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A NEW FINITE-ELEMENT MODEL OF THE HAYWARD FAULT
M. Barall (mbinv@invisiblesoft.com) (USGS Menlo Park and Invisible Software),
R. Simpson (USGS Menlo Park), W. Stuart (USGS Menlo Park).

RESEARCH OBJECTIVES

The Hayward fault task has been working for
several years to obtain geologic and physica
property information for the volume surrounding
the Hayward fault, with the goal of providing a
sounder basis for physica modeling of the fault.
The Hayward 3D geologic map (Graymer et. a.),
Bay Area 3D geologic map (Jachens et. a.), and
Bay Area 3D velocity model (Brocher et. al.) now
offer the foundations for a new geology-based
finite-element model of the Hayward faullt.

Our goal is to combine al these 3D data sets
into a single model. The finite-element model will
be used to investigate a variety of questions, such
as. What are the effects and relative importance of
fault curvature and non-uniform rheology? Can the
model account for the observed creep along the
Hayward fault? Does fault creep create patterns of
deformation or stress that are consistent with
observations? What are the effects of locked
patches and friction on the fault?

APPROACH

We use the FAULTMOD finite-element program.
FAULTMOD is new open-source 3D finite-element
software, developed by Invisible Software under
contract to USGS, and designed specifically for
earthquake modeling.

To make the finite-element mesh, we start with
a simple rectilinear mesh (300 km by 400 km by 50
km deep) with a straight vertical fault. Then, the
mesh is distorted or “morphed” to produce both the
correct 3D geometry at the fault surface and the
correct topography at the top surface (Figs. 1, 5).

Physical propertiesfor the central portion of the
mesh come from the Hayward 3D geologic map and
the Bay Area 3D velocity model. Surrounding this
core, we use the Bay Area 3D geologic map and
velocity model, and beyond that we use regiond
averages to fill out the mesh. At depth we use a
simple mantle model (Figs. 2, 3). Initially we have
assumed elastic behavior, but the software also
allows viscoel astic and plastic rheologies.

Tectonic forces are applied to the edges of the
model. The fault can be alowed to dide fredy, or it
can be constrained by locked patches or friction.
Alternatively, a prescribed fault dlip can be

imposed. The software then calculates the resulting
deformations and stresses, taking into account the
non-uniform rheology and 3D fault geometry.

One way to use the mode is to switch parts on
and off to evaluate their importance. For example,
caculations can be run with uniform or non-
uniform rheology, and the results compared.

ACCOMPLISHMENTS

In our first finite-element calculation, we
allowed the fault to dlip without friction. It reveals a
pattern of deformation on the surface, which is
produced by the fault geometry (Fig. 4). It also
shows that fault dlip is hindered where the fault is
curved (Fig. 5). Repeating the calculation with a
uniform rheology yields very similar results,
showing that, for this calculation, the fault
curvature is more important than the rheol ogy.

SIGNIFICANCE OF FINDINGS

This research will create atool for investigating
the Hayward fault, using the best available data. It
also serves as a full-scale test and demonstration of
the FAULTMOD software.

PUBLICATIONS

Information about the Hayward fault model and
the FAULTMOD software is available at:
http://www.FaultM od.com.

Fig. 1. Finite-element mesh colored by elevation.
Green and blue are below sea level. The elongated
green “lake” in the center is San Francisco Bay.
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Fig. 2. Mesh colored by source of geologic data:
yellow = Hayward 3D geologic map; green = Bay
Area 3D geologic map; blue = regiona averages;
red = mantle model.

Fig. 3. Mesh colored by S-wave velocity (m/s),
derived from the Bay Area 3D velocity model. The
model also contains P-wave velocity, rock density,
and other data.
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Fig. 4. Caculated vertical displacement at the
Earth’s surface, caused by frictionless fault dlip: red
= up and blue = down. The finite-element output
includes displacements and stresses throughout the
mesh.

400 km

Fig. 5. Model fault surface, viewed from the east.
The curved region in the center lies in and below
the Hayward 3D geologic map. The fault is
extended on both ends to the full 400 km length of
the finite-element model. Note the eastward dip in
the upper portion of the fault surface. Maximum
dip (red) occurs on the straight sections; minimum
dip (blue) where the fault is curved.



