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Neus Vidal a

a Universität Kiel, GEOMAR, Wischhofstraße 1–3, 24148 Kiel, Germany
b U.S. Geological Survey, 345 Middlefield Road, Menlo Park, CA 94025, USA

c U.S. Geological Survey, Woods Hole, MA 02543, USA
d Stanford University, Stanford, CA 94305, USA

e Oregon State University, Corvallis, OR 97331, USA

Received 24 November 1997; accepted 20 April 1998

Abstract

In April and May 1996, a geophysical study of the Cascadia continental margin off Oregon and Washington was
conducted aboard the German R=V Sonne. This cooperative experiment by GEOMAR and the USGS acquired wide-angle
reflection and refraction seismic data, using ocean-bottom seismometers (OBS) and hydrophones (OBH), and multichannel
seismic reflection (MCS) data. The main goal of this experiment was to investigate the internal structure and associated
earthquake hazard of the Cascadia subduction zone and to image the downgoing plate. Coincident MCS and wide-angle
profiles along two tracks are presented here. The plate boundary has been imaged precisely beneath the wide accretionary
wedge close to shore at ca. 13 km depth. Thus, the downgoing plate dips more shallowly than previously assumed. The
dip of the plate changes from 2º to 4º at the eastern boundary of the wedge on the northern profile, where approximately 3
km of sediment is entering the subduction zone. On the southern profile, where the incoming sedimentary section is about
2.2 km thick, the plate dips about 0.5º to 1.5º near the deformation front and increases to 3.5º further landwards. On both
profiles, the deformation of the accretionary wedge has produced six ridges on the seafloor, three of which represent active
faulting, as indicated by growth folding. The ridges are bordered by landward verging faults which reach as deep as the top
of the oceanic basement. Thus the entire incoming sediment package is being accreted. At least two phases of accretion are
evident, and the rocks of the older accretionary phase(s) forms the backstop for the younger phase, which started around
1.5 Ma ago. This documents that the 30 to 50 km wide frontal part of the accretionary wedge, which is characterized by
landward vergent thrusts, is a Pleistocene feature which was formed in response to the high input of sediment building the
fans during glacial periods. Velocities increase quite rapidly within the wedge, both landward and downward. At the toe
of the deformation front, velocities are higher than 4.0 km=s, indicating extensive dewatering of deep, oceanic sediment.
Further landward, considerable velocity variation is found, which indicates major breaks throughout the accretionary
history.  1998 Elsevier Science B.V. All rights reserved.
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1. Introduction

Cascadia, which includes the Pacific Northwest
of the United States and parts of adjacent British
Columbia, Canada, is presently undergoing rapid ur-
ban growth. This region is subject to a variety of
geohazards, including great earthquakes, explosive
volcanoes and tsunamis. These hazards are asso-
ciated with the Cascadia convergent margin along
which the offshore Explorer, Juan de Fuca, and
Gorda oceanic plates subduct obliquely northeast-
ward beneath the 1000 km long coast that extends
southward from Vancouver Island, B.C., to northern
California (Fig. 1).

Recent geologic studies indicate that a great
earthquake generated within the Cascadia subduc-
tion zone could devastate urban areas of the Pacific
Northwest. One such earthquake apparently rocked
this region as recently as 300 years ago, and much
debate has focussed on the seismic potential of this
region (e.g. Heaton and Kanamori, 1984; Atwa-
ter, 1992; Hyndman and Wang, 1993; Wang et al.,
1995; Satake et al., 1996). Little is known about
potential earthquake source regions along the in-
terplate decollement. In fact even the geometry of
the downgoing Juan de Fuca Plate beneath Oregon
and Washington, heretofore, could not be determined
because of the paucity of shallow (<30 km) earth-
quakes.

The ORWELL Project (ORegon and Washington
ExpLoration of the Lithosphere — a geophysical ex-
periment) set out to investigate the crustal structure
and earthquake hazards of the Cascadia subduction
zone beneath Washington and Oregon. Using the
R=V Sonne during April and May, 1996, we col-
lected seismic reflection and wide-angle refraction
data at sea and on land (Flueh and Fisher, 1996).

Using these data and those from the 1995 Wash-
ington seismic transect (Luetgert et al., 1995) we
can now accurately track the downgoing plate from
the trench to its position below the coast, solving
a problem that has long vexed seismologists. Addi-
tionally, the structure of the Washington margin is
revealed in considerable detail. In the present article,
we report on two coincident MCS=wide-angle seis-
mic profiles from the Washington margin and their
interpretation.

2. Regional background

The Explorer, Juan de Fuca, and Gorda plates are
the last remnants of the Farallon Plate, which was
almost completely subducted beneath western North
America during Mesozoic and Cenozoic time (Enge-
bretson et al., 1985). These small plates are separated
from the Pacific Plate by the Juan de Fuca Ridge sys-
tem, which is actively spreading (Delaney et al.,
1981; Sinton and Detrick, 1992). Young oceanic
lithosphere (4–8 Ma) is presently subducting be-
neath the Cascadia margin at about 4 cm=yr (DeMets
et al., 1990), as the ridge migrates northeastward
toward the subduction zone. A thick, actively de-
forming accretionary wedge is forming along the
base of the continental slope off Washington.

Despite the young age of the downgoing Juan de
Fuca Plate, a thick sedimentary sequence (about 3.5
km at 45ºN) is entering the subduction zone. A lower
layer consisting of continentally derived turbidites
and hemipelagic mud is overlain by Quaternary sed-
iment of the Astoria Fan off Oregon and the Nitinat
Fan off Washington (Applegate et al., 1992). These
fans include deposits from the Columbia River and
the Strait of Juan de Fuca. The result is a rapid sea-
ward growth of the wedge, about 30 to 50 km over
the last 2 m.y. (Barnard, 1978).

The active Cascade magmatic arc, which consists
of about 20 major andesitic stratovolcanoes and thou-
sands of smaller volcanic vents, extends 1200 km from
Meagher Mountain in southern British Columbia to
Lassen Peak in northern California, consistent with
the subsurface extent of a subducted slab at about 100
km beneath the full length of the arc (Finn, 1990).
Most of the accretionary complex lies offshore, ex-
cept in the Olympic Mountains and near Cape Men-
docino, where parts of the wedge extend onshore.
The complex is bordered to the east by Paleocene
to Early Eocene basement rock collectively called
the Siletz Terrane. The western border of the Siletz
Terrane has in places been mapped with seismic re-
flection and magnetic data (Snavely, 1987). Geologic
mapping in accretionary assemblages of the western
Olympic Mountains (Rau, 1975, 1979; Snavely et al.,
1986, 1989; Snavely and Kvenvolden, 1989) and in-
terpretation of seismic profiles on the Vancouver Is-
land margin (Snavely and Wagner, 1981; Clowes et
al., 1987; Davis and Hyndman, 1989), on the Wash-
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Fig. 1. The main tectonic units and segmentation of the Cascadia margin, modified from Wells et al. (1996).

ington shelf (Snavely and Wagner, 1982), and on the
Oregon continental slope (Snavely et al., 1986, 1987,
1993) indicate that strata as young as Miocene have
underplated older rocks along the convergent margin.

In the uplifted core of the Olympic Mountains of
northern Washington, accretionary material is thrust
beneath the Coast Range basalt basement (Crescent
formation) along a major thrust fault that juxtaposes
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Middle Eocene melange and broken formation (MBF)
to the west against coherent masses of basalt and
overlying strata to the east (Tabor and Cady, 1978;
Brandon et al., 1988; Snavely et al., 1993). On
nearby Vancouver Island, reflection and refraction
profiles of the Canadian Lithoprobe program indi-
cate that Eocene accretionary strata underplate Lower
Eocene basalt and the structurally overlying pre-Ter-
tiary rocks (Clowes et al., 1987; Dragert et al., 1994).

To the south, the extent of the accretionary wedge
beneath the rest of the Coast Range is unknown. In
a marine multichannel seismic survey and geologic
profile across the continental shelf near Grays Har-
bor, Washington, Snavely and Wagner (1982) sug-
gested that part of the accretionary wedge is thrust
eastward beneath a thin upper plate of Coast Range
basalt. Shelf- and slope-basin fill of Oligocene and
younger age overlies the basalt basement offshore.
Thrusting, fault-bend folding, and diapiric intrusion
of mud matrix melanges continue to deform the
accretionary wedge and overlying basin fill to the
present. Although the upper levels of the subduction
complex have been successfully imaged in several
places, the deep structure of the accretionary wedge,
its extent beneath the Coast Range basalt, its ef-
fect on the geometry of the subducting slab, and its
physical properties at depth are poorly understood
(Calvert, 1996).

Farther to the south, off central Oregon, the ac-
cretionary wedge is narrower, and the Coast Range
basalt extends farther offshore (Snavely, 1987), pos-
sibly forming a backstop for the subduction complex
(Snavely et al., 1980; Trehu et al., 1994). Most
of the seismic profiles off Oregon show an accre-
tionary complex, composed of offscraped sediment
and overlying slope basin deposits that are under-
going thrusting and folding from the deformation
front landward to a pronounced outer-arc high along
the shelf–slope break (e.g. Snavely et al., 1980;
Niem et al., 1990). In other subduction zones, this
outer-arc high typically correlates with the seismic
front (Byrne et al., 1988) and presumably the be-
ginning of strong seismic coupling in the subduction
zone. However, in Oregon and Washington, there
is little or no seismic activity along the coast. Ac-
cording to Byrne et al. (1988), high pore pressure
in accretionary wedges inhibits buildup of interplate
shear stresses. In support of this observation, over-

pressured melange units have been identified in oil
exploration boreholes on the Oregon shelf inboard of
the outer-arc high (Snavely, 1987).

Although the convergent margin of Cascadia ex-
hibits many characteristics typical of subduction
zones, in several ways it is unique because the
small subducting oceanic plates offshore Cascadia
are caught in the dextral shear couple between the
encroaching Pacific and North American plates. The
upper (continental) and lower (oceanic) plates thus
appear to be breaking up into rotating blocks (Wells
and Heller, 1988; Wells, 1989, 1990). As a result,
along strike, the Cascadia margin exhibits dramatic
north–south variations in seismicity, volcanism, and
regional deformational patterns (Fig. 1).

A common feature of the internal structure of sub-
marine accretionary wedges are seaward vergent, im-
bricate thrust slices separated by landward dipping
faults, resulting in sediment accretion and growth of
the continental margin (Moore et al., 1990). Off Ore-
gon, however, landward vergence is observed at 45ºN
while to the north and south, ‘normal’ seaward ver-
gence predominates. This opposite sense of vergence
has only occasionally been observed elsewhere. To
explain the landward vergence, models have been pro-
posed that apply the Mohr–Coulomb theory, in which
low basal shear stress, an arcward dipping decolle-
ment and a relatively strong wedge are required
(Seely, 1977; MacKay et al., 1992; MacKay, 1995).

2.1. Data acquisition

Geophysical equipment deployed for this exper-
iment included fourteen ocean-bottom hydrophones
(OBH) from GEOMAR (Flueh and Bialas, 1996)
and nine 3-component ocean-bottom seismometers
(OBS) from the USGS. (In this paper we refer to
both kinds of instrument as OBS.) A total of 116 de-
ployments was made and processing and plotting of
all data as record sections was completed aboard
(Flueh and Fisher, 1996). Multichannel seismic
(MCS) equipment included a 48-channel, 2400-m
streamer that yielded 24-fold, 16-s data. Altogether,
thirteen profiles (101 to 113, Fig. 2) with a total
length of 1385 km were recorded, and initial pro-
cessing of two lines was completed while at sea. A
critical component of the seismic operation was the
airgun array, which consisted of two linear subarrays,
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Fig. 2. Location of seismic reflection (101 to 113) and refraction lines (SO10, SO11, and SO12) acquired across the Washington margin
during cruise 108 — ORWELL. The depth (km) of oceanic basement is interpolated between the two refraction profiles.

each with eight guns. While collecting wide-angle
data, a 104 l (6350 in3) array was deployed and
the array volume was reduced to 88 l (5335 in3)
for the MCS survey. Onshore portable seismometers,
operated by scientists of the USGS and Oregon State
University, and permanent earthquake seismometers,
operated by the University of Washington, recorded
wide-angle data to investigate the deep crustal struc-
ture of the continental margin during both offshore
wide-angle and MCS data acquisition.

We examined two main areas — one west of
central Oregon and the other off Washington. In
Fig. 2 a location map of the Washington survey is
shown. Line SO10=107 is the westward extension
of the 1995 USGS SW-Washington refraction profile
(Luetgert et al., 1995), which now extends from the
Columbia plateau across the magmatic arc to the
Juan de Fuca Plate.

The MCS data have been stacked followed by a
constant velocity migration. The western part of two
dip lines (those coincident with wide-angle profiles
SO10 and SO12) were processed through pre-stack
depth migration. All sections reveal the structure of
the accretionary wedge in outstanding detail, and
when they are combined with velocity information
from the wide-angle data, detailed images of the
crustal structure across the margin were obtained.
In this paper, we present the two MCS profiles
off Washington (103 and 107), on which coincident
wide-angle data SO10 and SO12) were collected.

2.2. Seismic data analysis

2.2.1. Profile SO12=103
The MCS profile 103 is 170 km long (Fig. 3) and

extends from the ocean basin to the shelf. The shot
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Fig. 3. Post-stack-migration of line 103, vertical exaggeration approx. 5 : 1 at the seafloor.
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Fig. 4. Pre-stack depth migration of the seaward part of line 103 and velocity model, vertical exaggeration 2 : 1.
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spacing was 50 m during the MCS work and 100
m for the wide-angle work. Along this line, a total
of 21 OBS were deployed, and all but one recorded
useful data. One instrument (OBH 66) was found
several miles off its deployment position; it had been
dragged by a fishing vessel and recorded the shots
about 4 miles off the line. Signals were generally
well recorded to distances of 60 km landward and
more than 80 km seaward before being overprinted
by the water wave from the previous shot. Instru-
ments deployed on the shelf generally show a high
noise level, and signal penetration is slightly less
than normal. The wide-angle shooting was extended
seaward 20 km beyond the end of the MCS line to
obtain reversed coverage across the oceanic crust.

Processing of the MCS data was completed to post-
stack time migration (Fig. 3) and included a f-k do-
main multiple suppression process, that is based on
move-out differences between primary and multiple
events in the CMP gather. To improve the temporal
resolution of the seismic data, pre-stack predictive
deconvolution was applied followed by a time vari-
ant normalization. After CMP stacking, a spatial and
time variant application of an f-k filter resulted in
the suppression of side-swipe in the data collected on
the shelf area. To define the velocity information for
time migration, stacking velocities were converted to
interval velocities and manually smoothed.

The seaward part of this profile (CMPs 200 to
4000) was further processed using pre-stack depth
migration to obtain a more detailed image. The ve-
locity field was established using several iterations
of depth focusing error analysis of the MCS data and
forward modelling of the OBS recordings using in-
teractive ray-tracing (Luetgert, 1992). The resulting
image and the velocity field are shown in Fig. 4 at a
vertical exaggeration of 2 : 1. Using all OBS record-
ings and the post-stack time migration, a structural
model for the entire line was achieved as shown
in Fig. 5. In the region of overlapping near-vertical
and wide-angle coverage, the velocity fields from
pre-stack depth migration and from ray-tracing differ
by less than š0.1 km=s. The velocity field for the
pre-stack depth migration is much more detailed and
had to be smoothed to avoid artifacts in the ray-trac-
ing. Modelled travel times of the wide-angle data
generally fit the observations better than 0.1 s, and in
no case differ more than 0.2 s.

2.2.2. Profile SO10=107
Profile SO10 was located between the depocen-

tres of the Nitinat and the Astoria Fans and is 190 km
long (Fig. 6). Twenty-one OBS were deployed along
this line for the wide-angle experiment. All instru-
ments recorded the airgun shots, but, as for profile
SO12, data collected in shallow water suffered from
high noise level and poor signal penetration on the
upper shelf. Here, the seafloor is formed by a car-
bonate platform with a rough surface topography
exposed by glacial erosion (Flueh and Fisher, 1996).
For the nearly 130 km long coincident MCS profile
107, the same processing sequence as for profile 103
was applied. The post-stack migration and the pre-
stack depth migration sections with the velocity field
are shown in Figs. 6 and 7. The velocity model from
the wide-angle data is shown in Fig. 8.

2.3. Data interpretation

2.3.1. Profile SO12=103
On the Juan de Fuca Plate, sediment thickness

increases landward towards the margin from 1.5 km
to 2.7 km over a distance of 50 km. Three layers can
be distinguished by their velocities (Fig. 5). The sed-
iment thickening involves no significant change of
water depth and is comprised of the Nitinat Fan de-
posits. The top of the oceanic crust can be followed
throughout the profile and is imaged to a depth of 12
km (Fig. 2) underneath the landwardmost OBS (30),
where reflections occur at 6.5 s TWT. The Moho of
the Juan de Fuca Plate is clearly recognized from
strong wide-angle reflections and Pn phases in the
wide-angle data, but is not seen in the MCS data
where the corresponding near-vertical reflections are
masked by strong multiples.

The velocity within the downgoing oceanic crust
was determined from the wide-angle data only, since
the focusing error analysis of the pre-stack depth mi-
gration has no strong reflections on which to operate
and thus little sensitivity at this depth. Correspond-
ingly, first-order velocity discontinuities are absent in
the approximately 6 km thick oceanic crust (Fig. 5).
The crust can be subdivided into layer 2, layer 3a
and 3b, based upon the velocity gradients. Each
layer is about 2 km thick, velocities in layer 2 in-
crease rapidly from 4.9 to 6.2 km=s, in layer 3a from
6.2 to 6.8 km=s and from 6.8 to 7.0 km=s in layer 3b.
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Fig. 5. Velocity model along SO12 from wide-angle data, vertical exaggeration 5 : 1.

Underneath the margin, the velocities in each layer
show a moderate increase of about 0.1 to 0.2 km=s
when compared to the ocean basin. This increase is
most pronounced in layer 2 where the high velocity
gradient changes into a moderate velocity gradient
at the expense of the low velocities. In the model
shown in Fig. 5, the velocities in layer 2 range from
6.0 to 6.2 km=s at the easternmost end. The dip of
the oceanic crust increases at the western border of
the mid-slope terrace (CMP 2800) from 2º to 4º.

The margin can be subdivided into three units:
the lower slope, (CMP 2100 to 3800), the mid-slope
terrace (CMP 3800 to 5700) and the shelf (CMP
5700 to 7000) (Fig. 3). Seaward of the lower slope
is a 6.5 km wide distributary channel of the Nitinat
Fan (CMP 1900 to 2150). Below this channel, a
landward vergent thrust fault has developed, and
defines the next package of sediment that will be
accreted to the toe of the wedge. In this area the
wedge consists of six anticlinal thrust faulted ridges,
one of which (around CMP 3000) is buried beneath
the seafloor. A similar pattern was seen on the profile
101 to the north (Flueh and Fisher, 1996).

2.3.2. Profile SO10=107
The clearly imaged oceanic plate dips 0.5º to

1.5º adjacent to the slope, where sediment is 2.2
km thick. Just landward below the second ridge
the dip increases to 3.5º (Fig. 8). Similar to the
northern line, the velocities increase from 4.9 km=s
on the top (layer 2) to 7.0 km=s at the base of the
crust, with no first-order boundary within the oceanic
crust. Beneath the middle and upper shelf, velocities
in layer 2 increase to 6.0 km=s. Sediment on the
incoming Juan de Fuca Plate can be subdivided into
three units, with velocities ranging from 1.7 to 2.0
km=s in the first layer, 2.3 to 2.4 km=s in the second
and more than 3.0 km=s in the third layer.

Across the shelf, velocities increase rapidly with
depth. As for SO12=103, the prism can be subdi-
vided into the lower slope (CMP 3000 to 4300), the
mid-slope terrace (CMP 4300 to 1400 and the shelf
(CMP <1400) (Fig. 6). The lower slope comprises
five ridges. Above the subducting oceanic crust the
velocities increase from 4.0 km=s near the toe of
the wedge to 5.0 to 5.4 km=s at the end of the
profile (Fig. 8). Below the western end of the upper
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Fig. 6. Post-stack-migration of line 107, vertical exaggeration approx. 5 : 1 at the seafloor.
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Fig. 7. Pre-stack depth migration of the seaward part of line 107 and velocity model, vertical exaggeration 2 : 1.
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Fig. 8. Velocity model along SO10 from wide-angle data, vertical exaggeration 5 : 1.

shelf, beneath OBS 48 to 50, a high velocity block
separates two basins, each about 6 km deep.

3. Discussion

The two lines show a general similarity, but also
notable differences. The oceanic plate and its sedi-
ment cover is similar on both lines. Near the toe of
the wedge, the sediment thickness is 1 km greater
on line 103 than on 107 due to the Nitinat Fan. A
distinct change in the reflection pattern in the upper
plate is seen east of OBH 17 on line 107 and OBH
71 on line 103. To the west, five to six ridges on
the seafloor all show a similar deformation pattern
with clear landward vergent thrust slices. To the east,
the mid-slope terrace is underlain by laterally dis-
continuous and sharply curved reflections that are
covered by undeformed Pleistocene slope deposits
with markedly lower velocities. The surface slope
angle is approximately 2º on both profiles. At greater
depth, reflections of the lower units become discon-
tinuous, except the plate boundary reflection which
is imaged to the end of the line.

We tentatively propose that the rocks to the east
of where the change in reflection pattern occurs form
the backstop for recent accretion. They are from an
older period of accretion and are competent enough
to have resisted major deformation in the youngest
accretionary phase, since reflections near seafloor are
essentially undeformed. Deformation at depth may
be still occurring here, but does not contradict frontal
accretion as demonstrated elsewhere (Kukowski et
al., 1994). The area of youngest accretion is 10 km
wider (45 km) in line 103 than it is in 107 (35
km). The good control on seismic velocities provides
high precision volume estimates. When comparing
the two lines we find that within the region of recent
accretion an additional cross-sectional area of 70
km2 is accommodated along line 103, if 3-D effects
are neglected. Taking the sediment thickness at the
deformation front as a measure of input (2.2 km for
line 107, 2.7 km for line 103), we estimate that the
onset of this accretionary phase is roughly 1.5 Ma
(Early Pleistocene), assuming uniform convergence
rates (4.0 cm=yr), constant sediment input without
sediment bypass, and a 20% reduction in the ac-
creted sediment volume due to fluid loss. The largest
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uncertainty is the sediment input, since the growth
process for Nitinat Fan is difficult to quantify. Inter-
estingly, the volumetric estimates give identical ages
for both lines despite the differences in present-day
sediment input and volume of the accreted wedge.
This, for the first time, clearly documents that the
rapid growth of the wedge through landward verging
thrusts is a Pleistocene feature, resulting from the
high sediment input building the fans, as a conse-
quence of glaciation.

The structural differences in the first ridge docu-
ment that accretionary structure is laterally at differ-
ent stages of evolution. The seaward dipping thrust
fault that defines the first ridge has a markedly lower
slope on 107 than on 103, where it has been rotated
to a much steeper angle. The lower dip indicates that
this ridge is not yet fully developed and still growing
before strain will be transferred seaward to form the
next thrust ramp, as on line 103, seaward of the first
ridge. The observed structural differences may also
be interpreted as reflecting differences in physical
properties and the stress regimes. However, since
both lines are located on Nitinat Fan no large vari-
ations of the physical properties are expected. This
is also supported by the similarity of the seismic
velocities on both lines (Figs. 5 and 8).

At the first ridge, the depth of the decollement on
both lines corresponds to the boundary between the
intermediate (2.1–2.5 km=s) and high velocity (3.1
km=s) sedimentary layers, with the high velocity
layer bypassing the first ridge. This layer, identi-
fied as calcareous pelagic ooze (Duncan and Kulm,
1989), lies between the basement and overlying silt
turbidites and interbedded muds. Similar high ve-
locities in this interval have been reported from the
Oregon margin (Cochrane et al., 1994), but seem to
be absent off Vancouver Island (Yuan et al., 1994).
Beginning at the second ridge, the decollement steps
down to the oceanic basement and the high velocity
layer is offset along a seaward dipping thrust fault,
as seen on 103 for the third ridge (CMP 2450–2600).
Therefore, the second and third ridges may still be
growing.

Five layers can be distinguished in the upper plate
in the two velocity models (Figs. 5 and 8). A general
velocity gradient is observed landward and down-
ward, and high (>4.0 km=s) velocities are found
beneath the toe of the wedge. The velocity increase

begins several kilometres seaward of the deformation
front, and was observed elsewhere along the Casca-
dia margin (Yuan et al., 1994; Cochrane et al., 1994;
MacKay, 1995). This observation was interpreted
as substantial dewatering, loading-induced physical
compaction, and diagenetic changes.

Fragments of igneous crust may account for the
high velocities (>5.0 km=s) beneath the shelf. This
possibility is supported by the observation that the
reflection character of the plate boundary varies in
amplitude along the profiles (Figs. 3 and 6). It is
not clear whether this variation is an artifact of the
acquisition=processing, or indicative of changes in
acoustic impedance due to fracturing of the basement
as tentatively defined by velocities >5.0 km=s. This
is the first well consolidated rock that might store
strain energy which could be released during a great
earthquake.

Near the edge of the shelf, both profiles display
a high velocity (3.5–3.8 km=s) structure at shal-
low depth, that separates low velocity basins on
both sides. Although the incorporation of the land
data will later help to define the eastern basins in
more detail, the high velocities on profile SO10
are clearly shallower close to the coast. A steeply
inclined boundary separating sediment (2.4 km=s)
from a 4.6 to 5.4 km=s layer is interpreted as the top
of the Siletz Terrane, as suggested by Snavely (1987)
and also supported by aeromagnetic data (Snavely
and Wells, 1996). Unfortunately, fishing activity pro-
hibited the collection of MCS data closer to the
coast. It is unclear how far the Siletz Terrane extends
seaward, since it cannot be distinguished on the ba-
sis of velocities alone from rocks underlying the
accretionary wedge beneath the mid-slope terrace.
In contrast, on profile SO12, rocks with velocities
of 5.0 km=s reach as shallow as 5 km beneath the
upper slope, with steep boundaries on both sides.
Landward, predominantly intermediate velocities are
found (3.4 to 3.7 km=s) beneath the Pliocene sedi-
ment. This is consistent with earlier suggestions that
the Crescent Terrane, the northern continuation of
the Siletz Terrane, which is well exposed on the
Olympic Peninsula, does not extend offshore on the
Washington shelf (Snavely and Wagner, 1982), thus
no high velocities are expected here. The interme-
diate velocities probably correspond to the Eocene–
Oligocene melange exposed onshore on the Olympic
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Peninsula. As for SO10, the nature of the higher
velocities (>5.0 km=s) at greater depth remains un-
known. Future integration of the land recordings will
put further constraints on this region.

4. Conclusions

The two seismic profiles across the accretionary
wedge presented here allow the internal tectonic
structure and velocity field to be defined in great
detail. The dip of the downgoing plate increases
towards the continent (Fig. 2), but is significantly
shallower than previously assumed (Hyndman and
Wang, 1995; Hyndman, 1995). Consequently, a
larger part of the plate boundary lies within the
cold seismogenic zone. Therefore, the potential area
of large earthquakes may extend farther inland and
closer to urban areas than previously believed.

The Washington margin accretionary prism is also
characterized by a low seafloor dip, which, in combi-
nation with the low plate dip, suggests a weak basal
decollement. On the other hand, the rapid lateral in-
crease in the velocity argues for a porosity decrease
and increasing strength of rocks in the lower part
of the accretionary wedge. The coincidence of low
basal friction underneath a relatively strong material
might be a cause of the seaward verging thrust faults,
which is consistent with earlier models (Seely, 1977;
MacKay, 1995).

Thrust faults separating ridges at the toe of the
prism exhibit a listric shape and, except for the first
ridge, extend down to the top of the oceanic base-
ment, indicating that the entire thickness of incoming
sediment is frontally accreted. The faults could be
efficient pathways for fluid transport. If so, decreased
fluid pressure could result temporarily in high basal
friction. One could speculate that Cascadia seismic-
ity may exhibit a cyclic behaviour regarding changes
in the amount of basal friction. This could be an ex-
planation for the scarcity of seismic events and also
for their episodic occurrence (Meyers et al., 1996).
However, little is known about the time required to
develop high pore pressure regimes in subduction
zones (Bekins et al., 1995).

The geometry of the Cascadia subduction zone
seems to be much more variable than previously
thought, both in space and time. The Washington

margin was strongly influenced by the accretion of
Nitinat and Astoria Fan sediment, and thus differs
markedly from the Vancouver and central Oregon
segments. The onset of glacial sedimentation caused
a major reconfiguration of the style of accretion.
The two lines presented here from within the Wash-
ington margin also show local variability, and we
expect, that by balancing these and the remaining
lines collected within ORWELL, we shall be able to
understand the internal structure and the history of
this segment in more detail.
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