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Introduction
This file contains text S1: Derivation of nondimensionalized energy conservation equa-

tion and Figures S1 to S3.
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Text S1: Derivation of nondimensionalized energy conservation equation
Here, we present the detailed derivation of the nondimensionalized energy equation (eq.
(28)), which reads in dimensional form as follows:

pCpCfi—j; = )\2271; + TEw. (S1)
To derive the nondimensional form of equation (S1), we have to define the characteristic

scales for time t., temperature T, stress 7. and length [.. This allows us to express the

dimensional values of these quantities as

T=T.T =12 t=tt,7=1.7. (S2)
Using these expressions, we can then rewrite eq. (S1) to yield

T. 0T’ T, °T

PO o =\ e

+ 7T Eyi, (S3)

which can be rearranged to

o1’ _ /£82T’+ te 1
o C12ox?  T,.pC,

TeT Evi (S4)
Based on the observations in section 3.1, we make the following assumptions to define
the characteristic scales for time, temperature, stress and length:

(i) The occurrence of thermal runaway is governed by the conditions when stress relax-

ation starts (black crosses in Figure 2).

(ii) Stress relaxation starts after the transition from elastic loading to dislocation creep

or after the transition from low-temperature to dislocation creep.
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(iii) There is no significant amount of temperature change during elastic loading.

(iv) Temperature change before stress relaxation is homogeneous in the model domain.

We therefore define the characteristic stress as

Te = min (750, Ob) (S5)

where o}, is the back stress of LTP which describes the transition from LTP to dislocation
creep. Tgiso 1S the steady state stress in dislocation creep at the initial temperature which

is defined as

1
15 Qais \ ™
Tdis,0 = ( = e Tdo ) . (86)

wo Adis
€an 18 the steady state viscous strain rate in the center of the anomaly. To determine this

value, we consider deformation to be fully accommodated by dislocation creep:

L2
ébg L= / édis d&?, (87)
—L/2
which extends to
L/2 Qdis
Epg L = / w(x)Agse™ T 7" dx. (S8)
—L/2

Based on assumption (iv), this integral can be expressed as

Qdis L/2
Ebg L= Agse” 7 T" /L/2 w(z) du. (S9)

w(z) is given by equation (1) and computing the integral yields
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L/2 L/2 L/2 e
/ w(z)de = / ldx + / (wop — 1) e 2(2) do (S10)
—L/2 —L/2 —L/2
L/2 L/2
V2
=z + UTW (wo — 1) erf (%) (S11)
—L/2 20 —L/2
L
=L+ oV2r(wy—1 erf<—>. 512
V2R (w0 - et (2 s12)
Substituting equation (S12) into equation (S9) and dividing by L yields
Ebe = Adis e*Q%iS 1+ 7 V2m (wo — 1) erf L ) (S13)
g9 I U\/g
Here, we define:
. _ Qdis
€an = Wo Adis e T 7" (814)
Substituting equation (S14) into equation (S13) yields
ébg = €an fana (815)

where f,, is a factor describing shape, size and strength of the anomaly:

1 o wo — 1 L
= — 22 Fl—). 1
f o + A o er (0\/§> (S16)

Equations (S14) and (S15) are only applicable when dislocation creep is the dominant

deformation mechanism. The steady state stress in dislocation creep given in equation

(S6) can hence be written as

1
gbg qulis n
isg= | —————e To . S17
Tdis (fan Wo Adis ) ( )
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The characteristic temperature T, describes the temperature at the start of stress re-
laxation. Models that have reached LTP undergo heating until deformation transitions
from LTP-dominated to dislocation creep-dominated. This transition temperature can be
obtained by equating the dislocation creep stress (eq. (S17)) to oy, and rearranging for
temperature, which yields

ﬂ _ C2dis (818)

In <0-{)L fanwo Adis) '

Ebg

Models that enter relaxation directly after elastic loading (Figure 2b,d) have undergone

no significant heating. Therefore, we define characteristic temperature as

T. = max (Ty, Tt) - (S19)

If Ty > T}, the model enters stress relaxation, directly after elastic loading at 7. = Tuis 0,
and if T; > Ty, the model reaches the LTP limit and heats up until reaching 7} and 7, = oy,
from where it enters relaxation.

We define the characteristic time as the Maxwell relaxation time of the host rock at

characteristic temperature and stress

Tec

te=t, = ——m—.
2 €host G fan

(S20)

€nhost 1S the strain rate in the host rock which can be defined analogously to equations
(S14) and (S15):
_Qdis

. éan ébg
€host = Adis e Te Tgl = = . (821)
Wo fan Wo
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This yields

Te Wo

te =1, = —; .
¢ 2€bgG

(S22)

The characteristic length is defined as the full-width-half-maximum of the anomaly

lo = h. (523)

We can now insert t. and . into equation (S4), which results in

o1’ Towy Kk O*T' 1 2wy
_ Ll c : 24
o 2, GRROZ® | pCyT. 265G (524)

Based on assumptions (i) and (ii), €,; can be expressed as

i = w(r) Agse 1 7", (S25)
which can be rewritten as
Qdis | Qdis _ Qdis
= w(r) Agge™ P TR TRE pnpm (S26)
Qdis Qdis _ Qdis
= Agse Tl w(z) e e TR (S27)
Qdis Qqis T/~
Evi = Agige” Tt e w(z)t™e o (S28)
Using equations (S14) and (S15), this can be simplified to
é Qqis T/~
Evi b6 (m) T e e Ea (S29)

B fanwO

Substituting equation (S29) into (S24) yields
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aT’ I 82T/ ]_ 2 Q is -
T 27—. WOG % 572 + OT 2671—0 w(z) e e (S30)
Epg G N7 OX PLpic Jan

—1
t t -1 Ue]
t d Ueh N
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Figure S1. Fraction of models with thermal runaway for each input parameter. All Parameters
are scaled with regards to the minimum and maximum value we used (Table 2). For some
parameters, we scaled the logarithm to the base 10 of the parameter for convenience. This
display is biased by the fact that not every single parameter combination exists but illustrates
the general influence and linear/nonlinear behavior of parameters regardless. Only values used

at least 150 times are displayed.
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Figure S2. Different metrics tgemepatienmadozmaway: 46afiinctions of t./tq and Ue/Usp.
Ist row: maximum temperature change. 2nd row: maximum temperature gradient. 3rd row:
maximum stress gradient. 4th row: maximum velocity divided by boundary velocity. Left

column: wy = 2 — 10. Right column: all models.
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Figure S3. Maximum excess temperature rise AT, as a function of two non-dimensional
parameters for step-like anomaly. t,/tq denotes the relation between the stress relaxation time
scale and the heat diffusion time scale. U, /Uy, denotes the ratio between elastic and thermal
energy at the start of stress relaxation. (a) Models with wy =2 — 10. (b) All models. Note that

the colorbar is truncated towards low values.
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