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Analytical Methods

Mineral Compositions 

Raman spectroscopy and electronic micro-probe analysis (EMPA) were respectively applied to determine the nature of mineral inclusions within garnet and the major-element composition of minerals. Both types of analyses were performed on thin sections and on representative minerals, identified after petrographic observation using a conventional optical microscope. 

The Laser-Raman analysis was carried out on the DILOR LabRam equipped with Olympus BX40 microscope in the Institute of Geochemistry and Petrology, Eidgenössische Technische Hochschule Zürich (ETH Zürich), Switzerland. The laser wavelength was 532.14 nm, which was generated by a diode-pumped solid-state laser with an operative power of 40 mW. 

The carbon-coated thin sections were analyzed on the JEOL-JXA8230 EMP equipped with cathodoluminescence (CL) detector in the School of Geoscience and Technology, Southwest Petroleum University (SWPU), Chengdu, China. The acceleration voltage was 15 kV and the beam current was 20 nA. The spot sizes for different minerals were 1-5 um. The mineral standard samples from the international standard sample supplier, SPI company, were applied into this analysis. The data were reduced using conventional oxide-ZAF correction method. Representative compositions of minerals in the analyzed samples are listed in Table1. 
U-Pb Dating on Monazite and Zircon
Monazite
Monazites were separated from crushed rock samples by conventional heavy liquid separation, mounted in epoxy and polished to an equatorial section. The grains were firstly observed under optical microscope (to avoid inclusions in the later analysis) and subsequently with BSE imaging using the same JXA-8230 EMP as mentioned above. After these, Monazite U–Pb isotopic and trace element analysis were carried out at ETH Zürich (Switzerland) by laser ablation – inductively coupled plasma – sector field – mass spectrometry (LA-ICP-SF-MS) using a RESOlution (Australian Scientific Instruments) 193 nm ArF excimer laser system coupled to an Element XR (ThermoFinnigan, Germany) mass spectrometer. We used a laser repetition rate of 2 Hz, a spot size of 13μm and a laser output energy of 80 to 90 mJ (on-sample energy density of ca. 2.5 J.cm–2). The sample surface was cleaned immediately before each analysis by three pre-ablation pulses. Ablation was performed in a Laurin Technic S-155 dual-volume ablation cell fluxed with carrier gas consisting of ca. 0.5 L.min−1 He + 2 mL.min−1 N2 (both 5.0 grade) and ca. 1 L.min−1 Ar sample gas (6.0 grade). Signal homogenization was performed downstream of the ablation cell using a in-house squid tubing. The signal was tuned for maximum sensitivity for Th and U and U/Th ~ 1 while keeping low the production of oxides (248ThO+/232Th+ ≤0.2%). The intensities for the following isotopes were acquired using time resolved-peak jumping (in brackets: dwell times in ms) and triple detector mode: 27Al (5); 29Si (5); 31P (5); 43Ca (10); 49Ti (25); 88Sr (10); 89Y (5); 90Zr (10); 137Ba (25); 139La (5); 140Ce (5); 141Pr (5); 153Eu (10); 157Gd (10); 159Tb (10); 163Dy (10); 165Ho (10); 166Er (10); 169Tm (10); 173Yb (10); 175Lu (10); 178Hf (10); 202Hg (10); 204(Hg+Pb) (10); 206Pb (25); 207Pb (25); 208Pb (5); 232Th (5); 235U (10); 238U (5) (total sweep time = 544 ms). Each measurement consisted in 125 mass scans (ca. 70 s) organized in 30 s of background measurement followed by 40 s of sample ablation. 
The resulting intensities were subsequently processed offline with the Igor Pro Iolite v2.5 software (Hellstrom et al. 2008). For U-Pb dating, data were processed using the VizualAge data reduction scheme (Petrus & Kamber 2012). The background-corrected isotope ratios were corrected for downhole Pb/U and Pb/Th fractionation (after Paton et al. 2010), instrumental mass discrimination and drift by standard bracketing against monazite reference material Moacyr (Gasquet et al. 2010;  " Itambé" of Gonçalves et al. 2016) using reference values for isotope ratios from Gonçalves et al. (2016). Secondary monazite reference materials were processed as unknowns to check the accuracy of the corrections. This included another ca. 508 Ma monazite from the Itambé district (Gonçalves et al., 2016) and the ca. 555 Ma Manangoutry monazite (Paquette & Tiepolo 2007). The obtained U-Pb dates are consistent with the reference ages determined by ID-TIMS for both reference materials (see Supplementary Data Table 3). The quoted uncertainties for each individual analysis correspond to the internal (2σ) statistical error and propagated uncertainty based on the scatter of the primary reference material (see Paton et al. 2010). 
Elemental concentrations in the analyzed monazites were calculated by normalization to the NIST SRM610 glass reference material (Jochum et al. 2011) after correction of sensitivity drift throughout the session. Owing to the lack of prior chemical characterization (e.g. by EMP) and given the very variable composition of natural monazite, no internal standard was used. Instead, matrix effects were corrected by applying a relative sensitivity factor calculated as to reproduce the reference trace element concentrations of the monazite reference material Moacyr (Gonçalves et al., 2016). The Concordia diagram and weighted mean calculation were computed using ISOPLOT software (version 4.15, Ludwig, 2003).

Zircon
Zircons were separated from crushed samples the same way as monazites, mounted in epoxy and polished to an equatorial section. The grains were imaged by CL using the CL detector equipped on the JXA-8230 EPMA in SWPU, Chengdu, China. Zircon U-Pb isotopic analyses were performed on a laser ablation inductively coupled plasma spectrometry (LA-ICP-MS) at the State Key Laboratory of Continental Dynamics of Northwest University, Xi’an China. The detailed analytical procedures were same with those described in Yuan et al. (2004). The analysis was carried out on the Agilent 7500a ICP-MS instrument and the spot diameter and frequency of the laser for ablation were set to 30 μm and 10 Hz, respectively. The reference zircon 91500 was used as external standard with a recommended 206Pb/238U age of 1065.4 ± 0.6 Ma (Wiedenbeck et al. 2004) to correct instrumental mass bias and depth-dependent elemental and isotopic fractionation. The standard silicate glass NIST 610 and zircon reference material GJ-1 were utilized to optimize the instrument. U-Th-Pb concentrations were calibrated by using NIST 610 as an external standard and 29Si as an internal standard. The isotopic ratios and ages of 207Pb/206Pb, 206Pb/238U, 207Pb/235U were calculated using the GLITTER program, and then common Pb is evaluated by the method described in (Andersen 2002). The Concordia diagram and weighted mean calculation were computed using ISOPLOT software (version 4.15, Ludwig 2003). 
Garnet Trace Element Analysis

Trace elements of garnets in sample GC09 were acquired on thin sections using the same LA-ICP-SF-MS system as used for monazite U-Pb isotopic and trace element analyses at ETH Zurich (see above). We used the same parameters as for monazite analyses, except for a laser spot size of 43 um, a  repetition rate of 5 Hz and an energy density of ca. 3.5 J.cm–2. The data were processed using the Matlab-based SILLS software (Guillong et al. 2008). The concentrations were calibrated against the NIST SRM612 glass reference material (Jochum et al. 2011). Instrumental drift was corrected by conventional standard-sample bracketing. We used the CaO concentrations of the garnets (as determined by EMPA) as internal standard for the correction of matrix effects. The accuracy and reproducibility of the analyses were assessed by repeated analysis of the glass reference material GSD-1G (Guillong et al. 2010) (see Supplementary Data Table 7). 
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