Appendix 1
Analytical methods
Oxygen isotopes
Zircon oxygen isotope analyses were done using a Cameca IMS 1270 at the University of Edinburgh. The instrumental configuration involved a 133Cs+ primary beam, 10kV acceleration, 2-6nA current, and a 200 µm final aperture. The rest of the parameters are given in Table SM1. Oxygen isotopes 18O- and 16O- were detected using mulitcolector Faraday Cups (H”2 and  L”2). Each analysis was preceded by 60 sec of pre-sputtering. The data were collected within 10 cycles, with a counting time of 5s for each. An electron gun was used for charge neutralisation for all analyses. To correct for instrumental bias, all data were normalised to an internal standard, zircon 91500 (δ18O = 9.86 ± 0.11 ‰, Weidenbeck et al., 2004). Unknowns in blocks of 10 to 15, and internal standards in blocks of 6 to 8, were analysed over2 days. Reproducibility for δ18O value in the 91500 zircon standard zircon ranged from 0.38‰ to 0.64‰ (2 SD). Temora II zircon was anaylsed as the unknown to check the data quality and gave the value of 7.78 ± 0.53 ‰ (n=12, 1SD), which is within error with the published value of 8.2 ‰ (Black et al., 2004).
Black, L.P., Kamo, S.L., Allen, C.M., Davis, D.W., Aleinikoff, J.N., Valley, J.W., Mundil, R., Korsch, R.J., Williams, I.W., Foudoulis, C., 2004. Improved 206Pb/238U microprobe geochronology by the monitoring of a trace-element-related matrix effect; SHRIMP, ID-TIMS, ELA-ICP-MS and oxygen isotope documentation for series of zircon standards. Chemical Geology 205, 115–140.
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	Table SM1 Instrumental parameters for O isotope analyses

	Instrumental Configuration:

	

	Secondary Beam
	Negative secondary Ions. Mass Resolution 2,600MRP

	Transfer lens optics
	~ 60 µm

	Field Aperture
	4000 µm

	Energy Slit Width    
	40  eV


	Entrance Slit Width
	80 µm

	Interference of 16O+H2 on 18O
	Mass resolution at 1580

	Interference of 17O+H on 18O
	Mass resolution at 2309

	Automatic Secondary beam alignment
	using TRx/y and Entrance slit alignment


 Trace elements
Trace elements in zircon were analysed using Laser ablation-Inductively Coupled Plasma Mass Spectrometer (LA-ICPMS) at the School Of Earth and Environmental Sciences at the University of Portsmouth. Detailed parameters of the analytical session are given in Table SM2. Data were normalized to the glass reference material NIST 610 (Pearce et al., 1997). Every 16 analyses of unknowns were bracketed by two analyses of NIST 610. Zirconium concentration from microprobe was used as internal standard. Data quality (accuracy and reproducibility) was monitored by analyzing two secondary standards as unknowns; the titanite KHAN (Heaman 2009) and the silicate glass MPDing T1-G (Jochum et al. 2006). For the glass MPIding, the measured and published values are in agreement within 10%, with the exception of Nb, Ta and Pb (Appendix 4b). For the titanite KHAN, the agreement is similar with larger variations for Nb, Ta, Hf and Y (Appendix 4b), which are probably due to compositional variability of the mineral (Heaman 2009)  . The reproducibility based on the repeatable analyses of secondary standards was usually below 5 % (2 S.E.) for KHAN and below 15 % (2 S.E.) for MPDing.
	Table SM2 Instrumental parameters during trace element analyses by LA-ICPMS

	Laser ablation system
	 

	Make, Model and type
	ASI/RESOlution ArF Excimer laser

	Ablation cell and volume
	The dual-volume S155 cell has a stage movement of 155 x 105mm and can accommodate up to twenty 25mm (1″) rounds, or nine 25 x 50mm (1 x 2″) thin sections. However the ablation occurs within a ~15cc funnel.

	Laser wavelength (nm)
	193 nm

	Pulse width (ns)
	5 ns

	Fluence (J cm-2)
	4.5 J cm-2

	Repetition rate (Hz)
	5 Hz for unknowns and 10 Hz for NIST 610

	Ablation duration (s)
	40 s 

	Spot diameter (mm) nominal/actual
	25-30-40µm

	Sampling mode / pattern
	Static spot ablation

	Carrier gas
	Ar, He and N2

	Cell carrier gas flow (l min-1)
	He=300 ml.min-1     N2=0.3 ml.min-1     Ar=0.80-0.86 l.min-1

	ICP-MS Instrument
	 

	Make, Model and type
	Agilent 7500cs

	Sample introduction
	Ablation aerosol 

	RF power (W)
	1300 W

	Masses measured
	29, 31, 43, 49, 51, 52, 85, 88, 89, 90, 93, 137, 139, 140, 141, 146, 147, 151, 157, 159, 163, 165, 167, 169, 173, 175, 177, 178, 181, 202, 208, 232, 238

	Integration time per peak/dwell times (ms); quadrupole settling time between mass jumps
	10 ms for each element

	Total integration time per output data point (s)
	sampling time ~ 0.40 s per mass, acquisition time ~ 74.5s

	
	 

	Data Processing
	 

	Gas blank
	25 s

	Calibration strategy
	Glass NIST 610 used as primary reference material, MPIding glass, titanite KHAN, and/or apatite Durango was used as secondary standard for validation

	Reference Material info
	galss NIST 610 (Pearce et al. 1997)

	
	titanite KHAN (Heaman 2009)

	
	glass MPIding (Jochum et al. 2006)

	
	

	Data processing package used / Correction for LIEF
	SILLS software
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Hafnium isotopes
The analyses were performed using a Thermo-Scientific Neptune multi-collector ICP-MS (Inductively Coupled Plasma–Mass Spectrometer) coupled to a New Wave Research UP193HE Deep-UV (193 nm) ArF Excimer laser ablation sampling system housed at the University of Bristol (Bristol Isotope Group). The beam size was 60 μm and measurements were made using single spots. The data were collected in April 2009 and the acquisition conditions and procedure was the same as that for the session described in Pietranik et al. (2011). Plešovice and 91500 standards were analysed during the session and the data were reduced in the same way as the unknowns. The obtained  176Hf/177Hf  for Plešovice was 0.282478 (12) (n=25), which is in excellent agreement with the  solution-based ratio of 0.282482 (13) reported by Sláma et al. (2008).  The average 176Hf/177Hf  for 91500 was 0.282299 (12) (n=18), which also agrees well with the solution based ratio 0.282302 (18) Woodhead et al. (2004). Altogether the Hf isotopes in reference materials, with the range of 176Yb/177Hf,  are accurately reproduced by the Bristol Isotope Group using the same correction scheme as used in this paper (Fisher et al. 2011). All data are normalized to a JMC 475 value of 176Hf/177Hf = 0.282160. εHf values were calculated using CHUR values of Bouvier et al. (2008) and 176Lu decay value of Söderlund et al (2004).
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Electron microprobe
The analyses were performed using an electron microprobe (EPMA) CAMECA SX100 at the University of Warsaw. The analytical conditions were: 60nA beam current, 15kV voltage and focused beam. The data were used to characterize the general Hf in zircon distribution from core to rim (Fig. 3) and P concentration was used in Fig. 5. To check on quality of these measurements the data were compared to those obtained by LA-ICPMS. As shown in the Figure below, the general agreement between Hf and P analyses by both methods is acceptable.
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Fig SM1: Comparison of LAICPMS and microprobe data. Dashed line shows the equal values from both methods.
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