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Cueva de Los Cristales (Cave of the Crystals) in Naica, Chihuahua, Mexico. The main chamber of the
cave contains enormous gypsum (variety selenite) crystals, some of the largest natural crystals ever
found. Photograph © Carsten Peter.
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= Preface

-y

Over the past two decades, many curriculum changes have occurred in geology, Earth science, and environ-
mental science programs in universities. Many of these have involved the compression of separate one-semester
courses in mineralogy, optical mineralogy, and petrology into a single-semester offering that combines mineral-
ogy and petrology, commonly called Earth Materials. Such a course is a challenge to the instructor (or a team of
instructors) and the students. This is especially so when few, if any, textbooks for such a one-semester course have
been available.

This text, Earth Materials, is an introduction to mineralogy and petrology in which both subjects are covered with
aroughly even balance. To keep this textbook reasonably short and applicable to a one-semester course, we decided
against providing a shallow survey of everything and instead concentrated on what we consider the most fundamen-
tal aspects of the various subjects.

In the writing of this text, we assumed that the students who enroll in an Earth materials course would have previ-
ously taken an introductory physical geology course, as well as a course in college-level chemistry.

Coverage

Basic aspects of mineralogy must precede the coverage of petrology. This sequence is obvious from the chapter head-
ings. After a brief, general introduction in Chapter 1, minerals and rocks are broadly defined in Chapter 2. That is fol-
lowed by three chapters that relate to various mineralogical aspects and concepts. Chapter 3 covers the identification
techniques that students must become familiar with to recognize unknown minerals in the laboratory and in the field.
It also includes discussion of two common instrumental techniques: X-ray powder diffraction and electron beam
methods. Chapter 4 covers the most fundamental aspects of crystal chemistry, and Chapter 5 is a short introduction
to basic aspects of crystallography. Chapter 6 covers optical mineralogy. This subject is included so that instructors
who plan to introduce thin sections of rocks in their course can give their students quick access to the fundamentals of
optical mineralogy and the optical properties of rock-forming minerals.

The sequencing of subsequent systematic mineralogy chapters is completely different from that most commonly used
in mineralogy textbooks. In these chapters, minerals are discussed in groups based first on chemistry (native elements,
oxides, silicates, and so on) and, subsequently, for the silicates, on structural features (layer, chain, and framework silicates,
and so on). Here, the decision was made to group systematic mineralogy descriptions as part of the three major rock types:
igneous, sedimentary, and metamorphic. This allows for the closest possible integration of mineralogy and petrology.

Chapter 7 gives systematic mineralogical data on 29 of the most common igneous minerals, including, in order of
decreasing abundance, silicates, oxides, a few sulfides, and a phosphate. This is followed by Chapter 8, which presents
the most fundamental aspects of the formation of igneous rocks. Chapter 9 addresses the occurrence of igneous rock
types, their classification, and plate tectonic settings.

This approach is repeated with respect to sedimentary and metamorphic minerals and rocks. Chapter 10 gives
systematic mineralogical descriptions of 14 common sedimentary minerals as well as phosphorite and soil. (The
siliciclastic components of sedimentary rocks are discussed in Chapter 7, which deals with igneous minerals).
Chapter 11 deals with the formation, transport, and lithification of sediment, and Chapter 12 discusses sedimentary
rock classification, as well as the occurrence and plate tectonic setting of sedimentary rocks.

Chapter 13 gives the systematic mineralogy of 26 of the most common metamorphic minerals, all of which are
silicates, except for one, an oxide. Chapter 14 addresses the causes of metamorphism, gives rock classifications, and
relates their occurrence to plate tectonic settings.

Chapter 15 gives systematic mineralogical descriptions of selected minerals that are of economic importance.
Chapter 16 gives a brief overview of some selected resources of Earth materials, and Chapter 17 discusses the health
effects of several minerals and chemical elements, and the hazards presented by certain rock-forming processes.

xiii
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Xiv Preface

In the chapters that deal mainly with systematic mineralogy (Chapters 7, 10, 13, and 15), the main emphasis is on geo-
logic occurrence (paragenesis), chemistry and atomic structure, physical properties that are pertinent to hand specimen
identification (in laboratory sessions associated with an Earth materials course), and uses in industry and manufactur-
ing. Hand specimen photographs and atomic structure illustrations are given for each mineral discussed.

This text is meant to be not only a supplement to lectures but also a reference source in the applied laboratory ses-
sions of the course. Basic concepts in crystal chemistry, crystallography, and the origin of various rock types are best
presented by the instructor in lectures in the classroom. Mineral and rock identification and classification schemes,
however, are best learned in the laboratory with hand specimens and thin sections, using those parts of the book that
specifically address the applied aspects.

All chapters begin with a boxed overview of what follows and end with a summary and set of review questions.
When a new term is first encountered in the text, it is printed in bold type to signify that its definition is included in the
glossary at the end of the text.

CRYSTALVIEWER

The atomic structure illustrations, which are static images in this text, can also be viewed as interactive visualizations
in CrystalViewer, a crystal structures visualization program for Mac and Windows. CrystalViewer is designed to
provide the missing “third dimension” for crystal structure illustrations in the book. Each structure can be rotated and
scaled with the computer mouse, and it is hoped that such interactive exploration will lead to an improved visual
understanding of the complex three-dimensional atomic arrangements of minerals. The program contains 105
structure illustrations, which are distributed over two files. The
PYROXENE first file, with the title “Learning,” contains 24 structures that are
referenced with figure numbers from Chapters 2, 4, and 5.
These 24 structures illustrate basic aspects of crystal chemistry.
The other file, entitled “Reference” with 81 crystal structures, is
arranged in alphabetical order, by mineral name. This file contains
the structures of the rock-forming minerals discussed in Chapters
5,7,10,13,and 15. These structures complement the structure
illustrations in the text that show unit cell outlines, space group

QUARTZ

View down l
the c axis a

notation, and legends with atomic site occupancies.
The files and the CrystalViewer download are at
www.cambridge.org/earthmaterials.

Our overall goal was the production of an accessible, highly illustrated and visually attractive, condensed and well-
integrated mineralogy-petrology textbook suitable for one-semester Earth materials courses. It is our hope that we
have succeeded.
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