INTERIOR OF THE EARTH

doyou Imagine sttt the neinre
of the earth? Do vou imagine it to be
a solid ball ke cricket ball ar a

hollow ball with = thick cover of rocks 1=
lithesphere? Hae you s seen photographs
or images of = volcanic eruption on the
tel=vision screen? Cao you recallert the
emergencs of hot moiten Iava. dust. smoke, fire
end magma Agwing out of the volcanic crater?
The mtenor of the earth can be understood only
by mndirect evidences ssneither any one has nor
=nverns ean rearch theinterior of the-sarth.

The cosfaumation of the siurEce ol the sarth
is largely a produrt of the oroces=es operaiing
in the interigr of the earth. Exgfenir aswellas
endogdenic processes are constantly shanping
the land=seape- A proper understanding of the
phvsiographic charscter of a region remains
incommpleteifthe effects ef endodenir processes
are grored. Human life Is largedy influenced
bv the: phy=wmgraphy of the region. Thezeior=.
it s meressaTy ihai one gl acgusiniec with
the forees that influence landscape
development. To understand why the eastth
shzlees or how a tsunami wave is generated, it
is pecessary that we know certain details of ths
intepor of the sarth. In the previous chapter.
you h=ve moted that the sarth-forming
materisls heve been distribuied in the form =
lavers from the cnistto the core. it is inteTesting
teo know hew scientists have gathered
mformation about these lavers and what are
the cheracteristics nf =arh of thess layvers. This
fsexmetly what this chapler desls with.

CHAPTER

SoumcEs oF InForMaTion snouT TEE InTERIOR

The zarth’ s adius is abosut 6378 km_ Noon=s
can Tearh the centre of the earth and msks
gbssrvations or caollect sampies of the meterisl
Undersuch conditions, you may wonder how
sci=ntists =11 us about the sarth's interior and
the type of materials thiat st at such depths:
Most of our knowledige about the fsterior of
the earth is lergely ‘based on estimates and
mferences. Yet, a past of the information Is
abtained bhrough direct gsbsszvetons and
analysis of materials.
Themost easily available solid earth matsrial
is zurface rock or the ocks we get from mimng
aregas. Goldminesn Scuth Afiies ars a= deep
as 3 - 4 km. Going teyond this-depth 15 ot
cossible 85 it'Isvery hot 5t this depth. Besides
mining, scisntists have @hen up anumberof
projects to penetrats deeper depthsto expiore
the coriditions in the crnsisl portions. Scientists
world over are working on twe major projects
such as "Desp Ocezn Drilling Project’ and
“Integrated Ocean Drilling Project”. The
deepest drill at Kola, inArctic Ocean, has so
far reached a depth of 12 kom. This and many
deep drilling projects have provided lsrge
volume of information through the anslysis of
matenals collected st different depths.
Voleapic ssupbon formsanotheyr saares of
obtainmg direct information. As and when the
malten moterial [magma) is throvwn onto the
surfare of the sarth, during voleanic eTuphion
it becommes-gayvailabls for Iabgratory aralysis,
However, it = difficuit to ascertsin the depth of
the spurce of such magma.
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Indireet Sources

Analvsis of properties of matier indirectly
provides mformation about the interior. We
know through the mining activity that
temperiture and pressure tncrease with the
Increasing distance from the surface towards
the mterior in deeper depths. Morcover, it 1s
also known that the denstty of the matenal also
increases with depth. 11 1 possible to find the
rate of change of these charactenstics. Knowing
thie total thickness of the earth. setentists have
estimated the values of lemperahure, pressiure
and the density of materials at different depths.
Thie detalls of these characteristies with
relerence o each layer of the mterior are
discussed later in this chapter,

Another source of nformation are the
meteors that at tmes reach the earth. Howeser.
It may be noted that the matenal that becomes
avallable for analysis [rom meteors, 1s not from
the intertor of the earth. The material and the
structure observed nthe meteors are similar
lo that of the earth. They are soltd bodies
developed out of miaterials same as: or similar
to. our planet. Henece, this becomes yet another
souree of nformation about the tnterior of the
eqarthi.

The other indirect sources Include
gravitattorn. magncetic Aeld, and selsmic activity,
The gravitatton foree (g) 1s oot the same at
different lattodes on the suriace. I 1s greater
near the poles and less at the equator. This 1s
because of the distance from the centre at the
equator being greater than that at the poles:
The gravity values also differ according to the
mass of material. The uneven distribution: of
mass of material within the eareh influences
tiys value. The reading of the gravily at different
places 1s influenced by many other factors.
These readings differ from the expected values.
Such a difference s called gravity anomealyy.
Gravity anomalles give s information about
the distribution of mass of the material m the
crust of the earth. Magnetlc surveys also
provide information about the distribution of
magnetc materials in the crustal portton., and
thus, provide Information about the
distribution of materials in thls part. Selsimle
ackhviiy is one of the most Important sources of
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mformation aboul the interior of the earih.
Hetioe, e shall diseuss I i soiiie detall,

Earthquake

The study of selsmic waves provides a complete
picture of the fayered intertor. An earthguake
i simple words ts shaking of the earth. Hisa
natural event. It is coused due to release of
eneridy. which generaies woves that tmavel in

Why does the earth shake?

The relcase of encrgy occurs along a fault. A
fault 1s-a sharp break in the crustal yocks.
Rocks along a fault tend to move in oppostte
directions. As the overlying rock stmia press
them, the Mction locks them together. However,
thetr tendenoy to move apart at some point of
ttme overcomes the foction. As a result, the
hlocks get detormed and eventually, they slide
past one another atwuptly, This causes a
Tolease of energy, and the energy waves travel
im all directions. The point where the energy 1s
released is called the focus of an earthguake,

alternattvely, 1t is called the hypocenire. The
energy waves travelling in diffevent directions
reach the surface. The point on the surface,
nearest to the focus, is called epicentre. | 1s
the first one to experienee the waves, [t 1sa point
directly above the focus.

Earthquake Waves

All natural carthquakes take place in the
lithosphere. You will learn about different
layers of thie carth later in this chapter. [L1s
sitfficient to note here that the ithosphere refers
to the portton of depth up to 200 knt from the
surface of the earth. An instrument called
‘seismograph’ records the waves reaching the
surface. A curve of carthquake waves recorded
on the setsmograph s given in Figure 3. 10 Note
that the curve shows three distinet sections
cach representing different types of wave
patterns. Earthquake waves ane bastcally of two
types — body waves and surface waves. Body
waves are pgenerated due to the release of energy
al the foous and miove tnall directions travelling
throngh the body of the earth. Henee, the name
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body waves. The body wives mteract withi the
suriace rocks and generale new sel ol waves
called sirface waves. These waves tnove dlong
the suriace. The velocity of waves clianges as
they travel through materials with different
densilles. The denser the material, the Glsher
is the velocity. Ther direction also chianges as
they reflect or refract when coming across
materials with different densities.

F-mmwes S-wawes Sarface

|-N\‘.I"T|W

Arrivil tmes

Filgure 3.1 ; Earthama ke Waves
There are two types of hody waves. They

are calted P and S-waves. P-waves move faster
and arethe first toarmve at the surface. These
are also called ‘primary waves . The P-waves
are similar to sound waves. They travel
through gaseous. Bguid and sobid matertals,
Sewaves arrive af the surface with some time
tag. These are called secondary waves. ‘An
tmportant fact about S-waves ts that they can
travel only through solid matertals. This
characteristic of the S-waves Is quite
important. It Bas helped scieniists io
unirrstand the structure of the nterdor of the
earth. Heflection causes waves to rebound
whereas refraclion makes waves move in
different directions. The vartations in the
direction of waves are inferred with the helpof
their record on seismograph. The surface
waves are the last to report on scismograph.
These waves are more destnuctive. They cause
displacement of recks. and hence, the collapse
of stmictures ooenrs.

Propagation of Earthquake Wanpes

Pifferent types of earthguake waves travel In
different manmers. As they move or propagate,
they canse vibration ta the body of the rocks
through which they pass, P-waves vibrate
pamlic] to the dirtection of the wave. This exeris
pressure on the material in the direction of the
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propagation. As a result, It creates density
differences In the material leading to streiching
amd squeexing of the matenial. Other thiree
waves vibrate perpendicular to the direction of
propagation. The direction of vibrations of
S-waves 15 perpendicular to the wave duection
n the verucal plane. Henee. they create troughs
and crests i the materal through winch they
pass. Surface waves are considered to be the
most damaging wiuves.

Emergence of Shadow Zone

Earthquake waves get recorded In selsmo-
graphs located at far off locations. However,
there exist some spectfic areas where the wnives
are not reported. Such a zone is called the
‘shadow zone'. The siudy of different events
revenls that for each carthgquake, there exists
anattogether different shadow zone. Figure 3.2
{al and (b) show the shadow zones of P and
S.waves. It was observed that selsmographs
located at any distance within 105" from the
epicentre, recorded the arnval of both P and
S-waves. Howewer, the selsmographs located
beyonid 145" from epicentre. recond the armival
of P-waves; but not that of S-waves. Thus. a
zone between 105 and 145 from epicentre was
ideniified as the shadow zone for both the types
of waves. The entire zone beyond 105 does not
recelve S-waves, The shadow zonie of S-wave s
much larger than that of the P-waves. The
shadow zone of F-waves apprars as a band
around the earth between 105 and 145" away
from the epicentre. The shadow zone of S-waves
t= not anly larger in extent bt 1t 1s also a little
over 40 per-cent of the earth surtace. You can
draw the shadow zone for any earthguake
prowided you know the locatton of the epicentre.
[See the activity box on page 28 to know how to
locate the epicentre of a quake evenit).

Tupes of Earthquakes

{1} The most common ones are the tectonis
earthquakes. These are generated due to
sliding of rocks along a fault plane.

(1) A special class of tectonic earthgquakie is
somettmes Tecognised as volcanic
earthiquake, However, these are confined
to areas of active voleanoes,
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P-wwave shadow zone

Flgure 2.2 [a) and (b) : Barthquake Shadow Zones

{tt) in the areas of ntense mining activity.,
someiimes {he roois of underground
mines collapse causing minor tremors,
These are called collapse carthiquakes.,

(v Ground shaking may also oceur due Lo
the explostonn of chemical of nuclear
devices, Such tremors are called explosion
carthquakes.
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vl The earthrgusakes that oceur 13 the areas
of large reservolrs are referred to as
reseriair induced earthquakes.

Measuring Earthquakes

The earthquake events are scaled elther
according o the magnitude or intensity of
the shock. The magnitude scale ts known as
the Richter scale. The magnitude relates to
the energy released during the quake. The
magritude s expressed i numbers, 0-100
The mtenstty scale 1s named after Mercalll,
an [tallan selsmologlst. The tntensity scale
takes into account the visible damage caused
by the event. The range of intensity scale 1s
from 1-12.

Earthruake is a naturat hazard. The following
are the mmedlate hazardous elfects of

‘earthguade:

(1 Ground Shiaking
(1) Dfferential ground settlement
i Land and mud siides
(1% Sofl lquefaction
) Ground lurching
(v} Avalanches
i) Ground displacement
ivitl] TFloods roo dam and levee fallures
{ixi Fires
ix) Structural collapse
ixt) Falling objects
(=t Tsunami
The first six listed above have some bearings
upon landforms. while others may be
corisidered the effects causing immediate
eoneern to the e and properties of people in
the reglon. The effect of tsunami would ocour
only If the epleentre of the tremor 1s below
oceantec waters and the magnitude 1s
sufltelently hgh. Tsunamis are wiaves
generafted by the fremors and not an
earthiquake 1n 1sell. Though the actual guake
activity lasts for a lew seconds, its effects are
devastating provided the magnitude of the
quike |s more than 5 on the Richter scale.
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Frivquendy of Earthguake Oocigreices

The earthuprake 154 navtural hazarnd, If3 tremor
of high magnitude takes place, It cin ciuse
heavy damagde to the e and propérty of
people. However, not sll theparis ol e globe
necessanly experlence major shocks: We shiall
be discussing the disirinition of carthguakes
and volcanoes with some detatls in the next

A view of the damagpetl Amnn Seto at the LOC
in Urd, due to an exrthooaks

chapter. Note thal the guakes of high
magnitude, Le: B+ are gulle rarve: they ocour

once in 1-2 years whereas thase ol "Ly’ types
oecur almost every minte.

STRUCTURE OF THE EARTH

The Crust

It 1= the outermost soltd part of the earth. L is
britile tn nature. The thickness ol the crmst
vanes uncker the oceante and conlinental arcas,
Oeeanie crust s thinoer as compared to the
continental crust. The thean thickness of
oteanle crast 8 H km whereas that of e
contnental 1s around 37 kom. The continengal
crust 1s ticker i the areqs of major modntain
systems. It 1s as much as 70 km thick in the
Himalayan region

The Mantle

The portton of the tntetiar beyond the crust is
called the mantle. The mantle extends from
Mohi's diseontiniity (o a depth of 2,900 kin.
The upper portion of the mantle 1s called
asthenosphere. The word astherio means weale
It 1= considered 1o be extending uplo 4400
kam. [Uis te matin souree of magma: thiat Nnds
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Figure 2. : The Interfor of the emrth

its way to the surface during volecanie
eruptions. The crost and the uppermest part
of the mantle are called lthosphere. lis
thickness ranges from 10-200 km. The lower
mantle extends beyond the asthenmsphere. 1t
1s in solid state.

The Core

As mdicated earller, the earthguake wave
velocities helped in understanding the
exislence ol the core of the earih. The core-
mantle boundary 1S located at the depth of
2,900 k. The outer core is in lquitd state while
thie Inner core 15 I saltd stte, The oore 1S maide
up of very heavy material mostly consttuted
by mickel and tron. It s sometimes refermed to
as the nife layer.

Voucanoess ann VorLcasic Lasnropws

You may have seen photographs or pletures
of volcanoes on a mumber of occaslons, A
valeano 1s a place where ghises, ashes and for
moliEn rock material — lava — vscape o the

ground. Avolcario is called an active volcmo if

the materials mentioned @e belng released or
have been released oul in the recent past. The
layer below the solid crast is mantle. [ has
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Liigher density than' that of the orust. The
mantle contalns a weaker zone called
asthenosphere I s from this that the molten
rock materials find thelr way 1o the surface.
Thie matertal n the upper mantle portion 1s
calle] magma. Onee L starts moving towassds
the crustor it reaches the surface, 1s refermed
o as i, The material that reaches the grovnd
inclades lava flows, pyroclastic debris, valcanic
bombs, ash and dost and gases sach as
nitrogen compounds. sulphur compounds
and miror amounts ol chlorene, hivdrogen
ol argon.

Volcanoes

Volanoes are classtfied on the basts of natioe
aof eTuption and the form developed at the
strface. Major types of volcanoes are s follows:

Shigld Velcanoes

Barring the basalt flows. the shicld voleanoes
are the larpest of all the volcanoes on the earth,
Thie Hawatlan voleanoes are the most famous
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examples. These volcanoes are mostly made
upof basalt, a type of lava that 1s very flud

whien erapted. For this reason. these volcanoes
are mot steep. They become explosive if

somchow water geis into the vert; otherwise,
they are characterised by low-explosivity. The
upcoming lava moves to the form of a fountain
and throws out the cone at the top of the vent
and develops into cinder cone.

Compasite Volcanoes

These volcanoes dare characierised by
eruptions of cooler and more viscous lavas
than basalt. These volcanoes often result i
explosive eTuptions. Along with lava, large
inantities of pymoclastic matenal and ashes
fimd thelr way to the ground. This matertal
atcummuilates in the vicinity of the: vent openings
lesding (o formation of lavers, and Uns makes
the mounts appear as compasite voleanoes.

Caldima

These are the most explosive of the sarih’s
volcanees. They are usually so explosive that
when they erupt they tend to collapse on
themselves rather than butlding any tall
structitre. The collapsed depressions are called
calderas. Thetr explostveness indicates that
the magma cliamber supplving the lava is not
omiy huge but is alse in close vicinity,

Fiooel Dasall Provirces

These volcanoes outpoir highty Totd Teva tluat
lows for long distances. Some parts of the
world are coversd by thonsarnds of sq. ki of
thlek Dasalt lava flows, There can be a series of
lows with sonie lows attauning thickness of
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more than 50 m. Individual Nows may extend
for hundreds of km. The Deccan Traps Trom
India. presently covering maost of the
Maharashira plateau, are a mich larger flood
biasalt provinee. It s bellewed that frittially the
trap lormations covered a much’ larger area
tharn the present.

Midd-Ocean Ridge Volcanoes

These volcanoes ocour tn the occanic areas.
Thiere 1= a system of mid-ocean ridges more
than 70,000 km long that stretehes through
all the ocean basins. The centra] portionof Lhis
ridge expertences frequent eruptions. We shiall
be discussing this 11 detall tn the tiexa chapler

Vorcamc Laxororss

Intrusive Forms

The lava that is released during voleanic
erupions on cobling develops inlo lgncous
rocks, The cooling tiay take place cither on
reaching the surface or alse while the lava 1=
still in the crustal portton, Depending on the
lncatton of the cooling of the lava, Ignetous ocks
are classtlled as velcanic rocks (cooling at the
surface) and plutonic rocks (cooling m the
crast)], The lava that cools within the crustal
partions assumes different forms. These forms
are called indrusise forms. Some of the forms
are shown in Figure 3.4,
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Balholiths

A large body of magmatic material that conls
in the deeper depth of the crust develops n the
form of large domes. They appear on the surface
only after the denudational processes remove
the overlying materials. They cover large ameas,
and at times, assume depth that may be severl
km. These are granitic bodies, Batholiths are
the cooled portton of magma chambers,

Lacoliths

These are large dome-shaped Intrusive bodics
with a level base and connected by a pipe-Lke
conduil from below. I resembles the suriace
voleanic domes of composiie volcano. only
these are located at deeper depths. [t can be
regarded as the localised source of lava that
findds its way to the surface, The Kamataka
platean 1s spotted with domal hills of granite
rocks, Most of these, now extollated, are
examples of laceliths or batholiths,

Lapolith. Phacolith and Sills

As and when the lava moves upwards, a
portion ol the same may lend Lo move (o a
hortzontal direction wherever i linds & weak
plane. It may get rested in different [orms, In
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case IL develops inlo a sancer shape. concave
to the sky body, IL 1s called [apolith. A wavy
mass of lntrusive rocks, at tmes, is found at
the biase of sypelines ar at the tap of anticline
in lolded lgneous country, Such wavy
matertals have a definite condull to source
beneath In the lorm of magma chambers
[subsequently developed as batholithis). These
are called the phacoliths,

The near hortzontal bodles of the
Intrustve lgneous rocks are called sill or
sheel, depending on the thickness of the
material. The thinner ones are called sheets
while the thick horizontal deposits are
called sills.

Dykes

When the lava makes Its way through cracks
and the Nssures developed tn the land. 1t
solidifies almost perpendicular to the ground.
It gets cooled 1n thie same position to develop a
wall-ike structure. Such structures are called
dyvkes, These are the most cotnmonly foumsd
Irstrustve formis in the western Maharashtra ana,
These are consdered e leeders tor the eruplions
tiat Hixd 00 e development of the Deccan traps.

____ EXERCISES

I. Multipic cholcr questions.

(1) Which one of the following cantluunke waves s more destructive?

[t} T'-wmmees

bl S-wmves

ic) Surfce waves
[l MNome ol Hie atise

{ii} - Which one of the lollowing t5 n ditecd souree of information about the

mteriar of 1he Enh?
la) Earthigunle waves

Il Violcanibes

) Gruvitatbannl foree
1] Barth mibgncet=m

{itiy, Which tyvpo of vaeleanle eruplions hove caused Decean Tmp formuations?

M) Shileld
h) Flood

it) Composite
i) Caldera

(v} Whilch one of e following discribes Lhe W hosplicee:

(o) upper and lower mantle
fbl erast and upper mantic

(] crst prsd core

id) manitle and come

oL e
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2. Answer the lfollowing gooesions i aboul 30 weerds,

til
]
liii}
i)

Whal amr body womvwes?
Name the direct sources of information about the interior of the earth.
Why do earthquake waves develop shadow #one?

Briclly explity Lthe indivecl sources of Informaticn of Uwe foletior of Lthe
carth othor thon - those of seismic oofivity.

3. Answer the Inllowing questions i about 150 words.

i

it}

What are ihe effects ol propagation of eartiquake waves on the Tock mass
throaugh which Uhey lmwel?

What do you understimid by nlfusive lorms? Briclly describe various
intmesive forms,



