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Slabs and shear wave reflectors in the midmantle
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[1] An extensive analysis of multiple ScS reverberation data sets sampling regions of
active or recent subduction reveals evidence of midmantle reflections apparently
stemming from fragments of subducted slabs or from the interaction between
subducted slabs and the surrounding mantle. Transition zone reflectors are detected
beneath the southwest Pacific Ocean and Melanesia with mean depths of ~850 and
1100 km in the majority of source—receiver corridors crossing the study area. The
observations are most spatially coherent beneath the Coral and Tasman Seas. Coincident
observations of the two reflectors along most seismic corridors suggests (but does not
mandate) the existence of two distinct reflectors rather than bimodal depth distribution of a
single reflector or distributed scatterers. Beneath North America, reflectors at depths of
~1380 and 1530 km are seen in the midcontinent region; further east, the reflections are
shallower, with depths near 940 and 1130 km. Unlike the southwest Pacific, the reflectors
are not paired in any of the individual source—receiver corridors. This and the depth
variability of the observations indicate that the reflector (or reflectors) in the Americas
is (are) fragmented from west to east (transecting source—receiver corridors). The
impedance contrasts of these features rival that of the 660-km discontinuity, suggesting
that individual fragments of the reflecting surfaces must be relatively continuous and
flat from north to south (along individual corridors) to maintain a strong apparent
impedance contrast. The reflections in both study areas are unlikely to be the result of
slabs interacting with a chemical boundary layer or small-scale scatterers within the
midmantle. More likely these reflectors result from a pressure—temperature-dependent

phase transition within or around subducting slabs.
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1. Introduction

[2] “How many degrees of compositional freedom exist
in the Earth’s mantle?” is an enduring question. In its early
evolution, it focused on the existence of a chemically
distinct lower mantle, an idea that can be traced at least as
far back as Washington’s “Lithosporic™ layer as postulated
by Williamson and Adams [1923]. More modern arguments,
including the need for a geographically extensive yet
infrequently tapped so-called primitive mantle reservoir,
difficulties in explaining the high-frequency reflectivity of
the 660-km discontinuity [Lees et al., 1983], the floor-to-
slab seismicity, and doubts about convective penetration of
the transition zone [e.g., Knopoff, 1964; Ringwood, 1972]
led many researchers to postulate a primordial (or nearly so)
reservoir occupying the whole of the lower mantle [e.g.,
DePaolo, 1980; Wasserburg and DePaolo, 1979], segregated
by its greater intrinsic density, an endothermic reaction at
660 km depth, and, perhaps, much greater viscosity.
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[3] Seismic demonstration of slabs penetrating the tran-
sition zone with sufficient flux to flush the lower mantle
several times over [e.g., Creager and Jordan, 1984; Grand
et al., 1997; van der Hilst et al., 1997] prompted a revisiting
and recasting of the question. Perhaps the boundary be-
tween the reservoirs is semipermeable? Former oceanic
crust might be stripped off of subducting oceanic litho-
sphere and kept in the upper mantle or transition zone,
feeding growth of lowermost transition zone megalith suites
[e.g., Ringwood, 1982]. Or perhaps the lower mantle is
intrinsically denser than the upper mantle such that
slab penetration occurs without significant entrainment, slab
residence time in the lower mantle is limited and slab
assimilation is negligible [e.g., Silver et al., 1988], allowing
for slab penetration and maintenance of chemically distinct
reservoirs.

[4] Conversely, convective mixing calculations suggest
that even relatively small heterogeneities can have long
half-lives in the face of turbulent mantle flow and could, in
a plum-pudding sense, satisfy the need for a long residence
time reservoir [e.g., Gurnis and Davies, 1986]. Could the
geochemically mandated primitive reservoir be many bodies
spun like lottery balls in the mantle? If so, a crucial question
is the size distribution of the bodies. Geochemistry provides
some clues, for example the Dupal anomaly [e.g., Castillo,
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1988] and the ability of three or four end-member models to
accurately predict island arc basalt trace element variations
imply long wavelength power in the spectrum [Hart and
Zindler, 1989], whereas along-strike variations in MORB
imply short wavelength power [Gurnis, 1986]. Power at
scale lengths in between these extremes is less well under-
stood, but the spectrum is wide, by necessity of energy at
the long and short ends.

[5] Recent images of the lower mantle are dominated by
megaplumes beneath the central Pacific and south Africa
[e.g., Grand et al., 1997; Li and Romanowicz, 1996;
Megnin and Romanowicz, 2000; van der Hilst et al.,
1997]. Coupled with numerical and laboratory models of
convection demonstrating diapiric modes [Davaille, 1999],
these images have rekindled arguments for a two-reservoir
mantle [e.g., Kellogg et al., 1999]. Other evidence is
supportive (the decorrelation of P and § velocities below
~2000 km [Saltzer et al., 2001; Su and Dziewonski, 1997],
difficulties in matching the density of the lower mantle with
upper mantle magnesium to iron ratios, etc.), but not
inescapable.

[6] Seismic studies suggest the midmantle is much more
homogeneous than the upper and lowermost mantle regions
[Davies et al., 1992], and many studies examining mid-
mantle depth ranges have found no evidence for abrupt
changes in radial structure in the midmantle [e.g., Shearer,
1991; Vidale et al., 2001]. Detection of midmantle hetero-
geneity in the form of high-frequency scatterers, reflectors,
and sites of wave conversion is more common in regions of
subduction [e.g., Castle and Creager, 1999; Kaneshima and
Helffrich, 2003; Krueger et al., 2001; Niu and Kawakatsu,
1997; Niu et al., 2003; Vinnik et al., 1998]. Results from
tomography also show enhanced midmantle heterogeneity
near subduction zones. Fukao et al. [2001] categorize
subduction styles into regions where the slabs deflect
horizontally above or below the 660-km discontinuity but
remain connected to the slab at the trench along the surface
and regions where remnant slabs have disconnected from
surface plates and are sinking deeper through the mid- and
lower mantle, indicating that compositional variability in
the midmantle is varied even in tectonically similar regions.

[7] We utilize multiple ScS reverberations in two geo-
graphically extensive study areas to investigate midmantle
heterogeneity. Both are sites of recent or active subduction
penetrating to at least transition zone depths. The first uses
the abundance of intermediate and deep seismicity along the
Pacific—Austral-Indian plate boundary to densely image
the region bounded by Australia to the west, Papua New
Guinea, the Solomon Islands and the Vitiaz Trench to the
north, the Tonga—Kermadec trench to the east, and New
Zealand and Tasmania to the south. Revenaugh and Jordan
[1991b, 1991c] investigated the mid- and lower mantle
structure of the southwest Pacific and did not detect any
layering until the lowermost mantle, aside from very small
impedance increases near 700 and 900 km depth. However,
depth variability along slab-related midmantle heterogeneity
is likely, and averaging along fairly long or broad source—
receiver corridors may have masked the signals of such
features. The Revenaugh and Jordan studies also suffered
from the limited long-period digital seismogram archive
available at the time, an archive that has since swelled by an
order of magnitude. We utilize the nearly twenty years of
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additional seismicity and the increase in receivers across the
region to reexamine mantle discontinuity structure beneath
the region. The increase in available data allows us to
narrow the geographic area covered along individual
source—receiver corridors, reducing averaging, enabling
detection of subtle features, and increasing the likelihood
of highlighting localized features that may have gone
undetected in earlier, smaller multiple ScS data sets.

[8] For the second region, intermediate depth earthquakes
from Central and northern South America recorded across
the continental United States are used to study the structure
beneath continental United States, Mexico, and the Gulf of
Mexico. While the source geometry of the Americas does
not lend itself as readily to multiple ScS reverberation
mapping, we produce a fan of seismic corridors spanning
the United States that enables us to look at midmantle
heterogeneity potentially associated with ongoing subduc-
tion of the Farallon slab through the midmantle.

2. Data
2.1. Southwest Pacific and Melanesia

[v] We compiled a data set of 235 seismograms from 172
intermediate and deep-focus earthquakes in the southwest
Pacific Ocean captured at twelve stations of the Digital
World-Wide Standardized Seismograph Network
(DWWSSN), GEOFON, GEOSCOPE, International De-
ployment of Accelerometers (IDA), New Zealand Seismic
Experiment (NZSE), and United States Geological Survey
(USGS) networks. The events occurred between 1977 and
2003, had magnitude m,, > 5.0 and depth z > 75 km. These
data were separated into sixteen source—receiver corridors
according to geologic setting and considerations of data
density (Figure 1).

2.2. Americas

[10] The Americas data set consists of 130 SH-polarized
seismograms from fourteen intermediate depth events in
Central and northern South America. The events had
magnitude my, > 5.9 and depth z > 99 km. The earthquakes
occurred between 1974 and 2001 and were recorded at 65
stations from a constellation of networks across the United
States; DWWSSN, United States National Seismic Network
(USNSN), High-Gain Long-Period Network (HGLP),
Lamont-Doherty Cooperative Seismographic Network
(LCSN), IRIS Global Seismograph Network (GSN), Seis-
mic Research Observatory (SRO), Pacific Northwest Re-
gional Seismic Network (PNSN), Leo Brady Network (LB),
TERRAscope (Southern California Seismic Network,
SCSN), GEOSCOPE, Berkeley Digital Seismograph Net-
work (BDSN), California Transect Network (CT), and
ANZA Regional Network. Data were separated into eight
source—receiver paths based on geographic sampling
(Figure 1). Six of the paths connect Central America and
the United States. The remaining two paths connect northern
South America and the United States.

3. Method

[11] Seismograms were preprocessed by deconvolving to
ground velocity, rotating to radial and transverse compo-
nents, low-pass filtering, and decimating to a 3-second
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