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Supplementary Figure F1. *°Ar/*’Ar age spectra and normal isochron plots obtained by the
stepwise heating analysis of the other five groundmass samples than the sample P2-Lrl shown
in Fig. 2 in the text. Sample-ID and Laboraotry-ID are indicated in all figures. Closed circles

in the isochron plot are derived from plateau steps instead open circles are not.
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Supplementary Figure F2. Fe,O3 — Al,O3 — MgO Ternary diagram with the average chemical

composition (EDS values) of each alteration. Br = brown infilling; Gr = grey infilling; Gn =

green infilling; Ol = olivine alteration; Pl = plagioclase alteration; Gl = glass alteration.



Supplementary Table T1. Selected main macromorphological properties (after FAO, 2006).

Profile Horizon Depth Horizon Structure’ Colour (Munsell) Rock Plant Particle size Textural
boundaries fragments fossil % class
(distinctness -
topography
[em] Type Size Dry Name Clay Silt Sand
(<2p) (2p-63p) (63n-
2000p
P1 Bwbl 0-23 clear - wavy sb +pl very fine SYR 5/4 Dull reddish brown many 15 18 67 Sandy loam
Bwb2 23-34 gradual — smooth sb+pl fine/thin 2.5YR 5/4  Dull reddish brown common 15 19 66 Sandy loam
Bwb3 34-45 abrupt- smooth ab fine 2.5YR5/4  Dull reddish brown common 14 19 67 Sandy loam
2ABb 45 - 60 clear - smooth ab fine 7.5YR 7/4 Dull orange none 17 21 62 Sandy loam
2BAb 60 -73 abrupt - smooth ab+pl coarse 10YR 6/4 Dull yellow orange none 20 22 58 Sar;?)zr;lay
3ABb 73+ pl+ab medium 5y 4/1 Gray none x 20 15 65 Sa‘;:zncllay
P2 ABb 0-20 abrupt - smooth sb medium 2.5YR5/4  Dull reddish brown few 19 17 64 Sat;:;fr;lay
Bwbl 20-30 gradual - smooth ab+pl coarse 2.5YR2/4 Reddish few 15 19 66 Sandy loam
Bwb2 30-53 diffuse - irregular ab+pl medium 2.5YR5/4  Dull reddish brown common 15 18 67 Sandy loam
Bwb3 53+ ab+sb medium 2.5YR 5/4  Dull reddish brown many 15 13 72 Sandy loam

'Structure type: ab= angular blocky., sb= subangular blocky., pl= platy. Size: vf= very fine/thin., fi= fine/thin., me=medium., co= coarse/thick



Supplementary Table T2. “° Ar/° Ar analytical results of basaltic lava flows, P1-Url, P1-Lrl, P2-Url, P3-Url and P3-Lrl.

Laser output O A/ Ar T A Ar A Ar K/Ca 0 Arx * Arg O A ArAge (1 o)
x10 ?) (%) raction (%) (Ma)
Sample ID: P1-Url Laboratory ID: C16047 Neutron irradiation ID: PO-5
J= #itt#iH
1.6% 40.00 £ 0.19 0361 + 0.003 3924 + 0.28 1.63 71.08 17.10 2844 = 016 4944 + 034
2.0% 31.59 + 0.04 0521 £ 0001 412 £ 002 113 96.28 39.85 3043 + 004 5285 + 022
2.2% 29.51 + 0.09 0942 £ 0005 288 £ 0.04 0.62 97.37 17.12 2875 = 0.09 4998 = 025
2.4% 29.59 + 0.14 1265 = 0007 337 £ 007 046 96.98 10.46 2872 = 0.14 4993 = 031
2.8% 28.61 + 0.16 1640 = 0010 415 = 0.08 0.36 96.17 10.11 2755 = 016 4791 £ 034
3.4% 33.29 + 023 2451 £ 0017 2790 £ 029 024 75.83 4.74 2528 + 020 4402 =+ 039
4.0% 3986 + 029 5778 £ 0.053 59.70 £ 142 0.10 56.91 0.62 2277 = 047 3969 = 082
Plateau age (No Plateau) +
Total gas age 5047 + 0.08
Normal isochron age  (of all steps) 5193 + 022
Inverse isochron age  (of all steps) 5252 + 0.22
Laser output O A’ Ar A Ar A’ Ar KiCa At P A O A ArAge (<1 o)
(x10 %) (%) ‘raction (%) (Ma)
Sample ID: PI-Lrl Laboratory ID: C17003 Neutron irradiation ID: PO-5
J= Wit
1.4% 34524 £ 614  1.613 = 0.049 #HE# = #H##H 036 10.03 1.93 3466 + 527 5983 + 896
1.6% 100.1 + 15 1.86 = 0.03 189 + 2 0.32 44.33 6.55 444 = 12 76 + 2
1.8% 49.2 + 08 242 = 0.04 436 = 07 0.24 74.18 11.07 366 =+ 07 631 = 12
2.1% 359 + 05 38 + 0.05 193 = 03 0.15 85.00 19.39 306 = 04 529 + 08
2.4% 329 + 05 533  + 0.08 141 = 02 0.11 88.60 18.98 293 = 04 506 + 0.8
2.7% 3491 + 0.15 6.06 + 0.04 2260 =+ 0.18 0.10 82.27 15.13 2883 + 0.14 499 £+ 03
3.1% 31.6 + 02 7.06 + 0.05 1535 = 0.18 0.08 87.44 12.76 2773 = 0.19 480 + 04
3.6% 357 + 03 1046 + 0.10 375 = 05 0.06 71.29 8.45 256 = 03 444 £ 05
4.2% 52.8 + 05 1380 <+ 014 957 £ 09 0.04 48.61 5.74 259 + 04 449 + 07
Plateau age (Plateau: 3 steps from2.1% to 2.7%) 5038 + 0.27
Total gas age 53.04 + 034
Normal isochron age  (of all steps) 4872+ 029
Inverse isochron age  (of all steps) 4857 + 029
Laser output O A Ar A Ar * A/ Ar K/Ca A ¥ Arg O A AnAge (£1 o)
(x10 %) (%) ‘raction (%) (Ma)
Sample ID: P2-Url Laboratory ID: C16048 Neutron irradiation ID: PO-5
J= HittH
1.4% 230.86 + 1.16 0370 £ 0.006 731.7 <+ 38 1.59 6.35 2.51 1467 = 060 2546 + 1.04
1.6% 4330 + 0.04 0291 + 0.001 676 + 0.1 2.02 53.93 49.97 2336 + 0.03 4038 + 0.17
1.8% 39.15 + 0.5 0275 £ 0002 426 = 02 2.14 67.87 17.17 2657 = 0.3 4587 = 028
2.0% 4594 £ 024 0462 + 0.003 627 + 03 1.27 59.78 8.46 2747 = 020 4740 £ 039
2.3% 57.61 + 032 0601 £ 0004 1019 <+ 06 0.98 47.80 5.61 2755 = 028 4752 £ 052
2.7% 56.19 + 030 0923 £ 0008 987 £ 05 0.64 48.25 6.14 27.13 £ 025 4681 + 046
3.2% 55.19 + 028 1877 £ 0.012 1000 = 0.6 0.31 46.73 7.67 2582 = 025 4458 = 047
3.7% 95.53 + 049 3.607 £ 0022 2424 = 13 0.16 2532 2.30 2424 = 042 4189 == 073
42% 343.02 + 426 4.044 £+ 0.067 11501 £ 154  0.15 1.02 0.17 349 + 295 610 + 5.3
Plateau age (No Platcau) +
Total gas age 42.64 £+ 0.08
Normal isochron age  (of all steps) 4251 £ 020
Inverse isochron age  (of all steps) 42.66 + 0.20
Laser output O A Ar T A Ar * A Ar K/Ca O Ak ¥ Arg O A ArAge (1 o)
(x10 ?) (%) Taction (%) (Ma)
Sample ID: P3-Url Laboratory ID: C17001 Neutron irradiation ID: PO-5
J= #itt#H
1.4% 20064 + 194 8.7 + 02 6539.6 = 665 0.07 3.72 1.49 7505 = 1238 13055 £+ 20.79
1.6% 145.7 + 28 5.6 + 01 3621 £ 88 0.10 26.88 6.13 3931 + 291 6957 £+ 5.06
1.8% 85.5 + 21 83 + 02 1792 £ 54 0.07 38.86 10.16 3343 = 199 5932 + 348
2.0% 56.6 + 1.0 1.0+ 02 876 + 20 0.05 55.85 15.87 31.86 = 090 5659 £ 1.60
2.2% 47.8 + 05 139 = 02 69.8 + 08 0.04 59.23 19.91 2858 = 043 5084 = 0.78
2.4% 42.8 + 05 162 + 02 594 £+ 09 0.04 62.05 13.80 2683 + 045 4777 + 082
2.7% 61.2 + 08 164 = 02 1175 = 19 0.04 45.41 11.30 2810 =+ 073 5000 =+ 1.29
3.2% 41.8 + 0.6 211+ 03 614 + 1.0 0.03 60.62 12.61 2569 = 054 4576 = 097
3.8% 73.6 + 1.0 318 + 04 1779 =+ 25 0.02 32.05 8.72 2409 = 082 4294 £ 145
Plateau age (No Plateau) +
Total gas age 53.14 = 0.70
Normal isochron age  (of all steps) 4789 £+ 052
Inverse isochron age  (of all steps) 4821 + 0.52
Laser output O A/ Ar 7 A Ar A Ar K/Ca 0 Arx * Arg O A ArAge (1 o)
(x10 %) (%) Taction (%) (Ma)
Sample ID: P3-Lrl Laboratory ID: C17005 Neutron irradiation ID: PO-5
J= #t###
1.4% 267.44 £ 2.67 152 = 0.04 87527 == 786 039 3.34 2.06 893 = 186 1604 = 332
1.6% 38.01 + 047 087 £ 0.01 3263 =+ 038 0.67 74.81 10.69 2845 = 042 5062 £ 076
1.8% 32.85 + 0.15 1.04 + 0.01 591 £ 0.07 057 94.94 2236 3121+ 015 5544 + 034
2.0% 3036  + 025 226 + 002 646 = 0.09 026 9431 19.52 2868 = 024 5101 £ 046
2.2% 29.64  + 0.19 332 = 002 7.04 = 009 018 93.89 18.69 27.89 = 0.8 4963 = 038
2.4% 29.68 + 0.16 420 £ 0.02 802 £+ 012 0.14 93.15 12.21 2772 = 0.5 4933 = 033
2.7% 28.43 + 0.15 510 + 0.03 825 + 015 0.11 92.88 8.27 2650 + 015 4718 + 032
3.1% 2604 £ 0.28 837 £ 0.09 1814 + 031 007 82.01 433 2148 = 027 3834 <+ 050
3.7% 39.58 + 048 1745 £ 025 7959 £ 126 0.03 44.13 1.88 1767 = 048 3160 == 0.87
Plateau age (Plateau: 3 steps from2.0% to 2.4%) 49.81 + 022
Total gas age 49.56  + 0.16
Normal isochron age  (of all steps) 4971 £ 023
Inverse isochron age  (of all steps) 5083 + 0.24

#100% corresponds to SOW output of CO

5 laser. All the errors indicate 1 sigma error.

40 . . 40
Ar*: radiogenic Ar



Supplementary Table T3. Selected main micromorphological characteristics.

Profile Horizon Depth Pedality Voids Accomodation Microstructure Micromass Plant Pedofeatures  Zeolite
residue
[cm] sp mp  Wwp spv cmv cxp ch cm ve wvu a pa un Colour b-fabric cc pf FeM
n nod
ppl oil u ssp gs
P1 Bwbl 0-23 X X X X X X X X sb, (gr-cr) br,rd, Ib,bl  rd X X X X
Bwb2 23-34 X X X (sb) br,rd, Ib,bl  rd X X
Bwb3  34-45 X X X X X sb, (gr) br,rd, Ib, bl rd X X
2ABb  45-60 X X X (sb) Ib, br, rd Ib, br x x) () X X X
2BAb  60-73 X X X (gr) Ib, br, rd Ib, br x x) () X X X
3ABb 73+ gr, b, br ol, Ib x (x) (x) X X
P2 ABb 0-20 X X X X X X X X X sb, gr br,lb,rd,bl rd X X X X
Bwbl  20-30 X X X X X X sb, (gr-cr) br, Ib,rd, bl rd X X X
Bwb2  30-53 X X X X X (sb) br, Ib,rd, bl rd X X X
Bwb3 53+ X X X X X (sb) br,lb,rd, bl rd X X X

The micromorphological property is shown by the presence (cross) or absence (no cross).

The brackets are used when the property is weakly expressed

Pedality: sp=strongly developed pedality., mp=moderately developed., wp=weakly developed

Voids: spv= simple packing voids., cmv= compound packing voids., cxp= complex packing voids., ch= channels., cm= chamber., ve= vesicles., vu= vughs

Accomodation of planar voids: a= accommodated., pa= partially accommodated., un= unaccommodated

Microstructure: sb= subangular., gr= granular., cr= crumb

Colour: PPL (Plane Polarized Light); OIL (Oblique Incident Light): rd= red., br= brown., bl=black., Ib=light brown., ol= olive, gr= grey
b-fabric: u= undifferentiated., ssp= stipple speckled., gs= granostriated

Pedofeatures: cc = clay coatings, pf= passage features, Fe/Mn nod = iron/manganese nodules



Supplementary Table T4. Alteration types distribution through the paleosols horizons.

Profile Horizon  Depth Alteration type
(cm) Transformation” Neoformation™
Olivine Plagioclase Glass Brown infiling in?lﬁ}l;g irfgﬁ?:g
P1 Bwbl 0-23 X X X X
Bwb2 23-34 X X X X
Bwb3 34-45 X X X X
2ABb 45-60 X X X X
2BADb 60-73 X X X X
3ABb 73+ X X X X
P2 ABb 0-20 X X X X X
Bwbl 20-30 X X X x) X
Bwb2 30-53 X X X x) X

Bwb3 53+ X X X x) X X




