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Abstract

The ~133 Ma volcanic rocks of Sangxiu Formation are distributed in the eastern part of the central Tethyan Himalaya and belong
paleogeographically to the northeastern margin of Greater India. These volcanic rocks include alkaline basalts and felsic volcanic rocks.
Major and trace element abundances and whole-rock isotopic data for selected samples of these volcanic rocks are used to infer their
petrogenesis. Geochemically, the Sangxiu basalts are closely similar to the Emeishan high-Ti basalts. Major and trace element data
and Sr—Nd isotopic compositions suggest that the Sangxiu basalts may have been derived from an OIB-type mantle source, with discern-
able contributions from subcontinental lithospheric mantle (SCLM). The basaltic magmas may have formed as a result of the infiltration
of plume-derived melts into the base of the lithosphere in a continental rift setting. The Sangxiu felsic volcanic rocks share most of the
geochemical features of A-type granite, and have Sr—Nd isotopic compositions which differ considerably from the Sangxiu basalts, sug-
gesting that they originated from the anatexis of ensialic continental crust. The Sangxiu volcanic rocks may be considered as the con-
sequence of an interaction between the Kerguelen hotspot and the lithosphere of the northeastern margin of Greater India at

~133 Ma, and may represent the initial stage of the separation of Greater India from southwestern Australia.

© 2006 Elsevier Ltd. All rights reserved.
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1. Introduction

The Tethyan Himalaya is located between the Indus—
Yarlung Zangbo Suture Zone to the north and Higher
Himalayan crystalline assemblages to the south. It belongs
paleogeographically to the northern margin of ‘Greater
India’. The Sangxiu Formation occurs in the central seg-
ment of the Tethyan Himalaya. It comprises interbedded
volcano-sedimentary strata, varying in age from Late
Jurassic to Early Cretaceous (Zhong et al., 2003). The sed-
imentary strata are characterized by coarse to fine-grain
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quartz sandstone, quartz greywacke, siltstone and shales.
The volcanic rocks include both basaltic and felsic varie-
ties. The petrography and mineralogy of these volcanic
rocks have been reported previously (Team of Integrated
General Investigation, 1979; Bureau of Geology and Min-
eral Resources of Xizang Autonomous Region, 1993;
Team of Regional Geological Survey, 1994; Zhong et al.,
2003), but little has been done on the geochemistry and pet-
rogenesis of these volcanic rocks.

These volcanic rocks are worthy of further study for
several reasons: 1). They are distributed in an area of
200 kmx50 km, southeast of Yangzuoyong Co, along
the ecastern part of the central Tethyan Himalaya
(Fig. 1la); 2). They are interestingly aligned with the
northward extension of the Ninetyeast Ridge in the
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Fig. 1. (a) Distribution of the Sangxiu volcanic rocks in the central segment of Tethyan Himalaya (in gray, Pan et al., 2004). (b) Physiographic map of the
Indian Ocean and surrounding continents, showing spatial-temporal locations of the Sangxiu volcanic rocks and products related to the Kerguelen plume
(including the various provinces: Southern Kerguelen Plateau (SKP), Central Kerguelen Plateau (CKP), Northern Kerguelen Plateau (NKP), Elan Bank
and Skiff Bank, Broken Ridge and Ninetyeast Ridge, Kerguelen Archipelago (KA), Heard and MacDonald Island (HI), Ingle et al., 2003). Locations for
continental tholeiites on the margins of eastern India (Rajmahal Traps) and southwestern Australia (Bunbury basalts) are also illustrated (Ingle et al.,
2003); these may be related to Kerguelen plume activity (Frey et al., 1996; Ingle et al., 2002a). Age-constraints for various provinces and continental
volcanics are from Coffin et al. (2002), Duncan (2002) and Zhu et al. (2005). Note that the Sangxiu volcanic rocks align well with the northward extension
of the Ninetyeast Ridge; the dashed gray line illustrates the possible track of Kerguelen hotspot.

Indian Ocean (Fig. 1b); and 3). The age of 13343.0 Ma
for the Sangxiu volcanic rocks (Zhu et al., 2005) is
essentially the same as the ~130 Ma that was proposed
previously (Johnson et al., 1976; Veevers and MCcElh-
inny, 1976; Larson, 1977; Coffin et al.,, 2002; Ingle
et al.,, 2002b) for the tectonic evolution of Eastern
Gondwanaland. In this contribution, we present major,
trace element and Sr—Nd isotopic data on representative
samples of volcanic rocks from the Sangxiu Formation,
and interpret these data in terms of their tectonic
implications.

2. Geological setting and stratigraphy

The Tethyan Himalaya, which has been dominated by
marine sedimentary sequences since the Paleozoic, is con-
sidered to have been a typical passive continental margin
on the northern edge of Greater India from the Late Trias-
sic to the Early Cretaceous (Yu and Wang, 1990). It is also
interpreted as having developed in an extensional setting
during continental breakup from the Middle-Late Paleozo-
ic to the Early Cretaceous (Sciunnach and Garzanti, 1997;
Garzanti et al., 1999; Wang et al., 2000). The Tethyan
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Fig. 2. Geological map of the studied area (Zhong et al., 2003, unpublished).

Himalaya is divided by the E-W Gyirong-Tingri-Ganba—
Lhozhag fault over a distance of ~800 km, into two belts:
the Northern Himalayan Belt in the south; and the Lhagoi
Kangri Belt in the north. The Northern Himalaya Belt con-
sist of shallow water carbonates and clastic rocks which
were deposited throughout the Paleozoic (e.g. Pali area)
and the Mesozoic—Cenozoic (e.g. Ganba Basin). The Lha-
goi Kangri Belt can be further divided into two sub-belts
on the basis of the style of deformation and their sedimen-
tary sequences. The southern Lhagoi Kangri Sub-belt is
composed of Precambrian Lhagoi Kangri metamorphic
rocks, Ordovician marble and schist, Carboniferous mar-
ble, crystalline limestone and spotted slate, Permian slate
and quartzite, Triassic flysch, and sporadic Jurassic and
Cretaceous sequences. The northern Lhagoi Kangri Sub-
belt consists mainly of Jurassic-Paleogene marine strata
and some Triassic strata, showing only weak deformation
and metamorphism. The Sangxiu Formation described in
this account is located to the southeast of Yangzuoyong
Co, in the northern Lhagoi Kangri Sub-belt (Fig. 1a).
The Sangxiu Formation is concordant to both the
underlying Late Jurassic Weimei Formation and the over-
lying Early Cretaceous Jiabula Formation (Zhong et al.,
2003). The Sangxiu volcanic rocks consist of basalts vary-
ing in thickness in different outcrops, with massive, amyg-
daloidal, pillow structures. Additionally felsic volcanic
rocks are also observed in Rimowa and Zhegu Co
(Fig. 1a). In Duojiuxiang (Figs. 2 and 3a), basalts of the
Sangxiu Formation occur as massive flows and pillows of
varying size. The rock assemblages of the Sangxiu Forma-
tion in Rimowa include (Figs. 2 and 3b): > 6.5 m thick
massive, amygdaloidal basalts at base, overlain by quartz

sandstones, greywackes and siltstones (14.6 m) as well as
shales, tuffs with intercalated pelitic siltstone and a minor
thin-bedded quartz—sandstone lens (57.5 m). The latter is
overlain by felsic volcanic rocks (130 m) and tuffs (35 m).
Columnar jointing and a zone of weathering/alterations
(2m) are conspicuous in the felsic volcanic strata.
Although, there are a series of clastic sediments overlying
the basalts, as discussed by Zhu et al. (2005), basaltic mag-
matism occurred only slightly earlier than the eruption of
the felsic volcanism. The thickness of the basalts in the
middle-lower parts of the Sangxiu Formation range from
several meters to 150 m (e.g. Xilibang), with an average
thickness of ~100 m, and a volume of ~1000 km?>.
Petrographically, the Sangxiu volcanic rocks are exten-
sively altered, however, original textures appear to have
been preserved. In hand specimens, most Sangxiu basalts
are largely aphyric, with the exception of sample SXI(2)-1
that contains microvesicles filled with chlorite and carbon-
ate, while the felsic volcanic rocks are mostly phyric. In
thin section, the Sangxiu basalts have a porphyritic texture
(phenocrysts ~8-10%) dominated by anorthitic plagioclase
phenocrysts (limited alteration), with a little highly altered
clinopyroxene (e.g. carbonate and uralite). The ground-
mass consists chiefly of plagioclase with subordinate
augite. Accessory minerals are ilmenite, titanite and vari-
able amounts of magnetite, zircon and marcasite. Pheno-
crysts (10-12%) in the Sangxiu felsic volcanic rock are
mainly potassic feldspar, plagioclase, quartz, biotite and
hornblende. The feldspars are extensively altered (e.g. kaol-
inite, sericite). The quartz phenocrysts are corroded with
embayed outlines. Carbonate minerals (e.g. siderite) and
magnetite substitute for biotite, and chlorite replaces
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Fig. 3. Sections of the Sangxiu volcanic rocks in Duojiuxiang (a) and Rimowa (b).

hornblende. The groundmass consists of fine-grained feld-
spar, quartz, chlorite, sericite and volcanic ash. Accessory
minerals include magnetite, ilmenite, zircon, limonite, and
some unidentified species.

3. Analytical methods

Samples were collected from Rimowa, Duojiuxiang and
Rouzaxiang (Fig. 2). Petrographically fresh samples were
selected for geochemical analysis. Major element data were
collected using X-ray fluorescence (XRF) in the Analytical
Center, Chengdu Institute of Geology and Mineral
Resources, the analytical uncertainties of XRF data are
better than ~2% for Si, Ti, Al, Fe, Mg and Ca, and 3-
5% for Mn, Na, K and P. Trace element data were deter-
mined using a Perkin Elmer Elan 6000 for acid dissolution
inductively coupled plasma mass spectrometer (ICP-MS) at
the Wuhan Analytical Center of Rocks and Minerals,
Hubei. The analytical procedure used for ICP-MS analysis
was similar to that described by Liu et al. (1996). Analyti-
cal uncertainties are generally less than 5% for the trace ele-
ments. Sr and Nd isotopic compositions of samples were
measured by Finnigan MAT262 at the Institute of Geology
and Geophysics, the Chinese Academy of Sciences, using
the sample preparation procedure described by Cheng
et al. (1987). The concentrations of Rb, Sr, Sm and Nd
were analyzed by isotopic dilution. The measured
NJ/'Nd and 87Sr/®°Sr ratios were normalized to
MONd/"Nd = 0.7219 and %°Sr/*¥Sr = 0.1194, respectively.
The BCR-1 standard measured during the course of analy-
ses gave an average '~Nd/'*Nd of 0.512555+10 (20),
NBS-987 gave ¥’Sr/%°Sr = 0.704979+11 (25). These analyt-
ical data are given in Tables 1 and 2.

4. Results
4.1. Alteration effects on major and trace elements

The Sangxiu volcanic rocks were altered to varying
degrees after eruption, judging from petrographic observa-
tion and variable LOI in analyzed samples (2.04-9.57%).
Hence, it is important to first estimate the effects of alter-
ation on the analyzed samples before interpreting the ana-
Iytical results. A general consensus exists that transition

metals (e.g. Cr, Ni), rare-earth elements (REE), and high-
field strength elements (HFSE) as well as Th and Ti in igne-
ous rocks are relatively immobile during low-temperature
alteration (e.g. Ludden and Thompson, 1978; Bienvenu
et al., 1990; Staudigel et al., 1996). Indeed, as will be shown
below, the REE and HFSE contents of our samples show
subparallel concentration patterns. Thus, in general, the
Sangxiu volcanic rocks analyzed still preserve some of their
original trace element signature. However, some mobile
elements such as Ba, K, Na, Rb, Sr, and to a certain extent
U, show variable concentrations, implying that their origi-
nal concentrations are likely to have been changed by alter-
ation. Thus, only immobile elements such as the high-field
strength elements (Ti, Zr, Y, Nb, Ta, Hf), Th and REE are
used in the following discussion to identify the magmatic
affinity and petrogenesis of these altered volcanic rocks.

4.2. Major-element geochemistry

The Sangxiu basic volcanic rocks have a relatively wide
range of SiO, content and are of basalt to basaltic andesite
composition (Table 1). Note that sample SXI (2)-1 has the
lowest content of SiO, (44.54%) with the highest LOI value
(9.56%), which can be ascribed to a high degree of alteration
and to amygdaloidal structures filled with carbonate and
chlorite. These basalts have high contents of TiO, (2.15-
4.66%), comparable to the representative alkaline OIB
(TiO, = 2.87%, Sun and McDonough, 1989), while slightly
lower than those of the Emeishan high-Ti basalts (TiO, =
3.58-5.21%, Xiao et al., 2004). Also note that these basalts
are characterized by remarkably low contents of MgO
(1.11-6.23%) with Mg# range from 24.93 to 52.27, which
are similar to those of the Emeishan high-Ti basalts (MgO =
2.26-6.88%, Xiao et al., 2004), suggesting a relative large
degree of magmatic differentiation. The Sangxiu felsic volcanic
rocks have a relatively small range of SiO, contents (62.68—
72.10%) and are of dacite-rhyolite composition (Table 1).

On the Zr/TiO, vs. Nb/Y diagram of Winchester and
Floyd (1977), the Sangxiu volcanic samples plot into the
alkaline basalt field and the rhyolite—dacite field (Fig. 4).
Note that a ‘Daly gap’ can be observed from the analyzed
samples shown in Table 1 and Fig. 4, indicating that the
Sangxiu volcanic rocks have an affinity with bimodal volca-
nic rocks.



Table 1
Major (wt%) and trace element (ppm) abundances of representative samples from the Sangxiu Formation in the central segment of Tethyan Himalayas

Sample# RZ01-1 SXII(1)-1  SXII1)-2  SXII7)-1  SXII9)-1  SXII9)-3  SXI(1)-1  SXI(1)2  SXI(2)-1  SXI(8)-3  SXI®)4  SXI(9)-1  SXI(10)}-1  SXI(12)-2  SXI(13)-1

Location 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
SiO, 50.4 49.82 49.32 56.58 47.72 48.2 52.58 53.16 44.54 67.74 67.16 71.84 72.1 62.68
TiO, 3.77 2.52 4.15 4.45 4.66 4.09 2.15 2.16 3.23 0.52 0.77 0.61 0.63 0.58
Al,O3 12.7 13.01 12.76 13.92 13.63 13.12 14.04 13.79 15.16 13.97 14.6 12.57 12.56 17.09
Fe,05 12.11 12.88 13.22 7.52 13.06 12.80 11.72 12.07 12.85 5.22 4.61 3.82 3.35 6.94
MnO 0.16 0.128 0.19 0.064 0.19 0.25 0.164 0.155 0.131 0.074 0.1 0.045 0.042 0.052
MgO 5.24 5.46 5.89 1.11 5.71 6.23 4.47 4.8 2.88 0.88 0.79 0.71 0.73 2.26
CaO 4.98 6.65 5.9 3.74 6.97 5.3 7.15 6.05 7.43 1.22 2.47 0.72 1.04 0.56
Na,O 4.32 3.85 3.61 6.19 4.05 297 3.08 3.87 3.27 2.71 2.73 2.12 291 2.09
K,O 0.21 0.73 1.18 0.12 0.35 0.091 0.08 0.26 0.75 4.56 3.97 4.69 3.88 3.75
P,Os 0.43 0.44 0.53 0.60 0.57 0.56 0.47 0.47 0.55 0.29 0.29 0.30 0.30 0.36
LOI 6.12 4.65 3.56 5.14 3.68 6.54 4.17 3.48 9.57 2.42 3.21 222 2.04 3.5
Total 99.77 99.29 99.48 99.30 99.63 99.23 99.30 99.41 99.38 99.32 100.44 99.37 99.35 99.37
Mg* 49.33 48.82 50.06 24.93 49.59 52.27 46.18 47.22 33.52 27.50 27.83 29.49 32.90 42.29
La 29.49 34.25 37.68 38.05 37.92 33.46 35.41 36.4 39.06 81.76 87.16 84 79.78 77.19 111.8
Ce 63.23 76.26 79.1 85.59 86.29 75.25 76.4 80.67 82.48 143 153.9 162 153.5 154.4 223.1
Pr 8.43 10.44 10.74 11.57 11.76 10.36 10.18 10.38 11.12 18.31 19.87 19.15 18.67 18.29 25.99
Nd 3791 46.42 47.2 52.36 52.45 45.26 44.49 45.57 49.42 71.92 76.4 72.53 70.31 68.95 98.31
Sm 8.73 10.44 10.56 11.55 11.64 10.43 9.92 10.28 10.51 13.6 14.06 13.53 12.9 12.98 18.13
Eu 3.00 3.37 3.50 4.05 3.86 34 3.43 3.07 3.13 2.47 2.51 2.42 2.29 2.36 2.71
Gd 8.35 9.68 10 10.78 11.14 9.78 9.43 9.84 9.88 11.42 12.03 11.46 11.13 11.15 15.67
Tb 1.25 1.44 1.51 1.56 1.63 1.44 1.4 1.46 1.45 1.33 1.42 1.72 1.65 1.67 2.31
Dy 6.73 7.83 7.99 8.23 8.90 7.77 7.54 7.66 8.01 9.00 9.41 9.51 9.25 9.17 12.65
Ho 1.21 1.41 1.44 1.46 1.60 1.45 1.38 1.43 1.45 1.77 1.86 1.84 1.84 1.8 2.46
Er 2.98 3.51 3.55 3.49 3.96 3.48 3.44 3.47 3.57 4.76 4.99 4.97 4.83 4.82 6.5
Tm 0.43 0.5 0.52 0.5 0.56 0.51 0.51 0.5 0.5 0.71 0.74 0.79 0.76 0.75 1.03
Yb 2.46 2.85 2.87 2.69 3.14 2.85 2.85 2.98 3.01 4.24 4.54 4.82 4.83 4.75 6.32
Lu 0.35 0.4 0.41 0.38 0.44 0.41 0.4 0.43 0.42 0.64 0.68 0.72 0.73 0.71 0.98
Eu/Eu* 1.06 1.01 1.03 1.09 1.02 1.01 1.07 0.92 0.92 0.59 0.58 0.58 0.57 0.59 0.49
(La/Yb)n 8.60 8.62 9.42 10.15 8.66 8.42 8.91 8.76 9.31 13.83 13.77 12.50 11.85 11.66 12.69
B 3.00 12.5 14 8.4 11.2 2.2 24.5 16 27.7 34 16.6 13.5 20.2 14.1 38.7
\% 300 306 310 326 336 312 267 266 278 61 61 55 56 54 73
Cr 54.4 79.2 116.7 87.2 133.7 128.8 59.2 53.1 67.6 25 22 26.5 24.2 29.5 244
Sc 24.6 239 243 27.5 26.2 242 222 21.8 233 13.0 14.3 11.8 13.1 13.6 18.4
Ga 34.1 30 30 25.8 52 232 31.9 32.5 323 26.2 28.9 26.2 26.1 21.5 40.1
Rb 12.6 11 21.4 4.6 54 1.63 1.07 7.7 22.8 125.4 143.8 130.8 153.7 108.1 170
Sr 352 161 552 180 360 258 680 344 244 71 83 106 74 126 123
Y 28.63 33.23 33.66 32.97 37.26 33.55 33.16 32.92 33.84 43.52 44.81 45.15 43.57 43.34 57.95
Zr 292 356 368 362 397 347 342 336 368 512 521 493 472 468 643
Nb 30 37.6 38.7 37.4 41.6 36.8 31.6 31.6 349 26.1 25.7 26.7 24.7 243 32.8
Cs 13.7 7.3 7.3 7.3 6 32 4.7 32 2.1 32 2.8 2.1 2.8 2.4 34
Ba 409 418 710 155 1696 270 168 234 434 840 1110 857 1101 1237 1254
Hf 6.4 7.3 7.9 10.5 8.6 7.8 7.1 7.3 8.3 12.4 13.3 12.1 12.2 12.6 17.6
U 1.47 1.88 1.28 1.09 1.54 1.39 1.23 1.31 1.13 2.32 0.64 2.49 2.47 2.27 2.73
Th 3.0 3.1 3.1 4.0 3.0 3.0 4.1 3.6 35 29.4 28.9 27.6 345 37.1 48.5
Ta 2.6 35 32 33 3.1 3.1 22 32 1.7 1.3 1.8 22 2.6 1.2 2.8

Sampled locations: 1. sampled from Rouzaxiang; 2-6. sampled from Duojiuxiang; 7-15. sampled from Rimowa. Rock types: 1-9. basalts; 10-14. felsic lavas; 15. felsic tuff (data from Zhu et al., 2005);
Mg# = 100xMolar Mg® " /(Mg®> " + Fe? )], assumed Fe* " /Fe’> ™ =0.15. Total iron as Fe,Os;. Eu/Eu* = 2*¥Eu,/(Smy + Gdy), the subscript of N means normalized to chondrite (Sun and
McDonough, 1989).
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Table 2

Rb-Sr and Sm—Nd isotopic data of representative samples from the Sangxiu Formation in the central segment of Tethyan Himalayas

Sample RD (ppm) Sr (ppm) 87R b/%6Sr 87Sr/8°Sr+26m (®sr/*%sr),
SXI(12)-2 110.7 126.9 2.53 0.726431+14 0.721648
SXI1(9)-1 128.9 129.7 2.883 0.729021+13 0.723571
SXI1(8)-3 121.9 73.78 4.793 0.731036+13 0.721975
SXI(1)-2 8.49 387.6 0.0634 0.710024+25 0.709904
SXI(1)-1 1.07 753.4 0.0041 0.709135+7 0.709127
SXII(1)-1 11.1 196.1 0.1639 0.707680+13 0.707370
SXII(9)-3 1.63 273.7 0.0173 0.707788+17 0.707755
Sample Sm (ppm) Nd (ppm) 7S m/Nd Nd/*Nd+2om (*BNd/"*Nd), eNd(7) Tpm (Ma)
SXI(12)-2 12.71 68.15 0.1128 0.511896+9 0.511798 —13.05 1892
SX1(9)-1 13.25 70.27 0.1140 0.511880+7 0.511781 —13.39 1939
SXI(8)-3 13.64 72.77 0.1134 0.511892+7 0.511793 —13.14 1909
SX1(2)-1 10.01 45.97 0.1317 0.512552+12 0.512437 —0.57

SXI(1)-2 9.46 42.36 0.1351 0.512587+6 0.512469 0.05

SXI(1)-1-(2) 9.81 43.8 0.1354 0.512556+£12 0.512438 —0.56

SXI(1)-1 9.28 41.42 0.1355 0.512497+11 0.512379 —1.71

Pyroxene in SXI(1)-2 9.96 44.17 0.1363 0.512527+8 0.512408 —1.14

SXII(1)-1 10.27 45.45 0.1366 0.512688+7 0.512569 2.00

SXI11(9)-3 9.94 42.64 0.141 0.512619+10 0.512496 0.58

m, measured isotopic ratios; ¢, age-corrected initial isotopic ratios (133 Ma for age correct after Zhu et al., 2005). eNd(¢) are initial values; eNd(z) values
were calculated using present day ('**Nd/"*Nd)cgur =0.512638 and (™*Sm/'"Sm)cpyur =0.1967 (CHUR = chondritic uniform reservoir;
4= 6.54x10712 a1, Ssm/Nd = (147Sm/144Sm)5ample/(147Sm/144Sm)CHUR71; JfRb/sr = (87Sr/868r)sg\mple/(87sr(§65r)U_R71 (U.R = earth uniform reservoir). The
age of 133 Ma is used for eNd() and (¥’Sr/%Sr), calculations; [(*7Sr/3°Sr), = (¥Sr/%°Sr),,—"Rb/%Sr (e'F'—1); 1 = 1.42x107"" a!}; T is the Nd isotopic
model age related to depleted mantle, 7py; represents the age of crustal material separated from depleted mantle. Nd isotopic data after from Zhu et al.

(2005) except for the samples SXII(1)-1, SXII(9)-3.

4.3. Trace-element geochemistry

The Sangxiu basalts are notably fractionated between
light rare earth element (REEs) and heavy REEs [(La/
Yb)y = 8.42-10.15, averaging 8.98], but lack a negative
Eu anomaly (Eu/Eu* = 0.92-1.09), inconsistent with pet-
rographic observations, will be discussed below. The low
concentrations of HREE (Yb = 2.46-3.14 ppm), compati-
ble elements (Cr = 54.4-133.7 ppm), which resemble to
those of the Emeishan high-Ti basalts (Yb=2.22—
4.0 ppm, Cr = 20-106 ppm, Xiao et al., 2004) at the same
MgO levels, suggesting light REE enriched sources with
advanced degrees of fractional crystallization. The Sangxiu
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Sangxiu volcanic rocks.

basalts are enriched in high field-strength elements
(HFSEs; e.g. Nb = 30.0-41.6 ppm) that are lie within the
Nb abundance range of the Emeishan high-Ti basalts
(Nb = 25-68 ppm, Xiao et al., 2004).

All but one (RZ01-1) basaltic sample have relatively uni-
form REE in the chondrite-normalized REE patterns
(Fig. 5a). Although sample RZ01-1 has the lowest LREE
(Lay = 124) and REE absolute abundance, showing a sub-
parallel REE pattern with the other samples. In the primi-
tive mantle-normalized spidergrams (Fig. 6a, Sun and
McDonough, 1989), all the basaltic samples have
‘humped’, subparallel patterns, characterized by variable
enrichment in all the trace elements with respect to the
primitive mantle. Nb and Ta show slightly negative to posi-
tive anomalies relative to the neighboring elements (e.g.
Nb/La = 0.87-1.10), resembling many alkali basalts
formed in continental rifts or oceanic islands, with little
or no appreciable crustal contamination. Sample RZ01-1
lacks a Nb-Ta anomaly (Nb/La =1.02). Note that all
the basalts are depleted in P, indicating a crystallization
of apatite.

Samples were normalized to chondrite, primitive mantle
composition to test the nature of the magma source region.
The chondrite-normalized REE patterns (Fig. 5a) and trace
element spidergrams (Fig. 6a) of the Sangxiu basalts are
broadly similar to those of the Emeishan high-Ti basalts,
which may suggest a similar petrogenesis. These basalts
exhibit slight differences from representative alkaline OIB
(e.g. relatively higher HREE), which may indicate the com-
positional differences in the magma source region. In addi-
tion, the Sangxiu basalts share most of the geochemical
features of the Rajmahal alkaline basalts, and plot within
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Fig. 5. (a,b) Chondrite-normalized REE diagrams for Sangxiu volcanic
rocks. Normalizing values and OIB data are from Sun and McDonough
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from Rudnick and Gao (2003); Rajmahal alkaline basalts, Kerguelen
alkaline basalts are from http://georoc.mpch-mainz.gwdg.de/georoc/
Entry.html.

the field of the Kerguelen alkaline basalts (Figs. 5a and 6a),
which seems to imply a similar mantle plume-related mag-
ma source region.

The Sangxiu felsic volcanic lavas have high Zr (468-
521 ppm), Nb (24.3-32.8 ppm) and Hf (12.1-17.6 ppm)
with a moderate negative Eu anomaly (Eu/Eu* = 0.57-
0.59). The chondrite-normalized REE diagram (Fig. 5b)
show coherent, subparallel REE patterns with significant
enrichment in LREE relative to HREE. Chondrite-normal-
ized (La/Yb)y ratios for these felsic lavas are between 11.66
and 13.83. Note that the felsic tuff (sample SXI(13)-1) has
subparallel pattern with the felsic lavas, although it has
higher absolute abundances. In the primitive mantle-nor-
malized spidergrams (Fig. 6b; Sun and McDonough,
1989), the Sangxiu felsic volcanic rocks display an overall
enriched pattern, except for depletion in Nb, Ta, P, Eu
and Ti due to fractional crystallization. The chondrite-nor-
malized REE patterns (Fig. 5b) and trace element spider-
grams (Fig. 6b) of the analyzed felsic samples are
subparallel to those of the middle and upper crust (Figs.
5b and 6b) although they have higher absolute abundances,
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Sun and McDonough (1989). Data source are same as the Fig. 5.

which may suggest a petrogenetic relationship with the
middle and upper crust.

4.4. Sr—Nd isotopes

Measured and age-corrected isotopic data are given in
Table 2. Measured isotopic ratios of the Sangxiu basalts
vary in %’Sr/*Sr ratios from 0.70768 to 0.710024 and
"SNd/"**Nd ratios from 0.512497 to 0.512688. Initial iso-
topic ratios were calculated for an age of 133 Ma (Zhu
et al., 2005). Initial strontium ratios (¥7Sr/®0Sr) 33 ma range
from 0.70737 to 0.709904 and initial neodymium isotopic
ratios ("*Nd/"Nd);33 ma from 0.512379 to 0.512569
(eNd(#)133 ma = —1.71 to 2.00), similar to those of the
Emeishan high-Ti basalts (¢eNd(¢) = —1.17 to 0.43, Xiao
et al., 2004).

The Sangxiu felsic volcanic rocks have a restricted range
of "3Nd/"Nd (0.51188-0.511896) that differs significantly
from the values of basalts. Initial ('**Nd/ 144Nd)133 Ma
range from 0.511781 to 0.511798 (eNd(#)133 ma = —13.39
to —13.05). The 87Sr/8%Sr of felsic volcanic rocks ranges
from 0.726431 to 0.731036, with corresponding initial
(¥’Sr/%Sr) 33 ma values of 0.721648-0.723571. In general,
the Sangxiu felsic volcanic rocks have much higher radio-
genic Sr isotopic and unenriched Nd isotopic compositions
than those of the Sangxiu basalts.
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5. Discussion
5.1. Tectonic setting

Meschede (1986) showed that within-plate alkaline basalt
and E-MORB could be identified without ambiguity on the
triangular plot of Zr-Nb-Y, which is also confirmed by Roll-
inson (1993). Additionally, YD is assumed to be immobile,
and to behave as an incompatible element, so the ratio of
two incompatible elements such as Th/Yb will remain
unchanged during partial melting and fractional crystalliza-
tion. The same will be true for the Ta/YDb ratio, and varia-
tions on a Th/Yb vs. Ta/Yb diagram therefore reflect
differences in source composition (Pearce, 1983; Rollinson,
1993). The Zr-Nb-Y and Th/Yb-Ta/Yb diagrams
(Fig. 7a,b) illustrate that the Sangxiu basalts are characteris-
tic of within-plate alkaline basalts, which to a large extent
resemble the representative OIB (Sun and McDonough,
1989) and the Emeishan high-Ti basalts (Xiao et al., 2004).

Condie (1986) showed that the felsic volcanic rocks
formed in an extensional setting have higher Zr and Hf
concentrations ( > 200, > 6 ppm, respectively) than those
of the felsic rocks formed in an island arc setting. It is most
likely that the Sangxiu felsic volcanic rocks are related to
an extensional setting due to their high abundances of Zr
(468-643 ppm)m and Hf (12.1-17.6 ppm). This setting is
also supported by immobile element discrimination dia-
grams (e.g. Nb vs. Y). Y and Nb were selected as two of
the most efficient discriminants between most types of
ocean-ridge granite, within-plate granite, volcanic-arc
granite and syn-collisional granite (Pearce et al., 1984;
Rollinson, 1993). In this diagram, the Sangxiu felsic volca-
nic rocks plot in the ‘within-plate’ setting field (Fig. 7c).

The underlying Late Jurassic Weimei Formation is com-
posed chiefly of coarse quartz sandstone and intercalated
mudstone with a high quartz content, shallow water ripple
marks and relic fossils, which is considered to be a sedimen-
tary record of a shore to shallow sea paleo-environment
(Jiang et al., 2003). These rocks were followed by Sangxiu
volcanism. The volcanic rocks are overlain by the Early Cre-
taceous Jiabula Formation composed of clastic rocks and
calcic and silicic flysch, with the characteristics of deep-
water sedimentation. A rapidly deepened upward rift suc-
cession is documented clearly from the underlying Weimei
to the overlying Jiabula Formation. A two-layer strati-
graphic structure including OIBs at base with the overlying
pelagic sediments (carbonates and siliceous rocks) repre-
sents a typical ocean island environment. However, as far
as the origin of the Sangxiu Formation is concerned, the
volcanics are not overlain by pelagic sediments (carbonates
and siliceous rocks) (Zhong et al., 2003). Taking the geo-
chemical discrimination diagrams into account it is conclud-
ed that the Sangxiu basalts were not formed in an oceanic
island setting, but in a continental rift setting, although
the volcanic rocks have similar geochemical features to OIB.

Generally, basaltic lavas in a continental rift setting is
associated with a mantle plume, the asthenosphere, the
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lithospheric mantle and continental crust (Sun and
McDonough, 1989; Xu, 1999). Therefore, key to study
the petrogenesis of mafic rocks is to identify the relative
contributions made by mantle plumes, the normal astheno-
sphere, the lithospheric mantle and the continental crust.

5.2. Crustal contamination

Although enriched signatures of mafic lava in a conti-
nental rift setting could be attributed to contamination
by continental crust, this contribution seems to have been
very small in most of the Sangxiu basalts for the following
reasons: 1). No clear mixing trend exists between the ana-
lyzed sample suites and average continental crust seen on
discrimination diagrams such as Nb/Th vs. Ce (Fig. 8a),
which would otherwise be expected (Tomlinson et al.,
1999; Condie et al., 2002); and 2). On the (Th/Ta)py vs.
(La/Nb)py diagram, the plots are close to the primitive
mantle value, and obviously far from the average values
of middle and upper continental crust (Fig. 8b); and 3.
No crustal contamination trend is seen on the eNd(¢) vs.
100/Nd diagram (Fig. 8c). It may be noted that samples
SXI(1)-1 and SXI(1)-2 display a weak negative Nb anoma-
ly (Nb/La = 0.87-0.89), suggesting a slight contamination
from sub-continental lithospheric mantle and/or the lower
crust (discussed below).

5.3. Fractionation crystallization vs. partial melting

As shown in Table 1, the Sangxiu basalts have a low
MgO content with a low Mg number (Mg#) ranging from
24.93 to 52.27, suggesting an evolved compositional fea-
ture. In MgO vs. SiO, diagram (Fig. 9a), most Sangxiu
basalt samples show a decrease in MgO with increasing
SiO,, indicating significant fractional crystallization of
olivine and clinopyroxene. Most Sangxiu basalts show a
positive correlation when Cr is plotted against MgO
(Fig. 9b), the rapid decrease in Cr from 6.23 to 4.47%
MgO can be ascribed to the fractionation of olivine with
Cr-spinel. Decreasing TiO, with decreasing MgO indicates
magnetite-titanomagnetite and/or ilmenite fractionation,
accompanying olivine—clinopyroxene fractionation
(Fig. 9¢). Most Sangxiu basalts have relatively restricted
Al,O3/CaO ratios, with the exception of sample SXII(7)-
1. A constant Al,O3/CaO ratio with increasing SiO,
(Fig. 9d) indicates that plagioclase fractionation was
important. However, this is inconsistent with the absence
of a negative Eu anomaly (Eu/Eu* = 0.92-1.09), and the
negative correlation between Al,O; and Mg# (Fig. 9e).
Generally, with cooling and crystallization of a magma,
Mg# decreases because of the separation of a mafic mineral
(olivine, cpx, etc.) accompanied by plagioclase crystalliza-
tion. However, if plagioclase separation from the residual
melts is inefficient, abundant plagioclase phenocrysts (accu-
mulation) would be left as a residual mineral in the sam-
ples. Therefore, more plagioclase in the rock gives higher
Al,O5 while the bulk rock has a lower Mg#, that is, the
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negative trend observed in Fig. 9e and the absence of a neg-
ative Eu anomaly may very well result from plagioclase
phenocryst accumulation, corresponding to the petro-
graphic observations.
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Fig. 9. Selected chemical variation diagrams to illustrate fractionation crystallization of the Sangxiu basalts.

Allegre and Minster (1978) showed that the ratio of the
concentration of a highly incompatible element to a mod-
erately incompatible element can be used to identify partial
melting trends. In Fig. 10, data from the Sangxiu volcanic
rocks have been plotted in C™/Cl™ent ys. €™ diagrams,
where C is the concentration of the element. In all the left
diagrams (Fig. 10a—g), the Sangxiu basalts exhibit relative-
ly well-defined linear trends, indicating that the basaltic
magmas were generated by partial melting of mantle source
materials. However, the La/Sm vs. La plots (Fig. 9f) of the
analyzed basalt samples are scattered, failing to indicate
either partial melting or fractional crystallization trends.
This seems to suggest that the observed lava compositional
variations in major elements and trace elements were inher-
ited from fertile mantle sources. It should be noted that a
partial melting trend can be observed within the analyzed
felsic volcanic rock samples, with the exception of tuff sam-
ple SXI(13)-1(Fig. 10h-n).

5.4. Petrogenesis of basalts

The foregoing description suggests that the Sangxiu bas-
alts may have been derived from mantle source materials

resembling those of many oceanic island basalts. This will
be further corroborated in the following discussion. Nb,
Th and La are immobile elements, so that seawater alter-
ation would not change the Nb/Th and La/Nb ratios.
These ratios are also not susceptible to magma processes
because they have similar partition coefficients. Li (1993)
showed that the island arc basalts, MORB and OIB can
be distinguished well by Nb/Th-Nb and La/Nb-La dia-
grams (Fig. 11). Obviously, the Sangxiu basalts all plot
within the OIB field in these diagrams (Fig. 11a,b). In addi-
tion, although plots of the Sangxiu basalts are relatively
discrete on the (M*Nd/"Nd)i33ma vs. (¥’Sr/*®Sr)133 Ma
diagram (Fig. 12a), they mostly plot within the field of
Rajmahal basalts, interpreted to be the result of early activ-
ity of the Kerguelen hotspot (Kent et al., 2002).

On the other hand, a lithospheric mantle source seems
also to be required for the Sangxiu basalts, although
OIB-type characteristics exert a strong control on the trace
element systematics of the these basalts.

There are three factors which may be responsible for the
high initial Sr isotopic ratios of samples SXII(1)-1 and
SXII(9)-3, which exhibit features of insignificant crustal
contamination (such as Nb/La > 1, positive eNd(7) values):
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and the felsic rocks (right column, h-n) samples showing a trend of partial melting.

1). Alteration by seawater, which, with high Sr concentra-
tion (~8 ppm, Li, 1991) and high ¥’Sr/%¢Sr (today~0.709),
would raise ¥’Sr/%°Sr ratios in basalts (Mahoney et al.,
1998), while seawater would not affect the Nd and Nd iso-
topes; 2). Kamenetsky et al. (2000) showed, using the case
of Macquarie island alkali basalts, that a small but signif-
icant increase in ¥’Sr/%°Sr ratio takes place with a decreas-

ing degree of partial melt, while the '“*Nd/'**Nd ratio
decreases. This is well documented in the Sangxiu basalts
with a negative correlation between the Sr and Nd isotopic
ratios (Fig. 12a). As shallow level cooling and fractionation
cannot change ¥’Sr/*Sr ratio significantly without evidence
for obvious crustal contamination, this correlation reflects
primarily isotopic heterogeneity in the fertile mantle source
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Fig. 11. Trace element discrimination diagrams (Li, 1993) for the Sangxiu
basalts showing characteristics of an OIB-type source. The fields are
defined as follows: IAB, Island-arc basalts; MORB, mid-ocean ridge
basalts; OIB, oceanic island basalts.

(e.g. lithosphere) otherwise, melting will not fractionate the
radiogenic isotope (Niu et al., 2002); and 3). Xu (1999)
showed that the ®’Sr/*®Sr ratios of melts originated from
mantle plumes are intermediate (0.7028-0.707) between
those sourced from asthenospheric (0.7022-0.7028) and
lithospheric mantle (0.7035-0.71), thus, the Sr isotopic
ratios of mantle plume-derived melts will be increased
when lithospheric materials are involved.

The Ce/Y—-Zr/Nb diagram (Deniel, 1998) illustrates the
approximate melt compositions of the Sangxiu basalts
(Fig. 12b), which fall between the depleted garnet lherzolite
(GD) and primitive garnet lherzolite (GP) non-modal frac-
tional melting curves (much closer to the latter), suggesting
that the magmas were formed by the melting of garnet lherz-
olite. The notable fractionation between the LREE and
HREE ((La/Yb)y = 8.42-10.15) and the high Ce/YDb ratios
(25.70-31.82) of the Sangxiu basalts correspond a low degree
of partial melting of garnet lherzolite (Lin and Stern, 1989),
which is located in the lower part of lithosphere.

Trace element ratios such as Nb/Th and Ti/Yb are help-
ful in distinguishing crustal contamination from interaction
with sub-continental lithospheric mantle, because these
ratios are very sensitive to the crustal contamination of
mantle-derived magmas (Li et al., 2002). In the Ti/Yb vs.
Nb/Th plot (Fig. 13), most Sangxiu basalts show relatively

uniform Ti/Yb and Nb/Th ratios, close to those of the rep-
resentative alkaline OIB (Sun and McDonough, 1989). The
lesser-contaminated basalts (samples SXI(1)-1, SXI(1)-2)
plot apart from the trend of the addition of sialic crustal
materials, but toward the sub-continental lithospheric
mantle and/or the lower crust, with Ti/Yb and Nb/Th
ratios intermediate between those of Hawaiian OIB and
sub-continental lithospheric mantle. It is well known that
there is no sub-continental lithospheric mantle beneath
Hawaii, thus the Ti/Yb vs. Nb/Th plots seem imply that
sub-continental lithospheric mantle and/or lower crust
components were variably involved in the generation of
the Sangxiu basalts.

In summary, major and trace element data, and Sr—Nd
isotopic compositions, suggest that the Sangxiu basalts
may have been derived from an OIB-type mantle source
with a discernable contribution from subcontinental litho-
spheric mantle. With consideration of the broadly geo-
chemical similarities between the Sangxiu basalts and the
Emeishan high-Ti basalts, a model of plume-lithosphere
interaction is attractive for the generation of the Sangxiu
basalts. The Sangxiu basaltic magmas may have formed
as a result of infiltration of plume-derived melts into the
base of the lithosphere in a continental rift setting. The
Sangxiu volcanism on northeastern margin of Greater
India may represent an example of the interaction between
a plume or hotspot and the lithosphere.

5.5. Petrogenesis of felsic rocks

The Sangxiu felsic volcanic rocks are high in LREE, Nb,
Zr, Hf and Y, have relatively high Ga/Al ratios (3.23-4.43)
and low P and Ti. Overall, they share most of the geochem-
ical features of A-type granites (Whalen et al., 1987). For
instance, in Ga/Al vs. Zr and Ga/Al vs. Nb plots they all
fall into the A-type granite field and close to the typical
A-type granite (Fig. 14a-b, Whalen et al., 1987).

Although there is growing evidence that some A-type
magmas are differentiation products of mantle-derived
melts through extensive fractional crystallization (Turner
et al., 1992; Bonin, 1996), the petrogenesis of A-type mag-
mas within a continental rift setting is still an issue of
debate. The presence of a ‘Daly gap’ between mafic and fel-
sic rocks and Nd isotopes appear to argue against a magma
differentiation model. There are two mechanisms which
could be considered for the petrogenesis of the Sangxiu fel-
sic magmas: 1). Extensive fractional crystallization of mafic
magmas, coupled with significant assimilation of continen-
tal crust (AFC processes) (Grove and Donnelly-Nolan,
1986; Bacon and Druitt, 1988; Ingle et al., 2002a), of which
the eNd(¢) values of the products are similar to those of the
associated mafic rocks; and 2). Melting of ensialic conti-
nental crust (anatexis) in an intraplate environment (Cox,
1972; Bullen and Clynne, 1990; Roberts and Clemens,
1993; Tepper et al., 1993; Guffanti et al., 1996), showing
enrichment in Al, Th, LREE and negative eNd(¢) values
distinctly differing from the associated mafic rocks.
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The uniform major, trace element geochemical composi-
tions and relatively homogeneous initial 3’Sr/®¢Sr ratio
require that the Sangxiu felsic volcanic rocks were derived
from a relatively homogeneous magma; that is, the assimila-
tion would have to be extremely well mixed into the magma.
The ¢Nd(7) values (from —13.39 to —13.05) of the felsic rocks
are clearly dissimilar from those of the Sangxiu basalts (from
—1.71t02.00), suggesting that the first mechanism is unlikely
for the Sangxiu felsic volcanic rocks.

In fact, the Nd isotopic compositions of the Sangxiu fel-
sic volcanic rocks are close to those of para-metamorphic
rocks (eNd(f) = —11.3 to —20.3, Yang and Jin, 2001) of
the Nyalam Group in the Himalaya, and their Nd depleted
mantle model age (Tpy = 1892-1939 Ma, Table 2) is con-

sistent with the zircon SHRIMP age data that represent the
ages of formation of the protoliths of basic granulite in the
Higher Himalayan crystallines (1.99+0.3 Ga) and of Nya-
lam Group Makalu complex (2.1-2.5 Ga), and additionally
the zircon SHRIMP age of orthogneiss in Lhagoi Kangri
complex (1.86-1.91 Ga) representing the emplacement age
of the granite (China Geological Survey, 2004), suggests
that the Sangxiu felsic rocks are petrogenetically related
to ensialic crust. This is also supported by SHRIMP age
data of inherited zircon and overgrowth rims in these felsic
rocks (Zhu et al., 2005). From the clear partial melting
trend of the felsic lava samples (Fig. 10h-n), and the broad
geochemical similarities between the felsic volcanic rocks
and those of the middle and upper crust (Figs. 5b and
6b), it is most probable that the Sangxiu felsic rocks were
generated by the anatexis of ensialic continental crust.

Experimental results show that dehydration melting of
hornblende-bearing granitoids in the shallow crust
(P < 4 kbar, at the depths of 15 km or less) is a likely origin
for high-silica metaluminous A-type granites (Patino Douce,
1997). To attain the required melting temperature
(>900 °C) in shallow levels of the crust requires heat and/
or mass transfer from mantle-derived, hot basaltic magmas
for the origin of A-type rocks. Thus, A-type magmas are usu-
ally generated in noncompressive tectonic regimes, such as
extension or rifting environments, where the crust tends to
be thin and magmatic advection of heat can approach rise
in the crust to shallow levels. Such a model for A-type mag-
mas seems applicable to the Sangxiu felsic magmas, in which
the heat required for the anatexis of ensialic continental crust
can be supplied by plume-derived, hot basaltic magmas from
the mantle.

5.6. Implications

The Rajmahal Traps on eastern margin of India, to the
south of the outcrop of the Sangxiu volcanic rocks have
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been attributed to early activity of the Kerguelen hotspot
(Kent et al., 2002), and the track of Kerguelen hotspot
since 120 Ma (Fig. 1b) has been traced from the Rajmahal
Traps via the Ninetyeast Ridge to the Kerguelen hotspot in
the southern Indian Ocean (Gaina et al., 2002; O’Neill
et al., 2003).

The Sangxiu basalts are found to be geochemically and
isotopically similar to the basalts of Rajmahal, Ninetyeast
Ridge and Kerguelen Island. The volume of the Sangxiu vol-
canic rocks corresponds to that of the Bunbury basalts in
southwestern Australia and Rajmahal basalts in northeast-
ern India (Coffin et al., 2002). On the tectonic reconstruction
of Gondwana ca. 130 Ma, based on palacomagnetism
(Fig. 15) the Sangxiu volcanic rocks plot near the southwest-
ern margin of Australia. The age of Sangxiu volcanism
(13343.0 Ma) is close to that of the Bunbury basalt in Wes-
tern Australia (132.2+0.3 Ma, Coffin et al., 2002). Both of
these ages are earlier than the age of Rajmahal basalt
(118 Ma, Coffin et al., 2002). It is relatively straightforward
to explain similar geochemical characteristics, age of erup-
tion and tectonic location between the Sangxiu basalts and
the products of Kerguelen hotspot-related volcanism (e.g.
basalts in eastern India, the Ninetyeast Ridge, Kerguelen
and southwestern Australia) is that the Sangxiu volcanic

rocks were probably generated above the Kerguelen hotspot
at ~133 Ma. Like the Bunbury basalt, the small volume of
the Sangxiu volcanic rocks can be ascribed to early activity
of Kerguelen hotspot also represented by the Rajmahal
basalt (Frey et al., 1996; Coffin et al., 2002; Ingle et al.,
2002b). Sangxiu volcanism in the Tethyan Himalaya pro-
vides evidence for early activity of the Kerguelen hotspot,
extending much farther to the north and northeast, as pro-
posed by Mahoney et al. (2002) and O’Neill et al. (2003).

In addition, ages of the Sangxiu volcanism (133+3.0 Ma)
and the Bunbury basalt (132.240.3 Ma) are both close to the
age of the oldest magnetic anomalies off southwestern
Australia (132 Ma, Royer and Coffin, 1992), which become
younger to the south along the western coast of Australia
(Ingle et al., 2002b). These relationships allow us to suggest
that Sangxiu volcanism and Bunbury basaltic volcanism
may represent the initial stage of the separation of northeast-
ern Greater India from southwestern Australia.

6. Conclusions

1. The Sangxiu basalts are geochemically similar to the
Emeishan high-Ti basalts, and the associated felsic volca-
nic rocks share most of the geochemical features of A-type
granites. The Sangxiu volcanic rocks are interpreted as
having been emplaced in a continental rift setting.

2. The Sangxiu basalts were derived from an OIB-type
mantle source with discernable contributions from sub-
continental lithospheric mantle, the magmas may have
formed as a result of the infiltration of plume-derived
melts into the base of lithosphere in a continental rift set-
ting, and the felsic volcanic rocks were probably gener-
ated by the anatexis of ensialic continental crust.

East Gondwana
ca.130Ma

Eastern

Ghats Sangxiu

volcanics
Elan
Bank

Napier
Complex

Rayner N.Prince
Lii  Complex Char ‘le:y
iizow- Moutains Albany-
Holm Fraser belt
Complex
Antarctica Australia

Plate Plate

Fig. 15. Generalized plate tectonic reconstruction prior to complete
breakup between West Australia, East Antarctica and eastern Greater
India ca. 130 Ma (after from Ingle et al., 2002b), showing the positions of
the Sangxiu volcanic rocks (black star) in northeastern Greater India, and
the Bunbury basalts (BB) in northwestern Australia, Rajmahal Traps (RT)
and Shillong Plateau (SP) in eastern India.
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3. The similar geochemical characteristics, erupted age and
tectonic location between the Sangxiu basalts and the
products of Kerguelen hotspot-related volcanism allow
us to suggest that the Sangxiu volcanism maybe consid-
ered as a consequence of interaction between Kerguelen
hotspot and lithosphere of northeastern margin of
Greater India at ~133 Ma, and may represent the initial
stage of the separation of northeastern Greater India
from southwestern Australia.
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