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The analytical work has been conducted at the Image and Analysis Centre of the Natural History Museum, London (UK). The bulk mineralogy was determined through X-ray powder diffraction (XRPD) and automated mineralogy. The XRPD analysis has been carried out with a Panalytical X’Pert PRO MPD diffractometer equipped with a position sensitive X’celerator detector. The diffractometer was operated with CoKα source (Kα1 = 1.78897 Å; Kα2 = 1.79285 Å) at 40 kV and 40 mA, with a Fe filter and a divergence slit of 0.25°. The XRPD patterns were collected between an incident angle of 3 and 80° 2θ, with a step size of 0.014° 2θ and a run time per step was 150 s. The data were interpreted through the HighScore Plus software (Malvern Panalytical) by using the PDF-4 database from ICDD (International Centre for Diffraction Data). 
Automated mineralogy has been performed with a Tescan TIMA scanning electron microscopy (SEM). The instrument is equipped with 4 EDAX Element silicon drift detectors and a TESCAN MIRA 3 Schottky field mission gun. Mineralogy was determined by back scattered electron (BSE) maps and energy dispersive spectrometry (EDS) analysis at 7 μm pixel resolution and with a total of 1000 X-ray counts per pixel. The instrument operated with a 25 kV accelerating voltage, a 12 to 14 nA current and a working distance of 15 mm. The paragenesis of micas and associated minerals has been studied through scanning electron microscopy and energy dispersive spectrometry (SEM-EDS) with a ZEISS EVO LS 15 scanning electron microscope equipped with an Oxford Instruments AZtech EDS systems with Xmax80 silicon drift detectors. The SEM operated with an accelerating voltage of 20 kV, a probe current of 1.5 nA and a 10 nm working distance. 
The mineral chemistry of micas was determined through electron probe micro analysis (EPMA) using a Cameca SX100 electron microprobe equipped with five wavelength dispersive spectrometers (WDS). A beam current of 20 nA, an accelerating voltage of 20 keV, and a spot size of 5 μm was used to quantify the following elements: F (LPC0, Kα), Na (TAP, Kα), Si (TAP, Kα), Al (TAP, Kα), Mg (TAP, Kα), P (TAP, Kα), Ca (PET, Kα), Cl (PET, Kα), Mn (LLIF, Kα), Fe (LLIF, Kα), Rb (LLIF, Kα), K (LPET, Kα), Ti (LPET, Kα), Sr (LPET, Lα), Cs (LPET, Lα) and Ba (PET, Lα). The instrument calibration was carried out using the following standards: topaz (F, natural), jadeite (Na, natural), wollastonite (Si and Ca, synthetic), corundum (Al, synthetic), forsterite (Mg, synthetic), scandium phosphate (P, synthetic), halite (Cl, synthetic), MnTiO3 (Mn and Ti, synthetic), fayalite (Fe, synthetic), RbBr (Rb, synthetic), orthoclase (K, natural), SrTiO3 (Sr, synthetic), CsCl (Cs, synthetic), baryte (Ba and S, natural). The correction of peak overlaps was performed prior to the ‘PAP’ matrix correction. The matrix correction was set to calculate O by stoichiometry based on valence and OH- initially calculated by difference. The H2O content has been then calculated by stoichiometry. The Li content of micas was assessed initially by using the regression equations proposed by Tischendorf et al. (1997). Qualitative high-resolution maps of representative mica assemblages were carried out using a JEOL 5830F+ field emission microprobe equipped with 5 spectrometers. During the elemental mapping the beam was operated with an accelerating voltage of 20 KeV, a current of 50 nA and a spot size between 0.5 and 1 µm to assess the distribution of F (LDE1, kα), Sr (PETL, Kα), K, (PETL, Kα), Ti (PETL, Kα), Ca (PETH, Kα), Si (PETH, Kα), Cs (PETH, Kα), Fe (LIFL, Kα), Mn (LIFL, Kα), Al (TAPL, Kα), Na  (TAPL, Kα) and Mg (TAPL, Kα).
The trace element composition of micas was determined by laser ablation inductively coupled plasma mass spectrometry (LA-ICP-MS) on spots previously analysed by EPMA. Spot analyses were performed by LA-ICP-MS using an 193nm ESI NWR laser ablation system coupled to an Agilent 7700 × quadrupole ICP-MS. The laser was operated using a 10 Hz repetition rate, a fluence of ~3.5 J cm-2 and a spot size of 25 to 35 μm. Samples were ablated in a He atmosphere (ca. 0.8 l min-1) and the ablated aerosol was mixed with Ar (ca. 0.8 l min-1) in a mixing bulb before being introduced into the ICP-MS. Two analyses of NIST SRM 612 reference glass were measured every 20 unknowns to calibrate and monitor for instrumental drift. NIST SRM 610 and GSD-1g were used as quality control secondary reference materials. Data reduction was performed using an in-house Excel-based spreadsheet using the Si concentration quantified through EPMA as internal standard. The following isotopes were measured: 7Li, 11B, 23Na, 24Mg, 27Al, 29Si, 39K, 45Sc, 47Ti, 51V, 55Mn, 57Fe, 70Ge, 71Ga, 85Rb, 88Sr, 93Nb, 115In, 118Sn, 133Cs, 137Ba, 181Ta, 182W and 205Tl. Dwell times for all isotopes was 10 ms except 7Li and 11B (2 ms). High-resolution LA-ICP-MS maps were carried out on the same areas previously mapped through EPMA using a 193 nm Teledyne Iridia laser ablation system coupled to an Agilent 8900 ICP-QQQ-MS. The selection of acquisition parameters (e.g., repetition rate, scan speed and dwell time selection) are detailed in Petrone et al. (2022) and are selected following the protocols of Van Malderen et al. (2018), van Elteren et al. (2019) and Šala et al. (2021).  Mapping was carried out using a fluence of 3.5 J cm-2, a repetition rate of 320 Hz, and a scan speed of 200 µm s-1. The mass spectrometer was operated as a single quadrupole in “no-gas” mode. The measured isotopes were: 7Li, 85Rb, 93Nb, 133Cs, 181Ta, 182W (0.1 ms); 88Sr, 138Ba (0.2 ms); 11B (1 ms); 118Sn (1.7 ms); 65Cu (1.9 ms). Compositional maps were generated as a single acquisition on the ICP-MS. The image processing was carried out using the HDIP software (v. 1.6). Backgrounds were subtracted from each isotope after ~200 ms of the laser not firing, as well as 15 s before the beginning of each area scan. Drift correction was performed using NIST SRM 610. Element count rates were normalised against NIST SRM 610 and element ratios were calculated from the normalised data on a pixel-by-pixel basis. 
[bookmark: _Hlk144296138][bookmark: _Hlk152591983]The quantitative trace elements data produced through LA-ICP-MS spot analysis have been used to classify mica based on their trace-element footprint through multivariate statistical methods. Principal component analysis (PCA) was carried out by through the princomp and ggbiplot packages available on the R software (v 3.6.1). Prior to PCA, data treatment included log-transformation and normalization. The log-transformation was applied to minimize bias deriving from presence of outliers and of variables with elemental concentrations varying at different orders of magnitude (i.e., major vs trace vs ultra-trace elements). Data normalization (mean centering) has been carried out to ensure that the maximum variance observed in the dataset is parallel to the principal component 1 (PC1) and was performed by subtracting means and dividing by the standard deviation values from each variable. The PCA was carried out in compliance with the criteria used to ensure consistent and reproducible results (i.e., n > p2 + 3p + 1, n = number of observations, p = number of variables; Reimann et al. 2011). Censored LA-ICP-MS data falling below the detection limit (dl) are less than 5% of the total dataset and thus have been represented by a value of 65 % of the dl value (Martín-Fernàndez et al. 2003). The variables used to feed to the PCA have been selected based on their variance and on their significance in the petrogenesis of RMGs. The statistical difference between the clusters of mica types visualized through the PCA results have been tested through the analysis of variance (ANOVA) and Tukey’s HSD (honestly significant difference). The ANOVA analysis has been performed on extracted principal components that are discussed to assess mica groups diversity (i.e., PC1 and PC2 from PCA on trioctahedral and dioctahedral micas). The Tukey’s HSD test has been also performed to allow the pairwise comparisons of mica groups along the PC1 and PC2 dimensions. The pairwise comparison has been performed by converting the p-value in the p-adjusted values (Bonferroni correction) that allowed testing the statistical difference based on the total number of the identified mica groups. 
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