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Introduction

We use the phrase seismic gradiometry to refer to the developing research area involving measurement,
modeling, analysis, and interpretation of spatial derivatives (or differences) of a seismic wavefield. Analogous to
gradiometric methods used in gravity and magnetic exploration, seismic gradiometry offers the potential for
enhancing resolution, and revealing new (or hitherto obscure) information contained in observed seismic data. For
example, measurement of pressure (proportional to div u) and rotation (equal to curl u) enables the decomposition
of recorded seismic data into compressional (P) and shear (S) components.

Seismic wave propagation algorithms based on the explicit, time-domain, finite-difference (FD) numerical method
are well-suited for investigating gradiometric phenomena. We have implemented in our acoustic, elastic, and
poroelastic algorithms a point receiver that records the nine components of the particle velocity gradient tensor.
Divergence and curl of particle displacement are obtained by forming particular linear combinations of these tensor
components, and then integrating with respect to time. All algorithms entail 3D O(2,4) FD solutions of coupled, first-
order systems of partial differential equations on uniformly-spaced, staggered, spatial and temporal grids.
Synthetic poroelastic traces recorded by 3C geophones, hydrophones, and 3C rotation sensors in a shallow-
subsurface crosswell configuration clearly indicate P and S separation of direct arrivals, as well as surface
reflected and converted phases. Vertical timeslices of composite medium responses (a porosity weighted linear
combination of solid and fluid responses) also show clear P and S wavefield decomposition. Interpretation of
events is substantially enhanced.
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Wavefield Variables: Poroelastic Earth Model Parameters: Seismic Body Sources: . _ .
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p(x,t) — fluid pressure b(x) — viscous coupling coefficient m«(x,t) — fluid moment densitytensor

and rotation seismograms.
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