Appendix A- Analytical methods
Uranium, thorium and lead isotope analyses were carried out by laser ablation- inductively coupled plasma-mass spectrometry (LA-ICP-MS) at Goethe-University of Frankfurt (GUF), using a somewhat modified method, as previously described in Gerdes and Zeh (2006, 2009). The analyses were performed with a ThermoScientific Element 2 sector field ICP-MS coupled to a Resolution M-50 (Resonetics) 193 nm ArF excimer laser (CompexPro 102, Coherent) system. Laser spot-sizes were 15-23 µm in diameter. The data were acquired during two sessions in may 2011 and January 2012 and listed together with the analyses of secondary mineral standards in Table B1 in the supplementary materials.  
Raw data were corrected offline for background signal, common Pb, laser induced elemental fractionation, instrumental mass discrimination, and time-dependent elemental fractionation of Pb/U using an in-house MS Excel© spreadsheet program (Gerdes and Zeh, 2006, 2009). A common-Pb correction based on the interference- and background-corrected 204Pb signal and a model Pb composition (Stacey and Kramers, 1975) was carried out. The signal was tuned for maximum sensitivity for Pb and U while keeping oxide production, monitored as 254UO/238U, below 0.3%.
The sensitivity achieved was in the range of 9000-12000 cps/μg g-1 for 238U with a 23 μm spot size, at 5.5 Hz and 5 J cm-2. The typical penetration depth was approximately 14-20 μm. The two-volume ablation cell (Laurin Technic, Australia) of the M50 enables detection and sequential sampling of heterogeneous grains (e.g., growth zones) during time-resolved data acquisition, due to its quick response time of <1 s (time until maximum signal strength was achieved) and wash-out (<99% of previous signal) time of < 3 s. With a depth penetration of ~0.6 μm s-1 and a 0.42 s integration time (4 mass scans = 0.42 s = 1 integration) any significant variation of Pb/Pb and U/Pb at the μm scale is detectable. Reported uncertainties (2σ) of the 206Pb/238U ratio were propagated by quadratic addition of the external reproducibility (2 SD) obtained from the standard zircon GJ-1 (n = 18; 2 SD ~1.2%) during the analytical session and the within-run precision of each analysis (2 SE; standard error).
The accuracy and reproducibility of the analytical method was verified by multiple analyses of reference zircons Plesovice and 91500, which yielded results in perfect agreement with the published ages (Slama et al. 2008; Wiedenbeck et al. 2004). 
Hafnium isotope measurements were performed with a Thermo-Finnigan NEPTUNE multi collector ICP-MS at GUF coupled to the same laser as used for U-Pb dating following the method described in Gerdes and Zeh (2006, 2009). Spots of 30 to 40 µm in diameter were drilled with a repetition rate of 5.5 Hz and an energy density of 6 J/cm2 during 50s of data acquisition. All data were adjusted relative to the JMC475 of 176Hf/177Hf ratio = 0.282160 and quoted uncertainties are quadratic additions of the within run precision of each analysis and the reproducibility of the JMC475 (2SD = 0.0028%, n = 8). Accuracy and external reproducibility of the method was verified by repeated analyses of reference zircon GJ-1 and Plesovice, which yielded a 176Hf/177Hf of 0.282008 ± 0.000020 (2SD, n=42) and of 0.282475 ± 0.000018 (n=40), respectively.
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