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Additional tests of friction versus experimental data
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Fig. S1. Experimental fit of friction in Carrara marble with Arrhenius thermal weaken-
ing and heat sinks (experiment s308, normal stress 20 MPa). Solid red: measured experimen-
tal shear stress. Dotted black: model friction. Solid green: measured slip velocity. Dashed
purple: computed temperature.
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Fig. S2. Experimental fit of friction in gabbro with FWSS (normal stress 20 MPa). Solid
red: measured experimental shear stress. Dotted black: model friction. Solid green: measured
slip velocity. Dashed purple: computed temperature. In this example it can be seen that the
recovery is not well reproduced.

NUMERICAL CODE FOR TEMPERATURE (PYTHON):
Efficient wavenumber summation example:

# INITIALIZATIONS:

import numpy as np

import matplotlib.pyplot as plt

import time as tm

$matplotlib notebook

#

ttot=20.;

dt=ttot/1000;

nt=int (ttot/dt)

rho = 3000; ¢ = 715; k = 1.1le-6;

M= 32

zmax (M/2.5) * np.sqrt(k * ttot);

zmin = (1/2) * zmax/M;

smax=2*np.pi/zmin

ds = smax/M;

smin=ds/2

s=np.asarray([(m - 1/2)*ds for m in range(1,M+1)],dtype=float)
theta=np.asarray([0.0 for M in range(0,M)],dtype=float)

# DEFINE THE TEMPERATURE COMPUTATION ROUTINES
# wavenumber summation:
def comp_temp_wav (g, theta):
an= g/ (rho*c); Twav=0.
for mm in range(0,M):
theta[mm]= (dt * gn + theta[mm])/(1.0 + dt * k * s[mm]**2 ) # Back Euler
Twav=Twav+theta [mm] *ds
Twav=Twav* (2.0/np.pi)
return (Twav, theta)



# classic time summation:
def comp_temp_sum(q) :
Tsum=0.
for p in range(it):
Tsum=Tsum + dt*q[p]/np.sqgrt(dt * (float(it)-1/4) - dt * p)
Tsum=Tsum * (1/(2 * rho * ¢ * np.sqrt(k*np.pi)))
return (Tsum)

# COMPUTE TIME EVOLUTION:
T=[0];Tb=[0];time=[0];theta[:]=0.0;
# imposed heat flow:
g=[5e5+3e6*np.exp (-dt*float (i1)/.1) for ii in range(nt)]
#
# compute with wavenumber summation:
startl=tm.time ()
for it in range(l,nt):
time.append(float (it) *dt)
Twav, theta=comp_temp_wav (q[it-1]/2., theta)
T.append (Twav)
endl=tm.time ()
## compute with classic time summation (OPTIONAL) :
#start2=tm.time ()
#for it in range(l,nt):
# Tsum=comp_temp_sum(q)
# Th.append (Tsum)
#end2=tm.time ()
#print (endl-startl,end2-start2, (endl-startl)/(end2-start2))

Plotting both solutions together:

fig,ax=plt.subplots()

ax.plot (time, Tb, 'r-',label="time sum’)
ax.plot (time, T,’k:’, label='wavenum. sum’);
ax.legend()
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NUMERICAL CODE FOR TEMPERATURE (FORTRAN):

Cc program cotemp?2
c computes temperature for an imposed heat flow in 2 different ways
c Stefan Nielsen July 2020



parameter (M=32,nt=1000)
real*16 k,rho,c,tmax,zmax, zmin, smax, smin, ds, dt, gn, Tb, Tbc, T, pi
real*16 theta (M), s (M)
real*16 qg(nt)
integer it,mm
c initializations
k=1.le-6
rho=3000.
c=715.0
pi=3.1416
dt=0.02
tmax=float (nt) *dt
zmax=float (M) *(2./5.) *sqrt (k*tmax)
zmin=zmax/ (2.*float (M))
smax=2.*pi/zmin
ds=smax/float (M)
smin=ds/2.
do mm=1,M

s (mm)=(float (mm)-0.5) *ds

theta (mm)=0.0

enddo
c pre-compute values of imposed heat flow:
do it=1,nt
q(it)=3.0eb6*exp(-float (it)*dt/.1) + 0.5e6
enddo

¢ COMPUTING WITH WAVE NUMBER SUMMATION:
open (22,file="tew.csv’,form="formatted’)
do it=2,nt !start time loop
aqn=q(it-1)/(2*rho*c)
Tb=0.
do mm=1,M ! start memory variables loop
theta(mm)= dt * gn + theta(mm) * (1. - dt * k * s(mm)**2)
Tb=Tb+theta (mm) *ds
enddo ! end memory variables loop
T=(2./pi) *Tb
write (22,*) float(it)*dt, T
enddo ! end time loop
close (22)
cc COMPUTING WITH CLASSIC TIME SUMMATION (OPTIONAL) :

c open (23,file="tes.csv’,form=' formatted’)
c write (23,*) 0.0, 0.0

c cfact=(1./(2. * rho * ¢ * sqrt(k*pi)))

c do it=2,nt ! start time loop

c Tbc=0.

c do j=1,it-1 ! summation over past times
c Tbc=Tbc+cfact*dt*q(j) /sqrt (dt* (float (it)-float (j)-0.25))
c enddo

c write (23,*) float(it)*dt, Tbc

c enddo ! end time loop

c close(23)

stop

end



