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[1] Inelastic horizontal sediment deformation from the MS 7.1, 17 October 1989 Loma
Prieta earthquake has been estimated to be on the order of 20 cm at a site inGilroy, California,
about 32 km east of the epicenter. This estimate was based on combined deterministic-
stochastic simulations using ground motion data and sediment properties measured from in
situ seismic tests and laboratory tests on cored sediment samples of up to 170 m deep. The
calculated deformation is comparable to measured horizontal coseismic displacements at
various stations in the Santa Cruz network, suggesting that previously back-figured fault
rupture mechanisms may have been influenced by the coseismic sediment deformation.
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1. Introduction

[2] Leveling surveys, geodolyte, Global Positioning
System (GPS), and very long interferometry surveys had
been used to estimate the coseismic ground displacements
during the MS 7.1, 17 October 1989 Loma Prieta earthquake
[Árnadóttir and Segall, 1994; Clark et al., 1990; Darragh
and Shakal, 1991; Lisowski et al., 1990, 1991; Segall and
Lisowski, 1990; Snay et al., 1991; Williams and Segall,
1996]. These surveys were used to infer the characteristic
fault movement associated with this event with the assump-
tion that measured surface displacements are bedrock dis-
placements. Most stations used to determine coseismic
movements from the Loma Prieta earthquake are at or near
mountain tops (M. Lisowski, personal communication,
2007). These stations were either former triangulation or
trilateration stations, and to provide a clear line of sight
mountain tops (where accessible) were preferred. A moun-
tain top, however, is not always a rock outcrop; sometimes it
is formed by uplifted sediments. Where exposed outcrop is
absent the station tablets were set on rod driven to refusal, or
on concrete piers buried 1 m or more into the ground. For
stations sitting on top of an uplifted sediment, the coseismic
ground surface movement is the sum of the bedrock dis-
placement and the inelastic sediment deformation. To obtain
the bedrock movement it is necessary to subtract the inelastic
sediment deformation from the measured surface movement.
[3] There is no accurate technique for measuring the

coseismic inelastic sediment deformation [Ambraseys and
Menu, 1988; Bray and Travasarou, 2007; Jibson, 1993;
Kramer, 1996; Newmark, 1965]. In principle, one needs a
downhole instrumentation array that extends all the way
down to the bedrock level, but even then these arrays are

equipped with accelerometers that only measure acceleration
time histories, not displacement time histories. To obtain the
corresponding displacement time history one must integrate
the recorded acceleration time history twice, say, with a stable
Newmark family algorithm. However, accelerograms con-
tain noise and are not an accurate reproduction of the seismic
event. The records produced by the sensors are always
combinations of signals that represent the actual motion
and the extraneous noise generated by insufficient decimal
points in transcribing digitized data, physical external noise
around the seismograph, tilting of the seismograph base,
uncertainty of the initial conditions, and other factors [Boore
et al., 2002; Boore and Bommer, 2005; Bradner and Reichle,
1973; Shakal and Petersen, 2001; Trifunac and Todorovska,
2001]. Due to the arbitrary nature of the noise and the
difficulties to identify the source of errors, the residual
displacements recovered from accelerograms are highly
sensitive to the subjective choice of correction schemes and
filtering parameters (The process of selecting filter criteria is
quite subjective: what may be noise to some could be an
important signal to others. In addition to the character of the
recorded signal, factors considered in the selection of filter
corners include the magnitude of the event, source mecha-
nism, wave propagation path, and the fundamental period of
the structure if data were collected from a structure.). Thus
the absolute coseismic displacement produced from accelero-
grams is often unreliable. Given the above difficulties, there
has been a serious lack of knowledge and understanding on
the magnitude of inelastic sediment deformation during an
earthquake.
[4] In this paper we use numerical simulations based on

published data on sediment properties to estimate the
coseismic sediment deformation at a specific site during
the 1989 Loma Prieta earthquake. We construct a mechan-
ical model for the sediment [Andrade and Borja, 2006;
Borja and Amies, 1994; Borja et al., 1999, 2000, 2002;
Borja and Sun, 2007] and subject this model to seismic
excitations recorded at this same site. The site investigated,
Gilroy 2 (latitude 36.982N, longitude 121.556W, 12.7 km
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