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Supplementary Figure 1 | Strain partitioning at the edge of mylonitic complexes. From the protolith to
the mylonitic complexes, the strain partitioning between the protomylonite layers (dark) and the mylonite

layers (bright) progressively strengthens.
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Supplementary Figure 2 | Element maps across ultramylonite layers. A) Thin section (polarized light) of

a mylonitic peridotite, including ultramylonites. B) Distribution of magnesium (microprobe) across

(ultra)mylonitic layers. Location in supplementary figure 2A. The colour coding refers to point counting.

The step size is 0.8 um and the analytical conditions are 15 kV and 10 nA on polished thin section (diamond

paste of 1 um). Ol = olivine; Amph = amphibole; CPx = clinopyroxene; Spl = Spinel. C) Distribution of

calcium across the same area. This map highlights an enrichment in amphibole nearby ultramylonite layers.

OPx = orthopyroxene.
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Supplementary Figure 3 | Equilibrium phase diagrams (pseudosections) for ultramylonites. A)
Pseudosection with 300 ppm H,O. B) Pseudosection with 400 ppm H,0. The pseudosections were produced
using Perple X calculations in the NCFMASH (Na,0-CaO-FeO-MgO-Al,05-Si0,-H,0) chemical system,
and based on the modal proportions that include olivine (65.9%), orthopyroxene (28.8%), amphibole (3.0%),
clinopyroxene (1.5%) and spinel (0.8%). For comparison, we show the calculated conditions of deformation
for the ultramylonites (dotted white rectangle). Based on the absence of plagioclase in the Ronda shear
zones, our Perple X calculations indicate a minimum of ~400 ppm H,O in the ultramylonite layers. Amph =

amphibole; OPx = orthopyroxene; Ol = Olivine; CPx = clinopyroxene.
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Supplementary Figure 4 | Phase distribution and olivine fabric between ultramylonites. A) EBSD map
(phases) of the mylonitic layer shown in figure SA of the paper. The step size is 1 pm and the analytical
conditions are described in the methods section of the paper. While grain boundaries (black lines) are
defined by correlated misorientation angles of more than 10°, the lattice tilt boundaries (white lines) are
defined by correlated misorientation angles between 2° and 10°. X = shear direction; Z = pole to the shear
plane. The black points within grains are non-indexed points. B) Sketch of the different areas highlighted in
figure 5A of the paper and based on the olivine LPO distribution, including ultramylonites (B1), connected
bands of strong LPO in the mylonite (B2), and isolated areas of moderate LPO between the ultramylonites
(B3). From C to F) Olivine LPOs for each area, including the whole map (C), B1 area (D), B2 area (E) and
B3 area (F). The three orthorhombic axes for olivine ([100], [010] and [001]) are shown in lower-
hemisphere pole figures with respect to the shear plane (horizontal line) and shear direction (white dot). The
iso-contours and grey shading (linear scale) are multiples of a uniform distribution. They were constructed
using a Gaussian half-width angle of 10° and based on one point per grain. N = number of grains; OPx =

orthopyroxene; CPx = clinopyroxene.



Supplementary Table 1 | Major-element compositions (in weight percent) and grain size of olivine (Ol)

grains in the mylonites and ultramylonites. Por = porphyroclasts.

Oxides (%) | Ol (0]} (0] ] (0) 71 Ols Ols (0] 1) Ols Ol Oliy Olu Ol

SiO: 40.86 40.96 41.11 41.00 41.03 41.13 412 4085 4038 40.80 4091 40.89
TiO> 0.00 000 000 0.00 000 0.00 0.00 0.00 0.00 000 0.00 0.00
ALO3 0.00 000 000 0.00 000 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Cr203 0.00  0.03 0.01 0.01 0.01 0.00  0.00 0.00 0.00 000 0.00 0.01
FeO 8.03 7.82 7.69 7.80  8.39 830 8.25 834 8.19 7.95 7.96 7.79
MnO 0.12  0.12 0.11 0.12  0.13 0.13 0.12 0.13  0.12 0.12 0.12  0.12
MgO 50.32 5032 5031 5016 5032 50.72 50.65 5051 50.66 50.87 5059 51.36
CaO 0.02  0.03 0.06 0.02 0.00 000 0.01 0.02 0.00 000 0.02 0.00
Na.O 0.00 000 000 0.00 000 0.00 0.00 0.01 0.00 000 0.00 0.00
NiO 040 040 041 038 0.38 0.39 0.40 040 039 040 040 0.39
Total 99.75 99.66 99.69 9950 100.3 100.7 100.7 1003 99.74 100.1 100.0 100.6

((;::;“ Sze | 550 40 25 25 80 60 300 400 Por Por Por 10

Oxides (%) | Ol Ol Olss Ol Oly7 Olis Ol Olzo OL:1 Ob:

SiOs 4088 4147 4128 4112 4121 4115 4092 4121 4110 4092
TiO; 000 000 000 000 000 000 000 000 000 000
ALOs 000 000 000 000 000 000 000 000 000 000
Cr:0s 000 003 002 000 001 00l 000 021 000 000
FeO 778 711 744 813 808 791 806 775 771 806
MnO 011 011 011 012 012 012 012 013 011 012
MgO 5148 50.85 5048 5094 5115 5048 5039 5049 5043 5039
Ca0 000 003 005 001 001 014 001 00l 001 001

N2:0 000 000 000 000 000 000 000 00l 000 000
NiO 041 043 039 040 042 039 040 039 042 04

Total 1007 1000 9977 1007 1010 1002 99.90 1002 99.77 100.0
((f;f:;“ size | 10 100 8 150 80 30 200 30 100 200




Supplementary Table 2 | Major-element compositions (oxides in weight percent) and grain size of enstatite

(En) grains in the mylonites and ultramylonites. Por = porphyroclasts.

Oxides En; En Ens Ens Ens Eng En; Ens Eno Enpw Enn Enp
SiO; 55.43 55.84 55.68 5554 5600 5580 5659 5670 56.63 5547 5591 57.57
TiO; 0.01 0.01 0.02 0.00 0.00 0.01 0.02 0.00 0.01 0.00 0.01 0.00
ALOs3 2.20 1.70 1.79 2.03 1.39 1.35 1.01 0.54 0.50 0.54 1.97 0.13
Cr20s 0.71 048 0.56 0.61 0.27 0.27 0.16 0.04 0.07 0.09 0.75 0.05
FeO 5.49 5.61 5.52 5.71 5.62 5.62 5.62 5.69 5.30 5.85 5.41 5.55
MnO 0.13 0.14 0.15 0.15 0.14 0.14 0.14 0.12 0.12 0.12 0.14 0.14
MgO 3434 3481 3490 3491 3525 3525 3551 3573 36.07 37.10 3489 36.00
CaoO 1.05 0.71 0.54 0.55 0.51 0.53 0.33 0.27 0.24 0.26 0.51 0.09
Na.O 0.03 0.02 0.02 0.02 0.03 0.01 0.00 0.00 0.02 0.00 0.00 0.00
KO 0.00 0.01 0.00 0.00  0.00 0.00 0.01 0.00  0.00 0.00  0.00 0.00
Total 9939 9933 99.16 9952 99.20 98.99 9938 99.09 9895 9945 99.59 99.53
gzrf;' l(l:mm) (ﬁ?rf) ((i)(ife) (E(I)II;) (i‘li) 300200200403 > (§,32> (lr)i(r)rrl)
Oxides Eniz Eniy  Engs Eni¢ Eni7 Ems Enio Enyo Enzi Enxp Enxs Eny
SiO; 56.82 5739 57.77 5644 56.66 57.06 56.64 5634 56.66 57.14 56.78 56.92
TiO:2 0.01 0.00 0.02 0.00 0.02  0.01 0.01 0.02  0.02 0.01  0.01 0.00
ALOs 0.17 0.24 0.14 0.85 1.39  0.55 1.01 0.83 1.05 0.55 0.95 1.84
Cr203 0.03 0.04 0.05 0.16 0.30 0.08 0.15 0.12 0.17 0.09 0.14 0.80
FeO 5.73 5.80 5.76 5.96 5,66 545 5.57 5.86 5.64 557 5.6l 5.67
MnO 0.14  0.13 0.15 0.15 0.13 0.12 0.13 0.14 0.15 0.16 0.14 0.16
MgO 36.94 36.00 36.19 3641 3542 3598 3534 36.03 3556 3579 3568 33.71
CaO 0.06 0.08 0.09 0.27 0.40 0.28 0.39 0.33 0.47 0.30 0.31 0.49
Na:O 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.04 0.00 0.00 0.01 0.02
K20 0.00  0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.01 0.00
Total 99.89 99.66 100.16 100.23 9999 99.51 99.26 99.70 99.72 99.61 99.65 99.59
gzr:‘(';lm) 10 15 10 8 40 10 20 10 50 6 10 (Clz)‘;z)
Oxides Ens Enx Enzy Ems Eny Ensy Ensi Ens2 Enss Enss Enss Ense
SiO; 57.13 56.72 5733 57.62 5694 57.11 57.63 57.12 57.12 57.60 5737 5727
TiO: 0.01 0.00 0.01 0.00 0.01 0.01 0.00 0.02 0.01 0.00 0.00 0.01
ALO3 1.75 042 1.08 0.45 1.30 1.98 1.46 1.19 1.15 039 0.67 0.60
Cr20s 0.68 0.03 0.17 0.07 024 0381 0.62 0.19 0.18 0.04 0.07 0.05
FeO 5.23 5.34 5.53 5.55 5.51 5.62 5.76 5.50 5.61 5.45 546 5.80
MnO 0.26 0.13 0.14 0.14 0.11 0.15 0.12 0.13 0.16 0.13 0.14 0.13
MgO 3391 36.10 3555 36.00 3531 33.68 34.14 3548 3545 36.15 3584 3582
CaO 0.55 0.65 0.36 028 043 1.07 0.34 0.42 0.41 029 026 025
Na.O 0.02 0.01 0.03 0.00 0.01 0.04 0.00 0.02 0.02 0.02 0.00 0.03
KO 0.02 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01
Total 99.55 99.39 100.2 100.1 99.85 100.5 100.1 100.1 100.1 100.1 99.80 99.98
gzr:‘(';lm) (CPO‘]’;) 8 20 35 30 (fo‘;re) (1;‘1’;) 30 15 20 15 10




Supplementary Table 2 (continued)

Oxides | En37 Enss Ensy Eng Eng Eng Eng Eng Engs Eng Eng Eng  Eng
SiO; 57.08 5749 5823 5589 57.06 5670 5688 5581 57.61 56.70 5755 5729 57.71
TiO; 0.01 0.05 0.00 0.01 0.02 0.01 0.01 0.01 0.02 0.02 0.01 0.00 0.05
Al O3 1.13 1.44 1.35 0.89 0.91 1.33 1.16 0.62 0.64 1.02 048 1.82 1.17
Cr20; 0.22 036 031 0.18 0.21 0.29 0.22  0.08 0.09 0.16 0.05 0.69 031
FeO 5.51 546 598 5.72 5.33 5.52 548 573 542 5.51 536 5.85 5.50
MnO 0.14 0.18 0.10 0.14 0.11 0.14 0.15 0.12 0.14 0.14 0.13 0.09 026
MgO 3549 3397 3456 3657 3546 3520 3543 3592 3541 35.13 3590 3371 3433
CaO 0.36 0.55 0.61 0.30 0.29 0.52 0.39 0.26 0.27 0.38 0.21 0.60 045
Na:O 0.00 0.03  0.00 0.00 0.00  0.00 0.01 0.02 0.00 0.00 0.00 0.02 0.02
NiO 0.00 0.00 0.00 0.00 0.00  0.00 0.00 0.00 0.00 0.01 0.00 0.01 0.00
Total 99.95 9952 101.1 99.72 99.39 99.71 99.73 98.58 99.59 99.07 99.71 100.1 99.90
Srain o (rpig) (fi‘r’;) 20 25 40 40 8 40 30 20 (CIL‘;Z) (E‘I’Irl)




Supplementary Table 3 | Major-element compositions (oxides in weight percent) and grain size of diopside

(Di) grains in the mylonites and ultramylonites. Por = porphyroclasts.

Oxides (%) | Dii Di Dis Dig Dis Dis Diy Dis Diy Diyo Din Dip2

Si0; 5424 5395 5395 5426 5370 5424 53.87 5357 5330 5395 5412 53.44
TiO, 003 003 002 002 005 00l 001 004 006 007 004 005
ALO; 157 194 190 120 223 155 160 197 221 178 128 155
FeO 211 226 222 213 227 215 219 215 231 222 203 219
MnO 006 008 006 008 009 007 006 008 007 007 005 007
MgO 1732 1734 1738 1766 1686 1745 17.16 1735 1739 17.07 1745 17.16
Ca0 23.14 2285 23.07 2338 2321 2332 2333 2272 2253 2318 2344 2347
Na:0 059 059 063 053 067 060 058 071 065 058 052 047
K20 000 000 000 000 000 000 000 000 001 000 000 000
Cr:0s 055 072 065 039 081 055 055 089 099 070 033 044
Total 99.59 9975 99.88 99.66 99.88 99.95 9935 9948 9952 99.61 9927 98.85
((;r;‘l;“ size 15 30 50 8 15 5 10 200 100 25 15 25

Oxides (%) | Di Diyy Dis Diss Diy7 Diis

$i0; s4.14 5327 5302 5396 5410 53.55
TiO: 004 002 001 003 001 002
ALO; 136 173 193 169 129 182
FeO 220 226 230 229 213 219
MnO 006 007 007 007 007 005
MgO 1723 1738 1733 1736 1755 1722
Ca0 2334 2333 2300 2329 2381 2323
Na:0 049 051 054 059 051 065
K20 000 001 000 000 000  0.00
Cr20s 038 065 073 059 042 068
Total 9925 9922 9902 9986 99.89 9942
gﬁ;ﬂ E s 100 e 100 10 80




Supplementary table 4 | Major-element compositions (oxides in weight percent) and grain size of spinel

(Spl) grains in the mylonites and ultramylonites. Por = porphyroclasts.

Oxides (%) | Spi  Sp.  Spls  Spls Spls Spls Splz Spls Splb Splio Splu Sple
Si0; 005 020 004 001 001 000 003 004 005 00l 084 002
TiO, 004 002 00l 00l 001 007 003 003 008 008 004 002
ALO; 2213 2062 3047 2608 2720 2048 2838 2771 2424 2369 2468 24.12
Cr:0; 4316 4145 3602 4128 3980 4557 3696 3607 4191 4248 3930 42.71
V203 0.15 016 018 018 019 015 017 016 015 0.16 015 019
FeO 17.19 1984 1760 1478 1685 1605 17.92 1806 1572 1569 17.12 15.73
Fe203 602 738 277 443 371 561 446 556 516 551 421  4.63
MnO 022 028 021 019 021 021 022 022 020 020 021 020
MgO 1191 988 1213 1390 1258 1245 1183 11.54 13.13 13.10 1259 13.03
NiO 0.11 010 008 012 010 011 009 011 012 012 010 0.11
Zno 025 024 049 017 025 013 042 039 013 016 017 019
Total 1012 1002 1000 1012 1010 100.8 100.5 9990 1009 1012 9941 100.9
8;3;“ size | 400 15 20 Por 80  Por 10 10 150 300 80 150
Oxides (%) | Splis Splis  Sphis  Splis  Spliz  Sphs

SiO; 001 007 003 000 000 002

TiO, 002 002 005 006 004 005

ALO;3 2610 30.72 2146 2128 2335 2161

Cr0s 39.82 3514 4503 4493 4289 4491

V203 019 019 016 017 017 0.17

FeO 1632 1624 1533 1642 1600 15.49

Fe203 491 387 532 528 512 522

MnO 021 019 020 022 020 0,20

MgO 1275 13.18 13.05 1230 1275 12.96

NiO 012 012 012 010 011 0.11

Zno 022 027 013 015 017 0.4

Total 100.7 1000 1009 100.1 100.8 100.9

Graimsize | 160 19 por 10 200 Por

(um)




Supplementary Table 5 | Major-element compositions (oxides in weight percent) of amphibole grains

(Amp) in the mylonites and ultramylonites. Por = porphyroclasts.

Oxides (%) Ampl Amp2 Amp3 Amp4 AmpS Amp6 Amp7 Amp8 Amp9 Ampl0
SiO: 4481 4392 4428 4381 4400 4416 4427 4389 4440 43.62
TiO: 0.34 0.44 0.40 0.21 0.21 0.21 0.36 0.49 0.42 0.50
ALOs 13.11 1342 1323 13.05 1301 1285 1299 1339 12.64 1322
Cr203 1.56 2.17 1.90 2.11 2.04 2.24 1.83 1.91 1.58 1.91
Fe203 3.73 3.95 3.91 3.82 3.75 3.86 4.08 3.91 4.22 422
FeO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
MnO 0.06 0.05 0.04 0.05 0.06 0.06 0.01 0.04 0.04 0.05
MgO 19.02 1842  18.73 1893 1890 1876 1875 1819  18.68  18.37
CaO 12.04  11.99 12.03 11.95 11.93  11.87 12.14  12.04 1196 12.10
Na.O 2.77 2.88 2.85 3.01 3.24 3.28 3.12 2.85 2.88 2.94
KO 0.09 0.09 0.08 0.08 0.07 0.07 0.17 0.21 0.19 0.20
H:0 2.13 2.12 2.12 2.11 2.11 2.12 2.12 2.11 2.11 2.11
Total 99.66  99.44 9958  99.12 9934 9947 99.84 99.03  99.12  99.25
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Supplementary Table 6 | Pressure (P in kbar) and temperature (T in °C) data estimated in the mylonites and

ultramylonites based on the major-elements compositions and geothermobarometers. Each number refers to

the phase number shown in previous tables (from tables S1 to S5). The temperature data are summarized in

the figure 3D of the paper. (1) = Ca in OPx at 5 kbar'; (2) = Ca in OPx at 8 kbar'; (3) = Al and Cr in OPx%;

(4) = Two-pyroxene thermometer at 5 kbar' (TBKN); (5) = two-pyroxene thermometer

Olivine-spinel thermometer’. (7) = Two-pyroxene barometer”.

at 8 kbar'. (6) =

Phase(s) Eny En, Eny Eny Eng Eng En; Eng Eny Enyy Eny Eny Eng; Enyy Engs Enyg Enyy Engg
T@1) 1016.9 9234 866.7 871.6 8552 8655 7772 7420 7260 7405 8563 596.7 5595 586.0 5952 7425 8113 7521
T(@2) 10325 937.8 880.5 8854 8689 8793 7899 7542 7381 7528 870.0 6073 569.6 5964 6057 7548 8244 7644
T@3) 932.05 823.6 858.1 8739 7238 7137 6839 6133 6109 5109 9502 6244 537.6 6141 6151 6174 7541 6356
Phase(s) Eng Enyy Eny Eny, Eny; Enyy Enys Eny Eny; Enys Enyy Enyy Eny; Enj, Eny; Enyy Enys Enye
T(1) 8045 776.2 8384 759.6 7665 8473 869.6 905.8 790.6 7504 821.5 1018.0 7804 8I89 8122 7548 7348 7310
T(2) 8175 788.7 8519 7721 779.0 8608 883.4 920.0 8035 7628 8347 1033.6 7932 8321 8253 7672 747.0 743.1
T@3) 691.0 6162 6833 644.6 6723 10549 10099 7142 641.7 T46.1 9764 10474 9786 720.6 7154 6199 6540 6272
Phase(s) Eny; Enys Enjo Enyy Eny Eny, Enyg; Eny Enygs Eny Enyg; Eng Enyg ll‘:)lll'zli llijlll’z/-/ g;”/z é);:l‘ g:li
T(1) 7915 869.5 887.6 759.7 7539 858.0 8047 7378 7429 8003 7084 886.5 8305
T(2) 8044 8833 9016 7722 7663 87L.7 817.7 750.0 7552 8133 7203 900.5 8438
T@3) 730.6  883.0 8404 601.3 7288 760.8 7247 5865 690.7 7094 6477 10172 8419
T @) 804.6 8523 B806.7 769.2 7599
T (5) 809.1 857.1 8IL3 7735 7643
Phase(s) gk/ Diy/ Diy/ Diy/  Diyy/ Diy/ Dip/ Diy/ Diy/ Diig/ Di/ Di/ Diy/ O/ OL/ Ol oL/ Ol

N3 Eny; Eny; Eny, Enyy Eny; Enys Eny Enyy Eng Engg Enyy Eny SPl, SPl, SPl, SPl, SPl;
T 4) 766.8 740.2 8278 8704 785.6 7428 7175 7689 7522 8008 786.7 8664 7431
T(5) 771.1 7445 8324 8752  790.1 747  721.6 7733 7565 8054 7912 8713 7473
T (6) 749.0  656.0 652.0 657.0 696.0
Phase(s) g]!;/ Ol 0l O/ Ol O/ OL/ O/ Oly Ol OLy OLs Ol Ol Ol Ol O/ Ohy Oly/ Oy

, SPl; SPI; SPl;, SPls SPl, SPl, SPlg SPl; SPly SPl, SPlL, SPl; SPl; SPLz SPlL; SPlLs SPlg SPlj;  SPlg

T (6) 657.0 696.0 691.0 821.0 750.0 S811.0 800.0 802.0 660.0 641.0 745.0 7640 7260 796.0 743.0 707.0 827.0 780.0 772.0 822.0
Phase(s) gin/ Diy Diy DiJ Dig DiJ Di Dig Dif/ Diy/ Diy/ Dip/ Diyy/ Dii/ Did Diy/ Dipg/ Dig/

ny Enyy Eny; Eny Enys Eny Enyy Eng Eng Eng Engg Engs  Eng  Engy  Eng En;g  Eny Eny
P(7) 4.8 9.0 6.9 8.8 10.6 10.7 6.5 5.9 11.8 9.0 10.8 7.7 9.6 9.2 4.9 8.9 6.1 5.1
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