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Volatiles that are transported by subducting lithospheric plates
to depths greater than 100 km are thought to induce partial
melting in the overlying mantle wedge, resulting in arc magma-
tism and the addition of significant quantities of material to the
overlying lithosphere1. Asthenospheric flow and upwelling
within the wedge produce increased lithospheric temperatures
in this back-arc region, but the forearc mantle (in the corner of
the wedge) is thought to be significantly cooler. Here we explore
the structure of the mantle wedge in the southern Cascadia
subduction zone using scattered teleseismic waves recorded on
a dense portable array of broadband seismometers. We find very
low shear-wave velocities in the cold forearc mantle indicated by
the exceptional occurrence of an ‘inverted’ continental Moho,
which reverts to normal polarity seaward of the Cascade arc. This
observation provides compelling evidence for a highly hydrated
and serpentinized forearc region2, consistent with thermal and
petrological models of the forearc mantle wedge. This serpenti-
nized material is thought to have low strength and may therefore
control the down-dip rupture limit of great thrust earthquakes,
as well as the nature of large-scale flow in the mantle wedge.
In 1993–94, researchers at the Oregon State University deployed

about 40 seismometers at 69 sites across central Oregon as part of an
IRIS-PASSCAL experiment to investigate detailed structure of the
Cascadia subduction zone3 (Fig. 1). Stations were located at inter-
vals of 5 km, and recorded high-quality P-wave seismograms from
31 earthquakes at teleseismic (30–1008) distances. The array geo-
metry and station density permit the application of formal, multi-
channel waveform inversions of scattered waves arriving after the
direct P-wave that are generated by discontinuous structure below
the array4,5. These scattered waves include both forward-scattered P-
wave-to-S-wave conversions and back-scattered waves afforded by
free-surface reflections, and are sensitive to discontinuities in shear-
wave velocity and density.
In Fig. 2a we display an image of S-wave velocity perturbations

beneath central Oregon as determined from the simultaneous
inversion of scattered waves from the 31 earthquakes. The pertur-
bations are defined with respect to a smoothly varying, one-
dimensional reference model. The limited frequency content of
the scattered wave data results in a bandpass-filtered approximation
to the true perturbation structure. Planar discontinuities are there-
fore defined by rapid transitions from high/low to low/high velocity
perturbations. Two prominent structures dominate the image in
Fig. 2a. The continental Moho is evident as a boundary near 36 km
depth across the eastern portions (east of2122.38 longitude) of the
section, where it separates low-velocity (shown red) continental
crust from high-velocity (shown blue) mantle. The Moho persists

seaward to approximately 40 km west of the arc, beyond which it
apparently disappears. At the western edge of the profile we note an
approximately 10-km-thick, low-velocity layer centred at 25 km
depth, which dips shallowly at ,108. As in an earlier forward
modelling study employing the same data set3, this layer is associ-
ated with the oceanic crust of the subducting Juan de Fuca plate. By
45 km depth, the oceanic Moho (lower boundary of oceanic crust)
dips more steeply (,308) and exhibits a reduced velocity contrast. It
can be traced to a depth of ,90 km towards the eastern end of the
profile. The upper boundary of subducted Juan de Fuca crust
appears to possess a landward evolution that is more complex
than that of the underlying Moho. At 30 km depth, the upper-
crustal boundary apparently levels off and adopts a horizontal
trajectory with diminishing velocity contrast to the east. The
relation of this subhorizontal boundary with the continental
Moho further landward, or with the dipping oceanic Moho
below, is unclear. However, there is an absence of strongly discon-
tinuous structure in the intervening volume.

To understand the nature of these variations in velocity structure,
we need to consider the water budget of the downgoing oceanic
crust, the effects of hydration on mantle peridotite, and tempera-
tures across the subduction complex. It is generally understood that
significant quantities of aqueous fluid are expelled from the down-
going crust and sediments as they encounter increasing pressure and
temperature6. Much of this fluid is driven off at shallow levels, but
estimates of fluid fluxes based on core and downhole measure-
ments7 suggest that, over 10–20Myr, sufficient H2O is released at
subcrustal levels to hydrate the entire forearc mantle. Hydration of
depleted peridotite (the dominant mantle rock type comprising
olivine, orthopyroxene and lesser amounts of clinopyroxene and
Cr-spinel) will stabilize a variety of hydrous minerals, in particular,
serpentine8. The stable mineral assemblage will depend on tem-
perature, pressure and bulk composition, especially SiO2 content. In
addition to serpentine minerals, hydrated peridotite may contain
additional hydrous minerals, such as amphibole, brucite, chlorite
and talc. Antigorite is the main serpentine mineral in ultramafic
rocks metamorphosed under moderate temperatures, and is stable
to temperatures of 620–720 8C at depths between 30 and 150 km
(ref. 9).

In addition to supplying the fluids that hydrate the overlying

Figure 1 Relief map of central Cascadia subduction zone. Locations of broadband, three-
component seismic stations that recorded the data employed in this study are shown as

white squares. Note that the array is oriented approximately perpendicular to the strike of

major topographic features associated with the subduction zone.
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