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Discovery of Strong Upper Mantle Refl ectors From Back-Scattering of Near-Podal 
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Precursors to PKPPKP waves have long been interpreted as 
PKPPKP waves that did not reach Earth s̓ opposite surface but were 
refl ected underside from unknown discontinuities in the upper mantle. 
As the amount of evidence grew, the 410 and 660-km discontinuities 
were gradually accepted as global features of Earth s̓ interior.

However, a scattering hypothesis (e.g. work by Cleary, 1981) 
threw a considerable doubt on underside refl ection hypothesis and 
established a powerful alternative explanation for many observa-
tions. Thus, PKPPKP precursors corresponding to inconsistently 
observed, less-prominent features at, for instance 220 km and other 
depths in the mantle, were often disputed. A common denominator 
of these early observations, however, was that they were assembled 
at epicentral distances of about 50-70 degrees, corresponding to 
a maximum in the expected amplitudes due to PKP triplication. 
Here, we report unprecedented observations at near-podal epicentral 
distances of very clear and energetic PKPPKP precursor arrivals. 
This is a result of a systematic and thorough search over waveforms 
available through the IRIS acquisition system, for both individual 
and array records (Tkalcic and Flanagan, 2004; Tkalcic et al., in 
preparation). 

The fi gure shows vertical components of short-period ILAR 
array data for two bandpass fi lters: a) 0.2-0.7 Hz and b) 1.0-1.5 Hz. 
The event was located in the southearn Alaska, about 7 degrees 
away from ILAR network. At 0.2-0.7 Hz, the main and precursor 
arrivals of energy are visible at all ILAR stations, which were sorted 
with respect to the epicentral distance. At 1.0-1.5 Hz, the energy of 
the main phase is below noise level, but sharp onsets of the precur-
sors are persitent. We interpret these precursors as back-scatter-
ing from upper mantle refl ectors. The earliest individual packet of 
energy corresponds to the underside refl ection from about 220 km 
depth, and the latest one corresponds to the refl ection from about 
150 km depth in the mantle. Forward-scattered PKPPKP waves at 
such short epicentral distances would in fact produce a postcur-
sor arrivals to PKPPKP. We explain the high-energy content of the 
precursors versus the main arrivals by a difference in attenuation 
experienced by the additional two legs that the main PKPPKP phase 
spends in the antipodal lithosphere.
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Vertical components of short-period ILAR array waveforms for 
two bandpass fi lters: a) 0.2-0.7 Hz and b) 1.0-1.5 Hz.  The earth-
quake was located in the southearn Alaska, about 7 degrees 
away from ILAR network.


