Appendix A. Analytical methods

A.1 Whole-rock geochemical analysis
The samples used for geochemical analyses were powdered to ~200-mesh size in an agate mortar. Whole rock major and trace elements and Sr-Nb-Pb isotope analyses were determined at the Analytical Laboratory, Beijing Research Institute of Uranium Geology, Beijing, China. Major element compositions were determined using AB104L, AL104, and AxiosmAX sequential X-ray fluorescence spectrometer. The accuracy was better than 1%. Trace elements were analyzed using a Thermo Scientific X Series Ⅱ ICPMS, employing the NexION300D mass spectrometer instrument. Rock standards of the GBW series were analyzed together with samples to check the external reproducibility. The analysis accuracy of trace elements was estimated to be < 2%. The Details of instrument conditions and data acquisition are similar to those described by Qu et al. (2004).
For Sr-Nd isotope determination, all samples were dissolved in an ultrapure HF + HCl mixture. Complete separation of Sr was achieved via a combination form with the DCTA complex. Nd was later separated from the REE fractions in cation-exchange resin using HIBA as the eluent. Then the separated Sr and Nd were analyzed by the ISOPROBE-T Thermal lionization Mass Spectrometer instrument. The mass fractionation corrections for 87Sr/86Sr and 146Nd/144Nd ratios were based on 86Sr/88Sr = 0.1194 and 146Nd/144Nd = 0.7219, respectively. During the period of data acquisition, the mean 87/86Sr ratio of standard sample (NBS987) was 0.710253 ± 7, and the mean 143Nd/144Nd of standard JMC sample was 0.512114 ± 3. For Pb isotope determination, samples were dissolved in an ultrapure HNO3 + HCl mixture. After drying, the residue was dissolved in an HBr + HNO3 mixture. Then the mixture was loaded into a column with 50 Am of AG 1-X 8 anionic resins and then analyzed by the ISOPROBE-T Thermal lionization Mass Spectrometer instrument. The precisions for 204Pb/206Pb and 208Pb/206Pb are better than 0.005%. The analysis results of the standard sample (NBS981) were: 208Pb/206Pb=2.164941±15, 207Pb/206Pb=0.914337±7,  204Pb/206Pb=0.0591108±2.
A.2 Zircon U-Pb dating

Rocks were crushed in a steel jaw crusher, and shaking bed and heavy liquid techniques were used to concentrate heavy minerals. Zircon crystals were separated from heavy minerals by hand-picking under a binocular microscope. Zircon grains were set in an epoxy mount which was polished to expose zircons in half. Before in situ U–Pb isotope analyses, the morphology and internal structure of these zircon grains were studied by binocular microscope and cathodoluminescence (CL) imaging. The CL images were acquired with a JEOL JXA-8900RL electron microprobe at the Institute of Mineral Resources of the Chinese Academy of Geological Sciences (CAGS), Beijing.

The zircons were analyzed for U, Th, and Pb isotopic compositions using laser ablation inductively coupled plasma mass spectrometry (LA–ICP–MS) at the Institute of Geology, Chinese Academy of Geological Sciences, following the procedures of Hou et al. (2009). The spots were ~32 μm in diameter, and data were calibrated using the M127 reference zircon (U = 923 ppm; Th = 439 ppm; Th/U = 0.475; Nasdala et al., 2008). The standard zircon was analyzed first and after every five unknowns. The GJ-1 zircon with an age of 599.8 ± 1.7 Ma (2σ) and Plešovice zircon with an age of 337.13 ± 0.37 Ma (2σ) (Sláma et al., 2008) were used as reference standards. Data processing was carried out using the ICPMSDataCal program (Liu et al., 2010). Because the 206Pb/204Pb ratio of most analyses was larger than 1000, the measured 204Pb was not used for the common lead correction. Analyses with unusually high 204Pb were removed because of the influence of common lead in inclusions. Ages were calculated in Isoplot as weighted-means, with 2σ errors given at 95% confidence levels (Ludwig, 2003).

A.3 Zircon Hf isotopic analysis
Zircon Hf isotope analysis was carried out in situ using a New-wave UP213 laser ablation microprobe, attached to a Neptune MC–ICP–MS at the Institute of Mineral Resources, CAGS, Beijing. Instrumental conditions and data acquisition are comprehensively described by Hou et al. (2007) and Wu et al. (2006). A stationary spot of 55 μm diameter was used for the analyses. Helium was used as the carrier gas to transport the ablated sample from the ablation cell to the ICPMS via a mixing chamber mixed with Ar. In order to correct the isobaric interferences of 176Lu and 176Yb on 176Hf, 176Lu/175Lu = 0.02658 and 176Yb/173Yb =0.796218 ratios were used (Chu et al., 2002). For instrumental mass bias correction, Yb isotope ratios were normalized to 172Yb/173Yb of 1.35274 (Chu et al., 2002) and Hf isotope ratios to 179Hf/177Hf of 0.7325 using an exponential law. The mass bias behavior of Lu was assumed to follow that of Yb, and mass bias correction protocols details were as described by Wu et al. (2006) and Hou et al. (2007). Zircon GJ1 was used as the reference standard during our analyses, and gave a weighted mean 176Hf/177Hf ratio of 0.282009 ±22 (2SD, n = 9), indistinguishable from the weighted mean 176Hf/177Hf ratio of 0.282015 ± 19 (2σ) from in situ analysis by Elhlou et al. (2006).
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