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Engineering geology - a discipline that forms the bedrock of modern 
infrastructure development and current construction practices on the Earth’s 
materials that formed naturally beneath the Earth’s surfaces. Engineering 
geology serves as a bridge between geology and engineering, unifying 
these two essential disciplines to ensure the successful execution of various 
projects, ranging from buildings and bridges to dams and tunnels. Therefore, 
the importance of understanding the fundamental knowledge between 
geology and its application in civil engineering works becomes ever more 
critical.

Designed specifically for civil engineering students of Universiti Tun Hussein 
Onn Malaysia (UTHM), this book seeks to provide a solid foundation and a 
holistic understanding of geological concepts that are indispensable to any 
engineer in civil engineering works.

Within these pages, you will encounter a diverse array of topics, starting with 
the definition of geology, engineering geology, and rock mechanics, and also 
the geological processes that have shaped our planet over millions of years. 
From plate tectonics and earthquakes to weathering and erosion as well as 
geohazards, we will explore how these natural phenomena have influenced 
the landscapes we inhabit.

Furthermore, this textbook discusses the properties and types of minerals 
and rocks, emphasizing to readers the formation of minerals and rocks on 
the Earth, their different characteristics and classifications, as well as the 
importance of understanding the geological structures and subsurface 
conditions before initiating construction projects.

As you embark on your journey through these pages, you will gain the 
knowledge and skills to confront real-world engineering geology challenges. 
Engaging exercises, case studies, and practical examples will supplement 
your learning, allowing you to apply theoretical concepts to real-life situations.

Preface
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We sincerely hope that this textbook will ignite your passion for engineering 
geology and inspire you to become proactive problem solvers, equipped to 
tackle the geotechnical challenges of the future. Whether you aspire to be 
a civil engineer, geotechnical consultant, or environmental specialist, the 
knowledge within this book will be invaluable in shaping your career.

So, dear readers, let us embark on this journey together, exploring the 
dynamic intersection of geology and engineering. May this textbook serve 
as your faithful companion, equipping you to shape a safer, more resilient, 
and sustainable world for generations to come.

Mohd Firdaus bin Md Dan @ Azlan
Ph.D, P.E (BEM)
Head of Sustainable Geostructure and Underground Exploration (SGUE)
Faculty of Civil Engineering and Built Environment (FKAAB)
Universiti Tun Hussein Onn Malaysia (UTHM)
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1.1	 Introduction

Geology plays a crucial role in engineering by providing essential insights into 
the Earth’s materials and processes. Engineers rely on geology to understand 
the geological conditions of project sites, assess potential hazards, and 
design structures safe and resilient structures geological settings. As an 
introduction, geology is integral to engineering fields as it provides valuable 
insights into the Earth’s materials, geological hazards, and processes. By 
incorporating geology into engineering practices, professionals can design 
structures that are safe, resilient, and well-suited structures in geological 
environments.

Geology, engineering geology, and rock mechanics are all interconnected 
fields within the broader discipline of Earth sciences. They share common 
foundations in the study of rocks, minerals, and the processes that shape the 
Earth’s surface and subsurface. While they have distinct focuses, they are 
closely related and contribute to our understanding of the Earth’s materials 
and their implications for engineering applications.

In summary, geology provides the foundational understanding of the Earth’s 
materials and processes, while engineering geology focuses on applying 
that knowledge to engineering projects, with an emphasis on geological 
hazards and site assessment. Rock mechanics zoom in further, study the 
mechanical behavior of rocks to determine their response to applied forces. 
Together, these fields contribute to safe and effective engineering practices 
in various geological settings.

a)	 Definition of Geology

The term “geology” originates from the Greek word’s “geo” meaning earth 
and “logos” referring to discourse. Geology is the scientific study of the Earth’s 
solid materials, including rocks, minerals, and the processes that shape the 
planet’s structure and history. It involves investigating the composition, 

Chapter 1: 
Introduction to Geology
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2.1	  Introduction

Minerals are of paramount importance to the Earth, playing significant 
roles in geological processes, ecological balance, and human activities. 
They form the essential components of rocks, shaping the Earth’s crust, 
and contribute to the formation of mountains, creation of new land through 
volcanic activity, and the recycling of materials in the rock cycle. Minerals 
provide insights into Earth’s history, past environments, and the dynamic 
nature of our planet. Moreover, minerals serve as valuable natural resources 
extensively used in various industries, including metals like iron, aluminum, 
copper, and gold crucial for manufacturing, construction, transportation, 
and technology. Non-metallic minerals like limestone, gypsum, and sand 
are essential for construction materials and infrastructure. Their extraction 
and processing contribute significantly to local and global economies, 
fostering economic growth, employment opportunities, and supporting 
various sectors. Minerals also play a vital role in human development, being 
used in agriculture, pharmaceuticals, cosmetics, and cultural artifacts. They 
contribute to environmental balance by supporting soil fertility, biodiversity, 
and natural processes like weathering and erosion. Additionally, minerals 
provide subjects for scientific research, aiding in the understanding of Earth’s 
composition, history, and life’s evolution. Overall, minerals hold immense 
importance, necessitating their responsible and sustainable management 
for the well-being of societies and the planet.

The study of minerals holds great significance for civil engineers as 
it encompasses material selection, structural stability, geotechnical 
engineering, construction materials, and environmental considerations. 
Understanding mineral properties is crucial for selecting suitable materials 
and ensuring their strength and durability in construction projects. Minerals 
influence the stability of structures and help engineers analyze soil and 
rock properties in geotechnical engineering. They also form the basis of 
construction materials, and their environmental impact must be considered 

Chapter 2: 
Minerals
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3.1	 Introduction

Rock is a composite material formed by the aggregation of one or more 
minerals. Rock is defined as a mixture formed of aggregates of one or more 
minerals (aggregate of minerals). It can be created through various processes, 
including the crystallization of molten material (igneous), the solidification 
of sediments like sand or clay (sedimentary), the recrystallization of pre-
existing rocks (metamorphic), or the crystallization from hot aqueous fluids 
(hydrothermal).

Igneous rocks are formed when molten material cools and solidifies either 
below the Earth’s surface (intrusive or plutonic) or on the surface (extrusive 
or volcanic) (Figure 3.1a). The cooling rate determines the grain size, with 
volcanic rocks having a fine-grained texture and plutonic rocks being 
coarse-grained. Sedimentary rocks form on the Earth’s surface through 
the lithification of weathered or dissolved materials (Figure 3.1b). They 
are classified based on particle size, which correlates with changes in 
composition. Metamorphic rocks result from the recrystallization of existing 
rocks under high temperatures and pressure (Figure 3.1c). They can originate 
from any rock type. Hydrothermal rocks are formed by the crystallization of 
minerals from hot aqueous fluids and are commonly found near intrusive 
igneous bodies. This process concentrates elements, including economically 
important ore minerals.

Rocks form the crust of the Earth, and the unconsolidated soils and sediments 
above them are products of weathering processes. Understanding the 
engineering behavior of rocks and soils is crucial for civil engineers during 
construction projects. It is essential to have a basic geological understanding 
of these materials to determine their engineering limits and for further 
studies in soil mechanics and foundation engineering. The Earth’s crust has 
been evolving for millions of years, with continuous motion, change, and 
development. Rocks and soils have also transformed over time. Based on 
the three modes of origin (igneous, sedimentary, and metamorphic), rocks 

Chapter 3: 
The Study of Rocks
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4.1	 Introduction to Weathering

Weathering plays an important role in the formation of heterogeneous zones 
beneath Earth’s surface which consist of rock and soil matrix. Weathering 
can be defined as a coupled process of disintegration and decomposition 
of rock materials through physical and chemical reactions on rock structure 
caused by the exposure of the rock mass/material to the denudation agents 
such as temperature changes, moisture, wind, chemical reactions, and 
biological activity. Figure 4.1 shows the physical and chemical changes of 
shale outcrop due to weathering reaction, located in Ayer Hitam, Johor.

Ayer Hitam, Batu Pahat, Johor

Figure 4.1: Weathering reaction on a shale mass outcrop

Chapter 4: 
Weathering
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Chapter 5: 
Geological Structures

5.1 Introduction to Geological Structures

Throughout the vast timescale of Earth’s history, the Earth’s crust has been in 
constant motion, resulting in the deformation of rocks near or at the surface. 
This deformation occurs because different parts of the Earth’s lithospheric 
plates are moving relative to each other. The movement of these plates creates 
stresses that cause compression (pushing together), tension (pulling apart), 
and shear in the rocks. In response to these stresses, the rocks in the Earth’s 
crust change their shape, a process known as strain. This strain leads to the 
development of various geological structures that serve as a record of the 
type of deformation that has occurred. When rocks experience compression, 
they can form folds, where the rock layers bend and curve as shown in Figure 
5.1. In cases of tension, the rocks may fracture, resulting in breaks or cracks. 
Joints are another type of fracture that occurs when rocks break apart but 
without significant displacement. The continuous movement of the Earth’s 
crust over billions of years has caused rocks to undergo deformation. 

a) b)

Figure 5.1: (a) The sedimentary rock layer remains unaffected by 
deformation, and (b) The sedimentary rock layer experiences deformation.

Geology Final 20.03.24.indd   175Geology Final 20.03.24.indd   175 20-Mar-24   10:17:55 AM20-Mar-24   10:17:55 AM



199

Anon. (1981). Rock and Soil Description and Classification for Engineering 
Geological Mapping, Report by the International Association of 
Engineering Geology Commission on Engineering Geological 
Mapping. Bulletin of the International Association of Engineering 
Geology, 24, 235–74.

Borrelli, L., Critelli, S., Gullà, G., & Muto, F. (2015). Weathering grade and 
geotectonics of the western-central Mucone River basin (Calabria, 
Italy). Journal of Maps, 11(4), 606–624. https://doi.org/10.1080/17445
647.2014.933719

Cerato, A. B. (2003). Mineralogical study of Davis Mine, Rowe, Massachusetts, 
using X-Ray diffraction techniques. Department of Geosciences, 
University of Massachuseets, September.

Deer, W. A., Howie, R. A., & Zussman, J. (1966). An Introduction to Rock-
Forming Minerals,. In Addison-Wesley-Longman, Reading, Mass. (p. 
528).

Encyclopædia Britannica. (2023a). Orbits. In Encyclopædia Britannica (pp. 
1–1). Encyclopædia Britannica.

Encyclopædia Britannica. (2023b). Solar System. In Encyclopædia Britannica 
(pp. 1–1). Encyclopædia Britannica. https://www.britannica.com/
science/solar-system#/media/1/553008/146127

Gribble, C., & McLean, A. (1985). Geology for civil engineers: second edition 
(2nd, revised ed.). George Allen and unwin.

Hencher, S. R., & Martin, R. P. (1982). The Description and Classification 
of Weathered Rocks in Hong Kong for Engineering Purposes. 
Proceedings of 7th South-East Asian Geotechnical Conference. Hong 
Kong, 1, 125-142.

Bibliography

Geology Final 20.03.24.indd   199Geology Final 20.03.24.indd   199 20-Mar-24   10:18:00 AM20-Mar-24   10:18:00 AM



200

ISRM. (2007). The Complete ISRM Suggested Methods for Rock 
Characterization, Testing and Monitoring: 1974-2006. In R. Ulusay & 
J. A. Hudson (Eds.), Commission on Testing Methods, International 
Society for Rock Mechanics (April 2007).

Komoo, I. (1985). Engineering Properties of Weathered Rock Profiles in 
Peninsular Malaysia. Proceedings of the Eighth Southeast Asian 
Conference Geotechnical Conference, Kuala Lumpur, 1: 3-81-3–86.

Komoo, I. (1995). Geologi Kejuruteraan Perspektif Rantau Tropika Lembab. 
Syarahan Perdana,Universiti Kebangsaan Malaysia, Bangi, Selangor 
Malaysia, 1–62.

Lide, D. R. (2002). Handbook of Chemistry and Physics. 83rd ed.,CRC Press, 
Boca Raton, Fla.

Mcfadden, L. D., Martha Cary Eppes, Allan R. Gillespie, & Bernard Hallet. 
(2005). Physical weathering in arid landscapes due to diurnal variation 
in the direction of solar heating. Geological Society of America Bulletin, 
117, 161–173.

Md Dan, M. F. (2016). Physical classifications and engineering characteristics 
of in situ boulders in tropically weathered granite. PhD Thesis, 
Universiti Teknologi Malaysia, October.

Ruxton, B. P., & Berry, L. (1957). Weathering of Granite and Associated Erosional 
Features in Hong Kong. Bulletin of the Geological Society of America, 
68(10), 1263–1292. https://doi.org/10.1130/0016-7606(1957)68

Schaetzl, R. J., & Anderson, S. (2005). Soils: Genesis and Geomorphology. . 
Cambridge.

Tsidzi, K. E. N. (1997). An Engineering Geological Approach to Road Cutting 
Slope Design in Ghana. Geotechnical and Geological Engineering, 15, 
31–45.

Tuğrul, A., & Gürpinar, O. (1997). A Proposed Weathering Classification 
for Basalts and Their Engineering Properties (Turkey). Bulletin of 
the International Association of Engineering Geology - Bulletin de 
l’Association Internationale de Géologie de l’Ingénieur, 55(1), 141–149.

Geology Final 20.03.24.indd   200Geology Final 20.03.24.indd   200 20-Mar-24   10:18:00 AM20-Mar-24   10:18:00 AM



201

MOHD FIRDAUS BIN MD DAN @ AZLAN is the head 
of the Sustainable Geostructure and Underground 
Exploration (SGUE) focus group and a senior lecturer 
at Universiti Tun Hussein Onn Malaysia (UTHM), Batu 
Pahat, Johor. He is a lecturer in Engineering Geology 
and Rock Mechanics subjects for undergraduate and 
postgraduate students.

In 2016, Firdaus received his PhD in Civil Engineering
(Engineering Geology) from Universiti Teknologi Malaysia (UTM). Currently, 
Firdaus is a professional engineer (BEM) and a professional technologist 
(MBOT), a member of the International Society for Rock Mechanics 
(ISRM) National Group of Malaysia, and a National Fellow at the Universiti 
Teknologi Malaysia’s Centre of Tropical Geoengineering (GEOTROPIK).

Firdaus’ areas of specialization include rock and soil slope engineering, 
geohazard assessment, engineering geology, tropical rock engineering, 
and geological mapping. Firdaus is also actively involved in the geotechnical 
and geological design, modeling, and geotechnics and rock mechanics 
instruments using various software from Rocsciences, GeoSlope, GeoStru, 
and RockWorks. From 2016 to 2023, Firdaus has been actively involved in 
many geotechnical and geological consultations in various geotechnical 
structures, such as rock and soil slopes, dams, embankments, spillways, 
and rock quarries, in various states in Malaysia, including Johor, Melaka, 
Selangor, Kuala Lumpur, Perak, Pahang, Terengganu, and Kelantan.

In the research field, Firdaus has published over 60 research publications, 
including journals, books, and book chapters in various indexed and non-
indexed journals, including Elsevier, the Journal of Physics and Chemistry 
of the Earth, the Journal of Mines, Metals, and Fuels, the Journal of 
Computational and Theoretical Nanoscience, the International Journal of 
Integrated Engineering, and the Journal of Physics.

Biography

Geology Final 20.03.24.indd   201Geology Final 20.03.24.indd   201 20-Mar-24   10:18:00 AM20-Mar-24   10:18:00 AM



202

Aziman Madun embarked on his career in 1995, delving 
into infrastructyure projects following his graduation 
fro Universiti Kebangsaan Malaysia with a degree in 
geology. His notable projects include contributing to 
the Kuala Lumpur to Karak Highway (1995-1997), the 
Pos Selim to Kg. Raja Road (1997-2001), the Karak to 
Kuantan Highway (2001-2002), and the Electrified 
Double Track Rawang to Ipoh (2002-2004) during his

tenure at Terratech Consultants Sdn. Bhd. and Ranhill Bersekutu Sdn. Bhd.

In 2004, Aziman transitioned to academia, joining the faculty of Civil 
Engineering and Built Environment at Universiti Tun Hussein Onn Malaysia 
as a lecturer. He earned his Doctor of Philosophy from the University of 
Birmingham, United Kingdom in 2012 and currently holds the position of a 
engineering geology. Additionally, he is a registered professional geologist 
with the Board of geologists Malaysia.

As an academic,Aziman actively engages in cutting-edge research, 
particularly focusing in geophisical investigation for engineering geology 
and geotechnical applications. Simultaneously, as a professional geologist, 
he is involved in site investigation and groundwater exploration, skillfully 
blending academic expertise with hands-on experience. This book 
reflects his adept intergation of theory and practice in the dyamic field of 
engineering geology.

Geology Final 20.03.24.indd   202Geology Final 20.03.24.indd   202 20-Mar-24   10:18:00 AM20-Mar-24   10:18:00 AM



203

Index

A
alluvium  154, 155
alternate heating and cooling  138, 

139
amphiboles  62, 73, 74
anisotropy  3, 175, 186
Anticline  176, 177, 178
Anticlines  176, 177
aphanitic  90, 96, 97, 99, 104
asteroids  3, 4, 7, 8
Avalanches  35

B
bedrock  138, 154, 155, 161
biotite  57, 71, 72, 99, 102, 104, 130, 

147, 150, 151
borehole  2
boulders  119, 148, 153, 155, 157, 160, 

162, 165
bridges  2, 18, 133, 168
brittle  125, 173, 174
buildings  2, 18, 133, 168

C
calcite  43, 44, 57, 65, 74, 75, 110, 113, 

115, 117, 118, 120, 136, 147
celestial  3, 7
characteristics  2, 3, 9, 12, 17, 29, 30, 

34, 37, 42, 44, 45, 58, 61, 64, 70, 
73, 82, 91, 97, 108, 109, 118, 119, 
120, 121, 124, 133, 135, 137, 153, 
157, 160, 161, 174, 175, 176, 177, 

179, 182, 184, 189, 190, 191, 192
chlorite  57, 62, 77, 79
civil engineer  18, 41, 42, 81, 154
Civil Engineering Works  37, 168
Classification of Soils  154
classifications  96, 138, 157
clastic  112, 113, 119, 120
clay  57, 59, 60, 61, 62, 76, 80, 81, 108, 

112, 114, 115, 120, 146, 147, 150, 
154, 155

cleavage  42, 44, 51, 52, 68, 69, 70, 
71, 72, 73, 74, 77, 102, 130, 135

climatic  21, 151
colluvium  154
colors  22, 47, 48, 69, 74, 78, 133, 144, 

153
comet  3, 4, 7
comets  3, 4, 7
Completely Weathered  158, 159, 

160
compression  31, 109, 124, 128, 171, 

172, 179
construction projects  18, 41, 81, 105, 

168, 189
Continental-continental conver-

gence  26, 31
convergent boundaries  32
Cost-effective designs  168
cracks  90, 92, 106, 125, 137, 139, 140, 

141, 143, 152, 157, 171, 175, 184
crystal  42, 44, 45, 51, 58, 61, 72, 73, 

74, 75, 85, 89, 90, 94, 96, 97, 
102, 104, 130, 138, 139, 141, 142

crystallization  81, 97, 115, 141, 153

Geology Final 20.03.24.indd   203Geology Final 20.03.24.indd   203 20-Mar-24   10:18:01 AM20-Mar-24   10:18:01 AM



204

D
dams  2, 133
decomposition  137, 138, 139, 149, 

150, 157
density  6, 13, 14, 15, 29, 39, 56, 85, 

103, 105, 109, 125, 186
denudation  137, 138, 149, 169
detrital  112, 113, 114
Digital Imaging Analysis  187
diopside  72
Diopside  72
discontinuities  3, 148, 158, 159, 175, 

177
dissolution  35, 138, 139, 144, 147, 157
Dissolution  144, 147
divergent boundaries  26, 31
Divergent boundaries  25, 27
divergent boundary  26
Divergent boundary  26
Divergent Boundary  26
dolomite  57, 65, 120, 147
ductile  14, 173, 174
Durability assessment  168
dynamic processes  2

E
Earth  1, 2, 3, 4, 5, 7, 9, 10, 11, 12, 13, 

14, 15, 16, 18, 19, 20, 23, 27, 29, 
34, 39, 41, 42, 47, 61, 66, 68, 70, 
80, 81, 82, 83, 84, 85, 86, 87, 88, 
89, 90, 93, 94, 95, 97, 102, 104, 
105, 106, 111, 116, 124, 135, 137, 
140, 153, 156, 171, 172, 173, 174, 
188, 191, 192

earthquakes  2, 18, 19, 25, 31, 34, 35, 
37, 179, 183, 191

Earth’s materials  1, 153
Earth’s surfaces  124, 153
engineering geology  1, 2, 3, 37
engineering principles  2
environmental impact  19, 37, 38, 41, 

168

erosion  41, 83, 93, 105, 107, 120, 123, 
134, 137, 138, 140, 151, 153, 154, 
168, 169, 185, 188

Erosion and Transportation Pro-
cess  153

extrusive igneous  89, 94, 95, 104

F
faults  3, 30, 33, 84, 128, 172, 173, 174, 

175, 179, 180, 181, 182, 190, 191
feldspar  42, 56, 57, 61, 62, 67, 70, 73, 

76, 96, 99, 102, 103, 104, 114, 
130, 146, 147, 150, 152

felsic  99, 101
field surveys  186
fold  29, 30, 61, 172, 174, 175, 176, 177, 

179, 190, 192
foliated  77, 79, 128, 129, 130, 136
foundation design  18, 37, 38, 133, 

174, 177, 189
foundations  1, 2, 3, 37, 188, 189, 190, 

191
fracture  3, 16, 17, 51, 52, 69, 84, 91, 

106, 125, 139, 141, 143, 151, 152, 
157, 171, 172, 173, 174, 175, 179, 
184, 185, 191, 192

fractures  3, 17, 84, 139, 141, 143, 151, 
157, 172, 174, 175, 179, 184, 185, 
191, 192

fresh  24, 117, 140, 153, 159
frost action  138, 139

G
galaxies  3
geological data  2
geological hazard  1, 2, 18, 37, 189, 

190, 191
geological mapping  2, 190, 191
geological processes  11, 12, 34, 35, 

41, 42, 44, 61, 77, 117, 140, 174, 
188

Geology Final 20.03.24.indd   204Geology Final 20.03.24.indd   204 20-Mar-24   10:18:01 AM20-Mar-24   10:18:01 AM



205

geological structures  30, 171, 172, 
174, 175, 176, 190, 192

geologic hazards  34, 35
geologists  2, 37, 44, 61, 121, 154, 183, 

188, 190, 191
geology  1, 2, 3, 12, 20, 37, 38, 57, 59, 

189, 191
geophysical surveys  2
geotechnical problems  2
glacial drift  154, 155
glassy  52, 68, 69, 73, 77, 89, 94, 96, 

97, 99, 104
groundwater  2, 11, 37, 38, 74, 110, 117, 

118, 133, 175, 177, 187, 189
groundwater conditions  2
gypsum  41, 43, 65, 80, 115, 117, 118, 

120, 145, 146

H
halite  43, 66, 115, 117, 118
hardness  42, 44, 49, 54, 55, 69, 70, 

74, 75, 77, 78, 79
hazards  1, 2, 18, 34, 35, 37, 175, 182, 

183, 184, 189, 190, 191
heterogeneity  3
heterogeneous  137, 153
Highly Weathered  158, 159, 161
human activities  41, 42, 151
hydration  144, 145, 146
hydrolysis  138, 144, 146, 147, 169
Hydrolysis  146

I
igneous rocks  66, 68, 73, 74, 77, 83, 

84, 85, 86, 87, 89, 94, 96, 97, 99, 
100, 101, 102, 104, 130, 135, 147, 
185

infrastructure  18, 35, 37, 38, 41, 42, 
168, 175, 183, 189, 190

Infrastructure  38
intact rock  3, 161
intermediate  86, 96, 102, 104

intrusive igneous  81, 85, 92, 102

J
joints  3, 92, 148, 172, 173, 174, 175, 

184, 185, 186, 187, 190
Jupiter  3, 6, 7

L
laboratory testing  2
landslides  2, 18, 34, 37, 107, 109, 153, 

154, 183, 187, 189, 191
Landslides  34
luster  42, 49, 52, 53, 54, 69, 70, 74, 

75, 77, 80

M
mafic  99, 102
magma  24, 25, 26, 27, 29, 30, 42, 68, 

73, 83, 84, 85, 86, 87, 88, 89, 
90, 91, 92, 93, 94, 97, 102, 124, 
125, 127, 153

Mars  3, 5, 7, 9
material selection  38, 41
Mercury  3, 5, 9
mica  4
Mineral  41, 42, 43, 44, 45, 52, 56, 57, 

60, 61, 64, 65, 66, 67, 68, 76, 78, 
101, 145, 146

minerals  1, 2, 13, 18, 41, 42, 43, 44, 
45, 47, 49, 50, 51, 52, 53, 55, 56, 
57, 58, 60, 61, 62, 64, 65, 66, 67, 
68, 70, 71, 72, 73, 74, 75, 76, 77, 
78, 79, 80, 81, 86, 96, 99, 101, 
102, 103, 104, 106, 110, 111, 112, 
113, 115, 117, 118, 119, 120, 123, 
124, 125, 127, 129, 130, 135, 138, 
139, 144, 145, 146, 147, 152, 154, 
157, 169

monocline  177
moons  3, 4, 6
muscovite  52, 71, 72, 99, 102

Geology Final 20.03.24.indd   205Geology Final 20.03.24.indd   205 20-Mar-24   10:18:02 AM20-Mar-24   10:18:02 AM



206

N
Neptune  3, 6

O
Oceanic-continental convergence  

26, 29
Oceanic-oceanic convergence  26, 

30
olivine  42, 62, 73, 96, 99, 100, 103, 

144
Organic activities  138, 139
oxidation  138, 144, 145
Oxidation  106

P
permeability  3, 133, 175, 183, 187
Petrographic  57
phaneritic  90, 96, 97, 99, 103
planet  2, 4, 5, 6, 9, 12, 41
planets  3, 4, 5, 6, 7, 39
Plate boundary zones  26, 34
Plate-Boundary Zones  34
plate tectonics  12, 14, 19, 23, 26, 34, 

83
Pluto  3
porphyritic  93, 96, 97, 99
pyroclastic  34, 87, 88, 96, 98, 99
pyroxene  62, 72, 96, 99, 100, 103, 

104, 135, 144

Q
quartz  42, 43, 44, 51, 52, 56, 57, 61, 

62, 69, 70, 80, 96, 99, 103, 104, 
114, 130, 132, 147, 152

R
regolith  139, 154, 160
remote sensing  2
Residual Soil  154, 158, 160
rock composition  147, 151

rock cycle  41, 83
rockfalls  37, 107, 109, 123, 154, 187, 

189, 191
Rockfalls  35
rock-forming minerals  67, 68, 72
rock mass  3, 137, 139, 148, 156, 157, 

158, 160, 166, 173, 174, 175, 177, 
184, 186, 187, 192

rock mechanics  1, 3
Rock mechanics  1, 3
rocks  1, 2, 3, 11, 13, 14, 15, 16, 17, 18, 

24, 31, 34, 35, 39, 41, 43, 53, 57, 
61, 66, 67, 68, 70, 71, 72, 73, 74, 
77, 78, 79, 80, 81, 82, 83, 84, 85, 
86, 87, 89, 90, 92, 94, 95, 96, 97, 
98, 99, 101, 102, 104, 105, 106, 
107, 108, 109, 110, 111, 112, 113, 
114, 115, 116, 117, 118, 119, 120, 
121, 123, 124, 125, 127, 128, 129, 
130, 132, 133, 135, 138, 139, 140, 
141, 142, 143, 144, 146, 147, 152, 
153, 155, 157, 158, 159, 160, 171, 
172, 173, 174, 175, 176, 177, 178, 
179, 180, 183, 184, 185, 186, 187, 
188, 190, 191, 192

rockslides  35
rock texture  96, 135, 159

S
Saturn  3, 6
sedimentary rocks  83, 84, 105, 106, 

107, 108, 109, 111, 112, 113, 114, 
115, 116, 117, 118, 119, 120, 121, 
125, 130, 133, 135, 159

seismic activity  2, 12, 25, 29, 30, 31, 
35, 179, 183

serpentine  78, 79
shear  31, 172, 174, 175, 185
silicate minerals  61, 62, 64, 67, 73, 

76, 77, 78, 80, 102
Sinkholes  35
site investigation  37, 38, 133, 190

Geology Final 20.03.24.indd   206Geology Final 20.03.24.indd   206 20-Mar-24   10:18:02 AM20-Mar-24   10:18:02 AM



207

Slightly Weathered  158, 161
slopes  2, 3, 37, 87, 107, 108, 153, 154, 

175, 183, 188, 191
slope stability  37, 38, 133, 174, 177
soil  2, 17, 18, 34, 37, 41, 59, 75, 77, 80, 

81, 109, 137, 138, 143, 146, 151, 
153, 154, 155, 157, 158, 159, 160, 
161, 169, 177, 183, 188, 189

soil samples  2
solar system  4, 5, 6
specific gravity  42, 45, 56
stability  2, 3, 16, 18, 37, 38, 41, 133, 

134, 174, 175, 177, 183, 187, 188, 
189, 190, 191

stars  3, 7
Stereographic projection  187
streak  49, 50, 69
Streak  45, 49
Structural integrity  168
subsurface  1, 37, 90, 188, 189, 191
syncline  177
Synclines  176, 177, 178

T
Talc  52, 79
tension  171, 172, 179
The Physical of Rock  152
topography  151, 169
Transform boundaries  26, 31, 32
Transform Boundaries  31
transparency  53, 57
transported soil  153, 154, 156
tsunamis  34
tunnels  2, 3

U
ultramafic  78, 102
unconformities  176, 188, 189, 190
unconformity  187, 188, 192
Universe  3
unloading  138, 141
Uranus  3, 6

V
Venus  3, 5, 9
vesicular  96, 98, 99
Volcanic eruptions  34, 90

W
weathering  10, 35, 41, 58, 73, 76, 81, 

83, 105, 106, 134, 137, 138, 139, 
140, 141, 143, 144, 145, 146, 147, 
148, 149, 150, 151, 152, 153, 154, 
156, 157, 158, 159, 160, 161, 165, 
166, 168, 169, 185, 188

Weathering  106, 137, 138, 144, 148, 
149, 151, 153, 156, 157, 158, 160, 
162, 166, 167, 168

X
X-Ray Diffraction  59

Geology Final 20.03.24.indd   207Geology Final 20.03.24.indd   207 20-Mar-24   10:18:02 AM20-Mar-24   10:18:02 AM






