
Page 17  

 

 
Mineral: 

Topic 2: MINERALOGY 
Engineering Geology 

A mineral may be defined as a natural, inorganic, homogeneous, solid substance having a 

definite chemical composition and regular atomic structure. 

To call any substance a mineral, the requirements to be fulfilled are: 
1. It must have been formed by natural process 

2. It must be homogeneous, i.e. All parts of the minerals should possess the same physical 

and chemical characters 

3. It must be inorganic substance, i.e., substances of wood or any other organic material 

cannot be called mineral 

4. It must be solid, i.e. gaseous, liquid or semisolid substances are not minerals. 

5. It must have a definite chemical composition. 

6. It must be crystalline. 

Importance of study of minerals: 
From civil engineering point of view, studies of minerals are very important because: 

1. The civil engineers need to know the properties of rocks precisely to enable them to 

consider different rocks for any purpose, i.e. foundation rocks, as road metal. As 

concrete aggregate, as building stones, as flooring or roofing materials , as decorative 

material etc. 

2. The economic minerals, since they are scarce, do not influence the properties of their 

constituent minerals, and hence irrelevant from the civil engineering point of view. But, 

if they happen to occur in large quantities, their economic value will not permit them to 

be used as construction materials or as foundation sites. 

Thus properties of civil engineering importance such as strength, durability and appearance of 
rocks can be assessed only with the knowledge of the minerals that form rocks. 

Engineering Significance of Rock Forming Minerals 

The civil engineers need to know the properties of rocks precisely to enable them to consider 
different rocks for any required purpose, i.e., as foundation rocks, as road meta, as concrete 

aggregate, as building stones, as flooring or roofing material, as decorative material etc. All 
properties of rocks are, in turn, depended on the properties of their constituent minerals. Thus, 
properties of civil engineering importance such as their strength, durability and appearance of 
rocks can be assessed only with the knowledge of the minerals that form rocks i.e. rock-forming 
minerals. 

The economic minerals, since they are scare, do not influence the properties of rocks and are 
hence irrelevant from the civil engineering point of view. However, if they happen to occur in 
large quantities, their economic value will not permit them to be used either as construction 
materials or as foundation sites. 

 
Different methods of study of minerals 

1. Study of physical properties 
2. Study of chemical composition 
3. Study of optical properties 
4. X-ray analysis 
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Physical Properties 

Over 4,000 minerals are known to man, and these minerals are identified by their physical and 
chemical properties. The physical properties of minerals are determined by the atomic 
structure and crystal chemistry of the minerals. The most common physical properties are 
crystal form, color, hardness, cleavage, and specific gravity. 

 
Crystals 
Cleavage and Fracture 
Color 
Hardness 
Streak 
Luster 
Specific Gravity 

Tenacity 
Acid Test 

Magnetism 

Fluorescence 

Crystals 

One of the best aids in the identification of a mineral is its crystal form (external shape). A 

crystal is defined as a homogenous solid possessing a three-dimensional internal order defined 

by the lattice structure. 
Crystals developed under favorable conditions often exhibit characteristic geometric forms 
(which are outward expressions of the internal arrangements of atoms), crystal class, and 
cleavage. Large, well-developed crystals are not common because of unfavorable growth 
conditions, but small crystals recognizable with a hand lens or microscope are common. 
Minerals that show no external crystal form but possess an internal crystalline structure are 
said to be massive. A few minerals, such as limonite and opal, have no orderly arrangement of 
atoms and are said to be amorphous. 

Crystals are divided into six major classes based on their geometric form: isometric, tetragonal, 
hexagonal, orthorhombic, monoclinic, and triclinic. The hexagonal system also has a 
rhombohedral subdivision, which applies mainly to carbonates. 

Cleavage and Fracture 

After minerals are formed, they have a tendency to split or break along definite planes of 
weakness. This property is called cleavage. These planes of weakness are closely related to the 
internal structure of the mineral, and are usually, but not always, parallel to crystal faces or 

possible crystal faces. Minerals may have one, two, three, four, or six directions of cleavage. 
These cleavage forms are (1) cubic, (2) octahedral, (3) dodecahedral, (4) rhombohedral, (5) 

prismatic, and (6) pinacoidal. Minerals that break easily along these lines of weakness yield 
shiny surfaces. Many crystals do not cleave, but fracture or break instead. Quartz, for example, 
forms well-developed crystal faces but does not cleave at all; instead it fractures or breaks 
randomly with a conchoidal fracture. 
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Color 
The color of a mineral is the most important identifying characteristic for the amateur 

mineralogist. Many minerals exhibit various colors; the varieties are mainly due to impurities or 
a slight change in chemical composition. For example, calcite can be white, blue, yellow, pink, or 
fluorescent. Surface tarnish may have changed the color of the specimen; therefore, a fresh 
surface should be examined. 

 
Hardness 

The hardness (scratchability) of a mineral can be measured by its resistance to scratching or 
abrasion. Mohs scale is a set of 10 common minerals chosen for comparative hardness. The 
minerals are arranged in order of increasing hardness; each mineral will scratch all that precede 
it, and be scratched by all that follow it. Mohs scale (1-10) is as follows: 

 

• talc 

• gypsum 

• calcite 

• fluorite 

• apatite 

• orthoclase 

• quartz 

• topaz 

• corundum 

• diamond 

 
Streak 

The streak of a mineral is the color of the powder produced when the mineral is rubbed against 

an unglazed porcelain plate or other fine-grained, hard, abrasive surface. The color of a 

particular mineral may vary, but the streak is generally constant. The streak may be the same 
color as the mineral or an entirely different color, but the streak of all white minerals, including 
calcite, is white. 

 
Luster 
Luster refers to the brightness of light reflected from the mineral's surface. The main types of 

luster are metallic and nonmetallic. Some of the more important nonmetallic lusters are: 

 
Adamantine: brilliant, like that of a diamond. 

 
Earthy: dull, like kaolin. 

 
Silky: having the sheen of silk, like satin spar, a variety of gypsum. 

 
Greasy: oily appearance. 

 
Resinous: waxy appearance, like sphalerite. 

 
Vitreous: the appearance of broken glass, like quartz. 

 
Nacreous (pearly): like mother of pearl; for example, pearly luster on fossil gastropods and 
cephalopods. 
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Specific Gravity 
The specific gravity (relative density) of a mineral is its weight compared to the weight of an 
equal volume of water; thus, a mineral with a specific gravity of 4 is four times heavier than 
water. Special instruments are needed to measure the specific gravity. 

 
Tenacity 
Tenacity is the measure of a mineral's cohesiveness or toughness. Tenacity terms are: 

 
Brittle: breaks or powders easily; for example, pyrite or marcasite. 

 
Ductile: can be drawn into a wire; for example, copper. 

 
Elastic: bends and resumes its original position or shape when pressure is released; for 
example, biotite or muscovite. 

 
Malleable: can be hammered into thin plates or sheets; for example, gold or copper. 

 
Sectile: can be cut or shaved with a knife; for example, gypsum or galena. 

 
Acid Test 

When carbonates (especially calcite) are treated with cold, dilute hydrochloric acid, they will 
effervesce, foam, and bubble, and give off carbon dioxide gas. When sulfides, such as galena, 

pyrite, and sphalerite, are treated with dilute hydrochloric acid, they will give off the rotten-egg 
odor of hydrogen sulfide. 

 
Study of chemical compositions: 

According to the definition, every mineral is expected to have its own distinctive chemical 

composition, which is not to be found in any other mineral. 
Therefore, by chemical analysis, if the composition is known it should be possible to identify the 

mineral. 
This principle is the basis for this type of study of minerals. For example, if the chemical 
composition of an unknown mineral is found to be lead sulphide, then that mineral must only 
be Gelena, because it only has the composition of lead sulphide and no other mineral has this 
composition. 

 
Study of Optical properties: 

In this method, the minerals are ground very fine and fixed over glass slides by means of 
CANADA BALSAM. Such skillfully prepared slides are called thin sections. 
They are studied under a petrlogical microscope. 

The properties of minerals like colour, their order, interference figures, cleavage, shape, etc are 
studied under crossed nicols, with the help of some other accessories, if necessary. 

 
X-ray Analysis: 
X-ray analysis makes use of the definite atomic structure, found in every mineral, X-rays are 
similar to light waves but have a much shorter wave length, comparable to the distances 
between atoms in a crystalline mineral. When a beam of X-rays falls on crystal, it is diffracted by 

layers of atoms within the crystal. In making an x-ray analysis of atomic structure of the crystal, 
the diffracted x-rays are allowed to fall on photographic plate, and the resulting photograph 
shows a series of spots or lines which form more or less symmetrical pattern. X-ray analysis of 
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minerals reveals their actual atomic structures, which is distinctive for each mineral. This 

enables the accurate identification of minerals. 

 
Petrology: 

Shell structure of earth: 
The interior structure of the Earth is layered in spherical shells. These layers can be defined by 
their chemical and their rheological properties. Earth has an outer silicate solid crust, a highly 
viscous mantle, a liquid outer core that is much less viscous than the mantle, and a solid inner 
core. 

 

 
Structure of earth: 
The crust of earth is made up of different kinds of rocks. The thickness of crust is approximately 
35Km. this rocky crust is known as Lithosphere. 

The earth crust is uneven with many depressions and elevations. 
These depressions are filled with water and are called lakes, seas and oceans. This 
discontinuous body of water in association with the lithosphere is called the Hydrosphere. 

On land masses of the lithosphere and in water bodies of hydrosphere, all living creatures exist, 
this is called Biosphere. All these, in turn are enveloped by a layer of air which is called the 
Atmosphere. 

 
 

Definition of a Rock: 
Rock or stone is a natural substance, a solid aggregate of one or more minerals or mineraloids. 
The solid mineral material forming part of the surface of the earth and other similar planets, 
exposed on the surface or underlying the soil.  
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A rock can be simply defined as “an aggregate of minerals”. 

 
Classification of Rocks: 
Using color, texture, and mineral composition, geologists can classify a rock according to its 
origin. A rock's origin is how the rock formed. Geologists classify rocks into three major groups: 
igneous rock, sedimentary rock, and metamorphic rock. 

 
Igneous rock: 
Igneous rock is formed through the cooling and solidification of magma or lava. The magma can 

be derived from partial melts of existing rocks in either a planet's mantle or crust. Typically, the 
melting is caused by one or more of three processes: an increase in temperature, a decrease in 
pressure, or a change in composition. Solidification into rock occurs either below the surface as 
intrusive rocks or on the surface as extrusive rocks. Igneous rock may form with crystallization 
to form granular, crystalline rocks, or without crystallization to form natural glasses. 

 

Igneous rocks are also geologically important because: 

 

• Their minerals and global chemistry give information about the composition of the 
mantle, from which some igneous rocks are extracted, and the temperature and 
pressure conditions that allowed this extraction, and/or of other pre-existing rock that 

melted; 

• Their absolute ages can be obtained from various forms of radiometric dating and thus 

can be compared to adjacent geological strata, allowing a time sequence of events; 

• Their features are usually characteristic of a specific tectonic environment, allowing 
tectonic reconstitutions in some special circumstances they host important mineral 

deposits (ores): for example, tungsten, tin, and uranium are commonly associated with 

granites and diorites, whereas ores of chromium and platinum are commonly associated 

with gabbros. 

Sedimentary Rocks: 
Sedimentary rocks are types of rock that are formed by the deposition and subsequent 
cementation of that material at the Earth's surface and within bodies of water. Sedimentation is 
the collective name for processes that cause mineral and/or organic particles (detritus) to settle 
in place. The particles that form a sedimentary rock by accumulating are called sediment. Before 
being deposited, the sediment was formed by weathering and erosion from the source area, and 
then transported to the place of deposition by water, wind, ice, mass movement or glaciers, 
which are called agents of denudation. 
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Sedimentation may also occur as minerals precipitate from water solution or shells of aquatic 

creatures settle out of suspension. 

The sedimentary rock cover of the continents of the Earth's crust is extensive (73% of the Earth's 

current land surface, but the total contribution of sedimentary rocks is estimated to be only 8% 
of the total volume of the crust. Sedimentary rocks are only a thin veneer over a crust consisting 
mainly of igneous and metamorphic rocks. Sedimentary rocks are deposited in layers as strata, 
forming a structure called bedding. The study of sedimentary rocks and rock strata provides 

information about the subsurface that is useful for civil engineering, for example in the 

construction of roads, houses, tunnels, canals or other structures. Sedimentary rocks are also 
important sources of natural resources like coal, fossil fuels, drinking water or ores. 

Metamorphic rocks: 
Metamorphic rocks arise from the transformation of existing rock types, in a process called 
metamorphism, which means "change in form". The original rock (protolith) is subjected to heat 

(temperatures greater than 150 to 200 °C) and pressure (150 megapascals (1,500 
bar))[clarify],causing profound physical and/or chemical change. The protolith may be a 
sedimentary, an igneous, or even an existing type of metamorphic rock. 

Metamorphic rocks make up a large part of the Earth's crust and form 12% of the Earth's 

current land surface. They are classified by texture and by chemical and mineral assemblage 
(metamorphic facies). They may be formed simply by being deep beneath the Earth's surface, 
subjected to high temperatures and the great pressure of the rock layers above it. They can form 

from tectonic processes such as continental collisions, which cause horizontal pressure, friction 
and distortion. They are also formed when rock is heated up by the intrusion of hot molten rock 

called magma from the Earth's interior. The study of metamorphic rocks (now exposed at the 
Earth's surface following erosion and uplift) provides information about the temperatures and 

pressures that occur at great depths within the Earth's crust. Some examples of metamorphic 

rocks are gneiss, slate, marble, schist, and quartzite. 

Rock Cycle: 
The rock cycle is a basic concept in geology that describes the time-consuming transitions 
through geologic time among the three main rock types: sedimentary, metamorphic, and 
igneous. As the adjacent diagram illustrates, each of the types of rocks is altered or destroyed 
when it is forced out of its equilibrium conditions. An igneous rock such as basalt may break 
down and dissolve when exposed to the atmosphere, or melt as it is subducted under a 
continent. Due to the driving forces of the rock cycle, plate tectonics and the water cycle, rocks 
do not remain in equilibrium and are forced to change as they encounter new environments. 

The rock cycle is an illustration that explains how the three rock types are related to each other, 
and how processes change from one type to another over time. This cyclical aspect makes rock 
change a geologic cycle and, on planets containing life, a biogeochemical cycle. 
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A diagram of the rock cycle. 
1 = magma; 2 = crystallization (freezing of rock); 3 = igneous rocks; 4 = erosion; 5 = sedimentation; 

6 = sediments & sedimentary rocks; 7 = tectonic burial and metamorphism; 8 = metamorphic 
rocks; 9 = melting. 

 

 
Forms of Igneous rock: 
Igneous rocks are formed in two forms 

1. Intrusive igneous rocks 

2. Extrusive igneous rocks 

 
Intrusive igneous rocks: 

Intrusive, or plutonic, igneous rocks form when magma cools slowly below the Earth's surface. 
Most intrusive rocks have large, well-formed crystals. 
Examples: granite, gabbro, diorite and dunite. 

 
The most common forms of intrusive igneous bodies as observed in the field are: 

Dyke, sill, laccolith, lopolith, bysmalith, phacolith, chonolith,volcanic neck or plug, batholiths 

etc.,. 
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Dykes: 
A dyke (or dike) in geology is a type of later vertical rock between older layers of rock. 
Technically, it is any geologic body which cuts across: flat wall rock structures, such as bedding. 
Massive rock formations, usually igneous in origin. 

Dikes can be either magmatic or sedimentary in origin. Magmatic dikes form when magma 
intrudes into a crack then crystallizes as a sheet intrusion, either cutting across layers of rock or 
through an un-layered mass of rock. Clastic dikes are formed when sediment fills a pre-existing 
crack. 

 
 

Sills: 

 
A sill is a sheet-like intrusion that is concordant with external layering such as bedding or 
metamorphic foliation. Sills are formed from magma injected along planes of weakness 
represented by layering in rocks and are distinct from dykes that cut across layering (i.e. are 
discordant). 

An intrusive mass of igneous rock which consolidated beneath the surface and has a large 
horizontal extent in comparison with its thickness. 
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FORMS OF EXTRUSIVE IGNEOUS ROCKS: 
Lava Flows 

On eruption of a volcano, lava simply flows on the surface and on consolidation gives rise to lava 

flows. These closely resemble sills in shape. Based on surface appearance, lava flows are 
described as block lava and ropy lava. Block lava is less mobile and has a rough and irregular 
surface. The ropy lava is more mobile and has a wrinkled but smooth and shining surface. The 
vesicles are more numerous, spherical and small in ropy lava flow and they are few and irregular 
in block lava flow. These physical differences occur because ropy lava comes out hotter and with 

lesser volatiles. 

Pyroclasts 
The rock fragments thrown out at the time of volcanic eruption are called pyroclasts. These are 
described variously, based on size and shape. Bigger and angular fragments are called volcanic 
blocks. If they are somewhat rounded they are known as volcanic bombs. Smaller fragments are 
called lapilli. 

 
Classification of Igneous rocks: 

i) Classification based on silica percentage 
ii) Classification based on silica saturation 
iii) Classification based on depth of formation 

Classification based on silica percentage: 
The chemical composition of a rock is generally expressed in terms of different (oxides like SiO2 

AL2O3, Fe2O3, FeO, Mg0 and C20. Among different oxides silicon dioxide is always predominant 
in rocks. Since silica percentage is also responsible for the formation of different minerals and 
their associations, it serves as a suitable basis for the classification of igneous rocks. When silica 

content exceeds 66%. The igneous rock is called as acidic; when it is 52-66%, the rocks are called 

intermediate. The basic rocks have 45-52%. In ultrabasic rocks, the silica content is less than 
45%. 
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STRUCTURE AND TEXTURE OF SEDIMENTARY ROCKS 
• STRATIFICATION 
• CEMENTING MATERIAL 

• FOSSIL OCCURRENCE 
• RIPPLE MARKS 

 

 

 
• MUD CRACKS OR SUN CRACKS 



 

• RAIN PRINTS OR MARKS 
 

Engineering Geology 

• TRACKS AND TRAILS 
• PECULIAR FORMS 
• CONCOIDAL FRACTURE 

 
STRATIFICATION 
• STRATIFICATION refers to the way sediment layers are stacked over each other, and can occur 
on the scale of hundreds of meters, and down to sub-millimeter scale. It is a fundamental 
feature of sedimentary rocks. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
• Stratum- bed, strata means beds 

• Stratification is also known as bedding 
• When the thickness of individual beds is very thin then it is known as Lamination 

• Bedding plane is the plane of contact between two adjacent beds of strata. 

Cementing material 
Cementation, in geology, hardening and welding of clastic sediments (those formed from pre- 

existing rock fragments) by the precipitation of mineral matter in the pore spaces. It is the last 

stage in the formation of a sedimentary rock. The cement forms an integral and important part 
of the rock, and its precipitation affects the porosity and permeability of the rock. Many 
minerals may become cements; the most common is silica (generally quartz), but calcite and 
other carbonates also undergo the process, as well as iron oxides, barite, anhydrite, zeolites, 

     And clay and minerals  
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Fossil occurrence 
• Fossils have been defined as “relicts and remnants of ancient plants and animals preserved 

inside the rocks by natural processes” 
• Remains of plants and animals, when they get buried under sediments, become fossilized. 
• Not all animals and plants become fossils, only with hard parts become fossils under 

favourable conditions. 
 
 
 
 

 

Mud cracks 

• Water or sea or lake, depending on different conditions covers the gently sloping sides on and 
off. 

• When such a wet surface is not covered, it dries up and develops vertical polygonal cracks 
which are wedge-shaped downwards. 

  

Ripple marks 
• In shallow bodies, the waves and currents on the surface of water produce impressions in the 
form of minor undulations on the loose and soft sediments which lie at the bottom. These are 
known as ripple marks. 
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Rain prints or marks 
• Rain prints or marks develop under the same conditions as those of mud cracks and are 
preserved on surface of some rocks. 

 

Tracks and trails 
• Tracks and trails are the markings indicating the paths of some animals or organisms, over a 
soft sediment, which is able to take and retain the impression. 

• Footprints of animals or birds may occur the same way. 

 

Peculiar forms 
• Nodular , concretionary, pisolitic, oolitic, stalactitic. 
• These forms occurs only in sedimentary rocks. 
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NODULAR CONCRETIONARY PISOLITIC 
 

OOLITIC STALACTITIC 
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Structure of Metamorphic rocks 
• Gneissose Structure 

• If the rock consists of equi-dimentional 

minerals along with platy and prismatic 

minerals, which can easily be segregated 

and altering bands are formed. 
• Foliation and lineation of platy and 

prismatic minerals take place. 
• Such a texture or arrangement of minerals is 

called Gneissose structure. 
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Schistose Structure 

 

 

 
Granulose Structure 

 
 

 
Cataclastic Structure 

 

 

Classification of Metamorphic rocks 
• Metamorphic rocks are classified as para-metamorphic or ortho- 

metamorphic rocks based on whether they have been formed out 
of sedimentary or igneous rocks. 

• In different way, metamorphic rocks can be classified on their 
physical appearance, i.e., as massive or foliated. 

• This is independent of kind of metamorphism or parent rock 
involved. 

• However this classification reflects the mineral content and 
structure clearly. 

 
If the rock consists of only prismatic or platy 

minerals, then no segregation takes place. 

Only foliation or only lineation occurs. 
Such a texture or arrangement of minerals is 
known as Schistose structure 

If the rock is composed predominantly of 

equidimensional minerals, then neither 

segregation nor foliation takes place, 
absence of platy or prismatic minerals. 
Such a texture is called Granulose structure. 

It is produced under the influence of direct 
pressure in the upper zones of earth’s crust. 
In some rocks, more resistant minerals may 
remain unaffected, while the softer minerals 
are powdered to fine material. 
This result in appearance similar to 
porphyritic texture and is called 
Porphyroclastic structure. 
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Foliated rocks 

• The process of metamorphism which is accompanied by pressure, induces alignment of 
constituent minerals in rock. 

• The alignment or orientation of minerals takes place perpendicular to the direction of 

the greatest stress. 
• When platy, lamellar, bladed or flaky minerals occurs in rocks, they orient themselves 

parallel to each other and obviously perpendicular to the direction of the greatest stress. 

Such rocks are called as foliated rocks, the process is known as foliation. 
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Massive or non-foliated rocks 
The three important type of rocks which come in this type of category are: 

• Quartzite 

• Marble 

• Hornfels 
Of these quartzite is formed out of thermal, dynamic or dynamo-thermal 
metamorphism. 

Hornfels is formed through thermal metamorphism. 
Marble is a result of thermal metamorphism of limestone. 
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