
We interpret the reflector as the Moho of
the subducting Juan de Fuca plate on the
basis of two observations. First, the wide-
angle reflections are often larger in amplitude
than direct arrivals beyond 100-km source-
receiver distance and are not observed closer
than 55 km, indicative of postcritical reflec-
tions associated with an increase in velocities
with depth across the reflector. Second, the
3D model demonstrates increases in veloci-
ties with depth in the vicinity of the reflector,
leading to typical mantle velocities of 8 km/s
just below the reflector.

We separate the intraslab earthquakes
into two groups: those up-dip (west) of the
45-km reflector contour and those down-
dip of this contour. The up-dip events gen-
erally occur at or below the reflector (Figs.
1 and 2). None of these events unambigu-
ously occur above the reflector, considering
the combined estimated 2-km uncertainty
(14 ) in the earthquake locations and reflec-
tor position. In contrast, the down-dip events
generally occur at or above the reflector, defin-
ing an 8-km-thick zone (Fig. 2).

We propose that the up-dip events occur
within the subducted oceanic mantle. In the
laboratory, serpentinite, a hydrated mantle
rock expected to exist in the uppermost oce-
anic mantle (15), becomes brittle under de-
hydration conditions, forming a visibly wet,
clearly defined fault in laboratory samples
(16, 17). The pressure-temperature (P-T)
conditions experimentally determined for this
reaction coincide with the P-T conditions pre-
dicted for Cascadia in the vicinity of the
up-dip events (16, 18) (Fig. 3). Thus, we
interpret the up-dip events as earthquakes
induced by dehydration of serpentinite in the
mantle. These mantle earthquakes are con-
fined to a roughly 5-km-thick zone with a
dip that is slightly shallower than that of
the slab Moho, but which is parallel to
predicted isotherms (18). Dehydration of
serpentinite occurs nearly isothermally at
these depths (Fig. 3), and thus this behavior
is expected (19). In contrast, we propose
that the down-dip events generally occur in
the subducted oceanic crust as a result of
embrittlement associated with progressive
dehydration (Fig. 3).

The velocity of the rocks within which the
earthquakes occur is consistent with this pro-
posed spatial change in earthquake driving
mechanism. The up-dip events nucleate in
rocks with a velocity of 7.5 to 8.1 km/s, where-
as the down-dip events nucleate in rocks with a
velocity of 6.8 to 7.5 km/s (20). Deserpentini-
zation of partially serpentinized mantle rocks
should result in an upper-mantle velocity of !8
km/s, whereas eclogitization of lower oceanic
crust should result in a progressive velocity
increase from !6.8 to 8 km/s (19).

Our interpretation requires knowledge of
the relative locations of hypocenters, the re-

flector, and wave-speed contours to within
about 2 km. We have performed specific
resolution and error-analysis tests to deter-
mine our ability to resolve these parameters.
Velocity checkerboard tests indicate the nec-
essary resolvability, i.e., little smearing,
strong pattern matching, and more than 50%
amplitude return along the cross section
shown in Fig. 2 using 30-km horizontal and

15-km vertical length scales, especially in the
top 20 km of the model, but also within the
subducting slab where earthquakes occur
(fig. S2). To test whether we would be able to
see a low-velocity zone (LVZ) associated
with the subducted crust, we perturbed our
model by placing an 8-km-thick LVZ above
and parallel to the reflector, calculated travel
times for this model, added random noise to

Fig. 1. Depth of reflec-
tor surface (colored
area) and relocated
intraslab earthquakes
relative to the reflector
[inverted blue triangles:
more than 2 km be-
neath the reflector;
maroon circles: within 2
km of the reflector; red
triangles: more than 2
km above the reflector;
black circles: reflector
depth unknown; stars:
Mw 5.8 Satsop (left)
and Mw 6.8 Nisqually
(right) earthquakes].
The dashed box corre-
sponds to the cross sec-
tion shown in Fig. 2 and
is parallel to the relative
plate motion direction.

Fig. 2. Interpreted cross section (see dashed box in Fig. 1) showing compressional velocities
(contoured at 0.5-km/s intervals), relocated seismicity (black circles: continental crustal events;
colored symbols: intraslab events coded as described in Fig. 1), and Moho reflector (blue line).
Interpreted top of subducting plate (red line) is drawn 7 km above reflector. The region between
these lines is interpreted to be the subducting oceanic crust, composed of basalt above 40-km
depth (horizontal green line) and beginning to transform to eclogite below. Subducting mantle is
below the blue line. Low velocities in the mantle wedge imply the presence of serpentinite. There
is no vertical exaggeration.

R E P O R T S

14 NOVEMBER 2003 VOL 302 SCIENCE www.sciencemag.org1198


