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[1] Relocated hypocentral data from a 7-month deployment (October 2003 to April 2004) of ocean bottom
seismometers provide an opportunity to map microearthquake frequency-magnitude distributions (FMDs)
along the 9�49–520N region on the East Pacific Rise. These analyses, which incorporate more than 9000
earthquakes, represent the first investigation of the 3-D spatial and temporal patterns of FMDs along any
mid-ocean ridge spreading center. The data are described well by a Gutenberg-Richter model, indicating a
power law or fractal relationship between earthquake size and frequency. The scaling exponent, or b value,
shows significant spatial variability, exceeding a value of 2.0 at the shallowest depths on axis and dropping
below 1.0 away from the axial trough. This spatial pattern is consistent with an inverse relationship
between b value and ambient stress conditions, with the lowest stress levels at shallow depths and
relatively high stress levels (or low pore pressures) observed away from the axial zone. Intermediate b
values are observed on-axis above the ridge system’s melt lens; however, within this region there also
exists significant spatial variability. This indicates that stress conditions and/or structural heterogeneity
may vary at subkilometer scales within the hydrothermal circulation cell. Although the observational
period is characterized by increasing seismicity rates, building toward an eruptive episode in January 2006,
the first-order spatial pattern of b values is sustained, with no overall temporal trend. As a byproduct of this
b value analysis, the detection capabilities of the array are assessed empirically.
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1. Introduction

[2] The power law size-frequency distribution of
earthquakes is often referred to as the Gutenberg
and Richter [1944] relationship:

log10ðNÞ ¼ a� bM ; ð1Þ

where M is earthquake magnitude (a logarithmic
measure of earthquake size), N is the cumulative
number of earthquakes �M, and a and b are
empirical constants. The a value describes the
seismic productivity of an area and the b value
describes the relative proportion of small and large
magnitude events (i.e., the distribution’s slope on a
plot of log (N) versus M).

[3] The b value is among the most widely reported
statistics in seismology. Although its globally av-
eraged value is approximately 1 [e.g., Frohlich and
Davis, 1993], b values may vary by as much as a
factor of three at both local and regional scales
[Wiemer and Wyss, 2002]. The parameters influ-
encing b value remain somewhat enigmatic; how-
ever, laboratory and numerical models indicated
that the parameter scales inversely with ambient
stress conditions [e.g., Scholz, 1968; Amitrano,
2003]. This is supported by a growing number of
field observations, including: (1) studies that show
decreases in b value accompany increases in stress
release preceding rock burst events in underground
mines [e.g., Urbancic et al., 1992; Nuannin et al.,
2002, 2005], (2) the correlation of high pore
pressures (low-effected stress) with high b value
[e.g., Wyss, 1973; Wiemer et al., 1998], (3) the
mapping of low b value in regions of known
asperities along the San Andreas fault [Wiemer
and Wyss, 1997], and (4) the correlation between
b value and focal mechanism, with decreasing b
value associated with the increasing stress levels
characteristic of normal, strike-slip, and thrust
environments [Schorlemmer et al., 2005]. Concep-
tually, the dependence of b value on stress implies
that small ruptures are more likely to grow into
large earthquakes in high-stress areas, since the
system contains more energy and the rupture can
more easily connect across subvolumes with lower
stress concentrations [Scholz, 1968]. Alternatively,
b value patterns may reflect variability in the
distribution of fractures within a rock volume
[e.g., Barton et al., 1999; Henderson et al., 1999;
Wyss et al., 2004], whereby higher b values (a
greater proportion of small earthquakes) indicate
greater structural heterogeneity [Mogi, 1962]. Ex-
perimental evidence also suggests that increasing

thermal gradients or heterogeneous stress condi-
tions generated by nonuniform temperature distri-
butions may result in higher b values [Warren and
Latham, 1970].

[4] Power law size-frequency distributions previ-
ously have been noted in mid-ocean ridge (MOR)
settings from the analysis of global seismic cata-
logs [e.g., Francis, 1968], regional hydroacoustic
recordings [Fox et al., 1994; Bohnenstiehl et al.,
2002, 2004], and local ocean bottom seismometer
(OBS) data (Table 1). Estimates of MOR b value
from global earthquake catalogs are primarily lim-
ited to slow spreading environments, where the
near-axis lithosphere is of sufficient thickness to
generate earthquakes that can be detected consis-
tently by land-based seismic stations (M > 4.5).
However, owing to low data density along the
ridge, studies typically require averaging across
large temporal and spatial scales. This not only
limits the resolution of the analysis but also may
result in the mixing of distinct earthquake popula-
tions [Kagan, 2002; Bird et al., 2002].

[5] A more complete record of MOR earthquakes
(M > �3) may be provided by regional hydrophone
arrays, which locate seismically generated acoustic
phases, known as tertiary (T) waves [e.g., Fox et
al., 1994, 2001]. In these studies, the size of an
earthquake is represented in terms of its acoustic
source level (dB re 1 mPa @ 1m). Source level-
frequency distributions also exhibit a power law
behavior and have been used to show temporal
changes in the relative proportions of small and
large earthquakes when seismic activity is colo-
cated [e.g., Bohnenstiehl et al., 2004]. However,
scatter in the source level-magnitude relationship
typically prevents a robust comparison with seis-
mic-based b value estimates, and the potential
dependence of T wave amplitude on local seafloor
morphology may make it difficult to map and
compare changes in b value between distant
regions.

[6] Survey parameters from OBS studies reporting
b values in the MOR environment are given in
Table 1. These autonomous instruments extend the
monitoring range to microearthquake levels
(M < 2), but most OBS deployments have been
of limited duration due to power and data storage
constraints in previous decades. Published b value
estimates are found only for slow-to-intermediate
spreading rate ridges (20–60 mm/a), where most
passive microseismic OBS experiments have been
focused.

Geochemistry
Geophysics
Geosystems G3G3

bohnenstiehl et al.: microearthquake b VALUES ON THE EPR 10.1029/2008GC002128

2 of 18



[7] This study describes the size-frequency distri-
butions of microearthquakes in the vicinity of the
9�500N vent field of the East Pacific Rise (EPR,
110 mm/a), a site of long-term and interdisciplinary
study coordinated by the RIDGE 2000 initiative
(Figure 1). The data set, which spans the time
period between October 2003 and April 2004 and
contains more than 9000 accurately located events,
represents one of the most extensive and the
longest duration microseismic catalogs published
within an oceanic spreading environment [Tolstoy

et al., 2006, 2008]. We utilize these data to
examine, for the first time, the 3-D spatial and
temporal patterns in the frequency-magnitude dis-
tribution (FMD) of ridge-crest earthquakes.

[8] The various instrumentation, processing proce-
dures, and definitions of earthquake size used in
previous OBS studies (Table 1) may result in
magnitude scales that are compressed or stretched
relative to one another, resulting in systematic
differences in the absolute value of the b parameter.

Table 1. Summary of Ocean Bottom Seismometer-Based b Value Studies in a Mid-Ocean Ridge Settinga

Reference Location Description Mc Mmax N N (Mc)
Number
of Days b Value

1 MAR
5�S

valley floor 1.6 2.7 80 40 10 1.27 ± 0.14

2b MAR
23�N

valley floor 1.5 2.4 20 10 10 1.2 ± 0.1c

2b MAR
23�N

valley walls 1.5 2.4 20 20 10 0.75 ± 0.1c

3b MAR
26�N

TAG
segment (all)

2.0 3.0 136 70 23 1.5 ± 0.1c

3b MAR
26�N

TAG
segment
center

2.0 3.0 – 25 23 1.65–2.25 ± 0.1c

3b MAR
26�N

TAG
segment
end

2.0 3.0 – 25 23 0.9–1.3 ± 0.1c

4b MAR
29�N

inside
corner/axial

valley

– 2.7 1000 – 41 0.82 ± 0.05c

5 MAR
35�N

segment
center

1.0 2.3 100 50 43 1.41 ± 0.05c

6 MAR
35�N

segment
end/transform

0.2 2.0 120 55 12 0.75–1.05c

7 MAR
45�N

swarm-like 1.8 3.5 200 90 6 1.05

7 MAR
45�N

aftershock-like 2.8 4.6 200 70 6 1.04

8 JdFR
48.5�N

dead dog
vent

– 0.2 480 – 142 1.49

9 JdFR
48�N

end segment
(all)

1.0 2.7 1750 700 55 1.41c

9 JdFR
48�N

axial region 1.0 2.7 700 400 55 1.5c

9 JdFR
48�N

proximal 1.0 2.7 1050 500 55 1.59c

10 RTJ RTJ (all) 2.8 4.0 220 85 21 1.31
10 RTJ SEIR 2.8 3.9 85 41 21 1.46
10 RTJ SWIR 2.8 3.7 60 30 21 1.1

a
References: 1, Tilmann et al. [2004]; 2, Toomey et al. [1988]; 3, Kong et al. [1992]; 4, Wolfe et al. [1995]; 5, Barclay et al. [2001]; 6, Cessaro

and Hussong [1986]; 7, Lilwall et al. [1977]; 8, Golden et al. [2003]; 9, Wilcock et al. [2002]; 10, Katsumata et al. [2001]. When not specified by
the authors, parameters have been estimated from frequency-magnitude distribution plots. Long dashes indicate parameters that could not be
determined. Mc is magnitude of completeness; Mmax is maximum magnitude; Ntot is total number of earthquakes; N(Mc) is number of earthquake
�Mc. MAR is Mid-Atlantic Ridge; JdFR is Juan de Fuca Ridge; RTJ is Rodriguez Triple Junction; SEIR is Southeast Indian Ridge; SWIR is
Southwest Indian Ridge. TAG is Trans-Atlantic Geotraverse.

b
Some or all of the ocean bottom seismometers recorded in event-detection or trigger mode. Other deployments used continuously recording

stations.
cb value or exponent of moment-frequency distribution is cited by the authors. Values have been convert to a magnitude-frequency b value

assuming M / 2/3*log10 (Mo) or b = 3/2b scaling [Scholz, 2002].
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Similar conditions are well documented among
terrestrial networks [e.g., Wyss and Toya, 2000;
Oncel and Wyss, 2000; Westerhaus et al., 2002].
However, when a consistent magnitude scale is
applied within a given region, differences in b
value can be defined reliably [Wiemer and Wyss,
2002]. This allows us to focus on local changes in
the b value as a function of space and time and
relate the observed patterns to changing stress
conditions or fracture characteristics within the
crust [e.g., Wiemer et al., 1998; Wyss et al., 2004].

[9] As a byproduct of the b value analysis, an
assessment of the detection capabilities of the OBS
network is produced. This is expressed in terms of
the magnitude of completeness (Mc), defined as the

smallest magnitude that is consistently represented
within the earthquake catalog. Accounting for
temporal and spatial variability in an OBS array’s
detection capabilities may be necessary in some
statistical applications, and this information should
be considered as the community uses these data.

2. Ocean-Bottom Seismic Experiment

[10] From October 2003 to April 2004, seven
autonomous seafloor stations were instrumented
with vertical-channel short-period seismometers
(L22 Mark Products) and omnidirectional hydro-
phones (Figure 1). P wave detections were gener-
ated using a STA-LTA algorithm implemented
within the Antelope Processing Suite and operating

Figure 1. Location map showing microearthquake epicenters (dots) overlying (a) multibeam bathymetric data
(http://www.marine-geo.org/) [White et al., 2006] and (b) side scan sonar imagery collected using the deeply towed
DSL-120 system [Fornari et al., 2004]. Yellow shading outlines the location of the axial summit trough (AST) prior
to the 2006 eruption [Fornari et al., 2004; Soule et al., 2005; Escartin et al., 2007]. Blue diamonds indicate the
locations of ocean bottom seismometer (OBS)/ocean bottom hydrophone instruments used to locate events; green
circles mark the locations of many of the well-studied, high-temperature vents systems in the area; white arrows
identify small axial discontinuities; cross sections shown in Figures 2 and 5 are along the line A-A0. Inset shows
global location of study area.
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