METHODS
SAMPLE PREPARATION

Zircons were separated by standard techniques including water table, heavy liquids, magnetic
separation and final hand picking under a binocular microscope. The zircons were mounted in
epoxy and polished to approximately half thickness, and cathodoluminescence (CL) images
were obtained with a scanning electron microscope to reveal internal structures such as

growth zoning and core-rim relationships.
SIMS

The SIMS (Secondary lonisation Mass Spectrometry) analyses were performed on the
Cameca IMS 1270 SIMS (secondary ion mass spectrometer) at the Nordsim laboratory,
Swedish Museum of Natural History, Stockholm, and the SHRIMP 11 at Curtin University,

Perth.

NORDSIM

The analytical method, data reduction, error propagation, and assessment of the results are
outlined in Whitehouse et al. (1999) and Whitehouse and Kamber (2005). The analyses were
conducted with an O»-beam of 4 nA and a spot size of 10-30 um, calibrated to the
Geostandard 91500 reference zircon with an age of 1065 Ma (Wiedenbeck et al., 1995). The
error on the U/Pb ratio includes propagation of the error on the day-to-day calibration curve
obtained by regular analysis of the reference zircon. A common Pb correction was applied
using the 2°4Pb concentration and present-day isotopic composition (Stacey and Kramers,

1975).



SHRIMP I, Curtin Uni.

Standard operating procedures for U, Th and Pb isotopic measurements using the SHRIMP 11
ion microprobe are detailed in Wingate & Kirkland (2010). The zircon standard 91500 was
used for concentration calibration and also U-Pb calibration. Calibration uncertainties are
included in the errors of the reported 228U/2%Pb* ratios and dates. 2°*Pb counts were not
observed to decrease during the sputtering process and are not surface related, thus common-
Pb corrections were applied to all analyses using contemporaneous isotopic compositions

determined according to the model of Stacey & Kramers (1975).

LA-ICP-MS

LA-ICP-MS (Laser ablation Inductively Coupled Mass Spectrometry) analyses were

conducted using two different instrument set-ups.

1) At the Geological Survey of Norway (NGU), the analyses were carried out on an
ELEMENT XR single collector, high-resolution ICP—MS, coupled to a UP193-FX 193 nm
short-pulse excimer laser ablation system from New Wave Research. The laser was set to
ablate single, up to 60 um-long lines, using a spot size of 20 or 15 um, a repetition rate of 10
Hz and an energy corresponding to a fluence of 4-5 J/cm?. Each analysis included 30 s of
background measurement followed by 30 s of ablation. The masses 202, 204, 206-208, 232
and 238 were measured. The reference material GJ-1 (Jackson et al., 2004) was used for
correction of isotopic ratios, whereas 91500 (Wiedenbeck et al., 1995) and an in-house
standard (OS-99-14; 1797 + 3 Ma; Skar, 2002) were used to check precision and accuracy.
The data were not corrected for common lead, but monitoring of the signal for 204 allowed
exclusion of affected data from further calculations. The data were reduced using the

GLITTER® software (Van Achterbergh et al., 2001).



The LA-ICP-MS analyses at NGU were conducted as part of the CAMOC (Centre for
Advanced Mineral and Ore Characterisation) collaboration between NGU and the Norwegian

University of Science and Technology (NTNU).

2) At the NERC Isotope Geosciences Laboratory, Nottingham, UK, using a Nu Instruments
Attom single collector ICP—MS coupled to a New Wave Research 193 nm excimer laser
ablation system with a low-volume teardrop-shaped cell. The full instrument conditions,
analytical protocol and uncertainty propagation are described in Spencer et al. (2014). Laser
conditions were a static 25 um spot, a fluence of 2-3 J/cm?, a repetition rate of 5Hz, and a
dwell time of 30 s. Data were not corrected for common lead. The reference material 91500
was used for correction of isotopic ratios, and reference materials GJ—1 and/or PleSovice were

used for checking precision and accuracy (Jackson et al., 2004; Slama et al., 2008).

The Isoplot program (Ludwig, 2003) was used to calculate and present the U-Pb isotope data

from all methods. All U—Pb zircon data are plotted in Tera—Wasserburg diagrams to reveal

potential problems with common Pb and fractionation during LA—ICP—MS analysis.

ZIRCON TRACE-ELEMENT (Ti) ANLYSIS

Ti concentrations in zircon were determined at NGU on an ELEMENT XR single collector,
high-resolution ICP-MS, coupled to a UP193-FX 193 nm short-pulse excimer laser ablation
system from New Wave Research. The laser was operated at a frequency of 8 Hz, laser
energy 4.0 J/cm?and a static spot size of 10 um. Ti* was measured in 300 M/AM (Low
Resolution) together with other trace elements including REE (not presented or discussed in
the manuscript). Background counts were measured for 40 s followed by 20 s laser ablation.
For data reduction, the GLITTER software package version 4.4.4 (Van Achterbergh et al.,
2001) was used. Ti concentration was calibrated using Si%® as internal standard and NIST

SRM 610 as external standard. To control the accuracy and precision of the analyses, NIST



SRM 612 was analysed together with the samples. The concentrations of NIST SRM 610 and

612 were taken from Jochum et al. (2011).
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