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1) Methods:
a. Secondary high-resolution ion microprobe (SHRIMP) U–Pb geochronology 
Mount samples preparation follows the standard laboratory procedures described by Barrote et al. (2020). The zircon crystals were characterized by cathodoluminescence (CL) imaging, and monazite crystals by back-scattered electron (BSE) microscopy using the Mira3, at the Microscopy and Microanalysis Facility, John de Laeter Centre (JdLC), Curtin University (Appendix Fig. S1). For monazite, the reference materials were in a separate mount that was cleaned and Au-coated with the sample mount before the analytical session. Results for both zircon and monazite are plotted in Concordia diagrams considering uncertainty ellipses of 2σ (Fig. 3).
Zircon: Selected zones of the imaged zircon grains were analysed on the SHRIMP II at the JdLC, Curtin University. CL images were utilised to target magmatic zircon and to avoid inherited zircon grains, distinguishable by their commonly darker colour and sharp contact with the harmonic magmatic concentric zoning. The analytical procedures for the Curtin consortium SHRIMP II have been described by De Laeter and Kennedy (1998) and Kennedy and De Laeter (1994).  A 20−25 μm elliptical spot was used with a mass-filtered O2--primary beam of ~2.8−3.0 nA and reference materials were in the same resin mount as the unknowns. Data for each analysis was collected in sets of six scans through the mass range (count times in brackets) of 196Zr2O+ (2 s), 204Pb+ (10 s), Background 204.1 (10 s), 206Pb+ (10 s), 207Pb+ (30 s), 208Pb+ (10 s), 238U+ (5 s), 248ThO+ (5 s), and 254UO+ (2 s). The calibration and concentration reference material used were Curtin internal laboratory reference material CUYZ (238U/206Pb age 568.6 Ma, 207Pb/206Pb age 569.5 Ma, and 238U 582.7 ppm), and OGC1 zircon (3465.4 ± 0.6 Ma; Stern et al. 2009) which was used to monitor the accuracy of 207Pb/206Pb ratios.
	Data were processed using the SQUID 2.5 and Isoplot 2.71 Excel add-ins (Ludwig 2003; Ludwig 2009). Ratios of 238U/206Pb measured in the CUYZ reference during the session were dispersed well beyond analytical precision. Excluding data >4σ from the mean value, 22 of 31 analyses yielded a 238U/206Pb calibration uncertainty of 0.51% (1σ) and a spot-to-spot reproducibility uncertainty of 1.99% (1σ). Calibration uncertainties are included in the uncertainty of the 238U/206Pb ratios and dates listed in data tables. Isotopic mass fractionation of 207Pb/206Pb ratios during the session was corrected by reference to OGC1; ratios measured in unknown zircon grains were reduced by 0.66%, and the associated uncertainty in the fractionation correction was added in quadrature to the uncertainties of 207Pb/206Pb ratios and dates. All analyses were corrected for common Pb based on measured 204Pb/206Pb ratios (Compston et al. 1984). Ratios and dates for individual analyses in data tables are quoted with 1σ uncertainties, and weighted mean dates are reported with 95% confidence limits (c.l.). Uncertainty ellipses on the Concordia diagrams are at the 2σ level. Most data are concordant to slightly discordant, and a small minority of analyses >10% discordant were not included in determining the age of each sample. A complete list of the analysed samples can be found in Electronic supplementary material Table S2.
Monazite: The monazite U–Th–Pb analyses utilized the high spatial-resolution capability of the SHRIMP II in the JdLC, Curtin University. All grains were analysed in a single analytical session using a 30 μm Köhler aperture, ∼0.3 nA primary ion beam (O2−) and a ∼10 μm elliptical spot (Appendix Fig. S2). Data for each analysis were collected in sets of six scans through the mass range (count times in brackets) of 202LaPO2+ (2s), 203CePO2+ (2s), 204Pb+ (10s), Background 204.1 (10s), 205NdPO2+ (2s), 206Pb+ (20s), 207Pb+ (20s), 208Pb+ (10s), 232Th+ (3s), 245YCeO+ (5s), 254UO+ (3s), 264ThO2+ (3s), 270UO2+ (3s). GM2 (206Pb/238U age 492.8 Ma, Curtin internal laboratory standard) was used as the primary Pb/U reference material, and IND (206Pb/238U age 509 Ma, Curtin internal laboratory standard), VK–1 (207Pb/206Pb age 464.6 Ma, Curtin internal laboratory standard) and Hout (207Pb/206Pb age 2046 Ma, Curtin internal laboratory standard) were the secondary reference materials used to monitor matrix effects (Fletcher et al. 2010). During the session, 20 analyses of GM2 yielded a mean 206Pb/238U age of 492.8 ± 2.4 Ma. A minimum error of 1% was assigned to the external spot-to-spot error to reflect the long-term performance of the SHRIMP with the primary standard yielded a 238U/206Pb calibration uncertainty of 0.26%. Secondary standards yielded 206Pb/238U ages of 514 ± 19 Ma (n=5) for IND, and 207Pb/206Pb ages of 480 ± 47 Ma (n=4) for VK–1, and 2036 ± 59 Ma (n=3) for Hout; within the uncertainty of reported ages. Data were processed using the SQUID 2.5 and Isoplot 2.71 Excel add-ins (Ludwig 2003; Ludwig 2009). 207Pb/206Pb dates from individual analyses are presented with 1σ internal precisions, whereas weighted mean 207Pb/206Pb dates are reported at 95% confidence limits. Uncertainty ellipses on Concordia diagrams are at the 2σ level (Fig.3). Spot analyses that were poorly placed on cracks and/or inclusions, were over 10% discordant and/or did not agree with the definition of discordant data (Spencer et al. 2016) were not included in the database and are not presented. A complete list of the analysed samples can be found in Electronic supplementary material Table S2.
b. LA-SS-ICP-MS of zircon and monazite – Trace Elements
For the laser ablation split stream (LA-SS)-ICP-MS, different zircon and monazite grains were analysed than those used in the SHRIMP analysis. Samples were analysed over two sessions for monazite (both with the same analytical conditions) and one session for zircon. In the zircon (Appendix Fig. S3a) and monazite (Appendix Fig. S3b) rare earth element (REE) plots, the analysed data were normalized against the chondrite values of Anders and Grevesse (1989), denoted by XN where X is the element in question and N indicates the normalized value.
Zircon trace elements: Zircon was ablated in the JdLC GeoHistory Facility, Curtin University using a RESOlution M‐50 193nm excimer laser equipped with a low‐volume Laurin Technic S155 cell, coupled to an Agilent 8900x QQQ ICPMS. The beam diameter was 30 μm, the repetition rate was 4 Hz, and the on-sample energy was ~2 J cm−2. Following two cleaning pulses, total acquisition time per analysis was 90 s including 30 s of background acquisition and 40 s of sample ablation, followed by a 20 s washout period. The sample cell was flushed with ultrahigh purity He (350 mL min-1 and N2 (3.8 mL min-1) and high purity Ar was utilized as the plasma/carrier gas. Unknowns were bracketed by a suite of reference zircon (GJ-1 (Liu et al. 2010), 91500 (Wiedenbeck et al. 1995), OGC (Stern et al. 2009), Plesoviçe (Sláma et al. 2008) and a homogeneous Penglai zircon megacryst (PL1; Li et al. 2010), extensively characterized for trace element content and utilized as an in-house trace element standard) and NIST SRM glasses (610 and 612), analyzed every 20 unknowns. The following isotopes were monitored for 0.01-0.02s each (29Si, 49Ti, 89Y, 93Nb, 139La, 140Ce, 146Nd, 147Sm, 151Eu, 157Gd, 159Tb, 163Dy, 165Ho, 166Er 172Yb, 175Lu, 178Hf, 204Pb, 206Pb, 207Pb, 208Pb, 232Th and 238U). Although U-Pb isotopes were collected, only the trace element data is utilized in this work. Zircon standard PL1 was used as the primary reference material to calculate elemental concentrations (91Zr as the internal standard element, 43.14% Zr assumed in unknowns). The trace element results for NIST 612 (secondary standard) using NIST 610 as the reference material and assuming 33.7% Si, indicate that the accuracy was better than 3% for all isotopes with detection limits for REE ranging from 0.1 to 0.5 ppm.  Data were collected using time-resolved data acquisition and processed using the Iolite software package (Paton et al. 2011; Paton et al. 2010). Complete tables of results can be found in Supplementary material (Electronic supplementary material Table S3).
Monazite trace elements: Monazite was analysed by laser ablation split stream in the JdLC GeoHistory Facility, Curtin University. Both ages and trace element analyses were obtained from a single ablation spot. However, only the trace element data is utilized in this work and only the trace element acquisition parameters are described below. Following two cleaning pulses and 45 s of baseline acquisition, 20 s ablations were performed using a 7-µm diameter beam, at 4 Hz and 0.6 J cm-2 (77 unknowns) using a RESOlution M‐50 193nm excimer laser equipped with a low‐volume Laurin Technic S155 cell, coupled to an Agilent 7700x quadrupole ICPMS. The sample cell was flushed with ultrahigh purity He (320 ml min-1) and N2 (1.2 ml min-1).  The following isotopes were monitored for 0.01-0.02s each: (29Si, 31P, 44Ca, 88Sr, 89Y, 139La, 140Ce, 141Pr, 146Nd, 147Sm, 153Eu, 157Gd, 159Tb, 163Dy, 165Ho, 166Er 169Tm, 172Yb, 175Lu, 232Th, 238U). Each session comprised a suite of age and trace element reference materials (44069, Holder et al. 2015); Trebilcock, (McFarlane and McCulloch 2007); Stern (no published trace element data), and five in-house monazite megacrysts with known and widely varying Ce content), run in blocks every 16 unknown analyses. The monazite megacrysts were utilized to plot an external calibration curve, from which the Ce content of each unknown was determined. To quantify the final trace element content of unknowns, a homogeneous in-house monazite megacryst (VK1.) was utilized as the primary standard with 140Ce as the internal reference. Data were processed using the Iolite software package (Paton et al. 2011; Paton et al. 2010) using the Trace Elements IS data reduction scheme. A complete list of the analysed samples can be found in the Electronic supplementary material Table S3.
c. X-ray fluorescence (XRF)
The bulk rock composition data used for modelling (Table 1) and the granitic rocks analysed for geochronology were determined from X-ray fluorescence (XRF) analysis of major elements and titration for ferrous iron contents, and for major oxides, loss-on-ignition (LOI) and trace element, respectively, undertaken by Bureau Veritas (Perth, Western Australia). The XRF analyses were characterised using the following procedure. For sample preparation, the metapelitic samples were sorted, dried, crushed and subsequently pulverised in a vibrating disc pulveriser, whereas the granitic rock samples were crushed and then ground with ethyl alcohol in an agate mill to a grain size below 50 µm, at Curtin University. Samples were cast using a 66:34 flux with 4% lithium nitrate added to form a glass bead, which was then analysed for Al2O3, As, BaO, CaO, Cl, Co, Cr2O3, Cu, Fe2O3, K2O, MgO, MnO, Na2O, Ni, P2O5, Pb, SiO2, SO3, SrO, TiO2, V2O5, Zn via XF Spectrometry on oven-dry (105°C) samples unless otherwise stated. For trace element analysis laser ablation inductively-coupled plasma mass spectrometry (LA–ICP–MS) was used. Loss-on-ignition (LOI) values were determined using a robotic thermogravimetric analysis (TGA) system. Furnaces in the system were set to 110 and 1000°C. FeO was determined volumetrically. Bulk-rock chemical data for samples from the literature and this study are presented in Fig. 4 and fully reported in Electronic supplementary material Table S5.
d. Phase Equilibria Modelling
We used phase equilibria modelling to constrain the petrogenesis of the S-type granites and understand the role of water within a hydrous crust, such as the one of the GTI, in terms of melt volumes. The two starting compositions (Table 1) were chosen to represent common felsic rock types in the GTI from the mid-crustal central domain to the lower crustal eastern domain. The petrological evolution of the two compositions was modelled using P–T and T–X pseudosections calculated in THERMOCALC 3.40 (Holland and Powell 2011). The calculations were undertaken in the chemical system MnO–Na2O–CaO–K2O–FeO–MgO–Al2O3–SiO2–H2O–TiO2–O (MnNCKFMASHTO) with the internally consistent dataset of Holland and Powell (2011) (specifically the tc-ds62 dataset generated on 06/02/2014). Activity–composition models are from White et al. (2014). Calculations considered the phases garnet, silicate melt, hydrous fluid, plagioclase, K-feldspar, sillimanite, andalusite, kyanite, staurolite, muscovite, biotite, chlorite, chloritoid, epidote, orthopyroxene, cordierite, quartz, ilmenite, rutile and magnetite-spinel. 
	For the central domain, a modified version of the average metapelitic composition from Boger and Hansen (2004, in Table 1 as Average (RR)) was considered for the metasedimentary rocks in the Robertson River area (Table 1 this study). The metapelitic rocks from the central domain are generally mica-rich schists as well as often staurolite-bearing (Boger and Hansen, 2004; Volante et al., 2020), so this composition is interpreted to represent subsolidus conditions and thus a hydrated solidus was expected in phase equilibria modelling. In order to make the average metapelitic composition from Boger and Hansen (2004) comparable to existing modelling within the current internally consistent dataset (ds6) and MnNCKFMASHTO system (Volante et al., 2020) the bulk composition from Table 1 in Boger and Hansen (2004) was modified. This composition was combined with the assigned H2O content for suprasolidus conditions used in Boger and Hansen (2004; Table 5, Fig. 5a) as well as 10% of FeO was assigned as Fe3+ (i.e. O). The composition was then normalised to that presented in this study (Table 1, now referred to as the modified average metapelitic composition; MAMC), which is as close as possible to the original modelled composition (i.e. Fig 5a; Boger and Hansen, 2004) but compatible with the MnNCKFMASHTO system. Therefore, the average metapelitic composition from Boger and Hansen (2004) is inferred to possibly represent the typical pelitic source-rock for the surrounding granites and is considered a reasonable candidate to model the composition and, especially the water content, of melts produced in the central domain of the GTI crust. 
	To evaluate whether the granitic melts were produced at lower crustal levels after partial melting of deeper crustal metasedimentary rocks we also considered a metapelite (i.e. ES18) from the eastern domain (Table 1). Sample ES18 was chosen to observe the composition and water content of granitic melts generated in the lower crust at (i.e. c. 8 kbar) in the eastern domain (Volante et al. 2020). The composition of ES18 was derived from the whole-rock XRF analyses and is given in Table 1. A calcium correction was applied to ES18 assuming all P2O5 was held in apatite. The amount of FeO in the measured composition equals the amount of FeO (in mol%) + two times the mol% of Fe2O3, with the amount of Fe2O3 = to O. This partially melted paragneiss (ES18) was modelled with all loss on ignition (LOI) assumed as H2O. 
	Two pressure values were chosen to evaluate the depths at which granites were generated: 5 and 8 kbar. In particular, 5 kbar is the average pressure of the metamorphic peak recorded by the central domain (600–670°C and 4–6 kbar, Volante et al. 2020) where most of the S-type granites are hosted, whereas 8 kbar corresponds to the pressure at which partial melting occurred in the lower crust (e.g., ES18) of the eastern domain (730–770°C and ~8 kbar, Volante et al. 2020). Those depths could potentially represent the conditions of melt generation. Temperature intervals of 20°C were chosen between 690–850°C, reflecting progressive mineral stability changes associated with melting reactions from near-solidus to suprasolidus conditions. Modelled melt compositions were extracted with 20°C intervals from 690°C to 850°C, at 5 kbar and 8 kbar for MAMC and, and from 730°C to 850°C at 8 kbar for ES18 (Electronic supplementary material Tables S4 and S5).
	A T–XH2O pseudosection (at 5 kbar and 650–850ºC) was constructed for MAMC to illustrate the role of H2O on the partial melting of metasedimentary rocks in the GTI. The T–XH2O pseudosection used a composition that varied from a more dehydrated composition at X=0 with 0.51 wt% H2O (1.89 mol%) to X=1 with 2.11 wt% (7.45 mol%) that corresponds to the MAMC (see Table 1). The composition of the MAMC P–T pseudosection corresponds to X=1 (2.11 wt%) within the T–XH2O pseudosection.
	Compositional and modal isopleths were calculated using TCInvestigator (Pearce et al. 2015) to estimate the percentage of melt fraction and water content at the chosen P–T–X conditions. 
	Using the temperature intervals established in the P–T pseudosections, zirconium contents of the modelled melts were calculated using the calibration of Boehnke et al. (2013). Major element compositions of modelled primary melts are compared with those of the Georgetown Inlier S-type granites in Fig. 4.
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Fig. S1 Cathodoluminescence electron microprobe images of zircon grains separated from the studied samples and analysed with SHRIMP. The location of the analytical spots is indicated within each grain as well as the name (and 207Pb/206Pb age for each SHRIMP spot)
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Fig. S2 Backscattered electron images of eight monazite grains that were separated and analysed with SHRIMP. The location of the analytical spots is indicated within each grain as well as the name (and 207Pb/206Pb age for each SHRIMP spot)
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Fig. S3 Chondrite-normalised REE patterns for all the analysed samples: (a) zircon, (b) monazite
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Fig. S4 P–T pseudosections for the Migmatitic Sil–Bt–Grt paragneiss in the eastern domain (ES18)
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