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SEISMIC INTERFEROMETRY

Seismic interferometry is an exciting new field in geophysics that utilizes mul-
tiple scattering events to provide unprecedented views of the Earth’s subsurface
structures. This is the first book to describe the theory and practice of seismic
interferometry with an emphasis on applications in exploration seismology.

The book is written at a level suitable for physical scientists who have some famil-
iarity with the principles of wave propagation, Fourier transforms, and numerical
analysis. Exercises are provided at the end of each chapter, and many chapters
are supplemented by online MATLAB codes (available at www.cambridge.org/
schuster) that illustrate important ideas and allow readers to generate synthetic
traces and invert these to determine the Earth’s reflectivity structure. Later
chapters reinforce these principles by deriving the rigorous mathematics of seismic
interferometry.

The book includes examples that apply interferometric imaging to both synthetic
data and field data from applied geophysics, but examples and chapters devoted
to earthquake applications are also incorporated. Presenting many new concepts
for the first time, the book is a valuable reference for academic researchers and
oil industry professionals seeking to learn more about this technique. It can also
be used to teach a one-semester course for advanced students in geophysics and
petroleum engineering.

Gerard Thomas Schuster received his Ph.D. in Geophysics from Columbia Uni-
versity in 1984. He took up a faculty position at the University of Utah in 1985,
where he is currently Professor of Geophysics and the founder and director of the
Utah Tomography and Modeling/Migration (UTAM) consortium of oil, gas, and
mining companies. He served as Chief Editor of the journal Geophysics from 2004
to 2005, and was a co-recipient of the 2008 Ettvos prize from the EAGE for the
best paper in the journal Geophysical Prospecting. Professor Schuster has been
invited to give short courses in seismic imaging and signal processing methods to
major petroleum exploration companies throughout the world, and was the invited
Society of Petroleum Engineers (SPE) Distinguished Lecturer for 1998—1999.
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Preface

This book describes the theory and practice of seismic interferometry, with an
emphasis on applications in exploration seismology. It is written at the level where
it can be understood by physical scientists who have some familiarity with the prin-
ciples of wave propagation, Fourier transforms, and numerical analysis. The book
can be taught as a one-semester course for advanced seniors and graduate students in
the physical sciences and engineering. Exercises are given at the end of each chapter,
and many chapters come with MATLAB codes that illustrate important ideas.

Correlating a pair of recorded seismic traces with one another and summing the
resulting correlogram for different shot records! is the basic processing step of
seismic interferometry. This typically results in a new trace with a virtual source
and/or receiver location, also known as a redatumed trace. The redatumed trace
simulates a trace as if a real shot and/or receiver were at the new datum.

The redatuming procedure has been used by the exploration geophysics com-
munity since the early 1970s, except one of the traces in the correlation pair is
computed by a numerical procedure such as ray tracing while the other trace is
naturally recorded. Ray tracing, or more generally numerical modeling, uses an
imperfect model of the Earth’s velocity distribution which leads to defocusing
errors in model-based redatuming. In contrast, seismic interferometry is free of
such problems because it only uses recorded traces in the correlation.? This free-
dom also allows one to utilize all of the events in the trace, including higher-order
multiples and coherent noise such as surface waves, leading to enhanced resolution,
illumination, and the signal-to-noise ratio in the reflectivity image.

The key principles of interferometry are heuristically described in Chapter 1, and
by its end the diligent reader will be using MATLAB code to generate synthetic
traces, redatum these data by summed cross-correlations, and invert the redatumed

! The seismograms recorded for a single source are sometimes called a shot record.
2 However, defocusing problems in interferometry arise because of the limited extent of the sources and receivers.

ix
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X Preface

traces for the Earth’s reflectivity structure. Later chapters reinforce these princi-
ples by deriving the rigorous mathematics of seismic interferometry. In particular,
the governing equation of interferometry is known as the reciprocity equation of
correlation type (Wapenaar, 2004). Many examples are presented that apply interfer-
ometric imaging to both synthetic data and field data. The terminology and examples
mostly come from the applied geophysics community, but there are examples and
chapters devoted to earthquake applications. The non-geophysicist will benefit by
reading the brief overview of exploration seismology in Appendix 1 of the first
chapter.

About 90 percent of the book deals with deterministic source interferometry
where individual sources are excited with no temporal overlap in their seismic sig-
nals. This type of data is collected by applied geophysicists, and is also recorded
by earthquake seismologists for strong teleseismic earthquakes. In contrast, diffuse
wavefield interferometry introduced in Chapter 10 analyzes seismic wavefields
with random amplitudes, phases, and directions of propagation. This topic has led
to significant success for earthquake seismologists in inverting seismic surface
waves recorded by passive earthquake networks. It will enjoy even more popular-
ity as large arrays such as the USArray become more widely deployed. Diffuse
wavefield interferometry in applied geophysics is undergoing vigorous scrutiny,
but has not yet developed applications with widespread use. One of the dreams
of exploration geophysicists is to monitor the health of oil reservoirs by passive
seismic interferometry.

Finally, this book not only summarizes some of the most recent advances of
seismic interferometry but also presents a partial road map for future research. It
is my hope that the graduate-student reader will gain enough understanding so she
or he can help complete and expand this road map.
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