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Abstract The b-value of the magnitude distribution of natural earthquakes appears to be closely influ-
enced by the faulting style (normal, thrust or strike-slip). We investigate this in the laboratory for the first time
by analyzing the moment tensor solutions of acoustic emissions detected during a triaxial compression test
on Berea sandstone. We observe systematic patterns showing that the faulting style influences the b-value
and differential stress. Similar trends are observed in a complementary physics-based numerical model that
captures mechanical energy dissipation. Both the differential stress and dissipation show to be inversely cor-
related to the b-value. Theresults indicate that, at late stages of the test, the dissipation increases and is linked
to a change in acoustic emission (AE) faulting style and drop in b-value. The patterns observed in the labora-
tory Frohlich diagrams could be explained by the integrated earthquake model: damaged rock regions form
as microcracks coalesce, leading to strain localization and runaway deformation. The modeling results also
align with the micromechanics responsible for dissipation during the experiment and agrees with moment
tensor solutions and petrographic investigations. The integration of physics-based models that can capture
dissipative processes of the earthquake cycle could assist researchers in constraining seismic hazard in natural
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and anthropogenic settings.

1 Introduction

Researchers aim to predict the occurrence of earth-
quakes by identifying precursory signals linked to
preparatory processes. In some cases these are ob-
served as spatio-temporal variations of both seismic
and aseismic parameters (e.g., Smalley et al., 1987; Tur-
cotte, 1997; Brenguier et al., 2008; Gulia and Wiemer,
2019) and are associated with the localization of de-
formation (e.g., Biirgmann, 2014; Kato and Ben-Zion,
2020). Geodetic measurements have shown that aseis-
mic deformation occurring near mainshock hypocen-
ters correlated with increased seismic activity in several
earthquake sequences (e.g., Kato et al., 2012; Obara and
Kato, 2016). However, the interplay between large-scale
processes and patterns in seismicity is still not well un-
derstood.

One of the ongoing debates in the seismological com-
munity is the use of spatio-temporal fluctuations of the
b-value of the Gutenberg-Richter (GR) law (Gutenberg
and Richter, 1944; Utsu, 1999)

log;g N =a—bM (1)

to individuate precursors to the next large earthquake
(e.g., Gulia et al., 2016; Gulia and Wiemer, 2019). In

*Corresponding author: patrick.bianchi@sed.ethz.ch

23 December 2024

this equation, N represents the cumulative number
of earthquakes with a moment magnitude equal to or
greater than M, a is the frequency-magnitude intercept
(or productivity term), and b is the slope, known as the
b-value. A smaller b-value indicates a higher likelihood
of larger earthquakes, while a larger b-value suggests a
predominance of smaller earthquakes. Several studies
have demonstrated an inverse proportionality between
the b-value and the differential stress in laboratory ex-
periments (Scholz, 1968; Amitrano, 2003; Goebel et al.,
2013; Scholz, 2015; Meredith et al., 1990). This obser-
vation led to the inference that spatio-temporal fluctu-
ations in b-values can be seen as “stress meters” within
the subsurface (Schorlemmer et al., 2005). Further in-
vestigations demonstrated a dependence between the b-
value and the stress regimes (i.e., extensional, compres-
sional or strike-slip) experienced by faults in the field
(Schorlemmer et al., 2005; Spada et al., 2013; Tormann
etal., 2014; Petruccelli et al., 2019a,b). However, the de-
bate about the use of b-value variations for earthquake
forecasting remains, in a large part due to the statisti-
cal sensitivity and completeness of seismic catalogues.
Developing a stronger connection between earthquake
mechanics and statistical seismology will improve haz-
ard assessment and operational earthquake forecast-
ing.
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