analytical methods
1.1. Zircon U-Pb dating
Zircons from whole-rock samples were separated by combining magnetic and heavy liquid separation, and then by handpicking under a binocular microscope at the Langfang Regional Geological Survey, Hebei Province, China. Zircon grains were mounted in epoxy mounts that were then polished to section the crystals in half for analysis. All zircons were documented with transmitted and reflected light micrographs as well as cathodoluminescence (CL) images to reveal their internal structures. All these selected zircons for the LA-ICP-MS are transparent, euhedral-subhedral in shape, inclusion-free zircons and show fine-scale oscillatory growth zoning in CL images. 
Measurement of U-Th-Pb isotopes for volcanic rock samples (17KL014, 17KL019 and 17KL024) were carried out on an Agilent-7500a quadrupole inductively coupled plasma-mass spectrometry (ICP-MS) coupled with a New Wave SS UP193 laser sampler at China University of Geosciences, Beijing (CUGB). Laser spot size of 36 μm, laser energy density of 8.5 J/cm2 and a repetition rate of 10 Hz were applied for analysis. National Institute of Standards and Technology 610 glass and zircon standard 91500 were used as external standards, Si as internal standard, and zircon standard Qinghu zircon (159.5 Ma) from China as the secondary standard. The software GLITTER (ver. 4.4, Macquarie University) was used to process the isotopic ratios and element concentrations of zircons. The common lead correction was done following Andersen (2002). Age calculations and plots of concordia diagrams were made using Isoplot/Ex v. 3.0 program (Ludwig, 2003).

The zircon U-Pb analyses for diorite porphyrite sample (16KL012) were performed using an Agilent 7500a ICP-MS equipped with a 193 nm ArF Excimer laser system in the Key Laboratory of Mineral Resources Evaluation in Northeast Asia, Ministry of Land and Resources of China. The spot size was 32 μm, with an energy density of 10 J/cm2 and repetition rate of 8 Hz. Zircon 91500 was used as the external standard for age calibration and the standard silicate NIST 610 glass was used to optimize concentration calculations (Wiedenbeck et al., 1995). Zircon standard Plesovice (337 Ma) was used to supervise any deviation of age measurement. Isotopic ratios and element concentrations were calculated using Glitter program (ver.4.4, Macquarie University). The age calculation and concordia plots were obtained using Isoplot (ver 3.0) (Ludwig, 2003). The common Pb was corrected using the method of Andersen (2002).
1.2. Major and trace elements analyses
After petrographic examination and removal of altered surfaces, fresh whole-rock samples were crushed and ground to 200 mesh in an agate mill. Geochemical analyses were conducted at the Beijing Research Institute of Uranium Geology, Beijing, China. X-ray fluorescence (XRF) using fused glass disks and ICP-MS (Agilent 7500a with a shield torch) were used to measure the major and trace element compositions, respectively. The analytical results for the BHVO-1 (basalt), BCR-2 (basalt), and AGV-1 (andesite) standards indicate that the precision and accuracy are better than 5% for major elements and 10% for trace elements.

Bulk-rock major and trace elements analysis for volcanic rock samples were performed at the Geological Lab Center, CUGB. Bulk-rock major element oxides were determined using inductively coupled plasma-atomic emission spectroscopy (ICP-OES). The analytical precision (1σ) is generally <1% for most major elements with the exception of TiO2 (~1.5%) and P2O5 (~2.0%) based on rock standards GRS-1, and GSR-3 (national geological standard reference material of China), AGV-2, W-2 (US Geological Survey). The trace element analysis was determined on an Agilent-7500a ICP-MS. Rock standards AGV-2, W-2, and BHVO-2 (US Geological Survey) were used to monitor the analytical accuracy and precision. Analytical precision is better than 5% for most trace elements, and better than 10–15% for Ta and Gd. The detailed analytical procedures follow Song et al. (2010).
1.3 Hf isotope analyses

In situ zircon Hf isotopic analyses were performed using a Neptune multi-collector (MC) ICP-MS with a 193 nm ArF Excimer laser system at the Institute of Geology and Mineral Resources in Tianjin, China. The Lu-Hf isotopic analyses were carried out on the same zircons that were previously used for U-Pb isotope analyses, with a spot diameter of 50 μm, an ablation time of 23 s, and an ablation rate of 8 Hz. The obtained 176Hf/177Hf ratios for the standard zircons (GJ-1) during the process were 0.282004±28, which are in excellent agreement with the previously reported data. Measured 176Hf/177Hf and 176Lu/177Hf ratios were used to calculate the initial 176Lu/177Hf ratio, taking the decay constant for 176Lu of 1.865×10−11 year−1 (Blichert and Albarède, 1997). The present-day chondritic ratios of 176Hf/177Hf =0.282772 and 176Lu/177Hf = 0.0332 were adopted to calculate εHf(t) values (Blichert and Albarède, 1997). For the calculation of two-stage Hf model ages (TDM2), 176Hf/177Hf, 176Lu/177Hf and fcc were 0.28325, 0.282772 and –0.548, respectively (Blichert and Albarède, 1997; Veevers et al., 2005). Detailed descriptions of the analytical technique are described by Wu et al. (2006).

