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Sample data record for 
a Mw 7.6 event at 22 km 
depth in Kamchatka 
showing consistent 
re�ected energy. 
Horizontal locations are 
distances from the MFT.

Receiver 
function 
for same 
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Stack of nine 
high-quality P-P 

WEM images 
from nine events, 
possibly imaging 

the Main 
Himalayan 

Thrust.  

Wave-equation 
migration image 
(forward-scattered 
P-P) for same event.

From DiPietro and Pogue, 2004

??Preliminary results suggest that these 
data may be capable of generating 

interpretable images using 
wave-equation migration. In addition to 

potentially offering new insights into 
the structure of the Himalayan thrust 

belt, this has implications for the 
application of WEM to other broadband 

arrays with similar station density.

Application of WEM to telesesimic data

How is an image obtained?
The two wavefields created during wavefield reconstruction are cross-correlated based on 
an imaging condition of Claerbout (1971) which asserts that source and receiver wave-
fields are spatially collocated at scattering points (for forward-scattered energy) or reflec-
tors (for backward-scattered energy).

Processing parameters
• Linearly increasing velocity model based on surface wave dispersion (Caldwell et al., 
2009). Velocity model is 2.5D and thus assumes constant along-strike velocities.
• Only forward-scattered P-P considered thus far.
• “Interferometric” approach is used in which the source wavefield is not created 
separately, but rather the receiver wavefield is used as the source wavefield, since the 
source function is contained in the recorded data.

Data Set
• Nineteen 3-component broadband stations, ~10km spacing, Guralp 3T and 3ESP sensors.
• 452 events of Mw > 5.0 and delta 30˚-100˚ recorded between Oct 2005 and Oct 2006.
• Collected by India’s National Geophysical Research Institute (NGRI).
• Array crosses the surface expressions of several major features in the Himalayan thrust 
belt: from south to north, the Main Frontal Thrust (MFT), Main Boundary Thrust (MBT), 
Main Central Thrust (MCT) and the South Tibetan Detachment (STD).
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Imaging with WEM

Source
wave�eld
WS(x,t) = S(t) * I(t) * GS(x,t)

Receiver
wave�eld
WR(x,t) = S(t) * I(t) * GR(x,t)

I(x,z) = (Σ WS WR*) / WS WS*
        ω

↓ from Shragge et al., 2006

Existing teleseismic imaging approaches

Receiver functions
Probably the most prevalent approach to imaging with teleseismic data has been to con-
vert receiver functions (RFs) from time to depth using a velocity model. This approach 
can be improved upon with stacking, usually in a CCP sense (e.g. Schulte-Pelkum et al., 
2005, Hetenyi, 2007), and optionally migrating. One limitation of this approach is its uti-
lization of only forward-scattered P to S energy.

Inversion of scattered teleseismic waves 
A technique upon which this work is based, and which was used to generate the widely-
reproduced images of the Cascadia subduction zone, is the inversion of scattered tele-
seismic waves (Bostock et al., 2001, Rondenay et al., 2001, Bostock et al., 2002). Scat-
tering of teleseismic energy into P wave coda can be posed as a forward problem, and 
the associated inverse problem, utilizing the Radon transform as a back projection opera-
tor, generates images of elastic properties using the recorded coda.

 

    

from Bostock et al. 2002

Recorded data:
UZ(t) = S(t) * EZ(t) * I(t)
UR(t) = S(t) * ER(t) * I(t)
UT(t) = S(t) * ET(t) * I(t)

Deconvolve to obtain 
Earth response:

ER(ω) = UR UZ* / UZ UZ*

Receiver 
function: 

ER(t)
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Imaging with receiver functions

← and ↓ from Hetenyi, 2007

CCP 
stack

“Deconvolve, then convert to depth”

What is wave-equation migration (WEM)?
Wave-equation migration (WEM) generates 
images of crustal structure using the scattered 
coda from seismic waves. It is one of the 
many imaging techniques in use in the explo-
ration industry. The (non-exhaustive) chart at 
right illustrates some of the features and as-
sumptions of WEM compared to other 
common industry imaging approaches.

How does WEM work?
WEM generates images by cross-
correlating two seismic wavefields: 
a source wavefield, and a receiver 
wavefield containing the scattered 

coda.

What meant by wavefield?
WEM utilizes the concept of wavefields as 
multi-dimensional data volumes: for two-
dimensional data (i.e. a linear array, such as in 
this study), the wavefields are represented by a three-dimensional data volume (x,z,t: 
horizontal distance, depth, and time). The wavefield is a record of the displacements 
within this volume.

What are the two wavefields?
 1. The source wavefield models the seismic source (in this case, teleseismic earth-
quakes, as opposed to the near-offset impulsive sources of industry). For teleseismic 
sources, the wavefield can be approximated as a plane wave, which can be constructed 
given information about the incidence angles of the arriving teleseism.
 2. The receiver wavefield contains the scattered coda. The linear array of seismo-
graphs sample this wavefield at z=0 and at discrete x locations. The recorded data, 
then, serve as a boundary condition on the receiver wavefield. Additionally, the re-
ceiver wavefield contains the source wavefield.

The process of determining the two wavefields is called wavefield reconstruction and 
simulates wave propagation. The process requires a velocity model and an appropriate 
wave equation. The source wavefield is determined by stepping a plane-wave arrival 
forward in time through the velocity model. Determining the receiver wavefield re-
quires stepping backward in time; in reality this wavefield is determined using the prin-
ciple of reciprocity - the receivers are treated as sources and the recorded data as the 
source signals.

What data are used?
Seismic reflection studies utilize 
only back-scattered (reflected) 
P-wave energy (Figure a), and 
receiver functions utilize only 
forward-scattered (transmitted) P 
to S conversions (Figure b). 
WEM utilizes both forward- and 
back-scattered energy from both 
P and S phases (Figures b and c), 
and therefore exploits informa-
tion in the recorded data that is 
otherwise regarded as noise.
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