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Supplementary Tables
• Table S1. Best-fitting power-law parameters µ0 and β for the constitutive friction law of Equation (1) with σ0 = 1
MPa. The uncertainty is indicated by the number of relevant digits.

Supplementary Figures
• Figure S1. Comparison of linear and power-law models for Darley Dale sandstone (Murrell, 1965).

• Figure S2. Comparison of linear and power-law models for Ormonde siltstone (Barton, 1973).

• Figure S3. Comparison of linear and power-law models for Bilsthorpe mudstone (Barton, 1973).

• Figure S4. Comparison of linear and power-law models for Hucknall shale (Barton, 1973).

• Figure S5. Comparison of linear and power-law models for phyllosilicate-rich gouge (Hirauchi et al., 2020a).

• Figure S6. Comparison of linear and power-law models for powdered Pozzolanic mortar at 100% humidity at
room temperature after holds of 3, 30, 300, 3,000, and 30,000 s for normal stress from 0.5 MPa to 80 Mpa (Volpe
et al., 2025, 2026).
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Table S1 Best-fitting power-law parameters µ0 and β for the constitutive friction law of Equation (1) with σ0 = 1 MPa. The
uncertainty is indicated by the number of relevant digits.

Reference Material µ0 β Reference Material µ0 β

Barton (1973) Ormonde siltstone 1.73 0.27 Hoskins et al. (1968) Sandstone 0.75 0.18
Bilsthorpe mudstone 1.73 0.31 Trachyte rough 1.07 0.25
Hucknall shale 1.65 0.25 Trachyte 350 µm 1.01 0.29
Bilsthorpe mudstone 1.10 0.19 Wombeyan marble 1.75 0.36

Barton (1976) Weber sandstone A 1.38 0.12 Ikari et al. (2007) 30%Montmorillonite 0.72 0.11
Weber sandstone B 1.71 0.15 50%Montmorillonite 1.10 0.34
Weber sandstone C 0.94 0.04 70%Montmorillonite 0.74 0.34

Beeman et al. (1988) Ice at 77 K 1.10 0.31 100%Montmorillonite 0.11 0.23
Bedford et al. (2021) Nankai C0002 Pf= 5MPa 0.32 0.05 Jaeger (1959) Plaster 0.92 0.08

Nankai C0002 Pf=10MPa 0.53 0.05 Jang and Jang (2015) Plaster (N2000) 0.73 0.08
Nankai C0002 Pf=25MPa 0.54 0.09 Plaster (GM 10) 2.10 0.29
Nankai C0002 Pf=50MPa 0.42 0.02 Plaster (Diestone) 1.12 0.09
Nankai C0002 Pf=75MPa 0.43 0.01 Kurzawski et al. (2018) Calcareous clay 14H6 0.09 -0.38

Byerlee (1968) Westerly granite 1.69 0.13 Silt 42X4 0.11 -0.32
Spruce Pine dunite 2.43 0.19 Silty clay 2H1 .001 -1.28
Solenhofen sandstone 7.14 0.43 Clayey siltstone 8R6 0.02 -0.61
Oak Hall limestone 2.93 0.22 Lilly (1982) Shale 0.42 0.26
Nahant gabbro 2.37 0.19 Maegawa et al. (2015) PDMS 1 0.60 0.11
Cabramurra serpent. 1.82 0.15 PDMS 2 0.45 0.13

Carpenter et al. (2009) MHST1 siltstone 0.62 -0.01 Maksimović (1992) Sandstone 1.21 0.21
B2125 arkosic sandstone 0.67 0.04 Micaschist 0.86 0.29
B18R4 arkosic sandstone 0.71 0.05 Mehrishal et al. (2016) Onyx marble (1 mm/s) 0.13 0.14
B1R1 granodiorite 0.65 0.02 Mizukami and Maeno (2000) Ice slow 0.05 0.19
Siliceous mudstone 0.72 0.04 Ice intermediate .003 0.59
Great Valley turbidite 0.69 0.03 Ice fast 0.01 0.41
Monterey mudstone 0.59 -0.02 Moore et al. (2004) Chrysotile 100◦C 0.01 -0.72
Temblor sandstone 0.60 -0.01 Chrysotile 194◦C 0.02 -0.56
New Idria serp. (dry) 0.29 0.09 Chrysotile 281◦C 0.07 -0.40
Etchegoin sandstone 0.62 -0.01 Moore and Lockner (2008) Muscovite 0.23 -0.13
Franciscan clay 0.61 -0.01 Montmorillonite 0.06 -0.25
Varian Ranch formation 0.68 0.02 Talc 0.15 -0.06
Serpentinite Chips 0.70 0.03 Biotite 0.15 -0.16
Unconsol. gravel & sand 0.63 0.02 Morrow and Byerlee (1989) Ottawa sand 0.98 0.07

Carpenter et al. (2016) Calcite 0.66 0.01 Quartzite 0.90 0.06
Chang et al. (2024) Halite 0.33 0.17 Westerly granite 1.19 0.16
Coulomb (1821) Oak-pine contact 0.59 0.04 Morrow et al. (2017) Wet montmorillonite 0.04 -0.28

Oak wood 2 0.28 -0.01 Mutlu and Bobet (2006) Gypsum 0.44 0.03
Oak (kinetic) 0.09 0.06 Saffer and Marone (2003) Quartz 0.83 0.07
Oak wood 0.52 -0.03 Illite shale 0.82 0.14
Pine wood 0.60 -0.02 50% smectite 1.17 0.37
Elm wood 0.45 0.00 Smectite 1.17 0.54

Giorgetti et al. (2015) 5% talc 0.62 0.06 Sakuma et al. (2018) Dry mica 0.34 0.10
20% talc 0.31 -0.04 Schellart (2000) Caster sugar 0.24 0.26

González et al. (2024) SCF01 0.72 0.18 Sand S1 0.17 0.27
CCF11 0.73 0.30 Sand S2 0.16 0.28
CCF13 0.75 0.25 GM1 0.65 0.07
CHF09 0.53 0.09 GM2 0.22 0.19
MF14 0.52 0.04 Schulson and Fortt (2012) Ice 263 K 0.13 0.47
MF15 0.66 0.27 Smith and Faulkner (2010) L5 dry 0.18 -0.31
PPF10 0.39 0.02 L5 wet 0.14 -0.30
PPF12 0.40 0.05 L4 cataclasite 0.23 -0.27

Handin (1969) Blair dolomite 1.07 0.16 L3.3 chlorite 0.26 -0.13
Solenhofen limestone 1.06 0.10 L3.2 talc 0.21 -0.07
Know dolomite 1.14 0.15 L2 schist 0.46 -0.10
Tennessee limestone 0.97 0.06 Smith et al. (2017) Green cataclasites 0.52 0.19

Hirauchi et al. (2020a) Tremolite schist 0.17 -0.18 Black cataclasites 0.98 0.35
Argillite 0.17 -0.23 Tesei et al. (2018) Chrysotile 0.25 0.10
Cataclasite 0.22 -0.07 Lizardite 0.39 0.15
Talc schist 0.04 -0.28 Retrograde serpent. 0.42 0.07
Serpentinite 0.82 0.09 Antigorite 0.83 0.10

Hirauchi et al. (2020b) Halite 0.99 0.14 Volpe et al. (2025) Pozzolanic mortar 0.93 0.08
Yashima et al. (2015) Glass 0.14 0.26
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Figure S1 Comparison of linear and power-law models for Darley Dale sandstone (Murrell, 1965). A) Frictional strength of Darley Dale
sandstone and corresponding linear (dashed lines) and power-law (solid lines) models with the best-fitting parameters indicated in the
figure. B) Same in log-log plot, emphasizing the systematic residuals of the linear model at low normal stress. C, D) Friction coefficient in
linear and log-log plots, respectively. The power-law model explains data satisfactorily, and does not feature systematic residuals.
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(Barton 1973)
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Figure S2 Comparison of linear and power-law models for Ormonde siltstone (Barton, 1973). A) Frictional strength of siltstone and
corresponding linear (dashed lines) and power-law (solid lines) models with the best-fitting parameters indicated in the figure. B) Same in
log-log plot, emphasizing the systematic residuals of the linear model at low normal stress. C, D) Friction coefficient in linear and log-log
plots, respectively. The power-law model explains data satisfactorily, and does not feature systematic residuals.
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Figure S3 Comparison of linear and power-law models for Bilsthorpe mudstone (Barton, 1973). A) Frictional strength of mudstone and
corresponding linear (dashed lines) and power-law (solid lines) models with the best-fitting parameters indicated in the figure. B) Same in
log-log plot, emphasizing the systematic residuals of the linear model at low normal stress. C, D) Friction coefficient in linear and log-log
plots, respectively. The power-law model explains data satisfactorily, and does not feature systematic residuals.
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(Barton 1973)
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Figure S4 Comparison of linear and power-law models for Hucknall shale (Barton, 1973). A) Frictional strength of shale and correspond-
ing linear (dashed lines) and power-law (solid lines) models with the best-fitting parameters indicated in the figure. B) Same in log-log plot,
emphasizing the systematic residuals of the linear model at low normal stress. C, D) Friction coefficient in linear and log-log plots, respec-
tively. The power-law model explains data satisfactorily, and does not feature systematic residuals.
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Figure S5 Comparison of linear and power-law models for phyllosilicate-rich gouge (Hirauchi et al., 2020a). A) Frictional strength of
argillite (dark upright triangle), tremolite schist (grey right triangle), cataclasite (grey downward triangle), and talc schist (circle) and cor-
responding linear (dashed lines) and power-law (solid lines) normal-stress dependence models. While the linear and power-law models
explain the data equally well, all linear model predict negative intercept at the origin corresponding to negative strength for sufficiently low
effective normal stress, an unphysical feature. B) Same as A for a log-log plot. C) Friction coefficient of argillite, tremolite schist, cataclasite,
and talc schist and corresponding linear (dashed lines) and power-law (solid lines) models. The linear models all predict a negative friction
coefficient for sufficiently low effective normal stress. The power-law models converge to zero at the origin. D) Same as C using a log-log
plot. The results are representative of water-saturated phyllosilicate-rich gouge.
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Figure S6 Comparison of linear and power-law models for powdered Pozzolanic mortar at 100% humidity at room temperature after
holds of 3, 30, 300, 3,000, and 30,000 s for normal stress from 0.5 MPa to 80 Mpa (Volpe et al., 2025, 2026). A) Comparison of the linear
model of the form τ = c0 + µ0σ̄ and a modified power-law model of the form τ = c0 + µ0σ(σ/σ0)−β . After holds of 3, 30, and 300 s,
the linear model cannot simultaneously capture the low pressure and high pressure data. B) Same data and models shown in log-log plot.
C) Comparison of the linear and power-law models at low stress, showing similar quality of fit of the linear and power-law models with
cohesion. D) Same in a log-log plot. The power-law model requires a small cohesion terms of 10 kPa and 60 kPa for hold times of 3,000 and
30,000 s, respectively, to explain the frictional resistance at all pressure conditions. When considering data above 10 MPa normal stress,
cohesion is not needed (Barbot, 2026).
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Figure S7 Friction coefficient of engineered surfaces and synthetic materials (Coulomb, 1821; Schellart, 2000; Maegawa et al., 2015;
Yashima et al., 2015). The solid lines correspond to the best-fitting power-law relationship following Equation (1). The power-law exponents
fall within β = 0.17 ± 0.08 for those materials. The inset shows the low friction coefficient of oak, pine, and elm wood after a long healing
phase (steady-state) and during high-velocity sliding (kinetic) (Coulomb, 1821).
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