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Supplementary Information
1. Supplementary Methods

Zircon mineral separates were prepared using standard Wilfley table, heavy liquid and magnetic separation techniques. Zircons were extracted from concentrates by hand picking, mounted in an epoxy resin and polished to obtain flat surfaces suitable for SEM imaging and laser ablation ICPMS analysis. Most grains were imaged by cathode-luminescence microscopy to scan for inherited cores (not present), cracks and inclusions, which were avoided during laser ablation. Prior to analysis by laser ablation ICPMS, the sample surfaces were cleaned in DI water and ethanol. 

The zircons were mounted in 1 inch epoxy-filled blocks and polished to obtain even surfaces suitable for laser ablation ICPMS analysis. Prior to analysis by laser ablation ICPMS, the sample surfaces were cleaned in DI water and ethanol.

Isotopic analyses of zircons by laser ablation ICPMS were performed at the University of Lausanne (Ayn, Arkahawl and Marsham samples) and at the University of Bergen (Shareef, Ghubrah, Saqlah, Fiq and Masirah Bay samples).

Laser ablation ICPMS dating  (Bergen)

Isotopic analysis of zircons by laser ablation ICPMS followed the technique described in Kosler et al. (2002). A Thermo-Finnigan Element 2 sector field ICPMS coupled to a 213 NdYAG laser (New Wave UP-213) at Bergen University was used to measure Pb/U and Pb isotopic ratios in zircons. The sample introduction system was modified to enable simultaneous nebulisation of a tracer solution and laser ablation of the solid sample (Horn et al., 2000). Natural Tl (205Tl/203Tl = 2.3871 - Dunstan et al., 1980), 209Bi and enriched 233U and 237Np (>99%) were used in the tracer solution, which was aspirated to the plasma in an argon - helium carrier gas mixture through an Apex desolvation nebuliser (Elemental Scientific) and a T-piece tube attached to the back end of the plasma torch. A helium gas line carrying the sample from the laser cell to the plasma was also attached to the T-piece tube.

The laser was set up to produce energy density of ca 3 J/cm2 at a repetition rate of 10 Hz. The laser beam was imaged on the surface of the sample placed in the ablation cell, which was mounted on a computer-driven motorised stage of a microscope. During ablation the stage was moved beneath the stationary laser beam to produce a linear raster (ca 15x50 microns) in the sample. Typical acquisitions consisted of a 45 second measurement of analytes in the gas blank and aspirated solution, particularly 203Tl - 205Tl - 209Bi -233U - 237Np, followed by measurement of U and Pb signals from zircon, along with the continuous signal from the aspirated solution, for another 150 seconds. The data were acquired in time resolved - peak jumping - pulse counting mode with 1 point measured per peak for masses 202 (flyback), 203 and 205 (Tl), 206 and 207 (Pb), 209 (Bi), 233 (U), 237 (Np), 238 (U), 249 (233U oxide), 253 (237Np oxide) and 254 (238U oxide). Raw data were corrected for dead time of the electron multiplier and processed off line in a spreadsheet-based program (Lamdate - Kosler et al., 2002) and plotted on concordia diagrams using Isoplot (Ludwig, 1999). Data reduction included correction for gas blank, laser-induced elemental fractionation of Pb and U and instrument mass bias. Minor formation of oxides of U and Np was corrected for by adding signal intensities at masses 249, 253 and 254 to the intensities at masses 233, 237 and 238, respectively. Details of data reduction and corrections are described in Kosler et al. (2002) and Kosler & Sylvester (2003). Zircon reference material 91500 (1065 Ma - Wiedenbeck et al., 1995) and an in-house zircon standard (338 Ma - Aftalion et al., 1989) were periodically analysed during this study.

Laser ablation ICPMS dating  (Lausanne)

The measurements were acquired on polished sections of zircon crystals mounted in epoxy blocks with a 193 nm Lambda Physics© Excimer laser (Geolas 200M system) coupled to a Perkin-Elmer 6100 DRC ICP-MS. Laser settings were 29 kV and 4Hz repetition rate, yielding a fluence of about 12 J/cm2 on the ablation site. The pit diameter was comprised between 20 and 40 microns. Helium was used as carrier gas (1.1 L/mn), with a complementary nebulizer Ar flow of 0.9 L/mn mixed with the He flow after the ablation cell. RF power of the Elan ICP-MS was set at 1100 W. 

Each zircon measurement consisted of 2500 readings, the first half of which being dedicated to the background determination (carrier gas only). The analyzed isotopes and dwell times were 205Tl, 5 milliseconds; 206Pb, 10 ms; 207Pb, 20 ms; 235U, 10 ms; 238U, 10 ms, respectively. Mass 205 was included only to allow proper settling of the quadrupole mass spectrometer at the beginning of a mass sweep.  235U was only included to monitor the quality of the measurement, as the actual value used in calculations was that obtained from the 238U measured intensity divided by the constant 137.88. Each analytical session (or run) consisted of up to twelve unknown zircon measurements bracketed by four initial and four final measurements of zircon standard 91500, to correct for instrument drift during the session and mass fractionation. We used the data reduction program LAMTRACE, a spreadsheet developed by S.E. Jackson (Macquarie University, Sydney), to calculate the U-Pb ages and corresponding analytical errors.

Filters

Due to relatively low 207Pb contents of the analyzed zircons, the 235U/207Pb and 206Pb/207Pb ages are associated with relatively large errors. We therefore only quote the 238U/206Pb ages. Two filters were applied to the data. The first filter excluded all data with 2( errors >20% for 235U/207Pb or >10% for 238U/206Pb, or data that are >25% discordant. This filter produced values of n (single zircon ages) varying between 80 and 307 for the different stratigraphic intervals, allowing comparison of a statistically large number of zircons (Vermeesch, 2004). With the second filter data with 2( errors >10% for 235U/207Pb, or >10% for 238U/206Pb, or which are >10% discordant were excluded. This filter thus produced more precise data, allowing the assignment of more reliable geological significance to the ages of certain zircon sub-populations (e.g. the youngest sub-population), but reduced n to values between 18 and 167 per stratigraphic interval.
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3. Supplementary Figure and Table

Figure S1 Sample locations for detrital zircon geochronology. 

Table S1 LA-ICPMS isotopic data and U-Pb ages (in 106 yrs) for all samples.
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