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APPENDIX 1. ANALYTICAL METHODS

Al.1. Whole-rock geochemical analysis

Fresh rock samples were crushed, hand-picked and powdered to a grain size <200
mesh at Yuneng Mineral Separation Service Company at Langfang, Hebei Province,
China. Concentrations of major and trace elements of fourteen samples were analyzed
at the State Key Laboratory of Geological Processes and Mineral Resources, China
University of Geosciences (Wuhan) by the X-ray fluorescence (XFR) on fused glass
disks and inductively coupled plasma-mass (ICP-MS) using Agilent 7700e, respectively.
The detailed analytical information was described by Yang et al. (2005) and Liu et al.
(2008a). Analytical uncertainties for major and trace elements are generally better than

5% and 10%, respectively.

A1.2. Zircon U-Pb dating and trace element analyses

Zircons from five samples were separated by conventional density and magmatic
techniques at the laboratory of the Geological Team of Hebei Province, China. Then
separated grains were mounted in epoxy resin and polished. Cathodoluminescence (CL)
images were taken at the Institute of Geology, Chinese Academy of Geological Sciences
(Beijing) to reveal the internal textures and help select suitable spots for zircon in situ
analyses.

In situ zircon U-Pb single-spot dating of five samples, synchronously with trace

element analyses, were conducted using a beam diameter of 35 pm by laser ablation
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inductively coupled plasma mass spectrometry (LA-ICP-MS) using an Agilent 7900
ICP-MS system with New Wave 193UC excimer ArF laser at the Mineral Laser
Microprobe Analysis Laboratory (Milma Lab), China University of Geosciences
(Beijing) (CUGB). The detailed setting parameters for instruments and experimental
process were listed in Zhang et al. (2019). Zircon 91500 and glass NIST SRM 610 were
used as external standards for correcting U-Pb dating and trace element calibration,
respectively. Zircon GJ-1 (Jackson et al. 2004) and PleSovice (Slama et al. 2008) were
treated as unknown samples and inserted between zircon 91500 and the samples (e.g.,
2 zircon 91500 + 1 GJ-1 + 1 PleSovice + 6—8 samples + 2 zircon 91500). A Microsoft
Excel-based software ICPMSDataCal (Liu et al. 2008b, 2010) was used to perform off-
line data processing and conduction. Procedure ComPbCorr#3.15 (Andersen 2002) was
used for common Pb corrections. Isoplot 4.15 (Ludwig 2012) was used to plot
concordia diagrams and for 2°Pb/?*8U weighted mean calculations.

Zircon LA-ICP-MS U-Pb age and trace element scanning (mapping) from one
sample (13MDO07-1) were carried out synchronously at the Milma Lab using the same
laser and ICP-MS. The laser repletion rate was 8 Hz and the fluence was 5 J/cm? for all
experiments. NIST SRM 610 glass reference material was used to tune the mass
spectrometer to yield stable Th/U ratios and low 2*?Th'®0/**?Th production rates before
geological samples analyses. In order to avoid the contamination of mineral and melt
inclusions for trace element analyses, the signals with peaks in data processing were
abandoned.

Zircon age and element maps were made by successively acquiring adjacent line
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scans to produce a rectangular area on sample. Different laser spot size was used, which
depends on mineral size and interest area. To obtain high resolution of zircon, small
laser spot size of 7 um was chose in this experiment. The line scan speed need to integral
multiple to the spot size (scan speed = 7 um/s). Geochemical standard reference
samples GSD-1 and GSE-1 were used as the external standards in experiment. Software
LAMTrace was used for data processing and mapping of U-Pb age and trace element

(Jackson 2008).

A1.3. Zircon Hf-O isotopic analysis

In situ zircon O isotopic analyses of two sample (13MDO02-1 and 13MD06-2) were
conducted using a Cameca IMS 1280-HR at the SIMS Laboratory of Guangzhou
Institute of Geochemistry, Chinese Academy of Sciences. The zircon Penglai is used as
an external reference material to calibrate the instrumental mass fractionation. The
zircon Qinghu is used as the unknown samples that was inserted between Penglai and
the samples, which yield 5.49 = 0.14%o (2SD) (n=7), consistent with the recommended
values within error (2SD). The analytical beam diameter is 10x20 um. More detailed
analytical and data processing information was reported by Yang et al. (2018).

Following O isotopic analyses, zircon Hf isotopes were conducted on or nearby
the same location overlapped Hf spots. It was performed by a Neptune Plus multi
collector (MC)-ICP-MS coupled to a New Wave 193 excimer ArF laser ablation system
at the Milma Lab, CUGB, with a beam diameter of 35 um, laser pulse frequency of 8

Hz and energy density of 3.7 J/cm?. Makeup gas of argon and carrier gas of helium with
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the addition of nitrogen mixed in a T-branch pipe prior to introduction into the MC-
ICP-MS.

In the experiment, L4 to H3 Faraday cups were used to collect '7'Yb, !73Yb, '"*Lu,
176Hf, 17Hf, 7*Hf, 17°Hf, and '3°Hf, respectively with the integration time of 0.131 s.
The carrier and makeup gas flows were optimized by a line scan (spot size of 35 pum
and scan speed of 5 um/s) ablating NIST SRM 610 to obtain maximum signal intensity
for 32Th, while minimizing 23>Th'®0/>*?Th ratio. For each analysis, 50 s integration for
gas blank and 50 s integration for signal collection were set up with a total of 800 cycles
of raw data. Zircon 91500 (Blichert—Toft 2008) was used as an external standard for
correcting mass discrimination. Zircon PleSovice (Slama et al. 2008) was treated as
unknown sample that was inserted between zircon 91500 and the samples (e.g., 2 zircon
91500 + 1 Plesovice + 6-10 samples + 2 zircon 91500). Raw data was converted by
Neptune Plus software and performed using Iolite software (Paton et al. 2011). The
obtained '7*Hf/!7"Hf ratio of PleSovice was 0.282490 + 18 (2SD) (n=6), consistent with
the recommended values within error (2SD).

The initial "Hf/"""Hf ratios and eHf{(t) values were calculated with the reference
to the chondritic reservoir (CHUR) at the time of zircon growth from the magmas. The
decay constant for °Lu of 1.867 x 10 ~!! year ! (S6derlund et al. 2004), the chondritic
76H£/'77Hf ratio of 0.282785 and !"Lu/!""Hf ratio of 0.0336 (Bouvier et al. 2008) were
adopted. Depleted mantle model ages (Tpm) were calculated with reference to the
depleted mantle at a present—day !"*Hf/!""Hf ratio of 0.28325, and '"Lu/!""Hf = 0.0384

(Griffin et al. 2000). The Hf isotope crustal model age (Tr,,) was calculated by assuming
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that its parental magma was derived from an average continental crust, with 7°Lu/!""Hf

=0.015, that originated from the depleted mantle source (Griffin et al. 2002).

Al.4. Quartz Ti analyses

CL images of quartz phenocrysts randomly selected in thin sections from four
rhyolite samples (13MD02-4, 13MDO05-1, 13MD06-2, 13MD07-1) were obtained at
Beijing Createch Testing Technology Co. Ltd. Trace elements, especially Ti content in
quartz were investigated at Milma Lab, CUGB by LA-ICP-MS. In the experiments,
both 50 um (Fig. 1) and 75 pm (Fig. 2) beam diameter were chose. The corresponding
laser repletion rates were 10 Hz and 8 Hz, respectively. The corresponding fluence were
10 J/cm? and 8 J/cm?, respectively. Glass NIST SRM 610 and 612 were analyzed as
external standards, BHVO-2 and BCR-2G were treated as unknown samples that were
inserted between external standards and samples. Analytical uncertainty is normally
less than 15 %. Raw data was performed using GLITTER software and the SiO2 content
of samples were preset as 99.0 wt %. The Ti-in-Quartz temperature was calculated
following the TitaniQ equation described by Wark and Watson (2006). These
calculations assume that no significant change in the activity of Ti in the magma during

quartz crystallized.
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Fig. 1. CL images of quartz phenocrysts selected randomly from four Nuocang HSR
samples. The pink circles and yellow numbers denote LA-ICP-MS trace element

analyses spots which sizes are 50 um.

Fig. 2. CL images of quartz phenocrysts selected randomly from three Nuocang HSR
samples. The blue circles and yellow numbers denote LA-ICP-MS trace element

analyses spots which sizes are 75 pm.
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