprophyres in southern Finland and Russian Karelia, the melilite-
bearing rocks from the Montefiascone Volcanic Complex (Roman Magmatic Province), and the
Damavand shoshonitic volcanics (Central Alborz, northern Iran). Geochemical and isotopic signa-
tures shown by the Anhua-Xupu primary magmas require a clinopyroxene- and phlogopite-rich
mantle source, whereas partial melting of a veined lithospheric mantle accounts for the occurrence
of different primary magmas characterized by relatively constant Sr- and Nd-isotopic compositions.
Ages of the depleted mantle Nd-model (1.30–1.37 Ga) implies that mantle enrichment may have
been related to Proterozoic suturing of the Yangtze and Cathaysian blocks. Considering the regional
tectonic evolution, we suggest that the generation of these shoshonitic lamprophyres was a product
of post-collisional intralithospheric extension during Early Mesozoic time.

Introduction

THE ANHUA-XUPU AREA, lying on the western mar-
gin of the South China orogen, also called the
Cathaysian Block (Huang, 1977; Wang, 1986) (Fig.
1A), is a of key region for studying the tectonic evo-
lution of SE Asia after amalgamation between the
two crustal blocks. The Banxi Group epimetamor-
phic clastic rocks and Sinian tillite crop out along
the suture zone between the Yangtze and Cathaysian
blocks (Fig. 1A). Over the past 20 years, a number
of models have been postulated to explain the tec-
tonic evolution of the South China Block and the
petrogenesis of the associated Mesozoic igneous
rocks (Ren et al., 1980; Wang et al., 1986; Hsü et
al., 1988; Chen et al., 1993; Jia, 1994; Liang et al.,
1999; Zhou and Li, 2000). An extensional regime is
now favored for its Late Mesozoic tectonic evolution
(e.g., Li, 2000; Wang et al., 2003a). However, the
tectonic setting during the Early Mesozoic in this
region remains hotly debated. Hypotheses, such as
an Andean-type active continental margin, an

Alpine-type collision belt, or lithosphere subduc-
tion with underplating of mafic magma, suggest that
the tectonic evolution of the South China Block was
related to subduction/collision (e.g., Hsü et al.,
1990; Faure et al., 1996; Chen et al., 1993, and ref-
erence therein). However, other scenarios postulate
that it was related to intraplate lithospheric exten-
sion and thinning (Guo et al., 1997; Li, 2000; Wang
Y. J. et al., 2001, 2003a; and reference therein).

Recent studies of granodiorites-granites in
Southeast China have revealed a Mesozoic, north-
east-trending high-potassium, low-TDM magmatic
zone (Shi-Hang zone, Gilder et al., 1996) that is
cut by NS-striking Wanyangshan-Zhuguangshan
granitic composites within the South China Block
(Chen and Jahn, 1998) (Fig. 1A). The Mesozoic
granodiorites-granites in the Shi-Hang zone are
characterized by significantly high Sm (>8 ppm) and
high Nd contents (>45 ppm) with relatively high
εNd(t) values (–4 to –8). They are interpreted as a
result of mantle upwelling along a “paleo-rift”
(Gilder et al., 1996; Wang et al., 2003b; Li et al.,
1999; Chen and Jahn, 1998). 1Corresponding author; email: liangxq@gig.ac.cn
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FIG. 1. (See caption on facing page)



SHOSHONITIC LAMPROPHYRES 313

In this paper, we report whole-rock major and
trace elements and Sr-Nd isotope data for the
Anhua-Xupu lamprophyres, K-rich mafic rocks
emplaced along the western margin of the South
China orogen. These rocks possess fine- to very fine
grained porphyritic textures and homogeneous
chemical compositions. Bulk-rock analyses are fur-
thermore characterized by very enriched LILE,
strongly enriched LREE, and relatively depleted
HREE and HFSE. Age-corrected initial 87Sr/86Sr
ratios span the narrow range of 0.721565–0.722292
and εNd(t) = –9.81 to –10.45. These new geochem-
ical data allow study of the petrogenesis of those
lamprophyres, and provide constraints on the
tectonic evolution of South China in the Early
Mesozoic.

Occurrence and Petrologic Features

The Anhua-Xupu lamprophyres, mainly plagi-
ominettes occur as dikes. More than 60 dikes in the
Xuefengshan Mountains are located in the Shibadu
and Dongdiping areas of Anhua and Xupu counties,
near the northeastern end of the Lucheng-Anhua
fault (Fig. 1). Dikes are clearly the products of post-
orogenic events, showing no evidence of deforma-
tion. They intruded the Cambrian and Ordovician
limestones, as well as the Wangyun Late Triassic
granite (U-Pb zircon age of 211 Ma; Fig. 1B)
(HBGMR, 1988). In general, typical dikes are 0.6 m
wide, but the maximum widths are up to 10 m. The
longest known dike array has a strike length of 1.5
km in the Shibadu, Anhua district, Hunan Province.
The dikes, whose country rocks experienced low-
grade contact metamorphism, are branched and
rejoined, controlled by the NW-trending subordi-
nate structures of the NE-trending Jingxian-Xupu
fault. They strike roughly N60°E and dip southeast.

The studied samples are relatively fresh and
exhibit gray-yellow colors. Some lamprophyres (e.g.,
SH-1, 2 and 3) show typical porphyritic textures.
The groundmass is very fine grained, typically
glassy and consists mainly of plagioclase (An45, 40–
60%), biotite (35–40%), clinopyroxene (0–10%), K-
feldspar (1–10%), and quartz (1–5%). Phenocrysts

consist of phlogopite, clinopyroxene, amphibole
and plagioclase. Phlogopite commonly shows flow
textures. Moreover, the rocks generally underwent a
low degree of alteration as a consequence of calciti-
zation and sericitization. Some andesine crystals
exhibit circular rims of potassium feldspar. The lam-
prophyres contain abundant accessory magnetite,
ilmenite, limonite, chromite, zircon, rutile, apatite
and monazite. 

Whole rock K-Ar ages of about 207±3 Ma, deter-
mined by the Isotopic Laboratory of Guangzhou
Institute of Geochemistry, Chinese Academy of
Sciences, indicates a Late Triassic emplacement of
the lamprophyre dikes. Alternatively, stratigraphic
evidence suggest that the magma activity may have
started in the Middle to Late Triassic (HBGMR,
1988).

Geochemical Characteristics
General classification

Major element analyses of the Anhua-Xupu lam-
prophyres are listed in Table 1. SiO2 content varies
from 47.20% to 52.62%, K2O = 2.36–3.67%, K2O +
Na2O = 4.33–6.41%, K2O/Na2O = 0.84–1.72, TiO2 =
0.54–1.21%, and Al2O3 = 13.32–16.28%. The oxi-
dation coefficient W [Fe2O3/(Fe2O3 + FeO)] ranges
from 0.25 to 0.43. The chemical compositions of the
lamprophyres are similar to that of K-alkali-basaltic
rocks (Joplin, 1968; Morrison, 1980; Foley and
Peccerillo, 1992; Duggan and Jaques, 1994; Muller
and Groves, 1995).

The geochemical data presented in Table 1 show
that all of the samples are rich in potassium. On a
conventional Harker diagram of K2O vs. SiO2 (Fig.
2A), the samples define a rough trend between 50%
and 62% of SiO2 at high K2O (generally >2.5 %),
and lie almost totally within the shoshonite field
defined by Peccerillo and Taylor (1976). 

Applying the trace element classification (Fig.
2B) by Pearce (1982), the rocks studied plot well in
the shoshonitic field. On the Zr/TiO2-Nb/Y classifi-
cation diagram by Winchester and Floyd (1976), all
lamprophyres fall in the field of trachybasalt and
trachyandesite (Fig. 2C). These indicate that the

FIG. 1. A. A simplified tectonic map of southern China, showing the distribution of Mesozoic high-K, high εNd zones
(after Chen and Jahn, 1998; Li et al., 1999; Li, 2000; Wang Y. J. et al., 2003b). B. Geologic map showing the distribution
of the Mesozoic shoshonitic lamprophyres in the Anhua-Xupu area, Hunan Province, southern China. The boundary
between the Yangtze and Cathysian blocks is defined by the occurrence of the Meso- and Neoproterozoic Banxi Group
(Chen and Jahn, 1998). 
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FIG. 2. Classification diagram for the Anhua-Xupu lamprophyres. A. K2O vs. SiO2 (after Peccerillo and Taylor, 1976;
ultrapotassic as defined by Foley et al., 1987). B. Ce/Yb vs. Ta/Yb (Pearce, 1982). C. Zr/TiO2–Nb/Y (Winchester and
Floyd, 1976). Solid squares represent data used in this study; open squares represent data of the 413 Geological Team,
Hunan Bureau of Geology and Mineral Resources (1982, unpubl. data).
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Anhua-Xupu lamprophyres generally belong to the
high-potassium rock series from basaltic to trachytic
composition.

Despite their high K2O, they are not ultra-potas-
sic, having K2O/Na2O ratios between 0.5 and 2.0
(Table 1), again, within the field of shoshonitic mag-
mas. The Mg ratios [=100*Mg/(Mg + Fe2+) atomic]
ranges from 74 to 80, and SiO2 and Al2O3 decrease,
whereas CaO and Fe2O3 (which has an inflection at
5% MgO) increase, with increasing MgO (Fig. 3).
TiO2 (not plotted) shows an inflected trend and the
absolute abundances of Al2O3 and TiO2 are low, with
averages of 13–16% and 0.5–1.5%, respectively.
K2O and Na2O have related constant abundances
though K2O is always slightly greater than Na2O
(K2O/Na2O ≤ 2). The rocks broadly lie at the pro-
jected end of trends defined by mafic-dominant
compositions, being highly depleted in TiO2 and

CaO, where K2O and Na2O abundances remain
similar to those of the mafic lavas.

CIPW norms calculated on a volatile-free basis
indicate subalkaline compositions which are either
qz-hy or ol-hy normative. Most lamprophyres strad-
dle the silica-saturation boundary, and rarely have
normative ne or qz but are strongly ol normative
(Table 1).

Trace elements
Twenty-five trace elements have been deter-

mined (Table 1). Globally, all lamprophyres have
similar REE concentration levels and are highly
enriched in incompatible elements (for example, La
ranges from 90 to 115 ppm). In the REE variation
diagram (Fig. 4A), REE patterns of the studied sam-
ples are similar in shape but differ in total REE con-
tents (ΣREE = 395–612 ppm). The patterns show

FIG. 3. Selected major element–MgO variation diagrams illustrating the broad compositional range of the Anhua-
Xupu lamprophyres, which extends back to fairly magnesian compositions (MgO 8–11%). Solid squares represent data
from this study; open squares represent data of the 413 Geological Team, Hunan Bureau of Geology and Mineral
Resources (1982, unpubl. data).
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FIG. 4. A. Chondrite-normalized REE variation diagram for the Anhua-Xupu lamprophyres. B. Primitive mantle–
normalized variation diagram for the Anhua-Xupu lamprophyres. C. Primitive mantle–normalized variation diagram for
the K-rich rocks from central Italy (Battistini et al., 1998), southern Finland (Eklund et al., 1998), the Tibetan Plateau
(Turner et al., 1996; Williams et al., 2001, 2004; Ding et al., 2003), and the Wuyi Mountains, southern China (Wang Q.
et al., 2003). Chondrite and primitive mantle normalizing values are from Sun and McDonough (1989).
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strongly fractionated LREE (LaN/SmN = 5.4–7.4,
normalized to the chondritic values from Sun and
McDonough, 1989), high LREE/HREE ratios (LaN/
YbN = 34–46), and slight or no Eu negative anoma-
lies (Eu/Eu* = 0.64–0.86).

The primitive mantle–normalized patterns of
incompatible elements (Fig. 4B) show a characteris-
tic depletion in HFSE (Ti, P, Nb, Ta) relative to LILE
(Rb, K, Ba,Th). A strong negative spike at Sr
(Fig. 4B) is another relevant feature of the primitive
mantle–normalized patterns.

The trace element patterns of the Anhua-Xupu
shoshonitic lamprophyres (AX) are identical to
those of melilitites in Roman Magmatic Province,
Italy (RM) (Battistini et al., 2001) and the Tibetan
shoshonitic volcanism (TS) (Turner et al., 1996;
Ding et al., 2003; Williams et al., 2001, 2004), both
for the most incompatible elements (Rb, Ba, Th, U)
and for the REE and HFSE. The Nb and Ta anoma-
lies show similar features (lowering as much as 50
times the primitive mantle values for TS, 20 for RM,
and 25 for AX). P and Ti anomalies indicate the
same characteristic and Sr displays a strong nega-
tive anomaly in the Anhua-Xupu lamprophyres (Fig.
4C). A similar pattern occurs in the shoshonitic
rocks from Central Alborz, northern Iran (Fig. 4C;
Mehdizadeh et al., 2002), southern Finland and
Russian Karelia (Fig. 4C; Eklund et al., 1998),
Black Forest, Germany (Hegner et al., 1998), and
the Yangfang aegiriteaugite syenite from Wuyi
Mountains of South China (Fig. 4C, Wang Q. et al.,
2003).

Sr and Nd isotopes

Measured, age-corrected 87Sr/86Sr and 143Nd/
144Nd ratios are listed in Table 2. The initial 87Sr/
86Sr and 143Nd/144Nd ratios vary within narrow
ranges of 0.721565–0.722292 and 0.511836–
0.511869, respectively. The latter corresponds to
εNd(t) = –9.81 to –10.45. As illustrated in Figure 5,
all the studied samples are plotted in the enriched
mantle quadrant. They are isotopically indistin-
guishable from Early Mesozoic (250–165 Ma) gran-
itoids (Gilder et al., 1996) and the lower/middle
crust (LC/MC) in the South China Block (Guo et al.,
1997b; Li, 1990), but are distinct from Early Meso-
zoic mafic rocks, potassium-rich diorites-granodior-
ites, and the Kongling TTG Group in the South
China Block (Chen and Jahn, 1998; Shen et al.,
1998; Guo et al., 1997b; Li, 1990; Gao et al., 1999;
Wang Y. Q. et al., 2003a, 2003b; Li et al., 2004).
The Nd model ages relative to depleted mantle

range between 1.30 and 1.37 Ga for the Anhua-
Xupu lamprophyres (Table 2).

Discussion

Petrogenesis of shoshonitic magmas

The trace and rare-earth elements and isotopes
of the studied shoshonitic lamprophyres are all rela-
tively homogeneous. The maximum Ni content of the
studied rocks (e.g., SH-3: 272 ppm; SH-1: 267 ppm;
D-5: 282 ppm) is quite low in comparison to the
common mantle magmas with similar Mg numbers
(Frey et al., 1978; Wilkinson and Le Maitre, 1987;
Wang Y. J., et al., 2003a, 2003b), whereas the Cr
contents of the lamprophyres (450–570 ppm) fall in
the range expected for primitive mantle magmas
(500–600 ppm). It is worthy of note that the lampro-
phyres have been recognized as the most primitive
rock types. Nb/Ta ratios (17.08–17.67) and Zr/Hf
ratios (35.58–40.31 ) are also similar to the ratios for
primary mantle (17.5 ± 2.0 and 36.27 ± 2.0, respec-
tively), but are much higher than the ratios for con-
tinental crust (11 and 33; Taylor and McLenann,
1985; Weaver, 1991), demonstrating that crustal
hybridization played only a small role in the
magmatic evolution. The aphyric or poorly porphy-
ritic texture of some samples (e.g., YP-4, D-3, D-5)
excludes the possibility that such values were pro-
duced by mafic mineral accumulation. This not only
supports a mantle provenance for the parental
magmas of the potassic suites, but also limits the
role of the continental crust in determining the
geochemical characteristics of these liquids. It is
thus clear that the geochemical characteristics of
the lamprophyre reflect the nature of the mantle
source region.

The Anhua-Xupu shoshonitic lamprophyres
have lower incompatible-element contents than
potassic or ultrapotassic rocks from Roman, Italy
(Rogers et al., 1985; Sun and McDonough, 1989;
Battistini et al., 2001), southern Finland (Eklund et
al., 1998), and the Tibetan Plateau (Turner et al.,
1996), but display a similar distribution pattern of
incompatible elements with a high ratio of large-ion-
lithophile elements versus high-field-strength
elements and strong negative anomalies of Ta, Nb,
and Ti. A similar pattern occurs in the leucite teph-
rite from the Aeolian arc, in the rocks from Radico-
fani and Cimina (Peccerillo, 1985), and in the
Yangfang aegirine-augite syenite from the Wuyi
Mountains of South China (Fig. 4C; Wang Q. et al.,
2003). High LIL/HFS ratios (e.g., La/Nb = 5.17–
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8.24, Ba/Nb = 141.41–439.76) and negative anoma-
lies of Ta, Nb, and Ti are typical of all island-arc
rocks (e.g., Perfit et al., 1980; Peccerillo, 1985,
1998; Eklund et al., 1998; Mehdizadeh et al., 2002). 

In the Sr and Nd isotopic diagram, the Anhua-
Xupu rocks plot on a hyperbolic curve linking
depleted mantle (DM) with lower and middle crustal
rocks (Fig. 5). As a consequence, these magmas
have commonly been interpreted as the result of
mixing processes involving mantle and continental
crust rocks of variable compositions. Mixing
achieved by means of crustal assimilation has been
proposed in the past by some authors (e.g., Vollmer,
1977; Wang Y. J. et al., 2003a), but was rejected as
a major petrogenetic process by Holm and Munks-
gaard (1982) and Conticelli and Peccerillo (1992),
who considered the enriched isotopic compositions
as well as the peculiar geochemical features of the
high-potassium series and potassium-series rocks as
primary features inherited from the mantle. 

Assuming that a crustal component necessarily
must be involved, the only mechanism capable of
adding a crustal component directly to the mantle
source region of the magmas is subduction: two-
component mixing processes related to subduction
mechanisms would easily account for the apparent
“orogenic” signature of these rocks, i.e., low con-
centrations of Nb and TiO2 and high LILE/HFSE
ratios. These Anhua-Xupu shoshonitic lampro-
phyres have restricted Sr-Nd isotope ratios and
pronounced Nb-Ta negative anomalies of typical arc
signature. Hence, their refractory mantle source
domain, residing most likely in the continental
lithospheric mantle, must have been metasomatized
by subduction-related enrichment before being par-
tially melted to produce the high-Mg, potassium-
rich magma. This subduction-related metasomatism
event is not well understood, but possibly occurred
during the Middle–Late Proterozoic orogeny (Zhou
et al., 1989; Zhou and Zhu, 1993). Information

FIG. 5. 87Sr/86Sr(t) vs. εNd(t) diagram for the Anhua-Xupu shoshonitic lamprophyres in Hunan Province, southern
China (McCulloch et al., 1983), showing that these samples are isotopically different from the neighboring Early Meso-
zoic (175 Ma) potassium-rich diorites-granodiorites and mafic rocks. Data sources: LC/MC in the South China Block (Li,
1990; Guo et al., 1997a, 1997b); Early Mesozoic S-type granites (Chen and Jahn, 1998; Shen et al., 1998; Gilder et al.,
1996); lower crust of the Yangtze Block represented by Kongling TTG rocks (Gao et al., 1999); depleted mantle-derived
mafic magma in Hunan Province (224–170 Ma) (Guo et al., 1997b; Zhao et al., 1998); Early Mesozoic (175 Ma) mafic
rocks (Wang Y. J. et al., 2003b; Li et al., 2004); Early Mesozoic (175 Ma) diorites and granodiorites (Wang Y. J. et al.,
2003a).
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about the possible source ages of the Anhua-Xupu
lamprophyres can be obtained using Nd-model ages.
Based on depleted mantle Nd-model ages (1.3–1.37
Ga; Table 2), the precursory enrichment of the
mantle source may have taken place long before the
magmatic event.

The shoshonitic lamprophyres have a wide range
of CaO and K2O. The K2O appears to correlate
positively with Al2O3, TiO2, Fe2O3, and LREE, but
negatively with CaO, Sr, and Ba, implying a phlogo-
pite- and clinopyroxene-bearing lithospheric mantle
(Nelson et al., 1986; Foley, 1992a, 1992b). Alterna-
tive interpretations involving significant crustal
contamination to the asthenosphere-derived mag-
mas are not favored because of their very high MgO
contents (8–11%) and low Nb/La ratios (0.18–0.25),
which are much lower than continental crust values
(averaging 0.5–0.8; Rudnick and Fountain, 1995).
A detailed geochemical and isotopic study is needed
to provide further constraints on the mantle source
of these high-K shoshonitic lamprophyres.

Tectonic implications 
Studies indicate that shoshonitic lamprophyres

are, as a rule, derived from metasomatic mantle
enriched in potassium and LILE, related to subduc-
tion, occurring in original and late-stage oceanic
arcs, continental arcs and post-collisional arcs, and
rarely occurring in intraplate rifts or divergent con-
tinental margins (Morrison, 1980; Peccerillo, 1985;
Rogers et al., 1987; Foley and Peccerillo, 1992;
Duggan and Jaques, 1994; Muller and Groves,
1995; Turner et al., 1996). 

Shoshonitic rocks formed in the oceanic within-
plate settings, such as Gough and Tristan da Cunha
Islands (Weaver, 1991), show typical OIB-type
geochemical characters, whereas shoshonitic rocks
formed in continental within-plate settings may

have arc-type geochemical features, such as Colo-
rado (Leat et al., 1988), Borneo (Central Kaliman-
tan, Indonesia; Bergman et al., 1988) and the
Lachlan Fold Belt (southeastern Australia; Wyborn,
1992), or OIB-type features, such as Virunga Prov-
ince (East Africa Rift; Rogers et al., 19988). 

Within-plate potassic magma commonly is gen-
erated during asthenosphere upwelling and thinning
of the lithosphere. LILE enrichment within the
lithospheric mantle may result from metasomatism
associated with the underplating of plume-induced
magma, or the long-term heterogeneity of the litho-
sphere. Nevertheless, potassic magma is generated
by very low (?) degrees of partial melting of a
phlogopite-bearing lithospheric mantle (Nelson et
al., 1986). However, what is the tectonic setting and
the dynamic significance of the Early Mesozoic
shoshonitic lamprophyres occurring in the Anhua-
Xupu area, South China?

Comparison of Ti-group elements between the
Anhua-Xupu lamprophyres and arc shoshonitic
lamprophyres related to oceanic subduction (Table
3) demonstrates that they are greatly different. TiO2,
Zr, and Nb contents of the Anhua-Xupu lampro-
phyres are higher than those of arc shoshonitic lam-
prophyres and lie between these of arc shoshonitic
lamprophyres and continental rift alkalic basalts.
This indicates that the Anhua-Xupu lamprophyres
have features of both arc volcanic rocks and within-
plate volcanic rocks, in accordance with the dual
features of an intracontinental orogenic belt (Deng
et al., 1996).

In Al2O3 versus TiO2, TiO2/Al2O3 versus Zr/
Al2O3, and Zr/TiO2 versus Ce/P2O5 diagrams (Figs.
6A–6C; (Muller et al., 1992; Muller and Groves,
1993), the samples of the shoshonitic lamprophyres
lie mostly in the continental arc field, and rarely in
the within-plate field. However, in the Y versus Zr

TABLE 3. Comparison of Ti, Zr, and Nb Contents between the Studied Lamprophyre 
and Some Arc Shoshonitic Lamprophyres

Anhua-Xupu shoshonitic lamprophyres Oceanic subduction arc Continental rift alkalic basalt

Shoshonite Andesite

TiO2, % 0.76–1.17 0.85 0.58 2.2

Zr, 10–6 234.83–582.35 150 90 800

Nb, 10–6 8.27–33.76 5–7 50–90

Data source This paper TiO2, Zr (Condie, 1982), 
Nb (Xu, 1988)

TiO2, Zr (Condie, 1982), 
Nb (Zhi, 1990)
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diagram (Fig. 6D), they plot in the within-plate field.
Obviously, their tectonic setting is related to both
subduction and within-plate. The former may reflect
the character of the origin of the mantle source
regions; the latter may be a tectonic setting of the
petrogenesis of the Anhua-Xupu shoshonitic lam-
prophyres. Although they show Nb and Ta deple-
tions (Fig. 4B), a feature that is typically related to
arc magma, they are not formed in an arc setting.
Their Nb and Ta depletions are possibly related to
partial melting of the mantle source metasomatized
by fluids released from the paleo-subduction zone.
Therefore, the existence of Early Mesozoic Anhua-
Xupu shoshonitic lamprophyres suggests that the
Early Indosinian extension event probably was
active in the Anhua-Xupu area of southern China.

The Mesozoic tectonic evolution of the South
China Block has been debated for the past two
decades, and no general agreement has been
reached up to now. Two distinct hypotheses have
been postulated. One suggests that the tectonic

evolution was related to westward subduction of a
Mesozoic Pacific plate, or due to closure of an
oceanic basin in the interior of the South China
Block (Hsü et al., 1988, 1990; Faure et al., 1996;
Zhou and Li, 2000). However, paleomagnetic
evidence has demonstrated that the west-dipping
subduction of a Pacific plate occurred no earlier
than 125 Ma (Engebretson et al., 1985). This
tectonic model has also been challenged by the
absence of contemporaneous ophiolite suites,
oceanic basins, and island-arc magmatism. The
second hypothesis advocates that continental rifting
and lithospheric extension was the dominant mech-
anism since the Early Mesozoic, probably even
Paleozoic time (Rowley et al., 1989; Gilder et al.,
1996; Chen and Jahn, 1998; Zhao et al., 1998; Li,
2000; Li et al., 2003; Wang Q. et al., 2003; Wang
Y. J. et al., 2003b). 

The NE-trending potassium-rich calc-alkaline
diorites-granodiorites in the interior of the South
China Block (Fig. 1A) have arc-type trace element

FIG. 6. Discrimination diagrams for tectonic setting of the shoshonite lamprophyre (Muller et al., 1992; Muller and
Groves, 1993). A. Al2O3 versus TiO2. B. TiO2/Al2O3 versus Zr/Al2O3. C. Zr/TiO2 versus Ce/P2O5. D. Zr versus Y. Black
circles represent data from this study; open circles represent data of the 413 Geological Team, Hunan Bureau of Geology
and Mineral Resources (1982, unpubl. data).
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signatures and relatively high 87Sr/86Sr and lower
εNd. They mainly originated from enriched litho-
spheric mantle that was partially melted due to a
raised geotherm caused by lithospheric thinning
(Gilder et al., 1996; Li et al., 2000, 2003, 2004;
Wang Y. J. et al., 2003a). We therefore suggest that
the Anhua-Xupu shoshonitic lamprophyres also
probably were derived by the partial melting of a
clinopyroxene- and phlogopite-rich mantle source
under an extension setting. 

Taking into account the occurrence of the Early
Triassic intra-continental orogenic event (HBGMR,
1988; Rowley et al., 1989), it is likely that the litho-
spheric extension commenced from the Middle–
Late Triassic in response to post-Indosinian oro-
genic collapse (Zhao et al., 1998; Wang Q. et al.,
2003; Li et al., 2003), and subsequently dominated
the tectonic development of the South China Block
interior until ca. 130 Ma (Li, 2000). The litho-
spheric extension hypothesis is also supported by
evidence of doming of the contemporaneous meta-
morphic core complexes in Wugongshan, Lushan,
Mofushan, and Jiu lingshan (Faure et al., 1996; Shu
et al., 1998; Lin et al., 2000, 2001). Shui (1987)
suggested that Cathaysia started to extend after the
Caledonian, and lasted through the Indosinian to the
Yanshanian. Faure et al. (1996) and Shu et al.
(1998) considered that the dome extension structure
in the Wugongshan area of Jiangxi Province started
in the Triassic (225–230 Ma). Carter et al. (2001)
thought that the Indosinian orogeny in Southeast
Asia was triggered by an oblique convergence of the
Sibumasu Block to the Indosinian–South China
Block at 258–243 Ma. High-temperature metamor-
phism during the Indosinian orogeny terminated at
243 ± 5 Ma with a regional rapid exhumation. The
cause of the rapid exhumation may be linked to
changes in the regional stress field between initial
stages of oblique convergence (transpression) and
the clockwise rotation of the fully accreted Sibu-
masu–Indosinian–South China terranes (transten-
sion). Furthermore, the Late Triassic–Cretaceous
extensional basins, such as the Shiwandashan basin
in southeastern Guangxi (Gilder et al., 1996), were
mostly developed on the Paleozoic to Middle Trias-
sic basement that was ubiquitously folded by the
Indosinian orogeny (Li, 1998). Thus, the rifting and
extension are likely to have commenced in the Late
Triassic–Early Jurassic. The petrogenesis of the
Anhua-Xupu shoshonitic lamprophyres is probably
related to these Late Triassic–Early Jurassic exten-
sional events. The dating result provides a new

insight for further understanding of the “Indosinian
orogeny” in southern China.

Conclusions

The Anhua-Xupu shoshonitic lamprophyres are
characterized by high K2O + Na2O contents (4.33–
6.41%), a high K2O/Na2O ratio (0.84–1.72), and low
TiO2 contents (0.54–1.21%). They display the typi-
cal geochemical and isotopic signatures of the
island-arc rocks or K-rich magmas, i.e., low TiO2,
low K2O/Al2O3, high LILE/HFSE ratios, highly
radiogenic 87Sr/86Sr and unradiogenic 143Nd/144Nd
(initial 87Sr/86Sr = 0.721565–0.722292 and εNd(t) =
–9.81 to –10.45), varying in a narrow range.
Geochemical and isotopic signatures shown by the
Anhua-Xupu primary magmas require a clinopyrox-
ene + phlogopite–rich mantle source; in particular,
partial melting of a veined lithospheric mantle can
account for the occurrence of different primary mag-
mas characterized by relatively constant Sr- and Nd-
isotopic compositions. Depleted mantle Nd-model
ages (1.30–1.37 Ga) suggest that the mantle enrich-
ment may have been a reflection of Proterozoic sub-
duction between the Yangtze and Cathaysian blocks.
Judging from the regional tectonic evolution, it is
reasonable to conclude that formation of these shos-
honitic lamprophyres is related to Early Mesozoic
post-collisional intra-lithospheric thinning.
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