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Mathematical Aspects Of
Seismology By Markus Bath
This is a book on seismology dealing with advanced
aspects of wave propagation in complex media. It
can also be viewed as a book on mathematical
modelling, wherein the accuracy of describing
seismic phenomena exemplifies the modelling itself.
The book gives an insight into the power of
abstractness by applying the same mathematical
methods and strategies to solve a variety of different
physical problems. This book covers a broad range
of topics in an advanced yet accessible manner.
Each chapter is accompanied by a number of solved
exercises, which render the book convenient for a
lecturer and facilitate its use for an independent
study. The details of mathematical methods are
discussed in the appendices, which form a
substantial portion of the book.
Geodynamics is commonly thought to be one of the
subjects which provide the basis for understanding
the origin of the visible surface features of the Earth:
the latter are usually assumed as having been built
up by geodynamic forces originating inside the Earth
("endogenetic" processes) and then as having been
degrad ed by geomorphological agents originating in
the atmosphere and ocean ("exogenetic" agents).
The modem view holds that the sequence of events
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is not as neat as it was once thought to be, and that,
in effect, both geodynamic and geomorphological
processes act simultaneously ("Principle of
Antagonism"); however, the division of theoretical
geology into the principles of geodynamics and
those of theoretical geomorphology seems to be
useful for didactic purposes. It has therefore been
maintained in the present writer's works. This
present treatise on geodynamics is the first part of
the author's treatment of theoretical geology, the
treatise on Theoretical Geomorphology (also
published by the Springer Verlag) representing the
second. The present edition is third one of the book.
Although the headings of the chapters and sections
are much the same as in the previous editions, it will
be found that most of the material is, in fact, new.
The contributions to this book follow a topical trend.
In several geophysical fields evidence is
accumulating concerning the deviation of the earth's
structure from radial symmetry. Seismology provides
the most adequate resolution for revealing the
earth's lateral inhomogeneity on a global to local
scale. Lateral structure in the density distribution is
also manifest in the earth's gravity field and in the
geoid. Asphericity in physical parameters, generally
supposed only to vary with the vertical coordinate,
has a profound influence on geodynamics. The
effects of these deviations from spherical symmetry
concern in particular convection theory, post-glacial
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rebound and the dynamics of the lithosphere and
upper mantle in general. At the 16th International
Conference on Mathematical Geophysics which was
held in Oosterbeek, the Netherlands, in 1986, the
need was felt to present the state of the art. Several
prospective authors were found interested to
contribute to the present book. This Oosterbeek
conference was one in a long series of topical
conferences starting with the Upper Mantle Project
Symposia on Geophysical Theory and Computers in
the 1960s, and thence their successors, the
conferences on Mathematical Geophysics, until the
present.
The past few decades have witnessed remarkable
growth in the application of passive seismic
monitoring to address a range of problems in
geoscience and engineering, from large-scale
tectonic studies to environmental investigations.
Passive seismic methods are increasingly being
used for surveillance of massive, multi-stage
hydraulic fracturing and development of enhanced
geothermal systems. The theoretical framework and
techniques used in this emerging area draw on
various established fields, such as earthquake
seismology, exploration geophysics and rock
mechanics. Based on university and industry
courses developed by the author, this book reviews
all the relevant research and technology to provide
an introduction to the principles and applications of
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passive seismic monitoring. It integrates up-to-date
case studies and interactive online exercises,
making it a comprehensive and accessible resource
for advanced students and researchers in
geophysics and engineering, as well as industry
practitioners.
Undergraduate textbook on seismology.
Developments in Solid Earth Geophysics, 4:
Mathematical Aspects of Seismology introduces
studies of the more advanced parts of theoretical
seismology. The manuscript first ponders on contour
integration and conformal transformation, methods of
stationary phase and steepest descent, and series
integration. Discussions focus on Love waves in
heterogeneous isotropic media, Laguerre's
differential equation, Hermite's differential equation,
method of steepest descent, method of stationary
phase, contour integration in the complex plane, and
conformal transformation. The text then examines
series integration, Bessel functions, Legendre
functions, and wave equations. Topics include
general considerations of the wave equation,
expansion of a spherical wave into plane waves,
common features of special functions and special
differential equations, applications of Legendre
functions, Legendre polynomials, Bessel's differential
equation, and properties of Bessel coefficients. The
book explores the influence of gravity on wave
propagation, matrix calculus, wave propagation in
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liquid media, integral equations, calculus of
variations, and integral transforms. The text is a
valuable source of data for researchers wanting to
study the mathematical aspects of seismology.
The vertical seismic profile, acquired with an array of
3C receivers and either a single source or several
arranged in a multi-component configuration,
provides an ideal high fidelity calibration tool for
seismic projects involved in the application of
seismic anisotropy. This book catalogues the
majority of specialized tools necessary to work with
P-P, P-S and S-S data from such VSP surveys at the
acquisition design, processing and interpretation
stages. In particular, it discusses 3C, 4C, 6C and 9C
VSP, marine and land surveys with near and multiple
offsets (walkways), azimuths (walkarounds) or a
combination of both. These are considered for TIH or
TIV flavours of seismic anisotropy arising from
cracks, fractures, sedimentary layering, and shales.
The anisotropic adaptation of familiar seismic
methods for velocity analysis and inversion, reflected
amplitude interpretation, are given together with
more multi-component specific algorithms based
upon the principles dictated by the vector
convolutional model. Thus, multi-component
methods are described that provide tests and
compensation for source or receiver vector fidelity,
tool rotation correction, layer stripping, near-surface
correction, wavefield separation, and the Alford
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rotation with its variants. The work will be of interest
to geophysicists involved in research or the
application of seismic anisotropy using multicomponent seismic.
This book was primarily written for an audience that
has heard about neural networks or has had some
experience with the algorithms, but would like to gain
a deeper understanding of the fundamental material.
For those that already have a solid grasp of how to
create a neural network application, this work can
provide a wide range of examples of nuances in
network design, data set design, testing strategy,
and error analysis. Computational, rather than
artificial, modifiers are used for neural networks in
this book to make a distinction between networks
that are implemented in hardware and those that are
implemented in software. The term artificial neural
network covers any implementation that is inorganic
and is the most general term. Computational neural
networks are only implemented in software but
represent the vast majority of applications. While this
book cannot provide a blue print for every
conceivable geophysics application, it does outline a
basic approach that has been used successfully.
Following the breakthrough in the last decade in
identifying the key parameters for time and depth
imaging in anisotropic media and developing
practical methodologies for estimating them from
seismic data, Seismic Signatures and Analysis of
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Reflection Data in Anisotropic Media primarily
focuses on the far reaching exploration benefits of
anisotropic processing. This volume provides the
first comprehensive description of reflection seismic
signatures and processing methods in anisotropic
media. It identifies the key parameters for time and
depth imaging in transversely isotropic media and
describes practical methodologies for estimating
them from seismic data. Also, it contains a thorough
discussion of the important issues of uniqueness and
stability of seismic velocity analysis in the presence
of anisotropy. The book contains a complete
description of anisotropic imaging methods, from the
theoretical background to algorithms to
implementation issues. Numerous applications to
synthetic and field data illustrate the improvements
achieved by the anisotropic processing and the
possibility of using the estimated anisotropic
parameters in lithology discrimination. Focuses on
the far reaching exploration benefits of anisotropic
processing First comprehensive description of
reflection seismic signatures and processing
methods in anisotropic media
An Introduction to Seismology, Earthquakes and
Earth Structures is an introduction to seismology and
its role in the earth sciences, and is written for
advanced undergraduate and beginning graduate
students. The fundamentals of seismic wave
propagation are developed using a physical
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approach and then applied to show how refraction,
reflection, and teleseismic techniques are used to
study the structure and thus the composition and
evolution of the earth. The book shows how seismic
waves are used to study earthquakes and are
integrated with other data to investigate the plate
tectonic processes that cause earthquakes. Figures,
examples, problems, and computer exercises teach
students about seismology in a creative and intuitive
manner. Necessary mathematical tools including
vector and tensor analysis, matrix algebra, Fourier
analysis, statistics of errors, signal processing, and
data inversion are introduced with many relevant
examples. The text also addresses the fundamentals
of seismometry and applications of seismology to
societal issues. Special attention is paid to help
students visualize connections between different
topics and view seismology as an integrated
science. An Introduction to Seismology,
Earthquakes, and Earth Structure gives an excellent
overview for students of geophysics and tectonics,
and provides a strong foundation for further studies
in seismology. Multidisciplinary examples throughout
the text - catering to students in varied disciplines
(geology, mineralogy, petrology, physics, etc.). Most
up to date book on the market - includes recent
seismic events such as the 1999 Earthquakes in
Turkey, Greece, and Taiwan). Chapter outlines each chapter begins with an outline and a list of
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learning objectives to help students focus and study.
Essential math review - an entire section reviews the
essential math needed to understand seismology.
This can be covered in class or left to students to
review as needed. End of chapter problem sets homework problems that cover the material
presented in the chapter. Solutions to all odd
numbered problem sets are listed in the back so that
students can track their progress. Extensive
References - classic references and more current
references are listed at the end of each chapter. A
set of instructor's resources containing downloadable
versions of all the figures in the book, errata and
answers to homework problems is available at:
http://levee.wustl.edu/seismology/book/. Also
available on this website are PowerPoint lecture
slides corresponding to the first 5 chapters of the
book.
Seismic Migration: Imaging of Acoustic Energy by
Wave Field Extrapolation derives the migration
theory from first principles. This book also obtains a
formulated forward modeling and migration theory by
introducing the propagation matrices and the
scattering matrix. The book starts by presenting the
basic results from vector analysis, such as the scalar
product, gradient, curl, and divergence. It also
describes the theorem of Stokes, theorem of Gause
and the Green’s theorem. The book also deals with
discrete spectral analysis, two-dimensional Fourier
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theory and plane wave analysis. It also describes the
wave theory, including the plane waves and k-f
diagram, spherical waves, and cylindrical waves.
This book explores the forward problem and the
inward problem of the wave field extrapolation, as
well as the modeling by wave field extrapolation.
Furthermore, the book explains the migration in the
wave number-frequency domain. It also includes the
summation approach and finite-difference approach
to migration, as well as a comparison between the
different approaches to migration. Finally, the book
offers the limits of lateral resolution as the last
chapter.
This book seeks to explore seismic phenomena in
elastic media and emphasizes the interdependence
of mathematical formulation and physical meaning.
The purpose of this title - which is intended for senior
undergraduate and graduate students as well as
scientists interested in quantitative seismology - is to
use aspects of continuum mechanics, wave theory
and ray theory to describe phenomena resulting from
the propagation of waves. The book is divided into
three parts: Elastic continua, Waves and rays, and
Variational formulation of rays. In Part I, continuum
mechanics are used to describe the material through
which seismic waves propagate, and to formulate a
system of equations to study the behaviour of such
material. In Part II, these equations are used to
identify the types of body waves propagating in
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elastic continua as well as to express their velocities
and displacements in terms of the properties of
these continua. To solve the equations of motion in
anisotropic inhomogeneous continua, the highfrequency approximation is used and establishes the
concept of a ray. In Part III, it is shown that in elastic
continua a ray is tantamount to a trajectory along
which a seismic signal propagates in accordance
with the variational principle of stationary travel time.
Introduction to Volcanic Seismology, Third Edition covers
all aspects of volcano seismology, specifically focusing
on recent studies and developments. This new edition
expands on the historical aspects, including updated
information on how volcanic seismology was handled in
the past (instrumentation, processing techniques,
number of observatories worldwide) that is compared to
present day tactics. Updated case studies can be found
throughout the book, providing information from the most
studied volcanoes in the world, including those in
Iceland. Additional features include descriptions of
analog experiments, seismic networks, both permanent
and temporal, and the link between volcanoes, plate
tectonics, and mantle plumes. Beginning with an
introduction to the history of volcanic seismology, the
book then discusses models developed for the study of
the origin of volcanic earthquakes of both a volcanotectonic and eruption nature. In addition, the book covers
a variety of topics from the different aspects of volcanotectonic activity, the seismic events associated with the
surface manifestations of volcanic activity, descriptions
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of eruption earthquakes, volcanic tremor, seismic noise
of pyroclastic flows, explosion earthquakes, and the
mitigation of volcanic hazards. Presents updated global
case studies to provide real-world applications, including
studies from Iceland Delivers illustrations alongside
detailed descriptions of volcanic eruptions Includes
essential information that students and practitioners
need to understand the essential elements of volcanic
eruptions Updates include information on how volcanic
seismology was handled in the past (instrumentation,
processing techniques, number of observatories
worldwide) that are compared to the tactics of today
Researchers in the field of exploration geophysics have
developed new methods for the acquisition, processing
and interpretation of gravity and magnetic data, based on
detailed investigations of bore wells around the globe.
Fractal Models in Exploration Geophysics describes
fractal-based models for characterizing these complex
subsurface geological structures. The authors introduce
the inverse problem using a fractal approach which they
then develop with the implementation of a global
optimization algorithm for seismic data: very fast
simulated annealing (VFSA). This approach provides
high-resolution inverse modeling results—particularly
useful for reservoir characterization. Serves as a
valuable resource for researchers studying the
application of fractals in exploration, and for practitioners
directly applying field data for geo-modeling Discusses
the basic principles and practical applications of timelapse seismic reservoir monitoring technology application rapidly advancing topic Provides the
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fundamentals for those interested in reservoir
geophysics and reservoir simulation study Demonstrates
an example of reservoir simulation for enhanced oil
recovery using CO2 injection
This is the first book of its kind on seismic amplitude
inversion in the context of reflection tomography. The
aim of the monograph is to advocate the use of rayamplitude data, separately or jointly with traveltime data,
in reflection seismic tomography. The emphasis of
seismic exploration is on imaging techniques, so that
seismic section can be interpreted directly as a
geological section. In contrast it is perhaps ironic that, in
decades of industrial seismology, one major aspect of
waveform data that potentially is easier to measure and
analyse has generally been ignored. That is, the
information content of seismic amplitudes. Perhaps the
potential complexity has deterred most researchers from
a more thorough investigation of the practical use of
seismic amplitude data. The author of this volume
presents an authoritative and detailed study of amplitude
data, as used in conjunction with traveltime data, to
provide better constraints on the variation of seismic
wave speed in the subsurface. One of the fundamental
problems in conventional reflection seismic tomography
using only traveltime data is the possible ambiguity
between the velocity variation and the reflector depth.
The inclusion of amplitude data in the inversion may help
to resolve this problem because the amplitudes and
traveltimes are sensitive to different features of the
subsurface model, and thereby provide more accurate
information about the subsurface structure and the
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velocity distribution. An essential goal of this monograph
is to make the amplitude inversion method work with real
reflection seismic data.
This book examines the differences between an ideal
and a real description of wave propagation, where ideal
means an elastic (lossless), isotropic and single-phase
medium, and real means an anelastic, anisotropic and
multi-phase medium. The analysis starts by introducing
the relevant stress-strain relation. This relation and the
equations of momentum conservation are combined to
give the equation of motion. The differential formulation
is written in terms of memory variables, and Biot's theory
is used to describe wave propagation in porous media.
For each rheology, a plane-wave analysis is performed
in order to understand the physics of wave propagation.
The book contains a review of the main direct numerical
methods for solving the equation of motion in the time
and space domains. The emphasis is on geophysical
applications for seismic exploration, but researchers in
the fields of earthquake seismology, rock acoustics, and
material science - including many branches of acoustics
of fluids and solids - may also find this text useful.
The second edition of Principles of Seismology has been
extensively revised and updated to present a modern
approach to observation seismology and the theory
behind digital seismograms. It includes: a new chapter
on Earthquakes, Earth's structure and dynamics; a
considerably revised chapter on instrumentation, with
new material on processing of modern digital
seismograms and a list of website hosting data and
seismological software; and 100 end-of-chapter
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problems. The fundamental physical concepts on which
seismic theory is based are explained in full detail with
step-by-step development of the mathematical
derivations, demonstrating the relationship between
motions recorded in digital seismograms and the
mechanics of deformable bodies. With chapter
introductions and summaries, numerous examples,
newly drafted illustrations and new color figures, and an
updated bibliography and reference list, this intermediatelevel textbook is designed to help students develop the
skills to tackle real research problems.
Perfect for senior undergraduates and first-year graduate
students in geophysics, physics, mathematics, geology
and engineering, this book is devoted exclusively to
seismic wave theory. The result is an invaluable teaching
tool, with its detailed derivations of formulas, clear
explanations of topics, exercises along with selected
answers, and an additional set of exercises with derived
answers on the book's website. Some highlights of the
text include: a review of vector calculus and Fourier
transforms and an introduction to tensors, which prepare
readers for the chapters to come; and a detailed
discussion on computing reflection and transmission
coefficients, a topic of wide interest in the field; a
discussion in later chapters of plane waves in anisotropic
and anelastic media, which serves as a useful
introduction to these two areas of current research in
geophysics. Students will learn to understand seismic
wave theory through the book's clear and concise
pedagogy.
The author coherently presents the physical concepts,
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mathematical details and methodology for optimizing
results of reservoir modeling, under conditions of
isotropy and anisotropy. The most common form of
anisotropy – the transverse isotropy, is dealt with in
detail. Besides, practical aspects in reservoir engineering
– such as interval isotropic or anisotropic properties of
layered media; identifying lithology, pore-fluid types and
saturation; and determining crack/fracture-orientations
and density - form the core of discussions. This book
incorporates significant new developments in isotropic
and anisotropic reflection processing, while organizing
them to improve the interpretation of seismic reflection
data and optimizing the modeling of hydrocarbon
reservoirs. The text contains exercises and problems,
and solutions are provided for the exercises. This book is
written primarily for graduate/postgraduate students and
research workers in geophysics.
This new edition features a completely new chapter on
digital seismic data processing, numerous examples and
100 problems.
During a NATO Advanced Study Institute in Izmir, Tur
key, July 1973 on Modern Developments in Engineering
Seis mology and Earthquake Engineering it emerged
that a debate on Continuum Mechanics Aspects of
Geodynamics and Rock Fracture Mechanics would be
very welcome. Therefore, it was decided to seek NATO
sponsorship for an Advanced Study In stitute on this
subject. The purpose of the new Advanced Study
Institute was to provide a link between mechanics of
continuum media and geo dynamic s. By bringing
together a group of leading scientists from the above two
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fields and participants actively engaged in research and
applications in the same fields, it was believed that
fruitful discussions could emerge to facilitate an
exchange of knowledge, experience and newlyconceived ideas. The Institute aimed primarily at the
solution of such problems as connected with the study of
stress and strain con ditions in the Earth, generic causes
of earthquakes, energy release and focal mechanism
and seismic wave propagation in troducing modern
methods of continuum and rock fracture mechanics.
Secondly to inspire scientists working in continuum
mechanics to open new avenues of research connected
with the above problems, and seismologists to adapt
modern, advanced methods of continuum and rock
fracture mechanics to their work.
Mathematical Aspects of SeismologyDevelopments in
Solid Earth GeophysicsElsevier
The interest in seismic stratigraphic techniques to
interpret reflection datasets is well established. The
advent of sophisticated subsurface reservoir studies and
4D monitoring, for optimising the hydrocarbon production
in existing fields, does demonstrate the importance of the
3D seismic methodology. The added value of reflection
seismics to the petroleum industry has clearly been
proven over the last decades. Seismic profiles and 3D
cubes form a vast and robust data source to unravel the
structure of the subsurface. It gets nowadays exploited in
ever greater detail. Larger offsets and velocity anisotropy
effects give for instance access to more details on
reservoir flow properties like fracture density, porosity
and permeability distribution, Elastic inversion and
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modelling may tell something about the change in
petrophysical parameters. Seismic investigations provide
a vital tool for the delineation of subtle hydrocarbon
traps. They are the basis for understanding the regional
basin framework and the stratigraphic subdivision.
Seismic stratigraphy combines two very different scales
of observation: the seismic and well-control. The
systematic approach applied in seismic stratigraphy
explains why many workers are using the principles to
evaluate their seismic observations. The here presented
modern geophysical techniques allow more accurate
prediction of the changes in subsurface geology.
Dynamics of sedimentary environments are discussed
with its relation to global controling factors and a link is
made to high-resolution sequence stratigraphy. ‘Seismic
Stratigraphy Basin Analysis and Reservoir
Characterisation’ summarizes basic seismic
interpretation techniques and demonstrates the benefits
of intergrated reservoir studies for hydrocarbon
exploration. Topics are presented from a practical point
of view and are supported by well-illustrated case
histories. The reader (student as well as professional
geophysicists, geologists and reservoir engineers) is
taken from a basic level to more advanced study
techniques. * Overview reflection seismic methods and
its limitations. * Link between basic seismic stratigraphic
principles and high resolution sequence stratigraphy. *
Description of various techniques for seismic reservoir
characterization and synthetic modelling. * Overview
nversion techniques, AVO and seismic attributes
analysis.
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This report deals with mathematical problems in
seismology. Homogeneous and layered half-spaces are
discussed. Expressions are found for the displacement
caused by a point source in such models. Numerical
results are presented for the displacement caused by the
sudden injection of a volume into a homogeneous halfspace after the model of E. Pinney. Pinney's results are
extended. Numerical ray-tracing calculations are
presented. Most of the original work in the report is
chiefly concerned with the development of an iterationvariation method for solving wave equations in media of
variable index of refraction. This method is promising
and is being actively investigated.
A comprehensive overview of seismic ambient noise,
covering observations, physical origins, modelling,
processing methods and applications in imaging and
monitoring.
To Seismology Second, Revised Edition 1979 Springer
Basel AG First published under Markus Bath,
Introduktion till Seism%gin by Natur och Kultur
Stockholm © 1970, Markus Bath and Bokforlaget Natur
och Kultur, Stockholm CIP-Kurztitelaufnahme der
Deutschen Bibliothek Bath, Markus: Introduction to
seismology / Markus Bath. - 2., rev. ed. (Wissenschaft
und Kultur; Bd. 27) Einheitssacht. : Introduktion till
seismologin (dt.) ISBN 978-3-0348-5285-2 ISBN
978-3-0348-5283-8 (eBook) DOI 10.
1007/978-3-0348-5283-8 All rights reserved No part of
this book may be reproduced by any means, nor
transmitted, nor translated into a machine language
without the written permission of the publisher English
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translation © 1973, 1979 Springer Basel AG Urspriinglich
erschienen bei Birkhlluser Verlag Basel 1979 Softcover
reprint of tbe hardcover 2nd edition 1979 ISBN
978-3-0348-5285-2 The data must be greatly amplified
Preface and strengthened. to the First Edition BE NO
GUTENBERG (1959) The purpose of this book is to give
a popular review of modern seismology, its research
methods, problems of current interest and results and
also to some extent to elucidate the historical
background. Especially in recent years, seismology has
attracted much interest from the general public as well as
from news agencies. The reasons for this are partly con
nected with recordings of large explosions (nuclear
tests), partly related to earthquake catastrophes. This
interest and the questions which people have asked us
for the past years have to a certain extent served as a sti
mulus in the preparation of this book.
The material in this volume provides the basic theory
necessary to understand the principles behind imaging
the subsurface of the Earth using reflection and
refraction seismology. For reflection seismology, the end
product is a "record section" from a collection of "wiggly
traces" that are recorded in the field from which
information about the properties of subsurface structure
and rock can be derived. For the most part, the principles
of imaging are the same regardless of the depth to the
target; the same mathematical background is necessary
for targeting a shallow water table as for investigating the
base of the earth's continental "crust" at a depth of 30-50
km.
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