. X ANNAMACHARYA INSTITUTE OF TECHNOLOGY & SCIENCES
- g }

(AUTONOMOUS
UTUKUR (P), C. K. DINNE (V&M), KADAPA, YSR DIST.

Approved by AICTE, New Delhi & Affiliated to JNTUA, Anantapuramu.
Accredited by NAAC with ‘A’ Grade, Bangalore.

ENGINEERING
GEOLOGY

(23HES0103)

L ecture Notes

By
1. Madhavi Latha
Assistant Professor

Dept. of Civil Engg.
Aits, Kadapa

(¥ scanned with OKEN Scanner



B.Tech. —CIVIL Engineering HM 23 Regulations AI T S

II Year B.Tech. CE — II Semester

(23HES0103) ENGINEERING GEOLOGY

Course Objectives:

¢ To know the importance of Engineering Geology to the Civil Engineering,

¢ To enable the studentsunderstand what minerals and rocks are and their formation and
identification.

e To highlight significance/ importance/ role of Engineering Geology in construction of
Civil Engineering structures.

e To enable the studentrealize its importance and applications of Engineering Geology
in Civil Engineering constructions.

e Concepts of Groundwater and its geophysical methods

Course Outcomes:

e Understand the significance of geological agents on Earth surface and its significance
in Civil Engineering.

¢ Identify and understand the properties of Minerals and Rocks.

¢ Understand the concepts of Groundwater and its geophysical methods.

e C(lassify and measure the Earthquake prone areas, Landslides and subsidence to
practice the hazard zonation.

e Investigate the project site for mega/mini civil engineering projects and site selection
for mega engineering projects like Dams, Reservoirs and Tunnels.

SYLLABUS:

UNIT-I:

Introduction: Branches of Geology, Importance of Geology in Civil Engineering with case
studies, weathering of rocks, Geological agents, weathering process of Rock, Rivers and
geological work of rivers.

UNIT-II

Mineralogy And Petrology: Definitions of mineral and rock-Different methods of study of
mineral and rock. Physical properties of minerals and rocks for megascopic study for the
following minerals and rocks. Common rock forming minerals: Feldspar, Quartz Group,
Olivine, Augite. Hornblende, Mica Group, Asbestos, Talc, Chlorite, Kyanite, Garnet, Calcite
and ore forming minerals are Pyrite, Hematite, Magnetite, Chlorite, Galena, Pyrolusite,
Graphite, Chromite, Magnetite and Bauxite. Classification, structures.textures and forms of
Igneous rocks, Sedimentary rocks, Metamorphic rocks, and their megascopic study of granite
varieties, (pink, gray, green). Pegmatite, Dolerite, Basalt etc., Shale, Sand Stone, Lime Stone,
Laterite, Quartzite, Gneiss, Schist, Marble, Khondalite and Slate.
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UNIT-1II

Structural Geology: Strike . Dip and Outcrop study of common geological structures
associating with the rocks such as Folds, Faults, Joints and Unconformities- parts, types.
mechanism and their importance in Civil Engineering.

UNIT-1V

Ground Water: Water table, Cone of depression, Geological controls of Ground Water
Movement, Ground Water Exploration Techniques.

Earthquakes and Land Slides: Terminology, Classification, causes and effects, Shield areas
and Seismic bells, Richter scale intensity, Precautions of building constructions in seismic
areas. Classification of Landslides, Causes and Effects, measures to be taken prevent their
occurrence at Landslides.

Geophysics: Importance of Geophysical methods, Classification, Principles of Geophysical
study by Gravity method, Magnetic method, Electrical methods, Seismic methods.
Radiometric method and Electrical resistivity, Seismic refraction methods and Engineering
properties of rocks.

UNIT-V

Geology of Dams, Reservoirs and Tunnels: Types and purpose of Dams. Geological
considerations in the selection of a Dam site. Geology consideration for successful
constructions of reservoirs, Life of Reservoirs. Purpose of Tunnelling, effects, Lining of
Tunnels. Influence of Geology for successtul Tunnelling.

Textbooks:
1. Engineering Geology by N. ChennaKesavulu, Laxmi Publications . 2"Edn 2014.

2. Engineering & General Geology by Parbin Singh Katson educational

series 82023
References:
1. Engineering Geology by SubinoyGangopadhay Oxford University press 1% edition,
2012.

2. Engineering Geology by D. Venkat Reddy, Vikas Publishing, 2"Edn , 2017,
3. Geology for Engineers and Environmental Society’ Alan E Kehew, 3rd edn., 2013)

Pearson publications.
4. “Environmental Geology’ (2013) K.S.Valdiya, 2nd ed., McGraw Hill Publications.

Web Materials:

1. http://nptel.1itm ac.1n/video. php?subjectld=105105106
2. http://nptel. utm.ac.in/video.php?courseld=1055&p=1

4. http://mptel.1itm.ac.in/video. php?courseld=1055&p=3

5. http://nptel. utm.ac.in/video. php?courseld=1055&p=4

(3 scanned with OKEN Scanner



B Tech- 2" year- CE Engineering geology

UNIT 1: INTRODUCTION

Branches of Geology:
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(Importance to a Civil Engineer):

The earlier studies of Civil Engineering couldn’t see the design of a structure should be
preceded by a careful study of its environment, particularly foundations material on which the
structure was to be placed. When the St. Francis Dam in Southern California failed in 1928
with a loss of many lives and damages in millions of dollars, the civil engineering
profession awoke to the idea that the careful design of a structure itself i1s not all that
is required for the safety of structures. After the failure of St Francis Dam, the need of
environment exploration with proper interpretation of the results was understood by all.

Geology (in Greek, Geo means Earth, logos means study of or Science of) is a branch
of science dealing with the study of the Earth. It 1s also known as earth science. The study of the
earth comprises of the whole earth, its origin, structure, composition and history (including
the development of life) and the nature of the processes.

Most civil engineering projects involve some excavation of soils and rocks, or involve loading
the Earth by buillding on 1t. In some cases, the excavated rocks may be used
as constructional material, and in others, rocks may form a major part of the finished product,
such as a motorway cutting of the site or a reservoir. The feasibility, the planning and
design, the construction and costing, and the safety of a project may depend critically on the

1

(3 scanned with OKEN Scanner



B Tech- 2" year- CE Engineering geology

geological conditions where the construction will take place. This is especially the case in
extended ‘greenfield’ sites, where the area affected by the project stretches for kilometers, across
comparatively undeveloped ground. In modest projects or in those involving the redevelopment
of a limited site, the demands on the geological knowledge of the engineer or the need for
geological advice will be less, but are never negligible. Site investigation by boring and
by testing samples may be an adequate preliminary to construction in such cases. The
long-term economics depends on the engineering safety of the manmade constructions.
Durability and maintenance free service of the dams, canals, structures like aqueduct etc. is

only possible if engineering safety of them is assured. As every structure is related to
rock beneath, proper geological investigations are of utmost importance.

Engineering geology importance:

Engineering geology provides a systematic knowledge of construction material, its
occurrence, composition, durability, and other properties. Examples of such construction
materials are building-stones, road materials, clays, [imestone, and laterite.

The knowledge of the geological work of natural agencies such as water, wind, ice and
earthquake helps in planning and carrying out major civil engineering works. For examples, the
knowledge of erosion, transportation, and deposition helps greatly in solving the expensive
problems of river control, coastal and harbour work and soil conservation. The knowledge
about groundwater that occurs in the subsurface rocks and about its quantity and depth
of occurrence is required in connection with water supply irrigation, excavation and may
other civil engineering works.

The foundation problems of dams, bridges, and buildings are directly concerned with the
geology of the area where they are to be built. In these works, drilling 1s commonly
undertaken to explore the ground conditions. Geology helps greatly in interpreting the drilling
data.

In tunnelling, constructing roads, canals, and docks and in determining the stability of cuts and
slopes, the knowledge about the nature and structure of rocks is very necessary.

Before starting a major engineering project at a place, a detailed geological report, which is
accompanied by geological maps and sections, is prepared. Such a report helps in planning and
constructing the project.

The stability of the civil engineering structures i1s considerably increased if the geological
features like faults,' joint,> folding,’ and solution channels etc. in the rock beds are properly
located and suitably treated.

In the study of soil mechanics, it 1s necessary to know how the soil materials are formed in

nature.

For a major engineering project, precise geological survey is carried out and results thus
obtained are used in solving engineering problems at hand. The cost of engineering works will
considerably be reduced if the geological survey of the area concerned is done before hand.

1- fault: a fracture or fracture zone in rock along which movement has occurred. 2- joint: a
fracture in rock along which there has been no displacement. 3- fold: a bend or flexure in a rock
unit or series of rock units that has been caused by crustal movements.

Engineering Geologist Vs Civil Engineer:
The engineering geologist presents geological data and interpretations for use by the civil
engineer. The civil engineers have to deal mostly with soil and rocks, timbers, steel, and
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concrete. In a great majority of civil engineering, projects and the designs, involve the soils and
rocks almost directly.

Civil engineering is to construct the structure and facilities for transport, water supply.
hydropower, flood control, environmental protection, sewage and waste disposal, urban
development and more. In above fields, civil engineers construct and maintain waterways.
highways, railway, pipelines, dam and reservoirs and tunnels.

BRIEF STUDY OF CASE HISTORIES OF FAILURE OF SOME CIVIL

ENGINEERING CONSTRUCTIONS DUE TO GEOLOGICAL DRAW BACKS:

Brief study of case histories of failure of some civil engineering constructions:

Geology plays a crucial role in civil engineering, as it helps engineers understand the behaviour
of the ground beneath a structure, ensuring safety, stability, and longevity. Here's a brief
overview of the importance of geology in civil engineering, with some notable case studies:

Importance of Geology in Civil Engineering:

1. Site Investigation: Geologists conduct site investigations to assess the soil and rock
conditions, which helps in selecting appropriate construction methods and materials.

2. Foundation Design: The type of soil and rock determines the foundation's design. Weak
soils or unstable ground require specialized foundations to ensure stability.

3. Slope Stability: Geology is essential for assessing slope stability, particularly in areas
prone to landslides or rockfalls, which can be disastrous if not addressed.

4. Seismic Risk Assessment: Geologists assess the seismic risk of an area, which is essential
for designing structures that can withstand earthquakes.

Case Studies:
1. The Burj Khalifa (Dubai, UAE)

¢ Geological Consideration: The Burj Khalifa 1s built on soft, unstable desert soil.
Geotechnical engineers had to conduct extensive geological surveys and design deep

foundations using reinforced concrete piles to anchor the building into stable rock beneath
the soi1l.

¢ QOutcome: The building stands at a height of 828 meters, withstanding the pressures from
soft desert sands and ensuring the safety of the structure.

2. San Francisco-Oakland Bay Bridge (USA)

¢« Geological Consideration: The Bay Bridge is located in a seismically active area.
Geologists and engineers conducted detailed studies of fault lines and seismic risks to
ensure the bridge could withstand potential earthquakes.

¢ QOutcome: The bridge has been retrofitted with advanced seismic designs, ensuring that it
remains functional and safe even during a major earthquake.

3. Thames Barrier (London, UK)

¢ Geological Consideration: The Thames Barrier protects London from flooding caused
by tidal surges. Geology played a key role in understanding the soil conditions along the
riverbanks, particularly in designing the barrier's foundation to resist the forces of water.

¢ Outcome: The barrier successfully prevents flooding during storm surges and high tides,
thanks to its robust foundation informed by geological studies.
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With reference to Dams

1. St Francis Dam

2. Austin Dam

3. Lafayette Dam

Note: Geological studies at the dam site will also suggest which design is suitable for a given
geological context. For example, Gravity dam needs very strong and competent foundation rocks;

for buttress dams, relatively less strong foundation rocks are enough; arch dam need very strong
and stable abutment rocks; for earth dams, even weak foundation rocks meet the requirement.

With reference to Reservoir
1. Jerome reservoir of Idaho

2. Hondo reservoir of Mexico

Note: intense weathering in the rock’s upstream causes silting problem. Porosity and permeability
of rocks, occurrence of faults, joints and other weak planes cause leakage problems. Ground water
conditions also play a major role in influencing leakage. Thus, proper studies of geological
conditions at any proposed reservoir site will forewarn an engineer of the problems, if any.

With reference to Tunnels

1. Ram-ganga diversion tunnel (Himalaya)
2. Umiam-Barapani tunnel (Meghalaya)

3. Koyna Tunnel (Bombay)

Note: Competence of rocks, associated geological structures like bedding, faults, joints, porosity
and permeability of rocks, and ground water conditions are the geological conditions which need
to be thoroughly studied to solve such problems.

Weathering

The scenes of the world are continuously mutating. Sun, rain, frost, and wind are breaking down
even the most solid of the rocks into smaller bits before they are taken away. This process 1s
termed as weathering. The action of the elements of climate and weather, animals, and plants on
the land surfaces to break them down biologically, chemically, and physically is called
weathering. It 1s the breakdown and decay of rocks in situ. It can be a very elongated slow
procedure, taking hundreds of years. However, weathering can also be rapid, such as the damage
to pavements or roads after a cold, frosty winter.

Types of Weathering

Weathering is the initial step in soil creation. Weathering happens in four different manners: These
include chemical weathering, physical weathering, biological weathering, and mechanical
weathering. The three major ways weathering happens include chemical, physical, and
mechanical weathering which are explained below.

How i1s Weathering different from erosion?

Weathering has no moving agent of transport, whereas in erosion the rock and upper layer soil
particles are worn away and moved elsewhere by water, wind, etc.

Physical weathering
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Physical weathering happens when rocks are fragmented into minor fragments while ensuring no
alterations in their chemical makeup. The main causes behind physical weathering include
spontaneous fluctuations in temperature like too high or too low heat or cold. Variations in would
be the causal element of freeze-thaw action and this occurs when water gets collected in the
fissures in rocks all through the day and during the temperature drops at night that would be
sufficient to freeze water into ice. It is a known fact that almost every substance grows in size when
heated and contracts when exposed to low-temperature situations. Unlike these cases, water
converts to ices when the temperature goes below zero and actually expands. The resultant action
would result in the expansion of the fissure and thereby the structure of it weathers.

Chemical Weathering

Chemical weathering happens when the chemicals get diluted and dissolved in water and seep
and percolate down the rock surfaces. Chemical weathering happens in areas having high
temperatures and enough supply of water alike tropical environments that are humid. While
the chemical weathering happens, the composition of minerals alters due to the reaction of
chemicals in water or air. This also results in the rock decomposition. Some parts of the rock
decomposition are carried away ping through rocks and soil, a procedure called leaching. The
water ultimately may carry these materials to rivers and then to the sea. This is the source of the
salinity of the oceans. The instances of chemical weathering are oxidation, the decay of calcium
carbonate, etc.

Mechanical Weathering

Rocks are also fragmented by mechanical force. This procedure is called mechanical
weathering. Because of the frequent variations in temperature, rocks begin to contract and
expand. This action results in the breakdown of rocks. It 1s also caused by the roots of plants.
They are growing through the cracks in the rocks and cracks the rocks apart. Chemical and
mechanical weathering work together to break down rocks. Often, mechanical cracks and water
seep into the rock and weather it chemically.

Weathering of Rocks:

a. Weathering breaks down and loosens the surface minerals of rock so they can be
transported away by agents of erosion such as water, wind and ice.

b. There are two types of weathering: mechanical and chemical.

Mechanical or physical weathering involves the breakdown of rocks and soils through direct
contact with atmospheric conditions, such as heat, water, ice and pressure.

The second classification, chemical weathering involves the direct effect of atmospheric
chemicals or biologically produced chemicals also known as biological weathering in the
breakdown of rocks, soils and minerals.

A river is one of the important geological agents which incorporate out its work. The work is
mainly divided into three stages, namely.

River Erosion

River Transportation

River Deposition
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Fig. No. 1

River Erosion:

Erosion ability mechanical disintegration or chemical decomposition of rocks 1s transported from
the website online with the assist of herbal groups like wind and running water (or) subsequent
displacement. River 1s an effective eroding agent and carries out its work in exceptional approaches
such as hydraulic action, answer and abrasion / attrition etc.

Hydraulic Action:
The bodily breakdown of rocks takes region naturally and greater the motion larger will be the
erosion. In the preliminary and childhood stages, the rivers acquire more enormous kinetic energy.
When such water dashes in opposition to rock forcefully, it will break and this will be extra
wonderful 1f.

The rocks are already weathered.

They are porous and are no longer nicely cemented.

Those posses fractures, cracks etc.

Solution:
This process 1s a phase of hydraulic motion which includes only chemical decay of rocks. This is
an invisible procedure and very high quality beneath favourable conditions.

Attrition:

This 1s a mechanical weathering process. When the rock fragments hit the rocks which are already
exposed, abrasion take place. Thus, the rock fragments during abrasion bear put on and tear which
1s referred to as attrition.

During transportation, heavier and large substances pass slowly whilst finer and lighter material
goes fast... When attrition takes location, the angular edges disappear and spherical, ellipsoidal
stones and so on are fashioned after a lengthy journey.
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Fig. No. 2

River Transportation:
A river transports its fabric bodily as properly as in a solution form. The transport gadget is divided
into three groups.

Bed load involves heavier particles of sand, pebbles, gravels etc... Which are transported
primarily through their rolling, skipping, alongside the backside of stream.

Suspended load consists of silt, great sands, clay etc... And such load is carried by river in
its physique of water in suspension. As the river is moved. the load is also carried alongside
with it. Thus, load 1s transported consistently besides destroy till conditions are favourable.
This kind of herbal suspension and separation of sediments account to their measurement
is referred to as Sorting.

Dissolved load: Material is transported 1n an answer condition. The capability to transport
the sediments is influenced through river velocity, density etc...

River Deposition is the remaining section of geological work of a river. Among the different kinds
of river deposits, a few are listed below:

Alluvial cones and fans: River sediment is recognized as alluvium. If the credit is spread over
small vicinity however has a notably steep slope, it is referred to as an alluvial cone. On the different
hand, if the credit is unfolded over a giant place and has a mild slope, it 1s known as an alluvial fan.

Placer deposits: The placer deposits are usually composed of heavier metals such as Gold,
Platinum, Chromite, magnetite, Rutile, Ilmenite, Monazite etc. which are commonly financial
minerals. Eg: Rand placer credit score of South Africa is well-known for gold.
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Delta deposits: Most of the rivers attain this stage simply earlier than they merge with the sea.
Rivers Ganga and Brahmaputra have constructed up the first-class deltaic areas of the world.

Deltas are very fertile and treasured for agriculture.

Natural levees : During the time of floods, the river contains a very massive scale of river dumps
alongside 1ts path on both aspects which are acknowledged as herbal levees. Eg silt, clay.

UNIT 2 MINEROLOGY AND PETROLOGY

Introduction:

« A mineral is a naturally occurring substance that is solid and inorganic represent able by a
chemical formula, and has an ordered atomic structure.

« Minerals are broadly grouped into
a) The rock forming minerals and
b) Ore-forming minerals

In civil engineering practice, it is important to have knowledge of the
important rock- forming types.

The ore-forming minerals are to be understood in detail by the mining, Metallurgical
and Mineral Engineering professionals.

« The study of minerals is called mineralogy.
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« There are over 4,900 known mineral species; over 4,660 of these have been approved by the
International Mineralogical Association (IMA).

« The silicate minerals compose over 90% of the Earth's crust.

« Minerals are distinguished by various chemical and physical properties.

Formation of minerals:

Minerals are crystalline solid substances, meaning the atoms making up a mineral are
arranged in an ordered, three-dimensional, structure.

« The distances and angles between an individual atom and the neighbors it is bonded to are
constant.

« The process of mineral formation 1s known as crystallization. In order for a mineral to
crystallize, 1ons from the nearby environment must be brought together.

« A second process of mineral formation occurs during cooling of a melt.
«  When crystallization of this type takes place in water, we call it freezing.
« Through a very similar mechanism, molten rock-forming liquids, known as magmas and

lavas, cool and crystallize to form minerals and thus rocks.

Study of minerals:

« Mineralogy is a subject of geology specializing in the scientific study of chemistry, crystal
structure, and physical (including optical) properties of minerals.

« Specific studies within mineralogy include the processes of mineral origin and formation,
classification of minerals, their geographical distribution, as well as their utilization.

«  Aso0f2004 there are over 4,000 species of minerals recognized by the IMA. Of these, perhaps

150 can be called "common," another 50 are "occasional," and the rest are "rare" to
"extremely rare."

Phvsical properties:

« The physical characteristics of minerals include traits which are used to identify and describe
mineral species. These traits include colour, streak, lustre, density, hardness, cleavage.
fracture, tenacity, and crystal
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The Physical and Chemical Properties of Minerals are the characteristics that help in identifying and

understanding minerals. Physical properties include observable traits like colour, lustre, hardness,
cleavage, and density. Chemical properties refer to the mineral's composition and reactivity, such as
its chemical formula, solubility, and response to acids. These properties can be used to identify,
classify, and study of minerals.

Physical Properties of Minerals

Physical Properties of Minarals

By el

Physical properties of minerals are the characteristics that can be observed or measured without
changing the mineral’s chemical composition. These properties are based on the physical
arrangement of atoms, the crystal structure, and the forces that hold the structure together. They help
identify and differentiate minerals and are easily tested using common methods. Here are some key
physical properties of minerals:

Colour
Mineral Colour refers to the visual appearance of a mineral when it reflects or absorbs certain

wavelengths of visible light. It’s often the first property noticed, but it can sometimes be unreliable
for identification.

While colour is the most obvious feature, many minerals display a wide variety of colours due to
impurities or weathering. This makes colour alone an unreliable identification tool in many cases.
However, for some minerals, the colour is diagnostic and consistent.

Causes of Colour in Minerals:

Chemical Composition: The specific elements in a mineral can give it distinct colours. For example,
the green colour of malachite is due to 1ts copper content.

Impurities: Trace elements or impurities can change the colour. For instance, pure quartz is
colourless, but with impurities, it can appear pink (rose quartz), purple (amethyst). or smoky (smoky
quartz).

Crystal Defects: Structural defects in the crystal lattice can affect how light interacts with the mineral,
changing its colour.

Oxidation: Oxidation states of certain metals in a mineral can dramatically affect the colour. Hematite
appears red or reddish-brown due to the oxidation of iron.

i 6 |
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Different colours of minerals found in nature.

Mineral colour Examples:
Malachite: Always green due to copper.
Azurite: Deep blue due to copper.

Sulphur: Yellow due to its sulfur content.

Quartz: Colourless, but impurities can make 1t pink (rose quartz), purple (amethyst), or smoky
(smoky quartz).

Limitations: Many minerals come in multiple colours, and environmental conditions or chemical
impurities can alter the colour, making it an inconsistent property for identification on its own.
Transparency

Transparency refers to how much light passes through a mineral. It 1s a measure of the mineral’s
optical properties and how much light can be transmitted through it.

Transparency 1s important for both identifying minerals and determining their uses, particularly in
the fields of optics and jewellery.

How to observe it: Transparency i1s observed by holding the mineral up to a light source and
examining how much light passes through and how clear the view is through the mineral.

12
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Types of Transparency

Geologyin.com

Allows light to
TRANSPARENT |pass through clearly.

Allows some light

to pass through,

Semi-transparent not clearly visible.

Does not allow

any light to pass
OPAUE through.

Translucent Gpaq-u-é :

@ Geologyln.com | Geologyln.com

al Types of Transparency: Transparent, Translucent and Opaque

Types of Transparency:

Transparent: Light passes through the mineral without significant distortion, and objects can be seen
clearly through it. Example: Quartz and calcite can be transparent when in pure form.

Translucent: Light passes through the mineral, but objects cannot be clearly distinguished. The
mineral allows light through but scatters it, making objects appear blurry. Example: Milky quartz,
opal, and gypsum are examples of translucent minerals.

Opaque: No light passes through the mineral; it 1s completely non-transparent. Example: Galena,
hematite, and pyrite are opaque minerals.

Streak

Mineral Streak refers to the colour of a mineral in its powdered form, which is obtained by rubbing
the mineral on an unglazed porcelain streak plate.

Streak is often more reliable than the colour of the mineral itself because the powdered form i1s less
affected by impurities and structural defects. This property 1s particularly useful for identifying
minerals that exhibit metallic lustre, as their streak colour can be very different from their surface
colour.

How to observe it: The streak test involves rubbing the mineral across a streak plate (usually unglazed

porcelain) to see the colour of the powder left behind. It’s important to note that only minerals softer
than the streak plate (about 6.5 on the Mohs hardness scale) will leave a streak.

13
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Physical Properties: Streaks
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Mineral streak tests showing the colour of the mineral powder

Streak Colores:
Metallic Minerals: Generally, have a dark streak (black, brown, red).

Non-metallic Minerals: Usually have a light or colourless streak.

Examples of Mineral Streaks:
Hematite: Often has a metallic gray colour but leaves a reddish-brown streak.

Pyrite: Known as "fool's gold" for its gold-like colour, it leaves a blackish-green streak.

Galena: Silvery-Gray in colour, but its streak is black.
Quartz: Being harder than the streak plate, it does not leave a streak.

Importance: Since streak colour 1s more consistent than the surface color of a mineral, 1t 1s a crucial
identification tool, particularly for minerals with metallic lustre or for those whose surface color
varies due to weathering or impurities.

Lustre

Mineral Lustre refers to the way light interacts with the surface of a mineral. It describes the
appearance or quality of light reflected from the mineral’s surface, and i1t can be a good indicator of
a mineral's identity.

How to observe it: The lustre of a mineral 1s assessed by observing how it reflects light. It can be
observed under natural light or a bright artificial light source.

14
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Types of Mineral Luster

Geologyln.com

Metallic Luster

D

Geologyln.com

Resinous

Greasy Dull (Earthy)

GeologyIn.com

Ivpes of mineral Lustre: metallic and non-metallic. like vitreous, adamantine, resinous, pearly, greasy, silky, and earthy.

Tvpes of Lustre:

Metallic Lustre: Reflects light like metal. These minerals are usually opaque and shiny.
Non-metallic Lustre: Minerals that do not appear metallic. This category includes several subtypes:
Vitreous (Glassy): Reflects light like glass. Example: Quartz.

Pearly: Has a pearl-like sheen. Example: Talc, muscovite.

Resinous: Looks like resin or amber. Example: Sphalerite.

Silky: Has a sheen similar to silk. Example: Fibrous minerals like asbestos and gypsum.
Greasy: Appears as though coated with oi1l. Example: Graphite, some forms of quartz.
Dull (Earthy): Lacks shine, looks like soil or clay. Example: Kaolinite.

Adamantine: Exhibits a brilliant, diamond-like shine. Example: Diamond.

Waxy: Appears to have a waxy surface. Example: Opal.

Hardness

Hardness is the measure of a mineral’s resistance to being scratched. It reflects the strength of the
atomic bonds within the mineral structure and 1s one of the most commonly tested physical properties
of minerals.

Hardness is a critical diagnostic tool for mineral identification. It is relatively easy to test in the field
and in laboratories and provides valuable information about the mineral's durability and potential
uses.

How to Measure Hardness: Hardness is most commonly measured using Mohs Hardness Scale,
developed by Friedrich Mohs in 1812. This scale ranks minerals on a scale from 1 (softest) to 10
(hardest) by comparing a mineral's ability to scratch another material or be scratched by 1t. The
hardness of unknown minerals can be estimated by scratching them with known substances.

You May Also Like...
Pyrite Vs. Gold: How to Identify Real Gold from Fool's Gold
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What Are Rocks Made ot

12 Most Common Minerals on Earth

Mohs Hardness Scale

Mineral Name Mohs Number Common Object

Diamond 10
Masonry Drill Bit
. » Corundum E,:;_g]
R 3

9
K =
: Topaz 8
- Steel Nail
o & AT }_ ﬂuartz ? {E‘ 5,]
" g 1
Orthoclase 6 .
< 1 Knife/Glass
Apatite 5 - (5.5)
» Fluorite 4 Copper Penny
| - (3.5)
Calcite 3
I -« Fingernail
Gypsum 2 (2.5)
h. TE.':IC "I Virginia Sisson

Hardness Scale is a relative measure of the scratch resistance of minerals. It ranges from 1 (softest) to 10

Mohs Hardness Scale:

Talc — Softest mineral; easily scratched with a fingernail.

Gypsum — Can be scratched by a fingernail.

Calcite — Scratched by a copper coin.

Fluorite — Scratched by steel or a knife.

Apatite — Harder than steel but can be scratched by a file.

Orthoclase (Feldspar) — Can scratch glass.

Quartz — Hard enough to scratch glass and steel.

Topaz — Can scratch quartz.

Corundum — Can scratch topaz and nearly all other minerals except diamond.

Diamond — Hardest known mineral; can scratch any other material.

Cleavage

Mineral Cleavage refers to the tendency of a mineral to break along flat, even surfaces, which are
determined by the mineral’s crystal structure. These cleavage planes are areas of weakness in the
atomic bonding, where the mineral breaks more easily.

Cleavage 1s a highly diagnostic property of minerals because it reveals how a mineral’s internal
atomic structure 1s organized. The way a mineral cleaves can help identify it, as different minerals
have different numbers and orientations of cleavage planes.

How to observe it: Cleavage 1s observed by examining how a mineral breaks. To test for cleavage, a

small portion of the mineral can be broken, and the resulting surfaces are examined to see if they
form smooth, flat planes.
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Types of Cleavage In Minerals
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Tyvpes of Cleavage in minerals.

Tvypes of Cleavage:

Minerals can have one or more directions of cleavage, depending on their crystal structure. Cleavage
directions are described by the angles between the planes of cleavage.

Types of Cleavage Based on Cleavage Directions

The number of cleavage planes and the angles between them are important for identifying minerals.
Common types include:

Basal (1 Direction): The mineral splits into thin sheets along one plane. Example: Mica (e.g., biotite,
muscovite) has perfect basal cleavage, splitting into thin, flexible sheets.

Prismatic (2 Directions): Breaks into prismatic shapes along two cleavage directions. Example:
Feldspar (e.g.. orthoclase) has prismatic cleavage. with two cleavage directions at nearly right angles.
Cubic (3 Directions at 90°): The mineral breaks into cubes due to three directions of cleavage
intersecting at right angles. Example: Halite (salt) and galena exhibit cubic cleavage.

Rhombohedral (3 Directions not at 90°): Cleavage planes intersect but at angles other than 90°,
forming rhombohedral shapes. Example: Calcite has rhombohedral cleavage.
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Octahedral (4 Directions): Breaks into shapes with eight faces, due to four directions of cleavage.
Example: Fluorite exhibits octahedral cleavage.

Describing Cleavage Quality

Perfect Cleavage: The mineral splits easily along one or more planes with smooth, flat surfaces (e.g.,
mica).

Good Cleavage: Breaks along cleavage planes with relatively smooth surfaces but may not be perfect
(e.g.. feldspar).

Poor or Indistinct Cleavage: Cleavage planes are not easily seen, or the mineral breaks irregularly
(e.g., apatite).

Examples:

Mica: Exhibits perfect cleavage in one direction, allowing it to split into thin sheets.

Calcite: Cleaves along three planes not at right angles, producing rhombohedral fragments.

Halite: Breaks into cubes due to its cubic cleavage.

Fracture

Mineral Fracture refers to the way a mineral break when 1t does not follow cleavage planes. Fracture
occurs when the bonding forces between the atoms are equally strong in all directions, and it results
in an irregular or non-planar breakage surface.

Unlike cleavage, which occurs along specific planes, fracture occurs in minerals that either lack
cleavage or break irregularly. The type of fracture is often useful in identifying minerals that do not
exhibit cleavage or that break in more complex ways.

How to observe it: Fracture can be tested by breaking or chipping the mineral in a way that does not
follow any cleavage planes. The resulting surface 1s then observed to determine the type of fracture.

of Fracture in minerals: Include conchoidal (curved), hackly (jagged), and splintery (long, thin pieces).

Types of Fracture in Minerals

C)Geologyln.com

Conchoidal Fracture Splintery Fracture Hackly Fracture
Quartz Asbestos Native Gold
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Types of Fracture:

Conchoidal Fracture: Smooth, curved surfaces that resemble the interior of a shell. This type of
fracture 1s common in minerals with no cleavage, and it often occurs in very hard, brittle minerals.
Examples: Quartz, obsidian (volcanic glass).

Splintery Fracture: or Fibrous Breaks into fibers or splinters, resembling wood or fibrous material.
Examples: Asbestos, serpentine.

Hackly Fracture: Jagged, sharp. and torn surfaces. often resembling broken metal, often with sharp
edges. This type of fracture 1s common in native metals. Examples: Native copper, native silver.
Uneven Fracture: Rough, irregular surfaces. This is the most common type of fracture and occurs in
many minerals. Examples: Hematite, pyrite.

Earthy Fracture: Breaks with a dull, powdery surface, often seen in soft, fine-grained minerals.
Examples: Limonite, kaolinite.

Form (Habit)
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Crystal form. or habit. refers to the external shape that a mineral's crystals assume when they have
enough space to grow uninhibited. This form is a direct reflection of the mineral’s internal atomic
structure and the symmetry of its crystal lattice.

Crystal habit helps to identify minerals, especially when they are well-formed. The habit is influenced
by the conditions of growth, such as temperature, pressure, and the presence of space for unrestricted
crystal formation.

‘al forms and habits: granular, prismatic, acicular, dendritic, botryoidal, granular, and massive.

Tvpes of Crystal Habits
Equant (Cubic): Crystals that are roughly equal in all dimensions, giving them a blocky or cubic
appearance. Example: Garnet forms equant, dodecahedra

Mineral Forms (Habits)

Geologyln.com
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| crystals.
Tabular: Crystals that are flat and plate-like, resembling a table. Example: Barite and gypsum often
exhibit a tabular habit.
Prismatic: Elongated crystals that are much longer in one direction than in others, often forming
prism-like shapes. Example: Quartz typically forms prismatic crystals with hexagonal cross-sections.
Acicular;: Needle-like crystals that are thin and long, forming slender points. Example: Natrolite and
other zeolite minerals often exhibit acicular habits.
Bladed: Thin, flat crystals that resemble the shape of a knife blade. Example: Kyanite forms bladed
crystals.
Fibrous: Crystals that grow in long, thread-like strands. Example: Chrysotile (a form of asbestos)
exhibits fibrous crystal form.
Botryoidal: Crystals that form rounded, grape-like clusters. Example: Hematite and malachite can
form botryoidal masses.
Dendritic: Tree-like or branching crystal formations. Example: Native silver and manganese oxides
(e.g.. pyrolusite) exhibit dendritic patterns.
Massive: Lacks distinct crystal faces, often forming large, shapeless aggregates. Example: Limonite
and chalcedony are examples of minerals with massive habits.
Crystal habit can be observed by examining a mineral specimen closely, particularly if the crystals
are well-formed. Ideally, minerals are viewed in samples where they have grown freely without being
confined by surrounding materials.

19

(3 scanned with OKEN Scanner



B Tech- 2" year- CE Engineering geology

Specific Gravity (Density)

Specific
Gravity

Identifying

Rocks and Minerals
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Specific gravity (SG) is the ratio of the weight of a mineral to the weight of an equal volume of water
at 4°C. It 1s a measure of the density of a mineral relative to water, with no units attached.

Specific gravity i1s an important property in mineral identification because it reflects the mineral’s
composition and atomic structure. Minerals with a higher specific gravity are typically composed of
heavier elements or have a denser atomic structure.

g mineral specific gravity

Example: Gold has a high specific gravity (about 19.3), making it feel much heavier than other
minerals of the same size. Quartz: SG = 2.65; a common. relatively low-density mineral.

Tenacity

Tenacity describes how a mineral responds to stress, such as bending, breaking, crushing, or pulling.
[t indicates the mineral’s toughness or resistance to deformation.

Tenacity is an important physical property because it helps determine how a mineral can be used,
especially in industrial and manufacturing processes where stress resistance is important.

Types of Tenacity:

Brittle: Minerals that break or shatter easily when struck. They have little resistance to breaking.
Example: Quartz, calcite, and halite are brittle and shatter when hit.

Malleable: Minerals that can be hammered into thin sheets without breaking. Example: Gold and
copper are malleable, meaning they can be shaped without fracturing,
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Ductile: Minerals that can be stretched into a wire without breaking. Example: Gold, copper, and
silver exhibit ductility.

Sectile: Minerals that can be cut smoothly with a knife. Example: Gypsum and talc can be cut with a
knife due to their softness.

Elastic: Minerals that bend and return to their original shape after the stress 1s removed. Example:
Mica is elastic and can bend without breaking, returning to its original form when released.
Flexible: Minerals that can bend but do not return to their original shape once bent. Example: Chlorite
can bend and remain in the bent shape.

Magnetism

Magnetism in minerals refers to their ability to interact with magnetic fields, which includes being
attracted to magnets, repelling from them, or the mineral itself generating a magnetic field. It 1s
determined by the arrangement of unpaired electrons in a mineral’s atomic structure. The presence
of elements like 1ron (Fe), nickel (N1), and cobalt (Co) usually leads to magnetic behaviour.

To test observe it a small hand magnet is placed near the mineral to observe attraction or repulsion.

Mineral Magnetism

Geologyln.com

in minerals like Magnetite demonstrating its magnetic properties by attracting metal
. Phil Degener / Science Photo Library

Types of Magnetism:
Ferromagnetic: Minerals that are strongly attracted to a magnetic field and can retain magnetism even
after the field 1s removed. Example: Magnetite is the most well-known magnetic mineral.

Paramagnetic: Weakly magnetic Minerals that are weakly attracted to a magnetic field but do not
retain any magnetism when the external field 1s removed. Example: Hematite shows weak magnetic
properties.

Diamagnetic: Minerals that are weakly repelled by a magnetic field and have no unpaired electrons.
All electrons are paired, resulting in no net magnetic moment. Example: Calcite 1s diamagnetic.

Double Refraction

Double refraction occurs when a ray of light passes through a mineral and splits into two rays, crea
when viewed through the mineral. This optical property is due to the difference in how light 1s ¢
directions within the crystal.
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Double refraction Image splitting by a calcite crystal

Double Refraction
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How to observe it: Double refraction can be tested by placing a mineral over printed text or a line
and observing if the text appears doubled.

Examples:

Calcite: The most famous example of double refraction. When a clear crystal of calcite is placed over
printed text, two images of the text are seen.

Iceland spar (a form of calcite) exhibits double refraction, where objects viewed through the crystal
appear doubled.

Taste
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Certain soluble minerals have distinctive tastes, which can help in their identification. The taste is
generally tested by carefully placing a small amount of the mineral on the tongue.
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Important Note: Taste testing should be done with caution since some minerals may be toxic.
Examples:
Halite (Rock Salt): Tastes like common table salt (NaCl).
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Sylvite: Tastes bitter compared to halite due to its potassium content (KCI).

Odor / Smell

Certain minerals emit characteristic odors, either when scratched, broken, or exposed to heat or
moisture. These odors can help in identifying specific minerals.

How to Test it: Odor can be detected by scratching or moistening the mineral, or by heating it slightly
to release volatile compounds.

Examples:

Sulfur: Minerals containing sulfur, like pyrite, can give off a sulfurous or "rotten egg" odor when
rubbed or heated.

Clay minerals: When moist, some clay minerals, such as kaolinite, may emit a "earthy" or "clay-like"
odor.

Arsenopyrite: When struck or heated, it can release a garlic-like odor due to the release of arsenic
fumes.

Tactile or Feel

Certain minerals can have distinct tactile qualities "feels" when touched, helping to identify them.
Examples:

Smooth: Minerals like selenite (gypsum) or serpentine feel smooth to the touch.

Greasy: Minerals such as graphite or molybdenite have a greasy feel due to their layer structure.

Soapy: Talc Feels uniquely soapy due to its extreme softness (Mohs hardness of 1).
Waxy: Chalcedony or some jaspers can have a waxy feel related to their luster.
Shlippery: Chlorite and graphite feel slippery due to their layered structures.

Conclusion, These physical properties are critical tools in identifying minerals in the field and in
laboratory settings. Although some properties like color may vary, a combination of these tests
usually leads to accurate identification.

Chemical Properties of Minerals

Chemical properties of minerals are characteristics that describe how a mineral interacts with other
substances, 1ts composition, and its internal structure. These properties often involve changes to the
mineral's chemical structure, such as during chemical reactions or decomposition. Here are some key
chemical properties of minerals:

Chemical Composition

Each mineral has a specific chemical formula, such as Si10: for quartz (silicon dioxide) or NaCl for
halite (sodium chloride). Variations in chemical composition can result in different minerals with

similar properties.

Solubility

Solubility describes how readily a mineral dissolves in water or other solvents. It is a key property
influencing how minerals break down and deposit in nature.

Types of Mineral Solubility

Highly Soluble Minerals: Halite (NaCl): Halite is highly soluble in water, forming sodium (Na*) and
chloride (CI7) 1ons 1n solution.

Sparingly Soluble Minerals: Gypsum (CaSOs 2H20): Has limited solubility in water, releasing
calcium and sulfate 1ons.

Insoluble Minerals; Quartz (S10:): Insoluble in water under normal conditions, it remains stable and
resists dissolution even in harsh environments.

Fluorescence
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Fluorescence is the ability of certain minerals to glow when exposed to ultraviolet (UV) light. The
fluorescence 1s caused by impurities (activators) in the mineral that emit visible light when excited

by UV radiation.

Fluorescent fluorite mineral demonstrating its unique optical property under ultraviolet light.

How to observe it: To test for fluorescence, expose the mineral to a UV light source in a dark
environment and observe if the mineral emits a visible glow. UV lights used include both longwave
(blacklight) and shortwave UV lamps.

Examples:

Fluorite: Often glows in a variety of colors, most commonly blue or purple.

Calcite: May glow in red, pink, or orange colors.

Willemite; A zinc ore mineral that fluoresces bright green.

Reaction to Acid

The reaction of certain minerals to acid, typically dilute hydrochloric acid (HCl), can be used as a
diagnostic property. When certain minerals react with acid, they effervesce (fizz), releasing carbon
dioxide gas.

How to Test: A drop of dilute HCI is placed on the mineral surface, and the reaction i1s observed.
Carbonate minerals, in particular, react by fizzing or bubbling.

Examples:

Calcite: Fizzes vigorously when exposed to dilute HCI.

Dolomite: Reacts weakly with cold HCI, but reacts more vigorously when the acid i1s warmed or the
mineral i1s powdered.

Malachite: A copper carbonate mineral that fizzes when exposed to acid.

Radioactivity

Radioactivity in minerals refers to the emission of particles from unstable atomic nuclei, typically
from elements like uranium, thorium, or potassium. This radiation can be detected using instruments
such as Geiger counters.

Some minerals contain radioactive elements like uranium, thorium, or potassium, which naturally
undergo radioactive decay. This decay releases radiation (alpha, beta, or gamma rays) as the unstable
isotopes break down into more stable forms. Radioactive minerals are used in dating geological
formations, as the rate of decay (half-life) is consistent for specific isotopes.

Examples:

Uraninite (UQO2): A highly radioactive mineral that contains uranium and 1s used in nuclear energy
production.

Thorite (ThS10s) and monazite are also radioactive minerals due to their thorium content.
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Potassium Feldspar contains trace amounts of the radioactive isotope potassium-40 (K-40).

Flammability

Flammability refers to a mineral’s ability to ignite and burn when exposed to heat or a flame.

Most minerals, especially those composed of inorganic elements, are non-flammable, meaning they
do not easily ignite or sustain combustion. However, certain minerals containing organic components
or elements that react with oxygen can burn under specific conditions. Flammable minerals ofien
contain sulfur, carbon, or other reactive elements. Flammability 1s a key consideration in industries

dealing with mineral processing, especially when burning materials like coal or sulfur minerals.
Example:

Coal: A flammable mineral composed mainly of carbon and organic compounds, it combusts easily
when exposed to heat, releasing energy as fuel.

Sulfur (S): While 1t i1s a native element, sulfur i1s highly flammable and burns with a blue flame,
releasing sulfur dioxide (SO:) gas.

Decomposition/Thermal Stability

Decomposition or thermal stability describes a mineral's ability to remain intact or break down when
exposed to heat.

Decomposition: Certain minerals break down or undergo chemical changes when heated to specific
temperatures. This decomposition usually results in the loss of volatile components (like water,
carbon dioxide, or sulfur gases) or a complete breakdown into simpler substances. For instance,
carbonates like calcite (CaCOs) will decompose at high temperatures, releasing carbon dioxide gas
(CO:2) and leaving behind calcium oxide (CaO or quicklime).

Thermal Stability: Some minerals are more thermally stable and require very high temperatures to
decompose. Quartz (S10:) 1s quite stable at high temperatures and does not decompose easily, which
makes it valuable in high-temperature applications.

Hydration and Dehydration

Hydration is the process in which a mineral absorbs water molecules into its structure,
while dehydration is the loss of water from a mineral's structure.

Some minerals contain water molecules within their crystal lattice, either as part of their composition
or as loosely bound water. These minerals can gain or lose water depending on environmental
conditions (e.g., humidity or temperature).

Hydration occurs when water 1s absorbed and incorporated into the mineral structure, often changing
its form or composition. Dehydration happens when water is lost, typically under high temperatures,
which can change the mineral’s chemical formula or lead to a new mineral form.

Example:

Gypsum (CaSOs 2H20): This mineral contains water in its structure. When heated, it loses water to
become anhydrite (CaSOs).

Opal; Contains water in its structure, and the loss of water can cause cracking and changes in its
appearance.

Oxidation

Oxidation refers to the chemical process where a mineral reacts with oxygen, leading to a change in
its chemical composition, usually forming oxides or hydroxides.

Many minerals, especially those containing iron, can undergo oxidation when exposed to air or

moisture. For instance, pyrite (FeS:) often oxidizes to form iron oxides (rust), such as hematite
(Fe20:) or limonit(FeO(OH)).
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Cluster of pyrite crystals. The outside is rusty because the iron sulfide has oxidized to iron oxide.

This chemical change can alter the appearance of a mineral, changing its color or texture. Oxidation
often happens in the presence of water and oxygen, contributing to weathering and the breakdown of
rocks over time.

Example:

Pyrite (FeS:z) oxidizing into limonite (FeO(OH)).

Copper oxidizing to form copper oxides, such as cuprite (Cu0), which gives a greenish patina.

Electrical Conductivity

Electrical conductivity refers to the ability of a mineral to conduct electric current. This property
depends on the mineral’s atomic structure and the presence of free-moving electrons or ions. Minerals
with metallic bonds, where electrons are free to move, are typically good conductors of electricity.
For example, metals like copper and gold exhibit high electrical conductivity because their atoms
share a pool of free electrons, allowing the easy flow of electric current. In contrast, minerals with
ionic or covalent bonds (e.g.. quartz) are usually poor conductors or insulators because their electrons
are tightly bound to the atoms and cannot move freely.

Thermal Conductivity

Thermal Conductivity 1s the ability to conduct heat. Minerals that can efficiently transfer heat are
considered good thermal conductors. This property is related to the vibration of atoms and the
transmission of these vibrations (heat) through the mineral's structure. Like electrical conductivity,
metals tend to be good conductors of heat due to their free-moving electrons. Non-metallic minerals,
such as diamond. can also have high thermal conductivity due to their strong and orderly atomic
structures, even though they are electrical insulators.

Electrochemical Properties

Electrochemical properties of minerals refer to their ability to conduct or store electrical charges, or
their behavior 1n electrochemical reactions (such as in corrosion or redox reactions).

Some minerals are conductive, allowing electrons to flow through them, which makes them important
in industrial applications. For example, graphite and native metals like copper and gold are good
conductors of electricity.

Additionally, minerals with electrochemical properties can be involved in redox (reduction-
oxidation) reactions, where they either gain or lose electrons. These properties are essential in
processes like corrosion or in batteries where minerals like galena (PbS) and sphalerite (ZnS) can
participate in electrochemical reactions.
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Example:

Graphite 1s a good conductor of electricity.

Galena (PbS) participates in electrochemical reactions in lead-acid batteries.

pH Sensitivity

Some minerals change their chemical structure or properties when exposed to environments with
different pH levels (acidic or basic). Minerals may dissolve, react, or change form depending on the
pH of their surroundings.

The chemical structure of some minerals is sensitive to changes in pH. In acidic environments (low
pH), certain minerals may dissolve or react more readily, while in basic environments (high pH),
different reactions may occur. These reactions can alter the mineral’s surface, color, or stability. pH
sensitivity 1s particularly important in processes such as weathering and soil formation, as acidic
rainwater can dissolve minerals, releasing ions into the environment.

Example:

Calcite (CaCO:s) reacts with acids, such as hydrochloric acid, to produce carbon dioxide gas (CO:)
and dissolve. This is why calcite "fizzes" when in contact with acids.

Feldspar can weather into clay minerals in slightly acidic conditions due to its sensitivity to pH.
Melting Point

The melting point is the temperature at which a mineral transitions from a solid to a liquid state.

Different minerals have distinct melting points depending on their chemical composition and atomic
structure. Minerals with strong bonds (e.g., covalent bonds) generally have higher melting points,
while those with weaker bonds (e.g.. 1onic bonds) melt at lower temperatures. Understanding the
melting points of minerals is crucial in geological processes like magma formation and in industrial
applications like metal smelting,

Example: Quartz (Si10:) has a high melting point of about 1,710°C (3.110°F) due to its strong
covalent bonds.

In summary, physical properties are observable characteristics that don't involve altering the mineral's
structure, while chemical properties involve changes in composition or chemical reactions. Both sets
of properties are crucial for identifying minerals and understanding their behavior in different
environments.

Common rock forming minerals and ore forming minerals
Feldspar Group:
e Hardness: 6 - 6.5 (Mohs Scale)
e Specific Gravity: 2.5-2.8
e Luster: Vitreous (glassy). sometimes pearly on cleavage surfaces
e C(Color; Highly variable (white, gray. pink, reddish-brown, yellow, green, etc.)
o Streak: White
o C(leavage: Two directions of good to perfect cleavage. intersecting near 90 degrees. Plagioclase
may show striations on cleavage surfaces.
e Fracture: Uneven to conchoidal
e Diaphaneity: Translucent to opaque
Quartz Group (including Quartz, Chalcedony, Agate, Jasper):
e Hardness: 7 (Mohs Scale)
e Specific Gravity: 2.65
o Luster: Vitreous (glassy) for pure quartz; waxy to dull for cryptocrystalline varieties (chalcedony,
agate, jasper)
e (Color: Highly variable (clear, white, gray, pink, purple, yellow, brown, black, red, green, banded,
etc.) depending on the variety and impurities.
e Streak: White
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e (leavage: None (fractures instead)
e Fracture: Conchoidal (shell-like)
e Diaphaneity: Transparent to translucent (for crystalline quartz); translucent to opaque (for
cryptocrystalline varieties)
Olivine:
e Hardness: 6.5 - 7 (Mohs Scale)
e Specific Gravity: 3.2 - 4 4 (increases with iron content)
e Luster: Vitreous (glassy)
e Color: Typically olive green, but can be yellowish-green, brownish-green. or brown
e Streak: White
e C(leavage: Poor in one direction
e Fracture: Conchoidal
o Diaphaneity: Transparent to translucent
Augite (part of the Pyroxene Group):
e Hardness: 5 - 6 (Mohs Scale)
e Specific Gravity: 3.2-3.6
e Luster: Vitreous to dull
¢ (Color: Typically dark green to black
e Streak: White to greenish-gray
o C(Cleavage: Two directions of good cleavage intersecting at approximately 90 degrees
¢ Fracture: Uneven
e Diaphaneity: Translucent to opaque
Hornblende (part of the Amphibole Group):
e Hardness: 5 - 6 (Mohs Scale)
e Specific Gravity: 29-3 4
e Luster: Vitreous to dull
e Color: Typically dark green to black
e Streak: White to grayish
» C(leavage: Two directions of good cleavage intersecting at approximately 56 and 124 degrees
e Fracture: Uneven
e Diaphaneity: Translucent to opaque
Mica Group (including Muscovite and Biotite):
e Hardness: 2 - 3 (Muscovite), 2.5 - 3 (Biotite) (very soft)
e Specific Gravity: 2.8 - 2.9 (Muscovite), 2.7 - 3.3 (Biotite)
e Luster: Vitreous to pearly
e (Color: Muscovite 1s typically colorless to light shades of brown, green, or yellow; Biotite is
typically dark brown to black.
e Streak: White
e C(leavage: Perfect in one direction, resulting in thin, flexible sheets.
e Fracture: Uneven
e Diaphaneity: Transparent to translucent (Muscovite); translucent to opaque (Biotite)
Asbestos (a fibrous variety of several silicate minerals, often serpentine or amphibole):
e Hardness:; Variable, depending on the specific mineral (typically 2.5 - 6 on Mohs Scale)
e Specific Gravity: Variable, depending on the specific mineral (typically 2.2 - 3 .4)
e Luster: Silky to fibrous
e Color: Typically white, gray, green, or brown
e Streak: White
e C(leavage: Fibrous, easily separates into thin, flexible fibers.
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Fracture: Splintery
Diaphaneity: Translucent to opaque

Hardness: 1 (Mohs Scale) (very soft, can be scratched with a fingernail)

Specific Gravity: 2.7 - 2.8

Luster: Pearly to greasy

Color: Typically white, gray, green, or brownish
Streak: White

Engineering geology

Cleavage: Perfect in one direction, forming thin, flexible, but inelastic sheets.

Fracture: Uneven
Diaphaneity: Translucent to opaque

Chlorite Group:

Hardness: 2 - 2.5 (Mohs Scale)

Specific Gravity: 2.6 - 3.3

Luster: Pearly to vitreous

Color; Typically green, but can be yellow, white, pink, or black
Streak: White to pale green

Cleavage: Perfect in one direction, forming thin, flexible, but inelastic sheets (less flexible than

mica).
Fracture: Uneven
Diaphaneity: Translucent to opaque

(Galena:

Hardness: 2.5 (Mohs Scale)

Specific Gravity: 7.4 - 7.6 (very high)

Luster: Metallic

Color: Lead-gray

Streak: Lead-gray

Cleavage: Perfect in three directions, forming cubes.
Fracture: Conchoidal to uneven

Diaphaneity: Opaque

Pyrolusite:

Hardness: 2 - 2.5 (Mohs Scale) (soils fingers easily)
Specific Gravity: 4.7 - 5.1

Luster: Metallic to dull

Color: Black to dark gray

Streak: Black

Cleavage: Perfect in one direction, but rarely seen due to its habit.

Fracture: Uneven
Diaphaneity: Opaque

Graphite:

Hardness: 1 - 2 (Mohs Scale) (very soft, soils fingers easily)
Specific Gravity: 2.1 -2.3

Luster: Metallic to earthy

Color; Steel-gray to black

Streak: Black, shiny

Cleavage: Perfect in one direction, forming thin, flexible flakes.
Fracture: Uneven

Diaphaneity: Opaque
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Chromite:

e Hardness: 5.5 (Mohs Scale)

e Specific Gravity: 45-5.1

e Luster: Metallic to submetallic

e Color: Black to brownish-black

e Streak: Dark brown

¢ (leavage: None apparent

e Fracture: Uneven

e Diaphaneity: Opaque

Magnetite:

e Hardness:; 5.5 - 6.5 (Mohs Scale)

e Specific Gravity: 5.1 - 5.2 (strongly magnetic)

e Luster: Metallic to submetallic

e C(Color: Black

e Streak: Black

e C(leavage: None apparent, octahedral parting may occur.

e Fracture: Uneven to conchoidal

e Diaphaneity: Opaque

Bauxite (not a mineral, but a rock composed mainly of aluminum hydroxide minerals like gibbsite,
boehmite, and diaspore):

 Hardness: Variable, depending on the specific minerals present (typically 1 - 3 on Mohs Scale)

o Specific Gravity: Variable, depending on the specific minerals present (typically 2.0 - 2.5)

e Luster: Dull to earthy

e Color; White, gray, yellow, brown, red

o Streak: White to colored depending on impurities.

e C(leavage: Not applicable as it 1s a rock aggregate.

¢ Fracture: Uneven to earthy

e Diaphaneity: Opaque

o Okay, here are the physical properties for kyanite, garnet, calcite, and pyrite:

Kyanite:

e Hardness: 5-7 (Mohs Scale) - Note that the hardness varies significantly depending on the crystal
orientation. It's around 5 parallel to the length of the crystal and around 7 perpendicular to the
length.

e Specific Gravity: 3.5-3.7

e Luster: Vitreous to pearly

o Color: Typically blue, but can also be white, gray, green, vellow, or black

e Streak: White

e C(leavage: Perfect in one direction, good in another

e Fracture: Splintery

¢ Diaphaneity: Transparent to translucent

e Garnet Group (includes minerals like Almandine, Pyrope, Spessartine, Grossular, Andradite,
Uvarovite):

e Hardness: 6.5 - 7.5 (Mohs Scale)

e Specific Gravity: 3.1 - 4.3 (varies with composition)

e Luster: Vitreous to resinous

e (Color: Wide range of colors including red, orange, yellow, green, brown, black, pink, and even
colorless

o Streak: White
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e (leavage: None apparent, may show parting

e Fracture: Conchoidal to uneven

e Diaphaneity: Transparent to translucent

Calcite:

e Hardness: 3 (Mohs Scale)

o Specific Gravity: 2.71

e Luster: Vitreous to pearly, sometimes dull or earthy

e (Color: Colorless or white when pure, but can be various shades of gray, red. pink, yellow, green,
blue, brown, and black due to impurities

e Streak: White

e C(leavage: Perfect in three directions, forming rhombohedrons
e Fracture: Conchoidal to uneven

 Diaphaneity: Transparent to translucent to opaque
Pyrite:

e Hardness: 6 - 6.5 (Mohs Scale)

e Specific Gravity: 50-52

e Luster: Metallic

¢ (Color: Pale brass-yellow

e Streak: Black to greenish-black

e C(leavage: Poor to none

e Fracture: Conchoidal to uneven

e Diaphaneity: Opaque

FORMATION OF ROCKS
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UNIT3 STRUCTURAL GEOLOGY

STRATIGRAPHY:

Stratigraphy is a branch of geology which studies rock layers (strata) and layering
(stratification).

It 1s primarily used in the study of sedimentary and layered volcanic rocks.

Stratigraphy includes two related subfields:

3. Lithologic stratigraphy or lithostratigraphy,

4. Biologic stratigraphy or biostratigraphy.

Principles of Stratigraphy

* Superposition

* Original Horizontality

* Lateral Continuity

* Crosscutting Relationships
* Inclusions

* Faunal (biological) Succession
* Incomplete record

* Base-level

* Accommodation

* Preservation Potential

* Cyclicity

* Walther’s Law

* Correlation
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Application of stratigraphy was by William Smith in the 1790s and early 1800s.

Smith, known as the "Father of English geology*.

Created the first geologic map of England and first recognized the significance of strata or rock
layering and the importance of fossil markers for correlating strata.

2) Lithostratigraphy:

Lithostratigraphy. or lithologic stratigraphy, provides the most obvious visible layering. It
deals with the physical contrasts in lithology, or rock type. Such layers can occur both
vertically— in layering or bedding of varying rock types.

Lithologyv:

The lithology of a rock unit is a description of its physical characteristics visible
at outcrop, in hand or core samples or with low magnification microscopy. such as color.
texture, grain size, or composition.

2) Biostratigraphy:

Biostratigraphy is the branch of stratigraphy which focuses on correlating and assigning

relative ages of rock strata by using the fossil assemblages contained within them.

Biologic stratigraphy was based on William Smith's principle of faunal succession, which

predated, and was one of the first and most powerful lines of evidence for, biological evolution.

Out crop:

«  An outcrop or rocky outcrop is a visible exposure of bedrock or ancient superficial
deposits on the surface of the Earth.
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«  Qutcrops do not cover everywhere on the surface of the earth, these are mostly covered
with a thick and thin layer called alluvium or most common language as soil.

«  However, in places where the overlying cover is removed through erosion or tectonic
uplift, the rock may be exposed, or crop out.

« In fact in some areas the soil may spread over for thousands of square km and the bed
block may not be visible anywhere.

« As in the mountains and sub- mountains tracts, exposure of rocks may be easily seen
forming sides of valley or caps of hills.

«  Hence outcrop is simply defined as “An exposure of solid rock on the surface of the
rock™.

Strike :

«  Strike 1s a geographic direction given by the line of intersection of a horizontal plane
with a bedding plane of a layer of rock.

« It is measured in field with the help of a compass.

Dip:

It 1s defined as the max angle of inclination with the horizontal. It is expressed both in
terms of degree of inclination and direction of inclination.

«  The amount of dip is called angle of inclination, which a bedding plane makes with a
horizontal plane.
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True Dip:

«  when the dip of the layer 1s measured 1n a direction that is essentially at right angles to
the strike of the particular layer, then It is called TRUE DIP.

Apparent Dip:

«  When the dip of the layer 1s measured in any other direction which is not a right angles
to the strike direction is called APPARENT DIP.

east Str“:e west
dip i
direction
A EETIALRLTI it g
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UNIT 4
GROUND WATER
WATER TABLE

The water table is the upper surface of the phreatic zone or zone of saturation. The zone of saturation
is where the pores and fractures of the ground are saturated with groundwater,* which may be fresh,
saline, or brackish, depending on the locality. It can also be simply explained as the depth below which
the ground 1s saturated. The portion above the water table is the vadose zone. It may be visualized as
the "surface" of the subsurface materials that are saturated with groundwater in a given vicinity.'<!

In coarse soils, the water table settles at the surface where the water pressure head is equal to
the atmospheric pressure (where gauge pressure = (). In soils where capillary action is strong, the
water table 1s pulled upward, forming a capillary fringe.

The groundwater may be from precipitation or from more distant groundwater flowing into the
aquifer. In areas with sufficient precipitation, water infiltrates through pore spaces in the soil, passing
through the unsaturated zone. At increasing depths, water fills in more of the pore spaces in the soils,
until a zone of saturation is reached. Below the water table, in the zone of saturation, layers of
permeable rock that yield groundwater are called aquifers. In less permeable soils, such as tight
bedrock formations and historic lakebed deposits, the water table may be more difficult to define.

“Water table™ and “water level™ are not synonymous. If a deeper aquifer has a lower permeable unit
that confines the upward flow, then the water level in this aquifer may rise to a level that 1s greater or
less than the elevation of the actual water table. The elevation of the water in this deeper well is
dependent upon the pressure in the deeper aquifer and is referred to as the potentiometric surface, not
the water table =

| Vadose
zone
Zone of
— perched water table saturation
afquiclude =

water table unsaturated zone

B 3T Fivier

= T B i

= =

-

A cone of depression
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A cone of depression is a circular area surrounding a well where groundwater levels are reduced from
pumping.t“=! In an unconfined aquifer (water table), this is an actual depression of the water levels. In
confined aquifers (artesian), the cone of depression is a reduction in the pressure head surrounding the
pumped well.

When a well i1s pumped, the water level in the well 1s lowered. By lowering this water level,
a gradient occurs between the water in the surrounding aquifer and the water in the well. Because water
flows from high to low water levels or pressure, this gradient produces a flow from the surrounding
aquifer into the well.

As the water flows into the well, the water levels or pressure in the aquifer around the well decrease.
The amount of this decline becomes less with distance from the well, resulting in a cone-shaped
depression radiating away from the well. This, in appearance, is similar to the effect one sees when the
plug is pulled from a bathtub. This conical-shaped feature is the cone of depression.

0 o0 40 .0 40 40
1 o W S R A
048 4%0%4%,0°%0
§ .8 L0 8,070
0b 00,00 00 0t 0

.'.-. .-..t.ipreclpltatlnn

well discharge

Geological Controls of Groundwater

The availability, movement, and quality of groundwater are heavily influenced by geological factors.
These controls determine how groundwater is stored, how it moves, and how easily it can be extracted.
The primary geological controls include:

1. Lithology (Rock Type)

e Porosity and Permeability: Different rock types have different capacities to store and transmit
water.
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o High Porosity & Permeability: Sandstones, gravels, and fractured limestones are good
aquifers.

o Low Porosity & Permeability: Shales, unfractured igneous, and metamorphic rocks act
as aquitards or aquicludes.

e Grain Size & Sorting: Well-sorted and coarse-grained sediments typically have higher porosity
and permeability.

2. Structure (Geological Structures)
e Folds: Anticlines may trap groundwater, especially if impermeable layers cap permeable ones.

¢ Faults: Can either enhance groundwater movement (if they create pathways) or hinder it (if
filled with impermeable materials).

e Fractures and Joints: Fractured rocks, even if originally impermeable (like granite), can store
and transmit water through secondary porosity.

3. Stratigraphy

e Aquifers and Aquitards: Alternating layers of permeable (aquifers) and impermeable
(aquitards) rocks control vertical and horizontal flow.

e Confined vs. Unconfined Aquifers:
o Unconfined: Water table aquifers, easily recharged.

o Confined: Bounded by impermeable layers; under pressure.

4. Topography
e Influences the direction of groundwater flow.

o Recharge typically occurs at higher elevations; discharge at lower elevations (e.g., springs,
rvers).

5. Weathering

¢ Chemical and Physical Weathering: Increases porosity and permeability, especially in
crystalline rocks (e.g., weathered granite zones can form shallow aquifers).

6. Karst Geology

¢ In carbonate rocks like limestone, dissolution can form extensive underground drainage
systems and caves, significantly enhancing groundwater storage and flow (karst aquifers).

7. Soil and Regolith Cover

Sk
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¢ (Controls recharge rates.

e Permeable soils allow infiltration, whereas clay-rich soils limit recharge.

8. Tectonic Activity
e Affects structural deformation, faulting, and fracturing, which modify groundwater pathways.

¢ (Can create or destroy aquifers over time.

Summary Table:

Geological Factor Effect on Groundwater

Rock Type Determines storage and flow capacity
Structure Controls direction and pathways
Stratigraphy Defines aquifer boundaries
Topography Influences recharge/discharge areas
Weathering Enhances secondary porosity

Karst Processes Creates high-permeability systems
Soil Cover Controls recharge infiltration
Tectonics Alters aquifer geometry and connectivity

1. Groundwater Movement

Groundwater moves through the pores and fractures in soil and rock under the influence of gravity and
pressure. The movement is slow and 1s governed by Darcy’s Law:

A. Factors Controlling Groundwater Movement

Factor Description

Hydraulic Gradient The slope of the water table or potentiometric surface.
Permeability Ability of the geological medium to transmit water.

Porosity Percentage of void spaces in rock or soil.

Aquifer Type Movement is faster in unconfined aquifers than in confined ones.
Fractures & Faults Increase permeability and provide pathways.

Recharge and Discharge Recharge (e.g., rainfall infiltration) introduces water, discharge (e.g.,
Areas springs, wells) removes it.

B. Types of Aquifers
¢ Unconfined Aquifer: Water table is open to the atmosphere. Recharged easily.
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¢ (Confined Aquifer: Bounded by impermeable layers. Water is under pressure.

e Perched Aquifer: Isolated from the main water table by an underlying impermeable layer.

2. Groundwater Exploration Techniques (Focus on Deep Groundwater)

Exploring deep groundwater (typically >100 m) requires advanced and systematic approaches that
integrate geology, geophysics, hydrology, and drilling.

A. Remote Sensing & GIS

o Satellite imagery and GIS mapping help identify favorable zones for groundwater based on
landforms, vegetation anomalies, and drainage patterns.

B. Geological Surveys

e Mapping rock types, structures (faults, folds), and stratigraphy to predict potential aquifer
locations.

C. Geophysical Techniques (used to detect water-bearing formations without drilling)

Method Principle Application for Deep Groundwater
Electrical Measures subsurface resistance. Water- Used for identifying deep aquifers and
Resistivity saturated zones show lower resistivity. fracture zones.

Detects lithological boundaries and water

Seismic Refraction Measures wave velocity differences.
table depth.

Effective for very deep (hundreds to
thousands of meters) groundwater
detection.

Magnetotellurics Uses natural EM fields to probe deep
(MT) structures.

Helps map buried valleys or basins filled

Gravity Survey Measures density contrasts. : :
- with permeable sediments.

. Physical, chemical, and nuclear Gives detailed aquifer data (porosity,
Borehole Logging S - . _ : ¥
© logging after drilling. salinity, water-bearing zones).
D. Hydrogeological Investigations
e Test Drilling: Exploratory wells drilled to confirm aquifer presence, thickness, and water yield.

e Pump Tests (Aquifer Tests): Evaluate yield, transmissivity, and storage coefficient of the
aquifer.

o Water Quality Testing: To assess chemical characteristics, especially in deep aquifers which
may have higher mineralization.

E. Tracer Studies & Isotope Hydrology
¢ Use of environmental tracers (e.g., stable 1sotopes, tritium, carbon-14) to understand:
o Groundwater recharge sources

o Age of water
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o Flow paths

o Interaction between shallow and deep aquifers

Challenges in Deep Groundwater Exploration
e High cost of deep drilling and geophysical surveys.
¢ Complex geology — harder to interpret structural features at depth.
e Water quality — deep aquifers may have saline or mineral-rich water.

o Sustainability — slower recharge rates mean over-extraction risks depletion.

| Recharge Zone|

!
(Unconfined Aquifer)

!

(Aquitard Layer)
l

(Confined Aquifer - Deep)

!

|Deep Exploration Techniques]

— Remote Sensing

— Geophysical Surveys (MT, Resistivity)

— Exploratory Drilling

— Pump & Quality Tests

— Isotope Hydrology

EARTH QUAKES DEFINITION:

* A sudden violent shaking of the ground, typically causing great destruction, as a result of movements
within the earth's crust or volcanic action.

* A sudden release of energy in the earth's crust or upper mantle, usually caused by movement along a
fault plane or by volcanic activity and resulting in the generation of seismic waves which can be
destructive. Seismic Waves

« Seismic waves are waves of energy that travel through the Earth's layers, and are a result of an
earthquake, explosion, or a volcano that gives out low-frequency acoustic energy.
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« Seismic waves are studied by geophysicists called seismologists. Seismic wave fields are recorded by
a seismometer, hydrophone (in water), or accelerometer.ncy acoustic energy.

« The propagation velocity of the waves depends on density and elasticity of the medium.

« Velocity tends to increase with depth and ranges from approximately 2 to 8 km/s in the Earth's crust,
up to 13 km/s in the deep mantle.

CLASSIFICATION AND CAUSES OF EARTHQUAKE:

Based on depth of their origin, earthquake is described as shallow or intermediate or Deep.
« Earthquake with a focus depth less than 60km are called shallow earthquake.

« If the depth more than 60km but less than 300km, they are called Intermediate earthquake

« Which have focus depth more than 300km, they are called Deep earthquake. Based on the causes
responsible for their occurrence, earthquakes are described as Tectonic or non-Tectonic.

« Tectonic earthquake are exclusively due to internal causes, due to disturbances or adjustments of
geological formations taking place in the earth’s interior, they are less frequent, but more intensive and
hence more destructive in nature.

« The Non Tectonic earthquake on the other hand, 1s generally due to external or surfacial causes. This
type of earthquake 1s very frequent, but minor in intensity and generaly not destructive in nature.

Types: Among the many types of seismic waves, one can make a broad distinction between body waves
and surface waves.

« Body waves travel through the interior of the Earth.

« Surface waves travel across the surface. Surface waves decay more slowly with distance than do body
waves, which travel in three dimensions. Includes Primary and Secondary waves: Primary waves (P-
wave).

« Primary waves are compressional waves that are longitudinal in nature. P waves are pressure waves
that travel faster than other waves through the earth to arrive at seismograph stations first, hence the
name "Primary".

« These waves can travel through any type of material, including fluids, and can travel at nearly twice
the speed of S waves. In air, they take the form of sound waves, hence they travel at the speed of sound.

Typical speeds are 330 m/s in air, 1450 m/s in water and about 5000 m/s in granite.

Secondary waves(S-Waves): * Secondary waves (S-waves) are shear waves that are transverse in nature.
Following an earthquake event, S-waves arrive at seismograph stations after the faster-moving P-waves.

« S-waves can travel only through solids, as fluids (liquids and gases) do not support shear stresses. S-
waves are slower than P-waves, and speeds are typically around 60% of that of P-waves in any given
material.

SEISMIC BELTS AND SHIELD AREAS:

« Seismic belts are those places where earthquakes occur frequently. Shield areas are those places where
earthquakes occur either rarely or very mildly.

« Occurrence of an earthquake 1n a place is an indication of underground instability there.
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« Statistics have revealed that nearly 50% of earthquakes have occurred along mountain ridges and 40%
of earthquakes along steep coasts.

« The study of recorded earthquakes shows that they take place on land most frequently along two well-
defined seismic belts.

1. Circum Pacific Belt which accounts for 68% of earthquake occurrence. 2.
Mediterranean belt accounts 21% of earthquake which extends east-west from
Portugal, Himalayas and Burma with a branch through Tibet and China.

RICHETER SCALE: « The Richter magnitude scale (also Richter scale) assigns a
magnitude number to quantify the energy released by an earthquake

« The Richter scale, developed in the 1930s, is a base-10 logarithmic scale, which
defines magnitude as the logarithm of the ratio of the amplitude of the seismic waves
to an arbitrary, minor amplitude.

« In 1935, the seismologists Charles Francis Richter and Beno Gutenberg, of the
California Institute of Technology, developed the (future) Richter magnitude scale.
specifically for measuring earthquakes in a given area of study.

« The Richter scale was succeeded in the 1970s by the Moment Magnitude Scale
(MMS). This is now the scale used by the United States Geological Survey to estimate
magnitudes for all modern large earthquakes.

« An Earthquake of magnitude 5 may cause damage within radius of 8km, but that of
magnitude 7 may cause damage in a radius of 80km, and that of 8 over a radius of
250km.

CONSTRUCTION OF BUILDINGS IN SEISMIC AREASPRECAUTIONARY
MEASURES:

« Buildings should be Founded on hard bedrock only and never on loose soils or
Fractured rocks, this is because lose ground settles due to earthquake vibrations.

« Buildings situated in cuttings on hill slides, near sheet slopes always suffer more when
an earthquake occurs.

« For large Buildings, raft types of foundations are desirable. Square foundations are
more stable.

« Different parts of a building should be well tied together so that the whole structure
behaves like a single unit to the Vibrations.

* Only rich cement mortar and reinforced concrete should be used.

« Buildings with irregular shapes with wings, Verandas, Porches and all structures

should be avoided.

CIVIL ENGINEERING CONSIDERATIONS IN SEISMIC AREAS:

« Seismic areas are the places which experience earthquakes frequently.

« Therefore constructions in seismic and a seismic areas differ in terms of their design.
« So a civil engineer should only think of making his constructions immune to
earthquakes. It 1s possible to find the difficulties by predicting some crucial factors:

[. The exact place of earthquake occurrence.

[1.The duration of the earthquake.

[11. The direction of movement of the ground at the time of earthquake.
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LANDSLIDES

If a mass of earth or rock moves along a definite zone or surface the failure is called as
Landslide. The foremost force responsible for the occurrence of landslide is due to the
action of gravity.

CAUSES OF LANDSLIDES —

Natural causes

1. Due to ground water pressure

2. Due to melting of glaciers and heavy rainfall

3. Due to volcanic eruptions.

— Human causes

1. Due to heavy machinery equipments and traffic flow.

2. Blasting of rocks weakens the stability of slope

TSUNAMI

1. A Tsunami is a giant wave (or series of waves) created by an undersea earthquake,
volcanic eruption and landslide.

2. Tsunamis are often called as tidal waves but this is not accurate description because
tides have little effect on giant tsunami waves

. VOLCANOES

A Volcano is a vent (hole) in the earth’s crust through which lava, steam, ashes and etc.,
are expelled.

AVALANCHES

1. An Avalanche 1s any amount of snow sliding down a mountainside.

2. Another term for avalanche 1s snow slide. FLOODS A Flood 1s an overflow of water
that submerges the land which is usually dry.

* Buildings should have RCC roofs and they should be designed not to yield to lateral
stress.

« Resonance 1s the important factor, [f the period of vibration of a structure 1s the same
as that of the foundation rock it will collapse because of the resonance effect.
Measures must be taken to prevent the occurrence of landslides."”

Or, more simply:

"Landslide prevention is necessary to avoid their occurrence.”

If you're looking for ways to prevent landslides, here are some common strategies:

1. Reforestation and Vegetation Planting: Roots help bind soil and prevent erosion.
2. Proper Drainage Systems: Prevents water accumulation that weakens soil.

3. Retaining Walls: Helps stabilize slopes.

4. Terracing on Hillsides: Reduces the steepness of slopes and runoff speed.

5. Avoiding Construction on Vulnerable Slopes.

6. Regular Monitoring and Early Warning Systems in high-risk areas.

Geophysics: An Overview

Geophysics is the study of Earth's physical properties using quantitative physical methods. It
plays a crucial role in various fields such as mineral exploration, environmental studies, and
civil engineering.

1. Importance of Geophysical Methods
Geophysical methods are vital for:

¢ Subsurface Exploration: Identifying and mapping underground resources like minerals, water.,
and hydrocarbons.

e Environmental Assessment: Detecting contaminants, assessing soil properties, and
monitoring groundwater.
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« Engineering Applications: Evaluating soil stability, detecting voids, and assessing foundation
conditions.
e Archaeological Investigations: Locating buried structures and artifacts without excavation,

2. Classification of Geophysical Methods
Geophysical methods can be broadly classified into:

¢ Seismic Methods: Utilize the propagation of seismic waves to study subsurface structures.

e Electrical Methods: Measure the electrical properties of subsurface materials.

¢ Electromagnetic Methods: Use variations in the Earth's magnetic and electric fields.

e Radiometric Methods: Detect natural radiation to infer subsurface compositions.

e Gravimetric and Magnetic Methods: Measure variations in Earth's gravitational and
magnetic fields.

3. Principles of Geophysical Methods

e Seismic Methods: Based on the reflection and refraction of seismic waves at interfaces
between different subsurface materials.

e Electrical Methods: Measure the resistance or conductivity of subsurface materials to infer
their composition and structure.

¢ [Electromagnetic Methods: Detect variations in the Earth's magnetic and electric fields caused
by subsurface materials.

¢ Radiometric Methods: Measure natural gamma radiation to identify radioactive elements in
the subsurface.

¢ Gravimetric and Magnetic Methods: Detect variations in the Earth's gravitational and
magnetic fields caused by density and magnetic susceptibility differences in subsurface
materials.

4. Electrical Methods
a. Electrical Resistivity Method
e Principle: Measures the resistance of the ground to the flow of electrical current.
e Applications: Mapping groundwater, detecting contamination, and assessing soil properties.
e Techniques:
o Vertical Electrical Sounding (VES): Measures resistivity at different depths.
o Electrical Resistivity Tomography (ERT): Provides 2D or 3D images of subsurface
resistivity variations.
b. Induced Polarization (IP)
« Principle: Measures the delayed voltage response of the ground after an electrical current is
turned off.
o Applications: Identifying metallic minerals, mapping clay-rich zones, and detecting
groundwater contamination.

5. Seismic Methods
a. Seismic Refraction
e Principle: Measures the time it takes for seismic waves to travel through different subsurface
layers.
e Applications: Determining layer depths, bedrock profiles, and soil properties.
e Techniques:
o P-Wave Refraction: Measures compressional wave velocities.
o S-Wave Refraction: Measures shear wave velocities.
b. Seismic Reflection
¢ Principle: Measures the reflection of seismic waves off subsurface interfaces.
e« Applications: Mapping deep subsurface structures, oil and gas exploration.
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6. Radiometric Methods

¢ Principle: Measures natural gamma radiation from radioactive elements like uranium, thorium,
and potassium.

¢ Applications: Mapping rock types, identifying mineral deposits, and geological mapping.

7. Engineering Properties of Rocks
Understanding the engineering properties of rocks i1s essential for construction and civil
engineering projects. Key properties include:

e Compressive Strength: The ability of a rock to withstand axial loads.

e Tensile Strength: The resistance of a rock to breaking under tension.

e Elastic Modulus: A measure of the stiffness of a rock.

e Porosity and Permeability: Indicate the void spaces within a rock and its ability to transmit
fluids.

¢ Density: The mass per unit volume of a rock.

e Thermal Conductivity: The ability of a rock to conduct heat.
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UNITS

GEOLOGY OF DAMS RESEVOIRS AND TUNNELS

DAMS

* A dam is a barrier that impounds water or underground streams.
* Generate electric power.

« Manage or prevent water flow into specific land regions.

« Evenly distributed between locations.

BENEFITS OF DAMS

1. Power generation

2. Water supply

3. Stabilize water flow / irrigation

4. Flood prevention

5. Land reclamation

6. Recreation and aquatic beauty

7. Navigation

DISADVANTAGES OF DAMS

l. Seepage and evaporation

2. Groundwater table effects

3. Sedimentation behind dams

4. Erosion downstream by sediment-starved waters

5. Clogging of rivers by side-canyon floods

RESERVOIR

The dams constructed across the rivers create artificial lakes which are known as
resServoirs.

ENVIRONMENTAL IMPACTS OF DAMS

1. Biological, chemical and physical properties of rivers

2. Blocks fish migrations

3. Traps sediments

4. Changes in temperature, chemical composition, dissolved oxygen levels and the
physical properties of a reservoir are often not suitable to the aquatic plants and
animals.

5. Reservoirs often host non-native and invasive species (e.g. snails, algae, predatory
fish)

6. Species in the area

7. Water quality

8. Fertility of the land

9. Problems of pollution

10. Social impacts

11. Soil Erosion

12. Species Extinction

13. Spread of Disease

TYPES OF DAMS

There are four types of dams. They are

« Arch dam

« Gravity dam

« Buttress dam

« Earth dam
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ARCH DAM:

* This type of dams are concrete dams which are curved or convex upstream in plan. It
is dependent upon the arch action for its strength.

« Arch dam is thinner and requires less material for construction compared to other
dams.

« Arch dams are built across narrow deep river gorges

GRAVITY DAM

« Gravity dams are the dams which resist the horizontal thrust of water entirely by their
own weight

« they use their weight to hold back the water in the reservoir

« Made of earth or rock fill or concrete

BUTTRESS DAM

« Buttress dams are dams in which the face is held up by a series of supports.

+ Buttress dams can take many forms — the face may be flat or curved.

« Usually buttress dams are made of concrete and may be reinforced with steel bars.
EARTH DAMS

« Earth dams are trapezoidal in shape

« Earth dams are constructed where the foundation rocks are weak to support

« Earth dams are relatively smaller in height and broad at the base

« They are mainly built with clay, sand and gravel. Hence they are also known as Earth
fill dam or Rock fill dam

The primary purpose of dams i1s to manage and utilize water resources effectively.
Here are the main purposes, categorized clearly:

£ 1. Water Storage and Supply

¢ Drinking water: Dams store water for municipal use.
o Irrigation: Provide consistent water supply for agriculture.
¢ Industrial use: Many industries rely on water from dams for operations.

4 2. Hydroelectric Power Generation
e« Dams generate renewable electricity by using flowing water to spin turbines.
e This helps reduce reliance on fossil fuels.

A\ 3. Flood Control
e Dams regulate river flow, preventing downstream flooding during heavy rains or snowmelt.
e They act as buffers by capturing excess water,

@ 4. Navigation
¢ Dams maintain water levels in rivers, making them navigable for boats and ships.
e Locks are often built alongside to move vessels between water levels.

@3 5. Recreation and Tourism
¢ Reservoirs formed by dams are used for:
o Boating
o Fishing
o Swimming
o Scenic attractions

¢ 6. Environmental and Ecosystem Management (though sometimes
controversial)
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¢ Insome cases, dams help in wetland conservation or maintaining aquatic ecosystems.
« However, they can also disrupt natural habitats, so modern designs try to mitigate that.
GEOLOGICAL CONSIDERATION OF SELECTING DAM SITE
When selecting a dam site. geological considerations are absolutely critical to ensure
the safety, stability, and longevity of the structure. Here's a breakdown of the key
geological factors to consider:

&) 1. Foundation Conditions
¢ The dam must rest on strong, stable rock or consolidated materials.
¢ Avoid loose soil, weak rock, or weathered/fractured zones.
* Rock should have high bearing capacity and low permeability.

& 2. Seismic Activity
¢ Evaluate the area's earthquake risk (seismic zoning).
¢ Fault lines near the dam site can pose a major threat.
¢ Special designs may be needed in seismically active zones.

@ 3. Permeability and Seepage Control
¢ Rock and soil must not allow water to seep under or around the dam.
o Presence of karst (limestone with cavities) or fault zones can cause leakage.
¢ Grouting may be needed to reduce permeability.

4 4. Topography and Valley Shape
e A narrow, V-shaped valley with strong abutments (side walls) 1s 1deal.
e It reduces construction cost and provides good storage-to-dam ratio.
¢ Avoid wide, flat valleys with soft ground.

i 5. Geologic Structures
e Look for:
o Folds, joints, faults, or fracture zones in the rock,
o These may affect stability or cause water leakage.
e The dam should be aligned perpendicular to bedding planes or joint systems for better
stability.

X% 6. Reservoir-Induced Effects
e Large reservoirs can trigger reservoir-induced seismicity (earthquakes caused by weight of
water).
o Assess if filling the reservoir could reactivate faults.

£ 7. Erosion and Weathering

¢ Avoid areas with easily erodible or heavily weathered rock.
¢ This could lead to foundation degradation over time.

& 8. Availability of Construction Materials
¢ Presence of locally available rock, gravel, sand, and clay can reduce costs.

e Geology should support the type of dam planned (e.g., earth-fill, concrete, arch).
GEOLOGICAL CONSIDERATION FOR SUCESSFUL CONSTRUCTION OF

RESERVOIR
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For the successful construction of a reservoir, geological considerations are just as
crucial as those for the dam itself. A well-designed reservoir must store water safely
and efficiently without excessive leakage, instability, or environmental risk.

Here are the key geological considerations for reservoir construction:

@, 1. Geological Structure
o Faults, fractures, joints, and bedding planes can create leakage paths or structural weaknesses.
e Avoid active faults and areas with significant tectonic activity.
o Favor sites with homogeneous and well-cemented rock.

== 2. Rock and Soil Permeability
¢ The reservoir basin should be made of impermeable or low-permeability materials, such as:
o Clay
o Shale
o Unfractured igneous or metamorphic rocks
o Karstic terrain (like limestone with cavities) can cause serious leakage and even sinkholes.

@® 3. Scepage and Leakage Control
¢ Identify potential seepage zones through:
o Geological mapping
o Core drilling and permeability testing
e Grouting or cutoff walls may be required in permeable zones.
o Install proper drainage systems to manage seepage safely.

49 4 Slope Stability and Landslide Risk
e Reservoirs can cause slope instability due to water infiltration and changes in groundwater
pressure.
e Assess the reservoir rim and slopes for landslide-prone zones.
e Stabilization measures (e.g., slope trimming, drainage, retaining structures) may be necessary.

@ 5. Reservoir-Induced Seismicity (RIS)
o Filling a reservoir adds weight and alters stress fields, potentially triggering earthquakes.
e This is a concern especially in tectonically active areas or near fault zones.
e Geophysical surveys and historical data help assess RIS risk.

& 6. Reservoir Floor and Abutments
¢ The floor and sides of the reservoir should be geologically stable and erosion-resistant.
e Avoid:
o Easily erodible soils
o Weathered or decomposed rock
¢ Ensure no underground drainage paths exist (like lava tubes or karst systems).

¢2 7. Construction Material Availability
¢ Geological survey should confirm presence of suitable materials for:
o Core lining
o Embankments
o Filters
e Helps reduce cost and simplifies logistics.
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¢ 8 Environmental and Hydrogeological Impact

¢ Understand interaction with groundwater systems to avoid drying of wells or springs.
¢ Avoid contamination of local aquifers.
e Assess how water storage affects nearby ecosystems and habitats.

V] Summary Table

Consideration Key Goal

Faults & Fractures Prevent leakage & instability

Permeability Ensure water retention

Slope Stability Avoid landslides & failure

Seismicity Avoid earthquake-triggered damage

Material Avaglﬂbility Ensure economic & efficient construction

Environmental Impact Maintain ecosystem balance

@ TUNNELING: DETAILED OVERVIEW

% 1L Purpose of Tunneling
Tunnels are underground passages constructed for various purposes:
a. Transportation
e Roads, railways, and subways in mountainous regions or urban areas.
¢ Reduces travel time and congestion.
b. Water Conveyance
e Water supply tunnels (aqueducts), hydroelectric schemes, and sewer tunnels.
c. Utility Services
e (ables, gas pipelines, and telecommunication lines.
d. Mining and Exploration
e Access tunnels to reach mineral deposits.
e. Military and Defense
¢ Underground shelters, storage, and passageways.

@ 2. Effects of Tunneling on the Surroundings
Tunneling can have various physical and environmental effects, including:
a. Ground Movement & Subsidence
e Excavation causes stress redistribution, which can lead to:
o Settlement of overlying ground
o Cracking or collapse of nearby structures
b. Water Table Disturbance
e (Can intercept or lower the groundwater table
¢ May dry up nearby wells or springs
¢. Vibration and Noise
¢ Due to blasting or heavy machinery, which may affect nearby communities.
d. Environmental Impact
¢ Ecosystem disruption, especially if vegetation and wildlife are affected during access road or
shaft construction.
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&= J. Tunnel Lining

Engineering geology

Tunnel lining 1s the support structure that provides stability, waterproofing, and
safety. The type of lining depends on geology, groundwater, and tunnel purpose.

a. Purpose of Lining
To support weak ground and prevent collapse
To seal against water ingress
To provide a smooth finish for transport or fluid flow
To carry structural loads
b. Types of Tunnel Linings

Type Materials Application

Temporar : -

i3 p Y Shotcrete, steel ribs. Dur ng

(mnitial rock bolts excavation

support)

A Concrete  (cast-In- Final  support

lining place or precast ﬂ“d_ water
= segments) sealing

Waterproof (Geomembrane. For water-

lining bentonite sheets sealed tunnels

c. Factors Affecting Lining Design
¢ Rock/soil strength
¢ Groundwater pressure
¢ Tunnel shape and size
¢ Method of tunneling (e.g., TBM. NATM, drill & blast)

Q@ 4. Influence of Geology on Successful Tunnel Construction
Geological conditions are the most critical factor in tunneling. Poor understanding
of geology can lead to construction failures, increased cost, and safety risks.
a. Rock Type
e Hard rocks (granite, basalt): Easier to maintain tunnel stability but harder to excavate.
e Soft rocks or soils (clay, silt): May need heavy support and dewatering systems.
b. Structural Features
e« Faults, joints, and bedding planes:
o Can cause mstability or water ingress.
o Require additional support or diversion strategies.
¢. Groundwater Conditions
e High-pressure aquifers or saturated zones:
o Increase risk of flooding and collapse.
o Require waterproof linings and drainage systems.
d. Geological Hazards
o Karst terrain: Cavities or sinkholes can collapse unexpectedly.
¢« Swelling or squeezing ground: Common in clayey or highly plastic soils.
o Gas pockets: Risk of explosion or suffocation in tunnels.
e. Overburden Thickness
e Too shallow: Risk of surface collapse or damage to structures.
¢ Too deep: High ground pressure and heat.
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Summary Table

Aspect Key Points
Purpose Transport, water, utilities, mining, defense
Ground movement, water disturbance.
Effects environmental impact
Provides support, waterproofing, structural
Lining Integrity
Geological Rock type, groundwater, faults, hazards, depth
Influence

5® Final Note
A thorough geotechnical investigation is essential before tunneling begins. It typically
includes:
¢ Geological mapping
e Borehole drilling and core sampling
¢ Groundwater monitoring
o Lab tests for soil/rock properties
Using this data, engineers can:
¢ Choose the right tunneling method (e.g., Tunnel Boring Machine, NATM)
e Design suitable support systems
e Ensure safe and cost-effective construction
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