


Appendix 2: Thermodynamic modelling of chromite alteration
Calibration of the Cr-spinel solution model
Chromite is an oxide spinel mineral with the general formula AB2O4. The A site is occupied by Mg and Fe2+ in tetrahedral coordination and the B site is occupied by Cr, Al and Fe3+ in octahedral coordination. These possible substitutions are useful to explain the compositional changes in chromite during hydrous metamorphism. In contrast, mixing properties between cations in each structural site (i.e., tetrahedral and octahedral) are the basis for the formulation of the Cr-spinel solid solution model that is included in the thermodynamic calculations. 
The Cr-spinel solid solution model defined in Perple_X (i.e., CrSp in solution_model.dat; Connolly, 2009) is reciprocal (i.e., the end-members, t = 6, are higher than components, c = 5, and the thermodynamic properties of t-c end-members are dependent). It includes the mixing properties between Cr and Al in the octahedral site based on the subregular solution model of Oka et al. (1984) and those properties for Mg-Fe2+ mixing in the tetrahedral site based on regular solution model. Gervilla et al. (2012) showed that this Cr-spinel solid solution model is appropriate to predict the Cr/(Cr+Al) ratio in chromite. Nevertheless, it has not been tested in order to account the changes in Mg/(Mg+Fe2+) ratio. Figure 1 shows the results of the calibration of the CrSp solution model for Mg/(Mg+Fe2+) ratio considering that there is a linear dependence between Cr in spinel and the Fe2+-Mg exchange between olivine and spinel reported by Evans and Frost (1975) in natural serpentinites. This linear dependence was calculated for 1:1 molar mix of spinel (MgAl2O4)-hercynite (FeAl2O4) solid solution and olivine (Fo90) at 700 ºC and 6 kbar (amphibolite-facies conditions; Evans and Frost, 1975). It can be also seen in Figure 1 that thermodynamic calculations performed with the current Cr-spinel solution model (pink triangles) do not reproduce the compositional variation trend reported by Evans and Frost (1975). 
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Figure 1. Content of Cr in spinel (YCr) versus logarithm of partition coefficient (KD) for the Mg-Fe2+ mixing between olivine and spinel in metamorphic rocks with chlorite-enstatite-olivine (Evans and Frost, 1975), and calculated for non-ideal Cr-Al and Mg-Fe2+ mixing [CrSp solid solution model] and for non-ideal Cr-Al and ideal Mg-Fe2+ mixing [CrSp(I) solid solution model]. Perple_X script of CrSp(I) solid solution model is provided in the Appendix 3.
Here, we formulate a new Cr-spinel solution model for the binary mixing between Mg and Fe2+ in the tetrahedral site using the ideal solution proposed by Engi (1983) (i.e., CrSp(I); see Appendix 3). This approach is based on a robust reciprocal equilibrium partitioning experiments between spinel (MgAl2O4), hercynite (FeAl2O4), chromite (FeAl2O4) and magnesiochromite (MgCr2O4). Yellow circles in Figure 1 shows that the Fe2+-Mg exchange between olivine and spinel predicted by our new Cr-spinel solution model perfectly matches with that determined for natural serpentinite samples (Evans and Frost, 1975). Thus, our new CrSp(I) solution model is a more accurate and useful tool to evaluate the changes in Cr/(Cr+Al) and Mg/(Mg+Fe2+) ratios that takes place in chromite during hydrous metamorphism. However, it does not include a calibration for the changes in Fe3+/(Fe3++Fe2+) ratio, as those involve a more complex solution model (i.e., order-disorder, speciation or combined solution model) due to the fact that the magnetite (Fe3O4) end-member has an inverse spinel structure.
Testing the new Cr-spinel solution model
In the last decades the metamorphic conditions of chromite alteration were obtained on the basis of ternary diagram compiled by Suita and Streider (1996) (González-Jiménez et al., 2009; Khedr and Arai, 2010, 2012; Olobaniyi and Mücke, 2011; Saumur and Hattori, 2013; Torres-Sánchez et al., 2017; Abdel-Karim and El-Shafei, 2018). Recently, several authors have showed that thermodynamic calculations are a more accurate tool for estimating the conditions of metamorphism (Gervilla et al., 2012; Barra et al., 2014; González-Jiménez et al., 2015, 2016; Colás et al., 2017), as the ternary diagram would not be able to provide the precise temperature or pressure conditions of formation of the metamorphic chromite. In order to test this issue, we have performed a thermodynamic modelling applying our new refined Cr-spinel solution model on the high-Al semi-massive chromitites containing partly altered chromite from the Korydallos area (Pindos ophiolite complex, Greece; Kapsiotis et al., 2014). These chromites were chosen because: i) Kapsiotis et al., (2014) suggested that chromites from the Korydallos chromitite were altered during retrograde metamorphism in the lower amphibolite facies, on the basis of the ternary diagram compiled by Suita and Streider (1996); and ii) the cores of these partly altered chromites (Cr# = 0.44-0.48 and Mg = 0.59-0.64; Kapsiotis et al., 2014) have similar composition to that cores of partly altered chromites from Tehuitzingo chromitites (Fig. 5 in the main text) (i.e., both are high-Al chromitites).
Thermodynamic calculations of phase relations during chromitite alteration was performed using Perple_X 6.7.3 (Connolly, 2009) and the internally consistent thermodynamic database of Holland and Powell (1998, revised in 2002), which was extended to include Cr-bearing phases (cr_hp02ver.dat). Isochemical diagram (pseudosection) for partly altered chromite in semi-massive chromitites from Korydallos area was computed in the system Cr2O3-MgO-FeO-Al2O3-SiO2-H2O (CrMFASH). The considered solid solutions were the new Cr-spinel solution model (see above), olivine, chlorite and brucite (Holland and Powell, 1998). All other minerals involved in the calculations are pure phases. Cr-bearing chlorite was not considered because of the lack of experimental data on the mixing parameters for Al and Cr in this mineral. 
We have performed a pseudosection, contoured for Cr# and Mg#, in the fluid saturated CrMFASH system (Fig. 2) in order to better constrain the temperature of formation of Fe2+-rich porous chromite from the Korydallos chromitites. The bulk composition corresponds to an initial dry assemblage of 6:4 molar mix of primary chromite and olivine. This molar proportion is the average of the chromite and silicate matrix estimated by Kapsiotis et al. (2014) on the Al-rich semi-massive chromitites of the Korydallos area, assuming that olivine was the primary mineral in the matrix. The composition of primary chromite is the average of the cores of partly altered chromite from the Al-rich chromitites, (Mg0.6Fe0.4)Cr0.92Al1.08O4, and that of olivine is Fo93, (Mg1.86Fe0.14)SiO4, which is the composition in equilibrium with this chromite at 1200 ºC (see Fig. 4b in Kapsiotis et al., 2014).
[bookmark: _GoBack]From our modelling it can be extracted that at high temperature (above ca. 520-650 ºC; Fig. 2a) and variable pressure conditions the stable assemblage is olivine+chromite (i.e., unaltered chromitite), whereas at lower temperature (below ca. 510-630 ºC; Fig. 2a) the stable assemblage is chlorite+brucite+Fe2+-rich chromite (i.e., altered chromitite containing porous chromite). This suggests that partly altered chromites from Korydallos chromitites were formed between lower amphibolite-facies and subgreenschist-facies conditions (Fig. 2a), however the exact temperature of metamorphism is still poorly constrained. From the isopleths of Cr# and Mg# (Fig. 2b and c) it can be seen that the porous chromite rims of partly altered chromites started to form between ca. 510 and 652 ºC (Cr# = 0.56 and Mg = 0.51; Fig. 2b and c), while the alteration process further extended below 300-258 °C (Cr# = 0.95; Fig. 2b and c). These observations indicate that the reaction of chromite and olivine to form Fe2+-rich chromite and chlorite started at similar conditions to those estimated using the ternary diagram compiled by Suita and Streider (1996) in the Korydallos chromitites (i.e., lower amphibolite facies), but it concluded at much lower pressure and temperature conditions (i.e., greenschist facies). Therefore, using our new thermodynamic calculations we can successfully conclude that the alteration of Al-rich chromites from semi-massive chromitites at the Korydallos area took place at a wider, but precise, range of temperatures (from 652 to 258 ºC) than the metamorphic conditions estimated using the ternary diagram compiled by Suita and Streider (1996). 
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Figure 2. (a) Isochemical phase diagram (pseudosection) calculated for a model chromitite composition in the CrMFASH system for 6:4 chromite:olivine molar proportions. Isopleths calculated for the same system and proportions of chromite:olivine are shown for Cr# and Mg# (mole proportion) in chromitites in (b) and (c), respectively. The dash lines in (a) indicate the metamorphic facies fields. Mineral abbreviations after Whitney and Evans (2010), where brucite is Brc, chlorite is Chl, chromite is Chr, diaspore is Dsp and olivine is Ol.
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