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Spatio-temporal patterns of fluid-driven aseismic slip
transients: implications for seismic swarms
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=PrL  Background - Motivation

= Common driving mechanisms:
» Pore pressure diffusion

(e.g., Parotidis et al., JGR, 2005)

» Aseismic slip
(e.g., Lohman & McGuire, JGR, 2007)

= Evidence for coupled mechanism:
Pore pressure - Aseismic slip = Seismicity

(e.g., Bourouis & Bernard, GJI, 2007, Wei et al., EPSL, 2015; Guglielmi et al.,

Science, 2015; Yukutake et al., JGR, 2020)

= Spatio-temporal patterns?
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=PrL 2D & 3D physics-based models

= 2D rupture: Mode Il or lll shear crack
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Assumptions:

Constant hydraulic properties, self-similar pore pressure diffusion
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3D rupture: Mixed-mode (lI+1ll) circular crack
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=PFL  Energy balance at the rupture front

Linear elastic fracture mechanics
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Ap,(t) o, Small-scale yielding:
- (< (1)
T, = frgg 5 (Palmer & Rice, 1973)
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/ Distance along the crack
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£(t)
Assumptions:
Constant frictional fracture energy G., constant residual friction




=PFL  Energy balance at the rupture front 5
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Ultimate regime

G = GC = Fracture energy term is ultimately negligible when:
t—>o00 and {— o0

f'rAp* ‘\/ / \/L:?/H) ’de = (5 f,,- — \/ +§i{
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Equation for £(t): /0 (1 ‘i“’;z)"”dﬂ=5(f{2°pj(i‘;’

Table 1: Temporal patterns of £ (¢) for different modes of propagation and types of fluid source.
Type of fluid source 2D - Mode II or III 3D - Mixed mode IT+III
e L(t t — V/t) at early times (1
Constant injection rate *) Eo(ct)(oc t\;;)large ‘sirifleslII(ll) (1) 2(t) < vt (1)
: : . £(t) o (t3/2 — 1) /t at early times (2) £ (t)  vte™* at early times (2)
Linearly increasing rate £(t) o t? at large times (2) £(t) ox t at large times (2)
Constant pressure £(t) < v/t (3) 2(t) oc tP (1)(4)

Notes: Derived in (1) Séez, Lecampion, Bhattacharya & Viesca, JMPS, 2022.
(2) Séez & Lecampion (in preparation). (3) Bhattacharya & Viesca, Science, 2019.
(4) B between 0 and 1/2.
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L Example of application - Borehole fluid injection

Table 1: Temporal patterns of £ (¢) for different modes of propagation and types of fluid source.
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Type of fluid source 2D - Mode II or IIT 3D - Mixed mode II+III
. ¢ _ imes (1) . fraQn/4amkw
Constant injection rate £(t) o ¢ at large times (1) 2(t) o VE (1) ’g(t) — vr t, Wlth vr — r TI,/
Linearly increasing rat £(t) o (t/2 — 1) /t at early times (2) £ it i ) fT O-O —To
ety moressne Tare £(t) o t2 at large times (2) £(t) o< t at large times (2)
Constant pressure £(t) o< vVt (3) £(¢t) oci (1)(4)
Notes: Derived in (1) Sdez, Lecampion, Bhattacharya & Viesca, JMPS, 2022.
(2) Séez & Lecampion (in preparation). (3) Bhattacharya & Viesca, Science, 2019. 300

(4) B between 0 and 1/2. i

; 2507

100 2 i

Q l ~ i

2 ‘ = 2007

‘;- 80 I 9 [

2 AT g

£ | & 150f

i, - -

£ = R

; SR R fw

g2 | 1 = |

O i g 3

0 Z  50;

27/06/2013 00:00:00 28/06/2013 00:00:00 A [

0

Baujard et al., Geothermics, 2017 0.0

Time [days]

Data from Lengliné et al., GJI, 2017




PrL

m

20

Diffusive seismic swarms

Table 1: Temporal patterns of £ (t) for different modes of propagation and types of fluid source.

Type of fluid source 2D - Mode II or III 3D - Mixed mode II4+IIT
e 2(t) o (t— \/Z) at early times (1)
Constant injection rate £(t) o ¢ at large times (1) £(t) o vt (1)

£(t) o (t/2 — 1) /t at early times (2) £(t) o< vte™* at early times (2)

Linearly increasing rate 0(t) o £2 at large times (2)

£(t) o t at large times (2)

Constant pressure [ 0(t) <Vt (3)]

£(t) x P (1)(4)

Notes: Derived in (1) Séez, Lecampion, Bhattacharya & Viesca, JMPS, 2022.
(2) Séez & Lecampion (in preparation). (3) Bhattacharya & Viesca, Science, 2019.

(4) B between 0 and 1/2.
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Park et al., GRL, 2020

£(t) = \ @stipt
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(for critically-stressed faults)

Reconciling high diffusivities!
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Summary

Family of physics-based solutions for fluid-driven aseismic slip fronts £(t)

Many different spatio-temporal patterns may occur depending on fluid source and
mode of sliding, among others.

For instance,
* We used a seismic swarm of known fluid source to show under which conditions a swarm
may be expected to migrate linearly with time if dominated by aseismic slip.

« We speculate that some diffusive seismic swarms (+/t) may be driven by diffusive
aseismic slip in 3D, which reconciles relatively high diffusivities inferred in many cases

(a’sup = /120,’,1, with 1 > 1)

Finally, we expect our solutions to provide a simple means to interpret
observations of seismic swarms, in the framework of coupled fluid flow and aseismic

slip processes.
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Thank you!

impermeable elastic host rock
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impermeable elastic host rock

Table 1: Temporal patterns of £ (t) for different modes of propagation and types of fluid source.

Type of fluid source 2D - Mode II or III 3D - Mixed mode IT+IIT

£(t) « (t — V) at early times (1)
£(t) o t at large times (1)

£(t) x Vi (1)

Constant injection rate

£(t) o (t32 — 1) /t at early times (2) £(t) < Vte™* at early times (2)

Linearly increasing rate £(t) x t? at large times (2) £(t) ox t at large times (2)

Constant pressure £(t) oc v/t (3) 2(t) oc tP (1)(4)

Notes: Derived in (1) Séez, Lecampion, Bhattacharya & Viesca, JMPS, 2022.
(2) Séez & Lecampion (in preparation). (3) Bhattacharya & Viesca, Science, 2019.
(4) B between 0 and 1/2.
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