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The dacites and granites from the Beishan region are characterized by highly-fractionated REE, enrich-
ments in LILE, and depletion in Nb, Ta and Sr. The dacites contain zircons with ages ranging from 265
to 748 Ma. These features suggest that they were probably derived from the older lower continental crust
and were later on subjected to significant crustal assimilation. The rhyolites, diorites and diabases, all of

which share similar geochemical features such as trace element patterns, zircon U-Pb ages of ~280 Ma,
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positive eyg(t) and enq(t), high initial (37Sr/26Sr)i and 5'%0%. values, were most likely derived from the
juvenile crustal sources and subsequently experienced fractional crystallization and crustal contamina-
tion. These acidic igneous rocks (except dacites and granites) and coeval mafic-ultramafic intrusions
form a bimodal igneous series. This implies that the Beishan region was a Late Paleozoic rift probably
developed in association with the early Permian mantle plume activity in the Tarim Basin.

© 2010 Elsevier Ltd. All rights reserved.

1. Introduction

The Eastern Tianshan and Beishan, situated in the southern
margin of the Central Asian Orogenic Belt (CAOB), is a conjunction
region of the CAOB, Sino-Korean and Tarim cratons (Fig. 1A). Since
large volumes of Paleozoic volcanic and plutonic rocks are distrib-
uted there (Fig. 1B; Gu et al., 2001; Qin et al., 2002, 2003; Han et al.,
2004; Zhou et al., 2004; Jiang et al., 2006; Wang et al., 2006; Tang
et al., 2009; Li et al., 2010a), it has been considered as an important
region to investigate the tectonic evolution of the CAOB (Yue et al.,
2001; Han et al., 2006; Li et al., 2006a,b; Mao et al., 2008; Pirajno
et al., 2008; Xu et al., 2009; Ao et al., 2010; Su et al., 2010a,b). Most
of the studies on this region have been focused on the rocks in the
Eastern Tianshan, while those of the Beishan region have received
little attention, in part due to the general lack of accessibility and
the extreme climatic conditions prevailing in the region. The tec-
tonic framework of the Beishan region in the Late Paleozoic, which
is critical in understanding the subduction and closure of the South
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Tianshan Ocean, as well as the orogenic process of the southern
margin of the CAOB, has remained a controversial issue. Based on
the inferred occurrence of Alaskan-type complex, some proposed
that the Beishan region represents an arc setting in Late Paleozoic
(Mao, 2008; Xiao et al., 2009; Ao, 2010; Ao et al., 2010). However,
more authors preferred an intra-continental rift setting (Xiao et al.,
2000, 2004a; Jiang et al., 2006; Yang et al., 2008; Xu et al., 2009).
But at present, they still have not got sufficient evidence, including
the absence of bimodal igneous series, to support their opinion.
Tectonic setting could be inferred from rock assemblages and
their geochemical characteristics. The mafic-ultramafic intrusions
in the Beishan region are construed to be derived from the upper
mantle (Li et al., 2006a; Jiang et al., 2006; Mao et al., 2008; Pirajno
et al., 2008; Yang et al., 2008; Su et al., 2009, 2010a,c). Even though
these rocks contain a wealth of information about petrogenetic
evolution and related magmatic processes, few geochemical and
geochronological works have been done on them. Furthermore,
the acidic rocks, such as rhyolite, granite and dacite, have not yet
been investigated in detail. For these reasons, the petrogenetic
relationship between the acidic rocks and the mafic-ultramafic
intrusions is poorly known. In this contribution, we present the
geochemical and Sr-Nd isotopic compositions and zircon U-
Pb-Hf-0 data of volcanic rocks and related intrusive rocks from
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Fig. 1. (A) A geologic map of the study area, showing the location of the Siberian, Tarim and Sino-Korean Cratons in relation to the Central Asian Orogenic Belt (modified after

Jahn et al. (2000)). (B) Regional geological map of the Eastern Tianshan and Beishan
2010b).

the Beishan region to decipher their evolutional history such as
petrogenesis and tectonic implications.

2. Geological background and sampling

The Beishan region is located in the northeastern part of the
Tarim basin, adjacent to the Middle Tianshan Massif in the north
(Fig. 1B; BGMRXUAR, 1993; Xu et al., 2009). It is mainly comprised
of Precambrian crystalline basement and overlying sedimentary
rocks, which include the Beishan, Gutongjing, Yangjibulake and
Aierlanjigan groups. The Precambrian to Permian strata in the Bei-
shan region are separated by well-developed fault-related uplifts
and sags (Yue et al., 2001; Xu et al., 2009; Su et al., 2010c). Late
Paleozoic tectonic history in this region is closely related to the
subduction and subsequent closure of the South Tianshan Ocean,
the latter process being described as quite complicated (e.g., Gao
et al., 1998, 2006, 2009; Yue et al., 2001; Zhang et al., 2002; Xiao
et al., 2009, 2010a). Previous geochronological studies on ophio-
lites (320-440 Ma; Wang et al., 1998; Long et al., 2006 and refer-
ences therein) in the western Tianshan indicate that the South

regions showing the distribution of Paleozoic mafic-ultramafic complexes (Su et al.,

Tianshan Ocean in the west was closed in early Carboniferous.
The youngest ophiolite reported in the Beishan region is 420 Ma
in age, and Hf model ages of most mantle-derived rocks are older
than 400 Ma (Mao, 2008; Ao, 2010), indicating that the closure of
the South Tianshan Ocean in the east was around 400 Ma. There-
fore, it is possible that the closure of the South Tianshan Ocean
was a scissor-like process, which commenced in the east and
ended in the west.

The Permian mafic-ultramafic complexes discovered so far are
mainly distributed in the western part of the Beishan region and
intrude the Proterozoic and Carboniferous strata (BGMRXUAR,
1993; Jiang et al., 2006; Su et al., 2009; Xu et al., 2009). From west
to east, the mafic-ultramafic intrusions are distributed as follows:
Luodong, Poshi, Poyi, Bijiashan, Hongshishan and Xuanwoling, and
have been successively explored in the past decades (Fig. 1B; Xiao
et al., 2000, 2004a; Jiang et al., 2006; Li et al., 2006a; Yang et al.,
2008; Su et al., 2009, 2010a,c; Ao et al., 2010). They are dominated
by dunite, clinopyroxene peridotite, troctolite and gabbro. The Pro-
terozoic quartz diorites are intruded by the Poshi and Poyi com-
plexes, while other complexes have country rocks of mainly
Carboniferous biotite-quartz schist (Jiang et al., 2006; Li et al.,
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Fig. 2. Simplified geological map of the Hongshishan mafic-ultramafic intrusion showing the distribution of volcanic rocks and sampling positions (modified after Su et al.
(2009)).

gabbro

peridotite

Fig. 3. Occurrence and petrography of the studied rocks from the Hongshishan area. (A) Gabbro massif above the peridotite; (B) Dacite occurs above the gabbro; (C) Diorite
shows silicified feature; (D) Rhyolite shows feldspar phenocrysts in the matrix.

2006a; Su et al., 2009, 2010c). Diorite, marble, granite and diabase Some gabbro massifs and dacites occur, like floating, above the
veins occasionally surround or occur within the intrusions (Fig. 2; peridotite and gabbro of the Hongshishan intrusion with sharp
Jiang et al., 2006; Su et al., 2009, 2010a,c). contacts (Figs. 2 and 3A and B), appearing to have no petrogenetic
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affinity to the main mafic-ultramafic body. Mineralogically, the
dacites have plagioclase phenocrysts and matrix with mineral
assemblage of plagioclase, quartz and hornblende. The diorites
from the Hongshishan and Luodong areas consist of hornblende,
plagioclase and quartz, with the Hongshishan diorite displaying
silicified characteristics in hand-specimen (Fig. 3C). Outcrops of
rhyolites in the west of the Hongshishan intrusion cover the Car-
boniferous biotite-quartz schist. The rhyolites are moderately phy-
ric rocks with phenocrysts of sanidine, quartz and feldspar in a
glassy matrix of fine-grained quartz and feldspar (Fig. 3D). The bio-
tite—quartz schist and diabase were sampled from the Bijiashan
intrusion, while the biotite-plagioclase granite and potassic granite
samples were collected from the country rocks hosting the Xuanw-
oling intrusion (Su et al., 2010a).

3. Analytical methods

The major and trace element results are listed in Table 1. The
Rb-Sr and Sm-Nd isotopic data are given in Table 2. Zircon U-Pb
isotopic data and Hf-O isotopic data are presented in Table 3 and
4, respectively.

3.1. Major and trace elements

Analyses of major and trace element abundances of all 14 sam-
ples were carried out at the Institute of Geology and Geophysics,
Chinese Academy of Sciences. Major elements were determined
using Shimadzu X-ray fluorescence (XRF-1500) on fused glass
beads. Analytical uncertainties were 1-3% relative to elements
present in concentrations >1 wt.%, and about 10% relative to ele-
ments present in concentrations <1 wt.%. Trace elements were
determined by inductively coupled plasma mass spectrometry
(ICP-MS) using an Agilent 7500a system. Samples were digested
using a mixture of ultra-pure HF and HNOj in Teflon bombs.
Analytical procedures are described in detail by Chu et al. (2009).
Precisions of the ICP-MS analyses were generally better than 5%.

3.2. Sr-Nd isotope

Rb-Sr and Sm-Nd isotopic analyses were performed on a VG-
354 thermal ionization magnetic sector mass spectrometer at the
Institute of Geology and Geophysics, Chinese Academy of Sciences.
Procedures of chemical separation and isotopic analyses followed
that of Zhang et al. (2001). Mass fractionation corrections for Sr
and Nd isotopic ratios were based on 86Sr/®8Sr and 146Nd/'4*Nd val-
ues of 0.1194 and 0.7219, respectively. Uncertainties of Rb/Sr and
Sm/Nd ratios were less than 2% and 0.5%, respectively.

3.3. Zircon U-Pb-Hf-0 isotopes

Zircon grains were separated using conventional heavy fraction
and magnetic techniques. Together with zircon standard TEMORA,
they were mounted in epoxy and then polished to expose the crys-
tals, possibly halfway, for analysis. Thereafter, all the zircons were
photographed in transmitted and reflected lights, and cathodolu-
minescence (CL) images were obtained to identify and examine
the analyzed grains. The mounts were then vacuum-coated with
high-purity gold. U-Pb-0 isotopes were measured using Cameca
IMS 1280 large-radius SIMS. Detailed working conditions and ana-
lytical procedures were described elsewhere (Li et al., 2009,
2010b). The internal precision of a single analysis was generally
better than 0.2%. for '80/'®0 ratio. Lu-Hf isotopes were deter-
mined using laser-ablation multi-collector inductively coupled
plasma mass spectrometry (LA-ICP-MS). The detailed analytical
procedures are described in Wu et al. (2006) and Li et al.

(2010b). All analyses were carried out at the Institute of Geology
and Geophysics, Chinese Academy of Sciences.

4. Analytical results
4.1. Major element

The volcanic rocks from the Hongshishan area can be divided
into two types: rhyolites and dacites (Fig. 4). The compositional
range of major elements in the rhyolites are as follows: SiO,
(70.3-72.1 wt.%), TiO, (0.68-0.76 wt.%), Al,03 (12.5-12.8 wt.%),
TFeO (total Fe, 2.61-2.94 wt.%), K,0 (2.34-2.93 wt.%) and Na,O
(4.96-5.43 wt.%) (Table 1; Fig. 5). In contrast, the dacites show rel-
atively lower SiO; (66.3-67.6 wt.%) and Na,O (0.93-1.06 wt.%), and
higher Al,O; (14.8-15.1 wt.%), TFeO (4.75-5.02 wt.%) and K,0
(5.68-6.21 wt.%) contents (Fig. 5). Compared with the fresh diorite
sample (LD-4), the silicified one (HSS12) has significantly higher
SiO, content but lower contents of other oxides (Table 1; Fig. 5).
The granites and biotite—quartz schist possess very similar major
element compositions. The diabase has relatively higher TiO, and
TFeO, and lower SiO, and K,O contents. These rocks do not show
any obvious compositional correlation (Fig. 5).

4.2. Trace element

The dacites and granites show very similar trace element pat-
terns. They have highly-fractionated rare earth element (REE) pat-
terns with negative Eu anomalies (Fig. 6A). In spider diagram, they
are rich in large ion lithophile element (LILE) such as Rb, Ba, Th, U
and Pb, depleted in high strength field element (HSFE) such as Nb,
Ta and Ti, and slightly depleted in Zr and Hf (Fig. 6B). The rhyolites
exhibit weakly fractionated REE patterns with apparently negative
Eu anomaly (Fig. 6C). They are characterized by positive Th, U, Pb,
Zr and Hf anomalies, and negative Nb, Ta, Sr and Ti anomalies
(Fig. 6D). The diorite, diabase and biotite-quartz schist display
near-identical REE and trace element patterns to the rhyolites,
but can be distinguished from them by their relatively lower trace
element abundances and variable LREE contents (Fig. 6C and D).
Contrastingly, the mafic-ultramafic intrusions from the Beishan
region are marked by lower trace element abundances, flat REE
patterns with positive Eu anomalies, slight enrichments in Rb, U
and Sr, and depletion in HFSE (Fig. 6E and F; Jiang et al., 2006; Su
et al., 2010a,c).

4.3. Sr-Nd isotope

The Hongshishan diorite (HSS12) shows high (87Sr/®¢Sr)i of
0.71012 and low é&ng(t) of —1.8 (Table 2). The rhyolites have
(87Sr/®5Sr)i ratios in the range of 0.70644 to 0.70663 and eng(t)
ranging from +2.6 to +4.3 (Fig. 7). The two dacite samples are char-
acterized by very high 87Sr/®5Sr (0.778037 and 0.777534) and low
143Nd/14“Nd (0.511856 and 0.511764) respectively, but their initial
ratios could not be calculated due to the lack of concordia zircon
U-Pb age (Table 2).

4.4, Zircon U-Pb age and Hf-0 isotope

The CL images of representative zircons are shown in Fig. 8. The
Hongshishan rhyolite (HSS6) contains equant to short, prismatic
zircons. They are colorless and transparent to translucent and
range in length from 60 to 100 pm, with length/width ratios of
1:1-1.5:1. The equant grains display regular concentric zoning
with bright luminescence, while the short prismatic grains have
oscillatory or patchy zonation with low luminescence (Fig. 8).
The U and Th concentrations of these zircons are 186-813 ppm



Table 1

Major (wt.%) and trace (ppm) elements of volcanic and plutonic rocks in the Beishan region.

Sample HSS6-1 HSS6-2 HSS6-3 HSS6-4 09HSS3-1 09HSS3-2 09HSS3-3 09HSS3-4 HSS12 BJS-11 BJS-14 XWL7 XWL-r LD-o
Rock type Rhyolite Rhyolite Rhyolite Rhyolite Dacite Dacite Dacite Dacite Silicified diorite Bio-Qtz schist Diabase Bio-PI granite Potassic granite Diorite
Sio, 71.6 703 72.1 71.5 67.6 66.7 66.6 66.3 74.7 723 55.2 75.8 72.5 57.2
TiO, 0.74 0.76 0.74 0.68 0.76 0.78 0.77 0.78 0.34 0.43 1.44 0.19 0.17 1.21
Al,03 12.5 12.8 12.5 12.6 14.8 15.0 15.0 15.1 135 134 14.6 12.5 14.0 15.3
Fe,03 1.68 1.96 1.99 1.71 3.37 4.47 3.84 3.41 0.26 3.06 104 1.92 1.94 1.75
FeO 1.08 1.16 0.94 1.10 1.69 0.84 1.44 1.92 0.67 9.25
MnO 0.05 0.06 0.05 0.05 0.05 0.04 0.04 0.04 0.02 0.03 0.15 0.02 0.02 0.15
MgO 0.76 1.02 0.82 0.75 2.54 2.34 2.44 2.50 1.11 0.74 5.03 0.30 0.30 6.78
Ca0o 1.41 1.89 1.40 1.56 0.53 0.37 0.47 0.35 2.68 1.82 8.73 1.19 1.38 2.20
Na,0 5.43 5.25 5.20 4.96 1.06 0.96 0.97 0.93 4.60 3.35 2.86 2.89 3.68 1.60
K0 2.49 234 2.41 2.93 5.68 5.87 5.82 6.21 0.60 3.90 0.42 431 4.68 0.09
P05 0.17 0.17 0.17 0.16 0.09 0.09 0.10 0.11 0.05 0.06 0.16 0.03 0.02 0.09
LOI 0.68 0.68 0.54 0.60 1.70 1.98 2.26 1.94 1.18 0.68 1.10 0.32 0.68 2.75
TOTAL 98.6 98.4 98.8 98.5 99.9 99.4 99.7 99.6 99.7 99.9 100.0 99.4 99.3 98.4
TFeO 2.61 2.94 2.75 2.66 4.75 4.90 4.92 5.02 0.91 2.75 9.39 1.73 1.75 10.83
Na,0 +K,0 7.92 7.59 7.61 7.89 6.74 6.83 6.79 7.14 5.20 7.25 3.28 7.20 8.36 1.69
Li 2.74 3.19 0.19 3.00 459 34.6 38.7 52.9 1.66 6.43 6.41 5.26 5.47 27.5
Be 2.59 2.13 2.02 213 3.23 2.28 2.09 2.12 330 2.05 1.14 1.36 217 2.77
Sc 114 109 7.77 9.72 11.3 10.2 10.2 10.0 4.17 6.74 373 6.47 6.44 33.9
\Y 325 31.9 26.9 37.4 62.4 64.8 61.6 63.2 34.4 453 261 16.4 12.5 304
Cr 6.80 10.0 7.49 8.83 70.5 69.1 66.4 60.2 2.75 9.60 27.6 6.30 8.74 263
Co 4.87 4.49 4.73 4.84 16.2 17.7 16.4 15.7 6.94 7.12 35.8 2.99 1.45 34.1
Ni 4.06 4.51 2.84 3.55 249 22.2 241 241 25.5 6.40 154 6.40 3.48 122
Cu 6.75 3.78 3.90 7.26 449 3.72 3.19 4.58 28.0 4.76 28.5 11.2 4.09 22.8
Zn 87.8 48.3 49.9 50.9 102 59.5 62.7 91.7 19.0 22.1 58.7 26.7 23.2 185
Ga 179 174 15.7 18.7 21.7 20.8 213 211 141 18.5 18.7 16.7 18.6 23.7
Rb 45.1 423 431 38.0 193 175 183 191 31.3 124 16.8 127 154 3.57
Sr 53.8 66.1 54.7 63.2 73.7 75.7 67.0 69.0 148 105 179 116 107 130
Y 80.4 80.1 729 74.4 19.4 17.6 224 24.2 29.0 38.7 35.2 21.2 28.1 26.8
Zr 543 568 554 446 129 114 125 151 258 240 140 201 156 195
Nb 11.9 12.5 121 10.9 19.2 18.2 20.1 18.8 11.8 8.18 6.01 7.08 8.43 14.9
Cs 1.22 1.62 1.44 1.61 14.7 9.49 9.65 10.8 1.24 3.34 1.80 1.61 3.42 235
Ba 292 280 289 403 882 651 703 681 176 611 129 1601 1437 47.0
La 322 30.5 28.9 27.0 51.3 45.6 49.7 50.4 18.1 33.6 14.2 67.1 72.0 325
Ce 75.8 73.9 70.8 64.2 91.8 84.8 85.8 914 44.3 70.2 314 124 129 58.9
Pr 104 9.95 9.36 9.01 11.5 9.56 10.8 114 419 7.84 424 13.2 131 7.14
Nd 45.6 43.8 41.7 40.7 424 33.8 40.7 43.0 15.0 28.9 19.0 48.0 452 26.2
Sm 11.2 11.0 10.1 10.6 7.46 5.58 6.94 7.81 331 6.02 5.03 7.52 7.02 513
Eu 2.39 2.01 2.02 1.97 1.35 1.04 1.30 1.42 0.60 0.93 1.43 1.60 1.37 1.16
Gd 129 12.5 11.7 11.7 6.00 4.66 5.73 6.37 3.65 5.65 5.26 6.30 6.31 4.38
Tb 2.34 224 2.11 213 0.91 0.77 0.90 1.01 0.70 1.04 0.96 0.86 0.94 0.75
Dy 15.4 14.9 13.6 14.2 4.39 3.76 4.61 5.10 4.94 6.65 6.33 4.68 539 4.85
Ho 3.39 3.32 3.02 3.15 0.71 0.64 0.79 0.90 1.11 1.48 1.39 0.87 1.08 1.10
Er 9.44 9.24 8.56 8.82 1.86 1.76 2.16 2.48 3.27 416 4.00 2.29 2.88 3.27
Tm 141 1.40 1.30 1.33 0.28 0.26 0.32 0.37 0.52 0.64 0.62 0.33 0.42 0.52
Yb 9.17 9.07 8.44 8.45 1.57 1.49 1.96 2.32 3.47 4.27 4.04 2.09 2.75 3.70
Lu 1.40 1.40 1.31 1.30 0.24 0.27 0.29 0.31 0.53 0.65 0.60 0.32 0.41 0.62
Hf 14.2 14.4 14.6 13.2 337 2.52 2.88 3.21 8.04 7.87 4.32 6.11 5.54 6.08
Ta 0.97 0.98 0.98 0.91 1.59 1.54 1.70 1.54 2.23 0.84 0.49 0.45 0.67 1.15
Tl 0.17 0.16 0.17 0.15 0.83 0.70 0.72 0.80 0.23 0.42 0.13 0.73 0.71

Pb 9.51 6.69 6.49 7.88 24.6 17.9 17.4 20.5 14.6 7.50 4.11 17.8 17.7 8.29
Bi 0.07 0.09 0.10 0.22 033 0.22 0.22 0.25 0.06 0.04 0.06 0.15 0.12

Th 12.8 12.8 11.6 11.8 19.9 17.8 18.7 18.2 252 22.8 5.47 20.5 223 10.9
§) 3.20 3.23 3.24 2.94 1.11 0.85 0.91 1.12 4.15 3.27 1.16 1.76 2.95 1.81

Note: Bio, biotite; Qtz, quartz; PI, plagioclase.
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Table 2

Sr-Nd isotopic compositions of volcanic and plutonic rocks in the Beishan region.
Sample  Rb (ppm) Sr(ppm) 8’Rb/%5Sr 87Sr/%5sr 20, (87sr/3%sr); Sm (ppm) Nd (ppm) '4’Sm/'**Nd '#Nd/'*Nd 20, ("3Nd/"Nd)i ena(t)
HSS12 259 131 0.572 0.712445 0.000061 0.71012 3.03 14.1 0.1305 0.512424 0.000012 0.512180 -1.8
HSS6-1 423 73.9 1.66 0.713204 0.000100 0.70663 11.1 41.5 0.1616 0.512707 0.000019 0.512412 +2.6
HSS6-2 39.1 67.2 1.68 0.713221 0.000047 0.70655 11.6 43.0 0.1627 0.512793 0.000022 0.512496 +4.3
HSS6-3 39.2 55.3 2.05 0.714581 0.000031 0.70644 113 41.4 0.1657 0.512763 0.000005 0.512460 +3.5
HSS6-4 358 671 1.54 0.712693 0.000048 0.70658 10.0 371 0.1633 0.512730 0.000010 0.512432 +3.0
09HSS3-1 198 62.2 9.29 0.778037 0.000012 123 83.5 0.08929 0.511856 0.000006
09HSS3-3 189 60.6 9.07 0.777534 0.000019 9.09 58.5 0.09392 0.511764 0.000015

Note: Initial isotopic ratios are calculated based on their zircon U-Pb age. The re-calculation is not done on the dacite samples (09HSS3-1 and 09HSS3-3) due to lack of zircon
concordia U-Pb age.

Table 3

U-Pb isotopic data of zircons from volcanic and plutonic rocks in the Beishan region.
Sample@spot U Th Pb Th/U 2Pbf?%Pb  +6  29Pb/>U  xa  2%Pb/8U  +g  tygrjpes O trorpss  *G tagpss O

(ppm)  (ppm)  (ppm) (%) (%) (%)  (Ma) (Ma) (Ma)

Rhyolite
HSS6@1 225 123 12.0 0.55 0.0505 1.98 0.304 249 0.0436 1.50 217.6 453  269.2 59 275.2 4.0
HSS6@2 636 555 37.8 0.87  0.0506 152 0315 2.14 0.0451 1.50 2208 348 2778 52 2846 4.2
HSS6@3 724 618 41.5 0.85 0.0513 1.16 0.307 1.90 0.0434 1.50 254.7 263 2719 45 2740 4.0
HSS6@4 484 485 289 1.00 0.0521 145 0314 2.09 0.0437 1.50 290.8 329 2774 51 2758 41
HSS6@5 186 89.7 10.0 048 0.0524 243 0324 293 0.0448 1.64 3028 544 284.6 7.3 2824 4.5
HSS6@6 813 863 50.7 1.06  0.0530 1.60 0.330 221 0.0451 1.52 3304 36.0 2893 56 2843 4.2
HSS6@7 346 237 19.2 0.68 0.0515 1.78 0.312 234 0.0440 1.51 262.0 404 275.7 57 2773 4.1
HSS6@8 659 503 38.1 0.76  0.0524 1.17 0323 1.90 0.0448 1.50 302.6 26.3 2845 47 2823 41
Dacite
09HSS3@1 147 118 8.08 0.80 0.0495 3.62 0.287 3.94 0.0420 158 1721 82.3 2559 9.0 265.1 41
09HSS3@2 235 272 193 1.16  0.0515 3.65 0421 3.96 0.0593 1.53 2635 81.6 356.7 12.0 371.2 5.5
09HSS3@5 103 74.1 842 072 0.0584 488 0.522 5.11 0.0647 1.52  546.1 103.2 426.2 18.0 404.3 6.0
09HSS3@6 190 150 15.0 0.79 0.0554 2.67 0471 3.08 0.0617 1.54 4289 58.5 392.2 10.1 386.0 5.8
09HSS3@7 435 161 22.8 0.37 0.0525 2.84 0.329 3.23  0.0454 1.54 307.8 63.5 288.7 8.2 2863 43
09HSS3@8 431 201 25.0 0.47 0.0536 1.83 0.361 2.38 0.0488 152 3553 40.8 312.6 6.4 306.9 4.6
09HSS3@9 449 293 264 0.65 0.0532 1.84 0.347 239 0.0473 1.52 3394 412 302.6 6.3 2979 4.4
09HSS3@10 323 92.1 240 0.28 0.0560 249 0.504 295 0.0652 1.58 4524 544 4141 10.1 407.3 6.2
09HSS3@11 391 633 319 1.62 0.0531 1.84 0.396 239 0.0541 152 3337 41.1 3388 6.9 3395 5.0
09HSS3@12 235 146 14.0 0.62 0.0512 346 0.341 3.79 0.0483 155 251.1 77.6 298.0 9.8 304.0 4.6
09HSS3@13 260 316 232 122 0.0555 236 0488 2.81 0.0637 1.53 4342 51.7 4034 94 398.0 5.9
09HSS3@14 511 153 399 0.30 0.0552 1.70 0.518 229 0.0681 1.53 418.7 374 4239 8.0 4249 6.3
09HSS3@15 58.4 319 3.28 055 0.0540 6.79 0.350 6.98 0.0470 1.62 3711 146.1 304.7 186 296.1 4.7
09HSS3@16 272 99.0 149 0.36  0.0500 295 0.328 3.33  0.0475 1.54 1964 67.1 287.7 84 299.1 4.5
09HSS3@17 358 216 193 0.60 0.0528 210 0.321 2.60 0.0441 154 3207 47.1 282.6 6.4 278.0 4.2
09HSS3@18 72.3 78.1 123 1.08  0.0652 2.60 1.106 3.02 0.1231 1.52 7795 53.8 756.2 16.2 7484 10.8
Diorite
HSS12@1 1536 1389 90.6 0.90 0.0508 1.83 0.308 237 0.0439 1.50 2299 41.8 2723 57 2772 4.1
HSS12@2 1066 1238 68.3 1.16  0.0517 095 0323 1.78 0.0453 1.50 2727 21.7 284.0 44 2854 4.2
HSS12@3 210 114 114 0.54 0.0551 2.01 0.337 2.51 0.0444 1.52 4150 442 2948 6.5 2799 4.2
HSS12@4 431 411 259 095 0.0520 1.65 0320 2.23  0.0446 1.50 286.7 374 281.6 5.5 281.0 4.1
HSS12@5 396 232 21.9 0.59  0.0489 1.63 0.304 222 0.0450 1.51 1435 37.8  269.1 53 2838 4.2
HSS12@6 954 947 59.1 099 0.0532 121 0333 1.93 0.0454 1.50 3383 27.1 2919 49 286.2 4.2
HSS12@7 434 303 23.1 0.70  0.0509 1.57 0.295 2.18 0.0421 1.51 2344 359 2625 5.1 265.7 3.9
HSS12@8 1254 1412 77.2 1.13  0.0526 0.93 0318 1.78 0.0438 151 3133 21.0 280.1 44 276.2 4.1
HSS12@9 398 279 224 0.70  0.0506 1.77 0.310 232 0.0444 1.50 221.1 40.5 2738 5.6 280.0 41
HSS12@10 765 740 443 097 0.0531 1.74 0317 230 0.0433 1.51 3352 389 279.6 56 273.0 4.0
HSS12@11 909 744 54.8 0.82 0.0524 142 0335 2.08 0.0463 152 3049 319 2934 53 292.0 4.3
Gabbro
09HSS6@1 79.8 74.0 5.11 093  0.0542 4.53 0.360 4.81 0.0481 1.60 380.1 98.8 3119 13.0 3028 4.7
09HSS6@2 714 78.7 5.12 1.10 0.0544 436 0.391 469 0.0521 1.72 3873 95.1 335.0 13.5 3275 5.5
09HSS6@3 96.3 93.5 6.57 097 0.0543 3.74 0.387 4.04 0.0517 1.55 383.2 81.8 3322 115 325.0 49
09HSS6@4 260 354 18.4 137 0.0542 299 0.367 3.36 0.0491 1.53 378.1 659 3174 9.2 309.1 4.6
09HSS6@5 77.6 76.3 532 098 0.0566 4.14 0.400 444 0.0513 1.61 4756 89.0 3419 13.0 3226 5.1
09HSS6@6 138 132 9.71 096 0.0541 6.45 0.393 6.64 0.0527 155 3740 139.0 3363 19.2 3308 5.0
09HSS6@7 130 118 8.54 091 0.0528 6.17 0.362 6.36 0.0498 1.52 3189 1346 3139 173 313.2 4.7
09HSS6@8 98.4 65.8 6.23 0.67 0.0490 8.16 0.349 832 0.0517 1.61 146.7 181.0 304.2 22.1 3251 5.1
09HSS6@9 101 52.5 6.41 0.52  0.0555 3.90 0.405 420 0.0529 1.58 4326 845 345.0 124 3322 5.1
09HSS6@10 60.8 77.3 454 127 0.0512 526 0.363 5.57 0.0514 1.83 2520 116.7 3144 152 3229 5.8
09HSS6@11 62.4 37.6 3.84 060 0.0511 4.89 0.357 5.14 0.0508 1.59 2432 1089 3103 13.8 3193 4.9
09HSS6@12 78.8 659 544 084 0.0527 582 0384 6.02 0.0528 1.57 3179 127.0 3297 17.1 3314 5.1
09HSS6@13 131 139 9.05 1.06  0.0542 324 0379 3.62 0.0507 1.61 3777 712 326.2 10.1  319.0 5.0
09HSS6@14 70.1 50.8 447 072 0.0506 452 0.355 479 0.0509 1.58 2208 101.3 308.6 12.8 3203 4.9
09HSS6@15 174 172 119 0.99 0.0525 527 0369 5.56 0.0510 1.77 308.3 115.7 3189 153 3204 55

09HSS6@16 119 97.1 8.10 0.82 0.0524 344 0382 3.76  0.0529 1.52 304.7 764 328.7 106 3321 4.9
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Table 4

Hf-0 isotopic data of zircons from volcanic and plutonic rocks in the Beishan region.
No. Age (Ma) 176 u/177HE 176HE/17THE 20m 176HE/17THS; enr(0) enr(t) Tpm (Ma) frume 5'%0 200
HSS6
01 2791 0.001463 0.282684 0.000030 0.282676 -3.1 2.8 815 —-0.96 7.5 0.3
02 2791 0.000816 0.282676 0.000022 0.282672 -34 2.6 813 —0.98 6.1 0.3
03 2791 0.000924 0.282818 0.000022 0.282813 1.6 7.6 615 -0.97 6.8 03
04 2791 0.003889 0.282844 0.000032 0.282823 25 8.0 628 —0.88 6.5 0.3
05 2791 0.002201 0.282961 0.000028 0.282949 6.7 124 427 —0.93 7.6 0.3
06 2791 0.000558 0.282609 0.000024 0.282606 -5.8 0.3 901 -0.98 6.2 03
07 2791 0.002221 0.282839 0.000024 0.282827 24 8.1 606 —-0.93 6.2 0.2
08 7.6 0.3
09 103 03
10 2791 0.001145 0.282659 0.000031 0.282653 -4.0 19 844 -0.97 7.3 03
1 279.1 0.001226 0.282945 0.000035 0.282938 6.1 12.0 438 —-0.96 7.0 0.4
12 2791 0.006239 0.282871 0.000044 0.282838 3.5 8.5 629 -0.81 43 0.3
13 5.9 0.2
14 279.1 0.001223 0.282729 0.000038 0.282723 -1.5 4.4 746 —0.96 7.2 0.3
15 6.1 0.3
16 2791 0.001342 0.283075 0.000063 0.283068 10.7 16.6 253 -0.96 53 0.3
17 49 0.4
18 5.9 0.3
19 6.4 0.3
20 2791 0.002372 0.282753 0.000039 0.282740 -0.7 5.0 735 -0.93 5.6 03
HSS12
01 279.7 0.002938 0.282671 0.000037 0.282656 -3.6 2.0 868 -0.91 7.7 0.4
02 279.7 0.002061 0.282642 0.000037 0.282631 —-4.6 1.2 890 -0.94 7.5 0.3
03 279.7 0.005139 0.282800 0.000039 0.282773 1.0 6.2 720 -0.85 8.9 0.3
04 279.7 0.002176 0.282681 0.000040 0.282669 -3.2 2.5 836 -0.93 103 0.2
05 279.7 0.002542 0.282753 0.000038 0.282740 -0.7 5.0 738 -0.92 7.2 0.4
06 279.7 0.002554 0.282815 0.000037 0.282802 15 7.2 647 —-0.92 6.9 0.3
07 279.7 0.003734 0.282723 0.000039 0.282704 -1.7 3.7 808 -0.89 8.1 0.4
08 279.7 0.002469 0.282634 0.000036 0.282621 -49 0.8 912 -0.93 7.2 0.5
09 279.7 0.001341 0.282733 0.000034 0.282726 -14 4.5 743 —-0.96 7.3 0.4
10 279.7 0.002216 0.282653 0.000037 0.282642 —4.2 1.5 877 -0.93 8.0 0.4
11 279.7 0.003175 0.282710 0.000030 0.282694 -2.2 3.4 815 -0.90 7.4 0.4
12 279.7 0.002776 0.282668 0.000041 0.282653 -3.7 19 869 -0.92 6.6 0.3
13 279.7 0.002959 0.282792 0.000033 0.282776 0.7 6.3 689 -091 6.9 0.3
14 279.7 0.001588 0.282752 0.000038 0.282744 -0.7 5.2 720 -0.95 9.3 0.4
15 279.7 0.002929 0.282782 0.000040 0.282767 0.4 6.0 703 -0.91 7.0 0.3
16 279.7 0.001535 0.282719 0.000036 0.282711 -19 4.0 767 -0.95 7.3 0.2
17 279.7 0.002502 0.282831 0.000030 0.282818 2.1 7.8 622 —-0.92 6.9 0.4
18 6.6 03
19 8.7 0.4
20 279.7 0.002177 0.282685 0.000037 0.282674 -3.1 2.7 830 -0.93 6.7 0.2
21 279.7 0.002426 0.282712 0.000042 0.282699 -2.1 3.6 796 -0.93 8.7 03

Note:  eudt) = [V7OHE/ 7HE,/ 7SHE " Hf cuur(t) — 1] x 10,000;

TOHE " Hecyr(t) = '7°HE" 7 Hfchur(0) — 7°Lu/" " Hfcug x (e — 1);

Tom = (1/2) x In[1+ (7SHE/ 7 Hepp —

YISHEITHE) (7 CLu/ 7 Hpm — oL/ THE)]; fLupmr = 17 HE T 7HE,/ 75Lu/" "Hfcpur — 1; where f; and fpwm are the fiue values of the zircon sample and the depleted mantle;
subscript Z =analyzed zircon sample, CHUR = chondritic uniform reservoir; DM = depleted mantle; 4=1.867 x 10~ year~!, decay constant of '7SLu; '7SHf/'”Hfpy
=0.28325; '7SLu/'""Hfpy = 0.0384; present-day '"CHf/"""Hfcur(0) = 0.282772; 7SHf/'7’Hf g = 0.0332. TDM represents the model age calculated from the measured
76Hf/"77Hf and 7SLu/'7”Hf ratios of a zircon, giving a minimum limit for the crustal residence age of the hafnium in the zircon.
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Fig. 4. Classification of volcanic rocks (after Cox et al., 1979).

and 90-863 ppm, respectively. They have Th/U ratios of 0.48-1.06,
and a concordia age of 279.1 +2.9 Ma (MSWD = 0.25) (Table 3;

Fig. 9). Their 6'80 values vary between +4.3 and +10.3), and their
176Hf/'77Hf ratios range from 0.282609 to 0.282932, with corre-
sponding eyf(t) values that fall between +0.3 and +8.5 (except
one spot with '7®Hf/7”Hf = 0.283075 and eyf(t) = + 16.6) (Table 4).

The Hongshishan diorite (HSS12) contains small zircon grains of
30-90 um in length. These zircons are generally colorless and
transparent to translucent. In CL imaging, most grains display reg-
ular concentric zoning with low luminescence while some have
unzoned core and oscillatory zoned rims (Fig. 8). Eleven zircon
grains from the Hongshishan diorite have large variations in U
and Th contents of 210-1536 ppm and 114-1412 ppm respec-
tively, and Th/U ratios of 0.54-1.16, yielding a mean age of
279.7 +4.8 Ma (MSWD =3.0) (Table 3; Fig. 9). The 6'%0 values
and '7SHf/'77Hf ratios of the zircons are between +6.6 and +10.3
and 0.282634-0.282831 respectively, with the latter correspond-
ing to eyf(t) values in the range of +0.8 to +7.8 (Table 4).

Zircons in the Hongshishan gabbro (09HSS6) are mostly equant
to long, prismatic and rarely occur as fragments. All the zircons are
colorless and transparent, and range in length from 40 to 100 pm,
with length/width ratios of 1:1-1.5:1. CL images of most zircons
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display bright luminescence and apparent oscillatory zoned rims
with low luminescence (Fig. 8). The zircons have U abundances
in the range of 60.8-260 ppm, Th of 37.6-354 ppm, and Th/U ratios
of 0.52-1.37 (Table 3). The concordia U-Pb age of sixteen analyzed
zircons is 321.7 £ 3.4 Ma (MSWD = 1.11) (Fig. 9).

The zircons from the Hongshishan dacite (09HSS3) show large
variations in morphology. They occur as fragments or round to long
prismatic shapes with sizes in the range of 30-140 um in length
(Fig. 8). The zircons are colorless and transparent, and have large
variations in U (58.4-511 ppm), and Th (31.9-633 ppm) with
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Th/U ratios of 0.28-1.62. 2°6Pb/238U ages of the zircons range from
265.1 Ma to 748.4 Ma (Table 3; Fig. 9).

5. Discussion
5.1. Carboniferous—Permian magmatic activities in the Beishan region

Several studies have shown that the southern margin of the
COAB in NW China was in post-orogenic extensional setting in
the late Paleozoic (e.g., Qin et al., 2002, 2003; Li et al., 2006b;
Han et al., 2006; Wang et al., 2006). Mantle-derived magmatism
was very active in the Eastern Tianshan and Beishan regions and
produced a great number of mafic-ultramafic intrusions (Fig. 1B;
Qin et al., 2002; Xu et al., 2009). Zircon U-Pb dating on the gabbro,

09HSS6

norite and diorite in the Eastern Tianshan intrusions yielded the
following ages: 277 Ma for Qiatertage (Li et al., 2006b), 285 Ma
for Haibaotan (Li et al., 2006b), 269 Ma for Huangshanxi (Zhou
et al., 2004), 284 Ma for Huangshan (Qin et al., in press), 274 Ma
for Huangshandong (Han et al., 2004), 279 Ma for Xiangshan (Xiao
et al., 2010b), 274 Ma for Hulu (Xia et al., 2008) and 301 Ma for
Tulaergen (San et al., 2010). The zircons from Baishiquan and Tia-
nyu gabbros in the Middle Tianshan Massif respectively have U-Pb
ages of 281 Ma (Mao et al., 2006) and 280 Ma (Qin et al., in press).
These geochronological studies revealed that the intrusions were
mainly formed in the early Permian, and that the magmatic event
in the Eastern Tianshan probably lasted from 300 Ma to 269 Ma or
even later (Fig. 10; Qin et al., in press). However, very rare interme-
diate and acid igneous rocks, interpreted to have been formed in
the early Permian occur in the Eastern Tianshan. These features
suggest that mantle-derived magmatic activities were dominant
in this region during the late Paleozoic.

Some previous isotopic and geochemical studies have demon-
strated that Carboniferous-Permian magmatism was active in the
Beishan region (e.g., Xiao et al., 2000, 2004a; Yang et al., 2008).
Age dating of zircons in two gabbro samples from the Poshi intru-
sion yielded identical U-Pb ages of 274 Ma and 278 Ma (Li et al.,
2006a; Jiang et al., 2006). Ao et al. (2010) reported zircon U-Pb
ages of 282 Ma for the Hongshishan olivine gabbro and 271 Ma
for the Poyi gabbro (Ao, 2010), while zircons from Poshi gabbro
yielded U-Pb age of 284 Ma (Qin et al., in press). The zircons in
gabbro from the Xuanwoling intrusion yielded U-Pb age of
261 Ma (Su et al.,, 2010a), whereas those from the Luodong and
Bijiashan intrusions have U-Pb ages of 284 Ma and 279 Ma respec-
tively (Fig. 10). These age data indicate that possible magmatic
emplacements of most mafic-ultramafic intrusions were occurred
around 280 Ma. The zircon U-Pb ages of the rhyolite (279 Ma) and
diorite (280 Ma) suggest that ~280 Ma was also characterized by
avtive acidic magmatism. The zircon U-Pb age of 322 Ma for the
Carboniferous gabbro in the Hongshishan area (Figs. 2, 3A and
10) suggests that the mafic-ultramafic magmatic activities

HSS12

> a0
e ©® 30

Fig. 8. CL images of representative zircons of the studied rocks from the Beishan region. Ellipses indicate the SIMS analyzing spots for U-Pb and O isotopes.
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Fig. 10. Zircon U-Pb ages of the mafic-ultramafic intrusions and volcanic rocks in the Eastern Tianshan and Beishan regions. Data sources are illustrated on the map.

probably commenced from the Carboniferous. This is corroborated granites occurring as country rock of the Bijiashan intrusion are
by Xiao et al. (2000, 2004a), who suggested that the Carboniferous just the products of the Carboniferous magmatism. Therefore, the
granitic magmatism was widespread in the Beishan region, and the Carboniferous-Permian magmatic activities in the Beishan region
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were dominated by abundant mafic-ultramafic intrusions, accom-
panied by acidic volcanic activities.

5.2. Petrogenesis of volcanic rocks

The mafic-ultramafic intrusions in the Beishan region are char-
acterized by positive eng(t) and zircon eu(t) values, low (37Sr/6Sr)i
values, generally flat REE patterns with negative Eu anomalies,
enrichment in LILE and depletion in HFSE (Fig. 6E and F; Fig. 7;
Jiang et al., 2006; Su et al., 2010a,c). These mafic-ultramafic com-
plexes have been extensively studied and interpreted to be prod-
ucts evolving from high-Mg basaltic magmas derived from
subduction-modified depleted mantle sources (Li et al., 2006a;
Jiang et al., 2006; Mao et al., 2008; Pirajno et al., 2008; Su et al.,
2009, 2010a,c). The CAOB is characterized by large volumes of
Paleozoic and Mesozoic granitic intrusions as well as basaltic to
rhyolitic rocks, all of which have features of positive enq(t) values,
low initial Sr isotopic ratios, and young Sm-Nd model ages of 300-
1200 Ma (Hu et al., 2000; Jahn et al., 2000, 2004; Windley et al.,
2007). These isotopic compositions point to their “juvenile” char-
acter and suggest their derivation from source rocks or magmas
separated from the upper mantle (Sengoér et al., 1993, 2004; Hu
et al,, 2000; Jahn et al., 2000, 2004; Windley et al., 2007; Condie
et al., 2009; Sun et al., 2008; Xiao et al., 2009).

The rhyolites have positive eyqg(t) and zircon eyg(t) values (Fig. 7;
Fig. 11A), similar to the mafic-ultramafic rocks reported by Ao
et al. (2010), suggesting that they were probably derived from a
depleted mantle source or juvenile crust (Wu et al., 2007; Sun
et al., 2008). Zircon Hf model ages of 427-901 Ma (Table 4), to-
gether with the distinct trace element abundances and normalized
patterns between rhyolites and mafic-ultramafic intrusions
(Fig. 6C and D) support a juvenile crust source for the rhyolites.
The diorites and diabase have identical trace element patterns
(Fig. 6C and D), positive zircon eydt) values and formation ages
close to that of the rhyolites (Fig. 9; Fig. 11A and B), indicating that
they possibly originated from a similar magma source. The LREE
enrichments in the diorites and diabase with negative Eu anoma-
lies and apparent Sr depletion (Fig. 6C and D) imply fractional crys-
tallization of plagioclase. High ®7Sr/®5Sr values (Fig. 7) and
particularly higher zircon 5'80%. values than normal mantle zir-
cons (5.3%0 + 0.3%0) (Valley et al., 1998) (Fig. 11C and D) indicate
crustal contamination in the petrogenesis of the diorite and
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Fig. 11. Histograms of &uf(t) and 6'%0%o of zircons from the rhyolite (HSS6) and
diorite (HSS12).

diabase. The large variations of positive eyf(t) of the zircons and po-
sitive bulk eng(t) further suggest that they had been subjected to
variable degrees of crustal contamination. These geochemical fea-
tures imply that the rhyolites, diorites and diabases were derived
from juvenile crust sources, and subsequently experienced frac-
tional crystallization and crustal contamination. The recent occur-
rence of juvenile crust in the Eastern Tianshan is restricted to the
Late Devonian to Carboniferous only (e.g., Gu et al., 2001; Wang
et al., 2006), whereas the present study confirms crustal growth
events in the Beishan region in the Carboniferous and Permian.

The dacites display trace element abundance and patterns that
are identical to the Carboniferous granites from the Bijiashan
(Fig. 6). Their extremely high 37Sr/26Sr values and low *3*Nd/**Nd
values (Table 2) indicate that they were most likely derived from
older lower continental crust, which is consistent with the Precam-
brian crystalline basement in the Beishan region (BGMRXUAR,
1993; Qin et al., 2002; Xu et al., 2009). Significant crustal contam-
ination during the ascent of the dacitic magmas are evidenced by
abundant zircon grains having 2°°Pb/?*8U ages of 265-748 Ma
(Table 3; Fig. 9).

5.3. Tectonic implications

The tectonic features of the Beishan region in the Permian have
remained the subject of debate over the years. Some authors re-
gard the mafic-ultramafic complexes as an Alaskan-type, thus they
proposed that the Beishan region was an arc above a subduction
zone (Mao, 2008; Xiao et al., 2009; Ao et al., 2010). However, these
intrusions could be distinguished from the Alaskan-type
complexes based on petrological, mineralogical and geochemical
features: for example, their enrichments in plagioclase and
troctolite abundances, and lack of hornblende, magnetite and
hornblendite, which are are not consistent with typical features
of Alaskan-type complex (Su et al., 2009, 2010a,c). Alternatively,
most authors have proposed that the Beishan rift developed during
the period from the Carboniferous to Permian (Xiao et al., 2000,
2004a; Jiang et al., 2006; Yang et al., 2008; Su et al., 2009, 2010a;
Xu et al., 2009). The majority of the ophiolites in the Beishan region
are older than the Carboniferous (Yang et al., 2008; Mao, 2008; Ao,
2010), suggesting that the subduction event responsible for the
formation of the ophiolites ended before Carboniferous. Notably,
the intergrowth of fault sag and fault uplift in the Beishan region
separate the pre-Permian sedimentary sequences (BGMRXUAR,
1993; Xu et al., 2009; Qin et al., in press), which supports the mod-
el for rift developing in the Permian. However, bimodal volcanic
rocks, a typical feature presents in most rifts worldwide, have
not been reported so far in the Beishan region. The Hongshishan
mafic-ultramafic complex is interpreted to represent tholeiitic
basalts derived from mantle sources (Su et al.,, 2009; Ao et al,,
2010). The outcrops of rhyolites in the west of the intrusion could
represent crust-derived magmas. The formation or eruptive ages
(~280 Ma) of the acidic volcanic rocks and mafic-ultramafic intru-
sions are the same within the analytical uncertainty and, therefore,
could represent a litho-assemblage of “bimodal igneous rock”,
which further supports the premise that the Beishan region is a
Permian rift.

The Tarim flood basalts have been identified as large igneous
province related to the Permian mantle plume (Yang et al., 2007;
Zhang et al., 2008; Chen et al., 2009; Zhou et al.,, 2009; Tian
et al, 2010). Indeed, many large rifts have developed above mantle
plumes, and typical examples are: the Afar plume and East African
rift system (Rogers et al., 2000), the Emeishan plume and Panxi rift
(Xu et al., 2001; He et al., 2003; Xiao et al., 2004b), and the Siberian
plume and Baikal rift (Zorin et al., 2003; Saunders et al., 2005). Qin
et al. (in press) discovered that the mafic-ultramafic intrusions in
the Beishan Rift exhibit close geochronological and geochemical
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correlations with the Tarim mafic intrusions and flood basalts.
These hypotheses and comparisons suggest that the development
of the Beishan Rift was most likely related to the Permian mantle
plume event. The generation of Permian acidic magmas in the
Beishan Rift is probably a crustal response to the mantle plume
event which provided heat regime.

6. Conclusions

The Carboniferous-Permian magmatic activities in the Beishan
region are dominated by mafic-ultramafic complexes, acidic intru-
sions and volcanic eruptions. The dacites were probably derived
from older lower crustal materials and subsequently subjected to
significant crustal assimilation, whereas the rhyolites (279 Ma),
diorites (280 Ma) and diabases were most likely derived from juve-
nile crustal sources, which later experienced fractional crystalliza-
tion and crustal contamination later on. The acidic igneous rocks
and mafic-ultramafic complexes, which form bimodal igneous
rock-type series, further support the hypothesis that the Beishan
region was a Late Paleozoic rift probably developed in association
with the early Permian mantle plume activity in the Tarim basin.
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