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[1] To understand controlling factors for seismogenesis
and strain-accumulation in subduction megathrusts we
examine seismicity patterns across Nicoya, Costa Rica, to
determine the overall and spatial variability in the
earthquake frequency-magnitude distribution along the
interface. The mean reduction in earthquake activity with
magnitude, b-value, is higher (1.06) than global subduction
zone averages (0.6–0.8), suggesting the interface here is
weakly coupled. Strong spatial variations in b are
anticorrelated (�0.53) with geodetic estimates of interface
locking of E. Norabuena et al. (2004). High b prevails in
two regions, including the subducted Fisher seamount
chain. A broad zone of reduced b is observed at and
offshore the central Nicoya coast; extending towards an
imaged locked patch. These results suggest b-value studies
may be useful in identifying regions of increased interface
locking in subduction zones, which may indicate regions
capable of large slip in future large earthquakes.
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1. Introduction

[2] The majority of the world’s largest earthquakes are
generated at the plate interface of subduction zone mega-
thrusts, thus it is important to understand which processes
here are responsible for the development of earthquake
potential. While it is generally assumed that large earth-
quakes at the plate interface are the result of stick-slip
behavior, we do not clearly understand the physical pro-
cesses that control the onset and termination of zones that
exhibit this behavior, and whether the behavior remains
consistent over the seismic cycle. One of the largest
difficulties in accurately constraining the seismogenic
extent of subduction zones is that most subduction mega-
thrusts occur almost entirely offshore, thus making it
difficult for land-based techniques to detect microseismicity.
However, because the Nicoya Peninsula of Costa Rica
extends the shoreline significantly closer to the trench, this
region is uniquely situated to proximally examine interface
seismicity along the megathrust, hereafter seismogenic

zone, using primarily land-based techniques (Figure 1). To
take advantage of this geometry, the Costa Rica Seismo-
genic Zone Project (CRSEIZE) was performed by UC Santa
Cruz, Observatorio Volcanológico y Sismológico de Costa
Rica, University of Miami, and UC San Diego, and was
able to capture much of the ongoing earthquake activity and
deformation due to seismogenic zone processes (Figure 1)
[Newman et al., 2002; DeShon and Schwartz, 2004;
Norabuena et al., 2004; DeShon et al., 2006]. The exper-
iment ran in Nicoya Peninsula between late-1999 and mid-
2001 with a combined 20 station on-land broad-band and
short-period network. For the 1st six months, the network
was augmented by a 14 station offshore ocean-bottom
deployment forming a transect between the Nicoya shore-
line and the down-going Cocos plate crossing the Middle
America Trench (MAT).
[3] Using data collected during the CRSEIZE experi-

ment, we spatially map the frequency-magnitude distribu-
tion (FMD) of earthquakes. We use the resultant interface
information to determine its utility for detecting coupling
along the seismogenic zone beneath Nicoya. The FMD of
earthquakes, which was first introduced by Ishimoto and
Iida [1939] and Gutenberg and Richter [1944], has a power-
law relationship, such that

log10 N ¼ a� bM ;

where N is the cumulative number of earthquakes greater
than or equal to magnitude M, and a and b are constants
describing the activity and slope, respectively. Here, we
focus on the parameter b, or b-value, which describes the
ratio of occurrence of small to large earthquakes. Globally,
b-value is �1 [e.g., Stein and Wysession, 2003], meaning a
10-fold decrease in seismic activity occurs with each
subsequent unit magnitude increase. However, b is
observed to vary between individual fault zones [e.g.,
Wesnousky, 1994; Schorlemmer and Wiemer, 2005], and
even within a particular space and time range [e.g.,
Nuannin et al., 2005]. Though several attempts were made
to understand the physical meaning of b, a conclusive
answer remains elusive. Both laboratory experiments of
material behavior [Mogi, 1962; Scholz, 1968; Warren and
Latham, 1970; Wyss, 1973; Amitrano, 2003], and field
surveys of earthquakes along faults [Schorlemmer and
Wiemer, 2005] suggest that b-values reflect the stress
regime along the body or fault— the lower the b-value, the
higher the stress. More recently, Schorlemmer et al. [2005]
used both global and regional earthquake catalogs to show
that the b-value acts as stress meter that depends inversely
on differential stress.
[4] In the subduction zones, b-value studies have been

mostly limited to identifying the extent of magmagenesis

GEOPHYSICAL RESEARCH LETTERS, VOL. 35, L01301, doi:10.1029/2007GL031617, 2008
Click
Here

for

Full
Article

1School of Earth and Atmospheric Sciences, Georgia Institute of
Technology, Atlanta, Georgia, USA.

2Now at Department of Earth and Space Sciences, University of
Washington, Seattle, Washington, USA.

3Now at Department of Earth and Planetary Science, University of
California, Berkeley, California, USA.

Copyright 2008 by the American Geophysical Union.
0094-8276/08/2007GL031617$05.00

L01301 1 of 6












