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Abstract

Tectonic transition from post-collision to intraplate settings is a crucial process in
orogenic belts. To characterize such a transition in the Chinese Altai, we conduct an
integrated study on Permian to Triassic granitoids. Zircon U-Pb dating reveals that the

granitoids can be subdivided into two stages: early Permian (291-286 Ma) and late



Triassic (216-209 Ma). Granitoids of both two stages exhibit high SiO,, low Mg#, low
Cr and Ni contents, and variable Sr—Nd—Hf isotopes, all of which indicate a multiple
crustal origin. Generally, the Triassic granitoids have similar eNd(t) but relatively
higher ¢Hf(t) values than those of the Permian granitoids. Moreover, the Triassic
granitoids possess relatively higher ASI and more variable Al,05/Ti0,, CaO/Na,0,
Rb/Sr and Rb/Ba values than those of the Permian granitoids, suggesting that the
Triassic magmatic sources were much variable and complicated with higher
proportions of sediments. By integrating regional data, two riagmatic peaks at Permian
and Triassic can also be recognized. From early Permian to ‘tiiassic, the SiO,, Na,O +
K,0 and Th contents, ASI and #7Sr/3¢Sr, Al,03/1:0,, Fb/Sr and Rb/Ba values for the
felsic rocks gradually increase, implying inore and more strongly reworking of
continental crust. Also, the RL, ¥V + Nb and Yb + Ta concentrations for felsic rocks
progressively increase from caily Permian to Triassic, demonstrating a geodynamic
evolution from syn/nost-collision to intraplate settings. Furthermore, we propose that
the post-collision and intraplate tectonism, especially the latter, could facilitate the
generation ot high-silica granites, which drive maturation of continental crust in

accretionary orogenic belts.

Keywords: Chinese Altai; Post-collision; Intraplate; High-silica granitoids

1. Introduction

The tectonic transition from a post-collision to an intraplate environment



accompanied by changes in deformation, metamorphism and magmatism is a basic
process in orogenic belts (Black and Liegeois, 1993; Liegeois et al., 1998; Bonin et al.,
1998; Bonin, 2004; Tadayon et al., 2017). Generally, high-temperature low-pressure
metamorphism may occur during the post-collision extension stage (Gerdes et al., 2000;
Janousek and Holub, 2007), while strike-slip or transtensional shear zones can be
activated during the intraplate period (Nikishin et al., 2002; Duggca et al., 2005). In
addition, these two tectonic settings are characterized by contrastiing magomatic types
and associations, such as I- and A2-type granitoids for post-collisicuai settings, and S-
and A1-type granitoids for intraplate settings (Eby, 199.: Sylvester, 1998; Bonin, 2007).
However, the records of post-collision metamoiphisni and deformation are usually
obscured by later intraplate tectonic events in ancient orogenic belts (Willner et al.,
2009). In this case, investigating the zeochemical changes in magmatism may provide
crucial insights into the tectouic transition from post-collision to intraplate settings.
High-silica (Si0, > 70 wt.%) granites (HSG) or their volcanic counterparts are
products of repeated mclting of existing crustal materials, which usually take place
under the posi-collision or intraplate settings (Bonin et al., 1998; Glazner et al., 2008;
Lce and Morton, 2015). Granitoids of such kind are important carriers of highly
incompatible elements (Wu et al., 2017). Since re-melting of HSGs will produce felsic
melts geochemically similar to their source materials, the widespread occurrence of
high-silica granitic rocks is a key feature of highly evolved and geochemically stable
continental crust (Rudnick and Gao, 2003; Wu et al., 2017). Therefore, studying the

HSGs can provide crucial constraints on the evolution of the continental crust,



especially the geochemical differentiation between upper and middle—lower continental
crust (Glazner et al., 2008; Bachmann and Bergantz, 2008; Lee and Morton, 2015).
The Chinese Altai is located on the southwestern margin of the Central Asian
Orogenic Belt (CAOB, Fig. 1a) (Sengor et al., 1993; Sengor and Natal'in, 1996; Jahn
et al., 2000; Zhang et al., 2018), flanked by the Sayan and Gorny Altai in the north and
the Junggar Block in the south. It was formed as a Paleozoic accretionary complex
accompanied by intrusion of voluminous arc magmas, and was dockcd with the Junggar
Block during the late Paleozoic (Yuan et al., 2007a, 2007b, Cai et ai., 2011; Tong et
al., 2014a). The Chinese Altai is marked by voluminous sraniies and gneissic granitoids
occupying ca. 70% of its surface area (Windley ¢t al., 2002). As one important type of
granitoids in the Chinese Altai, the F5Gs are widely developed during the early
Permian and late Triassic pericds, which possibly correspond to the post-collision and
intraplate stages, respectively (Windley et al., 2002; Wang et al., 2007, 2009, 2010).
Though some studies have been conducted on these granitoids, little attention was paid
to the difference betveern these two episodes of igneous activities. Neither did previous
studies discuss the high-silica nature of such granitic magmatism and their implications
for the maturation of the continental crust in the Chinese Altai. In this contribution, we
concuct integrated geochronological, whole-rock geochemical and Sr—Nd—Hf isotopic
analyses on six high-silica granitic plutons formed in the Permian and Triassic in the
Chinese Altai. These newly obtained data together with previously reported data can

shed new lights on the above issues.



2. Geological background and sample description
2.1. Geological background

The Chinese Altai is separated from the Junggar Block to the south by the Erqis
Fault, which is one of the largest strike-slip fault systems in Asia and an important
structural element within the CAOB extending for over 1000 km in length (Sengor et
al., 1993; Buslov et al., 2004; Fig. la and b). The Chinese Altai has rcceived much
attention from the geology community for its accretionary orcgenesis, prominent
crustal growth and abundance of mineral resources (Scugor and Natal'in, 1996;
Windley et al., 2002; Xiao et al., 2004; Wang et al., 2002, 2010). It experienced a long-
lasting subduction process throughout the Paleozoic, and the majority of the
sedimentary records reflect a fore-arc setung (Windley et al., 2002; Xiao et al., 2004).
Tectonically, the Chinese Altal cre scemented into several NW—SE trending units with
distinct sedimentary and magatic features bounded by a series of subparallel faults.
A six-unit segmentation scheme from Windley et al. (2002) is presented in Figure 1b,
in which Units 1-5 are 'ocated north of the Erqis Fault while Unit 6 is on the south of
the Erqis rault as a part of the Junggar Block.

Sedimentary rocks in northern Chinese Altai, especially Units 1-3, are dominated
by = group of thick metagreywackes known as the Habahe Group, which has been
considered to be deposited during the middle Ordovician based on recent detrital zircon
data (Long et al., 2007). The early Paleozoic zircons in the Habahe Group have a wide
range of Hf isotopic compositions with eHf(t) values from —20 to +15, but positive

values account for the majority (Long et al., 2007; Sun et al., 2008; Wang et al., 2011).



On the other hand, whole-rock Sr—Nd isotopic measurements present relatively
enriched compositions with initial 87Sr/3%Sr being 0.7109 to 0.7131 and eNd(t) being —
5.2 to —4.2 (Liu et al., 2012). In southern Chinese Altai, especially Unit 4, the late
Silurian to early Devonian Kangbutiebao Formation and late Devonian Altai Formation
are widely exposed (Windley et al., 2002; Chai et al., 2009). The Kangbutiebao
Formation comprises arc-related volcanic and pyroclastic rocks (Windley et 2l 2002;
Xiao et al., 2004), with Sr—Nd isotopic compositions ((3’Sr/%Sr);, = 0.7062-0.7094;
eNd(t) =-2.9 to +0.1) more depleted than those of the Habaliec Croup (Liu et al., 2012).
The Altai Formation, which consists mainly of tuffaccous turvidites interlayered with
Mg-rich dacite, unconformably rests on the Kanghutiebao Formation (Windley et al.,
2002). It has enriched Sr-Nd isotopic coripositions ((3’Sr/%Sr); = 0.7106-0.7117;
eNd(t) =—6.0to —5.5), which a1¢ similar to those of the Habahe Group (Liu et al., 2012).

Granitic magmatism is widely developed in the Chinese Altai, with multiple
episodes. The early to ruiddle Paleozoic granitoids spread across the whole Chinese
Altai, and are dominatec by I-type granites (Wang et al., 2009, 2010). In contrast, the
early Perinian ond late Triassic granitoids are commonly found in the southern Chinese
Altai. The former are featured by associations of I- and A-type granites with eNd(t)
frorn —5 to +10 and ¢Hf(t) from 0 to +10, while the latter are typically associations of
I- and S-type granites and display more enriched Nd isotopic compositions with eNd(t)
below 0 but similar eHf(t) compared to the former (Wang et al., 2009; Yu et al., 2017a,

2017b).



2.2. Sample description

Thirty-nine samples were collected from six granitic intrusions from the Chinese
Altai in this study, and their locations are shown on Figure 1b.

The Fuyun granitic dyke is located ca. 10 km southwest of the Fuyun city. It
extends in the NNW—-SSE direction, in perpendicular to the regional faults. The sample
is fine- to intermediate-grained with feldspar and quartz typically 1- 2 mim in size, and
displays a hypidiomorphic granular texture (Fig. 2a). It consists of quart~ (35 vol.%),
orthoclase (25 vol.%), plagioclase (35 vol.%) and minor anwuirts ¢ biotite.

The Kalasu biotite granite and Halasu two-mica gionite aic located near the center
of the Chinese Altai and ca. 7.5 km northwest ot (he Aliay city. Both of them are fine-
grained with grain sizes typically in a range ©{ 0.5-1.0 mm (Fig. 2b and c). The Kalasu
biotite granite is composed of quartz (35 vol.%), orthoclase (20 vol.%), plagioclase (40
vol.%) and biotite (5 vol.%), while the Halasu dual-mica granite consists of quartz (35
vol.%), orthoclase (30 vol.%), plagioclase (30 vol.%) and muscovite (5 vol.%). The
biotite and muscovite grains are euhedral.

The Xibuodu biotite granite is located in the south of the Chinese Altai and ca. 45
kr east ¢ the Fuyun city. The outcrop is in an oval shape with 5 km in length. It mostly
contains quartz (35 vol.%), orthoclase (20 vol.%), plagioclase (40 vol.%) and biotite (5
vol.%). It has a coarse-grained texture with grain sizes typically in the range of 3—6 mm
(Fig. 2d).

The Shangkelan albite-rich granite is a small pluton located ca. 15 km of the

northeast of the Altay city. Pegmatitic veins are developed within this pluton, some of



which host Nb—Ta mineralization (Chen et al., 2002). Rocks of the Shangkelan albite-
rich granite show a coarse-grained texture (Fig. 2e), and are comprised of plagioclase
(25 vol.%), alkali feldspar (35 vol.%), quartz (30 vol.%), biotite (5%) and muscovite
(5%). The plagioclase and quartz grains are usually larger than 1 cm.

The Alaer biotite granite is located near the northeastern border of the Chinese
Altai, ca. 35 km northeast of the Fuyun city. Samples of this graniie show = coarse-
grained porphyritic texture (Fig. 2f). The phenocrysts (40 vol.%) ccusist of microcline
up to 5 cm in length. The groundmass comprises euhcaia! vicute (5 vol.% of
groundmass, same below), semi-euhedral orthoclase (25 vol.%), plagioclase (40 vol.%)

and quartz (30 vol.%).

3. Analytical methods

Fresh rock samples selecicd for zircon U-Pb dating were cut into small chips with
an electric cutter and examined to avoid any weathered surfaces or veins. The fresh
chips were ground down to 80 mesh size in a steel ball mill, then separated for zircons
by heavy-liquid and magnetic techniques and further purified by handpicking under a
binocular microscope to avoid visible cracks or inclusions. The selected grains were
mounted on an epoxy resin disk and polished to about half of their thickness in order to
expose their internal structure. Cathodoluminescence (CL) images were acquired with
a Mono L3 CL imaging system mounted on a JEOL JXA—-8100 EPMA, at the State Key
Laboratory of Isotope Geochemistry, Guangzhou Institute of Geochemistry, Chinese

Academy of Sciences (SKLIG GIG CAS). The CL images were used in addition to



reflective and transmissive light photographs to assist the selection of analytical
positions.

Zircon U—Pb dating was carried out with a RESOlution M-50/Agilent 7500a LA—
ICP-MS system at the SKLIG GIG CAS. The U-Pb isotope fractionation effect was
corrected using 91500 zircon standard. Common lead was corrected following the
approach of Andersen (2002). The 91500 and NIST SRM 610 zircon standards were
measured after every 10 samples for drift correction and quality couirol. The U-Pb data
processing and plotting were performed by using the ICPviSDawaCal 8.0 (Lin et al.,
2016) and IsoPlot 3.5 (Ludwig et al., 2003).

Fresh rock samples selected for geochemical analyses were cut into blocks
approximately 5 cm in size with an elcctrne cutter. Those blocks were crushed and
cleaned with deionized water and tien ground to around 200 mesh size. The whole-
rock major oxides were wcasured by a Rigaku ZSX100e X-ray fluorescence
spectrometry (XRF), with powdered samples fused into Li,B407-based glass disks after
loss-of-ignition mea-urements. Trace element compositions were analyzed by a Perkin-
Elmer Sciex LT AN 6000 ICP-MS with acid-dissolved samples. Both analyses were
conducted at the SKLIG GIG CAS. Analytical uncertainties for both major oxides and
tracc elements vary within 1-5%. Quality control of XRF data uses a set of internally
developed standards while trace element data make use of international standard
materials including BHVO-2 and AGV-2 and national standards including GSR-1,
GSR-2 and GSR-3. Detailed description of the analytical procedures used is given in

Li et al. (2006).



Whole-rock Sr—Nd—Hf isotopic compositions were analyzed using a Neptune Plus
Multi—Collector ICP-MS at the SKLIG GIG CAS, with acid-dissolved samples.
Elemental separation was performed using varied resin columns. Sr and REEs were
separated using DGA Spec resin column, followed by REE separation using HDEHP-
coated KEF columns to obtain Nd. Hf was separated and purified using LN resin.
During analysis, measured values for the NBS987 Sr standard, JNdi- 1 Nd standard and
JMC-14374 Hf standard were 0.710248 + 63 for 37Sr/%¢Sr, 0.512i15 + 22 for
IBNd/1*4Nd, and 0.282186 + 24 for '76Hf/'77Hf, respectiveiy (cirors are 2c6). The
detailed analytical procedures are similar to those in Wei et al. (2002) and Li et al.

(2006).

4. Analytical results

The U-Pb isotopic data for the granitoid samples from the Chinese Altai are
presented in Table S1 (supplementary materials). Analytical results of whole-rock
major oxides. fracc elcments and Sr—Nd-Hf isotopes are listed in Tables 24,
respectively. VWhole-rock major and trace element data from Tong (2006) for the Halasu
Granite end major element data from Tong et al. (2014a) for the Shangkelan Granite

werc also used in the following discussion.

4.1. Zircon geochronology
Sample FY-0 from the SW-Fuyun granitic dyke was selected for zircon U-Pb

dating, and the zircons from this sample are transparent and euhedral with sizes of 50



to 100 um in length and aspect ratios from 1 to 2. Twenty-five representative zircons
with clear concentric oscillatory zoning were analyzed and yielded high Th/U ratios
(0.1-1.1). Eleven among the analyzed grains gave concordant U-Pb ages, and seven
form a population with 2°Pb/233U ages ranging between 282 Ma and 298 Ma, which
yielded a weighted mean age of 291.4 + 5.5 Ma (Fig. 3a). The remaining four zircons
obtained relatively old ages (324-417 Ma), which probably represent ages of inherited
zircons.

Sample KLS-0 from the Kalasu granite was chosen foi zircoin U-Pb dating. The
zircons from this sample are transparent and mostly euliedral, and are 50—150 um long
and have aspect ratios of 1-4. All of the zircon gizins developed fine oscillatory rings,
typical feature of igneous zircon. Twenty-two zircon grains were analyzed, and fifteen
grains gave concordant U-PY ages with high Th/U ratios (0.2—-1.1). Among them,
twelve zircon points yielded 2 weighted mean 2%Pb/>38U age of 286.6 + 4.0 Ma (Fig.
3b), representing the crystallization age of the Kalasu granite, while the other three
concordant points cave relatively old ages (342-443 Ma), possibly representing
inherited zircons from the source.

Saniple HLS-0 from the Halasu granite was selected for zircon U-Pb isotopic
anal!ysis. The zircons are transparent and euhedral, and have lengths of 50-100 um with
aspect ratios of 1-3. Most grains show clear oscillatory rings, consistent with an igneous
origin, and twenty-seven zircons were analyzed. Only fifteen analyses gave concordant
U-Pb ages with Th/U ratios of 0.33—0.90, and six of them from 278 to 302 Ma cluster

a population, yielding a weighted mean 2°°Pb/?*8U age of 285.9 + 11 Ma (Fig. 3¢). In



addition, six analyses gave relatively old ages (402-535 Ma), possibly showing
inheritance of the magma source. The remaining three analyses have apparent ages in
the range of 92-222 Ma. These three zircons are characterized by anomalously high
uranium contents (1121-14314 ppm) and show relatively dark CL images. Zircons with
high U contents (> 1000 ppm) may experience significant radiation damage, and thus
may no longer preserve closeness for U and Pb, resulting in interruptions to thcir U-Pb
clocks (Ewing et al., 2003). Therefore, these three young ages 112y not record the
formation ages and thus were not used in the calculation.

Twenty-eight zircon grains from the Alaer biotiic graniic (sample ALR-0) were
analyzed for U-Pb dating. The zircons are transparent and euhedral, and have lengths
of 100-250 um with aspect ratios of 1-5. Ou CL images, most of the zircons display
clear oscillatory rings, typical of igieous origin. Fourteen ablation points from this
sample yielded concordant <"*’0/>38U ages from 209 Ma to 287 Ma and Th/U ratios
within 0.2—1.5. A cluster of eleven ablation points yielded a weighted mean 2°Pb/>38U
age 0f216.3 + 2.1 Ma (Fig. 3d), which is interpreted to represent the emplacement age
of the Alaer granite. This age is in close agreement with data acquired by Liu et al.
(2014). The remaining three concordant analyses yielded old ages from 241 to 287 Ma.

Sample XBD-0 from the Xibuodu biotite granite was chosen for zircon U-Pb
dating, zircons from this sample are mostly transparent and euhedral and have lengths
from 100 to 200 um with length/width ratios within 1-4. The zircons display clear
oscillatory zoning, suggesting a magmatic origin. Twenty among the twenty-nine

analyses yielded concordant 2°°Pb/?38U ages and high Th/U ratios between 0.15 to 1.29.



Among the twenty concordant ages, fourteen form a population and yielded a weighted
mean 2%°Pb/?38U age of 212.9 + 4.2 Ma (Fig. 3e), which is interpreted to represent the
crystallization age of the Xibuodu granite, while the other six gave old ages of 242272
Ma, possibly showing inheritance of the magma source.

Twenty-three zircon grains from the Shangkelan biotite granite (sample SKL-0)
were analyzed for U-Pb dating. The zircons are euhedral and have lengths of S0-150
um and length/width ratios between 1 and 6. On CL images, the grains display clear
oscillatory rings, typical of igneous origin. Fourteen ablation noints for this sample
yielded Th/U ratios of 0.15-1.02 and concordant “Pb/~"U ages that form two
populations. One population of six grains includes "J—Ph ages from 234 to 257 Ma, and
the other population of eight grains gave a weighted mean 2%Pb/?38U age of 209.2 £ 4.1
Ma (Fig. 3f). The latter is intcipreted to be the crystallization age of the Shangkelan
granite.

Overall, the studiea granitic intrusions formed within two stages, one in the early

to middle Permian (?91- 286 Ma) and the other in the late Triassic (216-209 Ma).

4.2 Who!e-rock major and trace geochemistry
4.2.]. Permian granitic intrusions

The Permian granitic intrusions (Kalasu, Halasu and SW-Fuyun) of this study are
characterized by similar major oxide compositions. Their high SiO, (70.3-75.8 wt.%
except one sample) and high K,O (3.5-4.9 wt.%) contents (Fig. 4a and b) are

comparable to those of the HSGs described by Lee and Morton (2015) and Wu et al.



(2017). In addition, they have relatively high Na,O (3.2—4.5 wt.%) but low CaO (0.2—
2.0 wt.%), FeyO37 (1.6-2.9 wt.% except one sample) and MgO (0.09-0.91 wt.%)
contents as well as low Mg# (10.2-37.9) (Fig. 4c). Rocks of the Permian granitoids
display weakly peraluminous features with aluminum saturation index (ASI) being
1.04-1.22 (Fig. 4d). They belong to the high-K calc-alkaline series based on their high
K,O concentrations (Fig. 4b) and K,O/Na,O ratios (0.7-1.3).

The Permian granitic intrusions have variable concentrations of Sr (34.1-179
ppm), Rb (95.4-445 ppm) and Ba (258—673 ppm). Rocks of tnc SW-T'uyun and Halasu
granites possess relatively low Rb/Ba (0.15-0.93) and Rb/St (0.54-3.5) ratios, while
those of the Kalasu granite possess relatively high Rb/Fa (0.68-0.92) and Rb/Sr (1.6—
6.0) ratios. All the three granites have low (:a/Al ratios (10000*Ga/Al = 1.9-3.0) and
low Zr + Nb + Ce + Y conceniiations (146-369 ppm), and display marked light REE
(LREE) enrichment ((La/Yb;;, = 1.9-9.8) and significantly negative Eu anomaly (6Eu
= 0.25-0.64) (Fig. 5a). Their primitive mantle normalized trace element spider-
diagrams show deplction of high field strength elements (HSFE) such as negative Nb,
Ta and 7' ancinalies, but enrichment of large ion lithophile elements (LILE) such as

positive b, Th and U anomalies (Fig. 5b).

4.2.2. Triassic granitic intrusions
The Triassic granitic intrusions (Alaer, Xibuodu and Shangkelan) of this study
have major oxide compositions similar to those of the Permian counterparts, namely

high Si0, (71.0-77.2 wt.%) and high Na,0 (2.7-5.5 wt.%), and high but variable K,O



(1.2-6.8 wt.%) contents (Fig. 4a and b). Rocks from these three plutons are also marked
by low Fe 03T (0.7-3.3 wt.%) and low MgO (0.06-0.67 wt.%) as well as low Mg#
(14.1-37.4) (Fig. 4c). Samples of the Triassic Alaer and Xibouodu granites display
weakly peraluminous compositions with ASI ratios between 1.02 and 1.19 (Fig. 4d),
while Shangkelan is more enriched in Al, with ASI = 1.08—1.45. The three intrusions
fall into the fields of calc-alkaline and high-K calc-alkaline series based on their Si0O)—
KO relationships (Fig. 4b).

The Triassic granitic intrusions possess more variable tiacc eiciient compositions
compared to the Permian counterparts, such as varied Sr (14.5-853 ppm), Rb (95.5—
528 ppm) and Ba (20.2-1660 ppm) contents. The Shanzkelan granite is characterized
by intermediate to high Rb/Ba (2.3—15) anc¢ Rb/Sr (2.1-15) ratios, whereas the Alaer
and Xibuodu granites have relatively low Rb/Ba (0.13-2.8) and Rb/Sr (0.32-5.9) ratios.
Similar to the Permian graniics, all of the three Triassic granites possess low Ga/Al
ratios (10000*Ga/Al = 1.4-3.1) and low Zr + Nb + Ce + Y contents (43.9—450 ppm),
and are featured by cignificant LREE enrichment ((La/Yb)y = 1.6-29) and prominently
to weak!v negative Eu anomalies (0Eu = 0.19-0.99 except one sample with dEu = 1.56)
(Fiz. 5¢). On the primitive mantle normalized trace element spider-diagrams (Fig. 5d),
the Triassic granitic samples display prominent depletion of Nb and Ta but negligible
Zr and Hf anomalies. Relative to the Alaer and Xibuodu granites, the Shangkelan

granite shows stronger negative anomalies of Ba, Sr and Ti (Fig. 5d).

4.3. Whole-rock Sr—Nd—HYf isotopic compositions



4.3.1. Permian granitic intrusions

The three Permian granites (SW-Fuyun, Halasu and Kalasu) in this study have
different isotopic compositions (Fig. 6a and b). The SW-Fuyun granite is characterized
by relatively low (37Sr/%6Sr); (0.7040-0.7042), positive eNd(t) (+4.6 to +5.1) and near-
zero eHf(t) (0.0 to +0.3) values. Compared to the SW-Fuyun granite, the Halasu
samples are featured by relatively higher (37Sr/3¢Sr); (0.7035-0.7063), lower eNd(t)
(+1.5 to +5.0) but similar ¢Hf{(t) (0.0 to +0.7) values. Different {iom the above two
granites, the Kalasu granite has highly variable initial 8S1/*°Cr (0.7038-0.7244) and
low eNd(t) (3.7 to +1.4) but high eHf(t) (+3.6 to +8.7/). simiiar to those of the middle
Paleozoic granites in the Chinese Altai reported by Yu et al. (2017a) (Fig. 6a and b).
Overall, the three Permian granites all <how decoupling between Nd and Hf isotopic

systems.

4.3.2. Triassic granitic infrusions

All the Triassic granites (Alaer, Xibuodu and Shangkelan) in this study possess
variable initial 37Sr/%Sr ratios (0.6991-0.7381) (Fig. 6a). The Alaer granite shows
variable ©Nd(t) (-3.9 to +4.7) as well as variable and positive eHf(t) (+1.7 to +12.0)
values. In contrast, the Xibuodu and Shangkelan granites both have relatively uniform
Nd-Hf isotopic compositions (Fig. 6b). In detail, the Xibuodu granite has eNd(t) and
eHf(t) values being +1.9 to +2.4 and +6.5 to +7.3, respectively, and the Shangkelan
granite has eNd(t) and gHf{(t) values being —0.4 to +2.3 and +6.0 to +7.1, respectively.

Moreover, the Triassic granites have Nd and Hf isotopic compositions within the range



of middle Paleozoic granites of the Chinese Altai as reported by Yu et al. (2017a).
Similar to the case of the Permian granitic plutons, decoupling between Nd and Hf

isotopic systems is also observed for the Triassic intrusions, but to a lesser degree (Fig.

6b).

S. Discussion
5.1. Effects of magmatic differentiation and alteration

During the evolution of felsic magmas, fractionation oi varicus minerals such as
amphibole, feldspar and biotite is common, which modifies the geochemical
compositions of the remaining melts (Michael, 1983: Soesoo, 2000). Amphibole is
enriched in middle REE (e.g., Dy) and iis crystallization will introduce a decrease in
Dy/Yb ratio (Castillo et al., 1929; Garrison and Davidson, 2003). Fractionation of
feldspar will result in characicristic negative Eu anomalies, and crystallization of
plagioclase and K-rich feldspar can be further differentiated by their tendency to deplete
Sr and Sr—Ba. respectively (Defant and Drummond, 1993). Biotite is another possible
crystallization phase, its fractionation will decrease Ba and Rb/Sr but slightly increase
St in the residual magmas (Stepanov et al., 2014).

For the Permian granitic intrusions of this study, a positive correlation between
(Dy/Yb)y and Mg# (Fig. 7a) is observed for samples from each individual intrusion and
for all the intrusions, indicating extensive amphibole fractionation. They are also
featured by significantly negative Eu anomalies (Fig. 5a), which can be ascribed to

feldspar residue in the source or feldspar fractionation during the magma evolution.



Although the influence of feldspar residue in the source cannot be fully excluded, the
negative correlations of Eu/Eu* with SiO, for the Permian granites (Fig. 7b) indicate
that feldspar crystallization took place in the magmatic evolution. Furthermore, the
positive correlation between Sr and Ba (Fig. 7¢) suggests that K-rich feldspar is a major
fractionation phase. As shown in Figure 7d, the strong increase in Rb/Sr ratios
accompanied by slight decrease in Sr contents is consistent with removal of plagioclase.

For the Triassic granitic plutons, samples from individua! pluton exhibit little
variation in (Dy/Yb)y ratios but variable Mg# values (Fig. /a), piccluding significant
crystallization of amphibole. Rocks from the Shangkclan and Xibuodo granites are
characterized by markedly and slightly negative ['u anomalies, respectively (Fig. 5c¢),
which, together with their constant Eu/Lu* ratios irrespective of SiO, contents (Fig.
7b), suggests that feldspar was 4 residnal phase during their source melting. In the case
of the Alaer granite, the rocks cxhibit prominently negative Eu anomalies (Fig. 5c) as
well as negative correlation of Eu/Eu* with SiO, and positive correlation of Sr with Ba
(Fig. 7b and ¢), indicating extensive fractionation of K-rich feldspar. Plagioclase
crystallization also occurred for the Triassic granites, as evidenced by the strongly
negative correlation between Rb/Sr and Sr (Fig. 7d).

Some samples from the Permian and Triassic granites, especially those from the
Shangkelan granite, have high ASI values (> 1.20), which can be caused by post-
magmatic alteration. Therefore, it is necessary to evaluate the role of alteration on the
high ASI values. The low LOI values (LOI < 1.7 wt%) as well as the lack of strong

alteration minerals in thin sections do not support the alteration interpretation. In



addition, Ca- and Na-rich plagioclase is highly susceptive to alteration, while K-
feldspar is less susceptive, leading to preferred loss of Ca and Na during moderate
alteration and significant loss of K during strong alteration. In contrast, Al is highly
resistant to alteration. Therefore, if alteration modified the chemical compositions of
granitic rocks, the resulted rock series would form trends of Ca and Na removal on the
Al—(Ca+Na)-K diagram (Nesbitt and Young, 1984). However, none of the Perinian and
Triassic granitic rocks form such a trend (Fig. 8). Instead, the sariples shiow a narrow
range of chemical alteration index, indicating that alteratiou did not play a major role

on the high ASI values and other chemical compositiois.

5.2. Petrogenesis

Granitic rocks can commcn!

y ve subdivided into A-, I- and S-type with distinct
geochemical compositions and petrogenesis (Collins et al. 1982; Whalen et al., 1987;

Chappell and White. 1992). A-type granites typically contain alkali mafic minerals such
as Na-pyroxene (Wu et al., 2002). Geochemically, rocks of A-type granites are enriched
in Zr, Nh. Ce and Y and have higher Fe/Mg or Ga/Al ratios, compared to I- and S-type
gronites (Whalen et al., 1987; Chappell and White, 1992; Bonin, 2007). In contrast, I-
type granitoids often contain characteristic mineral of amphibole, and are featured by
metaluminous to weakly peraluminous compostions with relatively low ASI values and
negative correlation between P,Os and SiO, contents (Chappell and White, 1992;

Chappell, 1999). As for S-type graintes, they often contain characteristic minerals such

as cordierite and muscovite, and are marked by strongly peraluminous compostions



with high ASI values (Chappell and White, 1992; Sylvester, 1998).

All the Permian and Triassic granitic intrusions in this study are characterized by
low Ga/Al and FeOT/MgO ratios as well as low contents of Zr + Nb + Ce + Y (Fig. 9a
and b), clearly distinguishing them from A-type granitic rocks. Rocks from the
Shangkelan granite are highly oversaturated in Al with ASI value up to 1.45 (Fig. 4d),
indicating affinities to S-type granite. The remaining samples are featured by weakly to
strongly peraluminous compositions with ASI values ranging fron: 1 .02 10 1.19. On the
other hand, the P,Os contents of all the granitic samples decicase witli increasing SiO,
contents as illustrated in Figure 9c, indicating an aftinity to i-type granite, which is
consistent with the existence of amphibole fractionation for the Permian granitic
samples. Overall, the above features refloct ¢cochemical affinities of both S- and I-type
granites, demonstrating that both meta-igneous and meta-sedimentary materials were
involved in their sources.

In addition, all the granites of this study are geochemically similar to the HSGs
described by I ee and Morton (2015) and Wu et al. (2017), including high SiO, (mostly
higher than 70 wt.%) and high K,O (mostly larger than 3.0 wt.%) contents. Previous
peirological, geochemical and experimental studies indicated that such high-silica
granitic magmas can be generated either by high degrees of magmatic differentiation
(Michael, 1983; Glazner et al., 2008) or by partial melting within upper—lower crust

depths (Gualda and Ghiorso, 2013; Lee and Morton, 2015).

5.2.1. Origin of Permian granitic intrusions



The Permian granitic rocks of this stuy are characterized by low Mg# (10.2-37.9)
and low contents of Cr (<15 ppm) and Ni (<10 ppm), which are incompatible with a
mantle contribution (Barbarin, 1996). Instead, low abundance of these elements reflect
a crustal origin, which is supported by experimental results that melts of crustal
materials generally have low Mg# (<40) (Patifio Douce and Johnston, 1991; Rapp and
Watson, 1995). Melts of meta-igneous rocks are marked by high C20 and €20/Na,O
but low Rb and Al,O; as well as low Al,O3;/TiO,, Rb/Ba and RUL/Sr, while melts of
sediment-rich sources display the opposite features (Sylvestcr, 129¢, Jung and Pfander,
2007). The three Permian granitic plutons of this study have variable Al,O3/TiO,,
Rb/Ba and Rb/Sr ratios (Fig. 10), indicating a mixed source involving meta-basaltic
rocks and clay-poor sediments. In addit:on, some Permian granitic rocks have

extremely high SiO; contents (

g §

to /5.8 wt.%), higher than those (generally below 72
wt.%) of experimental melts ol basaltic or sediment-rich sources (Patifio Douce and
Johnston, 1991; Rapn and Watson, 1995), implying that fractionation of silica-poor
minerals took nlace. This is in consistence with the differentiation of amphibole and
feldspar =5 discussed in section 5.1.

The “W-Fuyun and Halasu granites have positive eNd(t) and ¢Hf{(t) values (Fig.
6), indicating that a juvenile crustal source played a crucial role in their petrogenesis
(White and Hofmann, 1982; Bennett et al., 1993). However, samples from the Kalasu
granite exhibit low eNd(t) (3.6 to +1.4) but high eHf{(t) (+3.8 to +8.8) values (Fig. 6),
which may suggest some involvement of recycled sediment materials in the magma

source. This inference is consistent with the fact that some samples from the Kalasu



granite show the highest Al,03/Ti0, and Rb/Sr ratios among the Permian granitic rocks
(Fig. 10). In addition, the relatively lower eNd(t) but higher eHf(t) values compared to
the terrestrial array (Fig. 6b) reflect the Nd—Hf isotopic decoupling, which can be
explained by binary mixing between juvenile crust (represented by depleted mantle)
and recycled sediments (represented by Habahe Group) (Fig. 10b). For the SW-Fuyun
and Halasu granites, they show elevated eNd(t) relative to ¢Hf(t) comparcd to the
terrestrial array (Fig. 6b), probably suggesting that the invo!vcd juvenile crustal
materials were derived from a source metasomatized by slab mic'ts, because melts from
subducted oceanic slabs introduce variable enrichment of incoinpatible elements in the
overlying mantle wedge (e.g., Kempton et al., 1995; Fapp et al., 1999). During this
process, Nd is preferentially transferred into slab-derived melts relative to Hf, which
makes Nd isotopic systems mor¢ sensitive to metasomatism by slab melting (Hoffmann
etal., 2011). Accordingly, mc¢its from subducted slab will carry highly depleted Nd—Hf
isotopic signatures with high concentrations of Nd but less concentrations of Hf, which
will cause strone overprinting of depleted Nd isotopic signatures but weak overprinting
of Hf isolopic signatures on the overlying lithosphere (Hoffmann et al., 2011). As a
resnlt, mapmas originated from such a metasomatized source would have more depleted
Nd but less influenced Hf isotopic compositions, leading to Nd—Hf isotopic decoupling.

In conclusion, the Permian granitic rocks of this study could be derived from a
mixed source of juvenile mafic crust and recycled sediments, and underwent significant
crystal fractionation. Source of the Kalasu granite involved relatively high proportions

of sediments, while the SW-Fuyun and Halasu granites were mainly derived from meta-



igneous crust.

5.2.2. Origin of Triassic granitic intrusions

The Triassic granitic intrusions of this study possess high SiO; (71.0-77.2 wt.%)
but low Mg# (<37.4), Cr (<47.0 ppm) and Ni (Ni< 6.9 ppm), suggesting a mainly crustal
origin. Rocks from the Alaer and Xibuodu granites exhibit relative! y lows A!,0+/Ti0,,
Rb/Ba and Rb/Sr ratios, indicating a mixed source of meta-basaltic crust and clay-poor
sediments, while rocks from the Shangkelan granite display reiatively high AL,O3/TiO,,
Rb/Ba and Rb/Sr ratios, implying a major origination from ciay-rich sediments (Fig.
10), consistent with their high and variable ASI valucs (1.08-1.45). Similar to the
Permian granitic samples, the Triassic granitic samples are featured by high-silica
compositions (Fig. 4a). Neveriheless, relative to the Permian granites, the Triassic
granites underwent less degrces of fractional crystallization, as discussed above,
reflecting that their higii-silica nature mainly resulted from relative shallow melting
depths (Gualda and Ghiorso, 2013; Lee and Morton, 2015). Isotopically, the three
Triassic ¢raniics have Nd and Hf isotopic compositions similar to those of the Permian
Kalasu granite but with a less degree of decoupling (Fig. 6b). Such trend suggests that
the Triassic granites were derived from a mixed source containing regional sediments

(represented by the Habahe Group and Kangbutiebao Formation) and mafic crust.

5.3. Implications

By integrating published data for the Chinese Altai, two episodes of magmatism



after ca. 300 Ma have been recognized, one at 291-257 Ma and the other at 225-209
Ma (Fig. 11), as respectively represented by the Permian and Triassic granitoids in this
study. Thereinto, the early Permian granites (291 Ma for the SW-Fuyun and 287 Ma
for the Kalasu) investigated in this study exhibit characteristics of both volcanic arc
granites and syn-collisional granites (Fig. 12a and b), indicating that the oceanic basin
in the Chinese Altai was probably closed in the period 0f 298292 M+ and thus provided
the first constraint on the initial closure of the oceanic basin in (he Chinese Altai.
Subsequently, the Chinese Altai evolved into a post-coilisional stage, which is
supported by several other lines of evidence. For exainple, siudies on Permian (287—
260 Ma) A-type granitic and mafic rocks demorstrated that rocks emplaced in this
period formed under a post-collisional exiensional environment (Han et al., 2004; Chen
and Han, 2006; Tong et al., 2006a, 2006b; Briggs et al., 2007; Zhang et al., 2012).
Moreover, the ultra-high teripcrature metapelitic granulite (278 Ma) in the Chinese
Altai has been ascribed (0 underplating and heating of mantle-derived mafic magmas
in an anorogenic setiing (Tong et al., 2014b). Therefore, magmatism posterior to 300
Ma was likely cenerated in a post-collisional or an anorogenic setting. Combing data
of this study with those of previous studies, magmatic activities in the291-257 Ma and
225209 Ma periods show contrasting rock assemblages and geochemical
compositions, probably corresponding to the post-collision and intraplate stages,
respectively, based on the following observations.

Firstly, Permian granitic rocks are distributed in the southern part of the Chinese

Altai, especially along the Erqis fault, while Triassic granitic rocks occurred not only



in the southern but in the central and northern parts of the Chinese Altai (Fig. 1b). It is
accepted that the Chinese Altai experienced southward accretion in the Paleozoic and
the final suture is the Erqis fault in the south (Windley et al., 2007; Wang et al., 2009).
Therefore, the generation of Permian granitic rocks along the Erqis fault is probably
related to the post-collisional extension. On the other hand, the distribution of Triassic
granitic rocks is likely controlled by an intra-plate tectonic regime.

Secondly, the Permian rocks are mostly I- and A-type graniioids vwith intensive
mafic magmatism, while the Triassic rocks are mostly I- and 5-tvpce giranites with little
mafic volcanism (Wang et al., 2010; Yuan et al., 2011 The uicreasing S-type granites
can be reflected by progressive increase in ASI values for granitic magmas (Fig. 11a).
Relative to the Carboniferous to Permian telsic rocks, the Triassic felsic rocks show
higher ASI values with most above | .0, indicating a more peraluminous feature and a
higher contribution of matuic continental crust. Besides, reduced mafic magmatism
reflects that the magmatic activities were shifted from mantle to continental crust.

Thirdly, the K,() + Na,O and Th contents for the felsic rocks (Fig. 11b and c) are
low in the late Carboniferous, but begin to increase in the early Permian and reach the
peak in toe Triassic. Such enrichment trends reflect progressively vanishing of juvenile
matcrials but increasing of mature continental materials in the magma source, because
K, Na and Th are incompatible and tend to enter into the mobile phases such as melts
and thus accumulate within the continental crust, especially the upper crust (Hofmann,
1988; Rudnick and Gao, 2003). Thus, it can be concluded that melting of juvenile mafic

crust was gradually replaced by reworking of evolved continental crust from early



Permian to Triassic in the Chinese Altai. This inference is further supported by the
increasing ¥Sr/%Sr ratios (Fig. 11d) for mafic and felsic rocks from late Carboniferous
to Permian and Triassic, since evolved continental crust is featured by highly radiogenic
Sr isotopes (Goldstein and Jacobsen, 1988; Jackson et al., 2007).

Fourthly, the V/Sc ratio of mafic magma is an effective proxy for redox-state in
the mantle, and high V/Sc ratios reflect high fO, in the mantle source probably due to
the intense metasomatism by subduction-originated fluids (Li et al., 2004; Lee et al.,
2005). In the Chinese Altai, late Carboniferous and Permi«i inatic magmas exhibit a
wide range of V/Sc ratios with some significantly higlier thaii those of MORB, while
the V/Sc ratios of Triassic mafic magmas are litoited to MORB levels or lower (Fig.
11e). This shift indicates that little subauciion-modified mantle was involved in the
Triassic magmatic source conipared (o the late Carboniferous and Permian magmatic
sources.

Fifthly, mature continental sediments develop through intense weathering and
long-distance transportation and consist mainly of weathering-resistant minerals, which
are poor in Ca® and TiO, but rich in LILE such as Rb, and S-type granitoids with such
sedimenis as the source will inherent similar attributions (Sylvester, 1998). For
granitoids in the Chinese Altai, late Carboniferous granitoids are characterized by high
Ca0O/Na,0 but low Al,O;3/TiO,, Rb/Ba and Rb/Sr ratios, and almost all plot into the
range of basalt-derived granitic rocks (Fig. 12c and d). In contrast, the Permian
granitoids fall into the ranges between basalt-derived and clay-poor sediment-derived

granites, while the Triassic granitoids cover the widest range from basalt-derived to



clay-poor sediment-derived and clay-rich sediment-derived granites. Such trends
reflect more and more strongly reworking of continental crustal materials, which led to
the formation of voluminous Triassic granitoids.

Finally, high field strength elements and heavy REEs such as Nb, Ta, Y and Yb
are enriched in intraplate felsic magmatism, while syn-collisional felsic magmatism is
enriched in Rb. In contrast, volcanic arc-related felsic rocks are relatively depleted in
both (Pearce et al., 1984). On the tectonic discrimination diagramis of Kb versus Y +
Nb and Rb versus Yb + Ta (Fig. 12a and b), late Carbonifcious felsic rocks fall in the
field of volcanic arc granites, whereas the Permian and Triassic felsic rocks form an
evolution curve which moves from volcanic arc towards syn-collisional and finally into
the within-plate field.

Overall, the above geological {acts imply that the oceanic basin in the Chinese
Altai was probably closed 10 the latest Carboniferous, and subsequently this region
experienced the tectonic fransition from a post-collision to an intraplate setting from
Permian to Triassic.

The HSC: with SiO, contents higher than 70 wt.% represent high levels of
chemicai differentiation of silicate earth. If the HSGs experience partial melting, the
resu/ting melts are of similar compositions, especially silica contents, compared to their
sources. Intensive re-melting of continental crust materials will create granitic rocks
with high-silica nature, which are highly stable (Wu et al., 2017). Accordingly, the
widespread high-silica magmas can be considered as a diagnostic characteristic of

mature continental crust (Rudnick and Gao, 2003; Wu et al., 2017). In the Chinese Altai,



the HSGs widely occurred in the Permian and Triassic, and much more dominantly in
the latter (Fig. 11f). As discussed in section 5.2, the Permian HSGs likely represent
melting products of a mixed crustal source with significantly crystal fractionation,
while the Triassic HSGs were most likely derived from high-silica crust sources such
as silica-rich sediments with limited fractional crystallization.

In conclusion, the Permian and Triassic HSGs in the Chinese Aliai mav rccord the
post-collision and intraplate settings, respectively. In addition ¢ the HSGs, mafic
magmatism was also widely developed in the Permizi. Howcver, little mafic
magmatism occurred in the Triassic. The difference in mafic magmatic volume between
Permian and Triassic can be ascribed to contrasting tcctonic scales with the former
extending across the lithosphere but the iatici mostly limited to the continental crust.
For the Permian HSGs, thcy weic probably induced by underplating of mafic
magmatism under a post-collisional extensional setting (Han et al., 2004; Chen and Han,
2006; Tong et al., 2006a, 2006b; Briggs et al., 2007; Zhang et al., 2012). On the other
hand, the Triassic H5Gs could be produced by frictional heating, since intense friction
during the movement of fault surfaces could lead to heating (Obata and Karato, 1995;
Anderseir and Austrheim, 2006; Del Gaudio et al., 2009). This energy release may
account for a significant proportion of total fault activity energy budget (Brown, 1998;
Kanamori et al., 2001). In addition, the fault fractures also promote hydrous flow and
lower the solidus of minerals, which can result in dehydration melting (Otsuki et al.,
2003). Such an interpretation is supported by structural studies that the Erqis and Fuyun

faults, as vitally structural elements the Chinese Altai, experienced intensive strike-slip



faulting in the Triassic (Briggs et al., 2007, 2009), which provided the possibility for
heat accumulation by fault tectonism. Moreover, the small amount of Triassic mafic
magmatism (exampled by the Ashele basalt, Yuan et al., 2011) may also indicate that
underplating of mafic magmas played a certain role in the formation of the Triassic
HSGs. As such, the post-collision and intraplate tectonic activities, especially the latter,
could facilitate the generation of HSGs, which drove maturation of continenta! crust in

accretionary orogenic belts.

6. Conclusions

Two periods (Permian and Triassic) of highi-silica granites are recognized in the
Chinese Altai. The former were generatcd by partial melting of a mixed crustal source,
involving mainly juvenile crust and subordinate sediment, with significant crystal
fractionation. In contrast, the latter were also formed by melting of a mixed crustal
source, but containing mainly sediment and subordinate juvenile crust, without
prominent crvstal fractionation. Several lines of geological evidence imply that the
granitoids of these two periods (Permian and Triassic) probably formed under post-
collision 2nd intraplate extensional settings, respectively. In addition, HSGs formed in
these two stages, especially the latter stage, marked the maturation of continental crust

in the Chinese Altai.
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Figure captions:

Fig. 1. Tectonic sketch of the Central Asian Orogenic Belt (a) and Chinese Altai (b),
modified after Jahn et al. (2000) and Windley et a!. (2002), respectively. Bold numbers
are indexes of units following the tectonic segmentation scheme of Windley et al.
(2002): (1) Altaishan; (2) NW- Alraishan; (3) Central Altaishan; (4) Qingkuer—Abagong;
(5) Erqis; (6) Perkin—Ertai. Colour arrows point to locations of early Carboniferous to
Permian and Triassic grauitic intrusions, with their ages (Ma) given at the end of arrows:
(a) Jangjunshan: (b. e, g, 1) Keketuohai pegmatite; (c) Shangkelan; (d, f) Alaer; (h)
Halasu porphyry; (j) Kalasu; (k) Fuyun; (1) Shaerbulake; (m) Buerjin; (n) Lamazhao;
(c) Erqis: (p) Xibuodu; (q) Fuyun gabbro; (r) Fuyun biotite granite; (s, t) Mayinerbo;
(u) Takeshi; (v) Ashele granodiorite; (w) S. Altai diorite; (x) Buergen. (Chen and Jahn,
2002; Wang et al., 2005, 2007, 2008, 2009; Tong, 2006; Tong et al., 2006a, 2006b;
Briggs et al., 2007; Yuan et al., 2007a, 2007b; Zhou et al., 2005; Liu et al., 2008; Sun

et al., 2008; Xue et al., 2010)



Fig. 2. Field photos and cross-polarized microscopic views of Permian and Triassic
granites the Chinese Altai.
Fig. 3. Zircon U-Pb concordia diagrams of the granitic intrusions in the Chinese Altai.

Red ellipses represent valid zircon grains used for calculation of rock formation ages.

Fig. 4. Major element diagrams for the Chinese Altai granitic intiusions: (2) Total
alkali—Silica (after Cox et al., 1979); (b) K,0-Si0, (after Pecceri''c and 1aylor, 1976);
(c) Mg#-Si0;,; (d) A/NK-ASI. Data for the Halasu granite arc froi 1ong (2006) and

data for the Shangkelan granite are from Tong et al. (2014a).

Fig. 5. (a) and (c) Chondrite normalized KEE patterns. (b) and (d) primitive-mantle
normalized trace element spider diagrams. Normalization data from Sun and

McDonough (1989). Some actz for the Halasu granite are from Tong (2006).

Fig. 6. Isotopic diagrams of the Chinese Altai granitic intrusions. (a) eNd(t)—(®’Sr/3Sr);
(after Zindler and Hart, 1986) and (b) eHf(t)—eNd(t) (after Vervoort et al., 1999; Salters
and Stracke, 2004). Whole-rock eNd(t) values for regional sediments represented as

vertical bars in (b) are from Liu et al. (2012).

Fig. 7. (a) (Dy/Yb)x\—Mg#, (b) Eu/Eu*-SiO,, (¢) Sr—Ba and (d) Rb/Sr—Sr diagrams for

the Chinese Altai granitic intrusions.



Fig. 8. Al-(Ca+Na)-K tertiary diagram for the granitic intrusions in the Chinese Altai

(after Nesbitt and Young, 1984)

Fig. 9. (a) Y-Ga/Al (after Whalen et al., 1987), (b) FeO'/MgO—(Zr + Nb + Ce + Y)
(after Whalen et al., 1987) and (c) P,Os—Si10, diagrams for the Chinese Altai granitic

intrusions.

Fig. 10. (a) CaO/Na,0-Al,03/TiO, (after Jung and Pfander, 2007) and (b) Rb/Ba—
Rb/Sr (after Sylvester, 1998) source discrimination diagraiis for the Permian and

Triassic granitic rocks in the Chinese Altai.

Fig. 11. Varied geochemical indicators through time from Carboniferous to Triassic in
the Chinese Altai. (a) ASI; (b) Na,O+K,0; (¢) Th; (d) (¥7Sr/3¢Sr);; (e) V/Sc and (f) SiO..
The V/Sc field for MOKR is from Lee et al. (2005). In addition to data in this study,
data for felsic rocks in the Chinese Altai from those references listed in Fig. 1, and data
for mafic rocks from Cai et al. (2007), Han et al. (2007), Zhang et al. (2010, 2014),
Yuan et a1, (2011), Wan et al. (2013) and Sheldrick et al. (2018) are also used for

coniparison.

Fig. 12. (a) Rb—(Y + Nb) and (b) Rb—(Yb + Ta) tectonic discrimination diagrams (after
Pearce et al., 1984) and (c) CaO/Na,0-Al,03/Ti0, (after Jung and Pfander, 2007), (d)

Rb/Ba—Rb/Sr (after Sylvester, 1998) source discrimination diagrams for the Chinese
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Altai felsic rocks. Dataset used is the same as in Fig. 10.



Table 1 Bulk-rock major oxide (wt.%) compositions of the Chinese Altai granites

SW-Fuyun Kalasu Halasu
Sample

FY-2 FY-4 FY-7 KLS-1 KLS-2 KLS-3 KLS-4 KLS-5 HLS-5 3081*
Sio, 73.8 73.9 73.9 72.2 72.8 75.8 72.2 72.0 71.9 70.3
TiO, 0.17 0.16 0.17 0.12 0.12 0.07 0.25 0.24 0.32 0.41
AlL,O; 13.6 13.4 13.5 14.7 14.5 12.8 14.1 14.5 13.9 14.6
Fe,05" 1.83 1.72 1.77 1.85 1.91 1.57 2.42 2.35 2.50 2.93
MnO 0.04 0.04 0.04 0.07 0.07 0.05 0.10 0.10 0.05 0.04
MgO 0.52 0.47 0.49 0.41 0.41 0.09 0.41 0.42 0.66 0.87
Ca0 1.00 1.07 1.04 0.78 0.77 0.20 1.42 139 1.71 1.95
Na,O 3.52 3.40 3.46 3.46 3.41 3.78 3.72 178 3.64 3.35
K,0 4.55 451 4.53 4.55 4.65 4.88 2 450 3.90 4.03
P,0s 0.07 0.06 0.07 0.34 0.33 0.01 0.11 0.11 0.21 0.31
L.O.l 0.82 0.80 0.81 0.98 0.95 0.49 0.3 0.44 0.58 0.60
Total 99.9 99.6 99.8 99.4 99.9 99.7 9.3 99.8 99.4 99.4
Mgt 36 35 35 31 30 0 25 26 34 37

Halasu Shangkelar 3 Alaer
Sample ny &

3082* 3083* 3084* SKL-3 127 32147 32117 32112~ XSK-27 ALR-1
Sio, 70.9 71.7 67.6 7.2 73.8 75.7 74.6 76.1 73.9 72.4
TiO, 0.34 0.36 0. 0.08 0.22 0.11 0.22 0.10 0.08 0.16
Al,03 14.5 14.5 15.0 12.6 13.9 13.4 13.3 13.0 143 13.8
Fe,05" 2.57 2.67 433 0.72 1.55 0.79 1.86 1.86 0.85 2.46
MnO 0.04 0.05 011 0.03 0.04 0.04 0.24 0.10 0.05 0.10
MgO 0.79 0.58 0.91 0.06 0.26 0.22 0.29 0.56 0.12 0.46
Ca0 1.51 1.44 1.71 0.35 0.44 0.08 0.06 0.03 0.05 1.64
Na,O0 3.2 3.26 4.53 4.29 4.50 3.76 2.80 3.41 5.45 3.48
K;0 1.37 4.13 3.48 3.67 4.22 4.74 5.16 3.02 1.17 4.08
P,0s 0.27 0.22 0.32 0.01 0.07 0.03 0.04 0.03 0.19 0.07
L.O. 73 0.60 0.72 0.63 0.68 0.65 1.40 1.70 0.65 0.45

tal 99.3 99.4 99.4 99.7 99.7 99.5 99.9 99.8 96.8 99.1
Mgi 38 30 29 14 25 35 24 37 22 27
R Alaer Xibuodu

Sample

ALR-2 ALR-3 ALR-4 ALR-5 ALR-6 XBD-1 XBD-2 XBD-3
Sio, 73.2 71.4 72.5 74.0 71.0 711 72.2 72.2
TiO, 0.17 0.26 0.25 0.10 0.25 0.31 0.21 0.20
Al,03 13.9 14.4 14.2 14.0 14.1 14.3 14.3 14.3
Fe,05" 2.23 3.29 3.07 1.72 231 2.51 2.45 2.45
MnO 0.08 0.10 0.10 0.07 0.08 0.07 0.09 0.09
MgO 0.48 0.67 0.64 0.19 0.52 0.55 0.49 0.43



Cao 1.58 2.23 221 1.04 1.17 1.51 1.47 1.55

Na,O 3.51 3.42 3.47 3.06 2.68 3.56 3.55 3.42
K,0 4.21 3.49 2.85 4.40 6.78 4.18 3.88 4.13
P,0s 0.06 0.11 0.08 0.19 0.22 0.18 0.18 0.14
L.O. 0.58 0.25 0.45 0.72 0.45 0.40 0.62 0.78
Total 100.0 99.6 99.8 99.4 99.6 98.7 99.5 99.7
Mg# 30 29 29 18 31 30 28 26

Notes: Mg# = 100*Mg/(Mg+Fe2*), assuming Fe2*/Fetotal = 0.90; L.O.| = loss of ignition; Fe,0;" represents total Fe

oxides as Fe,03. Samples marked with * are from Tong (2006). Samples marked with A are from Tong et al. (2014a).

Table 2 Bulk-rock trace element (ppm) abundances for the Chinese Altai zranites

SW-Fuyun Kalasu
Sample

FY-1 FY-2 FY-3 FY-4 FY-5 FY-6 FY- ! S-1 KLS-2 KLS-3 KLS-4 KLS-5
Li 21.2 22.2 10.7 21.4 23.0 25.3 22,7 57.9 54.7 10.9 52.1 55.8
Be 3.29 1.23 2.52 1.41 0.45 0.71 0.57 3.70 3.56 3.08 5.76 5.60
Sc 3.54 3.62 1.86 1.73 291 1.62 1.71 3.40 3.20 6.60 4.90 5.00
) 20.2 19.6 11.4 15.9 19.2 .5 17.1 15.0 15.0 7.00 22.0 22.0
Cr 4.50 62.3 15.3 10 2.3/ 3.59 2.94 18.0 27.0 11.0 30.0 18.0
Co 2.47 3.42 1.30 ’.19 2.45 2.29 1.86 2.40 2.40 1.10 3.00 2.90
Ni 3.20 21.0 5.61 1.7 0.08 144 0.04 4.10 4.20 1.20 3.50 3.00
Cu 5.89 8.80 2.82 8.87 3.46 8.05 7.26 4.70 6.00 4.00 3.00 4.80
Zn 26.0 38.3 21.3 27.3 29.0 22.5 25.7 38.0 37.0 27.0 35.0 39.0
Ga 14.0 14.0 12.0 13.3 13.6 11.9 13.5 16.4 15.9 16.9 18.7 19.0
Ge 0.92 0.79 .05 1.00 1.05 0.74 0.80 0.10 0.11 0.08 0.15 0.16
As 0.84 0.41 0.07 0.28 0.19 0.02 0.13 1.00 1.40 0.50 0.90 1.60
Rb 96 97.4 102 100 95.4 96.3 102 236 242 205 226 238
Sr 171 179 141 160 164 163 178 74.1 78.6 34.1 142 141
Y 14. 15.0 14.0 15.6 15.5 15.0 14.0 18.5 17.9 18.0 38.5 37.7
Z 141 144 117 125 141 133 125 92.0 91.0 86.0 228 210
Nb 4.66 4.74 4.96 4.81 4.78 4.65 4.97 11.3 10.7 10.4 24.4 24.4

Cs 1.09 1.08 0.89 1.39 0.96 1.30 1.19 16.6 16.0 4.70 15.9 8.73

Ba 648 643 613 607 648 639 673 258 274 284 333 339
La 21.2 20.8 20.6 21.7 21.4 20.2 19.8 18.2 17.2 8.30 324 27.5
Ce 43.1 433 40.5 41.5 41.9 40.8 393 38.7 37.2 31.2 78.2 70.1
Pr 4.36 4.41 4.19 4.54 4.47 4.36 4.10 4.81 4.50 241 7.36 6.26
Nd 15.6 15.6 15.3 15.5 16.6 15.2 14.4 18.2 17.0 9.40 25.9 22.4
Sm 3.05 291 2.77 2.98 3.18 2.79 2.79 4.25 3.91 2.59 5.34 4.85
Eu 0.50 0.55 0.46 0.52 0.52 0.56 0.51 0.56 0.58 0.22 0.85 0.83

Gd 2.36 2.53 242 2.57 2.44 2.61 2.39 3.79 3.62 2.87 5.25 5.08



Tb
Dy
Ho
Er
Tm
Yb
Lu
Hf

Ta

Pb
Th

0.39
2.29
0.45
1.37
0.20
1.47
0.24
3.97
0.50
0.13

9.60
1.40

0.40
2.20
0.47
1.49
0.20
1.59
0.26
4.14
0.53
0.31
14.4
9.80
1.34

0.37
2.25
0.47
1.46
0.19
1.49
0.23
3.75
0.56
0.17
17.6
10.2
1.63

0.40
2.44
0.52
1.48
0.22
1.53
0.25
4.10
0.51
0.20
16.3
9.90

141
9.45
1.46

0.39
2.19
0.47

0.20
1.50
0.23
3.82
0.44
0.18
15.2
8.99
3.11

0.36
2.06
0.42
1.29
0.20
1.52
0.24
3.56
0.51
0.20
14.3
9.60
1.46

0.65
3.40
0.66
1.62
0.25
1.50
0.22
3.00
1.80
4.00
236

14.5

2.26

0.59

2.00
3.00
242

2.20

0.91
5.61
1.26
3.80
0.58
4.16
0.68
6.30
2.90
1.00

LZU

5.24

0.92
5.74
1.27
3.86
0.63
4.13
0.66
6.10
2.60
3.00
238

25.0
6.92



Table 2 (continued)

sample Halasu Shangkelan
HLS-5 3081* 3082* 3083* 3084* [SKL-1 SKL-2 SKL-3 SKL-4 3212~ 32147~ 3211M 32112 XSK-2A

Li 30.7 436 443 526 256 216 159 603 677 - - - - -

Be 222 277 253 302 133 932 181 135 850 - - - - -

Sc 5.46 7.31 6.80 7.49 9.8 5.87 7.89 11.3 4.04 - - - - -

Vv 16.8 35.2 28.3 22.7 38.3 2,71 2.09 0.11 2.10 - - - - -

Cr 740 942 811 583 624 195 574 368 9.06 - - - - -

Co 282 488 422 341 535 047 034 019 015 - - - - -

Ni 239 207 631 372 448 003 073 051 077 - - - - -

Cu 264 128 392 104 291 132 162 098 106 - - - -

Zn 48.3 38.2 33.1 40.5 88.6 10.8 15.4 12.5 16.0 - - - -

Ga 15.5 18.9 18.1 18.7 234 22.9 27.8 284 26.6 351 37.1 ’5.1 37.2 335
Ge 121 - - - - 192 247 256 228 - - - - -

As 069 - - - - 0.05 0.07 017 0.04 - - - -

Rb 135 165 176 181 445 315 293 298 319 390 34 90 348 528
Sr 110 156 122 100 129 157 143 30.0 242 36 527 836 527 248
Y 31.2 45.4 39.0 56.2 48.4 315 37.9 15.5 354 302 0.7 30.9 40.7 47.7
Zr 197 - - - - 41.3 47.1 39.7 23.6 168 102 168 102 184
Nb 128 135 137 194 307 514 118 48 65.! 59.0 620 590 620 871
Cs 6.66 854 9.8 113 828 332 377 391 29 - - - - -

Ba 357 545 412 276 476 244 202 209 411 171 152 171 152 193
La 29.9 53.5 41.7 42.5 48.7 13.4 19.7 6.06 13.0 - - - - -

Ce 62.3 112 87.3 89.0 100 27 5.2 10.7 24.9 159 80.3 159 80.3 131
Pr 7.55 13.7 10.8 11.1 12 3.49 4.91 1.36 3.05 - - - - -

Nd 280 512 418 426 476 120 171 465 109 - - - - -
Sm 5.75 103 865 860 9.7 327 392 131 298 103 549 103 549 864
Eu 1.02 136 1.06 1.12 1. 023 024 017 019 100 058 100 0.58 0.69
Gd 528 9.45 8.03 381 9.7 274 364 122 254 617 425 617 425 6.30
Tb 0.86 1.56 171 1.62 1.62 0.51 0.69 0.26 0.55 - - - - -

Dy 483  9.09 76 A 919 369 495 179 391 601 609 601 6.09 563
Ho 1.05 1.98 1.6 226 200 077 112 045 088 - - - - -

Er 2.84 90 418 612 532 245 369 153 295 - - - - -
Tm 0.40  0.7C 060 095 075 045 068 027 055 - - - - -

Yb 2.80 4.49 3.83 6.34 4.70 4.01 5.69 2.47 5.04 4.56 6.37 4.56 6.37 4.36
Lu 0.4: 0.68 0.58 0.97 0.74 0.61 0.99 0.46 0.84 - - - - -

Hf 4.91 7.49 6.25 7.35 14.6 3.11 3.23 3.12 2.11 - — - - -

Ta 097 128 140 152 276 911 130 536 145 - - - - -

W 034 - - - - 360 7.64 555 202 - - - - -

Pb 27.8 342 323 310 327 388 378 353 333 - - - - -

Th 132 289 258 209 112 140 272 95 13.2 - - - - -

U 1.96 3.23 2.87 5.58 3.58 231 7.73 2.66 2.15 - - - - -




Table 2 (continued)

sample Alaer Xibuodu
ALR-1  ALR-2 ALR-3 ALR-4 ALR-5 ALR-6 ([XBD-1 XBD-2 XBD-3 XBD-4 XBD-5 XBD-6 XBD-7

Li 32.0 30.8 49.6 115 49.4 17.3 10.5 6.85 5.05 8.52 20.0 9.5 12.4
Be 1.22 1.19 2.78 2.94 4.43 5.81 6.03 5.34 2.62 1.99 5.41 5.24 4.21
Sc 4.80 4.80 9.50 8.70 4.20 4.80 1.81 1.72 1.00 0.60 1.10 0.55 0.71
\Y 28.0 28.0 31.0 30.0 15.0 28.0 0.73 1.61 3.29 0.63 1.59 5.42 4.50
Cr 29.0 20.0 29.0 39.0 47.0 27.0 0.13 1.03 0.20 0.06 10.4 0.59 291
Co 3.20 2.90 4.60 4.30 1.80 3.20 0.25 0.40 0.24 0.31 0.55 0.56 0.60
Ni 3.30 2.90 6.90 6.60 4.70 4.20 0.36 1.23 0.45 0.35 15.7 0.56 1.25
Cu 10.8 7.60 2.60 2.20 5.20 7.50 5.68 10.0 18.7 3.87 10.5 2.65 20.4
Zn 25.0 25.0 45.0 54.0 27.0 30.0 12.7 11.0 3.00 8.98 15.6 12 12.4
Ga 14.6 14.5 16.4 16.4 20.2 15.0 15.0 13.8 10.6 14.2 3 20.5 15.1
Ge 0.12 0.09 0.16 0.15 0.10 0.19 1.02 0.95 0.82 1.19 117 1.28 1.06
As 2.00 0.40 0.80 1.00 0.60 0.60 0.20 0.03 0.03 0.17 0.z 0.20 0.27
Rb 95.5 117 145 150 222 144 152 174 149 167 179 187 152
Sr 244 250 173 150 72,5 853 55.1 62.1 59.6 53. 54.9 32.0 70.2
Y 14.7 15.7 26.6 22.8 15.0 12.3 10.8 7.85 6.04 9435 8.20 3.54 8.87
Zr 136 132 146 132 85.0 241 37.1 35.2 7.8 35.5 53.9 315 49.1
Nb 4.60 4.90 8.10 8.00 11.2 5.70 7.29 7.06 5.26 6.22 8.42 6.19 8.42
Cs 2.46 2.19 12.5 16.6 8.25 8.45 4.81 54 3.37 5.08 7.18 3.29 5.19
Ba 637 630 456 352 209 1660 62.3 127 233 64.3 64.2 317 159
La 233 22.7 24.4 28.4 21.8 48 .98 4.64 4.05 3.61 2.49 2.71 5.56
Ce 43.6 42.6 50.0 57.7 43.5 38. 8.7 8.58 6.20 6.96 4.68 2.64 9.9
Pr 4.40 431 5.53 6.53 23 9.7 116 1.02 0.98 0.85 0.57 0.65 131
Nd 15.5 15.3 20.4 240 17 334 4.40 3.95 3.61 2.98 2.07 2.15 491
Sm 2.99 2.96 4.45 5.20 .57 5.27 1.14 1.12 0.95 0.93 0.59 0.51 1.24
Eu 0.52 0.50 0.0% 1.02 54 0.99 0.35 0.34 0.25 0.28 0.34 0.16 0.31
Gd 2.58 2.65 4.35 4.88 3.03 3.68 1.36 1.19 0.92 1.03 0.75 0.47 1.22
Tb 0.38 0.40 C C.75 0.46 0.47 0.24 0.20 0.16 0.19 0.16 0.09 0.22
Dy 2.41 2.61 4.7 143 2.82 2.52 1.64 1.33 1.06 1.33 1.15 0.63 1.33
Ho 0.54 0.55 097 0.83 0.55 0.46 0.34 0.27 0.21 0.32 0.23 0.12 0.29
Er 1.62 1.60 2.99 2.45 1.45 1.25 1.00 0.79 0.68 0.86 0.83 0.39 0.90
Tm 0.2¢ 0.26 0.45 0.35 0.22 0.17 0.15 0.12 0.10 0.14 0.12 0.06 0.13
Yb 1.60 1.72 2.90 2.39 1.46 1.12 1.10 0.85 0.66 1.04 0.98 0.44 1.04
Lu 0.2 0.27 0.42 0.38 0.22 0.17 0.17 0.14 0.11 0.13 0.16 0.07 0.16
Hf 4.0 4.20 4.30 3.90 2.90 6.20 1.56 1.53 1.70 1.35 2.33 1.60 2.12
Ta 0.40 0.50 0.90 0.80 0.50 2.80 0.90 0.87 0.55 0.77 1.37 0.86 1.06
W 1.00 1.00 1.00 1.00 4.00 1.00 0.55 0.63 0.82 0.17 0.23 1.79 1.02
Pb 113 117 145 150 222 144 29.9 333 17.5 31.9 35.1 9.7 36.8
Th 12.2 12.7 11.1 12.4 13.9 14.5 18.3 19.5 20.0 17.3 21.4 16.8 23.7
U 2.17 2.22 2.68 2.38 1.89 1.95 1.10 0.84 0.96 0.99 0.65 0.75 0.97

Notes: Samples marked with * are from Tong (2006). Samples marked with A are from Tong et al. (2014a).



Table 3 Sr—Nd-Hf isotopic data for the Chinese Altai granites

sample SW-Fuyun Kalasu

FY-1 FY-3 FY-5 FY-6 FY-7 KLS-1 KLS-2
Rb (ppm) 96.7 102 95.4 96.3 102 236 205
Sr (ppm) 171 141 164 163 178 74.1 341
87Rb/86Sr 1.635944 2.084219 1.683128 1.712992 1.660700 9.215839 17.39565
87Sr/86Sr 0.710977 0.712883 0.711086 0.711066 0.710959 0.745548 0.795383
20 0.000007 0.000005 0.000005 0.000005 0.000007 0.000008 0.000008
(87Sr/28Sr); 0.704193 0.704241 0.704107 0.703963 0.704073 0.707927 0.724369
Sm (ppm) 3.05 2.77 3.18 2.79 2.79 4.2 2.59
Nd (ppm) 15.6 15.3 16.6 15.2 14.4 18.. 9.4
147Sm/*44Nd 0.118047 0.109386 0.115552 0.110505 0.116849 0.141092 0.166478
13Nd/Nd 0.512726 0.512735 0.512733 0.512727 0.512737 0.512244 0.512414
20 0.000005 0.000008 0.000007 0.000010 0.000009 0.000010 0.000008
(*43Nd/**Nd); 0.512501 0.512526 0.512513 0.512517 0.512514 0.512079 0.512102
eNd(t) 4.6 5.1 4.9 5.0 49 -3.7 -3.3
Lu (ppm) 0.237 0.232 0.249 0.232 ).238 0.220 0.460
Hf (ppm) 3.97 3.75 3.99 3.83 3.56 3.00 4.10
176 u/Y77HE 0.008475 0.008800 0.008878 0.002634 ).009480 0.010417 0.015937
176Hf/177THf 0.282996 0.283142 0.283011 0.28303¢ 1.283005 0.282762 0.282807
20 0.000006 0.000005 0.000004 0.000006 0.000007 0.000007 0.000005
(Y78HE/Y77HS); 0.282950 0.283094 0.282967 1.282989 0.282954 0.282706 0.282721
gHf(t) 0.3 0.0 03 o 0.3 3.6 4.1
sample Kalasu Halasu 9 Shangkelan

KLS-3 HLS-1 ILS-2 HLS-5 HLS-6 SKL-1 SKL-4
Rb (ppm) 238 135 135 135 135.07 315 319
Sr (ppm) 141 110 110 110 110.48 15.7 24.2
87Rb/8Sr 4.901643 3.537694 3.537694 3.537694 3.537694 58.18969 38.14373
87Sr/86Sr 0.723791 0.705728 0.717911 0.720206 0.720709 0.872205 0.838043
20 0.00000¢ ).000005 0.000006 0.000005 0.000006 0.000011 0.000013
(87Sr/36Sr); 0.703781 0651336 0.703520 0.705814 0.706317 0.699087 0.724564
Sm (ppm) 85 5.75 5.75 5.75 5.75 3.27 2.98
Nd (ppm) 2.4 28.0 28.0 28.0 28.0 12.0 10.9
1475 m /144N d 0.130821 0.124216 0.124216 0.124216 0.124216 0.164550 0.165276
43Nd/+“Nd 0.512584 0.512758 0.512758 0.512758 0.512758 0.512498 0.512719
2 0.000007 0.000006 0.000011 0.000008 0.000007 0.000010 0.000007
(BN /14N ); 0.512338 0.512526 0.512348 0.512350 0.512345 0.512273 0.512493
eNd(t) 1.4 5.0 1.5 1.6 1.5 -0.4 23
Lu {ppm) 0.660 0.428 0.428 0.428 0.428 0.607 0.835
Hf (ppm) 6.10 491 491 4.91 4.91 3.11 2.11
176 u/Y77HE 0.015369 0.012363 0.012363 0.012363 0.012363 0.027768 0.056289
76Hf/1TTHf 0.282934 0.283146 0.282870 0.282894 0.282879 0.282929 0.283073
20 0.000004 0.000004 0.000009 0.000007 0.000010 0.000005 0.000005
(Y78HE/A77HS), 0.282852 0.283080 0.282804 0.282828 0.282813 0.282820 0.282853
eHf(t) 8.7 0.0 0.7 0.6 0.7 6.0 7.1




Table 3 (continued)

Alaer Xibuodu
Sample

ALR-1 ALR-4 ALR-6 XBD-3 XBD-5 XBD-7
Rb (ppm) 113 150 144 102 95 102
Sr (ppm) 244 150 444 141 164 178
87Rb/86Sr 1.340077 2.893617 0.935212 2.084219 1.683128 1.660700
87Sr/36Sr 0.710053 0.723287 0.708919 0.727406 0.736473 0.726478
20 0.000007 0.000008 0.000007 0.000008 0.000010 0.000006
(87Sr/®5Sr); 0.705931 0.731777 0.721450 0.721096 0.731377 0.721450
Sm (ppm) 2.99 5.20 5.27 2.77 3.18 2.79
Nd (ppm) 15.5 24.1 334 15.3 16.6 14
147Sm/144Nd 0.116553 0.130368 0.095334 0.109386 0.11555° 0.116349
143Nd/144Nd 0.512764 0.512345 0.512411 0.512639 0.51262 0.512632
20 0.000005 0.000007 0.000004 0.000005 0.000007 0.000006
(*3Nd/***Nd); 0.512599 0.512160 0.512276 0.512486 0.512462 0.512469
eNd(t) 4.7 -3.9 -1.6 2.4 1.¢ 2.0
Lu (ppm) 0.260 0.380 0.170 0.232 0.249 0.238
Hf (ppm) 4.00 3.90 6.20 3.75 3.99 3.56
176Lu/r77Hf 0.009233 0.013841 0.003895 0.008800 0.008878 0.009480
16HE/177HE 0.283031 0.282752 0.282768 0.282871 0.282879 0.282922
20 0.000004 0.000005 0.00000 0.000004 0.000005 0.000004
(Y7eHf/Y77HS); 0.282993 0.282696 0.232.752 0.282836 0.282844 0.282858
eHf(t) 12 1.7 3.6 6.5 6.8 7.3




Highlights

@® Two episodes of Permian and Triassic high-silica granitoids (HSGs) are recognized
in the Chinese Altai.

@ Granitoids of both episodes were derived from a mixed source involving juvenile

crust and recycled sediment.

@® The Permian and Triassic granitoids recorded the tectonic transition from a post-
collision to an intraplate setting.

@® The post-collision and intraplate tectonism, especially the latter, could facilitate
the genesis of HSGs, which drive maturatioin of continental crust in accretionary

orogenic belts.
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