
1 Introduction 
 
Based on research on tectonothermal events in the eastern 

Tianshan Mountains, previous contributions (Hu et al., 1997; 
Li et al., 2003) suggested that major events of continental 
collision between the Siberian Craton to the north and the 
Tarim Craton to the south occurred around 300 Ma in this 
area.  Then,  tectonics  converted  from  compression  to 
extension, resulting in extension of the eastern Tianshan area 
and  subsequent  emplacement  of  numerous  mafic  and 
ultramafic rocks and coeval granitoids (Gu et al., 1996, 
1999; Han et al., 1997, 1999; Hong et al., 2004; Zhou et al., 
2004). Some authors (Gu et al., 2003; Li et al., 2005; 
Zhang et al., 2005) have addressed the manifestation of 
Indosinian (Triassic) magmatism and mineralization in the 
eastern  Tianshan  Mountains,  but  their  relationship  to 
regional  tectonics  remains  to  be  evaluated.  As  a 
consequence,  it  remains  to  be  understood  whether  the 

Indosinian tectonism was a continuation of the Hercynian 
post-collisional  extension  in  eastern  Tianshan  or  was 
affected substantially by other tectonic system. Although it 
has been emphasized (Han et al., 1997; Jahn et al., 2000; 
Zhao et al., 2004; Zhou et al., 2004; Li et al., 2005; Xia et 
al., 2005; Zhang et al., 2005) that mantle-derived magmas 
played  a  direct  or  indirect  role  in  the  formation  of 
granitoids  and  mineralization  in  the  eastern  Tianshan 
Mountains  and  Central  Asian  Orogenic  Belt,  little  is 
known about the nature, origin and tectonic setting of 
these magmas.  

This paper focuses on earliest-formed Weiya gabbro 
within the Weiya complex with ages ranging between 
246–233Ma (Zhang et al., 2005) in the eastern Tianshan 
Mountains in order to provide geochemical and Sr-Nd-O 
isotope data to (1) document its possible source(s), (2) 
constrain  its  petrogenesis,  and  (3)  further  discuss  its 
tectonic implications.  
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H=4.09–5.98). The average initial Sr value of the rock is 0.7069, and δ18O values of the rock range 
from 5.67‰–8.04‰. In terms of Nd isotope ratios, the Weiya gabbro is characterized by positive 
εNd(t) values (0.52–0.76). All these characteristics indicate that the source region of the Weiya 
gabbro was metasomatized by fluids released from subducted young continental crust, with 
limited crustal contamination during magma ascent and emplacement. Continental (A-type) 
subduction was induced by northward subduction of the Paleo-Tethyan oceanic plate during the 
latest Permian to Triassic. From this point of view, it is supposed that tectonic conversion from 
the Paleo-Asian to the Paleo-Tethys regime occurred during the latest  Permian or earliest 
Triassic. 
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2 Geological Setting and Geology of the 
Weiya Complex 

 
An elongated metamorphic belt in the eastern section of 

the Tianshan orogenic belt is bounded by the Shaquanzi fault 
to the north and the Hongliuhe fault to the south, and is 
referred to as the Middle Tianshan Mountains (Fig. 1). 
Precambrian volcano-sedimentary strata that are composed 
mainly  of  schists,  gneisses,  marbles,  amphibolites  and 
migmatites have been divided into the Mesoproterozoic 
Xingxingxia Group and Kawabulake Group, which were 
deformed and metamorphosed around 1000 Ma, and the 
Neoproterozoic Tianhu Group, which was deformed and 
metamorphosed around 700 Ma (Hu et al., 1997).  

The Middle Tianshan Mountains can be geologically 
correlated to a zone on the northern margin of the Tarim 
Precambrian  continent  far  to  the  south.  Thus,  this 
metamorphic belt is interpreted to have been pulled apart 
from the Tarim continent by the early Paleozoic back-arc 
extension induced by the southward subduction of  the 
Tianshan Ocean along the Shaquanzi fault (Fig. 1), and is 
considered  as  an  internal  block  within  the  Paleozoic 
Tianshan orogen (Hu et al., 1990; Guo and Zhang, 1993). 
The subduction of the Tianshan Ocean was converted in 
direction towards the north at the beginning of the late 
Paleozoic (Fig. 1), resulting in the Qoltag island arc belt on 
the southern margin of the Kazakhstan Plate (Gu et al., 1990; 

Wu et al., 2006). The Qoltag island arc and the Middle 
Tianshan passive continental  margin  collided along the 
Shaquanzi fault as the subducting Tianshan Ocean was 
completely consumed in the late Carboniferous (Gu et al., 
2001; Li et al., 2003), resulting in a dextral ductile-shear 
zone along the Shaquanzi fault (Shu et al., 1999). 

The Weiya complex is situated near the Weiya station of 
the Lanzhou-Xinjiang railway and is 130 km to the southeast 
of the city of Hami, Xinjiang Uygur Autonomous Region. 
Tectonically, it belongs to the eastern section of the Middle 
Tianshan Precambrian belt (Fig. 1). The Weiya complex 
(Fig. 2), with nearly elliptical outline and an outcrop area of 
approximately 200 km2, intruded Meso- to Neoproterozoic 
schists  and  gneisses  and  is  free  of  deformation  or 
metamorphism. Based on field observations, six intrusive 
phases have been recognized in a sequence of gabbro, quartz 
syenite, quartz diorite, biotite monzogranite, quartz diorite 
porphyrite (dykes) and fine-grained granite.  

The gabbroic rock is situated in the northeastern part 
of the Weiya complex and forms five small intrusions 
with an outcrop area of about 1 km2 in total (Fig. 2). 
This is a dark green and medium- to fine-grained massive 
rock. It is composed mainly of clinopyroxene (35%–40%), 
plagioclase (An55–65, 40%–45%) and hornblende (5%–
15%), with minor amounts of primary carbonate (0–5%). 
No  olivine  or  orthopyroxene  has  been  discerned. 
Accessory minerals are dominated by apatite, Ti-Fe oxides 
and zircon. 

 

Fig. 1. Regional geology of the eastern section of the Middle Tianshan belt.  



426                                                         Early Indosinian Weiya Gabbro in Eastern Tianshan, China          Zhang et al. 

 
3 Analytical Methods 
 

Hand specimens (approximately 1–2 kg) were collected 
and crushed by a crocodile-type grinder into slabs less 
than 0.5 mm in size.  A quarter  of  each sample was 
obtained by the “cone and quarter method”. This split was 
ground by a ball-grinder to pass 200 mesh. A 50-g fraction 
of the powder was further ground and homogenized by 
hand in an agate mortar and pestle under alcohol, and then 
dried for chemical and Sr-Nd-O isotopic analyses.  

Major oxides such as Fe2O3 and FeO are analyzed by 
the wet chemistry method at the Analysis Center of the 
Department of Earth Sciences, Nanjing University with 
analytical uncertainties better than 0.5%–1%. Other major 
elements were measured on a VF320 single-channel X-ray 
fluorescence spectrometer (XRF) at the Modern Analysis 
Center, Nanjing University with analytical uncertainties 
better than ±5%. Trace elements (including rare earth 
elements) were analyzed at the State Key Laboratory of 
Mineral  Deposit  Research (Nanjing University)  on an 
Element-2  high-resolution  inductively  coupled  plasma 
mass spectrometer (ICP-MS) after the method described 
by Gao et al. (2003). The precision is generally better than 
5% for most trace elements with concentrations greater 
than 10 ppm, and 10% for those less than 10 ppm. 

Oxygen isotope analyses were performed on a MAT-252 
mass spectrometer at the State Key Laboratory for Mineral 
Deposit  Research (Nanjing University).  The results are 
reported in the standard δ notation as per mill (‰) deviation 
from the Vienna SMOW standard. Precisions are better than 
0.2 per mill. Rb, Sr, Sm and Nd abundances were also 
obtained by isotope dilution. Dissolution and chemical 
separation  of  Sm-Nd  and  Rb-Sr  samples  were 
accomplished using a procedure similar to that described 
in Wang et al. (1988). All Sr data are corrected for mass 
fractionation to 86Sr/88Sr = 0.1194 and reported relative to 

a  value  of  87Sr/86Sr  =  0.710239±8 (2s)  for  NBS-987 
standard. In the Nd isotopic analysis, 146Nd/144Nd = 0.7219 
was  taken  as  the  standard  for  mass-fractionation 
correction, and Nd isotopic ratios were normalized to a 
value of 143Nd/144Nd = 0.511864±6 (2s) for La Jolla. 
Overall blanks are about less than 3×10–9 g for Rb and Sr, 
and 9×10–11 g for Sm and Nd, respectively. The decay 
constants used in calculation are 87Rb=0.0142 Ga–1, and 
147Sm=0.00654 Ga–1.  

The notation of εNd(t) is defined (Hu et al., 2000) as  

εNd(t)= εNd(0)−Q×f×t 

where, εNd(0) = [(143Nd/144Nd)S / (143Nd/144Nd)CHUR − 1] × 
10000, S = Sample and (143Nd/144Nd)CHUR = 0.512638, Q = 
25.1 Ga−1, f= fSm/Nd = [(147Sm/144Nd)S / (147Sm/144Nd)CHUR] 
−1, (147Sm/144Nd)CHUR = 0.1967, and t = 0.24 Ga.  

 
4 Geochemistry 
 
4.1 Major elements 

As shown in Table 1, the contents of SiO2, MgO and 
CaO of this rock range between 43.51–49.04 wt%, 5.09–
9.27 wt% and 8.72–20.64 wt%, respectively. All samples 
are plotted along the calc-alkaline field in the total alkaline 
vs.  silica  (TAS)  diagram  (not  shown).  Mg#  values 
[100×Mg/(Mg+Fe2+),  molar  ratio]  of  the  rock  range 
between 35.34–57.56 (Table 1) and are lower than that of 
undifferentiated primitive magma (60–71, Langmuir et al., 
1977),  indicating  that  the  Weiya  gabbro  was  not 
crystallized directly from a primitive magma, but was 
formed  by  a  magma  that  had  experienced  fractional 
crystallization  of  olivine  and  clinopyroxene  (Fig.  3). 
Furthermore, as can be seen in Fig. 3, Al2O3 content 
increases with decreasing CaO and MgO, suggesting that 
plagioclase was not involved in fractional crystallization.  

Some samples (such as sample x-39 and x-45) show 
lower CaO, MgO and TiO2 contents but higher Al2O3, 
Na2O,  K2O and P2O5 contents  than others  (Table  1), 
indicating that these samples might have lower modal 
abundance of clinopyroxene and higher modal abundance 
of plagioclase, apatite and primary carbonate.  
 
4.2 Trace and rare earth elements 

The  Weiya  gabbro  is  notably  characterized  by 
enrichment in large ion lithophile elements (LILE) (such 
as Rb, K, Ba and Pb, of which Ba is the most enriched), 
and enrichment in high field strength elements (HSFE) 
such as U and Th, but depletion in HFSE such as Nb and 
Ta (Table 1; Fig. 4). Such geochemical features of mafic 
rocks  are  commonly  interpreted  either  as  being 
subduction-related  or  related  to  intense  crustal 
contamination  (Li  et  al.,  1998a;  Jahn  et  al.,  2004). 
Negative anomalies of P (and Sr) in some samples (Fig. 4) 
are likely related to fractional crystallization of apatite 

 

Fig. 2. Geological map of the Weiya complex. 
1. gabbro; 2. quartz syenite; 3. quartz diorite; 4. monzogranite; 5. dykes of 
quartz diorite porphyrite;  6.  fine-grained granite;  7.  Mesoproterozoic 
gneisses; 8. Quaternary sediments; Pt - Proterozoic. 
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instead of  crustal  contamination.  This  is  because that 
apatite is both the main P-bearing mineral within the upper 
mantle (Smith, 1981) and significant carrier (Frey et al., 
1980)  of  light  rare  earth  elements  (LREE).  As  a 
consequence,  fractional  crystallization  of  this  mineral 
could account for depletion in P (and Sr) and LREE. This 

is well consistent with our analyses listed in Table 1. 
All  samples  of  the  Weiya  gabbro  display  similar 

chondrite-normalized  patterns  (Fig.  5)  with  moderate 
enrichment  in  LREE  (72.58–135.61ppm),  moderate 
depletion  in  HREE  (15.26–25.31ppm)  and  mild 
fractionation between LREE and HREE (L/H=4.09–5.98, 
Table 1). Moreover, the rock shows distinctively positive 
Eu  anomalies  (Fig.  5),  suggesting  that  insignificant 
amount of or even no plagioclase was retained in the 
residue during partial melting, or that plagioclase was not 
involved in fractional crystallization at lower pressures. 
This  is  in  good agreement  with  the  above-mentioned 
major element geochemical data. 
 
4.3 Sr-Nd-O isotopic compositions 

As shown in Table 2, the Weiya gabbro has initial Sr 
values ranging from 0.7066 to 0.7077 with an average of 
0.7069, and initial Nd values ranging from 0.512356 to 
0.512368  with  an  average  of  0.512365,  respectively. 
Positive εNd(t) values (0.52–0.76, Table 2) imply that this 
rock is derived from mildly depleted mantle. In the range 
of 5.67‰–8.04‰, some of the δ18O values (Table 2), such 
as that of sample x-51, fall out of  the range of mantle-
derived primitive magmas (e.g. 5.0‰–7.0‰, Kyser, 1990), 

 Table 1 Major oxides (wt%) and trace element abundances 
(ppm) of the Weiya gabbro 
Sample x-39 x-45 x-47 x-48 x-50 x-51

SiO2 48.46 49.04 46.91 47.33 45.41 43.51
TiO2 1.43 1.50 2.29 2.59 2.83 3.44
Al2O3 18.02 13.79 9.85 12.44 11.39 14.63
Fe2O3 2.16 2.38 1.94 3.52 2.59 2.53
FeO 7.37 5.44 5.09 5.69 5.50 4.32
MnO 0.11 0.16 0.12 0.14 0.11 0.08
MgO 5.09 6.45 9.27 7.09 8.20 7.30
CaO 8.72 14.76 20.64 16.77 18.46 18.23
Na2O 3.95 2.59 0.77 1.80 1.32 0.94
K2O 1.37 1.07 0.39 0.74 0.69 1.10
P2O5 0.74 0.98 0.20 0.23 0.24 0.13
LOI 2.38 1.53 2.41 1.50 3.14 3.93

     
Total 99.80 99.69 99.88 99.84 99.88 100.14

     
Sc 16.80 33.59 26.11 34.29 24.33 18.80
Ti 8352.00 8669.00 13265.00 13813.00 15860.00 19882.00
V 162.87 249.10 131.56 225.11 216.33 186.90
Co 33.74 20.13 15.32 20.69 15.30 13.11
Ga 17.81 15.09 14.57 17.69 15.81 17.78
Rb 43.46 37.45 8.78 16.77 12.33 39.73
Sr 593.20 714.90 221.20 389.00 179.80 242.50
Y 23.63 36.04 21.56 33.19 25.45 35.81
Zr 55.10 81.30 251.30 208.60 223.10 293.40
Nb 1.55 3.13 4.36 3.15 2.05 2.46
Ba 1570.00 1021.00 246.00 1148.00 603.00 847.00
Hf 1.31 1.90 6.98 6.35 5.86 6.21
Ta 0.16 0.28 0.43 0.21 0.26 0.35
Pb 6.62 5.78 3.23 4.66 4.84 6.05
Th 1.78 3.19 2.79 2.52 1.47 2.29
U 0.78 2.56 1.30 1.07 0.44 0.60
La 18.36 24.46 13.94 17.96 11.13 14.78
Ce 40.95 56.41 32.82 44.05 27.79 37.76
Pr 5.70 7.88 4.63 6.32 4.35 5.88
Nd 24.54 35.10 20.41 29.45 21.15 27.39
Sm 5.30 7.74 4.65 7.72 5.08 6.79
Eu 3.06 4.01 2.08 3.28 3.09 4.12
Gd 5.64 8.49 4.61 7.10 5.56 7.38
Tb 0.69 1.05 0.62 0.91 0.72 0.98
Dy 4.45 6.79 3.94 6.24 4.81 6.47
Ho 0.89 1.39 0.83 1.25 0.97 1.31
Er 2.39 3.85 2.37 3.58 2.62 3.74
Tm 0.29 0.46 0.33 0.49 0.36 0.47
Yb 1.80 2.88 2.21 3.15 2.22 2.88
Lu 0.24 0.40 0.35 0.51 0.37 0.44

Mg# 35.34 45.97 57.56 44.46 51.15 52.53
Th/Yb 0.99 1.11 1.26 0.80 0.66 0.79
Ta/Yb 0.09 0.10 0.20 0.07 0.12 0.12
Ti/Zr 151.58 106.63 52.79 66.22 71.09 67.76
Ti/Y 353.46 240.56 615.23 416.20 623.25 555.20

Ce/Pb 6.19 9.77 10.16 9.46 5.74 6.25
Ba/Nb 1012.90 326.41 56.42 364.10 293.86 344.73
La/Nb 11.84 7.82 3.20 5.70 5.42 6.02
LREE 97.90 135.61 78.53 108.78 72.58 96.72
HREE 16.37 25.31 15.26 23.22 17.63 23.67

L/H 5.98 5.36 5.15 4.68 4.12 4.09
δEu 1.70 1.51 1.36 1.33 1.77 1.77

 

 

Fig. 3. Variation plots of Al2O3 (wt%) vs. MgO (wt%) and 
Al2O3 (wt%) vs. CaO (wt%) for the Weiya gabbro.  
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indicating that the  magma for the Weiya gabbro underwent 
continental  contamination,  or  that  its  source  was 
metasomatized by subduction-related fluids (James, 1981).  

 
5 Discussion 
 
5.1 Crustal contamination or source contamination? 

It has been documented that Th/Ta ratio in basaltic 
magmas, derived either from mantle lithosphere or from 
asthenosphere, is independent of fractional crystallization 
of olivine, clinopyroxene and feldspar (Aldanmaz et al., 
2000). Thus, the Th/Ta ratio would fall within or close to 
that of the diagonal mantle array defined by constant Th/
Ta ratio (Fig. 6). Source metasomatism by subduction-
related fluids, however, results in enrichment of Th with 
respect to Ta, as subduction-related fluids are generally 
enriched in Th relative to Ta (Aldanmaz et al., 2000). 
Consequently, magma derived from such a metasomatized 
source would result in enrichment in Th relative to Ta, and 
hence show higher Th/Ta ratio than the diagonal mantle 
array (Fig. 6). Also, mantle-derived magma affected by 
crustal contamination may increase in Th/Ta ratio because 

of the higher crustal abundances in Th with 
respect to Ta, with the exception of the granulite 
facies  crust,  which  has  low  Th  contents 
(Aldanmaz et al., 2000).  
    As shown in Fig. 6, all samples of the Weiya 
gabbro exhibit higher Th/Ta ratios relative to the 
mantle array. This could be interpreted as the 
result  of  either  source  metasomatism  by 
subduction-related fluids, or contamination by 
continental crust, or even both. However, crustal 
contamination  could  be  precluded  by 
consideration of two factors below.  
    Firstly, ratios of Ti/Zr and Ti/Y of mantle-
derived  magmas  affected  by  crustal 

contamination are lower than those of parent magmas due 
to lower ratios of Ti/Zr and Ti/Y in crustal rocks (Ti/
Zr<30, Ti/Y<200; see Wedepohl, 1995). Figure 7 shows 
that Ti/Zr goes in an opposite trend to Ti/Y as CaO and 
MgO  decrease  gradually.  No  synchronously  lowering 
trends between Ti/Zr and Ti/Y have been found, indicating 
that Ti/Zr and Ti/Y are mainly controlled by fractional 
crystallization instead of crustal contamination. Moreover, 
crustal contamination is clearly insignificant for the Weiya 
gabbro based on high Ti/Zr ratios ranging from 52.79 to 
151.58 with an average of 86.01 and Ti/Y ratios varying 
from 240.56 to 615.23 with an average of 467.32.  

Secondly, as indicated by James (1981), if the mantle 
source  (either  mantle  lithosphere  or  asthenosphere) 
suffered from metasomatism (source contamination) by 
subduction-related  fluids,  then  trace  element  and  Sr 
isotope  compositions  of  the  partial  melts  would  be 
dominated  by  slab-derived  compositions,  whereas  O 
isotope  and  major  elements  of  the  melt  would  be 
dominated by materials from the overlying mantle wedge. 
Consequently, a concave curve would appear in  δ18O vs. 
87Sr/86Sr and δ18O vs. 143Nd/144Nd diagrams. In contrast, 

 

Fig. 4. Primitive mantle-normalized spider diagram of trace 
elements for the Weiya gabbro. 
Normalized values of primitive mantle are from Sun and McDonough 
(1989). 

 

Fig. 5. Chondrite-normalized REE pattern for the Weiya 
gabbro. 
Chondrite-normalized values are from Boynton (1984). 

 Table 2 Sr-Nd-O isotopic data of the Weiya gabbro 

 

Sample x-39 x-45 x-47 x-50 x-51 
Rb (ppm) 45.16 39.05 9.015 11.89 40.17 
Sr (ppm) 601.2 708.1 209.8 181.4 239.6 
87Rb/86Sr 0.2142 0.1531 0.1219 0.2028 0.4874 
87Sr/86Sr 0.707456±8 0.707230±5 0.707205±9 0.707314±11 0.709317±8

(87Sr/86Sr)i 0.706725 0.706707 0.706789 0.706622 0.707653
average (87Sr/86Sr)i 0.7069 

Sm(ppm) 5.281 7.632 4.717 4.986 6.804 
Nd(ppm) 23.98 34.73 19.85 20.33 28.02 

147Sm/144Nd (±0.5 %) 0.1306 0.1329 0.1368 0.1446 0.1497 
143Nd/144Nd 0.512561±8 0.512577±6 0.512581±9 0.512592±10 0.512603±7

(143Nd/144Nd)i 0.512356 0.512368 0.512366 0.512365 0.512368
average (143Nd/144Nd)i 0.512365 

εNd(t) 0.52 0.76 0.72 0.70 0.76 
δ18O (‰)SMOW     7.01 6.08 8.04 5.67 
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mixing curves from crustal contamination in the δ18O vs. 
87Sr/86Sr  and δ18O vs.  143Nd/144Nd would  typically  be 
convex. It follows that concave curves for the Weiya 
gabbro in the  δ18O vs. 87Sr/86Sr and δ18O vs. 143Nd/144Nd 
diagrams  (Fig.  8)  should  be  indicative  of  source 
contamination rather than crustal contamination. 
 
5.2 Source of slab-derived fluids 

Elemental and isotope geochemistry indicate that the 
source region for the Weiya gabbro was metasomatized by 
slab-derived fluids, and that assimilation of the mantle-
derived  magma  by  continental  crust  during  ascent  is 
clearly insignificant.  The key problem is  whether  the 
source metasomatism is induced by subducted continental 
or oceanic crust. Research of trace element geochemistry 
would help to discriminate. It is a common practice to 
adopt a very simplified lithological section through the 
oceanic lithosphere that includes an upper layer of hemi-
pelagic sediments and altered oceanic crust (~95 wt%), 
and a lower layer of depleted peridotite (Poli and Schmidt, 
2002). Despite that hemi-pelagic sediments are enriched in 
Ba, Rb, K and Pb (Patino et al., 2000), Rb and Pb are 
prone to enter hydrothermal fluids and hence would be 
preferentially  removed  during  seawater  alteration.  In 
contrast, U can be moderately enriched, and Th and REE 
remain  unmodified  during  alteration  (Chauvel  et  al., 
1995).  Therefore,  the  resultant  mantle-derived  magma 
from partial melting of overlying mantle wedge which was 
metasomatized by oceanic subduction-related fluids would 
be characterized by enrichment of  Ba,  K and U and 

depletion of Rb and Pb, as well as high ratios of U/Pb and 
Ce/Pb, and low ratios of Th/U (Walker et al., 2001). 

In so far as the Weiya gabbro is concerned, the rock 
appears to be enriched both in Ba, K and U and in Rb and 
Pb, with virtually low ratios of Ce/Pb (5.74–10.16, Table 
1), which are substantially lower than those of altered 
oceanic  crust  (400–500,  Klein  and  Karsten,  1995), 
indicating that source metasomatism is unlikely related to 
oceanic  subduction.  On  the  other  hand,  significantly 
negative Nb anomaly (Fig. 4) of the Weiya gabbro is the 
most characteristic of subduction zone volcanic rocks or 
typical continental rocks. As mentioned above, however, 
since  oceanic  subduction  and  during-magma-ascent 
continental contamination are not considered plausible, the 
“continental” signature of the Weiya gabbro should have 
been printed on its source region. Moreover, the ratios 
(Table 1) of La/Nb (averaging 6.67) and Ba/Nb (averaging 
399.74) of the Weiya gabbro are substantially higher than 
those of  MORB and OIB, which have La/Nb ratios 
ranging from 0.5 to 2.5 and much smaller Ba/Nb ratios 
varying from 20 to1 (Jahn et al., 2004). High ratios of La/
Nb  and  Ba/Nb  are  commonly  ascribed  to  significant 
involvement of continental materials in the mantle source 
in the absence of both during-magma-ascent continental 
contamination and oceanic subduction (Jahn et al., 2004). 
Therefore,  metasomatism  by  fluids  or  melts  from 
subducted continental crust is likely to have occurred to 
the overlying source region in mantle wedge prior to the 
generation of the magma for the Weiya gabbro. 

Compared  to  the  mafic-ultramafic  intrusions  in  the 
Dabie  Mountains,  which  have  been  interpreted  to  be 
derived from metasomatized mantle modifed by fluids 
released  from  subducted  continental  crust  (Li  et  al., 

 

Fig. 6. Th/Yb against Ta/Yb log-log diagram for the 
Weiya gabbro (after Aldanmaz et al., 2000). 
PM: primitive mantle; Data of OIB, N-MORB, E-MORB and PM 
are from Sun and McDonough (1989); Data of upper crust and 
lower crust are from Wedepohl (1995). 

 

Fig. 7. Plots of Ti/Zr vs. CaO (wt%), Ti/Zr vs. MgO (wt%), Ti/Y vs. CaO 
(wt%) and Ti/Y vs. MgO (wt%) for the Weiya gabbro. 
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1998b), the Weiya gabbro has initial Sr values similar to, 
but εNd(t) values (>0) higher than the mafic-ultramafic 
intrusions in the Dabie Mountains (Fig. 9). Therefore, 
petrogenesis of the Weiya gabbro is distinguishable from 
that of mafic-ulatramafic rocks in the Dabie Mountains, 
which  were  derived  from  mantle  modified  by  fluids 
released from subducted ancient craton (Yangtze Craton) 
with characteristic of significantly negative εNd(t) values 
(Li et al., 1998b). In contrast, the Weiya gabbro has initial 
87Sr/86Sr and εNd(t) values falling within the ranges of 
island arc basalts (IAB, Fig. 9), but distinctly different 
from  both  mafic-ultramafic  intrusions  in  the  Dabie 
Mountains and MORB or OIB (Fig. 9). Therefore, the 
Weiya gabbro is most likely derived from metasomatized 
mantle  which  was  modified  by  fluids  released  from 

subducted  young  continental  crust  instead  of  ancient 
craton  basement  in  intraplate  settings  during  the 
Indosinian.  It  remains  to  be  investigated,  however, 
whether  the  subducted  young continental  crust  is  the 
Qoltag island arc (Fig. 1) or some other young terrane 
north to the Middle Tianshan Mountains, and where the 
location of subduction zone is.  

 
6 Conclusion: Tectonic Implications 

 
From the foregoing sections, we suggest that the source 

region of the Weiya gabbro was metasomatized by fluids 
released  from young subducted continental  crust  with 
limited crustal contamination during the magma ascent 
and emplacement. It has been indicated that the Weiya 
gabbro was formed in the early Triassic (Zhang et al., 
2005) when the Middle Tianshan areas were situated in an 
intraplate setting (Gu et al., 2006). Numerous Indosinian 
granites (Xu et al., 2001; Jiang et al., 2003; Li et al., 2005) 
have been reported from the Middle Tianshan Mountains 
and adjacent areas such as those in the Beishan Mountains 
and  eastern  Kunlun  Mountains.  This  indicates  that 
Indosinian  tectono-thermal  events  were  active  in  the 
Middle Tianshan Mountains and adjacent  areas.  As a 
consequence,  we  would  link  the  Indosinian  tectono-
thermal events in the Middle Tianshan Mountains and 
adjacent areas genetically to the northward subduction of 
the Paleo-Tethyan oceanic plate during the Late Permian 
to Triassic (Guo et al., 1998). It is just the northward 
subduction of this plate that induced intense southward 
subduction of some young terrane north to the Middle 

 

Fig. 8. Theoretical mantle source M and contaminant C (subducted slab or continental crust) mixing curves of δ18O vs. (87Sr/86Sr)i and 
δ18O vs. (143Nd/144Nd)i (after James, 1981). 
End member M: δ18O＝6 (‰)SMOW, (87Sr/86Sr)i =0.703, (143Nd/144Nd)i=0.5133; End member C: δ18O＝12  (‰)SMOW, (87Sr/86Sr)i=0.710, (143Nd/144Nd)i =0.5123 
(after James, 1981). In the plot of δ18O vs. (87Sr/86Sr)i, SrM and SrC are indicative of Sr contents of mantle end member (M) and subducted slab or continent crust 
(C), respectively. When the ratio of SrM to SrC (SrM/SrC) is greater than 2:1, it implies continental contamination during mantle-derived magma ascent and 
emplacement. In contrast, when the ratio of SrM to SrC (SrM/SrC) is less than 1:2, it indicates source contamination. In the plot of δ18O vs.(143Nd/144Nd)i, NdM and 
NdC are indicative of Nd contents of mantle end member (M) and subducted slab or continent crust (C), respectively. Ratio shown with each curve denotes 
proportion of Sr (or Nd) content of M (SrM or NdM) to Sr (or Nd) content of C (SrC or NdC), x denotes weight proportion of component C to component M.   
It is indicated from Fig. 8 that the source region of the Weiya gabbro was contaminated by slab-derived fluids (source contamination), with limited continental 
contamination during magma ascent and emplacement. 

 

Fig. 9. Plot of εNd(t) vs. (87Sr/86Sr)i  for the Weiya gabbro 
(after Li et al., 1998b). 
MORB – Middle ocean ridge basalts (Sun and McDonough, 1989); 
OIB – oceanic island basalts (Zindler and Hart, 1986); IAB – island 
arc  basalts  (Davidson,  1983);  mafic-ultramafic  rocks  in  Dabie 
Mountains (Li et al., 1998b). 
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Tianshan Mountains. Such an inference is consistent with 
the conclusion of Zhang et al. (2006), who, based on 
research of the quartz syenite within the Weiya complex, 
proposed that  crustal  thickening in  the  Tianshan area 
during the Indosinian was likely to have been caused by 
intra-continental (A-type) subduction of the Tianshan area, 
which, in its turn, was induced by northward subduction of 
the Paleo-Tethyan oceanic crust from the Late Permian to 
Triassic. This is consistent with the conclusion of Xiao et 
al. (1992) and Li and Xiao (1999), who, based on tectonic 
research of the eastern Tianshan Mountains, proposed that 
intense Triassic (Indosinian) compression of this area was 
induced by the northward subduction of the Paleo-Tethyan 
ocean plate. 

In summary, we emphasize that a new tectonic system 
caused the Indosinian tectono-thermal events in the study 
area and that tectonic conversion from the Paleo-Asian to 
the  Paleo-Tethys  regime  occurred  during  the  latest 
Permian or Earliest Triassic. From such a point of view, 
further research on Indosinian magmatism would be of 
particular importance to clarify geological evolution of the 
Tianshan orogenic belt and adjacent areas in the Triassic 
Period. 
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