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Mechanical Interactions between Fluid Flow and Fault Slip:

Effects on the Emergence of Regularity and Complexity in Seismicity

Teruo YAMASHITAC

Abstract

OO It is now widely believed that fluids exert significant effects on earthquake faulting.
Recently, considerable attention has been directed to the effects of fluid migration on the
spatio-temporal complexity of earthquake occurrence. We review a series of theoretical studies

by the author on the mechanical effects of fluid on the spatio-temporal variation of seismicity.

In particular, we discuss the generation mechanisms of aftershocks and earthquake swarms in
detail. It is shown that diversity in the occurrence of aftershocks and earthquake swarms can
be explained in a unified way by considering fluid migration.
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Fig. 10 Elastic half-space with vertical strike-
slip fault S.

The plane z O 0 corresponds to the free surface.

High-pressure fluid is initially located in the

compartment % ,; the rest of the fault, . is

under much lower fluid pressure.
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Fig. 20 Temporal variation of simulated aftershock activity for a0 8 0 0.1 and b0 6 O 0.01.
M and T stand for moment magnitude and non-dimensional time, respectively. dTO O 0.2 x 10°Ois the
nondimensional time increment in the numerical calculation. Open symbols denote repeated slips, while closed
ones denote events that rupture at least partially intact rock. Some examples of secondary aftershocks are
shown by arrows in bl The nondimendional time T is assumed to be proportional to k o; T/dT O 10°
corresponds to 6.94 hours and 7.93 x 10° yr for and k o0 10""[’ and K o0 10"**in* respectively.
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Fig. 30 Frequency-magnitude relationship of simulated aftershocks for the examples shown in Fig. 2a and b.
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Fig. 50 Temporal decay of the occurrence of simulated aftershocks for the

examples shown in Fig. 2a and b.

Refer to the caption of Fig. 2 on nondimensional time T.
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Fig. 60 Spatio-temporal variations of alJ slip and b0 pore-fluid pressure for the example shown in Fig. 2a.
Refer to the caption of Fig. 2 on nondimensional time T. The ordinate denotes the non-dimensional vertical
distance measured from the bottom of the fault. The spatial distance is normalized by the side length 250 mQ
of the fault segment. The only events shown are characteristic ones that occur following a relatively large event
with M O 4.78 at T/dT O 305754. The black area in alstands for the rupture of intact segments, while the gray
one denotes repeated slip. The blank area denotes segments that do not slip at the specified time step, but
have slipped in earlier events in the sequence. The numerals on the contours in b0 denote the fluid pressure in
MPa. The arrows in b0 denote local perturbation of fluid pressure due to rupture of intact segments.
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Fig. 70 Spatio-temporal variations of alJ slip and b pore-fluid pressure for the example shown in Fig. 2b.
Refer to the caption of Fig. 2 on the nondimensional time T. The ordinate denotes the non-dimensional vertical
distance measured from the bottom of the fault. The spatial distance is normalized by the side length0 250 mQ
of the fault segment. The events shown are only the characteristic ones that occur following a relatively large
event with M O 4.71 at T/dT O 443955. The black area in all stands for the rupture of intact segments, while
the gray one denotes repeated slip. The blank area denotes segments that does not slip at specified time step,
but have slipped in earlier events in the sequence. The numerals on the contours in b denote the fluid
pressure in MPa. The arrows in bOdenote local perturbation of fluid pressure due to rupture of intact segments.
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Fig. 80 Temporal variation of rupture activity ;
20 sequences are superimposed.

The nondimensional time T O 1000 corresponds

to 28.9 days and 7.93 x 10° yr for k ¢ 0 10" m?

and k ¢ 0 10”*m? respectively.
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these events seem to be independent of the
dynamics of the system. If these events are
removed, the curve becomes much smoother
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Fig. 100 Spatio-temporal change of pore-fluid

pressure near the rupture front.
Only the segments with pore-fluid pressure
smaller than the initial value on X .0J see Fig. 10
are illustrated. Refer to the caption of Fig. 8 on
nondimensional time T. The darker area denotes
lower pressure zone and the broken line denotes
the location of rupture front.
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Fig. 110 Schematic illustration of fluid flow
near the advancing rupture front.
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