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During the acquisition of the LARSE experiment in 1994, the RV Ewing fired airgun shots into 
three main transects and also continued shooting during the transits between lines.  The onshore 
deployment of Reftek seismometers recorded all the airgun shots, providing a substantial amount 
of fan data as well as the main in-line components.  This geometry allows for a three-dimensional 
examination of the Los Angeles basin.  Due to dense source and receiver coverage, the P-velocity 
structure of the LA basin may be obtained at kilometer to sub-kilometer resolution (in contrast to 
those studies using earthquake data).

Due to cultural noise, many of the stations in the basins did not record high quality data, and we 
probably achieved about 60% data recovery.  In light of this we estimate that there are about 2.3 
million traveltime picks to be incorporated into a 3-D velocity model.  These traveltime picks 
encompass a range of azimuths to help constrain dipping features in the data (Figure 1).  In the 
LARSE experiment an effective RV Ewing source pattern of ~520 km coverage was collected into 
three main transect receiver arrays made up of 174 receiver stations.  The net 3-D data volume is 
47.1 Gbytes.

Our goal is to produce a) a 3-D P-velocity structure of the LA basin region and b) a 3-D image of 
the crust-mantle interface (PmP) beneath the basin.  In preparation for conducting these analyses 
on such a large data volume we have a) streamlined the implementation of active source 
tomographic techniques, b) developed a migration technique to locate reflecting surfaces using 
the tomographic model, and c) developed a wide-angle Kirchoff migration technique to migrate 
in 3-D PmP waveform data.

We have simplified the setup for running 3-D tomographic inversions (based on the tomographic 
inversion code of Hole (1992)) so that only four sets of files are needed to produce a set of 
inversions: Geometry files that describe the locations of the airgun sources and onshore receivers 
(Figure 2a and b), files of traveltime picks for the various phases being modeled (Figure 2c), a 
single file that contains the model parameters (e.g. model size, node spacing, smoothing 
parameters) (Figure 2e), and a single file that contains a list of pick files and which allows 
different stations and/or different phases to be turned on or off for different inversion runs 
(Figure 2d).  We are now set up such that traveltime picks from an entirely new dataset can be 
ready to invert within a day.

Once we have a tomographic P-velocity model (which is derived from P-velocity refraction 
phases) we need to be able to use information provided in the traveltime picks from reflective 
phases.  We have therefore developed a technique based on Kirchoff migration that allows us to 
model the position of reflecting surfaces in the tomographic velocity model using the traveltime 
picks from reflection phases (Figure 3).  We have just extended this technique to three dimensions 
in readiness for the LARSE 3D dataset.  This technique has an additional advantage in that it 
provides feedback on the accuracy of the tomographic velocity model.  The Kirchoff migration 
technique produces a density image of possible locations for the reflector.  A high density of 
picks in a narrow depth range (i.e. a focused image of the reflector) indicates the velocity model 
used to locate the reflection picks is good.  A less-focused image indicates the velocity model 
needs some adjustment.



Another technique that we have developed, that is also based on Kirchoff migration is 3-D wide-
angle reflection migration which creates an image from the seismic waveforms that shows where 
the reflectors occur in depth, rather than the geometrically distorted image that occurs in time 
sections.  The wide-angle migration is performed on individual receiver gathers, with the 
possibility that dipping reflections may even migrate beyond the lateral extent of the gather.  The 
migrated positions of the reflections are binned and then stacked to produce an image of the 
reflecting surface.  This technique requires an accurate velocity model which will come from the 
tomographic inversion.

Now the infra-structure is in place, it will be a straightforward task to sort through the large 
dataset which is currently on tape, and bring it onto disk ready to pick traveltimes and 
incorporate them into the 3-D velocity model and create a subsurface image of the Moho.

Figure 1: Map showing the 3D coverage possible from the LARSE dataset.

Figure 2: Example files for the tomographic inversion.

Figure 3: Example of the Kirchoff migration technique in 2-D for locating traveltime picks in a 
velocity model.




