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Methods 

Samples were collected from the upper, central, and lower portion of the outcropping granite, as well as the overlying and surrounding marble. Imaging and semi-quantitative mineral identification and major and trace element analysis of bulk-rock were carried out in the lab of the Earth Science department of Pisa. Trace element analysis of selected samples were carried by acid dilution of bulk-rock and analysis with a Nexion 300X ICP mass spectrometer, University of Pisa, Pisa, Italy. 

S1.1. Scanning Electron Microscopy (SEM-EDS) 
Minerals paragenesis was reconstructed from textural relationship involving the different minerals, using a combination of optical microscopy and scanning electron microscopy. Several polished sections were investigated using a Philips XL 30 Scanning Electron Microscope (SEM) equipped with solid-state back-scattered electron (BSE) and energy dispersive spectroscopic (EDS) detectors (EDAX PV 9900), University of Pisa, Pisa, Italy. Some minerals were identified from semi-quantitative Energy Dispersive X-ray Analyses (EDS) 
S1.2. Electron microprobe (EMP) 
Selected minerals were analysed quantitatively (Si, Ti, Al, Fe, V, Mn, Mg, Ca, Na, K, F, Nb, La, Ce, Sm, Nd) using a JEOL 8200 electron microprobe equipped with five wavelength dispersive spectrometers (WDS) and a PulseTor Maxim EDS detector, University of Milano, Milano, Italy. The WDS analyses were conducted at 15 kV, with a 30 nA beam current and a beam diameter of 5 μm. Owing to the small crystal size, it was not possible to use the electron microprobe to quantitatively analyze all the phases. Some minerals were identified from element maps and semi-quantitative EDS analyses using the SEM. 
S1.3. Bulk-Rock ID-ICP-MS
For each sample, about 50 mg of powders were dissolved by acid dissolution (HF + HNO3). The powders were transferred into 20 mL Savilex vials with 4 ml HF + 1 ml HNO3 and evaporated at 190 °C for about 24 h and then re-dissolved overnight in closed vials with 4mL HF + 1mL HNO3. After adding 1 mL HNO3, samples were dried down again at 190 °C and redissolved in 2mL HNO3. After evaporation the residue were dissolved again in 3 mL 3N HNO3. After appropriate dilution with ultrapure water (Millipore Milli-Q, >18.2 MOhm cm), the sample solutions were analyzed for Sc, V, Cr, Co, Ni, Cu, Zn (kinetic energy discrimination mode; cell gas = 3.7 mL/min He) and Li, Be, Ga, Rb, Sr, Y, Zr, Nb, Mo, Ag, Sn, Sb, Cs, Ba, REE, Hf, Ta, W, Tl, Pb, Bi, Th, and U (standard mode), with an A 20 ng/mL solution of Rh and Re (internal standards) was mixed on-line with the sample solution just before reaching the nebuliser. The instrument was calibrated with the BE-N rock international standard. The detection limit in μg/L is <0.0001 for Li, Co, Cu, Rb, Sr, Y, Zr, Nb, Sb, Cs, Ba, REE, Hf, Ta, W, Tl, Pb, Th, U, and < 0.001 for Be, Sc, V, Cr, Ni, Zn, Ge, Mo, Ag, and Sn. 
S1.4. Laser Ablation Inductive Coupled Plasma Mass Spectrometer (LA-ICP-MS)
A Thermo Scientific iCAP-Q ICP-QMS coupled with a Photon Machine G2 193 nm excimer Laser Ablation system (University of Perugia, Perugia, Italy) was used for high spatial resolution trace element determination (Li, Be, Sc, V, Cr, Mn, Co, Ni, Cu, Zn, Ga, Rb, Sr, Y, Zr, Nb, Sn, Sb, Cs, Ba, REE, Hf, Ta, Pb, Bi, Th, U) of selected minerals, both from thin–thin section and separated minerals mounted in epoxy. The laser system is characterized by a maximum stabilized energy output of 12 mJ with fluctuations, expressed as relative standard deviation (RSD), below 2%. The pulse duration was <4 ns and the irradiance on the sample surface could be adjusted up to about 4 GW/cm2. Frequencies could be varied from 1 Hz to 300 Hz. The beam delivery apparatus was contained in a fully N2-purged optical path to prevent formation of ozone and concomitant energy loss on the target. A rotating beam homogenizer improved the homogeneity of the laser beam through its surface; a fast-change mask varied the shape and dimension of the laser beam on the sample surface.

Laser ablation inductive coupled plasma mass spectrometer (LA-ICP-MS) operating conditions were optimized before the analytical session on a continuous ablation of NIST SRM 612 reference material glass in order to provide the maximum signal intensities and stabilities for the ions of interest while suppressing oxides formation. The stability of the system was evaluated on 139La, 208Pb, 232Th, and 238U by a short-term stability test, consisting of five acquisitions (one minute each) on a linear scan of NIST SRM 612 reference material glass. The analytical protocol for high spatial resolution trace element determination consisted in the analysis of 10–15 unknown samples bracket by four acquisitions of the NIST SRM 610 reference material. The diameter of the laser beam was varied between 50 and 20 μm for the unknown samples whereas the reference material was always analyzed at a beam size of 20 μm in order to improve the counting statistics on calibration analyses [53] Data reduction was performed using the protocol reported in [54]. 42Ca, 29Si and 47Ti were used as internal standards. Major elements on unknown samples were analyzed with an Electron Probe Micro-Analyzer (EPMA), University of Milano, Milano, Italy. Lower limits of detection (LLDs) calculated following [54] for selected elements vary between 0.006–2 μg/g, at laser beam diameters of 15 μm, relative to the USGS BCR2G reference material at 8 Hz and 4.5 J/cm2 [21]. LLDs are of the same magnitude of those reported by [55,56] using a sector field ICP-MS coupled with a solid state 213 nm and an Excimer 193 nm laser ablation system, respectively. 
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