Table S1. List of mineral phases found in the rankinite-gehlenite paralava with ellinaite (sample MP-2013-6),
Hatrurim Basin, Israel.

Mineral Formula Mineral Formula

Iron (kamacite) a-(Fe,Ni) Goethite FeO(OH)

Taenite v-(Fe,Ni) Anhydrite CaSO,

Tetrataenite FeNi Baryte BaSO,

Cohenite FesC Fluorapatite Cas(POy)sF

Troilite FeS Calcite CaCO;

Pyrrhotite Fei,S Wollastonite CaSiO;

Pyrite FeS, Larnite a-Ca,SiO,

Pentlandite (Ni,Fe)eSg Flamite a' -Ca,Si0, = (Na,K)Cag(SiO4)4(POy)
“Gmalimite” (K,Ba)s[1Fe®*54S,7 Grossular Ca,Al3(SiOy)s

Zoharite (Ba,K)g(Fe,Cu,Ni)5S,7 Andradite CayFe;(Si0y)3

“Ba-Cr-sulfide” (Ba,Cr)S “Ca-Fe-silicate” CayFe,(Si0Oy)3

“Fe-Ni-As phase” (Fe,Ni)As Rankinite Ca3(Si,0-)

“Ni-Fe-As phase” (Ni,Fe),As Gehlenite CaAl(AISIOy)
“Ca-Fe-oxysulfide” CaFe;S,05 Akermanite Ca,Mg(Si,0-)

Wustite (Fe,Mg)O Cuspidine Cay(Si,07)F,

Perovskite Ca(Ti,Cr,Si,P)03 Thaumasite Ca3(S0,)[Si(OH)6](CO3) 12H,0
Ellinaite B-CaCr,04 Jennite Cay(Siz0g),(OH)g 8H,0
Chromite (Fe,Mg)Cr,0, Afwillite Cas(HSi0,), 2H,0
Magnesiochromite (Mg,Fe)Cr,0, Tobermorite CasSigO15(0OH), 4H,0

Magnetite
Hematite

FeFe, O,
Fe,0;

Plombierite
CSH*

Ca5Si6016(OH)2 8H20
calcium silicates hydrated

Identification of mineral phases was based on the EDS, WDS and Raman data (Sharygin, 2019, Sharygin et al., 2019a-b and this work). The names
in inverted commas mean poorly identified phases or potentially new mineral species. * Some of Ca-rich secondary minerals were not identified: it
mainly concerns to alteration products after larnite-flamite (hydrated calcium silicates) and pyrrhotite. Fe-rich periclase, Mg-rich wustite and poorly
identified oxysulfide CagFe;;Sq0;3 Were observed in other samples of the rankinite-gehlenite paralava.



Table S2. Chemical composition (WDS, in wt.%) for essential and minor minerals of the rankinite-gehlenite paralava with ellinaite (sample MP-2013-6), Hatrurim
Basin.

Area EDSspot Phase SiO, TiO, ZrO, Cr,0; V,0; Al,O; FeO MnO MgO NiO CaO SrO Na,0 K,O P05 SOj F Cl  Sum O-F, Sum

M6-3 1 Gh 22,78 002 000 000 0.00 3394 029 002 030 0.00 4117 0.00 0.07 0.03 0.06 0.00 0.00 98.69 0.00 98.69
M6-3-2 new Gh-c 2543 004 000 000 0.00 31.20 054 000 147 0.00 4043 0.00 0.27 0.08 0.00 0.00 0.00 99.47 0.00 99.47
M6-3-2 new Gh-Ak-r 31.70 0.05 000 0.00 000 2197 0.70 0.00 4.46 0.04 39.83 0.00 0.84 0.18 0.00 0.00 0.00 99.75 0.00 99.75
M6-8 3 Gh 2312 0.03 0.00 0.00 0.00 3407 023 0.04 051 0.00 41.20 0.00 0.05 0.00 0.10 0.00 0.00 99.34 0.00 99.34
M6-n6 1 Gh 22,74 0.00 000 0.00 0.00 3450 0.29 0.00 0.44 0.00 41.08 0.00 0.06 0.00 0.00 0.00 0.00 99.12 0.00 99.12
M6-n7 1  Gh-Ak-r 3089 022 000 0.00 000 2301 050 0.00 4.73 000 3951 0.00 097 010 0.00 0.00 0.00 99.93 0.00 99.93
M6-3 2 Ran 4159 0.08 0.00 0.00 0.00 000 0.17 0.00 0.00 0.00 5835 0.00 0.00 0.00 0.16 0.00 0.00 100.34 0.00 100.34
M6-3-2 16 Ran 4151 0.08 0.00 0.00 0.00 0.00 0.17 000 0.07 0.00 5825 0.00 0.06 0.00 0.21 0.00 0.00 100.35 0.00 100.35
M6-4 Ran 4184 006 0.00 0.00 0.00 000 014 000 0.08 0.00 5805 0.00 0.00 0.00 0.20 0.00 0.00 100.38 0.00 100.38
M6-n6 11 Ran 4138 020 0.00 0.00 0.00 0.00 015 0.00 0.08 0.00 58.27 0.00 0.00 0.00 0.18 0.00 0.00 100.26 0.00 100.26
M6-8 2 Ran 4139 021 0.00 0.00 0.00 0.00 0.05 000 0.07 0.00 5839 0.00 0.00 0.00 0.19 0.00 0.00 100.30 0.00 100.30
M6-5-new 2 Lar 3215 0.00 000 0.0 0.00 032 005 000 0.02 0.00 6363 0.00 0.66 034 277 0.00 0.00 98.94 0.00 98.94
M6-5-new 3 Lar 3237 000 000 0.0 0.0 000 005 000 0.02 0.00 6387 000 057 033 3.02 0.00 0.00 100.23 0.00 100.23
M6-5-new 9 Lar 3235 0.00 000 000 0.00 000 023 000 002 0.00 6380 0.00 073 035 291 0.00 0.00 100.39 0.00 100.39
MP6-n7 11 Lar 31.36 0.00 000 000 0.00 015 0.02 0.00 002 0.00 6226 0.00 071 046 461 0.00 0.00 99.59 0.00 99.59
M6-3 3 Fim 28.68 0.00 000 0.00 000 006 048 0.00 220 0.00 5823 000 0.77 037 851 0.22 0.16 99.68 0.00 99.68
M6-2 16 FIim 2894 000 000 0.00 000 011 020 0.00 096 0.00 5813 0.00 1.04 055 7.68 0.34 0.39 98.34 0.00 98.34
M6-2 5 Fim 2701 0.00 000 0.00 000 000 0.09 0.00 016 0.00 59.17 000 1.09 0.64 1034 0.13 0.15 98.77 0.00 98.77
M6-2 8 Cus 3208 126 012 0.00 0.00 0.00 000 0.00 012 0.00 6040 0.00 0.08 000 036 0.00 974 0.00 104.16 4.10 100.06
M6-2 15 Cus 3165 128 006 0.00 0.00 000 0.04 000 010 0.00 6030 000 002 0.00 072 0.00 9.72 0.00 103.89 4.09 99.80
M6-1 15 Ap 3.14 000 000 000 003 000 037 0.00 000 0.00 5519 0.08 0.00 0.00 39.05 0.10 3.33 0.00 101.28 1.40 99.88
M6-nl 3 Ap-c 359 000 000 000 000 000 0.04 000 0.00 0.00 5510 0.24 0.03 0.00 39.60 0.07 359 0.00 102.26 1.51 100.75
M6-nl 4 Ap-r 233 0.00 0.00 000 000 000 0.00 0.04 0.00 0.00 5522 0.23 0.00 0.00 4053 0.10 3.44 0.00 101.88 1.45 100.43
M6-3-2 9 Ap 325 0.00 000 000 000 000 035 0.00 0.00 000 5541 0.00 0.00 0.00 3954 0.13 3.03 0.00101.71 1.28 100.44

Symbols: Gh — gehlenite; Ak — akermanite; Ran — rankinite; FIm — flamite; Cus — cuspidine; Ap — fluorapatite; Si-Prv — Si-rich perovskite; Mg-Crt — magnesiochromite; Crt — chromite; Mgt — magnetite; Wu — wustite;
¢, r—core, rim of grain. F is determined by EDS.



Table S2 (cont.). Chemical composition (WDS, in wt.%) for essential and minor minerals of the rankinite-gehlenite paralava with ellinaite (sample MP-2013-6),
Hatrurim Basin.

Area EDSspot Phase SiO, TiO, ZrO, Cr,0; V,0; Al,O; FeO MnO MgO NiO CaO SrO Na,0 K,O P,0s SOs F Cl  Sum O-F, Sum

M6-nl 5 Si-Prv  5.07 4481 000 161 162 079 023 0.00 046 000 4294 000 0.14 0.05 0.74 0.00 0.00 98.46 0.00 98.46
M6-nl 6 Si-Prv 576 4420 005 162 173 089 0.18 0.00 047 000 4313 000 0.15 0.05 0.76 0.00 0.00 99.00 0.00 99.00
M6-nl 712 Si-Prv. 455 4598 0.00 171 171 090 019 000 040 0.00 4230 0.09 011 0.04 041 0.00 0.00 98.39 0.00 98.39
M6-nl 8 Si-Prv  7.22 40.87 037 195 180 129 026 0.00 0.98 000 4256 0.00 0.09 0.03 071 0.00 0.00 98.13 0.00 98.13
M6-nl 9 Si-Prv 6.35 42,06 017 174 163 113 017 0.03 0.71 000 4285 0.00 0.18 0.03 097 0.00 0.00 98.03 0.00 98.03
M6-3 10 Si-Prv 974 3761 015 171 146 134 026 0.00 110 0.00 4504 000 0.38 0.13 1.38 0.00 0.00 100.31 0.00 100.31
M6-3-2 20 Si-Prv. 849 3948 022 221 172 126 022 004 101 0.00 4468 000 0.23 0.06 0.71 0.00 0.00 100.34 0.00 100.34
M6-2 3 Si-Prv. 9.27 3897 000 176 168 121 033 000 1.04 0.00 4467 0.00 032 0.07 150 0.00 0.00 100.82 0.00 100.82
M6-11-2 7,89 Si-Prv 818 4030 0.15 265 179 148 051 0.00 0.99 000 4142 000 0.46 0.04 067 0.00 0.00 98.64 0.00 98.64
M6-11-2 2 Si-Prv  10.33 36.03 0.10 250 1.92 138 040 0.00 137 0.00 4437 000 0.28 0.12 105 0.00 0.00 99.85 0.00 99.85
M6-11-2 3 Si-Prv. 841 4021 005 276 189 142 039 000 1.06 0.00 4220 0.00 0.33 0.04 0.95 0.00 0.00 99.72 0.00 99.72
M6-11-2 4 Si-Prv. 878 39.05 040 270 193 146 041 000 115 0.00 41.94 0.00 0.33 005 0.75 0.00 0.00 98.96 0.00 98.96
M6-8 7 Si-Prv. 9.27 3844 024 245 168 141 018 000 1.04 0.00 4437 0.00 0.30 0.07 1.04 0.00 0.00 100.51 0.00 100.51
M6-8 8 Si-Prv. 9.09 38.80 014 244 160 143 013 0.00 1.23 000 4435 000 0.29 0.10 095 0.00 0.00 100.54 0.00 100.54
M6-n6 8,7 Mg-Crt 017 220 0.00 6195 738 145 1630 049 917 000 045 000 0.00 0.00 0.00 o0.00 0.00 9957 0.00 99.57
M6-n6 3 Mg-Crt 020 227 0.00 6132 826 122 1656 052 926 0.00 058 000 0.00 0.00 0.00 0.00 0.00 100.21 0.00 100.19
M6-n7 5 Mg-Crt 024 324 000 6229 861 0.87 1061 050 1333 0.00 056 0.00 0.00 0.00 0.00 0.00 0.00 100.25 0.00 100.25
M6-11-1 4 Crt 0.00 238 0.00 6429 390 109 2517 044 308 0.00 0.22 0.00 000 0.00 0.00 0.00 0.00 100.58 0.00 100.58
M6-11-1 3 Crt 0.00 152 0.00 6221 331 345 2523 046 378 0.00 022 000 000 0.00 0.00 0.00 0.00 100.18 0.00 100.18
MP6-n1-2 13 Wu 0.00 0.00 0.00 0.00 0.00 0.00 99.99 0.00 000 0.00 0.26 0.00 0.00 0.00 0.00 0.00 0.00 100.25 0.00 100.25
MP6-n1-2 14 Wu 0.00 0.00 0.00 0.00 000 0.00 9959 0.00 068 0.00 0.23 0.00 000 0.00 0.00 0.00 0.00 100.50 0.00 100.50
MP6-n1-3 13 Wu 0.00 0.00 0.00 000 000 0.00 99.87 0.00 0.18 0.00 0.21 0.00 0.00 0.00 0.00 0.00 0.00 100.26 0.00 100.26
M6-11-1 2 Mgt 0.00 037 000 299 022 222 8.82 012 053 015 063 000 0.00 0.00 0.00 0.00 0.00 94.05 0.00 94.05

Symbols: Gh — gehlenite; Ak — akermanite; Ran — rankinite; FIm — flamite; Cus — cuspidine; Ap — fluorapatite; Si-Prv — Si-rich perovskite; Mg-Crt — magnesiochromite; Crt — chromite; Mgt — magnetite; Wu — wustite;
¢, r—core, rim of grain. F is determined by EDS.



Table S3. Variations of chemical composition (in wt.%) for the ellinaite-1 grain from rankinite-gehlenite
paralava (sample MP-2013-6), Hatrurim Basin.

Method  Picture EDS TiO, Cr,0; V,0; Al,O; FeO MnO MgO CaO Na,0O Sum Sum Ti®* Ti* Ti,0; TiO, Sum

spot total OXy calc. calc.
EDS MP-6-4 4 352 6263 6.66 0.60 048 0.00 26.11 0.15 100.15 8.091 0.091 0.000 3.17 0.00 99.80
EDS MP-6-4 2 2 365 6169 7.16 077 049 0.00 26.11 0.15 100.02 8.094 0.094 0.001 3.26 0.02 99.66
EDS MP-6-4 2 3 354 6179 7.44 074 046 0.04 26.16 0.15 100.32 8.092 0.092 0.000 3.19 0.00 99.97
EDS MP-6-4 2 4 362 6204 7.19 0.89 050 0.00 2592 0.31 100.47 8.084 0.084 0.009 2.94 0.35 100.14
EDS MP-6-4 2 5 322 6267 6.71 060 054 0.00 26.12 0.15 100.01 8.081 0.081 0.003 2.79 0.12 99.70
EDS MP-6-4 2 6 344 6251 6.80 067 048 0.03 26.12 0.15 100.20 8.089 0.089 0.000 3.08 0.01 99.86
EDS MP-6-4 2 7 287 6331 669 066 0.64 0.00 26.08 0.15 100.40 8.074 0.074 0.001 2.56 0.02 100.12
EDS MP-6-4 2 8 349 6200 756 072 066 0.00 26.15 0.15 100.73 8.090 0.090 0.000 3.13 0.02 100.38
EDS M6-4-new 3 265 6324 755 063 049 0.00 0.00 26.04 0.26 100.86 8.064 0.064 0.004 2.24 0.16 100.61
EDS M6-4-new 4 275 6195 791 0.64 037 0.00 0.00 2620 0.15 99.97 8.071 0.071 0.001 2.45 0.03 99.70
EDS M6-4-new 5 300 6255 752 072 045 0.00 0.00 25.80 0.27 100.31 8.077 0.077 0.001 2.67 0.03 100.01
EDS M6-4-new 6 355 6222 711 078 037 0.00 0.00 2597 0.23 100.23 8.092 0.092 0.000 3.19 0.01 99.88
EDS M6-4-new 7 362 6238 6.87 066 042 0.00 0.00 26.00 0.20 100.15 8.094 0.094 0.000 3.25 0.01 99.79
EDS M6-4-new 8 340 6274 6.87 058 055 0.00 0.00 2597 0.19 100.30 8.088 0.088 0.001 3.04 0.03 99.96
EDS M6-4-new 9 265 6356 6.68 072 059 0.00 0.00 26.06 0.22 100.48 8.063 0.063 0.006 2.18 0.23 100.24
EDS M6-4-new 10 250 6381 6.66 0.66 064 0.03 0.00 2599 0.20 100.49 8.061 0.061 0.003 2.13 0.13 100.25
EDS M6-4-new 11 235 6363 656 053 075 0.03 0.00 2587 0.15 99.87 8.059 0.059 0.003 2.02 0.10 99.65
EDS M6-4-new 12 197 6388 655 049 0.76 0.01 2593 0.18 99.77 8.042 0.042 0.009 1.46 0.35 99.61
WDS  M6-4-new 12 210 6397 6.67 040 088 0.01 0.00 26.13 0.16 100.32 8.042 0.042 0.012 1.47 0.47 100.16
WDS  M6-4-new 10,11 231 6360 660 040 0.71 0.03 0.00 26.19 0.15 99.99 8.048 0.048 0.012 1.67 0.45 99.81
WDS M6-4-new 89 273 6320 694 047 061 0.00 0.00 26.24 0.19 100.39 8.060 0.060 0.011 2.08 0.42 100.16
WDS  M6-4-new 7 307 6302 684 051 053 0.00 0.02 26.24 0.11 100.34 8.079 0.079 0.000 2.76 0.01 100.03
WDS  M6-4-new 6 357 6219 721 061 053 0.00 0.00 26.33 0.15 100.59 8.088 0.088 0.005 3.05 0.18 100.25
WDS  M6-4-new 5 343 6213 743 057 048 0.04 0.00 26.18 0.18 100.44 8.085 0.085 0.004 2.94 0.16 100.11
WDS  M6-4-new 4 269 6224 797 057 048 0.00 0.00 2651 0.08 100.54 8.069 0.069 0.001 2.39 0.04 100.27
WDS  M6-4-new 3 282 6203 811 057 045 0.00 0.00 26.47 0.09 100.54 8.073 0.073 0.000 2.53 0.01 100.26
WDS M6-4-new new 328 61.74 7.82 0.62 049 0.00 0.00 26.18 0.14 100.27 8.085 0.085 0.000 2.96 0.00 99.94
WDS  M6-4-new new 4.08 6138 764 0.66 056 0.00 0.00 26.10 0.18 100.60 8.104 0.104 0.001 3.63 0.05 100.19
WDS M6-4-new new 451 6072 743 0.78 065 0.03 0.03 2596 0.15 100.26 8.117 0.117 0.000 4.05 0.01 99.81
WDS  M6-4-new new 471 6064 745 0.68 0.69 0.03 0.02 2598 0.14 100.34 8.122 0.122 0.000 4.23 0.01 99.87
WDS  M6-4-new new 3.86 6196 753 0.63 052 0.03 0.00 26.17 0.18 100.89 8.099 0.099 0.001 3.44 0.04 100.51
WDS M6-4-new new 359 6246 7.16 061 063 0.00 000 26.10 0.27 100.82 8.080 0.080 0.012 2.81 0.47 100.50
WDS  M6-4-new new 3.04 6153 766 0.61 050 0.00 0.01 26.49 0.14 99.97 8.065 0.065 0.014 2.26 0.53 99.72
WDS M6-4-new new 330 6261 7.04 067 056 0.00 000 26.38 0.15 100.71 8.080 0.080 0.006 2.77 0.22 100.40
WDS  M6-4-new new 3.38 6213 7.45 0.65 047 0.00 0.01 26.38 0.16 100.64 8.082 0.082 0.006 2.85 0.22 100.32
WDS  M6-4-new new 354 6254 7.12 058 055 0.00 0.00 26.02 0.19 100.55 8.091 0.091 0.000 3.18 0.01 100.19
WDS M6-4-new new 320 6255 6.92 054 064 0.03 000 26.01 0.17 100.06 8.078 0.078 0.005 2.70 0.20 99.75
WDS  M6-4-new new 231 6360 680 047 081 0.00 0.01 26.16 0.07 100.22 8.059 0.059 0.001 2.04 0.04 100.00
Ellinaite-1 n=38 3.19 6250 7.17 062 056 0.01 0.00 26.13 0.17 100.35 8.079 0.079 0.004 2.75 0.14 100.04

sd 061 082 044 010 0.12 001 0.01 0.17 0.05 0.71 0.19

min 197 6064 655 040 037 000 0.00 25.87 0.07 1.47 0.00

max 4.71 6397 811 0.89 088 0.04 0.03 2651 0.31 423 0.53

SiO,, NiO and SrO are below detection limits (<0.005 wt.%). Formula based on 3 cations and 4 oxygens. Ti,O5; and TiO, are calculated by charge

balance.
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Table S4. Variations of chemical composition (in wt.%) for the ellinaite-2 grain from rankinite-gehlenite
paralava (sample MP-2013-6), Hatrurim Basin.

Method Picture EDS TiO, Cr,0; V,0; Al,O; FeO MnO MgO CaO Na,O Sum Sum Ti¥" Ti* Ti,0; TiO, Sum
spot total oxy calc. calc.

_ ideslCacro, 705 268 100008000 10000
EDS  MP-13-6-42 6 117 6807 437 032 085 0.00 050 25.08 0.22 100.58 8.028 0.028 0.002 0.97 0.09 100.47
EDS MP-13-642 17 0.97 6740 487 032 032 0.09 0.00 26.23 0.16 100.36 8.023 0.023 0.002 0.82 0.06 100.27
EDS MP-13-6-42 18 120 67.77 449 036 085 0.00 0.28 2530 0.21 100.46 8.031 0.031 0.000 1.08 0.00 100.34
EDS MP-13-6-42 19 127 67.96 446 030 082 0.00 032 2516 0.25 100.54 8.032 0.032 0.001 1.12 0.02 100.41
EDS MP-13-642 20 120 6802 4.40 040 045 0.00 0.41 2550 0.22 100.60 8.030 0.030 0.001 1.05 0.03 100.48
EDS MP-13-642 21 1.03 6760 433 047 030 0.00 0.00 26.09 0.19 100.01 8.027 0.027 0.000 0.93 0.00 99.91
EDS MP-13-6-42 23 0.92 6738 494 026 039 000 000 2617 0.21 100.27 8.018 0.018 0.006 0.61 0.24 100.20
EDS MP-13-6-42 24 128 67.98 440 038 070 0.00 0.38 2531 0.25 100.68 8.030 0.030 0.003 1.04 0.12 100.56
EDS MP-13642 25 0.93 6643 549 026 066 0.00 020 26.01 0.16 100.14 8.012 0.012 0.012 0.42 0.47 100.09
EDS MP-13-642 26 133 6779 419 038 056 0.05 0.23 25.60 0.23 100.36 8.030 0.030 0.004 1.04 0.17 100.24

Ellinaite-2 n=10 1.13 67.64 459 0.35 059 0.01 023 2565 0.21 100.40 8.026 0.026 0.003 0.91 0.12 100.30

sd 015 049 039 007 022 003 0.18 044 0.03 0.23 0.14
min 092 6643 419 0.26 0.30 0.00 0.00 25.08 0.00 0.42 0.00
max 133 68.07 549 047 085 0.09 050 26.23 0.25 112 047

SiO,, NiO and SrO are below detection limits (<0.005 wt.%). Formula based on 3 cations and 4 oxygens. Ti,O3; and TiO, are calculated by charge
balance.
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