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1. Petrography
The petrographic features obtained from the thin section study of the lava samples selected for this study have been described previously [1, 2], and are summarized here. 
Almost all the lava samples are moderately porphyritic (< 20 vol% phenocrysts), except the D5 basalt that is slightly more phyric (32 vol% phenocrysts) and the poorly phyric andesite lavas samples (< 11 vol% phenocrysts) (see Table S1). The term “phenocryst” is used to refer to crystals with size > 0.1 mm in length, with no genetic connotation. Clionopyroxene phenocrysts occur as single crystals or joined into monomineralic and polymineralic clusters (glomerocrysts). Clinopyroxene and plagioclase are found joined to olivine, in basalt and basaltic andesite lavas, and joined to orthopyroxene and magnetite in andesite lavas. The D2 basaltic andesite is unique among the Marsili lavas, in that it contains small (< 0.5 mm), brown, amphibole antecrysts (found as single crystals or in polymineralic clusters, joined to orthopyroxene, plagioclase, and magnetite crystals), mostly replaced, at rim or almost completely by opacite, and rarely mantled by clinopyroxene. The clinopyroxene monomineralic glomerocrysts display a compacted structure, suggesting mobilization of crystal rich mush stored at near-solidus conditions. The polymineralic aggregates show a range of structures, from open to more compacted, resembling the variety expected during the transition from magma to mush during solidification [2-4]. Occasionally, olivine and clinopyroxene phenocryst crystals exhibit partially resorbed textures, indicative of resorption events [5]. An assortment of resorption textures are recognised in the plagioclase cargoes of these lavas [1]. In few lavas, rare orthopyroxene cores are mantled by clinopyroxene. These mantled pyroxenes are an indicator of temperature increase from influx of hotter magma [6] or from convective self-mixing [7]. 
A compilation of thin section photomicrographs (taken under plain light microscope observations) is reported below presenting the pyroxene crystals for which the chemical composition is colour-coded in Figures 2-4 in the text. In each figure, the bold red lines and red dots mark the location of the analysed transects (with a spacing of more than 20 microns between adjacent spots) and single points, respectively. The compositional ranges for olivine and plagioclase minerals are from [1] and Trua (unpublished). Abbreviations: GLOM, glomerocryst; Opx, orthopyroxene; Cpx, clinopyroxene; Ol, olivine; Pl, plagioclase; Amph, amphibole; res, resorbed. 
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Figure S1. Textural features of pyroxene crystals from D5 basalt, referred to as GLOM-1, GLOM-6, GLOM-9, and CPX res in Figure 2a in the text. GLOM-6 and GLOM-9 also contain Ol and Pl crystals with Fo (75-77) and An (72-91), respectively.
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Figure S2. Textural features of pyroxene crystals from D2 basaltic andesite, referred to as GLOM-2, GLOM-3, and OPX-CPX (1, 2, 3) in Figure 3a in the text. GLOM-2 contains Pl crystals with An (71-84); GLOM-2 contains Pl crystals with An (66-86) joined to Ol and Amph. Opx-Cpx (1, 2, 3) are Opx cores mantled by Cpx.
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Figure S3. Textural features of pyroxene crystals from D11 basaltic andesite, referred to as GLOM-10, GLOM-12, GLOM-13 and Enclave in Figure 4 in the text. GLOM-12 contain Ol with Fo (85-86); GLOM-10 contains Ol and Pl crystals with Fo (85) and An (73-92), respectively. GLOM-13 contains Opx mantled by Cpx and it is close to a strongly resorbed Ol crystal (Ol res). Enclave contains Cpx joined to Pl crystals with An (76-85) and small resorbed Amph.
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Figure S4. Textural features of pyroxene crystals from D16 basalt, referred to as GLOM-2, GLOM-7, GLOM-8, CPX-1, and CPX res in Figure 4 in the text. GLOM-2 and GLOM-7 contain Ol with Fo (79-81) and Pl with An (62-85); GLOM-8 contains Pl crystals with An (58-63). 

2. Mineral Electron microprobe (EMP) analysis
The major- and minor-element compositions of pyroxene were analysed on carbon-coated thin sections using a CAMECA SX50 electron microprobe at the Padova (Italy) branch of the Istituto di Geoscienze e Georisorse of the Italian National Research Council (IGG-CNR), using ZAF on-line data reduction and matrix correction procedures. Analytical conditions were: 20 keV accelerating voltage, 20 nA beam current, peak counting times of 20 s, and about 2 µm focused electron beam. Calibration was performed using standard end-member mineral compositions. Repeated analyses of standards indicate relative analytical uncertainties of about 1% for major and 5% for minor elements. The data are reported in Tables S2-S12. 


3. Clinopyroxene-melt equilibrium tests
Every single clinopyroxene analysis was tested for equilibrium with the respective whole-rock composition by applying the two filters recommended by the clinopyroxene-melt thermobarometer models after [8]:
Filter 1: the Fe-Mg partition coefficient cpx-meltKdFe-Mg between clinopyroxene and melt has to be within the interval of 0.24-0.30, where Fetot is used for Fe (see left column in Figure S5);
Filter 2: the clinopyroxene data that passed the Filter 1 must have difference between the predicted and observed diopside-hedenbergite (DiHd) components within the 10% of the one-to-one line (see right column in Figure S5).
[image: ]Figure S5 (continued)
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Figure S5 (continued)
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Figure S5. Clinopyroxene-melt equilibrium tests [8] applied to clinopyroxene from the studied MV lava samples. For each lava sample, the whole rock composition was used as nominal melt. Left column: plot of the cpx-liqKDMg-Fe equilibrium test (Filter 1). The clinopyroxene compositions that fall within the equilibrium KDMg-Fe interval of 0.24-0.30 can be considered potentially in equilibrium. Right column: plot of the predicted versus observed clinopyroxene component (diopside-hedenbergite; DiHd) equilibrium test (Filter 2). The clinopyroxene-melts pairs that passed Filter 1 and that plot within 10 % of the one-to-one line (see field marked by dashed lines) are considered potentially in equilibrium (grey circles). These clinopyroxene data were used to determine the P-T crystallization conditions of clinopyroxene referred to as PX08 in the text.
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Figure S6. Pyroxene quadrilateral classification diagram [9] of pyroxene from the analysed MV lavas. The entire pyroxene data set (grey field) is subdivided into: basalts (MRS2, D5, D16, D6); basaltic andesites (D1, D2, D4, D11, D19); andesites (MRS9, MRS10, D14). The data set includes the few D6 and D2 crystals analysed from [10]. Clinopyroxene data plot in a narrow region for all the investigated lava samples, confined to the diopside and augite fields. The compositions of the few orthopyroxene crystals plot in the enstatite field.  
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Figure S7 (continued)
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Figure S7. Compositional variation of the analysed pyroxene crystals, plotted in wt% against Mg#. The data set is subdivided as in Figure S6. Dark grey crystals analysed in basalt, light grey crystals analysed in basaltic andesite, white circles crystals analysed in andesite. The coloured dotted lines in the Al2O3, Na2O, and Cr2O3 vs Mg# diagrams indicate distinctive element distributions discussed in the text.
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D2 - basaltic andesite
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Enclave

D11 — basaltic andesite
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D16 — basalt
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