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Abstract

A geochemical and isotopic study was carried out for the Mesozoic Yangxin, Tieshan and Echeng granitoid batholiths in the southeastern
Hubei Province, eastern China, in order to constrain their petrogenesis and tectonic setting. These granitoids dominantly consist of quartz diorite,
monzonite and granite. They are characterized by SiO, and Na,O compositions of between 54.6 and 76.6 wt.%, and 2.9 to 5.6 wt.%, respectively,
enrichment in light rare earth elements (LREE) and large ion lithophile elements (LILE), and relative depletion in Y (concentrations ranging from
5.17 to 29.3 ppm) and Yb (0.34-2.83 ppm), with the majority of the granitoids being geochemically similar to high-SiO, adakites (HSA). Their
initial Nd (eng=—12.5 to —6.1) and Sr ((*’Sr/**Sr),=0.7054-0.7085) isotopic compositions, however, distinguish them from adakites produced
by partial melting of subducted slab and those produced by partial melting of the lower crust of the Yangtze Craton in the Late Mesozoic. The
granitoid batholiths in the southeastern Hubei Province exhibit very low MgO ranging from 0.09 to 2.19 wt.% with an average of 0.96 wt.%, and
large variations in negative to positive Eu anomalies (Eu/Eu*=0.22—-1.4), especially the Tieshan granites and Yangxin granite porphyry (Eu/
Eu*=0.22-0.73). Geochemical and Nd—Sr isotopic data demonstrate that these granitoids originated as partial melts of an enriched mantle source
that experienced significant contamination of lower crust materials and fractional crystallization during magma ascent. Late Mesozoic granitoids in
the southeastern Hubei Province of the Middle—Lower Yangtze River belt were dominantly emplaced in an extensional tectonic regime, in
response to basaltic underplating, which was followed by lithospheric thinning during the early Cretaceous.
© 2008 Elsevier B.V. All rights reserved.
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1. Introduction

The Middle-Lower Yangtze River belt (MLYRB) extends
~450 km from southeastern Hubei eastward to the Zhejiang
Province over an area of ~30,000 km?, and represents one of the
most important economic mineral districts in China (Pan and

* Corresponding author. Institute of Mineral Resources, Chinese Academy of
Geological Sciences, Beijing, 100037, China.
E-mail address: guigingxie@sohu.com (G. Xie).

0024-4937/$ - see front matter © 2008 Elsevier B.V. All rights reserved.
doi:10.1016/j.1ithos.2007.12.008

Dong, 1999). The southeastern Hubei Province, in particular,
represents an important region within this belt because it
contains >50 Cu—Fe—Au-Mo—W deposits, including three
large skarn Fe deposits (i.e. the Tieshan, Echeng and
Jinshandian deposits) with Fe ore reserves of >100 million
tonnes each and one large skarn Cu—(Fe) deposit (i.e. the
Tonglushan deposit) with Cu ore reserves of 1.1 million tonnes
and 5.7 million tonnes Fe) (Xie et al., 2006a). Although the Late
Jurassic to Early Cretaceous period marks an important regional
metallogenic event in the MLYRB (Xie et al., 2007), the
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tectonic framework within which these deposits formed has not
been well constrained. Late Mesozoic granitoids occur
extensively throughout southeastern Hubei, and these are
spatially and genetically associated with Fe—Cu skarn and
Cu—Au—Mo—(W) porphyry—skarn deposits (e.g., Pan and Dong
1999; Mao et al., 2006; Xie et al, 2007). The tectonic
framework that caused widespread Mesozoic magmatism in
eastern China also has remained controversial (e.g. Li, 2000;
Zhou et al., 2006). Based on geochemical evidence, most
geologists consider the granitoids in the southeastern Hubei to
have been derived from a mixed mantle—crust source, with
assimilation—fractional crystallization controlling their compo-
sition (Mao et al., 1990; Shu et al., 1992; Zhou and Ren, 1994;
Ma et al., 1994). In contrast, Wang et al. (2004) argued, on the
basis of preliminary studies of quartz diorites from the Yinzu
batholith, and a granodiorite porphyry in the Tongshankou
stock in the southeastern Hubei (Fig. 1), that these intrusions
have geochemical features similar to adakite which has been
proposed originally as direct partial melt of subducted mid-
ocean ridge basalt (Defant and Drummond, 1990), and
concluded that they originated from partial melting of
delaminated lower crust. To date, no systematic geochemical
or Sr—Nd isotopic studies have been undertaken on these
granitoids in the southeastern Hubei. In order to better constrain
the origin of these granitoids, and thus better understand the
genesis of the ore-forming events in the MLYRB, we present

combined geochemical and Nd—Sr isotopic data for these rocks,
and discuss their petrogenesis and tectonic setting.

2. Geological setting

The MLYRB is located on the northern margin of the
Yangtze Craton and runs along the southeastern margin of the
North China Craton and Dabieshan orogenic belt (insert of
Fig. 1). It is bounded by the Xiangfan—Guangji fault (XGF) to
the northwest, the Tangcheng—Lijiang regional strike—slip fault
(TLF) to the northeast, and the Yangxing—Changzhou fault
(YCF) to the south (insert of Fig. 1). The Precambrian basement
rocks consist of metamorphic trondjhemite—tonalite—granodior-
ite gneisses and supracrustal rocks (felsic gneiss and muscovite
quartz schist with intercalated amphibolite) which range in age
from 2900 to 990 Ma (e.g. Chang et al., 1991; Zhai et al., 1992).
This metamorphosed basement is uncomfortably overlain by a
thick cover sequence consisting of Sinian clastic rocks,
carbonate and chert, Cambrian chert nodules, mudstone and
argillaceous limestone, Ordovician limestone and dolomitic
limestone, Silurian clastic rocks, Devonian sandstone, Carbo-
niferous sandstone, siltstone and limestone, Permian shale and
limestone, and Triassic argillaceous clastic rocks (Chang et al.,
1991; Zhai et al.,, 1992). In the MLYRB, Late Mesozoic
magmatism mainly consists of Late Jurassic to Cretaceous calc—
alkaline intrusive rocks and Early Cretaceous sub-alkaline to
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Fig. 1. Simplified geological map of the southeastern Hubei Province, showing the distribution of Late Mesozoic igneous rocks, Cu—Fe—Au—Mo deposits, and sample
localities for this study (modified from Shu et al., 1992). Inset shows distribution of Late Mesozoic magmatic rocks in the MLYB, eastern China (modified from Mao
et al., 1990), XGF: Xiangfan—Guangji Fault; TLF: Tangcheng—Lijiang Fault; YCF: Yangxing—Changzhou Fault.
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alkaline volcanic rocks (Pei and Hong, 1995; Chen et al., 2001;
Zhang et al., 2003; Xie et al., 2006b). In addition, minor
Cretaceous quartz syenite, syenite, quartz monzonite, alkaline
granite and phonolite are exposed in this region, and these have
been classified as A-type granitoids (Mao et al., 1990).

Southeastern Hubei is situated in the western part of the
MLYRB (Fig. 1). As shown in Fig. 1, Silurian to Middle
Jurassic shallow-marine carbonate rocks, clastic rocks, and
flysch sequences are widespread, with Late Mesozoic volcanic-
sedimentary rocks restricted to in the western part of south-
eastern Hubei (Shu et al., 1992). Late Mesozoic granitic plutons
and granodiorite porphyry stocks occupy approximately 17% of
the area in the southeastern Hubei Province (Pan and Dong,
1999), including the: 1) Echeng granite, quartz diorite and
monzonite (85 km? in outcrop); 2) Tieshan quartz diorite and
monzonite (140 km?); 3) Jinshandian quartz monzonite and
diorite (16 km?); 4) Lingxiang quartz diorite (54 km?); 5) Yinzu
granodiorite (54 km?); and 6) Yangxin quartz diorite, monzonite
and minor tonalite (215 km?) (Fig. 1). In addition, several small
granodiorite porphyry stocks are known to occur in this area
(Shu et al., 1992). The ages of these granitoids are inadequately
constrained by K—Ar and Rb—Sr isochron methods, giving ages
that range from 205 Ma to 64 Ma (e.g. Zhou and Ren, 1994;
Zhai et al., 1992; Pan and Dong, 1999). Zhou and Ren (1994)
reported hornblende “’Ar—3°Ar ages of 133.4+0.4 Ma and
135.940.5 Ma for the Tieshan quartz monzonite and Yangxin
tonalite, respectively. Recent age determinations of quartz
diorite in the Yangxin batholith and granite in Echeng batholith
have yielded zircon SHRIMP U-Pb ages of 138.9+2.8 to 134+
2 Ma (Maetal., 2005; Xue et al., 2006) and 121.2+3.1 Ma (Xie
G Q unpublished data), respectively. In the western part of
southeastern Hubei, voluminous rhyolites and andesite, and
minor basalts are present (Chang et al., 1991; Zhai et al., 1992).
These have been dated by Xie et al. (2006b) at 128 +2 Ma by the
SHRIMP zircon U-Pb method.

3. Petrography

From this study, we have investigated three large granitoid
intrusions, namely the Echeng, Tieshan and Yangxin batholiths.
These felsic bodies typify the mode of occurrence, composition,
and size of intrusive bodies in the region, and belong to the
magnetite-series (Ishihara, 1977) or I-type granitoids (Pei and
Hong, 1995). Brief petrological descriptions for each of the
three batholiths are given below:

The Echeng granitoid in the northernmost part of the studied
region is about 14 km long and 8 km wide, and has intruded a Late
Triassic, intercalated sandstone—carbonate sequence. The grani-
toid consists predominantly of granitic, and subordinate quartz
diorite and monzonite phases. The granites (sample QC 2, 5,9, 10,
11) are characterized by moderate to coarse-grained texture,
composed of K-feldspar (45—55%), plagioclase (13—18%), quartz
(30-35%) and rare biotite, as well as accessory minerals such as
zircon, titanite, magnetite and apatite. The quartz diorite (sample
QC 7, 8) and monzonite (sample QC 1) predominantly consist of
plagioclase (30—-50%), K-feldspar (20—40%), quartz (10—15%)
and hornblende (10—20%) and minor biotite (5%).

The geology and elemental geochemistry of the Tieshan
intrusion have been well studied (e.g. Zhou and Ren, 1994; Ma
et al., 1994), as the Fe deposits associated with this intrusion,
such as the Daye deposit, represent important skarn deposits in
China (Pan and Dong, 1999). The Tieshan granitoid intruded
Late Triassic carbonate rocks, and has an exposed area of ~20
by 8 km. The intrusion is mainly composed of quartz diorite and
subordinate monzonite, and minor gabbro at the southern
margin, with rare gabbroic and dioritic enclaves and rare mafic
dikes in the quartz diorite. The quartz diorites (sample TS 3, 4,
5) are predominantly composed of plagioclase (50—-60%), K-
feldspar (15-20%), quartz (5—15%), hornblende (7-15%) and
rare biotite. Accessory minerals include zircon, titanite,
magnetite and apatite. The monzonite (sample TS 1) and
gabbro (sample TsFe 4) have mineral assemblages similar to the
quartz diorite except the gabbro contains lesser quartz (2—7%)
and more abundant mafic minerals. Mafic dikes (sample TS 2)
intruded the Tieshan quartz diorite (Fig. 1), and these are
medium-grained, mainly composed of plagioclase and biotite,
with subordinate K-feldspar(kersantite; Rock et al., 1990).

The Yangxin intrusion is the largest batholith in the
southeastern Hubei Province and outcrops over an area of
215 km?. This intrusion consists dominantly of quartz diorite
with minor granite porphyry that intruded Carboniferous to Late
Triassic carbonate rocks. The quartz diorites (sample YX 2, 3,
TLS 2) are fine to medium-grained, predominantly composed of
plagioclase (50—60%), K-feldspar (8—15%), quartz (5—14%)
and hornblende (10—15%) with minor biotite (~5%); accessory
minerals include zircon, titanite, magnetite and apatite. Rare
gabbroic and dioritic enclaves also occur in the quartz diorite.
The granite porphyry (sample YX 1) is fine grained, mainly
composed of plagioclase (55%), K-feldspar (20%), quartz
(20%) with minor hornblende (3%) and biotite (2%).

4. Analytical methods

Major element analyses were carried out by a conventional
wet chemical method at the Chemical Analytical Center,
Institute of Geochemistry, Chinese Academy of Sciences
(IGCAS). The analytical errors for major oxides are generally
less than 2%. Trace elements and rare earth elements
abundances were determined by solution ICP-MS performed
at the ICP-MS Laboratory, also at IGCAS. The samples were
digested by acid (HF+HCIO,4) in bombs. Precision for most
elements was typically better than 5% RSD, and the measured
values for Zr, Hf, Nb and Ta were less than 10% in error
compared to certified values. The detailed sample preparations,
instrument operating conditions and calibration procedures
follow those established by Qi and Grégoire (2000). The
international standards GBPG-1 and the Chinese National
standard GSR-1 were used for analytical quality control.

Samples for Sr and Nd isotopic analysis were dissolved in
Teflon bombs with HF+HNO; acid on a hot plate for a
week, and then separated by conventional cation-exchange
techniques. The isotopic measurements were performed on a
Finnigan MAT 262 multi-collector mass spectrometer at the
Laboratory for Radiogenic Isotope Geochemistry, Institute of
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Table 1
Major (%) and trace element (ppm) analyses for Late Mesozoic granitoids in the southeastern Hubei Province, MLYB, eastern China
Sample QCl QC2 QCs QCo6 QC7 QC8 QC9 QC10 QCl11
Name of batholith Echeng
Rock type QM MG MG QD QD QD CG CG CG
Si0, 64.60 74.64 68.83 62.96 61.26 59.69 73.59 75.46 76.57
TiO, 0.68 0.42 0.38 0.78 0.52 0.68 0.40 0.55 0.45
AlO4 16.20 12.26 15.73 17.85 16.20 16.47 12.36 14.28 13.26
Fe,05 0.30 0.30 0.75 0.91 2.61 2.09 0.91 0.20 0.10
FeO 0.13 0.12 0.10 0.28 1.36 1.90 0.10 0.05 0.07
MnO 0.05 0.06 0.04 0.03 0.08 0.07 0.01 0.03 0.05
MgO 1.08 0.22 0.40 1.65 1.97 2.19 0.56 0.43 0.09
CaO 4.87 1.51 1.58 3.90 5.55 5.59 1.76 0.73 0.68
Na,O 5.04 5.57 4.29 5.92 3.78 3.79 2.86 3.36 5.19
K,0 2.96 0.42 3.98 0.83 2.78 2.84 3.85 3.25 0.52
P,05 0.62 0.29 0.29 1.11 0.47 0.49 0.28 0.22 0.18
LOI 3.32 3.55 3.98 3.22 2.74 3.66 2.82 0.87 2.39
Sum 99.85 99.36 100.35 99.44 99.32 99.46 99.50 99.43 99.55
K50 /Na,O 0.59 0.08 0.93 0.14 0.74 0.75 1.4 1.0 0.10
Mg" 0.85 0.54 0.52 0.76 0.53 0.55 0.57 0.80 0.55
Sc 7.04 5.52 2.92 13.4 10.5 11.0 2.94 3.57 5.11
v 73.9 22.8 13.6 158 136 141 16.0 5.65 5.58
Cr 18.5 5.16 87.8 21.4 20.2 243 2.93 5.67 16.7
Co 2.94 0.543 1.32 2.79 10.6 12.3 0.925 0.293 0.327
Ni 14.1 2.47 43.6 20.6 11.8 12.3 1.73 3.54 9.03
Rb 12.3 2.99 141 20.2 67.5 74.2 173 79.5 5.71
Sr 867 96.0 93.2 789 1290 1376 100 82 60
Y 16.9 12.9 22.1 29.3 15.5 15.1 232 5.17 6.50
Zr 69.9 212 71.1 309 108 71.5 214 163 130
Nb 13.0 14.7 20.9 242 7.67 8.90 24.4 314 24.4
Ba 210 45.0 367 121 1080 1227 388 189 26.3
La 442 56.4 46.4 116.5 393 50.3 28.6 5.83 3.67
Ce 76.5 90.2 78.1 174.2 73.6 89.7 56.5 15.4 14.0
Pr 7.90 8.82 7.92 18.0 8.79 10.2 7.13 1.42 1.14
Nd 29.5 31.1 27.1 64.5 38.4 42.1 24.4 5.48 4.54
Sm 3.97 3.93 4.90 8.23 6.22 6.68 3.93 0.930 1.05
Eu 1.38 0.856 0.556 3.36 1.98 1.83 0.623 0.133 0.073
Gd 431 3.10 4.01 7.58 4.78 4.94 3.90 0.900 0.936
Tb 0.458 0.395 0.666 1.06 0.559 0.630 0.604 0.149 0.166
Dy 3.15 1.93 3.33 4.95 2.65 3.06 3.60 0.93 1.22
Ho 0.538 0.460 0.748 0.946 0.524 0.478 0.722 0.197 0.221
Er 1.64 1.46 2.34 2.81 1.43 1.44 2.55 0.746 0.793
Tm 0.207 0.197 0.363 0.357 0.213 0.185 0.464 0.121 0.097
Yb 1.31 1.39 2.83 2.62 1.33 0.935 3.01 1.07 1.09
Lu 0.210 0.205 0.345 0.387 0.197 0.180 0.377 0.143 0.139
Hf 3.24 6.14 3.04 7.50 3.71 2.68 7.21 5.64 5.03
Ta 1.01 1.26 1.32 1.35 0.464 0.495 1.99 2.24 223
Pb 8.20 2.28 7.54 4.07 7.97 8.65 8.26 8.08 3.36
Th 10.2 14.1 27.4 7.99 9.25 11.3 18.4 17.1 25.5
u 2.00 2.26 2.82 5.66 1.09 1.48 2.31 2.39 1.98
Eu/Eu* 1.0 0.73 0.37 1.3 1.1 0.93 0.48 0.44 0.22
Sample TS1 TS2 TS3 TS4 TS5 TsFe4 YXI1 YX2 YX3 TLS2
Name of batholith Tieshan Yangxin
Rock type QD L QD QD QD G GP QD QD QD
Si0, 63.20 56.63 63.59 64.65 65.02 54.61 71.33 65.71 63.87 64.31
TiO, 0.55 0.68 0.63 0.62 0.68 1.06 0.30 0.72 0.42 0.70
Al,O4 18.67 14.45 17.02 15.92 17.85 15.55 13.91 15.38 16.20 17.02
Fe,04 2.01 3.93 2.05 1.23 1.40 2.79 0.82 2.00 0.48 2.61
FeO 0.92 2.78 0.72 0.70 1.00 1.70 0.25 0.59 0.10 0.43
MnO 0.08 0.10 0.07 0.07 0.06 0.13 0.05 0.11 0.08 0.10
MgO 1.20 4.84 1.34 0.62 1.07 3.36 0.60 1.23 0.96 0.71
CaO 4.42 5.98 3.84 4.96 3.56 9.97 1.40 438 4.87 6.40
Na,O 3.83 3.05 3.81 3.57 3.83 3.78 2.89 3.60 5.39 3.33

(continued on next page)
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Table 1 (continued)

Sample TS1 TS2 TS3 TS4 TS5 TsFe4 YX1 YX2 YX3 TLS2
Name of batholith Tieshan Yangxin

Rock type QD L QD QD QD G GP QD QD QD
K,0 2.56 2.90 3.33 2.53 2.68 1.82 291 2.60 0.48 2.34
P,0s 0.37 0.52 0.40 0.39 0.33 0.67 0.23 0.34 0.40 0.33
LOI 1.77 3.54 2.70 4.39 2.33 3.54 4.81 3.11 6.06 1.48
Sum 99.58 99.40 99.50 99.65 99.81 98.98 99.50 99.77 99.31 99.76
K50 /Na,O 0.67 0.95 0.87 0.71 0.70 0.48 1.01 0.72 0.09 0.70
Mg 0.48 0.62 0.53 0.42 0.50 0.63 0.57 0.52 0.79 0.35
Sc 8.01 19.58 5.87 4.74 6.35 12.9 2.86 6.18 8.89 6.91
\Y% 56.3 135 58.3 38.8 38.6 128 26.7 73.3 75.5 473
Cr 25.8 216 16.2 33.0 30.0 44.7 6.93 16.5 232 12.5
Co 7.56 19.3 4.79 5.28 4.10 17.4 2.85 9.35 5.26 7.40
Ni 16.4 52.5 11.9 20.4 17.1 34.0 4.34 7.89 10.5 9.43
Rb 62.9 91.8 54.4 68.0 73.3 49.4 166 156 29.0 87.5
Sr 1431 765 1269 1025 1220 2405 329 798 456 969

Y 15.4 17.8 12.9 11.2 15.0 15.4 5.25 13.4 12.6 14.5
Zr 161 141 39.4 164 205 64.6 130 131 158 150

Nb 12.5 10.6 8.16 8.49 11.7 5.67 6.44 16.3 15.7 13.7
Ba 1192 1216 1466 1048 1158 1367 939 785 43.7 917

La 515 54.4 53.5 38.9 46.8 69.0 25.7 48.9 39.6 44.5
Ce 100.8 103.8 101.0 76.1 89.3 1453 41.4 83.9 75.8 87.4
Pr 11.3 11.8 11.1 8.61 10.6 17.6 4.55 8.63 8.07 9.75
Nd 39.4 40.3 375 31.7 35.0 61.4 16.1 30.5 28.6 30.6
Sm 6.57 7.59 5.09 5.30 5.83 10.1 2.10 4.84 4.59 4.84
Eu 1.71 1.86 1.37 1.25 1.20 2.50 0.839 1.56 1.04 1.42
Gd 5.16 5.71 4.54 391 4.98 8.29 1.59 4.47 3.85 3.94
Tb 0.601 0.616 0.521 0.410 0.679 0.793 0.183 0.570 0.446 0.536
Dy 3.30 3.74 2.98 2.64 2.81 3.64 0.926 2.07 2.02 3.22
Ho 0.583 0.814 0.484 0.409 0.592 0.631 0.143 0.400 0.448 0.544
Er 1.68 1.97 1.45 1.23 1.50 1.40 0.468 1.22 1.22 1.24
Tm 0.224 0.298 0.182 0.150 0.269 0.204 0.054 0.146 0.155 0.185
Yb 1.32 1.57 0.947 0.929 1.00 1.10 0.340 1.20 1.25 1.25
Lu 0.209 0.278 0.159 0.143 0.222 0.162 0.042 0.225 0.172 0.285
Hf 3.29 2.75 1.08 3.32 4.54 1.63 4.42 5.23 5.50 3.55
Ta 0.681 0.654 0.559 0.642 0.648 0.288 0.478 1.46 1.11 0.909
Pb 9.54 7.57 9.57 10.7 16.6 11.6 19.3 8.39 3.99 13.0
Th 8.85 14.9 10.3 7.24 10.0 5.06 7.51 15.5 16.1 12.1
U 1.52 3.42 1.80 1.53 1.78 1.26 1.66 4.54 5.24 2.65
Eu/Eu* 0.87 0.83 0.85 0.80 0.67 0.81 1.4 1.0 0.74 0.97

Note: QM = quartz monzonite, MG = moderate-grained granite, CG = coarse-grained granite, QD = quartz diorite, L = lamprophyre, G = gabbro, GP = granite

porphyry.

Geology and Geophysics (Beijing), Chinese Academy of
Sciences. Measured Sr and Nd isotopic ratios were normalized
using an %°St/*Sr value of 0.1194 and a '**Nd/'**Nd value of
0.7219, respectively. *’Rb/*®Sr and '*’Sm/'*Nd ratios were
calculated using the Rb, Sr, Sm and Nd abundances measured by
ICP-MS. Analyses of standards during the period of analysis are
as follows: NBS987 87Sr/%°Sr=0.710254+ 11(26) (n=27); Ames
Nd standard "*Nd/"**Nd=0.512145+12 (26) (n=15). Major and
trace element composition and Nd—Sr isotopic data for granitoids
in the Southeastern Hubei are listed in Tables 1 and 2, respectively.

5. Results
5.1. Major and trace elements
As shown in a classification diagram using K,O+Na,O

versus SiO, (Fig. 3; Middlemost, 1994), the Tieshan intrusion
is dominated by quartz diorite, quartz monzonite and diorite,

the Yangxin intrusion by quartz diorite and quartz monzonite,
and the Echeng intrusion by granite, quartz diorite and quartz
monzonite. The total alkali versus silica classification of Irvine
and Baragar (1971) shows that most samples belong to the
sub-alkaline series, with some samples falling into the alkaline
series (Fig. 2). In general, the samples have high alkali with
K;0+Na,O ranging from 5.60 to 8.00% and high K,O
contents from 0.42 to 3.98% (most are between 1.82 and
3.98%), and fall into the high-K and middle-K calc-alkaline
field in a SiO, versus K,O diagram (Fig. 3), except for
samples from the Echeng granite and Yangxin granite
porphyry (Table 1). The Tieshan and Yangxin batholiths are
characterized by large variations in chemical composition and
show similar variation trends in Harker plots (Fig. 4), but with
the former (Si0,=54.61-65.02%, MgO=0.62—4.84%) being
slightly less differentiated than the latter (SiO,=64.31—
71.33%, MgO=0.60—1.23%). The Echeng batholith also
exhibits similar trend for the major oxides when compared
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Table 2

Sr and Nd isotopic compositions of Late Mesozoic granitoids

Sample no. Sm Nd 7S m/"Nd SNd/Nd 26 (“*Nd/"*Nd), ena(®)
TS1 6.57 394 0.1008 0.512104 0.000013 0.5120 -8.8
TS2 7.59 40.3 0.1139 0.512175 0.000013 0.5121 -7.6
TS3 5.09 37.5 0.0821 0.512024 0.000012 0.5120 -10.0
TSS 5.83 35.0 0.1007 0.512127 0.000015 0.5120 -83
TsFe4 10.13 61.4 0.0998 0.512147 0.000015 0.5121 =79
YX1 2.10 16.1 0.0788 0.512095 0.000013 0.5120 -85
YX2 4.84 30.5 0.0960 0.512233 0.000014 0.5121 -6.1
YX3 4.59 28.6 0.0971 0.512218 0.000014 0.5121 -6.4
TLS2 4.84 30.6 0.0958 0.512204 0.000013 0.5121 -6.7
QC1 3.97 29.5 0.0815 0.511973 0.000012 0.5119 —11.2
QC2 3.93 31.1 0.0764 0.511903 0.000012 0.5118 -12.5
QC5 4.90 27.1 0.1093 0.511996 0.000013 0.5119 -11.2
QCo 8.23 64.5 0.0772 0.512057 0.000012 0.5120 -9.5
QC7 6.22 384 0.0981 0.512136 0.000012 0.5121 -8.3
QCY 3.93 24.4 0.0975 0.511986 0.000012 0.5119 —11.2
QC10 5.12 21.7 0.1026 0.511998 0.000013 0.5119 —11.0
Sample no. Rb Sr 87Rb/A%Sr 87Sr/8Sr 28 ®7Sr/*°sr), es(T)
TSI 62.9 1431 0.1272 0.707404 0.000013 0.7072 4.0
TS2 91.8 765 0.3475 0.706095 0.000011 0.7054 1.5
TS3 54.4 1269 0.1241 0.707362 0.000011 0.7071 39
TS5 73.3 1220 0.1737 0.707497 0.000010 0.7072 4.0
TsFe4 49.4 2405 0.0594 0.706890 0.000012 0.7068 34
YX1 165.5 329 1.4576 0.708646 0.000011 0.7058 2.0
YX2 156.4 798 0.5667 0.706785 0.000013 0.7057 1.8
YX3 29.0 456 0.1838 0.707280 0.000013 0.7069 3.6
TLS2 87.5 969 0.2615 0.706501 0.000012 0.7060 2.3
QC1 12.3 867 0.0409 0.707868 0.000011 0.7078 4.8
QC2 2.99 96.0 0.0900 0.708660 0.000014 0.7085 5.8
QCs5 141.3 93.2 4.3881 0.715314 0.000014 0.7078 4.8
QCo6 20.2 789 0.0741 0.708555 0.000012 0.7084 5.7
QC7 67.5 1290 0.1515 0.706746 0.000014 0.7065 3.0
QC9 172.7 100 4.9772 0.715285 0.000011 0.7067 33
QC10 79.5 81.8 2.8110 0.712644 0.000013 0.7078 4.9

Sample Numbers and locations are the same as in Table 1. Note: (87Sr/87Sr)0UR=0.7045, "RbA%Sr)°r=0.0827, ('43Sm/144Nd) O cnur=0.51238, (143Nd/144Nd)0CHUR=

0.1967; Arp=1.42x10""/year, Agm=6.5x 10" '%/year (Rollinson, 1993).

to the samples from the Tieshan and Yangxin intrusions. In
particular, the quartz diorite and monzonite show similar
chemical compositions, and are significantly less differentiated
than granite with SiO, ranging between 68.83 and 76.57% and
MgO between 0.22 and 0.56% (Table 1, Fig. 4). As shown in
Fig. 4, these batholiths are characterized by obvious negative
correlations between SiO, and MgO, CaO, TiO,, FeOt, Al,Os,
P»,0s5, MnO, indicating the effects of fractional crystallization
during magmatic evolution.

All granitoids in the Southeastern Hubei are characterized
by a general LREE (light rare earth elements)-enrichment
(Lan/Ybny=2.3-50.9) and variable bulk REE (rare earth
elements) concentrations (29.1-405 ppm) (Fig. 5, Table 1),
with positive to negative Eu anomalies (Eu/Eu*=0.22—-1.3). In
particular, the Echeng granites and Yangxin granite porphyry
display strong negative Eu anomalies (Eu/Eu*=0.22-0.73).
As shown in Fig. 5c, the gabbroic and dioritic mafic enclaves
(Si0,<55%) have REE patterns similar to those of the
Tieshan quartz diorite and lamprophyre (Ma et al., 1994).

On primitive mantle-normalized variation diagrams (Fig. 6),
the Tieshan and Yangxin batholiths display generally similar
profiles that are characterized by enrichment in LREE and Rb, Th,

U, Pb, and significant depletion in Nb and Ta (Fig. 6¢, d). The
Echeng quartz diorite and monzonite show enrichment in Th, Pb,
Sr and LREE, and significant depletion in Nb and Ta (Fig. 6b),
similar to the Tieshan and Yangxin granitoids. In contrast, the
Echeng granites are enriched in Th and Pb and depleted in Ba and
Sr, without depletion in Nb and Ta (Fig. 6a). From Fig. 6c, the
gabbroic and dioritic enclaves (Si0,<55%) show similar trace
element characteristics to quartz diorite and lamprophyre from the
Tieshan batholith (Ma et al., 1994).

5.2. Nd-Sr isotopes

Nd and Sr isotopic data have been obtained from
representative samples of the Tieshan, Yangxin and Echeng
batholiths (Table 2). The Tieshan batholith show elevated
initial &yq values ranging from —10.0 to —7.6, and moderate
(¥’Sr/*°Sr); ratios from 0.7054 to 0.7072 .These values are
comparable with those of the Yangxin quartz diorite and granitic
porphyry that have eynqg values ranging from —8.5 to —6.1, and
(*7Sr/*®Sr);=0.7057—0.7069. The Echeng granitoids have
slightly lower initial eng (—12.5 to —8.3) but slightly higher
(*7S1/%Sr); (0.7065 to 0.7085) (Fig. 7).
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6. Discussion
6.1. Petrogenesis

As shown in Table 1, the Tieshan, Yangxin and Echeng
batholiths are characterized by intermediate to high concentra-
tions of Si0; (54.61-76.57 wt.%) Na,O (2.89-5.57 wt.%), and
Sr (60.5-1220 ppm), but low Y (5.17-29.3 ppm) and Yb
(0.34-2.83 ppm), and have geochemical features similar to
high-silica adakite (HAS) (see reviews in Martin et al., 2005)
(Figs. 4a, 8), as they fall into the adakite field on St/Y versus Y,
and (La/Yb)y versus Yby diagrams (Fig. 9) except for the
samples from the Echeng granite and Yangxin granite porphyry.
Over the past decade, attention has been drawn to the origin of
adakites (see reviews in Castillo, 2006) , with proposed models
including: (1) melting of subducted oceanic slab (e.g. Defant
and Drummond, 1990), (2) melting of delaminated lower crust
(Xu et al., 2002; Wang et al., 2004; 2006) or underplated
basaltic crust (e.g. Atherton and Petford, 1993), (3) assimilation
and fractional crystallization (AFC) processes involving
basaltic magmas (Castillo et al., 1999; Macpherson et al.,
2006) and (4) melting of mantle peridotite previously
metasomatized by slab-melts (e.g. Jiang et al. 20006).

It is generally accepted that the MLYRB comprises one of
the most important Late Mesozoic igneous rock provinces in
eastern China (e.g. Xie et al., 2005a). However, whether Late
Mesozoic magmatism in eastern China was related to westward
subduction of the paleo-Pacific Plate remains controversial (e.g.
Li, 2000; Zhou et al., 2006). As shown in Fig. 7a, the low eng
(—12.5 to —6.1) and moderate (*”Sr/*°Sr); (0.7054 to 0.7084) of
the Tieshan, Yangxin and Echeng granitoids are distinct from
those of mid-oceanic-ridge basalt (MORB) (Defant and
Drummond, 1990), indicating that these granitoids could not
have been directly derived from partial melting of the subducted
slab.

Syenite

Na,0+K,0(%)

| Gabbroic Diorite

| Diorite

Quartz diorite
or Granodiorite

52 56 60 64 72 76 80

68
Si0,(%)

Fig. 2. Total alkalis (K,O+Na,O) versus SiO, diagram for Late Mesozoic
granitoids (compositional fields from Middlemost, 1994), the division between
alkaline and sub-alkaline is after Irvine and Baragar (1971). [J: Echeng batholith
(this study; Zhou and Ren, 1994), <: Yangxin batholith (this study; Zhou and
Ren, 1994) , O: Tieshan batholith (this study; Ma et al., 1994; Zhou and Ren,
1994).

8
Yulong //‘\
monzogranite-porphyry
of A
i O
= Shoshonitic /
E\..« O —-n--.,‘
S, 4 tigh Ba-Sr granitoids O
M from North China (]
2k Calc-alkaline
Middle-
Low-K < n®

QLOI - I45 50 55 60 65 70 75 80
Si0,(%)

Fig. 3. K,O versus SiO, diagram for Late Mesozoic granitoids (compositional
fields from Rollinson, 1993). For comparison, enriched mantle-derived Yulong
monzogranite-porphyry (Jiang et al., 2006) and high Ba—Sr granitoids from
North China (Qian et al., 2003) are also shown. Symbols and references are the
same as in Fig. 2.

More recently, some Late Mesozoic granitoids with an
adakitic affinity have been recognized in eastern China and
these are referred to as ‘Chinese C-type’ adakite (hereafter
referred to as C-adakite) (Zhang et al., 2001), the origin of these
adakitic rocks is poorly understood. Some Cretaceous granitic
rocks in the Tongling and Nanjing (insert of Fig. 1) show
affinities with C-adakite and have been proposed to originate
from partial melting of delaminated lower crust and interaction
with mantle rocks (Xu et al., 2002; Wang et al.,, 2000).
However, several lines of evidence strongly suggest that the
Tieshan, Yangxin and Echeng batholiths could not have directly
originated from partial melting of basaltic lower crust:

(1) These granitoids span a wide range of K,O/Na,O from
0.08 to 1.4 with an average of 0.66, and are thus sig-
nificantly different from delaminated lower crust-derived
C-adakite that are characterized by enrichment in po-
tassium and K,0/Na,O ratios of around unity (Xiao and
Clemens, 2007). Moreover, experimental studies have
demonstrated that adakitic magmas derived directly from
lower crustal mafic rocks usually show high Na,O
(>4.3 wt.%) rather than high K,O (Rapp and Watson,
1995). Although they exhibit high Na,O (Figs. 3, 4h, 8),
the granitoids investigated in this study also have elevated
K50, Ba and Sr contents, similar to high Ba—Sr granitoids
from, for example, the North China Craton and the
Yulong granite porphyry, all of which derived directly
from an enriched mantle source (Qian et al., 2003; Jiang
et al., 2000).

(2) Interaction between adakitic melt from delaminated lower
crust and the mantle can increase the mantle fingerprint,
and give rise to elevated MgO, Cr, and Ni concentrations,
as demonstrated by the Xinglonggou adakites in the North
China Craton which have unusually high MgO (on
average 3.7%, but up to 5.7%), Cr (127-402 ppm), and
Ni (82-311 ppm) concentrations (Gao et al. 2004).
Adakites derived from a peridotitic mantle wedge
modified by reaction with felsic slab-melts are character-
ized by low SiO, contents and elevated MgO, Cr, Ni, V



G. Xie et al. / Lithos 104 (2008) 216-230

a ¢ N b 12
\ I o
s LsA 2\ 10
s o
0\ l \\
saf \ I'\ & 8f
) AN o' 7/ N\ £
~ - 3
Sa b TT HSAN 2 . F 00 Opd
= 4 @ \ U @ o o®
\ @R) \ Q’% ¢
2r \ N 4[ o CbO
oe N o @
N0 o N
' NoBo N & °© oB Jfo
o u| oo
0‘.|H.H‘..H\..H...D‘\E.‘rlh 0 1 L TR m-lu-wv--
50 54 58 62 66 70 74 78 82 50 54 58 62 66 70 74 78 82
Si0, (%) Si0,(%)
C 22 d 14
3
1.2f
°o o i o
-l Do ’_\1.0‘
S > |
o o 88 0 S . ° .
S <0.8)
< o o %% R o S| % EO S5°
= = & = o o
o 0.6f 0@
og o
14 a o I & (=
- 0.4 o % o a
oo | ¢
o
0.2
10 0 iy L ! i !
S0 54 58 62 66 70 74 78 82 50 54 58 62 66 70 T4 T8 82
Si0,(%) $i0,(%)
e
1.2 = fo.zc._
- o
| 0.161 LS
I on o
0.8 \/; o -
& o© Zo.12f oo
S
3 | o e 00 o¢
A 52 O = ol @ °
o Bt £ 00 O
0.4 0 40 o o] dﬂo .
o< o
- o oo s o@ O ¢ O
¢ %o 0.04F o0 O
B o o B u} o
m —
o o |
0 1. L cl R ST T TN T SN SO N | L 0\\\]llll‘LJ'III|'JJLIIL|I'IJL!L
50 54 58 62 66 70 74 78 82 50 54 58 62 66 70 74 78 82
Si0,(%) 8i0,(%)
g s h »
?9‘90
i on
6 b of
6t 00 o < o
OQ Q o [o's} o o
3 o s © <t e OB o
= %8 Q 0% ©nmo
S 4t o ] Na,0=4.3% o8 u]
& K O
- oy O 1 o Ooooo o
8°® °
2 [ o 00 o ¢ N
o o 3 [ °n
L . @ oo
0“.1‘..\”..‘..‘;'..,‘..“.D.D,I:l ) ST RS S S S T S S S S S S N SR T W
50 54 58 62 66 70 74 78 82 50 54 58 62 66 70 74 78 82

Si0,(%)

Si0,(%)

223

Fig. 4. Major elements variation diagrams for Late Mesozoic granitoids. LSA (low-SiO, adakites) and HSA (high-SiO, adakites) are after Martin et al., 2005. Symbols

and references are the same as in Fig. 2.
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Fig. 5. Chondrite-normalized REE patterns for Late Mesozoic granitoids. Normalization values are after Boynton, 1984. Sample H2-M1 is after Zhou and Ren, 1994.
The shaded area and mafic enclave of Tieshan are after Zhou and Ren, 1994; Ma et al., 1994, respectively. The shaded area for Yangxin is after Zhou and Ren, 1994.

contents (e.g. Martin et al., 2005). However, except for
the lamprophyre (TS2) and gabbro (TSFe4) samples from
the Tieshan intrusion, these granitoids from the south-
eastern Hubei Province exhibit very low MgO ranging
from 0.09 to 2.19% with an average of 0.96%, and low Cr
(2.93-87.8 ppm) and Ni (2.47—52.5 ppm) concentrations,
respectively.

(3) Fig. 7 shows that the Nd and Sr isotopic ratios of
granitoids in the southeastern Hubei (eng=—12.5t0 — 6.1,
(*7S1/%Sr),=0.7054 to 0.7085) are different from those of
lower crust (exg=—33 to —20, (*’St/*°Sr);=07010-0.712)
in the Yangtze Craton (Jahn et al., 1999). Furthermore,
geochemical data suggest that the lower crust in eastern
China as a whole is characterized by about 57 wt.% SiO,,
which is in contrast to generally accepted models of the
composition of mafic lower crust (Gao et al., 1998).

As shown in Fig. 7b, Nd—Sr compositions of the Tieshan,
Yangxin and Echeng batholiths, especially the Yangxin quartz
diorite, and Tieshan quartz diorite, are comparable with those of
Late Mesozoic basalt and mafic intrusions elsewhere in the
MLYRB (Chen et al., 2001; Wang et al., 2004, 2006; Yan et al.,
2005; Xie et al., 2005b), suggesting considerable input from a
mantle component to these granitoids. The quartz diorites from

Echeng, Yangxin and Tieshan have lower SiO, and (*’Sr/**Sr),,
but higher K,0, £yg4, Ba and Sr than the Echeng granite(Figs. 3,
7 and 8), indicating that the former show affinities with a more
metasomatised lithospheric mantle than the latter (e.g. Qian
et al., 2003; Jiang et al., 2006). Except for Echeng granite, the
quartz diorites from Echeng, Yangxin and Tieshan are
geochemically comparable to the mafic enclaves with respect
to its trace element and REE patterns, indicating the involve-
ment of an enriched metasomatised lithospheric mantle source
in formation of these granitoids (Ma et al., 1994).The Mesozoic
granitoids of the MLYRB are I-type granites with low while
rockd'®0 (8—10%o) of whole-rock, further implying that the
parental magma was a mixture of mantle-derived and crustal
material that formed by partial melting of metamorphosed
basement (Pei and Hong, 1995). Finally, recent studies have
demonstrated that skarn Cu—Fe—Au—Mo deposits such as the
Tonglushan Cu—Fe deposit, which are genetically associated
with the Yangxi batholith, exhibit high Re contents in
molybdenite ranging from 175.7 to 665.4 ppm (Xie et al.,
2007), implying evolution of a mantle-derived fluid as part of
the metallogenic system (Stein et al., 2001). Thus, in summary,
the combined data point to the likely derivation of the parental
magma from an enriched lithospheric mantle to generate the
Mesozoic granitoids in the southeastern Hubei.
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The relatively low MgO concentration of the Tieshan,
Yangxin and Echeng batholiths (Table 1) suggests that
significant degrees of fractional crystallization of ferromagne-
sian phases such as hornblende and pyroxene occurred during
the formation of these granitoids. This notion is supported by
the decreasing trends in MgO, CaO, Al,O; and TiO, with
increasing SiO, (Fig. 4). In general, feldspar is the most
important fractionating phase during granitic evolution, and the
size of the negative Eu anomaly can be used as a measure of the
degree of this feldspar fractionation (Rollinson, 1993). Strongly
negative Eu depletion (Ew/Eu* 0.22-0.72) in the Echeng
granite is probably the result of feldspar fractionation, as also
suggested by the moderate negative correlation between Eu/Eu*
versus Th and SiO, (Fig. 10). The above evidence suggests that
magmas responsible for Late Mesozoic granitoids in the
southeastern Hubei were derived from an enriched lithospheric
mantle source, and were subsequently modified by assimila-
tion—fractional crystallization (AFC) processes during their
ascent, This process is also indicated by in the (*’Sr/**Sr); and
end(?) versus SiO; plot (DePaolo, 1981) (Fig. 11). Geochemical
modeling shows that these granitoids were produced by AFC
process in which 5-30% lower crust was involved in the
magma generation (Fig. 7b). As shown in Figs.4 a and 8, these
granitoids are geochemically similar to high-SiO, adakite(HSA)
which is considered to represent subducted basaltic slab-melts

that have reacted with peridotite during ascent through the
mantle wedge (Martin et al., 2005). The scenario proposed here
for the generation and petrogenesis of Mesozoic granitoids in
the MLYRB is similar to the formation of Cenozoic adakitic
rocks in Camiguin Island, Philippines, which were derived from
a slab fluid-metasomatized mantle wedge and experienced AFC
processes prior to eruption (Castillo et al., 1999).

6.2. Tectonic setting

From the Jurassic to Cretaceous, the MLYRB experienced a
phase of extensive magmatism that developed throughout
eastern China (Zhou et al., 2006). Among the igneous rocks
produced, intermediate-acid intrusive rocks are dominant,
followed by widespread deposition of Cretaceous volcanic
rocks (Mao et al., 1990). Based on published age information
and the data presented in this study, we suggest that the
widespread Late Mesozoic granitic magmatism in the south-
eastern Hubei occurred in an extensional setting, as substan-
tiated by the following three lines of evidence:

(1) The data presented above show that the emplacement of
these granitoids took place between 136 and 121 Ma,
coeval with the emplacement of early Cretaceous A-type
granites elsewhere in the MLYRB based on, for example,
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SHRIMP U-Pb zircon ages of 125+2 Ma for the
Huashan riebeckite granite, a whole-rock Rb—Sr isochron
age of 133.1+2.5 Ma for the Huangmeijian quartz
syenite, and a SHRIMP zircon age of 136+3 Ma for the
adakitic shaxi quartz diorite porphyries (e.g. Wang et al.,
2006 and references therein), all of which have been
interpreted to have formed in an extensional continental
setting in the MLYRB.

(2) Recent SHRIMP U-Pb zircon dating has indicated that
volcanic rocks from the Niuwu and Jinliu Basins in the
MLYRB were also deposited between 131 and 127 Ma
(Zhang et al., 2003; Xie et al., 2006b). Volcanic rocks
from the Jinliu, Zhenjiang, Fanchang and Huaining
basins, and which are synchronous with the emplacement
of the A-type granitoids in the MLYRB, are characterized
by bimodal characteristics (Xie et al., 2006b; Xie G Q
unpublished data).

(3) Widespread Late Mesozoic mafic dikes are commonly
spatially associated with these granitoids in the MLYRB
(see Fig. 2).Although most of the dikes have not been
precisely dated, based on geological evidence, the mafic
dikes were dominantly emplaced during the late Jurassic
to early Cretaceous in eastern China (Xie et al., 2005b,
2006c). An exception is a spessartite from the Wushan
skarn copper ore districts nearby Jiujiang(Fig. 1) that has
been dated at 143.5-139.7 Ma by the whole-rock K—Ar
method (Xie et al., 2005b).

A-type granites, bimodal volcanic rocks and mafic dikes
commonly occur either in post-orogenic or anorogenic settings
(e.g. Hall, 1982; Whalen et al., 1987), we therefore propose that
the Late Mesozoic granitoids in the southeastern Hubei were
emplaced into an extensional setting. Although adakitic
magmatism is usually associated with convergent plate setting
(see Gutscher et al., 2000, for a review), at least some adakitic
rocks can be shown to have formed unambiguously in an
extensional tectonic regime (e.g. Wang et al., 2006).

Studies of mantle xenoliths in the North China Craton
(Menzies et al., 1993) and Yangtze Craton (Xu et al., 2000) have
indicated that ancient continental lithosphere has been removed
and replaced by thinner and more fertile mantle material during
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Fig. 9. Sr/Y versus Y and (La/Yb)y versus Yby diagram for Late Mesozoic granitoids (Defant and Drummond, 1990). Symbols and references are the same as in Fig. 2.
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the Mesozoic (Griffin et al., 1998). However, the timing and
mechanism for lithospheric thinning underneath the North
China and Yangtze Cratons remain poorly understood, in part
owing to the lack of systematic studies on Late Mesozoic
magmatism. Both geological features and published SHRIMP
U-Pb zircon ages demonstrate that quartz diorite and
monzonite intrusions are widespread in the southeastern
Hubei Province, and these were emplaced earlier than other
granitic rocks, such as the Tieshan granite (Mao et al., 1990;
Shu et al., 1992; Zhou and Ren, 1994; Ma et al., 2005; Xue
et al.,, 2006; Xie et al., 2006a). Experimental studies have
demonstrated that the residual assemblages and melt composi-
tions formed by partial melting of continental crust vary
significantly with depth of melting. That is, granitic melts at
pressures below 10 Kbar are characterized by significant
negative Eu anomalies, low Sr/Y and (La/Yb)N ratios, and are
in equilibrium with an anorthite-rich plagioclase residue,
whereas granitic melts at pressures higher than about 15 Kbar
show no significantly negative Eu anomalies, have high Sr/Y
and (La/YDb)N ratios, and are in equilibrium with an garnet-rich
residue, plus or minus albitic plagioclase (e.g. Defant and
Drummond, 1990; Rapp and Watson, 1995; Patifio Douce and
Beard, 1995). Thus, the geochemical characteristics of different
stages of granitoid melt can be used to constrain the timing and
mechanism for lithospheric thinning (Xu et al., 2007). As noted
earlier, quartz diorite and monzonite in the southeastern Hubei
show different geochemical characteristics, especially with
regards to their Eu anomalies, and St/Y and (La/YDb)N ratios
(Figs. 5, 9). Moreover, Nd—Sr isotopic evidence indicates that the
quartz diorite from Echeng, Yangxin and Tieshan show closer
affinities with an enriched mantle the Echeng granite (Table 2 and
Fig. 7). Consequently, the magma responsible for the formation of
the early stage quartz diorite and monzonite in the southeastern
Hubei Province possibly originated from a somewhat deeper
source than that of the later stage granite and granite porphyry.
Thus, the integration of published SHRIMP zircon U-Pb ages
with the changing compositional trends for the granitoids shown
in this study indicates that lithospheric thinning probably
commenced in the Early Cretaceous.

From the Late Mesozoic to Tertiary, isotopic compositions of
mafic intrusive rocks and basalts from the MLYRB show a
progressive change towards more depleted mantle character-
istics, or a decreasing contribution of EM II mantle relative to
DMM mantle (Chen et al., 2001). This temporal shift is similar
to that seen in the Basin and Range Province, USA (DePaolo
and Daley, 2000), which implies that lithospheric thinning
commenced in the Late Mesozoic and terminated no later than
the Tertiary (Xie et al., 2006¢). Four recently obtained deep
seismic reflection profiles in the MLYRB have revealed that a
strongly-layered reflector exists at 20-30 km depth in the
middle—lower crust, and this is possibly due to basaltic
underplating and lithospheric thinning that occurred in the
Late Mesozoic (see e.g. summary presented in Lu et al., 2005).
Moreover, the thinning process was probably aided by
upwelling of younger asthenospheric material due to subduction
processes, replacing a part of old lithospheric mantle (Xu et al.,
2000). Therefore, the lithospheric extensional regime that

developed in the MLYRB during the Late Mesozoic was
temporally associated with basaltic underplating, which led to
lithospheric thinning and replacement during the early
Cretaceous.

7. Conclusions

The combined geochemical and Sr—Nd isotopic analysis of
the Late Mesozoic Yangxin, Tieshan and Echeng batholiths in
the southeastern Hubei Province, MYLB, eastern China leads to
the following conclusions:

(1) The Late Mesozoic granitoids consist predominatly of
high-K and medium-K, calc-alkaline quartz diorite, monzonite
and granite, are enriched in LREE and LILE, and the majority of
them have high Sr, and low Y and Yb and thus are similar to
high-SiO, adakites.

(2) Geological, geochemical and isotopic data preclude that
these granitoids originated as direct the partial melts of a
subducted slab or basaltic lower crust. Instead, these intrusions
probably originated from partial melting of an enriched mantle
source, followed by crustalassimilation and fractional crystal-
lization of the parental magmas during magma ascent.

(3) Late Mesozoic granitoids in the southeastern Hubei,
MYLB formed in an extensional setting. The integration of
existing SHRIMP zircon U-Pb ages with the systematic
compositional trends for these granitoids noted herein indicates
that lithospheric thinning in the MYLB probably commenced in
the Early Cretaceous.
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