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S1. Geographic location of the sample.
Table T1. List of collected samples in the Cabanaira Unit. The type of analysis and the related coordinates are also reported.

	Sample 
	Coordinates (lat - long)
	Analysis

	ED203
	44°08'53''N - 7°37'06''E
	WmIC + b0

	ED204
	44°08'54''N - 7°37'02''E
	WmIC + b0

	ED205
	44°09'06''N - 7°37'03''E
	WmIC + b0

	ED206
	44°09'04''N - 7°37'04''E
	WmIC + b0

	ED207
	44°09'05''N - 7°37'03''E
	WmIC + b0

	ED208
	44°09'00'N - 7°36'57''E
	WmIC + b0

	ED217
	44°09'17''N - 7°35'52''E
	WmIC + b0

	ED218
	44°09'19''N - 7°35'51''E
	WmIC + b0

	ED219
	44°09'23''N - 7°35'47''E
	WmIC + b0

	ED220
	44°09'20''N - 7°35'46''E
	WmIC + b0

	ED208a
	44°09'17''N - 7°36'41''E
	P−T estimates

















S2. EPMA acquisition

Chemical analysis, micro-mapping and local bulk composition: the electron probe micro analysis (EPMA) data have been acquired using the following operating conditions: 15 keV accelerating voltage, 17 nA sample current and 5 ms per grid point counting time with a beam size of 40 nm resulting in 2 microns of resolution. One compositional map and a total of 20 spot analyses were acquired (see tables T2 and T3 in supplementary material S2 and Figure F1 for the position of each spot analysis within the investigated micro-area); the X-ray map resolution was set at 0.7 nm, as recommended by Lanari et al. (2014), to detect any compositional variation in Wm and Chl crystals. The compositional map was calibrated with the spot analyses (De Andrade et al., 2006) using XMapTools 3.2 software (Lanari et al., 2014c), in order to obtain quantitative maps of oxide (wt %). The local bulk composition (LBC in the text) was obtained from the microcleavage selected along the S1 foliation using the X-ray calibrated compositional maps of the sample ED208a. At the first, a merged map of the overall phases was created. The density-corrected oxide map function implemented in XMapTools program was used on the X-ray merged map of interest to generate density-corrected oxide maps. In this kind of map, the density-corrected value of each pixel is computed from the composition in oxide weight percentage of this pixel. The density values reported in https://www.webmineral.com were used to compute this map. Their values are reported in the following: albite and plagioclase: 2.65 g/cm3; quartz: 2.62 g/cm3; calcite: 2.71 g/cm3; white mica: 2.82 g/cm3; chlorite: 2.95 g/cm3.


Table T2. Chlorite EPMA spot analysis used as internal standard during calibration of X-Ray compositional map of the sample ED208a. In the following tables, the point analysis (*) of chlorites showing high alkali content >0.5 wt.% (e.g., Chl10) or TiO2 content (e.g. Chl4 and Chl8) were not used during calibration. 
	
	Chl1*
	Chl2
	Chl3
	Chl4*
	Chl5
	Chl6*
	Chl7
	Chl8*
	Chl9
	Chl10*

	SiO2
	26.15
	25.70
	26.52
	28.93
	26.40
	27.37
	26.86
	27.92
	26.85
	30.06

	TiO2
	< 0.01
	0.02
	0.06
	2.61
	0.08
	< 0.01
	0.05
	1.05
	0.08
	0.14

	Al2O3
	21.86
	21.96
	22.14
	19.99
	20.29
	22.34
	21.88
	19.86
	21.57
	22.50

	FeO
	27.24
	27.91
	28.22
	25.88
	29.59
	26.41
	27.13
	29.39
	25.57
	22.72

	MnO
	0.05
	0.09
	< 0.01
	0.08
	0.25
	0.09
	0.08
	0.21
	0.01
	0.01

	MgO
	12.16
	12.85
	12.09
	11.44
	11.65
	13.51
	12.83
	10.21
	14.55
	13.21

	CaO
	0.12
	0.09
	0.02
	0.06
	0.05
	0.03
	0.01
	0.07
	0.01
	0.04

	Na2O
	0.38
	0.16
	0.02
	0.06
	< 0.01
	0.36
	< 0.01
	0.10
	0.06
	0.05

	K2O
	0.07
	0.09
	0.18
	0.45
	0.05
	0.42
	0.10
	0.38
	0.05
	1.33

	total (wt%)
	88.03
	88.87
	89.25
	89.50
	88.36
	90.53
	88.94
	89.19
	88.75
	90.06

	Si
	2.76
	2.70
	2.77
	2.97
	2.82
	2.79
	2.80
	2.94
	2.78
	3.01

	AlIV
	1.24
	1.30
	1.23
	1.03
	1.18
	1.21
	1.20
	1.06
	1.22
	0.99

	AlVI
	1.49
	1.42
	1.49
	1.39
	1.37
	1.48
	1.48
	1.41
	1.42
	1.67

	Fe
	2.41
	2.45
	2.46
	2.22
	2.64
	2.25
	2.36
	2.59
	2.22
	1.90

	Mg
	1.92
	2.01
	1.88
	1.75
	1.85
	2.06
	1.99
	1.60
	2.25
	1.97

	Ca
	0.01
	0.01
	-
	0.01
	0.01
	-
	-
	0.01
	-
	-

	Na  
	0.08
	0.03
	-
	0.01
	-
	0.07
	-
	0.02
	0.01
	0.01

	K   
	0.01
	0.01
	0.02
	0.06
	0.01
	0.05
	0.01
	0.05
	0.01
	0.17

	XMg
	0.44
	0.45
	0.43
	0.44
	0.41
	0.48
	0.46
	0.38
	0.50
	0.51

	Fe+Mg (M1+M2+M3)
	4.32
	4.47
	4.35
	3.97
	4.49
	4.31
	4.35
	4.19
	4.46
	3.88

	cation sum (no alkali)
	9.92
	9.96
	9.88
	9.65
	9.90
	9.93
	9.86
	9.78
	9.90
	9.74

	vacancies (M-site)
	0.13
	0.06
	0.13
	0.18
	0.09
	0.14
	0.14
	0.17
	0.10
	0.34

	XClin
	0.26
	0.27
	0.26
	0.15
	0.28
	0.28
	0.29
	0.21
	0.33
	0.28

	XDaph
	0.32
	0.33
	0.35
	0.19
	0.40
	0.30
	0.34
	0.33
	0.33
	0.27

	XAm
	0.30
	0.34
	0.26
	0.48
	0.23
	0.28
	0.23
	0.29
	0.24
	0.10

	XSud
	0.13
	0.06
	0.13
	0.18
	0.09
	0.14
	0.14
	0.17
	0.10
	0.34

	O basis
	14
	14
	14
	14
	14
	14
	14
	14
	14
	14




Table T3. White mica EPMA spot analysis used as internal standard during calibration of X-Ray compositional map of the sample ED208a. The point analysis of white micas with high MnO + TiO2 >0.50 wt. % (* in table ST3) content were not used during calibration.
	
	Wm1*
	Wm2
	Wm3
	Wm4
	Wm5
	Wm6*
	Wm7*
	Wm8
	Wm9
	Wm10*

	SiO2
	48.02
	48.61
	50.77
	47.62
	47.20
	49.46
	46.77
	48.02
	48.84
	49.64

	TiO2
	0.65
	0.17
	0.03
	0.40
	0.34
	0.52
	0.54
	0.53
	0.70
	0.73

	Al2O3
	33.70
	32.05
	31.95
	36.22
	35.24
	31.71
	34.72
	35.28
	30.55
	31.64

	FeO
	1.53
	3.61
	1.01
	1.20
	0.91
	1.49
	0.78
	1.02
	2.68
	2.57

	MnO
	0.04
	< 0.01
	0.01
	< 0.01
	< 0.01
	< 0.01
	< 0.01
	0.03
	0.04
	< 0.01

	MgO
	0.93
	1.11
	1.62
	0.61
	0.62
	1.39
	0.57
	0.58
	1.70
	1.60

	CaO
	0.04
	< 0.01
	0.03
	0.02
	0.02
	0.08
	0.10
	0.01
	0.02
	0.17

	Na2O
	0.80
	0.65
	0.14
	1.29
	0.52
	0.46
	1.39
	2.11
	0.30
	0.25

	K2O
	9.74
	9.93
	10.05
	9.24
	10.57
	9.90
	9.11
	7.80
	10.60
	10.47

	total(wt%)
	95.45
	96.13
	95.61
	96.6
	95.42
	95.01
	93.98
	95.38
	95.43
	97.07

	Si
	3.18
	3.23
	3.33
	3.10
	3.12
	3.28
	3.13
	3.14
	3.26
	3.25

	AlIV
	0.82
	0.77
	0.67
	0.90
	0.88
	0.72
	0.87
	0.86
	0.74
	0.75

	AlVI
	1.80
	1.73
	1.79
	1.88
	1.87
	1.76
	1.86
	1.87
	1.67
	1.69

	Fe
	0.08
	0.20
	0.06
	0.07
	0.05
	0.08
	0.04
	0.06
	0.15
	0.14

	Mg
	0.09
	0.11
	0.16
	0.06
	0.06
	0.14
	0.06
	0.06
	0.17
	0.16

	Ca
	-
	-
	-
	-
	-
	0.01
	0.01
	-
	-
	0.01

	Na  
	0.10
	0.08
	0.02
	0.16
	0.07
	0.06
	0.18
	0.27
	0.04
	0.03

	K   
	0.82
	0.84
	0.84
	0.77
	0.89
	0.84
	0.78
	0.65
	0.90
	0.87

	XMg
	0.52
	0.35
	0.74
	0.48
	0.55
	0.62
	0.57
	0.50
	0.53
	0.53

	K+Na+Ca
	0.93
	0.92
	0.86
	0.93
	0.96
	0.90
	0.96
	0.92
	0.94
	0.92

	vacancy (A-site)
	0.07
	0.08
	0.14
	0.07
	0.04
	0.10
	0.04
	0.08
	0.06
	0.08

	Cation sum
	6.94
	6.97
	6.87
	6.96
	6.96
	6.90
	6.96
	6.93
	6.97
	6.94

	XMs
	0.78
	0.72
	0.66
	0.86
	0.85
	0.69
	0.86
	0.82
	0.67
	0.68

	XCel
	0.14
	0.16
	0.19
	0.05
	0.10
	0.21
	0.07
	0.09
	0.24
	0.22

	XPrl
	0.07
	0.08
	0.14
	0.07
	0.04
	0.10
	0.04
	0.08
	0.06
	0.08

	XTrioct.
	0.01
	0.05
	0.01
	0.02
	-
	-
	0.01
	0.01
	0.03
	0.03

	O basis
	11
	11
	11
	11
	11
	11
	11
	11
	11
	11





Figure F1. BSE image showing the position within the micro-area (Figure 3e in the text) of each EPMA spot analysis for chlorite and white mica grains. 
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S3. Thermodynamic modeling.
Table T4. Modeled mineral assemblage of the investigated micro-domain in the white box of Figure 3e. Input bulk composition with the Fe3+ content is also given.

	ED208a

	Micro-domain within the white box of Figure 3e

	Local bulk composition (No Cc, Ab)
	Wt. %
	SiO2(41.29)TiO2(0.39)Al2O3(25.92)CaO(0.043)FeO(7.54)MgO(3.64)
MnO(0.024)Na2O(0.18)K2O(7.14)

	Input Theriak-Domino tot
	mol
	Si(0.687)Ti(0.005)Al(0.508)Fe(0.105)Mn(0.0003)Mg(0.0903)
Ca(0.0007)Na(0.0056)K(0.152)H(1)O(?)

	Input Theriak No Ti, Mn, Ca, Na with FeOtot as Fe2+
	mol
	Si(0.687)Al(0.508)Fe(0.105)Mg(0.0903)K(0.152)H(1)O(?)

	Input Theriak No Ti, Mn, Ca with 10% FeOtot as Fe3+
	mol
	Si(0.687)Al(0.508)Fe(0.105)Mg(0.0903)K(0.152)H(1)O(?)O(0.00525)

	Assemblage Theriak at 280 °C and 0.8 Gpa
	Vol %
	Wm (68.32), Chl (27.19), Qz (4.49) 



The database of Berman (1988) updated after Pourteau et al. (2014) was used. It is built with the following solution models: white mica (Dubacq et al., 2010); chlorite (Vidal et al., 2005); carpholite (Vidal et al., 1992; Dubacq et al., 2008); chloritoid (Vidal et al., 2001); biotite (Berman, 1988); lawsonite (Berman, 1988); ilmenite (Berman, 1988); magnetite (Berman, 1988); Hematite (Berman, 1988); garnet (Berman, 1988); staurolite (Berman, 1988); epidote (Holland and Powell, 1998); K-feldspar (Berman, 1988); albite (Berman, 1988). 





S4. Thermobarometry.
This approach is based on the assumption that two minerals, e.g., Wm and Chl are in chemical and textural equilibrium, as part of the mineral assemblage in the S1 foliation in the micro-domain of interest (white box of Figure 3e). They are thus thought to reach the chemical equilibrium and, consequently, they can be used to retrieve their P–T equilibrium condition even if the local bulk composition of the investigated rock volume is unknown. In other words, allows us to consider local domains where mineral in clear textural equilibrium (Chl, Wm and Qz in this case) may have recorded chemical equilibrium and, therefore, it provides a tool to detect different segments of the P–T path (i.e., peak P, peak T).
Chl-Qz-H2O method: this method is based on the convergence of the reactions involving the Chl end-members (Mg- and Fe-Amesite, Clinochlore, Daphnite and Sudoite) in presence of quartz and water (Vidal et al., 2006). This thermometer is based on the equilibria 4 Clc + 5 Fe-Ame = 4 Dph + 5 Mg-Ame and 4 Dph + + 6 Sud = 5 Fe-Ame + 3 Mg-Ame + 14 Qz + 8 H2O. The T range in which the chlorite is in equilibrium is represented by histogram (see Figure 7a in the manuscript). Computations were made using the software ChlMicaEqui (Lanari, 2012). All of the calculations were performed considering an equilibrium tolerance of 200 (J) and the uncertainty associated with each temperature range is ± 30 °C. In this paper for each chlorite group different fixed P value and range of Fe3+ were simultaneously tested in order to obtain the minimum value of ferric iron for the equilibria above thus is reached. Each test was performed using an aH2O value of 0.8. However, the results of tests performed using aH2O values of 1.0, 0.9 and 0.5 are reported in the following. T values were considered only when the scatter between different values was <30 °C.

[image: ]Figure F2. Histograms of the T ranges estimated for the different groups of chlorites for different aH2O.


















Phg-Qz-H2O method: this method is based on the convergence of the reactions involving the Wm end-members (Celadonite, Muscovite, Pyrophyllite) in presence of quartz and water (Dubacq et al., 2010). This method is based on the illitic mica compositions to define the thermodynamic status of water following the reactions: Prl(H) = Prl + H2O and 3Mg-Cel + 2Prl = 2Ms + Phl + 11Qz + 2H2O where Prl(H) is hydrated Prl. The relative proportion of white mica end-members are mainly controlled by the Tschermak and pyrophyllite substitutions (e.g., Guidotti and Sassi, 1998). The estimations were performed for fixed temperature ranges and approximating the Fe3+ taking into account the minimum values of ferric iron estimated for the chlorite groups using Vidal et al. (2006). The equilibrium conditions of Wm are represented by divariant lines in the P–T space along which the amount of water (i.e., XH2O %) in the interlayer A-site content varies (Dubacq et al., 2010). Pressure and XH2O have been simultaneously estimated at a given temperature (average value corresponding to the chlorite temperature formation) for aH2O=0.8 fixing the range of Fe3+. Computations were made using the software ChlMicaEqui (Lanari, 2012). All calculations were performed considering an equilibrium tolerance of 200 J.
Chl-Phg-Qz-H2O method: this is a semi-empirical approach based on the thermodynamic database proposed by Berman (1998) and implemented by Vidal and Parra (2000). This method consists in the determination of the points in the P–T diagram where all the independent reactions are intersected; such condition is satisfied whenever the Chl-Phg pairs are in equilibrium within the microstructure. Several Chl-Phg pairs have been selected within the S1foliation, in order to test the P–T conditions related to the D1 phase. In the system K2O–Al2O3–MgO–SiO2–H2O, the assemblage Chl+Phg+Qtz+H2O has two degrees of freedom. The number of independent equilibria (IR) that can be calculated from this assemblage depends on the number of end-members (EM) used to describe the composition of Chl and Phg: 
IR=(EM+2) -C 
where “+2” correspond to the presence of water and quartz. The P–T conditions have been calculated using 64 equilibria involving the five Chl (Clin, Fe- and Mg-Am, Daph and Mg-Sud) and four dioctahedral Phg (Mg- and Fe-Cel. Ms and Prl) end-members (Vidal et al., 2006 and references therein). To test the accuracy of the Chl-Phg-Qtz-H2O multiequilibrium approach, other thermodynamic methods were applied on the Wm (Massonne and Schreyer, 1987) and the Chl (Bourdelle and Cathelineau, 2015; Lanari et al., 2014). Equilibrium was considered to be achieved if the intersections between all equilibria present a scatter lower than 25 °C and 0.08 GPa; these values have been calculated with the Monte Carlo technique as recommended by Vidal and Parra (2000). The Chl-Phg couples processed with the Chl-Phg-Qtz-H2O multi-equilibrium are the same studied with the Chl-Qtz-H2O and Phg-Qtz-H2O methods and the results have been compared with the previous one. Overall, the three methods overlapping results allow to obtain a P–T estimates of ±30 °C and ±0.2 GPa (as outlined by Vidal and Parra, 2000).

S5. White mica “crystallinity” index and b0 cell parameters
Fresh carbonate-poor sample of pelites were disaggregated in a jaw crusher for about 20 minutes to
obtain the whole-rock powder following the procedure proposed by (Leoni et al., 1996). The whole-rock powder was subsequently treated to separate the <2 μm particles via differential settling, with distillated water, for 4 hours. The particles <2 μm was treated with Mg++ and K+ aqueous solutions. Subsequently, these were centrifugated to separate the aqueous solution from the particles. The particles were subsequently smeared on glass slides following the procedure proposed by Lezzerini et al. (1995) with particular care regarding the amount of clay materials on all of them (approximately 2 mg/cm3). In the latter, the Full Width at Half Maximum (FWHM) values expressed in Δ°2θ CuKα unit of the white mica 10 Å peaks were measured using X-Ray Diffraction (XRD) patterns. The patterns were obtained using a Philips PW1710 automatic diffractometer, equipped with a long fine-focus Cu tube with the following acquisition setting: CuKα Ni-filtered radiation, 40 kV; 20 mÅ; slits: 1/2° divergence and scatter 0.2 mm receiving; continuous scanning; scan speed: 0.25°/minute; dwell time: 3s. For the identification of clay minerals, XRD patterns of glycolated <2 μm grain sizes were scanned in the air-dried and glycolated states from 2 to 18 Δ°2θ in order to verify the presence of mixed-layers (i.e., illite/smectite layers. Ferreiro Mählmann and Frey, 2012; Ferreiro Mählmann and Giger, 2012). The white mica crystallinity Index were measured on the oriented glycolated samples using the DIFFRAC.EVA v4.1 software. The White mica crystallinity values were then converted for the CIS scale (Warr and Ferreiro Mahaltman, 2015) according to the following linear correlation: WmIC(CIS)=1.4556*FWHM-0.1381, R2=0.898. In the CIS scale, 0.32 and 0.52 are the upper and lower limits of the Anchizone region, and they correspond to the 0.25 and 0.42 Kübler index values (Basel Lab); Warr and Ferreiro Mählmann (2015) proposed the following correlation: WmIC(CIS)=1.1523* Kübler values (Basel)+0.0036, R2=0.986.
The white mica b0 cell parameter was calculated measuring the d060 using the (211) quartz reflection as an internal standard (Padan et al., 1982; Sassi and Scolari, 1974; Kisch et al., 2006); the positions of white mica and quartz reflections were measured on randomly oriented whole-rock powder sample of carbonate-poor pelites run by step scanning from 59° to 63° 2Ө with a scan speed of 0.25°/minute. The b0 value were calculated following the formula: b0= d(060) x 6. The measures were obtained using the DIFFRAC.EVA v4.1 software.
Table T5. White mica crystallinity Index and b0 cell parameter calculated for the Cabanaira Unit with the related metamorphic grades.
	Sample
	FWHMWm
	WmIC(CIS)
	Metamorphic Zone WmIC(CIS)
	2qqtz
	2qWm
	2qiWm*
	d
	Wm b0

	ED203
	0.195
	0.15
	epizone
	59.955  
	61.725  
	61.710  
	1.502  
	9.011  

	ED204
	0.208
	0.17
	epizone
	59.920  
	61.730  
	61.750  
	1.501  
	9.006  

	ED205
	0.170
	0.13
	epizone
	59.930  
	61.670  
	61.680  
	1.503  
	9.015  

	ED206
	0.204
	0.17
	epizone
	59.920  
	61.650  
	61.670  
	1.503  
	9.017  

	ED207
	0.222
	0.20
	epizone
	59.900  
	61.660  
	61.700  
	1.502  
	9.013  

	ED208
	0.168
	0.13
	epizone
	59.920  
	61.650  
	61.670  
	1.503  
	9.017  

	ED217
	0.184
	0.14
	epizone
	59.920  
	61.720  
	61.740  
	1.501  
	9.008  

	ED218
	0.240
	0.22
	epizone
	59.925  
	61.705  
	61.720  
	1.502  
	9.010  

	ED219
	0.231
	0.22
	epizone
	59.935  
	61.725  
	61.730  
	1.501  
	9.009  

	ED220
	0.194
	0.15
	epizone
	59.915  
	61.675  
	61.700  
	1.502  
	9.013  












Figure F3. X-ray diffraction patterns (range 2-18 °2θ) of studied pelite samples.
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Table T6. b0 values of white micas grains calculated with the equations proposed by Guidotti et al. (1989) using the spreadsheet of Verdecchia et al. (2019).
	Calculation of white mica b0 parameter (cf. Guidotti et al., 1989)
	Wm #599
	Wm #194
	Wm #234

	The b0 parameter for Fe Total = FeO + Fe2O3
	 
	 
	 

	condition: Na/(Na+K)≤0.15
	0.000
	0.000
	0.000

	b0 = 8.9931 + 0.0440 Σ (Mg2+ + Fe2+ + Fe3+)
	9.046
	9.035
	9.031

	b0 = 9.1490 - 0.0258 Σ (AlIV + AlVI)
	9.033
	9.019
	9.018

	b0 = 8.5966 + 0.0666 Si
	9.037
	9.014
	9.011

	 
	
	
	

	The b0 parameter for Fe Total = FeO
	
	
	

	condition: Na/(Na+K)≤0.15
	0.000
	0.000
	0.000

	b0 = 8.9931 + 0.0440 Σ (Mg2+ + Fe2+)
	9.046
	9.035
	9.031

	b0 = 9.1490 - 0.0258 Σ (AlIV + AlVI)
	9.033
	9.019
	9.018

	b0 = 8.5966 + 0.0666 Si
	9.037
	9.014
	9.021
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