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Precursors to the seismic phase SS are useful for retrieval of depth, amplitude, and
topography of upper mantle discontinuities, particularly the 410- and 660-km phase boundaries.
The depth and sharpness of the discontinuities are sensitive to both mantle temperature and
composition, and regions of thermal and/or chemical heterogeneity produces topography on
these boundaries.  Seismic mapping of this topography provides an important constraint on the
thermal and compositional state of the mantle.

Previous efforts employing the SS precursors nearly always required stacking of many
hundreds or thousands of records to bring the typically low amplitude precursors out above the
noise level.  High-quality broadband data recorded by the EarthScope USArray Seismic
Network, however, allows for unprecedented resolution of Earth structure with the SS precursors,
which are in some cases are detectable in individual non-stacked seismograms.

In this study, we apply a seismic migration approach to the precursor wavefield, and
show that depths of discontinuities in the depth range of 150-800 km can be well determined,
and compare the accuracy to the traditional stacking methods.  Migration, which is used
frequently in exploration seismology, has the advantage to also detect out-of-plane reflections
and focuses precursor energy at the true reflection point.

To achieve this, we utilize the transverse component of motion of data with epicentral
distances of 100-165 degrees, source depths < 33 km to avoid interference with depth phases,
and source magnitudes (Mw) ≥ 6.5 to ensure excitation of sufficient seismic energy.  We also
investigate several deep events (hypocenters > 450 km depth) for precursory arrivals to further
reduce uncertainties/ambiguities owing to interference with the depth phases of the precursor
waveforms.

We present discontinuity structure from several different regions, including the central
Pacific, northern Japan, and central South America.  Preliminary results from traditional stacking
indicate a transition zone thickness of 242 km underneath sampled regions of the central Pacific,
and thickened transition zone beneath our bouncepoints near subduction at Japan and South
America.  Migration of the datasets for each region will allow us to detect high-relief topography
on the discontinuity boundaries, as well as additional horizons.  Such structures are likely related
to significant thermal and/or compositional heterogeneity at the discontinuities, or possibly
further phase changes within the mantle.




