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Earth Tides Can Trigger Shallow
Thrust Fault Earthquakes

Elizabeth S. Cochran,1* John E. Vidale,1 Sachiko Tanaka2.

We show a correlation between the occurrence of shallow thrust earthquakes
and the occurrence of the strongest tides. The rate of earthquakes varies from
the background rate by a factor of 3 with the tidal stress. The highest
correlation is found when we assume a coefficient of friction of m 0 0.4 for the
crust, although we see good correlation for m between 0.2 and 0.6. Our results
quantify the effect of applied stress on earthquake triggering, a key factor in
understanding earthquake nucleation and cascades whereby one earthquake
triggers others.

For more than a century, researchers have

sought to detect the effect on the timing of

earthquakes of the gravitational perturbations

on Earth from the Moon and Sun (1). However,

the tidal stresses in most locations are small,

and usually it is difficult to ascertain the

orientation of the fault plane, which is critical

when calculating the effect of the stress

variations. Earthquake-tide correlations have

been observed to be small or nonexistent in

normal crust (2–4); however, correlations

have been shown in shallow, possibly hy-

drothermal or magma-related areas (5, 6).

Here, we take advantage of accurate account-

ing of ocean tides (7) and a large data set

of earthquake focal mechanisms with fairly

well known fault planes (8) to look for a

correlation.

We used global earthquakes in the Harvard

Centroid Moment Tensor (CMT) catalog (9).

For each event, we calculated a tidal-stress

time series that includes the solid Earth tide

and an ocean-loading component (7, 10, 11).

Solid-Earth tides induce stresses only up to

5 � 103 Pa (0.05 bar), whereas in ocean ba-

sins, water loading builds stresses up to nearly

5 � 104 Pa (0.5 bar). Both components must

be accurately determined to fully resolve tidal

influences on the initiation of earthquakes

globally. We resolved tidal stresses into

normal and shear stress acting on each of

the two possible fault planes of the CMT

earthquake focal mechanism. Shear failure

under compressive stress can be described by

the Coulomb criterion, in which a fault fails

under a combination of shear and normal

stress: t
c
0 t þ ms

n
, where t and s

n
are the

shear and normal stresses, respectively, and m
is the coefficient of friction. In addition to

examining shear and normal stress indepen-

dently, we tested different values of m (0.2,

0.4, or 0.6). For each event, we calculated

the tidal phase angle (q) between –180- and

180- (11); 0- phase is defined to be at the

time of maximum stress that can promote

failure, which is extensional for normal

stress and in the direction of slip for shear

stress (Fig. 1). In addition, we defined the

average of the tidal stress amplitudes at the

peaks just before and after each earthquake

(t
pb

and t
pa

, respectively) to be the peak tidal

stress t
p
.

We focused on a subset of shallow thrust

earthquakes with depths of 0 to 40 km because

these earthquakes are in regions with the
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Fig. 1. Schematic diagram of the tidal stress
time series spanning 1 day for a hypothetical
earthquake (asterisk). Tidal phase is marked,
with the maximum Coulomb stress promoting
failure defined at 0- phase. The earthquake
occurs at q 0 45-. Peak stress amplitudes
before and after an event (tpb and tpa,
respectively) are averaged to determine tp.

Table 1. Comparison of coefficients of friction. Data are shown for the 250 events with the highest
calculated tidal stress (tp) given different values of the coefficient of friction (m). Binomial is
approximated by a Gaussian distribution; P values are determined using Schuster’s statistical test of
data distribution (values below 5% are often considered significantly nonrandom). qpeak is the phase of
the peak of a sinusoidal fit to the data. See text for definition of Nex.

Events Binomial (%) P value (%) Nex (%) qpeak (degrees)

m 0 0 (shear) 4.38 10.36 5.6 –22.2
m 0 0.2 0.1439 0.6253 9.6 –1.2
m 0 0.4 0.0032 0.0157 12.8 0.2
m 0 0.6 0.0942 0.3265 10.0 6.0
m 0 V (normal) 0.4688 3.677 8.4 15.8
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