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Seismological observations tend to indicate that major earthquake ruptures propagate along seismogenic faults pulse-like [Heaton 
PEPI 1990], such that any given point of the ruptured fault accumulates slip over duration much shorter than the overall fault 
rupture time. Numerical simulations of elastodynamic rupture on strongly dynamically weakening faults [Gabriel et al JGR 2012, 
Noda et al JGR 2009] have shown that slip pulses do arise spontaneously, but generally are inherently transient even on uniformly-
stressed, homogeneous faults - either arresting or accelerating to the limiting speed, prompting transition to crack-like and/or 
supershear mode. 

In this work, we have developed an equation of motion (EoM) for transient pulse motion based on the analysis of the fault field 
perturbation around a steadily propagating pulse solution. The latter can be readily obtained and fully parametrically characterized 
for a given fault rheology (see, e.g., Garagash [JGR 2012] for steady pulses driven by thermal pressurization). We validate the pulse 
EoM by full elastodynamics rupture simulations in the case of a fault dynamically weakened by thermal pressurization (TP).  

The rate of pulse slip in the EoM is proportional to the difference between the actual background shear stress resolved on the 
fault plane and the “steady-state pulse value” of the background stress corresponding to the instantaneous value of pulse slip. This 
allows for a simple prediction that steadily propagating pulses are unstable when the corresponding pulse slip is a decreasing 
function of the background stress. This is the case for TP pulses (rendering them unstable), and, likely more generally, for fault 
rheologies characterized by strong weakening with accrued slip and/or slip rate. 

EoM indicates that the pulse perturbation growth is strongly increasing function of the background stress. This leads to steady-
state pulses at low background stress to be practically stable, sustained form of rupture (i.e. destabilized at a very slow rate), and 
only weakly affected by possible fault heterogeneity.  Although harder to nucleate (require larger nucleation region), such pulses 
thus present a candidate rupture mode for large earthquakes on mature (low stress) faults.



Simplified summary of seismic slip inversion results (following Heaton, 1990):
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Slip history from Gorkha M=7.8 Earthquake, Galetzka et al. (2015)

Self-Healing Pulse Rupture in Seismological Observations

Examples of slip pulse kinematic inversions
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Average Characteristics:

• Pulse Width / Fault 
Dimension

• Rupture Speed / Limiting 
Speed

Pulse Rupture Source Parameters Compilation
[Garagash, JGR 2012]

Pulse Width

Rupture Speed
Slipped Fault 

Dimension

L/
p
S = 0.18± 0.1
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vr/cs = 0.69± 0.14
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Self-Healing Pulse Rupture in Numerical Models
Pulses arise spontaneously in dynamic simulations [Gabriel et al. 2012; Noda et al 2009], but are of 
transient nature - arresting or growing, and in latter case possibly transitioning to crack-like 
and/or supershear ruptures. Transient pulse dynamics is a function of the nucleation process (e.g. size 
of the overstressed nucleation region) and the fault prestress. 
Steadily propagating pulses separate the parametric regions of the arresting and the growing pulses, 
and appear to be unstable.

[Ruptures driven by rate-dependent friction, Gabriel et al, 2012]
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Main Questions

• What controls stability and dynamics of slip pulses?
• If modelled pulses are inherently unstable (either quickly arrest or grow out / accelerate to the 

limiting speed), how one to reconcile seismological observations of sustained, 
sub-limiting speed earthquake pulses ?

Approach
• Start with “simpler” steadily-propagating pulse solution,  

which provides bulk pulse characteristics, such as total slip b, rupture velocity vr, etc as 
function of background stress τb and material/fault parameters

• Derive Equation of Motion (EoM) for transient pulse propagation,  
assuming that instantaneous state of transient pulse can be approximated by a steady-pulse 
solution at a certain background stress level (the difference between that  ‘steady-state’ 
background stress level and the actual background stress drives the pulse evolution)

• Validate EoM by full elasto-dynamic numerical solution for a perturbation about a steadily-
propagating pulse solution

• Use EoM to quantify the transient pulse dynamics (e.g. growth rate of perturbations from the 
steady-state pulse solution)



Given material/fault parameters, the pulse characteristics are unique function of the background shear 
stress:  total slip b(τb), pulse width L(τb), rupture velocity vr(τb), etc

For TP-driven steady-pulses (Garagash 2012)  
for the sheared gouge thickness h/hdyna=1 and hydro-to-thermo-diffusivity-ratio  αhy/αth=1

Steady-State Pulses
Steadily-propagating, self-healing pulse solutions 
are easier to obtain and to fully characterize, e.g., 
Perrin et al. (1995) and Gabriel et al. (2012) for a 
fault with rate and state dependent friction, 
Garagash (2012) for a fault weakened by thermal 
pressurization (TP), and Platt et al. (2015) for a 
fault undergoing TP and thermal decomposition

hdyna=
L⇤
h
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L⇤=
µ

⌧0
�c

<latexit sha1_base64="JBP9lzFtF2rhCz4Z0Ahub4z1Wi4=">AAACC3icbVBNS8NAEN3Ur1q/oh69xBZBPJRECnoRCl48eKhgP6AJYbPdtEt3k7A7EUrI3Yt/xYsHRbz6B7z5b9y2OWjrg4HHezPMzAsSzhTY9rdRWlldW98ob1a2tnd298z9g46KU0lom8Q8lr0AK8pZRNvAgNNeIikWAafdYHw99bsPVCoWR/cwSagn8DBiISMYtOSb1Vv/zD2+co/dUGKSuSLNMxdw6tu5O6AcsE98s2bX7RmsZeIUpIYKtHzzyx3EJBU0AsKxUn3HTsDLsARGOM0rbqpogskYD2lf0wgLqrxs9ktunWhlYIWx1BWBNVN/T2RYKDURge4UGEZq0ZuK/3n9FMJLL2NRkgKNyHxRmHILYmsajDVgkhLgE00wkUzfapER1qGAjq+iQ3AWX14mnfO6Y9edu0at2SjiKKMjVEWnyEEXqIluUAu1EUGP6Bm9ojfjyXgx3o2PeWvJKGYO0R8Ynz83z5qA</latexit><latexit sha1_base64="JBP9lzFtF2rhCz4Z0Ahub4z1Wi4=">AAACC3icbVBNS8NAEN3Ur1q/oh69xBZBPJRECnoRCl48eKhgP6AJYbPdtEt3k7A7EUrI3Yt/xYsHRbz6B7z5b9y2OWjrg4HHezPMzAsSzhTY9rdRWlldW98ob1a2tnd298z9g46KU0lom8Q8lr0AK8pZRNvAgNNeIikWAafdYHw99bsPVCoWR/cwSagn8DBiISMYtOSb1Vv/zD2+co/dUGKSuSLNMxdw6tu5O6AcsE98s2bX7RmsZeIUpIYKtHzzyx3EJBU0AsKxUn3HTsDLsARGOM0rbqpogskYD2lf0wgLqrxs9ktunWhlYIWx1BWBNVN/T2RYKDURge4UGEZq0ZuK/3n9FMJLL2NRkgKNyHxRmHILYmsajDVgkhLgE00wkUzfapER1qGAjq+iQ3AWX14mnfO6Y9edu0at2SjiKKMjVEWnyEEXqIluUAu1EUGP6Bm9ojfjyXgx3o2PeWvJKGYO0R8Ynz83z5qA</latexit><latexit sha1_base64="JBP9lzFtF2rhCz4Z0Ahub4z1Wi4=">AAACC3icbVBNS8NAEN3Ur1q/oh69xBZBPJRECnoRCl48eKhgP6AJYbPdtEt3k7A7EUrI3Yt/xYsHRbz6B7z5b9y2OWjrg4HHezPMzAsSzhTY9rdRWlldW98ob1a2tnd298z9g46KU0lom8Q8lr0AK8pZRNvAgNNeIikWAafdYHw99bsPVCoWR/cwSagn8DBiISMYtOSb1Vv/zD2+co/dUGKSuSLNMxdw6tu5O6AcsE98s2bX7RmsZeIUpIYKtHzzyx3EJBU0AsKxUn3HTsDLsARGOM0rbqpogskYD2lf0wgLqrxs9ktunWhlYIWx1BWBNVN/T2RYKDURge4UGEZq0ZuK/3n9FMJLL2NRkgKNyHxRmHILYmsajDVgkhLgE00wkUzfapER1qGAjq+iQ3AWX14mnfO6Y9edu0at2SjiKKMjVEWnyEEXqIluUAu1EUGP6Bm9ojfjyXgx3o2PeWvJKGYO0R8Ynz83z5qA</latexit><latexit sha1_base64="JBP9lzFtF2rhCz4Z0Ahub4z1Wi4=">AAACC3icbVBNS8NAEN3Ur1q/oh69xBZBPJRECnoRCl48eKhgP6AJYbPdtEt3k7A7EUrI3Yt/xYsHRbz6B7z5b9y2OWjrg4HHezPMzAsSzhTY9rdRWlldW98ob1a2tnd298z9g46KU0lom8Q8lr0AK8pZRNvAgNNeIikWAafdYHw99bsPVCoWR/cwSagn8DBiISMYtOSb1Vv/zD2+co/dUGKSuSLNMxdw6tu5O6AcsE98s2bX7RmsZeIUpIYKtHzzyx3EJBU0AsKxUn3HTsDLsARGOM0rbqpogskYD2lf0wgLqrxs9ktunWhlYIWx1BWBNVN/T2RYKDURge4UGEZq0ZuK/3n9FMJLL2NRkgKNyHxRmHILYmsajDVgkhLgE00wkUzfapER1qGAjq+iQ3AWX14mnfO6Y9edu0at2SjiKKMjVEWnyEEXqIluUAu1EUGP6Bm9ojfjyXgx3o2PeWvJKGYO0R8Ynz83z5qA</latexit>

pulse width, L/L⇤
<latexit sha1_base64="jHNckcU1yKUxaopE5cwz+AhuFNE=">AAACA3icbVDJSgNBEO2JW4zbqDe9NAZBROKMBPQY8OIhhwhmgSSGnk4ladKz0F2jhiHgxV/x4kERr/6EN//GznLQxAcFj/eqqKrnRVJodJxvK7WwuLS8kl7NrK1vbG7Z2zsVHcaKQ5mHMlQ1j2mQIoAyCpRQixQw35NQ9fqXI796B0qLMLjBQQRNn3UD0RGcoZFa9l4D4QGTKJYa6L1oY++EDmnxtHh73LKzTs4Zg84Td0qyZIpSy/5qtEMe+xAgl0zruutE2EyYQsElDDONWEPEeJ91oW5owHzQzWT8w5AeGqVNO6EyFSAdq78nEuZrPfA90+kz7OlZbyT+59Vj7Fw0ExFEMULAJ4s6saQY0lEgtC0UcJQDQxhXwtxKeY8pxtHEljEhuLMvz5PKWc51cu51PlvIT+NIk31yQI6IS85JgVyREikTTh7JM3klb9aT9WK9Wx+T1pQ1ndklf2B9/gDEL5be</latexit><latexit sha1_base64="jHNckcU1yKUxaopE5cwz+AhuFNE=">AAACA3icbVDJSgNBEO2JW4zbqDe9NAZBROKMBPQY8OIhhwhmgSSGnk4ladKz0F2jhiHgxV/x4kERr/6EN//GznLQxAcFj/eqqKrnRVJodJxvK7WwuLS8kl7NrK1vbG7Z2zsVHcaKQ5mHMlQ1j2mQIoAyCpRQixQw35NQ9fqXI796B0qLMLjBQQRNn3UD0RGcoZFa9l4D4QGTKJYa6L1oY++EDmnxtHh73LKzTs4Zg84Td0qyZIpSy/5qtEMe+xAgl0zruutE2EyYQsElDDONWEPEeJ91oW5owHzQzWT8w5AeGqVNO6EyFSAdq78nEuZrPfA90+kz7OlZbyT+59Vj7Fw0ExFEMULAJ4s6saQY0lEgtC0UcJQDQxhXwtxKeY8pxtHEljEhuLMvz5PKWc51cu51PlvIT+NIk31yQI6IS85JgVyREikTTh7JM3klb9aT9WK9Wx+T1pQ1ndklf2B9/gDEL5be</latexit><latexit sha1_base64="jHNckcU1yKUxaopE5cwz+AhuFNE=">AAACA3icbVDJSgNBEO2JW4zbqDe9NAZBROKMBPQY8OIhhwhmgSSGnk4ladKz0F2jhiHgxV/x4kERr/6EN//GznLQxAcFj/eqqKrnRVJodJxvK7WwuLS8kl7NrK1vbG7Z2zsVHcaKQ5mHMlQ1j2mQIoAyCpRQixQw35NQ9fqXI796B0qLMLjBQQRNn3UD0RGcoZFa9l4D4QGTKJYa6L1oY++EDmnxtHh73LKzTs4Zg84Td0qyZIpSy/5qtEMe+xAgl0zruutE2EyYQsElDDONWEPEeJ91oW5owHzQzWT8w5AeGqVNO6EyFSAdq78nEuZrPfA90+kz7OlZbyT+59Vj7Fw0ExFEMULAJ4s6saQY0lEgtC0UcJQDQxhXwtxKeY8pxtHEljEhuLMvz5PKWc51cu51PlvIT+NIk31yQI6IS85JgVyREikTTh7JM3klb9aT9WK9Wx+T1pQ1ndklf2B9/gDEL5be</latexit><latexit sha1_base64="jHNckcU1yKUxaopE5cwz+AhuFNE=">AAACA3icbVDJSgNBEO2JW4zbqDe9NAZBROKMBPQY8OIhhwhmgSSGnk4ladKz0F2jhiHgxV/x4kERr/6EN//GznLQxAcFj/eqqKrnRVJodJxvK7WwuLS8kl7NrK1vbG7Z2zsVHcaKQ5mHMlQ1j2mQIoAyCpRQixQw35NQ9fqXI796B0qLMLjBQQRNn3UD0RGcoZFa9l4D4QGTKJYa6L1oY++EDmnxtHh73LKzTs4Zg84Td0qyZIpSy/5qtEMe+xAgl0zruutE2EyYQsElDDONWEPEeJ91oW5owHzQzWT8w5AeGqVNO6EyFSAdq78nEuZrPfA90+kz7OlZbyT+59Vj7Fw0ExFEMULAJ4s6saQY0lEgtC0UcJQDQxhXwtxKeY8pxtHEljEhuLMvz5PKWc51cu51PlvIT+NIk31yQI6IS85JgVyREikTTh7JM3klb9aT9WK9Wx+T1pQ1ndklf2B9/gDEL5be</latexit>

background stress, ⌧b/⌧0
<latexit sha1_base64="uw2TVlH26G7nxV4geX/I/YzV3Y4=">AAACEXicbVC7SgNBFJ31GeMramkzGIQUEncloGXAxjKCeUA2hNnJ3WTI7Owyc1cMS37Bxl+xsVDE1s7Ov3HyKDTxwDCHc+7l3nuCRAqDrvvtrKyurW9s5rby2zu7e/uFg8OGiVPNoc5jGetWwAxIoaCOAiW0Eg0sCiQ0g+H1xG/egzYiVnc4SqATsb4SoeAMrdQtlHyEB8wCxod9HaeqRw1qMOaMjqmPLO0G59PP7RaKbtmdgi4Tb06KZI5at/Dl92KeRqCQS2ZM23MT7GRMo+ASxnk/NZDYsawPbUsVi8B0sulFY3pqlR4NY22fQjpVf3dkLDJmFAW2MmI4MIveRPzPa6cYXnUyoZIUQfHZoDCVFGM6iYf2hAaOcmQJ41rYXSkfMM042hDzNgRv8eRl0rgoe27Zu60Uq5V5HDlyTE5IiXjkklTJDamROuHkkTyTV/LmPDkvzrvzMStdceY9R+QPnM8fjXadYQ==</latexit><latexit sha1_base64="uw2TVlH26G7nxV4geX/I/YzV3Y4=">AAACEXicbVC7SgNBFJ31GeMramkzGIQUEncloGXAxjKCeUA2hNnJ3WTI7Owyc1cMS37Bxl+xsVDE1s7Ov3HyKDTxwDCHc+7l3nuCRAqDrvvtrKyurW9s5rby2zu7e/uFg8OGiVPNoc5jGetWwAxIoaCOAiW0Eg0sCiQ0g+H1xG/egzYiVnc4SqATsb4SoeAMrdQtlHyEB8wCxod9HaeqRw1qMOaMjqmPLO0G59PP7RaKbtmdgi4Tb06KZI5at/Dl92KeRqCQS2ZM23MT7GRMo+ASxnk/NZDYsawPbUsVi8B0sulFY3pqlR4NY22fQjpVf3dkLDJmFAW2MmI4MIveRPzPa6cYXnUyoZIUQfHZoDCVFGM6iYf2hAaOcmQJ41rYXSkfMM042hDzNgRv8eRl0rgoe27Zu60Uq5V5HDlyTE5IiXjkklTJDamROuHkkTyTV/LmPDkvzrvzMStdceY9R+QPnM8fjXadYQ==</latexit><latexit sha1_base64="uw2TVlH26G7nxV4geX/I/YzV3Y4=">AAACEXicbVC7SgNBFJ31GeMramkzGIQUEncloGXAxjKCeUA2hNnJ3WTI7Owyc1cMS37Bxl+xsVDE1s7Ov3HyKDTxwDCHc+7l3nuCRAqDrvvtrKyurW9s5rby2zu7e/uFg8OGiVPNoc5jGetWwAxIoaCOAiW0Eg0sCiQ0g+H1xG/egzYiVnc4SqATsb4SoeAMrdQtlHyEB8wCxod9HaeqRw1qMOaMjqmPLO0G59PP7RaKbtmdgi4Tb06KZI5at/Dl92KeRqCQS2ZM23MT7GRMo+ASxnk/NZDYsawPbUsVi8B0sulFY3pqlR4NY22fQjpVf3dkLDJmFAW2MmI4MIveRPzPa6cYXnUyoZIUQfHZoDCVFGM6iYf2hAaOcmQJ41rYXSkfMM042hDzNgRv8eRl0rgoe27Zu60Uq5V5HDlyTE5IiXjkklTJDamROuHkkTyTV/LmPDkvzrvzMStdceY9R+QPnM8fjXadYQ==</latexit><latexit sha1_base64="uw2TVlH26G7nxV4geX/I/YzV3Y4=">AAACEXicbVC7SgNBFJ31GeMramkzGIQUEncloGXAxjKCeUA2hNnJ3WTI7Owyc1cMS37Bxl+xsVDE1s7Ov3HyKDTxwDCHc+7l3nuCRAqDrvvtrKyurW9s5rby2zu7e/uFg8OGiVPNoc5jGetWwAxIoaCOAiW0Eg0sCiQ0g+H1xG/egzYiVnc4SqATsb4SoeAMrdQtlHyEB8wCxod9HaeqRw1qMOaMjqmPLO0G59PP7RaKbtmdgi4Tb06KZI5at/Dl92KeRqCQS2ZM23MT7GRMo+ASxnk/NZDYsawPbUsVi8B0sulFY3pqlR4NY22fQjpVf3dkLDJmFAW2MmI4MIveRPzPa6cYXnUyoZIUQfHZoDCVFGM6iYf2hAaOcmQJ41rYXSkfMM042hDzNgRv8eRl0rgoe27Zu60Uq5V5HDlyTE5IiXjkklTJDamROuHkkTyTV/LmPDkvzrvzMStdceY9R+QPnM8fjXadYQ==</latexit>

rupture speed
<latexit sha1_base64="Mz6BRmTgU2ppl+6WQIruj5gSaLs=">AAAB/XicbVDJSgNBEO1xjXEbl5uXxiB4CjMS0GPAi8cIZoFkCD09NUmTnoXuGjEOwV/x4kERr/6HN//GTjIHTXxQ8Hiviqp6fiqFRsf5tlZW19Y3Nktb5e2d3b19++CwpZNMcWjyRCaq4zMNUsTQRIESOqkCFvkS2v7oeuq370FpkcR3OE7Bi9ggFqHgDI3Ut497CA+YqyzFTAHVKUAw6dsVp+rMQJeJW5AKKdDo21+9IOFZBDFyybTuuk6KXs4UCi5hUu5lGlLGR2wAXUNjFoH28tn1E3pmlICGiTIVI52pvydyFmk9jnzTGTEc6kVvKv7ndTMMr7xcxGmGEPP5ojCTFBM6jYIGQgFHOTaEcSXMrZQPmWIcTWBlE4K7+PIyaV1UXafq3tYq9VoRR4mckFNyTlxySerkhjRIk3DySJ7JK3mznqwX6936mLeuWMXMEfkD6/MHZ4qVxg==</latexit><latexit sha1_base64="Mz6BRmTgU2ppl+6WQIruj5gSaLs=">AAAB/XicbVDJSgNBEO1xjXEbl5uXxiB4CjMS0GPAi8cIZoFkCD09NUmTnoXuGjEOwV/x4kERr/6HN//GTjIHTXxQ8Hiviqp6fiqFRsf5tlZW19Y3Nktb5e2d3b19++CwpZNMcWjyRCaq4zMNUsTQRIESOqkCFvkS2v7oeuq370FpkcR3OE7Bi9ggFqHgDI3Ut497CA+YqyzFTAHVKUAw6dsVp+rMQJeJW5AKKdDo21+9IOFZBDFyybTuuk6KXs4UCi5hUu5lGlLGR2wAXUNjFoH28tn1E3pmlICGiTIVI52pvydyFmk9jnzTGTEc6kVvKv7ndTMMr7xcxGmGEPP5ojCTFBM6jYIGQgFHOTaEcSXMrZQPmWIcTWBlE4K7+PIyaV1UXafq3tYq9VoRR4mckFNyTlxySerkhjRIk3DySJ7JK3mznqwX6936mLeuWMXMEfkD6/MHZ4qVxg==</latexit><latexit sha1_base64="Mz6BRmTgU2ppl+6WQIruj5gSaLs=">AAAB/XicbVDJSgNBEO1xjXEbl5uXxiB4CjMS0GPAi8cIZoFkCD09NUmTnoXuGjEOwV/x4kERr/6HN//GTjIHTXxQ8Hiviqp6fiqFRsf5tlZW19Y3Nktb5e2d3b19++CwpZNMcWjyRCaq4zMNUsTQRIESOqkCFvkS2v7oeuq370FpkcR3OE7Bi9ggFqHgDI3Ut497CA+YqyzFTAHVKUAw6dsVp+rMQJeJW5AKKdDo21+9IOFZBDFyybTuuk6KXs4UCi5hUu5lGlLGR2wAXUNjFoH28tn1E3pmlICGiTIVI52pvydyFmk9jnzTGTEc6kVvKv7ndTMMr7xcxGmGEPP5ojCTFBM6jYIGQgFHOTaEcSXMrZQPmWIcTWBlE4K7+PIyaV1UXafq3tYq9VoRR4mckFNyTlxySerkhjRIk3DySJ7JK3mznqwX6936mLeuWMXMEfkD6/MHZ4qVxg==</latexit><latexit sha1_base64="Mz6BRmTgU2ppl+6WQIruj5gSaLs=">AAAB/XicbVDJSgNBEO1xjXEbl5uXxiB4CjMS0GPAi8cIZoFkCD09NUmTnoXuGjEOwV/x4kERr/6HN//GTjIHTXxQ8Hiviqp6fiqFRsf5tlZW19Y3Nktb5e2d3b19++CwpZNMcWjyRCaq4zMNUsTQRIESOqkCFvkS2v7oeuq370FpkcR3OE7Bi9ggFqHgDI3Ut497CA+YqyzFTAHVKUAw6dsVp+rMQJeJW5AKKdDo21+9IOFZBDFyybTuuk6KXs4UCi5hUu5lGlLGR2wAXUNjFoH28tn1E3pmlICGiTIVI52pvydyFmk9jnzTGTEc6kVvKv7ndTMMr7xcxGmGEPP5ojCTFBM6jYIGQgFHOTaEcSXMrZQPmWIcTWBlE4K7+PIyaV1UXafq3tYq9VoRR4mckFNyTlxySerkhjRIk3DySJ7JK3mznqwX6936mLeuWMXMEfkD6/MHZ4qVxg==</latexit>

vr/cs
<latexit sha1_base64="P1seQMQBRsT3SbFNJAGefumszlo=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSJ4qokU9Fjw4rGC/YA2hM120y7dbMLupFBCf4QXD4p49fd489+4bXPQ1gcDj/dmmJkXplIYdN1vZ2Nza3tnt7RX3j84PDqunJy2TZJpxlsskYnuhtRwKRRvoUDJu6nmNA4l74Tj+7nfmXBtRKKecJpyP6ZDJSLBKFqpMwn0NQtMUKm6NXcBsk68glShQDOofPUHCctirpBJakzPc1P0c6pRMMln5X5meErZmA55z1JFY278fHHujFxaZUCiRNtSSBbq74mcxsZM49B2xhRHZtWbi/95vQyjOz8XKs2QK7ZcFGWSYELmv5OB0JyhnFpCmRb2VsJGVFOGNqGyDcFbfXmdtG9qnlvzHuvVRr2IowTncAFX4MEtNOABmtACBmN4hld4c1LnxXl3PpatG04xcwZ/4Hz+AB0pj10=</latexit><latexit sha1_base64="P1seQMQBRsT3SbFNJAGefumszlo=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSJ4qokU9Fjw4rGC/YA2hM120y7dbMLupFBCf4QXD4p49fd489+4bXPQ1gcDj/dmmJkXplIYdN1vZ2Nza3tnt7RX3j84PDqunJy2TZJpxlsskYnuhtRwKRRvoUDJu6nmNA4l74Tj+7nfmXBtRKKecJpyP6ZDJSLBKFqpMwn0NQtMUKm6NXcBsk68glShQDOofPUHCctirpBJakzPc1P0c6pRMMln5X5meErZmA55z1JFY278fHHujFxaZUCiRNtSSBbq74mcxsZM49B2xhRHZtWbi/95vQyjOz8XKs2QK7ZcFGWSYELmv5OB0JyhnFpCmRb2VsJGVFOGNqGyDcFbfXmdtG9qnlvzHuvVRr2IowTncAFX4MEtNOABmtACBmN4hld4c1LnxXl3PpatG04xcwZ/4Hz+AB0pj10=</latexit><latexit sha1_base64="P1seQMQBRsT3SbFNJAGefumszlo=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSJ4qokU9Fjw4rGC/YA2hM120y7dbMLupFBCf4QXD4p49fd489+4bXPQ1gcDj/dmmJkXplIYdN1vZ2Nza3tnt7RX3j84PDqunJy2TZJpxlsskYnuhtRwKRRvoUDJu6nmNA4l74Tj+7nfmXBtRKKecJpyP6ZDJSLBKFqpMwn0NQtMUKm6NXcBsk68glShQDOofPUHCctirpBJakzPc1P0c6pRMMln5X5meErZmA55z1JFY278fHHujFxaZUCiRNtSSBbq74mcxsZM49B2xhRHZtWbi/95vQyjOz8XKs2QK7ZcFGWSYELmv5OB0JyhnFpCmRb2VsJGVFOGNqGyDcFbfXmdtG9qnlvzHuvVRr2IowTncAFX4MEtNOABmtACBmN4hld4c1LnxXl3PpatG04xcwZ/4Hz+AB0pj10=</latexit><latexit sha1_base64="P1seQMQBRsT3SbFNJAGefumszlo=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSJ4qokU9Fjw4rGC/YA2hM120y7dbMLupFBCf4QXD4p49fd489+4bXPQ1gcDj/dmmJkXplIYdN1vZ2Nza3tnt7RX3j84PDqunJy2TZJpxlsskYnuhtRwKRRvoUDJu6nmNA4l74Tj+7nfmXBtRKKecJpyP6ZDJSLBKFqpMwn0NQtMUKm6NXcBsk68glShQDOofPUHCctirpBJakzPc1P0c6pRMMln5X5meErZmA55z1JFY278fHHujFxaZUCiRNtSSBbq74mcxsZM49B2xhRHZtWbi/95vQyjOz8XKs2QK7ZcFGWSYELmv5OB0JyhnFpCmRb2VsJGVFOGNqGyDcFbfXmdtG9qnlvzHuvVRr2IowTncAFX4MEtNOABmtACBmN4hld4c1LnxXl3PpatG04xcwZ/4Hz+AB0pj10=</latexit>

Scales:
total slip, b/�c
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(where                                             , i.e. steady-state pulse functions of slip b)

Negative/positive perturbation of τb  from the steady-state τb,ss(b)        pulse decay/growth

If                                                        , then steady-state pulses are unstable 
This is the case for pulses driven by thermal pressurization (Garagash 2012) and by rate-weakening 
friction (Gabriel et al 2012, Perrin et al 1995)

Transient Pulse Equation of Motion (EoM)
At distances x >> pulse width L, transient pulse is seen as a dislocation b(t) propagating with vr(t).  
The corresponding stress field change along the fault can be expanded around that of the steady-state 
pulse [Weertman 1980] with the instantaneous properties of the transient pulse (φss) and the next 
order correction (Δφ) [Eshelby 1953; Ni and Markenscoff 2009; Brantut et al 2019]  

  ⌧(x, t)� ⌧b ⇡ �ss(x; b(t), vr(t)) +��(x, t)
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At intermediate distances Lout >> x >> pulse width L, where Lout is the transitional lengthscale 
(over which pulse characteristics change appreciably, e.g. Lout ~ b / (db/dx), the pulse stress field is well 
approximated by the instantaneous steady pulse solution

where τb,ss(b) is the steady-state value of the background stress (corresponding to steady pulse with 
total slip b)

Matching the two stress field expansions, and substituting analytical expression for (Δφ) at 
the intermediate distances from the pulse, we arrive to the transient pulse EoM

                                                             with

⌧(x, t)� ⌧b,ss(b(t)) ⇡ �ss(x; b(t), vr(t))
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⌧b � ⌧b,ss(b) ⇡ ��(x, t) ⇡ µ (b)
db

dx
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dvr,ss/db > 0 and d⌧b,ss/db < 0
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Validation of Pulse EoM
Solve full elastodynamics for perturbations to the steady-state pulse, imposing small variations in 
background stress ahead of the pulse driven by thermal pressurization. 

Slip rate V/V* snapshots

Negative perturbation - decaying pulse Positive perturbation - growing pulse



Perturbation growth rate: Elastodynamics Simulations vs. EoM prediction

Growth rate in simulations Growth rate from EoMs =
ln(|�b/�bini|)

�t
<latexit sha1_base64="5/wQFWTAz1MilfHuwkmGiSrDO5k=">AAACH3icbVDLSsNAFJ34rPVVdelmsAi6qYmIuhGKunCpYG2hKWUyvdHBySTM3IglzZ+48VfcuFBE3Pk3TmsEXwcGDufcy51zgkQKg6777oyNT0xOTZdmyrNz8wuLlaXlCxOnmkODxzLWrYAZkEJBAwVKaCUaWBRIaAbXR0O/eQPaiFidYz+BTsQulQgFZ2ilbmXXHPihZjzzpdoY+McgkdFg64t0fYRbzIQS+WAzzwoZ826l6tbcEehf4hWkSgqcditvfi/maQQKuWTGtD03wU7GNAouIS/7qYGE8Wt2CW1LFYvAdLJRvpyuW6VHw1jbp5CO1O8bGYuM6UeBnYwYXpnf3lD8z2unGO53bLokRVD881CYSooxHZZFe0IDR9m3hHEt7F8pv2K2LrSVlm0J3u/If8nFds1za97ZTrV+WNRRIqtkjWwQj+yROjkhp6RBOLkjD+SJPDv3zqPz4rx+jo45xc4K+QHn/QNfZKMv</latexit><latexit sha1_base64="5/wQFWTAz1MilfHuwkmGiSrDO5k=">AAACH3icbVDLSsNAFJ34rPVVdelmsAi6qYmIuhGKunCpYG2hKWUyvdHBySTM3IglzZ+48VfcuFBE3Pk3TmsEXwcGDufcy51zgkQKg6777oyNT0xOTZdmyrNz8wuLlaXlCxOnmkODxzLWrYAZkEJBAwVKaCUaWBRIaAbXR0O/eQPaiFidYz+BTsQulQgFZ2ilbmXXHPihZjzzpdoY+McgkdFg64t0fYRbzIQS+WAzzwoZ826l6tbcEehf4hWkSgqcditvfi/maQQKuWTGtD03wU7GNAouIS/7qYGE8Wt2CW1LFYvAdLJRvpyuW6VHw1jbp5CO1O8bGYuM6UeBnYwYXpnf3lD8z2unGO53bLokRVD881CYSooxHZZFe0IDR9m3hHEt7F8pv2K2LrSVlm0J3u/If8nFds1za97ZTrV+WNRRIqtkjWwQj+yROjkhp6RBOLkjD+SJPDv3zqPz4rx+jo45xc4K+QHn/QNfZKMv</latexit><latexit sha1_base64="5/wQFWTAz1MilfHuwkmGiSrDO5k=">AAACH3icbVDLSsNAFJ34rPVVdelmsAi6qYmIuhGKunCpYG2hKWUyvdHBySTM3IglzZ+48VfcuFBE3Pk3TmsEXwcGDufcy51zgkQKg6777oyNT0xOTZdmyrNz8wuLlaXlCxOnmkODxzLWrYAZkEJBAwVKaCUaWBRIaAbXR0O/eQPaiFidYz+BTsQulQgFZ2ilbmXXHPihZjzzpdoY+McgkdFg64t0fYRbzIQS+WAzzwoZ826l6tbcEehf4hWkSgqcditvfi/maQQKuWTGtD03wU7GNAouIS/7qYGE8Wt2CW1LFYvAdLJRvpyuW6VHw1jbp5CO1O8bGYuM6UeBnYwYXpnf3lD8z2unGO53bLokRVD881CYSooxHZZFe0IDR9m3hHEt7F8pv2K2LrSVlm0J3u/If8nFds1za97ZTrV+WNRRIqtkjWwQj+yROjkhp6RBOLkjD+SJPDv3zqPz4rx+jo45xc4K+QHn/QNfZKMv</latexit><latexit sha1_base64="5/wQFWTAz1MilfHuwkmGiSrDO5k=">AAACH3icbVDLSsNAFJ34rPVVdelmsAi6qYmIuhGKunCpYG2hKWUyvdHBySTM3IglzZ+48VfcuFBE3Pk3TmsEXwcGDufcy51zgkQKg6777oyNT0xOTZdmyrNz8wuLlaXlCxOnmkODxzLWrYAZkEJBAwVKaCUaWBRIaAbXR0O/eQPaiFidYz+BTsQulQgFZ2ilbmXXHPihZjzzpdoY+McgkdFg64t0fYRbzIQS+WAzzwoZ826l6tbcEehf4hWkSgqcditvfi/maQQKuWTGtD03wU7GNAouIS/7qYGE8Wt2CW1LFYvAdLJRvpyuW6VHw1jbp5CO1O8bGYuM6UeBnYwYXpnf3lD8z2unGO53bLokRVD881CYSooxHZZFe0IDR9m3hHEt7F8pv2K2LrSVlm0J3u/If8nFds1za97ZTrV+WNRRIqtkjWwQj+yROjkhp6RBOLkjD+SJPDv3zqPz4rx+jo45xc4K+QHn/QNfZKMv</latexit>

s = � vr
µ 

d⌧b,ss
db

<latexit sha1_base64="02bE7cDtL+UdWINCzp/btlimK0Q="></latexit><latexit sha1_base64="02bE7cDtL+UdWINCzp/btlimK0Q="></latexit><latexit sha1_base64="02bE7cDtL+UdWINCzp/btlimK0Q="></latexit><latexit sha1_base64="02bE7cDtL+UdWINCzp/btlimK0Q="></latexit>

(s = highlighted slope)

Key observations:
• EoM works (correctly describes pulse perturbation growth)!

• The perturbation growth rate vanishes with background stress ~ (τb)5    
Thus, large-slip (large dynamic weakening) steady-state pulses at low background stress 
are practically stable, sustained form of rupture (i.e. destabilized at very slow rate)



• Small positive/negative pulse slip perturbation 
leads to pulse evolution towards eventual 
growth/arrest

• Pulse evolution at low background stress is 
very slow, resulting in apparently steady pulse 
propagation over large distances

⌧b/⌧0=0.2
<latexit sha1_base64="eMiTpNvsfRL2xcjcoInGEmk1oA8=">AAAB/3icbVDLSgMxFM34rPU1Krhxk1oEV2OmFHQjFNy4rGAf0BmGTJppQzOZIckIZezCX3HjQhG3/oY7/8Z02oW2Hrjcwzn3kpsTppwpjdC3tbK6tr6xWdoqb+/s7u3bB4dtlWSS0BZJeCK7IVaUM0FbmmlOu6mkOA457YSjm6nfeaBSsUTc63FK/RgPBIsYwdpIgX3saZwF4UXRkFe59ioQObXAriIHFYDLxJ2TKpijGdhfXj8hWUyFJhwr1XNRqv0cS80Ip5OylymaYjLCA9ozVOCYKj8v7p/AM6P0YZRIU0LDQv29keNYqXEcmskY66Fa9Kbif14v09GVnzORZpoKMnsoyjjUCZyGAftMUqL52BBMJDO3QjLEEhNtIiubENzFLy+Tds1xkePe1auN+jyOEjgBp+AcuOASNMAtaIIWIOARPINX8GY9WS/Wu/UxG12x5jtH4A+szx8lNJQr</latexit><latexit sha1_base64="eMiTpNvsfRL2xcjcoInGEmk1oA8=">AAAB/3icbVDLSgMxFM34rPU1Krhxk1oEV2OmFHQjFNy4rGAf0BmGTJppQzOZIckIZezCX3HjQhG3/oY7/8Z02oW2Hrjcwzn3kpsTppwpjdC3tbK6tr6xWdoqb+/s7u3bB4dtlWSS0BZJeCK7IVaUM0FbmmlOu6mkOA457YSjm6nfeaBSsUTc63FK/RgPBIsYwdpIgX3saZwF4UXRkFe59ioQObXAriIHFYDLxJ2TKpijGdhfXj8hWUyFJhwr1XNRqv0cS80Ip5OylymaYjLCA9ozVOCYKj8v7p/AM6P0YZRIU0LDQv29keNYqXEcmskY66Fa9Kbif14v09GVnzORZpoKMnsoyjjUCZyGAftMUqL52BBMJDO3QjLEEhNtIiubENzFLy+Tds1xkePe1auN+jyOEjgBp+AcuOASNMAtaIIWIOARPINX8GY9WS/Wu/UxG12x5jtH4A+szx8lNJQr</latexit><latexit sha1_base64="eMiTpNvsfRL2xcjcoInGEmk1oA8=">AAAB/3icbVDLSgMxFM34rPU1Krhxk1oEV2OmFHQjFNy4rGAf0BmGTJppQzOZIckIZezCX3HjQhG3/oY7/8Z02oW2Hrjcwzn3kpsTppwpjdC3tbK6tr6xWdoqb+/s7u3bB4dtlWSS0BZJeCK7IVaUM0FbmmlOu6mkOA457YSjm6nfeaBSsUTc63FK/RgPBIsYwdpIgX3saZwF4UXRkFe59ioQObXAriIHFYDLxJ2TKpijGdhfXj8hWUyFJhwr1XNRqv0cS80Ip5OylymaYjLCA9ozVOCYKj8v7p/AM6P0YZRIU0LDQv29keNYqXEcmskY66Fa9Kbif14v09GVnzORZpoKMnsoyjjUCZyGAftMUqL52BBMJDO3QjLEEhNtIiubENzFLy+Tds1xkePe1auN+jyOEjgBp+AcuOASNMAtaIIWIOARPINX8GY9WS/Wu/UxG12x5jtH4A+szx8lNJQr</latexit><latexit sha1_base64="eMiTpNvsfRL2xcjcoInGEmk1oA8=">AAAB/3icbVDLSgMxFM34rPU1Krhxk1oEV2OmFHQjFNy4rGAf0BmGTJppQzOZIckIZezCX3HjQhG3/oY7/8Z02oW2Hrjcwzn3kpsTppwpjdC3tbK6tr6xWdoqb+/s7u3bB4dtlWSS0BZJeCK7IVaUM0FbmmlOu6mkOA457YSjm6nfeaBSsUTc63FK/RgPBIsYwdpIgX3saZwF4UXRkFe59ioQObXAriIHFYDLxJ2TKpijGdhfXj8hWUyFJhwr1XNRqv0cS80Ip5OylymaYjLCA9ozVOCYKj8v7p/AM6P0YZRIU0LDQv29keNYqXEcmskY66Fa9Kbif14v09GVnzORZpoKMnsoyjjUCZyGAftMUqL52BBMJDO3QjLEEhNtIiubENzFLy+Tds1xkePe1auN+jyOEjgBp+AcuOASNMAtaIIWIOARPINX8GY9WS/Wu/UxG12x5jtH4A+szx8lNJQr</latexit>

⌧b/⌧0=0.4
<latexit sha1_base64="8EJFpm51SSlevLcfnvQKfx5apPw=">AAAB/3icbVDLSgMxFM3UV62vUcGNm9QiuKoZKehGKLhxWcE+oDMMmTTThmYyQ5IRytiFv+LGhSJu/Q13/o3pdBbaeuByD+fcS25OkHCmNELfVmlldW19o7xZ2dre2d2z9w86Kk4loW0S81j2AqwoZ4K2NdOc9hJJcRRw2g3GNzO/+0ClYrG415OEehEeChYygrWRfPvI1Tj1g/O8Ibd67VYhqjd8u4bqKAdcJk5BaqBAy7e/3EFM0ogKTThWqu+gRHsZlpoRTqcVN1U0wWSMh7RvqMARVV6W3z+Fp0YZwDCWpoSGufp7I8ORUpMoMJMR1iO16M3E/7x+qsMrL2MiSTUVZP5QmHKoYzgLAw6YpETziSGYSGZuhWSEJSbaRFYxITiLX14mnYu6g+rOXaPWbBRxlMExOAFnwAGXoAluQQu0AQGP4Bm8gjfryXqx3q2P+WjJKnYOwR9Ynz8oPJQt</latexit><latexit sha1_base64="8EJFpm51SSlevLcfnvQKfx5apPw=">AAAB/3icbVDLSgMxFM3UV62vUcGNm9QiuKoZKehGKLhxWcE+oDMMmTTThmYyQ5IRytiFv+LGhSJu/Q13/o3pdBbaeuByD+fcS25OkHCmNELfVmlldW19o7xZ2dre2d2z9w86Kk4loW0S81j2AqwoZ4K2NdOc9hJJcRRw2g3GNzO/+0ClYrG415OEehEeChYygrWRfPvI1Tj1g/O8Ibd67VYhqjd8u4bqKAdcJk5BaqBAy7e/3EFM0ogKTThWqu+gRHsZlpoRTqcVN1U0wWSMh7RvqMARVV6W3z+Fp0YZwDCWpoSGufp7I8ORUpMoMJMR1iO16M3E/7x+qsMrL2MiSTUVZP5QmHKoYzgLAw6YpETziSGYSGZuhWSEJSbaRFYxITiLX14mnYu6g+rOXaPWbBRxlMExOAFnwAGXoAluQQu0AQGP4Bm8gjfryXqx3q2P+WjJKnYOwR9Ynz8oPJQt</latexit><latexit sha1_base64="8EJFpm51SSlevLcfnvQKfx5apPw=">AAAB/3icbVDLSgMxFM3UV62vUcGNm9QiuKoZKehGKLhxWcE+oDMMmTTThmYyQ5IRytiFv+LGhSJu/Q13/o3pdBbaeuByD+fcS25OkHCmNELfVmlldW19o7xZ2dre2d2z9w86Kk4loW0S81j2AqwoZ4K2NdOc9hJJcRRw2g3GNzO/+0ClYrG415OEehEeChYygrWRfPvI1Tj1g/O8Ibd67VYhqjd8u4bqKAdcJk5BaqBAy7e/3EFM0ogKTThWqu+gRHsZlpoRTqcVN1U0wWSMh7RvqMARVV6W3z+Fp0YZwDCWpoSGufp7I8ORUpMoMJMR1iO16M3E/7x+qsMrL2MiSTUVZP5QmHKoYzgLAw6YpETziSGYSGZuhWSEJSbaRFYxITiLX14mnYu6g+rOXaPWbBRxlMExOAFnwAGXoAluQQu0AQGP4Bm8gjfryXqx3q2P+WjJKnYOwR9Ynz8oPJQt</latexit><latexit sha1_base64="8EJFpm51SSlevLcfnvQKfx5apPw=">AAAB/3icbVDLSgMxFM3UV62vUcGNm9QiuKoZKehGKLhxWcE+oDMMmTTThmYyQ5IRytiFv+LGhSJu/Q13/o3pdBbaeuByD+fcS25OkHCmNELfVmlldW19o7xZ2dre2d2z9w86Kk4loW0S81j2AqwoZ4K2NdOc9hJJcRRw2g3GNzO/+0ClYrG415OEehEeChYygrWRfPvI1Tj1g/O8Ibd67VYhqjd8u4bqKAdcJk5BaqBAy7e/3EFM0ogKTThWqu+gRHsZlpoRTqcVN1U0wWSMh7RvqMARVV6W3z+Fp0YZwDCWpoSGufp7I8ORUpMoMJMR1iO16M3E/7x+qsMrL2MiSTUVZP5QmHKoYzgLAw6YpETziSGYSGZuhWSEJSbaRFYxITiLX14mnYu6g+rOXaPWbBRxlMExOAFnwAGXoAluQQu0AQGP4Bm8gjfryXqx3q2P+WjJKnYOwR9Ynz8oPJQt</latexit>

⌧b/⌧0=0.6
<latexit sha1_base64="xC3GN/s2pACJMCZgY6WVj9rOaH4=">AAAB/3icbVDLSgMxFM3UV62vUcGNm9QiuBozUtSNUHDjsoJ9QGcYMmmmDc1khiQjlLELf8WNC0Xc+hvu/BvTdhZaPXC5h3PuJTcnTDlTGqEvq7S0vLK6Vl6vbGxube/Yu3ttlWSS0BZJeCK7IVaUM0FbmmlOu6mkOA457YSj66nfuadSsUTc6XFK/RgPBIsYwdpIgX3gaZwF4emsIa965VUhcs4Du4YcNAP8S9yC1ECBZmB/ev2EZDEVmnCsVM9FqfZzLDUjnE4qXqZoiskID2jPUIFjqvx8dv8EHhulD6NEmhIaztSfGzmOlRrHoZmMsR6qRW8q/uf1Mh1d+jkTaaapIPOHooxDncBpGLDPJCWajw3BRDJzKyRDLDHRJrKKCcFd/PJf0j5zXOS4t/Vao17EUQaH4AicABdcgAa4AU3QAgQ8gCfwAl6tR+vZerPe56Mlq9jZB79gfXwDK0SULw==</latexit><latexit sha1_base64="xC3GN/s2pACJMCZgY6WVj9rOaH4=">AAAB/3icbVDLSgMxFM3UV62vUcGNm9QiuBozUtSNUHDjsoJ9QGcYMmmmDc1khiQjlLELf8WNC0Xc+hvu/BvTdhZaPXC5h3PuJTcnTDlTGqEvq7S0vLK6Vl6vbGxube/Yu3ttlWSS0BZJeCK7IVaUM0FbmmlOu6mkOA457YSj66nfuadSsUTc6XFK/RgPBIsYwdpIgX3gaZwF4emsIa965VUhcs4Du4YcNAP8S9yC1ECBZmB/ev2EZDEVmnCsVM9FqfZzLDUjnE4qXqZoiskID2jPUIFjqvx8dv8EHhulD6NEmhIaztSfGzmOlRrHoZmMsR6qRW8q/uf1Mh1d+jkTaaapIPOHooxDncBpGLDPJCWajw3BRDJzKyRDLDHRJrKKCcFd/PJf0j5zXOS4t/Vao17EUQaH4AicABdcgAa4AU3QAgQ8gCfwAl6tR+vZerPe56Mlq9jZB79gfXwDK0SULw==</latexit><latexit sha1_base64="xC3GN/s2pACJMCZgY6WVj9rOaH4=">AAAB/3icbVDLSgMxFM3UV62vUcGNm9QiuBozUtSNUHDjsoJ9QGcYMmmmDc1khiQjlLELf8WNC0Xc+hvu/BvTdhZaPXC5h3PuJTcnTDlTGqEvq7S0vLK6Vl6vbGxube/Yu3ttlWSS0BZJeCK7IVaUM0FbmmlOu6mkOA457YSj66nfuadSsUTc6XFK/RgPBIsYwdpIgX3gaZwF4emsIa965VUhcs4Du4YcNAP8S9yC1ECBZmB/ev2EZDEVmnCsVM9FqfZzLDUjnE4qXqZoiskID2jPUIFjqvx8dv8EHhulD6NEmhIaztSfGzmOlRrHoZmMsR6qRW8q/uf1Mh1d+jkTaaapIPOHooxDncBpGLDPJCWajw3BRDJzKyRDLDHRJrKKCcFd/PJf0j5zXOS4t/Vao17EUQaH4AicABdcgAa4AU3QAgQ8gCfwAl6tR+vZerPe56Mlq9jZB79gfXwDK0SULw==</latexit><latexit sha1_base64="xC3GN/s2pACJMCZgY6WVj9rOaH4=">AAAB/3icbVDLSgMxFM3UV62vUcGNm9QiuBozUtSNUHDjsoJ9QGcYMmmmDc1khiQjlLELf8WNC0Xc+hvu/BvTdhZaPXC5h3PuJTcnTDlTGqEvq7S0vLK6Vl6vbGxube/Yu3ttlWSS0BZJeCK7IVaUM0FbmmlOu6mkOA457YSj66nfuadSsUTc6XFK/RgPBIsYwdpIgX3gaZwF4emsIa965VUhcs4Du4YcNAP8S9yC1ECBZmB/ev2EZDEVmnCsVM9FqfZzLDUjnE4qXqZoiskID2jPUIFjqvx8dv8EHhulD6NEmhIaztSfGzmOlRrHoZmMsR6qRW8q/uf1Mh1d+jkTaaapIPOHooxDncBpGLDPJCWajw3BRDJzKyRDLDHRJrKKCcFd/PJf0j5zXOS4t/Vao17EUQaH4AicABdcgAa4AU3QAgQ8gCfwAl6tR+vZerPe56Mlq9jZB79gfXwDK0SULw==</latexit>

⌧b/⌧0=0.8
<latexit sha1_base64="HPTzG9pj+U3L3960VqJ0O0/ZChM=">AAAB/3icbVDLSgMxFM34rPU1Krhxk1oEVzUjBbsRCm5cVrAP6AxDJs20oZnMkGSEMnbhr7hxoYhbf8Odf2M6nYW2Hrjcwzn3kpsTJJwpjdC3tbK6tr6xWdoqb+/s7u3bB4cdFaeS0DaJeSx7AVaUM0HbmmlOe4mkOAo47Qbjm5nffaBSsVjc60lCvQgPBQsZwdpIvn3sapz6wUXekFu5disQ1Rq+XUU1lAMuE6cgVVCg5dtf7iAmaUSFJhwr1XdQor0MS80Ip9OymyqaYDLGQ9o3VOCIKi/L75/CM6MMYBhLU0LDXP29keFIqUkUmMkI65Fa9Gbif14/1WHDy5hIUk0FmT8UphzqGM7CgAMmKdF8YggmkplbIRlhiYk2kZVNCM7il5dJ57LmoJpzV68260UcJXACTsE5cMAVaIJb0AJtQMAjeAav4M16sl6sd+tjPrpiFTtH4A+szx8uTJQx</latexit><latexit sha1_base64="HPTzG9pj+U3L3960VqJ0O0/ZChM=">AAAB/3icbVDLSgMxFM34rPU1Krhxk1oEVzUjBbsRCm5cVrAP6AxDJs20oZnMkGSEMnbhr7hxoYhbf8Odf2M6nYW2Hrjcwzn3kpsTJJwpjdC3tbK6tr6xWdoqb+/s7u3bB4cdFaeS0DaJeSx7AVaUM0HbmmlOe4mkOAo47Qbjm5nffaBSsVjc60lCvQgPBQsZwdpIvn3sapz6wUXekFu5disQ1Rq+XUU1lAMuE6cgVVCg5dtf7iAmaUSFJhwr1XdQor0MS80Ip9OymyqaYDLGQ9o3VOCIKi/L75/CM6MMYBhLU0LDXP29keFIqUkUmMkI65Fa9Gbif14/1WHDy5hIUk0FmT8UphzqGM7CgAMmKdF8YggmkplbIRlhiYk2kZVNCM7il5dJ57LmoJpzV68260UcJXACTsE5cMAVaIJb0AJtQMAjeAav4M16sl6sd+tjPrpiFTtH4A+szx8uTJQx</latexit><latexit sha1_base64="HPTzG9pj+U3L3960VqJ0O0/ZChM=">AAAB/3icbVDLSgMxFM34rPU1Krhxk1oEVzUjBbsRCm5cVrAP6AxDJs20oZnMkGSEMnbhr7hxoYhbf8Odf2M6nYW2Hrjcwzn3kpsTJJwpjdC3tbK6tr6xWdoqb+/s7u3bB4cdFaeS0DaJeSx7AVaUM0HbmmlOe4mkOAo47Qbjm5nffaBSsVjc60lCvQgPBQsZwdpIvn3sapz6wUXekFu5disQ1Rq+XUU1lAMuE6cgVVCg5dtf7iAmaUSFJhwr1XdQor0MS80Ip9OymyqaYDLGQ9o3VOCIKi/L75/CM6MMYBhLU0LDXP29keFIqUkUmMkI65Fa9Gbif14/1WHDy5hIUk0FmT8UphzqGM7CgAMmKdF8YggmkplbIRlhiYk2kZVNCM7il5dJ57LmoJpzV68260UcJXACTsE5cMAVaIJb0AJtQMAjeAav4M16sl6sd+tjPrpiFTtH4A+szx8uTJQx</latexit><latexit sha1_base64="HPTzG9pj+U3L3960VqJ0O0/ZChM=">AAAB/3icbVDLSgMxFM34rPU1Krhxk1oEVzUjBbsRCm5cVrAP6AxDJs20oZnMkGSEMnbhr7hxoYhbf8Odf2M6nYW2Hrjcwzn3kpsTJJwpjdC3tbK6tr6xWdoqb+/s7u3bB4cdFaeS0DaJeSx7AVaUM0HbmmlOe4mkOAo47Qbjm5nffaBSsVjc60lCvQgPBQsZwdpIvn3sapz6wUXekFu5disQ1Rq+XUU1lAMuE6cgVVCg5dtf7iAmaUSFJhwr1XdQor0MS80Ip9OymyqaYDLGQ9o3VOCIKi/L75/CM6MMYBhLU0LDXP29keFIqUkUmMkI65Fa9Gbif14/1WHDy5hIUk0FmT8UphzqGM7CgAMmKdF8YggmkplbIRlhiYk2kZVNCM7il5dJ57LmoJpzV68260UcJXACTsE5cMAVaIJb0AJtQMAjeAav4M16sl6sd+tjPrpiFTtH4A+szx8uTJQx</latexit>

gr
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+
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EoM Pulse Dynamics: uniform background stress

EoM Pulse Dynamics: sinusoidal background stress (amplitude 10%, period 20L*)

• Small (10%) waviness of the background stress 
does not change the apparent onset of 
instability

• The sign of the very first stress bump (positive 
in this case) leads to growth of all pulses 
(regardless the sign of initial slip perturbation), 
with exception of the pulse driven by the 
lowest background stress considered

• The change of sign of the very first stress 
bump to negative (not shown) would result in 
all pulses arresting, with exception for the 
lowest stress pulse



Key points:

Conclusions

• Steady-state slip pulses are unstable if 

• This is the case for thermal pressurization and for rate-weakening friction

• The pulse perturbation growth is strongly increasing function of the background stress

d⌧b,ss/db < 0
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Implications:

• Slip pulses accelerate or stop as the result of very small stress/slip perturbations (no 
need to have strong asperities/barriers)

• Larger slip pulses (undergoing larger degree of dynamic weakening) corresponding to low 
level of the fault background stress are effectively sustained over large run-out distances, 
and are only weakly sensitive to fault heterogeneities.  
Such pulses, although require larger nucleation region (e.g. Gabriel et al 2012), are a 
candidate rupture mode for large earthquakes on mature (low stress) faults

• Need for further test the pulse equation of motion on heterogeneous faults
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