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The Yili Block is one of the Precambrian microcontinents dispersed in the Central Asian Orogenic Belt (CAOB).
Detrital zircon U–Pb ages and Hf isotopic data of Neoproterozoic meta-sedimentary rocks (the Wenquan
Group) are presented to constrain the tectonic affinity and early history of the Yili Block. The dating of detrital
zircons indicates that both the lower and upper Wenquan Groups have two major populations with ages
at 950–880 Ma and 1600–1370 Ma. Moreover, the upper Wenquan Group has two minor populations at
~1100 Ma and 1850–1720 Ma. According to the youngest age peaks of meta-sedimentary rocks and the ages
of related granitoids, the lower Wenquan Group is considered to have been deposited during the early
Neoproterozoic (900–845 Ma), whereas the upper Wenquan Group was deposited at 880–857 Ma. The zircon
εHf (t) values suggest that the 1.85–1.72 Ga source rocks for the upper Wenquan Group were dominated by
juvenile crustal material, whereas those for the lower Wenquan Group involved more ancient crustal material.
For the 1.60–1.37 Ga source rocks, however, juvenile material was a significant input into both the upper and
lower Wenquan Groups. Therefore, two synchronous crustal growth and reworking events were identified in
the northern Yili Block at ca. 1.8–1.7 Ga and 1.6–1.3 Ga, respectively. After the last growth and reworking
event, continuous crustal reworking took place in the northern Yili Block until the early Neoproterozoic. Compar-
ing the age patterns and Hf isotopic compositions of detrital zircons from the Yili Block and the surrounding
tectonic units indicates that the Yili Block has a close tectonic affinity to the Chinese Central Tianshan Block in
the Precambrian. The Precambrian crustal evolution of the Yili Block is distinct from that of the Siberian, North
China and Tarim Cratons. Such difference therefore suggests that the Yili Block and the Chinese Central Tianshan
Block may have been united in an isolated Precambrian microcontinent within the CAOB rather than
representing two different blocks rifted from old cratons on both sides of the Paleo-Asian Ocean.

© 2016 International Association for Gondwana Research. Published by Elsevier B.V. All rights reserved.
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1. Introduction

The Central Asian Orogenic Belt (CAOB) is located between the
Siberian, the North China and Tarim Cratons (Fig. 1 inset). The CAOB is
a complex collage of ancient microcontinents, island arcs, seamounts
and oceanic plateaux (Sengör and Natal'in, 1996; Jahn et al., 2000,
2004; Xiao et al., 2004; Windley et al., 2007; Eizenhöfer et al., 2014;
Han et al., 2015; Eizenhöfer et al., 2015a,b; Han et al., 2016a,b).
Microcontinents and continental fragments are considered to have
been incorporated into the CAOB during its accretion (Windley et al.,
na Research. Published by Elsevier B.
2007; Gao et al., 2011; Kröner et al., 2012; Alexeiev et al., 2015; Zhang
et al., 2015a,b,c, 2016). However, their origins are still controversial,
with some researchers assuming that some microcontinents within
the CAOB had a Gondwana derivation and were then accreted onto
the southern margin of the Siberian Craton (Zonenshain et al., 1990;
Buslov et al., 2001; Dobretsov et al., 2003; Kheraskova et al., 2003;
Laurent-Charvet et al., 2003; Xiao et al., 2010). In contrast, models that
favor the origin of the Siberian Craton have been proposed recently
(Berzin and Dobretsov, 1994; Sengör and Natal'in, 1996; Kuzmichev
et al., 2001; Turkina et al., 2007; Zhou et al., 2009, 2010a,b,c, 2011).
More recently, the Tarim Craton was also considered to be a possible
origin for these microcontinents (Levashova et al., 2009; Lei et al.,
2011; Levashova et al., 2011; Rojas-Agramonte et al., 2011; Shu et al.,
2011; Ma et al., 2012a,b; Lei et al., 2013; Ma et al., 2013; Liu et al.,
V. All rights reserved.
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Fig. 1. Simplified geological map of the Chinese Tianshan. Modified after Xiao et al. (2004) and Gao et al. (2009). Inset is a simplified map of the Central Asian Orogenic Belt.
Modified after Xiao et al. (2010).
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2014; Wang et al., 2014c). These controversies largely result from
the Phanerozoic reworking of polyphase orogenesis and magmatism
which overprinted and obscured much of the Precambrian geological
records.

The Yili Block (YB) is a representative microcontinent with Precam-
brian basement in the southern CAOB (Fig. 1) (Gao et al., 1998; Shu
et al., 2004; Gao et al., 2009; Xiao et al., 2010; Shu et al., 2011). It is
located within the Chinese E–W-trending Tianshan orogenic belt
surrounding by the Kazakhstan–Kyrgyzstan Tianshan, the Junggar
Basin and the Tarim Craton (Fig. 1). Thus, the Yili Block is a key to
constrain the origin of microcontinents dispersed within the CAOB.
Previous studies have constrained the Paleozoic accretionary process
and crustal growth in the Yili Block (Hu et al., 2008; Wang et al., 2008;
Tang et al., 2010; Wang et al., 2012; Zhang et al., 2012a; Huang et al.,
2013), but the Precambrian evolution is poorly understood. In the Yili
Block, most Neoproterozoic rocks were incorrectly assigned to be
Paleoproterozoic in age (XBGMR, 1993). Although some magmatic
rocks in the Yili Block were found with ages at 926 Ma and 776 Ma
(Chen et al., 1999b; Hu et al., 2010; Wang et al., 2014a,b), it remains
uncertain whether a Paleoproterozoic to Mesoproterozoic basement
exists in this block. This is because (1) Precambrian rocks are sporadi-
cally exposed on the surface of the Yili Block; (2) the records of the
early geological evolution are obscured by Paleozoic overprinting; and
(3) the U–Pb age patterns of detrital and xenocrystic/inherited zircons
from various rocks with different ages are very complicated. Therefore,
the tectonic affinity, Precambrian crustal growth and reworking of the
Yili Block are still uncertain. The key questions concerning the evolution
of the Yili Block include: (1) When did the earliest crustal basement
rocks form? (2) When did Precambrian crustal growth and reworking
happen? (3) Does the block have a tectonic affinity with the Chinese
Central Tianshan Block, the Siberian Craton, the North China Craton or
the Tarim Craton?

We present U–Pb ages and Hf isotopic data for detrital zircons from
Neoproterozoic meta-sedimentary rocks exposed in the northern Yili
Block. These data, in combination with regional Precambrian geological
records, provide new constraints on formation of the basement and
crustal growth and reworking of the Yili Block, which not only illumi-
nate its tectonic affinity and but also shed light on the origin of Precam-
brian continental terranes within the CAOB.
2. Geological background

The TianshanOrogen extends for ca. 2500 km fromUzbekistan in the
west to Xinjiang Uygur Autonomous Region of northwestern China in
the east within the southernmost CAOB. The orogen is located between
the Tarim Craton to the south and the Junggar Basin to the north (Fig. 1).
It was formed by long-lived Paleozoic subduction of the Paleo-Asian
Ocean and accretions of several microcontinents (e.g., Yili Block,
Chinese Central Tianshan Block, Ishim–Middle Tianshan in Kyrgyzstan,
Aktau–Junggar in Kazakhstan, Gao et al., 2007, 2011; Kröner et al.,
2012, 2013). In China, this orogenic belt is divided into four tectonic
units, namely the Chinese North Tianshan (NT), the Yili Block (YB),
the Chinese Central Tianshan Block (CTB) and the Chinese South
Tianshan (ST) (Fig. 1) (Gao et al., 1998; Charvet et al., 2007; Gao et al.,
2009; Charvet et al., 2011).
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The NT and ST are Paleozoic accretionary terranes (Gao et al.,
2009; Xiao et al., 2013; Alexeiev et al., 2015). The NT consists of
Devonian–Carboniferous volcanic rocks, volcaniclastic rocks and turbi-
dites (Wang et al., 2006). Carboniferous ophiolitic remnants
(325–344 Ma) are exposed within the turbidites sequences (Xu et al.,
2005; Wang et al., 2006). Permian molasse unconformably overlies the
accretionary complex in this terrane (Zhu et al., 2013). The NT formed
as a result of subduction of the North Tianshan Ocean. This ocean is con-
sidered to have closed in the late Carboniferous, based on the 316 Ma
Sikeshu pluton intruding the ophiolite and the occurrence of post-
collisional stitching intrusions (310–280 Ma) (Wang et al., 2006; Han
et al., 2010). Likewise, the ST is mainly composed of Paleozoic clastic
and volcano-sedimentary rocks (XBGMR, 1993; Chen et al., 1999a;
Biske and Seltmann, 2010; Alexeiev et al., 2015). High pressure–low
temperature (HP–LT) metamorphic assemblages (454–302 Ma) with
relicts of blueschist, eclogite, ophiolite and meta-sedimentary rocks
occur as tectonic lenses within the Paleozoic sedimentary strata (Gao
et al., 1998; Zhang et al., 2003; Klemd et al., 2005; Gao et al., 2011;
Klemd et al., 2011). The formation of the ST is considered to be the result
of closure of the South Tianshan Ocean and Paleozoic collision between
the Chinese Central Tianshan Block and the Tarim Craton (Gao et al.,
2011; Xiao et al., 2013; Klemd et al., 2015).

The Yili Block and Chinese Central Tianshan Block are regarded as
two major continental fragments or microcontinents involved in the
formation of the Chinese Tianshan Orogen (Hu et al., 2000; Liu et al.,
2004; Xiao et al., 2004; Xiao et al., 2008; Ma et al., 2012a,b, 2013;
Wang et al., 2014a,c; Huang et al., 2015b). The Precambrian basement
of the YB consists of granitic gneiss, fine-grained amphibolite and
migmatite with meta-sedimentary covers including quartzite, slate,
schist, leptynite and marble (926–650 Ma) (XBGMR, 1993; Chen et al.,
1999b; Gao et al., 2009; Hu et al., 2010; Xiao et al., 2010; Huang et al.,
2013; Liu et al., 2014; Wang et al., 2014a,b). Late Neoproterozoic
(Sinian) tillite and Cambrian phosphorous limestone occur widely in
this block. Early Paleozoic sedimentary rocks are rarely exposed on
the surface, but late Paleozoic volcanic sedimentary rocks and clastic
rocks occur throughout the YB (XBGMR, 1993; Huang et al., 2013;
Xiao et al., 2013). Devonian rocks include conglomerates, sandstones,
siltstones, mudstones, shales and limestones. The Carboniferous strata
consist of sandstone, siltstone, limestone and volcanic rocks associated
with andesite, rhyolite and dacite (XBGMR, 1993; Wang et al., 2007,
2008; Huang et al., 2013). Similarly, the CTB is characterized by a
Precambrian basement overlain by Paleozoic clastic sediments and
volcano–sedimentary rocks (Gao et al., 1998; Hu et al., 2000; Liu et al.,
Fig. 2. Geological map of the Wenquan Metamorp
Modified after XBGMR (1993).
2004; Shu et al., 2004; Xiao et al., 2004; Gao et al., 2009; Lei et al.,
2011; He et al., 2012; Shu et al., 2013; He et al., 2014c). In the western
Chinese Central Tianshan Block (WCTB) (the CTB is divided into west-
ern and eastern parts along the Urumqi–Korla road), the Precambrian
basement (969–707 Ma) is composed of migmatite, granitic gneiss
with meta-sedimentary covers (XBGMR, 1993; Gao et al., 1998; Li
et al., 2007; Chen et al., 2009; Long et al., 2011a; Ma et al., 2013). In
the eastern Chinese Central Tianshan Block (ECTB), the basement
rocks (1458–696 Ma) also consist of migmatite, gneiss with a clastic
metasedimentary cover (Liu et al., 2004; Hu et al., 2010; Lei et al.,
2013; Huang et al., 2014; He et al., 2014c; Wang et al., 2014c; Huang
et al., 2015a,b). The entire CTB experienced five Precambrian magmatic
events at ca. 1458–1400 Ma, 969–926 Ma, 945–880 Ma, 806 Ma and
740–707 Ma, and this block experienced a marked Mesoproterozoic
crustal growth event (1.6–1.3 Ga) (Huang et al., 2015b).

Meta-sedimentary samples in this study were collected from the
Wenquan Group of the Wenquan Metamorphic Complex (WMC)
(Fig. 2) exposed in the northern Yili Block (Fig. 1). This complex extends
for ca. 150 km from the Wenquan area to southeastern Kazakhstan
(Wang et al., 2014a) andmainly consists of granitic gneiss, amphibolite,
migmatite, paragneiss, leptynite, quartzite, schist, marble and slate
(XBGMR, 1993; Hu et al., 2000, 2008; Wang et al., 2008; Hu et al.,
2010; Wang et al., 2012; Huang et al., 2013; Liu et al., 2014; Wang
et al., 2014a). Previously, these WMC basement rocks were considered
to be Paleoproterozoic in age (XBGMR, 1993). However, available geo-
chronological studies indicate that they formed at ca. 926–650 Ma
instead of Paleoproterozoic (Hu et al., 2010; Li et al., 2013; Liu et al.,
2014; Wang et al., 2014a). Noticeably, early Paleozoic strata are absent
in the WMC, whereas late Paleozoic clastic rocks including sandstone,
limestone and conglomerate are mostly exposed in its southern part.
Although Neoproterozoic granitic rocks are limited to the central region
of the WMC, early Paleozoic intrusive rocks widely occur westward
at the northern margin of the WMC and late Paleozoic granitic–
volcanic rocks are distributed in its southern part (Fig. 2). The above
Neoproterozoic and early Paleozoic granitic rocks intruded into the
Precambrian meta-sedimentary rocks (Fig. 2; Hu et al., 2008; Wang
et al., 2012; Huang et al., 2013; Li et al., 2013; Wang et al., 2014a).

3. Sample description

Our samples were collected from the lowerWenquan Group (LWG)
and the upper Wenquan Group (UWG) exposed within the Wenquan
Metamorphic Complex, northern Yili Block (Fig. 2). Samples from the
hic Complex with sampling locations marked.



Fig. 3. Field photos of Neoproterozoic meta-sedimentary rocks in the Wenquan Metamorphic Complex, Yili Block. XIWQ12 is quartzite, XIIWQ02 and XIIWQ38 are leptynites. They are
collected from the lower Wenquan Group (LWG). L08WQ58 and XIWQ30 are slate and quartzite, respectively. They both are collected from the upper Wenquan Group (UWG).
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LWG consisted of medium-grained quartzite and leptynite, whereas
medium-grained slate and quartzite were collected from the UWG.
They are both intruded by Neoproterozoic and Paleozoic granitoids.

Quartzite from the LWG (sample: XIWQ12) is gray in color and dis-
plays bedding structure (Fig. 3). The quartzite mostly consists of quartz
(~85%), with minor plagioclase and biotite or muscovite (~15%).
The leptynite samples from the LWG (XIIWQ02 and XIIWQ38) are
gray or brownish gray, mainly consisting of quartz (~65%) and plagio-
clase (~20%) and biotite (~15%). The slate sample from the UWG
(L08WQ58) is mainly composed of quartz (~65%) and plagioclase
(~25%) with minor biotite (~10%) (Fig. 3). The quartzite sample from
the UWG (XIWQ30) exhibits slightly different petrological characteris-
tics from those of the LWG (XIWQ12). In outcrop, sample XIIWQ02 is
intruded by Neoproterozoic leucogranites, whereas sample XIIWQ38
occurs as lenses in Paleozoic granitic rocks (Fig. 3).

4. Analytical methods

Zircons were separated using heavy liquids and magnetic tech-
niques, andwere thenhandpicked under a binocularmicroscope. Zircon
grains were mounted on adhesive tape and then enclosed in epoxy
resin. The mounts were then polished to about half their thickness,
and zirconswere photographed under amicroscope. In order to observe
the internal structure of the polished zircons, cathodoluminescence
(CL) imagingwas carried out using a JXA-8100 Electron ProbeMicroan-
alyzer with a Mono CL3 Cathodoluminescence System for high resolu-
tion imaging and spectroscopy at the State Key Laboratory of Isotope
Geochemistry, Guangzhou Institute of Geochemistry, Chinese Academy
of Sciences (SKLIG GIGCAS).

4.1. Zircon U–Pb dating

U–Pb dating of sampleswas conducted using the LA-ICP-MSmethod
in the same laboratory. Laser ablation was accomplished using a pulsed
Resonetic 193 nm ArF excimer laser, operated at a constant energy of
80 mJ, with a repetition rate of 8 Hz and a spot diameter of 31 μm. The
91500 standard zircon, the Plesovice zircon and the NIST SRM 610
glass were used as standards. Specifically, 91500 was used as an exter-
nal standard for correction of the isotopic ratios to calculate U–Pb
ages; Plesovice was a monitoring standard, and the NIST SRM 610
glass was an external standard for elemental concentration analysis.
The detailed analytical technique was described by Li et al. (2011). For
samples, off-line inspection and integration of background and analysis
signals as well as time-drift correction and quantitative calibration for
trace element analyses and U–Pb dating were performed using Glitter
4.0 (Macquarie University). The age calculations and concordant plots
were processed using ISOPLOT (version 3.0, Ludwig, 2003), and the
analytical results are presented in Appendix A. Table 1.

4.2. Lu–Hf isotopic analysis

Hf-in-zircon isotopic analysis was performed using a Neptune Plus
MC-CP-MS, coupled to the Resonetics RESOlution M-50-LR Excimer
Laser Ablation System installed in the SKLIG GIGCAS. Hf isotopic data
were acquired by ablatingmaterial from spots 45 μm in beam diameter,
and a 8 Hz at 80 MJ repetition rate was used. The ablated material was
transported by a helium carrier gas with mirror nitrogen. Data acquisi-
tion for each analysis consists of 30 s gas background collection and
30 s signal collection. A signal collection model for one block includes
200 cycles, and one cycle has an integration time of 0.131 s. The
measured isotopic ratios of 176Hf/177Hf were normalized to 179Hf/
177Hf = 0.7325, using exponential correction for mass bias. In order
to obtain accurate 176Hf/177Hf ratios, the isobaric interferences of
176Lu and 176Yb on 176Hf must be corrected. The ratios of 176Lu/
175Lu = 0.02655 and 176Yb/171Yb = 0.90184 obtained during Hf
analysis on the same spot were used in the isobaric interference correc-
tion ((Machado and Simonetti, 2001; Wu et al., 2006). External correc-
tions were applied to all unknowns, and the standard zircon Penglai
were used as external standard and were analyzed twice before
and after every 5 analyses of unknowns. The measured 176Lu/177Hf
ratios and the 176Lu decay constant of 1.867 × 10−11 a−1 reported by
Söderlund et al. (2004) were used to calculate initial 176Hf/177Hf
ratios. Chondritic values of 176Hf/177Hf = 0.282772 and 176Lu/
177Hf = 0.0332 reported by Blichert–Toft and Albarede (1997) were
used for the calculation of εHf (t) values. The depleted mantle line is
defined by present–day 176Hf/177Hf = 0.28325 and 176Lu/ 177Hf =
0.0384 (Griffin et al., 2004). Because zircons formed in granitic magma
are derived from felsic protoliths, two–stage (crustal) model ages
(TDMC ) are more meaningful than depleted mantle model ages. A mean
176Lu/177Hf ratio of 0.015 for the average continental crust (Griffin



Fig. 4. Cathodo-luminescence images of detrital zircons of Neoproterozoic meta-sedimentary rocks. For further explanations see in the text.
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et al., 2002)was used to calculate TDMC . The Lu–Hf isotopic data are listed
in Appendix A. Table 2.

5. Results

5.1. Zircon features

All detrital zircons from theWenquanGroup have similar character-
istics. They are generally colorless, transparent with length/width ratios
of 2:1 (Fig. 4). Most also show relatively high Th/U ratios (0.10 b Th/
U b 1.0) (Fig. 5), remarkably positive Ce anomalies as well as negative
Eu anomalies and HREE enrichment relative to LREE (Appendix A.
Table 3), which are a typical of magmatic origin (Hoskin and
Schaltegger, 2003; Wu and Zheng, 2004). Three types of zircons from
five meta-sedimentary samples can be recognized through CL imaging
(Fig. 4). Type I zircon grains (represented by ~40% of the total analyzed
grains) are long or short prismatic, euhedral, have very little rounding at
their pyramidal terminations, and showwell-developed oscillatory zon-
ing. These features, along with relative high Th/U ratios (0.1 b Th/U),
indicate that the zircon grains have an igneous origin, and suggest a
local or near-source region. Type II zircons (representing ~32% of the
total analyzed grains) are characterized by near euhedral or subhedral
shape with oscillatory zoning in some grains. Few grains are low
luminescent, but their high Th/U ratios suggest an igneous origin. The
Fig. 5. Th–U plots of concordant zircons from all studied samples.
near-euhedral grains suggest that they experienced rather short trans-
port, and their source areas are most probably not far from the deposi-
tional sites. Type III zircons (accounting for ~28% of the total analyzed
grains) are well rounded without well-preserved oscillatory zoning.
Some grains are highly luminescent and have nebulous zoning, whereas
others show low luminescence rims and complicated internal textures.
Among the studied zircons, themajority of grainswith ages b1.0 Ga and
1.6–1.3 Ga belong to both type I and type II. However, most zirconswith
ages between 1.2 and 1.1Ga are type III. The 1.85–1.7Ga grains aremore
type I and type II than those of type III.

5.2. U–Pb ages and Hf isotopic compositions

In this study, 350 detrital zircons from five samples of the Wenquan
Group were dated. Data with N10% discordance and large uncertainties
(N100Ma at 1σ uncertainties of 207Pb/206Pb ages) are excluded in the
following discussion (Appendix A. Table 1). Because 206Pb/238U ages
are generally more precise for young zircons and 207Pb/206Pb ages
for older ones, we rely on the measured 207Pb/206Pb ages when
206Pb/238U ages are older than 1000 Ma. Concordant analyses were
selected for in-situ Hf isotope measurement (Fig. 4 and Appendix A.
Table 2).

5.2.1. Quartzite of the lower Wenquan Group (LWG: XIWQ12)
Seventy zircons were dated for sample XIWQ12, and 40 grains are

concordant within error. The dominant zircon population yielded ages
between 1320 and 1600Ma (Fig. 6a), whereas others exhibited a youn-
ger age peak at 950Ma (Fig. 7a). Thirty-five zircon crystalswere also an-
alyzed for their Hf isotopic compositions. The εHf (t) values vary from to
−8.3 to +8.9 with crustal model ages (TDMC ) from 2.78 to 1.77 Ga
(Fig. 8a).

5.2.2. Leptynite of the lower Wenquan Group (LWG: XIIWQ02 and
XIIWQ38)

Sixty analyses of sample XIIWQ02 yielded 51 concordant grains
ranging from 1660 to 817 Ma (Fig. 6b). The main population gave ages
between 996 Ma and 817 Ma, forming a major peak at 900 Ma
(Fig. 7b). Fifty of the above zirconswere analyzed for Hf isotopic compo-
sitions. They yielded relatively low initial 176Hf/177Hf ratios with a
large variation in εHf (t) values (−15.5 to+3.0) (Fig. 8a) and old crustal
model ages (TDMC = 2.73–1.70 Ga).

For sample XIIWQ38, seventy zircons were dated, and 68 grains are
concordant within error. The results show similar age spectra to that of
sample XIWQ12 (Fig. 6a and c). The dominant zircon population gives



Fig. 6. Zircon U–Pb concordia diagrams with concordant analyses for the five Neoproterozoic meta-sedimentary rocks in the Yili Block.
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ages between 1370 Ma and 1600 Ma, and the youngest age peak is at
920 Ma (Fig. 6c). Forty–seven zircon crystals were also analyzed for
their Hf isotopic composition. Comparing with sample XIWQ12, these
zircons display more variable initial 176Hf/177Hf ratios and thus show
various εHf (t) values (−11.8 to +7.0) and slightly older crustal
model ages (TDMC = 3.17–1.71 Ga) (Fig. 8a).

5.2.3. Slate of the upper Wenquan Group (UWG: L08WQ58)
Eighty zircons of sample L08WQ58 were analyzed for U–Pb isotopic

composition. Fifty–three grains are concordant varying from 1849 to
758 Ma (Fig. 6d), with two major age peaks at 890 and 930 Ma
(Fig. 7d). There are several minor age peaks between 1180 and
1840 Ma (Fig. 7d). Fifty zircons were analyzed for Hf isotopic composi-
tion. These analyses have a wide range of εHf (t) values ranging from
−9.8 to +7.9 (Fig. 8b) with relatively young TDMC ages (2.51–1.54 Ga).

5.2.4. Quartzite of the upper Wenquan Group (UWG: XIWQ30)
Seventy zircons were dated, and 57 grains are concordant within

error. The main zircon population gave ages between 1864 and 881 Ma
(Fig. 6e), with a predominant age peak at 880 Ma and some minor age
peaks between 1130 and 1850 Ma (Fig. 7e). In addition, three zircons
yieldedNeoarchean ages at 2604, 2647 and 2744Ma (Fig. 7e). Analogous
to sample L08WQ58, these zircons are characterized by highly variable
εHf (t) values (−13.0 to +7.3) (Fig. 8b) with relatively old TDMC ages
(3.15–1.67 Ga).
6. Discussion

6.1. Depositional age of the Wenquan Group

The Wenquan Group within the Wenquan Metamorphic Complex
was considered to be the oldest sequence in this complex and constitut-
ed the basement of the Yili Block. Previously, according to the micro-
fossils, lithologic and structural relationships, the meta-sedimentary
sequences of the Wenquan Group were originally considered to be
Paleoproterozoic in age (XBGMR, 1993). However, recent geochrono-
logical studies revealed that the metamorphic rocks of the basement
formed in the early Neoproterozoic rather than Paleoproterozoic (Hu
et al., 2010; Liu et al., 2014; Wang et al., 2014a). These new data imply
that the meta-sedimentary sequences were deposited later than previ-
ously estimated.



Fig. 7. Relative U–Pb age probability for concordant detrital zircons from five samples in the Yili Block.
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Because the time of deposition should not be older than the youn-
gest detrital zircon, the age peak of the youngest group can be used to
constrain the maximum age of deposition (Nelson, 2001; Fedo et al.,
2003; Gehrels, 2014). The youngest zircon 206Pb/238U age populations
from quartzite and leptynite samples of the LWG peak at 900, 920 and
950 Ma, respectively (Fig. 7a–c), suggesting that the maximum deposi-
tional age of the LWG was not prior to ca. 900 Ma. Some leucogranites
intruded into thesemeta-sedimentary rocks, and dating of these granit-
oids yielded a weighted mean age of 845 ± 8 Ma (Wang et al., 2014a,
Fig. 2), which suggests that the metasediments must have been depos-
ited before this age. Therefore, the LWGwas probably deposited during
the early Neoproterozoic (900–845 Ma).

Twometa-sedimentary rocks of the so-called UWG have similar age
distributions with marked peaks at 880 Ma and 890 Ma, respectively
(Fig. 7d and e). The two youngest detrital zircons were dated at
ca. 820 Ma and 760 Ma (Fig. 7d). However, the internal textures of
these two zircon crystals are low luminescent andhave nebulous zoning
(Fig. 4, spot 11 of L08WQ58) with relatively higher U contents than
other detrital zircons (539–617 ppm) (Appendix A. Table 1). This
means that these two grains have experienced Pb loss. Thus, these
two young ages could not represent the maximum depositional age of
the UWG. Alternatively, peaks at 880 Ma and 890 Ma are the best
choices to constrain the depositional age. Therefore, deposition of the
UWG probably occurred at ca. 880 Ma. A slightly younger orthogneiss
(857 ± 6 Ma) near the base of this sequence intruded into the UWG
(Wang et al., 2014a, Fig. 2), which suggests that the UWGwas deposited
before this age. Therefore, the UWG was deposited during the early
Neoproterozoic (880–857 Ma), later than the LWG of the Wenquan
Metamorphic Complex in the Yili Block.
6.2. Sedimentary provenance

Detrital zircons from three samples (XIWQ12, XIIWQ02 and
XIIWQ38) of the lower Wenquan Group (LWG) display similar youn-
gest Neoproterozoic age peaks (950 Ma, 900 Ma and 920 Ma, respec-
tively) (Fig. 7a–c). Additionally, sample XIIWQ38 has similar age
peaks to the quartzite (XIWQ12) between 1320 Ma and 1600 Ma
(Fig. 7a and c). However, a small differences shows up on the age
peaks after the Neoproterozoic for XIIWQ02, compared to the other
two samples. This sample has fewMesoproterozoic age peaks. Although
samples XIIWQ02 and XIIWQ38 have similar mineral compositions, the
zircons of sample XIIWQ02 have less pre-Neoproterozoic information
than those of sample XIIWQ38. This can probably be attributed to
the depositional environments for synchronous sedimentation or a
progressive change of sedimentary facies with reducing input of older
deep-seated material with time. Nevertheless, despite these minor
differences between the samples, the source character of the LWG is



Fig. 8. Diagram of εHf (t) value vs. age for concordant detrital zircons from the
Neoproterozoic meta-sedimentary rocks.

Fig. 9. Distribution of concordant detrital zircon U–Pb analyses for the five samples.
(a) Age distribution pattern for the samples from the lower Wenquan Group (LWG).
(b) Age distribution pattern for the samples from the upper Wenquan Group (UWG).
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reflected by these three samples, including two age periods at ca.
900–950 Ma and 1370–1600 Ma, respectively (Fig. 9a).

Detrital zircons from themeta-sedimentary rocks of theUWGdefine
similarmulti-peake zircon age distribution patterns at 880–930Ma and
1130–1850 Ma with a weak age peak at 2620 Ma (Fig. 7d and e). It
is obvious that detrital zircons from the UWG and LWG exhibit analo-
gous age distribution patterns at 880–950 Ma and 1370–1600 Ma
(Fig. 9a and b). However, the UWG has distinct age distributions at
ca. 1100Ma and 1720–1850Ma (Fig. 9a and b). These data may suggest
that the UWG metasediments inherited some material from the LWG
(e.g., 880–950 and 1370–1600 Ma), but had an input of new source
material with ages of ~1100 Ma and 1720–1850 Ma, probably due to a
different depositional environment. This is also evidenced by the differ-
ent Hf isotopic characteristics of detrital zircons. The 1720–1850 Ma
grains from the UWG have more positive εHf (t) values than those
from the LWG (Fig. 8a and b).

The early Neoproterozoic zircon population (especially that at
ca. 0.95–0.88 Ga) from the LWG and UWG shares similar sourcemateri-
al. Most detrital zircons of this population show concentric zoning and
high Th/U ratios, which are consistent with an igneous origin. Their
euhedral and prismatic morphologies infer that these zircons experi-
enced short sedimentary transport and are probably related to a proxi-
mal magmatic source (Fig. 4). Noticeably, these zircons exhibit a large
variation of Hf isotopic compositionswith εHf (t) valuesmostly between
−15.5 and +2.5 (Fig. 8a and b). It seems that the zircons with positive
εHf (t) values may originate from isotopically primitive rocks. However,
their euhedral and prismatic shapes with significant oscillatory zoning
indicate derivation fromgranitoid rocks possiblywith additions ofman-
tle-derived material when or before the granitoid rocks formed. Recent
studies revealed that several early Neoproterozoic S-type granitoids are
exposed in the Yili Block (Fig. 2; Chen et al., 1999b; Hu et al., 2010;
Li et al., 2013; Wang et al., 2014a). Most of these peraluminous
rocks were dated at 926–845 Ma with εNd (t) values of −1.9 to −9.1
(Wang et al., 2014a). Therefore, locally exposed S-type granites have
probably provided a large proportion of the clastic material for the
early Neoproterozoic zircons dated in this study.

Mesoproterozoic detrital zircons from theWenquan Group aremore
complex than the Neoproterozoic grains (especially ca.1.60–1.37 Ga for
both LWG and UWG, and ~1.1 Ga for the UWG). For the additional
~1.1 Ga zircons of the UWG, Hf isotopic compositions indicate that
juvenile or inherited material was largely involved in the source of the
UWG (Fig. 8a and b). As to the ca. 1.60–1.37 Ga zircons, they were con-
sistently identified in both the LWGandUWGwith similar εHf (t) values
between −6.9 and +7.9 (Fig. 8a and b), suggesting a similar prove-
nance. Noticeably, positive εHf(t) values occupy 75% of all analyses
of this population, indicating that more juvenile than crustal material
contributed to the source of the LWG and the UWG at 1.60–1.37 Ga.
Considering the morphologies of most of these detrital zircons (Fig. 4)
and their isotopic data, the contribution of local material from the
Yili Block (YB) and material from the Chinese Central Tianshan Block
(CTB) may have contributed significantly to the provenance of the
Mesoproterozoic detrital zircons. This is supported by sporadically
occurring 1.33 and ~1.0 Gamagmatic rocks in the Yili Block (our unpub-
lished data) and 1.46–1.40 Ga gneissic granitoids in the CTB (Huang
et al., 2015b).

It would appear that the Siberian Craton, the TuvaMongolia terrane,
the Tarim Craton, the Kazakhstan–Kyrgyzstan Tianshan, and the North
China Craton could also be potential sources for the 1.60–1.37 Ga and
~1.1 Ga detrital zircons. However, the absence of magmatic rocks
of these ages in the Siberian Craton, Tuva–Mogolia and the Tarim
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Craton (Badarch et al., 2002; Poller et al., 2005; Xu et al., 2013; Zhang
et al., 2013a) rules out these continents as potential sources. A few
1.6–1.4 Ga granitoids are exposed in the Kyrgyzstan North Tianshan
(Kröner et al., 2013), but their zircons shownegative isotopic signatures
different from those of the LWG and the UWG (Fig. 8). Thus, the
Kyrgyzstan Tianshan could be excluded. Although 1.4–1.3 Ga diabase
or bimodal rocks are exposed in the North China and South China
cratons (Li et al., 2002b; Zhang et al., 2012c; Li et al., 2014), zircons
from diabase have internal features or εHf (t) values distinct from the
coeval detrital zircons in this study. This suggests that the two cratons
also cannot be the sources for the 1.6–1.4 Ga detrital zircons. For
~1.1 Ga detrital zircons, the South China Craton could potentially be
provenance because of ~1.1 Ga basalts (Greentree et al., 2006; Qiu
et al., 2011), but their different negative εNd (t) values exclude this
possibility.

Late Paleoproterozoic detrital zircons (1.85–1.72 Ga) dominate
in the UWG. Two possible interpretations are suggested for their
provenance: local concealed magmatic rocks or long-distance transport
from nearby old blocks. In recent years, not only late Paleoproterozoic
(~1.8 Ga) but also voluminous latest Archean (~2.5 Ga) igneous rocks
have been discovered in the surroundingold blocks, such as the Siberian
Craton, theNorth China Craton and the Tarim Craton (Zhai, 2004; Xiong
et al., 2009; Zhao et al., 2010). If the studied Paleoproterozoic detrital
grains were derived from any of these cratons, numerous N1.8 Ga detri-
tal grains (e.g., ~2.5 Ga grains) would be expected in the Wenquan
metasediments. However, because such old detrital zircons are nearly
absent in the Yili Block (Fig. 11), the second interpretation can be ex-
cluded. Therefore, we suggests that the Paleoproterozoic detrital grains
were most likely derived from an unknown local source which is in
agreement with other recent studies (Liu et al., 2014; He et al., 2015).

6.3. Crustal evolution of the Yili Block

Juvenile and evolved isotopic characteristics of granitoid rocks are
vital for recognizing crustal growth and ancient crustal reworking in
the Precambrian (Taylor and McLennan, 2009; Condie, 2011; Dhuime
et al., 2011). However, Precambrian granitoid rocks have sometimes
not been discovered in somemicrocontinents, whichmay hinder an un-
derstanding of the crustal evolutionary history. Likewise, Precambrian
granitoid rocks are rare in the Yili Block. Although recent studies dem-
onstrated that Neoproterozoic granitoids are present in the basement
(Hu et al., 2010; Li et al., 2013; Wang et al., 2014a), few data support
the existence of Paleoproterozoic or Mesoproterozoic rocks.

As discussed above, our provenance study indicates that the most
detrital zircons are near or locally derived. This conclusion provides
a way to decipher the crustal evolution of the Yili Block when old
Fig. 10.Diagram of εHf (t) value vs. age for concordant detrital zircons showing the crustal
growth and reworking events in the Yili Block.
igneous rocks are very limited or have not to be well identified. Our Hf
isotopic data indicate that the late Paleoproterozoic zircons
(1.85–1.72 Ga) mostly have juvenile εHf (t) values (Fig. 10). Among
these grains, 60% with such positive values are euhedral or near
euhedral to subhedral, which confirms that these grains are most likely
local, and a late Paleoproterozoic basement is likely to exist at depth in
the Yili Block. Their positive εHf (t) values therefore represent late
Paleoproterozoic juvenile crustal material in the Yili Block (Fig. 10). It
is noticeable that there are still 40% detrital zircons with negative εHf
(t) values, which indicate synchronous crustal reworking. Hf crustal
model ages of the local grains vary between ca. 2.95 Ma and 1.94 Ma
(Appendix A. Table 2). This implies that some crustal material in the
Yili Block formed as early as the Neoarchean.

Similarly, the majority of early Mesoproterozoic detrital grains
(1.6–1.3 Ga) have positive εHf (t) values (Figs. 4 and 10). These
characteristics indicate that early Mesoproterozoic crustal growth
occurred in the Yili Block as well. The late Paleoproterozoic and
early Mesoproterozoic local zircon grains define a crustal evolution
trend, and most Mesoproterozoic to Neoproterozoic grains plot within
this trend (Figs. 4 and 10). This suggests that Mesoproterozoic to
Neoproterozoic grains with moderate to negative εHf (t) values were
generated by crustal reworking. Although a few Mesoproterozoic
(1.6–1.1 Ga) and Neoproterozoic (1.0–0.88 Ga) detrital zircons may
be derived from the nearby CTB, most are originated from the local
sources (Fig. 4 and part 5.1). It is reasonable to suggest that crustal
reworking occurred in the Yili Block from the early Mesoproterozoic
(1.6 Ga) to the Neoproterozoic (0.88 Ga) (Fig. 10). Therefore, we
suggest that both synchronous crustal growth and reworking
happened in the early Mesoproterozoic (1.6–1.3 Ga), and then changed
into continuous crustal reworking until the early Neoproterozoic
(Fig. 10).

6.4. Tectonic affinity of the Yili Block

The tectonic affinity of microcontinents within the CAOB has been
the subject of much controversy. The Siberian Craton is considered to
be the origin for some microcontinents within the CAOB (Berzin and
Dobretsov, 1994; Sengör and Natal'in, 1996; Turkina et al., 2007). How-
ever, these rocks were also argued to have rifted from the Gondwana
(Zonenshain et al., 1990; Dobretsov et al., 2003; Laurent-Charvet
et al., 2003; Xiao et al., 2010). The Tarim Craton as a block rifted
from Gondwana was thus widely considered to the origin of some
microcontinents within the CAOB. (Li et al., 2008; Levashova et al.,
2009; Lei et al., 2011; Levashova et al., 2011; Rojas-Agramonte et al.,
2011; Shu et al., 2011; Ma et al., 2012a,b; Lei et al., 2013; Ma et al.,
2013; Metcalfe, 2013; Liu et al., 2014; Rojas-Agramonte et al., 2014;
Zhao et al., 2014; Wang et al., 2014c).

Recent studies suggest that the YB and the Chinese Central Tianshan
Block (CTB) were likely derived from a same old continent (Qian et al.,
2009; Liu et al., 2014; Huang et al., 2015b). However, some researchers
considered that the YB has no relationship with the CTB, because the
CTB was an independent continental block (Hu et al., 2000; Liu et al.,
2004; Li et al., 2009). However, the detrital zircon grains of this study
suggest that the YB and the CTB originated from the same old continent
because the Yili Block and the CTB yielded similar age patterns with
peaks at ca. 880, 920 and 1400–1600 Ma (Fig. 11a and b) (this study
and He et al., 2014c). Additionally, detrital grains from the YB and the
CTB have analogous εHf(t) values (Fig. 12) (this study and He et al.,
2014c), which further indicates that these two blocks have a joint
single basement. Their similarity is also supported by the following
considerations: (1) The Yili Block and CTB contain similar Precambrian
rocks that mainly consist of granitic gneiss, migmatite, quartzite,
marble, slate and various schists (XBGMR, 1993; Gao et al., 1998; Shu
et al., 2004; Gao et al., 2009; Xiao et al., 2010; Huang et al., 2013; Shu
et al., 2013). (2) Contemporaneous granitoid events are exposed in
both blocks. For example, crustal magmatism at 939–845 Ma is



Fig. 11. Precambrian age distributions for the Yili Block, Chinese Central Tianshan Block, Siberian Craton, North China Craton and TarimCraton (data from this study, Khudoley et al., 2001;
Wan et al., 2006; Xia et al., 2006a,b; Luo et al., 2008; Zhu et al., 2011; Glorie et al., 2014; He et al., 2014a,b,c; Powerman et al., 2015).
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recorded in the Yili Block (Hu et al., 2010; Li et al., 2013; Wang et al.,
2014a). Magmatic rocks at 942–880 Ma resembling those in the YB
also occur in the CTB and likely originated from sedimentary sources
(Huang et al., 2014, 2015a,b). Neoproterozoic gneisses in the Yili Block
Fig. 12. Hf-in-zircon isotope evolution diagram for the Yili Block (this study), Chinese
Central Tianshan Block (He et al., 2014c) and the Tarim Craton (He et al., 2014a,b).
Yellow shaded field with cross mark indicates crustal evolution trend for the Tarim
Craton, which is defined by the zircons from igneous rocks. (data from Long et al., 2010,
2011b,c; Lei et al., 2012; Zhang et al., 2012b; He et al., 2013; Ge et al., 2014; Wu et al.,
2014).
have negative εNd (t) values (−1.9 to −4.4) (Wang et al., 2014a),
which are similar to theHf isotopic signatures (−10.9 to 0) ofmagmatic
rocks in the CTB (Huang et al., 2015b). This implies that they were de-
rived from similar magma sources and formed in similar tectonic set-
tings. (3) These blocks have experienced the same tectono-thermal
events at 930–900 Ma. Migmatization occurred at 926–909 Ma in the
Yili Block (Hu et al., 2010; Wang et al., 2014a), and most granitoid
gneisses in this period have augen textures. Similarly, most
Neoproterozoic granitoid rocks in the CTB show augen or banded tex-
tures, associated with a coeval anatectic event (ca. 900 Ma) (Huang
et al., 2015b). Therefore, it is reasonable to conclude that the Yili Block
and the Chinese Central Tianshan Block had a close tectonic affinity in
the pre-Neoproterozoic. This conclusion is also supported by our study
of Precambrian granitoid gneisses exposed in the Chinese Central
Tianshan Block (Huang et al., 2015b).

Concerning the tectonic affinity between the Yili Block and the
Siberian and North China cratons, the age spectra of detrital zircon
grains from these two cratons are obviously different from those of
the Yili Block. In the Siberian Craton, the age distribution is dominated
by zircon crystals formed at 3.5–1.5 Ga with peaks at 1.89, 1.98, 2.55,
2.72 and 3.0 Ga (Fig. 11c) (Khudoley et al., 2001; Rojas-Agramonte
et al., 2011; Glorie et al., 2014; Powerman et al., 2015). Similarly, in
the North China Craton, the age population dominantly formed be-
tween 3.5 and 1.5 Ga with spikes at 1.98, 2.18 and 2.45 Ga (Fig. 11d)
(Wan et al., 2006; Xia et al., 2006a, 2006b; Luo et al., 2008). Conversely,
the Yili Block displays age populations varying from 2.0 to 0.8 Ga with
age peaks at 880, 920 and 1.4–1.6 Ga (Fig. 11a). These imply that the
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Siberian Craton and the North China Craton could not be the origin of
the Yili Block. In the Siberian Craton, the oldest rocks yielded zircon
ages of 3.6–3.2 Ga (Turkina et al., 2007; Gladkochub and Donskaya,
2009). The age peaks at 1.98 and 1.89 Ga are related to the assembly
of the Siberian Craton (Rosen et al., 1994). After the Siberian basement
stabilization at 1.9–1.8 Ga, the Siberian Cratonwas in an extensional en-
vironment with volcanic–plutonic rocks at ~1.73–1.68 Ga (Gladkochub
et al., 2006). However, such geological factsmentioned above are not re-
corded in the detrital zircon grains of the Yili Block, and the basement
of the YB shows no similarities with the Craton. Moreover, Siberian
Craton had low paleo-latitudes at 770 Ma relative to placement
adjacent to the CAOB (Levashova et al., 2011). Thus, the Siberian
Craton could be excluded for the origin for the Yili Block. Likewise,
in the North China Craton, the oldest crustal rocks were found
with age of 3.8 Ga (Wan et al., 2005; Wu et al., 2008). After its
cratonization at 1.85–1.80 Ga (Zhai, 2004; Zhao et al., 2010), this
Craton experienced late Paleoproterozoic extension, and mafic dyke
swarms with anorthosite–mangerite–alkali granitoid–rapakivi granite
(1.78–1.68 Ga) are widespread in its northern and central parts (Peng
et al., 2007, 2008; Zhao, 2009). However, although the detrital zircon
grains in the Yili Block have recorded the ages from 1.8–1.6 Ga, no
evidence shows that these ages are related to the cratonization of
the North China Craton and a rifted environment. Moreover, mid–
Mesoproterozoic bimodal magmatic rocks (1.4–1.2 Ga) have been
reported from the North China Craton (Zhang et al., 2012c), but rocks
in the Yili Block of this period are granitic rocks that are not consistent
with a continental rift setting. Furthermore, both the Siberian Craton
and the North China Craton are lacking of 1.2–0.8 Ga detrital zircon
grains (Fig. 11a–d) and coeval granitic rocks in their basements. Thus,
we suppose that the Yili Block was unlikely to rift from these two
cratons in the Precambrian.

As to the tectonic affinity between the YB and Tarim Craton, these
two blocks also have different age distribution patterns (this study
and Zhu et al., 2011; He et al., 2014a,b). There are two major age
peaks at 2.01 Ga and 2.5 Ga in the Tarim Craton, whereas these two
peaks are absent in the Yili Block (Fig. 11a and e). Additionally, lack-
ing of 1.6–1.4 Ga age peaks in the Tarim Craton indicates that these
two blocks have experienced different tectono-thermal events
(Fig. 11a and e). Furthermore, εHf (t) values from detrital grains in
the YB are distinctly different from those of the Tarim Craton
(Fig. 12, He et al., 2014a,b). In Fig.12, εHf (t) values of the igneous
rocks and detrital zircon grains of the Tarim Craton match well
with each other and define a specific crustal evolution trend
(Fig. 12) (Long et al., 2010; Zhu et al., 2011; Long et al., 2011b,c; Lei
et al., 2012; Zhang et al., 2012b; He et al., 2013; Ge et al., 2014; Wu
et al., 2014; He et al., 2014a,b). This conclusively demonstrates that
the detrital grains in the Tarim Craton were derived from a local
source, and εHf (t) values of these detrital zircons and the igneous
rocks perfectly represent the Hf isotopic compositions of the Craton.
Assuming that the YB was rifted off the Tarim Craton, the detrital
grains could reflect similar isotopic characteristics as detrital grains
and igneous rocks of the Tarim craton (Fig. 12). However, the
1.8–1.0 Ga detrital zircon crystals do not plot along this time-evolved
trend, but show a distinctly different trend. This implies that the YB
is unlikely to have been derived from the Tarim Craton. Moreover,
two crustal growth events occurred in the Yili Block at ca. 1.8–1.7
and 1.6–1.3 Ga (Fig. 10). In contrast, the Tarim Craton was dominat-
ed by crustal reworking events in these periods (He et al., 2014a,b). It
is therefore suggested that the Yili Block has no tectonic relationship
with the Tarim Craton. This interpretation is also consistent with the
fact that Neoarchean tonalite–trondhjemite–granodiorite suites and
Paleoproterozoic metamorphism are absent in the YB. However,
such rocks are exposed on the northern and southern margins of
the Tarim Craton and experienced metamorphism at 2.0–1.8 Ga
(Long et al., 2012; He et al., 2013; Zhang et al., 2013b; Ge et al.,
2015). In addition, the YB and the CTB have sedimentary facies
different from the Tarim Craton in the Mesoproterozoic and
Paleoproterozoic (XBGMR, 1993; Li et al., 2002a). The different tec-
tonic affinities of two blocks are also evidenced by their distinct Hf-
in-zircon crustal model ages. The Hf model ages of the Tarim Craton
(3.9–2.4 Ga) are distinctly older than those of the YB (3.2–1.5 Ga),
implying that crustal material of the Tarim Craton formed much ear-
lier than in the YB. Therefore, the YB and Tarim Craton most likely
had different crustal histories in the Precambrian, and we therefore
conclude that the YB is unlikely to have originated from the Tarim
Craton.

From the above discussion, it is obvious that the Yili Block has a
close tectonic relationship with the Chinese Central Tianshan Block.
The Yili Block may be an exotic, isolated Precambrian block in the
CAOB.

7. Conclusions

1. Themeta-sediments of the lowerWenquanGroup in the northern Yili
Block was deposited during the early Neoproterozoic (900–845 Ma),
whereas the upper was deposited at 880–857 Ma.

2. Two synchronous crustal growth and reworking events occurred in
the Yili Block at ca. 1.8–1.7 and 1.6–1.3 Ga, respectively. After these
events, the evolutionwas dominated by continuous crustal reworking
from the late Mesoproterozoic to the early Neoproterozoic.

3. The Yili Block had a close tectonic affinity with the Chinese Central
Tianshan Block in the Precambrian. Both terranes are unlikely to
have been derived from the Siberian, North China or Tarim cratons

Supplementary data to this article can be found online at http://dx.
doi.org/10.1016/j.gr.2016.05.009.
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