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Prompted by the absence of large heat flow anomalies near faults and the global paucity of friction-melt pseudot- ergy balance Tor heat generation and transport: ore pressure generation and transport: s pressurization I law results. Snapshots corre-
achylite, many researchers have considered the role of pore fluids as a dynamic weakening mechanism during dy aqh 3T op 32p oT | spond to those of fig. 2.
earthquake rupture. The hypothesis is that shear heating pressurizes the pore fluid faster than it can diffuse away, Tel Kith—— = pCy— . (5) — =Chyd—— +A—. (8)
. . dt oy ot ot oy ot
thereby reducing the eftective stress on the fault. Concurrently, the development of rate- and state-dependent af Far left— Cumulative slip dur-
friction theories has provided compelling models of how earthquakes nucleate from “locked” faults. The geophysi- For h= 0, eq. (5) may be rearranged (with y = v/h and where the thermal coupling parameter A'is given by ing isothermal nucleation.
cal community has largely considered thermal pressurization in the context of large earthquakes and the rate- and cth = kin/pc,) to be a boundary condition Af— A il | |
state-dependent friction in the context of earthquake initiation. Yet recent studies [for example, Ide & Beroza, ol TV = B+ Bg %) i Nea.r left— CUWUIathG slip
2001] have shown that stress drop does not correlate with earthquake magnitude for events as small as M,, = -3.5. A — ' 6) frPe during nucleation with ther-
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The implication is that there is no onset of a different fault weakening mechanism at any time during slip at seismic the thermal and fluid transport properties are uni W o e 6 s T ® o ow % oo o e oo T w o Malpressurization,
speeds. Equation (6) is valid for times much longer than the form—and the planar shear zone approximation
diffusion time across the shear zone (that is, for At > holds—then the pore pressure and temperature }
Segall & Rice [2006] suggested that thermal effects may become dominant during the quasi-static nucleation phase, h?/cy,). This is the planar shear zone approximation. rise on the fault are uniquely related through [Rice, Right—Frictional stress profiles show the nucleation zone is not _
We” befOre the onset Of seismic radiation. Using the Shp evo]utiOn given b)/ rate- and State_dependent friction_ Away from the Shear Z0Nne, there IS NO heat genera' 2006] CraCk']ike (that iS, constant stress inSide the ZOﬂe), Un]ike iSOther' \f N
along with reasonable estimates of heat and pore pressure transport parameters—they estimated that thermal tion, so eq. (5) rearranges to 1+ \/ Chyd/Cth mal aging law nucleation. =
pressurization dominates weakening at slip rates in excess of 10™ to 1073 m/s. ol 3°T AT(y=0) = I\ Ap(y=0) .(10) 5 % jﬁ\@f
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We present the results of numerical simulations that indicate that thermal pressurization is indeed the dominant 4 I g v
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fault Weal.<el.1mg mecha.msm ?t s!oeed§ n.ear 10 m/§ speeds encountered during nucleation. Our simulations fully 4. WHEN IS THERMAL PRESSURIZATION IMPORTANT? 5l 2 |
couple friction, elasticity, seismic radiation, and fluid transport. g | o
The time derivative of frictional resistance (3) may be decomposed as 35- s
d Tfric du dp ) 5: Left—Temperature rise resulting from shear heating. A
= ——(0—-po) - — (11) P g g
2. DESCRIPTION OF MODEL dt dt 0 Ho dt ; o = modest rise in temperature yields significant weakening.
: — " o . . . . . Critical velocity v, corresponds to ~3°C of heating.
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We define the critical velocity v,,;; to be when the thermal pressurization termin eq. (11) is larger than the rate- and

» Shear heating is a boundary condition.
state-dependent friction term.

. Diftusion away from fault only.

. Grid refinement as accuracy demands.

: 107 0 0 T R ° oy ® . . . .
5. RESULTS — A. Aginglaw i § Figure 5. Critical velocity v, increases with hydraulic
° StreSS rate and S]]p rate related thrOugh _ _ radiation damping signiﬁcant ’/‘," dlﬁUSlVlty Ch)/dl ho]d]ng a” other parameters constant.
a Hilbert transform in the Fourier domain. R = A 0} ~° : An analytical estimate [Segall & Rice, 2006] is shown.
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3. GOVERNING EQUATIONS
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A. Shear stress on the fault Figure 2. Results from aging law simulations in the isothermal (left) and thermal pressurization (right)

et . . Table of parameters cases. In these simulations, a/b = 0.8, d. = 100 um, and (o—p,) = 140 MPa. Lines represent snapshots taken B. Sliplaw
astic stress Interaction: G (® 1 3 at times corresponding to half-decade increases in maximum slip speed vmax from 10> m/s to 107" m/s.
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Tel(X) = —— dE . (1) 2525;“\;;?& 3700 ;/S Scale bars show Ly, [ Dieterich, 1992], L., = Gd./(b-a)0., and L. [Ampuero & Rubin, 2008]. Figure 6. Profiles of slip speed for slip law nucleation with "
2T )0 X = § 08 ?f!?.igsl z;;ﬂin ot 8‘81 . At early times (low slip speeds) the two profiles are similar. At ~10™ m/s, the profiles start to diverge. By tzhjrr]:a] pressurza’lc:oni Paran;eters ?re the same as for figs. °
S L L . . Iction velocity - - o : -4, but we used the slip evolution law. 107
Seismic radiation—radiation damping approximation friction state effect 0.019 ~10~*m/s, the profiles have distinctly different forms. DU WE TS 1P &V M
' : slip weakening distance 100 pum : : A g 10"
[Rice, 1993]: Sh':ar e thfgckness 100 ﬁ - At high slip speeds, the nucleation zone effectively shrinks to a point. This behavior is likely nonphysical I§otherrpal slip law nucleation takes the. form of a unidirec e
. G y , thermal diffusivity 1076 m2/s and is either a consequence of (1) the numerical system failing to be well-posed (see fig. 3) or (2) the omis- tional slip pulse, but under some conditions, thermal pres- s
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rad = - (2) hydraulic diffusivity 10-6 m2/s sion of an important physical process. surization prevents that from occurring.
S density x heat capacity 2.86 MPa/K 107
—_ thermal coupling param. 0.8 MPa/K Cumulative slip, temperature rise, and frictional stress are
Rate- and state-dependent friction: PN, o = i 10
i _ rictional state qualitatively similar for thermal pressurization under the O
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with porf pressuré (chaig)e) Figure 3. Identifying critical velocity. We show the 10 o
ol°, ov pore fluid expansivity weakening rates as decomposed in eq (11) for the —ugidt
ey “ P - : 6. THE NEXT STEP
dr 1 d. the "aging” law, and pore expansivity fastest-slipping point on the fault. The intersection of _ S S
- pore fluic compressioility the two lines defines v;.. The dotted line shows an ~1o00f
do 0v Ov pore compressibility . . cr . : The shrinking nucleation zone must be resolved. We know the problem to be poorly posed at high slip speeds
‘1o m analytical estimate of Segall & Rice [2006]. 10000 L . . . .
— =——1In—, the'slip" law. - (hg. 3), so we must abandon the planar shear zone approximation. Preliminary simulations suggest that doing so
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Color coded background indicates the validity of the ovef . results in a nucleation zone that still shrinks, but does not become a slip “singularity.
Together, egs. (1)-(3) form the equation of motion planar shear zone approximation. tes0s & The effect of varying effective normal stress on friction [Linker & Dieterich, 1992] is one additional mechanism that
G (® 1 o9u I vV Ovo | G . 5 5 e > may reduce the “runaway” weakening resulting from thermal pressurization.
= dE — | uo +aln L bin [0 — p(t)] ya— (4) Yellow: 100h2/cth > At > 18h [cy,  (probably OK) : : | | | | | o | |
2T J_oo X — & O& i Vo de 2Vs Orange: 10h%/cy, > At > h?/cy, (questionable) P | Looking ahead, we will conduct simulations that include both thermal pressurization and dilatant strengthening

Red: h%/cy, > At (doubtful) 0 i sio rate () (see Segall & others poster, this conference). Such simulations will allow us to explore the competition between the
two effects during nucleation, which may control whether slip ultimately becomes fast or slow.



