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Zircon colour populations and grains of yellow titanite were dated by U-Pb geochronology using the SHRIMP and LA-ICPMS U-Pb methods.  Isotopic data obtained using both SHRIMP and LA-ICPMS instruments are plotted using Isoplot 3 (Ludwig, 2003).

Sample preparation
Zircon was extracted from a spall block in the centre of the Jabal Radwa pluton using standard mineral separation techniques including crushing, pulverizing, Wilfley table, Frantz Isodynamic Magnetic Separator, and Methylene Iodide (density = 3.32 g/cm3). Zircon grains from five colour populations were hand-picked under a binocular microscope, placed on double-sided tape and mounted in an 1” diameter epoxy puck. Grains in the hardened puck were ground to about half thickness using 2500-grit wet-dry sandpaper and polished sequentially using 6 µm and 1 µm diamond suspensions to expose internal textural features. Prior to isotopic analysis, all grains were imaged in reflected and transmitted light on a petrographic microscope and imaged in CL using the USGS JEOL 5800LV scanning electron microscope in Denver, Colorado. 

SHRIMP analysis
U-Pb ages of zircon were determined by analysis on SHRIMP II at the Research School of Earth Sciences, Australian National University, Canberra, following methods described in Ireland (1995) and Williams (1998). For all analyses, the primary beam of about 3 to 6 nA excavated material from a crater of about 20 µm diameter and a depth of about 1 µm. The magnet was cycled through the appropriate mass stations five times. Measured 206Pb/238U for zircon was normalized to values obtained from zircon standard R33 (419 Ma; Black et al., 2004). Uranium concentrations were determined by comparison with data from zircon standard MAD-559 (3940 ppm U; Coble et al., 2018) and are thought to be accurate to about ±20%. SHRIMP data were reduced using Squid 2 (Ludwig, 2009) and plotted using Isoplot 3 (Ludwig, 2003). Two-sigma error ellipses (for Concordia plots) and error bars (for a weighted average plot) are shown. Discordant data (shown as dashed line ellipses) are excluded from age calculations. 
Trace element data (including REE) for zircon were collected using the USGS/Stanford SHRIMP-RG (Mazdab and Wooden, 2006). The primary ion beam was operated at about 0.5-1 nA with a spot size of about 10-15 m in diameter. Mass resolution was set to about 12,000 in order to separate all heavy REE (HREE) from middle REE (MREE) oxides. Zircon standard MAD-559 (Coble et al., 2018) was used to calibrate trace element concentrations, normalized to the chondritic values of McDonough and Sun (1995). Trace element concentrations in zircon using this method are believed to be reproducible to about 2-5% (Coble et al., 2018).

LA-ICPMS analysis
   Titanite
U-Pb ages of titanite were determined with a Resolution SE 155 laser ablation system that houses an ATL ArF excimer laser operating at 193 nm wavelength and ~5 ns pulse width. The ablations were performed in a helium atmosphere (0.4 l/min) and this was immediately mixed with argon (1.15 l/min) in the ablation funnel. The laser signal was smoothed using the ‘squid’ signal smoother composed of Nylon 6 tubing. Ablations were performed with a 20 µm diameter spot size, 5 Hz and 2.1 J/cm2 laser fluence. The ablated aerosol, helium and argon were sent into an Agilent 8900 ICP-MS operated in MS/MS mode using NH3 and helium as reaction/collision gases. 3.0 ml/min N2 was added to the Ar carrier gas to increase sensitivity of the ICP-MS.  
The ICP-MS was set to collect the following masses with dwell times in ms in parentheses: 23Na (2), 27Al (2), 29Si (2), 43Ca (5), 49Ti (2), 57Fe (5), 89Y (5), 90Zr (5), 93Nb (5), 139La (5), 140Ce (5), 141Pr (5), 146Nd (5), 147Sm (5), 151Eu (5), 157Gd (5), 159Tb (5), 161Dy (5), 165Ho (5), 166Er (5), 169Tm (5), 172Yb (5), 175Lu (5), 178Hf (5), 181Ta (5), 202Hg (1), 204Pb (100), 206Pb (40), 207Pb (50), 208Pb (10), 232+15Th (10), 235+15U (5) and 238+15U (10) for a total sweep time of ~0.38 seconds. 
Results were quantified using the NIST610 glass for all elemental compositions and Pb isotopes. The 19686 Titanite (in-house titanite with un-published ID-MC-ICP-MS compositions) was used for calibration of Pb/U and Pb/Th ratios. The internal standard element was 49Fe for elemental quantification using a normalization procedure where all cations are assigned to oxygen as the anion assuming typical oxidation states and Fe as 2+. The cations plus oxygen were summed to 98% total to account for F and OH that were not measured. Interference corrections were performed for 202Hg to correct for isobaric 204Hg interference on 204Pb; though the use of the NH3 reaction gas caused all counts on 202Hg to be below detection. Quality control reference glasses BHVO-2g and GSE-1g were measured to assess accuracy of the calibrations of the elemental compositions, while titanite FC-3, Mt. Dromedary and BLR-1 were measured to monitor accuracy of Pb/U and Pb/Th dates.

   Zircon 
Zircon was analysed for U-Pb isotopic composition by Laser Ablation–Inductively Coupled Plasma–Mass Spectrometry (LA-ICP-MS) using a Nu Instruments AttoM™ high-resolution, sector-field ICP-MS. Zircon was ablated with a Photon Machines Excite™ 193 nm ArF excimer laser in spot mode (150-200 total bursts) with a repetition rate of 5 Hz, and an energy density of ~4.11 J/cm2. Analytical setup, data reduction and calibration followed that of Holm-Denoma et al. (2020) except that the calibration zircon for U/Pb ratios and ages was the R33 zircon (Black et al., 2004). Accuracy of U-Pb isotopic compositions was quantified by measuring Plešovice zircon (337 Ma; Sláma and others, 2008) and the Z1242 zircon (2679.7 ± 0.2 Ma; Davis et al., 2018) as unknowns. Reduced data were compiled and interpreted using Isoplot 4.15 (Excel version of the procedure explained in version 3.75 manual; Ludwig, 2012).

Scanning electron microscope and electron microprobe analyses
Quantitative chemical analyses of a polished grain mount containing the five zircon colour populations were acquired using a scanning electron microscope or electron microprobe located in the USGS-Denver Microbeam Lab.
A carbon coated polished thin section was analysed on a FEI Quanta 450 FEG-SEM operated at 20 kv, spot size 5, and working distance 12 mm. Full section x-ray intensity maps were collected with an Oxford Instruments X-MaxN 50 mm2 silicon drift detector using a 256 pixel resolution, 5 frames, 100 ms dwell, and 5% overlap. Each field of view was ~1.5 mm resulting in an approximate 6 micron pixel. Resulting x-ray intensity maps were converted to mineral phases using Oxford Instruments Aztec software (v 6.1 SP2) with a boundary tolerance and grouping level of 4 and 1, respectively.
Zircon compositions were acquired with a JEOL 8900 electron microprobe operated at 20 kv, 100 nA current (cup), and 5 micron spot size. Count times were 30 seconds (Yb, Er, Ho, Dy, Gd, Mn, Ti, Lu, Tm, Tb, Sm, Ce, Ca, Si, Al, Mg, Na, Fe, K, U, Hf, Zr, P, F),  60 seconds (Ba and Cl), and 90 seconds (Nb, Th, Y) on-peak and half the on-peak count time on both the low and high background position. Mineral standards, metals, and oxides were used as primary and secondary standards.  Analysis accuracy and precision were checked against R33 zircon standard.  Most elements, with the exception of Si, Zr, Y, P, Nb, REE, Hf, and Th ,were below EPMA detection limits.
EBSD of the zircon colour populations in an epoxy puck (uncoated) was acquired on a FEI Quanta 450 FEG-SEM operated at 20 kv, spot size 5, working distance 14-15 mm with the sample tilted at 70 degrees, and 11 Pa chamber pressure. An Oxford Instruments Nordlys camera with 1x1 binning and ~90 msec exposure time was used to acquire ESP patterns.  Hough pattern resolution was set to 90, 12 bands detected, and static background correction on.  Mean angular deviation (MAD) from the reference zircon pattern for all samples was less than 0.7 degree.
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