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Fundamentals of Structural Geology provides a new
framework for the investigation of geological struc-
tures by integrating field mapping and mechanical
analysis. It emphasizes the observational data,
modern mapping  technology, principles of contin-
uum mechanics, and the mathematical and compu-
tational skills, necessary to map, describe, model,
and explain deformation in the Earth’s lithosphere
quantitatively.

Assuming a basic knowledge of physical geology,
introductory calculus, and physics, this advanced
textbook builds on more traditional courses that
emphasize descriptive terminology, geometric tech-
niques, and kinematics. In a significant departure
from conventional textbooks on the subject, differ-
ential geometry is introduced and applied to quan-
tify descriptions of geological structures. Differential
geometry integrates the spatial information conven-
tionally found on maps with orientation data from
stereograms to provide reproducible descriptions of
geological structures. By starting from the funda-
mental conservation laws of mass and momentum,
the constitutive laws of material behavior, and the
kinematic relationships for strain and rate of defor-
mation, the authors demonstrate the relevance of
solid and fluid mechanics to structural geology.
The constitutive relations used in the book are
sufficiently elementary to enable students to gain
physical insight from analytical solutions, but are
adequately realistic to provide compelling correla-
tions to observational data.

This book offers a modern quantitative approach
to structural geology for advanced undergraduate
and graduate students and researchers in structural
geology and tectonics. It will also interest those
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Preface

and a physics course covering mechanics and
heat. We consider these courses to be the essential
mathematical and scientific pre-requisites for a
course using this textbook. Elementary concepts
of vector analysis, matrix theory, linear algebra,
ordinary and partial differential equations, and
computer programming with Matlab® are used
throughout, but are introduced in such a way that
a formal course in these subjects, while helpful,
should not be considered a pre-requisite. The
authors view this textbook as appropriate for a
first course in structural geology, but recognize
that many students will come to a course using
this book after a traditional course that empha-
sizes the descriptive terminology, geometric tech-
niques, and kinematic concepts of the discipline.

Although designed as a text for students, this
book also should be useful as a reference for
researchers in structural geology, and as an aid for
updating instructors and professionals who have
been exposed only to traditional courses and text-
books on the subject. Furthermore, this book
should be attractive to scientists in related dis-
ciplines (geophysics, rock mechanics, tectonics,
geotechnical engineering, and petroleum engi-
neering) who are looking for a modern summary of
the fundamentals of structural geology. We encour-
age students and professionals from these disci-
plines to learn about the modern methods and
tools of structural geology so that they can effec-
tively interact with geologists on multi-disciplinary
projects.

One of the opportunities and challenges of
publishing a textbook in the twenty-first century
is the fact that the printed volume is no longer the
only vehicle for communication between authors
and readers. Accordingly, we have prepared a
homepage for Fundamentals of Structural Geology
that is available on the World Wide Web (www.
cambridge.org/0521839270) and provides the fol-
lowing supplementary materials for readers,
instructors, and students:

• Full color images for all outcrop photographs
used in the text

Fundamentals of Structural Geology is a textbook that
emphasizes modern techniques of field data
acquisition and analysis, the principles of contin-
uum mechanics, and the mathematical and com-
putational skills necessary to describe, model,
and explain quantitatively the deformation of
rock in Earth’s lithosphere.

With precise location data now available from
the Global Positioning System (GPS) and powerful
computer systems now transportable in a back-
pack, the quantity of reproducible field data has
increased dramatically. These new data sets
demand better methods for describing the geom-
etry of structures, and we address this demand by
introducing the basic concepts of differential
geometry, which provide unambiguous descrip-
tions of curved lineations and surfaces in three
dimensions. Data sets from a variety of field areas
are provided via the textbook website to promote
the practice of opening field “notebooks” to the
entire community of researchers, and as input for
student exercises (see below).

Textbooks in structural geology provide el-
ements of continuum mechanics (e.g. separate
chapters on stress and strain), but rarely are these
concepts tied together with constitutive laws or
formulated into equations of motion or equilib-
rium to solve boundary or initial value problems.
These textbooks largely beg the questions: what
methodology should one adopt to solve the prob-
lems of structural geology; and what are the fun-
damental constructs that must be acknowledged
and honored? These constructs are the conserva-
tion laws of mass, momentum, and energy, com-
bined with the constitutive laws for material
behavior and the kinematic relationships for
strain and rate of deformation. We use these con-
structs to build a rational methodology for the
investigation of tectonic processes and their struc-
tural products.

This textbook is designed for senior under-
graduate students and graduate students who
have taken an introductory physical geology
course, mathematics courses that include differ-
ential and integral calculus in several variables,
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• Full color images for key graphical results used
in the text

• Supplementary outcrop photographs, maps,
and cross sections

• A repository for supplementary images con-
tributed by readers

• Exercises for students that reinforce the con-
cepts introduced in the text

• Data sets from field mapping campaigns for use
in the exercises

• Solutions to the exercises for instructors with
password protection

• Sample Matlab® m-files for the exercises
• Sample Matlab® m-files for recreation of graph-

ical figures found in the text
• A repository for exercises and Matlab® m-files

contributed by readers
• Errata

With a laptop connected to the Web and an LCD
projector instructors can use the color outcrop
images in the classroom to illustrate geological
concepts, and run the m-files with their own
choice of parameters for a dynamic demonstra-
tion of the mechanical concepts. We envision
readers of the textbook having this website open
on their desktop to enhance their learning experi-
ence. Today desktop PCs provide the necessary
CPU power, 3D graphics cards provide the visual-

ization environment and speed, and professional
programmers have written applications such as
Matlab® that provide most of the computational
tools needed by structural geologists.

For the authors of this textbook, it is not
sufficient to focus on understanding the struc-
tural history of the Earth as an arcane academic
exercise. We believe that structural geologists
can make important contributions in natural
resource recovery (including water, oil, gas, and
minerals), in the assessment of natural hazards
(including earthquakes, landslides, and volcanic
eruptions), and in the management of the en-
vironment (for example the long-term storage of
radioactive materials and the contamination of
fractured aquifers by hazardous chemicals). It is
the authors’ hope that students and instructors
alike will be as captivated as we have been by the
remarkable opportunities and challenges of struc-
tural geology. Great satisfaction in the practice of
this science is achieved when one successfully
brings together the beauty of the natural world
and the physical world of continuum mechanics
to achieve a better understanding of rock defor-
mation and the development of structures. By
doing so one contributes to the knowledge of
Earth’s remarkable history and to the solution of
important practical problems facing society
today.

x PREFACE
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