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Chapter

—

After the completion of this chapter, the learner:

*» Distinguishes between the three basic types of
rock found on the Earth's crust.

» States the mode of formation of igneous rocks.

= Explains the textural and compositional
differences exhibited by igneous rocks.

= Identifies common igneous rocks in hand
specimens.

» Explains the formation and classification of
sedimentary rocks.

» Identifies the common sedimentary rocks
megascopically.

* Describes the agents and types of
metamorphism.

= Identifies the common types of metamorphic
rocks.

= [llustrates diagrammatically the concept of rock
cycle.
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Rocks have been an integral part of the history of mankind,
first being used as tools for hunting and defence, and as building
materials to construct shelters and monuments. If there were no
rocks, we wouldn’t have soil for food, no tools, no shelter, no
roads and not much left. Rocks are composed of tiny fragments of
one or more materials called minerals. The rocks as well as the
minerals are essential to the prosperity and cultural splendour of
human civilization. The branch of geology dealing with the study
of rocks is called petrology.

Rocks are made of grains that fit together. Each grain in the
rock is formed of a mineral, which is a naturally formed chemical
compound. A rock is defined as a naturally occurring solid
aggregate of one or more minerals or mineral-like matter
(mineraloids). Such aggregates constitute the basic units of solid
Earth. Rocks can be classified broadly into three groups.

B Types of rocks I

Geologists classify rocks according to the processes that resulted
in their formation. Three basic groups of rocks they recognize
are: igneous rocks (those crystallized or solidified from molten
rock material called magma or lava), sedimentary rocks (those
consisting of fragments derived from pre-existing rocks or of
materials precipitated from solutions) and metamorphic rocks
(those formed by the alteration of existing rocks).

B 'zneous rocks [

Igneous, from the Latin meaning "Fire formed", is a rock type
that forms from the solidification of a molten mineral solution.
The earth’s interior is in highly molten state because of very high
temperatures inside it. The molten rock material generated at
the interior of Earth is called magma. When the magma cools
and solidifies, igneous rocks are formed.

The minerals forming an igneous rock are produced by
crystallization during cooling of the magma. This transformation
from disorganized atoms and ions within the hot melt to highly
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ordered crystal structures occurs as the temperature of the magma
drops enough for the ions to begin to link together. When molten
rock-forming material reaches at the Earth's surface, it is known
as lava, when it remains within the Earth, it is referred to as
magma. In either case, crystallization by cooling is the only
mechanism by which almost all igneous rocks are formed (Fig.1.1
(a) and (b)).

-lgneaus rock

Volcanic eruption

Earth's surface

iten . :.

Fig.1.1: (a) Igneous activity and (b an igneous rock '

Igneous rocks represent not only the most abundant of all rock
types but also the original type of rock found on Earth. Not only
do igneous rocks form the cores of the continents, they also make
up nearly all of the oceanic crust; and as such, study of igneous
rocks allows you to understand major portions of the Earth's
geosystems.

.1.2.1 Classification of igneous rocks _

You have learnt that igneous rocks are formed by the cooling
and solidification of molten rock forming material known as
magma or lava. Igneous rocks are divided into two main categories
on the basis of where they form:

a) Plutonic (intrusive) rocks
b) Volcanic (extrusive) rocks.

Those igneous rocks formed deep inside the Earth's crust are
called plutonic rocks or intrusive rocks and those formed at the
surface are named volcanic rocks or extrusive rocks. In addition
to these two basic types, a third category, known as hypabyssal
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rocks is also recognized. A hypabyssal igneous rock is an intrusive
igneous rock whose depth of formation is intermediate between
that of plutonic (deep seated) and volcanic (surface) rocks.

Plutons (Intrusive igneous bodies)

Bodies of plutonic rocks are found in a great variety of shapes
and sizes. Irrespective of their shapes and sizes, the term 'pluton’
is often applied for any igneous intrusion formed at deep or
shallow depth. Some plutons are characteristically tabular in
shape while others are cylindrical and still others are irregularly
ellipsoidal. A short description of some of the common types of
plutons is given below:

(1) Dyke - a tabular wall like igneous intrusion that cuts across
the planar structures of the surrounding rock. (Fig. 1.2 a)

(2) Sill - a tabular igneous intrusion that parallels the planar
structure of the surrounding rock. (Fig 1.2 b)

X

1

Ly eiin .
Fig.1.2:a) Dykeand b) Sill
(3) Laccolith - Alaccolith is a type of pluton that tends to have a
flat floor and are domed up in their central part. Like sills,
these plutons are generally concordant, ie, parallel to the

country rock's layering.

(4) Batholith - These are the largest types of plutons that have
more than 100 sq. km surface exposure. Like dykes, batholiths
always have discordant (means that they cut across pre-
existing country rocks) relationship with the country rocks.

The diagrammatic representation of batholith and laccolith is
given below (Fig.1.3).
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Fig.1.3:. thandl
.1.2.2 Textures of igneous rocks

The texture of a rock describes the degree of crystallization,
size, shape and arrangement of the mineral grains or crystals
that make up the rock. It is the function of the relationship
between the grain size and mutual relationship between the grains.

Granularity

In the case of the igneous rocks, one of their characteristic
textural features is the size of the mineral grains - small or large.
Igneous rocks can be subdivided into a variety of rock types based
on their texture. Coarse-grained igneous rocks are those in which
the individual crystals are large enough to be seen without the
aid of a microscope. Conversely, fine-grained igneous rocks require
microscopic study to identify individual crystals. Medium-grained
igneous rocks with grain size intermediate between fine and coarse
and are formed at shallow depth levels.

The difference in grain size is of great importance to our
understanding of how igneous rock forms. Coarse-grained rocks
require long periods of slow cooling in order to grow large crystals.
On the other hand, fine grained rocks form by relatively rapid
cooling. The rate of cooling of molten rocky matter depends on
the place where the cooling takes place. Lavas, erupted at the
Earth's surface, cool relatively fast to form volcanic rocks while
magmas, retained deep within the Earth, cool very slowly taking
thousands of years to form plutonic rocks. The difference in the
locations and the rate of cooling, accounts for the basic textures
exhibited by igneous rocks.
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The grain shape is also controlled by the rate of cooling of the
magma.

On the basis of grain size and shape (granularity), the following
textures may be present in igneous rocks.

(a) Phaneritic: The individual mineral grains that make up a
phaneritic igneous rock are sufficiently large (coarse) to be
differentiated and identified with naked eyes. Example: Granite.

(b) Aphanitic: When the individual mineral grains in a rock
are not visible to the naked eye, the resulting texture is called an
aphanitic texture. Example : Basalt

Analyze the figure given below (Fig.1.4 (a) and (b)) and compare
the nature of the grains present in these two types of igneous
rock. Why do these two types of rocks show differences in their
grain sizes?

(c) Porphyritic: Such
textures are characterized by
the presence of some larger
mineral grains (visible to the
naked eye), called phenocrysts
(Fig.1.5) that are surrounded by
smaller mineral grains (invisible
to the naked eye) called the
ground mass in an igneous Fig.1.5: Phenocrysts in an igneous rock.
rock. Porphyritic rocks consist
of a mixture of large and fine sized mineral grains.
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Crystallinity

Any rock composed entirely of crystallized minerals without
glassy matter is described as a crystalline rock. Crystallinity
refers to the degree of crstallization in a rock and petrologists
recognize three types of basic textures on the basis of levels of
crystallinity in igneous rocks, such as: (a) holocrystalline - rocks
which are composed entirely of crystalline grains,
(b) merocrystalline (hypocrystalline)- rocks made of partially of
crystalline grains embedded in an amorphous or glassy matrix,
and (c) holohyaline rocks composed completely of glassy material
(such as obsidian, formed by chilling or super cooling, in which
no crystallization is involved).

Glassy and frothy textures

Glassy texture: Glassy textures occur during some volcanic
eruptions when the lava is
cooled so rapidly that
crystallization cannot occur.
The elements and compounds
are frozen in place and hence
no minerals are formed, which
result in a glassy texture.
Simply, a glass is an amorphous
(non-crystalline) substance. N ,
Example: Obsidian (Fig.1.6 ). "~ Fig16:0Obsidian

Frothy or vesicular texture :

It is exhibited by some volcanic rocks such as pumice, which
is a light-coloured volcanic rock that is full of holes. These holes
once contained volcanic gases that escaped and now are filled
with air. Pumice is a very light rock that floats in water and similar
one with dark colour is Scoria.
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Know your progress.;

1.  What kind of textures do you expect in plutonic rocks?

2. What differences in crystal size might you expect between two
rocks, one formed at surface and the other at depth?

3. What is the basic difference between a dyke and a sill?

.1.2.3 Classification based on composition _

Igneous rocks are also classified (or named) on the basis of
their composition (the elements and minerals present) into four
categories. Most of the igneous rocks present at or near the Earth's
surface are crystallized from some type of silicate magma, which
means the melt was made up mostly of the two elements silicon
and oxygen, combined to form "silica", or SiO,. This is because of
the relative abundances of

d il . Felsic Intermediate Mafic Ultramafic
oxXygen an silicon 1n Intrusive |  Granite Diorite Gabbro Peridotite
magmas The continental Extrusive| Rhyolite Andesite Basalt Komatiite
i ¢ 100% -
areas are made up of close  § r;;ﬂ:p::'m = C;Lct:w
eqe Q i 7 \ y
to 60 % silica, and the 7 8% /
£ ’ y
oceanic areas are made Up  § gy {  Quartz m”d:g:‘:‘*‘“
oq e 0 §
of about 47 % silica. Now, £ - i Ry
; - - Sodium-
let wus learn this d; n ONvine
compositional variation in  § %%~ e Ampm »
. . bole
igneous rocks and their g 0% : ;
classification. Analyse the % ™% Lo 0 o
ca content

diagram given below
(Fig.1.7) and try to classify
igneous rocks based on
their mineralogical composition.

Fig.1.7: Classification of igneous rocks by composition.

(1) Felsic igneous rocks - Felsic rocks ("Fel" from feldspar, and
"sic" from silicon) are rich in silicon and oxygen, have low
melting points, lighter colour and tend to have a dominance of
light coloured minerals such as quartz and feldspar. Examples:
granite and rhyolite. In petrology, the term acidic, is also
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widely used for describing igneous rocks with a range of silica
(SiO,) greater than 63 percent.

(2) Intermediate igneous rocks- Intermediate in composition;
tends to have a mixture of light and dark minerals of almost
equal amounts. The silica percentage ranges between 52 -
63% in intermediate rocks. Examples: diorite and andesite.

(3) Mafic igneous rocks-Mafic rocks ("Ma" from magnesium and
"fic" for iron) are low in silica; rich in magnesium and iron,
possess high melting points, and have relatively darker colour
and density than felsic rocks. These tend to have dark minerals
such as olivine, pyroxene, and amphibole. Examples: gabbro
and basalt. The term 'basic’ (silica percentage ranges between
45 - 52%) is also used to describe these kind of rocks.

(4) Ultramafic/ultrabasic igneous rocks- Even more rich in iron
and magnesium; tends to be dominated by the mineral olivine
and sometimes with pyroxenes. Examples: dunite and
peridotite. The silica percentage of ultrabasic rocks is less
than 45%. It has no volcanic equivalent.

You have learnt that igneous rocks are classified (or named)
on the basis of their composition and texture. Texturally,
igneous rocks can be divided into plutonic and volcanic rocks.
The two basic compositional groups recognized among the
igneous rocks are felsic and mafic. Analyse the given table
(Table 1.1) and make a comparison between the two kinds of
considerations we have followed and present your findings in

the class.
Table.1.1: Textural and compositional comparison
of some felsic and mafic rocks

Textural types Felsic (light) | Mafic (dark)
Intrusive - Coarse texture| Granite Gabbro
Extrusive - Fine texture Rhyolite Basalt
Extrusive - Frothy texture  Pumice Scoria
Extrusive - Glassy texture Obsidian
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You can conclude that, while granite is a coarse-grained
(phaneritic) plutonic igneous rock, rhyolite is a product of relatively
rapidly cooled, fine-grained (aphanitic) volcanic igneous rock with
a felsic composition. Again, gabbro is a plutonic, phaneritic rock
while basalt is a product of relatively rapidly cooled lava and is
fine-grained (aphanitic) igneous rock of mafic composition.

.1.2.4 Crystallization of magma _

The minerals that make up igneous rocks crystallize at different
temperatures. At high temperatures, magma is completely liquid,
but as the temperature drops, crystals will start to form. As magma
cools, individual mineral species selectively crystallize at some
unique temperature.

Certain minerals crystallize earlier and at higher temperatures
than others. This important process, taking place during the
crystallization of magma, is known as fractional crystallization.
Fractional crystallization is the process by which mineral crystals
formed in a cooling magma are segregated or separated from the
remaining liquid with the lowering temperature.

When some of the minerals which crystallize first are likely to
be heavier than the magma, they may settle to the bottom of a
magma chamber and become essentially isolated from the rest of
the magma. The rest of the magma will then have a different
composition than the original magma.

Crystals can be removed by a variety of processes. If the crystals
are denser than the liquid, they may sink. If they are less dense
than the liquid they will float. When magma starts to cool, mafic
minerals begin to form first. They may settle out of the magma,
(because they are denser than the magma), before other minerals
begin to form. Removal of crystals can thus change the composition
of the liquid portion of the magma.

The naturally separated crystals give rise to rocks of differing
compositions at various stages of magmatic cooling. Thus, rocks
of varying composition can arise from uniform parent magma.
This accounts largely for the diversity of igneous rocks found on
Earth.
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—- FBowen's crystallization reaction series

Duriﬁg“th? early part of the 1900's, the experimental work of Canadian
mineralogist N.L. Bowen led to our modern understanding of the formation
of igneous rocks. There is a definite sequence of crystallization - popularly
known as the Bowen's reaction series (Fig.1.8). Bowen's Reaction Series
is a theory concerning the crystallization process which occurs when
magma cools. The eight commonly occurring rock-forming minerals (olivine,
pyroxene, amphibole, orthoclase, plagioclase, muscovite, biotite, and
quartz) are arranged in Bowen's reaction series in decreasing order of
their temperature of formation (melting points), high temperature ones at
the top and low temperature ones at the bottom. The first minerals to
crystallize from a cooling magma are the ones that are the last to melt.

At first, crystals of only one or two minerals begin to grow. These early
formed mineral crystals react with the residual magma to form different
minerals. In the figure given below , it can be seen that olivine normally
crystallizes first, followed by pyroxene, then amphibole and then biotite

mica.
SIMULTAMEOUS CRYSTALLIZATION
S Early, high-
MAGHA  of alciue Temperature
TYPES %ﬁ‘% D S B o
i £ ‘s f f erysuallizson
Basaltic ’;3’:, Pyroxene &, ‘59
(lovw silica) % % ‘?; ?
2, Amehicol
ﬁuu‘l:ﬂmc ¥ -ff ;zg"
L R &)
Biotice a £
Rh&\;h:rc % mica £E 5&‘;
(high silica) 2 I'. 5
\ rich
' i
Orehoclase Late, law-
H:Idspar Temperature
¥ Muscovite mica (-600°C)
erystallizaton
Quartz

Fig.1.8:Diagram showing Bowen's reaction series.

The reaction series shows that, cooling is progressive in a magma/ lava,
some minerals becoming solid at high temperatures (top of BRS) and others
at lower temperature (bottom of BRS). There are two sequences of minerals
in Bowen's reaction series, the discontinuous reaction series on the left

and the continuous reaction series on the right. As the temperature of
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magma decreases, minerals crystallize in an ordered series from olivine-

pyroxene-amphibole-mica; while plagioclase feldspar crystallizes, from
calcium-rich to sodium-rich form and the composition of magma changes
from ultramafic to more acidic composition.

Know your progress

1. How would you classify a coarse-grained igneous rock that
contains about 50% pyroxene and 50% olivine?

2. If a granitic magma erupts on the surface of the Earth in the
form of lava, what will be the extrusive rock formed?

25 Common igneous rocks

Felsic igneous rocks

Granite: Granite is a relatively light coloured, holocrystalline,
usually coarse to medium-grained, phaneritic, plutonic igneous
rock (Fig.1.9). Some granites exhibit porphyritic texture and these
granites are called granite porphyries. Granite mainly consists of
feldspar, quartz, mica, and amphibole
minerals. Along with quartz, potassium
feldspar (orthoclase) and sodium rich
plagioclase feldspar together make up the [
bulk of this rock. Dark minerals, chiefly
amphibole and biotite are present in small i
quantities. Granite is hard and tough, and :
widely used as a construction stone.

Fig.1.9: Granite

Rhyolite: It is a light coloured (white, light grey or various
shades of red) volcanic rock, with the same compositional
(mineralogical) range as that of granite, with a wholly different
texture. Commonly rhyolite is fine-grained, glassy or porphyritic.
Rhyolite (felsic) magma can sometimes cool so rapidly that
crystallization of minerals is impossible. The resulting volcanic
glassy rock is known as obsidian.
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Pegmatite: Pegmatites are extremely coarse grained igneous
rocks (Fig.1.10). These are formed during the final stages of
crystallization of magma. The
extremely coarse texture of pegmatite
is attributed to both slow cooling and
the low viscosity of the magmatic fluid
from which they form.

Pegmatites often contain
exceptionally large crystals and
sometimes contain minerals that are
rarely found in other types of rocks.
Most pegmatites have a composition
that is similar to granite with abundant quartz, feldspar and mica.
However, mineral compositions such as that of gabbro, diorite
and any other plutonic rock are also possible.

Fig.1.10: Pegmatite

Intermediate igneous rocks

Diorite: It is a grey to dark-grey, coarse to fine-grained,
intermediate intrusive igneous
rock, composed principally of
plagioclase feldspar, biotite,
hornblende, and/or pyroxene
with little or no quartz or
potassium feldspar (Fig.1.11). The
dark minerals in diorites
(hornblende and or biotite) can
together be as abundant as the
plagioclase feldspars.

Andesite: Andesite is generally
a grey to greyish black, fine
grained volcanic (extrusive)
igneous rock, commonly with an
aphanitic to porphyritic texture
(Fig.1.12). In general quartz is
lacking, the chief feldspar is
intermediate plagioclase, and the | Fig.l.lQAndesite
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dark minerals which may be present are augite, hornblende, and
biotite. Alkali feldspar may be present in minor amounts in some
andesites. This rock, in general covers the same range of
intermediate composition as its plutonic counterpart, diorite.

Mafic igneous rocks

Gabbro: It is a holocrystalline, phaneritic (coarse-grained), mafic
intrusive igneous rock, chemically equivalent to basalt (Fig.1.13).
It is often a dense, greenish or dark-coloured plutonic rock,
typically containing coarse-
grained mineral crystals of
pyroxene and calcium-rich
plagioclase. Many gabbros also
contain olivine, and some possess
minor amounts of hornblende.
Unlike diorite and granite, gabbro . :
contains relatively larger amounts ' Fig.1.13: -
of ferromagnesian minerals than
feldspars.

Basalt: It is, by far the most abundant of volcanic rocks. When
totally free from weathering, it is a coal black to dark grey and
fine-grained to aphanitic, extrusive igneous rock (Fig.1.14). It is
often porphyritic. The two principal mineral constituents of basalt
are pyroxene and calcium-rich
plagioclase. Many varieties
contain olvine as well. Basalt with
a vesicular or frothy texture is
called scoria, and forms when
dissolved gases are forced out of
solution forming vesicles as the L
lava reaches the surface. Fig.1.14: Basalt

Dolerite: Dolerite is a medium grained, intrusive igneous rock
(Fig.1.15). It is a hypabyssal or medium-grained equivalent of
basalt. Therefore, it is a basic rock dominated by plagioclase and
pyroxene. It usually occurs as dykes and sills. The constituent
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minerals may be easily identified
with a hand lens if not by naked
eye. Dolerites may be porphyritic,
containing phenocrysts of
plagioclase, olivine and rarely
even quartz.

Fig.1.15: Dolerite

Dunite: Dunite is a light yellowish green, phaneritic, plutonic,
ultramafic rock that is composed
almost entirely of coarse-grained
olivine (Fig.1.16). The mineral
assemblage is greater than 90%
olivine, with minor amounts of
other minerals such as pyroxene,
chromite and magnetite.

It is evident that, basalt and
granite are two of the most
common igneous rocks. These two rocks show notable differences
in their texture and mineralogical composition. Complete the
following table giving the characteristics of granite and basalt.

Fig.1.16: Dunite

You have learnt different textures exhibited by igneous rocks.
Rocks exhibiting similar textural characteristics may contain
different mineral assemblages. You will be provided with specimens
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of common igneous rocks available in the geology laboratory of
your school in order to identify them megascopically on the basis
of their texture and mineralogy. You can make use of the Table I
of Appendix II given at the end of the text book.

1. Compare and contrast granite and gabbro.
2.  What is the volcanic equivalent of granite?

3. Name two intrusive igneous rocks with higher silica content
than that of gabbro.

Bl Sedimentary rocks [N

Much of Earth's surface, including its seafloor, is covered with
sediments. Sedimentary rocks represent 7% of the Earth's crust,
but they cover 70% of the Earth's surface. Most sediments are
created by weathering of the rocks in the continents. Some are
the remains of organisms that secreted mineral shells. Yet others
consist of inorganic crystals that precipitated when dissolved
chemicals in oceans and lakes combined to form new minerals.

The word sedimentary comes from the Latin word ‘sedimentum’,
which means ‘settling’. A sedimentary rock is defined as a rock
formed from the consolidation of loose sediment that has
accumulated in layers and consisting of mechanically formed
fragments of older rocks transported from its source and deposited
from water, wind or ice, or a chemical rock formed from
precipitation from solution, or an organic rock consisting of the
remains or secretions of plants and animals.

.1.3.1 Classification of sedimentary rocks _

Sedimentary rocks are classified into the following three groups
on the basis of their mode of formation:
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( Sedimentary rocks )
[ Clastic (Detrital) ][ Chemical ] Organic
(Biochemical)

Clastic (Detrital) sedimentary rocks

These are formed from broken bits and pieces of pre-existing
rocks. The word ‘clastic’ comes from the Greek word ‘%klastos’,
meaning ‘broken’. Clastic sedimentary rocks are formed when
existing parent rocks are weathered, fragmented, transported,
and deposited in layers that compact, cement, and consolidate to
form sedimentary rocks. These consist of fragments of rocks and
minerals (clasts or detritus) that stuck together to form a solid
mass. Running water, wind, glaciers and oceans all have the ability
to erode and carry the particles. When the energy of the
transporting medium is not strong enough to carry these particles,
the particles are settled down - a process known as sedimentation.
This type of sedimentary deposition is referred to as clastic
sedimentation.

The formation of clastic sediments and the resulting
sedimentary rocks involves five processes:

(1) Weathering: The first step is transforming pre-existing solid
rocks into smaller fragments or dissolved ions through the
process of physical and chemical weathering. Weathering is
the general process by which rocks are broken down at Earth's
surface to produce sediment particles.

(2) Erosion: Erosion moves the weathered products from their
original location. This can take place by gravity, running water,
wind, moving ice or waves.

(3) Transportation: Erosion overlaps with transportation.
Sediments can be transported by sliding down slopes due to
gravity or by being carried by running water, wind, or ocean
waves. Geologists can infer the distance of travel of the
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sediments and the energy of the transporting medium from a
study of the sedimentary rock finally produced. Generally, the
coarser fractions of sediments are left behind during
transportation processes. Thus, coarser sediments are usually
found closer to their source and finer grained sediments are
found farther away from the source.

(4) Deposition: When the energy of the transporting medium
becomes too low, its ability to transport the coarser sediments
is also reduced. Note that it is the velocity of the transporting
medium that determines the energy to transport sediments.
Therefore, with a reduction in velocity, some of the sediments
will stop moving and get deposited. These particles form layers
of sediment on land or under the sea in sedimentary basins.
The deposited materials build up sediments in layers one over
the other.

(5) Lithification (Diagenesis):Lithification is the process that
turns loose sediments, buried within sedimentary basins, into
a consolidated and hard sedimentary rock. It may take
thousands of years for the conversion of sediments into
sedimentary rocks. Lithification includes all physical, chemical
and biological processes that subsequently act on the
sediments. Diagenesis is also a response to increase in
temperature and pressure as sediment gets buried deeper.
(As temperature increases beyond about 200°C, they enter
the realm of metamorphism).

The lithification processes involve, as its first stage, the process
of compaction. When more and more sediments are deposited on
top one over the other, the weight of the sediments on top
compresses the sediments at the bottom. This is called compaction.

During compaction, the water is squeezed out from between
the grains and forces the grains to come closer together, reducing
the amount of pore spaces. Some of this water and other fluids
flowing through the sediments and organisms may precipitate
new minerals in the pore spaces between grains (intergranular
spaces). These minerals act as a sort of glue that sticks or cements
the grains of the sediments together. This causes cementation,
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which will then start to progressively bind the individual particles
of the sediment together. Common cements in sedimentary rocks
include fine particles of quartz, calcite, and hematite. These
processes eventually make a sedimentary rock. It may take
millions of years for sedimentary rocks to form. Sandstone, shale
and conglomerate are some examples of clastic sedimentary rocks.

Chemically formed sedimentary rocks

Another type of sedimentary deposition occurs when material
dissolved in water chemically precipitates from the water. Dissolved
ions released into water during the weathering process are carried
in streams or groundwater (remember the term dissolved load).
Eventually these dissolved ions end up in the ocean. This explains
why sea water is salty. When water evaporates or the
concentration of the ions gets too high as a result of some other
process, the ions recombine by chemical precipitation to form
minerals that can accumulate to become chemical sediments and
chemical sedimentary rocks.

Evaporites are chemical deposits formed when restricted
bodies of saline water evaporate, precipitating out a range of
minerals. Rock salt (composed of mineral halite, NaCl) and gypsum
deposits are formed by chemical precipitation as concentration of
salt increases due to water loss by evaporation.

Biochemical and organic sedimentary rocks

Biochemical and organic sedimentary rocks are those derived
from decomposition of organic remains. Living organisms extract
ions dissolved in water to construct their shells and bones. When
the organism dies, the remains can accumulate to become
sediment or sedimentary rock. This type of sedimentation is called
organic or biochemical sedimentation. Accumulation of plant
matter, such as that taking place at the bottom of a swamp, also
comes under this category of sedimentary rock. Among the types
of rock produced by this process are organic limestone, coal and
coral deposits.
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Know your progre 3

1.  Why do organic and chemical sedimentary rocks belong to
non-clastic rocks?

2.  Which type of a sedimentary rock is limestone?

How does sediment turn into hard sedimentary rock?

. 1.3.2 Textures of clastic sedimentary rocks _

The nature and type of clasts or fragments, constituting clastic
sedimentary rocks and their arrangement in the rock impart
characteristic textures to the rock. These include grain size, sorting
and rounding.

Grain size: Grain size is used to describe the size of the
individual mineral grains, rock fragments, or organic material
that are cemented together to form a clastic or chemical
sedimentary rock. Clastic sedimentary particles can be categorised
in terms of their grain size as given below (Table 1.2).

Table 1.2: Kinds of clastic sedimentary particles
Name of the
Detrital Size Term applied| consolidated
Particle range for loose sedimentary
sediments rock
Boulder >256 mm Gravel Conglomerate
Cobble 04 - 256 mm Gravel or Breccia
Pebble 2 - 64 mm Gravel (depends on
rounding)
Sand 1/16 - 2mm Sand Sandstone
Silt 1/256-1/16mm Silt Siltstone
Clay <1/256 mm Clay Claystone,
mudstone
and shale
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Sorting: The term sorting refers to the degree of uniformity of
grain size in sedimentary rocks. Poorly sorted rocks contain a
wide range of grain sizes, including fine (clay sized), medium (sand
sized), and coarse (cobble and boulder sized). Well sorted rocks
contain almost entirely of grains of the same size. Moderately
sorted rocks may contain fine and medium grains, or medium
and coarse grains.

Rounding: Rounding is the term used to describe the relative
shape of the grains. Grain classifications based on rounding are
based on the degree of deviations from rounded or spheroidal
grain shapes. Well rounded grains are smooth with rounded
edges. Moderately rounded or subrounded grains are in between
those with sharp, angular edges of a poorly rounded grain and
the smooth, well-rounded grains.

J13.3 sedimentary structures || NG

The term, structure in sedimentary petrology, signifies the
layering of sedimentary rocks and surface features on the layers
formed during the sedimentation process. Here, we discuss some
of the major structures found in sedimentary rocks.

Stratification and Bedding

Because sediment is deposited in low lying lands that often
extend over wide areas, successive depositional events produce
layers. These kind of layered features present in rocks are called
bedding or stratification. Bedding is the fundamental structure
of sedimentary rocks. They are developed by the deposition of
sediments or grains in different environments. So they differ in
colour, texture, composition, grain size, thickness, etc. within the
same rock mass. Layering of extremely thin beds is called
lamination and these are developed in sediments like clay or silt.
The important types of bedding include cross bedding and graded
bedding.

(a) Cross bedding: Cross-bedding is a type of stratification in
which the layers within a bed are inclined at an angle to the
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upper and lower surfaces of the
bed (Fig.1.17). The sets of beds
are inclined in the direction that
the wind or water was moving at
the time of deposition. This
structure is very common in
beach deposits, sand dunes, and

river deposited sediment. Fig.1.17: Sedimentary rocks
showing cross bedding

(b) Graded bedding: It is a kind of stratification in which the
rock layer has a progressive change in particle size from top to
bottom. The most common is a sequence with coarse grains at
the bottom and fining upwards, which is typically caused by a
declining current velocity within the depositional environment.
As velocity of current decreases, first the larger or denser particles
are deposited followed by smaller particles. Coarsest material
settles first, medium next and then, the fine particles.

Ripple marks: These are series of
parallel or subparallel ridges in
sediments and are caused by the
rhythmic or directional movement of
wind or water (Fig.1.18). Ripples are
characteristic of shallow water
deposition and can also be caused by
wind blowing over the surface.

Fig.1.18: A sedimentary rock
showing ripple marks.

Mudcracks: These result from
the drying out of wet sediment at
the surface of the Earth (Fig.1.19).
The cracks form due to shrinkage
of the sediment as it dries.

Fig.1.19: Mud cracks in sedimentary rocks
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Raindrop marks : These are small
and shallow rounded pits (or tiny
craters) created by falling rain drops
(Fig.1.20). If present, this suggests
that the sediment was exposed to
the surface of the Earth just prior to
burial.

Fig.1.20:A sedimentary rock
showing rain drop marks

.1.3.4 Common types of sedimentary rocks_

Geologists name and classify sedimentary rocks based on their
mineral composition and texture. Mineral composition refers to
the specific minerals in the rock. For example sandstone will
contain predominantly quartz, while limestone will contain mainly
calcite (calcium carbonate). We will look at various clastic
sedimentary rocks that result from lithification of sediments.

A. Clastic sedimentary rocks
(a) Conglomerates and breccias

Conglomerate and breccia are rocks that contain an abundance
of coarse grained clasts (pebbles, cobbles, or boulders). These rocks
usually contain a framework of large grains held together by a
matrix of sands, silt, and clay-sized particles.

Conglomerates (Fig.1.21 a) are poorly-sorted very coarse
sedimentary rocks with a wide range of rounded grain sizes ranging
from sand to cobbles. In a conglomerate, the coarse grained clasts
are well rounded, indicating that they spent considerable time in
the transportation process and were ultimately deposited in a
high energy environment capable of carrying the large clasts.

Breccia (Fig.1.21 b) is similar to a conglomerate except that it
consists of angular grains, as opposed to rounded grains. In a
breccia, the coarse grained very angular clasts indicate that these
grains spent little time in the transportation cycle.
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(b) Sandstones

Sandstones are one of the most common types of sedimentary
rocks (Fig.1.22 (a) and (b)). Sandstone is composed almost entirely
of sand-sized quartz grains cemented together through
lithification. Sandstones are formed in a variety of different
environments including fluvial (rivers), marine, coastal (oceans
and beaches), aeolian (wind blown), and glacial (ice).

- &

Fig.1.22 : Sandstones
(c) Shale

Shale is a fine-grained, moderately to
well-sorted rock formed by the compaction
of well rounded silt-and clay-sized grains
(Fig.1.23). Shales often contain fine
laminations which helps impart fissility to

Fig.1.23:Shale
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the rock. Fissility is a term used to describe layered laminations
that tends to break into thin flat fragments.

B. Non-clastic sedimentary rocks

(a) Limestone : Limestones are also one of the very common
sedimentary rocks. Limestone consists almost entirely of the
mineral calcite (CaCO,), and can form by either inorganic or
biochemical processes. Limestones form under a variety of
environmental conditions and for this reason several types of
limestone exist. Limestone accounts for about 10% of all
sedimentary rocks, and of those, limestones with marine
biochemical origin are the most common. Limestones formed by
chemical precipitation are usually fine grained, whereas; in case
of organic limestone the grain size vary depending upon the type
of organism responsible for the formation. Sometimes the fossilized
remains of the organism are preserved in the rock, other times
recrystallization during lithification has destroyed the remains.
Fossiliferous limestone (Fig.1.24) is a
type of limestone consisting of
identifiable shells and shell fragments
of organisms. Limestones that have
been chemically modified by Mg-rich
fluids flowing through the rock are
converted to dolostones. CaCO, is
recrystallized to a new mineral dolomite
with the composition CaMg(CO,),.

(b) Coral Reefs: These are limestone formations created by
marine organisms. Corals are invertebrate animals which secrete
a calcareous (calcite-rich) external skeleton. Accumulation of these
skeletal remains results in a limestone.

(c) Chalk: It is formed from calcareous microscopic marine
organisms (nanofossils). When the organisms die, their
exoskeletons fall to the ocean floor creating a sedimentary layer.

(d) Coal: Coal is an organic rock made from organic carbon and
is the remains of fossil plant matter. Although the chemical
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composition of coal changes from its organic origins, it often retains
fossilized imprints of plant leaves, bark, wood, and organisms
that lived during the time the organic materials were deposited.

Residual sedimentary rocks

Laterite: You have learnt in Class XI, that laterite is a residual
product of weathering. It is formed when heavy tropical rainfall
results in intense weathering of rock and soil after many millions
of years, which can be either iron-rich, or in extreme cases,
aluminium-rich in composition. The concentrations of mostly iron
and aluminium oxides give it a typical red or brown colour.

The rock was first named by the Schottis physician Dr. Francis
Buchanan Hamilton in 1807. He coined the term 'laterite’ which
means brickstone in Latin. Laterites are very soft when fresh and
could be cut into bricks. When exposed to air and sun, it becomes
hard. Laterite is widespread in its distribution in the midland
regions of Malappuram, Kannur and Kasaragod districts.

Now identify some of the major types of sedimentary rocks that
are given to you. See the description of sedimentary rocks in
Table 2 of Appendix II given at the end of the textbook. Try to
identify the textural features exhibited by the rocks. As for
example, you are provided with a specimen of sandstone.

What does it look like? What about the size and degree of
roundness of the grains?

Sandstone is often red to brown, light gray to nearly white.
Sometimes it is yellow or green. It usually is composed of rounded
grains that are all of the same size; and it is usually medium
grained. Some sandstones show slight colour variations in
layering.

What minerals make up the rock?

The mineralogy of sandstone is dominantly quartz; and it may
contain feldspars, mica, magnetite, garnet, rutile, ilmenite etc.

What type of rock is it?

It is sedimentary rock.
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Based on the texture and mineralogy of the given rock
specimen, you can identify the type and name of the rock.

Know your pr'ogr'ess

1. Mention the types of sedimentary rocks described below.

(a) Rocks whose range of particle size varies from 2 mm (a
pebble) to more than 256 mm (a boulder).

(b) A rock composed of sand sized (1/16 mm to 2 mm)
particles of quartz.

(c) A non-clastic rock made up of the mineral calcite.

(d) Rocks whose range of particle size is less than 1/256
mm (clay).

2. What do you infer from the following?

(a) Long distance transport= well-rounded and well-sorted
grains.

(b) Short distance transport = poorly sorted angular grains.

3. What information can be obtained about the depositional
processes when you find the following features in sediment or
sedimentary rocks? (a) cross-beds, (b) graded bedding (c) rain
drop marks.

Bl Vietamorphic rocks |

Metamorphic rocks are the third type of rock we will look at.
Metamorphic rocks are formed by the transformation of pre-
existing rocks in response to changing environmental conditions,
such as variations in temperature, pressure, and the addition or
subtraction of chemical components. Metamorphic rocks can be
derived from any type of pre-existing rocks that have been altered
or modified as a consequence of changes of their physical
environment. The transformative process leading to the formation
of metamorphic rocks is called metamorphism.
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The word "metamorphism" is derived from the Greek terms meta
meaning change and morph meaning form; so metamorphism
means change of form. Metamorphism is defined as 'the
mineralogical and structural adjustment of solid rocks to physical
and chemical conditions that have been imposed at depths (below
the near surface zones of weathering and diagenesis) and which
differ from conditions under which the pre-existing rocks
originated. Some common examples of metamorphic rocks are
gneiss, slate, marble, schist, and quartzite.

Rocks are subjected to higher temperatures and pressures as
they are buried deeper in the Earth's crust by crustal movements.
Earth movements can cause rocks to be deeply buried or squeezed.
As a result, the rocks are heated up and put under great pressure.
Melting does not occur but the minerals they contain are changed
chemically, forming metamorphic rocks.

The upper limit of metamorphism occurs at the pressure and
temperature where melting of the rock begins. Once melting
begins the process changes to an igneous process - which is beyond
the realm of metamorphism. The reactions taking place during
metamorphism occur in the solid state, facilitated by the presence
of a fluid phase lining the grain boundaries of the minerals. In
this respect metamorphism differs from the formation of primary
igneous rocks.

Metamorphism changes the mineralogy, texture or both, of the
original rock. The processes often produce new mineral
assemblages that are stable under the changed conditions of
temperature and pressure. The original rock or the pre-existing
rock is generally termed protolith. The protolith undergoing
metamorphism may be a sedimentary rock, an igneous rock or
another older metamorphic rock.

.1.4.1 Agents/factors of metamorphism _

Three factors that contribute, in varying proportions, to the
transformation of a protolith to a metamorphic rock are: (1) heat,
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(2) pressure and (3) chemically active fluids (mostly water with
dissolved ions).

(i) Heat factor: Heat contributes to the metamorphic process
in two ways. First, the atoms may combine differently at different
temperatures. This means that a mineral stable at one
temperature might become unstable at a higher (or lower)
temperature and be converted to a different mineral with a more
stable atomic structure stable at that temperature. Second, heat
makes practically all chemical reactions go faster, meaning that
mineral transformations become much easier at higher
temperature.

There are several sources of heat that contribute to the
process of metamorphism. These include: (1) Geothermal gradient
(temperature increases with depth at a rate of 20 - 30° C per km
in the crust, i.e., the deeper you go the hotter it gets, (2) Heat
generated by radioactive decay and (3) Heat supplied by the
intrusions of hot magma.

(ii) Pressure factor: Pressure is the force acting on rocks from
different directions. There are two types of pressure affecting
rocks: (1) Lithostatic pressure ('lithos' means rock and 'static'
means unchanged) or confined/uniform (equal intensity from
all directions by rocks) pressure which is similar to the hydrostatic
pressure acting vertically down and is caused by the weight of
overlying rock mass and (2) Directed pressure resulted from
tectonic forces and these are acting in some preferred directions.
If the stress is not equal from all directions, then the stress is
called a differential stress. If differential stress is present during
metamorphism, it can have a profound effect on the texture of
the rock. Rounded grains can become flattened in the direction
of maximum stress. Minerals that crystallize or grow in the
differential stress field can have a preferred orientation. The effect
of pressure is to reorient minerals with linear or platy structure
resulting in a preferred orientation of elongated grains as they
form. A texture of this sort in a metamorphic rock is called
foliation and the rocks having this feature are said to be foliated.
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Thus minerals with elongated
crystals, such as amphiboles, and platy
minerals such as mica tend to align
themselves parallel to each other when
under pressure. This can happen only
under directed pressure as confining il
pressure does not accomplish it. The e e -

) ) Fig.1.25: Diagram showing effect of
diagram shown here (Fig.1.25) pressure during metamorphism
illustrates the effect.

p o bl

As already noted foliation is generally caused by a preferred
orientation of platy or elongated minerals. You can infer from the
diagram that, platy or elongated crystals of minerals, such as
mica and chlorite, become rotated such that their long axes are
perpendicular to the orientation of shortening.

(iii) Fluid factor: Fluids serve only to speed up other
metamorphic processes. Chemical reactions require water, and
most of these proceed much faster as the amount of water
increases in the metamorphic environment. Dissolved ions in
the fluid also make those mineral transformations that require
chemical changes in the minerals to occur, whether by supplying
needed ions or flushing away the excess or unwanted ones from
the region of metamorphism.

.1.4.2 Recrystallization and grade of metamorphism -

The processes that take place during metamorphism mainly
include recrystallization (reorganization of the crystals) of pre-
existing minerals. For example, the small calcite crystals in a
sedimentary rock (e.g. limestone and chalk) undergoing
metamorphism recrystallize into larger crystals and give rise to a
metamorphic rock known as marble. During the metamorphism
of sandstone, recrystallization of the original sand grains (i.e, the
mineral quartz) results in the formation of a very compact
metamorphic rock called quartzite consisting of larger quartz
crystals with interlocking texture. Both increased temperature
and increased pressure contribute to recrystallization. You should
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note that recrystallization of mineral grains during metamorphism
involves both changes in size as well as the shapes of the grains
making up the protolith. Moreover, during recrystallization, while
the mineralogical identity of the grains of the rock undergoing
metamorphism remains unchanged, the original texture of the
protolith undergoes significant changes.

Grade of metamorphism

The grade of metamorphism describes the relative temperature
and pressure conditions under which metamorphic rocks form.
High-grade metamorphism takes place at temperatures greater
than 320°C and relatively higher pressure. Low-grade
metamorphism takes place at temperatures between about 200
to 320°C, and at relatively lower ranges of pressure.

Metamorphic grade is an informal term designating the amount
or degree of metamorphism suffered by the parent rock. The
higher the pressure and temperature in which the rock is formed,
the higher will be the grade of the rock formed.

W1.23 Types of metamorphism [

Metamorphism can take place in several different environments
where special conditions exist in terms of pressure, temperature,
stress and chemical environments. The metamorphic processes,
that change pre-existing rocks into new types of rocks, can be
treated under the following basic types:

(1) Contact metamorphism: This type of metamorphism occurs
adjacent to igneous intrusions, owing to the heat associated with
the igneous intrusion. As plutons cool, the heat they lose is
absorbed by the country rock around them. This heat can be
sometimes sufficient to cause metamorphism of the intruded
rocks. Because it occurs at the contact with the igneous body,
this type of metamorphism is called contact metamorphism.

The heat from an intrusion tends to be most intense
immediately beside the intrusion and to become less noticeable
farther away. This means that the highest temperature minerals
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produced in the metamorphosed country rock will be immediately
around the pluton. Somewhat lower temperature minerals will
be found farther from the pluton, and
at some distance away from the
contact, the heat will be insufficient
to cause any changes in the country
rocks which remains unaltered by the
intrusive event (Fig.1.26 ). The region
of the country rocks altered by contact
metamorphism is called a contact Fig. 1.26: Zones of contact
metamorphic aureole. metamorphism

The grade of metamorphism decreases in all directions away
from the contact of intrusion and the country rocks. Because
the temperature contrast between the surrounding rock and the
intruded magma is larger at shallow levels in the crust, where
pressure is low, contact metamorphism is often described as a
high temperature-low pressure metamorphism. The resulting
metamorphic rock produced in contact metamorphism is often a
fine-grained rock lacking any foliation called hornfels. Since the
primary agent in this type of metamorphism is heat and not
pressure, the term thermal metamorphism is also given to the
process.

(2) Burial metamorphism

Uniform pressure increases with depth due to the weight of
the overlying rocks. When sedimentary rocks are buried to depths
of several hundred meters, temperatures greater than 300°C may
develop in the absence of differential stress. The lithostatic
pressure and geothermal heat at these depths cause
recrystallization and alteration of the rock's minerals. This kind
of metamorphism caused by lithostatic pressure and geothermal
heat is termed burial metamorphism and this grades into regional
metamorphism as temperature and pressure increase.

(3) Dynamic metamorphism

When directed pressure or directed stress is the dominant
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agent of metamorphism, it is termed dynamic metamorphism.
Mineralogical changes occurring on a fault plane provide an
obvious example. Along major fault zones of the Earth, blocks of
the crust are forced to slip past each other in opposite directions.
This localizes intense pressures on the rocks adjacent to the faults,
but the temperatures are typically not high. This allows for a type
of high-pressure/low-temperature metamorphism called dynamic
metamorphism. Often this type of metamorphism involves a
change in texture of the rock with little or no change in mineral
composition. The resulting texture is that of finely pulverized
rock powder called mylonite.

(4) Regional metamorphism

Regional metamorphism occurs over large areas where
increased pressure and temperature have caused recrystallization
over extensive regions in mountain belts. Thus, regionally
metamorphosed rocks occur in the cores of fold /thrust mountain
belts or in eroded mountain ranges. Most regional metamorphism
is accompanied by deformation under non-lithostatic or differential
stress conditions. Thus, regional metamorphism usually results
in forming metamorphic rocks that are strongly foliated, such as
slates, schists, and gniesses. The differential stress usually results
from tectonic forces that produce compressional stresses in the
rocks, such as when two continental masses collide. Compressive
stresses result in folding of rock and thickening of the crust,
which tend to push rocks to deeper levels where they are subjected
to higher temperatures and pressures.

(5) Metasomatism

Metasomatism is the drastic change in the bulk chemical
composition of a rock that often occurs during the processes of
metamorphism. It is due to the introduction of chemicals from
other surrounding rocks. Water may transport these chemicals
rapidly over great distances. Because of the role played by water,
metamorphic rocks generally contain many elements absent in
the original rock, and lack some that originally were present.
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Still, the introduction of new chemicals is not necessary for
recrystallization to occur.

.1.4.4 Types of metamorphic rocks _

Because of the great variety of protolithic rock types and the
variation in the kinds and degrees of metamorphism, many types
of metamorphic rocks have been recognized.

As you have noted earlier, the layering within metamorphic
rocks is called foliation (derived from the Latin word “olia’, meaning
"leaves"), and it occurs when a rock is being shortened along one
axis during recrystallization. Textures of metamorphic rocks are
separated into foliated and non-foliated categories. Most
metamorphic textures involve foliation.

Foliated rocks are metamorphic rocks that have parallel bands
of mineral grains. Non-foliated rocks are types of metamorphic
rock that do not exhibit any kind of preferred orientation or
banding of grains. The major types of foliated rocks are slate,
schist, gneiss, and phyllite. Important nonfoliated rocks are
quartzite, marble, hornfels, greenstone, and granulite. Some of
the important characteristic features of common foliated and non-
foliated rocks are given below.

(1) Slate

Slate is a foliated metamorphic rock, originating from shale. A
rock that has a slaty cleavage as its foliation is generally termed
as slate. Slaty cleavage is produced by the parallel alignment of
minute flakes of platy minerals, such as mica, chlorite, and talc.

Slate is a very fine-grained metamorphic rock (usually developed
from clay-rich sedimentary rocks, such as a mudstone or shale)
that cleaves, or splits, readily into thin| = i ]
slabs and thus exhibiting perfect planar |
layering (Fig. 1.27). The principal
minerals in slate are mica (in small,
irregular scales), chlorite (in flakes), and
quartz (in lens-shaped grains).

Fig. 1.27:Slate
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Slate is useful for making roof tiles because its layers can be
split into separate flat sheets. As the intensity of metamorphism
increases the average crystal size increases, and mineral
segregation develops; the rock then may be termed a phyllite.

(2) Phyllite

Phyllite is a fine-grained metamorphic rock formed by the
reconstitution of fine-grained, sedimentary rocks such as shales
(Fig. 1.28). It has a marked fissility (a tendency to split into
sheets or slabs) due to the parallel alignment of platy minerals; it
may have a shine on its surfaces due to
the occurrence of tiny flakes of micas.

Phyllite is formed by relatively low-
grade metamorphic conditions. Phyllite
has physical characteristics
intermediate between those of slate and
schist. Its grain size is larger than that
of slate but smaller than that of schist.

(3) Schist

If a rock has a shistose foliation, it is termed schist (Fig 1.29).
The foliation of schist differs from that of slate mainly in the size
of the crystals. In schists, metamorphic minerals are easily seen
by eye or hand lens and the mineral grains have a highly
orientated fabric. The mineral grains produce an obvious planar
structure because of their overlapping subparallel arrangement.
Schist is typically composed of platy
minerals (e.g., amphiboles and micas)
with a parallel to subparallel geometric
orientation that gives the rock a
tendency to split along planes.

Fig. 1.28: Phyllite

Schists result from a higher grade of
regional metamorphism than the type Fig. 129: Schis
that produces slates. Schists are
usually classified on the basis of their mineralogy, with varietal
names that indicate the characteristic mineral present. Talc schist
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contains abundant talc; it has a greasy feel, a well-developed
schistosity, and a grayish-green colour. Mica schist often contains
muscovite mica rather than biotite, although both minerals are
common. It represents a somewhat higher grade of metamorphism
than talc schist and is more coarse-grained; individual flakes of
mica can be seen.

Schists that are rich in the amphibole (hornblende) and are
often derived by metamorphism of common igneous rocks of the
basalt-gabbro type are called amphibolites.

(4) Gneiss

Gneiss is a coarse-grained, granular metamorphic rock in which
foliation results from alternating layers of light (felsic) and dark
(mafic) minerals called gneissic banding (Fig.
1.30). The composition of most of the gneisses
are similar to that of granite. Gneiss is
produced by intense metamorphism, at high
temperature and pressure.

It is convenient to think of gneiss as a rock
with parallel, somewhat irregular banding Fig. 1.30:Gneiss
which has little tendency to split along planes. In contrast, schist
typically is composed of platy minerals with a parallel to sub
parallel geometric orientation that gives the rock a tendency to
split along planes.

(5) Marble

These are rocks composed mostly of calcite, and less commonly
of dolomite (Fig. 1.31). They result from metamorphism of
limestones. The main result of metamorphism
is an increase in grain size. Because of the
rather equidimensional habit of calcite and
dolomite crystals, they appear as massive
rather than schistose, unless they contain
other minerals such as mica. Some foliation e
may be present if the marble contains micas. | Fig. 131:Marble
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(6) Quartzite

Sandstones that have been converted into
a solid quartz rock are called quartzites (Fig.
1.32). Since quartz is stable over a wide range
of pressures and temperatures,
metamorphism of sandstones and cherts will _
result only in the recrystallization of quartz Fig 1132:Quarteite
forming a hard rock with interlocking crystals
of quartz.

Unlike sandstones, quartzites are free from pores and have a
smooth fracture. When struck, they break through, not around,
the sand grains, producing a smooth surface instead of a rough
and granular one.

High-grade metamorphism produces a distinctly granular rock
called granulite and it is not foliated because the mineral grains
forming its principal constituents, do not form platy crystals.
Granulites lacks minerals such as micas and amphiboles but may
contain pyroxenes, garnet, kyanite, sillimanite, quartz and
feldspars. Hornfels is a type of metamorphic rock that shows no
foliation with a smaller grain size and if the grain size is large
and individual minerals can be easily distinguished with a hand
lens, it is a granulite.

(7) Charnockite

Charnockite is a hypersthene granite (composed of
hypersthene, feldspar and quartz) with a granulitic texture (Fig
1.33). Some charnockites contain a brownish-green hornblende,
often rather rich in titanium. The rocks of the characteristic group
are the predominant type in Kerala.

Charnockites with variable chemical composition, was first
described from the state of Tamil Nadu and is named after Job
Charnock, the founder of Kolkatta city. Charnockite occurs all
over the world, most often in deeply eroded Precambrian basement
rock complexes.
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The charnockite series originally was assumed to have developed
by the fractional crystallization of a ' :
silicate magma (molten material).
Subsequent studies have shown,
however, that many, if not all, of the
rocks are metamorphic, formed by
recrystallization at high pressures
and moderately high temperatures.

Fig 1.33:Charnockite |

Now try to identify the common types of metamorphic rocks
available in the geology laboratory of your school. See the
description of metamorphic rocks given in Table 3 of Appendix II
given at the end of this textbook. Compare the textures exhibited
by the foliated rocks (Slate, Schist and gneiss) with that of the
non-foliated rocks (marble, quartzite and charnockite). Make a
profile of the dominant minerals present in each type of these
metamorphic rocks. Mention the types of metamorphism that
might have resulted in the formation of the metamorphic rocks
from their respective protoliths.

1. Every metamorphic rock has a protolith (parent rock). Give a
possible protolith for each of the following metamorphic rocks.

Slate, Marble, Quartzite, Schist
2. How is foliation created during metamorphism?

3. Can you establish any relation between the grade of
metamorphism and the degree of foliation?

B The rock cycle [N

You have learnt that there are three main types of rocks. Make
sure that you can describe how each type of rock forms, and give
examples of each type of rock. The Earth's rocks do not stay the
same forever. They are continually changing because of processes
such as weathering and large Earth movements. Over the course
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of time, rocks can transform from one type into another, as
described by the geological model called the rock cycle (Fig.1.35).
The rocks are gradually recycled over millions of years. The rock
cycle shows how the Earth's rocks are changed again and again.

Igneous rocks can be weathered and broken down to form
sediments (sand, clay). Sediments are lithified to form sedimentary
rocks. Sedimentary rocks can be deeply buried and subjected to
heat and pressure that converts them to metamorphic rocks.
Metamorphic rocks may be heated to temperatures so great that
they melt. The molten rock crystallizes to form igneous rocks.
This completes the simplified cycle.

Many routes through the rock cycle are possible. The process
depends on temperature, pressure, time, and changes in
environmental conditions in the Earth's crust and at its surface.
The rock cycle represents the processes of continuous changes
that connect the three major groups of rocks.

Using the rock cycle shown in
Fig.1.34, trace the path from
magma to a granite intrusion to
metamorphic gneiss to
sandstone. (Be sure to include
the role of tectonics and the
specific processes that create the
rocks). Diagrammatically
represent the ideas in your
activity log.

Fig.1.34: Rock cycle




ed from https:// www.studiestoday.com

&) Let us conclude

Knowledge of rocks is fundamental to the study of Earth sciences and the
dynamics of the Earth systems. Combined with the effects of tectonics, weathering
and vegetation, rocks define the natural landscapes we see around us.

Igneous rocks contain randomly arranged interlocking crystals. The size of the
crystals depends on how quickly or slowly the molten magma solidified. Most
sedimentary rocks consist of grains that weathered from a parent rock and were
transported by water, wind, or ice before being deposited. The texture of a
sedimentary rock can provide a lot of information about the types of environments
that the sediments were weathered in, transported by, and deposited in prior to
their lithification into sedimentary rocks.

Metamorphic rocks can originate not only from igneous and sedimentary rocks
but also other types of metamorphic rocks. Metamorphic rock is formed under
extreme pressure combined with heat over time. Foliated rocks are types of
metamorphic rocks that have parallel bands of mineral grain. Non-foliated rocks
are types of metamorphic rocks that have no arrangement or bands of mineral
grains. The rock cycle describes the processes through which rocks of one

category may be altered to form rocks of another category.

@Let us assess

1.  Which one of the following is a sedimentary rock?

a. shale

b. slate

c. granite

d. charnockite

2. Which of the following is the order of formation of sedimentary
rocks?

a. sedimentation - cementation - compaction
b. compaction - sedimentation - cementation

c. sedimentation - compaction - cementation




Downloaded from https:// Waaas dig

‘The World of Rocks

3. What does the presence of tiny crystals in a piece of igneous
rock tell you about it?

a. The molten rock cooled very quickly.
b. The molten rock cooled very slowly.
c. The molten rock cooled deep underground.
d. The rock is plutonic in origin.
4.  Which statement about metamorphic rocks is correct?
a. They are formed when rocks are heated until they melt.
b. They are only formed from heated sedimentary rocks.
c. They are formed from all types of rock.
d. They are formed at the surface of the Earth.

5. Of the three groups of rocks, which form at Earth's surface
and which in the interior of the crust?

6. Why are intrusive igneous rocks coarsely crystalline and
extrusive igneous rocks finely crystalline?

7. How do clastic sedimentary rocks differ from non clastic
sedimentary rocks?

8. Compare and contrast sandstone and quartzite.
Distinguish between slate and gneiss.
10. Give the texture and mineralogy of Granites and Basalts.

11. Mention the igneous, sedimentary and metamorphic rocks that
contain predominantly quartz.

12. Describe the cyclic geologic process by which an igneous rock
is transformed into a metamorphic rock and then into

sedimentary rock.
I ———




After the completion of this chapter, the learner:

* Delineates the conditions to treat mineral
deposits as ores.

» Describes the formation of mineral deposits
associated with magmatic concentrations.

» Explains the ways of formation of hydrothermal
mineral deposits.

= States the processes that produce sedimentary
deposits.

» Distinguishes between residual and placer
mineral deposits.

» Identifies metamorphism as a mode of mineral
formation.

* Discusses the formation of mineral deposits
associated with contact metasomatism.

* Identifies major metallic and non-metallic
mineral specimens based on their salient
physical properties.

* Mentions the uses of some major industrial

minerals.
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The well being of human society and the rate of scientific,
technologic and economic development depend to a great extent
on the availability of mineral materials. Minerals are necessary
and unavoidable for such basic needs of modern times as farming,
production of fertilizers, harvesting, transportation, manufacturing
of vehicles, etc. To cite an example, it takes 38 elements, all of
them derived from minerals, such as copper, zinc, lead, mercury,
tin, gold, tellurium, silver and so on, to build a computer.

Economic geology is a branch of geology, concerned with Earth
materials that can be used for economic or industrial purposes.
Humanity's requirement for mineral raw materials, caused by
increasing global population and living standards, has resulted
in economic geology becoming a subject of great importance in
modern times.

B Minerals and ores I

As you have learnt in the previous chapter, rocks are aggregates
of one or more minerals. Minerals in turn, are chemical compounds
with definite arrangement of their atoms. For example, quartz
(SiO,) is made up of oxygen and silicon atoms. Only a few minerals
occur in nature in elemental form. Mostly two or more elements
are bound together in combinations to form minerals.

The eight most abundant elements in the Earth's crust are
oxygen, silicon, aluminum, iron, calcium, sodium, potassium and
magnesium. Among the 8 most abundant elements in the Earth's
crust oxygen tops the list in terms of abundance followed by
silicon. Add these two elements together, and you get silicates.
The majority of rocks scattered across the landscape of our
terrestrial planet are silicate minerals, such as quartz and feldspar.

What constitutes an ore?

We depend on minerals as sources of metals, like Iron (Fe),
Copper (Cu), Gold (Au), Silver (Ag), Zinc (Zn), Nickel (Ni), Aluminum
(Al), etc., and non-metals such as gypsum, mica, clay, and talc.
An ore can be considered as a type of rock that contains sufficient
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minerals with important elements including metals that can be
economically extracted from the rock. We can define an ore as a
body of material from which one or more valuable metals can be
extracted economically. For example, the metal aluminium can
be extracted commercially from the mineral bauxite.

A metal may have more than one ore mineral as its natural
source. For example, iron is obtained from magnetite, hematite
(Fig.2:1 a & b) and a few other iron bearing minerals.

Fig.2.1 (a): Iron ore mineral-Hematite (b): Magnetite

An individual ore deposit may yield several different metals. In
other words, several different ore minerals may be contained in
the same mineral deposit. An ore that yields a single metal is
described as a simple ore while an ore that yields several metals
is termed a complex ore. Some of the common associations of
metals in ores are gold and silver; silver and lead; lead and zinc;
lead, zinc and copper; copper, gold and molybdenum; titanium
and iron and so on.

Metals and their ore minerals

Many different kinds of ore minerals are identified in nature.
The following table (Table: 2.1), gives a list of common metallic
elements and their principal ores.
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Table 2-1: Some common metals and their chief ore
minerals
Metal Ore Composition
Iron Hematite Fe,O,
Magnetite HCORIRON
Limonite Fe,O,.H,O
Copper Chalcopyrite CuFeS,
Native Copper Cu
Manganese Pyrolusite MnO,
Psilomelane Mn,O,.x H,O
Aluminium Bauxite Al,0,.2H,0
Chromium Chromite FeO.Cr,O,
Lead Galena PbS
Zinc Sphalerite ZnS
Gold Native Gold Au
Titanium [Imenite FeTiO,
Rutile TiO,
Uranium Uraninite Mainly UO, often
contians variable
amounts of U,0,
Pitchblende Uranium oxides
Thorium Monazite Phosphate of thorium
and Rare Earths

A few ore minerals occur in nature as native elements (any
element found uncombined in a non-gaseous state in nature) of
which gold and platinum are best known examples. However,
most of the ore minerals are compounds of metals with oxygen,
sulphur, silicon, or other elements. Thus the metals may be
present as native elements, oxides, sulfides, silicates, or other
compounds.
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The term ore is commonly accompanied by the name of the
metal, for example, iron ore or silver ore. The ores are extracted
through mining; these are then refined (often via smelting) to
extract the valuable metallic or other element(s).

Gangue

Mineral deposits are seldom made up entirely of valuable
metallic or nonmetallic minerals. Minerals of little value or no
value usually occur associated with the ore minerals. The
worthless non-metallic minerals, which occur in close association
with ore minerals, are called gangue. The most common gangue
minerals include quartz, feldspars, calcite and dolomite.

The ore is often a mixture of ore minerals and gangue. Some
gangue minerals may not be worthless and some of these can be
used as byproducts. For example calcite and limestone, common
gangue, can be used as a fertilizer or flux and pyrite for making
sulphuric acid.

Grade of an ore

The term grade of an ore is commonly used to denote the
concentration of metal content in a potentially mineable ore
deposit. It is generally expressed in percentage of the metal. The
concentration of the useful metal in an ore determines the grade
of the ore- the higher the concentration, the higher the grade.

1.  Why do we say that all mineral deposits are not ore deposits?
2. Can you give examples of the following?

i) An ore mineral of copper.

ii) Metals having more than one ore mineral.

iii) A common gangue mineral.
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I Formation of mineral deposits || GG

Mineral deposits can be considered as natural aggregate of a
useful mineral in an unusually high concentration. Mineral
resources fall into two groups: nonmetallic resources and metallic
resources. A nonmetallic resource is any useful rock or mineral
that does not have metallic properties, such as gypsum, limestone
and rock salt. In a broader sense, the term mineral deposits
include, in addition to metalliferous minerals, any other useful
minerals or rocks.

Mineral deposits tend to be concentrated in nature in small
localized rock masses that form as a result of special geologic
processes. Some mineral deposits are intimately related to the
rocks in which they occur. A mineral deposit formed
contemporaneously (formed at the same time) with the enclosing
rock is termed a syngenetic deposit and those that were formed
later than the rocks in which they occur are called epigenetic
deposits. Let us classify the different mineral deposits formed in
association with various geologic processes into different categories
as discussed below.

W2.2.1 Magmatic deposits [

Mineral deposits that originate often by the concentration of
valuable minerals during the cooling and crystallization of magma
are called magmatic deposits. Magmatic deposits are so named
because they are genetically linked with the evolution of magmas
emplaced into the Earth's crust.

(a) Magmatic segregation

When minerals cool and crystallize out of the magma, fractional
crystallization occurs. You have learnt in the previous chapter
that, fractional crystallization separates minerals according to their
crystallization temperature. Recall that cooling magma does not
solidify all at once. Instead, higher-temperature minerals

crystallize first, and lower-temperature minerals form later as the
temperature drops.
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In some instances, ore minerals crystallize with other early-
formed minerals and consequently accumulate in layers near the
bottom of the igneous mass. As minerals crystallize from magma,
heavy minerals may sink or settle to the bottom of the magma
chamber. Magmatic segregation is a term referring to any process
by which one or more minerals become locally concentrated
(segregated) during the cooling and crystallization of magma.

Magmatic segregation deposits occur within the igneous rocks
from which they were derived. The heavier metal-rich liquids sink
and concentrate at the base of the intrusive body Whlle hghter
silicate liquid and crystals tend
to raise. Heavy minerals such as
chromite, olivine, and ilmenite
contain high concentrations of
chromium, titanium, platinum,
nickel, and iron. These elements
thus attain higher concentrations gl
in the layers (Fig.2:2) that form = &2 Segreﬁﬁgﬁgﬁgggg‘temlayered
at the bottom of the magma
chamber.

The chromite deposits in ultramafic rocks of Sukinda (Odisha)
are of segregation origin.

(b) Magmatic disseminations

When magma solidifies by simple crystallization, sometimes,
the economically valuable
minerals will be distributed
throughout the resulting rock.
This type of mineral deposit in
which the minerals occur as small
particles scattered throughout the
country rock without any local __ .
concentration are called Sg—
magmatic disseminated deposits
(Fig.2.3).

Fig.2.3 : Dissemination deposits
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An excellent example of mineral deposit formed by the process
of dissemination is diamond in the Kimberlite rocks of South
Africa. Diamond deposits of Panna (Madhya Pradesh), Wajrakarur
(Andhra Pradesh) are also found disseminated in the enclosing
rocks.

(c) Pegmatite deposits

Certain magmas, such as those which form granites, contain
water in them. During fractional crystallization water and elements
that do not enter the minerals separated from the magma by
crystallization will end up as the last residue of the original magma.
Such magmatic residues will be rich in silica, water and in
elements like Lithium, Tantalum, Niobium, Boron, Beryllium,
Gold, and Uranium. This residue is often injected into fractures
surrounding an igneous intrusion
and crystallizes there as a rock
called pegmatite.

As pegmatite deposits are
formed by slow cooling from a low
viscosity fluid composed largely of
water, extremely coarse sized
mineral crystals are found in
pegmatites (Fig. 2.4). A large
number of rare minerals and
metals are found in pegmatites.

Fig. 2.4: Topaz in pegmatite rock

1.  What do you know about the formation of segregated chromite
deposits?

2. Why are diamond deposits in Kimberlite rocks termed as
disseminated deposits?

3. How are pegmatite deposits enriched with uncommon
elements?
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li2:2.2 Hydrothermal ore deposits || NENRNRNRGGG

Hydrothermal deposits are formed through the process of
concentration of ore minerals or other valuable minerals from
hot aqueous (water-rich) fluids known as hydrothermal
solutions flowing through fractures and pore spaces in rocks.
Such hot water can dissolve valuable substances of the rocks into
which they come into contact and carry them away. As the hot
water moves into cooler areas of the crust, the dissolved
substances are precipitated from these water solutions.

Hydrothermal fluids might be a part of the magma undergoing
crystallization. It is also believed that the water and metals released
during regional metamorphism can give rise to hydrothermal
mineral deposits. The elements released from the minerals would
migrate to low-pressure zones, such as fissured areas and
concentrate into mineral deposits. Surface water or seawater
trickling down to great depth and come into contact with a hot
igneous body or water heated up by geothermal gradient may
also become a hydrothermal solution.

A wide variety of ore-forming processes are associated with such
fluids and these can be found in igneous, sedimentary, and
metamorphic environments. Vein deposits are the simplest type
of hydrothermal deposits that are found.

Vein deposits

Veins or lodes are tabular or sheet-like bodies that form by
filling of pre-existing fissures in country rocks or replacing the
country rock along a fissure. Vein deposits are formed when a
hydrothermal solution flows through an open fissure and deposits
its dissolved load. When hydrothermal fluids are injected into
open fractures, they cool rapidly and precipitate mainly quartz,
but also a variety of sulfide minerals, and sometimes gold, and
silver within the veins of quartz (Fig.2.5).
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2.  Why do vein deposits belong to epigenetic mineral deposits?

W>23 secimentary deposis |

Sedimentary process can also produce economic mineral
deposits. Although some clastic sedimentary processes can form
mineral deposits, the term sedimentary mineral deposit is
generally restricted to chemical sedimentation.

(a) Chemical sedimentary deposits

Several valuable minerals are concentrated by chemical
precipitation from lake or sea water, where minerals containing
valuable substances are precipitated directly out of water.
Chemical precipitation in layers is the most common origin for
ores of iron and manganese. Most of the world's iron and
manganese are derived from sedimentary deposits. These deposits
are believed to have precipitated on the floor of the shallow oceanic
basins in a highly oxidising environment. Manganese in solution
will, on meeting an oxidizing environment, quickly precipitate
the mineral such as pyrolusite, (MnO,). Iron ores of this type is
commonly termed as the banded iron formation (BIF). In BIF,
iron rich layers (generally hematite, magnetite, or siderite)
alternate with silicate or carbonate layers (Fig.2.6).
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Since banded iron ores are all ¥
Precambrian in age, their origin N
might be connected to an ancient 4
atmosphere, or ocean chemically §
different from that of today. The
primitive atmosphere is believed to
have lacked free oxygen, and under
those conditions, iron from iy
weathering of continental rocks Fig.2.6: Banded iron formations
would have been soluble in the

oceans. As they are very ancient, most of these deposits have
been intensely deformed and metamorphosed.

In some parts of the deep sea floor, precipitation of manganese
oxides from sea water led to the formation of manganese nodules.
These are lumpy accumulations or nodular deposits composed
mostly of manganese minerals. They also contain lesser but
potentially valuable amounts of copper, nickel, cobalt, platinum
and other metals.

(b) Evaporite deposits
The process of evaporation brings about deposition of many
valuable minerals dissolved in water. Evaporation of lake water or

sea water results in the loss of water and thus concentrates
dissolved substances in the remaining water.

An evaporite is the sediment that forms through the
evaporation of saline water. Most evaporites are derived from
bodies of sea-water, but under special conditions, inland lakes
may also give rise to evaporite deposits, particularly in regions of
low rainfall and high temperature. The most common evaporites
are halite and gypsum deposits.

(c) Bio-chemical sedimentary deposits

Organisms also extract the dissolved ions from sea water to
make their solid shells. Some organisms construct their shells
out of calcium and carbonate ions, which then merge to make
the mineral calcite. When the organisms die, the solid material
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in their shells turns into sedimentary deposits. You have learnt
in Chapter I that, rocks formed from the calcite skeletons of
organisms are classed as bio-chemical limestone.

Limeshell deposits formed by the accumulation of skeletal
remains of organisms that grow in the brackish waters of river
mouths and lagoons of Kerala are of bio-chemical origin. Resources
of lime deposits that occur in Vembanad lake and adjacent areas
comprising parts of Alappuzha, Ernakulam and Kottayam districts
are lime shell accumulations.

.2.2.4 Residual deposits and placer deposits _

At the Earth's surface, where rocks and minerals exposed to
the agents of weathering, minerals formed by other processes
are often altered with the subsequent formation of new minerals.
Soluble constituents of the rocks are removed in solution.
Insoluble materials of the original rock may remain as residual
deposits. Hence the weathering crust is gradually enriched with
valuable components. A residual deposit is an accumulation of
valuable minerals, formed by the natural removal of undesired
constituents of rocks.

Bauxite, the ore of aluminium and clay deposits are formed as
a result of residual concentration. Under tropical conditions of
high rainfall and temperature, most weathering products are
soluble. The insoluble residues remaining in them are hydroxide
minerals of iron and aluminum. Most laterites are such intimate
mixtures of iron and aluminium minerals. Most of the world's
aluminium is mined from lateritic =
bauxite (AL,0,.nH,0) deposits. '

Many lateritic types of bauxite
are pisolitic (Figure 2.7). The :
section given in the inset within
figure shows the concentric &
banding of pisolitic structure. The
word pisolitic comes from the Greek
meaning pea-sized rock particles.
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Bauxite occurs in close association with laterite in Kasaragod
(Nileswaram) district of Kerala. Residual deposits of clay minerals
are extensive in occurrence, over the entire state. China clay
(Kaolinite) deposits found paticularly in Thiruvananthapuram,
Kundara ( Kollam), Pazhayangadi(Kannur), Nileswaram and
Manjeshwaram (Kasaragod) are typical examples.

Placer deposits

When mineral grains of different densities are moved by flowing
water, the less dense grains will be most rapidly moved, and a
separation of high density and low-density grains can be effected
by the action of gravity. Mineral deposits formed as a result of
gravity separation based on density are called placer deposits.

Minerals which have high specific gravity are chemically
resistant and durable. While being in transport, streams can
effectively concentrate such resistant and dense minerals in places
along the stream channel. Separation and concentration of heavy
minerals may be accomplished by streams, waves and currents,
air, or by soil and hill creep.

Concentration of grains of economic minerals in stream
sediments results in the formation of alluvial placers. The most
important economic placer deposits are those formed by stream
action. (The name is from the Spanish word ‘placer’, meaning
"alluvial sand"). Waves and currents of a coastal environment can
sort and concentrate valuable minerals along beaches forming
beach placer deposits.

Placer deposits are thus, the result of mechanical concentration
whereby heavy, chemically resistant, tough minerals are separated
by gravity from light friable minerals. Gold, monazite, magnetite,
ilmenite, are examples of minerals that have been mined from
the sands and gravels of placer deposits. Less commonly diamond,
platinum and gem stones occur as placers.

The beach placer deposits along the shores of Chavara, Kollam
district of Kerala, typically contain rich concentration of heavy
minerals such as ilmenite, rutile, zircon, garnet and monazite.
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The coastal tract between Alappuzha and Cherthala contain
deposits of white silica sand (Glass sand) in the form of placers.
Alluvial placer gold deposits are found on the beds of Chaliyar
and Punnapuzha rivers draining Nilambur valley, Malappuram
district.

Know your progress

1. How does stream action lead to the formation of placer mineral
deposits?

2. How were rock salts and gypsum deposits formed?

3. Why do we treat banded iron formations as chemical
sedimentary deposits?

[l12-2.5 Metamorphic deposits |G

The mineralogical changes caused by the heat and pressure of
metamorphism also can produce economic mineral deposits. You
have already learned that metamorphism occurs deep in the Earth
as a result of changes in temperature, pressure and chemical
environment.

Metamophism at elevated temperature and pressure acts to
change the former minerals into new minerals that are stable
under the new conditions. Thus clay formed under the conditions
of weathering, when buried deeply by later rocks, may be converted
to mica schist or garnet. Similarly talc is formed by the alteration
of the magnesian minerals of the dolomitic limestone and
ultrabasic igneous rocks.

Deposits of magnetite, titaniferous iron and various sulphides
may form in metamorphic rocks, as well as deposits of nonmetallic
minerals, such as kyanite, corundum, talc, graphite, garnet and
asbestos. Several building stones, including marble and slate are
also products of metamorphism.

.2.2.6 Contact metasomatic deposits_

As you have already learnt, magmas often contain a considerable
amount of fluids rich in mineral constituents. In many cases,
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great quantities of these materials are introduced from magma
into the invaded rocks. These fluids may produce wide-spread
changes near the contacts of intrusive with the surrounding rocks.
The invaded constituents replace many of the minerals of the
invaded rocks along the contact, in whole or part. When
appreciable material is contributed by the magma during an
intrusion into the country rocks, and form mineral deposits, the
resulting deposits are termed contact metasomatic deposits.

Some of the iron and copper ore deposits are formed by contact
metasomatic process. Many garnet and graphite deposits are
classed as contact metasomatic deposits.

You have learnt that mineral deposits are generally classified
based on their genesis as magmatic, hydrothermal, sedimentary,
residual and placer deposits, metamorphic and contact
metasomatic deposits. Now complete the given table on different
ways of formation of mineral deposits and their examples. A few
hints are given herewith.

Examples for various types of
mineral deposits

Types of ore deposits Examples
Magmatic segregation Chromium and iron ores
Pegmatite deposits Lithium and rare metal

deposits

Hydrothermal veins

Chemical precipitation

Evaporite deposits

Residual deposits Bauxite

Placer deposits

Metamorphic mineral
deposits
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- Metallic and non-metallic minerals_

Mineral deposits can be divided into two major groups: metallic
and nonmetallic minerals. Ore minerals were metal bearing
minerals and the term ore minerals is generally restricted to those
that may be used to obtain one or more metals. Majority of the
ore minerals are characterized by a metallic luster and hence
spoken of as metallic minerals.

W23 Metalic minerals

Various metals are extracted from the ores of this group and
are utilized for various purposes. Iron and steel are used in a
huge variety of products, from cast-iron frying pans to locomotives.
Copper is used in electric cables and wires and for making alloys
(brass, bronze), cooking utensils, coins and ornaments.

Aluminium is consumed in the manufacture of cans, bottles,
electric cables, automobiles, air planes, building, and many other
products. Manganese is vital in steel and metallurgical industries.
Lead is used in batteries and ceramics. Zinc is necessary for
galvanizing and for the manufacture of brass and other alloys.
Chromium is essential for making stainless and heat-resistant
steel.

Titanium as strong as steel, but weighing half as much, is used
in aircrafts, jet engines, space, missile and other applications.
The rare and valuable metal, gold is used in jewelry, decoration,
electronics, dentistry and the space program.

Not only separate metals, but also their melts and compounds
are used in industries. For example, manganese compounds are
utilized in medical industry and agriculture.

l2.3.2 Non-metallic minerals | EEE

Generally the minerals belong to non-metallic group lacks the
metallic lustre that are characteristic of metallic minerals. They
are mined for their commercial value and used in their natural
state or after beneficiation either as raw materials or as additives
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in a wide range of industrial applications. Typical examples of
industrial minerals/rocks are limestone, kaolin (china clay),
baryte, gypsum, graphite and magnesite.

Limestone is composed of the mineral calcite, which is the
principal raw material in cement industry. Portland cement is
made by heating a mixture of crushed limestone and clay.
Concrete is a mixture of cement, sand and gravel. Reinforced
with steel, it is used to build roads, bridges and buildings.

Several important minerals such as gypsum, halite or rock salt,
are recovered from evaporite deposits. Clay is not a single mineral,
but a group of hydrous silicates that is commonly formed as a
product of chemical weathering. The diversity of clay minerals
leads to a variety of applications, from the manufacturing of
ceramics to the processing of ores in metallurgical industries.

Baryte is used in oil drilling, to make the 'drilling mud', which
lubricates the drill bit. Mica, asbestos, baryte, magnesite, graphite,
precious and semi precious stones, construction materials such
as sands and gravels, etc. are all of large economic importance.
Analyze the given table (Table 2.2) on some of the non-metallic
minerals used in different industrial applications. Conduct a
discussion in your class on the importance of mineral deposits in
your daily life. Summarize the findings in your activity log.
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Table.2.2: Industrial uses of
some major minerals

Industria]l Uses
mineral
Mica In electrical and electronic industries as

insulators; as a filler in rubber goods and
paints; as lubricants.

Gypsum | For plastering of walls; making plaster of
paris; for the production of fertilizers; as a
retardant in cement manufacture to control
the setting time.

Asbestos | For making asbestos sheets, electrical and
thermal insulators, fire proofing materials
and special type of cements.

Magnesite| For making refractory materials; production
of salts of magnesium; for the extraction of
magnesium metal.

Baryte Used as a drilling mud to prevent "blow-
outs" of oil and gas wells; as fillers in paint,
paper and plastics; for making glass utensils
and medical applications.

Graphite | Used in the manufacture of heat and
chemical resistant containers; for making
lubricants and pencils.

Clay As a raw material in ceramic industry; for
manufacturing electrical insulation
materials, floor and wall tiles, bricks,
refractory products and sanitary articles;
filler in paper, rubber, insecticides, cement,
paint, leather, soap, toothpaste, textiles,
fertilizers, deodorant powder and
medicines.
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.2.3.3 Construction materials _

Building industries require stones such as granite, limestone,
marble, slate, sandstone, and many other rocks. Stones refer to
rock used in blocks to construct building. Stone is removed from
open pits called quarries.

Millions of tons of dimension and facing stones such as marble,
sandstone and granite were used for making monuments and
building facings in different parts of the globe. The utilization of
polished rocks is employed in decorative purposes like flooring,
sinks, table tops, interior wall paneling, name plates, etc. Besides
being used as dimension stones, rocks are also needed in broken
or crushed forms for the construction of concrete aggregate, road/
railway ballasts, etc.

I Mineral based industries in the state ||| N

The most important mineral resource of Kerala, in terms of
economic significance and size, is the extensive beach placer
deposits of ilmenie-rutile-zircon-monazite-sillimanite-garnet,
occurring in the coastal stretch of Kollam district.

Heavy mineral sands (placers) and residual china clay deposits
constitute significant portion of mineral production in the State.
Crystalline limestone is found at Walayar (Palakkad district).
Though, Kerala state is deficient in high-grade limestone deposits,
resources of limeshell occurring in the backwaters/estuaries, river
mouths and lagoons along the coastal tract are wide spread. Now
complete the table given below, on the mineral raw materials
and associated industries that are functioning in our state.
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Some mineral based
industries in the state
Name of Location Minerals
industry in the state used/
Extracted
Indian Rare Earths Ltd. | Chavara, Monazite,
Kollam [Imenite
Rutile
Malabar Cements Ltd. Walayar, Limestone
Palakkad (crystalline)
Travancore cements Ltd. | Kottayam Limeshells
Kundara Ceramics Ltd. | Kundara, Clays
Kollam
Kerala Clays and Pazhayangadi, Clays
Ceramic Products Ltd. Kannur
Excel Glass Industry Alappuzha Quartz sand

I |dentification of minerals ||} NG

As you have learned in Class XI, minerals exhibit certain
diagnostic properties called physical properties, which can be
tested and observed, thereby leading to the identification of the
mineral.

One of the keys for identifying minerals is observing a
combination of physical properties displayed by the mineral. A
description of these properties of some important ore minerals
and industrial minerals is given in Table-1 & 2 of Appendix-III, at
the end of the book. You have to go through the description of
minerals shown in the table.

You will be provided with specimens of metallic and non-metallic
minerals that are available in the Geology laboratory of your
school. You have to identify the given mineral specimens, on the
basis of their characteristic diagnostic properties. All the
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observations you have made related with the identification of the
ore and industrial mineral specimens shall be entered in your
practical log book.

Know your pr'ogr'ess

1. What is the significance of beach placer deposits of Chavara
in Kollam district of Kerala?

2.  How can you distinguish galena from graphite?

3. List out some minerals and their applications in your daily
life.

f;é“‘\
&\ Let us conclude

Mineral deposits have supplied useful and valuable materials for human
consumption long before they became objects of scientific curiosity or commercial
exploitation. Most mineral deposits are natural concentrations or enrichment of
original materials produced by different geological processes. This concentration
is usually accomplished by various processes such as preferential crystallization
from magmas, dissolution of the element by hot water (hydrothermal ore deposits)
surface weathering and leaching, or gravity separation of minerals during erosion
and so on. All mineral resources are nonrenewable and we use them up ata
much faster rate than natural processes create them.

All precious and industrial metals, such as gold, silver copper, lead, zinc, tin,
tungsten, nickel, chromium and others occur only in relatively lesser amounts.
Some metallic minerals that are exploited in the industrial field are now present
in limited quantities and in areas and may be depleted in just a few years' time,
making recycling compulsory or finding suitable substitutes.
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QE Let us assess

1.

9.

10.
11.

12.

Ore deposits crystallized directly from magma are termed as
———————— deposits.

(Magmatic, Pegmatite, Metasomatic, Placer)
Bauxite is an example for ------------ deposits.
(Placer, magmatic, metamorphic, residual)
Which of the following is a sedimentary deposit?

(Disseminated diamond deposits, Veins, Banded iron
formations, Pegmatites)

Define an ore. Give any two examples for ore minerals.

What is an evaporite? Give an example of a common evaporite
mineral.

How are hydrothermal deposits formed?
Describe any two types of magmatic deposits.

Mention any two mineral deposits formed by metamorphic
process.

What is meant by contact metasomatic deposits?
Distinguish between residual and placer deposits.

Mention any three industries that are functioning in our state
and the minerals they use as raw materials.

List out any three industrial uses of clay.




Chapter

—
_ Significant Leaming Outcomes | |

After the completion of this chapter, the learner:

» Recognises the significance of fossil fuels as
a non-renewable source of energy.

» Describes the origin and types of coal.

» Explains the processes involved in the
formation of petroleum and natural gas.

» Makes an appraisal of the distribution of
fossil fuels in India.

= Evaluates the environmental issues

associated with the consumption of fossil
fuels.
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The Earth has provided mankind with number of energy
resources, which man has been continuously utilizing since
civilization came into existence. Every facet of human action, be
it food production, transportation, health care, or other such
activities, is dependent on one or the other form of energy.

The energy sources can be classified into renewable and non-
renewable sources. The renewable energy resources include
hydro-power, solar power, wind energy, geothermal energy, bio-
fuels, biomass, ocean-wave energy, biogas, etc. On the other side,
the non-renewable energy resources include the large and
significant group called the fossil fuels. Fossil fuels are also one

. of the conventional energy sources.

We can simply conceive fossil fuels as fuels formed from fossils-
remains of ancient plants and animals.These include coal,
petroleum, natural gas, oil shale and tar sand. In this chapter we
will be discussing about the different types of fossil fuels, their
origin and distribution.

B co-

The term coal is generally applied to sedimentary formations
of high carbonaceous character that are derived from vegetable
matter. Coal, is a solid, usually brown or black, carbon-rich
material that most often occurs in stratified sedimentary deposits.
Coal is found in beds called seams, usually ranging in thickness
from 0.5 to 3m, although some seams reach upto 30 m.

Coal is a major source of energy in the production of electrical
power using steam generation. It is also used in the production
of coke for metallurgical processes and as a chemical feedstock
from which numerous synthetic compounds (e.g., dyes, oils, waxes,
pharmaceuticals, and pesticides) can be derived.

li3.1.1 Properties of coal |

Coal is composed chiefly of carbon with varying proportions of
hydrogen, oxygen, nitrogen, and impurities such as sulphur, silt,
clay etc. The calorific value is the amount of heat produced by
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the burning of a standard unit of coal. Ash comes from the included
silt, clay, silica or other substances.

Moisture is an important property of coal, as all coals are mined
wet. Volatile matter include the components of coal, except for
moisture, which are liberated at high temperature in the absence
of air. This is usually a mixture of short and long chain
hydrocarbons, aromatic hydrocarbons and some sulfur.

The fixed carbon content of the coal is the carbon found in the
material which is left after volatile materials are driven off. This
differs from the ultimate carbon content of the coal because some
carbon is lost in hydrocarbons with the volatiles. The fuel ratio is
the ratio of fixed carbon to volatile matter.

W3.1.2 origin of coal [

Coal is formed from the breakdown of buried vegetation. Rapid
plant growth and deposition in water with low oxygen content
are needed for the conversion of organic material into coal. How
do the remains of plants transform into coal?

A swampy setting, in which plant growth is lush and where
there is water to cover fallen trees, dead leaves, and other debris,
is especially favourable to the initial stages of coal formation. The
process requires anaerobic conditions, in which oxygen is absent
or nearly so, since reaction with oxygen destroys the organic
matter. The following steps are needed for the formation of coal.

(1) Accumulation of plant materials (source material) in suitable
environment.

(2) Transformation of source material into coal.
Accumulation of plant materials

Most of the vegetation came from the primeval forests and
swamps that flourished many millions of years ago. In the swamps
thick forest grew and died in the water. Thick sediments or mud
was washed in over the thick layers of dead trees. As millions of
years went by the layers of buried forest were changed to coal.
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There are two hypotheses regarding the accumulation of source
material.

(i) Growth in place or In-situ theory:

The popular theory held by many geologists is that the plants
which compose the coal were accumulated in large freshwater
swamps or peat bogs during many thousands of years. According
to this hypothesis, coal has resulted from the decay of vegetation
matter in situ. The plant material from which coal deposits formed
are grown at the same place they are found.

(ii) Drift theory:

The second theory which claims transportation of vegetable
debris is called the drift theory. It suggests that coal deposits are
thought to have formed by the drifted vegetable matter getting
buried in a deltaic estuarine environment. The strata are believed
to be accumulated from plants which had been rapidly transported
and deposited under flood conditions.

Transformation of source material into coal

Plant matter is composed mainly of carbon, hydrogen, and
oxygen and contains large amounts of water. During burial, rising
pressure expels the water from the vegetable matter and chemical
reactions release most of the hydrogen and oxygen, and the
proportion of carbon increases.

Large quantities of coal formed worldwide during the
Carboniferous Period, between 360 and 285 million years ago,
and later in Cretaceous and Paleocene times, when warm, humid
swamps covered broad areas of lowlying land. The perennially
wet, tropical climate at that time was particularly conductive to
coal formation. Leaves, stems, spores, tree trunks, branches, plant
roots, resins, charred wood from swamp fires, other organic
material, and mineral (inorganic) matter were deposited within
the swampy basins.

Thick deposits of partially decomposed vegetal debris (peat)
accumulated under the cover of stagnant water in these basins.
Burial by sediments compresses the plant material, gradually
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driving out any water or other volatile compounds. Continued
burial and the influence of the Earth's thermal gradient subjected
the peat to pressure and heat. Eventually, the heat and various
chemical and physical changes transformed the peat into other
forms of coal.

The process of conversion of peat to coal is known as
coalification. The general sequence of coalification is from peat
to lignite, lignite to sub-bituminous to bituminous and to
anthracite. All of these, more or less represent altered remains of
land vegetation transformed by slow chemical changes (mainly
the elimination of oxygen and hydrogen from the original woody
tissue), into a material containing higher percentage of carbon.

As the plants die, they accumulate to first become peat.
Compaction of the peat due to burial drives off volatile components
like water and methane, producing a black- coloured organic-
rich coal called lignite. Further compaction and heating results
in a more carbon-rich coal called bituminous coal. If the rock
becomes metamorphosed, a high grade coal called anthracite is
produced.

A very high volume reduction occurs in the transformation of
peat to coal. The coal changes from brown to black as the amount
of carbon in it increases. The figure given below (Fig. 3.1) shows
the graphical representation of the process of coal formation under

T

Peat Lignite Befusirious
Sub=bituminous Anthracite
Fig. 3.1: Coalification process

It is the processes of coalification that determine the rank of
coal. The rank of coal is defined by its position in the coalification
series, i.e., peat-anthracite series, the peat being the lowest
ranked coal followed by lignite, bituminous coal and anthracite.
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Analyse the given table (Table 3.1) showing the composition of
different varieties of coal. You will get an idea on variation in the
amounts of carbon, oxygen, hydrogen, nitrogen, water and volatile
matter during the alteration of wood into different varieties of
coal.

Table 3.1: Composition of different types of coal

Type of Carbon |Oxygen Hydrogen|NitrogenWater|Volatiles
coal (%) (%) (%) (%) (%) (%)
Wood 49.65 | 43.20 6.23 0.92 |90-95| variable
Peat 55.44 | 35.56 6.28 1.72 |35-95 40
Lignite 72.95 | 20.50 5.24 1.31 20 | 30-40
Bituminous
coal 84.24 | 8.69 SESIS 1.52 | 6-20 | 12-26
Anthracite | 93.50 | 2.72 2.81 0.97 6 3-12

Note down the percentage of variation in the amounts of carbon.
Lignite, the least altered variety of coal has large amounts of
gaseous elements while anthracite, the most altered variety
contains highest amount of carbon. The fuel ratio, the main factor
in determining the rank of coal is high in anthracite and low in
lignite. On the basis of the amount of fixed carbon content, coal
can be broadly classified into the following varieties.

(a) Peat: Peat is regarded as the first
stage in the evolution of coal from wood.
It results from the accumulation of
vegetable matter such as mosses and
other bog plants. It consists of relatively
less altered vegetable matter making the i
vegetable structure easily visible to even Fig.3.2: Peat
naked eye (Fig.3.2). When dry, peat can be burned as a fuel.
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(b) Lignite: The next type of coal
ranked higher to peat is lignite. This
consists of vegetable matter decomposed
more than that in peat. This is commonly
known as brown coal (Fig.3.3). It has an
earthy appearance with brown streak.
Lignites contain carbon below 70% and
oxygen above 20%. Moisture content and
volatile matter is less than that of peat.

Fig.3.3: Lignite

In India, lignite deposits occur in the Tertiary sediments in
the southern and western parts of peninsular shield particularly
in Tamil Nadu, Union territory of Pondicherry, Kerala, Gujarat,
Rajasthan, West Bengal and Jammu and Kashmir. The Neyveli
lignites that occur in the Cuddalore sandstones of Tamil Nadu
are the most important lignite deposits of India. In Kerala lignite
deposits occur at Madayi, Kayyur and Nileswaram.

(c) Bituminous Coal: It is also known
as the coking coal or soft coal and is a
hard brittle substance with no or very little
vegetable matter (Fig 3.4). It is black in
colour and has waxy appearance. Its
carbon content is 80%. Bituminous coals
are mostly of Palaeozoic age. These are
harder than lignite and are coherent and
banded.

Bituminous coals vary considerably in character, but they all
burn with a smoky flame, and during combustion soften and swell
similar to the fusion of pitch or bitumen. Bituminous coals form
the major percentage of world's coal resources. Bituminous coals
have a bright, pitchy lustre and there are different varieties based
on their manner of burning. Accordingly bituminous coal is divided
into two: Coking coal and non coking coal.

Fig.3.4: Bituminous coal

Coke is the name given to an agglomerated product or cake,
obtained by heating powdered coal in a closed crucible i.e, in the
absence of air. Bituminous coal is also called caking coal because
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it tends to cake together through exudation when burning. Coal
suitable for coking must be bituminous and contain only a small
proportion of sulphur and ash.

Jharia coal field of Jharkhand has been recognized as the
store house of the best coking coal in the country. The coals of
coking quality are also located in a number of coal fields in India,
including the Bokaro coal field of Hazaribagh (Jharkand) and
Raniganj coal field of West Bengal.

Coals that are high in moisture and volatiles are of non-coking
type. The coals in Talchir coalfield (Orissa) and Singarani coal
field (Khammam district, Andhra Pradesh) are examples of non-
coking types.

(d) Anthracite: Anthracite is the
highest rank of coal and hardest of all
coals. They are black or brownish in
colour and posses a brilliant or sub-
metallic lustre (Fig.3.5). Anthracites
break with a conchoidal or uneven
fracture and have a black streak and do
not soil the fingers. They have high
carbon, low moisture and volatiles and their calorific value is high.

Anthracite burns with little flame and virtually no smoke. This
explains its importance as a fuel in 'smokeless zones' and during
its combustion gives out much heat.

Get a lump of peat and the same size of anthracite coal. Find
out yourself which of them is easier to set on fire. Compare the
differences in the amount of heat energy liberated from both the
varieties of coal. Record your findings in your activity log.

Know your pr'ogr'es

1.  Which type of coal has high calorific value?

2. Can you arrange the different types of coal according to their
decreasing order of smoke emission?

3. How does the transformation of organic matter into coal take
place?

Fig.3.5: Anthracite
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I Petroleum and natural gas

It is not known exactly when humankind first used petroleum.
It is known, however, that ancient people worshipped sacred fires
that were fuelled by natural gas seeping to the surface through
pores and cracks. Asphalt, the very viscous form of petroleum,
was used to waterproof boats and heat homes as early as 6,000
BC. Asphalt was also used as an embalming agent for mummies
and in the construction of the Egyptian pyramids around 3,000
BC.

The oil we are concerned with here is derived from rocks within
the Earth. It is called petroleum, a name taken from the Latin
words meaning "rock oil" (Latin petra meanning rock and oleum
meaning oil). Petroleum (or crude oil) is a complex, naturally
occurring liquid mixture containing mostly of hydrocarbons, and
some compounds of oxygen, nitrogen and sulphur. Petroleum is
often referred to as the "black gold." The importance of petroleum
to humankind took a giant leap in the late 1800's when it replaced
coal as the primary fuel for the machines of the industrial
revolution. After World War II, the huge oil reserves in the Middle
East became available at a very low cost, and they rapidly
revolutionized the way we live. Today, petroleum still remains
our primary source of energy.

3.2.1 Chemical properties of petroleum
and natural gas

Petroleum is a compound made up predominantly of atoms of
hydrogen and carbon; thus the name hydrocarbons.
Hydrocarbons can combine in various ways to form many different
compounds. They can form solids, such as the asphalt that is
used to pave roads; liquids such as conventional liquid petroleum,
and gases such as natural gas. Natural gas is a mixture of
hydrocarbons that are in a gaseous state at normal temperature
and pressure.

Oil and gas, however, contain mostly two elements: hydrogen
and carbon. How those elements are arranged determines the
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form of the hydrocarbon. For example, natural gas contains the
simplest hydrocarbon, methane, while crude oils can be made
up of more complex liquid and solid hydrocarbons. Natural gas
consists mostly of methane, but also contains ethane, propane,
butane and pentane, which are the simplest and lightest
hydrocarbons.

li3.2.2 Products of petroleum |

The naturally occurring oil, in its 'crude' state is usually black
or dark brown, but it can also be yellowish or even greenish. The
term crude oil refers to oil in its "crude" or unrefined state, that
is to say oil as it comes out of the ground which may be a mixture
of various components, must be transported to a refinery to be
separated into constituents such as petrol (gasoline), aviation fuel,
fuel oil, etc. before it can be used by the consumer (Fig 3.6).

GHTE

LIGHLEST .~ METHANE
NATURAL GAS ==——  ETHANE

=™ PROPANE

,

“» BUTANE
. GASOLENE
/" _» KEROSENE
[~ _—» GAS OIL
PETROLEUM $=—_—* DIESELOIL

X~ LUBRICATING CIL
N> FUELOIL

\* LUBRICANTS AND GREASES
HEAVIEST Y ASPHALT

Fig 3.6: Petroleum and some of its components

Besides petrol and jet fuels, many other products such as diesel,
heating oil, lubricants and asphalt also come from oil. The heavier
the crude, the harder and more expensive it is to refine for use in
products. At the refinery, crude oil is separated into "fractions"
(its component parts) through distillation. Some of these fractions,
through simple treating, are converted to final petroleum products
at the refinery. Other refined products require further processing
at chemical plants and factories showing up as final consumer
products.
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There are thousands of petroleum products in use today. Some
of the more familiar ones are: solvent for paints, insecticides,
medicines, synthetic fibres, enamel, detergents, weed killers and
fertilizers, plastics, synthetic rubber, photographic film, candles,
waxed paper, polish, ointments and creams, roofing, protective
paints and so on.

Natural gas is a vapour, but it can be pressurized and cooled to
become a liquid (LNG stands for liquid natural gas) for easier
transportation. The vapour is colourless and odourless, but gas
companies add a chemical to make it smell bad so leaks can be
more easily detected. Natural gas is used to generate electricity;
it is also used in the manufacture of plastics, fertilizers, fabrics
and other products.

.3.2.3 Formation of petroleum and natural gas_

The oil and gas deposits started forming about 350 to 290
million years ago during the Carboniferous Period, which gets its
name from the basic element present in oil and gas: carbon.

Oil and natural gas occur simultaneously and are originated
from organic matter in marine sediments. It is believed that oil is
formed from the soft bodies of microscopic organisms such as
diatoms and single celled algae living in the sea. As these
organisms died, billions of their bodies settled on the sea bed
and accumulated in the marine mud.

Over geological time, this organic matter, mixed with mud, got
buried under heavy layers of sediments. As burial continues, the
organic matter begins to change. Pressure increases with the
weight of overlying sediments. Temperature also increases with
depth in the Earth. The gradual decay by the effect of heat and
pressure resulted in the formation of hundreds of organic
compounds. Heat from within the Earth cooked the mud's organic
remains into a soup of hydrocarbons, the main element of
petroleum and natural gas.

The high levels of heat and pressure caused the organic matter
to chemically alter, first into a waxy material known as kerogen
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which is found in oil shales, and then with more heat into liquid
and gaseous hydrocarbons.

The nature of hydrocarbons changes with temperature, pressure
and time factors. In the early stages of formation of petroleum,
the deposits consist mainly of larger hydrocarbon, which have
nearly solid consistency of asphalt. As the petroleum matures,
successively lighter hydrocarbons are produced. In the final stages
of breakdown of organic molecules, simple, light, gaseous
hydrocarbons-natural gas is formed.

.3.2.4 Migration of oil and formation of oil pools _

Because petroleum is a fluid, it is able to migrate through the
Earth as it forms. Once the solid organic matter gets converted
into liquid and gaseous hydrocarbons, they migrate out of the
rocks in which they formed. The rock where the organic matter is
converted into oil by burial and post depositional changes is called
the source rock. The sedimentary rock in which oil originally
forms is the source rock. The rock in which oil occurs at present
is the ‘reservoir rock’ or oil pool.

Oil pools are valuable underground accumulations of oil.
Petroleum reservoirs aren't underground pools as is commonly
believed. They are actually rocks soaked in oil and gas, just as
water is held in a sponge.

The movement of petroleum from the source rocks to a reservoir
rock is termed migration of petroleum. The migration is controlled
by the physical and physico-chemical conditions of the
sedimentary strata through which the oil is moving.

In order to be collected into an economically valuable deposit,
migration of oil or gas is necessary. Petroleum migrates slowly to
a nearby layer of permeable rock -usually sandstone or limestone-
where it can flow readily. Because petroleum is less dense than
water or rock, it then rises through the permeable rock until it is
trapped within the rock or escapes onto the Earth. The migration
of petroleum continues as long as it does not encounter structural
configurations where the reservoir strata form traps.
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Factors controlling migration of oil

One;ﬁf{g main driving forces for migration of petroleum is sediment
compaction due to overburden load. This is achieved by the reduction of
pore spaces due to the expulsion of pore waters. During sediment
compaction most of the pore water is expelled. With further burial, very
little pore water remains for additional expulsion. As the muddy sediments
compacted, the oil droplets and gas may have been squeezed out of the

mud and moved into more porous and permeable sandy layers.

Another set of physical and physico-chemical conditions which exercise
major control over the ability of petroleum to move through rocks are porosity
and permeability. Porosity is the volume of void spaces as percentage of a
given total volume of rock. Permeability characterizes the ability of fluids
(water, oil and gas) to pass through porous rocks. Significantly higher
porosities, permeabilities and pore sizes allow for the formation of oil
droplets and small continuous oil stringers, i.e., a network of interconnected
oil-filled pores.

Movement of oil occurs as a discrete oil phase controlled by the interplay
of driving and counteracting resisting forces. The main driving force is
buoyancy which is due to the density contrast between petroleum
hydrocarbons and water. These density contrasts result in oil/ water
buoyancy gradients. Being lighter than oil, moving water can easily float
and carry oil along with it.

The movement of petroleum through porous rocks is also influenced by
capillary forces. The resisting force of capillary pressures counteracts the
driving force of buoyancy. Capillary pressure is the pressure which oil or
gas has to overcome in order to displace the water from the pores of the
rock it is trying to penetrate. The capillary pressure of a rock increases
with decreasing pore size. The petroleum compounds generated from
kerogen have a very limited primary pore volume available for accumulation
in fine-grained source rocks like shale and mudstones. They are forcefully
transported through capillaries between the clay minerals and narrow

pores towards contact with the nearest strata of higher porosity.
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The specific conditions required for the formation of oil pools
are:
(1) Source Rock: It is the rock where the organic matter is
converted into oil by burial and post depositional changes.

(2) Reservoir Rock: It is a sufficiently porous and permeable rock
to store and transmit the petroleum.

(3) Oil Trap: A cap rock or a set of conditions which hold the oil
in the reservoir rock or prevent its migration.

Oil traps

The reservoir rocks often contained water, which then pushed
the lighter oil and gas upward until they encounter an
impermeable rock layer, such as mudstone or salt rock, which
becomes a 'seal' or 'cap rock'. Obviously, in order to stay in the
ground, the fluids- oil and associated gas, must be trapped, so
that they cannot flow to the surface of the Earth.

An oil trap is a non-porous rock formation that holds the oil
pool in place. The hydrocarbons (oil and gas) trapped and get
accumulated in reservoir rocks such as the porous sandstone or
limestone. Many oil traps form where impermeable cap rock
prevents the petroleum from rising further. Oil or gas then
accumulates in the trap as a petroleum reservoir.

Types of Traps

The Earth's tremendous forces can change the original form of
the reservoir rocks, moving them up, down or sideways, and folding
the layers into arches or troughs. These shifts can determine the
type of trap in which the petroleum resides. A faultis a structural
feature, where rock blocks have been displaced after fracturing.
You will learn about in detail, the structural features such as
folds and faults in the next chapter.

Folds and faults create several types of oil traps. A "fold" trap is
formed when rock layers are pushed upward into an arch or
"anticline (Fig.3.7)." The hydrocarbons move into the uppermost
porous layer of the arch until they hit the impervious rock seal.
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The contact between the oil-saturated and the water saturated
pore spaces is always sharp and, in most cases, horizontal. This
boundary is referred to as the oil/water-contact. A free gas phase
will separate from the oil. Since gas has the highest buoyancy, it
accumulates in the apex of the structure as a gas cap. The gas-
oil contact is equally sharp and horizontal.

R T T EAE N R A S, R L el s
Fig. 3.7: Accumulation of oil and gas in anticlinal trap
(GOC: Gas-oil contact; OWC: Oil-water contact)

Where oil and water occur together in folded rock beds, oil
droplets being less dense than water, rise toward the top of the
fold. There the oil may be trapped by impermeable layers overlying
the reservoir rock. As shown in the above figure, oil traps consist
of hydrocarbon fluids held in porous rock covered by a cap rock.
The impervious rock covering the reservoir rocks is called a cap
rock.

The natural gas being less dense than oil also collects at the
top of the oil. The fluids and gases caught in the geological "traps"
separate into three layers: water at the bottom, oil in the middle
and natural gas on top.

In a "fault" trap, the reservoir rock is sealed off along a fault or
fracture when Earth movements shift the impermeable rock layer
over the reservoir rock (Fig. 3.8).
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Fig. 3.8: Fault traps

Another kind of trap occurs when salt or some other non-porous
material is pushed up by pressure from within the Earth to create
a 'dome' (Fig.3.9). A salt dome results
when a bed of rock salt is under pressure;
the salt extends upward plastically
through a sedimentary sequence,
disrupting the sediments and creating
open spaces that trap petroleum. The salt
dome breaks through the layers and
when it meets the reservoir rock it blocks
the path of the hydrocarbons, which
then accumulate around the salt pillar.

Fig.3.9: Salt plug trap

In fact, petroleum traps in nature are often a combination of
different varieties of formations. In order for a trap to hold
petroleum in place, it must be sealed by an impermeable cap
rock. Cap rocks of most petroleum fields are fine-grained, clay-
rich sediments like shales or mudstones. Due to their low
permeabilities and very small-diameter pores, capillary entry
pressures are so high that they cannot be overcome by the
buoyancy of a high oil or gas column. The most ideal and best
sealing cap rocks are, however, evaporite strata like anhydrite or
rock salt. Such good-quality cap rocks hold many of the large
petroleum accumulations in the Middle East petroleum deposit.
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The combination of the above mentioned circumstances creates
underground accumulations of oil (oil pools). Oil fields are regions
underlain by one or more oil pools. Most oil and gas fields are
buried anywhere from one to five kilometers under the Earth's
surface, with the record well at nearly ten kilometre. Reservoirs
under the ocean can be covered by as much as three kilometers
of water on top. Oil and gas are generally trapped together, but
sometimes they separate and form fields containing predominately
one or the other. If a reservoir lies deeper than five kilometers,
the liquid petroleum can become "overcooked," leaving only the
natural gas.

W2.25 0l scepaze [

The cap rocks sometimes do not form perfect seals and
petroleum escapes to the Earth's surface as natural seepage,
which can be spotted by oily residue on the surface soil and rocks.
Underwater seeps can bubble up to the surface and leave an oily
shine.

The leakage of oil and gas from subsurface strata to the surface
of the Earth occurs and has occurred continuously at many places
both on land and on the ocean floor. Petroleum seeps occur where
permeable pathways in the form of fractures or faults lead to the
surface of the Earth either from mature source rocks or from
leaking accumulations. Oil seeps include springs with oil bearing
waters, tar pits and asphalt lakes. Like oil, gas seeps out at many
places on the Earth's surface.

.3.2.6 Distribution of petroleum _

Petroleum is not distributed evenly around the world. More
than half of the world's proven oil reserves are located in the
Middle East (including Iran but not North Africa); that is to say,
the Middle East contains more oil than the rest of the world
combined. Following the Middle East are Canada and the United
States, Latin America, Africa, and the region occupied by the
former Soviet Union.




Most of India's crude oil reserves are located in the western
coast (Mumbai High) and in the northeastern parts of the country.
The important oil fields of India are Mumbai High of Maharashtra
and Digboi of Assam, the former is an offshore oil field and the
latter is an on-shore oil field. The onshore fields in Assam, Andhra
Pradesh, and Gujarat states are also major producers of natural
gas. The Krishna-Godavari Basin spread across more than 50,000
square kilometers in the Krishna River and Godavari River basins
in Andhra Pradesh is known for the biggest natural gas deposits
in India.

Now you have to collect information on the distribution of oil
and natural gas in the country as well as their commercial
production. Make a comparison between our commercial need
and domestic supply of these conventional energy resources.
Summarise your findings and make a presentation in the form of
a slide show in the class.

N o <halc I

Some shales and other sedimentary rocks contain a waxy, solid
organic substance called kerogen. Kerogen is organic material
that has not yet been converted to oil. Kerogen bearing rock is
called oil shale. The rock, while always sedimentary, need not be
a shale, and the hydrocarbon in it may not be oil. As already
mentioned, the potential fuel in an oil shale is the waxy solid,
kerogene, formed from the remains of plants, algae and bacteria.

The rock must be crushed and heated to distill out the fuel. If
oil shale is mined and heated in the presence of water, the kerogen
converts to petroleum.

B Torsand

Tar sands are sedimentary rocks containing a very thick,
semisolid, tar like petroleum. These are tar (asphalt) cemented
sand or sandstone deposits. Tar sands may represent very
immature petroleum deposits. The breakdown of the larger
molecules of hydrocarbons has not progressed to the production
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of the liquid and gaseous hydrocarbons. The tar is too thick to
flow out of the rock and so the rock must be mined, crushed,
and heated to extract petroleum, which can then be refined into
various fuels.

Know your progress

1. What is the signiﬁcance of trap rocks in the formation of an
oil pool?

What are the major components of crude oil?

Why does oil migrate through porous and permeable rocks?

Il sisnificance of fossil fuels |G

Fossil fuels are non-renewable sources of energy. What this
means is that, these natural sources are finite; there will come a
time when we have used them up. The use of coal as a fuel
predates recorded history. Coal was used to run furnaces for the
melting of metal ore. Commercial exploitation of petroleum began
in the 19% century and its use is on the upward trend. Natural
gas is a very valuable resource especially in the domestic sector.

Fossil fuels are consumed by man to a great extent, without
which all developmental activities will be on a standstill. These
fuels can be employed in internal combustion engines and in
power stations. All forms of transportation including road ways,
railways and aircraft required fossil fuels.

The uncontrolled utilization of these non-renewable natural
resources has had its impact on mankind. The burning of fossil
fuels releases large quantities of carbon dioxide (CO,) into the
atmosphere.

According to the Intergovernmental Panel on Climate Change
(IPCC), there is substantial evidence that higher concentrations
of CO, and other greenhouse gases have increased the mean
temperature of the Earth since 1950. Because no known natural
mechanism can explain such a rapid increase in CO,, the
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inescapable conclusion is that burning of fossil fuels must be a
primary reason for the observed increase in CO,.

The CO, molecules allow the shorter-wavelength rays from the
Sun to enter the atmosphere and strike the Earth's surface, but
they do not allow much of the long-wave radiation reradiated from
the surface to escape into space. The re-radiated energy, thus
does not pass through the air envelop to outer space but is
absorbed by the carbon dioxide and water vapour in the
atmosphere; and adds to the heat that is already present. The
CO, acts like a glass of a green house, and on a global scale,
tends to warm up the lower atmosphere. Whereas the greenhouse
effect is a naturally occurring process, its enhancement due to
increased release of greenhouse gases (CO, and other gases, such
as methane and ozone) is called global warming.

Alternative energy sources for the future are thus needed, both
to supply essential energy and to repair the damage already done
to our environment. We need to develop substitutes and renewable
energy sources for the future in order to preserve nature and
natural resources. The concept of sustainable development is very
significant as far as the fossil fuel resources are concerned. The
topic is discussed in more detail in the Chapter VI (Geology and
Environment).

. fgﬁ-‘”\
S8l Let us conclude

T

Fossil fuels are formed by natural processes of anaerobic decomposition of
buried dead organisms. The three major fossil fuels are coal, petroleum and
natural gas. All represent the partially decayed and decomposed remains of
living organisms. Most of the energy we use today comes from fossil fuels. But
fossil fuels have a disadvantage in that they are non-renewable on a human time
scale, and cause other potentially harmful effects on the environment. Known oil
and natural gas supplies are likely to be exhausted within a few decades. Getting
these resources out of the ground and ultimately to the consumer can create
environmental problems anywhere along the line.
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1. Fill in the blanks.

(i)  Fuels formed from remains of organisms are called ----

(i) ------- is a combustible black or brown organic
sedimentary rock.

(iii) The process of conversion of peat into coal is known as -

2. Complete the given table on the types of coal.

Type of coal Characteristics

Peat

Lignite

Bituminous coal

Anthracite

3. Name the following
(i) Ratio of fixed carbon to volatile matter in a coal.
(ii) The highest grade of coal.
(iii) Asphalt cemented sand deposits.
(iv) Coal that burns with less amount of smoke.

4.  Why do people depend on petroleum and natural gas for their
energy requirements?

5. Mention any two coal fields of India.
6. What are the features that trap the migration of oil?
7. Define the following terms

(i) Source rock

(i) Kerogen

(ii) Migration of oil

8. Describe briefly the process of coalification.
|
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Chapter

Geological Structures

After the completion of this chapter, the learner:

» Explains the meaning of linear and planar
features exhibited by rocks.

= Measures the attitude of beds in terms of
dip and strike.

» Demonstrates the basic concepts of rock
deformation which results in secondary
structures in rock masses.

» Recognizes important large scale structures
such as folds, faults, joints and
unconformities.

» [llustrates basic types of folds, faults, joints
and unconformities.
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Rocks of the Earth's crust are continuously bent, broken,
uplifted or depressed in response to forces acting deep beneath
the surface. A structural feature is a feature produced by
deformation or displacement of rocks such as a fold or fault. For
such features the more commonly used term ‘structure’ used as
a specific noun has been long in use. The term structure is given
for the general disposition, attitude, arrangement or relative
positions of the rock masses of a region or area. The branch of
geology that deals with the form, arrangement and internal
structure of the rocks, is known as structural geology. Geologic
structures are important in shaping the various landscapes of
the Earth's surface. This chapter discusses the forces that cause
structures and the kinds of structures exhibited by rocks.

Il Geometrical elements in rock structures i}

Rocks are the building blocks of Earth. You can observe
different kinds of rocks that vary in size, shape, colour and in
other features. Have you ever observed a rocky land bare of
vegetation? An exposure of bedrock on the Earth's surface is
referred to as outcrop. Have you noticed any kind of structural
features displayed on rock outcrops? How can you communicate
information about the orientation of geologic structures you have
noticed?

The term attitude is applied for orientation of a geometric element
in space. You will learn about the general method of expressing
attitude of rock bodies and geological surfaces in the subsequent
section of this chapter. In order to understand the position of a
structure in space, some geometrical elements such as points,
lines, planes or combinations of these are generally used in

geology.

.4.1.1 Linear and planar structures _

Structural features are either linear or planar in nature. The
arrangement of any geological feature in a linear fashion gives
rise to a linear structure. Some minerals such as kyanite and
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amphibole, grow such that they are very long in one direction
relative to the other two directions. If the long axes of the crystals
are aligned in a rock, they create a mineral lineation. Parallel
arrangement of elongated minerals in a lava flow (flow lines) is
another example. These structures resemble a line rather than a
plane.

Planar structure in rocks can occur as a result of the
arrangement of mineral grains of different sizes, colour,
composition, and so on in layers. Parallel orientation of plate-
like minerals (clays and micas in a slate), or segregation of light
and dark minerals into contrasting layers, imparting a banded
appearance (in gneiss), constitute a foliation. We call these
structures planar because they resemble the geometric shape
known as a plane.

Pebbles in a metamorphosed conglomerate can have a lineation
(when stretched in one direction only as shown in the figure 4.1
below),but they can also have a foliation when simply flattened.
Planar surfaces are also produced by structural deformation of

rocks (such as joints, faults and folds or by other means). You

=,

will learn about these in detail.

In nature, any intersection of
two planar features will produce
a linear feature. Analyze the given
figures (Fig. 4.2 a and b) and note

down the formation of a line when  Fig- 4.1: Stretched pebbles_in metamorphosed
conglomerate showing lineation

two horizontal surfaces meet.

\ Paes e
a3k

Fig. 4.2 a & b: Intersection of two planar features producing a linear feature
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The term attitude denotes the position of a structural surface
relative to the horizontal. The term is also applied for the
orientation of a planar or linear feature in three-dimensional
space. To describe the orientation of a geologic structure, geologists
consider the structure as a simple geometric shape, and then
specify the angles that the shape makes with respect to a
horizontal plane, a vertical plane and a geographic direction. The
attitude of any structural surface (e.g. a tilted succession of strata),
is expressed quantitatively by strike and dip measurements. A
planar structure's orientation can be specified by its strike and
dip, while in the case of linear features, their attitude is described
in terms of trend and plunge of the feature.

Strike and Dip

At an outcrop, the strike and
dip describe the orientations of
bedding planes, fault planes,
joints, and other planar features
in the rock. Consider an inclined
structural feature (such as a
portion of a roof shown in Fig. . : .

Fig. 4.3: Portion of a roof depicting the
4.3). concept of strike and dip

Note that, strike is the direction of the line formed between
the intersections of a
horizontal plane with any
inclined plane. The term
strike is used to denote the
direction or trend that a
structural surface (e.g. a
bedding or fault plane),
makes as it intersects an
imaginary horizontal plane
(Fig. 4.4).

Fig. 4.4: Strike and dip of sedimentary strata
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The strike (or strike line) is formed by the intersection of two
planar surfaces among which, one is always a horizontal surface
(shown as the surface of water in the figure given above) and the
other is a planar surface of different attitude. The strike in this
case is described in terms of direction such as North. Note that a
geological feature may strike in any geographic direction, viz.,
east, west, north or south, or in any conceivable direction in
between.

Carefully study the above figure 4.4 and try to understand the
concept of strike. The water provides a necessary reference to a
horizontal plane. The trend of the waterline along the bedding
plane is the direction of strike. The angle between the bedding
plane and the water surface is the angle of dip.

Dip

We can also measure the inclination of a non-horizontal surface.
The term dip denotes the angle that a structural surface makes
with the horizontal, measured in a vertical plane that is
perpendicular to (or normal to) the strike of the structure.
Therefore, the value of the angle of inclination or dip of a structural
surface may range between 0° to 90°. The inclination of a linear
feature (which is one dimensional) is expressed by the term
plunge. Dip of any geological feature is always expressed in terms
of its angle and its direction. A geological or structural feature
may dip in any geographic direction. Suppose, a bed has an
inclination of 30° with the horizontal plane towards west, as shown
in the Fig. 4.4, then its dip is expressed as '30° west'. Here the
angle '30°' is the dip amount and 'west' indicates the direction of
dip.

True dip and apparent dip

Now let us learn a little more about the term dip. We have
learned that the 'dip' is the angle between an inclined surface
and an imaginary horizontal plane measured in a vertical plane
normal to the strike of the surface. The inclination of a structural
feature (such as a bed) will be the maximum in a direction
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perpendicular to the strike and the inclination measured is termed
true dip (Fig.4.5). The inclination of any surface will gradually
decrease on either side of the true dip direction. This is because
the directions are not exactly perpendicular to the strike line.
Inclination of bed (or any structural feature) measured along a
direction other than the true
dip direction is termed apparent
dip. Note that the values of
apparent dip for any inclined
surface are always less than that
of true dip of that surface and _
in the direction of the strike the Fig. 4.5: True dip and apparent dip
apparent dip value will be zero.

Measurement of Strike and Dip

In the field, the attitude of geological
features (strike and dip) is measured using
a clinometer compass or with a little more
sophisticated instrument called Brunton
Compass. Clinometer Compass (Fig. 4.6) _
is an instrument used in geological ==V,
mapping. The compass enables one to ﬁ
determine dip and strike of rock beds or
other geological features.

Fig. 4.6: Clinometer conipass

Geologists frequently use another instrument called Brunton
Compass to measure strike and dip. The various parts of the
standard Brunton compass are shown in Figure 4.7. When using
the compass to determine the attitude of a plane the edge of the
compass is placed against the
inclined surface and then the
bulls-eye bubble is centered.
In this configuration the
compass lies in a horizontal
plane and its edge is parallel
to the line produced by the graduated circular grid
intersection of the imaginary Sliz o B e

bl Builli-eye bublle  CHnometer bubble

Skghting armature
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horizontal plane and the inclined surface or layer. The sighting
armature points in the direction that this line is oriented, and
this direction is read directly off the compass.

Know your progress,,

1. How is the strike direction related with the true dip direction?

2.  When we measure attitudes of planar features, how can we
determine the direction and amount of dip?

3.  Would you consider foliation as a planar feature? Why?

B Rock deformation [N

A block of rock changes location when it moves from one location
to another. It changes orientation when it tilts or rotates around
an axis. It changes shape when its dimensions change. Rock beds
no longer have the same shape and position that they had when
first formed.

To learn about rock deformation, an understanding of the
concept of stress and strain is essential. The force exerted on a
material object is termed stress and the term strain denotes the
change in shape or volume of a body as a result of stress imposed
on it.

All of Earth's rocks are under some type of stress, but in many
situations the stress is equal in all directions (confining stress)
and the rocks are not deformed. However, the magnitude of stress
is not always the same in all directions and rocks experience
differential stress. Differential stress means that the push or pull
in one direction differs in magnitude from the push or pull in
another direction. As a result, the rocks yield to the unequal
stress and deform by changing shape or position. Strains are
changes in the volumes or shapes of rocks resulting from stress.

W4.2.1 Types of stress [N

There are several types of stress that deform rocks. The figure
4.8, given below shows the different types of stresses that are
acting on a rock body.




www.studiestoday.com

Geology - XII

o

Caning St s
Sresteqalirom al drecions

== - A

——

Tensmyl Syet Gmprezziony Sezs Shear S5t
Fig. 4.8: Different types of stresses

Tension is the stress on rocks that are being pulled apart. If
you stretch a rubber band you are applying tension to it.
Compression pushes rocks together, which is the opposite of
tension. Shear stress pushes rocks horizontally past each other
in two opposite directions.

Strain refers to the change in shape that deformation brings. If
a layer of rock becomes longer, it has undergone stretching, but if
the layer becomes shorter, it has undergone shortening. Tensional
stress results in a stretching or extensional strain while,
compressive stress results in rocks being deformed by a shortening
strain. If a change in shape involves the movement of one part of
a rock body past another, the result is shear strain. Shear stresses
result in a shear strain parallel to the direction of the stress.

Strain is a complex phenomenon, which passes through
different stages in a same body under the application of stress.
With increasing stresses, the rock body passes through three
successive stages of deformation. For a better understanding of
the behavior of rocks in response to stress, we have to identify
these three stages of deformation.

Bll4.2.2 stages of deformation [N

Stresses are forces that deform rocks. The figure 4.9 given below
represents the different stages of deformation.
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a) Elastic Deformation:
This is a type of deformation
in which temporary changes (omatien
in shape or size of the rock Bastc Umt 2 X
occurs. The deformed object ,
resumes its original shape@
and size when the
deforming force is removed.
Here the strain is reversible.
It is like squeezing of a >

. . Strain
piece of rubber, pulling of , . ,
. . Fig. 4.9: Different stages of deformation
elastic materials, etc.

Fracture

b) Ductile Deformation or plastic deformation: With increasing
intensity of deformation, a material crosses the elastic limit and
enters a stage called ductile or plastic deformation. In this stage
permanent change in shape or volume of the material occurs
without any rupture (fracturing). A material (including rocks)
does not recover original shape when the deforming force is
released. So the strain is irreversible. An example of ductile
deformation is the permanent bending of a metal rod or bending
of rock layers resulting in the formation of folds. (Folds, which we
will learn later are the best examples of ductile or plastic
deformation of rock layers).

c) Fracture or Rupture: As the applied force is increased further
a material (including rocks) undergoes no further change and it
suddenly breaks. It is also an irreversible strain as in the case of
the ductile deformation. Fracturing of rocks is a common feature
observable on surface rocks. Faults and joints are best examples
representing this stage of rock deformation in nature. Depending
on their relative behavior under stress, we can classify materials
into two classes: (a)Brittle materials and (b) Ductile materials.

. Brittle materials: Materials which pass suddenly to the stage
of fracture without the intermediate ductile deformation. E.g.,
glass and several minerals such as quartz, feldspar etc;
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. Ductile materials: Materials having a small region of elastic
response and a large region of ductile behavior before they
fracture. E.g., clay and metals (such as copper, gold and silver)
plastic materials etc.

Some rocks are naturally brittle and some rocks are naturally
ductile. A rock that is brittle in shallow depths can be ductile at
greater depths.

Know your progress, 2~
1. Compare tensional stress with compressional stress.
2. Rocks change their shape or volume in response to differential

stresses. How do the brittle materials differ from ductile
materials?

3. How does the process of rock deformation result in the
development of structural features?

I structural features in rocks [ G

You have learnt that stress is the push, pull or shear that acts
on a material. The resulting change in shape in response to the
application of stress is called strain. The process by which rocks
stretch, bend or break in response to strain is referred to as
deformation. Rock deformation produces geologic structures.
Geologists classify the rock structures under any of the following
two types:

(i) Primary structures: Structures which develop during the
formation of a rock are called primary structures. Bedding or
stratification in sedimentary rocks and flowlines (linear
arrangement of elongated minerals) in igneous rocks are examples
of primary structures.

(ii) Secondary structures: Structures which develop after the
formation of rocks are termed as secondary structures. They are
actually the modifications of the original shape and arrangement
leading to the formation of new structures. Folds, faults, joints
and unconformities are typical examples of secondary structures.
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Let us learn some important structural features exhibited by
rocks in the following section of the chapter

.4.3.1 Bedding (Stratification) _

The term bed is a subdivision of a stratified sequence of rocks,
internally composed of relatively homogeneous material exhibiting
some degree of lithological unity, and separated from the rocks
above and below by visually or physically more or less well-defined
boundary planes. The term is used primarily for a sedimentary
unit, but has been applied to a metamorphic derivative of a
sedimentary bed, to a layer of pyroclasts (e.g. ash bed), to an
individual lava flow in a sequence, and to a structurally defined
layer in an igneous intrusion. The thinnest or smallest
recognizable unit layer in a sedimentary succession is called a
lamina. Beds may vary widely
in thickness and may occur in
horizontal, vertical or inclined
positions. Bedding is defined as
the arrangemen t of a sedimen
tary rock in beds or layers of
varying thickness and character
(Fig. 4.10).

Fig. 4. 10: ]_36dding or stratification

The term stratum (pl. strata) is applied for a tabular or sheet-
like mass or a single or distinct layer of homogeneous or
gradational sedimentary material of any thickness, visually
separable from other layers above and below with respect to grain
size, colour, composition and so on. Thus the term 'stratum’' is a
synonym of the term 'bed'. The formation, accumulation or
deposition of Earth materials in layers is termed stratification in
geology. In other words, it is the arrangement or deposition of
sedimentary rocks in the form of strata.
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Folds are one of the most common geological structures that
are found in rocks of the Earth's crust. A fold can be defined as a
curve or bend of a planar surface, such as rock strata, bedding
plane, etc. A fold is usually a product of plastic or ductile
deformation. These curved planar structures are formed due to
compressive forces

ig. 4.11: Folds in focké )

Folds occur in all scales varying from few millimeters to
kilometers in size. They are common structural features of
mountainous region. The process of development of folds in a
rock is called folding. It is a very slow process.

Parts of a fold

Some geometrical features and associated terms related with
folds are given below (Fig. 4.12). fol d axis

G

Fig. 4.12: Parts of a fold

Axial plane: The axial plane of a fold is the plane or surface
that divides the fold as symmetrical as possible. Depending on
the attitude of the fold, the axial plane may be vertical, horizontal,
or inclined at any intermediate angle. Attitude of an axial plane
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is also defined by its dip and strike. In nature, the axial planes of
folds need not be always a planar surface (i.e., it may be curvi-
planar, i.e., a curved plane about one or more axes).

Fold axis: An axis of a fold is an imaginary line formed by the
intersection of the axial plane with any folded layer or one of the
strata of which the fold is composed. Although in the simpler
types of folds the axis is horizontal or gently inclined, it may be
steeply inclined or even vertical. When the axis is not horizontal,
the angle of inclination of the axis, as measured from its departure
from the horizontal, is called its plunge.

Limbs or Flanks: The portions of the fold between adjacent
axes form the flanks, limbs, or slopes of a fold. A fold has two
limbs. The limbs may have inclined vertical or horizontal
orientations. Fold limbs may dip in the same direction or in
opposite directions. The attitude of a fold limb is also expressed
in terms of its dip and strike.

Hinge and hinge line: In a cross section of a fold, the point of
maximum curvature or bending of a folded surface is called the
hinge of the fold. The hinge of any fold is a linear feature. Hinge
line is an imaginary line connecting the hinges of the folded
surface. Hinge lines of folds can be inclined, vertical or horizontal,
depending on the attitude of the folded surface.

Types of folds
Folds can be classified in a number of ways.

Anticline and Syncline: An anticline is a convex upward fold
with a core of older rocks (Fig. 4.13 a and b). A syncline is a

convex downward fold, with a core of younger rocks (Fig. 4.14 a
and b).
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. Fig. 4.13: (a) Anticline (arrows indicate direction of compression),
(b) A natural anticline
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Fig. 4.14: (a) Syncline (arrows indicate direction of compression),
(b) A natural syncline

Limbs of an anticline dip away from the crest of the fold while
those of a syncline dip towards the crest of the fold (Fig. 4.15).

Geologically older rocks occupy the inner portions of the
anticlines whereas in a syncline younger rocks occupy the core
of the fold. Both anticlines and synclines are produced by
compressional stress.

Symmetrical, Asymmetrical and Overturned folds: A
symmetrical fold is one in which the axial plane is vertical. An
asymmetrical fold is one in which the axial plane is inclined. An
overturned fold is one in which limbs dip in the same direction.
This implies that the axial plane is inclined to such an extent
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that the strata on one limb are tilted beyond the perpendicular
or overturned (Fig. 4.16).

e i T

Fig. 4.16: (a) Symmetrical fold, (b) Asymmetrical fold, (c) Overturned fold

Recumbent fold: Arecumbent fold has an essentially horizontal
or sub-horizontal axial plane (Fig. 4.17).

Fig. 4.17 (a) and (b): Recumbent folds

Isoclinal fold: When the two limbs of a fold are essentially
parallel to each other and thus approximately parallel to the axial
plane, the fold is called an isoclinal fold (Fig. 4.18).

Ap AP Ap Ap

Is-nal Fold

Fig. 4.18 (a) and (b): Isoclinal folds

Symmetrical, asymmetrical, overturned and recumbent folds
develop with increasing intensity of deformation of beds (Fig. 4.19).
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Symmetrical Asymmetrical Overturned Recumbent
Fig. 4.19: Development of different types of fold with increasing intensity of deformation

Domes and basins

Many folds are distinctly linear; that is, their extent parallel to the axis
is many times their width.
Some folds, however, are

not linear but are more or

less circular in plan. Domes

are upward arched circular

folds. When domes are Fig. 4.20: D'.;);l-e
eroded, the oldest rocks
are in the centre of the dome structure (Fig. 4.20).

Domes resemble anticlines, but the beds dip uniformly in all directions
away from the center of the structure. Domes are caused by compression
and uplift. Basins resemble synclines, but the beds dip uniformly in all
directions toward the center of the structure (Fig.4.21). Basins are caused
by compression and down warping. Basins are circular features that
arch downward. When
basins are eroded, the
youngest rocks are in the
centre of the basin

Structure.

Fig. 4.21: Basin
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Identification and analyzing of folds have great importance in
geology. Folds are the major locations which control the formation
of minerals and metals of high economic value. Mineral deposits
may be indicated at or near the surface by anticlines. Folds form
potential traps for petroleum and natural gas. Synclinal folds
form storage for large quantity of water and also provide artesian
condition. Identification of folds are very significant in the
construction of dams, tunnels, etc.,

Bes3 s

During brittle deformation, rocks break or fracture. A fault is a
surface or zone of rock fracture along which there has been
displacement, from a few centimetres to a few kilometres in scale.
In other words, those fractures along which relative movement of
blocks has taken place are called faults (Fig. 4.22). The process
of development of fracture and relative displacement in rocks is
known as faulting.

A

Fig. a, 22: Exarnpféé of faults

Parts of a fault

Fault plane: The term fault surface is applied for the surface
along which displacement has occurred and fault plane is applied
for a fault surface that is more or less planar. It may be smooth or
rough and have inclined, vertical or horizontal positions.

Wall: The rock mass on a particular side of a fault (e.g.hanging
wall and footwall).

Footwall and hanging wall: In faults which have inclined
fault plane, the term footwall refers to the underlying side of a
fault while hanging wall refers to the overlying side of a fault.
Normally, in cross sections of faults, one block is seen resting
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over the other block and this block is known as the hanging wall
and the underlying block is known as the foot wall. The Flg 4.23
shows the side view of a Direction of
fault with a mine tunnel

dug through the fault and P
aminer standing. The wall | Moo was
on which the miner places I

his feet came to be called

the "footwall", and the wall Fig. 4.23: Hanging wall and footwall
on which he hangs his

lamp thus termed the "hanging wall".

Hanging
wal

Fault zones

When the fault plane is not a smooth surface and contains small fractures,
it is termed a fault zone or shear zone. It is expressed as a zone of
numerous small fractures or of fault breccias or fault gouge. (Fault breccia
is a rock composed of angular fragments resulting from crushing, shattering
or shearing of rocks during movement on a fault, from friction between the

walls of a fault. Fault gouge is a soft, uncemented, pulverized, clayey or

clay-like material, filling or partly filling a fault zone)

Common types of faults

Faults are fractures (cracks) in rocks along which movement
has occurred. Displacement of blocks may take place in any
direction, parallel, inclined and rotational. Faults are classified
according to the direction towards which the blocks of rocks moved
along the fault plane into the following types: normal faults,
reverse faults, thrust faults, and strike-slip faults.

Normal Faults: A fault in which the hanging wall appears to
have moved downward relative to the footwall is called a normal
fault. Fig. 4.24 represents a block of rock mass before and after
faulting that resulted in a normal fault. The fault plane is the
surface on which movement occurs and the footwall of the fault
(where your feet would be if you stood on the fault plane) appears
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to have remained stationary while the hanging wall appears to
have moved down relative to the footwall.

Unfaubad black

A

Fig. 4.24: Normal fault showing the relative downward movement of hanging wall

Normal faults are caused by
tensional stress, or stress that
pulls rocks apart. In the diagram
(Fig.4. 25) given below, the right
side of the fault is the hanging
wall which has moved down
relative to the left side.

Reverse Faults: A fault in  Fig4.25: Anormal fault
which the hanging wall appears to have moved upward relative to
the footwall is called a reverse fault. Reverse faults are caused by
compressional stress, or stress that pushes rocks together. The
reverse fault shown in Fig. 4.26 below is in a gray limestone. In
this fault, the hanging wall block has moved up relative to the
shale rocks of the footwall.

Reverse Fault

;.

Fig. 4.26: Compression and reverse faulting

Thrust Faults

If the angle of the fault plane of a reverse fault is low (<30°), the
fault is called a thrust fault (Fig. 4.27).
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Thrust Faut Thrust Fault
o=

Fig. 4.27: Thrust fault

A thrust fault is a special type of reverse fault because it has a
low angle. Thrust faults are also the result of extreme
compressional stress.

Strike-slip Fault: A fault in which the actual movement of the
blocks is parallel to the strike of the fault is called a strike slip
fault. These result from shearing (Fig. 4.28).

BRIt
Fig. 4.28: Strike-slip faulting
Horst and Graben: Horsts are upthrown blocks bounded on
either side by non-parallel normal faults and grabens are
downthrown blocks bounded on either side by non-parallel normal
faults (Fig. 4.29). Horst

Fig. 4.29: Horst and Graben

Sometimes blocks forming horsts may be very high (2000 to
4000 meters) and extensive and then they constitute block
mountains.
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Faults are important for groundwater storage and movement,
they create surfaces along which fluids such as oil or water can
travel. Faults also cause hazards such as rock slides and
earthquakes. Faults provide potential surfaces along which rocks
can slide. If faults move suddenly, they generate earthquakes.

You have learnt some basic types of fold and fault. Now, draw
cross sections of each of the following geologic structures in your
activity log.

(i) Anticline, syncline, isoclinal and overturned folds.
(ii) Normal and reverse faults.

Mention the kind of overall stress field viz., compression, tension
or shear that produced the different types of folds and faults.
Show the direction of motion of both the hanging and footwall
blocks using arrows.

Know your progress /2
1. Identify the folds mentioned below.

(a) Folds in which each half of the fold dips toward the trough
of the fold.

(b) Folds in which each half of the fold dips away from the
crest.

(c) Low angle reverse faults.

2.  When a rock has undergone plastic deformation, either it can
bend or break with displacement of masses. What is the name
for:

(a) Rock structure resulting from bending of rock?
(b) Rock structure due to breaking with displacement?

3. How does faulting result in the formation of horst and graben?

Be34 00

Joints are fracture surfaces or planar discontinuities in rocks
involving no relative displacement of the adjacent blocks. These
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are perhaps the most common structural features exhibited by
rocks (Fig. 4.30). Joints can form from compressional, tensional
and shear stresses. The length of joints varies considerably and
can range in size from microscopic to kilometers in length. Joints
may have any orientation or attitude, some joints are vertical,
others are horizontal, and many are inclined at various angles.
The strike and dip of joints are measured in the same way as that
for bedding.

Joints develop during the exhumation or exposure of rocks
following erosion of the overburden. The joints also result from
contraction and expansion due to cooling and decompression
respectively. Multiple sets of joints that intersect at angles ranging
from 45° to 90° are very common. They divide rock bodies into
large, roughly rectangular blocks. A joint set is a group of two or
more joint surfaces trending in the same direction with almost
the same dip. Each set probably formed at a different time and
under a different stress orientation. Long planar cracks that occur
almost regularly throughout a rock body can be considered as
systematic joints.

Types of Joints

Joints occur in almost all types of rocks, whether it is igneous
rocks, sedimentary rocks or metamorphic rocks. Columnar joints
and sheet joints are two common types of regular or systematic
joints that are very prominent worldwide.

Columnar joints: Columnar joints or prismatic joints divide
the rock mass into polygonal blocks, each block bounded by three
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to eight sides. Five and six sided blocks are common. The resulting
columnar structure consists of long hexagonal blocks (Fig. 4.31)
closely packed together. The columns may extend to varying depths
ranging from a few centimeters to many meters.

These joints are typical of volcanic igneous rocks like basalts.
The polygonal cracks are thought & a TR T
to be directly developed during § T -

(accompanied by con traction) of §
the hot molten material (lava or
magma). You may have seen
polygonal cracks developed in the ‘-- P ke R AL

. Fig. 4.32: Polygonal cracks developed in dry
dry paddy field by contraction of  paddyfields during extreme summer season
mud during extreme summer

season (Fig. 4.32).

Sheet joints: These joints are
generally seen in granites and
other related igneous rocks as
well as in some sedimentary
rocks. They develop in sets and
are more or less parallel to the

_, | surface of the ground. A

granite  horizontal set of joints often

divides the rock mass in such a

way that it gives the appearance of a layered sedimentary
structure (Fig. 4.33).
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Joints are important because they create open spaces in rock
in which water, oil, or natural gas can move or be stored. Joints
also provide potential surfaces along which rocks can slide. Quarry
operations, especially those involved in obtaining blocks of certain
dimensions and sizes are obviously greatly influenced by the joints.
Best examples are the breaking of granites, sandstones, slates,
etc. in their respective quarries. In civil engineering projects such
as construction of tunnels, highways, dams, reservoirs or multi-
structures and high-rise buildings, the orientation and
concentration of joints are very significant.

W+ Unconformities

The term ‘unconformable’ is employed in geology to denote
younger strata or beds that do not 'conform' in stratigraphic
position (i.e., not succeeding the underlying rocks in immediate
order of age). An unconformity is a surface of erosion or non-
deposition occurring within a sequence of rocks and that separates
younger strata from older rocks.

From the perspective of historical geology,unconformities are
substantial breaks or gaps in geologic record (generally termed
hiatus). The formation of an unconformity may be attributed to
three main processes like erosion, deposition and tectonic activity.
Unconformities result from a change that caused deposition to
cease for a considerable span of time, and it normally implies
uplift and erosion with loss of some of the previously formed rock
record in the locality. Therefore, unconformities mark an
interruption in the continuity of a depositional sequence of
sedimentary rocks or a break between an eroded igneous or
metamorphic rock and younger sedimentary strata. Most
unconformities are typically buried erosional surfaces.

Since unconformities indicate a gap or interval of time in the
geological history of the area during which the normal process of
deposition was interrupted, these represent a break in the geologic
record (a period of non deposition or erosion) which may in some
cases extend hundreds of millions of years or more. An
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unconformity is therefore, a plane of discontinuity that separates
two rocks, which differ notably in their ages. It is a structural
feature in the sense that the rock formations lying above and
below it generally represent different conditions under which they
have been formed.

Types of unconformities

The main types of unconformities are (1) Angular unconformity,
(2) Parallel unconformity or Disconformity and (3) Non-conformity.

Angular Unconformity: An angular unconformity is a contact
that separates a younger, gently dipping or horizontal rock unit
or set of units and an older, set of underlying rocks that are
tilted or deformed layered rocks. It is a type of unconformity in
which the beds below the unconformity dip at a different angle
than the beds above it. In angular unconformities, both the
underlying and overlying rocks are of sedimentary origin, but
the attitude of rocks above and below the plane of discontinuity
notably differ from each other. Now analyse the figures (Fig. 4.34)
given below and note the different stages involved in the formation
of an angular unconformity.

(3) Erosion (4) Renewed Deposition
Fig. 4.34: Stages of formation of an angular unconformity

Stages of formation of an angular unconformity involve: First: a
set of rocks was deposited; Second: these rocks were uplifted and
tilted or folded (deformation); Third: erosion removes the uplifted
portion of the sedimentary layers and the rocks were eroded down
to a level surface; Fourth: subsidence and deposition of new
sediments occurs on top the eroded surface (previous land surface)
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and a younger set of rocks was laid down on top. You can infer
that angular unconformities are those where an older package of
sediments has been tilted, truncated by erosion, and then a
younger package of sediments was deposited on this eroded
surface.

Disconformity or Parallel unconformity: Disconformities are
also erosion surfaces occurring between two sets of sedimentary
layers. But in these types of unconformities the lower set of
sedimentary layers was not tilted
prior to deposition of the upper
set of sedimentary layers.
Disconformities are also known as
‘parallel unconformities', because
of the fact that the beds above and
below the surface of unconformity
or plane of discontinuity are
parallel. In the Fig.4.35, the D)
disconformity is indicated by an irregular black line between the
3and 4% rock units from the bottom set of sedimentary layers.

The sequence of events leading to the formation of a
disconformity is as follows: (1) subsidence and sediment
deposition; (2) uplift and erosion; (3) renewed subsidence and
deposition.

Because the beds below and above a disconformity are parallel,
the disconformities are more difficult to recognize in the
sedimentary record. Since disconformities are hard to recognize
in a layered sedimentary rock sequence, they are often discovered
when the fossils contained in the upper and lower rock units are
carefully studied. A gap in the fossil record indicates a gap in the
depositional record, and the length of time the disconformity
represents can be estimated.

Non-conformity: Nonconformity is the contact that separates
a younger sedimentary rock unit from an older igneous intrusive
rock or metamorphic rock unit. The term is commonly applied to
structures in which the older formation, made up essentially of
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plutonic rocks, is overlain by
younger sedimentary rocks or
lava flows. In the cross section of
a locality shown here (Fig. 4.36),
there is a body of rock that is not
sedimentary, wupon which
sedimentary strata are laid down. : R :
This kind of junction between two Fig. 4.36: Nonconformity
different major rock types is a

'nonconformity’.

A nonconformity suggests that a period of long term uplift,
weathering, and erosion occurred to expose the older, deeper
rock at the surface before it was finally buried by the younger
rocks above it. The erosional surface formed over the underlying
rock is represented by a nonconformity, over which younger layers
of sediments were deposited.

Unconformities are very important in dating of orogenic and
epeirogenic movements. They are also useful to students of
stratigraphy, sedimentation and historical geology.

Knowyour progress

1. What is the difference between a joint and a fault?

2. What are the importance of joints in the field of civil
engineering?

3. How are unconformities developed? Why do you consider an
unconformity as a structural feature?
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When the crust of the Earth is subjected to deformational stress, it buckles and
breaks and the rocks become permanently deformed. In some places, originally
formed horizontal strata become tilted or folded, and in others the rock units are
fractured and often offset along faults. The large-scale shape, geometry, and
deformation of rock bodies are part of what we call their structures. Identification
and analyzing of geological structures have great importance in the field of
geotectonic, groundwater prospecting, in the search of mineral deposits and in
petroleum exploration.

93 Let us assess

1. Fill in the blanks.

(i) In fault, the hanging wall appears to have moved
down relative to the footwall.

(ii) If two faults dip away from each other, the middle block
moves up. Mountains formed in this manner are called
mountains.

(iii) Folds consist of two sides. Each side of the fold is called
a

(iv) are long columns of joints with polygonal cross
sections formed as lava cools and contracts into an
igneous rock.

2. A clinometer compass is used to measure
a) Strike and dip direction only.
b) Strike direction only.
c¢) Dip direction and amount of dip only.
d) Strike direction, dip direction and dip amount.




Ponmioadea rom e
Geological structures

3. Define the following terms.
(a) Strain
(b) Joints
(c) Bedding
4.  What is meant by attitude of rock beds?

5.  When a rock has undergone non-recoverable strain, what types
of deformations take place?

6. Which type of fold has the limbs that dip towards each other
with younger strata at the centre of the fold?

7. Describe the three major types of stress.

©9

What is the difference between elastic and plastic deformation?

9. Distiguish between an angular unconformity and a
disconformity.

10. Draw a block diagram showing a horst and a graben.
I ——
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History of the Earth
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After the completion of this chapter, the learner:

» Explains the necessary conditions for
preservation of fossils in rock strata.

= Summarizes the different modes of
fossilization.

» Describes the significance of fossils in
stratigraphy.

» Understands the concept of geologic time
and its usefulness in understanding the
history of the Earth.

» Establishes the difference between the
determination of relative age and absolute
age of geological events.

» States the principles of stratigraphy that are
employed to determine relative age of rocks.

—
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Geology is not only the study of the Earth as we see it today,
but it also includes the study of the history of the Earth. The
Earth has evolved (changed) throughout its history, and will
continue to evolve. The branch of geology that deals with the
study of the history of the Earth, particularly the changes that
affected the Earth and as it has evolved to its present condition,
including its life forms in time and space, is known as Historical
Geology.

I stratigraphy and Palaentology |G

Stratigraphy is a branch of geology, concerned with the
. description of rock successions and their interpretation in terms
of Geological Time Scale. It provides a basis for historical geology.
The principles and methods used in stratigraphy also find their
applications in petroleum geology and archaeology. Stratigraphy
deals primarily with sedimentary rocks, and also deals with layered
igneous rocks (e.g., a succession of lava flows) or metamorphic
rocks derived from pre-existing sedimentary rocks.

Three basic objectives of stratigraphic studies are:
(1) the subdivision of a sequence of rock strata into mappable
units, (2) determining the time relationships that are involved,
and (3) correlating units of a sequence or the entire sequence
with rock strata elsewhere.

The need to classify and organize rock layers according to their
age led to the geologic discipline of stratigraphy. Stratigraphers
can summarize information about the sequence of strata at a
location by drawing a stratigraphic column. Stratigraphic
columns everywhere are divided completely on the basis of
lithology into mappable units, known as 'formations'. The
thickness of formations may range from less than a meter to several
thousand meters. A stratigraphic column shows the succession
of formations in a region.

The process of determining the relationship between strata at
one location and strata at another is called correlation. You will
learn about stratigraphic correlation later in this chapter. By
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correlating strata at many locations, one could trace individual
formations of strata over fairly broad regions and create geologic
maps. The portrayal of the history of the Earth can be made by
correlating rocks from locality to locality at numerous places
around the world. If fossils are present in the rocks, they can be
used to correlate rock layers across large distances.

The branch of historical geology dealing with the study of fossils
is Palaeontology. Evidence of most of the life-forms of the past
are found as fossils, which are the remains or traces of an organism
from the geologic past that has been preserved in some
sedimentary rocks. Stratigraphy deals with the lithologic
composition, fossil content, classification, succession, age
relationships and several other aspects of stratified (layered) rocks.
One of the major objectives of the study of layers of rocks (strata)
is the interpretation of the geologic history of the localities, regions
and Earth as a whole.

B Fossils

Sedimentary rocks are, by far, the most common rocks at the
Earth's surface. They are formed mostly from particles of older
rocks that have been broken apart, carried and deposited by water,
ice and wind. The particles of gravel, sand, silt and clay, which
are collectively called sediment; settle in layers at the bottoms of
rivers, lakes and oceans. As the sediments accumulate, they most
often bury shells, bones, leaves, pollen, and other bits and pieces
of living things. With the passage of time, the layers of sediments
are compacted by the weight of overlying sediments and cemented
together to become sedimentary rocks and the buried plant and
animal remains become preserved as fossils in the resulting rocks:

Fossils are the remains or traces of ancient life. A fossilis a
life form or evidence of a life form preserved in an ancient rock.
Life form means that fossils can contain all or part of any plant or
animal that has existed during some part of the Earth's history.
Evidence of life means that fossils can be traces of plant or animal
activity, such as tracks, trails, burrows, or coprolites (fossil
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excrement). By the term ancient means that, the fossils must be
in rocks older than 10,000 years. Fossils are thus remains or
evidences of animals and plants (Fig. 5.1a and b) that lived during
the geological past and are found buried in sedimentary rocks.

Fig. 5.1 (a) : Fossil of a dinosaur skeleton (b):-Fossilized plant leaves

.5.2.1 Conditions for preservation of fossils _

Most organisms that lived in the past left no record of their
existence. Fossil preservation is a rare occurrence. The process of
forming a fossil is described as fossilization. All organisms do
not have an equal chance of being preserved as fossils. First of
all, the organism must live in a suitable environment. Generally,
marine and transitional (shoreline) environments are more
favourable for fossilization than the continental environments,
because the rate of sediment deposition tends to be higher in the
former environments.
The conditions favouring
fossilization of an
organism are many and — ¥
the possibility of finding O e st RssgmRessy PSRl
a fossil depends on
several factors. See the
figure (Fig.5.2) given
below, and discuss with
your peer learners the
conditions that favour
fossilization. ey

of crushed)

Organism Dies

Destro
{Physical and ial feehars)

Fig.5. 2: Conditions of fossilization
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To become preserved as a fossil, an organism must have
preservable hard parts. Hard parts (bones, shells, teeth, and wood)
have a much better chance of being preserved than do soft parts
(muscle, skin, internal organs). Moreover, the organism must be
rapidly buried by sediment. Burial protects the organism from
decay. The remains of organisms could be destroyed by the
processes of burrowing by other animals, dissolution,
metamorphism, or erosion. Therefore, to become a fossil, the
organism must also escape physical, chemical, and biological
destruction after burial.

In short, the organism must be buried quickly to prevent decay
and then must remain undisturbed throughout thousands of
years needed for fossilization. Because of these requirements,
only a very small number of plants and animals are preserved as
fossils.

Fossils are found in sedimentary rocks, like sandstone, shale,
limestone and coal. Igneous rocks are formed from molten rock
erupting from deep within the Earth and most metamorphic rocks
which are formed by tremendous heat and pressure. Therefore,
fossils are not usually found in either igneous or metamorphic
rocks.

.5.2.2 Modes of fossilization _

When you think of a fossil, you will imagin a bone or shell of
an organism. In fact, there are many different kinds of fossils,
based on the specific way in which the organism was fossilized.
These include the following.

(i) Preservation of unaltered hard parts

The bones and teeth of vertebrate organisms may survive in
rocks in unaltered condition. Similarly, the shells of invertebrates
and single-celled organisms may also be preserved in rocks.

(ii) Chemical alteration of hard parts

The hard parts of many fossil organisms have been chemically
altered by the addition, removal, or rearrangement of chemical
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constituents. Alteration of hard parts of organisms is generally
accomplished by permineralization, replacement and carbonization.

Porous shells and bones are commonly altered by mineral
matter deposited in them by percolating water. Fossils altered in
this way are called permineralized fossils. Permineralization is
the filling of pores (tiny holes) in bone or shell by the deposition
of minerals from circulating solution. The added mineral matter
makes the permineralized fossil much heavier than the original
material.

The chemical composition of some fossils is found to be quite
different from that of the original hard parts of the organism they
represent. Simultaneous solution of the original material and
replacement by a new substance may result in the preservation
of original structures in such fossils. Replacement is the molecule-
by-molecule (or atom by atom) substitution of another mineral
(of different composition) for the original
material. The fine details of wood are
generally preserved faithfully in petrified
wood (Fig. 5.3) by replacement process.
Minerals which commonly replace hard
parts of organisms are silica, calcium
carbonate and pyrite. Fig.5.3: Petrified wood

Carbonization is a process that preserves soft tissues of plants
or animals as a thin carbon film, usually in fine-grained sediments
(shales). The volatile elements (such as hydrogen and oxygen) of
the organisms are distilled, leaving a residue of carbon to preserve
the form of the original material. Fine details of plant fossils,
such as ferns, soft-bodied animals like jellyfish or worms may be
preserved in shale as carbonaceous films by carbonization process.

(iii) Imprints of hard parts in sediment

Many fossils are simply imprints with no shell material present
at all. Hard parts are commonly destroyed by decay or dissolution
after burial, but may leave a record of their former presence in
the surrounding sediment.
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Impressions or moulds are the imprints of an organism (or
part of an organism) in the sediment. A mould is formed when
the fossil surrounded by hardened sediment dissolves and leaves
a cavity in the shape of the original fossil. A shell buried in
sandstone may be leached or dissolved by groundwater, leaving a
mould of the shell in the surrounding sandstone. There are two
types of moulds:

(a) External moulds are imprints of the outside of a shell in the
rock. External moulds are produced when water percolating
through the compacted sediments in which the shell is buried
may dissolve away and leave a mould of the exterior of the
shell in the sediment. If the original shell was convex, the
external mould will be concave.

(b) Internal moulds are imprints of the inside of the shell in the
rock. Internal moulds are produced when a shell is filled with
sediment which becomes cemented, and then the shell is
dissolved away.

A cast may be produced if a mould is filled with sediment or
mineral matter (which then hardens). A cast is a replica of the
original. Casts are relatively uncommon. (A rubber mould of a
fossil can be filled with modelling clay to produce a replica or
artificial cast of the original object.)

(iv) Preservation of unaltered soft parts

In rare circumstances, the soft parts
of an animal may be preserved. Soft parts
of organisms such as insects (Fig.5.4),
or small frogs may be preserved if the
organism becomes trapped in pine resin
(later altering to amber). Larger animals
may become trapped in oily, tar-like
asphalt or in peat bogs.

Fig. 5.4: A fossilized insect
preserved in prehistoric resin

(v) Trace fossils or Ichnofossils

Trace fossils are markings in the sediment made by the activities
of organisms. These traces of organisms preserved in the rocks
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are called ichnofossils. They result from the movement of
organisms across the sediment surface, or the tunneling of
organisms into the sediment, or the ingestion and excretion of
sedimentary materials. Trace fossils include trails, burrows,
borings, foot prints and tracks (Fig. 5.5).

In many cases, tracks of animals are the only record of their
existence. For example, in many places, dinosaur tracks are much
more abundant than dinosaur bones. During its lifetime, a single
dinosaur makes millions of tracks, but leaves only one skeleton,
which may or may not be preserved.

g .‘:! v v 3 I " B 'I.
Fg. 5.5: (a) Footprint of a dinosaur, (b) Fossil tracks made by an animal
(probably a slug).

The fossils found in rocks throughout the world represent only
a few of the numerous plants and animals that have existed since
life began. Although a fossil record of all the living things that
have ever existed is unavailable, scientists use the fossil record
they do have to help them reconstruct the geologic history of the
Earth.

Know your progress, <

1.  Why do we say that fossil preservation is a rare occurrence?

2. A coral is originally made of calcite. After the coral dies, the
calcite is replaced by pyrite. What type of preservation is this?
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.5.2.3 Significance of fossils in stratigraphy _

Recall the term 'strata’ (singular: stratum) which refers to the
layers of sedimentary rocks. Stratigraphic columns everywhere
are divided completely on the basis of lithology into mappable
units, known as 'formations'. Such units are known as
lithostratigraphic units. The thickness of formations may range
from less than a meter to several thousand meters. Geologic
formations are typically named for the geographic area in which
they were first described (e.g., Quilon Limestone Formation,
Warkalli Sandstone Formation, etc.). A brief outline of the
significance of fossils in stratigraphy is given below.

Establishing Geologic Time

It is a very important point to note that, stratigraphy basically
deals with two concepts, namely (1) time and (2) the rock record.
The term geologic time refers to the period of time covering the
formation and development of the Earth, from about 4.6 billion
years ago to today. The time is continuous and has no breaks
and the units making up the time scale of the Earth's history are
called geological time units. These time units are also known as
geochronologic units. The largest defined unit of time is the
supereon, composed of eons. Eons are divided into eras, which
are in turn divided into periods, epochs and ages.

The Geologic Time Scale is based on the appearances and
disappearances of fossil species throughout the stratigraphic
record. Each of the eras ends with a mass extinction of species.
You can see in the table given below (Table.5.1) that, period
boundaries in Geologic Time Scale coincide with smaller extinction
events, followed by appearances of new species.
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Table 5.1: Fossil species and
corresponding periods of the Earth's history
Ages of organisms Eras/Periods
Age of Man Quaternary
Age of Mammals Cenozoic
Age of Reptiles Mesozoic
Age of Coal Carboniferous
Age of Amphibians Carboniferous and
Permian
Age of Fishes Silurian and Devonian
Age of marine invertibrates) Cambrian and Ordovician

The geologic time scale divides up the history of the Earth
based on life-forms that have existed during specific times since
the formation of the planet.

Identification of Chronostratigraphic Units

A succession of sedimentary rock layers formed during a specific
time intervals are called chronostratigraphic units (or time-rock
units). The terms eonothem, erathem, system, series, and stage
are used to refer to the layers of rock that correspond to the
largest to the smallest time units of geologic time of the Earth's
history. For example, the Jurassic System in chronostratigraphy
corresponds to the Jurassic Period in geochronology.

Where do the names of the periods in the Geologic Time Scale
come from? They refer either to localities where a fairly complete
stratigraphic column representing that time interval was
identified. For example, rocks named Juras (for the Juras
Mountains) in France and Switzerland were traced northward
and found to overlie a group of rocks in Germany named Trias.
The Trias rocks in turn, were found to underlie rocks named
Cretaceous in England.
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The location where a particular rock layer was discovered is
called a "type locality". Most of the "type localities" of the geologic
time column are located in Europe because this is where the
science of stratigraphic correlation started.

Correlation of rock sequences

Rocks at different locations on Earth give different "snapshots"
of the geologic time column. At a particular location, the stratified
rocks never fully represent the entire geologic rock column due
to extensive erosion or non-deposition. Moreover, the thickness
of a particular rock layer (representing a particular time period)
will vary from one location to another or even disappear altogether.
The process that stratigraphers use to understand these
relationships between strata at different localities is known as
"correlation". The age of rocks could be determined and detached
sequences can be correlated on the basis of their contained fossils.

Correlation is the process of determining the age relationship
between geographically widely separated rock units. Rocks of the
same age contain the same, or very similar, fossil species, even
when the rock units extend over a large area or the exposures
are not continuous. There is a distinct, observable succession of
fossils from older to younger rocks that did not repeat itself. The
kinds of fossils found in rocks of different ages differ because the
kinds of animals and plants found on Earth have changed through
time (evolution). Therefore, when we find the same kinds of fossils
in rocks in different places, we know the rocks are of the same
age. Similarity of fossil assemblages can be used for worldwide
correlation of rocks.

Fossils can be used to recognize the approximate age of a unit
and its place in the stratigraphic column. They can also be used
for establishing age equivalence of strata and to correlate them
from place to place.
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Il Geologic records I

Many features of the rocks serve as records of past events in
Earth's history. During the very long period of geologic time,
several natural events occurred on Earth. These include meteorite
impacts, volcanic eruptions and lava flows, mountain building,
quakes, erosion and sedimentation, slow movement of continents
(plate tectonics), formation and destruction of ocean basins (plate
tectonics), invasion and spreading of vast ice fields (glaciations),
climatic changes, evolution and extinction of countless forms of
life, etc. Evidence of all of these events is preserved in the geologic
record in some form or other. In fact, rock strata are a stony book
presenting the history of the Earth.

Geologists can extract from the rocks a fairly consistent record
of events in the Earth's history- a record of time. Geologic time is
continuous; it has no gaps. However, the rock record of a locality
or a region, unlike time will not be continuous because it often
consists of several breaks. This is because the areas of
sedimentation and erosion do not geographically remain
stationary on the surface of the Earth.

Stratigraphic sections are invariably incomplete in local and
regional successions because formation of sedimentary rocks is
not uniform everywhere on the surface of the Earth. Erosion will
be going on in some places in a particular span of time while
deposition of sediment is occurring in other places. Moreover, a
locality or region undergoing erosion today may become a locality
or region of deposition or sedimentation after a very long period
of time. No rock record will be forming in a locality or region
when it undergoes erosion.

When sediment is not being deposited, or when erosion is
removing previously deposited sediment, there will not be a
continuous record of sedimentation preserved in the rock record
in that locality. This is indicated by an 'unconformity'. Recall the
concepts you have learnt in the previous chapter, that an interval
of non-deposition or erosion in a sequence of strata is called an
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unconformity. Unconformities are significant in that they are
indicators of missing time in the rock record.

I Dating of geologic events |G

In order to study the records of rocks and interpret the history
of a locality, region or Earth as a whole, we must place the rock
records in correct chronologic order. Dating is the science of
determining the age of geological structures, rocks, and fossils,
and placing them in the context of geological time. There are two
methods of doing this: (1) Relative dating and, (2) Absolute dating
(Numerical dating).

Ws.4.1 Relative dating [

This involves placing rocks and events in their proper sequence
(i.e., with respect to time) of formation. Relative dating tells
scientists if a rock layer (or an event) is "older" or "younger" than
another. Relative age does not tell how old something is; all we
know is the sequence of events. Thus the relative time scale
doesn't give you numerical ages. Relative dating allows you
chronologic ordering of events in Earth history as recorded in
rocks.

Relative dating can be carried out by identifying fossils of
creatures that lived only at certain times (marker fossils), and by
looking at the physical relationships of rocks to other rocks of a
known age.

Long before absolute dating of rocks was developed in the 20™
century, geologists had to rely on relative age dating, which places
geologic events in their order of occurrence. Nowadays absolute
time has been established, to determine the age of the rocks.

.5.4.2 Absolute dating (Numerical dating) _

Absolute dating involves specifying the actual number of years
that have passed since an event occurred. In numeric dating, we
can assign a number more precisely in years to the amount of
time that has passed. Thus we can say how old something is.
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(For example, when we say Homo sapiens appeared about 2.3
million years ago, we quantify the date of the event in years).

Absolute dating is achieved by measuring how much of a rock's
radioactive elements have changed since the rock was formed,
using the process of radiometric dating. Radioactive materials
serve as geologic clocks. Geologists date rocks using the technique
of radiometric dating. By combining radiometric age information
with paleontological information, it has been possible to attach
absolute numbers to the geological time scale, and also to
determine the absolute ages of most rocks.

Radioactive dating

Naturally occurring radioactive materials are unstable and break down
into other materials at known rates. This is known as radioactive decay.
Radioactive parent elements decay to stable daughter elements. Many
radioactive elements can be used as geologic clocks. Each radioactive
element decays at its own nearly constant rate. Once this rate is known,
geologists can estimate the length of time over which decay has been
occurring by measuring the amount of radioactive parent element and the
amount of stable daughter elements. The following table (Table 5.2), lists
radioactive parent isotopes, their stable daughter products and their half

fives. Table 5.2:Half lives of various radio isotopes
Unstable Stable Half Life
Radioactive parent daughter
Rubidium 87 Strontium 87 48.8 billion years
Thorium 232 Lead 208 14 billion years
Uranium 238 Lead 206 4.47 billion years
Potassium 40 Argon 40 1.25 billion years
Uranium 230 Lead 207 /04 million years
Carbon 14 Nitrogen 14 5730 years
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In the above table, note that the number is the mass number (the total
number of protons plus neutrons). Note that the mass number may vary
for an element, because of a differing number of neutrons in its atom.
Elements with various numbers of neutrons are called isotopes of that
element. Each radioactive isotope has its own unique half-life. A half-life
is the time it takes for half of the parent radioactive element to decay to a
daughter product. Radioactive decay occurs at a constant exponential or
geometric rate. The rate of decay is proportional to the number of parent

atoms present.

1. How can you substantiate that the Geologic Time Scale signifies
the appearance and disappearance of certain fossil species in
rock records?

2. What is the difference between absolute age and relative age
which we speak of a geological event?

Fundamental principles of
Historical Geology

Students understanding of Earth's immensely long history
is enhanced by looking at the relative sequence of events, rather
than specific dates and time periods. Relative dating is established
by studying the layers of rocks, and the rocks and fossils they
contain.

Using relative dating principles, it is possible to reconstruct
the sequence of geologic events that have occurred at a site. In
the reconstruction of the history of the Earth, for relative dating
(or determining which rocks are older or younger) of rock units
scientists are guided by certain principles. Now let us learn those
principles.

.5.5.1 Principle of uniformitarianism _

Uniformitarianism is the term given to a fundamental principle
or doctrine that geological processes and natural laws that are
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now operating on Earth have acted in the same regular manner
and with essentially the same rate throughout the geologic time
and that the past geologic events can be explained by the
phenomena and forces observable today. This doctrine holds
the view that the processes that are operating during the present
are the same processes that have operated in the past. The concept
is often summarised as: 'The present is the key to the past'. If
we look at processes that occur today, we can infer that the same
processes operated in the past.

. 5.5.2 Principle of superposition _

This principle states that in an undeformed horizontal sequence
of sedimentary rock (or layered igneous rock), the oldest beds
are on the bottom with successively younger layers on top of
these and the youngest one will be on the top. This is the basis of
assigning relative ages to all strata.

Sedimentary rocks are formed particle by particle and bed by
bed, and the layers are stacked one over the other. Thus, in any
sequence of undisturbed layered rocks, a given bed must be older
than any bed on top of it. The
law of superposition was
formulated in the 17" century _
by the Danish scientist Nicolas c
Steno. The cross sections

B
given in the figure 5.6 shows
a simple example of an =
undisturbed sedimentary Fig.5. 6: Diagram showing the principle of
. . superposition
rock. A is the oldest, D is the
youngest.

Fossils are the keys to establish the sequence of the ages of
layered sedimentary rocks, and they are the direct proofs of the
changes that have occurred in living organisms through time on
our planet. The principle of superposition also means that fossils
found in the lowest levels in a sequence of layered rocks represent
the oldest record of life in that locality. This principle is
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fundamental to understanding not only the relative age of rocks
at any one place, but it also indicates the relative ages of the
fossils they contain.

If certain fossils are typically found only in a particular rock
unit and are found in many places worldwide, they may be useful
as index or guide fossils in determining the age of undated strata.
Index fossils are useful in identifying time-rock units and in
correlation.

.5.5.3 Principle of original horizontality _

This principle states that
sediments usually form flat-lying or -
horizontal (or nearly so) deposits on ;
the Earth's surface (Fig 5.7). If the 558
strata are not horizontal and found §
tilted, we can infer according to this |
principle, that they have been
deformed after their formation by EE==
movements of the Earth's crust. Fig. 5.7: Horizontality of strata

.5.5.4 Principle of crosscutting relationship_

Geologic features, such as faults and igneous intrusions are
younger than the rocks they cut. Sometimes magma pushes, or
intrudes, into cracks in existing rocks. When the molten rock
cools and solidifies, the resulting feature is called an igneous
intrusion. An intrusive igneous body will be always younger than
the rock it intrudes or cuts across. The figures (Fig. 5. 8 a & Db)
given below show an intrusion (dyke) as seen in an outcrop and
the schematic cross section indicating crosscutting relationship.
See the disruption in pattern of rocks shown in the figures below
and note that the intrusions are younger than the rocks that cut
or intrude into.
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The crosscutting relationship is also an indicator of relative
ages. It applies to igneous intrusions, faults, veins, erosional
surfaces, etc.

.5.5.5 Principle of faunal succession _

This principle states that the groups of fossil plants and animals
occur in the geologic record in a definite and determinable order.
Fossils occur in a consistent vertical order in sedimentary rocks
all over the world. The kinds of animals and plants found as fossils
change through time.

Thus, rocks of the same age contain the same, or very similar,
fossil species, even when the rock units extend over a large area
or the exposures are not continuous. Therefore according to this
principle, a period or any portion of geologic time can be recognized
by its respective fossils.

sy S |
[y
-

= The principle of original lateral continuity

B

Sediments generally accumulate in

continuous layers. According to the
principle of lateral continuity, strata
originally extended in all directions
until they either thinned to zero at
their edges of deposition or they
adjoin against the margin of the basin
of deposition (Fig.5.9). If you find a
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sedimentary layer cut by a stream valley, then you can assume that the
layer once extend continually, but was later eroded by the stream that

formed the valley. Thus, matching strata on opposite sides of a valley can

be correlated.

Principle of inclusion

_%

—— . .
If we find a rock fragment enclosed within another rock, we say the

fragment is an inclusion. If the enclosing rock is an igneous rock, the
inclusions are called xenoliths. The inclusions had to be present before
they could be included in the

younger rock. The principle of
inclusion states that rocks
containing inclusions are younger
than the inclusions from which they

came from.

Note the irregular erosional Fig 5.10: Clasts in an unconformity
surface in the diagram above (Fig.5.10). It is an unconformity.

The clasts or pebbles shown in the diagram (in the bed above the
unconformity) are derived from the underlying (older) bed. The gravel clasts
are older than the layer which contains them. In other words, the layer
containing the gravel must be younger than the layer from which the clasts

originate.

We can use the principles of stratigraphy to establish the relative
ages of rocks. Now, carefully study the figures given below (Fig.5.11
to 5.15) showing cross sections of different localities. What is the
sequence of events that can be interpreted from these? For each
of the following cross sections, determine the relative age sequence
of the rocks. Place the answers making a list of increasing age.
Remember; always start by looking for the oldest event first and
working your way from oldest to the youngest. Don't forget to
consider all intrusions and faults. The diagrams go from simplest
to hardest to let you progressively improve your skills.




Downloaded from https

History of the Earth

Know your progress 9

1. What do you mean 1:;y the statement "The present is the key to
the past"?

“;

2.  Why do we say rock layers are commonly deposited one above
the other?

3. Describe how you will determine younger and older rock units
in a sequence of strata based on each of the principles given
below.

i) Principle of superposition

ii) Principle of cross cutting relationship
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Let us conclude

Fossﬂs that were contained in the rock could be used to determine relative
ages of rock strata. Successive rock layers contain different groups or
assemblages of fossil species. The law of uniformitarianism states that, the laws
of nature do not change with time. According to the principle of fossil succession,
there is a succession of fossils that relate to the age of the rock. With this
information, in combination with the other principles of stratigraphy, geologists
were able to recognize that the Earth has a history that long precedes mankind.
On getting insight into the past, one can obtain a deeper and more detailed
knowledge of processes on our planet.

9: Let us assess

Choose the right word from those given in brackets to mention
the following:

(Permineralization, Trace Fossils, Carbonization)
(a) Signs of the organisms' activity.
(b) Minerals deposited in pores.

(c) Preservation of soft tissues of plants or animals as thin
carbon films.

2. If a bed has a fault cutting through it, which one is older, the
bed or the fault?

In which type of rock are fossils normally found?
Define Fossil.

Differentiate between relative age and absolute age.
What are moulds and casts?

What does the Law of uniformitarianism state?

® N o g s W

Fossils are the remains or evidence of once living organisms.
How these remains are preserved in rocks?
-
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Chapter

(zeology and Environment

After the completion of this chapter, the learner:

» Explains the importance of environment for
sustaining life on Earth.

= Establishes the significance of geology in
environmental management.

* Realizes the interaction among various sub
systems of the Earth.

= Delineates the effects of mining on different
spheres of the Earth.

= Describes the impacts of sand mining on our
environment.

* Locates the major sources of contamination of
groundwater.

= Appraises the problems associated with saline
water intrusion.

= Examines the consequences of greenhouse effect
and global warming.

* Recognizes the need of conservation of natural
resources for sustainable development.
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The Earth is the only suitable habitat for life, and as citizens
of Earth, we have a vital relationship with our planet. We are
fundamentally dependent on Earth resources for everything in
our daily lives. While our population grows and our demands for
resources increase, we have impacted the Earth system
profoundly. Humans have changed landscapes, destroyed
ecosystems, and added pollutants to the land, air, and water at a
faster rate than the Earth system can absorb, process and
neutralize.

Environment is the sum total of all the features and conditions
surrounding an organism. Our physical environment includes
air, water, rocks, soil, factors such as light and temperature and
other organisms. The study of geology includes many areas of
global concern. Environmental geology is the geology applied to
living conditions.

I significance of Environmental Geology [N

Environmental geology involves the study of Earth systems,
natural hazards, land use planning, hydrologic, atmospheric and
global geologic processes. Environmental geology is an applied
science and it aims to understand environmental problems, use
geologic knowledge for problem solving, minimize environmental
degradation, resolve conflicts related to land use, optimize the
use of natural resources and maximize environmental benefits
for the society. It focuses on important modern concerns, like
how our global climate is changing and how that change may
affect human activities, how to maintain and improve vital natural
resources like drinking water, and how to manage and balance
the quality of the environment in the face of improving the
standards of life.

Environmental geologists objectively study geologic information
and apply to contemporary environmental problems such as
pollution, waste management, resource extraction, natural
hazards and human health.
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We are increasingly faced with environmental problems. An
understanding of the influence of geologic processes and hazards
on human activities and the geological aspects of pollution and
waste disposal problems is essential to find an appropriate
solution. The study of Earth's natural systems and their
interactions with humans helps to solve conflicts in land use,
minimize environmental degradation and maximize the beneficial
results of using our environment.

Il |nteraction among the Earth's sub-systems [

The Earth system consists of atmosphere, hydrosphere,
lithosphere and biosphere. It also includes the cryosphere, which
is the portion of the Earth's surface where water is in solid form,
including sea ice, lake ice, river ice, snow cover, glaciers, ice caps,
ice sheets, and frozen ground (which includes permafrost).
Another sphere of the Earth, the anthrosphere (also referred to as
technosphere), which is that part of the environment that is made
or modified by humans for habitats is also relevant.

You have learnt in the previous class that, the surface of the
Earth, where the rocky part of our planet occurs, in contact with
water, air, and/ or life, is generally where the spheres intersect
and affect each other. The Earth surface represents the interface
between the lithosphere, the hydrosphere and atmosphere. Most
organisms constituting the biosphere exist at the interface where
the lithosphere, hydrosphere and atmosphere meet. All these
components interact with one another and comprise the Earth
system.

As the Earth worked as a system, the changes made in anyone
of the sphere affect all other Earth spheres and they are
manifested in various ways. Each sphere interacts with the others
to form a complex global system (Fig. 6.1.).
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Flg 6.1: Interactmn among the various spheres of the Earth

Materials and energy tend to cycle from one sphere to another.
Various materials such as water, carbon dioxide and many other
chemical compounds or elements cycle among living and non-
living components of the Earth system. Solar radiation drives the
hydrosphere and circulation of the atmosphere and oceans. These
in turn, cause erosion of the land surface. The earth's internal
energy fuels the movements of plates and activities such as
volcanism and uplift of mountains.

Everything, from a grain of sand on a beach to a lake, mountain
range, or valley, exist because it was formed in a systematic way
by an organized interaction of matter and energy. Dynamic
geologic systems are governed by natural laws, which provide the
keys to understanding Earth and all its landscapes and processes.
Changes that take place in one part of the system have effects on
other parts.

Understanding the Earth's systems and their interactions -
processes that move matter and energy from one sphere to
another- is critical in solving environmental problems.

.6.2.1 Human interaction with the environment _

Man has brought about lot of changes in the environment due
to the utilization of the natural resources for his living, well-being
and enjoying life. Throughout recorded history, mankind has
struggled to manage his natural environment in order to improve
its well being. The resources on which mankind is dependent are
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provided by various sources from the four 'spheres', viz.,
atmosphere, hydrosphere, lithosphere and biosphere.

The atmosphere provides the basic components of survival of
life. It forms a protective shell over the Earth. The atmosphere is a
complex dynamic system, if it is disrupted it adversely affects
mankind and all. Human activities have polluted the atmosphere
and most pollutants have both global and regional effects. Most
of the major pollutants of the air are created by industries. The
growing number of automobiles, which run by consuming fossil
fuels, is a major cause of air pollution.

The hydrosphere provides mankind with water for his domestic,
agricultural and industrial uses. Human activities such as
deforestation create serious change in the hydrosphere. Water
pollution by chemicals and effluents from industries and sewage
threaten the health of communities.

The lithosphere comprises of soil, stones, sand, rocks, minerals
as well as coal, oil and gas. Man's extraction and utilization of
these natural resources for his beneficial purposes led to a
deterioration of the natural environment. Man's activities such
as quarrying and mining have produced immense impacts on the
lithosphere over the years.

Biosphere is the relatively thin layer on the Earth in which life
can exist. Biosphere includes sources of food from crops and
domestic animals, food for all forms of life, the energy needs in
the form of wood, timber and other construction materials.

Anthropogenic activities have made lot of changes on the
environment. Industrialization, agricultural activities, urbanization
and related activities have only been detrimental to the
environment. Mankind as of today cannot live without carrying
out these activities for its food, shelter, comfort, security and many
other needs. However, the way we perceive and respond to our
natural environment determines our attitude towards the
protection of our environment. Managing the environment means
managing human behavior.
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All living beings including humans are dependent on the
environment for their existence. But every man-made activity has
some impact on the environment. Often these activities are more
harmful than beneficial. Let us discuss a few of these
environmental problems that are very relevant for mankind.

Know you progress

1. How does the study of geology help us to manage our
environment?

2. Do you agree that anthropogenic activities have made harmful
impacts on our environment? Why?

3. How do the land-sea-atmospheric interactions sustain life on
this planet?

Environmental impacts of
mining and quarrying

Mining is the extraction of valuable minerals or other geological
materials from the earth, usually from an ore body, vein or coal
seam. With growing knowledge of the mineral resources as well
as due to technological and scientific developments, mining
operations are expanding day by day without taking into
considerations the impact on the environment. Hundreds and
thousands of bore holes and tunnels are drilled each year to
different depths, whose consequences may be felt even after many
years. Mining activities can modify the environment in a variety
of ways. Both underground mines and surface mines have their
own sets of associated impacts. Most obvious is the presence of
mine itself.

A quarry is a place from which dimension stone, rock,
construction aggregate, sand or gravel has been excavated from
the ground. Quarrying refers to the extraction of any building
material or dimension stone from an openpit mine. The word
quarry can also include the underground quarrying for stone.
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Quarrying is necessary to provide much of the materials used in
construction of buildings and traditional hard flooring, such as
granite, limestone, marble, sandstone, slate and even just clay to
make ceramic tiles. However, like many other man-made activities,
quarrying causes a significant impact on the environment.

Effects of mining and quarrying on the environment may not
be evident immediately; they are usually noticed after some years.
If you live near an area where rocks or minerals have been quarried,
there are environmental and social issues tied up with the removal
of rock materials. It might destroy the appearance of the whole
landscape, its stability and usability (Fig. 6.2).

—

Various types of mining activities like open cast mining and
underground mining have adverse effects on the environment.

.6.3.1 Effects on lithosphere _

Deforestation: Large-scale deforestation is to be carried out
in the areas where quarrying and mining have to be done (Fig.
6.3). Rainforests are the biggest source of oxygen, wood and
medicines on this Earth. Besides clearing the mining area,
vegetation in the adjoining areas also needs to be cut in order to
construct roads and residential facilities for the mine workers.

=

X

. Lt

Fig. 6.3: Large-scale deforestation for mining activities
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Land degradation and land pollution: Release of the
chemical waste of mining into the land changes the chemical
composition of the land. Besides this, since the chemicals are

i poisonous, they make the soil
WARNING -

MINING AREA - unsuitable for plants to grow (Fig.
WO FURTHER

EARME 6.4). Also, the organisms that live
in the soil find the polluted
environment hostile for their
survival.

Fig. 6.4: Land degradation due to mining

Land subsidence: Subsidence of surface takes place due to
extraction of minerals. Subsidence is exhibited by cracks on
surface and lowering of land in the worked out areas compared to
surroundings. Land subsidence is common in areas where
underground mining of coal had been progressing for prolonged
periods and in areas of abandoned underground mines (Fig. 6.5).

e

dence

Fig. 6.5: Land subsi due tc-> mining

Landslide: 1t is estimated that about 30% of the latest landslides
were occurring due to mining. Landslides are frequent in areas
of deep open cast mines (Fig. 6.6).
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Accumulation of quarry waste: Similar to many other man-
made activities, quarrying involves the production of significant
amounts of waste. Some types of quarries do not produce large
amounts of permanent waste, such as sand and gravel quarries,
whereas others will produce significant amounts of waste material
such as clay and silt. Furthermore, the treatment and disposal of
the waste may produce more negative impacts on the environment.
The accumulation of waste by-products will have to be stored and
managed somewhere that will not affect the environment in an
adverse manner.

[l6:3.2 erects on Hydrosphere

Water pollution: Mining activities increasingly threaten the
water sources on which we all depend. Chemicals like mercury,
cyanide, sulphuric acid, and arsenic and methyl mercury are used
in various stages of mining. Such compounds get mixed up in
the local waterways and contaminate local rivers with heavy
metals. Most of the chemicals are released into nearby water
bodies, and are responsible for water pollution. In spite of tailings
(pipes) being used to dispose these chemicals into the water
bodies, possibilities of leakage are always there. When the leaked
chemicals slowly percolate through the layers of the Earth, they
reach the groundwater and pollute it.

Acid mine drainage: This refers to the outflow of acidic water
from coal mines or metal mines. Metal sulphides are exposed
during mining activities. When large quantities of rock containing
sulphide minerals are excavated from an open pit mine or opened
up in an underground mine; it reacts with water and oxygen to
create sulphuric acid. When the water reaches a certain level of
acidity, a naturally occurring type of bacteria called Thiobacillus
ferroxidans may kick in, accelerating the oxidation and
acidification processes, leaching even more trace metals from the
wastes. The acid will leach from the rock as long as its source
rock is exposed to air and water and until the sulphides are leached
out. This process can last hundreds, or even thousands of years.
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Acid is carried off the mine site by rainwater or surface drainage
and deposited into nearby streams, rivers, lakes and groundwater.

Acid mine drainage severely degrades water quality, and can
kill aquatic life and make water virtually unusable (Fig. 6.7 a).
Release of toxic chemicals into the water is obviously harmful for
the flora and fauna of the water bodies. Organisms in these water
bodies do not have enough water for their survival (Fig. 6.7 b).

Lowering of groundwater table: Mining processes require
water from nearby surface and groundwater bodies. For example,
water is used to w