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Investigations Undertaken

(1) Geodetic data collection and strain analyses in the Pacific Northwest and SW Japan.
(2) Forearc stress analyses in the Pacific Northwest and SW Japan. (3) 3-D viscoelastic
finite element interseismic deformation modeling for Cascadia.

Results
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1. In the past year, we installed two continuous GPS monitoring stations in British
Columbia as part of the PANGA network and completed processing the campaign GPS
data from the Port Alberni network on Vancouver Island. GPS velocities and the resultant
strain rates are consistent with a locked Cascadia subduction fault, confirming and
refining findings made in previous years. Strain analysis in SW Japan was also carried
out, using GPS velocities obtained from the Geographic Survey Institute (GSI) of Japan.
We have successfully completed the transition to the Bernese software package and
significantly improved the accuracy of the GPS data processing. The new processing
procedure, being identical to what is employed in the GSI in Japan, greatly facilitates the
comparative study with SW Japan.

2. A stress gradient is present across the Nankai and Cascadia forearcs. In the frontal part
of the accretionary prism, the stress field is dominated by margin-normal compression as
evidenced by the thrust and fold structure. Further landward, the margin-normal stress is
similar to or less than the vertical stress as evidenced by the focal mechanisms of crustal
earthquakes. The margin-normal stress is controlled mainly by the total shear force along
the subduction fault (or the plate coupling force) and the gravitational force. Plate
coupling creates compression, and gravity induces lateral tension (all relative to the
lithostatic state). We modified our previous finite element model of two converging
plates in frictional contact to allow plastic failure of the prism. The model reproduced the
observed stress gradient, including the plastic failure in the accretionay prisms. The
results show that a very weak subduction fault is required.

3. We have developed a 3-D viscoelastic finite element model for Cascadia (Fig.1). The
model incorporated a local mantle viscosity value of 10*° Pa s recently determined from a
northern Cascadia postglacial rebound analysis conducted at PGC [James et al., 2000].
The model demonstrated a strong time dependance of interseismic deformation, and the
model deformation 300 years after a great earthquake agrees with GPS
observations[Fig.2].

Non-technical Summary



This project is directed at quantitatively explaining the observed crustal deformation and
stresses in the Pacific Northwest. Understanding the mechanism of the stress and strain
regimes leads to understanding the causes and consequences of both megathrust and
crustal earthquakes. The stress and strain regimes in SW Japan, as well as its tectonic
setting, are very similar to those in Pacific Northwest, and a comparative study will help
us understand the common processes. Much progress has been made in gathering and
analyzing GPS data, modelling forearc stresses, and developing a 3-D viscoelastic fintie
element model for earthquake related crustal deformation.
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Figure 1. A small portion (around the Pudget Sound) of the finite element mesh used for

the Cascadia subduction zone, viewed from southwest.



50N - fxf& ” -
Mﬂ'

10 mmifyr ﬁjgf

—> GPS data ¥
— Model ﬁﬂ ol

48“N : | | :
128"W 126°W 124'W 122°W
Figure 2. Comparison of velocities predicted by the 3-D viscoelastic finite element model

and those measured using the Global Positioning System (GPS) in the region of southern
Vancouver Island.




