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We model mechanics of an aseismic fault creep

propagation and conditions when it may lead to

the initiation of seismic slip. We do so by

considering fault bounding medium to be

elastically deformable and fault's interfacial

strength to be slip rate- and state-dependent

characterized by the steady-state rate-weakening.

The fault is considered to be initially locked: a

state of slip when interfacial slip velocity is

considerably low and arbitrarily less than the

steady-state sliding rate for given uniformly

distributed prestress.
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Proximity from steady-state sliding for all sliding rates
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Sliding below steady-state at steady-state above steady-state
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𝚽(𝐱, 𝐭) is just velocity-normalized 𝚿(𝐱, 𝐭)

We find solutions for creep penetration into the fault under

geologically relevant loading scenarios (e.g., that of a plate-

bounding strike-slip faulting driven by the slip at depth, or

that of a rate-weakening patch of a fault loaded by a creep

on an adjacent rate-strengthening part due to, e.g.,

anthropogenic fluid injection). In all the cases, the creep

makes its way as a self-similar traveling front characterized

by high stress owed to the direct effect; however, the

remaining creep profile exhibits a steady-state sliding.

Further, we find that the prestress, close to or far from

steady-state sliding stress, controls the rate and manner of

the creep penetration.
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• Extent to which the pre-stress is far from steady-state 

frictional strength is specified by

• (times normal stress) is related to the stress drop  

after an earthquake and at the beginning of a new

creep à instability à dynamic rupture sequence.

• allows to introduce variability in the creep 

penetration extent and rate before the next instability. 

In a way,       (renewed after each earthquake) allows 

to introduce variability in the recurrence time. 
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<latexit sha1_base64="+Toc+kUjVM1P0zMpoBlJ/neDKTc=">AAACAHicbVDLSsNAFJ3UV42vqAsXbgaLUEFKIhXdFApuXFawD2hDmEwn7dDJJMxMxBKy8VfcuFDErZ/hzr9x0mahrQcGDufcy51z/JhRqWz72yitrK6tb5Q3za3tnd09a/+gI6NEYNLGEYtEz0eSMMpJW1HFSC8WBIU+I11/cpP73QciJI34vZrGxA3RiNOAYqS05FlHg9aYVh/PVcM+a+TcSynPTNOzKnbNngEuE6cgFVCg5Vlfg2GEk5BwhRmSsu/YsXJTJBTFjGTmIJEkRniCRqSvKUchkW46C5DBU60MYRAJ/biCM/X3RopCKaehrydDpMZy0cvF/7x+ooJrVyeKE0U4nh8KEgZVBPM24JAKghWbaoKwoPqvEI+RQFjpzvISnMXIy6RzUXPqtcu7eqVZLeoog2NwAqrAAVegCW5BC7QBBhl4Bq/gzXgyXox342M+WjKKnUPwB8bnDzfxlM4=</latexit>

�(x, t = 0) = �in

<latexit sha1_base64="+Toc+kUjVM1P0zMpoBlJ/neDKTc=">AAACAHicbVDLSsNAFJ3UV42vqAsXbgaLUEFKIhXdFApuXFawD2hDmEwn7dDJJMxMxBKy8VfcuFDErZ/hzr9x0mahrQcGDufcy51z/JhRqWz72yitrK6tb5Q3za3tnd09a/+gI6NEYNLGEYtEz0eSMMpJW1HFSC8WBIU+I11/cpP73QciJI34vZrGxA3RiNOAYqS05FlHg9aYVh/PVcM+a+TcSynPTNOzKnbNngEuE6cgFVCg5Vlfg2GEk5BwhRmSsu/YsXJTJBTFjGTmIJEkRniCRqSvKUchkW46C5DBU60MYRAJ/biCM/X3RopCKaehrydDpMZy0cvF/7x+ooJrVyeKE0U4nh8KEgZVBPM24JAKghWbaoKwoPqvEI+RQFjpzvISnMXIy6RzUXPqtcu7eqVZLeoog2NwAqrAAVegCW5BC7QBBhl4Bq/gzXgyXox342M+WjKKnUPwB8bnDzfxlM4=</latexit>

a ln(v)

<latexit sha1_base64="cVUU0/tViwD84REPZqQKxVpwHjg=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSLUS0mkoseCF48V7Ae0oWy2m3bpZhN2J4US+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IJHCoOt+OxubW9s7u4W94v7B4dFx6eS0ZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38/99oRrI2L1hNOE+xEdKhEKRtFKbdqTqjK56pfKbtVdgKwTLydlyNHol756g5ilEVfIJDWm67kJ+hnVKJjks2IvNTyhbEyHvGupohE3frY4d0YurTIgYaxtKSQL9fdERiNjplFgOyOKI7PqzcX/vG6K4Z2fCZWkyBVbLgpTSTAm89/JQGjOUE4toUwLeythI6opQ5tQ0Ybgrb68TlrXVa9WvXmsleuVPI4CnMMFVMCDW6jDAzSgCQzG8Ayv8OYkzovz7nwsWzecfOYM/sD5/AGnG48M</latexit>

b ln(v)
<latexit sha1_base64="b5BkQjC/ImgWEqanXd0x2Nh3Lmc=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSLUS0mqoMeCF48V7Ae0oWy2k3bpZhN2N4US+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IBFcG9f9djY2t7Z3dgt7xf2Dw6Pj0slpS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfj+7nfnqDSPJZPZpqgH9Gh5CFn1FipHfSErEyu+qWyW3UXIOvEy0kZcjT6pa/eIGZphNIwQbXuem5i/Iwqw5nAWbGXakwoG9Mhdi2VNELtZ4tzZ+TSKgMSxsqWNGSh/p7IaKT1NApsZ0TNSK96c/E/r5ua8M7PuExSg5ItF4WpICYm89/JgCtkRkwtoUxxeythI6ooMzahog3BW315nbRqVe+66j7elOu1PI4CnMMFVMCDW6jDAzSgCQzG8Ayv8OYkzovz7nwsWzecfOYM/sD5/AGpuY8R</latexit>



From slow-creep to instability to dynamic rupture 
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Creep

dynamic

Instability

Elasticity

We study slip propagation from an 

imposed dislocation accrued at a constant 

rate at one end of a homogeneous fault 

with the other end either at:

1a. the free surface of an elastic half-space,

1b. similarly driven

2. strictly locked (buried) in the elastic 

full space

3. at far enough distance
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Creep

dynamic

𝑉#%#&.

𝑉!"#

Instability

⌧(x, t) = ⌧o +H[@x�(x, t)]�
µ0

2cs
@t�(x, t).

<latexit sha1_base64="AFDZfmqnzl9AvHAY51wAiBj04Mk=">AAACT3icbZFLS8QwFIXT8T2+Rl26KQ7iiDq0ouhGENy4VHBUmJZym6YaTB8kt+IQ+g/d6M6/4caFIqZjweeFwMe5J497EuaCK3ScJ6sxMjo2PjE51ZyemZ2bby0snquskJT1aCYyeRmCYoKnrIccBbvMJYMkFOwivDmq+he3TCqepWc4yJmfwFXKY04BjRS0Yg+h6Nxt4vpBRYHOyg0vAbymIPRx2fdykMhBBPqu9CImEIZmf8 uLYglUe0mxVuptGmhVll9m/G7uNptBq+10nWHZf8GtoU3qOglaj16U0SJhKVIBSvVdJ0dfV+dTwcqmVyiWA72BK9Y3mELClK+HeZT2qlEiO86kWSnaQ/X7Dg2JUoMkNM5qVPW7V4n/9foFxvu+5mleIEvp50VxIWzM7CpcO+KSURQDA0AlN2+16TWYnNB8QRWC+3vkv3C+3XV3urunO+3DTh3HJFkmK6RDXLJHDskxOSE9Qsk9eSav5M16sF6s90ZtbVg1LJEf1Zj6ABpbtPE=</latexit>

Hilbert transform of its argument

Shear traction

Shear wave speed

H[·] :

<latexit sha1_base64="nMOxpZBs01Sh/o7okuMoLtTUhBM=">AAAB/XicbVDLSgMxFM3UV62v8bFzEyxCV2VGKoqrgpsuK9gHzAwlk0nb0EwyJBmhDsVfceNCEbf+hzv/xkw7C209EDiccy/35IQJo0o7zrdVWlvf2Nwqb1d2dvf2D+zDo64SqcSkgwUTsh8iRRjlpKOpZqSfSILikJFeOLnN/d4DkYoKfq+nCQliNOJ0SDHSRhrYJ36M9BgjlrVmno8joYObysCuOnVnDrhK3IJUQYH2wP7yI4 HTmHCNGVLKc51EBxmSmmJGZhU/VSRBeIJGxDOUo5ioIJunn8Fzo0RwKKR5XMO5+nsjQ7FS0zg0k3lWtezl4n+el+rhdZBRnqSacLw4NEwZ1ALmVcCISoI1mxqCsKQmK8RjJBHWprC8BHf5y6uke1F3G/XLu0a1WSvqKINTcAZqwAVXoAlaoA06AINH8AxewZv1ZL1Y79bHYrRkFTvH4A+szx8ATJTZ</latexit>

⌧ :

<latexit sha1_base64="SPzrdpURn7EgnMwXQu3kOijCwrs=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBahp5KIongqePFYwX5AG8pmu2nXbjZhdyKU0v/gxYMiXv0/3vw3btoctPXBwOO9GWbmBYkUBl332ymsrW9sbhW3Szu7e/sH5cOjlolTzXiTxTLWnYAaLoXiTRQoeSfRnEaB5O1gfJv57SeujYjVA04S7kd0qEQoGEUrtXpI05tSv1xxa+4cZJV4OalAjka//NUbxCyNuEImqTFdz03Qn1KNgkk+K/VSwxPKxnTIu5YqGnHjT+fXzsiZVQYkjLUthWSu/p6Y0siYSRTYzojiyCx7mfif100xvPanQiUpcsUWi8JUEoxJ9joZCM0ZyokllGlhbyVsRDVlaAPKQvCWX14lrfOad1G7vL+o1Kt5HEU4gVOoggdXUIc7aEATGDzCM7zCmxM7L86787FoLTj5zDH8gfP5A9Bfjo4=</latexit>

cs :

<latexit sha1_base64="iyC5lE8gNUT/Ioxb1AR91jb2qcI=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBahp5JIRfFU8OKxgmkLbSib7aZdursJuxuhhP4GLx4U8eoP8ua/cdPmoK0PBh7vzTAzL0w408Z1v53SxubW9k55t7K3f3B4VD0+6eg4VYT6JOax6oVYU84k9Q0znPYSRbEIOe2G07vc7z5RpVksH80soYHAY8kiRrCxkk+G+rYyrNbchrsAWideQWpQoD2sfg1GMUkFlYZwrHXfcxMTZFgZRjidVwappgkmUzymfUslFlQH2eLYObqwyghFsbIlDVqovycyLLSeidB2CmwmetXLxf+8fmqimyBjMkkNlWS5KEo5MjHKP0cjpigxfGYJJorZWxGZYIWJsfnkIXirL6+TzmXDazauHpq1Vr2IowxncA518OAaWnAPbfCBAINneIU3RzovzrvzsWwtOcXMKfyB8/kD/gaOEw==</latexit>

the free surface of an 
elastic half-space (case 1a),

𝑉!$% 𝑉!$%
𝑉!$%

Imposed dislocations accrued at 
constant rate (case 1b),

Other end at far 
enough distance 

(case 3).
(Rubin &  Ampuero
2005, 2009)
(Viesca, 2016)

Brener, Aldam, 
Barras, …(2018)

Kaneko & Ampuero (2011)
Cattania & Segall (2019)

No attempt at this 
transition so far!

Instability

Dynamic rupture

Creep propagation
(localized sliding 
crack or pulse 
like nucleation)



Φ i
n=

-2

Φin=-3

Φin=-5 to -10

Φin=-20
Φin=-30

Φin=-40 Φin=-75

Φin=-100

Φin=-150
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�in = �5

<latexit sha1_base64="JLv4JCYUuL+ebk8BhDXZI/O2DMw=">AAAB9XicbVBNSwMxEJ2tX7V+VT16CRahF8uutOhFKHjxWMF+QLuWbJptQ7PJkmSVsvR/ePGgiFf/izf/jWm7B219MPB4b4aZeUHMmTau++3k1tY3Nrfy24Wd3b39g+LhUUvLRBHaJJJL1QmwppwJ2jTMcNqJFcVRwGk7GN/M/PYjVZpJcW8mMfUjPBQsZAQbKz30GiPWT5mYomt0XusXS27FnQOtEi8jJcjQ6Be/egNJkogKQzjWuuu5sfFTrAwjnE4LvUTTGJMxHtKupQJHVPvp/OopOrPKAIVS2RIGzdXfEymOtJ5Ege2MsBnpZW8m/ud1ExNe+fapODFUkMWiMOHISDSLAA2YosTwiSWYKGZvRWSEFSbGBlWwIXjLL6+S1kXFq1Zqd9VSvZzFkYcTOIUyeHAJdbiFBjSBgIJneIU358l5cd6dj0VrzslmjuEPnM8fDrORfg==</latexit>

�in = �10

<latexit sha1_base64="TuZgTb+83k71mi/jv2AbjO9f9Hs=">AAAB+HicbVBNS8NAEJ3Ur1o/GvXoZbEIvVgSadGLUPDisYL9gDaEzXbTLt1swu5GqKG/xIsHRbz6U7z5b9y2OWjrg4HHezPMzAsSzpR2nG+rsLG5tb1T3C3t7R8clu2j446KU0lom8Q8lr0AK8qZoG3NNKe9RFIcBZx2g8nt3O8+UqlYLB70NKFehEeChYxgbSTfLg9aY+ZnTMzQDbpwHd+uODVnAbRO3JxUIEfLt78Gw5ikERWacKxU33US7WVYakY4nZUGqaIJJhM8on1DBY6o8rLF4TN0bpQhCmNpSmi0UH9PZDhSahoFpjPCeqxWvbn4n9dPdXjtma+SVFNBlovClCMdo3kKaMgkJZpPDcFEMnMrImMsMdEmq5IJwV19eZ10Lmtuvda4r1ea1TyOIpzCGVTBhStowh20oA0EUniGV3iznqwX6936WLYWrHzmBP7A+vwB8pyR5Q==</latexit>

�in = �20

<latexit sha1_base64="yf+6DxksfXsVysBNw4eczhYM7PY=">AAAB+HicbVBNS8NAEJ3Ur1o/GvXoZbEIvViSUtGLUPDisYL9gDaEzXbTLt1swu5GqKG/xIsHRbz6U7z5b9y2OWjrg4HHezPMzAsSzpR2nG+rsLG5tb1T3C3t7R8clu2j446KU0lom8Q8lr0AK8qZoG3NNKe9RFIcBZx2g8nt3O8+UqlYLB70NKFehEeChYxgbSTfLg9aY+ZnTMzQDbqoO75dcWrOAmiduDmpQI6Wb38NhjFJIyo04Vipvusk2suw1IxwOisNUkUTTCZ4RPuGChxR5WWLw2fo3ChDFMbSlNBoof6eyHCk1DQKTGeE9VitenPxP6+f6vDaM18lqaaCLBeFKUc6RvMU0JBJSjSfGoKJZOZWRMZYYqJNViUTgrv68jrp1Gtuo3Z536g0q3kcRTiFM6iCC1fQhDtoQRsIpPAMr/BmPVkv1rv1sWwtWPnMCfyB9fkD9CGR5g==</latexit>

�in = �30

<latexit sha1_base64="W0v9L5Jl8mFYnxW9TmgybkLp/tQ=">AAAB+HicbVBNS8NAEJ3Ur1o/GvXoZbEIvVgSrehFKHjxWMF+QBvCZrtpl242YXcj1NBf4sWDIl79Kd78N27bHLT1wcDjvRlm5gUJZ0o7zrdVWFvf2Nwqbpd2dvf2y/bBYVvFqSS0RWIey26AFeVM0JZmmtNuIimOAk47wfh25nceqVQsFg96klAvwkPBQkawNpJvl/vNEfMzJqboBp1dOL5dcWrOHGiVuDmpQI6mb3/1BzFJIyo04Vipnusk2suw1IxwOi31U0UTTMZ4SHuGChxR5WXzw6fo1CgDFMbSlNBorv6eyHCk1CQKTGeE9UgtezPxP6+X6vDaM18lqaaCLBaFKUc6RrMU0IBJSjSfGIKJZOZWREZYYqJNViUTgrv88ippn9fceu3yvl5pVPM4inAMJ1AFF66gAXfQhBYQSOEZXuHNerJerHfrY9FasPKZI/gD6/MH9aaR5w==</latexit>

�in = �40

<latexit sha1_base64="AmYomVXCZAzOX1BfF+sSar1qfHo=">AAAB+HicbVBNS8NAEJ3Ur1o/GvXoZbEIvVgSadGLUPDisYL9gDaEzXbTLt1swu5GqKG/xIsHRbz6U7z5b9y2OWjrg4HHezPMzAsSzpR2nG+rsLG5tb1T3C3t7R8clu2j446KU0lom8Q8lr0AK8qZoG3NNKe9RFIcBZx2g8nt3O8+UqlYLB70NKFehEeChYxgbSTfLg9aY+ZnTMzQDbqoO75dcWrOAmiduDmpQI6Wb38NhjFJIyo04Vipvusk2suw1IxwOisNUkUTTCZ4RPuGChxR5WWLw2fo3ChDFMbSlNBoof6eyHCk1DQKTGeE9VitenPxP6+f6vDaM18lqaaCLBeFKUc6RvMU0JBJSjSfGoKJZOZWRMZYYqJNViUTgrv68jrpXNbceq1xX680q3kcRTiFM6iCC1fQhDtoQRsIpPAMr/BmPVkv1rv1sWwtWPnMCfyB9fkD9yuR6A==</latexit>

�in = �75

<latexit sha1_base64="LujIgfqaaFuflMVRNhBNstKsrtU=">AAAB+HicbVBNS8NAEJ34WetHox69LBahF0siLfUiFLx4rGA/oA1hs920SzebsLsRaugv8eJBEa/+FG/+G7dtDtr6YODx3gwz84KEM6Ud59va2Nza3tkt7BX3Dw6PSvbxSUfFqSS0TWIey16AFeVM0LZmmtNeIimOAk67weR27ncfqVQsFg96mlAvwiPBQkawNpJvlwatMfMzJmboBl026r5ddqrOAmiduDkpQ46Wb38NhjFJIyo04Vipvusk2suw1IxwOisOUkUTTCZ4RPuGChxR5WWLw2fowihDFMbSlNBoof6eyHCk1DQKTGeE9VitenPxP6+f6vDaM18lqaaCLBeFKUc6RvMU0JBJSjSfGoKJZOZWRMZYYqJNVkUTgrv68jrpXFXdWrV+Xys3K3kcBTiDc6iACw1owh20oA0EUniGV3iznqwX6936WLZuWPnMKfyB9fkDA12R8A==</latexit>

�in = �100

<latexit sha1_base64="/r4P4oWiWODM3AW0kv7tvDTp3Xk=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBahF0siFb0IBS8eI9gPaEPYbDft0s0m7G4KJfSfePGgiFf/iTf/jds2B219MPB4b4aZeWHKmdKO822VNja3tnfKu5W9/YPDI/v4pK2STBLaIglPZDfEinImaEszzWk3lRTHIaedcHw/9zsTKhVLxJOeptSP8VCwiBGsjRTYdt8bsSBnYobu0KXrOIFdderOAmiduAWpQgEvsL/6g4RkMRWacKxUz3VS7edYakY4nVX6maIpJmM8pD1DBY6p8vPF5TN0YZQBihJpSmi0UH9P5DhWahqHpjPGeqRWvbn4n9fLdHTrm7fSTFNBlouijCOdoHkMaMAkJZpPDcFEMnMrIiMsMdEmrIoJwV19eZ20r+puo3792Kg2a0UcZTiDc6iBCzfQhAfwoAUEJvAMr/Bm5daL9W59LFtLVjFzCn9gff4AZUCSHw==</latexit>

�in = �150

<latexit sha1_base64="E4KbUSpxWA4WV2+htRIAJ8Y8z0U=">AAAB+XicbVBNS8NAEJ3Ur1o/GvXoZbEIvVgSadGLUPDisYL9gDaEzXbTLt1swu6mUEL/iRcPinj1n3jz37htc9DWBwOP92aYmRcknCntON9WYWt7Z3evuF86ODw6Ltsnpx0Vp5LQNol5LHsBVpQzQduaaU57iaQ4CjjtBpP7hd+dUqlYLJ70LKFehEeChYxgbSTftgetMfMzJuboDl25Dce3K07NWQJtEjcnFcjR8u2vwTAmaUSFJhwr1XedRHsZlpoRTuelQapogskEj2jfUIEjqrxsefkcXRpliMJYmhIaLdXfExmOlJpFgemMsB6rdW8h/uf1Ux3eeuatJNVUkNWiMOVIx2gRAxoySYnmM0MwkczcisgYS0y0CatkQnDXX94kneuaW681HuuVZjWPowjncAFVcOEGmvAALWgDgSk8wyu8WZn1Yr1bH6vWgpXPnMEfWJ8/bNmSJA==</latexit>
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Creep penetration extent and rate (1a): dislocation-driven and with free surface ends

• Extent to which creep penetrates before provoking an instability is a 
non-monotonic function of the initial deviation below steady-state 
sliding:

• However, the creep propagation rate, which remains constant with time,  
monotonically decreases with the initial deviation below steady-state 
sliding,  

�(x, t = 0) = �in

<latexit sha1_base64="+Toc+kUjVM1P0zMpoBlJ/neDKTc=">AAACAHicbVDLSsNAFJ3UV42vqAsXbgaLUEFKIhXdFApuXFawD2hDmEwn7dDJJMxMxBKy8VfcuFDErZ/hzr9x0mahrQcGDufcy51z/JhRqWz72yitrK6tb5Q3za3tnd09a/+gI6NEYNLGEYtEz0eSMMpJW1HFSC8WBIU+I11/cpP73QciJI34vZrGxA3RiNOAYqS05FlHg9aYVh/PVcM+a+TcSynPTNOzKnbNngEuE6cgFVCg5Vlfg2GEk5BwhRmSsu/YsXJTJBTFjGTmIJEkRniCRqSvKUchkW46C5DBU60MYRAJ/biCM/X3RopCKaehrydDpMZy0cvF/7x+ooJrVyeKE0U4nh8KEgZVBPM24JAKghWbaoKwoPqvEI+RQFjpzvISnMXIy6RzUXPqtcu7eqVZLeoog2NwAqrAAVegCW5BC7QBBhl4Bq/gzXgyXox342M+WjKKnUPwB8bnDzfxlM4=</latexit>

�(x, t = 0) = �in

<latexit sha1_base64="+Toc+kUjVM1P0zMpoBlJ/neDKTc=">AAACAHicbVDLSsNAFJ3UV42vqAsXbgaLUEFKIhXdFApuXFawD2hDmEwn7dDJJMxMxBKy8VfcuFDErZ/hzr9x0mahrQcGDufcy51z/JhRqWz72yitrK6tb5Q3za3tnd09a/+gI6NEYNLGEYtEz0eSMMpJW1HFSC8WBIU+I11/cpP73QciJI34vZrGxA3RiNOAYqS05FlHg9aYVh/PVcM+a+TcSynPTNOzKnbNngEuE6cgFVCg5Vlfg2GEk5BwhRmSsu/YsXJTJBTFjGTmIJEkRniCRqSvKUchkW46C5DBU60MYRAJ/biCM/X3RopCKaehrydDpMZy0cvF/7x+ooJrVyeKE0U4nh8KEgZVBPM24JAKghWbaoKwoPqvEI+RQFjpzvISnMXIy6RzUXPqtcu7eqVZLeoog2NwAqrAAVegCW5BC7QBBhl4Bq/gzXgyXox342M+WjKKnUPwB8bnDzfxlM4=</latexit>

* In the works. Please visit again for a 
smoother/updated result.

�in = �3

<latexit sha1_base64="bO1D8ikkhYdN5HWcDeJIq2yheDc=">AAAB9XicbVBNSwMxEJ2tX7V+VT16CRahF8uuVvQiFLx4rGA/oF1LNs22oUl2SbJKWfo/vHhQxKv/xZv/xrTdg7Y+GHi8N8PMvCDmTBvX/XZyK6tr6xv5zcLW9s7uXnH/oKmjRBHaIBGPVDvAmnImacMww2k7VhSLgNNWMLqZ+q1HqjSL5L0Zx9QXeCBZyAg2Vnro1oeslzI5Qdfo9LxXLLkVdwa0TLyMlCBDvVf86vYjkggqDeFY647nxsZPsTKMcDopdBNNY0xGeEA7lkosqPbT2dUTdGKVPgojZUsaNFN/T6RYaD0Wge0U2Az1ojcV//M6iQmvfPtUnBgqyXxRmHBkIjSNAPWZosTwsSWYKGZvRWSIFSbGBlWwIXiLLy+T5lnFq1Yu7qqlWjmLIw9HcAxl8OASanALdWgAAQXP8ApvzpPz4rw7H/PWnJPNHMIfOJ8/C6uRfA==</latexit>

ℓ*

ℓ* ℓ*

ℓ*

ℓ*



� � �� �� ��
��-��

��-��

��-��

��-�

�/��

�
(�
��)

(�
/�
)(
��
�)

-���-���-���-��� � ��� ��� ���

��×��-�

��×��-�

��×��-�

��×��-�

��×��-�

�(������)

�
(�
��)

(�
/�
)(
��
�
��
)

� ��� ��� ���

��×��-�

��×��-�

��×��-�

��×��-�

��×��-�

�(������)

�
(�
��)

(�
/�
)(
��
�
��
)

� ��� ��� ��� ��� ���� ���� ����

��×��-�

��×��-�

��×��-�

��×��-�

��×��-�

�(������)

�
(�
��)

(�
/�
)(
��
�
��
)

We study slip propagation from an imposed dislocation accrued at a constant rate at

one end of a homogeneous rate-weakening fault with the other end either at:

1a. the free surface of an elastic half-space,

1b. similarly driven

2. strictly locked (buried) in the elastic full space

3. at far enough distance

The creep front traverses nearly the entire length of the fault, but, instead of 

nucleating a dynamic event, the front arrests at some distance from the buried fault 

end, followed by the continual accumulation of aseismic slip without ever nucleating 

a dynamic event.

When creep does not lead to an instability

Relatively smaller 
fault with strictly 
locked (buried) 

end
(case 2),

𝑉!$%

𝑉!$%

𝑉!$%

A reduced model 

The convenient state variable 𝚽(𝐱) is considered frozen in time. Doing so, indicates that

velocity profiles are enslaved to the prescribed distribution of (negative) 𝚽 𝐱 . This, in turn,

suggests that a continued creep propagation could be due to below steady-state sliding.

Continues 
to lockCreep

𝑉!$% 𝑉!$%

Φ x = −C e +,+) * (negative)

Creep

Creep
Creep

Creep

*Colored curves are creep 
unlike the previous cases

*Solid red arrows 
indicates creep’s 

progression
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Creep propagation: Slip law vs. Aging law

Slip Law

Aging Law

Aging

Slip
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Creep propagates larger 
distance and faster with 

aging law when driven with 
𝝓𝒊𝒏 ≪ 𝟎.

Φ$# = −30

Φ$# = −30

**The content in this presentation is
under preparation. Please contact the 
authors for questions and suggestions.



**The content in this presentation is
under preparation. Please contact the 
authors for questions and suggestions.

We model mechanics of an aseismic fault creep
propagation and conditions when it may lead to
the initiation of seismic slip. We do so by
considering fault bounding medium to be
elastically deformable and fault's interfacial
strength to be slip rate- and state-dependent
characterized by the steady-state rate-weakening.
The fault is considered to be initially locked: a
state of slip when interfacial slip velocity is
considerably low and arbitrarily less than the
steady-state sliding rate for given uniformly
distributed prestress.

We find solutions for creep penetration into the
fault under geologically relevant loading scenarios
(e.g., that of a plate-bounding strike-slip faulting
driven by the slip at depth, or that of a rate-
weakening patch of a fault loaded by a creep on
an adjacent rate-strengthening part due to, e.g.,
anthropogenic fluid injection). In all the cases, the
creep makes its way as a self-similar traveling front
characterized by high stress owed to the direct
effect; however, the remaining creep profile
exhibits a steady-state sliding. Further, we find that
the prestress, close to or far from steady-state
sliding stress, controls the rate and manner of the
creep penetration.

.

Abstract
We study slip propagation from an imposed
dislocation accrued at a constant rate at one end of
a homogeneous fault with the other end either at
(1) the free surface of an elastic half-space or (2)
strictly locked (buried) in the elastic full space. In
both scenarios, no slip instability takes place over
aseismic creep propagation distances relatable to
the usual elasto-frictional nucleation lengthscale.
Instead, in the first case creep propagation leads to
the nucleation of the first and all subsequent
dynamic events of the emerging cycle at/near the
free surface after the creep traversed the entire
length of the fault (for smaller faults).

In the second case, the creep front traverses nearly
the entire length of the fault, but, instead of
nucleating a dynamic event, the front arrests at
some distance from the buried fault end, followed
by the continual accumulation of aseismic slip
without ever nucleating a dynamic event. These
results may be owed to the physical and
geometrical invariance of the considered
homogeneous fault and may signal the essential role
of fault strength heterogeneity, either that of the
normal stress and/or frictional properties , in
defining its seismogenic character, i.e. under which
conditions and where on the fault the earthquake
slip instability can take place
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