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Detailed Methodology
Whole-rock major elements have been analyzed at the Department of Geoscience of the University of Padua (Italy) with a Philips PW2400 X-ray fluorescence spectrometer (XRF) after preparing pearls (1/10 Li2B4O7). The resulting errors were less than 2σ. Trace elements were analyzed at ACME Labs (Vancouver, Canada) with laser ablation inductively coupled plasma-mass spectrometry (LA-ICP-MS) (Online Supplementary Table S1). Further details are in De Min et al. (2020). 
The chemical compositions of the clinopyroxenes, micas, oxides, and feldspars (Online Supplementary Table S2) have been determined by CAMECA SX50 electron microprobe at the Department of Geoscience of the University of Padova, Italy. Instrumental operating conditions were as follows: 15 kV acceleration voltage, 15 nA beam current, counting times of 10 s for peak and 10 s for background (i.e., 5 s for each side of the peak), and ca. 2 μm spot size. Natural and synthetic minerals were used as standards and X-ray counts were converted into weight percent oxides using the CAMECA-PAP software. 
Eighty transparent and fracture-free apatite grains were handpicked from RC5 and RC2 samples, mounted in epoxy resin and, imaged by CL. Prior U-Pb dating, these crystals were analyzed with an Electron Microprobe Analysis (EMPA) (Online Supplementary Table S2). Apatite crystals were mounted in the epoxy resin along the c-axis (Fig. 6a) so that the EMPA beam was perpendicular to the apatite c-axis to allow for accurate F and Cl analyses (i.e., Webster & Piccoli, 2015). In addition, to compare the chemistry of the apatite grains with those included in the clinopyroxenes (see section 4.a.), respectively, three and four clinopyroxenes from RC5 and RC2, were handpicked, mounted in epoxy resin, and backscattered imaged (BSE). Only those apatite inclusions showing a clear elongated habit, interpreted to represent their c-axis, were analyzed (Fig. 2e). For instance, crystals with hexagonal tabular habits were not considered (Fig. 2e). Analyses were done with a JEOL JXA-8230 super-probe, equipped with five wavelength dispersive spectrometers (WDS), at the Microscopy and Microanalysis Laboratory (LMic) at the Department of Geology, Universidade Federal de Ouro Preto, Brazil. The JEOL EMPA software Ver3.0.1.16 package was used for calibration, overlap correction, and quantification. Operating conditions were 15kV accelerating voltage, 20nA beam current, and 5 µm beam diameter. The work distance on EMPA is fixed at 11 mm with no variation during the analysis. Standards anorthoclase (Na), CaF2 (F), quartz (Si), corundum (Al), olivine (Mg), magnetite (Fe), scapolite (Cl), PbS (S), fluor-apatite (P, Ca), strontianite (Sr), ilmenite (Ti), microcline (K) and MnO2 (Mn) were used for calibration. Counting time for S was set at 30 s at peak and 15 s at the background, while for Na, F, Si, Al, Mg, Cl, Fe, P, Sr, Ti, Ca, K, and Mn, was set at 10s at peak and 5s at the background. The major spectral interferences were corrected during the standard analysis and quantification.  Lα X-ray was used for Sr, and Kα X-ray was used for the other elements. The standard deviation for each element was: Na (1%), F (1.05%), Si (0.29%), Al (0.28%), Mg (0.46%), Cl (0,97%), Fe (0.4%), P (0.61%), Sr (0.68%), Ti (0.29%), Ca (0.25%), K (0.49%) and Mn (0.43%). The total iron content obtained by the microprobe is considered FeO. 
U-Pb apatite dating analyses were done at the Applied Isotope Research Group (AIR-G) of the Department of Geoscience of the Federal University of Ouro Preto, Brazil. Apatites were dated by high-spatial-resolution LA-MC-ICP-MS (Lana et al. 2017, 2021) using a Thermo-Finnigan Neptune plus Multicollector ICP-MS coupled with Photo-Machines 193 nm laser system. Beam spot diameter was 20 microns, with each spot analysis lasting 45 sec., which comprised 15 sec. background and 30 sec of signal plus background. Ar (ca. 1.1 L/min) and He (ca. 0.5 L/min) gases were used to carry the ablated material. Background, down-hole fractionation, and instrumental mass bias drift were corrected (e.g., Stacey & Kramers, 1975) during the whole work session (Lana et al. 2017; Lana et al. 2021). Data reduction was performed using Saturn software (see Lana et al. 2021), and Isoplot/Ex4 program (i.e., Ludwig, 2003) was used to calculate apatite ages. The dataset was not corrected for common Pb.
MAD1 Madagascar apatite (Concordia age of 485.3 ± 4.9 Ma; weighted mean age of 485 ± 1.7 Ma; Thomson SN et al. 2012) was used as the primary standard (online Supplementary Table S4), giving an anchored age of 482 ± 4 Ma (2SD; n = 5; MSDW = 0.56) and weighted mean age of 487.1 ± 3.5 Ma (2S; n = 5; MSWD 0.58) concordant within the error with the accepted values. The anchored age was obtained using the 207Pb/206Pb value of 0.8681 from Chew et al. (2014). MAD B Madagascar apatite (Upper intercept age of 482.4 ± 3.2 Ma; weighted mean age of 486 ± 2.7 Ma; Gilbert & Glorie, 2020) was used as a further primary standard (online Supplementary Table S4). The lower intercept age is 461 ± 83 Ma (2SD; n = 5; MSDW = 0.022), which gives a 207Pb/206Pb value of 0.8573 according to the Steacy & Kramers, (1975) model. Through this ratio, the anchored age for MAD B standard apatite is 479.2 ± 3.8 Ma (2SD; n = 5; MSDW = 0.155), while the weighted mean age is 484.3 ± 3.7 (2SD; n = 5; MSDW = 0.94). All ages are consistent with those reported in the literature (Gilbert & Glorie, 2020). 401 and in-house IPIRA apatites were used as secondary standards giving homogeneous Concordia ages of 523 ± 2 Ma (2S; n = 12; MSWD 0.47; probability = 0.98) and 2044 ± 4 Ma (2S; n = 5; MSWD 0.27; probability = 0.98), respectively. 401 apatite ages are consistent with those reported in the literature (524.7 ± 7.8 Ma, Gilbert & Glorie, 2020; Thomson J et al. 20126;).
During apatite runs, we also analyzed GJ-1 (Jackson et al. 2004), Plešovice (Sláma et al. 2008), and Tanzania (Lana et al. 2021) zircons to check any inconsistencies in the 207Pb/206Pb measurements. For the GJ-1, zircons ablated during two different runs gave two Concordia ages of 600 ± 2 Ma (2S; n = 4; MSWDC+E = 0.97; probability = 0.45) and 612 ± 1 Ma (2S; n = 8; MSWDC+E = 0.97; probability = 0.48). This is consistent with the fact that GJ-1 zircons are internally heterogeneous, giving concordant ages from 600 to 610 Ma (Fig. 6 in Jackson et al. 2004). However, GJ-1 zircons analyzed during run#1 gave a Concordia age consistent with the 206Pb/238Pb TIMS age of 601.86 ± 0.37 Ma (Jackson et al., 2004; Horstwood et al. 2016). Dates from Plešovice zircons were always homogeneous, returning a concordant age of 339 ± 1 Ma (2S; n = 10; MSWDC+E = 0.48; probability = 0.97) slightly older (1.7 ± 1.4 Ma) than the reported age of 337.3 ± 0.4 (Sláma et al. 2008). Tanzania zircon gave a Concordia age of 602 ± 1 Ma (2S; n = 26; MSWD 0.89; probability = 0.66) consistent with the new ID-TIMS age of 601 ± 1 Ma (Lana et al. 2021). All data are reported in Online Supplementary Table S4. 
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