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Abstract 

Magmatism in eastern China in response to paleo-Pacific plate subduction during 

the Mesozoic was complex, and it is unclear how and when exactly the magmas 

formed via thinning and partial destruction of the continental lithosphere. To better 

understand this magmatism, we report the results of a geochronological and 

geochemical study of Early Cretaceous adakitic rhyolite (erupted at 125.4 ± 2.2 Ma) 

in the Xintaimen area within the eastern North China Craton (NCC). In situ zircon 

U-Pb dating shows that this adakitic rhyolite records a long (~70 Myrs) and 

complicated period of magmatism with concordant 
206

Pb/
238

U ages from 193 Ma to 

117 Ma. The enriched bulk rock Sr-Nd isotopic compositions of the Xintaimen 

adakitic rhyolite, as well as the enriched zircon Hf and O isotopic compositions, 

indicate that the magmas parental to the adakitic rhyolite were derived from partial 

melting of the Paleoproterozoic mafic lower crust, heated by mafic melts derived from 

the mantle during the paleo-Pacific plate subduction. A minor older basement 

component is indicated by the presence of captured Neoarchean to Early 

Paleoproterozoic zircons. The Mesozoic zircons have restricted Hf and O isotopic 

compositions irrespective of their ages, suggesting that they formed from similar 

sources at similar melting conditions. The Xintaimen adakitic rhyolite offers an 

independent line of evidence that the ancient lower crust of eastern China underwent a 

long period (~70 Myrs) of destruction, melting or remelting, from ~193 to ~120 Ma, 

related to the subduction of the paleo-Pacific plate beneath eastern China. 
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1. Introduction 

The North China Craton (NCC) experienced significant lithospheric destruction 

and thinning since the Mesozoic, and has consequently been a research focus over the 

past decades (e.g., Xu, 2001; Gao et al., 2004; Niu, 2005, 2014; Yang et al., 2010). 

The sharp compositional contrast between mantle xenoliths recovered from Paleozoic 

kimberlites and Cenozoic basalts suggests that a thick (> 180 km), cold and refractory 

lithospheric keel in the Paleozoic was replaced by a thin (< 100 km), hot and fertile 

lithosphere (e.g., Menzies et al., 2007; Zheng et al., 2006). It is generally 

acknowledged that the destruction or thinning of the NCC lithosphere began in the 

Triassic (~230-220 Ma) and took place diachronously for more than 100 Myrs (Wang 

et al., 2015; Wu et al., 2005b; Xu et al., 2006, 2009; Yang et al., 2008, 2010; Zhang et 

al., 2014a). This destruction was the result of the interactions between the NCC and 

adjacent blocks, including the paleo-Asian plate, the Yangtze Craton, the Siberian 

plate and the paleo-Pacific plate (e.g., Gao et al., 2004; Liu et al., 2008; Menzies et al., 

2007; Niu, 2005, 2014; Zhang, 2012). Various mechanisms of cratonic destruction 

have been proposed in the literature (e.g., Gao et al., 2004; Menzies et al., 2007; Niu, 

2005, 2014; Wang et al., 2015; Wu et al., 2005a, 2005b). 

Mesozoic igneous rocks are widespread in eastern China with an overall NE-SW 

trend in outcrop, from South China, through the NCC, to NE China. Most of them 

were emplaced and/or erupted from the Jurassic to the Early Cretaceous, with a small 

volume being of Triassic age. These Mesozoic igneous rocks can provide us the 
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information on how and when exactly the lithosphere beneath eastern China was 

thinned (Niu et al., 2015; Wang et al., 2013; Wu et al., 2005a, 2011; Zhang et al., 

2014a; Zhou et al., 2006).  

It is generally accepted that paleo-Pacific plate subduction played an important 

role in the Mesozoic magmatism in eastern China (Ma et al., 2016; Niu, 2005; Niu et 

al., 2015; Wang et al., 2013; Wu et al., 2005a, 2005b, 2011; Zhang et al., 2014a; Zhou 

et al., 2006). However, the timing of onset of paleo-Pacific plate subduction beneath 

eastern China remains controversial, with different suggestions including the Early 

Permian (e.g., Li and Li, 2007; Li et al., 2012a, 2012b; Sun et al., 2015), the Early 

Triassic (e.g., Liu et al., 2017) and the Late Triassic to the Early Jurassic (e.g., Guo et 

al., 2015; Zhou et al., 2014). Niu et al. (2015) proposed that paleo-Pacific plate 

subduction ceased at 100-90 Ma as the result of trench-jam in the southeast 

continental China. Tang et al. (2016), however, suggested that the paleo-Pacific plate 

subduction could have continued until 56 Ma in the north, inferred from the intrusion 

ages of younger granitoids in the Korean Peninsula (> 71 Ma), Southwest Japan (> 71 

Ma) and Far East Russia (> 56 Ma) (Niu and Tang, 2016; Tang et al., 2016). The 

timing of the onset and termination of the paleo-Pacific plate subduction, and its 

relationship to the destruction of NCC, require further study. 

In this contribution, we present a combined study of zircon U-Pb dating, bulk 

rock elemental and Sr-Nd isotope geochemistry and in situ zircon Hf-O isotope 

analyses for adakitic rhyolite in the Xintaimen area, eastern China. We show that the 

Xintaimen adakitic rhyolite was formed by melting of the Paleoproterozoic mafic 
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lower crust, triggered by heating from the underplating mantle-derived mafic melts in 

the Mesozoic. We demonstrated that this melting process lasted for ~70 Myrs from 

the onset (~193 Ma) to the late stage (~120 Ma) of the paleo-Pacific plate subduction 

beneath the eastern continental China. Thus, the Xintaimen adakitic rhyolite records a 

long-lived destruction/melting process of the ancient lower crust of the eastern 

continental China in response to the paleo-Pacific plate subduction. 

2. Geological background and petrology 

The NCC is the largest and oldest craton in China and it preserves remnants of 

ancient (≥ 3.8 Ga) crustal records (Liu et al., 1992; Song et al., 1996). The NCC was 

formed by collision of micro-continents at the end of the Archean (e.g. Wang et al., 

2016), and finally by amalgamation of the Eastern and Western blocks along the 

Trans-North China Orogen in the Late Paleoproterozoic (Zhao et al., 2005). From the 

Late Paleoproterozoic to the end of the Paleozoic, most parts of the NCC remained 

geologically inactive except for some episodic and sporadically distributed mantle 

plume-related magmatism during the Proterozoic (e.g., Peng et al., 2012; Zhang et al., 

2017). However, since the Mesozoic, volumetrically significant magmatism occurred 

throughout eastern China (e.g., Niu et al., 2015; Wu et al., 2005a, b; Yang and Wu, 

2009; Zhang et al., 2014a). Detailed geochronological studies show that most of these 

Mesozoic magmas formed during the Late Jurassic (180-153 Ma) and the Early 

Cretaceous (135-110 Ma), with minor magmatism being Triassic (231-210 Ma) 

(Wang et al., 2015; Wu et al., 2005a, b; Yang and Wu, 2009).  
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The study area lies west of the Tan-Lu fault, near Xingcheng, in western Liaoning, 

in the eastern segment of the northern margin of the NCC (Fig. 1a). Archean basement 

rocks in this area mainly occur along the west coast of the Bohai Sea and consist of 

Neoarchean tonalite-trondhjemite-granodiorite (TTG) and potassic granitoids with 

coeval mafic magmatic enclaves (Fig. 1a; Wang et al., 2016). Mesozoic 

volcano-sedimentary sequences belong to four major pulses of volcanism, represented 

by the Xinglonggou Formation (177 Ma; basalt), the Lanqi Formation (166-153 Ma; 

basalt, basaltic andesite, andesite and rhyolite), the Yixian Formation (126-120 Ma; 

basalt, basaltic andesite, andesite and rhyolite) and the Zhanglaogongtun Formation 

(~106 Ma; andesite and dacite) (Fig. 1; Gao et al., 2004, 2008; Yang and Li, 2008). 

Mesozoic intermediate-felsic plutons also occur in this region (Fig. 1; Wu et al., 2006; 

Zhang et al. 2010, 2014b).  

The studied samples were collected from a volcanic plug showing columnar 

jointing (Figs. 2a and 2b) surrounded by explosive breccia within the Cretaceous 

Yixian Formation (Yang and Li, 2008) near Xintaimen town (Fig. 1). They display 

porphyritic textures with plagioclase, amphibole and minor clinopyroxene as 

phenocrysts in the groundmass (Fig. 2c). Plagioclase phenocrysts are mostly 

subhedral to euhedral without later alteration. Amphibole phenocrysts are euhedral 

with dark rims. Clinopyroxene phenocrysts are rare, but present in some samples and 

are subhedral to euhedral. Their groundmass consists of fine-grained quartz, 

plagioclase, K-feldspar and opaque oxides. 
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3. Analytical methods 

Geochemical data presented in this study include bulk rock major and trace 

element compositions, Sr-Nd isotopes and in situ zircon U-Pb, Hf and O isotopes; all 

the data are given in Tables 1-5. 

Zircon grains were extracted from crushed samples by standard heavy-liquid and 

magnetic techniques, and purified by hand-picking under a binocular microscope. 

Cathodoluminescence (CL) images were acquired using a cathodoluminescent 

spectrometer (Garton Mono CL3+) equipped on a Quanta 200F ESEM at Peking 

University. Measurements of U, Th and Pb in zircons were carried out on an 

Agilent-7500a quadrupole inductively coupled plasma mass spectrometer coupled 

with a New Wave UP-193 solid-state laser-ablation system (LA-ICP-MS) in the 

Geological Lab Center, China University of Geosciences, Beijing (CUGB). A detailed 

account of operating conditions, standards, and data reduction and plot processes are 

given in Song et al. (2010a). Sixty-nine zircon grains were also analyzed by SHRIMP 

(Sensitive High Resolution Ion Micro-Probe) II as a double-check in the Research 

School of Earth Sciences, The Australian National University, Canberra, Australia 

(see details in the Appendix). 

Bulk rock major and trace element analysis was done at CUGB. Major elements 

were analyzed on a Leeman Prodigy inductively coupled plasma-optical emission 

spectroscopy (ICP-OES) system with high dispersion Echelle optics. Trace elements 

were analyzed using an Agilent-7500a quadrupole inductively coupled plasma mass 
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spectrometry (ICP-MS). Detailed operating conditions, sample digestion procedures, 

standard materials and analytical precision and accuracy are described in Song et al. 

(2010b) and Wang et al. (2016). 

Separation and purification of Sr and Nd were carried out using conventional ion 

exchange procedures in the ultraclean laboratory of MOE Key Laboratory of 

Orogenic Belts and Crustal Evolution, Peking University. Sr and Nd isotopic ratios 

were measured using a Thermo-Finnigan Triton thermal ionization mass spectrometer 

at the Isotope Laboratory of Tianjin Institute of Geology and Mineral Resources. 

Sample digestion, standards and mass fraction correction procedures are described in 

Wang et al. (2016). 

In situ zircon Lu-Hf isotope analysis of the dated sample 12XTM01 was carried 

out using a Neptune multi-collector ICP-MS attached with a New Wave UP-213 

laser-ablation system (LA-MC-ICP-MS) at MLR Key Laboratory of Metallogeny and 

Mineral Assessment, Institute of Mineral Resources, Chinese Academy of Geological 

Sciences, Beijing. Detailed operating conditions, standards and correction procedures 

for isobaric interferences are described in Wang et al. (2016). 

In situ zircon oxygen isotopes for the dated sample 12XTM01 were analyzed 

using SHRIMP II in the Research School of Earth Sciences, The Australian National 

University, Canberra, Australia. The instrumental conditions and measurement 

procedures were similar to those reported by Ireland and Williams (2003) and Ickert 

et al. (2008). The instrumental mass fractionation factor was corrected using the FC-1 

zircon standard with δ
18

OVSMOW = 5.61 ± 0.14 ‰ (2σ SD, n = 6; John W. Valley, 
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unpublished data; c.f. Fu et al. 2015). Corrected 
18

O/
16

O ratios are reported in δ
18

O 

notation, in permil variations relative to Vienna standard mean ocean water (VSMOW, 

18
O/

16
O = 0.0020052). Spot-to-spot uncertainty (or external error) was typically better 

than ± 0.6‰ (2σ) for δ
18

O. During the analysis, the average δ
18

O of the secondary 

standard zircon (TEMORA-2) was 8.05 ± 0.15‰ (2σ SD, n = 15). 

4. Results 

4.1. In situ zircon U-Pb zircon ages 

Zircon grains from Xintaimen rhyolite sample 12XTM01 are all 

euhedral-prismatic and in CL images show typical oscillatory growth zoning of 

magmatic origin without any relict cores (Fig. 3a). They have a wide range in Th/U 

ratios of 0.29-3.08 (Table 1). One hundred and sixty zircons were analyzed giving a 

wide range of ages (Table 1). In the conventional U-Pb concordia diagram (Fig. 3b), 

most of the zircons plot on the concordia. As shown in the zircon age histogram (Fig. 

3c), these zircons cluster in three distinct groups: (1) 37 grains yield Neoarchean to 

Early Paleoproterozoic 
207

Pb/
206

Pb ages from 2603 ± 20 to 2463 ± 15 Ma, although 

some of the grains are discordant possibly due to lead loss; (2) 116 grains give 

concordant Jurassic 
206

Pb/
238

U ages from 193 ± 4 to 146 ± 5 Ma; and (3) 14 grains 

show a narrow range in the Early Cretaceous with 
206

Pb/
238

U ages from 131 ± 3 Ma to 

117 ± 3 Ma; these concordant analyses give a weighted mean 
206

Pb/
238

U age of 125.4 

± 2.2 Ma (2σ, MSWD = 1.8) (Table 1). The sixty-nine zircons also analyzed by 
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SHRIMP yield similar age patterns as those done by LA-ICP-MS (see details in the 

Appendix). 

4.2. Bulk rock geochemistry 

The Xintaimen rhyolite samples have relatively high SiO2 and K2O/Na2O 

(0.59-0.97) and mostly plot in the rhyolite field on the TAS diagram, except for 

sample 11XC11 which has the lowest SiO2 content and lies in the trachydacite field 

(Table 2; Fig. 4). These samples are all metaluminous (Table 2) and show enrichment 

of LREEs over HREEs without obvious Eu anomalies (Fig. 5a). In the primitive 

mantle-normalized trace element diagram (Fig. 5b), they are relatively enriched in 

large ion lithophile elements (LILEs), with limited variation, and depleted in some 

high field strength elements (HFSEs; but without Zr or Hf depletion). They are 

characterized by positive Sr anomalies with high Sr/Y ratios of 90-129 (Table 2; Fig. 

5b). They have relatively low compatible element abundances (e.g., Cr and Ni; Table 

2). These samples display a narrow range of initial 
87

Sr/
86

Sr ratios 

(0.705682-0.706067) and highly negative εNd(t) values (-16.6 to -14.4) with two-stage 

depleted mantle Nd model ages (TDM2 ages) of 2266-2087 Ma, when calculated at 125 

Ma (Table 3; Fig. 6). 

4.3. In situ zircon Hf-O isotopes 

The Neoarchean to Early Paleoproterozoic zircons show a moderate range of 

present-day 
176

Hf/
177

Hf ratios (0.281191 to 0.281388) with εHf(t) values (calculated at 
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their 
207

Pb/
206

Pb ages) ranging between -0.4 to +6.5, giving TDM2 ages of 2939-2620 

Ma (Table 4; Fig. 7). They have δ
18

O values of 5.06-7.31 ‰ (Table 5; Fig. 8). The 

Jurassic zircons have a narrow range of present-day 
176

Hf/
177

Hf ratios 

(0.282224-0.282446) with εHf(t) values (calculated at their 
206

Pb/
238

U ages) of -21.0 to 

-7.6, yielding TDM2 ages of 2082-1413 Ma, and their measured δ
18

O values are 

5.65-6.67 ‰. The Early Cretaceous zircons display a wide range of present-day 

176
Hf/

177
Hf ratios of 0.282000-0.282512 with εHf(t) values (calculated at their 

206
Pb/

238
U ages) ranging from -24.6 to -6.6, giving TDM2 ages of 2225-1315 Ma, and 

these zircons have δ
18

O values of 5.56-5.75 ‰. 

5. Discussion 

5.1 Melting of the Paleoproterozoic mafic lower crust heated by 

mantle-derived melts 

The Xintaimen rhyolite has high Sr/Y and (La/Yb)N ratios (Figs. 5 and 9), but is 

also characterized by relatively high K2O/Na2O ratios (all > 0.5) (Fig. 4b), distinct 

from typical young slab-derived sodic modern adakites (Defant and Drummond, 1990; 

Martin et al., 2005) but similar to lower crust-derived potassic ‘adakitic rocks’ 

(Atherton and Petford, 1993; Xiao and Clemens, 2007). 

The Xintaimen adakitic rhyolite is similar to typical TTGs and adakites and 

experimental metabasalt melts in terms of major and trace elements (Fig. 4, 5 and 9). 

The high SiO2 and low MgO of the Xintaimen rhyolite are also similar to high-silica 
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adakites as proposed by Martin et al. (2005) (Fig. 9c), which experienced limited or 

no interaction with a mantle wedge. Their enriched Sr-Nd isotopic compositions (Fig. 

6) and relatively low abundances of compatible elements (e.g., Cr and Ni; Fig. 9d) 

contrast these rocks with the Jurassic Xinglonggou lavas from eastern China (Gao et 

al., 2004), which are interpreted as the result of foundering of mafic lower crust into, 

and interacting with, underlying convective mantle. Thus, the primary magmas 

parental to the Xintaimen rhyolite show little evidence for significant interaction with 

mantle peridotite. Furthermore, the bulk rock Nd TDM2 ages (2266-2087 Ma), and Hf 

TDM2 ages (2225-1315 Ma) and δ
18

O values of 5.56-5.75 ‰ (close to mantle-zircon 

values 5.3 ± 0.3 ‰; Table 5; Fig. 8b; Valley, 2003) of the Early Cretaceous magmatic 

zircons, together are best interpreted as reflecting generation by melting of ancient 

mafic lower crust. 

Recently, many Mesozoic lower crust-derived rocks have been reported from the 

NCC (e.g., Gao et al., 2004; Jiang et al., 2007; Ma et al., 2012; Wang et al., 2015), 

with heterogeneous lower crustal sources inferred from their highly variable Sr-Nd 

isotopic compositions (Fig. 6). The bulk rock Nd isotope composition of the 

Xintaimen rhyolite seems to be distinct from Archean lower crust, sampled from 

exposed Archean terrain granulites and amphibolites (Fig. 6b). It is, however, 

comparable to that of the Late Triassic Taili adakitic plutons from the same area (Fig. 

7a; Wang et al., 2015), whose source is believed to be mantle plume-related mafic 

rocks generated during Paleoproterozoic intracontinental extension and rifting of the 

NCC (Peng et al., 2012). We suggest that the bulk rock Nd TDM2 ages of the 
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Xintaimen rhyolite (2266-2087 Ma), as well as data from the two Early Cretaceous 

zircons with Paleoproterozoic Hf TDM2 ages (Table 4; #2.1, TDM2 = 2225 Ma; #2.32, 

TDM2 = 2010 Ma) extracted from the rhyolite, imply that the lower crustal source of 

the rhyolite could have been mafic rocks that underplated the base of the NCC 

Archean crust during the Paleoproterozoic (2.3-2.0 Ga).  

Melting of lower crust is commonly triggered by excess heat supplied by 

contemporaneous emplacement of mantle-derived mafic melts (e.g., Atherton and 

Petford, 1993; Huppert and Sparks, 1988; Ma et al., 2016; Niu, 2005). In the Early 

Cretaceous, the NCC was characterized by an extremely high geothermal gradient (> 

90 mW/m
2
 vs. ~40 mW/m

2
 in the Paleozoic; Ma et al., 2016; Zheng et al., 2006), 

associated with the generation of large volumes of igneous rocks derived through 

melting of ancient lower crust (Niu et al., 2015; Zhang et al., 2014a). The presence of 

a mantle-derived mafic underplating at this time is also inferred from the existence of 

widespread and broadly contemporaneous alkaline rocks and basalts in the NCC (Gao 

et al., 2008; Zhang et al., 2010, 2014a). Mafic magmatic enclaves are very common in 

the Early Cretaceous granites of the NCC (e.g., Chen et al., 2009). These granites are 

characterized by bulk rock εNd(t) and zircon εHf(t) values (Zhang et al., 2014a) that, 

although highly variable, typically lie within a range consistent with a significant 

mantle contribution to the magmatism in terms of both material and (hence) heat (e.g., 

Chen et al., 2004; Ma et al., 2016). Therefore, we propose that during the Early 

Cretaceous, extensive heat, related to mantle-derived mafic melts that accumulated 

beneath the NCC crust, caused the Paleoproterozoic mafic lower crust to undergo 
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extensive melting, generating magmas parental to the Xintaimen rhyolite. The 

mantle-derived mafic melts could have modified magma compositions to some 

degrees, reflected by the relatively large variations of Hf isotopic compositions of the 

Early Cretaceous and Jurassic zircons (Table 4; Fig. 7). 

As discussed above, the Xintaimen rhyolite possibly share the same 

Paleoproterozoic mafic lower crustal source as the nearby Late Triassic Taili adakitic 

plutons. According to Wang et al. (2015), the Taili adakitic rocks formed during 

melting at 10-12 kbar and 780-820 °C. The Xintaimen rhyolite has slightly less 

fractionated REE patterns (lower (La/Yb)N ratios) and slightly lower Sr/Y ratios (Figs. 

5, 9a and 9b) than the Taili adakitic plutons, suggesting lower pressure melting (i.e. 

indicative of lower garnet abundances and higher plagioclase/garnet ratios in the melt 

residuals; Moyen, 2009), but, nevertheless, probably still within the range of 10-12 

kbar. 

5.2 Magmatic process inferred by zircon geochronology  

Because of the presence of famous Jehol biota in the Yixian Formation, the age of 

this formation has been well constrained by both U-Pb and 
40

Ar-
39

Ar methods to the 

period 126-120 Ma (e.g., Swisher et al., 2002; Yang et al., 2007). Our in situ zircon 

U-Pb dating of the Xintaimen rhyolite shows that they contain three groups of zircons 

with contrasting ages (Table 1 and Fig. 3) and the youngest group yields a weighted 

mean 
206

Pb/
238

U age of 125.4 ± 2.2 Ma (2σ, MSWD = 1.8), which should represent 

the eruption time of the Xintaimen rhyolite. 
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The Neoarchean to Early Paleoproterozoic zircons within the Xintaimen rhyolite 

are xenocrysts captured by the magmas en route to the surface, rather than inherited 

zircons from the mafic lower crustal source of the adakitic rhyolite. Evidence for this 

is that: (1) in CL images, they show perfect oscillatory growth zoning of felsic magma 

affinity, and have no overgrowth rims or melt-corroded textures (Fig. 3a); and (2) 

their Hf isotopic compositions are distinct from those of the Early Cretaceous zircons, 

but similar to those of the Neoarchean basement rocks (Fig. 7a; Wang et al., 2016).  

The Xintaimen rhyolite also contains abundant Jurassic zircons with successive 

and concordant U-Pb ages (193-146 Ma). They have no overgrowth rims and show 

internal textures similar to those of the Early Cretaceous zircons on CL images (Fig. 

3a). They also share similar Hf isotopic compositions with the Early Cretaceous 

zircons (Fig. 7b). It appears as if these Jurassic zircons crystallized from the same 

parental magmas as those of the Early Cretaceous zircons. However, it is hard to 

imagine that a magma chamber can last from 193 Ma to 117 Ma, ~70 Myrs with a gap 

of ~15 Myrs (between 146 Ma and 131 Ma). Jurassic igneous rocks are widespread in 

the study area (Fig. 1), with various lithologies including basaltic-andesitic-rhyolitic 

volcanic rocks, mafic dykes and granitic plutons (Wu et al., 2006; Zhang et al., 

2014b). Thus, these Jurassic zircons should be also xenocrysts captured by the 

rhyolitic magmas en route to the surface.  

The relatively enriched Hf isotopic compositions of all the Jurassic zircons in the 

Xintaimen rhyolite clearly point to a genetic connection with ancient crustal materials, 

in common with the zircons from the Jurassic ancient lower crust-derived igneous 
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rocks in the study area (Table 4; Fig. 7; Zhang et al., 2014b). These zircons also have 

δ
18

O values of 5.65-6.67 ‰ (Table 5; Fig. 8), indicating derivation of their parental 

magmas from sources with little, if any, contribution from supracrustal components 

(Eiler, 2001). Recent Sr-Nd-Hf isotope studies of the Jurassic igneous rocks in 

western Liaoning imply the involvement of ancient lower crust via complex 

crust-mantle interaction (e.g., foundering of mafic lower continental crust into 

underlying convecting mantle, or underplating of mafic magmas, with subsequent 

interaction with lower crust; Gao et al., 2004; Yang and Li, 2008; Zhang et al., 2014b). 

A comprehensive summary of geochemical data on Jurassic igneous rocks from the 

NCC shows that most of them were sourced from ancient lower crust (Zhang et al., 

2014a). Nevertheless, combined with previous studies of the Jurassic magmatism in 

western Liaoning and the NCC, it can be deduced that the ancient lower crust 

participated in the formation of the parental magmas from which these Jurassic 

xenocrystic zircons were crystallized. 

It is noteworthy, however, that the Early Cretaceous zircons only constitute a 

minor portion (14 grains) among the whole population (167 grains) of the dated 

zircons from the Xintaimen rhyolite, compared with the Neoarchean to Early 

Paleoproterozoic- and Jurassic-aged xenocrystic zircons (Fig. 3). One plausible 

explanation for this observation is that the Early Cretaceous magma chamber 

developed within crust dominated by Jurassic plutonic rocks and Neoarchean 

basement rocks. Compared to deep-seated felsic intrusions, the erupted rhyolitic 

magmas ascended and cooled too rapidly to allow sufficient growth of new zircons. 
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The Early Cretaceous rhyolitic magmas would have formed only a few ‘phenocrystic’ 

zircons, but captured and inherited many xenocrystic zircons. 

5.3 Long-lived melting of the ancient lower crust beneath the 

NCC in response to paleo-Pacific plate subduction 

The Hf-O isotopic compositions of the Early Cretaceous magmatic zircons and 

the bulk rock Nd isotopic compositions of the Xintaimen rhyolite indicate derivation 

from partial melting of the Paleoproterozoic mafic lower crust. The Hf-O isotopic 

compositions of the Jurassic xenocrystic zircons, also suggest that their parental melts 

were derived from ancient lower crust. Therefore, the Xintaimen adakitic rhyolite 

records, in its primary and xenocrystic zircon cargo, a long-lived (~70 Myrs) melting 

process of the ancient lower crust beneath the NCC. 

It is generally accepted that the Mesozoic geology of the eastern continental 

China continent was largely controlled by paleo-Pacific plate subduction (Niu, 2005; 

Niu et al., 2015; Wang et al., 2013; Wu et al., 2005a, 2011; Zhang et al., 2014a; Zhou 

et al., 2006;). However, the onset of paleo-Pacific plate subduction beneath eastern 

China remains controversial. Based on detrital zircon provenance data analyses, Li et 

al. (2006, 2012a, 2012b) proposed that an Early Permian active continental margin 

was developed in South China and thus paleo-Pacific plate subduction beneath South 

China began as early as in the Early Permian. It is also argued that paleo-Pacific plate 

subduction towards beneath NE China began in the Early Permian, based on the 

identification of island-arc gabbros of this age (Sun et al., 2015).  
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Alternatively, Kusky et al., (2014) suggested that the NCC shows no apparent 

effect from the paleo-Pacific plate subduction until the Early Jurassic. Before the 

Jurassic, the NCC had been isolated from South China and NE China and, as a result, 

should have experienced a different history of interactions between adjacent blocks. 

The pre-Jurassic tectonic evolution of the NCC was mainly controlled by collision 

between South and North China cratons in the south and the closure of Paleo-Asian 

Ocean in the north (e.g., Wang et al., 2015; Zhang et al., 2014a). After the closure of 

the Paleo-Asian and Paleo-Tethys oceans in the Late Paleozoic and Triassic, 

respectively, the NCC, South China and NE China amalgamated into a larger 

continent. In this model, the paleo-Pacific plate subduction began to affect the 

combined eastern continental China only since the Early Jurassic (~190 Ma). This 

scenario explains the large volumes of Jurassic and Cretaceous igneous rocks in 

eastern China with a unified NE-SW trend (e.g., Niu et al., 2015). Thus, the onset of 

paleo-Pacific plate subduction beneath the combined eastern continental China is 

most likely to be in the Early Jurassic (~190 Ma). 

In summary, the Xintaimen adakitic rhyolite erupted in the Early Cretaceous, and 

formed though melting of Paleoproterozoic mafic lower crust. Isotopic similarities in 

primary and inherited zircons demonstrate that this melting process must have started 

at the onset of the paleo-Pacific plate subduction (~193 Ma), and continued for ~70 

Myrs, until the late stage (~120 Ma) of paleo-Pacific plate subduction beneath the 

eastern continental China. Therefore, the Xintaimen adakitic rhyolite independently 

records a long-lived destruction/melting process of the ancient lower crust of eastern 
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China genetically related to the Paleo-Pacific plate subduction.  

6. Conclusions 

(1) The Xintaimen adakitic rhyolite erupted during the Early Cretaceous (~125 Ma) 

with captured xenocrystic zircons of Neoarchean to Early Paleoproterozoic and 

Jurassic ages. 

(2) The magmas parental to the Xintaimen adakitic rhyolite were derived from partial 

melting of the Paleoproterozoic mafic lower crust, heated by mantle-derived 

mafic melts genetically associated with the paleo-Pacific plate subduction. 

(3) The Xintaimen adakitic rhyolite independently records a long-lived (~70 Myrs) 

melting process of ancient mafic lower crust, which is consistent with the time 

period of the paleo-Pacific plate subduction from the onset (~193 Ma) to the late 

stage (~120 Ma), and the destruction/melting process of the eastern continental 

China. 
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Figure captions 

Fig. 1 (a) Simplified geological map of western Liaoning in eastern NCC; inset is the 

geodynamic map showing interactions between the NCC and surrounding blocks. (b) 

Simplified geological map of the Xintaimen area in the Xingcheng region. 

 

Fig. 2 (a) and (b) Field photo of the Xintaimen rhyolite. Note that they show typical 

columnar jointing. (c) Photomicrograph (plane-polarized light) showing the 

petrographic features of the Xintaimen rhyolite. Pl, plagioclase; Amp, amphibole; Cpx, 

clinopyroxene. 

 

Fig. 3 (a) Cathodoluminescence (CL) images of representative zircons from the 

Xintaimen rhyolite. The solid and dashed circles on the CL images are the spots of in 

situ zircon U-Pb dating and Hf isotope analyses, respectively. Also shown are the 

signgle zircon ages (
206

Pb/
238

U ages for Mesozoic zircons and 
207

Pb/
206

Pb ages for 

Neoarchean to Early Paleoproterozoic zircons) and εHf(t) values of zircons. (b) Zircon 

U-Pb concordia diagrams for the Xintaimen rhyolite. The mean is weighted average 

of 
206

Pb/
238

U ages at 95% confidence level. (c) Histograms of zircon U-Pb ages 

(
206

Pb/
238

U ages for Mesozoic zircons and 
207

Pb/
206

Pb ages for Neoarchean to Early 

Paleoproterozoic zircons) for the Xintaimen rhyolite. 

 

Fig. 4 (a) (Na2O+K2O)-SiO2 diagram and (b) Na2O-K2O diagram for the Xintaimen 
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rhyolite. The field of experimental metabasalt and eclogite melts at 1-4 GPa is 

constructed using the data from Rapp and Watson (1995), Rapp et al. (2003), Sen and 

Dunn (1994), Skjerlie and Patiño Douce (2002);. 

 

Fig. 5 (a) Chondrite-normalized REE patterns, and (b) primitive mantle 

(PM)-normalized trace element diagram for the Xintaimen rhyolite. The values of 

chondrite and PM are from Sun and McDonough (1989). Data sources: typical 

adakites, Defant et al. (1991) and Samaniego et al. (2005); Late Triassic Taili adakitic 

plutons, Wang et al. (2015). 

 

Fig. 6 (a) εNd(t)-ISr(t) diagram and (b) εNd(t)-
147

Sm/
144

Nd diagram for the Xintaimen 

rhyolite. Also plotted for comparison are those of Xinglonggou lavas, Mesozoic lower 

crust-derived rocks, and terrain granulites and amphibolites in the NCC. Data sources: 

Xinglonggou lavas, Gao et al. (2004); Mesozoic ancient lower crust-derived rocks, 

Jiang et al. (2007), Ma et al. (2012), Wang et a. (2015), and references therein; 

Archean terrain granulites and amphibolites, Jiang et al. (2007), Wu et al. (2005c), 

and references therein. 

 

Fig. 7 (a) and (b) εHf(t)-t diagram for zircons from the Xintaimen rhyolite. Note that (b) 

is enlarged part of the Mesozoic zircons in (a). Zircons from Neoarchean basement 

rocks, Late Triassic Taili adakitic plutons and Jurassic ancient lower crust-derived 

igneous rocks in western Liaoning are also plotted for comparison (Wang et al., 2015, 
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2016; Zhang et al., 2014b). 

 

Fig. 8 (a) and (b) single zircon δ
18

O-age diagrams for Mesozoic zircons from the 

Xintaimen rhyolite. (b) is enlarged part of the Mesozoic zircons in (a). Note that 

206
Pb/

238
U ages are used for Mesozoic zircons and 

207
Pb/

206
Pb ages for Neoarchean to 

Early Paleoproterozoic zircons in (b). Error bars are 2σ for δ
18

O values and 1σ for 

single zircon ages, respectively. Mantle-zircon δ
18

O values are from Valley (2003). 

 

Fig. 9. Co-variation diagrams of (a) Chondrite-normalized (La/Yb)N-(Yb)N, (b) Sr/Y-Y, 

(c) MgO-SiO2 and (d) Ni-Cr for the Xintaimen rhyolite. Data sources of experimental 

metabasalt melts at 1-4 GPa are the same as in Fig. 4. The fields of low- and 

high-Silica adakites are from Martin et al. (2005) and the field of lower crust-derived 

adakitic rocks is from Atherton and Petford (1993).  
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Table 1 

In situ LA-ICP-MS zircon U-Pb data for the Xintaimen rhyolite. 

Spot 
Concentrations (ppm) 

Th/U  
Isotopic ratios 

 
Isotopic ages (Ma) 

Pb U Th 
 

207
Pb/

206
Pb

a
 ±1σ 

207
Pb/

235
U ±1σ 

206
Pb/

238
U ±1σ 

 

207
Pb/

206
Pb ±1σ 

207
Pb/

235
U ±1σ 

206
Pb/

238
U ±1σ 

12XTM01 

  
  

             1.1 2  67  64  0.95  
 

0.04919  0.00329  0.16788  0.01099  0.02475  0.00048  
 

157 112 158 10 158 3 

1.2 5  134  108  0.81  
 

0.04950  0.00325  0.18684  0.01215  0.02737  0.00043  
 

172 118 174 10 174 3 

1.3 9  297  212  0.72  
 

0.05204  0.00386  0.17186  0.01243  0.02395  0.00039  
 

287 171 161 11 153 2 

1.4 71  111  79  0.71  
 

0.17075  0.00364  11.53391  0.24667  0.48975  0.00648  
 

2565 19 2567 20 2570 28 

1.5 5  140  127  0.91  
 

0.04958  0.00296  0.18988  0.01108  0.02777  0.00050  
 

175 100 177 9 177 3 

1.6 0  10  9  0.87  
 

0.04890  0.00573  0.15441  0.01228  0.02290  0.00072  
 

143 1018 146 10 146 5 

1.7 5  167  77  0.46  
 

0.04924  0.00403  0.16329  0.01327  0.02404  0.00040  
 

159 152 154 12 153 3 

1.8 83  139  42  0.30  
 

0.17188  0.00375  11.61875  0.25405  0.49012  0.00660  
 

2576 19 2574 20 2571 29 

1.9 2  63  88  1.39  
 

0.04944  0.00847  0.17772  0.03007  0.02606  0.00079  
 

169 286 166 26 166 5 

1.10 7  202  192  0.95  
 

0.04938  0.00348  0.17397  0.01213  0.02554  0.00042  
 

166 127 163 10 163 3 

1.11 1  17  9  0.56  
 

0.04959  0.01830  0.18405  0.06756  0.02691  0.00110  
 

176 566 172 58 171 7 

1.12 9  211  385  1.83  
 

0.04934  0.00207  0.18004  0.00737  0.02646  0.00042  
 

164 66 168 6 168 3 

1.13 7  197  147  0.75  
 

0.04960  0.00219  0.18855  0.00813  0.02756  0.00045  
 

176 70 175 7 175 3 

1.14 1  35  47  1.33  
 

0.04986  0.00917  0.20703  0.03758  0.03011  0.00098  
 

188 308 191 32 191 6 

1.15 84  137  60  0.43  
 

0.16911  0.00370  11.30437  0.24764  0.48468  0.00647  
 

2549 20 2549 20 2548 28 

1.16 3  101  79  0.79  
 

0.04946  0.00378  0.17622  0.01327  0.02584  0.00049  
 

170 134 165 11 164 3 

1.17 9  228  234  1.02  
 

0.04968  0.00237  0.19863  0.00929  0.02899  0.00047  
 

180 79 184 8 184 3 

1.18 92  134  104  0.77  
 

0.17463  0.00392  11.98453  0.26849  0.49759  0.00676  
 

2603 20 2603 21 2603 29 

1.19 11  296  403  1.36  
 

0.04944  0.00248  0.17211  0.00851  0.02524  0.00040  
 

169 85 161 7 161 3 

1.20 58  101  99  0.97  
 

0.16959  0.00384  9.43902  0.21303  0.40355  0.00548  
 

2554 20 2382 21 2185 25 

1.21 7  215  99  0.46  
 

0.04952  0.00231  0.18410  0.00839  0.02696  0.00045  
 

173 75 172 7 171 3 
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1.22 11  306  306  1.00  
 

0.04951  0.00267  0.18049  0.00959  0.02643  0.00042  
 

172 93 168 8 168 3 

1.23 11  236  464  1.96  
 

0.04964  0.00296  0.19098  0.01121  0.02789  0.00047  
 

178 103 177 10 177 3 

1.24 4  134  81  0.61  
 

0.04903  0.00482  0.15879  0.01536  0.02348  0.00051  
 

149 176 150 13 150 3 

1.25 2  39  43  1.11  
 

0.04605  0.00991  0.16791  0.03575  0.02645  0.00084  
 

- - 158 31 168 5 

1.26 7  212  180  0.85  
 

0.04924  0.00343  0.16791  0.01157  0.02473  0.00041  
 

159 124 158 10 157 3 

1.27 16  394  466  1.18  
 

0.04977  0.00249  0.19460  0.00966  0.02835  0.00042  
 

184 88 181 8 180 3 

1.28 13  357  391  1.10  
 

0.04943  0.00245  0.17590  0.00861  0.02580  0.00039  
 

168 85 165 7 164 2 

1.29 12  252  549  2.18  
 

0.04942  0.00273  0.18134  0.00984  0.02661  0.00045  
 

168 93 169 8 169 3 

1.30 7  165  214  1.30  
 

0.04950  0.00531  0.18828  0.02003  0.02758  0.00055  
 

172 202 175 17 175 3 

2.1 1  33  54  1.65  
 

0.04860  0.00798  0.13280  0.02177  0.01982  0.00056  
 

129 279 127 20 127 4 

2.2 11  306  317  1.04  
 

0.04605  0.00270  0.17653  0.00965  0.02780  0.00058  
 

- - 165 8 177 4 

2.3 12  333  247  0.74  
 

0.04969  0.00130  0.19464  0.00603  0.02840  0.00058  
 

181 37 181 5 181 4 

2.4 7  219  173  0.79  
 

0.04967  0.00187  0.19191  0.00788  0.02802  0.00059  
 

180 57 178 7 178 4 

2.5 125  247  74  0.30  
 

0.16317  0.00522  9.75968  0.24094  0.43381  0.00882  
 

2489 55 2412 23 2323 40 

2.6 41  119  95  0.80  
 

0.16221  0.00237  6.10116  0.13711  0.27275  0.00553  
 

2479 17 1990 20 1555 28 

2.7 0  12  13  1.09  
 

0.04932  0.01761  0.16945  0.06023  0.02491  0.00111  
 

163 538 159 52 159 7 

2.8 5  163  115  0.70  
 

0.04908  0.00263  0.15924  0.00887  0.02352  0.00051  
 

152 88 150 8 150 3 

2.9 349  536  631  1.18  
 

0.16842  0.00237  11.05633  0.24559  0.47603  0.00962  
 

2542 17 2528 21 2510 42 

2.10 44  71  65  0.91  
 

0.16762  0.00252  10.93134  0.24903  0.47289  0.00967  
 

2534 17 2517 21 2496 42 

2.11 5  150  157  1.05  
 

0.04941  0.00193  0.17396  0.00734  0.02553  0.00055  
 

167 59 163 6 163 3 

2.12 6  159  194  1.22  
 

0.04940  0.00247  0.17843  0.00935  0.02619  0.00057  
 

167 81 167 8 167 4 

2.13 6  177  168  0.95  
 

0.04953  0.00177  0.18815  0.00736  0.02754  0.00059  
 

173 52 175 6 175 4 

2.14 69  137  58  0.42  
 

0.16389  0.00564  9.38940  0.25578  0.41551  0.00872  
 

2496 59 2377 25 2240 40 

2.15 6  202  137  0.68  
 

0.04940  0.00196  0.17257  0.00733  0.02533  0.00055  
 

167 59 162 6 161 3 

2.16 33  842  911  1.08  
 

0.04997  0.00099  0.20909  0.00546  0.03034  0.00063  
 

194 28 193 5 193 4 

2.17 5  179  104  0.58  
 

0.04932  0.00229  0.17340  0.00850  0.02549  0.00055  
 

163 74 162 7 162 3 
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2.18 13  341  355  1.04  
 

0.04987  0.00125  0.20450  0.00619  0.02973  0.00062  
 

189 35 189 5 189 4 

2.19 14  399  486  1.22  
 

0.04942  0.00120  0.18060  0.00533  0.02650  0.00055  
 

168 34 169 5 169 3 

2.20 26  700  1013  1.45  
 

0.04948  0.00103  0.18524  0.00498  0.02715  0.00056  
 

171 29 173 4 173 4 

2.21 138  257  110  0.43  
 

0.16549  0.00250  10.34651  0.23841  0.45335  0.00931  
 

2513 17 2466 21 2410 41 

2.22 23  556  816  1.47  
 

0.05287  0.00126  0.21922  0.00640  0.03006  0.00063  
 

323 32 201 5 191 4 

2.23 8  193  349  1.81  
 

0.04605  0.00272  0.16353  0.00899  0.02576  0.00055  
 

- - 154 8 164 3 

2.24 6  163  296  1.82  
 

0.04919  0.00239  0.16831  0.00862  0.02481  0.00054  
 

157 79 158 7 158 3 

2.25 207  372  353  0.95  
 

0.16856  0.00258  9.74733  0.22615  0.41930  0.00863  
 

2543 17 2411 21 2257 39 

2.26 12  309  343  1.11  
 

0.04995  0.00135  0.20828  0.00665  0.03023  0.00064  
 

193 38 192 6 192 4 

2.27 7  224  154  0.69  
 

0.04940  0.00182  0.17836  0.00719  0.02618  0.00057  
 

167 54 167 6 167 4 

2.28 14  437  446  1.02  
 

0.04935  0.00125  0.17474  0.00534  0.02567  0.00054  
 

164 35 164 5 163 3 

2.29 18  491  788  1.61  
 

0.04939  0.00114  0.17905  0.00513  0.02628  0.00055  
 

166 32 167 4 167 3 

2.30 7  201  256  1.28  
 

0.04925  0.00177  0.17247  0.00682  0.02539  0.00055  
 

160 53 162 6 162 3 

2.31 4  128  125  0.98  
 

0.04940  0.00269  0.18034  0.01022  0.02647  0.00059  
 

167 89 168 9 168 4 

2.32 4  215  90  0.42  
 

0.04835  0.00226  0.12308  0.00608  0.01846  0.00041  
 

116 73 118 5 118 3 

2.33 130  228  167  0.73  
 

0.16640  0.00273  10.34671  0.24901  0.45087  0.00940  
 

2522 18 2466 22 2399 42 

2.34 165  377  204  0.54  
 

0.16251  0.00268  8.25806  0.19935  0.36846  0.00769  
 

2482 18 2260 22 2022 36 

2.35 5  142  124  0.88  
 

0.04931  0.00293  0.17833  0.01099  0.02623  0.00058  
 

163 100 167 9 167 4 

2.36 14  371  657  1.77  
 

0.04932  0.00119  0.17949  0.00532  0.02639  0.00056  
 

163 34 168 5 168 4 

2.37 2  63  115  1.83  
 

0.04937  0.00621  0.17956  0.02272  0.02637  0.00064  
 

165 236 168 20 168 4 

2.38 8  252  212  0.84  
 

0.04933  0.00187  0.17550  0.00727  0.02580  0.00056  
 

164 57 164 6 164 4 

2.39 6  226  133  0.59  
 

0.04922  0.00248  0.16676  0.00880  0.02457  0.00055  
 

158 81 157 8 156 3 

2.40 12  370  393  1.06  
 

0.04938  0.00137  0.17588  0.00575  0.02583  0.00055  
 

166 39 165 5 164 3 

2.41 2  59  77  1.31  
 

0.04944  0.00811  0.16225  0.02659  0.02380  0.00067  
 

169 284 153 23 152 4 

2.42 9  268  256  0.96  
 

0.04961  0.00140  0.18972  0.00624  0.02773  0.00060  
 

177 39 176 5 176 4 

2.43 29  682  1600  2.35  
 

0.04936  0.00110  0.17604  0.00498  0.02586  0.00055  
 

165 31 165 4 165 3 
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2.44 17  460  722  1.57  
 

0.05218  0.00580  0.18339  0.01988  0.02549  0.00063  
 

293 255 171 17 162 4 

2.45 4  115  101  0.88  
 

0.04940  0.00366  0.17449  0.01319  0.02561  0.00060  
 

167 127 163 11 163 4 

2.46 14  430  499  1.16  
 

0.05055  0.00179  0.17970  0.00703  0.02578  0.00057  
 

220 51 168 6 164 4 

2.47 2  48  54  1.13  
 

0.04605  0.00439  0.16047  0.01481  0.02528  0.00061  
 

- - 151 13 161 4 

2.48 7  199  213  1.07  
 

0.04961  0.00171  0.19297  0.00740  0.02821  0.00063  
 

177 49 179 6 179 4 

2.49 8  227  233  1.02  
 

0.04976  0.00189  0.19403  0.00807  0.02827  0.00063  
 

184 56 180 7 180 4 

2.50 12  320  556  1.74  
 

0.05410  0.00192  0.20447  0.00804  0.02741  0.00061  
 

375 50 189 7 174 4 

2.51 1  31  29  0.93  
 

0.04921  0.00839  0.17586  0.02992  0.02591  0.00076  
 

158 290 164 26 165 5 

2.52 9  285  293  1.03  
 

0.04927  0.00181  0.16971  0.00685  0.02498  0.00056  
 

161 54 159 6 159 4 

2.53 4  71  179  2.52  
 

0.06712  0.01313  0.24726  0.04774  0.02672  0.00085  
 

842 439 224 39 170 5 

2.54 9  215  182  0.84  
 

0.05230  0.00595  0.19417  0.02152  0.02693  0.00068  
 

298 260 180 18 171 4 

2.56 123  248  117  0.47  
 

0.16311  0.00320  9.50114  0.25344  0.42242  0.00911  
 

2488 20 2388 25 2271 41 

2.57 17  481  440  0.91  
 

0.04977  0.00138  0.19980  0.00656  0.02911  0.00064  
 

184 39 185 6 185 4 

2.58 13  395  426  1.08  
 

0.04924  0.00145  0.17141  0.00585  0.02524  0.00056  
 

159 41 161 5 161 4 

2.59 3  105  66  0.63  
 

0.05057  0.00371  0.16308  0.01217  0.02338  0.00058  
 

221 124 153 11 149 4 

2.60 5  141  203  1.45  
 

0.04914  0.00319  0.16370  0.01096  0.02416  0.00056  
 

155 109 154 10 154 4 

3.1 6  158  201  1.27  
 

0.04984  0.00210  0.19857  0.00837  0.02889  0.00052  
 

188 65 184 7 184 3 

3.2 4  101  165  1.63  
 

0.04959  0.00209  0.18688  0.00787  0.02733  0.00050  
 

176 64 174 7 174 3 

3.3 42  65  78  1.21  
 

0.16604  0.00291  11.52751  0.22790  0.50343  0.00783  
 

2518 15 2567 18 2629 34 

3.4 152  267  221  0.83  
 

0.16716  0.00280  10.80322  0.20772  0.46865  0.00715  
 

2529 15 2506 18 2478 31 

3.5 158  385  114  0.30  
 

0.16071  0.00270  8.35425  0.16098  0.37696  0.00575  
 

2463 15 2270 17 2062 27 

3.6 3  85  109  1.28  
 

0.04972  0.00266  0.19842  0.01043  0.02894  0.00059  
 

182 84 184 9 184 4 

3.7 44  66  79  1.19  
 

0.16772  0.00298  12.03349  0.24045  0.52027  0.00812  
 

2535 15 2607 19 2700 34 

3.8 6  129  96  0.74  
 

0.04944  0.00363  0.17603  0.01283  0.02582  0.00051  
 

169 128 165 11 164 3 

3.9 6  176  170  0.96  
 

0.05346  0.00288  0.19497  0.01045  0.02644  0.00050  
 

348 87 181 9 168 3 

3.10 2  78  94  1.20  
 

0.06170  0.00673  0.17528  0.01902  0.02060  0.00044  
 

664 200 164 16 131 3 
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3.11 137  280  189  0.67  
 

0.16831  0.00294  9.64981  0.19085  0.41576  0.00641  
 

2541 15 2402 18 2241 29 

3.12 129  241  164  0.68  
 

0.16723  0.00291  10.48381  0.20693  0.45460  0.00699  
 

2530 15 2478 18 2416 31 

3.13 8  230  199  0.86  
 

0.04984  0.00183  0.19668  0.00725  0.02861  0.00051  
 

188 53 182 6 182 3 

3.14 62  120  51  0.43  
 

0.16678  0.00298  10.57864  0.21260  0.45996  0.00713  
 

2526 16 2487 19 2439 31 

3.15 3  128  204  1.59  
 

0.04859  0.00298  0.13412  0.00817  0.02001  0.00039  
 

128 101 128 7 128 2 

3.16 11  236  670  2.84  
 

0.04956  0.00186  0.18840  0.00710  0.02757  0.00048  
 

174 56 175 6 175 3 

3.17 11  301  531  1.76  
 

0.04954  0.00153  0.18538  0.00585  0.02713  0.00046  
 

173 43 173 5 173 3 

3.18 7  187  312  1.67  
 

0.04960  0.00254  0.19811  0.01008  0.02897  0.00055  
 

176 83 184 9 184 3 

3.19 2  88  89  1.01  
 

0.04861  0.00344  0.13351  0.00933  0.01992  0.00042  
 

129 117 127 8 127 3 

3.20 2  94  126  1.34  
 

0.04868  0.00360  0.13364  0.00976  0.01991  0.00043  
 

132 123 127 9 127 3 

3.21 2  44  69  1.56  
 

0.04964  0.00431  0.19089  0.01634  0.02788  0.00066  
 

178 149 177 14 177 4 

3.22 5  160  120  0.75  
 

0.04937  0.00285  0.18926  0.01087  0.02780  0.00053  
 

165 96 176 9 177 3 

3.23 3  119  79  0.66  
 

0.05613  0.00448  0.14674  0.01155  0.01896  0.00042  
 

458 136 139 10 121 3 

3.24 117  215  165  0.77  
 

0.16414  0.00302  10.26016  0.21071  0.45327  0.00702  
 

2499 16 2459 19 2410 31 

3.25 136  237  192  0.81  
 

0.16860  0.00311  11.02632  0.22655  0.47425  0.00734  
 

2544 16 2525 19 2502 32 

3.26 4  143  113  0.79  
 

0.04960  0.00236  0.18467  0.00869  0.02700  0.00052  
 

176 74 172 7 172 3 

3.27 97  153  235  1.54  
 

0.16776  0.00315  10.74834  0.22386  0.46460  0.00724  
 

2535 17 2502 19 2460 32 

3.28 10  262  537  2.05  
 

0.04954  0.00179  0.18266  0.00660  0.02674  0.00048  
 

173 51 170 6 170 3 

3.29 3  133  148  1.11  
 

0.04860  0.00444  0.13361  0.01212  0.01993  0.00042  
 

129 163 127 11 127 3 

3.30 2  55  20  0.36  
 

0.06062  0.00673  0.23108  0.02550  0.02764  0.00060  
 

626 204 211 21 176 4 

3.32 7  282  396  1.40  
 

0.04849  0.00182  0.13349  0.00502  0.01996  0.00036  
 

123 55 127 4 127 2 

3.33 59  97  97  1.00  
 

0.16656  0.00327  11.03526  0.23714  0.48046  0.00756  
 

2523 17 2526 20 2529 33 

3.34 5  143  111  0.78  
 

0.05021  0.00588  0.17522  0.02021  0.02531  0.00053  
 

205 261 164 17 161 3 

3.35 6  206  171  0.83  
 

0.04938  0.00217  0.18397  0.00810  0.02702  0.00048  
 

166 70 171 7 172 3 

4.1 1  20  32  1.58  
 

0.04942  0.01024  0.17304  0.03576  0.02539  0.00086  
 

168 329 162 31 162 5 

4.2 1  27  11  0.42  
 

0.04938  0.01090  0.17421  0.03841  0.02558  0.00083  
 

166 354 163 33 163 5 
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4.3 111  209  91  0.44  
 

0.16792  0.00246  10.23314  0.25493  0.44187  0.01000  
 

2537 19 2456 23 2359 45 

4.4 59  93  70  0.75  
 

0.17168  0.00258  11.54545  0.29002  0.48762  0.01108  
 

2574 19 2568 23 2560 48 

4.5 3  28  86  3.08  
 

0.04605  0.00782  0.14611  0.02447  0.02301  0.00065  
 

- - 138 22 147 4 

4.6 122  305  96  0.31  
 

0.16108  0.00237  7.55749  0.18830  0.34019  0.00769  
 

2467 19 2180 22 1888 37 

4.7 90  166  86  0.52  
 

0.16590  0.00247  10.03463  0.25089  0.43858  0.00993  
 

2517 19 2438 23 2344 44 

4.8 3  90  50  0.56  
 

0.04969  0.00388  0.19452  0.01557  0.02839  0.00070  
 

181 135 180 13 180 4 

4.9 2  70  39  0.56  
 

0.04605  0.00335  0.12227  0.00835  0.01926  0.00048  
 

- - 117 8 123 3 

4.11 5  255  110  0.43  
 

0.04835  0.00271  0.12170  0.00716  0.01825  0.00044  
 

116 89 117 6 117 3 

4.12 3  84  91  1.08  
 

0.04946  0.00384  0.17902  0.01420  0.02625  0.00066  
 

170 132 167 12 167 4 

4.13 77  135  91  0.67  
 

0.16472  0.00258  10.11628  0.25567  0.44535  0.01007  
 

2505 19 2445 23 2375 45 

4.14 2  58  50  0.86  
 

0.04923  0.00617  0.16735  0.02110  0.02465  0.00067  
 

159 229 157 18 157 4 

4.15 68  129  57  0.44  
 

0.16675  0.00270  9.98883  0.25498  0.43438  0.00983  
 

2525 19 2434 24 2325 44 

4.16 95  175  110  0.63  
 

0.16710  0.00268  10.00434  0.25444  0.43413  0.00980  
 

2529 19 2435 23 2324 44 

4.17 99  156  113  0.73  
 

0.17121  0.00277  11.51138  0.29336  0.48756  0.01101  
 

2570 19 2566 24 2560 48 

4.18 50  100  42  0.43  
 

0.16550  0.00276  9.42056  0.24262  0.41277  0.00936  
 

2513 19 2380 24 2228 43 

4.19 184  373  131  0.35  
 

0.16285  0.00605  9.20264  0.26910  0.40984  0.00938  
 

2485 64 2358 27 2214 43 

4.20 81  152  45  0.29  
 

0.16235  0.00269  10.21777  0.26253  0.45637  0.01031  
 

2480 19 2455 24 2424 46 

4.21 16  460  564  1.23  
 

0.04922  0.00134  0.17107  0.00567  0.02520  0.00058  
 

158 38 160 5 160 4 

4.22 12  316  335  1.06  
 

0.05797  0.00515  0.22971  0.01956  0.02874  0.00074  
 

529 202 210 16 183 5 

4.23 5  138  126  0.91  
 

0.05016  0.00521  0.18211  0.01834  0.02633  0.00067  
 

203 233 170 16 168 4 

4.24 10  331  639  1.93  
 

0.04856  0.00188  0.13178  0.00565  0.01968  0.00046  
 

127 58 126 5 126 3 

4.26 160  220  519  2.36  
 

0.16570  0.00295  9.70157  0.25489  0.42456  0.00958  
 

2515 20 2407 24 2281 43 

4.27 9  247  322  1.30  
 

0.06129  0.00658  0.21466  0.02231  0.02540  0.00069  
 

650 241 197 19 162 4 

4.29 3  95  113  1.19  
 

0.06469  0.00431  0.24128  0.01648  0.02705  0.00069  
 

764 101 219 13 172 4 

4.31 74  120  121  1.01  
 

0.16492  0.00320  10.27548  0.27915  0.45181  0.01026  
 

2507 21 2460 25 2403 46 

4.32 18  540  589  1.09  
 

0.05042  0.00144  0.17313  0.00587  0.02490  0.00057  
 

214 39 162 5 159 4 
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4.33 3  92  77  0.83  
 

0.04954  0.00395  0.18911  0.01535  0.02768  0.00070  
 

173 136 176 13 176 4 

4.34 5  163  105  0.64  
 

0.04922  0.00224  0.16865  0.00820  0.02485  0.00060  
 

158 69 158 7 158 4 

4.35 8  203  398  1.96  
 

0.06097  0.00258  0.22284  0.01016  0.02650  0.00064  
 

638 57 204 8 169 4 

4.36 13  258  567  2.20  
 

0.04605  0.00349  0.18818  0.01354  0.02964  0.00071  
 

- - 175 12 188 4 

4.38 1  31  30  0.96  
 

0.04855  0.01279  0.13467  0.03540  0.02011  0.00068  
 

126 406 128 32 128 4 

4.39 8  267  454  1.70  
 

0.04852  0.00242  0.13126  0.00691  0.01962  0.00047  
 

125 77 125 6 125 3 

4.40 8  247  224  0.91  
 

0.04919  0.00235  0.16706  0.00846  0.02463  0.00059  
 

157 74 157 7 157 4 

4.41 50  83  81  0.98  
 

0.16405  0.00354  10.10482  0.28719  0.44663  0.01019  
 

2498 22 2444 26 2380 45 

4.42 7  194  222  1.14    0.04926  0.00283  0.17250  0.01026  0.02539  0.00063    160 91 162 9 162 4 

a
 Corrected ratios 
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Table 2 

Bulk rock major and trace element data for the Xintaimen rhyolite. 

Samples 11XC10 11XC11 11XC12 12XTM03 12XTM04 12XTM05 12XTM06 12XTM07 12XTM08 12XTM09 12XTM10 12XTM12 

Major elements (wt.%) 
          

SiO2 68.25  65.59  67.99  70.36  69.61  69.43  70.32  69.22  68.76  70.32  70.34  68.99  

TiO2 0.41  0.44  0.40  0.32  0.34  0.35  0.32  0.35  0.34  0.32  0.33  0.35  

Al2O3 13.17  14.50  13.44  13.13  13.04  13.65  13.23  13.33  13.36  12.91  12.86  13.19  

Fe2O3T 3.23  3.62  3.30  2.76  2.78  2.92  2.77  2.99  2.77  2.79  2.76  2.90  

MnO 0.05  0.05  0.05  0.04  0.04  0.04  0.04  0.05  0.04  0.04  0.04  0.04  

MgO 1.36  1.46  1.40  1.19  1.19  1.27  1.19  1.22  1.34  1.19  1.21  1.23  

CaO 3.09  3.32  3.05  2.90  3.16  2.95  2.99  3.02  3.08  2.91  2.98  3.08  

Na2O 4.19  4.47  4.14  3.46  3.11  3.81  3.54  3.91  3.21  3.33  3.41  3.29  

K2O 2.91  3.35  2.96  2.45  2.57  2.33  2.28  2.32  2.47  2.64  2.30  3.20  

P2O5 0.17  0.19  0.18  0.14  0.16  0.15  0.15  0.16  0.15  0.14  0.15  0.16  

LOI 2.36  2.21  2.29  3.09  3.83  2.96  3.01  3.27  4.35  3.23  3.47  3.40  

Total 99.20  99.21  99.20  99.85  99.84  99.85  99.85  99.84  99.86  99.84  99.83  99.83  

K2O/Na2O 0.69  0.75  0.71  0.71  0.83  0.61  0.64  0.59  0.77  0.79  0.67  0.97  

A/CNK 0.84  0.85  0.86  0.96  0.96  0.97  0.96  0.92  0.99  0.95  0.95  0.91  

Mg# 49.6  48.6  49.7  50.2  49.9  50.3  50.0  48.7  52.9  49.8  50.4  49.6  

Trace elements (ppm) 
          

Li 7.48  7.18  7.54  19.99  20.94  18.37  14.56  17.28  29.50  21.06  20.84  20.94  

P 748  753  771  1155  1264  1191  1181  1206  1245  1151  1215  1197  

K 25640  27020  26767  39600  41400  36300  35820  37180  41500  42880  38740  47960  

Sc 4.72  4.73  4.84  6.80  6.72  6.75  6.83  6.65  7.17  6.63  6.89  6.83  

Ti 2902  2894  2913  3090  3418  3226  3160  3324  3414  3112  3310  3212  

V 42.20  42.04  43.47  55.14  60.82  59.28  55.86  61.02  62.84  56.40  59.62  59.42  
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Cr 29.40  36.34  31.77  37.48  37.84  51.82  42.72  38.86  43.86  36.58  39.40  37.02  

Mn 306  316  321  447  451  465  450  497  458  457  468  479  

Co 5.95  5.97  5.98  8.76  9.44  9.27  9.00  9.38  9.46  9.08  9.42  8.97  

Ni 11.35  14.15  12.86  18.59  18.55  24.10  21.80  18.08  19.96  17.91  18.32  17.44  

Cu 13.54  13.75  13.27  20.76  21.84  22.02  21.98  22.06  21.92  20.84  22.14  22.20  

Zn 44.76  47.58  46.06  65.50  71.48  71.06  66.52  68.52  68.90  65.78  70.30  67.32  

Ga 16.24  16.33  16.65  21.24  22.98  21.46  21.48  21.52  22.22  21.04  22.02  21.36  

Rb 107  106  107  117  78  116  100  113  70  110  103  105  

Sr 693  659  712  791  1006  745  865  763  763  773  816  810  

Y 7.33  7.29  7.56  7.59  7.82  7.48  7.62  7.41  7.66  7.34  7.57  7.34  

Zr 229  227  235  188  204  196  190  196  203  188  199  197  

Hf 4.48  4.44  4.61  4.27  4.66  4.48  4.26  4.50  4.53  4.23  4.49  4.47  

Nb 14.11  14.09  14.46  10.56  11.82  11.18  10.81  11.76  11.41  10.52  11.20  11.04  

Ta 1.45  1.74  1.38  0.66  0.68  0.71  0.65  0.72  0.69  0.70  0.72  0.62  

Cs 6.79  3.06  4.73  8.40  9.51  2.81  6.35  4.38  1.72  7.86  6.45  5.50  

Ba 1232  1219  1282  1182  1289  1144  1162  1113  1128  1147  1162  1142  

La 35.46  35.44  36.50  35.02  36.68  35.10  34.94  33.70  34.80  33.80  34.80  34.08  

Ce 62.60  62.74  64.43  62.98  65.86  63.00  62.28  61.06  62.80  61.10  62.86  61.76  

Pr 6.49  6.54  6.71  6.52  6.85  6.54  6.49  6.26  6.56  6.36  6.50  6.37  

Nd 22.10  22.24  22.76  21.08  21.98  21.22  20.84  20.30  21.08  20.42  20.92  20.48  

Sm 3.26  3.28  3.34  3.14  3.20  3.09  3.10  2.98  3.09  3.00  3.06  2.99  

Eu 0.94  0.95  0.97  0.94  0.99  0.94  0.92  0.91  0.95  0.91  0.92  0.92  

Gd 2.45  2.47  2.52  2.39  2.48  2.38  2.36  2.27  2.41  2.29  2.36  2.28  

Tb 0.28  0.28  0.29  0.27  0.28  0.27  0.27  0.26  0.27  0.26  0.26  0.26  

Dy 1.41  1.42  1.47  1.33  1.40  1.32  1.31  1.29  1.34  1.29  1.32  1.29  

Ho 0.26  0.26  0.26  0.25  0.26  0.25  0.24  0.24  0.25  0.24  0.24  0.24  
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Er 0.71  0.70  0.74  0.67  0.69  0.66  0.66  0.64  0.67  0.65  0.66  0.64  

Tm 0.10  0.10  0.10  0.09  0.09  0.09  0.09  0.09  0.09  0.09  0.09  0.09  

Yb 0.63  0.63  0.65  0.59  0.60  0.58  0.59  0.58  0.59  0.57  0.58  0.58  

Lu 0.09  0.09  0.10  0.09  0.09  0.09  0.09  0.09  0.09  0.08  0.09  0.09  

Pb 13.94  14.16  14.09  11.34  10.75  11.52  11.35  11.65  11.71  11.01  11.47  11.46  

Th 6.16  6.20  6.35  4.98  5.10  4.96  4.93  4.79  5.04  4.77  4.91  4.84  

U 1.16  1.18  1.19  0.77  0.95  0.77  0.77  0.77  0.78  0.75  0.79  0.77  

ΣREE 136.8  137.1  140.8  135.4  141.4  135.5  134.2  130.7  135.0  131.1  134.7  132.1  

Eu/Eu* 0.97  0.98  0.98  1.01  1.04  1.02  1.01  1.03  1.02  1.02  1.01  1.04  

(La/Yb)N 40  40  40  42  44  43  43  42  43  43  43  42  

Sr/Y 94  90  94  104  129  100  114  103  100  105  108  110  

Mg# = molar 100 * Mg/(Mg + Fe) 
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Table 3 

Bulk rock Nd isotopic compositions of the Xintaimen rhyolite. 

Sample Rb  Sr 
87

Rb/
86

Sr 
87

Sr/
86

Sr ±2σ ISr(t) Sm Nd 
147

Sm/
144

Nd 
143

Nd/
144

Nd ±2σ εNd(0) (
143

Nd/
144

Nd)i εNd(t) TDM1 TDM2 f
Sm/Nd

 

  (ppm) (ppm) 
 

 
 

     (ppm) (ppm) 
 

 
 

     
 

   (Ma) (Ma)   

12XTM03 117  791  0.418  0.706608  4 0.705866  3.14  21.08  0.095  0.511723  2 -17.8  0.511646  -16.2  1819  2236  -0.52  

12XTM04 78  1006  0.218  0.706454  6 0.706067  3.20  21.98  0.092  0.511720  2 -17.9  0.511644  -16.2  1792  2239  -0.53  

12XTM05 116  745  0.438  0.706706  5 0.705927  3.09  21.22  0.092  0.511703  6 -18.2  0.511627  -16.6  1813  2266  -0.53  

12XTM08 70  763  0.259  0.706518  2 0.706059  3.09  21.08  0.093  0.511720  2 -17.9  0.511643  -16.3  1802  2240  -0.53  

12XTM10 103  816  0.357  0.706317  9 0.705682  3.06  20.92  0.093  0.511816  11 -16.0  0.511740  -14.4  1678  2087  -0.53  

11XC10 107  693  0.437  0.706652  6 0.705875  3.26  22.10  0.094  0.511721  1 -17.9  0.511644  -16.3  1810  2239  -0.52  

11XC11 106  659  0.454  0.706727  7 0.705921  3.28  22.24  0.094  0.511724  2 -17.8  0.511647  -16.2  1805  2234  -0.52  

11XC12 107  712  0.424  0.706730  8 0.705976  3.34  22.76  0.093  0.511720  2 -17.9  0.511644  -16.2  1801  2239  -0.53  

a
 Calculated at 125 Ma 

Parameters used in the calculation are as follows: 
87

Rb decay λ = 1.42×10
−11

 year
−1

; 
147

Sm decay λ = 6.54×10
−12

 year
−1

; (
147

Sm/
144

Nd)CHUR = 0.1967, (
143

Nd/
144

Nd)CHUR = 

0.512638; (
147

Sm/
144

Nd)DM = 0.2137, (
143

Nd/
144

Nd)DM = 0.51315. 
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Table 4 

In situ zircon Hf isotopic compositions of the Xintaimen rhyolite. 

Spot t (Ma) 
176

Yb/
177

Hf ±2σ 
176

Lu/
177

Hf ±2σ 
176

Hf/
177

Hf ±2σ (
176

Hf/
177

Hf)i
a
 εHf(0) εHf(t) TDM1 (Ma) TDM2

 
(Ma) fLu/Hf 

12XTM01 

            1.1 158 0.040989  0.000583  0.001445 0.000020  0.282375 0.000019  0.282371  -14.0  -10.7  1253  1549  -0.96  

1.2 174 0.048696  0.000384  0.001644 0.000012  0.282417 0.000020  0.282411  -12.6  -8.9  1201  1471  -0.95  

1.3 153 0.040135  0.000654  0.001156 0.000016  0.282181 0.000019  0.282178  -20.9  -17.7  1515  1896  -0.97  

1.4 2565 0.020931  0.000349  0.000737 0.000011  0.281331 0.000020  0.281295  -51.0  5.4  2662  2691  -0.98  

1.5 177 0.039587  0.000354  0.001439 0.000008  0.282406 0.000018  0.282401  -13.0  -9.2  1210  1488  -0.96  

1.6 146 0.019785  0.000063  0.000709 0.000004  0.282224 0.000023  0.282222  -19.4  -16.3  1439  1820  -0.98  

1.7 153 0.042696  0.001213  0.001420 0.000045  0.282204 0.000022  0.282200  -20.1  -16.9  1494  1857  -0.96  

1.8 2576 0.030727  0.001214  0.001171 0.000049  0.281321 0.000015  0.281264  -51.3  4.5  2705  2741  -0.96  

1.9 166 0.066101  0.000267  0.002258 0.000004  0.282116 0.000017  0.282109  -23.2  -19.8  1655  2015  -0.93  

1.10 163 0.028046  0.000837  0.000909 0.000028  0.282167 0.000015  0.282164  -21.4  -17.9  1526  1919  -0.97  

1.11 171 0.013332  0.000096  0.000442 0.000002  0.282073 0.000022  0.282071  -24.7  -21.0  1636  2082  -0.99  

1.12 168 0.041408  0.000206  0.001379 0.000006  0.282219 0.000017  0.282214  -19.6  -16.0  1472  1826  -0.96  

1.13 175 0.018648  0.000149  0.000628 0.000006  0.282244 0.000014  0.282242  -18.7  -14.9  1408  1776  -0.98  

1.14 191 0.024560  0.000455  0.000893 0.000016  0.282134 0.000018  0.282131  -22.5  -18.5  1570  1968  -0.97  

1.15 2549 0.016847  0.000129  0.000599 0.000004  0.281280 0.000016  0.281251  -52.7  3.5  2720  2772  -0.98  

2.1 127 0.014786  0.000064  0.000376  0.000003  0.282000  0.000027  0.281999  -27.3  -24.6  1733  2225  -0.99  

2.2 177 0.072409  0.000624  0.001767  0.000017  0.282326  0.000026  0.282320  -15.8  -12.1  1334  1633  -0.95  

2.3 181 0.054376  0.000194  0.001430  0.000011  0.282373  0.000021  0.282369  -14.1  -10.3  1255  1546  -0.96  

2.4 178 0.060106  0.000478  0.001648  0.000008  0.282435  0.000020  0.282430  -11.9  -8.2  1174  1436  -0.95  

2.5 2489 0.017751  0.000075  0.000457  0.000005  0.281307  0.000023  0.281285  -51.8  3.3  2676  2732  -0.99  

2.7 159 0.035684  0.000175  0.000844  0.000007  0.282195  0.000030  0.282193  -20.4  -17.0  1483  1868  -0.97  

2.8 150 0.044759  0.000132  0.000962  0.000008  0.282185  0.000027  0.282182  -20.8  -17.6  1503  1890  -0.97  
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2.9 2542 0.062958  0.000817  0.001456  0.000023  0.281334  0.000029  0.281263  -50.9  3.7  2708  2753  -0.96  

2.10 2534 0.027229  0.000062  0.000641  0.000004  0.281314  0.000029  0.281283  -51.6  4.2  2679  2722  -0.98  

2.11 163 0.090729  0.000831  0.001840  0.000010  0.282264  0.000027  0.282258  -18.0  -14.6  1426  1749  -0.94  

2.12 167 0.058948  0.001057  0.001290  0.000027  0.282267  0.000024  0.282263  -17.9  -14.3  1401  1740  -0.96  

2.13 175 0.047712  0.000825  0.001153  0.000014  0.282406  0.000028  0.282403  -12.9  -9.2  1200  1486  -0.97  

2.14 2496 0.008878  0.000705  0.000167  0.000015  0.281191  0.000024  0.281183  -55.9  -0.2  2810  2908  -0.99  

2.15 161 0.028528  0.000619  0.000624  0.000011  0.282178  0.000024  0.282177  -21.0  -17.5  1498  1897  -0.98  

2.16 193 0.072250  0.000797  0.001972  0.000017  0.282362  0.000023  0.282355  -14.5  -10.5  1290  1566  -0.94  

2.17 162 0.050571  0.000603  0.001041  0.000015  0.282232  0.000025  0.282229  -19.1  -15.6  1439  1802  -0.97  

2.18 189 0.056242  0.001760  0.001386  0.000041  0.282413  0.000028  0.282408  -12.7  -8.7  1198  1472  -0.96  

2.19 169 0.046889  0.000209  0.001029  0.000005  0.282180  0.000023  0.282177  -20.9  -17.3  1512  1893  -0.97  

2.20 173 0.073981  0.000789  0.001469  0.000021  0.282183  0.000027  0.282178  -20.8  -17.2  1525  1889  -0.96  

2.21 2513 0.028858  0.000221  0.000704  0.000004  0.281253  0.000023  0.281219  -53.7  1.5  2766  2840  -0.98  

2.22 191 0.085071  0.001287  0.001936  0.000019  0.282173  0.000028  0.282166  -21.2  -17.2  1559  1905  -0.94  

2.25 2543 0.028915  0.000809  0.000724  0.000014  0.281374  0.000027  0.281339  -49.4  6.5  2602  2620  -0.98  

2.26 192 0.074340  0.000451  0.001909  0.000008  0.282395  0.000026  0.282388  -13.3  -9.4  1240  1506  -0.94  

2.27 167 0.047375  0.000175  0.000972  0.000006  0.282198  0.000025  0.282194  -20.3  -16.8  1485  1862  -0.97  

2.28 163 0.040105  0.000379  0.000818  0.000004  0.282282  0.000024  0.282280  -17.3  -13.8  1362  1711  -0.98  

2.29 167 0.061030  0.000613  0.001290  0.000019  0.282184  0.000024  0.282180  -20.8  -17.3  1517  1888  -0.96  

2.30 162 0.048552  0.000678  0.001056  0.000011  0.282236  0.000027  0.282233  -19.0  -15.5  1435  1795  -0.97  

2.31 168 0.039583  0.000358  0.000861  0.000010  0.282340  0.000025  0.282338  -15.3  -11.7  1283  1606  -0.97  

2.32 118 0.056943  0.000530  0.001523  0.000029  0.282124  0.000030  0.282120  -22.9  -20.5  1611  2010  -0.95  

2.33 2522 0.039630  0.000544  0.000999  0.000010  0.281209  0.000027  0.281160  -55.3  -0.4  2846  2939  -0.97  

2.34 2482 0.017292  0.000422  0.000424  0.000007  0.281207  0.000021  0.281187  -55.3  -0.4  2806  2905  -0.99  

2.35 167 0.039042  0.000231  0.000870  0.000010  0.282183  0.000029  0.282181  -20.8  -17.3  1501  1888  -0.97  

2.36 168 0.038203  0.000199  0.000876  0.000010  0.282187  0.000025  0.282184  -20.7  -17.1  1497  1881  -0.97  
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2.37 168 0.040087  0.000648  0.000892  0.000007  0.282267  0.000030  0.282264  -17.9  -14.3  1386  1737  -0.97  

2.38 164 0.044868  0.000380  0.001146  0.000006  0.282197  0.000023  0.282193  -20.4  -16.9  1494  1866  -0.97  

2.39 156 0.029631  0.000518  0.000817  0.000003  0.282237  0.000025  0.282235  -18.9  -15.6  1424  1794  -0.98  

2.40 164 0.036974  0.000297  0.000774  0.000007  0.282186  0.000023  0.282184  -20.7  -17.2  1494  1883  -0.98  

2.41 152 0.020345  0.000171  0.000474  0.000004  0.282213  0.000029  0.282212  -19.8  -16.5  1445  1836  -0.99  

2.42 176 0.045478  0.000603  0.001614  0.000035  0.282347  0.000028  0.282342  -15.0  -11.4  1299  1595  -0.95  

2.43 165 0.070178  0.000650  0.001456  0.000011  0.282240  0.000027  0.282236  -18.8  -15.3  1444  1789  -0.96  

2.44 162 0.048778  0.000357  0.001221  0.000029  0.282204  0.000027  0.282200  -20.1  -16.7  1486  1854  -0.96  

2.45 163 0.046546  0.000438  0.001056  0.000027  0.282223  0.000026  0.282219  -19.4  -16.0  1454  1819  -0.97  

2.46 164 0.046155  0.000366  0.001228  0.000024  0.282216  0.000026  0.282212  -19.7  -16.2  1470  1832  -0.96  

2.47 161 0.033566  0.000450  0.000732  0.000007  0.282147  0.000030  0.282145  -22.1  -18.7  1546  1954  -0.98  

2.48 179 0.087910  0.002370  0.002042  0.000052  0.282328  0.000029  0.282321  -15.7  -12.0  1341  1631  -0.94  

2.49 180 0.047267  0.000146  0.001133  0.000006  0.282365  0.000029  0.282361  -14.4  -10.6  1257  1559  -0.97  

2.50 174 0.042039  0.000434  0.001252  0.000016  0.282107  0.000029  0.282103  -23.5  -19.9  1624  2024  -0.96  

2.51 165 0.032778  0.000348  0.000797  0.000017  0.282274  0.000030  0.282272  -17.6  -14.1  1372  1725  -0.98  

2.53 170 0.035147  0.000562  0.001092  0.000006  0.282200  0.000030  0.282196  -20.2  -16.6  1487  1859  -0.97  

2.56 2488 0.011712  0.000164  0.000415  0.000003  0.281316  0.000024  0.281296  -51.5  3.7  2660  2713  -0.99  

2.57 185 0.047108  0.000752  0.001264  0.000011  0.282446  0.000029  0.282441  -11.5  -7.6  1148  1413  -0.96  

2.59 149 0.030305  0.000450  0.000673  0.000016  0.282364  0.000030  0.282363  -14.4  -11.2  1243  1567  -0.98  

2.60 154 0.049590  0.000152  0.001060  0.000016  0.282313  0.000030  0.282310  -16.2  -13.0  1327  1659  -0.97  

3.3 2518 0.015437  0.000151  0.000537 0.000003  0.281261 0.000016  0.281235  -53.4  2.2  2743  2810  -0.98  

3.4 2529 0.015518  0.000085  0.000507 0.000003  0.281239 0.000016  0.281214  -54.2  1.7  2770  2843  -0.98  

3.5 2463 0.014829  0.000066  0.000577 0.000003  0.281298 0.000016  0.281271  -52.1  2.2  2695  2765  -0.98  

3.6 184 0.041226  0.000294  0.001459 0.000015  0.282399 0.000018  0.282394  -13.2  -9.3  1220  1499  -0.96  

3.7 2535 0.011120  0.000182  0.000384 0.000005  0.281255 0.000016  0.281236  -53.6  2.6  2740  2802  -0.99  

3.8 164 0.022523  0.000435  0.000708 0.000012  0.282217 0.000016  0.282214  -19.6  -16.1  1449  1828  -0.98  
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3.9 168 0.031427  0.000804  0.000985 0.000026  0.282226 0.000015  0.282223  -19.3  -15.7  1446  1811  -0.97  

3.10 131 0.033361  0.000087  0.001183 0.000001  0.282323 0.000019  0.282320  -15.9  -13.1  1317  1648  -0.96  

3.11 2541 0.015889  0.000109  0.000593 0.000003  0.281345 0.000017  0.281316  -50.5  5.6  2633  2660  -0.98  

3.12 2530 0.008661  0.000082  0.000347 0.000002  0.281226 0.000015  0.281209  -54.7  1.5  2776  2852  -0.99  

3.13 182 0.039957  0.000881  0.001510 0.000027  0.282361 0.000017  0.282356  -14.5  -10.7  1275  1568  -0.95  

3.14 2526 0.010413  0.000174  0.000392 0.000005  0.281239 0.000017  0.281220  -54.2  1.8  2761  2833  -0.99  

3.15 128 0.029678  0.001103  0.001158 0.000040  0.282331 0.000022  0.282328  -15.6  -12.9  1306  1635  -0.97  

3.16 175 0.086407  0.001252  0.002946 0.000053  0.282259 0.000021  0.282250  -18.1  -14.6  1476  1760  -0.91  

4.1 162 0.043378  0.001117  0.001021  0.000028  0.282110  0.000030  0.282107  -23.4  -20.0  1609  2020  -0.97  

4.2 163 0.015357  0.000571  0.000387  0.000015  0.282257  0.000026  0.282256  -18.2  -14.7  1381  1754  -0.99  

4.3 2537 0.028540  0.001250  0.000695  0.000030  0.281318  0.000030  0.281284  -51.4  4.4  2677  2718  -0.98  

4.4 2574 0.017826  0.000234  0.000487  0.000006  0.281286  0.000025  0.281262  -52.5  4.4  2705  2744  -0.99  

4.6 2467 0.015047  0.000371  0.000388  0.000011  0.281232  0.000026  0.281214  -54.5  0.2  2771  2864  -0.99  

4.7 2517 0.021623  0.001592  0.000522  0.000033  0.281253  0.000030  0.281228  -53.7  1.9  2752  2823  -0.98  

4.9 123 0.062052  0.000150  0.001619  0.000007  0.282387  0.000030  0.282383  -13.6  -11.1  1242  1538  -0.95  

4.12 167 0.054228  0.001902  0.001338  0.000039  0.282216  0.000026  0.282212  -19.7  -16.1  1474  1831  -0.96  

4.13 2505 0.013838  0.000049  0.000389  0.000002  0.281308  0.000024  0.281289  -51.8  3.8  2669  2719  -0.99  

4.14 157 0.035639  0.000383  0.000879  0.000009  0.282284  0.000029  0.282281  -17.3  -13.9  1362  1710  -0.97  

4.15 2525 0.022322  0.000232  0.000555  0.000006  0.281298  0.000030  0.281271  -52.1  3.6  2694  2744  -0.98  

4.17 2570 0.020069  0.000136  0.000521  0.000003  0.281295  0.000029  0.281270  -52.2  4.6  2695  2733  -0.98  

4.18 2513 0.012160  0.000118  0.000423  0.000004  0.281281  0.000027  0.281261  -52.7  3.0  2707  2766  -0.99  

4.20 2480 0.011577  0.000162  0.000348  0.000005  0.281311  0.000027  0.281295  -51.7  3.4  2662  2718  -0.99  

4.21 160 0.039386  0.000160  0.000911  0.000005  0.282171  0.000026  0.282168  -21.3  -17.9  1520  1912  -0.97  

4.23 168 0.041636  0.000411  0.000994  0.000008  0.282277  0.000030  0.282274  -17.5  -13.9  1375  1719  -0.97  

4.24 126 0.092528  0.002818  0.002577  0.000066  0.282512  0.000030  0.282506  -9.2  -6.6  1092  1315  -0.92  

4.26 2515 0.080907  0.002106  0.001841  0.000046  0.281388  0.000029  0.281299  -48.9  4.4  2661  2698  -0.94  
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4.27 162 0.094581  0.000712  0.002685  0.000053  0.282223  0.000030  0.282215  -19.4  -16.2  1519  1827  -0.92  

4.31 2507 0.015290  0.000173  0.000392  0.000003  0.281271  0.000024  0.281252  -53.1  2.5  2719  2784  -0.99  

4.32 159 0.063940  0.000470  0.001481  0.000025  0.282187  0.000025  0.282182  -20.7  -17.4  1521  1887  -0.96  

4.33 176 0.018791  0.000346  0.000505  0.000005  0.282440  0.000023  0.282438  -11.7  -7.9  1133  1422  -0.98  

4.34 158 0.032191  0.000260  0.000983  0.000015  0.282161  0.000026  0.282158  -21.6  -18.2  1536  1930  -0.97  

4.39 125 0.073170  0.000670  0.002065  0.000011  0.282204  0.000030  0.282199  -20.1  -17.5  1521  1867  -0.94  

a
 Calculated at single zircon U-Pb ages; 

206
Pb/

238
U ages for Mesozoic zircons; 

207
Pb/

206
Pb ages for Neoarchean to Early Paleoproterozoic zircons;  

Parameters used in the calculation are as follows: 
176

Lu decay λ = 1.867×10
−11

 year
−1

; (
176

Lu/
177

Hf)CHUR = 0.0332, (
176

Hf/
177

Hf)CHUR = 0.282772; (
176

Lu/
177

Hf)DM = 0.0384, 

(
176

Hf/
177

Hf)DM = 0.28325.
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Table 5  

In situ O isotopic compositions of zircons from the Xintaimen rhyolite. 

Spot Raw 
18

O/
16

O ±2σ δ
18

OSMOW (‰) ±2σ (‰) Age ±1σ 

Standard 
      

FC-1 (n = 16) 0.0020328 0.0000010 5.61 0.16 

  TEMORA-2 (n = 15) 0.0020376 0.0000011 8.05 0.15 

  12XTM01 
      

12XTM01-1.1 0.0020339 0.0000003  6.20 0.14 164 6 

12XTM01-2.1 0.0020353 0.0000003  6.90 0.17 2557 54 

12XTM01-3.1 0.0020332 0.0000003  5.82 0.17 164 4 

12XTM01-4.1 0.0020317 0.0000003  5.06 0.15 2488 5 

12XTM01-5.1 0.0020340 0.0000004  6.21 0.17 167 4 

12XTM01-8.1 0.0020328 0.0000003  5.65 0.16 160 3 

12XTM01-11.1 0.0020327 0.0000003  5.60 0.16 2514 60 

12XTM01-13.1 0.0020337 0.0000003  6.07 0.14 180 2 

12XTM01-14.1 0.0020341 0.0000003  6.29 0.15 161 2 

12XTM01-15.1 0.0020334 0.0000003  5.93 0.16 175 4 

12XTM01-16.1 0.0020337 0.0000003  6.06 0.15 165 2 

12XTM01-19.1 0.0020343 0.0000003  6.36 0.16 165 6 

12XTM01-20.1 0.0020349 0.0000003  6.67 0.15 165 4 

12XTM01-21.1 0.0020345 0.0000003  6.45 0.16 181 2 

12XTM01-22.1 0.0020362 0.0000003  7.31 0.14 2528 6 

12XTM01-23.1 0.0020331 0.0000003  5.79 0.14 2452 7 

12XTM01-24.1 0.0020343 0.0000004  6.40 0.18 159 5 

12XTM01-27.1 0.0020331 0.0000003  5.75 0.15 123 2 

12XTM01-28.1 0.0020334 0.0000003  5.92 0.15 168 4 

12XTM01-30.1 0.0020327 0.0000003  5.56 0.15 125 3 

12XTM01-32.1 0.0020329 0.0000003  5.68 0.16 121 2 

Correction for instrumental mass fractionation factor was done as following: δ
18

OVSMOW(Sample) = 5.61 + 

1000*[(
18

O/
16

O)(Sample, measured)- (
18

O/
16

O)(FC-1, measured)]/0.0020052. 

Ages are SHRIMP II zircon ages (
206

Pb/
238

U ages for Mesozoic zircons and 
207

Pb/
206

Pb ages for 

Neoarchean to Early Paleoproterozoic zircons). 
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Highlights 

 The Xintaimen adakitic rhyolite erupted in the Early Cretaceous with xenocrystic 

zircons of Neoarchean to Early Paleoproterozoic and Jurassic ages. 

 

 The Xintaimen adakitic rhyolite was sourced from the Paleoproterozoic mafic 

lower crust. 

 

 A long-lived melting process of mafic lower crust from the onset to the late stage 

of the paleo-Pacific plate subduction. 
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