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The Jitang granitic pluton,which is situated in the southernmargin of the North Qiangtang block in eastern Tibet,
may provide critical information about the source and derivation of theNorth Qiangtang block during Gondwana
breakup and dispersion. In this paper we report relevant data such as zircon U–Pb age, whole-rock major and
trace element abundances, and Sr–Nd isotopes for the Jitang pluton. The major rock types of the pluton are
granodiorite and biotite granite. Whole-rock major element data reveal that the Jitang pluton is a peraluminous
S-type granitic pluton. The U–Pb age of zircons from the pluton is 219.1 ± 1.7 Ma, which is ~10 Ma younger
than the age of high-pressure metamorphism in the Longmu Co–Shuanghu collisional suture between the
North and South Qiangtang blocks. The Jitang granitoids show pronounced negative Ba–Eu–Sr anomalies, high
initial 87Sr/86Sr ratios from 0.7266 to 0.7389 and low εNd(t) values for from−11.1 to−13.2, which are remark-
ably similar to the gneisses and meta-sedimentary rocks from the Indian craton as well as the North Qiangtang
block. The results from this study indicate that the Jitang granitoids formed by melts derived from a crustal
source with Sr–Nd isotopic compositions similar to those of the Indian cratonic crust. We concur with the previ-
ous interpretation based on detrital zircon records that the North Qiangtang block was derived from the Indian
Gondwana.

© 2013 Elsevier B.V. All rights reserved.
1. Introduction

The Sanjiang (Jinshajiang, Lancangjiang and Nujiang) region in
eastern Tibet and Yunnan province is a collage of Gondwana-derived
micro-continents, Paleozoic arc terranes and the remnants of Tethys
oceans (Deng et al., 2013; Metcalfe, 2013; Yin and Harrison, 2000;
Zhu et al., 2013). The different continental blocks are separated by
sub-parallel suture zones stretching over 1000 km fromTibet to Yunnan,
SW China (Fig. 1a). Among all of the micro-continental blocks in this
region, the derivation of the Simao and North Qiangtang blocks is
most enigmatic. Some researchers have suggested that the two micro-
continental blocks were derived from the South China block based on
Permian bio-strata correlation (Metcalfe, 2002, 2013; Zhang et al.,
2013). Other researchers have proposed that they were derived from
the Indian Gondwana based on detrital zircon records (He et al., 2011;
Pullen et al., 2008; Usuki et al., 2012; Wang et al., 2013; Zhu et al.,
2013). Triassic granitoids within the Simao and North Qiangtang blocks
such as the Lincang batholith and the Jitang pluton may provide impor-
tant information about the derivation of the micro-continental blocks
during Gondwana breakup and dispersion, because different crustal
sources commonly have different trace element and Sr–Nd isotope
ghts reserved.
signatures. For this purposewe have carried out an integrated geochro-
nological, petrological and geochemical study of the Jitang granite
pluton which occurs in the southern margin of the North Qiangtang
block, eastern Tibet (Fig. 1b).

2. Geological background

Abundant granitoids including the Jitang pluton and the Lincang bath-
olith occur along the Longmu Co–Shuanghu collisional suture between
the North and South Qiangtang blocks in eastern Tibet and along the
Changning–Menglian collisional suture between the Simao and Baoshan
blocks in Yunnan province, respectively (Fig. 1b). There is a general con-
sensus that the micro-continental blocks on the south or west side of
these sutures were derived from the Australian Gondwana (Deng et al.,
2013; Metcalfe, 2013; Zhu et al., 2013). The micro-continental blocks
on the north or east side of the sutures may have been derived from
the Indian Gondwana (He et al., 2011; Pullen et al., 2008; Usuki et al.,
2012; Zhu et al., 2013) or from the South China block (Metcalfe, 2002,
2013; Zhang et al., 2013).

Available geochronological data show that most of the granitic
plutons in the Simao andNorthQiangtang blocks are contemporaneous,
with ages varying between 210 and 230 Ma. For examples, the Rongma
granite pluton along thewestern segment of the Longmu Co–Shuanghu
suture has an Ar–Ar age of ~215 Ma (Liu et al., 2011), the Dongdashan
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Fig. 1. Continental blocks of SE Asia (a) and simplified geological map of eastern Tibet and Sanjiang region (b) (modified from Li et al., 2012; Deng et al., 2013; Zhu et al., 2013. The ages are
from Fu et al., 2010; Jian et al., 2009 ; Qiangba et al., 2009; Shi, 2007; Wang et al., 2008; Wang et al., 2010; Zhai et al., 2013; Zhu et al., 2011; Zi et al., 2013; etc. as showing in the figure).
Sutures: JSS, Jinshajiang suture; LSS, Longmu Co–Shuanghu suture; CMS, Changning–Menglian suture; BNS, Bangong–Nujiang suture. Continental blocks:NQ, North Qiangtang; SM, Simao;
SQ, South Qiangtang; BS, Baoshan;WB, West Burma; L, Lhasa; SG, Songpan Ganzi; QD, Qaidam; QL, Qilian.
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granitic pluton along the eastern segment of the Longmu Co–Shuanghu
suture has a Rb–Sr isochron age of ~219 Ma (Chen et al., 1994), the
Lincang batholith along the Changning–Menglian suture zone has
zircon U–Pb ages from ~210 to ~230 Ma (Dong et al., 2013; Peng
et al., 2006, 2013). Abundant granitoids with slightly older ages
occur along the Jinshajiang suture to the east (Fig. 1b). For examples,
the zircon U–Pb ages of the Baimaxueshan and Ludian granitic plutons
along the Jinshajiang suture are 249 ± 2 Ma (Zi et al., 2012a) and
247 ± 3 Ma (Zi et al., 2012b), respectively. The Baimaxueshan pluton
is a I-type granite pluton with moderate initial 87Sr/86Sr ratios from
0.710 to 0.711 and εNd(t) values from −8 to −9.5 (Zi et al., 2012a). In
contrast, the younger Lincang batholith is an S-type granite pluton
withmuchhigher initial 87Sr/86Sr ratios from0.724 to 0.741 and slightly
lower εNd(t) values from −11 to −14 (Hennig et al., 2009; Peng et al.,
2013).

The Jitang pluton is located in the eastern segment of the Longmu
Co–Shuanghu suture in the Changdu region. In this region, Proterozoic
meta-sedimentary rocks including gneissic rocks of the Jitang group
are present along the suture (Fig. 2). They are overlain by Triassic volca-
nic rocks,which in turn are overlain by younger sedimentary rocks. Dur-
ing the India–Asia collision in the past 65 Ma, the Changdu region had
undergone strong shearing and over-thrusting (Burchfiel and Chen,
2012; Yin andHarrison, 2000). Small Cenozoic granitic porphyry bodies
are present close to the suture, farther to the north within the North
Qiangtang block (Bi et al., 2009; Liang et al., 2009).

The middle segment of the Longmu Co–Shuanghu suture near
Rongma is marked by a prominent high-P metamorphic belt (Fig. 1b).
The U–Pb ages of zircons from the eclogites of this belt are between
230 and 237 Ma (Zhai et al., 2011). These ages are thought to represent
the timing of continental collision between the South and North
Qiangtang blocks (Zhai et al., 2011). The 40Ar/39Ar age of phengite
from the high-P metamorphic belt is ~220 Ma (Zhai et al., 2011). This
age is interpreted to represent the cooling event associated with crustal
uplift in the region (Zhai et al., 2011).

3. Geology and petrography

The Jitang granite pluton is situated in the west side of Lancangjiang
(Lancang River), ~3 km west of Jitang township, Changdu city (Fig. 2).
The exposure of this pluton is about 70 km long and 2–10 km wide.
The overall strike of the pluton is NNW. The immediate country rocks
of the pluton belong to the Proterozoic Jitang group which is composed



Fig. 2. Geological map of the Jitang area.
Modified from Pan et al. (2004).
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of gneisses and amphibolite-facies meta-sedimentary rocks (Pan et al.,
2004).

The Jitang pluton is mainly composed of medium-grained granodio-
rite and biotite granite. The contacts between different types of rocks
are gradational. Biotite granite is porphyritic or equigranular (Fig. 3a
Fig. 3. Photomicrographs of biotite granites (a, b) and granodiorites (c, d) of the Jitang plut
and b). It contains 25–35 vol.% quartz, 30–40 vol.% K-feldspar plus
perthite, 25–30 vol.% plagioclase, and 5–10 vol.% biotite. Accessory
minerals include apatite, sphene, zircon, allanite and ilmenite. Granodi-
orite shows equigranular texture (Fig. 3c and d). It contains 20–30 vol.%
quartz, 10–20 vol.% K-feldspar plus perthite, 35–45 vol.% plagioclase,
on. Qz, quartz; Pl, plagioclase; Kfs, K-feldspar; Per, perthite; Mi, microcline; Bt, biotite.

image of Fig.�2
image of Fig.�3
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and 8–15 vol.% biotite. Accessory minerals are similar to that of biotite
granite. The composition of plagioclase in granodiorite varies from oli-
goclase to andesine (An = l3–38). Polysynthetic twinning is common
in tabular plagioclase grains. Quartz occurs as subhedral to anhedral
grains in the interstitial spaces of the frameworks formed by plagioclase
crystals. Biotite is anhedral and platy.
4. Sampling and analytical techniques

Samples were taken from outcrops along a highway near the Jitang
township (Fig. 2). The major rock types of the Jitang pluton, such as
granodiorite and biotite granite, are included in our sample collection.
In addition, a gneiss sample from the Jitang group was also collected
from a road cut in SW of the Jitang pluton (Fig. 2).

Whole-rock major element compositions were analyzed by XRF
using an AXIOS-PW4400 instrument in the Institute of Geochemistry,
Chinese Academy of Sciences, Guiyang. Whole-rock trace element
abundances were determined by ICP-MS following the procedures of
Qi et al. (2000).

Zircons in a large (8 kg) granite sample (JR3) were separated by
heavy-liquid and magnetic separation, followed by hand-picking
under a binocular microscope. More than 1000 zircon grains from the
sample were found. The sizes of the zircons are 120–150 μm in length
and 70–100 μm in width (Fig. 4). Most zircons are colorless and trans-
parent, and have a prismaticmorphology. They commonly showoscilla-
tory zoning in cathodoluminescence images (Fig. 4).

Euhedral zircon crystals were selected using a binocularmicroscope.
They were mounted in an epoxy disk and then polished. After Au-
coating, the sample was loaded into a LEO1450VP scanning electron
microscope for the collection of CL images. This was carried out at the
Institute of Geology and Geophysics, Chinese Academy of Sciences,
Beijing. Euhedral zircon crystals with clear oscillatory zoning in CL
images were chosen for age determination.

U–Pb isotopic analyses of selected zircons were conducted using
LA-ICP-MS in the State Key Laboratory of Ore Deposit Geochemistry,
Institute of Geochemistry, Chinese Academy of Sciences, Guiyang.
The instruments are a GeoLasPro laser-ablation system (Lambda
Fig. 4. Cathodoluminescence images of se
Physik, Gottingen, Germany) and an Agilent 7700× ICP-MS (Agilent
Technologies, Tokyo, Japan). A regulated 193 nm ArF excimer laser
beam with a frequency of 10 J/cm2 and a diameter of 32 μm was used.
Each ablation took 40 s at 5 Hz repetition rate (equating to 200 pulses).
Helium gas was used to transport the aerosol of zircon to the ICP-MS.
The Zircon 91500 standard was used as external standard for instru-
ment calibration. The zircon GJ-1 and Plešovice standards were used
as reference materials. Lead concentration in zircon was external
calibrated against NIST SRM 610 with Si as internal standard,
while Zr as internal standard for other trace elements. Data reduc-
tion was performed using the ICPMSDataCal program from Liu
et al. (2010). Plotting and age calculations are from Isoplot/Ex 3.00
(Ludwig, 2003).

Rb–Sr and Sm–Nd isotopic analyses of whole-rock samples were
carried out using a Triton thermal ionizationmagnetic sectormass spec-
trometer in the Institute of Geochemistry, Chinese Academy of Sciences,
Guiyang, using the procedures of Song et al. (2011). Mass fractionation
corrections for Sr and Nd isotopic ratios were based on the values
of 86Sr/88Sr = 0.1194 and 146Nd/144Nd = 0.7219.

5. Results

5.1. Zircon U–Pb age

TheU–Pbdata of 20 zircon grains selected froma granite sample (JR3)
are listed in Table 1. In the concordia diagram, 14 of them plot close to-
gether and give a weighted mean 206Pb/238U age of 219.1 ± 1.7 Ma
(Fig. 5). This age is interpreted to be the crystallization age of the Jitang
pluton. The other six analyses have old 206Pb/238U ages from 295 Ma to
2293 Ma (Table 1). They are interpreted to be inherited or xenocrystic
zircons.

5.2. Major elements

The major element abundances from the Jitang pluton are listed
in Table 2. They contain 63.5–70.9 wt.% SiO2, 2.8–4.2 wt.% Na2O,
1.7–3.4 wt.% K2O and 0.8–2.6 wt.% CaO. As mentioned above, the
lected zircons from the Jitang pluton.

image of Fig.�4
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Jitang granitoids are classified as biotite granite and granodiorite based
on modal mineral proportions. They all plot in the field of granodio-
rite (Fig. 6a) based on whole-rock SiO2 and Na2O + K2O contents
(Middlemost, 1994). In the following presentation, data from the
Lincang batholith, which has zircon U–Pb ages (Peng et al., 2013)
similar to that of the Jitang pluton and occurs along the same tectonic
suture as the Jitang pluton (see Fig. 1), are included for comparison.
The Jitang and Lincang samples all plot significantly below the con-
tour of Rittman index, σ = 2.5 which closely matches the division
between subalkaline and alkaline series. The Lincang batholith and
the Jitang pluton all belong to the peraluminous S-types (Fig. 6b
and c). The zircon saturation temperatures of the Jitang pluton
magma, calculated from the whole-rock compositions using the
equation of Watson and Harrison (1983), vary between 740 and
850 °C (Table 2).

5.3. Trace elements

The trace element compositions of the Jitang granitoids are given
in Table 2. The chondrite-normalized rare-earth element patterns
and primitive mantle-normalized trace element patterns are illus-
trated in Fig. 7a and b. The slopes of the normalized patterns for
the Jitang granitoids are similar to that of the average continental
crust given in Rudnick and Gao (2003). Also, the Jitang granitoids
show pronounced negative Eu–Ba–Nb–Sr–Ti anomalies, strikingly
similar to the characteristics of the Indian cratonic basement
(Célérier et al., 2009).

5.4. Sr–Nd isotopes

The Sr and Nd isotopic compositions of the Jitang pluton are given in
Table 2. The Jitang granitoids have high initial 87Sr/86Sr ratios from
0.7266 to 0.7389 and low εNd(t) values from −11.1 to −13.2 (Fig. 8),
which are similar to the values for the contemporaneous Lincang bath-
olith (Hennig et al., 2009; Peng et al., 2013) but significantly lower than
the values for slightly older andesites in the Lancangjiang volcanic belt
(Peng et al., 2008). Compared to potential crustal source rocks, the iso-
topic compositions of the Jitang pluton are similar to that of a gneiss
sample from the Jitang Group in the region, within the range of the
Indian continental crust (gneisses plus Precambrian meta-sedimentary
rocks) (Fig. 8). The calculated Nd isotopic model ages for the Jitang plu-
ton are 2.0–2.3 Ga, similar to the model ages for the Lincang batholith
(Hennig et al., 2009; Peng et al., 2013).

6. Discussion

6.1. Petrogenesis

S-type granites were inferred to have formed from a sedimentary
source, such as meta-pelite or meta-greywacke (see summary in
Brown, 2013). Experiments have shown that CaO/Na2O ratio in a granit-
ic melt is mainly controlled by source composition (Jung and Pfander,
2007). Melt derived from meta-pelite is characterized by CaO/Na2O
ratio b0.5. In contrast, melt derived from meta-greywacke has higher
CaO/Na2O ratio N0.3, with a mean of ~0.8 (Skjerlie and Johnston, 1996;
Sylvester, 1998). The Jitang granitoids have CaO/Na2O ratios close to
0.8, similar to melts derived from a meta-greywacke source. In the dis-
crimination diagram of CaO/Na2O versus Al2O3/TiO2 ratios, all of the
Jitang samples plot in the field of greywacke-derived melts (Fig. 9a).
Greywacke-derived melts commonly have lower Rb/Ba and Rb/Sr ratios
than pelite-derived melts (e.g., Harris and Inger, 1992; Miller, 1985).
Based on Rb/Sr and Rb/Ba ratios, the Jitang granitoids plot within the
field of greywacke-derived melts (Fig. 9b).

In felsic intrusive rocks, Sr and Eu are mainly hosted in plagioclase,
whereas Ba is predominantly hosted in K-feldspar. The depletions of
Eu and Sr, and to a lesser extent Ba, in the Jitang granitoids indicate



Fig. 5. Zircon U–Pb concordia diagram for the Jitang pluton.
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that plagioclase and K-feldspar were important residual phases during
partial melting. Using the solid–liquid partition coefficients for Rb,
Sr and Ba from experiments (Icenhower and London, 1995, 1996;
Nabelek and Bartlett, 1998; Nash and Crecraft, 1985), and the average
composition of the bulk continental crust (Rudnick and Gao, 2003) as
a starting composition,we havemodeled the effects of different residual
phases such as plagioclase, K-feldspar and biotite on the variations of
these elements in the partial melts (Fig. 10). The results show that the
compositional variations of the Jitang granitoids are generally consis-
tent with 20–50% residual plagioclase in the source. The estimated
values likely represent the maximum because the average Rb/Sr ratio
in the real source of the Jitang pluton is likely much higher than that
of the average continental crust from Rudnick and Gao (2003). As de-
scribed above, the similarities between the Jitang granitoids and the
Indian crust as well as the Jitang gneiss in trace element patterns
(see Fig. 7a–b) and Sr–Nd isotopic compositions (see Fig. 8) indicate
that the compositions of these crustal rocks are better choices to rep-
resent the source composition of the Jitang pluton than the average
composition of global continental crust. Compared to the Indian cra-
tonic basement gneisses and the Jitang gneiss, the Jitang granitoids
show similar Rb/Sr ratios but lower Ba abundances (Fig. 10). The
similarity and difference can be explained by b20% residual K-
feldspar in a source with composition similar to that of the Indian
cratonic basement and the Jitang gneiss.

The initial melting temperature of meta-greywacke is estimated to
be 750–800 °C at the depth of ~20 km (Thompson, 1996). The zircon
saturation temperatures in the Jitangmagma estimated using the equa-
tion of Watson and Harrison (1983) are between 740 and 850 °C
(Table 2), which are within the range of initial melting temperatures
for meta-greywacke at the depth of ~20 km. However, the equation of
Watson and Harrison (1983) was calibrated using partial melting
experiments conducted at high pressures varying from 1.2 to 6 kbar.
Based on the results from the experiments, total pressure does not
have a significant effect on zircon saturation temperature (Watson
and Harrison, 1983). Therefore, the depth of crustal anatexis at Jitang
remains elusive.

6.2. Tectonic setting

The Jitang pluton occurs along the Longmu Co–Shuanghu suture
(Fig. 1b) which formed by the closure of the ocean between the North
and South Qiangtang blocks by oceanic subduction, followed by
continental collision at 230–237 Ma as indicated by the U–Pb ages of
zircons from high-grade metamorphic rocks of the suture zone
(Zhai et al., 2011). The Ar–Ar ages of phengites from the high-
grade metamorphic rocks are ~220 Ma, indicating that the exhuma-
tion took place before ~220 Ma (Zhai et al., 2011). The U–Pb age of
zircons from the Jitang pluton (~219 Ma) indicates that this pluton
was emplaced ~11–18 Ma after the event of high-pressure metamor-
phism in the suture.

Most of the samples from the Jitang pluton and the Lincang batholith
plot in the field for granites formed in a late-collision to post-collision
setting in the Hf–Rb/30–Ta × 3 tectonic discrimination diagram
(Fig. 11), which is in general consistent with the geological constraints
described above. Three of the samples plot within the field for granites
formed in an arc setting. A reasonable explanation ismore inputs from a
juvenile arc crust for the outliers. Arc volcanic rocks such as basaltic an-
desites, andesites and rhyolites with zircon U–Pb ages varying from 248
to 275 Ma are present in the Zhaduo–Nangqian region (Yang et al.,
2011) as well as in the Changdu region, north of the Longmu Co–
Shuanghu suture (Fig. 1b). Subduction-related andesites with zircon
U–Pb ages close to 248 Ma are abundant in the Lancangjiang volcanic
belt (Peng et al., 2008), east of the Lincang batholith (Fig. 1b). The
notion that juvenile arc crust may have played a minor role in the for-
mation of the Jitang and Lincang S-type granitoids is also consistent
with the Sr–Nd isotopic compositions of the related lithologies. The
granitoids with lower initial 87Sr/86Sr ratios and higher εNd(t) values
than the Jitang gneiss can be explained by b15% contribution from a
juvenile arc crust (Fig. 8).

6.3. Implications for Gondwana reconstruction

The similarities inwhole-rock elemental and Sr–Nd isotopic compo-
sitions between the Jitang and Lincang granitic plutons (Figs. 8 and 9)
indicate that these two contemporaneous plutons share a common
source. Triassic granitoids with Sr–Nd isotopic compositions similar to
those of the Jitang and Lincang plutons are also present in South China
(e.g., Wang et al., 2007). Thus, it is difficult to determine the origin of
the source rocks by the isotopic data alone. The combination of the iso-
topic data with detrital zircon records is more useful. The age distribu-
tion patterns of detrital zircons from Simao-Indochina and North
Qiangtang are strikingly different from that of detrital zircons from
Yangtze craton but remarkably similar to that of detrital zircons from
Tethyan Himalaya which has an Indian cratonic basement (He et al.,
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Table 2
Major element compositions, trace element abundances and Sr–Nd isotopes of the Jitang pluton and associated country rock.

Jitang pluton Jitang group

Samples JR2 JR3 JR4 JR5 JR6 JR7 JR8 JR1

Rock type BG BG GD GD GD GD GD Gneiss

SiO2 68.73 70.87 66.74 65.66 62.80 67.61 63.45 68.22
TiO2 0.65 0.57 0.75 0.74 0.58 0.62 0.67 0.75
Al2O3 14.78 14.20 15.09 15.27 14.57 15.87 15.16 13.27
Fe2O3 4.35 3.95 5.22 6.02 6.25 3.56 7.00 6.09
MnO 0.06 0.06 0.07 0.08 0.11 0.03 0.10 0.07
MgO 1.97 1.68 2.48 2.83 3.14 1.97 3.83 2.49
CaO 2.59 2.17 2.31 2.27 2.65 0.83 2.90 1.09
Na2O 3.19 2.85 3.32 3.16 3.41 4.22 2.56 1.84
K2O 2.88 3.39 2.76 2.82 2.76 2.12 1.75 2.42
P2O5 0.14 0.13 0.07 0.08 0.13 0.16 0.07 0.09
LOI 1.54 0.98 2.00 1.53 1.09 2.20 2.16 2.85
Total 100.89 100.84 100.81 100.47 97.49 99.19 99.64 99.18
Li 15.4 19.4 24.2 31.5 21.8 9.88 22.1 33.5
Be 3.02 2.47 1.86 1.49 1.36 4.87 4.73 3.11
Sc 11.7 11.6 13.2 19.1 17.1 13.7 18 14.2
V 71 64.5 82 93.7 79.5 70 113 108
Cr 42 38.6 74.3 78.8 86 41.7 122 82.5
Co 136 135 109 123 105 86.1 103 103
Ni 19 19.6 35.8 34.9 34.2 19.1 52.9 40.7
Cu 13.85 14.82 7.60 14.03 13.05 14.74 14.91 33.64
Zn 93.1 105 121 162 122 55.9 141 79.6
Ga 18.4 18.4 21.6 22.3 20.5 18.9 23.3 15.8
Ge 1.30 1.31 1.52 1.60 1.70 1.41 1.48 1.43
As 10.96 11.94 12.04 12.30 11.52 11.52 11.42 12.66
Rb 147 162 166 180 143 116 96.3 87.5
Sr 134 97.3 90 112 131 152 136 105
Y 27.1 30 66.1 48.9 35.4 30.3 16.1 27.3
Zr 139 105 171 153 99 229 153 127
Nb 16.5 11.8 15.6 16.1 9.85 12.4 8.66 12.3
Mo 0.48 1.30 0.35 0.42 0.37 0.25 0.49 0.36
Ag 0.496 0.425 0.479 0.59 0.342 0.389 0.309 0.435
Cd 0.309 0.257 0.351 0.327 0.264 0.172 0.22 0.15
In 0.076 0.075 0.096 0.101 0.154 0.060 0.090 0.06
Sn 5.38 4.91 5.05 3.73 5.35 3.83 3.31 3.62
Sb 1.70 1.19 1.22 1.38 0.96 1.03 13.06 2.06
Cs 4.46 4.64 4.25 5.3 3.69 1.36 2.72 5.80
Ba 458 469 249 333 538 697 540 719
La 45.1 47.5 62.9 54.5 68.3 54.1 43.2 32.3
Ce 86.5 94.1 124 110 145 105 86.2 65.2
Pr 9.84 11 14.6 13 16.9 12.1 10.1 7.46
Nd 35.1 40.5 52.9 47.3 62.5 43.7 36.9 27.4
Sm 7.15 8.29 11.6 9.8 12.7 8.12 7.22 5.9
Eu 1.00 0.85 1.05 1.08 1.24 1.11 1.27 1.22
Gd 6.18 7.95 11.64 10.29 12.09 7.12 6.64 5.40
Tb 1.07 1.16 1.88 1.57 1.73 1.13 0.868 0.894
Dy 5.51 5.93 10.9 8.52 7.9 5.6 3.49 5.08
Ho 1.07 1.16 2.36 1.78 1.42 1.12 0.614 1.10
Er 2.85 2.92 6.56 4.47 3.35 3.12 1.57 2.94
Tm 0.368 0.365 0.869 0.566 0.382 0.408 0.197 0.396
Yb 2.42 2.39 5.39 3.09 2.37 2.61 1.42 2.67
Lu 0.35 0.347 0.751 0.383 0.321 0.353 0.205 0.381
Hf 4.10 3.04 4.91 4.36 2.82 6.30 4.24 3.80
Ta 1.5 1.18 1.47 1.46 0.773 1.2 0.562 1.07
W 871 819 634 671 549 428 503 522
Tl 0.786 0.771 0.775 0.855 0.686 0.416 0.434 0.356
Pb 27.54 33.56 22.10 57.63 24.42 4.76 18.86 14.35
Bi 0.46 0.39 0.416 0.233 0.189 0.166 0.152 0.216
Th 25.5 28.3 43 35.3 47.4 28.4 23.8 14.7
U 2.3 2.73 2.99 2.38 1.8 2.3 1.8 2.2
TZr (°C) 777 758 797 789 738 847 795
87Sr/86Sr 0.738668 0.748054 0.743193 0.741306 0.741628 0.745266 0.740191
±1σ 0.000005 0.000005 0.000007 0.000007 0.000007 0.000008 0.000005
87Sr/86Sr (i) 0.728804 0.733083 0.726608 0.726855 0.731812 0.738899 0.732697
143Nd/144Nd 0.511949 0.511965 0.511917 0.511917 0.511954 0.511849 0.511865
±1σ 0.000002 0.000002 0.000003 0.000002 0.000002 0.000002 0.000001
143Nd/144Nd (i) 0.511772 0.511787 0.511727 0.511737 0.511778 0.511679 0.511678
εNd(t) −11.39 −11.10 −12.28 −12.08 −11.29 −13.21 −13.23
TDM1 (Ma) 2018 2005 2311 2121 2003 2074 2340

BG, Biotite granite; GD, Granodiorite; TZr, zircon saturation temperature (calculated using the equation ofWatson and Harrison, 1983); TDM1, single-stagemodel age. 87Sr/86Sr(i,),
143Nd/144Nd(i,), and εNd(t) were calculated relative to present-day chondrite values (Jacobsen and Wasserburg, 1980), 143Nd/144Nd = 0.512638, 147Sm/144Nd = 0.1967,
87Sr/86Sr = 0.7045 and 87Rb/86Sr = 0.0816, λ (87Rb) = 1.42 × 10−11 y−1, λ (147Sm) = 6.54 × 10−12 y−1, and t = 219 Ma.

320 Y. Tao et al. / Lithos 184–187 (2014) 314–323



321Y. Tao et al. / Lithos 184–187 (2014) 314–323
2011; Pullen et al., 2008; Usuki et al., 2012;Wang et al., 2013; Zhu et al.,
2013). Based on the detrital zircon records, Zhu et al. (2013) andWang
et al. (2013) believed that the Simao-Indochina and North Qiangtang
blockwere derived from the IndianGondwana. The Sr–Nd isotopic com-
positions of the Jitang pluton in the North Qiangtang block and the
Lincang batholith in the Simao-Indochina block (see Fig. 1b) are consis-
tent with this interpretation. As shown in Fig. 8, the Sr–Nd isotopic
Fig. 7. Primitive mantle-normalized trace element patterns and chondrite-normalized
rare-earth element patterns for the Jitang pluton. The primitive mantle values are from
Sun and McDonough (1989). The chondrite values are from Anders and Grevesse
(1989). The data for the continental crust are from Rudnick and Gao (2003). The data
for the Indian cratonic basement (Ramgarh Group) are from Célérier et al. (2009).

Fig. 6. (a) (K2O + Na2O) vs. SiO2 (after Middlemost, 1994), with addition of a contour for
σ = 2.5 [Rittman index, σ = (K2O + Na2O)2 / (SiO2 − 43)]. (b) Molar Al/(K + Na) vs.
Al/(Ca + Na + K) (after Maniar and Piccoli, 1989). (c) ACF diagram (after Chappell and
White, 1992). Whole rock compositions are corrected for loss-on-ignition. The data for
the Lincang granitoids are from Dong et al. (2013).
compositions of these plutons are similar to those of the Indian cra-
tonic crust. The occurrence of ~2.3 Ga inherited zircon in the Jitang
pluton and the old Nd model ages (1.9–2.3 Ga) for the Jitang and
Lincang plutons are also consistent with this interpretation.
Fig. 8. Plot of εNd(t) vs. (87Sr/86Sr)i. The mantle array is from Zindler and Hart (1986). The
data for the lower crust of the South China block are from Chen and Jahn (1998). The data
for the Indian cratonic crust (gneisses plus meta-sedimentary rocks N500 Ma) are from
Ahmad et al. (2000), Richards et al. (2005), and references therein.

image of Fig.�7
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Fig. 11. Rb/30–Hf–Ta × 3 tectonic discrimination diagram (after Harris et al., 1986). VAG,
volcanic arc granites, WPG, within-plate granites, syn-COLG, syn-collision granites, LCG,
late-collision granites, PCG, post-collision granites.

Fig. 9. Comparison of the Jitang S-type granitoids with partial melts of meta-pelite and
meta-greywacke. The fields of different sources are from Jung and Pfander (2007), Patino
Douce and Johnston (1991), and Sylvester (1998).
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7. Conclusions

Important conclusions from this study are summarized below.

(1) The Jitang granitic pluton was emplaced at 219.1 ± 1.7 Ma in a
post-collisional setting.
Fig. 10. Rb/Sr vs. Ba during partial melting. The solid–liquid partition coefficients used in
the calculations are from Icenhower and London (1996, 1995), Nash and Crecraft
(1985), and Nabelek and Bartlett (1998). Pl, plagioclase, Kfs, K-feldspar, Bt, biotite.
(2) The Jitang pluton is a peraluminous, S-type pluton formed by
crustal anatexis.

(3) The source of the pluton has Sr–Nd isotopes similar to those of
the Indian cratonic crust.

(4) It is deduced that the North Qiangtang block was derived from
the Indian Gondwana.
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