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1.1. SCIENCE OF GEOLOGY

the science which is dev
features of the earth’s surfa
and inhabitants of the carth.

Geology. Geology is oted to the study of the

carth. It deals with all the ce and with the origin.

composition, structure
1.1.1. Branches of Geology

is very large and it is divided into several b

is concerned with the work

t changes upon the carth’s

The field of geology ranches.
(i) Physical Geology. Physical geology
of natural processes which bring abou
surface.

(ii) Petrology.
as petrology-
origin of rocks.

(iii) Mineralogy. Mineralogy in

f the different kinds of rocks is known

The discussion 0
It deals with the study of composition, structure and

cludes the study of mineral composi-
tion, structure, appearance, stability, occurrence and associations.
logy. This branch of geology deals with the study

in the earth's crust.

It is the science of the description, correlation and
f strata in sedimenlary rocks including the inter-
| environments of those strala.

(iv) Structural Geo
of struclures of rocks

v) Stratigraphy-
classification O
pretation of the depositiona

(vi) Palseontology- Palacontology is the

life forms and their evolution.

(vii) Historical Geology. The study of stratigraphy and palacontology
s included under the historical geology. It gives us a picture of
the land and seas, the climate and life of early imes upon the

carth.

science of fossils of ancient




2 PRINCIPLES OF ENGINEERING GEOLOGY

(viif) Economic Geology. The cconomic geology deals with the study
ol minerals, ores and fossil fuels of economic imporlance.

{ix) Mining Geology. This branch of geology is concerned with Lhe
study of applicalion of geology 10 mining engineering.
(x) Engineering Geology. The engincering geology includes the
study of application of geology lo civil cngineering.
1.1.2. Scope of Geology

Geology is of practical importance to mankind. It plays a very useful
part in the search of coal, petrolium and minerals used as atomic fuels. It is
directly concerned with the ore minerals, indusirial minerals and mining
industry. The importance of geology has also been recognized in the field
of civil engineering. Many engineering projects such as water supply, con-
struction of dams, rescrvoirs, tunnels, bridges, etc. require geological advice,

1.2. SOLAR SYSTEM

The carth is a planet. It is a member of the solar systern. Nine planets
and the sun are the main bodies of the “solar system”. The planets in the
order of increasing distance from the sun are Mercury, Venus, Earth, Mars,
Jupiter, Saturn, Uranus, Neptune and Plulo. Each planel moves around the
sun and maintains an elliptical orbit. The vrbits of all the planets are almost
in the same plane which is close o the equitorial plane of the sun. The
planets also rolate about their axes. About 95.85% of the mass of the sclar
sysiem i conlained within the sun while the planets colleclively make up
most of the remaining 0.15%. On the basis of their location, the planets can
be divided into two groups: (i) “inner planets” which include Mercury,
Venus, Mars and Earth, and (i) “oufer planets” which include Jupiter,
Salurn, Uranus, Neptune and Pluto. The planets of the two groups differ
markedly in size, density, composition and rate of rolation.

Size. The members of the inner planet group are small in size, On
the other hand, the members of the outer planet group are so large
that they are often called giants.

Density. The inner planets are generally dense, their density being
4 x 107 kgm™ or more. The density of outer plancts is much
lower. For example, the Salurn has a density less than that of
waler.

Composition. The low density of the outer plancis suggests that
they consist mostly of substances like hydrogen, helium, water,
ammonia and methane. The high density planets consist almost
catirely of silicates and metals.
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1. Nebular hypothesis. r\j} X & @
2. Planetesimal hypothesis. \“‘5\ i""JA{'} o '
3. Gaseous tidal hypothesis. \ 561"@ h‘!

4. Binary star hypothesis. Ll

&

3. Gas dust cloud hypothesis.
1.3.1. Nebular Hypothesis

The nebular hypothssis was put forward by Kant, the German
philosopher in 1755 and Laplace, the French mathematician in 1796, This
hypothesis suggests that the sun and planets, including the carth have formed
trom a disc-shaped rotating nebula. A vast cloud of hot gas is called
“nebula”. The ncbular hypothesis may be summarized as tollows,

1. Originally there was a large, hot, gascous nehula which rotated
along its axis [Fig. 1.1 (a)).
As the gas lost energy by rudiation. it became cooler. As a msa_m
the ncbula contracted inward and its speed of rotation about its
axis increased 1o conserve angular momentum. Due to this the
centrifugal force in the equitorial zone 1_|Isﬂ\ increased thereby
causing the nebuly 1o bulge oul in the equitorial zone.
3. The cooling and conraciion of the nebula continued and ultimate-
ly a slage cune when the centrifugal force becume greater than

B3
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NEBULA o
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Fig. 1.1 Nebular Hypothesis. (o) Nebula. (b) A gaseous ring with nebula,
(¢} Formation of severed rings. () The nings condense inla planels

the gravittional atiraction acting inward. As a resull a gaseous
ring was separatcd oul [Fig. 1.1 (h)].

4. The above process was repeated and successive rings of gaseous
material were thrown off from the central mass [Fig. 1.1 (¢)]

5. In the final stages the rings condensed into planets [Fig. 1.1 (a)].
Planetwids were formed when one such ring broke into many small
fragments. |

6. The central mass of the nebula continued o shrink and finally
formed the sun.

The nebular hypothesis was not favoured because it had the following
defects.

(1) This hypothesis could not explain the cnergy distribution within
the solar system. The sun which possesses most of the mass (about
99.9%) of the solar sysicm, should have gathered maximum an-
gular momentum. However, 985 of the angular momentum is
conceatrated in the planeis and the remaining 2% is present in the
sun. In other words, the sun does nol rotate {ast enough. It should
have much higher speed of rottion. )

) Thcre was nol enough mass in the rings 10 provide the gravita-
lional altraction for condensation inio individual planeis

L.3.2. Planetesimal H ypothesis

The planciesimal b

thesis was , .
in 1904, The main po Ypothesis was proposed by Chamberlin and Moulton

ints of this hypothesis are as follows,

FNTHUDUCTW_JN
L. The sun existed § X
tt belore the format
n -
star approahed very close lo the sun = P WP passing

2. Due o the disnuptive forces of the un and the sty
pull of the passing star, R Masses of !-.n e T iational
o okt A% were §
surface of the pre-existing san (Fig | ) W frosn the

2%
£

[y

STan
I

Fig. 1.2, Planetesimal Hypeihesis

3. Thc giant masses of gas broke into a large sumber of small chunks
which on cooling gave rise 1o sohid particles, called
“planeiesimals™.

4. The p!ml]ctcsimajs started flying as cold bodies inte: ortwts around
l!}e sun in the plane of the passing star. By collision and gravita-
tional atixclion, the larger planctesimals swept up the smaller
pieces and thus planets were formed.

The main flaws in the planetesimal hypothesis are as follows.

() Mos! of the material which was ejected by the cxplosive action
of the sun would come from the intenor. It would be so hot that
the gasses would disperse in the space rather than condense into
planets.

(i) Although the angular momentum imparted Lo the planets by a
passing star would be greater than that produced the rtation ol a
nebuls, the amount is still less than that observed.

(i) The space is vasL and thercfore the probability of a close approach
of 1wo stars is extremely unlikely.

1.3.3. Gaseous Tidal Hypothesis
This hypolhesis was proposed by Jeans and Jeffreys in 1923. The
gascous tidal hypothesis may be surnmarized as follows
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. A very large star progressively approached ¢lose 1o the sun. Due
to the pravitational pull of the star, o gascous lide was _rnimr(l on
the surface of the sun. As the star came nearer , the tide increased
in size.

2. When the star began 1o move away, the gaseous lide was detached
from the sun. [ts shape was like a spindle being thickest in the
middle (Fig. 1.3).

Fig. 1.3. Gaseous Tidal Hypothesis.

3. This spindle-shaped gascous mass soon broke into ten pieces, nine
of which condensed inta plancts and the remaining one which
further broke into small pieces, formed the group of planetoids.

The main ebjections to the gaseous tidal hypothesis are as follows.

(i) The passing star is unable o impart the proper angular momentum
to the detached gaseous masses.

(i) The hot gaseous mass pulled away from the sun would not form
solid planets but would dissipate into the space.

1.3.4. Binary Star Hypothesis

This hypothesis was proposed hy Lytileton in [938, Before the forma-
tion of planets, the sun had 4 companion star. Another star approached close
to these double stars and dragged the companion siar away. A gaseous
filament was torn from the companion star and j remainzd close to the sun.
The planets werc originaled {romn this gaseous filament in the same way as
described in the gaseous tidal hypothesis,
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L35, Recent Theories ’

Since 1943 there has heen
; M a lendency 15w : the
_l.qahc‘.m] I)fpc These theonies seem (r.:_qﬂ:m ‘_\:;T}':'::; f” ik
in the l?twmu:ul COIMpOsiNons and densities of nk: r"-mt.f' 1-;”“1 ——
Laplacian theory, that the Sun's wngular momentamn 1 1‘:,. L
been removed. The main points of the receny theories are “w;‘m o

1. There was a disc-shaped cloud of Bas and dust arownd the sun

2. The planets were formed b Ealion dissper
¥ eracdual of
matter in the cloud. i . -

(i) Clme_to the sun where lemperatures were haghesi. oniy those
ﬂlﬂtf.‘]rla.ls condensed which had bigh metting pownts such as
mela '.,and rockforming compeunds: Hence the denser phancts
grew in the hot region lying closer o the sun,

(é) Volatile materials such as water, methane and amrnenin were
blown away. They condensed in the cold owter 7ome of the
salar systemn thereby forming low density planets

3. The primitive sun had a considerable magnetc fieid. i acted as 2
rotting mmagnet and acceierated the hydrogen ions present b the
dust cloud. Due to this acceleration the gases moved outwards
away from the sun carrying the fine dust with them and leaving
only larger solid masses in the region of maer planets. Thus there
was Lhe transfer of momentum from the sun o the gas jons whach
slowed down the sun's rotation. This process abso explains how
the dust clond was divided into two Tegions, an wner gas-free
region of salid particles and an owter region nch n gases.

1.4. AGE OF THE EARTH

The age of the earth as determined by current methods of radiometew
dating is about 4600 million years. Before the discovery of rhometric
dating, several attempts were masle to determine the age of the earth. The
important ones are as follows.

1. From history of organic evolution.

2. From rate of sedimentalion.

3. From salinily of sca waler

4. From rate of cooling.
L.4.1. From History of Organic Evolution .
cooled and solidified. life apeared on it mma?l)
body structure. The complexity inureased \i‘}l:
of time. Man which has evolved yuite recentiy, pm:.-»:n =
- f“'—‘:[;:ﬂ structure. From the history of pric evolulion. the binlogis
masl comple ;

have determined the age ol the carth o be about 1000 million years. :
av

As soon as the earth
the organisms had a simple
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1.4.2. From Rate of Sedimentation

The formation of sedimentary rocks started with the solidification of
the earth. Hence efforts were made Lo calculate the age of the earth from the
rate of sedimentation in the occan. The method involved was lo determine
the total thickness of sedimentary rouks that had been deposited during the
carth's history, and then to divide it by the rate of sedimentation. This meth.od
gave an age of around 500 million years. This method had many difficulties
some of which are as follows.

1. Different sediments accumulale al different rales under varying
condilions.
2. A rale of sedimentation determined for recent sediments can not
necessarily be applied to the pasr.
1.4.3. From Salinity of Sea Water

It is assumed that the oceans originally had fresh water. If the amount

of salts carried 1o the ocean each year hy rivers is known, it can he calculated
how much time it ook 1o accumulate the sall now present in the ocean. This
method gave an age of about 120 million years. This estimate was not
accurate as the rate of accumulation of salis could never have been uniform
all through the history of the earth.

1.4.4. From Rate of Cooling

In 1897, the British physicist Lord Kcelvin calculated the age of the earth
from the temperature difference between the initial molten planet and its
present state. He assumed thal the rate of heat loss was constant throughout.
This method gave an age of 20 to 40 million years which was more than
100 times lower than current eslimates.

Kelvin also made estimaies bascd on assumplions concerning the origin
of the sun’s heat. The age of the earth calculated by this method gave similar
results, that is the figures ranged from 20 to 40 million years. Kelvin's
estimates for the sun and the earth were wrong because he did not take into
account the fierce heat generated by the decay of radioactive elements.

1.5. RADIOMETRIC DATING

The methods of radiomelric dating are based on the radicactive decay
of certain isotopes that have very long hall-lives, The radioactive isolope is
often referred to as the “parens” and the clements resulting from the decav
of the parent are called the “daughter products”. The age of rocks ana
minerals that contain radioaclive isotopes is determined by measuriﬁ Vu]
accumulation of the daughter products in thern. This procedure ; g“ 3
.-.u-ndrmn_cfrir dating". Radiometric dating js very reliable mls calle
sadioacuf'c decay proceeds al a constant rale and it regnai A L
any physical or chemical agents. THSAL Y

A comnonly used term in radometric dati

= i ng is “ Fra "
mos way ol expressing the rate of radioaclivE ];e:i:{;’j :;iif;lg;clsn?;;m&
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defined ns the 1 ; 8
: T reqguired f ;

dﬂui}’ 10 one-half of its mim[r:ﬂ!;:‘“hm of radioactive substance 1o

urannum - 23§ g 4500 million Years .T‘h“ example, m.: half life period of

one graminie of U - 238 woyl he mdmm that in 4500 million years

been transformed into the lead - 20 mwym.hmw

Of the man

dating rucks include Potass;
i sy
- Lead. The basic equmm“gr c*:sun, Rubidium - Strontum and Uranium

follows, culating the age of a rock sample s as

Age of a rock =3,323 T log,, [ 1 + ¥ |
")

Where Nd is the number of atoms of the danghier product, Np i
Np s the
number qf atoms of the parent radioactive substance present day :ui. Tis
the half life of the radioactive suhstance. -

Table 1.1. Radioactive lIsotopes Used in Radiometric Dating

Radioactive | Haiflifein | Daughier Mincrais and rocks |
Parent million years Product commoniy daved |
Uranium-238 4500 m.y. Lead-206 Zircon, Sphene

Potassium-40 11900 m y. Argon-40 Muscovie, Bioue. !
Homblende, Glancomite,

Volcanic rock. |

Rubidium-87 | 47000 my. | Strontum-§7 | Muscovite. Biciite. :

Microcline. Metamarphic |

| ek J

In practice mass spectrometers are used to measure precisely and ac-

curately the quantities of parent and daughter radioactive substance in mc;
In radioactive dating, it is assumed that none of the daughter pmndw::f
been lcached out from the rock and thut none has been introduced from

oms'l?i‘:;liunmm dating methods give a figure of some 3500 m::idun 3_(:::;
for the oldest rocks of the earth's crust. The radioactive ysi :
meteorites has yielded dates of upto 4600 million years which probabl
correspond to the age of the carth. .
1.6. COMMON RADIOMETRIC METHODS

1.6.1. Potassium—Argon Method
Potassium-40 has a half life of 11900

in many rocks. It decays
;Dtmuﬁp;lncr& T'::c K—Ar methad cas be used 1o
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of years old, including meteorites (age 4600 million years). However rocks
younger than 9.1 million years are difficult to date because they contain very
litke radiogenic argon. The minerals that arc suilable for K—Ar dating
include biotite, muscovite, hornblende and ncpheline. The pota.ssi_um
felspars, such as orthoclase and microcline are unsuitable for K-Ar dating
becanse they are likely to loose argon readily at aimospheric lemperatures.

1.6.2. Rubidivm—Strontium Method

Rubidium-87 has a hall life of 50,000 million years. The Rb—Sr method
can be applied to rocks of almost any geological age. However rocks
younger than 20 to 30 million years may create analytical ditficulties be-
¢ause of the minule amount of radiogenic Sr-87 prescnt. The Rb-Sr method
can be used 1o date such common rockforming minerals as muscovite, hiotite
and all types of potassium felspars including ortho-clase and microcline.

1.6.3. Uranium—I.ead Method

The half life of Uranium-238 is 4500 million years. Uranium and
thorium frequently occur in the same mineral and it is therefore possible 1o
make two independent age determinations on one mineral sample.

The U—Pb method can be applied over the greater part of the geological

age range, although their usefulness decreases sharply for rocks younger .

than 100—200 million years. This method is less commonly used than the
K—Ar and Rb—Sr methods but may be used to date rare minerals in which
uranium and thorium are major constituents. It is frequently applied 1o
minerals such as zircon and sphene.

It should be noted that the U—Ph methods are of much greater value
than the Th—Ph method. The latter is now only rarely used.

1.6.4. Radiocarban Dating

There are three isotopes of carbon : C-12, C-13, and C-14. Of these
C-14 is radioactive. Since it has a half life of only 5730 years, it can be used
to date events of recent geological history. Although C-14 js only usetul in
dating the last small fraction of geological time (75,000 years), it has become
an important means for dating Ice Age and archacological material.

Radioca.rl:bon (C-14) is produced in the atmosphere by cosmic ray borm-
bfnﬂ:_ncnl of nitrogen - 14. The C-14 combines with oxygen to form carbon-
daondg which is absorbed by living organisms. A constan( ratio of C-14 1o
C-12 is .esx;ug:.lshed in each organism during its life. After death no maore
carbondio is absorbed and the C-14 decays steadily il
e ) y ily by emiuing beta

L7. INTERIOR OF THE EARTH
: kn'[;]‘l: ;_::c:z ::‘ru:i mpam[)?‘c u?: s;;i?;ﬁic_waves through the earth have helped
. : § interior and in defining Lh 118
h th's g the physical
properties of various layers. The SeISMIC Waves trave] at different v;n'c:;:(i-es
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depending on Lhe nature of
the layer in which they are
travelling. Thus they not
only indicate the position of
each layer but also give
clues as to its composition.
Fig. 1.4 shows the velocities
of carthquake waves il
various depths below the
earth’s surface. The velocity
curve shows sharp changes
at various discontinuity sur-
faces. On the basis of seis-
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mic investigations, the carlhm layers : (1) crust, (i) mantle, (1fi) OUIEr core,

can be divided inlo fu_nr maj
and (iv) inner core (Fig- L.3).
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1.7.1. Crust

i weruse”. Tt extends
The outer superficial layer of the carth is called the “cris!

dawa to 30 or 40 kilomeler beneath continents and © about 10 k.:; :)c‘::l‘-:r:
ocean hasins. At the boltom of the crust, the velocity of earlfqu s Thé
increases abruptly as they enter inio a denser ]“).w called _!‘-l'hi'.:l e
crust-rnantlc boundary is known as the “Mohorovicic disconfinuicy .
In the continental regions, the crust can be divided i.nl'a l.wu_ Iay?r_s. Thlz
s less dense (sp. gF 2.65) and granflu: in characler,
Jower layer which is hasaltic in n:“har_m.'l.e_r_(sp, g:i
3.0) is known as “sima’. The term sial represents rocks rich in silica an

alurnina, and lerm sima represents rocks containing sili..:u and magnesia.
Under oceans unly sima layer is tound and the sial Jaycr 13 absenl.

upper layer which i
known as “sial”, whilc the

1.7.2. Mantle

The mantle is located beneath the earth’s crust and has 3 miub;ncss of
about 2900 km (Fig. 1.4). It has been divided into wo layjcrs : (i) upper
mantle, and (i) lower mantle. The boundary between these 15 al gbngi ?0(]
km depth. The average mincral composition of the upper umnl_lc is snml;u
(o ultrabasic rocks like “peridotite” (sp. gL 3.3). This zone pr:wujc§ lava for
oceanic eruptions. [n the Jower mantle the density of the material incrcases
rapidly o 4.3 x 107 kgm™* and in the deeper parts il rises to aboul
5.5x 10° kegm™. It has been suggested that the lower mantlc consists of a
mixture of pericdtite and minerals of higher density.

The upper .mantle conlains a mosl importanl zone called “astheno-
sphere”. Tt is located al depths between 50 10 100 km. In the asthenasphere
the velocity of S-waves decreases thereby indicating that this zone consists
partly of melted rocks. Most basalts originate in this zone. It is belicved that
the plastic material of the asthenosphere moves and carries along the lithos-
pheric plates. The vuter solid portion of the earth existing above the astheno-
sphere is called the “lithosphere”. The lithosphere includes parl of the upper
manlle and the crust.

1.7.3. Core

The boundary between the mantle and the core is at a depth of about
2900 km. This boundary is marked by an abrupl reduction in the velocity
of P-waves as well as by the disappearance of the S-waves (Fig. 1.4).

The “outer core” was dis i
bent inwards thereby P:du:;flr::rffr‘:::: lz[n::i ::LLIE:] lha}P‘Wﬂ\,’_ﬂs WErs
Since the S-waves do not pass through the outer core, | surface (Fig. 1.5).
it may be in the liquid state. + it is concluded that

The “inner core” exlends

6371 km. It ransmits P-waves :’:’;nh?;;:lillsq km w_ Ihe carth’s centre at
in the solid state. Both the solid and liquid ocity which indicates that it is
) portions of the core are believed
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to consist of iron and mickel simi 1 dens
T kgm_3 lar to iron meteoriie= and have a iy

L8, ISOSTASY

C.E. D i
belwecn lh:uel[t:\lr:t:i nl‘::is:':ggemq thal a gravilational balance exisis

; : 3 .£. continenis) and ocean basins of the earth's
crust. It is believed that the lithosphere floats on the of
molten subsiratum (asth i logr-of the, pcia’y

: enosphere) much like logs float on water. Mountains
stand high because they are composed of rocks of low densily and ocean
basins are low because Lhey are made up of rocks of higher density. This
gravitational balance of the floating lithosphere is called “tsosiasy”.

In the isostalic adjustment mainly vertical movements of the crustal
blocks take place. For example, when material is removed from the top of
a mountain by erosion, it rises upwards and when sediments derived from
it accurnulate in a deposilional basin, it is depressed due o increased weight.

Zone of Compensation. Al depths between 96 and 200 kilometers
below the surface, the rocks exist in the plastic state. Here pressures due lo
elevated masscs and depressed areas are equal. This zone is called the “zone
of compensation”.

in the 19th century, while doing the rigonometrical survey, it was found
that the deflection of the plumb line towards the Himalayas was ot propor-
tional lo the gravitational attraction of the mass of the maoumtain range. [t
was very much less than the estimated value. As a result in 1855, both J.H.
Pratt and G.B. Airy proposed that the continents consisted of lighter material
floating on a denser subsiratum.

1.B.1. Pratt’s Hypothesis
Pratt suggested thut the different heights of mounlains were due 1o
blocks of different densities floanng i

al the same base level. This idea can
be illustratcd with the help of Fig. 1.6.
Blocks of metals having different
densities arc immersed in the mer-
cury. They have equal weight and
crass sections bui different length.
These blocks sink 1o the same level
in the mercury but el alpgar Fig. 1.6. Prai’s hypothesis of isostasy.

stand out a different heights.
the higher it stands. Here the longer blocks represent

hlocks ocean basins.

i -:'.I_-:hgkéﬁgly:. '.'_:_._"_‘

faces

The lighter the block,

rmountains and lower
1.8.2. Airy’s Hypothesis

d that the difTerent heig

thickness and of the sumn

i id hts ol land masses Wer due o
S M e ¢ density floating at ditforent

blocks of different
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km.
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is thinner than U

8.3, Evidence of Isustasy . o

: is correct, we would expect that if weight is added

! g and when weight is rcmoved, there

depths. Fig. ]
hypothesis. Here

EREURY T

s hypothesis of isosatsy.

is i% g--nemll_y‘ pecepled a3 il explains very
sis 15 B¢
I light malerial have deep

: . sed of
intharEbe w. The existence of these

: mantle belo s
into lzcb\' «eismic and gravitational dala.
cd by §

plains ncar sea level is enly about 30

i st
e oceans the sial layer1s absent altogether and the cru
ans y

hat of the continents.

IF the isostatic theory |
to the crust, it will respond by subsidin, !
will be uplifting. Evidence of this type exists. o

1. Parts of Norway and Sweden which were CD\'creq by Ihc thic
Pleistocene ice sheets, are rising (ollowing the melting of the ice.

2. When erosion strips ofl the wps of mountsins, the m.nunliuns
themselves rise up. The processes of uplifting and eros ion con-
tinge untill the roed of the mounlain reaches the same height as
lke surrounding crusl.

1.9, CONTINENTAL DRIKT

The theory of continental drift was proposed by Alfred Wegener in 1910.
He sugpested that at the beginning of the Mesozoic era (about 200 million
years ago) all the continents of (he earth were united logether to fonm a
Single supercontinent which he called “Pangaea’ {Fig. 1.10). The huge

Ocean which surroundeq it Was g G
\ - was called “Pyny) " sed
that this vay) continent began (o ook ol e

the Mesnzoj: era whi

B uau W - g
qualn wf'rdl_l-l.nd:.r 1hg differentigy gravitational forces™. The
inciuded Afric, ) ufed lor the southern huge landmass which
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“Laurasia” for the norhern landmass which included North America,
Greenlund and Eurasia (Fig. 1.10}. To suppon his theory, Wegener gave
many geological evidences, such as similarities in geological structure,
distribution of ruck 1ypes and fossils, and similar shapes of coast lines on
either side of the Allantic ocean. The theory of continental drift was not
accepted for over 40 years, It recejved support anly in 1950's and 60°s when
gcomagnetic evidences were discovered in its favour.

L10. EVIDENCES FOR GONDWANALAND

L.10.1. Similarities in Shape of Coastlines
The Atlantic coasts of

South America and Africa
have a roughly similar
shape. They would lit-in
nicely if they are brought in
confact with cuch nther (Fig.
1.8). However, the coast
lines are not reliable
geological fealures because
their shape changes with the
rise and fall of the sea level gy g Showing similarities in the shape
relative 1o the land. The real of the east coast of South Africa and

edge of a continent occurs at wesl coasl of Africa.

the contincntal slope where

sca bottom falls rapidly down to deep ocean floor. The mapping of the
continental slopes of eastern South America and west Africa has indicated
that their contours match excellently. This strongly suggests thal these two
continents were once joined ingether.

L.10.2. Similar Ocogenic Belts

If the castern coast of South America and the western coest of Africa
are fitted together, the orogenic belts of the two continents which have the
same range ol ages and similar structural trend, are found Lo align themselves
across the join. For example, in Ghana near Accra (west Africa) there is a
clear boundary beiween 2ooc million year old rocks and the much younger
(about 400 million year old) rocks. This boundary runs into the Alantic
ocean in the southwest direction. The same houndary occurs in Brazil
(eastern South America) at Sao Luis. These dala provide some of the best
evidence supporling their original continuity.

1.10.3, Permo-Carboniferous Glaciation

[ the Parana basin in castern Brazil (South Africa) glgcia] d:Ecsils of
Permo-Carboniflerous age are widespread. Their average thickness is abaut
600 meters. The direction of ice movernent suggests that the .s?urc: arca of
these glacial deposits lies to southeast of the presenl Brazilian coast, In




NEERING GEOLOGY

ENGI
PRINCIPLES OF E i
there 15 4
i1s are MELEre:
16 hough the glacia! dcp*r:slm ;‘mev recorded is !‘rTm eaf; to
ot Tica, Lno il al 1c€ 0 aclively ero ing
southwest AN "2 e direction of 1€ g by an 3
{or ice erosion. coveret

evidence
west. This sugg
ice sheet which 5
Joad further wesl |

ke
o Africa W

gsls Lt southwesl

dumped ils “‘

n Brazil

TiC This
uth Africal U
[if:leucc proves the ongllrml ::‘;;Tc;.
Znntinuily berweei ,-‘\I':_'llca :
aﬁd Sowh America (Fig-
1.9).

Evidences of Pf:rnlw-
s glaciation

Carhoniferous El : :
bave been feanul 1051 |h_c Fig. 1.9. I')i.rechnns.ar
continents of southern hemi- Gond;'anfl i dila s al
sphere, such as South g position against Do
Amer oy Bl i 5 sil plants found
iy quflm Madagascar. The till deposits and ftﬂj:ll plla,,dmasw
o Aﬂw:':;:u have heen cxamined and v:0rT::.I:m:d;:th:l ci.:ewnmd mmn
e arim i {itucde, as they are today,
.avs heen in the tropical latitude, S 4 s Ll
:.Laadl Zl[::i};ion extended irom the pelar regions lt} m:hcqu;:lc;; e
y Iy explaination for this
arently unreasonable. The only ALES o
?ﬁiﬁﬁm.s werc joined topether to furm a single landmass,

land, which was located over the south pole (Fig. 1.9).
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1.10.4. Glossopteris Flora

The remains of the “glossopteris flora™ oceur in rluck beds 'Ufal:llj
Gondwana Series in South Arerica, South Alrica, India, f’\.uslralm
Antarctica. These flora reached their maximuwn development in the Permo-
Corbonilerous period. The nature of their specics distribulion can only be
explained if all the southern continents were joined together.

1.10.5. Land Dridges

To account for the distribution of some plants and animals in the ossil
record, the land hridges were postulaled between the continents. 1t was
assumed that these land bridges were later disappeared by subsidence. The
detailed study of occan floors in recent years has ruled out this idea, If the
::I:]m]];:tof _"'Gm'fdllranm'and" is accepted, the distribution of many anirnals

plants can easily be explained. For example, remains of the reptile

“mesormurus” which eould not haw, i '
AV swum an ocean, have ound in
western South Africy ang in Brazil, i :

L.10.5, Palaeomagn,.ijc Evidence
leneous rocks recorg thy
e . ¢ earth's
their Ifmnanun. A sudy of fossil 1y,
voleanic eruptions had occurreg

lagnelic field present at the time of
d 3BUCUSM in 4 region where several
U A widely separaieq occassions, has led
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to an interesting discovery. The orientation of the carth’s magnetic feld in
cach of the separate lavallows is found (o be ditferent. This sugpests that
between volcanic eruptions, (he magnelic poles have moved 10 a new loca.
tion. Thus palacomagnetic techniques which locate the magnetic pole of any
slage in the past, give consisiant results on cach continent ouly when they
are placed in the proposed framework of the Gondwanaland.

L11. EVIDENCE FOR LAURASIA

Laurasia was the norihern landmass which consisted of North Amernica,
Greenland and Eurasia. The geometrical fit of these continents is guite good-
To confinn the cxistence of Laurasia, geologists have shown that the now
widely sepurated Norwegian, Calcdonian, Appalachian and east Greenlard
mountains were originally formed as a single chain. This maich sugvests
that the northem continents were a single unit some Llime in the interval 360
to 70 million years ago.

1.12. POSTION OF INDIA

L order to (il Australia, Antarclica and India logether, the geology is
used as a puide. The Palacozoic mountain belts in Antarclica and Austraiia
indicatc the way in which they were Joincd together. The same patiern of
belts also continues into Afrien and South America. Furilier, the eidges of
Antarctica and Ausiralia at 500 fathom (1000 meter) linc also match nicely.
However there is doubt about the proper position of India (Fig. 1.9). Ahmad,
an Indian geologist, has sugpested that close links exist between the peology
of southeast India and northwest Australia, He reached to this conclusion
when he studied the sedimentary basins of Penmijan age in these two con
tinents und found them very similar. The main abjections tor fiting India
apainsi gorthwest Australia arc as follows,

(f) The Upper Carboniferous tillite paltern does not match across
the join.

(i) A recently published fit bascd enlirely on palacoimagnetic
data, docs nol support the placing of India against northwest
Australia,

Thus except [or the link between India and Antarctica, there is positive
evidence that Gondwanaland existed as a supercontinent untill Jurassic time
(zboul 190 million yeur ngo). If the evidence of sea floor spreading and plate
leclonic are added lo the argument, the continental drifl may be regarded as
an established fact.

L13. BREAKUF OF PANGAEA

The chief events of the breakup of the supercontinent Pangaca, we as
lollows,

L. Fip. 1.10 shows the Pangaca which existed in the Pernian times,
a little more than 200 million years ago. 1t was surrounded by a




: -ERING GEOLOGY
& PRINGIFLES OF ENGINFEH N
N

PANTHALASSA

Fig 1.10. The Ancient Landmass Pangea.

ocean called Panthalassa. The Tethys Sea existed between -
Alrica aud Eurasia L

2. The breakup of Pangaca began in the Tr
million years apo) with the formation of rifts. At the end of
Triassic period (about 180 milfion ycars ago), the significant fea-
tures of the geography of the world were as [ollows,

huge

jussic period (about 200

/) The "Nadh_ /An‘amr‘c ocean” was formed as Norih America
was separaled from Alrica. Due o this the Tethys sca
contracted.

Uf!( The Laurasia was separated from the Gondwanaland.

iif) A Y-shaped rifl was fonmed in the southern Pangaca
.~ which separaled Antarclica—Ausiralia from Africa—
e South America and sent India vn its northward jounlu:y,

/ 3, ggu::iL::; (.)“hB Juru_s.f;ic period {about 133 million vears ago),
Atlantic” oit;: t_}f}ll}lemem Alrica therchy fonming the “South
Beseti s T.th ; . arth Alllanllc and Indian oceans were ~n-
sonhvard (5 ¥ssea continued (o close, [ndia moved furthe

ig. L11). urlher

. Althe close of pe i A
& Closc I 0US period {Elb(llll 63 million yEar: j
4 of the C Clagce sage),

s clogar he South Atlanti
¥s closed further 1 lorm an infand Jsca.anui:

Madagascar was sepy .
widened. The Telhp ted from Africa ang
Meditcrranean.

T . F

thin plates. These plates are betwe
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Fig. 1.11. Position of continents at the end of the Jurassic period.
Arrows indicate direction of drifi.

5. Ahout 40 millivn years ago, India collided with Asia and produced
the Himalayan moimntains, Greenland has scparated quite recently
froin North America,

1.14. PLATE TECTONICS
The theory of plate teclonics has evolved from Harry Hess's concept of
& "sea floor spreading”. He proposed this concept in the carly 1960°s. The
-5ess's hypothesis was accepted when Vine and Mathews used it in explain-
ing lincar mugnetic anomalies ol the ocean basins. In 1967, W.J. Morgan
and I.T. Wilson exlended the idea of Hess and produced the theory of plate
tectonics. The factors which led to the theory of plate leclonics were : (i)
mapping ol the ocean foor, (i) study of seismic data, and (/i) pattern of
anomalies of the earth’s magnelic field. This theory has now offered ex-
r many of the complex geological processes such as voleanic

plaination o
quakes, mountain building and conlinental drift.

activity, earth
1.14.1. Crustal Plates

The entire earth’s surface is composed of several rigid bul relatively
cn 100 and 150 kilometer thick and carry

both continental and Seeanic crust with them, They are continuously in

metion with respect gach other.

The plates vary in sizc. There are ubout 20 crustal plates on the earth's
surface, out of which seven are very Targe. The large plates arc : (i) the Nm:l.h
American plale, {#f) the South American plate, (fii) the Eurasian plate, (iv)
the African plare, (v} lhe Indo-Australian plate, (vi) the Pacific plate, and ;

: 4
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; . ] ; ted by ridpes,
(vif) the Antarctic plate (Fig. 1.12). These platcs ure separale y ndg

transform faulls and renches.

—= DIRECTIOH OF PLATE MaTioA

Fig. 1.12. Earth’s moving plates. 1. Eurasian plate, 2. Pacific plare, 3. Norh
Aunedican plate, 4, South American plate, 5. Nazca plate, 6. Antarctiva plai,
7. Affrican plate, 8. Ausiralian plate, 9. Philippine plate.

The plates slide over a partially molten plastic layer called the “astheno-
sphiere”. The asthenosphiere oceurs below the lithosphere in the upper mantle
at depths ketween 100-200 km [Fig. 1.4 (9], In this 7one the velociy ar
shear waves cops 10 a minimuwm: lis plastic behaviour may be due
increased iemperanw es and pressures existing at greater depths. The asthen
sphere is believed 1o be the siic of convection cells (Fig. 1.15).

1.14.2. Plate Boundaries

Almost all seismicity, voleanicity and tsclonic aclivity Qv localizea
a_rou.ud plate rmargins. Hence boundaries between difleren) plates ure o.
petticular interest. Depending on the relative molions of adjacent plates, the
p.ll.'lte bm:qdm—ics are classilied intp ups : (7) “divergen bof 4 r" -
{if) "convérgenl boundaries”, and (i) "frﬂ!isfnrnijﬁujr boundari % {Lmj !

stinguish between a plate boundary and 4 plite marpin, The es”. Let us
cween 1wo plates is called the “plate boundary” ang Ilhc “E;:;:; r;zilzi}

4 single plate is called the “plute margin "
cammon plate boundary, R T plase Frieging mect gk

(0} Divergent Baunduries, Diw
“constructive gones becay

three groy

:ggnl boundaries are gigy called the
.r 0 these zoppg | new crust is
ent bonudari_es Oceur at oceanic

coniinnously ereaeq, Dive,
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e lisundearres™ are hey
plates move g

ay from esch ofler [Fig

PLAaTE
PLarTg

nuniaries mlomg whickh
L3 ). In the provess
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CPSTHENDIP R ERE '.:qs‘*n‘!k:.lsﬁ;n.
[4-¥] & Sl

5

ASTHENGSPHERE
{c)
Fig. 113 (a) Diverpent Baouudary, ih] Convergent boundary,
{c} Translonz fault koundary.

af plae separation, the nagma rises up from the astheposphere
and fills the gap thus created. [n s way new crus s created
along the trailing cdges of the diverging plutes. This phencmenon
is called “sea flonr sprecding”. Such boundanes are characterized
by basaltic igneons activ ity, shallow focus earthquakes amd high
rates of heat flow,

Thus the oceanic ridges are the newest part of the earth’s crust,
The oldest crust is found near the oceanic trenches where it slides
devwn into the mantle. The plates move from ridges amd travel like
a canveyor helt owards trenches where they are destroved. Plate
bowrutaries at which the net etfect of motion is to generate crust
are colled “sonrres”. The rate of sea [oor spreading al ridges
runges from less than 1.0 centimeler 1o 6.0 centimeter per year,

Convergent Boundaries. The “convergent boundaries™ are boun-
daries along which two plates approach each other and the leading
cdpe of one slips down under the other at an angle of abon 45°
|Fig. 113 (b and 1143 These bowdares are also called the
“destrucrtive bogndiaried” or “wbduciion zones” . They oceur at the
decp trenches. The dipping plate sinks into the asthenosphere
where lithasphere melts o produce magma. Thos irenches arc the .
areas where plate edlges are destroyed. The plate hf)und.-n'u:s al
which the net effeet ol the motions 15 w destroy surlace area are
called “rmks™, Sinve the surfuce area of the earth does nol clange,
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Fig. L.14. Showing convergence of (wa O

ceanic plales.
the amount of crust created at the accanic ridges is balanced by
(hat destroyed at the trenches.

oundaries are characterized by basaltic and

The convergent b
and fold mountain

andesitic volcanisim, deep focus earthquakes
Tanges.

(iif) Transform Fault Boundaries. “Transform fault boundaries” are
boundaries along which plates slide past one another and there is
no production or destruction of lithosphere [Fig. 1.13 {c)). The
transfom faults run in the direction of the plalc movement and
affset oceunic ridges. The margins at which the plates neither gain
nor loose surface arca, are called “conservative houndaries™. The
ermsform faulis are characterized by shallow focus earthyuakes
with horizonlal slips.

Alth 7 aulis : .
. ?:\ff;!f::);;nfj ‘::em ilrrlmlslt:f-m laults occur in the oceanic
R continenls, such as
taull (southwestern U.5.A.). MRS BT comy

1.14.3. Plate Margins

A plate may carry either continental o ani
PR o slieri Al or oceanie erust or both, i
e ;Ilﬁregls:():rul]lc'h (l;.ule occatmc Crust can participate in gzwni:::
e e .:fn destruction. The important events clated
il ASSOCIAle
1. The continena) CIUst can nol be s
Pn?:;i.f\ffﬂf this gt is thickcurbsil:slfrférg ::Ids i
collision (ak .mn"nc"'s al their Jeading ’O,Vﬂﬂl- i
es plice. As a resuly e 3 edpes converge, a
L thickens 1o form greal

mountain ranses I
L ranges like the Hima), =
the relative mofign between t;l:j:as (Fig. 7.52 ()], In such a case
wo

to fonn a Lyyer o .
; D2 luger sing|g plaie. Plates ceases and they unite

o
&
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¥

\
\

. ridges are active centres of spreading.
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2. Where 2 continenial crust converges wilh the oceanic crust, the
less dt_:n:u: continental mass remains foating while the more dense
oceanic crust sinks into the mantle along the line of the oceanic
o= wench [Fig, 7.52 (c}]. Such u process operates at the Peru-Chile
trench where the Nuzca plate (occanic) sinks under the conlinental

plate ol South America,
3. Where two oceanic plates converge, one of lhem is subducted.
The magma produced due to melting of the dippiag plaie, rises lo
the surface (ocean floor) crealing volcanocs. Island arcs are

‘EW produced as a resull of the continuation of this activity (Fig. .14}
\ 4. The spreading process which operales at oceanic ridges, produces

only the thin oceanic crust and not the thick and mineralogically

different crust of the continents.
1.15. CHANGE OF SHAPE AND SIZE OF PLATES

Normally plates change both in size and shape. However there are two
canditions in which their size will not alter : {§) when the rates of growth
and destruction on vpposite sides of a plate exactly balance cach other, and
(7i) when a plate is surrounded on all sides hy conservative boundaries.

A plate which has constructive margins on the two opposite sides, will
expand in size and thercfore its shape will change. The African plate is-a

is bounded on the west by the Mid

good cxample of this type. This plate i
Atlantic Ridge and on the cast by the Indian Qceanic Ridge. Both of these
Thus this plate must be expanding in

an E—W direction.
The earth is of a constant surface area. It demands that if the arca of

some plale's increases, that of others must decrease. Hence in theory, it is
possible that a plate may be completely destrayed, and mid oceanic ridges
and deep ocean trenches may mmigrate freely with respect lo each other.

1.16. OPENING AND CLOSING OF OCEANS

Plates change bath in size and shape. This means that new plates can
form by the breaking up or welding together of other plates. T:his_ results in
the birth and death of occans. The process of opening and closing of oceans

may be outlined as follow. L
(i) An occan grows where the process ol sea floor spreading is under
progress and shrinks where continents force the ocean floor to-
slide down into the trench. The Allantic in an ex'funplc of growing
ocean while the Medilerranean is that of shrinking. o
(i) A shripking ocean disappears altogether when the con_tincnlzll
inasses converge and join with each other (Fig, 7.32). = .-
(iiiy The birth of a new ocean lakes place with the breaking of 2~
continent. This breaking occurs, due to the formation of a' new:.
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cved to be the sile of a
kirth of the Red sea took
d rom Africa and

spreading centre, The Red sea is beli
reccotly formed spreading centre. The
place when the Arabian Peninsula scparale
moved towards the northwest.
1.17. CONVECTION CURRENT HYPOTHESIS
The high heat flow associated with the oceanic ridges éu;gesls thal
convection currents exist within the carth. These curreits are bgll‘cvall w bc
tesponsible [or e movement of crustal plates. The idea q! n.om_Jf I:C:on
cugrent was first suggesied by the British gealogisl A Holmcs mII*JZ v[v c.n
ne tried to explain the driving mechanism fir the comme-nlgl dnftl. Hufulnjuj
prapascd that suberustal convection currn:nls. dragged the two halves of the
ariginal continenl apart. The mountain chains were fonued on IJT'lc front
portion of the moving land masses where the currents were descending, and
wcean floor was develaped ou the site of the gap where the currents were
ascending. 4
Ttis penerally sccepted that most of the mantle is a hat solid. Seismology
sugpests Lhat the astheno- E

sphere is partly molten RIDGE

(Lzmpemmrepnhnm 1200°C). i:s_:::: :"l L) LITHDSPHERE
Due 1o upequal distrihution ¥ —gre FTRENS
af heat, copveclion curmenls 2

generate in il (Fig. 1.13). nAa:'rLE,)L\

Under the mid occanic
ridges, the ascending hot
plume spreads faterally. As it
spreads away it cools,
saliditics and becomes at-
tached to the oceanic plates.
Al trenches the cold plume
. sinks hack inlo the mantle
where il is reheated, Thus
tbe cycle of convection is com
motion o the crustal plaes.

Fig. I-15. Showing canveclion curmrenls
in 1he earth’s maale.

pleted. This convective transport impart

Um:nl‘ hypnlhefi_s has provided an bnportant
€ conlinental drifl, sea (loor spreading and plate
1._18..1.:!{5‘.(]11\’ OF SEA FL.OOR SPREADING
& wme- _I;J::R;zf _“sea Noor Spreading” was firs proposed hy H Hess
s (_r'] i ﬁd:;:l F%‘Ls llhal led W hin (o poslu!a:{c lt?iz—ymc&::\f
oceante enust has g tiickn: i hasins, i Gy d];:

thi :
ickness ol continapga) erust is 3040 kmmctq- ouly wheress typical
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Hess poswolated | i .
!imhs ol canvection U':;L;'-:::F’izﬂ‘;:t ridges are situsted ower i rising
s Tormed due 1o Eobliig ol S ‘s nantle and_lllul hin vceamc crust
The ocean Progressively widens us |hcc‘mm i m'a m:.ng_lm.-n ey
crack that runs along ihe ¢ B e el o
e the crest of mid ocean ridges. This mechanism is called
uﬂo?r Spreading™. The fowr of the Allantic ocean has formed by thi

process during the past 200 miliion years, The typical Tate of r:adl}l; ::
vecanic rdges has been cstimated 10 ke 5.0 cenlimeters per 3:,:. ;

_ The new oceanic crust created at ridges spreads laterally away and is.
ujumlately destroyed in the veeanic rencly systeins. The oceanic renches are
the sites where cgnveclion cumenis descend down into the ruactle. l;l these
arcas, the vceanic cust is st down in the manile where it is largely
resorbed. Contivents are not liable 1o destuction and hence have greal age.
They only passively drill apart floating on convection cells of the mantls.

L18.1. Evidences

The evidences which support the theory of sea floor spreading arc as
follows.

(i) Drlling into the acean floor lias been dons to study the sediments
occuring there, Cores oblained from near the occanic ridges have
shown, that only thin layer of young sediment overlie the oceanic
crust. With an increase in distance from the ridge, the sediment
gencrally thickens and the age of the sediment also increases.

(fi) Magnclic surveys taken across the oceanic ridges have disclosed
symmetrically distributed sirips of positive and negative magnetic
anomalics. The axis of symmetry coincides with the crest of the
mid oceanic ridge. These sirips of magneic anomalies provide
proof for the theory of sea floor spreading. AL the oceanic ridges
new sea floar is being produced. This new sza floor reeonds the.

" reversals in the earth’s mugnetic field. The lime ¢lasped between
the teversals ranges from thousands to hundieds of thousands ef
years. By determining the amouut of new sea ﬂuo[_ pmdug‘d
during i nagnetic reversal of known length, the rale of sprewding
can be calculated.

(jify The occurrence of earthquakes and active '\'olcrlmic islamis along
the crests al mid oceanic ridges also provide evidences which are

in favour of the icory af sea floor spreading.
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2. Describe the radioactive methods for daung the carth. How old is the ',m”h
according 1o these estimates 7 Why is radiomeirc Jating the most reliable
methed of dating 7

3, Give a briel account of the intemal struciire of the carth. What are the major

characierstics of each regien?

4. What information does the theory of eanthquake provide with regards to the
interier of the earth 7
5. Give an account of the internal structure and conslitution of the earth?
s meihods advanced |
its of cach one ef them.

6. Give an culline of the variou: o evaluate the age of the
earth and discuss the merils and demer!

7 Explain the hypothesises proposed by Praul and Airy. Give

7. What 15 1sosiasy
some evidances of isostasy.

8. Explain in brief the Wegener's theary of continental drift and pive evidences
that support this theory.

9. Wha is plate fectonics 7 Describe the vanous 1ypes of plate boundaries.

10. Esplain the following in the coniexl of plate leclonics.
(i} Convection current hypothesis.
(if) Theary af sca floor spreading.
11, Write short potes on any four of the following.
{i) Proloplanel hypothesis, {if) Solar system, (it} Mohoravicic discoa-
tinuity, (iv) [sostasy, (v) Radiomerric dating.

"

Physical Geology

2.1. WEATHERING

The rocks break and undergo decay under the influsnce of the atmos-
pheric agencies like wind, sun, frost, water and organisms, and produge sail.
This phenomenon is called “weathering”. Weathering and crusion together
lowers the mountains and produces sediments. The weathering rf'.:x} he
dcfined as a process which tends Lo break and dicompose mcks in place. It
includes two processes @ (1} “disintegration”” ar physical breaking, and (1)
“decomposition” or chemical decay. In nature hese Iwo processes work

simultaneously.

“Eyosion” is a process which includes the destruction of
of the product [rom the site of destruction.
crosion. It is usually done by waler,

. Erosion.
exisling rocks and removal
Transport is the important aspect of
wind or ice.

cring and erosion is called

ral wearing down of the earth’s surface.

Denudation. The combined effect of weath

“denudation”. It involves the gene

ysical weathering process _].n u..hich large
sheets of rock peel of[ from an outcrop. In L:.\fu}iutiun. reduction |.|1 pn.-_m.u_re
due to removal of the overlying rock plays an important part. r?\:s ::-Tu‘h slab
breaks off, it releases weight from the underlying 111:13:.\'._;\? a IF@U!I‘II‘: ?UL::I::
layers expand and separate from the rockmass. Exfoliation is comMInonis

seen in homogcneous rocks like gramite. T s
) 3 N - [Th)
5 i f eri i terop of ¢d rock is subjectc
heroidal Weathering. 11" an ou ! ; ; s
chcr:‘i':q[‘[wcalhcrmg the rounded houlders ;:l::.] pnﬁ:ﬁ.}g?:;g::;;:ﬂ_
! 1 eathering”. The spheroidad ¥ il 1ESTB TS
cal.lcd. -;pfmrmdr.-f wed o xlm o ich maler i 1 hph‘LmI(l
foliation excepl that it takes P! it

e aecompaniad by inerease ir
weathering, the hydration which 18 accompatied by

Exfoliation. It is mainly a ph

jolnl
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; £ ‘lay, they
plays an important part. As the minerals in the rock “Camffl:jc:"w: e
increase in size because of the addiuon of waler inlo rhe: shz it
increase in volume exerts an outward force due 1o which [
layers of rcck break loose and fall ofl.
2.2. PHYSICAL WEATHERING .
Physical weathering or disinlegration involves upp]ica[ml‘! of meifham-
k breaks nlo smaller pieces wi thoul

cal forces. In physical weathering a roc : piect !
any chemical change. Thus by breaking rocks into smaller pieces, physical

weathering increascs the amount of surface area for chemj_gal alla.:;k. The
principal agenis of physical weathering are : (i) frost, (i) hc_aung and

cooling, and {111} organisms.

2.2.1. Frost
nt of its volume. In

When water freezes, il expands about 9 perce
pature water enlers into cracks of rocks. Upon freezing it expands and

exerts greal pressure on the walls of cracks. As a result, the rock breaks
into pieces. This process is called “frost wedging”. By this process
angular fragments of rock are broken off from the high mountain ranges.
These rock fragments roll down the hill slope and accumulate at the base

1o torm “falus deposits”.

2.2.2. Heating and Cooling

It is helieved that daily cycle of lemperature change weakens rocks,
particularly in hot dry regions. Healing a rock causes it lo expand and
cooling causes il to contract. The repeated expansion and contraction tend
to develop cracks in rocks. [n desert areas the coarse grained rocks like
granite, disintegrale soon into their constiluent crystals and become desert
sands as a result of temperature variation,

2.2.3. Organisms

Planis, burrowing animals and men pla i i isi
L:;rminn of rocks, Plant roots grow inﬁj f(:: er:;c[':a::p;n ANl
thicker, they exer! mechanical pressure and wedge lhg. : e
burmwjf'a; animals, such as earth-worms, anty ang| rod mt- apﬂ.ﬂ.l The
Loy the Idmmwgrnli(m of rocks. Men also break rocks h o a.L-,u sonliuie
tunneling, quarrying, mining and cultivaling the I;m;j ¥ g e

2.3. CHEMICAL WEATHERING

Chemical weatherin, ; iti
g ar decomposition js i
:r::lcgfd:h‘:n |-)y chemical decay of mincmfxm[;ul:'in sl: e ke i
mical reaclions act on rocks whidh ¢ glge:l:]::l-ﬂ weaIJwrmg_
hay CIr minerals 1o

more slable forms. The principal
water, and (1) organisins, P agents of chemica Weathering gre (
(i)

PHYSICAL GEOLOGY
2.3.1. Water e

Waler is the main a )
E gent of chemical weathe pure
yamer R the il ring. Although w
< : ! i gh water
ﬁ;rm inactive, it becomes a powerful chemical agent when a smal -
ol oxygen and carban dinxide are dissolved i g, Rain water usually v
these pascs. Tin_: main reactions involved in the chemical :Hu:h:’ e
(1) oxidation, (f) hydration, (iff) carbonation, and 1v) sorlasti . e
i v i

()xifinlinn. The OXyECn present mn the waiter in dissolved state oxid
some. minerals. Mafic minerals like pyroxenes. amphiboles and uh\e‘iﬂt::
conlain some iron. During weathering the Oxygen unites with the iron
producing insoluble iron oxides. Limonile and hematite are the very com-
mon producis of oxidation which impart red and yellow colours to ;ins.

' Hytjrutiun. In hydration water molecules combine chemically with
mmcralf. Lo produce new compounds, The formation of gypsump (CaSO,
:?HgOJ from anhydrite (CaS0,) is a gooxd example of hydration. Carbonation
ln:quc"liy operates along with hydration. The orthoclase Felspar, o mineral
which is abundant in granile, is decomposed and converted into kaolin by
hydration and carbonation. Other hydrous silicates fermed by hydration o1
the primary silicates, such as pyraxenes, amphiboles and olivine are chlonie,
serpentine, tale and seolites.

Carbonation. Carbon dioxide dissolves in water 1o form carbonic acid
(H,0,). Carbonic acid is an effective wealhering agent. Granite is the most
abundant continental rock. Under the influence of carbonic acid it weathers
into clay. Let us cxamine this process in detail

(iy The granite consists mainly ol quartz and potassiam [clspar.
Quartz is very resistanl 1o chemical weathering. Hence it remains
unaltered.

(ii) The reaction between carbonic acid and potassium [elspar is as
follows. ’
2KAI8i; 04 + 2H,CO; + H,0— ALSi,0,(0H),
: + ZKHCO, + 4810,

clion arc polassium bicarbonaie and clay
bicarbonate heing solubie 15 removed by

{iiiy The products of this rea
ccumulate near the surface.

minerals. The potassium bic
ground-waler, while clay mineruls &
The weathered products of important silicate minerals arc shown in
i - ining calc sk sodium oF polas-
Table 2.1. When minerals containing calcium, magnesiun, «x. .

sium reacl with carbonic acid, carbonates and bicarbonales are fum-;gd.
These soluble producis are removed by gp;_l.mdlfmcr. The three rcrmmmi

elements, aluminium, silicon and oxygen join with water 1o produce stab

clay minerals.
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Table 2.1, Products of Weathering

| Mineral Residual Product Marerial in Soiniolt
B i bl

| Quarte Quarlz grains Silica
|
- b ot
l Felspars Clay minerals Silica, K*. Na*. Ca
e P e
Homblende | Clay minerals. Silica, Ca*™. Mg
Limonite. Hematile

Olivine | Limonite. Hematite I Silica. Mg*™*

Solution. The process of solution and ca.ﬁonating EOES On logclh?r, The
lirnestones, dolomites, rocksalt, and gypsum are particularly s;_qu:eplable lo
solution when they are attacked by water containing carbon dioxide.

2.3.2. Organisms

Many dead organisms produce organic acids as they decay. These acids
increase the solvent power of water. For exawple, the solubility of silica,
alumina and iron is much greater in the presence of organic acids.

2.4. RATES OF WEATHERING

The rate at which a rock weathers depends on the following factors.
The particle size influences the rate of weathering. The smaller
the particle, the greater the surface area for chemical alack.

—

ta

The mineral compesition of a rock is also very imporlant. The
slate which is mainly composed of clay minerals is very resistant
io weathering whiie this is not true for marble.

3. The order in which the silicate mincrals weather is the same as their
order of crys(z.!limljm. From Bowen reaclion series (Fig. 5.15)itis
clear m_al nim_wc crysiallizes first and it is the least resistant 1o

_ wealhering, while quartz which crystallizes last, is the most resistant.

4. The rate ol weathering is also affected by the climatic fuctors.
Chemical weathering is most active js w
least active in cold ar arid regions.

2.5. SOII.

Regolith. Any solid unconsolidated

anm humid regions and

53 ket i material lyi - g
:a]led regolith”. It includes soil, alluvium, and nﬂ!{;ﬂgxﬂﬂ bedrock is
rom the bedrock. The thickness of this manjje varies fj ? weathered
expasures lo very deep in arcas prolected from erosion Tom nil over rock
Seil. A portion of the regol; . ;
i golith whic
called “s0il”. Thus soil is a ¢ ich supports

. R the growth of .
A aic. ‘ombination of Minera of plants js

$, Organic malter, waer

R i

PHYSICAL GEOLOGY
2.5.1. Soil Profile i

I we examine the walls
ol a rench, they are found 1o
contain a scrics of horizontal
layers. These layers are
called ‘“horizens". Al
horizons logether form the

“soil profile” (Fig. 2.0). The |, .-,“;'. o
threc basic horizons from k l
?P o a2 Fig 2.1 Soil profile

(i) A-Horizon. 1t is the upper most layer of the soil profile. It is also
called “surface soil”. This layer contains organic maticr and
micro-organisms. In this layer the greatest hiological activity takes
place.

(1) B-Horizon. The B-horizon is also called “subsoil”. This inter-
mediate zonc is also called the “zone of aseumulation” as much
of the material which is leached out from A-horizon, is deposiled
here.

(iif) C-Horizon. The lower harizon is called “C-horizon” It manly
consists of the partly altered parent rock matenal.
2.6. CLIMATE AND SOIL FORMATION
In “arid regians” where days are very hot and mghts are coal. the rocks
shatter mainly by the influence of unequal cxpansion @d cnnm_clmu. Th::!
soils thus produced contain the grains of minerals W!m;h are dhmt{'g'r::d
from the original rock. The surface layers of such soils often become

due 1o the crystallization of salts. The evaporation of w,_::r hringl.f, di:s::.v::
: -api action which cernents the upper layer
B b of Texas, New Mexico and

: . 3 i : s
soil. The lime crust is found in the desert soi 1
north Africa, while the gypsum crust ocours in Egypt and central Australia
deserts.

In “arctic regions " the ice and frost activity Lake part inn]m:l;;li:).xcmkzi::

lion and produce a soil consisting of und::cmgposed rn%:l:med E l

ticles. The soil mantle which is usuallly;‘shallowl;i charat bundan

it p i tly frozen slate.

sill, peat and water in a penmancn i’ ety
In “humid temperate climate " the roc:;e a:::n nmpmmm_ E:ﬂdcm" i iy

by a combination of borh dnimng aracterstic development of soil

[ ¢ of soil is formed. This soil shows the charac

ype : el

profile having A, Band C honmnsmj RTI—— i m,g

In *tropical climate” U e depth. The most comman su.ﬂ

rocks are weathered (horoughly upte 2 greal
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* which develops as & result af weathering
most of the silica is leached oul and the
aceumulale new the surface to
a very useful construc-

into bricks which

of the tropical areas is “lateriie
of silicate rocks. During weathering
insoluble hydroxides of iron and aluminiwmn
give rise a reddish brown residual deposit. Laterite i
lion malcrial. When moisl, it is soft and can be cut easily

become very hard on drymng.

The svils of both the temperate and tropical regions may develop “hard

" at some depth below the curface. The downwardly moving ran waler
10 Tower horizons where

lica from the upper horizons
nenation of the soil layer. This Lype of hard,
[ soil is called "“hard pan”. Such hard

ndation of buildings and other

pan’
may bring leached si
it is redeposited. It causes cer
well cemented and impervious layer o
pans present very uselul horizen for the fou

struciurcs.
2.7.50IL TYPES
Depending upon their mode of formation, the soil deposils have been
broadly grouped into two classcs © (i) residual soil deposits, and (i)
transported soil deposits.
Residual .'i_oil. In plain areas the products of rock weathering contirne
o al':nunuln.m in place over the purent yock masses and give rise [0 @
re.wdufﬂ sail zf’rpcu'r'r". As the aclion of weathering decreases wilh depth,
.s:uch soil deposits pradually change from soil at the surface to broken rock
fragmenls a‘md werge with fresh rock underneath. The commen examples of
residual soils are Jaterile, temra-rasa, and peat hags.
w Transported Soil. The weathered and broken rock materials are eroded
il Lrapsponed frgm ane place to another by natural agencies such as wind
“:f;jj;?r:;’ gm‘:l,‘r The deposits of svil formed in this manner are called'
ed soif deposits”. Such soils generally lav i ith th
bt ot e oo : ) e no relalion with the
YInE . The wted souls i i
tothe st of the Iranspocting a[;“wy :::bnhn}:: been clz?ssaﬁed according
classification has been given in Table. 2 2-P silples Lol fonnetio, This

Table 2.2. Transported Soil

( - :
Transporting Agency Nature of Soi

Alluvial deposits

} Lakes
; L.acusmne.lepns}rs ’
Sea :
Masine deposits
"Wind
¥in Enlian depasits

' Glacial deposis
e
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The size of the soil particles are cxiremely variable. It ranges from a
big boulder to line clays As per the Indian Standand Insntmtion ¢ 1948-1951)
Ihe nomenclature of suil particles according lo size 15 grven in Table 2.2,
The suil containing mixinre of clay and sand is called “loam’ , andl the clayey

soil having appreciable lime content is called narl”
Table 2.3. Nomenclature of Soil Particles

Sedirent Nee Size Kuange |
Henldder A0 mm or more
ey —
Gravel Fetween 60020 mm |

Coarse sand Between 2 (=06 mm

Belween 0602 mm

Mediom sand
Fine sand Between (12006 mm J
. - ! |
Sl Retween U06-0.002 mm |
|
)

Clay Less than 0.002 mm

2.8. WORK OF WIND
The air currents in motion is called
agent of ervsion, transporl and deposition. |

|

“ywing”. The wind is an important
ts work is particularfy scen in

arid regions.
2.8.1. Wind Erosion

Although wind erusion is not restri
does its most effective work in these are:
: (i} deflation, {if) abrasiou, and (i#f) ultrition.

(i) Defation. Lifting nil removal of loose
“deflarion". By this process the land surface is gradually lowered.
I many desert areas deflaticn produces hollows or basins with
their bolloms al water rable. Such basins conlaining some waler

are called “pases”.

(if) Abrasion. During dust
sand in suspension. They das
rock masses and cunise crosion.

used as tools for eroding rocks, is cd

that travel with wind, callide
lead 1o their further preal dowy

cled lo arid and semiarid regions. it
s, Wind does erosion i three ways

material by wind is called

stroms the wind carries minute grains of
h and collide against the exposed
This process 1o which sand grains
lied “abrasion”.

are
eatnst one

Attrition. The particles
another. Thesc mutual col
and the process is called *

(iit)

lisicns
“attritton”.
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dunes are created. Sand dunes have a genile slope (5° to 15°) on the

windward side and a steeper slope (20° to 30°) on the lee side. The height

hing of rock faces and
of sand dunes depends on the wind speed and the size of sand grains. :

2 8.2. Erosional Fealures

< of wind erosion are polis

The important feature "

{ i rentifacts i lpanl:slsl racks. o
formnation of ventifacls ant P —— ‘ . .
o i d armed with sand abrades rocks I ulders are Ilclgf_lts of 30 mellers are not uncommon. The sand dunes migrate slowly in
Ventifacts. Wind arm : pblos and bo i |

'ﬂ' fecl i alled “sand blasting”- When pe edpes. 1t these he direction of wind movement (Fig. 2.3). In some cases they move as much
[ace. This elfecl 15 : lal sides and sharp gin.ed Such as 20 meters per year. The migraling sand dunes may advance and cover
3 farm land, rail roads, highways and other valuable property. Their movement

subjected to sand blasting they de\-elopl : iy
":IOI.]ES coplain coarse crystals of unecjua ]win sh}l‘m i
stones which are polished, pitted and con

. These stones are faceted by

ey become P

dges are called “ven- may be chiecked by planting vegetation. The sand dunes are of four types :

(1) transverse duncs, (if) barchans, (iif) longitudinal dunes, and (iv) complex
dunes. )

rifacts” e A
o of their windward sidc. T y
SRS .. Pedestal rocks () Trunsverse Dunes. Transverse duncs have their longer axis at
Pedestal Iluck.-... CI( et right angles to the direction of wiml. They are formed in arcas
are the undercut veﬁlmloiE} e ——— RS wilh strong winds where more sand is availablc.
rocks which have wider . w N
rower bases, When wind blows, the s (#) Barchans. “Barchans™ are
4 . . ’] 1 5 R
cand pariicles being heavy travel near crescent shaped duncs the Ho
5 convex side of which faces HoRNE
the wind directivn. The

the surface and cause undercutting of

rock faces (Fig. 2.2)- Fig. 2.2. Pedustal rack.

horns vr wings of the cres-
cent point in the direction
of wind flow (Fig. 2.4).
Burchans are formed where i aan
wind is nearly unidirection- opi1AEeTION OF WIKD i
al. They occur in groups in
areas of grealest sand supp- Fig. 2.4. Barchans
ly. The height of large 4
dunes does not excecd 30 meters and their point to point length
is generally 300 meters. 5
(iii) Longitudinal Dunes. The dunes which are elongated in the wind
direction, arc called “fongitudinal dunes”. These dnnes usually
develop in strong winds in arcas where small amount of sand is
available. The longitudinal dunes may reach heights of 100 meters
: and may extend for about 90 kilometers. In the Amb countries
moui:l': :r:):;:r:d ]:];i.:‘v:n't:lrj:egenc'[‘r:[ly it fand i motinds. These : ' :: 65; dllmj Sk L o
accumulates whcreveri; nlt'aI-Ls fmu Oh;us:‘ulz:! travelling as hed load in wind - ‘rﬂ sword. L ol
As the accurnulation of sand g Yo ion, such as a boulder or a bush. (i) Complex Dunes. In areas where the lluc_cnon af varies,
Brows, it Iraps even more sand. In \his manner “complex dunes” are formed. They are of irregular shape.

2.8.3, Wind Transport
can easily sweep small dust particles and carry them to

er, are transported in a serics of

Turbulent wind
great distances in suspension. Sands, howev! :
jurnps or these merely roll along the pround, The process by which sand

particles travel in o series of jumps is called “saftation”. The greater part
of the sand grains are transporicd very ncar the ground surlacc and they are
seldom lifted more than a meter above the ground. ;

2.8.4 Wind Depuosils

The wind deposits arc commonty called the “enlian deposits”. The rock
particles in the eolian deposils are penerally well rounded and are sorted
accomding Lo their siee and weight. Wind deposits are of two types : (1)
?Ic{cumﬁlmmus of sand, called “sand dunes”, and (ii) deposits of sill, called

0ess '

Loess. The suspended [oad transported by wind consists mainly of silt
AT A LATER T{mE and dust particles. When it settles, it forms a blanket deposit of silt, known
—_— Y e as “loess”. These deposits arc typically nonstratified and have a grayish
e Y -~ yellow colour. Loess is composed of many minerals including quartz,

seaiih : fclspar, homblende and calcite. These materials are derived by wind. from
or from flood plains of rivers. Deposits of loess are very fertile. Loess

deserts
deposits in sOMe parts uf China annroach a thickness of 300 meters or more.

PosITIoN @F DUNE

Fip. 33 g,
£ Sand dupe MigTating with wing
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2.9. WORK OF STREAMS

The term “stream”’ includes the < ;
smallest brook to a very large Tiver like B
and “stream” arc used synonymausly, the Y i o
ta denote a main stream into which several frl S i .

The geological work of streams is to “erade” (e \I’ﬂ| E\\v'cr o i
the rnau:flal thus eroded, and “deposit” the same in the
favourable sites.

2.9.1. Stream Erosion
The streams cause erosion in four ways
hydraulic action, (fii) abrasion, and (1) attrition. . ‘ |
1 and chemical action of water
along joints and cracks amd

| annelized Mow of any size, from the
e«h

L term river”
~ Although the
o 7 s preferably used

; (i) chemical action, (if)

Chemical Action, It includes the solven
on country rocks. The chemical decay works
thus helps in breaking the bedrocks.

Hyvdraulic Action. The swiltly [owing water harmmers the uneven
faces of jointed rocks exposed alang its channel Iumi rfem?ves the jointed
blocks. This process of erosion is called “hydraulic action”. Atihs hottom

of walerfalls, the channels are eroded at an enormansly rapid rate by the.

hydrauiic action,

Abrasion. The fowing water uses rock fragments such as pebhbles,
gravels, and sands as a tool for seratching and grinding the sides and lNoor
of the valley. This process of erosion is called “afrasion”.

Attrition. Il is the breaking of the ransported materials themselves due
to mutual collision. The atrition causes the rock fragments to become more
mounded and smaller in size.

In addition to the above, the sireams acquire their load by many other
means. Much of the material carried by a stream is contributed by under-
ground water, overland flow and mass wasting.

2.9.2. Stream Transportation

The amount of solid mate

“load”. The streams trang
load), (if) in sus; i
load).

iuj Ltrjr:EPOHEd by a siream is called its
: 1l In Lhree ways : (i) in solution (dissolved
pension (suspended load), and Uiy along the bottom (bed

Dissolved Load. The
groundwater, Some
which occur along

amoun| :;::?:\;T:]oluad_is brought 15 (he strean by
acquired dj
the stream’s course, “quired directly from solyble rocks

€5 sup 1 i
i hm clay and &1t ravel
particles gy carricd (his way,

much larpe,

e

i o
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Bed Load. The forward force of moving water acts mare directly on
the larger grains ol the bottom, pushing, rolling and sliding them along. The
particles moved in this way constitute the “bed foad™ of a stream. Locally
the medivm size material may travel partly by rolling as bed load and partly
in suspension. This process of intermittent jumping is called “saltarion”. In
saltution, the heavy particles are lifted occasionally lor a few seconds by a
swilt eddy.

The velocity of a streain is affected by a number of factors, including
gradient, channel size and shape, load, and discharge. The increase of
velocily increases the transporting power of a river as much as the 6th power
of the velocity.

Transporting Power = g

It means that during fods Lhe ransporting power of a stream suddenly
rises very much and it becomes capable of moving big boulders which would
otherwise remain quite immovable,

2.9.3. Deposition

The loose rock materials transporied by a stream downstream, arc
depnsiled where Lhe velocity of flowing water is reduced. The sorting of the
material takes place automaltically as the large and heavier particles settle
quickly while the smaller and lighter ones continue their journey [urther
ahcad. The material which a stream deposits as sediment is called “al-
Luvium” or “ofluvial deposits”.

2.10. FEATURES OF STREAM EROSION

PPot Tloles. “Por holes” are the circular and decp holes, cut into solid
rocks by sand grains and pebbles, swirling in fast eddies. They arc commonly
fouml on the channel floor.

WaterTalls, The falling ol sirearn water from a height is called a “water-
Sall”. Waterfalls occur at places where the stream profile makes a vertical
drop. Such a siluation is usually found where gently inclined, erosion resis-
tant beds overlie lhe
nonresistanl beds, The
softer rock is eroded ot
fast while the harder
one offers resistance
and forms a ledge at a
height, from which the
stream's water lalls
down deep into the
gorge (Fig. 2.5). When 4 . o
the water falls over the ROCK,
ledge, it erodes the less

HARD Rock

WATERFALL

Fig. 2.5. Water fall.
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resistant beds of the cliff. Due to this undereutting Por-[iof (:fnm:rﬁlrgc.r
resistant bed breaks off and the waterfall retains its vertical cll ated a :
gradually moves upstream. Niagara Falls (1].5.A.) have retred . P

proximalely 11 kilomelers upstrcam sinee ils
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formation.

Gorges. Narrow and decp river valleys which develop in hard rocks are
called “gorges”.

Meanders. The symmetrical S-shaped loops fou
river, are called “meanders”. Meanders develop in i
rivers are those which have cut down (0 an approximately graded plroﬁlc.
In such rivers side culting becomes very prominent \VI]j.Cf"I resulls in the
development of meanders, The meanders grow due lo deposition af sediment
along the slipoff side and erosion at the undereut side (Fig. 2.6).

nd in the course of a
1ature rivers. Mature

—  DIRECTION OF STREAM FLOW —+

SLIPoFF
SIDE

UNDERCUT SIDE
Fig. 2.6. Meanders.

Meanders continually change their position. They move both
downstream and to the side
(Fig. 2.7). The sideways ERl SNE
mavemenl occurs because at ~
bends the swifiest currents
shift toward the outside hank
c_nusj.ug erosion at the oul-
side of the curve and deposi-
lion on inside of the curve, _. -f-
[n‘_ this way a stream i
migrates sideways a i
s]ighll)i duwnslreyum :? :i-’
eroding its outer bank ang 3
depositing a sand bar al the

PRESENT
PoINT BAR

POINT BARS

inner bank, Fig. 27, La
-k f, rera] mov,
Oxbow Lake, The 20¢3 are hree mges‘_ﬂmm of meanders. 1, 2
meanders grow h " the meander movemen,

progressively and (he Ree
k of me
2 SLage COMES when the 3 inder begome.
leaving behind its m:nmcms through the ﬂcik]mand w and narrow, Finally
remain filled with stagnan; u?:fl;nm' Such lefi gyt su'i':“n:]“wi"g AEBghL
»are called “gypg, €anders which
v lakes: (F;
Crig 2.8),

PHYSICAL GECLOGY

Entrenched Meanders. On
many pecasions, the land is uplifted.
The wplifting of a mature stream
would cause it w0 give up lateral
erosion anxl revert (o downculting.
Rivers of this type ae said © be
“rejuvenated” (Fig. 2.9). When a
meandering river is rejuvenated, it
starts downculling again. As a result
the meandering channzl is decpened
and the old meanders get entrenched
into the bedrock. Such meanders are
called “enfrenched meanders”.
2.11. DEPOSITIONAL
LANDFORMS

Alluvial Fans. The alluvial
material which flows down from
mountains, accumulates ot foet hills
where the stream enters a plain, The
deposition occurs due 0 abrupl
chanpe in the gradicnt of river valley.
Such deposits spread out in the shape
of flat fans and are called “alluvial
Janey”, Usually the coarse material is
dropped near the base of the slope
while finer material is carried further
out on the plain. Alluviul fans rom
many adjacent streams along a
mounlain may merge to form a long Fig, 2.8. Formation of an oxbow loke
wedge of sediment called “al- g
fuvial aprons”.

Flood Plains. During foods a
river overflows its bank and sub-
merges the adjacent lowlying areas
where deposition ol alluvial
material takes place, A wide belt of
alluvial plain formed in this way on :
cither side of a stream, is called Fig. 2.9, River valley showing rejuvenation,
“flood plain”. Tts
pame is appropriate,
becausc the Tood
plain gets submerged
only when u river
overflows its bank at
flood stages (Fig.
2.10).

RIVER TERRACES

LEVFEES$

\ Hl\iEl

Fig. 2.10. Floed plain and Natural levees.

pLooD PLMIN

7
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Natural Levees. "Narural levees” are the low ridges which are formed
om both sides of a river channel by the accumulation of cediment. They tend
to confine the flow of river water into its channel between flaad slages. The
natural levees oceur in rivers which have hroad Mood plains. During floods
the river overflows its bank and its velocity decreases rapidly. As a result
most of the coarse sediment is deposited alang Ihe arca bordering the river
channel and finer sediments are deposited more widely over the flaod plain.
In this way, successive floods build up ridges on hoth sides of a river
channel, which are called “natural leveas” (Fig. 2.10). The natural levees

of the lower Mississippi river rise 6 melers ahove the valley floor.

The area behind the levecs are poorly drained as water can not flow up
the leevees to join the river. The marshes thus formed, are called “back
swamps". A wibulary stream often has to flow parallel to the main stream
untill it can breach the levee. Such streams are called : “vazoo tributaries”.

Point Bars. [n mcandering rivers, sediment deposits occur as point bars.
The “peint bars” are the crescenl shaped deposits which oceur at inside
bends of a river channel (Fig. 2.6).

Deltas. “Delras” are deposits built at the mouths of streams. The: deltas
are usually triangular in shape with their apex pointed upstream. When a
stream enters an ocean or lake, the currents of the flowing water dissipate
quickly. This results in the deposition of the series of sedimenlary layers
which make up the delta. The matcrial of most deltas is well sorted and
many delias are uniformly graded. The structure of a delta deposit is shown
in Fig. 2.11. It consists ol three sets of beds : (i) botromsel beds, (1i) loreset

beds, and {fi7) lop-sct beds.

" SEA LEVEL
¥

T

Fie. 2. 4
ig- 2.11. Structure of delia. T-Top set beds, F-Fore set beds, B-Bottom sel beds.

(i) Bottomser Beds. The thi i
: i1 horizontal beds which i
e - k overlie el
bot!_um. are called “bottomset beds™. They are mai [I.e . - m?.m
of fine griined sediment, such as siliz and clays g Tomgest

(i) Foreset Bedr. Fores s
of bczsllom.se;lr }i?!rs“'cl'l!::;:shl::cdgm to form prior to the ﬂcéumulalian
s : 5 are com
whic y p pascd of cos siliine
nrhu.h is dropped almost immedigiely when an s s b
ocean. The foreset beds appear similar 1o ¢ VEE Enters a lake
ﬂ-lfléle of slope varies from 12° 1o 320 crosshed
of the material. -

- . dinp and their
cpending on (he grain size
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{iify Topset Heds, F »
[uI{scl T _;_li:l:-":}l’:mdi are covered hy thin nearly horizomtal
ite L‘l‘:ll'n( € beds ceupy the upper surface of the delia
¥ posed of u mixture of coarse and fine materials :

Major rivers, such as the Gan

) ;- v 5 1 g2, form large delias thousands of
I.(Elomclcra i:Jl'l area. On lurge deltas the main channel of river d|l\1i(.je: 1;qf$
g.:,v_em] smaller branches, called “distributaries”, They dischar, w ter i
various paths to the sea, i
2.12. BASE LEVEL AND GRADED STREAMS

Longituilinal Profile. Plot of the relative elevation of a stream bed from
headwalters o mouth is called its “longitudinal profile”. The longitudinal
profile of 2 streain is generally concave upward which is in aa:mda_nnz with
the steady downstream decrease in slope.

Base Level. The Ievel which controls the depth of stream crosion is
called a “base level”. As base level is the lower limit of the longitudinal

g, streams can not cut below this level, There are [wo types of base

prafil
The “ultimaze base

level : (i) ultimate base level, and (if) local base level.
[ represents lhe lowest level to which a stream can ernde its valley. It
the mouth of a stream enters a lake or the
cial dams which lie along

leve
is therefore (he level at which
ocean, Resistant rockbeds, walerfalls, lzkes ar artfi
alpcafl base levels” They act as limiting levels for the
jmmediately upstream. Thus lncal base levels are tem-
(o downculling encountered by a stream.

tream Lo change its characterstics.
rearn's gradient. As 2 result the
celerated, The crosion (irst siars
untill the stream profile is
channel is deepenzd and
1he new
2.9 and

a river course form
stretches that exist
porary ubstructions

Any change in base level causes a sl
Lowering of hasc level increases the st
velocities increase and downculting is ac
uth and then works upstrean
Thus the bedrock

¢ lelt as a 1crrace along the walls of
terraces” (Fig.

from near the mo
adjusted nlong s full length.
parts of the old valley tloor an :
valley. Such steps-like features are called “river
A2 TERRACE 1

TERRACE ‘Lz.

2,12, [aver lermees.
ediment transporting capacity.
p its channel.

an extent that

Fig
el ¢

yecuces he st s
deposils qediment thereby huilding U
ered ta such

cant
. . pesult the st o epyy 15 oW
As a restt fie capicity of o loaded suean! ES0 : : | can o longer
Sometimes U* i L‘ ploce Now the si ngle river channel cat
£5 £ - 7

heavy ap{gr:ldﬂliun 10
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carry its load. In such circumslances the individual channel subdivides itself
into a series of smaller channcls. These channels are separated by many low
islands which are the producis ol heavy deposition. Such a stream is called
“braided stream.

Profile of Equilibrium. Streams have tendency te cul and remove the
material from high
gradient regions and
deposit it in the low GRADED PROFILE
gradient areas. In due
course of time when a
uniform longitudinal
slope is developed
throughout the stream
course, the process of
erosion and deposition o .
ceases. Such a slope is called the “profile of equi!.fbm.'r_u or “graded
profife” of a steeam (Fig. 2.13). Thus a greaded stream WI”. not crodc or
deposit material but will simply transpont il. As a matter of fact this stape
is never reached due to many disturbances.

L. BASE LEVEL Lt

Fig. 2.13. Graded profile and base level

2.13. DRAINAGE SYSTEM

Drainage Basin. A land area ¥
surrounded by divides which X
cantribuies waler Lo a river, is
called “drainage basin".
Divide. It is a ridge of high \
ground which separates two J
drainage basins. Divides range in
size from a ridge separating two

small gullies 1o “cominental A
divides” which divide continents i

into large drainage basins.

River Capture, “River cap-
tire” is a process by which a parl
ol the drainage of vne river is
diverted into anather. Duc lo
greater discharge, slope or other
factors, the stream oun one side of
a divide may crode jiy valley
more actively than (he slreaun on
the opposite gide. While
!englheuing its valley headwary,
I may reach the less

{B)

River capiyre. (a7} Shawing two

. Fig. 2,14,
Clive river  rivers and y. (b) Showing g part of the
TIVET Y caplyred by x.
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by breaking down (he divide begween i

drainage into its owp channej (Fig. 2.04). Th
oceurs in the youth stage, It peeommes 1o o =
and is rarc in large rivers, a5 streams grow larger

2.1).1. Drainage Pattern

Although all drainage networks branch
their patterns varies ereally from one kind o
upon the rock Iype or structure, The chief draj
(ér) trellis, (rii) reclangular, (iv) radial, and (

(i} Dendritic Pattern, [ -
branching tree like arra
develops in terraing
horizontal scdimen
rocks,

in the same way, the shape of
f terrain 10 another, depending
Dage patlerns are : (1) dendritic,
v} parallzl

dendritic pattern™ the streams show a
ngement [Fig. 2./5 fa)]. This paliern
covered with unilorm rock lypes, such as
tary rocks or massive igneous or mestamorphic

|

‘fj; ."‘P FIDGES oF
13 SE REsISTANT
Rpock
‘C_A] 1]
.-——-—"‘;
o
==
Lol { Lo

Fig. 2.15. Drainage patterns. {a) Dendritic, (b) Trellis,
(¢} Rectangular, (¢f) Parallel.

(if) Trellis Pattern. A “irellis drainage pattern " is one in which major
streams are parallel and short iributaries join the main stream at

E——
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Lhe slaping s :

E & sides o sdyen
L 3 < d Carm valley T O
lake Lthe : EY. subsequemt streams comer:
i l"L';'-:f COUrsE along the wegl apg .;\_-“ u,.‘.alm;.\ms ey
:l.ismuvc u:]undqlg-,-c'\'. fault sones, joinrs, o1 '-”'“.‘-t“‘\-:aiose'
Ted and eroded aiter (he P
S ter the developreny of 1he

nearly right angles [Fig. 2.15 ()]. This type of drainage patlern
develaps in regions containing folded or tilted strata, Here the
main stream develops in the strike valleys cul info the soft rocks,
while tributarics flow down the resistant ridges.

(i} Amtecedent Streqms

able 1o mainiain (e uriginal courss a¢

horizontally bcdd-:’i }'uunlh“: f'*‘r)\““E eyl

A EET Iormation mav zr:

sxpose the underkyin wrongly Infded and fauls

virying lardness. Owver the older tocks, 4

nat E.ﬂSilj' adjust 1o Torm a whaolly new ¢

Propriale to the strecture of rocks. Such sweams are callegd “se-

perposed streams" (Fig, 2.16). Superposed streams do aot show
any relation o the stracturs of (he underlying rocks,

L5 STAGES OF VALLEY DEVELOPMENT

(fify Rectangular Pattern. Differentinl weathering of {nuls or joiul
systems in bedrocks localizes the stream (low producing a more
ordered reclangular drainage. Ina “rectangular drainage pattern”
angular deflection of steam courses are apparent |Fig. 2.15 (c)].

« Antecedent streams wre those which are

+ of uplift.

035 the ar

(i) Radial Pattern. Io a “radial drainage pattern”, streams {low
outward in different directions from a central high point. This
pattern comumonly develops on an elevaled structure such as a
volcano or dome.

throceh it 1o

patiem ap-

(v} Parallel Pattern, This tvpc of drainage pattern develops in a
termain containing tilted rockbeds and parallel faults. The major
slream occupies the fault while tributaries which are parallel, meet
the siream approximately at the same angle [Fig. 2.15 ()]

{=1¥] E A
2.14. TYPES OF ETREAM DEVELOPED [he development of stiream valleys takes placa in a orderly fashion. A
STREAMS woRITONTAL BEDS valley passes lhrough three stages during its evolution. The thres siages are:

O T HAE AT Gt vouh segre, (7 mature stage, and (i76) old stage.
development und ori-
gin, the sircums have
been classificd into four
groups © (i) consequent
streams, (ft) subscquent
strearns, (1if) antecedent
streams, and (#v) super-
pesed streams.

i} Youth Stage, A stean: ix smd lo be in the youth siage when it

culs its valley downwanl 1o establish o araded condition with its
base level. [Fig. 207 (a)].

() Position. The youth stage s commenly found in moun-
Lainous regions from wiere a stream starts its journey.

() Erosion. Downewting is Jominent,

(A) . FOLDED

{c) Valley. Narrow V-shaped valley.
BEDY

i Consequent
Streams.
Consequent
slreams are
those which
[ollow (he
slope of the
initial land
surlice,

imdinal paofilz is ungraded.
wd rapids ane com- .

(&) Longhiudinel Profile, Long
The gradicnt is steep and waterfalls

HORITONTAL BEOs

REMOVED BY ERosion maon.

(¢ Valley Floor. The strzam veenpies most of the widlh of
the valley floor as a resull there is litle or wo food plain,

() Stream Pattern. The stream course 13 angufar and williout
ineanders. Tributarics are shott and few.

(1) Sulsequent
Streams,
These are iri-
butary  s1- (8)
reimns which Fig. 2,16, Devels

. : Prient
Gevelup pp  (@1Steam developed on th 2 SUperpused siream.

aTizonial be
developed on folded ;‘u‘]:d& (B8 1remn

A siream is said to he noaomatare stge when

R B .
(i) Mature Stage | erosion dominates (Fis.

dizwwied erosion dininishes und latera

217 ().
{a) Positioi. : :
jacent Lo Lhe miountan reg.

L

Matre stage 3 found in the plains bying ad- o
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STAGE

(€] QLD STAGE
Fig. 2.17. Stages of valley developmenl. (a) Youth slage,
(&) Mawre stage, () Old stape.

(b} Erosion, Downcutting is slight and sidecutting hecames
domincnl,

{c) Valley. Broad and trough shaped.

{d) Longitudinal Profile. Waterfalls and rapids arc absent.
: ; - Valley boltom is graded so that the lonyg
" . exhibits a relatiy

- moderate,

itudinal profile
ely smooth curve. The gradient is

(e) Valley Floor The stream swin,

: gs in meanders. The flood
plains are narrow

: and sandbars are presen;.
6] .S‘rre_am Pattern. The stre
tribularies are many,

OMd Stage. In old stage, the f]
- several limes w

4M moves in meanders. The

ood plain of a styegm becomes

ider then its meanider belt [Fig, 2,17 fe)].

(9) Position. The old i '
e stage is found negr ih.c month of

PHYSICAL GECLOGY

by Erosion, 1n he nldl 51:12‘. .ihe" rEAm ceases i e o
jortonged e, chig, FMream reases

uneonsalidated seq;

(¢) Valley, Vallay

daries which

. s entapge 1he

" ek of ¥ stesm s (o rewasrl the

menl of the food plain, -

¢ broome wide and o

may be indisting,

{d) Ioirmrudfnafﬁmﬁie. The pradient becinnes sery low. The
streatn epproaches hase level and i aggmdes:mm:gly

(e} Valley Floor. Oxbow lakes are commun. Matural levees

are also present, They are accompamed by back swamps

and yazoo tributaries. The meandsr belt is parrowrer (an
the valley floar,

pen with ke boun-

(N Stream Parrern. The stream patier is meandermg with '
oxbow lakes. The wibularies ars few and large.

In the above discussion it is assumed thai the base level of o stream
[emains constant as i Aiver propresses from veath (o old stage. On many
ocecassions, however, the land is uplifted. The effect of uplifting on a matme
stream is o abandan lateral erosion and revert s downentting. Such rivers
are said 1o be “rejinenated”. Mature sreams readjust to uplift by cutning a
new flobd plain at a level below the old one, This produces step-like feanmres
in the river valley which are ealled “river terraces™ (Fig. 2.12)

2.16. CYCLE OF EROSION

To understand the cycle of evolution of a landscape. Tet us start wth a
relatively Llat upland area in a humid region. S
1. During Uie youth stage, the area remains more ot ks flat The
streaun valleys are generally narrow.

i

. In mature slage, the relief of the land increases and the L.ndmc
is changed into one consisting of hills and \':dleg_'s.. The lf\::ri'f
of an area may be defined as the maximuwn difference in the
elevation. 4

3, In old stape, the strams will approach b:!.‘slilf’\‘tl and lhﬁ:m ;:llllli

be réduced to a peneplain. The “pencplain li\aﬂ wmﬁﬁh

which lies nerly at base lovel. Some mounds cr B3 T A

rocks still pesist. These hillocks are called “mongdnocks”.

2.17. RIVERS AND ENGINEERING

 eivi eers, some of
Rivers presenl many practical problems 1@ civil engincers,

which are as follows.

(i) Rivers require ;‘.E;ns . . o
highways and rallways. ; : oy
Wg }nwer of vivers can be wtilized 1o gEneraie hylin_uclcr_, c 3. e
(i) Waterp :

truction of pridges across thern for carrying 2l
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. : . e [N sl control,
(/ii) Dams arc buill on rivers 1a store water for irrigalioi. flims

amd waler supply purposes.
3 : e o
(iv) Regulaiion of river channels are done for navigalion ind fleo
control.
(v) River deposits are the important sources of the construction
matcrial.
(v} The lifc of somc artificial reservoirs is reduced considerably by
river deposits.
2.17.1. Flood Control
During floods, the rivers cause destruction of life r'.ll_d Pmpefl)r' and
therefore floed control is a very important problem for 4 civil engineer. The
various methods which are used to control {loods are as follows.

(i) Construction of Levers. The levees are longitudinal embank-
ments which arc built along the river banks to check the overflow
of the excess water during floods, The levees not only confine the
river water into its channel but they also increase bed crosion and
keep the channel clean.

(ii} Dredging. It is the process of removing the sediment deposited al
the bottom of the river channel. Dredging is a costly affair as it
has to be carricd out all the time.

{iii} Construction of Check Dams. The construction of dams for
controlling foods is a very useful method. The check dams are
usually built on small tributary streams which regulate the flow
of main river.

{iv} Diversion of River Water. Duning floods a part of the river waler
is diverted and made to flow through o newly construcied channel.
Thus the river water gets divided and the effect ol [lood reduces.
Shortening Course of Meandering Rivers, In meandering rivers

artificial cutoffs are made o straighten the course, This increases
the cllicicncy ol rivers.

[v

2.17.2. River Training

The river training is mainly connected with the improvement of the river
channel for navigation. The various river training measures are as lollows
(f) Dredging is done 1o remov )

€ sand, silt, etc. 5 i
channel. foete. and 1o deepen the river

(i1} Training walls are constructed whi i
L & tich restriet the flow
a given chanoel. I enhances (he seouring cffecy rof Ralerio
cwrrents und keeps the clanne] clegy, ' W e

(rify Low aroynes are consirn,: i
] are ¢ vled which e
water it the required e By

Partion ol mie clianpe) e

BT AR
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2.1B. WORK OF GLACIER

& Qn.i’:ﬂi:;[ isa I.l'an mmass i')| ice which moves over the gmm‘a_d under
— gravity, It oripinates on land from the compaction and
reerystallizalion of snow. Glaciers form in places where more snow accuim-
l“u.zs cach year than that melis away. They wre fmmd chis=tly m high lattinedes
as in the Arclic reginn, or al high clevations as on the Hismalayan mw.-.zm.in;
above the snow-line. The “snowline” is the lower limit of accumulating
snow. Below the snowline the snow melts in surumer. The clevation of the
snowline varies considerably. In polar regions it may be ot sza level, whersas
in preas near Lhe equator, the snowline may occur at 6000 meters, [n the
Himalayas the snowline lies at altimdes varying between 4200 10 5700
melc

2.18.1. Types of Glaciers

There are three kinds of glaciers : (f) valley glaciers, (i) piedmont
placiers, and {{ff) ice sheets.

(i) Valley Glaciers. The glaciers which originate pear the crests of
high mouwntains and move along the valleys just like rivers. ae
called “valley glaciers”.

(i) Piedmont Glaciers. Al the end of a hilly region. 2 qumber of
valley glacicrs may unite to form a comparatively thick sheet of
ice. Such n compound glacicr is called “piedmont glacier”™.

(ift) Tee Sheets. These are massive accumulalions of ice covenng
cxtensive areas. Two such glaciers that exist tndey are the Green-
land and Antarctic ice sheets. The Greenland ice sheet covers an
area of ahout 1.7 million square kilometers and is over [500 meter
thick.

2.19. MOVEMENT OF GLACIFRS

Most of glaciers move at the rate of a [ew meters per day. They mave
partly by plastic flow and pactly by shear mo-.'umenls.‘ln the high pradient
valleys a mountain glacier flows down the slope much like a strea n_[ Waler
under gravity. Bul in basin-shaped, 1at or upland umns_w\h:re .‘hc ice _i:nn_
not move under gravity, he glaciers mave as 2 ::_,-ull of dllﬁcrﬁnllaj .Pr\"sau'rﬁ
within the jve mass. The first type of moverient l.\"l':'llfcd the gm\-r.r._\. j'IrJu :
and the second “extrusion flaw”. A nmunmiq glacier may Im::ﬁ:a:;r}):kl:\e
in one part of ils course and extrusion flow in anatber, depending upe )

irrcgularities present in the path.

In a moving glacier two 2ones L.mhc Iidculilfmd] i [rl} rm.cl:i ﬂ:l::l‘::'fl
{ii} zone of fracture, The "zone of I“’."' is found in the ¢ f:;:, .\-Y‘lm,;;'.c;,]hr.
Here the weight ol the overlying ice |5_grem, :md. lhf ice _ .mc t-;ﬁplhen1'aﬁd
However, the upper layers ol 4 glacier have little press
(herefore the surfuce ive hehaves as &
known as Corevisses This upper ¥ane

is called the “zone 'r:_r'ﬁ'rwru_m", :

brittle mass. It olten develops crucks o
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2.20. GLACIAL EROSION . -
The glaciers cause crosion in three ways : (i) by plucking or 4
(i) by abrasion, and {#ii) by frost wedging.

(i) Plucking or Quarrying. While {lowing aver
facc, the placial ice adheres to blocks of jounte
them out and carries them along.

(if) Abrasion. The moving ice grinds :Imd pol
with the help of rock fragments which arc hel I i
body of the glacier. The abrasion produces striations and grooy
i the bedrock surface. A polished surface results when the glnlerl:
performs abrasion by fine silt-sized sediment. Thc_gruund upﬂm«.
produced by the grinding effect of the glacier is called “rock
flour”.

(iif) Frost Wedging. Thawing and reezing of water in the cracks and
joints of rocks break them by wedge action. In this manner rack
fragments of all sizes arc added into the glacier.

r a jointed rock sur-
d bedrock, pulls

ishes the rack surface
Id firmly within the

2.20.1. Features of Glacial Erosion

Striations, Glaciers carry rock fragments ‘finnly embeded in the ice.
‘They scratch, grind ar groove the rock surface over which they move. These
scratches and grooves left on bedrock and boulders, are called “striations”.
The striations indicale the direction of ice movement.

U-Shaped Valleys. Glaciers occupy valleys and flow downhill. As they
erode their valleys both laterally and vertically, U-shaped valleys with steep
walls and Mat floor are produced {Fig,

2.18). . MAIN VALLEY

Hanging Valleys, Since the mag-
nitude of the glacial erosion depends
upon the thickness ol the ice, main HANGING
placiers cul their valleys deeper than vaLLey
those of their tributaries, As o result,
at the junction wherc a tributary juints
the main glacier, the Moors of their
valleys do not meet at the same level.
The valley of the tributary stands a1 3
higher elevation than that of the main 2
wl;l:uj (Fig. 2.18). Such valleys are e
called “hanging vafleys” i
o i, pf.u ‘ Ihc}hang‘::;}:?aﬁfys Fig. 2_.18, Hanging valleys.
charge into the main valley fonming w. EI€ Occupieq by streams wiyicr

¥ Watcrfjg Which dis-
Where a valley glacier 1cpp I

Nlowing on and under e Nale on |apg |

elacier megy g,

FHYSICAL GEOLOGY 51

The glaciers that cnd at the sea coast, discharge huge cliffs of ice inlo the
sca. Because ice is less dense Than water, it floats. Such floating ice hills are
called “icebergs".

Cirques. The bowl-shaped hollows present at the placier valley heads
in the mountains, arc called “cir- BEp g SEHAUND
ques”. They are formed mainly [
be the quarrying and frost-wedg-
ing action of ice. In cirques, n
little gap is generally left he-
tween the head of the glaciated
valley and the inass of the glacier
ice. This gap is known as the
“bergschrund” (Fig. 2.19).

i o

Sy

Fig. 2.19. Cirques

Serrate Ridges. As the ad-
iacent cirques, along the apposite side of a mountain are enlarged. Lhe space
between them becomes narrow. As a result sharp divides are formed. Such
divides which have jagged, serrated and linear crest are called “serrare
ridges”. When three or more cirques surround a mountain surnmit, a

pyramid-like peak is formed. Such a peak is called “horn”.

Roche Moutonnees. These are small mounds of resistant bedrock
which have a typically asymmetrical appearance, The side lacing the direc-
tion of ice advance is gentle and smooth, while the leeward side is steep and
rough [Fig. 2,20 {a)]. This form rcsults from the plucking action on the
leeward side and abrasion an the opposite side.

ROLHE MOuUToOWNEE

ICE PLUCKED
EOUGH juRFacl

Lal

o EEDRGII:K_ )

b
Fig. 2.20. (a) R;:I:a moulonee, {b) Drumlin, X
Fiords, The glaciers that descend from coastal mounlains may cut their
valleys below sea level. Such valleys produces “fiords”. Fiords arc highly
over-deepened narrow channels of glacial origin along which the sca
encroaches inland. Fiords arc found along many coasts including those of
Norway, British Columbia and Alaska. ;
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2.21. TRANSPORT BY GLACIERS el
Glaciers acquirc a huge amount of rock debris by P'U; B ,
4 % ways.
and frost wedging. This malerial is ransported in three .
(i) Super Glacial Load. The debris that falls ;r::la s o il
on the surface of the glacier, I8 r.rarlSp'E;fl"le
Such debris is called “super glacial load”. N

(if) Englacial Load. Sooner or latcr a part of the det{r&s'l Lhcgicc i
into crevases. This material which is enclosed within s
called “englacial lead”.

{iif) Subglacial Load. The debris
is called “subglacial load".
material plucked from the rocky floor an
that reaches the base [rom above.

2.22. GLACIAL DEPOSITS
The regions that were formerly covered by icc are characterized hy the

presen al the hottom of the glacier
The subglacial load includes the
d a portion of the debris

following features.
1. The topography generally lack organised drainuge network.
. There are hollows with no outlets some of which form lakes.

3. In somc places there are isolated hills, in others long and winding

ridges, none of which seem 1o have much relation to the underly-

ing bedrock.

4. ln some places, the bedrock is deeply buried, sometimes 50 meters b

or more, below the glacial drif!,

5. The ground over the bedrock is mostly a_helcrogeneous mixtlure
of sand, clay, pebbles and houlders. Many of the pebbles and
boulders differ entirely in composition from the bedrock.

Glacial deposits are of two types : (1} those deposiled directly by the
glacicr. are known as “til”, and (fi) inalerials deposited by placial melt-
water, are called “fuvioglacial deposiirs”, Deposits of 1ill are g - f
sand, clay, pebbles and boulders, Tl]ismalcrjal, in peneral, is b y mlxl-urc 3
and unassarted wilh no swatification. The pebbles and l:;o 1 eilemgbllwus
monly stfmtul. and they differ markedly i s ulders are com-
The glacial drift does not exhibi chemfc:ﬂ tvealEcring o e

Glaciers may transport hug : I
in weight, When ice mshs, 1};;(:;;;?};;0: I;]Im, m
their natural bedrock. Such bou| chind pr

any thousands of 1onnes

eal distapee AR
S ders are called “gppqy Cs away [rom
e fluvioglacial depo
i 08ils =
deposits are usually P are also caleq -
and gravel,

1 bonldery .

well sorja ang stratifieq autwiash def-}o“,r-” " These

accumulationg ol silt, sand | -.
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2.22.1. Depositionnl Landforms

M umimf.-.-. Ridges or l.?ycrs ol ull are called “moraines”, they are of
Tour |I)'['ICS 5 ({J ground moraines, {i1) lateral moraines, (tery medial moraines
and {(iv) lerminal moraines, B

(1) _Grmurd Maoraines. A layer of 1ill deposited beneath the moving
ice on he ground is called the “ground moraine” Ground
moraines fill low spots and old stream channels therehy creating
a lavelling effect, TN

(ify Lateral Moraines. The malterial that falls from the vailey walls,
accumnulates on the sides of o glacier. When the glacier disappears,
these malerials arc lefl as ridges along the sides of the valley. Such
deposits are culled “lateral moraines .

(fify Medial Moraines. When two glaciers meet, a “medial moraine”
is formed by the union of two laterel moraines.

(v} Ternunal Moraines. At the terminus of a glacier where the ice
starts melting, the rock dehris is deposited in the form of a ridge
which extends across the valley. Such deposits are called “ter-
minal moraines” or “end maraines” (Fig. 221

GROUND e — LT WAL e
& e LA

RAIME 470 90,3 ’
rie M END METTLE mokl

‘Mo RAINE
S A

Fig. 2.21. End moraine and vutwash plain.

Quiwash Plains. In front of the end moraines, sireams ol meltwater
deposit sediment producing stratified deposits of sand,silt and gravel. Such |
deposits constitule “outwash piams" (Fig. 2.21). |

Kettle Holes. These are basin-likc depressions found in areas of both
till and ourwash plains. The diameter of kettle holes rnges [rom a few
meters to a few kilometers. They commonly vontain water. These depres-
sions are created when the masses of buried ice melt (Fig. 2210

Drumlins. “Drumiins” are small, smooth, elliptical hills of Gl tet iz
parallel to the direction of ice movement. Unlike roche nu_.‘uun.mnn::x IS:
uphill sides of the drumlins are steep and the lbwnmu sides arc tllﬁnn y
sloping (Fig. 2.20). They may be 20-30 mcters_h!?h amd 2 Iulom.ctFr Ong.
Drumlins are not found singly but they occur i clusters lht‘n:h:\ 'rog':m(l]gr
drumlin fields. They are believed to have formed hy a subglacial shaping
an accumulated ] into streamlined forms. — .

Eskers. Eskers are long winding ridges of stratified drif) I'Ou";,;?.:“;:
middle of ground moraines. They run for kllll!lltlcfs in fl tl-mif: ::1 i
loss parallel 1o the direction in which ice moved. Eskers are
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al streams. In
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. 3 !'|.'JCI
depaosition of gravels and sand by the mgincml and subg
many arcas they are mined for sand and gravel:
Local melting of ice of glaciers produces *l ;
streams flow bencath the glaciers, they arc called 5!; .
if these flow on or within the glaciers. they are calle o
A s : -k are fonmed at the
Kames. Kames are hillocks of stratified drifl \J\’I'ud'_‘]_ﬂlflflfmm'.l h::i _;]T
edge of the retreating ice by glacial streams- These streams la IIJEI‘I’-:“‘! a.'(:lil_t‘*
and deposit sand and gravel along the margin of the glacier as & e

(Fig. 2.22).

ater. 167 these

reas of w .
s and

slacial streani
"mg(ac-."rd e

KAME

STREAH

Fig. 2.22. Formalicn of a kame.

Vacves. Varves are thinly laminaled deposits formed in glacial lakes.
They consist of alicrnation uf light colourcd bands of silt and dark coloured
bands of clays. The former gets deposited during the sumer season while
the later in winter. Thus cach pair of varves comesponds o one year of
deposition. The thickness of a varve may vary from a very small fraction of
a centimeter lo 0.75 centimeter.

Buried Valley. Buricd valleys are the ancient deep valleys 'which are
excavated in the bedrok by glacial erosion and are filled back subsequently
Wi‘lh glacial drift. The prasent day surface topography gives no clue to their
existance. The rivers which are flowing in these areas may have ;

1o the buried valleys (Fig. 2.23). Such vall JImE Dol
w ik dy alleys creat unexpected problems

for Lhe civil engineers.
GLACIAL ORIFT
%

'

ion Pcl'hﬂps of a miln:
ace hepw, i milliop
tensive]y bu:'e tWeen 10,000 ang ISyggm e
ed by ice shoay 1 OO0 YEATS
58 inchided nopgh-

PHYSICAL GEOLOGY 32

ern North America, northern Europe, and northwest Asia, In these areas ice
sheets do not exist today,

The Pleistocene epoch, however, was nol a period of continuaous glacia-
tion. Dwring this period, the continental glaciers allernately advanced and
retreated. The time spans between glacial advances are called “inrerplacial
periods”. During these periods warm climates returned to most of the
formerly glaciated lands. Some of the interglacial periods [asted longer than
the glacial ones. Four major periods of glacial advance and retreal have been
identificd in North America and upto six in Europe.

2.24. WORK OF SEA

Sea Coast. The imeeling place of land and sea is called the “coast . Sea
consts may have many kinds of shape. Chicl types of sea coasts are : ()
steep rocky clifls, (1) broad low benches, (i) small bays altzmating with
rocky headlands, and (i) sandy tidal flats.

2.24.1. Shoerelines

A “shoréline” is the line along which the waler mocts the land. The
shorelines are classiticd inlo three groups @ (/) shorelines of emergence, (i)
shorelincs of submergence, and (fii} compound shorelines. A shoreline may
he uplified or it may subsitle with respect to sea level. [n some cases uplift
and subsidence may operate simultaneously in different parts of the same

region.
(i) Shorelines of Emergence. These shorelines are fonned when sea

coasts are uplifted or the sea levcl is lowercd. The shorelines of
cluergence arc - characterised by a relatively straight shorcline,
raised beaches, and clevated share features like sea cliffs, sea
caves, ele.

Shorelinegs of Submergenice. The
either the coastal lands have subsided relative to the sea level or
the sea level has risen with respect 10 the coastal lands, Such
shorelines are generally very imegular with drowned valleys, deep
bays, headlands and islands. Fiords arc formed in the glaciated

(i) < shorelines are formed when

areas.
Compound Shorelines.
of up and down movements 1
pound shorelines.

2,25. EROSION BY SEA

The forces that shape coasts arc : (i) erosion caused by sea waves, (1)
rock debris, and {iif) lectonic lorces that

transportation and dr:posiliuu ol the . ! I

cause uplift or subsidence of the coastal lands. The major agent al erosion

at the shoreling is sea waves. They cause erasion in four ways : (I} hydraulic
) chemical action.

impacl, (1) abrasion. (iff} attrition, and (iv

The shorelines having a complex history

(if)
elative to sca level, are called com-
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nigh waves breaking
reat. This force
as to enlarge

(i) Hydraulic Impact. The impact foree ::i o4
against a rocky cliff during a stonm m‘r;\-: el
is enough o disledge blocks of rocks &
preexisting fractures.

(iiy Abrasion. The sca wavcs beeomé 1110
pick up rock fragments like pebbles Tmt S o in this WAY:
against the cliffs. A greal deal df erosion 15 (A

(ifi) Attrition. The pebbles and sands mOvIng 2 ?:;:Jler L s o
Uie sea waves are further broken down 10 5
mutal collision. ) _ . W

(iv} Chemical Action of Water. The physlcql dtslr}lflll:;"m“ -
waves is enhanced greatly by e chemical actic ladin !
The chemical decay exiends and widens the urac;? u}-tem‘.c;'u -
prepares them lor the disintegration by w;wc_s. T £ C .
tion of sea waler is particulagly seen where coasts are et o
of readily soluble rocks, such as limestones and dolomiles.

re destructive when they
1 sands. anil strike them

2.25.1. Shoreline Erosional Fealures ;

Wave Cut CIilf, The sea waves dash against the rocky shore and cuLit
actively. Due Io conlinuous erosion at the huffc of coastal fund, a cliff 15
formed, This ¢liff is called “wave it cliff” (Fig. 2.24).

ORIGIOHAL BURFACE WIGH TIDE

-- wavE BUILT TERMALE

2 ‘-__ Lok TIDE
77 !

e i it b

u){_‘/iu'r sﬁ;\c’?’ :

Fig. 2.24. Sea shore profile.

Wave Cut Bench. The sea waves undercul the ¢lilfs and produce a
naich at the base. This causes the overhanging rocks Lo fall into the waler.
In this way the clifl gradually retreats ow,

ards land leavi
rocky platform which is called * L omerged

wiave caf bench” (Fig, 2.24y,
Sea Arch and Sea Stack, Headland

vigorously atlacked by the waves Gisinn
\mﬁf“h!r' destroying the softer :;l: ;t:-m'l\;']]‘;i;;:[l:Baa“;f;‘f_:du:&:"-‘k il
rale. AL 1 3 - i CKS a = [
arc l:allcidlrs:'ls:;v:crll'li\.: "%C\ﬂ‘}:fc'?': tﬂ! 4 leducgd at the base of |helcllllul:l‘ I\ﬁ::ji
unite, & pateway like 5lruchII:3 :L: CRVES O oppasite sides of 4 headland
arch”. When the arch falls 4 |~ rfr_med. Such 4 Structure s calleg
the seq. Such a remyan pi1 i !'r |1l.c. SULtUrE of roggg s - B,
; AN piller of rack is cy)eq “Sit 140 bk'f left standing in
Sack”,

s thal extend into the sea are

S TR
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2.26. TRANSPORTATION BY SEA

. Mml waves approach a shoreline al an mgle. Consequently (he
tprraesl” of water lrom each breakung wave is ablique. However the “Fack.
How™ is stroight down the slope of the beach, The effect of this paltern af
waL.cr mavement is W transport particles of sediment in o Zig-rag pattern in
u direction along the shore. This movament 15 called “heach drifi”. The
beach drill can transpor! sand und pebbles hundreds of meters cach day,

When a wave sirikes a shoreline at an angle, the kinetic energy of the
wave is only partly spent in the impact, the renEining energy is used up in
forming currents that flow parallel 10 the shore. These currents are called
“longshere cirrents™, The longshore currents transport sediments alonyg the
shore. When the sediment iransported by longshore current is added 1o the
yuantity moved by beach-drilt, the total amount can be very largs.

Where the oncoming waves strike al right angles o the shoreline, the
uniertow currcils are formed. The “undertow currents” are retumning cur-
rents which are lormed below the oncoming waves. They transport finer
sediment oul ko the sea.

2.27. DEIPOSITION BY SEA

Where heach drifll and longshore currents are active, several deposition-

al Fealures may develop along the shore. The principal depositional featurss
arc as follows.

Beach. A heach is the fat mass of sand and gravel that is deposited on
sea shores. The sediment of the heach is derived from erosion of adjacent
cliffs and from alluvium contributed by nivers.

Wave Built Terrace. Under suitable conditions a part of the sediment
is carried beyond the rock bench and is deposited there. In this way a ﬂlnt
platform like feature is (onued which is called “wave builf terrace” (Fig.
2,24}, Towards shore il merges with the beach.

{al (&)
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Spits. Where a straight shorcline takes a shap “;F]‘-::]fil(l:n:f:r:(r:::
currents are nol able 1o flow parallel to il- Such a shore € lrcs._l._hic e
into waler of increasing depth, where dcpnsiliml mkc.s ]"Iaccl. " l;} e sl
the formation of a submerged bar, onc end of whic h Is "m“:’; st curved
tand, This har is called “spit”. The end of the 5p_1i_l'f[€“‘d f"haakrd spit
landward in response Lo the wave action. Such a spitis calle 2d sp
or “hook™ [Fig. 2.25 (m)]. "
Saud Bars. “Sand bars” are the low offshore ridges of sand which
extend parallel to the coast. They commonly enclose a lagoon.
formed. If such a
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sleepening i f i
Crmf{‘” ji ::::,Tfr.m;;m'&"m it ﬂ.lml.l{r[:ll'n by continental type
o _.;h.;|-,}c._.d‘,v r‘x.-.rizrl extensicn of the contipental illi-li.';
65 Kilomaon ; dr{ in width, the average width being abo
b « The sediment on o s mostly terrigenous, Coral

commonly formad i this sone

(tii) (;l-:|li||enlul Slope. The continental slope lies between the con
rzl(r}gnlﬂ! shell and deep sea 7one. The tepth of waer ‘-;lrlr.".: Irom

10 900 meters. Beyond the shelf, the downward slape mh-

creiises abruptly 1o fonn continemial slope (Fig. 3.26). T?v[xmn-

Tombolo. In the lee side of islands spils arc often. 1 e
ridge connecls an island to the main land or joins (WO islands together, it :ﬂﬂ‘rnnin'rA'_ i
is called a “tombolo™ [Fig. 2.25 (bl WELE CONTINENTAL ]
2.28. SEA AND ENGINEERING oy DT
! 1‘-‘ CEEP IEA i

e structures mainly [or | ¥O pUrposes : (i) for
sca coast by waves and currents, and (i) for
line structures are as follows.

Enginecrs build shorclin
prevention of destruction of
improvement af navigation. The chicl shore

Sea Walls. “Sea walls " arc massive structures buill 1o protect the arcas
lying immediately in their rear from the damaging wave action. They are
buill parallel to the coasiline. The sca walls range from a simple rip rap
deposit to regular masonry retaining walls.

Groynes. A “groyne” is a wall like structure which is built at right
angles 1o the coastline. It checks littoral drift and causes deposition. In this
way a beach is created which protects Lhe coust against wave aclion. Groynes
are generally made up of steel sheets, concrele blocks, stones and creosoted
wood.

Jetties. These are large massive groynes which project into deeper
:;ﬂlelgl;l;;}’ are used 1o l"l'ﬁ:]:ﬂ mouth of rivers for navigation. Jetties deflect

c shore currents 1o deeper waler and stop the sedi i
% 1 i, P. menl outside the:
2.29. DEFTH ZONES OF SEA
The profile of the sea floor from ¢
coast up Lo the deep sea, has heen

divided into four zones ; (1) linoral zo i i
] ne, {if) cont i i
A i Syt L GJ) nlinental shell, (#) continen-

Fig. 2.26. Sea shore profile

tinental slope marks the boundary between the continental crust
and the vecanic crust. The sediments here are very fine which
include black mud, blue mud, green mud, coral mud and voleanic
mud. These sediments are derived mainly from contmental
erosion,

Along some mounlainous coasts, the continenial slope mer-
pes into deep oceanic trenches. In such cases, the shell is very
narrow or daes not existat all. Such a siuation oecurs along the
west coasl of South America. Here the vertival distance from the
high peaks of the Andes Mountains 1o the fleor of the Peru-Chile
trench exceeds 12,200 meters.

(fv) Deep Sea Zone. This zone includes the dzep sea floor which lies
I about 4000 meters. The deep sea zone conlains very
fine sedimenls of inorpanic and organic crgin which are called
»_Radiolarian voze, foruminiferal euze, diatom voze, and .
seu deposits.

at a depth o

“opze ;

red clay arc the important Lypes of deep
2.30. FEATURES OF OCEAN BASIN FLOOR
ridges are found in all of the major
linear topographic feature ol the sea
frequent carthquakes and are
p rifts vecur

(f) Littoral Zone, The lit i
zlonc includes the area L;:\ir:::c e el ki
lide. The littoral zone sepi
'l.'hix ot conlaing |he
rigenous szdiment),

i) Continental Shelf, iz 4

cxlends fUI'I]] the
ge of the ¢ i LU
= ed conlinept £
neter: & puler cdgc of lhe leli.llelllllll hel ;
Th shelf

zone”. This
arales me levels of the high tide and low
scdimenel C;Ilﬂsllﬂl cllﬁﬂfhmss it s
erived from e ] i

and (ler-

Mid Ocean Ridges. Mid oceant
oceans. They are the maost promineit
floor, The axes of the ridges we marked by i
characterized by a much higher heat [low through tht- cnl:IL [Ikc‘ o
al the crests of the ridges. It is o site \?h:m twu crustal plages I
pulled uparl andd new oceanic crust 1 heing created.

enth of aboyt 200
1S markz( by rapid
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‘Deep Ocean Trenches. A deep pocan trench 1% Several wrenches in
trough which represents the deepes! part of {he Inﬂ_ﬂ.").(}(] ncters. Trenches
the western Pacific ocean have a depth of about It Imumlr.‘. Volcanic
are the site where crustal plates plunge down “_“0 il -n ocean while
island arcs are found associated with trenches 10 the 0P« hes that are
volcanic mountains, like the Andes, may be found alon R
adjaccnl to conlinents. floo

Abyssal Plains. The extremely flat areas of the deep oﬁ:]r}im(;n]l- e
called “abyssal plains”, They contain thick a¢ ’ ]

Sea Mounts. Isolated volcanic islands dot the
volcanic mountains which rise at least 1000 melers 3
topography. are called “sea mounts”.
2.31, SEDIMENTS OF DEEP SEA
¢ sea floor scdi
diment, (fi) bingenous §

cumulations ©
acean [loors. Those

pove he surrounding

On the basis of their origin, th ments may be classificd

into three groups : (/) Lerrigerious S& ediment, and
(ifi) hydrogenous sediment.

(i) Terrigenous Sediment.

deep ocean floor, is Ere

conists of mineral grains

(ii) Biogenous Sediment. This sed

The most common sediment that covers
y and brownish inud. This mud mainly
derived from the crosion of land.

iment is derived mainly from the

shells and skelctons of marine animals and plants. "Calcarious.
po=e" is the most common biogenous sediment. This sediment is
produced by arganisms that live in the surface waters of the sea.

Other biogenous scdiments include “siliceous opze” and phos-

phate rich materials, Oozcs of silica are derived from the silica

shglls of diatams (single celled algae), and radiolaria (single celled

animals). The phosphate rich sedimenl is fonned due to accuimula-

tion of bones, leeth and scales of fishes and other animals.

(fif} Hydmgenaus Sediment. This sediment contains minerals that
crysiallize dircctly from sea water through various chemical
processes. For example, some limestone is formed in this way.

From economic point of view, “manganese nodules” are the mast 3

;mlzzm::; hlydrog:nuus sediment. These rounded, blakish potato
ized nodules contain a complex mi ; : ;
clude Mn, Fe, Cu, Ni and Cnr,’ AR AL okt 1
2.32. CORAL REEFS

Coral reefls are island-like structures found
:

b ; i i 2 '
y corals and many other lime secreling marj e ocean, They are built

N organisms under tropical
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I Reel building ¢
g vorals grow best in
s . waters with an avera :
: 1perature of about 24°C. Coral reefs, therefore dcirlj sz
elween 28°N and 24°5 lantudes ’ e

-

i g
T}‘::II:U;:: "If;l g;nw al depths where sunlight can not penetrate
b S c [} | . .
ol pth of active eoral resf growth 1o about 45
3. Clear waler is neces [
Ir W ssary for the gr ;
survive in muddy water. i
2.32.1. Types of Coral Reels
Coral rcefs are of three types : (i) fringi i
. ypes @ (i) fringing reefs, (1) barri <
i atolls. ging reefs, {ii) barrier reefs, and
N IFringi!lg Reels. A “fringing reef” is formed on the margin of an
island in conlinuity with the shore. It encircles the island almost

completely | Fig. 2.27 {a)]. S N

. 3
N N
N
2
P >

(cl .
) Fringing reef. (b} Barrier reed, () Atoll.
he island and
Jandmass and
g the .

Fig. 2.27. Formation of a coral reel. (2
els. Barrier ree
ose o lagoon
227 (], The

s are built away from L
between the central
Great Barrier Reel alon;
us example of this LypS:

) Bnrfier Re
therefore they encl

emselves [Fig. < .
) f Australia is the famo

central portion of which is
2.27 (o)l

porthenst coast @

(fif) Atolls. An atoll s a
pecupied by 8 relativ

circular reef the
ely shallow lagoon [Fig.
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2.32.2. Origin of Coral Reefs
The formation of coral reefs was explained by Ch? P
He said that coral recfs form on the flanks of sinking v_o]csm;c Js.Iands‘
Darwin’s theory is known as the “subsidence theory ", This theary s still
considered 1o be a most probable explan
follows.
¥ 1. The process starts with the formation of a volcanic island on the
sea lloor. The corals grow around the edge of the volcanic island
and build a “fringing reef™ [Fig. 227 (a)]-

2. Then the island slowly sinks beneath the sea as a result of some
tectonic movement. The actively growing corals may keep pace
with this sinking and continuc lo build the reel upwards and
outwards, In this way a “barrier re¢f” is formed which is
separuted from the island by a lagoon [Fig. 2.27 (b)]. ;

3. With further subsidence, the central island disappears below the -

sea level und an “atol{” is formed [Fig. 2.27 (c)].
The confirmation of Darwin’s theory was found only aller World War

1T when United States sclected wo atolls for testing atomic bombs. During

deep drilling of these atolls volcanic rock was found bencath the thick coral
reef .-:fmc_mrc. Recently the theory of plate teclonics his offered a reasonable
explamaulon for the gradual subsidence of voleanic islands on oceanic crust
T_lub' subsidence takes place when crustal plates slowly move away fr Ihe
higher oceanic ridge to the lower oceanic hasin floor. -
2.33. GROUNDWATER .

All waler occuring beneath the .
2 eround surfnee js “ 5 i
};: :z:i‘l:;n esl;mau:d that the volume of water in (he i?::: D%r(;f;' "
= wcotal crust is nearly 20 times greater than (he ‘h' ilometer of
water n all lakes and rivers. The hief source of ;;,:L())::dmeld volurne
. waler is the

Cwaler), Somme Eroundwaler

Waler, i :
: The “fuvenite water"

waler i the atmosphere and how
o condenseg much jg
snow. The rain wajer divides itsefy il:? t:Drl'm elouds m‘;:ﬂl’ﬂrted..'[hc
1. Much of (e rgi olr parts M5 88 rain or
Tain snakg j :
ErUndwater, aks inlo the Bround py «; il :
T .' Rftltrgrin,, o
2. An ok ion
}m;f'i:f Part (ows aver e g o and forms
20 Cts, _Ultmmlcly it 4 g “r

Hoff .
hies 11, seq, A ang finds jpg way

Charles Darwin in 1835,

atjon. [1 may be summarized ag
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3. Some of the water
in the ground
returns directly o
the atnosphere by
“evaporation",

4. Another part is ab-
sorbed by plomt
roots. It is curried
up to leaves and
returned to the at-
mosphere’ by w T 3TREAM
“transpivation”. /

Some of the ground- '
wate” may come oul upon l )
the surface again as springs R
or through wells but a large Fig. 2.28. Hydmlogical cycle.
part of it reaches the sea
thr-ugh underground circulation, From the sea, the water is again dm.wn
inte the anmosphere by evaporation thereby completing the hydrological
cycle (Fig. 2.28). :

2,332, Erosion

The groundwater docs erosional work mainly by solution. The physical
erosion. is ncgligible us the groundwater moves very Isiuwly Ihru‘ug]?
bedrocks. The erosive action of groundwater is most CONSPLEIALS 10 [EZIUNS

EVAPRORAT AN
TAANSPIRATION

EvAPGRATION
A‘:‘.
+
[=)

" wherc casily soluble rocks, especially limestones, underlie the surface. The

waler charged with carbon dioxide dissolves limestone very casily. The

common solution stctures found in limestones are as fnllav.usA : .
Sinkhole. These are funnel shaped hollows of varying sizes wt!1ch arc’
made in Lhe carbonate rocks by the solventaction of groundwater. A sinkhole
may form when a cavern roof collapses or it may devcluP slnw?y as the
malerial is dissolved and carricd away in solulion\, In regions with :uant){
sinkholcs, streams are ofien absent as following & rainfall, most of the runatt
is funneled below the ground. ;i . o
Caverns. The wnnels and underground chambers wh‘lcl': ;:emr‘n:; ;{1 :
limestones by the selution of rock by gru:md_wau:r :11'::l cal :turnlm;wénucs
These stand without eollapsing the mufg. Jumlls are 1? n snites
throngh which groundwaler MOVES. The dissolution of rock gradually

y [ cavel
joi roduces a camplex sysiem O ] ; :
e i i ed al or just below the water tuble, The stream’s wa!.m.: ;

i have form ) :
BEllgee 1‘(:'rl.'rcs flow through these uudcrgzouud CAVETTIS. s
may somell . n ; imestones, the closely
Splution Valleys.
spaced sinks g io
tion valley”.

with continued snluli‘lm ol 1_
n basins are enlarged into a bi

GROUNDWATER

ms. The cavems ae Lot

g valley called “ealhi- L




64 PRINCIPLES aF ENGINEEFHNG QEOLOGY A
i produced largely by the un.
Karst Topography. The irregular terrti pre #y*. The ka
derground solrzi.gn tl:l‘ {ﬁncsluucs. is called ‘_kﬂ'“ ISJSP ‘:ir\,ipmi and un;:f
topography is characterized by pumerous sinkholes, b
channels. m_
slaps-in

LIMESTOME

Stylolites. When gr-
oundwaler  percolales
_through bedding planes of
limestones, the more soluble
parts are dissolved easily
leaving the less soluble parts
as ridges. In adjacent beds
_ these ridges project inlo .
each ather forming a zig zag linc along the junction of the bedding plane,
Such a structure is called “stylalite” (Fig. 2.29).

Fig. 2.29. Stylolites.

2.33.3. Transportation and Deposition

The materials dissolved by groundwater are carried in solution untill
they are deposited. Some materials inay also reach sea through underground
percolation thereby increasing the salinity of sea watcr.}’{"hc deposition of
the “from the groundWiler takes place by e;prm

o ater, (ji) evaporation (iii) decrease of lemperalife,
fi % or () chemical L
T 1334

Smlaclite“jmd Stalagmite. These fealuses are found in caverns. As.
e &3 1 CAVERN

ind. Gradually a .
shaped piller of calcium car-
bonate, hanging from the
cavern roof develops, Suchy
deposit is called “siglactie”
(Fig. 2.30). Similar deposits
also grow from the Noor of
the caverns where wyler
drops. Such piller-fike
are called “sialagmp,
is formed.,

230, (5] .‘;‘lalnulilc. M

: ) Stalagmi
(1) Piller o coluy R

nn.
forms which

: grow upy,

- When a stalacyjpe and]’:\*mls from

£ Cav
astal ern [laor,

A8l meet, 4 “pp g

cks the

. {{&11] .
Mineryls, Thcﬂc foundy

“aler deposits
AR are calied

-
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a3
Replacement.

The groundway
. : ater peacrally contuins silic c
carbonate in soluiic iy

ar ] Calenn
e This selution i

somelimes replices & portio
: g ¢ aces n o
country rock or any other substpgee iy iy el @ i

The replacement invel
- - 4 sy Tpiac ver
I|.|c. solulion l.ll preexisting substance and depesition of an equal volumes of
silica or caleium carbonmie from the selutjon, In replacetnent the origional

structure al the dissolved substance s commaonly prescrved, Frr examnle
in pc‘mlllc(l wouod the cellulose js replaced hy sifica and jts we sudy ;e‘tmv{s‘\lr:\
Teinams intact,
2.M. OCCURRENCE OF GROUNDWATER

Bencath maost land arcas
the groundwaler occurs in
three zones : (i) zone of acra-
tion, (£} capillary fringe, and
(#ii) zome of saturation (Mg,
2.4h.

CAPILLARY BELY

' I WADOSE. waTER - ["
L, [(2esE o wEkaTing)

v . i :
B T HATER TABLE "
. v GRGUNBWATER | . .. ’ ;
i f_zau_e oF BATURATIOM], - -

(i) Zune ol Aera-

tion. The zone of
aeration EX'CII[[S
from the ground
surface down uplo Fig. 231, Zones of proundwater below the
the  capillary ground surface.
Iringe. This is the unsaturated zone in which the pore spaves of
the rock arc partly filled with water and partly with wr, The rain
waler moving vertically downwards (o the water mble, passes
through this zane. A certain amount ol water is always held in
smaller pore spaces due w woelecular atraction. All the water
which exists in the zone of aeration is called “vadose war2r”.

(ify Capillary Fringe. The position of the capillary fringe is in-be-
tween the zone of aeration and the zone of saturation. The water
in this zone is connecled with the zone of saturation and is raisad
‘ahove it by capillary forces. In eoarse grained xoils the capillary
water rises only a few centimeters above rthe water uzhlf_:, bul in
fine prained soils or clays it may rise 10 8 height o 1010 15 meters.

(iff) Zone of Saturation. This zone eytends frmn tie water table
downwards, T this zone all the pore spaces of rocks are f-‘UﬂiPlﬁ_}"- :
Ty filled with water. As the openings inLhe rt_wks dc:ma.nlrlmll:_.
_depth, the lower limit of the zone of saturdlion uimnmnnn]} |l‘fanl
“~ within a lew hundred meters of the eartfi’s surkace, :

2.34.1. Water Table ¢ ; :
The upper limit of the zone of saturtion is known o the “water rable”.

The watcr table may be defined i 8 ently curved surtoes below the aruuqu-.. R
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te vacl ends and the sawration 00 begins. It represengg
al which the vadase Tone :

the level to which a well would Gl with water. = vels of wa,
The water table surface is ohiained by Comf:(::;:glgileo::s e&cu;u}ulzter:
in wells. It is not a horizontal surfact: I g1migluumallcs with the Ko gie
topography in a subdued fom.The Al eb]c are springs and hedsum
of precipitation. -The outcrops of 11 Wmrrrlind Swamps occur when tl(: ;
< f tiversaIn these placos be water drain® sl ons the water lable ma lie
(i ~ waler lable is right at the surracc.‘ln desert regr Y lie
hundreds of meters below e surfuce. eesents  balance between (g

The depth of water Lable at a place repres alance betwe
rate of inﬁll’;ation (recharge) and thie rate of discharge at MVETs, Sprngs or

purnped wells. Any imbalance, such as seas.onal.ﬂucluatmu of r‘amf;.g][‘ Im
or lowers the water able. 3 ¥
2.34.2, Perched Water Table
Al some places a local impervious bed [aqyiclud_c). such as a ]Bn,s'-
shaped bed of clay, ocenrs in 2 permeable rock formation above lhe main
waler table, An isolated body of groundwater may Sccur above this imper-
vious laver in the zone of acration, Such groundwater is called "perched
gmundu"arer". The local water 1able thus formed is called “perched water
fable” and the water bearing rock is called “perched aguifer” (Fig. 2.32).
S FERCHED WATER T4BLE By

it

Fig. 2.32. Perched water tahle,
2.34.3. Water Table Maps

table surface mf;::;zbﬂili of the aquifer. The ¢

iven ¢ : Wn by conlour [ : :
JEiven conloir will repregeny mﬁm].'\;él_‘:lles, !-I:,rlhul}s case all poinls on 2
. Her fable n ‘e waler table. S

- These maps are used i
“Moveme
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(i) E::]cct:nﬂtl::: [:‘I(EI:IIL'“TCI';Th‘: ::qlnlt-:rs iu:-hich proundwater oceurs
sl m:"u- sun; arne szlgd unconfingd aquifers™ 1f a
el o ta::::n Ined aguifer, the water level in it wiil

{if) (_Sonﬁnetl Aquifers. A conlined aguifer is that in whicls ayaichudes
lic both above and below it. The aquicindes restrict the 1fK1»'eme;l
of groundwaler and as a result in the confinsd agquifer the
gr(n}:)d\a;alcr moves under pressure. The water pressure in such an
aquifer depends on the difference in leight between it and the
recharge arca, If the difference is cnough, the water wilF readily
flow out of a well drilled inla il Such wells arc called "artesian
wells”. A region supplying water 10 a confined aguifer is called
“recharge area”. In the recharge arca, the rain water infiltrates
underground though the soil.

2.34.5. Pressure Surface.

In confined aquifcrs, because groundwater cxists under pressure, the
“pressure surface” is found in place of water table. The pressure surface s
an imaginary surface which coincides with the hydrostatic pressure level of
the groundwater in-the aquiler (Fig. 2.37). If the pressure surface lies above
the ground surlace, the wells will be “flowing artesiun wells” and if the
pressure surface is below the ground level, the wells will be artesian but
“nonflowing”, that is water will rise above thc level where it is initially
encountered but it will not rise upto the ground surface.

2.34.6. Artesian Well

When a well is drilled in a confined aquifer, the groundwaler in it rises
towards the surface. Such a well is called “artesign well”. The conditions
necessary [or the artesian flow are as fallows.

1. Presence of an aquifcr which must be confined between two

impermeable beds. These beds prevent the water [rom escaping,

" 2. The aguifer mst be inclined so that one end of it is cxposed al
the surface from where it can receive Waler. -

IHPE q.v rouy BED

KOMFLOWING
WELL [A),

ARECHARGE &
AREA

FLOLING ARTESIAL
w ELL (B




68 prINCIPLES OF ENGINEERING GEQLOgy '
e created due 1o differ,

When such an aguifer is tapped. the J’rc‘mu_l,”‘b?m i : botigl
bclwcc?lenmcu;'lzli::l :ll' the waler tab'e in Ui rrc-L!:‘if;!:—ltrz:l:nl:eT:jh:.-h!‘;::limrlillam- ;
ol the well, will cause the water 10 -.[NC.- The ek n the recharge Ilrci e
the pn:se-ur't' surface. The greater the distance .I r;" Fig. 2.33, well A e
greater the (riction ane less the rise r.rl wa[c::.nn ,mfsmn ;a-.t¢ll. 18§
nonflowing ariesian well while well Bisa flowing

2.35. MOVEMENT OF GROUNEWATER

The groundwater moves very slowly through IPOFC -TPHCCZDII' other opey.
ings in rocks. The movement of groundwaler is mc.!sured‘u? h:c[ers or i
centimeters per day. Although raics af [enuln[ melers p]c:_ ay have beep |
measured, a raic of 12 to I5 meters per day is considered high. !

2.35.1, Openinps in Rocks

The open spaces conlained in the rocks are of fondamental impnr@m
hecause growndwaler peeurs in thent and maves through them. The openings.
in rocks are of two types : (i) primary openings, and (if) secondary openings,
The "prinary openings” are those which exisled when the r_u_ck was fonmed,
The intergranular pores in sedimentary rocks and gas cavilies in lavas are
the examples of primary epenings. The “secondary epenings™ are those
which develop after the fonmation of rocks. The joints, {raclures and solution
channels beluny w this category. The secondary openings are found in most
igneous and metamerphic rocks, and also in some sedimentary rocks.

2.35.2. Porosity

T_'hc quantity of groundwater that can be stored in a rock depends on its
paTosily. “Pom.s:{_v" is & measurc of pore spaces in rocks. It is defined as
the per_cenl.-q‘gc ol pore spaces existing in a given volume of rock. Rocks
;;g “;::Lli‘l,zc[;(:_:nfu};j-rt"hc !(‘;:r:\c sand and gravel may have porosity up to

A Pl 1%, while porosily of ipneous rocks i
i e parosily of igneous rocks is ol the order

2.35.3. Permeability

The “permeabilie” of 4 rock i« i ;

: rock s i - . i
measured Hy the quantily of warcrk ;:15;[5 ﬂubﬂlly @ ! waler J0
an aquiler n a unit time upder lUD’E h :J]f I{"”“P}l ot oI
in which full depth and wit widy, OI'}LJrh d'u 1 Sl'ﬂfhcm, The permeability

transmivsiprlity”, € aquiler is considered, is called

Perneable, The pe.

POTE spaces uny (e depree 1p wi[::'n:rl]]n::
e e ek will trapgniy
clays have high ith I .
e openings jn

ability is closely
hey arc intercon-

: rreadily, Some
4 dler. The reason is that
1 themn i beld by molecular

o
Peﬂnea.hilil)f rocks with low porosity
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2.35.4. Darey’s Law of Croundwater Mution

From I!le ohservations of heights of water [evel in wells, Darcy proposed
that for a given aquiler, the rate of water flow is directly pmpnrlfnml u:.uu:
hydraulic pradient. The “hydreadic gradien™ is the ratio hetween the dif-
lerence in levels () of two points on the slope of the waler table and he
distance (1) between them, Mathematically, the Darey's law can be expressed
as follows

i
d=K-
¢ !

where {J is discharge per unit arca and K is permeability. The hydraulic
gradient (ft/) provides the driving force thal keeps the groundwaler in
molion against intemal fricuon.

2.35.5. Specific Yield and Specific Retention

All the waler thal exists in an aquifer can nnt he recovered. A part which
is held there by molecular altraction is not free 1o move, The lenns “specifle
yiefd" and “specific reteativn’” have been nsed 10 desipnate respectively the
walter which can be drained om freely under pravity and the waler which is
held in the ayuifer. The specilic yield may be defined as the ralio of the
volwme of water that can be drained and the Lolal voluwne of the aguifer. The
spewilic retention is the ratio of the volume of water which is retained and
the tolal velume ol the aguiler.

' i Volume of waler drained

Spevilic yield e R
Total volume of aquifer

_ Nolume of water retained

"~ Total volume uf aguifer

2.36. PUMPING OF WELL -

Specilic retention

In a well drilled to an uncon-
lined ayuiler, the water will al-
ways staned in it atthe level of Lhe
water nhle when the punp is nol
operaling. As soon as the pump
starts, the waler level in the well
draps. The distance by which the
leve! in the well is lowered helow | .4 i .
the waler tahle by pumping, is | © ' g
called the “drawdown”. Around -
the well the water table assumes
a fonmn which is comparable o an
inverted cone. This cone shaped
waler lable around a pumping
well is called “cone of depres-

RADIUS ©F

PumMPING WELL IMFLUENCE
-

% conEOF
- DEPREESIONT

Fig, 2.34. Cune ol depression
around o pumping well.
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n I 1o be clliptical "
B to be clliptical rathe
I v the cone 18 {ounc ! | ; r u‘lan o
sion”". Frequently = material of the aquifer is seldom ho“‘[ﬂ PHYSIGAL GEOLDGY .
ey 2.37. GROUNDWATLER IN COASTAL AREAS

- hecause the ; ;
cross-section Ily inclined. The distance from the pum

depression on the ground s g 5
urface jg e Under islands and ncar sca coasts, the fresh water extends 1o o consid

crable depth in the aquifers below the sea level. As a result the underground

boundary between the fresh water and salt water of the sca is inclined as
P, AT ER TADLE

{ the cone ol
ce” (Fig. 2.34).

As pumping is continued at a c.nnstam rale, the drawdowp increqs;

(he radius of influence expands untill the flow of water from the ﬂquif

he well becomes equal 10 the withdrawal by pump. An increase or deu

in the rate of pumping will have a corresponding increase of dccreasﬁ?

The relation of drawdown to the yield of a g i

amount of drawdowl.
bath for artesian and nonartesian wells is shown in Fig. 2.35 Tpjg p

—

upto the outer limito
the “radins of influe

SRA LEVEL

ARSI
; . Lo NGEOUND = L .
v T TN wareRr T

e

i : .‘.'.. '.-.'.. - -q.‘; "IHL._._L.

_______________ : ) Fig. 2.36. Water table nunder islands.

' ' shown in Fig. 2.36. I withdrawals by pumping are nol excessive, the
recharge of fresh water on the land is enough Lo keep the water table elevaled
ahove sea level and maintain a reservoir of fresh water which bulges into
the sca water at depth. But if the withdrawals exceed recharge, the water
whble is lowered and the pressure of fresh water on the bulge decrcascs
thereby allowing the sea waler [0 move in. There is no solution to the
incursion of sea water excepl to reduce the pumping or artificially increase

IELD —
-
£

W
E i
F the recharge.
; On an island the fresh water cocurs in a lens shaped area the major part
4 of which extends below sea level. By the Herzburg formula it is possible to
10 determine the amount of fresh water present in this lens below sea level. In
Fig. 2.36 at a certain well, “r” is the height of the water table above sea
| upto which the fresh water

level, and “h" is the depth below sea leve
cxtends. The total thickness of Lhe fresh water c0
to “h +1". According to the law of floating objects,
of fresh water H is equal to the weight of the column of sal

is displaced. Thus,

lumn is “H", which is equal
the weight of the column
1 water h which

2 4o ‘ ~
TT——Ftacy 4 8> 100
Fig NTAGE 0F DRaAMboWN —>
& 2.35. Showing

H=h+t
* is the specific gravity of salt water

relation of drawdow i
o r »
n to yield. But H is also equal to hg where “g

shows 1y U
16 may; ;
down of abey, < Imum yie|y
ulSog ; (about 769 ¢ . .
Wit e i AL AL Then, (=hg- D
Tishes 1o the Mping js g1y ' .
e well d Pped, the waler | o h=
5?:':3? e P*‘-mlca:il;li:r SOIme lime the W:Eti:m[Tblhc surrounding formai8 3 o g-1 :
aler : ¥ ol . T lable j 3 3 ) ; : . jluti i
n an aqu:?}:le after Pumpin e Aquifer affecys - (:-3 llrcslorcd (o 1is ne ' The average specific gravity of s water is 1.025. By substituting this
drawdqy,, wr. havin low €. and (it the Sh".lp:. f) ¢ rale of recovery value in the above formula, we have :
Pumpin,, , A smafjer pcr.mcabiliLy th of the cone of depress di
EPressir:l|lhe 4mme rare iy or inﬂ:Jan Pumping will cause a HE
enge, 2 has g Emulllnd=| Permesh|e ¢ On the other hand, a
v auifer would cause a con

relatively lLuena eedive ol
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2.38. WELLS . o

The most cormnun device used hy men for tapping g\r(?l_m :}'d ; :
well. The “wefl” is a vertical opening of shatt exeavated intg the .cor}c ol
saturation. Wells serve as reservoirs into which groundwaler Mmoves nr_ld ro_m
which it can be pumped to the surface. The wnount of \‘\':.1Ier l_llml;} \:{-;:Il Wll}
yield depends chiefly on () the permeability of the aquifer, (if) thickness o
the aquifer, and (fii) diameter of the well,

2.38.1. Types of Well

Depending upon the method of construction, the wells may be classified
intw the following groups.

Dug Wells. Dug wells are excavated by means of picks and shovels and
their diameter is usually more than one meter. These wells scldom exceed
a depth of 20 meters.

Driven Wells. The wells in the unconsolidated imaterials may be con-
structed by driving a pipe at the end of which there is a drive point. The
diameter of such wells scldom exceeds 7.0 centimeters.

Bored Wells. The bored wells are constructed in the unconsolidated
materials by means of hand or power augers.

Jetted Wells, These wells are excavated in the loose earth materials hy
the force of the jet of walter which is produced by punping water through
hollow drill rods.

Drilled Wells. The water from consolidated aquifers is cxtracted by
drilling deep wells. These wells are pencrally constructéd by hydraulic rotary
drill methods. The drilled wells may attain a depth of 70 melers or more,
2.39. SPRINGS

When the groundwaler flows out at the ground surface, it s called a
“spring”. The springs are formed at places where water table intersects the
ground surlace. : .

2.39.1. Types of Springs

Water Table Spring. The waler table springs are found i

i depressi
where the ground level is below the water table (Fig. 2.37). DrEsHions,

WATER TALLE

R T ol

- Fig. 237, Water table spring.
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Contact Spring. Where an impervious bed underlies a permeable bed,
the groundwater flows out along the contact if the same is exposed by

crosion (Fig. 2.38). AAIN 1 l l

Fig. 2.38. Contact spring.

Karst Spring. Erosion may cxpose a caver.nous'rock. such as limestone
containing groundwater. The springs formed in this way are called karst
spring,.

Fault Spring. The flow of groundwater is checked along the ['auil
plancs and it may emerge out al the ground surface forming 2 fault spring.

Mineral Spring. Spring water may conlain some dissolved mineral
matter in sulficient concentration as lo produce some faste or smell. Such
springs are called mineral springs. -

Thermal Spring. The springs which discharge healed water are called
lhennal springs.

2.40. EARTHQUAKES

An "earthquake " is the sudden vibration of the carth’s surface by rapid
release of energy. This energy is released when two parts of rock masses
maove suddenly in relation to each other along a fault.

2.4h1. Effects of Earthquake

1. Buildings are damaged and people get frightened,
2. Roads are fissured, railway lines arc twisted and bridges are
* destroyed.

- Incities, ground waves disrupt underground services and start fircs.

« Rivers change their courses, Fissurcs arc apened up in the ground
Which may cause spring.

. Pcmlm‘mm lilling of the land mass may oceur in certain areas,
Landslides may occur in hilly regions.

2.40.2, Terminology

Focus, The

oint of origin of . 3
called the foe Pomt of origin of an earthquake within the earth’s crogt B

in al] l“l‘eclinn:,s" (Fig. 2.39). From the focus the emthqunke waves mdiate ' -
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¢ on the earth’s surface,
(Fig. 2.39). [n the

T4

Epicentre. The point lying \'crlicnl'l)i above on
dircetly above the focus, is called the “epicentre
cpicentre the shaking is most intense.
The intensity gradually decreases
oulwirds.

Isoseismal Lines. The lines con-
necting points of equal intensity on
the ground surlace are called
“isoseismal lines™. Il the focus is a
point, the isoscismal lines will be
circles, but as the focus is commonly
a line, the isoseismals are generally
elliptical. From the distribution ol the
lines, the epicentre of an carthyuake
can be determined (Fig, 2.9,

|gasEIsMAL LINES

Fig 239, Showing {ocus, epicentne

Earthquake Intensity. 1t 1s 2 Shdastsrmraar Tites

measure of the degree of destruction
caused by an carthquake. It is expressed by a number as given in the
carthquake intensily scale (Table 2.4 and 2.5).

Tsunamis. " Tsunamis™ are giant sea waves generated by carthquakes
on the sea Noor. They cause heavy destruction in areas lying near the sea
shore. Al sea tsunamis have wave lengths as great as 200 kilometers, They
can travel at speads of 8OO ki per hour, Near the sea shore they slow down
amd gmhier height which may be as much as 30 meters. As the sunami
approaches the shore, the sea withdrows and then it Tushes back in a scries
of giant waves that tavel far wland and cause destruction,

241 SEISMOGRATHS

“Sersmograplis™ are instruments which deteet and recond carthquake
waves. Most seismographs contain a heavy weight suspended from a ,-;uppud

LIGHT sounce

)
- —
MIRRG R

. RECORDING DRUM
Fig. 240, Seismogranh

BILLAR

WBIGHT
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h is atlached 1o bed rock (Fig. 2.40). When .w:n‘cs [ro}n u f.lisugm
carthquake reach the instrument, the inertia of the weight keeps it stationary,
while the earth and the support vibrate. The mnrremem of the earth in relation
(6 the stationary weight is recorded on a rotaling drum.

Some seismographs detect horizontal motion 'Whilc others detect verti-
cal motion. The trace of the carthquake waves i3 }Isualiy. recorded on n
travelling photographic paper as a scries ol zig zag lines (Fig. 2.41). These

5 WAVE
T P WAVE Y BURFACE wWAVES

whic!

T
l

Lrea

Fig. 2.41. Seismogram.

ONE MINUTE
records are called “seismogrants”. From the seismograms the time interval
between the arrival of the P and § waves can be calculated and with the help
of the tavel-time graph (Fig, 2.43), the distance between the recording
station and the epicentre is detenmined.

2,42, EARTHQUAKE WAVES

During an earthquake seismic waves are generated which sprewd out-
wands in all dircclions from the locus. Seismic waves are ol three wype @ (1)
P waves, (i) § waves, and {iii) surface waves or L waves, Surface waves
are responsible for causing carthquakes while the main significance of Pand
§ waves is in the study of the earth’s interior. Pand $ waves travel through
the interior of the earth and are reflected and refracted as they enter a layer
of ditTerent material,

P-Waves or Primary Waves. These arc compressional waves which
cause the particles of rock o vibrate in the longitudinal direction. The P
Waves tmvel fastest, therefore they reach a seismic station first. Their

veloxity is 1.7 times than that of § waves. They pass through solids as well
as liguids.

5 | ~ » -
g S-Waves or Secondary Waves. These are shear waves which are
: " ‘:’“ ©rSC in namre. Their velocity is less than the P waves. The § waves
ravel through solids unly and do not pass through liquids.

surf L-Waves ar Surface Waves, When P and § waves reach the earth'’s

surf:“‘ they are converted into L waves. The L waves travel along the

e t‘t and cause carthquake. They wre trnsverse in natare and their
ity is much less than the P and § waves.
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2.43. CLASSIFICATION OF EARTHQUAKES

Classification-1. Depending upon their mode of origin, the earthquakes

are classified into the following groups.

(i) Earthquakes Due 1o Surface Ciuses. Earthtl“‘f-kc" may he
generated by landslips and collapse of the roof of underground
caverns. Most of these are very minor

tiiy Earthguakes Due to Voleanic Canses. Voleanic eruptions may also
produce carlhquakes but such carthquakes are penerally very
fechle.

(1) Earthguakes Due to Tecionic Canses, Tectonic carthquakes are the
mosl numerous and usually the mast disastrous. They are caused
by shocks which originale in the carth’s crust due 1o sudden
movements along faulls,

Calssification-TI. On the basis of the depth ol focus, the earthquakes

are divided into the following groups.

tiy Shaltow Focus Eurthquakes, Eanthquakes having depth of focus
uplo 55 km.

(f) Intennediate Focus Earthguakes. Eanthquakes having depth of
focus between 55 10 300 km.

{1ii) Deep Focus Earthguakes, Eanthguakes having depth of focus be-
tween 300 10 650 km.

The shallow carthquakes are more violent at the surface hut affect a
smaller areu than deep earthguakes.

2.44. ORIGIN OF EARTHQUAKES

Tectonic earthquakes are the most common and therefore the most
important. The forces thal cause teclonic earthquakes are the same which
cause faulting and produce mountains on the earth's surfac
mechanism of tectonic carthquakes can be explained by the
theory". This theory was put forward by H.E. Reid,

2.44.1. Elastic Rebound Theory

¢. The possible
“elustic rebound

The main points of the elastic rebound theory are a5 follows

1. In certain zones of the carth's crust, the sirecses oo
gradually in rock masses [Fig. 2.42 (q) and (‘;;;—"ﬂb ecumulate

2. When the siresses exceed the elastic limit of
crack (Fig. 2.42). The slippage along the
prevented by friction. Under these conditions
up energy as elastic strain. Some slight imovey
ture plane produces “fore shocks”.

rocks, they bend and
fractlure jg initially
the rocks will siore
ment along the [rac-
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3. When the strain reaches a criti-
cal point, the [friction is over-
come and slippage lakes place.
The fracturcd hlocks snap back
to ils origional: shape therehy
releasing the slored up cnergy
in the form of earthquake by
vibrating back and forth | Fig.
4.2 (¢)]. The springing hack of
the rock is called “elastic
rehound”. Some adjustments
along the faull zone afler the
main carthquake produce “after
socks™.

With the recent developments in the
ficld of plate 1ectonics, we now know that
crustal plales are in constant motion.
While moving, the plates may either thrust
against onc another or may drill away.
Where they move apart, occanic ridges are
I'Ir)rmcr.l and \_vhcn: _Ihcy converge and col- Fig. 2.42. Elustic Rebound Theory
lide, mountain chains are created. Almost i NG St omibton. (bY Blak s

all the world's earthquakes occur along strain sloced under stress.
l.ht: lines joining one crusial plide with {e) Release of elasnc stram
another,

245. FARTHQUAKE INTENSITY SCALE

I cl“‘“"““!-’ the elfects of an carthquake are strongest near the epicentre

and decreage : : ; :

% II: cercase gradually oulwards. To have an idea about the intensity of an

ar ake N : i : 2

e quake in different arcas, inlensity scales have been devised. The 1wo

SCHIC'U'IIY used inlensily scales are ; (1) Rossi Forel Scale, and (i) Richter
2.45.1. Rass Forel Scale

pe “Pt[;ﬁh::;:v:qv“u:e jfllcll-ﬁily' scule devised by FFu.»;si Fo_r:l is based on how
© man made S;:_E : rt‘itl‘.t. and h{)WIl’l].IC}.l destruction nr_dllslurhamcc is cau.“u:d
divisions, lmc;nqi:.mrﬁ auluj natural objects. The Rossi Forel .Sca_Ic has nine
¥ very Scllsili\:'c ¥ | is given o d\:c wg:kust carthquake whu;hl is felt only
Strongpg earmquﬁ(:g{c i{‘ "’j‘f*'- '”]L'. highest nu.mher IX is assigned to the
and Natury) objects .A d.l cause _mas.»: ve destruclion 1o man made structures
- - Ay inlensity above |V can coause damage 1o property.

Ht\Wey :
Neans rﬂrc:r |hc_q::.'.xlructiun caused by earthquakes is not an adequate
Mparision. Many factors including distatice from the cnicentre
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nature of surface materials and building design cause varjations 10
amount of damage.

2.45.2. Richter Scale i

This carthquake intensity scale was devised by Charles F. Ri :er. an
American scismologist. It is based on the (otal m_munt"uf energy @measedde .
during an carthquake. This cnergy is called “magnitude”. The magnitude is
calculated mathematically using the amount and duration of ground vibra-
tions as recorded by a seismograph.

Table 2.4. Richter Scale

Magnitude Effects
2.5 Generally not felt, but recorded
4.5 Local damage
6.0 Can be destructuve in populous region.
7.0 Major earthquakes. Inflict serious damage.
More than 8.0 Greal earthquakes. Cause lotal destruction.

The Richter Scale (Table 2.4) is widely used to describe the magnitude
of an carthquake. This scale is logarithmic, hence an increase in magnitude
of one unil corresponds to a tenfold increase in the size of seismic waves
and aboul 30-fold increase in the energy released. Thus an earthquake with

a magnitude of 6.5 releases 30 times more energy than ong with a magnitude

of 5.5. Damage (0 structures begins at magnitude 5 and increases to nearly

total destruction a1 magnitude greater than R, Sorhe of the world's major |
earthquakes are San Francisco 1906, Japan 1923, Chile 1960, and Alaska 3

1964. All had Richter magnitudes greater than 8.2. An intensity scale
modified by Mercali is shown in table 2.5. ’

Table 2.5, Mercali Scale

hiteriiiey Acceleration ) _-I
- cmisecisec Effects

1| Instrumental Less than | cm. | Recorded by instrumenis only.

| Very feeble *Over 1 cm. Felt on upper floors by a lew people.
| Feeble Over 2.5 cm Fell by people: at rest.
v | Moderaie Over 5.0 cm

Felt by people in motion. Di
- . Dishes a
windows raule. “d'

V| Fairly strong Over 10.0 em

Many persons awakened - Dishes
broken, plaster cracked, uees and poles|

disturbed.
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Acceleration

Effects

TRy cm/sec/yec
V1| Strong Over 25.0 cm
VII| very Strong Over 50.0 cm

VIII | Destructive .Over 100.0 cm
X | Ruinous Over 250.0 cm
X | Disastrous Over 500.0 cm

X1| Very disastrous | Over 750.0 cm

XIL| Catastraphic QOver 980 0 cm

) |
People run ouldoors. Slight damage 1o
buildings. Heavy furmiture moved.

Average homes slightly damaged.

Well buill structures slightly damaged,
others badly damaged. Chimueys fall

Well designed buildings badly
damaged. Cracks open in ground.

Many buildings desiroyed. rails beat,
ground cracked.

Few masonry structures lefi standing.
Bridges destroyed.

Total desctruction. Waves seen on the
ground surface.

2.46, LOCATION OF EPICENTRE

The focus is the place
where the earthquakes

originate, The difference in
velocities of P and S waves
provides a method for deter-
mining the epicentre. The
posilion of an epicentre is-
found by the threc point in-
lersection method. The
Brealer the interval between
the arrival of the first P wave
and the first S-wave, the
greater the distance to the
Ea_rlhquake epicenire. By
USINg a travel-time graph
(Fig. 2.43) the distance from
lhe_ seismic station o the
€picenire cap be determined. °

TRAVEL TIME (MINUTESy— "
v

"

AI. lh.rct: Properly located
Se1smic slations, the distance

Joeo Zeca 3oee Aeso Fosa (T

—— DIy TANMCE T EPICENTREL —F

Lo 4 h . -
e epicenire is deer. FiE- 243. Travel Time curve. The difference in

::mcd. BY using the distance
S the radius, a circle is

arrival limes of P and § curves is 4.5 minutes.
Thusepicentre is nearly 3200 km away.
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drawn from each station. The cpicentre will be at the point of intersection
of the three circles (Fig. 2.49).

Fig. 2.44. Location of epicenire. S-Recording station, E-Epicentre.
2.47. DISTRIBUTION OF EA RTHQUAKES
. Earthquakes oeeur in geologically active areas, such as mid oceanie
r_ldgcs and mountain building regions. The zones where tarthquakes ocour
frequently are known as “seismiic belts”. The principal seismic belts on the
earth’s surfacc are as follows. - I
(i) Circum Pacific Belt. This helt encircles the Pacific ocean and
more or les:s averlaps the belt of young fold mountains and the
zonc of active voleanocs. About 80% of the world"s earthquakes
accur n the “Circum Pacific Belt.
(ify Alpine-Himalayan Belt. This bell starts rom the East Indics and
passes through the Himalayan foot-hill region 1o the Alpinc moun-
Lain arcs of Europe.
(iriy Ril valley region of the enst and central Africa. !
In India earthquakes frcquently occur along the faot-hill zone of |
Himalayas, starting from Kashmir in the west to Assam in the east. After
1818, 15 very destructive earlhquakes have occurred in India. Some of the &
important earthquakes are as follows. :
1. Assam : 1819, 1897, 1935 and 1950
2. Bihar : 1934
3. Indo - Nepal border : 1988,
4. Himachal Pradesh : 1903, 1975 and 1987,
5. Kashmir : 1963, 1972 and 1976
6. Cutch area of Gujrat : 1819, 1956 and 1970,

7. Maharashtra : 1993
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5.48. PREDICTION OF EARTHQUAKES

[n seismic regions earthquakes occur frequently and cause loss of life
and property. This emphasizes the need for reliable methods of earthquake
prediction. In order to predict earthquakes it is necessary 1o detect the faull
lincs where strains are building up. The following methods are used to locate

areas under strains.
1. 1In Japan, people havc concentrated their study on _fore-shoclzns
which precede the main earthquake. It is hoped that this study will
lead to some paltern which can be used to predict earthquakes.

2. Before an earthquake, the ground on either side of a fault suffers
elastic deformation which can be measured by triangulation with
a theodolite or leser beam. . :

3, In California (U.S.A.), uplift or subsidence of the land and chan- ~
ges in movement along a fault zone [rom a slow creep lo a Iocke_d
position, have been found 1o precede main earthquakes. Hence it
is hoped that the prediction of carthquakes may be .d.ong by
monitoring ground tilt, [ault movement and seismic actvity.

4. Now, there are artificial satelliles which gather information from
instruments placed in the vicinity of major faults. With the help of
this information, il is now possible to detect very small movements
of the carth's surface und locale areas where strain is building up.

5. Recently a method has been discovered where the amount of water

" that a rock contains is measured. Under strain, the pores in ihe
rock enlarge which allows more water (o enter into it. Thus the
knowledge of the water level in wells in the earthquake effected
areas is very useful in detecting rocks under strain.

In 1975 an earthquake in northesst China was predicted only hours
before it occurred. As a result thousands of lives were saved.

2.48.1. Control of Earthquakes.

In an earthquake prone area if it is known that the strain is accumnulating,
the threat of earthquakes can be reduced by the following methods.

() A number of deep holes are drilled along a fault line in which

_ stress has been detected. Then water is pumped down info the

holes. This water acts as a lubricani, so the faulied rocks slip
smoothly in a serics of small nondestructive earthquakes.

(i) Nuclear devices may he exploded along a fault plane which
. relieves strain by producing small earthquakes. :
4. EARTHQUAKE RESISTING STRUCTURES

mh::‘h“‘ﬂd Eafthquake resisting structures, it is necessary (o determine the
© tensily and magnimde of carthquake shocks in the srea con-



B2 .
previous earthquakes and the

cerned. The history and rceords of the :
1 this conneclion. SOmE precau-

knowledge of the local geology arc of help ir
tions are as follows.
(i) A study of past earthquakes indicates that the damage is usually
much greater in structures founded on soft ground than on hard
rocks. 1t is there-fore adviscd that in scismic arcas the structures
should be founded an bed rock. If the same is not possible,
reinforced concrete raft foundation should be given. During the
passage of seismic waves, the structures huilt on raft foundation

literally floats.

(ffy Careful planning can ensure that the streets are wide in relation
to the height of buildings. Many of the deaths causcd during
carthquakes arc due 1o collapse of tall buildings inlo narrow
sireels. :

(iti) It has been found that rigid structures endure seismic shocks better
than Mexible ones. tat is why steel framed or ferrc-concrete
structures generally survive severe shocks.

{fv) Generally taller structures should be avoided.

2.50. VOLCANOES
A “volcana™ is a vent or lissurc in the earth’s crust through which hot

lava and volcanic gascs are Ihrown out, Vuleanic eruptions may be either

explosive or quiet. ;

The carth’s upper mantle (asthenosphere), under the crust is ncarly
molten. Magmas originale at this depth. They migrate upwards, ofien along
faults, In a volcano the magma rises throngh a chimney-like opening called
“peni " and reaches the surface as lava. At the surface pressure in the rising
magma lalls, as a result dissolved gases are separated out. Such a mmagma is
called “lava ™.

In addition to cmission of gases and molten lavas, vast quantitics of
fragmental materials (pyroclasis) are also produced during voleanic erup-
tions. This material accumulales around the vent. Conical hill-like masses
formed in this way, arc called “volcanic cones” (Fig, 2.45). Volcanaes often
have side vents as well. The smaller cones fonned around these side vents,
are called “parasiric cones” CRATER
(Fig. 2.45). LAvacLow

A circular depression Agu
found at the top of volcanic
canes is called “crarer”. A%
greatly enlarged crater is[*
called “caldera”. A caldera
j¢ o gigantic depression the P
diameter of which may he 16 Fig. 2.45. Struciure of 2 volcana,

4= Vorcawmit pIPE
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ki or morey Most of the calderas may have resulied either due to blowing
of the summit of the volcanic cone by explosive action, or it may be due to
subsidence. The subsidence is caused when the magma chamber lying below

the volcano is partially emptied during eruplion and the volcano then sinks

into the void.

2.50,1. Types of Volcanoes

Volcanoss commonly do not erupt continuously for long periods. Most-
iy they show intermnittent aclivity. Depending on the variation in the fre-
q‘ucncy of their activily, volcanocs are divided into three groups : (i) aclive
volcanoes, (fi) dormant volcanoes, and ({£) extinct volcanoes.

Active Volcanoes. An “active volcano™ is one which c}upls very oflen.
They mostly occur at crustal platc boundaries. The volcanoes that occur
along a great arc around the Pacific ocean from Chile 1o the East Indies, are
examples of active volcanoes. :

Dormant Volcunoes, The volcanoes which show eruptions afler long
intervals of lime, are called “dormant velcanoes”, During dormant period
they appear quile inactive.

Extinct Volcanoes. An ancient volcano which has not shown any vol-
canic activity since a very long time in the geological history, is called
“extinct veleano”. .

2.51. VOLCANIC PRODUCTS

Three types of material are thrown oul from a volcano : () gases, (i)
malten lava, and (i#f) solid rock fragments.

Gaseous Products.

p——lli i

team. 1 forms nearly 90% of the total gs conlent. The other chief gcs.

_i" the arder of abundance, arc carbon dioxide, nitrogen and sulfur dioxide,
fud smaller amounts of hydrogen, carbon monoxide;

and chlorine.

Ly af 1
Liquid ;o s ;
"fumsf!u]id Products, Liquid emissions from a volcano are known as
highly [‘| -avas of acidic composilion are more viscous and less mobile than
the di—qs Illrd basic lavas. Fluid lava results in calm eruptions as they allow

ssolved gases 1o escape freely. In viscous lava, the gases do not escape

freely, Ty . i ,
Emm)irun, ey fmqumlly build up an internal prcssu.rc. to produce a violent

Solid p = ;
Nt n11 Toducts, IBcsuics gases and liquid lavas, voleanoes eject solid
EMents of various size. These rock fragments are thrown out by e

ES(.‘EIIJ].I]E a5 3
SCE 1 o ions Y
lav E lurlng violent cruptions. When fragments aof ury viscous

48 pyricla
sls. solid rock f i
The solid rock fragments produced during volcanic eruption.

are b o i iy s
fawn ofl into the air, they solidify guickly and fall to the ground -
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i . on the size, the pyroclasts are divig
g Depending o1 L -
are called pyroclasts - :
) following groups: ‘
o the folld ni,fmncks. Bigger angular fragments of dead lava are called
i plocks”. They are formed when large picces of

{f during an explosion.

iy Vole
“yalcanic
solidified Java are blown ©

(ify Volcanic pombs. Bigger and somewhat rounded or spindle.
shaped fragments are called “volcanic bombs”. They may be upig
{he size of the football. Voleanic bombs are clots of live lava which
generally solidify belore reaching the ground.

(iify Lapilli or Cinders. The rock [ragments upto the size of pravels
ar peas, are <alled “lapilli” or “cinders”. Normally their size
ranges between 4 w 32 millimeters. ;

(iv) Ash. Particles {hat range in size between 0.25 10 4.0 millimeler,
are called “velcanic ash”. ’ ;

(v) Dust. The dust includes very fine particles. Their size is less th
0.25 millimeter,

The voleuric dust and ash on consolidation form a rock which is call
“rgff”", When hot ash, usually glassy shreds, falls, it sticks together to form
a “welded tuf. The larger fragments, such as hombs or blocks of a
racks, cemmonly accumulate near the volcanic cone. On consolidation
produce a rock called “agglomerate” or “valeanic breccia

In lavas where pases are released during conselidation, small B
may be entrapped into the rock. These gas cavilics are called “yesicles”
viseous acidic lavas the vesicles inay be so abundent that the rock takes B
ff’fm ol a light sponpy mass which is called “pumice”. The pumice
light that it floats on waier. The tlerm “scorige” is applied o Lthose boll
and lapilli which are spongy like pumice but they arc more rugged and I
knife sharp edges.

2.5L1. Volcanic Cones

Successiv ions i .
‘.akm;‘g::‘s:\e. eruptions from a single vent result in the accumulation
“volcanic % cl'laj,,“mund iL. Conical mountains formed in this way arc €2
i .m : cones”. .VU]CALHIC canes are of three types : (i} cinder et

s, and (iif) compasite canes )

e ; 4
4 b:l;tlzrpgi??:;;rhesc e “‘:?P sided volcanic cones which
usually very ;-I"‘e“mT_Y material, mostly cinders. Such con€s
are smal) in sigcn;].:lmufl mlfl have circular craters. Cinder €
oflen occrr pg n I‘U}mr height seldom exeeed 300 meters:
S Pilrasitic tones on larger volcanocs. :

{tiy Lava C
e 'lf]h:es.- Lava cones are composed maialy of solidifi€
of a few d: 4F¢ nuch flatier than cinder cones. They have &
grecs at their Nanks ang nearly 10° near Lheir §
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Volcanoes having such type of cones are called “shield vol-
canoes”. They derive their name from the shape of the cones
which is more or [ess like a shicld. The Hawaiian volcanoes are
the important examples ol shield volcanoes. Their cones are
{ormed duc to solidification of highly Muid and mobile basic lavas.

(ifi) Composite Cones, These cones are composed ol allernate fayers
of pymclaslic material and selidified lava-Nows. Compuosile cones
usually have a sicep summit and rather gently sloping [lanks. The
contribuling magma has an andesilic lo rhyolitic composilion and
hence is rather viscons. Yolcanoes which possess such well
marked stratification arc called "strato-volcanaes™. The examples
of strato-volcanoes are Vesuvius (laly) and Mount Fuji (Japan).

2,52, VOLCANIC ERUPTIONS

Voleanic cruptions are of two Lypes - (i) ceniral eruptions, and (ir) fissure
eruptions.

Central Eruptions. In central eruplions, the emission of lava lakes
place through a vent, Such i volcane usually exhibits cone-and-crater arran-
gement. This voleano may have parasilic canes on the (lanks of the main
structure. Etna, an European voleano, has more than 200 parasilic cones.

Fissure Eruptions. In fissure eruptions, basic lavas issue relatively
quietly from linear fissures in lhe earth’s crusL These lavas cover 2 very
large area belore solidifying and considerable thickness of rock is formeil
from rcpeated eruptions. These vast accumulations ol solidificd lava are
called “platecur basults”. An cxample of fissure eruplions is the "Deccan
Tra,lu.v " which cover an arca of about 1000,000 square kilometers in central
India. Ocean floor basalts arc also the products of [issure eruplions.

) Although volcanic eruptions are somclimes violent, many are very
q_uu:L The factors which determnine the nature of eruptions are : () composi-
tion of magma, (fi) temperature of magma, and {fif) amount ol dissolved
lg;]lscs. The Eirsl two lactors, fe. composition and teinperature, mainly allect
5ilc' ma.grm s vescosily. The vescasity of a magina is dirccly related 1o its

'ca content. The lower the percentage of silica in a magma, the greater
the fluidity. Thus basaltic lavas are vsually very [uid.

& f:::cg\i?:'s-ﬁlzy‘? major role in citsing voleanic eruprions. They provide
often ph "“L TIVES Mg U!.Il [roun the cone. Highly viscous magmas
i DFprcfsu:c WLI}I thereby trapping thc_ pases below. This resulls in a build
e mi]eria\:'dlch leauls 1o the caplosive type eruption. Very [loid magma,
sroplre ud, allc\l_\«'s the gascs to escape freely producing rather quiet

- Many gradalions exist between these two extremes. Chief (ypes

of volcanj +

; IS cruptions arc as [oll They I i rile ,

: 2 as lows. They are arranged in th hei
Tacreuting Siohn ¥y anged in the order of their
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2.53. SURFACE OF LAVAFLOWS

i CT;:E surlf?oe lexture of a lavatlow depends on : (/) temperature of |
ne: l!::““a“ of lava, and (iif) velocity of the flow during Lhe eruptio
€ textures aof newly consolidated lavaflows are of three Lypes-

() Blocky Lava. Rnyolitic lavas, because of their high silica content

Tl

he

—

Ed

(i) Ropy Lava, When

(fii) Pillow Lavy,

. Hawaiian Ty

. Vulcanian Type. This type of eruption is more violent than

. Vesuvian Type. In this case the lava highly charged with ga

. Plinian Type. It is the most viclent type of volcanic Brl]pli()l.l.

- Pelean Type. In this Iype of eruplion, the most viscous lava
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pe. In the Hawaiian Lype Em?tions_ the mohile law
psition is discharged relatively quietly, The la

lava pools occupying eralers or from fissyreg
ava are formed due o rapid emissiop :
haracterstic of Hawaiian vol canogl

of hasaltic cOlmp
fows out [rom

Sometimes fountains of | :
gases. This type of eruption 1s ¢!
perticularly Mauna Loa and Kilauea.
Strombolian Type. In the Strombolian type eruptions, the viscoy
lavas erupt with moderate explosion. Clots of incandescent layy
are thrown out to form bombs or lumps of scoria. Strombolj

volcano in Sicily exhibits such eruptions.

Strombolian type. The viscous lava solidifies quickly thereb
causing severe explosions. This results in the ejection of solid roc
fragments of all sizes including cinders, ash and dust. Dark clou
of dust arc usually seen. : T

erupts with extreme violence, Large amount uf gases and dust are
thrown up into the air which form a cauliflower like cloud a
preat heighs. . :

which a blast of uprushing gases rises to great heights.

thrown out. The blocked vent is cleared due Lo violent explosions.

T_‘h:; hot gases and volcanic ash spread very widely through
alr

are us 2 ;

slow ;?JHV very viscous, Their movement is often very slow. Such

Stch & ving lavas generally have a rough and clinker like surfac
ch lavas are calleg “blocky favgs” ;

T a I‘:‘waﬂaw has a smooth but twisted surfacé
Bl v FE'D}.' lava™. Such a surface is commonly formed O
slarls selid'g[ r'md lava of basalijc composition, When the lavi
plastic skinI lilgfa : gk-lslic skin is formed on its surface.
tinues 1o advancekbiic;l;:oitwrmk]cs a8 the il molien 1SA00
l}::;]e']' lava of hasaltic composition flows over i
with a surfuce which exhibits pillow-like el

floor, it solidi
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soids. The diameter of such cllipsoids vary from a few centimeters
1o a few meters. The lava having such a surface is called “pilfow
lava". Thesc pillows are commonly glassy outside and [inely
crystalline inside.
2,54, DISTRIBUTION OF VOLCANOES
There are aboul 800 active volcanoes on the earth’s surface. Besides
{hese, there are many thousands of extinct volcanic cones most of which arc
under the sca {loor. A great majority of volcanoes are found tlo be con-
centrated along the following bells.
1. The Circum Pacilic bell
2. The Alpine - Indonesian belts
3. The Mid - Occanic Ridges

4. African rift valleys.

The belt around the Pacific ocean contains the largest number of active
volcanoes and therefore it is called the “ring of fire”. It seems that the
volcanoes are found associated with the boundaries of crustal plates. For
example, the Circum Pacific and the Alpinc - Indonesian belts are the regions
of Tecent crustal deformation which lie along the collision edges of the
crustal plates. Similasly the Mid Oceanic Ridges and the African rift valleys
represent the big tensional cracks on the carth surface. A few volcanoes that
cxist on land away from the plate boundaries are perhaps duc lo localized
heating by radioactivity,

2.55. PHENOMENA ASSOCIATED WITH VOL.CANISM

Hot springs, fumaroles and sometimes geysers arc found in volcanic
regions.

. 1_'Int Springs. Hot springs arc commonly found associated with volcanic
activily of recent dale. Surface water which penctrate the ground may he
healc(l‘cilhcr by contact with hot rocks or by gaseous emanations from the
voleanic rocks. When it recmerges on the surface, it gives rise 1o hot springs.

mlc:n";:‘“r‘olcs: \thn jets of steam and hot gases are discharged from a

i r\;u_!l, it is called a “finnarole”. “Solfatars” are Ihe: fu.rrfa.roies
(\-'Olcarﬁc 5'-}:!}‘ sulfurcus gases. Fumaroles often fieposn solid minerals

s sublimate) near the vent. Deposits of native sulfur, realgar and
TPiment may lorm in this way,

" evnﬁ?fb"?rs. Fountains of hot waler ejected periodically are called
Beysers™. Geysers often rise (o heights of 30 - 60 meters. After the jet of

_waler ¢ " i wi ir 1
-¢ases, a column of stearn rushes out, usually with a thundering roar.

One of
Park (8]
New Ze

lélc best known geyser areas in the world is Yellowstone National
3.A.). Geysers are also [ound in other parts of the world, including

e illfl:ld and Iceland. The siliceous deposits formed around geysers are
has “geyserire™.
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- roc » ddy salin ) :
_ In this case hydrocarbon gases, muddy saline water a
Mud Yolcano are discharged from cones of dried mud. My

ces of petrolinm . _
sorll:;;nﬁs ucuallI;' occur near oil ficlds and they do nol appear (o shay »
Vol : ! an .
connection with the actual velcanic aclivity. .

2,56, VOLCANIC ACTIVITY AND PLATE TECTONICS

According to the plate tectonic theory, lI.lcre_are lh{ec principal 208
of volcanic activity : () spreading ccnires, (i) subduction zomes, and (j
regions within the plates themselves. Let us first study the origin of magy
and its relation to plate tectonics.

2.56.1. Origin of Magma
(i) Dasaltic Magma. Most basaltic magma is belicved o origj
in partially molten asthenosphere al depths exceeding 200
Since magma is lighter than the surrounding rock, it has a tenc

cy lo rise.

(i) Andesitic Magma. Andesitic magma which is of inlcrm
composition, is believed to originate mainly by the proces
differentiation of basaltic magma. However, the close assoc

of andesitic mugma with the subduction zone indicates that it
have formed due to melting of the lithosphere. Lithusphere
tzins layers of sediment over basalt, It can yicld a magm
andesitic corposition on partial melting, The volcanic An
Mountains of South America are thought to have formed in
way.

(iif) Rhyolitic Magma. Rhyolitic lavas erupt only from vol
located on continental crust, This magma is believed 10
formed duc to remelting of the continental crust. :

2.56.2. Volcanic Activity at Spreading Centre

Gl:calcst volcanic extrusions occur at mid oceanic ridges where S€2.5
spreading is active. As the lithosphere moves apart, basaltic magma
from the asthenosphere and fills the gap. Many successive eruptions, &
tumes produce a voleanic cone which may rise above sea level.

2.56.3. Vocanic Activity at Subduction Zone

mln convergent zones, oceanic crust is being subducted and melted-
Siic magma thus generated moves upward and builds a volcani€

adjacent . 3
anjisl alzlx dl:nt:r,le trench. This chain of volcanoes subsequently develops

. ﬁﬂdb?t?cf:sf;: day island arc sysiems contain igneous rocks of :
explosive eaEq l’mc composition. Magma of this composition often _
been associy - HEULE some of the most violent volcanic activity

*iated with island arc systems. :

PHYSICAL GEOLOGY i

The composition of the intermediate igneous rocks that form an island
arc, resembles closely with the average composition of continental crust.
Thus a developing island arc is a site where new conlinental crust is being
generated from the material of the asthenosphere. This idea can be explained
as follows.

(/) Partial melting of the asthenosphere produces basallic magma. On
solidification it forms new oceanic crust at the mid oceanic ridges.

(if) The newly formed crust is continually pushed away by the process
of sca floor spreading. Ultimately it reaches a trench where it is
subducted and partially melted thereby producing the felsic
magma.

(iif) The felsic magma riscs up and forms island arc systems.

Since the continental rocks are less dense than the underlying malterial,
they remain afloat for ever. This means that continental crust appears to be
grawing larger at the expense of oceanic crust.

2.56.4. Intraplate Yolcanic Activity

Volcanism that occurs on continents away from plate boundaries is the
most difficult to explain. Some of the volcanic aclivity that has occurred
within a continent may be associated with a spreading centre which is in the
most initial stage of prowing. The rift zone in Africa is considered Lo be the
beginning stage of such a brealkup.

REVIEW QUESTIONS

Distinguish between weathering and erosion. Describe the various processes
af wealhering.

gh‘“ is wealhering? Enumerate Ihe various mechanisms of rock weathering.
! esf:rllbﬁ chemical weathering in detail. Discuss the imporiance of weathering
In civil engineering.

1. Di p T
DlSCH._ss the geological work of wind in respect of erosion. transportation and
deposition, '
4, ’ :
Hﬂ\t‘f do the rivers cause crosion, transportation and deposition? Give the
erosional and’ depositional landforms made by rivers.
s. G. 2 <! - .
d:VL a short account of geological action of sireams. Enumerate salient
araclers of youth, mature and old stages of rivers.
6. C .
Ih‘)mr’ﬂl'e the geological work done by a river with thal of a glacier. Explain
¢ formation of ox-bow lakes, : S
7.

D' - . 3 .
lolSClIS'S bl:u:ﬂy the geological work of a mountain glacier, Add a note on the,
Pographic features developed by placial erosion. % L

0
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. Describe the processes

. Describe [he ¢hiel character

How do the sea wiaves callse £ros

. Write notes on any four of the following,

- Define the terms “focus™ and “epicemire” in context of canhquakes. l‘[(:.l_"E

- What is meant by intensity and magnitude of an earthquake? How is

PRINGIPLES OF ENGINEERING GEOLogy

invalyed in glacial erosion. List the Mportag

e ¢ dpesiioal feawres of a glacier. Describe briefly lhe
prosional ant ’

deposional features. - - .
s of Eclian, Alluvial and Glacial deposits. Dise

moraines in detail. |
ion and transportation? Describe briefly (

crosional and depositionl features of the sea. 5y

Describe in brief the geal

tngical work of sea with a note on the coast profec
len. [

(iy Sand dunes, (i1 Loess, (i) Ox-baw lakes, (v) River piracy. (v) Buried
valleys. (W) Meraines, (vif) Coral reefs, (viii) Artesian well, {ix) Exfloliation,

Whal is pround water? Describe the various erosional and depositional fi;
tures of the ground water.

Differentiate heiween unconfined and confined aquifers. Describe the zonet
of underpround water.

What is specific yield and specific retention? Write an explainatory note 6
the pumping of wells?

What is an earthquake? Discuss causes of earthquakes. Describe in brief ih
nature «f various ezrthquake waves.

can the cpicentre ke located if the data at three seismalogical stations
knawn? :

magnitude measured? Add a not on the seismic belts of the world.

Dl_SCUfS and describe the causes of carthquakes. What information does
SEImIC waves provide with regard 10 the interior of the earth? :
How does the ¢

istribulion af earthquake's foci correlate with the three 1y
ol plate bonnd,

oundaries? What precautions should penerally be taken while doin
consiruction in ihe carthquake effieciad areas.
What are vulcanoes? Ex

S phain the nature of fissure al eruptions. Giv
the distribution of ssure and cenlr P b

voleanocs on (he carth.
Whal are voleanges 4

od how a i : duct!
el voleanic erptign, w are taey produced? Describe briefly the pro

A1 INTRODUCTION

A “mineral”™ is a naturally occurring homogeneous substance which has
a more or less definite chernical composition and definite atomic structure.
The minerals are usually formed by inorganic processes. They posscss a set
of constant physical properties. Since the determination of atomic strucrure
and chemicul cumpasition requires complex laboratory fests, the more easily

ngnized physical propertics are used in the identification of minerals in
¢ lield.

; The minerals may be divided into two broad groups : (i) rock-forming
minerals, and (if) oreforming minerals. “Rockforming minerals” are those
which are found in abundance in the rocks of the earth’s crust. “Oreforming

mf‘h‘ " P, H i i
minerals” are those which arc of economic value and which do not pecur
in abundanee jn ricks,

" Table 3.1. Mineral Groups

e
_‘_\i’] . Minerat Groups Batrpln
e e R |
L | Oxides Quariz, Magnetite, Hematite, Limonite etc.
2 | Silicateg Felspars, Mica, Hornblende, Augite, Olivines etc.
3, Carbanages Calkite, Dolomite, Siderite elc.
4 Sulfides Pyrites, Galena.. Sphalerile elc.
5. Sulfares Gypsum elc.
Chlarites Rocksali ete. \J |

£ L e
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Over 2000 mincrals are known to exist but rl:iDS[ of them are rarg -
minerals which oceur in comumon rocks arc small in number. They are
29, Tt is also interesting to note that only cight c.lcmcm_s COmpose e |
of these minerals and aboul 98% _ol" Ihg conlmr:mal crust, These
clements are vxygen, silicon, aluminium, iron, calcium, potassium, g
and magnesiurm. Qut of these, w0 mfasl abundant elements are sjfjeq
oxypen which combine o form the mincral group knn_w_n as the “silie
The minerals which eccur in common rocks can be divided into six g
as shown in Table 3.1.

3.2, PHYSICAL PROPERTIES

The physical properties of minerals can be determined readil
spection or by simple (ests. Because the physical properties are de
in hand specimens, they are important in the recognition of minerals
field. The chief physical properties are colour, streak, lustre, hardness
cleavage, fracture, odar, feel, tenacity, fluorescence, phosphorescence,
netism, specific gravity and crystal forms. Crysial forms are describ
delail in Chapter 4. ;

The correct identification of minerals is made with the help ofap
ing microscope. This involves grinding the minerals or rocks into ve
slices and allowing polarized light 1o pass through them. [n this w
oplical propertics arc studied and the minerals are identified.
miuerals, such as ores, are studied under the ore-microscope in the
light. The aplical properties of minerals are discussed in the later p
Chapter.

3.2.1. Colour

Colour of a mineral is due (o absurption of ceriain wave lengths
by atoms making up the crystal. The remaining wave lengths of whi
thal are not absorbed give rise Lo the colour scen by the observer. Th
coloured minerals absorb most of the light whereas red minerals I8
transmit mainly the red light and absorb all others.

Some minerals possess characterstic and fairly constanl colofiy
example, the lcad-grey of palena, brass-yellow of pyrile and BH
chlorite, But in other cases, such as quartz, the colour is variable
not be relied on s a guide tw identify minerals.

Preg:nce of small amounts of impuritics can give a variety of €
o a white or colourless mineral. For example, lhc-coluur of ame
rose-quarlz is due 10 the presence of titanium or magnanese io L
mast common colouring impurily is hematite. It imparts red color
minerals including some lelspar, calcite and jasper.

Some minerals when viewed in different directions show irreg!!
ges in colour tints. This is called “play of calour”. The lerm “opait
is applied 0 minerals which show {niik)‘ appearance, for cxaiBfss
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When bands of prismatic colours are seen on the surface of a mineral, it is
said to show “iridescence ™.

3.2.2. Streak

The colour of the mineral powder is called “streak”. It is more consis-
tent and reliable than the body colour of the mineral. The streak is oblained
by rubbing mincral against an unglazed porcelain plate, called the “streak
p!are"- The study of streak is most useful in case of colourcd minerals which
often give 2 much lighter streak than their body colour. For example,
hematite which appears almost black, gives a red coloured streak. However
the streak is less uscful for identifying mosl of the silicales, carbonates, and
transparent minerals because they give while streak.

3.2.3. Lustre

Lustre is a very characlerstic and useful praperty of minerals. Tt is a
measure of the reflectivity of the mineral surface. The “lusire™ may be
defined as the general appearance of a mineral surface in reflected light. The
various types of lustrt are as follows. -

1. Metallic Lustre. Minerals which have the appearance of a metal,
are said to have a “merallic lustre™, e.g. pyrile and galena.

2. Submetallic Lustre. The [eebly displayed metallic lustre is called
the “sabmetallic lustre”, e.g. chromite and hematite.

1, Adamantine Lustre. A hard brilliant lustre like that of a diamand,
is called “adamantine lusire”. It is due 10 the mincral's high index
of refraction, e.g. transparent cerussite.

4. Vitreous Lusire. It is the lustre cxhibiled by the broken glass, ¢.g.
quariz,

5. Pearly Lustre. It is the lustre exhibited by the pearls, e.¢. mus-
covite, talc and ealcite.

6, Sillf)' Lustre. It is the lustre exhibited by the silk fibres. Minerals
which crystallize in fibrous habit commonly show silky lustre, e.g.
asbestos and fibrous gypsum. j

- Resinous Lustre, It is the lustre exhibited by the resin, e.g.
sphalerite.

- Greasy Lustre. It is the lustre exhibited by the grease, e.g. talc

and nephaline, “

- Dull or Earthy Lustre. Mincrals showing no lustre are said to
possess dull or carthy lustre, e.g. kaolin.
3.2.4. Hardness

(li'ln;dncss is one of (he mos! uselu] diagnostic properties of a mineral.
& dc: m;d as the resistance of a mineral to abrasion or scralching. Hardness
trmined by rubbing a mineral of unknown hardness against one of

Itig
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known hardness. A numerical value is obtained by using the “Ma);
of hardness" (Table 3.2). In this scale there are ten minerals which
arranged in the order of their increasing hardness. ;

Table 3.2. Mohs Scale of Hardness

erdne:s | Mineral Remark
T
1 Tale Scrawched by a fi i
!7 2 Gypsum } Yannge r.lml' ;
3 Calcite
4 Fluarite Scratched by 2 knife.
5 Apatilc | :

- Quartz Scarcely scratched by a knife.

[ Orthuclase }
| | Topaz
Corundum
10 [iamand

Nat scratched by a knife.

In the absence nfhmdnags_lestmg minerals, the [ollowing materials v
be used to determine approximate hardness. (i) A [inger nail will scratch
tt? about 2.3 (i.e. not calcite). {ii) A window glass will scratch up to aboul
(i.e. not felspar). (iff) A penknife will scralch up to about 6.5 (7.e. not qu

3.2.5. Habit

"Habit" of a mineral may be defined as the size and shape of
crystals, and .the_ structure or form shown by lhe crystal aggregates
cryptocrystalline masses. The chief habits shown by minerals are as follo

1. Accicular. Minerals showing needle like cryslals, lor examnp
natrolite [Fig, 3.1 ().

2. Fibrous. Minerals showing an aggregate of long thin fibres, {9
cxample, asbestos and salinspar, ;

- Foliated. Mincrals with platy habit commonly occur as foliat
Aggregales containing thin separable sheelts, [or example,
covite and biotite [Fig, 3./ (b)),

4. Bladed. Minerals showing bladed habit occur as small K
blades, for example, kyanite (Fig. 3.1 (). _

. Tabular. Minerals show; : i
felspar [Fig. 3.1 (a)), ing broad flat surfaces, for

‘6: Columnar, Minerals showing columnar crystals, for ¢X ..

l.omim,[ﬁg‘if (c)]- The term “stalactitic” refers to col
formis of minerals, such as caleite and aragonite.

85

A

Fig. 3.1. Mineral habits. (a) Tabular, (&) Foliated, (c) Columnar,

(d) Bladed, () Botryoidal, (f) Granular, (g) Accieular.

7. Botryoidal. Minerals showing aggregate of rounded inasses
resembling bunch of grapes, e.g. chalccdony [Fig. 3.1 (2)].

8. Reniform. Minerals showing kidney shaped form, e.g. kidney-
iron-ore,

9. Granular. Minerals which occur as aggregate of equidimensional
grains, for example chromite [Fig. 3.1 ().

10. Pisolitic. Minerals which occur as aggregale of rounded grains of
a pea size, for esample bauxitc.

11. Oolitic. Minerals showing an aggregate of bodics resembling fish
roe. In this case the rounded grains are of the size of a small
pinhead. )

12. Massive. When noncrystalline or eryptocrystalline minerals uceur
as structureless mass, their hahit is described as “massive ", for
example, flint.

3.2.6 Cleavage

s IC a mineral breaks along a flat plane, it is said (o possess a cleavage,
i "l bmak-“”“'iih an irregular surface, it is said to show a fracture. Thus the
Wj;;a:riiz mm‘a}’fbe deflined as the tendency of a m.jncral to break more ‘?a_-;il ¥
progerty whj?:‘i:! laces along plancs of “ien.k bonding. ch_cc_clca\'agc. is the
B e I? related 1o the atomic arrangement within the ‘[nln:'tral_l.-
designated in Le(“ aIEC always occurs paralle.l to. a Posuhle crystal face, .ft is
Ehledral s s t_m[lhe crystal lace to which it lies parallel, such as cuDi:.‘,_

» Prismatic, basal -and so on. For example, galenn has cubic
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fluorite has octahedral cleavage, mica has basal cleavage
uorl it

cleavage, Al cleavage.

calcite has rhnmhuhcdr
spending vn the & . . : per
Dbpbr;i:lgohtumcd, the cleavage 18 C]ﬂSSI.f'le.d as “perfect”, “go
Lo ’f::d winglistiner”. Examples of minerals which show perfect clea
“poar’i I

are mica, galena, calcite and fuorite. Quartz has no cleavage at all.
are , palena,

3.2.7. Fracture
ine hich do not exhi
The i;lﬁal:fwu[:;: I;i‘kcn surface is cnl!cd ‘_'fracmre". In case of {rz
the breaking should be in any other direction than the cleavage. Un
cleavaue, the fracture do not produce smooth surfaces. The common
of (racturc are as follows.
| Conchuidal Fracture. It is a curved fracture surface sho
concentric lines like a shell. Quarz and glass show conchi
[raciure. X
2 Even Fracture, [t is a fracture surface which is almost flat.
shows even [racturc,
1. Uneven Fracture. It is a fracture surface which is irregula
rough. A large number of minerals show uncven fracture.
4. Hackly Fracture. It is a fracture surface which is rough
sharp and jagged points. Native metals show hackly [rac

1.2.8. Odor
Some minerals give a characterstic smell when
or heated. The chief types of odor are as follows :
1. Arsenieal. The arsenical odor is like the ador of garlic. O
and other arsenic minerals give arsenical odor.

. Sulfurous. This odor is like the odor of burning sulfur. |
gives sullurous odor.

(18]

3. Argillaceaus. This odor is like the odor of clay. Kaoln
argillaceous odor,
3129 Feel

Eeel i; the s:r:'saliun upon touching or handling minerals. The di
tyres ol feel are “greasy”, “soapy”, “rough” and “Hharsh”. The

of greasy feel is talc, that of soapy feel is kaclin and that of rough
bauxiie,

3.2.10 Tenacity

Tenacity of mineral de
R noles the d ter of ¢0
Tenacily is classified as folloge. egree or charac .

1. See ile. Mmc: al hi y
t] 5 which with h[lfc t
: may be cul :

- _

asc wilh which a crystal cleaves and the perfect

bit cleavage, break with an irregular surfa

rubber, breathed |
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2. Malleable. Minerals which flatten under the hammer.

3. Flexible. Minerals which may be bent.

4. Flastic. Minerals which spring hack aflier bending.

5. Brittle. _Mincmls which break casily. Brittle is the opposite of
tough.

6. Friable. Minerals which crumble casily.

7. Pulverulent. Minerals which are powdery and have little or no
cohesion, e.g. clay or chalk.

3.2.11. Fluorescence

Somge minerals when exposcd in sunlight or ultraviolel light, produce-a - —

colour quite different from their own. Thus green or colourless fluorile
shows a blue or purple calour in ultraviolet light. This property of minerals
is called “fluorescence”. The other minerals which often show fluorescence
are calcite and scheelite.

3.2.12. Phosphorescence

Some mincrals glow and emit light when they are placed in ultraviolet
light or certain other electrical radiation. The glow induced in the mineral
may continue for a lew seconds or minutes afler the removal of the cause.
Ti.us property of minerals is called “phosphorescence”. The examples of
mincrals which show phosphorescence are diamond and sphalerite.

3.2.13. Magnetism

A few {llmcrals are attracted by a magnet. OF these minerals magnetite
""1‘3‘. pyrrhutite are the most common examples. The magnetite that possesses
aracting power and polarity is called “lodestone”.

3.3 SPECIFIC GRAVITY

ot n:\iiiz‘ffnglf‘iw I]? a number which represents the ratio of the weight

specilic pravity ‘c{]“:?lﬁ t of an equal volume of water. Thus a mincral with

common sl v}1 +Y IS iour times a3 heavy as water. The specific gravity of

ks g 51:: ::Ulgmerals is ubf)ul 2.65 and those of ore minerals varies

can be d . Arough cstimate about the specific gravity of minerals
made by hefting them in our hand.

3.3.. Determination of Specilic Gravity
The ¢ i
he common methods of determining specific gravity of solids arc

based 5
\Vtighf)zl‘“}.; ffu.l Iuml the loss jn weight of a body immersed in water, is the
an equal volume of water. If W, is the weight of the mineral in-

airand W, ity weink
Vs ity weight in water, i1s specific gravity will be as under.
W,

Specific Gravity = —1 __
YEWow,
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v Steel Yard. Walker's stecl y'.u‘d‘ua an |n.~.u—u,-1m,_.l,:1 Wh]g
Walker's Stee ining the speeific gravity of comparatively
3 - "I'}?;l; instrument consists of a gr‘adu_mcd long horizam
mineral sp'--.u“: -'_'h is supporicd near one cnd on a knife edge as sho
keam of Stccll“: ";! 0-[ the longer arm, a vertical past is.placed. It _bc_a_
. ‘l 'gcj I:flla}T: :‘1‘;1;}1, helps in aligning the beam in the horizontal positig,
inde

29
.;15 shown in Fig. 2.3, are altached 1o the lower end of the spring. The lower
lparl is always immersed in water. The in‘iliui reading “a™ of the poi:‘uur on
the scale is laken withoul pulting anything nn‘lhc [?nns, A small piece of
mineral whose specilic gravity is to be dclcnn|nch is p|fl(:cr] on the upper
mn and the second reading “A™ is taken. The specimen is lhcn 1r:ms|'lerrcd_
fw the lower pan and the third reading “c” is noted. The specific gravily of
p).; mineral is determined as follows.

mainly used for detel

b——H

. . b-a
Specific Gravity = %‘5-_—;%

3.4. CHEMICAL PROPERTIES OF MINERALS

Each mineral has a crystalline structure and almost a definite chemical
composition. The propertics which are related directly to the chemical com-
position of minerals are isomorphism, polymorphism and pseudomorphisim.

3.4.1. Isomorphism

_ COUNTER i
WEIGKT =

gt A e

k lvard bal When variations in chemical composition take place in any one minerai
Fig. 3.2. Walker's steelyard balance.

siructure, the phenomena is called “isomorphism™. A group. ol minerals
rclated in this manner formn an “isomorphus series”. These minerals show
a continucus variation in their chemical compuosition bul their crystal struc-
ture remains almost tie sume. The plagioclase felspars which are a group
of triclinic minerals, provide an example of issmorphism. In &hesc minerals
there is the conlinuous substitution of (Na + §i*) for (Ca® + AP) from
anorthite, CaAl,8i.0y, to albile, Na Al 51305,
34.2. Polymorphism

The ahility of a specific chemical compound to crystallize with more
than one type of structure, is known as “polymorphism”. In this case, each
crystal form-gives rise (o a scparate mineral species. Such minerals which
dave identical chemical cowpasition but different atomic structure arc called
“polymorphs ™., For example, polymorphs of carbon are graphite and
diamond, and of Ca Co; are calcite and aragonite.

343, Pseudnmorphism

b

The mineral specimen whose specific gravity is to be chen.'nine_
suspended by a very thin nylon thread from the longer arm. .Il is mo
along the graduated arm so as (o bring the end of the arm opposite the fi
index mark and the pasition of the specimen on the arm is noted. Le
assume thal the reading is 'a’.

Now the specimen is submerped under water, This is done by pl

"a heaker filled with water below the R
specimen. This will disturb the balance. The
specimen is then moved away from the B
fulerun unitll the heam again cotnes op-

posite the index mark. Les us assume that the “Pg

/

new reading is now ‘b°. The specific gravity
of the minera! is calcululed as follows,

i i GRAD
Spevific Gravity = L i
-a MIRROR,
It may be noted that \here is a “counter
welght™ on the shorter arm. This weight can
be shilled from one noteh 1p another on this
arm, but it must remain in the same notch
during any ope experiment.
Jully’s Spring
gravily of smal} [y

If a ininera) exisls witly the outward [onn al another mineral species,
the phenoigeng

Eotencd ey 18 Cfillcd I"p.s-endomorphi.me". Mil?l:ral pseun!umurplfs e

Suler Bt r:le mmler‘al is rc‘plnced by another wuh.mn any c]m{glc m the

Srcitre g o e Zﬂgmal mineral. Thus the icmwal composition and

crystal form, Coﬂﬁey omorph belongs 10 one mineral species whereas e

i, “Presponds (o unother, A common exunpl
Pltce of

lossil-wood where . :
Another cxample is lere wood {ibres have

e of pseudomomh

been replaced by silica,
Balance. The specilic

o Yuartz ($i0,) aficr Muorite (CaF,).

elermined by the lolly's spring balance, Th ' SO o s " Trey : .
T 0 e splrin: % about gy, of the cunh'imup 1s of greal importance because they constitute
suspended vertically against a praduated

crust. They are found in all the common rogks :
mirror scale. Two puns, one below the other Fig. 3.3.Jolly's spring b2




w derstand the differences between

r 1o un 2 2 3
cxcepi limestones. o Urld:i pecessary to study their structure. Evary si
o 58

icate mineral group

ili -epl quartz, conlaj
sil ains oxygen and silicon, and all c:u.::p q ntain o
: R » their structure. :
mmcmliditiunal clements to complete thei
more & A i ;
The hasic umil 1m all S]|l:.:1‘:i 2 P
inerals is the “sificon - _-‘-?v’f_\&,- ; R s
E:Eruhedrmu- This structure 18 m:;l- L o)
it i * A foa¥
(;5ed of four oxygen aloms \.ulh 4.c e i
Eilicon atom at its centre (_.";g. 3._]_). ;e ‘
These tetrahedra i occur in the sili- N,
cate structures either a5 single &mts
ed | i ree
or jeined into chains, sheets and Ay

+rensional neiworks By sharing ; i
d:h :ﬂs 1amms. Depending upon the Fig. 3.4. (¢) The Si04 tetrahedr
?);E of structure built by these  (Four large spheres repres‘_:ll?l ox
. <ili 3 lassified and dark one represents a silicon ato
5‘3 [rﬂhu:drgl]{l{:i,;;tc;:g:;pa:c ¢ () Diagramalic representation of
into thz 2 S.

Si04 tewrahedron. !

|. Neosilicates. Neosilicates v

v include those minerals
NE which are built up [rom iso-
Y Jated §i0, tetrahedra (Fig.
v 2.4). The atomic packing of
Q\" the neGsilicate SEUCIUTC is
Fenerally densc which A
\ . causes the minerals of this
group to have relatively
high specific gravity and
hardncss. The crystal habit
of these minerals is gene-
rally cquidimensional and
they have poor cleavage,
Olivine [(MgFe), Si0,), zir-
con (ZrSi0,) and gamels are
the examples of this class.

2. Sorosilicates. The s0rosili-
cales are characterized by
linked pairs of 5i0,
tetrabiedra (Fig. 3.5 (a)). In
this structure only one
OXYgen is shared giving o

riioof$i:0=7.7 Hemi D -
$i:0=2:7, Hemi. i
morphite [Zu (§iny  Fig. 3.5. (2) Double eE

mcmrc‘]

(OH); H,0] is an example Structure, (b) Ring st Doubl®

of this ¢lass, chain struciure, (d)
strucmire.

4
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3. Cyclosilicates {Ring Silicates). The cyclosilicates co{min rings
of linked SiQy letrahedra having a ratio of Si: O = | : 3. These
rings may consisl of groups of three, four or six linked tetrahedra
[Fig. 3.5 (b)]. Cyclosilicates form extremely strong minerals, such
as beryl and tourmaline.

4. Inosilicates (Chain Silicates). In this group $iO, tetrahedra arc
linkéd by sharing oxygens to form straight chains of indefinite
length. These chains may be single chains [Fig. 3.5 (¢}] or double
linked chains [Fig: 3.5 ()]. In the single chain structure two of
the four oxygens in cach SiO, tetrahedron, are shared giving a
ratio of §i :0 = 1 : 3. In the double chain structure, half ol the
tetrahedra share three oxygens, while other half share two nxygens;
yielding a ratio of 5i: O = 4 : 11. Inosilicates split easily in one
crystal direction because bonds within chains are strong but arc
weaker hetween them. These mineruls commonly form needle -
like crystals, such as ashestos. Pyroxenes arc the examples of
single chain mincrals and amphiboles are the examples of double
chain minerals.

3. Phyllosilicates (Sheet Silicates). The phyllosilicates form sheel
struclures in which there
is the continnous linking [
of hexagonal groups of
silica tetrahedra (Fig,
3.6). In this structure
three of the four oxygens
in cach Si0, ieirahedron
are shared with neigh-
bouring tewraherra giving
draioof Si: O =2 ; 5.
As the atomic boAding
Perpendicular to shect
Sruclure is generally
Wweak, these minerals spi!'l
casily into thin sheels.
Flaky minerals, such as micas, chlorite and kaolinite are the ex.
amples of this class, ' )

. limgzl:;’fﬂlfs_ (Fra_m-:work.sili:alesj. In tectosilicates Si0,
g SiEL}rL lIfnkcd In three dimensional framework, All oxygens
This rcsuh;‘ ctrahedron arc shared with neighbouring tetrahedra.
S0 '_”_}“ strongly bonded structure in which the ratio of

% 2= The mineruls belonging 1o tectosilicate group

Possess uhifurm i
A Prapertics throughout, Quartz and fels
Exaumples of this class, 2 gt AR ls

Fig. 3.6. Sheet struciure.
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3.6. COMMON MINERALS |

Silicate mincrals are by far the mnsl.common mckj.‘omling mi
They conslitule about 956 of the carth's crust. The imporiant
minerals are felspars, (elspathoids, quartz, pyroxenes, amphiboles,
and olivines. The other mincrals which are .dcscrlbed here are gam
te, serpenting, alurninium silicates, calcium minerals and some

PRINCIPLES OF ENGINEERING GEQ)

chlori
minerals,
3.6.1. Felspar Group
The felspars are the most abundant ol all mincrals. They fall into ¢
main series ; (i) K—Na felspars, called the “alkalf felspars”, and (i) Ca-
felspars, called the “plagioctase felspars”.
All felspars show closely relaled physical properlies. Cleavage - ga
in two directions at an angle of 90° (approximately). H - 6. Sp.gr
- 2.63. Lustre - Vitreous, Colour - white, grey, pink or green. Hab|
generally tabular. Use — in the manufacture of porcelain. ;

K-Felspars. The important members of this group arc orthoclase’
“microctine”. Each of these has the composition KAISiyOy but orthoc
crystallizes in the orthorhombic system and micrecline in the triclinic
tem. Potash felspars alter readily into clay minerals, especially “kaolinite

Plagioclase Felspars. The plagioclase [elspars form a complete soluti
serics from pure “albite”, NaAlSi;Oq to pure “anorthite”, CaAl,Si,0g
1.7}, The importanl inlermediate members are “oligocluse”, “andesi

¢ kL

OLIGOLLASE

LABRADORITE “AWORTHITE

ALBITE ANDECINE BYTOWNITE
|
T " T & I )
o re EN-) ¥ 5Ig ",-!g v g0 4jen
Ano  dnlo Anlp Angg Ano Angg Anled
Ablos Abgp ab7e Ab5a Ab3c Abilo AP

H—350DA PLAGIDCLASE —+lg—— L{ME PLAGIOCLASE—'
Fig. 3.7. Plagioclase felspar serics. Ab=Albite, An-Anerthite.

.-{abmﬂ'm-i.fe" and “byfownite”. The plagioclase [elspars erystallize in U
triclinic system and are distinguished from K-felspars by the presence’
repeated alhite win striations visible on cleavage surfaces. The prope!
of the various members of the plagioclase series vary in a unilorm Im
with the change in the chemical composition. The plagioclase felspars Us
ly alter 1o clay minerals or “sericite” (line grained micaceous material

- Dcfurrencc. (i} The alkali felspars which include U'r[hoci
fmn.:ruclme and albite, have a similar occurrence. They arc commonly
in 1gneous rocks, such as pranites, pegmalites, syemites, rh}-o]ites 3
trachytes. (if) Oligoclase is commonly found in granodiorites and mot

MINERALS o
zonites. (i) Labradorile is a common constitucnt of gabbros; basalis and
anorthosiles.

3.6.2. Felspathoid Group

The felspathoids are anhydrous framewark silicales. They contain less
silica than felspars. The important members of this group are nephaline,
Teucite and sodalite.

Nephaline : {Na, K) AlISiOy

Crystal systemt — hexagonal, Cleavage — poor. H - 6. Sp. & 2.60 -
2.63. Lustre — vitreous o greasy. Colour — colourless, white, gra_\,: or
yellowish. Habit — massive. Occurrence — mostly in nephaline syenites.
Use — in the manufacture of glass and ceramics.

Leucite : KAISi, O
cubic (above 625°C) and tetragonal (below 625°C).
516, Sp, pr.-2.47-2.50. Lustre-vitreous. Colour-

)

rystals. Occurrence—in volcanic

Crystal system—
Cleavage—very poor. ff
white to grey. Habi—trapezohedral ¢
rocks only,

Sodalite : Nag (AISi0,), Cl; .

Crystal system — cubie. Cleavage — poor- H-5 ;-—6. Sp.ogr — 215 -
2.3. Lustre — vitreous. Colour — usually blue, also white, gray, preen. H_abi'r
— commonly massive. Occurrence — with nephaline in nephaline syenites.

3.6.3. Silica Group
Quartz : §5i0,
Crystal system — hexagonal. Clegvage - absent. H - 7. Sp. gr-- 2.65.

Fracture — conchoidnl, Lustre — vitreous. Colour — colourless, white or
with n wide range of tints. Hahit — prismatic crystals or massive,

The important varieties of quartz are : (i) “Rock crysial” — Colourless
quartz, comnmeonly in distinct crystals. (fi) “Amethyst” — Transparent quart?
with purple colour. (fif) “Smoky quartz” - Colour in shades of grey or brown.
{iv) “Rose quurtz” — Colour a red—rose or pink. (v) “"Milky guartz” - Colour
milky white. Cryptocrystalline forms of quartz are : (a) “Chalcedony™ —
Waxy lustre and hotryoidal from. (#) “Agate” — A banded variety with layers
of chalcedony having different colours. (¢) “Jasper” — Red chalcadony
stained by hematite, (¢fy “Fiim* — Dark gray siliccous nodules. {e) ™ Chert”
- Light coloured massive quartz. (f) “Opal” - An-amorphous varicly of
quartz (50, - nH,0). ;

Occurrence. Quarlz occurs in most jgneaus, metamorphic and
sedimentary rocks, Some sandstones and guartzites are composed almost
Enf-""'ll" of quartz. Tt is also found abundantly as a gangue mineral in mineral =
veins. Agate occurs in volcanic lavas as cavily lilling.
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Uses : (I} Coloured variel g
(if) In the form of sand it is used as construclion material.

(iif) Quarlz is used as a

{iv) Quartz crystals are use
as watches.

3,6.4. Pyroxene Group

Pyroxenes {orm an impartant group of rockforming minerals. They
a general formula X.Si:0g in which X is usually Mg, Fe, Al, Ca, or
Some aluminium may, partly replace silicon. The common pyroxenes
. Ca, Mg and Fe silicates. They are characterized by two cleavages
intersect almost at right angles. Pyroxcnes are broadly divided m
groups : (i) ortho-pyroxenes, and (fi) clino-pyroxencs.

Orthopyroxenes. Thesc pyroxenes crysiallize in the orthorhomt
tem and contain very little calcium. The “enstatite” (MgSiO,) and
sthene” [(Mg, Fe) Si0;)] belong to this g up. :

Clinopyroxenes : These pyroxcnes crystallize in the monoclinic
and contain either calcium or Na, Al Fe (ferric) or Li. “Diopside”, "
bergite” and “augite” are the important members of this group.

Enstatite : MgSiO; -

Hypersthene  : (Mg, Fe) SiO,

Crystal System — orthorhombic. Cleavage —
3.2-3.6. Lustre — vitreous. Colour - grayish, yellowish or greenish-
- massive or lamellar.

: Occurrence. Magnesium rich orthopyroxencs ar
stituents of peridotiles, gahhros, norites and basalts. They are [0
socmtcc} with augite, olivine and plagioclase. The orthopyroxenes i
serpentinous products or fibrous amphibole.

Diopside : CaMgSi, 0y

Hedenbergite : CaFeSi,0g

Augite ; (Ca, Na) (Mg, Fe, Al) (AL Si)z. Q6
H_gﬂ;&f System — monoclinic. Cleavage — at 87° and 93%
e C{J gr. = 3.2-3.3. Lustre — vitreous. Colour - white ¢
" sﬁf}i'hh deepens with increase of iron. Augite is black.

ystals show square or eight-sided cross-seclion. Also gra““l‘“

and lamellar.

jes are uscd as semiprecious stone,

flux or abrasive in industries.

d as oscillators in electrical equipments

good. H - 5;-6. Sp-

e i comma

i I?:curr!m_:e. Diopside and hedenbergite occur in me[amnrph :
ugite occurs in gabbros, basalts, dioriles and some syeriles: :

3.6.5. Amphibale Group

S
MINERAL 105

The amphibole group includes a number of minerals which have a
closely related structure and chemical composition. The amphiboles contain
hydroxyl groups in the structure. The angle between two scts of cleavages
is 124° and is characterstic of amphiboles. “Tremalire” {hydrous silicate of
Ca and Mg), wactinotite” (hydrous silicale of Ca, Mg and Fe) and
whornblende™ (hydrous silicate of Na, Ca, Fe and Al) are the importanl

inembers of amphibole group:

Tremolite  + Ca,MEsSig0x; (OH),

Actinolite = Ca (Mg, Fe)s SigOq (OH);

Crystal System — monoclinic. Cleavage — perfect. H - 5-6. 5p. gr.—
3.0-3.3. Lustre — vitrenus or silky. Colour - white or gray in tremalite
and green in actinolite. Habii — termolite is often bladed and sometimes
in silky Mbres. Actinolite is often in radiating aggregate. Also fibrous.
perals are commonly found in metamarphic
tamorphosed dolomilic limestones and ac-
1 of the greenschish facies of melamorphism.

Occurrence. These mi
rocks. Tremolite occurs in me
tinolite is a characterstic mineral

Uses. The fibrous varieties are used as asheslos.

Hornblende : (Ca, Na);_; (Mg, Fe, Al)s Si, (SiAD; Oy, (OH),

Crystal Sysiem — monoclinic. Cleavage — good prismuatic- H-5-6.5p.
gr 3.0-3.4. Lustre — vitrealis. Colour — dark green to black. Habit —

crystals with six sided cross—section, alse massive or granular.
Occurrence. Hornblede is an important rockforming mineral. [t occurs
commonly in syenites and diorites. It is a major mineral of amphibolites.

3.6.6. Mica Group

~ There are two common variclies o
in illl:lminiu.rn and (i) “bietite” which is rich
physical properlics of both Ihe micas arc similar. They crystallize in the
monoclinic system and have one perfect basal cleavage. They occur in
foliated form and the mineral can be split into thin e

Muscovite : KAl, (AlSi,0,) (OH),

Crystal System — monoclinic. Cleavage =
gr.~ 276 — 2.8, Lustre — pearly or silky. Colour - colourless, pale, shude
of green and brown. Transparent in thin sheets- Habit — usunlly tabular
crystals, foliated.

Oceurrence. Muscovite is a cha
Efﬂf_llte:pegmmite. In pegmaliles large crystals of 1
covile is also common in schisls and gneisses.
5 Uses, l}r‘iuscovile is widely used for insulation as a dielectric in electrical

ustry. Ground micn is used as a filler. Muscovite is also used for heat
resistant supports and windows.

f mica : (£) “muscovite” which is rich
in iron and magnesium. The

lastic sheets.

perfect basal. H - 2-21. Sp.

raclerstic mincral of granites and
puscovile are found. Mus-
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1
Biotite : KMg.Fe); (AlSi,0,) (OH);
ini — perfect basal. H — 214
tal Systen — monoclinic. Cleavage — pe
Ry qffzg;—ilf_u:rrf—pear!_\'or splcnds:.nt- Colour—dark green, b :
o bia bit — usually in irregular foliated masses.

to black. fHu ! ; : . I
Occurrence. Biotite is found in granites, syeniles, m'ca'lmﬂpmphy 4

gneisses and schists.
3.6.7. Olivine Group j

This group includes a serics of minerals that crystallize in the orthg-
rhombic .;ystcm, These minerals range in composition from “forsterite®
Mg-Si0; to “fayalite”, Fe,Si0,. The composition of common olivine
(Mg, Fe), SiO.. ;
Olivine : (Mg, Fe), §i0,
Crystal System — orthorhombic. Fraciure — conchoidal. HE 6'__ .

Sp. gr. - 3.27-4.37. Lustre - vitreous. Colour — pale, yellow green or olive
green, Habit — granular.
Occurrence. Olivine occurs mainly in the dark coloured igneous r
such as pabbro, peridotite and basalt. The rock, dunite is made up alr
wholly of olivine, Olivine allers very readily to serpentine.
3.6.8. Garnet Group ;

The gamets comprise a group of isomorphus mlnara.lsawiﬂl the gen
fonnul]a X;Y, (Si0,),, where x may be Ca, Mg, Mn or Fe** and Y ma
AL Cr”* or Fe". The common ‘garncts are : (i) “Pyrope”, Mg, AlLS1;;0;5 (
“Almandite”, Fe,AL,Si,0,,, (i) “Spessartite”, Mn;Al,Si,0,, and (
“Gmnu!_urire ", Ca;AlL,S5i,0,,,
Crystal System - cuhic. Cleavage—absent. Fracture — uneven. i
ﬂ?‘ﬂ‘ﬁ- Sp. gr —3.54.3. Lustre — vilreous to resinous. Colosr — varyin
with compo.siliun. Most commenly red, also brown, yellow or gree
Streak - white. Habit - dodecahedral erystals common, also granular

Gccurre nce. Garnets occur abundantly in some .metamorphic T0
such as nucu-scmsts, homblende — schists, and gneisses. They also occur
an accessory mineral in some igneous rocks.

Uses. Transparent variclies are used as gem stones. Garnels are 4B
used as an abrasive,

3.6.9. Chlorite Group

The chlorite grou

slipslea) P includes a number of minerals which have si

properties. The important mincral of this group is “chlorite”:
Chlorite : (Mg, Fe,M]ﬁ (Al si), 0,, (0[{)8 :

MINERALS y 0%

Crystal System = monoclinic. Cleavage — perfect basal. H - 2-2V4. 5p,

2.6-3.3. Lustre — vitreous, resinous or dull, Colour — green of various
- 5

<hades. Habit - ﬂSH?ll! Toliated masses.

Occurrence. Chlorite is a common mineral in low grade melamorp‘hic
rocks, such as chlorite-schists. In igneous rocks jt occurs as an atteration
prndllrﬂ. of Pymxencs. a.mphibfﬂCS and biotite.

1.6.10. Serpentine Group
Serpentine occurs in twe distinct forms ; () “Aniigorite”, a platy

variety, and (i) “Chrysotile”, a fibrous variety.

Antigorite and Chrysotile : Mg,Si,05 (OH),

monoclinic. Cleavage — basal in platy variety and
none in fibrous erysotile. H - Variable 3. 5p. g 2_.5—2.6. Lustre - greasy
in the massive varieties, silky in ﬁbrt_)us varieties. Colour — various
shades of greem, also brownish. Habir - lamellar, platy or fibrous
(chrysotile).

Occurrence. Scrpentine is usually formed by the alteration of mag-
nesium silicates such as olivine, pyroxene and amphibale. It is found as-
sociated with magnesite, chromile and magnetite. Serpentinite is a rock
which is made up mostly of the variety antigorite. It is formed by the
alteration of olivine bearing rocks.

Uses. Chrysotile variety of scrpentine is the chicf source of asbestos.
Ashestos products are used for fireproofing and as an insulation malcri_al
against heat and clectricity.

1.6.11. Clay Mineral Group

Clays consist mainly of a group of crysialline substances known as the
“elay minerals”, They are all essentially hydrous aluminum silicates.

Kaolinite : ALSi,0,(0OH),

Crystal System — triclinic. Cleavage — perfect basal. H-2. Sp. gr. — 2.6.

Lustre - dull earthy. Colour - white, sometimes brown or gray. Streak —
white. Habir — clay like masses.

Occurrence. Kaolinite is a secondary mineral formed by the alicration
of alkali felspars. It is the chief constitent of clay. :

Uses. (i} As a filler in paper. (i#) [n the manufacture of ceramics.
Tale ; Mg,8i,0,,(0H),

Crystal System —

.T_g;y “i‘” System — monoclinic. Cleavage — perfect basal. f-1. Sp. gr. -
hru‘“‘] ‘.S‘ “,51' re - pearly or greasy. Colour — white, gray, green or dark :
!lmssiv.e :" eak — white. Habit — usually foliated masses. The compact and

ariety is known as “sieatite” or “soapstone”. Feel — preasy.
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¢. Talc is a sccondary mineral formed as aresult of the ulle-'
1nd amphibole. [t is often derived from ultrahas;,
d in some schists in association with actinoliy

Occurrenc
tion of olivine, pyroxene &
igneous rocks. It is also foun

Uses. (i) In talcum powder. (i) As fillerin paint, paper and rubber, (j

[n ceramics and electrical porcelain.

3.6.12. AlL,5i0; Group
ant members of AlzsiOs group are (i) “Andalusir

The three import
*. These minerals occur in metamy

(if) «Sillimanite”, and (fii} “Kyanite”
phosed aluminous rocks, such as pelitic schists.
Andalusite : A1SiOg
Crystal System — orthorhambic. Cleavage — poor. Fracitire — uney
H-7A. Sp. pr — 3.16-3.20. Lustre — vitreous. Colour — flesh red, reddi
brown or olive green. Habir - prismatic erystals. '
Andalusite occurs typically in thermally metamorphos

QOccurrence.
regionally metammarphosed racks formed und

argillaceous schists aml in
low pressure condilions.
Uses. Andalusite is used in the manufacture ol porcelains of a hi
refraclory naturc,
Sillimanite : AlSiO¢
_ perfect (010). H — 6~
pale, preen or white:
frequently fibrot

Crystal Systent — orthurhombic. Cleavage
Sp. gr— 3.23. Lusire - vitreous. Colour — brown,
Habif - lang slender crystals, often in parallel groups,

Occurrence. Sillimanite occurs in schists and pncisses of high gra
regional metamorphism. ]

Kynnite : AlSiO;

Crystal Svstem — triclinic. Cleqvage — perfect (100). HCI-5 nlon
length of erystals and 7 at right angles 1o this direction. Sp. gr— =
1.66. Lusire — vitreous to pearly. Colour - usually blue to white, ulso BT
or green. Hubit — erystals usually flut, bladed, also in bladed aggregat

Occurrence. Kyanile oceurs in regional metarmnorphic schists and B0
ses logether with parnel, staurolite, mica and guartz.

Uses. Kyanite is used in the manufacture of relractories.

3.6.13. Miscellaneons Minerals
Beryl : Be,AlSi 0y

Crystal System - hexagonal. Cleavage — pour- Fractii
fo Unever: H-8. _SP- gr. — 2.6-2.8. Lusire — vitreous. Colour — P
hright green, bluish green, yellow or white. Habir - hcxagonu' pri

.
ré — L‘OIIChoI
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Oceurrence. The crystals of beryl nccurs in pranilcs, pegmaliles,
and in pncuumlulyliu hydrothermal veins. Beryl

piotite-schists, gneisses

crystals in some pematiles grow 1o very larpe sizes.

Uses. Berylis the orc of bcrylliummr:lal.Trampmcm variclics are used

as peim sL0ncs. .
Staurolite : Fe,ALO(80), (0, OH)
Crystal Systent — monoclinic. Cleavage - distinct. Fracture — uneven.
H = 7Tl Sp. g 3.65=3.75. Lustre — resinous 10 vitreous. Colour — red
rownish black. Hubit — prismatic erystals.
is formed during regional metamorphism of
aluminium rich racks. It occurs commonly as porphyroblasts in schists and
ien in association with garnct, kyanile and ica.
Fe), Alg (BO), Sig Oy (OH),
very poor. Fraciure —uneven.
stre — vitreous to resinous. Colour — usually

colourless, pink, green and blue. Habit —
tion, parallel or radial-

_brownto b
Qccurrence. Staurolite

2neisscs, ol
Tourmaline : Na(Mg,

Crysial Systes — hexagonal. Cleavage -

o - 7-7V4, Sp. g 3.0-3.25. Lut
black, nlso hrow, dark blue,
prismatie crystals often with triangular cross-sec
ing crystal groups commaon.

oecurs commonly in granite — pegmatiles or
rgone metasomatism hy boron rich Nuids.

{ourmaline are utilized in the
ured varieties are used as gem

Occurrence, Tourmaline
in some praniles which have unde

Uses. The piezoclectric propertics ol
manufacturc of pressurc gauges. The colo
sloncs.

Topaz : ALSIO, (F, OH);

Crystal System — orthorhombic. Cleavage —
ar 34-3.6. Lustre — vitreous. Colour — colourless,
greenish, Habir - prismalic crystals, also granular.
in graniles, granite-pegmatites
rhyolites. Topaz is usually as-
nuscavile.

perfect basal. H — 8. Sp.
yellow, pink, bluish,

Oceurrence. Tapaz is found in caviies
uml. high temperature veins, and in a few
suciated wilh cassiterile, lounmaline, Muorite and 1

Uses. Topae is uscd as a gemsione.

3.6.14. Calcium Minerals

Calcite : CaCO,

i Cr_’*‘-"”_f System — hexagonal. Cleavage — perfect. H-3. Sp. gr. = 2.71.

Ir-ffﬂ’-' I— vilreous. Cofour — usually white to colourless. Also gray, red,
Lrl;:n“ ’_ll-ll‘, yellow or brown. Habif — four common forms are tabular,
|?.. matie, rhombohedral and scalenohedral. Desides these fibrous,
granular and stalactitic forms are alse found.
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Occurrence. The origin of calcite may be igneous as in intrusive
bonalites, scdimentary, such as limestone and metamorphic as in mnrk
Calcite is commonly found in metallic ore veins and calcile veins gre g
found in various rocks.

Uses. The most important use of calcite is for the manulaciure of cemyen(
and lime. Caleite is also used as o flux in the smeliing of ores and ug 4
fentilizer. !

Aragonite : CaCO,

Crystal System —orthorhombic. Cleavage — distinet. Lusrre — vitreq
H-312-4. Sp. yr. - 2.95. Colour - colourless, white, pale yellow, Bri

rarely green or violet. Habit — prismatic crystals, also in tabula .
stalactitic forms.

Occurrence. Aragonite is inuch less comumon than caleite. Iis the m
component of shells of may organisms. Aragonile occurs in some sedimen:
tary deposits.

Dolomite : CaMg (CO,),

Crystal Systent — hexagonal, Cleavage — perfect rhombohed :
H-3V2-4, Sp. gr. — 285, Lustre — vitreous to pearly. Colouwr — wh

yellow, brown, pinkish or colourless. Habit - crystals show curved fa
Also granular and massive.

Occurrence. Dolomite occurs as exlensive sedimentary beds. Il

generally thought o be formed by the replacement of calcium carbonall
limestone by dolomite.

Uses. (i) As a building and ornamental stone. (i) In the manufac
reflractory bricks for furnace linings.

Gypsum : CaSO, . 2H,0

Crystat System — monoclinic, Cleavage — perfect. i - 2. Sp. 25—
Lus_:re - usually vitreous. Alse penrly uni silky. Colour — colour
while, grey, sometimes yellow, red or brown. Habir — tabular or P!
mnlif: crystals. Also fibrows, foliated granular and massive. Variet
"Sﬂ.fln.\'p.ar" is a librous gypswm with silky lustre. The (inc gmiuvd' m
variely is colled “alabaster”. A variety that yields broad culourless
transpurent cleavage falia, is called “selenife ™.

OC‘:“"”“"“-_G}’F-"\JIH oceurs as an evaporite deposit. [t is also fi
as a sccondary mineral, deposited (rom percolating groundwaler.

Uses. (7} For making plaster of Paris, (iiy As a fertilizer, and (ifl
filler in various materials.

Anhydrite : CaSO,

Crystal System — orthorhombie, Cleavage — perfect. H-3-3V2.
-~ 2.89-2.98. Lustre - vitreous to pearly. Colour — white, colourles:

8R!
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| sometimes bluish or red. MHabii — usually massive, fibrous or
d : ralion — ; i
Ill“|.|ml.1.|r Coneretionary forms are also found. Afteration — by hydration
gy *

phydrite chunges Lo gypsum with an increases in volume.
a

Oceurrence. Anhydrite is Tound in hedded evaporite deposits. Most of
the deposits of anhydrile are thought to he secondary afL‘er gypsum.

Uses. (1) Asa fertilizer. () For |mik'|ng plasier of Paris and cemenl, (iff)
Also in the manufacture ol sulfuric acid.

Fluorite : CaFy

Crvstal Sysieny — cubic. Clenvage - perfect octahedral. .'.1’_- 4. Sp. gr.
_ 3-1;15 -Ll-'-.‘.”.é _ vitreous. Colour - light greep. yellm-:.] hh:;;]i‘.; %::T:a?:
purple. Also colourless “jhite or brown. Habir — usually < stal:
Also massive or granular. e A,

found in hydrc H 2

snci;:;:l::;;“;iicgzl::;rlo:lla:lfmll(;rilc. Fluorite also occurs in poeurnatolytic
tin veins and in some graniies. _ 2

Uses : (i) As a [Mux in gicel making. (ify For the preparation of
hydrofluoric acid,

Apatite : Cag (PO, (F, C1, OH)

Crystal Sysiem — hexagonal. Cleavage - poor H-5. 5p. gr.— 3.15-3.20.
Lustre — vitreous to resinous, Colour — some shade of green or brown.
Also blue, violet or colourless. Habir — long prismatic crystals, tabular.
Also massive or granular.

Oceurrence. Commonly found in all igneous rocks including peg-
matites and hydrothermal veins. Apatite is also found in contact and
regionally melamorphosed rocks and in sedimentary rocks.

Uses. [t is used mainly as a source of phosphale for lentilizer.

4615 Aliminium Minerals

Bauxite : (A mixture of hydrous aluminium oxides)

Crysta! System — bauxite is a mixture of several minerals, such as
“gibbsite”, “Boelemite” and “diaspore”. Cleuvage — nune. Fraciure — un-
even. H — 2-2.5, Luspe - dull earthy. Colour — white, gray, yellow or
hrown, Streak - vellow to brown. Habit — pisolitic. Also massive,

Oceurrence. Bauxilc is a secondary product, commonly fonned under
subtropical 1o tropieal climatic conditions by the leaching away ol silica
from aluminiuy — hearing rocks.

... Uses. (i) As an important ore of aluminium. (/i) As a refractory malerial.
Giiy As an abrasive material, ’

Corundum : A0,

H—D.(ig“:i f'_\::f;i:: - hexngm.lal. Cleavage — abs.em. Fructure — uneven,
- gr. M2, Lustre — vitreous (o adamantine. Colour — commonly

' ; : .
R vy s e : -
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bluish gray ta brown. Gem varieties are transparent (o transluce
"Ru-by" is of red colour and wsapphire” is of blue of colour. Hah;
commonly tabular crystals, also massive or granular (emry).

Occurrence. Corundum in found in some metamotphic rocks, such
mica-schist and gneiss. 1t is also found in pegmatites and some nepha
syeniles. Gem stones are found in placer deposits.

Uses, Corundum is used is a gem-slone and abrasive.
3.6.16. Iron Minerals
Magnetite : Fe,O,

Crystal System — cubic. Cleavage - absent. H — 6. 8p. gr — 5.18. Lust
_ metallic to dull. Colour — iron-black. Streak - black. Special charact
— strongly magnetic. A natural magnet is called “lodestone”. Ha,
octahedral crystals, massive or granular.

Qceurrence. Magnetite is a high temperature mineral. It occurs
nceessory mincral in igneous rocks, in contact and regionally metar
phosed rocks, and in high temperature sulfide veins.

Uses. Magnelitc is an important ore of iron.
Hematite : Fe, 0,

Crystal System — hexagonal, Cleavage — absent. - 5-6. 5p. 8
5.26. Lustre — metallic to dull. Color — reddish brown te black. 5
— dark red. Habit — crystals thin tabular, usually massive. Somelime
botryoidal farms. 1t may also be micaceous and foliated. Varieties

carthy variety is called “red ocher™. Platy and metallic variety is kno
“specularite”.

Occurrence. The hematite is found in thick beds of sedimentary ori

[t is also found in metamorphosed sediments and contact melunad
deposils. ‘

Uses. (i) Mainly as iron ore. (if) Red ocher is uscd as pigment.
Gaoethite : FeQ - OH

Crystal System - orthorhombic. Cleavage — perfect. H - 5-5%
gr. 33-4.3. Lustre — adamantine 1o dull. Silky in fibrous varieties. €2
= dark brown to yellowish brown. Streak — yellowish brown. Ha

elongated prismatic vrystals, tabular, massive, stalactitic or radia
fibrous,

. ()u:urrgncn. Gocthile is u secondary ineral. 1t is found in the ©:
tion zone ol veins containing iron mincrals, It s usually formed DY

oxida_licln ol minerals, such a siderite, pyrite and magnelite. Goethi
pmlmpal constituent of limonite, :

Uses, Goethite is an imporiant iron ore.

MINERALS 13
Siderite : FeCO,

Crystal Systent — hexagonul. Cleavage — perfect rhombohedral, H-
344, Sp. gr — 3.96. Lustre — vitreous. Calour - light to dark brown.
Habit — rhombohedral crystals. Also massive, granular, fibrous,
potryoidul and earthy. |

Occurrence. Massive siderile occurs as large sedimentary deposits. It
also occurs as replacement deposits formed by the action of ferrous solution
on limestones, siderite is also found in hydrothermal metallic veins.

Uses. Siderite is used as an ore of iron.

Pyrite : Fe§;

Crysial System — cubic. Fracture — conchoidal. H — 6-644. Sp. gr. -
502, Lusire — metallic. Colour-~ hrass yellow. Streak - greenish or
brownish black. Hubir — common forms are the cube which often show
striations. Also massive, granular and stalactitic.

Occurrence, Pyrite is the most common sulfide mincral. 1t is found in
hydrothermal veins, contact metamorphic deposits and as an acessory
mineral in scdimentary rocks. It is often associated with chalcopyrite.

Uses. Tt is used for the manulacturc of sulfuric acid.

Pyrrhotite : FeS

Crystal System — hexagonal. Cleavage — absent. Fracture — uneven.
H—4.. Sp. g — 4.58 — 4.65. Lustre — metallic. Colour — bronze yellow
tarnishing to brown. Streak — black. Special Character — magnetic. Habir
- tabular crystals. Also mussive or grannlar.

Occu.rrencc. Pyrrhotile is formed by mapgmalic segregation in basic
I'b(:')t;:‘:l:‘[l is also found in high temperature sulfide veins and replacement

Uses. Pyrrhulile is important as it contains nickel in minor amount.
Marcasite : FeS,

g __C;}';‘:;‘J System — orthorhombic. Cleavage — present. H — 6 — 614, Sp.
grayiql-;. h!laLE”j:'e{; metallic. Colour - pale bronze - yellow. Streak —
L CK. Habit — & aan
radiating formmc. tabular crystals common. Also in stalactitic and

Oce i
Urrence, 1l occurs as concretions in sedimentary rocks.
36.17. Munganese Minerals

Brawnite : (Mp, 5i), O,

Crystal §
Y 6614 ystem — tetragonal. Cleavage — perfect. Fracture — uneven,

« Sp. gr —
P. 8r — 4.75-482. Lusire - submetallic. Colowr - -brownish
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Black to steel gray. Steak _ brownish black to steel gray. Habit — massive
o anular.
amile oceurs h_\'(lmlhcmml veins with other man

Occurrence. Bri ! :
th pyrolucite and psilomelane as a seconda i

wiese oxides. [talso oceurs wi
mineral.
Uses. As an ore of manganese.

s AR s

Pyrolusite : MnO;

Crystal Svsiem - tetragonal. Cleavage - pecfect. H - 1-2. Sp. gr. -
475, Lustre — metallic to dull. Colour und Streak — iron black. Habir — a

reniform sooty masses which soil the fingers. Rarely as elongated cr

tals,

Occurrence. Py
ynineral lormed by the alteration of m
quinerals, Tt is commonly found associate

yolusite appears similar to psilomclane, It is a second
anganile or other primary inanganes
d with braunite, gocthite dn

limanite.
Uses. As an ore of mangancse.

Peilomelane : (Ba™, Mn®), (0, OH)g Mrg" Org

uneven. H-5-6. 5p. ¢

Crystal Sysiem — orthorhombic. Fracrure -
-~ brownish bla

4.4 — 4.7, Lustre — submetallic, Colour - black: Streak
shining. Habif — mussive, botryoidal and stalactitic.

Occurrence. Psilomelane is a secondary wineral which is formed b
It occurs nsually W

the weathering of mangancse carbonales or silicates,
pyrolusite.

Uses. An ore of manganese.

Manganite : MnO(OH) i

Crvsial System — monoclinic. Cleavage — perfect. pi—4. Sp. gr- = 4
Lustre — submetallic to dull. Colonr — steel gray to iron black. Streak
dark brown. Hubir — prismatic crystals, often grouped in hundles.
columnar.

Oceurrence. Manganite is a low lemperature miner
aydrothermal veins, 11 is often associated with pyrolusile,
baryle.

al l'uund.
goclhile o
Uses. An ore of manganese.
1,6.18. Copper Minerals

Azurite 1 Cuy (COy), (0T, ;
Crysta! Systeni — monaclinie. Cleavage - perfect prisn?!‘:

H-3i2-4. Sp. gr — 377, Lustre — vitreous. Colour — azure- 1

blue. SITE
pale-hlue. Habir - crystalline. Also in radiating groups or massive
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Occurrence. [ occurs as a sccondary mineral. It frequently alters to

malachile.

pMalachite : Cu,CO, (OH),

Crvsial Systent = monaclinic. Cleavage — perfect but rarely seen. A
_ 31a— 4. Sp. gr = 3.9 = 403, Lusive - vitreous in crystals, silky in librous
yarieties and dull in massive varieties. Coloier — hright green, Streak —
pale green. Habit - usually in radiating fibres forming botryvidal or
stalnctitic masses. Also granular or carthy.

QOceurrence. Malachite isa secondary copper mineral lound in the zone
of oxidation of copper veins.

Uses. An ore af copper.

Cuprite : Cu, O

Crystal Systemt — cubic. Cleavage - 'poor. Fracture — uneven.
H-3Va 4. Sp. gr— 6.1d. Lusire - submetallic. Colonr — dark red. Streak
_ brownish red. Habit — often massive, granular or crystalline.

) Oceurrence. Cuprile is found in the upper oxidized portions of copper

veins. It is often associated with native copper, malachite and azurite.

Uses. A valuable ore of copper.

Rornite : CugFeS, -
; C rystal Syf.rem ~ cubic. Cleavage — absent. Fraciure — uneven. H-3.
;: ,;’:. = 5..(IG~:|.08. Lustre — melallic. Colour — copper red, tarrishing to
purple iridescent. Streak — grayish hlack. Habit - usually massive.

Occurrence. Bomitc is commonly found in hydrothermal ore deposits.

Uses. An important are of copper.

Chalcopyrite : CuFeS,

Crystal § i

¥slal Sysiem - tetragonal. Cleavage — poor. Fracmre — uneven.

H-31a-4
- 5p. gr. — 4.28. Lustre - metallic. Colour — brass vellow. Streak

— Breenish hi; ; e
and tnmpelctl_‘(:k- Habit - erystals show tetrahedral shape. Also massive

Oceur : .
rence. rile | i
Sirathoma, 1c C:halm;?}m» is the comumonest copper mineral. [t is found
g il veins, 11 is associated with pyrite and other sullides.
ses :

inh

+ Animporlant ore aff Copper.
Chalcocite » Cu,8

Crystat
c?mida{ il fnf;i?} — orthorhombic. Cleavage — poor. F) vacture — con-
dark ray. Habir {f’- gr - .5.'?7. Lustre — metallic. Colour and Streak —
it - short prismatic crystals, Also massive, '
Oceurrene 2 :

e e, Chs ileis i
sulfides in zane. 1lcocile is formed by the alteration of primary copper’

s ol secandary enrichiment.
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Uses. It is an important or¢ of copper.

Covellite : CuS

Crystal System — hexagonal. Cleavage — perfect giving fexible p|
H-1ta 2, Sp. gn — 46476 Lustre — metallic, massive varieties
Colour — indigo blue. Sireak—dark gray, shining. Habir - platy ¢
usually massive.

Occurrence. Covellite is found in the zone of sulfide eurichmem, |y
associated with other copper minerals, such as chalcocite, chaleop
bommite, elc.

Uses. An important ore of coprer.

1.6.19. Lead and Zinc Minerals

Galena : PbS 4
1 — cubic. Clznvuze — perfect cubic. Fracture — steppe

Cryaal Sy i
fracture. H— 212 Sp. zr.— 74 - 7.6. Lusrre — bright metallic. Colour an
Srr2zk — lead grey. Habi — often cubic crystals. Also massive.
Occurrence. Galena 15 commonly found in hydrothermal sulfide w

Uses. An important ore of lead and silver. =
Sphalerite : ZnS

srem — cubic. Clegvage — perfect. Fracture — conci
g7 — 39 - 4.1. Lusire - resinous. Colour - yellow, bi

3620, Mbceilanesus Ores
Chromite = FeCr, 0,

Ly g

1 ~ cwhic. Cleavaze - absent. Fractureé —
p ogr - A% Luure — metallic 1o submetallic. Colour —
Ureck — Bark brewn. Hobi - eommonly massive or granular.
i 4 pocks such as peridott
s derived from themn. 11 is als08 ;

Oecmrrence. CF

ey g

imn. (if) As refraciory material
s

Crywal Syuem — bexagonal. Clegiaze - absent. Froctd e
choidal. H-5Y2-6. %p 57 - A7 Luwre - metaliic o dull. Colo¥
Bobmete. Toremd - blaelc Fobed - thiek tabmbar crystals, often M2

. et g]"&:;&!\.
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Occurrence. [lmenite occurs as an accessory mineral in igneous rocks
<uch as gabbros, diorites and anorthosites. 1t is also found in ore veins and
p.egmalitcs. Beach sands may also contain ilmenite.

Uses. As an ore of liLanium.

Monatzite : (Ce, La, Th) PO,

Crystal System — monoclinic. Cleavage — poor. Fraciure — uneven.
H-5-5Y4. Sp. gr - 4.6-54. Lustre — resinous. Colour - yellowish brown
or reddish brown. Streak - white. Habit — as granular masses and as
sand.

Occurrence. Monazite occurs as an accessory mineral in granites and
gneisses. Tt gets concentrated in alluvial sands which are the chiel source.

Uses. A principal source of thorium, cerium and other rare earths.

Barytes : BaS50,

Crystal System — arthorhombic. Cleavage — perfect. H-3-3142 Sp. gr.
_ 45. Lusire — vitreous. Colour — colourless, white, yellowish, gray,
pale-green, red and brown. Streak — white. Habit — uvsually tabular
crystal. Also fibrous, lamellar and granular.

Occurrence. Baryles commonly occurs as a gangue mineral in metal-

liferous hydrothermal veins. In sedimentary rocks, il occurs as veins and
concretions.

Uses. Barytes is mainly used-as a drilling mud for oil and gas wells. It
is also used for making paints.

Magnesite : MgCO,

Crystal System — hexagonal. Cleavage — perfect. Fracture — con-
choidal or uneven. H-312-4. Sp, gr. — 3.0-3.2. Lusire — vitreous or earthy.
Colour — white, colourless, gray, brown or yellow. Streak — white. Habir
~ usually massive, fibrous or granular.

_ f’“"frem. Magnesite is formed by the replaccment of limestones by
solutions containing magnesium. 1t is also formed by the action of carbonate
rich solutions on rocks containing magnesium minerals.

Uses, For making cement, refractory bricks and crucibles,

Molybdenite : MoS,

Crysial System - hexagonal. Cleavage — perfect. H-1-1¥2. 5p. gr. -

_-!;Il.un.tre - metallic. Colour — lead gray. Sireak — greenish gray. Habit
wlar erystals, foliated, massive or scaly.

e 0“""'}!!:!!. In small amounts it occurs in granites and pegmatites. 1t
w};",“‘“' in deep-seated hydrothermal veins where it is associaled with
lite, wolframite, topaz and fluorite. :

Uses. An ore of molybdenum which is widely used as an alloy in steels,

0.
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Cinnabar : HgS ".-
Crysial System — hexagonal. Cleavage - pcrl's:cl. H-2-214, Sp.
809, Lusire — crystuls adamantine, massive varieties dull. Colour
let, brownish red. Streak — red. Habit - crystals rhombohedral or g
Also granular and massive.
Occurrence. Cinnabar is a low temperalure mineral which is g
hydrothermal deposits in volcanic regions. 1t is also deposited in hot Spri
Cinnabar is found associated with pyrite, chalcopyrile, realgar and st
Uses. Cinnabar is the chiel orc of mercury.
Arsenopyrite : FeAsS
Crystal System - monoclinic. Cleavage — poor. Fracture — une
H-5V5-6. Sp. gr. — 5.9-6.2. Lusire — metallic. Colour — silver white Lo
white. Streak — grayish black. Habir — prismatic crystals with stria
Also massive or granular. ;
Occurrence. Arsenopyrile is the most abundanl arsenic minen
occurs with tin and tungsien ores in high temperature hydrothermal de
Uses. Arscnopyrile is the principal source of arsenic. *
Realgar : AsS
Crystal Sysiem — monoclinic. Cleavage — good. Fracture — une
H-1l2-2. Sp. gr. - 348, Lustre - resinous. Colour and Streak -
orrange. Habit — short prismatic crystals, granular or massive.
Occurrence. Realgar is found in low lemperature, hydmlhe':. 12
deposits. It is found associaled with orpiment, stibnite and other ars
minerals. ’

Uses. An ore of arsenic.

Orpiment : As,S,

Crystal System — monoclinic. Cleavage — perfect. H—114-2. Sp-
3.49. Lustre — resinous to pearly. Colour — lemon-yellow. Streak —
vellow. Habir — usually foliated or granular.

Occurrence. Orpiment is a rare mineral. [t is found associated Us
with realgur.

Uses. It is used in dyeing.

Stihnite : Sh,S,

Crystal System — orthorhomhic. Cleavage — perfect. H-2. 5p-
4.52-4.62. Lustre — metallic. Colour and Sireak — lead gray. Habil —
in radiating crystal groups.

Occurrence. Stibnite is found in low lemperalure hydruthcn‘nﬂl

or replacement deposits and in hot spring deposits. [t is usually asso€
with realgar, orpiment, galena, pyrite and cinnabar.
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Uses, As an ore ol anlimony.

wWolframite ; (Fe, Mn) WO,

Crvstal Svstent — monocliniv, Cleavage - perlect. Fracture - uneven.
- d-dla. Sp. gr - 7.25-7.0. Luvire - resinous, metallic or submetallic.
Colour anel .\'rrl'uk--rr([[li-h-hrnwn 10 brownish-black. Hufir - short pris-
matic crystals, often massive.
nee. Wollramite occurs in quartz veins and pegmatites. [
found associated with cassilenle, scheelite, cte. It also occurs
| deposits where it has heen concentrated by water action.

(ceurre
graniles it 1s
in some alluvia

Uses. It is the chicl ore of tungsten.

3.7. OPTICAL PROIERTIES

pertics of mincrals are important [or their identification.
determined with the help of “polarising microscope
Ordinary light travels in straight lines with a
Il dircctions at right angles to the direction

Optical pro
Optical properties are

Ordinary Light.
\ransverse motion. [t vibrates in a
ol prapogation.

Polarized Light. When the vibrations of the wave mﬂ[iul‘: is conlinzd
to a single plane only, the light is called “polarized light” fFr_e.‘J.SJ, The
plane along which such vibrations take place is called “plane of polariza-

LIGHT DivIDING INTO
Two POLARITED RAYS

___,L—;’—/‘{"—"‘f::_
.

UHPOLARILED ’\ .'.l'
LIGHT \i\'\-ﬁ.
1
Fip. 3.8. Polarization uf light

tion". There arc three ways by which the polarized light can be nbt:iin?d :
(f) by douhle refraction, (if) by absorption, and (i) by rt:l]'cctl_on, P{ccnl
prisms and Polaroids are used in the microscopes to produce polarized light.
38. REFRACTIVE INDEX i
. When a ray of light passes from air inte a denser medium such as glnst\'.
il gets refracted, In the glass the light travels with a lesser velogity than in
air and deviates from ils previous path. The wnount of deviation depends
on the angle of incidence and the relative velocity of light in the two media.

TIu: refractive index (i) of a mineral can be expressait as a ratio of the
velocity « 1 light in the air (V) amd its velocity in the mineral (V).



120 PRINCIPLES OF ENGINEERING GEOLOGy

The velocity of light in air is gencrally considered equal to 1, therefore
i becomes equal o0 1/V,. This shows that the refractive index of a minera|

varies inverscly with the velocity of light init.

For a perticular mineral, the relationship L
between the angle of incidence (i) and the
angle of refraction (r) is given by Snell's law. —
This law states that the ratio of sine of incident jc' S %\‘ .
angle to the sine of the refracied angle is a i

constant. This constant is called the refractive
index (n) of the mineral. (Fig. 3.9).

Fig. 3.9. Refracted light,

_sini

n=inr |
3.9, ISOTROPIC AND ANISOTROPIC MINERALS i

Depending upon the optical properties, the minerals can be divided into
twa groups : (f) isolropic minerals, and (i) anisotropic minerals. "

Isotropic Minerals. In cryslals belonging to cubic system, the. light
iravels with the same velocity in all dircctions and therefore each mineral

_ has only one refractive index. Such minerals are called “isetropic minerals™.
: -I\Irqncryslalljnc substances, such as opal and glass, are also isotropic.

Anisotropic Minerals. The anisotropic group includes all crystals ex-
cept those of the cubic system, In these crystals the velocity of light and
co:}scquenlly the refractive index varies with the crystallographic direction-
Aniisolropic mincrals generally show douhle refraction. ;

3:10; DOUBLE REFRACTION

o When a ray, of light passes through an anisotropic erystal, it breaks intd
two polarized rays vibrating in mutually perpendicular planes. Onc A%
which obeys laws of refraction is called “ordinary ray” or “Q-ray”s
the second ray which docs nol obey these laws, is called nextracrding
ray" or “E-ray”. ’ '

N Ordinary, Ray. The ordinary ray travels with the same velocity in &
irections _Lh:-ough the crystal. This ray will, therefore, have a €O
refractive index. '
_ Extraordinary Ray. The velocity of this ray changes with the variatl
of its Itmh '1_'“’“511 the crystal and therefore, its refractive index also chanB
Blrel'rmgen(ce. The difference hetween the refractive indices O
Q-ray and E-ray is called “birefringence”. For biaxial erystals, the nllf'i“ri
dlel;f;r:nce hetween the greatest and least refractive indices is the bire
E ' :
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Optic Axis. A direction in an anisotropic mineral, along which there is
no double refraction, is called “opiic axis”. The minerals crysiallizing in
the tetragonal and hexagonal systems have one oplic axis and therefore, they
are called wyniaxia!”. The mincrals belonging to the orthorhombic,
monoclinic and wiclinic systems are called “biaxial” because they have twa

optic ARCS-
1.11, UNIAXIAL MINERALS

The cryslals of the tetragonal and hexagonal systems possess only one
optic axis: which is parallel to the c-axis. For this reason they are called
syniaxial”. The optical characlers of the uniaxial minerals may be sum-
marized as [ollows.

1. When a ray of light passes through an uniaxial crystal in any
direction other than the optic axis, lwo polarized rays are
produced due ta double refraction. These are O-ray and E-ray
which vibrate in mutually perpendicular planes and travel
with different velocities. The O-ray vibrates in the basal plane
and E-ray vibrates in the plane that includes c-axis.

2. The O-ray has a single and constaal refraclive index @
(omega) whereas refractive index of the E-ray varies with the
direction of the crystal section. The refraclive index of E-ray
becomes maximum in crystal sections parallel to the c-axis
and this maximum value is denoted by the symbal v (gamma).
In sections making oblique angles with the c-axis, the refrac-
tive indcx of E-ray varies between limits @and y. The dif-
ference hetween the refractive indices of the O-ray and E-ray
is called “birefringence”.

3. In a scction normal to the optic axis, there is no double
refraction and the light has only one value of refractive index
which is @. In this direction the crystal behaves as an isolropic

- substance. §

ORDINARY RAY

ENTAACGRDINARY
RAY

NEGATIVE CRYsTAL _PasITIVE ZAYSTAL

(A oy

Fig. .10, Ray velocily surfaces of uniaxial crysials.
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Positive and Negative Crystals. As the O-ray travels with the ,
velocity in all directions, its surlace can be n_:prc:-ecnlc_d bya sphcre a5 sho
in Fig. 3.10. The surface ol E-ray is_ an cllipsoid of rcvc‘mluImn bl!c_in:]g,g
velocily varies with the direction. Uniaxial crystals arc "S’ﬂ'ld to h‘.:. “Dosit
il velocity of O-ray is greater then E-ray, and “negative ™ il velocity of
is greater (Fig. 3.10). ¢
3.12. BIAXIAL MINERALS

Crystals belonging to the orthorhombic, monoclinic and triclini g _
lems have two optic axes and therefore they are called “br'axr'af"__'rﬁ
optic axes intersect each other 1o form acute and obluse angles. The agu
angle between the Iwo oplic axes is called “optic axial mtg{e",m
commonly designated as 2v. The planc contuining the (wo oplic: axes
called “optic axial plane”. The important optical characters of the biax
crystals are as follows., i

|. When light passes through a biaxial crystal in a direction o
than an oplic axis, it splits into two rays with utually p
pendicular vibrations. The velocities of the rays differ [
cach other and change with the change in the crystallograp
direction. Thus in biaxial crystals, there are three vibrat
directions : (7) X, the vibration direciion of the lasies! ray,
Z, the vibration direction of the slowest ray, and (iii) i
vibration direction of the ray of intermediate velocity. Thes
X, Y and Z dircclions are at right angles to one another,

2. There are three refractive indices, o (alpha), i (beta) 2
{gamma), corresponding to the fast, inedium and slow rays :
the X, ¥ and Z vibration directions respectively. The valus
@ is lowest, ¥ is highest, and B is intermcdiate hetween
two. The diflerence between the greatest and least refractive
indices is called “birefringence”.

3. The X and Z vibration directions lic in the optic axiul P_l :
The ¥ direction that lies at right angles 1o this plane, is cal
the “eptic normal”, ]

4. The X and Z vibration directions biscct the acute and ‘_’t.’l.
angles between the two oplic axes. The dircction whi
hisects the acute angle, is called “acute bisectrix” and the 8
which bisects the ohluse angle, is called “obrirse bisectl

3. A biaxial mineral is said 1o he "p(;j;'{fpel " when Z is the )

bisectrix and “negative™ when X is the acute biseclrix.

3.13. OPTICAL INDICATRIX

In an anisotropic minerhl, the refractive index varies with the
* direction. This relationship can be illustrated with the help of a geomel
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Lo ealled the “optical indicairin”. The optical indicatrix of an anisotropic
i an cllipsoid whose semiaxes are proportional to the refractive
f;r‘y'?l.ztl- - llhc respeclive directions. In the crystals ol cubic system us the
H::'Irl(n':l:::; index .i.-; the same in all directions, the indicatrix will have the
:‘orm ol a sphere.

3.13.1, Uniaxial Indicatrix

The crystals of tetragonal and hexagonal systems have l'\_vo' rnai‘n \'rufucs
of refractive index : (i) for vibrations pmnllfsl m‘cln.xm, fmd {if) lor ‘_“tfm_hmjb
int the direction normal te c-axis. The aptical |n.d|catnx ol"such t;)st_.;l;:s
an cllipseid of rotation which !luﬁ only' one circular section (Fig. , bi:
~Normal (o this circular section is a serniaxis, the length of which may

greater or smaller than the radius of this section.

|z

-y
-

L 4wl NEGATIVE

£ > w | POS\TIVE

(A) Fig. .11. Unioxial indicawrix. €82

1. Il the length of the semiaxis is grealer than the radius of the

circular section, the ellipsoid will be prolate (i.e. extended
" along the optic axis) and the crystal is said to be optically
“positive” | Fig. 3.1 ()].

211 the length of the semiaxis is less than the radius of the
circular section, the ellipsoid is oblate (i.e, Mnltened along the
optic axis) and the crystal is said lo be optically “negative ™.
[Fig. 3.11 (b)). | ; A ; .
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The dircction normal to the circular section is called “opric axis” ;
light moving parallel to this axis is not doubly rcfraptcd‘ In all other d
tions the light is doubly refracted and gives rse to ordinary and extraord

rays.
3.13.2. Biaxial Indicatrix

In cryslals belonging Lo orthorhombic, monoclinic and triclinic sy.
the optical indicatrix is a triaxial ellipsoid. The lengths of its three sem
4

w .
z_ =< |, < B .
Ay smerjon Yj K )

z YL S5LeTION

s o

op op
Z

‘ XL SECTION (OPTIC AxjAL PLANE)

Fig. 3.12. ffr‘mci‘pal sec}ions throisgh the biaxial indicatrix of a positive crys A

|OP-Optic axis, S—Circular section, Z-Acule bisectrix, X-Obluse bisecirisl

are proportional to the refractive indices o, f and y : (i} ot along X dire
(”). i} a!ong Y direction, and (jii) y along Z direction (¥Fig. J./2). This
ellipsoid has 1wo circular sections having diameter cquall 1;) ils’ interme
axis. The direclions normal 1o these circular sections are “opfic axes
there are 1wo oplic axes, the crystals of this group are cailéd apiaxint 3

Three principal sections through the indicatrix along planes XY,
XZ are shown in Fig. 3.12. They are all ellipses. The lengths of s€ :
and semiminor axes of each represent the refractive indices in th
responding direction. Of these three sections, the XZ section 9 most i
tant and its main characters are as follows. ' C
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. The lengths of semimajor and semiminor axes of the XZ
seclion are proportional 10 7 and c respectively. Between these
wwo extreme values, it is possible to locale points on the ellipse
where the radius is proportional to the intermediate refractive
index (. This radius is shown by § in Fig. 3.2,

_There are two circular sections of radius 5. The directions
perpendicular (o these scctions are the “optic axes”. The XZ
planc that contains them is the “optic axial plane”.

(8]

3. The intermediate axis ¥ which is perpendicular lo the XZ
plane, is called the “opfic nermal”.
4. The acute angle between the Lwo oplic axes is called the
“gptic axial angle”. L is designated by 2V.
5. As the Z direction is the aculc bisecirix, the crystal shown in
Fig. 3.12 is oplically positive.
3.14, POLARIZING MICROSCOPE
Polarizing microscope is used for determining the optical properties of
mincrals. To study minerals under the Inicroscope, their thin sections {about

0.035 mm thick) are, prepared. These thin sections are then placed on the
rotating stape of the microscope and examined.
/

pERTRAND LEN.

.uhl.‘n‘&!“-

sLOT FOK

accEssORY PLATES

LOTATING pTAGE

Fig. 1.13. Polarizing microscope.
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The main parts of the polarizing microscope (Fig. 3.13) are as follow

(i) Rotating Stage. The thin section of a mineral to be examined
placed on (his slage. The axis of rotation of the stage coing
with the microscope axis.

(if) Polarizer. The ploarizer is fitted below the stage. It transmi
polarized light vibrating in the E-W dircction.

(iif) Amalyser. The analyser is placed in the microscope lube ahe
the stage and is removable. The analyser transmits light vibrating
in the N-§ direction. When both the polarizer and analyser are
position, they are said Lo be crossed.

(iv) Eyepiece. The cyepicce of the MICroscope carrics cross-hairs, ol
in the N-§ dircction and the other in the E-W direction. The
cross-hairs help in locating a perticular mineral prain for detaile
examination. They are also uscful in aligning cleavage fragment
for making angular mcasurements. ;

(v) Objective, For mineralogical work, generally three abjectives
required : (a) low power (23). () medium (10x), and (iif) high®
power (30x). i

(vi) Iris Diaphragm. This disphragm is located below the stage. Ii
regulates the intensity of light. 3

(vif) Condenser. The condensing lenses are located below the stag
They are used with high power objective and produce convergi
light rays when required. :

(viii) Bertrand Lens. This lens is used 1o observe interference fig

{ix) Slot for Assessories. The microscope tube carries a slot at 45°
the cross-hairs. It is used for the insertion of accessory plates. =

3.15. PREPARATION OF THIN SECTION

A thin section of a mincral (or rock) is made by grimling and polishin
on one side ol a piece of it. This side is then cemented Lo a slip of glass wil
Canada balsam (n = 1.54). The mineral chip is then ground down ©on &
other side with successively finer grades of carborundum powder. Wheo
suitable thickness is left (about 0.030 mm) a cover slip is cerncnted on il

3.16. EXAMINATION OF MINERALS IN POLARIZED LIGHT

In the microscope, polarizer is sel with its plane of polarization pard!
to one of the twe cross-hairs (usually E-W cross-liair) of the eyepiece !
vibration direction of the analyser will be normal 1o (hat of the polarizer:
examine mincrals in the polarized light, the analyser is removed from
microscope tube. The properties that are commonly examined in polar?

- light are colour, reliel, refractive index, form, cle-avagc and plco-.:hm' s
The description of some ol the important properties arc as follows.

i
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3.106.1. Relief

When a mineral grain is brought inlo focus in the polarized light, it
stands out in reliefl. To study reliel of a grain, the sharpness of its outline
and the roughness of ils surfoce is observed. The reliel of a cryswl is a
[function of its refractive index anil that ol the cement.

M1NEF|AL5

(i) 1f the differcnce between the refractive index of the mineral and
the cement is less, the crystal will appear fat and featureless with
faint autline. It is then said 1o have a “low relief”.

(if) If the difference in the relractive index of the mineral and the
cement is high, the grain outling will appear bald and cracks on
its surface will become conspicuous. [n this case the mineral is
said to have a “high relief”.

3.16.2. Refractive Index

The rclief indicates the difference in the refractive index between the
juineral grain and the cemenL. The refractive index of the grain may be ahave
or helow that of the cementl. To delcrmine whether the grain is of higher or
lower refractive index than the cement, “Becke Line" lcst is carried oul.

Bucke Line Test. In the Becke test, a high power ubjective is used and
the iris diaphragm of the microscope below the stage is partly closed. A
lapering edge of a mineral grain is selected and brought mnto focus. II now
the microscope tube is raised, a narrow line of light, called “Backe fine",
will appear al the grain boundary. The Backe linc moves towards the medium
of higher refractive index when the be is raised. This lest is very usetul
for isotropic minerals which have only ane value of refractive index.

In order ta determine the accurate value of refractive index of a mineral,
a sel of suitable liquids of known refractive index is required. These liquids
are called “fmmersion media”. A mineral grain under exmmination is im-
inersed in a drop of liquid of known refractive index. Then by the use of
'_Bccke line, the refractive index of the mineral and liquid is compared. Thus
il Uie Becke line moves into the mineral grain, a new mount is made by
wsing a liquid of higher refractive index. This procedure is repeated till an
exact match hetween the liquid and mineral grain is abtained. In such a case,
the refractive index of the mineral will be equal 1o that of the Tiguid.
3.16.3, Pleachroism
_Acrystal is said 1o be "pleochroic” when on rotating in polarized light
it shows change in quality or quantity of colour. This change in colour is
due 10 the change in absorption of light vibrating in difTerent directions of
the erystl,
(i} Uniaxial crystals have 1wo vibration directions. Such a crystal
shows two different colours (or these vibration directions. This
property is called “dichroism™. Far example, in iourmaline the

]
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to the length of erysial are much le

rays vibrating parallel
1 angles to the length,

sorbed than those vibrating at righ
(i) In biaxial Crystals there arc three principal vibration direction

Y and Z Along these directions, three distinct colours

served. This phenamenon is called “pleachroism”.
hroism is described by noting the colour of
\ransmitted when each principal vibration direction of a mineral coi
with the plane of polarizer. For cxample, in homblende the pleochra
described as follows : X-pole yellow, Y- yellow green, and Z—g
(X<¥Y<Z) g
1.17. EXAMINATION OF MINERALS IN CROSSED POLARS

Pleochroism or di¢

When the analyser is placed in the posilion with its plane of polarizat
al right angles 1o thal of the polarizer, the polars are said to be "cros
I a section of a doubly refracting mineral is placed between crossed pa
the light is doubly refracted and polarized three times as discussed be

1. The light that enters the polarizer, is doubly refracted
polarized. The E-ray vibrates in the vibration direction o
polarizer and Q-ray al right angles to it. Here O-ra
eliminated and only E-ray passes through the polarizer.
When (his ray strikes an anisolropic mineral section,
divided into two rays : (/) E'-ray, and (i) O’-ray. They vi
at right angles o cach other in the vibration directions
mincral, These two rays move upward 1o g analyser.

k-

. Al the analyser, the third double refraction lakes place
1wo rays are divided into four rays : (i) E"-ray, (if) O
(ifiy E"-ray, and (iv) O"""-ray. Here the two ordinary ray
eliminated and the two extraordinary rays (E” and E™)
through the analyser. Since they vibrate in the same |
{plane of analyser) and have a fixed phase dilterence,
interfere. 10 the phase difference of the two rays is 28
inlegral multiple of wave lengths, darkness results, and 1
phase difference is one-half wave length or any uneven:
tiple thereof, maximum brightness is pmduced.

(=]

3.17.1. Isotropic Minerals

Isotropic minerals do nat show double refraction. If a thin sectiol
isotropic mineral is viswed in crossed polars, it will appear totally
reason is thal the light coming (rom the polarizer passes through the i
mineral unchanged. The analyer cuts out this light completely and
results. IT the position of the mineral grain is changed by rotating e
it will rermain dark through the complete rotation. i

soll

MINERALS

3.17.2. Interference Colour

When a thin section of an anisotropic
is examined in crossed polars, it

mineral

1289

B

generally appears bright. If the stage of the
\nicroscope is rotated, the mineral will be-
come dark and bright four times in a com-

P a
explaine
follows

lete rotation. This phenomenon can be

Jd with the help of Fig. 3.4 as

A

. The tww rays which emerge ™

. Supposc the vibration

When light from the

. During the passage through

directions of the anisotropic
crystal wnder examination,
are at obligue angles o
those of polarizer and
analyscr.

polurizer strikes the
anisolropic crystal seclion,
it is broken up into two
rays. These rays vibrale in
mutually perpendicular
planes in the vibration
directions of the crystal,

the -crysial, the two rays
have travelled with dif-
ferent velocitics. Thus on
emerging, ane ray is
retarded relative to the
other. These rays puss up-
ward 1o the analyser.

P

i ¢

PolLARISED LIGHT
Fig. 3.14. Anisntropic crystal in

. On énlering the analyser, ciussed polars. [(1) £-Pand A-A are

the vibration planes ol polarizer and
up into two components {0- analyser respectively, (i) O.F'_and OS
ray and E-my). Only lhose 9% the rnsl fmd slow rays vibrating
cumponents of the (wo rays ”1."“‘ ".bm".m pizne (.“ Ihf CW&I,“:'
L (iii) these mys do not mlulr ere willh
iErai : each olher, hut ane wave 1§ retarded

Loralg parallel to the planc paive 1o the other, (iv) PF and
ol the analyser. OF are the components of 1he iwo
ys transmitted through the
from the anolyser, vibrate in amnlyzer_, Phase difference in them
the same plane. As there is causcs interference and produces

: ¥ imerterence colours |

cach of these rays is broken

Re .
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phase difference in them, they interlere with one another, Th
amount of phase diffcrence depends both on the difference jj
velocities and on te thickness of the crystal section traverse

130

 The conditions of intcrference which cause darkness vary
rays of different wave lengths. Hence when white light is u
the intcnsity of same wave lengths are reduced lo
whereas the intensity of others are increased (o maximur
colours of the spectrum thus produced are called “mregere

colours”.
. There are dilferent “orders of interference” depending
whether the colours result from a path difference
1A, 2X, 3A, clc. These colours are called first order, seco

order, third order, etc. colours respeclively.

3.18. EXTINCTION DIRECTIONS _

When vibration directions of an anisotropic mineral coincide with

of the polarizer and analyser, the mineral appears dark. This paosition o
anisotropic mineral is called “position of extinction”, During a compl
rotation of the microscope stage, the position of cxtinction occurs four ti
at 90° intervals. In cxtinction positions, the light from the polarzier pa
through the crystal vibrating paralle] to the plane of the polarizer
climinated in the analyser. ; 3 _

. The extinction position helps in locating the vibration directions @l
crystal section under study. In this position the vibration directions ¢
crystal coincide with the cross-hairs of the microscope eyepiece which
set parallel to the planes of polarizer and analyser. i

Extinction Angle. The “extincion angle” is the angle belwe
extinction position and some crystallographic direction of a cryslal
extinction posilions are always 90° apart, usually the angle betweel

3.18.1. Types of Extinction

Parallel Extinction. When the direction of extinction of a crys

parallel to its crystallographic axis or to the trace of an axjal plane, it
1o show “parallel extinction”. Generally the physical directions of a crys
such as siaight edges, cleavage cracks and length of the crystal, repr :
erystallographic directions. In uniaxial minerals, since vibration dire
always lie in some crystallugraphic axijal plane, all sections show pa

extinction. Orthorhombic crystals alse show paralle] extinclion.

Symmetrical Extinction. When the direction of extinction bisects.
angle between two sets of cleavages, the crystal is said 1o show “‘synimé
- gxtinction”. For example. diamond shaped sectivns of homblend?

sl

MINERALS
{Jl.lgl]I.C.'CUl' normul (o l-,'-aleq, show Symmcticy . 131
extinction is characlerstic of orthorhomhje Cry‘?l exlinclion, SF"méir'ral

slals, iC

Inclined Extinction. When (he direction of px i
the cryst_af!ngraphic directions, the crystal js saidcjélztunr.f ol paralie] 1o
tion”. Minerals belonging 1o monoclinjc ang Iriclinic ol e et
i, SYSIEMS shiow ingligeq
3.19. ACCESSORY PLATES

The slandard accessory plates which are used with the polarizing micro.
scope arc : (i) quartz wedge, (i) gypsum plate, and (iiiy mica plate, These
plates are made in such a way that the fast vibratien direction {X—direction)
of each is parallel to their tength. The function of these plates is to produce

a given interference colour.

(/) Quartz Wedge. The quartz wedge is a very thin wedge-shpaed
plate of quartz in which the fast vibration direction is paralle] i
its length. When the quartz wedge is moved forward in the micro-
scopc slot, the [irst order, second order, third order, eic. inter-
ference colours are produced successively.

(/i) Gypsum Plate. This plate is made by cutting a gypsum crysial to
such a thickness that it produces a first order red interference
colour hetween cross polars. Gypsum plae bas fast ‘”b"m
direction along its length. This plate is also called “sensittve fint
plate” because with a slight increase in double ref:m-':llon. it gives
a bluc colour and with a corresponding decrease, i1s colour chan-

£cs to yellow.

(iif) Mica Plate. The mica platc i
This plate consists of a thin cleavage
produces a path differcnee of 2 quartero

light.

s also called “quarter wave plate”.
flake of muscovite which
f a wave Jength of yellow

3.20. SIGN OF ELONGATION : & e B
ction coniains Mo vibration direc-
2 dentify these directions, the

. An anisotropic mineral in a thin o
lions, one “fis" and the other “sioyw”. To 1 432, Then
mineral sccrjnh is turned {rom a posi tion of “MS:L??:L;ELHL{_
through the slot in the microsenpe tube, the PSS § the rainsid Soin
o plale ang the muner i
1. If the X-direction of the Efpsu,m- i :11 il; order.
cide, the interfcrence volour Wlu’_ " i
;i I3sd 0 £
2. If the optical dircctions of the: Lnre Oppass

the interference colour will 18
are frequent

ther,

: aled on the ¢
Hexagonal and tetragonal crystals are ! ly elonga !

; < 4 : cal sip ated grain

axis. If such an oriculatioi is known, the ‘75@ i .l e (.;[“Lhc flf“_n“:!.d\t:hcﬁ the

can be determined. The sign o(ciougnﬁﬂ_ﬂ-}!f‘-:s}_“d m_b‘" POAE {'a mineral

oW vibration direction is parallel o the direetion of elongalion ol ar :
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grain. It is said to be “negative” when the fast dircction coincides with .
length of the grain. _
3.21. OBSERVATIONS IN CONVERGENT LIGHT

When seclions ol an anisotropic crystal are examined in converge
polarized light, “fnm,rfcrenceﬁgures" arc seen. In order to see interferen
figures, Lhe lollowing adjusumnent are made in the pelarizing microscope,

(i) Polars are crossed.

(i) Condenser lens is used below the stage 10 produce a convergj
heam.

(ifi) A high power objective is used.

(t'v)' A Bertrand lens is introduced between the eyepiece and {

analyser. In case when Rertrand lens is not uscd, interferen
figures are seen by removing the cycpiece.

Interference figures are observad in those sections of anisotrop
minerals which are : (i) normal 1o an optic axis ol uniaxial or biax
minerals, and (/i) normal 1o a bisectrix in biaxial mincrals.

3.21.1. Uniaxial Interference Figure

Uniaxial interference figures
consist of a black cross with ils arm
parallel to the cross hairs and a serics
of concentric colourcd rings. The
colours of these concentric rings cor-
respond 1o that of the spectrum. The
black cross is formed where the vibra-
tion directions of the E-ray and O-ray
caincide with the vibration directions
of Lhe polarizer and analyser. Thus the
two amms of this cross indicate the
vibration directions of the E-ray and

* Q-ray (Fig. 3.15).

Fig. 3.15. Uniaxial interference figns
E-ray vibrates radially and O-r2¥
vibrate lengentially.

Determination of Oplic Sign. [n
an optic axis interference figure, the
E-ray vibrates radially and the o-ray
tangentially, With'the help of an accessory plate, the optic sign of a cry®
can easily be determined.

Let mica plate be inserted at 45° 1o the cross hairs over an optic a
figure. Here two possibilities arise. :
() In ncgative minerals, in which the O-ray is slow, the mica P

will reinforce the interference colours in the SE and NW quad

-causing them 1o shift 1owards the centre. In the other P2
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quadrants, subtraction takes place and Uie colours move away
from the centre. Two black spots are also formed in these quad-
rants near the centre of the black cross.

jve minerals, the above effect is reversed as shown in Fig.

(i) In posit
3.16.

(4:}]

Fig. 3.16. Optic sign delermination of a positive crystal
(a) with mica plate, (b) with gypsum plate.
show low order interference colours, the

ic axis which
i bose which show high order interference

gypsum plates is used and in thos
colours, the quartz wedge is used.
3.12.2. Biaxial Interference Figure
Although interfercnce figures can be obts
crystals, the most important are thase obtained
acule biscetrix. ; _
Acute Bisectrix Figure. This figure is observed ona u')_asml section cul
normal ta the acule bisectrix of a hiaxial rmineral. IT the optic axial angle is

erved on any section of biaxial
an sections normal to the

M

e

Fig. 3.17. Acute bisectrix interference ligure u_f_n biaxial crysial,
(a) Parallel position, (#) 43° position.

Ay
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moderale, say less than 45°, both the oplic a
5 , § axes ithi
S i p emerge within the fiejq
The typical acute biscctrix i 3 - i
Lo ; 8 gures arc shown in Fig. 3
f'j?llc allfl] plane lies parallel o the E-W cross-hair (plaic.:;f'?i'Wh?n
tt i PUl‘unzc_r)‘ a figurc similar to that of Fig. 3.17 (@) is observ ."'lbmtm
gemplicatial gl makes 45° anple with the cross-hair, the fi oA
shown in Fig. 3.17 (b) is observed. ' igure like

When the plane of opli i

_ plic axes is parallel to the vibrali i

. planc o ibralio i

Eoﬂ-fhnfzf;f the biaxial interference figure shows a black cm-: d-;-lt']CClmn of

- 2 i : - L 1

imtn Ollsu:rr;lss is thinner and betler defined than the vertical o
1 the horizontal bar, there are concentric dark ellipti one

outer curves fuse to [orm a double curve ipricalcuils

On rolating the i

microscope slage, th L
hyperbolas. T : ge, the black cross h B
sz’;muon _'“l h:;s hypf.lv’holas are called “fsogyres™. The -;I:m e
ihsleiniy ;1[' i position and each become;. narroweg: show maximu
o optic axes. The isogyres arc always ¢ st at the point
iseclrix. ays convex lowards the a

Fig. 3.18. Opric sign i
™ gn delermination of o negative ¢ B
. _ negauve . w-
(OP,-I Iplic axial |JII][]1-‘ T- Vihmliﬂl n dir]}:c!l?ﬂl 1 (l:lhﬁg]ypsum PIII[ :

The Opli(.' Sigll ol biaxial ¢ als o bisec!
. i I crystals ¢ ne acule
' with 1 | _ 1 Y an be delermined on 1
of a m:gnti\'c :r)fsl.al \\I'.'|h hi ol ! ]']l & c i “I I: rll l]’ ::h
11h the EYpsur pla[- is illustrated ir Fg Ie;
1 F1g. JaLi

REVIEW QUESTIONS

1. (a) What is a mi phiys propec
i nera is ¢ various T
L " ral 7 List the varipus hysical pro ics af miner
1 Describe Lustre, Hardness, and Habit in de A |
(b mn detail.

2. On the hasis of sil
5 sihicate s
e 1cate structure classify silie; 3
P e structure of each group in dl -]'J‘le mincrals into various gredF
etml.

aLS
MINEH -
1, Give (he chemic
following mincrals.
Beryl, Gypsum, Calcile,

al composition and important physical properties of o

Talc, Kyanile, Garnel, Muscovite, Hornblende, Or-
|hoclase and Quarlz. t
aw is the specific gravily of a mineral determined hy Walker's stez|

4. (@) H
yard.
() Explain the terms Isomarphism, Polymorphism and Psendomorphism
with reference 10 minerals. :
5. Give lhe physical properties, eccurrence and uses of the following ore
minerals.
wollramite, Baryles, Chramite, Galena, Bauxile, Chalcopyrite.

Sphalerile, Pyrolusite, Hemalile.

6, What arc rockforming minerals ? Give a bri
ties of the Felspar. Pyroxene, Amphibole an

between the following.

Arsenopyrile,

ef account of the physical proper-
d Mica group of minerals.

7. Differentinte
(i} Lsolropic and Anisalropic minerals.

(i) Uniaxial and Biaxial minerals.

(iiiy Positive and Negative erystals.
¢iv) Dichroism and Pleachroism.

(v) Parallel extinction and Symmetrical extinclion.
§. Whal is double refraction 7 Describe the optical

are ohserved in Ihe polarized light.
cape 1 Explain the [unction O

properties of minerals that

9. (a) What is a pularisiﬁg micros f its principal
parts.

(») Describe he optical properties of the uni
the various types of exlinctions

axial and hiaxial minerals.

10, (¢) What is an extinction angle ? Describe

found in minerals.
(I How is the optical sign of elongation al a mlr}cml grain determined by

the gypsum plate.

1 ; . :
1. WI"lal_ls an oplical indicatrix ? Explain in prief the chief characiars e
uniaxinl and biaxial indicatrix.
1 .
2. Write shurt notes on the following. :
re, Accessory plates, Optical in-

- [l}l:rfexencc colour, Interference figu
icaurin, Refractive index.



4.1. INTRODUCTION

“Crystallography™ is a branch of mincratogy which deals with the stud
of crystals and the laws that govern their growth, cxlernal shape and intern;
structure. Most minerals are crystalline while a few are amorphus (noncrys
talline). When minerals crystallize under favourahle condilians, they tak

the form of crystals. Thus the erystal form of a mineral reflects its orderl:
inlermal arrangement of atouns,

Crystal. A solid which possesses a regular geomelrical shape, is called
a "crystal™. A crysial is bounded by faces which lie parallel to the planes

of atoms in the erysial structure, Jn addition 1o faces, crystals contain edges.
and solid angles arranged in

aregular order. “Edges™ are
lormed where two adjacent
laces meéet angd 4 "solid
angle” is formed where
three or mare cdges meey,

Zone. In many crystals

A group of (aces are arranped

W such a manner (ha their

1nlersection edges are paral-

lel o each other. Such faces

vonstitute a “zgpe", A line

which passes througly he
Centre of the crysial gng lie
Paralle 1o the line of the face
Interseclions s called he Fig. 4.1, Crystal zones and zone axis.
“rone gy, In Fig. 4.1 the faces 4 ] 7 3
¢and 1" in nother, The fings jpo; I”;' 3[]’33}‘12 B s :en: i and b,

[

‘'measured either with a con-
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4.2 UNIT CELL T .
Faces ol a crystal bear a definite rcl'auon lothe internal structural pattern -
i s. This struclural patlern consists of unils, In each unil there is g
ol alomms- toms linked in a fixed spatial relationship 1o one another, Crystals
roup Of"l by the repetition of a unit in three dimensions. The “yuai oty
are formed isyn tiny building block of crystals. It represents the smulfest
1hcrf:f0rf.hich posscsses all the chemical, physical and geometrical proper-
volume w stal. Different mineral species have different types of unit cell.
ties n; :;:; (;Hd size of unit cells of mincrals are determined by x-ray diffrac-
The sh

{ion techniques.
4.3. INTERFACIAL ANGLE

1 crystal, the angle between adjacent faces is called “interfacial’
na slal,

je”. Because crystal faces have a direct relationship to the internal
angle”™. L : '
structure, it ollows that the

faces have a definite
rclalionship 1o cach_other,
This relationship is ex-
pressed by “law of the con-
siancy of interfacial angles
which states thal “the irer-
facial angles behween cor-
responding  faces are
constant for all crystals of a
given mineral”.

Interfacial angles are

INTERFACIAL
ANGLE -

lact goniometer or a reflect-
ing poniometer. Contacl '
goniomeler is a simple 4
device which consists of a . slides over asemil:irc_uhr scale
-Pivoted metal arm, called pointer. This anm hdj:lcc:m faces of u crystal
und measures the interfacial angle between (w0

as shown in Fig. 4,2,

4.4. CRYSTALLOGRAPHIC AXES - of crystals, a sct of three
In order 1o describe the [aces and sylm?r:lyaﬂim reference lines l;lrre- )
or four reference axes are established. Thcs:nﬂ)( taken P"m"d = [hf lmﬁm
called “crystatio graphic axes” and are gcm?[ crystal Ii:![ll""ll’_hic axes 'Jehcir'
Seclion erjgcs ol major crysil faces. In fuc.d._ ol the unil celt and 1 .
reference Jines which run paralle! 10 lh'cm:: fn}t cell edges. Thus when ¥e
lengths are proportional to the lengths . are equat
84y that the three axes of the cubic sySteThe cubic un
dicular, it means that the three cdgcslfj lrhe' unit cell edges meast
Mutually perpendicular, The lengths 0 . v

Fig. 4.2. Conlact geniometer.

il ond mutually P""Pmd :
it cell are equat and-
: red in the -
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a!lngraphic axes, arc called “wnfr tengths ™ and are ge.-
and ¢ TCRE

of Cr_vs-lul[ugrnphic Axes

Normally the vertical crystallographic axis is labeled as ‘¢, the
right axis as " and front 1o hack axis as ‘a’. If the axes are of equal |

they are all labeled as 4" For example, in cubic system the three eqy

are referred 10 as d. and dy. )

One end of each axis is designated as plus and the other end
The front end of a-axis, the right hand end of b-axis and the uppe
c-axis are positive while the opposile ends are negative (Fig. 4,3).

When the cryslal]ngmphic axes arc not at right angles, 1he‘ _.
ween the positive ends of b and ¢ is relerred 1o as o (alpha), bet
and + ¢ as [](bcln) and belween + d and ~ b as ¥ (gamma) (Fig, 42

direction of cryst
Iy expressed as d. b

4.4.1. Lettering

4.4.2. Axial Ratio

The “wnit fengris” of crystallographic axes are length of lhé,
cdges. These are cxpressed as g, b and c. For example, [or the orthor
mineral sullur, the unit cell dimensions are : ¢ = 10,47 A%, b = 12,87
= 2429 A°. Taking b as a unit ol measurc, we can determine .Ihc-
gandc in terms of b The ratio determined in this ;
a:b: = 0.813 1 : 1.903. This ratio which expresses lhe relative le
the unit cell edges along crystallographic axes is called “axiaf r

+ LC

B E‘m.efa] A aystal face POR, erystallographic
g 5 and inlercepts, (6) Miller indices
3. PARAMETERS |
The “par,
paranieters” .
made L‘y the cr}’si:lrst'uﬁz ru:rl*. i}?sm face may be defined as the inte
LT : ¢ erystallographi
where g, b arrllc;L: t:fc“:; unit lengths. Consirﬁzr[i}:::cnix ‘:s’-hpamlm:l:rs I
. £ igp :
© unit lengths, A crystal face PZSR?:{:r::I;Png': .

cmsmLLoannPHv

5.0l 3 3b, and 2c respectively from the orj

at Jistanc ] ‘
will b 38 3 : 2e. Thc form whose face is :ak,_-gm' 5O 1ls paramelers
arameters 18 called a “unit form”. 0 10 be making unii
P CRYSTALLOGRAPHIC NOTATION

The slOpes of crystal faces can be described wi
inlercepts they make on the _cryslani)graphic e ;’1:!: reference 1o the
commonly uscd for expressing the inlercepts of :rymflﬂ?mds that are
parameter system of Weiss, and (ji) index system of Miller A AT )

4.6.1. Parameter Syslem of Weiss :

In this system the parameters of a ¢ ; ’

{he notation of the crystallographic axcs.r;:;lflef;:p‘;-zc awrr:lcun:hiwng with

g-axis al unit distance, b-axis at a distance of 2 unils ai;.d I gy

it Weiss symbol is Vil ST oWt es parallel o the
o, 2b, o

4.6.2. Index System of Miller

In the index system ol Miller, the notations of
upiller indices™. The Miller indices of a face wnsi::sy i?]a TSZ::C;:::; \[:lhtlfll:
numbers that have been derived from the parameters by taking their recipro-
cals and then by clearing of fractions. The numbers of Lhe Miller indices are
always written in the axial order a, b and ¢. For example, let us consider the
crystal face PQR shown in Fig. 4.3 (@). Is Miller indices are determined as
follows. ’

(i) For the fuce PQR which cuts the positive ends ol the crystal-
lographic axes, the paramelers are 3g,3b and 2c respectively.
Since the intercepts are always wrilten the axial arder o, band ¢,
the letters themselves are omitted and the parametees are wrillen
as: 3, dand 2.
(if) The reciprocal ol the paramelers are taken which ]
and 1/2 respectively. G
(iii) The [ractions are cleared by multiplying all by 6 and the Miller
symbal for the face PQR is obtained, which is “223". The Miller
indices of the octahedron is shown in Fig. 4.3 (B).

For faces that intersect negative ends of crystallographic axes, & bar is
placed over Lhe comesponding index figure. Far example, the index 223
suggests thal this face intercepls the c-axis on the negative end. Faces which
are parallel to an axis, cul that axis at infinity. For example, if the iniercepls
of u face are 1, oo, oo, its Miller symbol will be 100.

X A Miller symbol which is not bracketted, strictly
while the bracketed symbal represents all the faces of
symbol for a face that cuts all the axes a! different leng
hexagonal system it is “/ikil". 5

eads lo 173, 113

denotes a single face,
a form. The general
ths, is “lki" and for
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of acrystal, the Miller indices could

1t may be noted that fer given faces e y
; ymbers or zere. This is known as the

always be expressed by simple whole nu
“law of rational indices”.
4.7. FORMS

a “form’ consisis of a group of cry
relation to the glements of sylunetry.
delermined by the symmelry of the crystal 3
1o represent forms and they arc then enclosed in

4.7.1. Closed and Open Forms i

A "closed form” is that whose fuces enclose space and can exisl alo
The cube and the octahedron in the cubic system are both ¢losed oy
Faces of an “open form" do not cnclose space. [na crystal an open [a
always occurs in combination with other forms. An expauple of open fo
is prisi.

4.7.2. Holohedral and Hemihedral Forms

In a crystal system, each form of the normal class is called “holofieg
form™. This fonm contains all the possible faces that lLave similar relatior
the elements of symmetry. lHawcver in the lower symmelry classes there
some forms which contain half the nunber of faces found in the corresp
ing holohedral form. Such a form is called the “hemihedral form”. [Lm
be noted that 1o account for all the faces of the holohedral form, two simi
kemnihedral fonms exist. They are called “positive™ and “negative” res
tively. For example, in the cubic system, the tetrahedron is the hemi
Zog‘n of octahedron. The positive and negative Ictralicdron are shown in Fi

4.7.3. Hemimorphic Forms

<1l faces all of which have the same

The number of faces in a form j
class. Miller indices may be us
brackels.

I".lh"' lower symimetry classes of some sysiems, there are soIme Crys
foms in wl‘\uch faces occur only on one end ol the vertical crystullograp)
axis. Such forms are called “hentimorphic forms™. Qbviously crystals W

&
(RS

GUARTZ
== (A (B3

Fig. 4.4. Tourmaline ¢rystal showing

hemimorphism. Fig. 4.5. Enantiomorphism.

(@) Left hand crysial of quariz,
" (&) Right hand crysial of quariz.

are nat inlers
i
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. orphic fnns, such as tourmaline, have no ceatre of symmery (Fig.
hent )

44
4.74.1
Crystals which do notl possess plancl and centre ol symmetry, contain a

: a1 pecurs iniwe posilions and which arc mircor images ol each other.

sitions are related in the sume way as right and left hand and

hangeable, Sucha form in called "enantiomorphons form: (Fig.

nantiomorphous Forms

{orm th
These WO

4.5)- N
4.8. SYMMETRY ELEMLENTS

Every crysial posscsses 4 certuin symmelry, Symimetry clcmcnla;arc
nsed Lo describe this symmcl::_.r..Thrnc clements of Sym_]:ﬂﬂr;,’ can he recog-
jzed In o crystal. Thesc are : (i) plane of symmetry, (i) axis of synunelry,
:nd (iif) centre ol syrmumetry.
Plane of Symmetry. A plane of
divides a crystal into lwa halves, cac
alher [Fig. 4.6 (@)

symunetry is an imaginary plane which
R of which is the mimor image of the

and (b]. A cube has nine planes of symmeiry.
r.i

m :
i planes ol Y/

. of symmelry, by mine 1 ;
)ibpitldt;::utétry {d) A cenlre ol symmetey.

v Tine througt
“pbserver exactly the same

<)
Fig. 4.6. Symmetry elements. {a
in i cube, {c) Axis of 3
nuginar

Axis of Symmetry. It is w il
es Lhe

which if the crystal is rotated, it giv

mmelry

1 the crystal ubovl

view
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sane view is repeated 2,3, 4 or
as two-Told, three-Told, faur-fold
{ three-fold symmetry,

more than ence in a single rotation. If the

6 timnes, the axis of symmeltry is referred 1o

or six-fold respeatively. Fig, 4.6 (¢) shows an adis o

Centre of Symmetry, If cach [ace in u crystal is duplicated by a similar

parallel face on the opposite side, it is said to have a centre of symimelry

|Fig. 4.6 (ih). The cube and ocuhedron possess i@ centre of symmelry
whereas a tetrabedron does nol.

4.9. SIX CRYSTAL SYSTEMS

All erystals that ocenr in oature can be grouped inle six major crystal 3

systeins, These crystal systcms are as [ollows. Their symmetry elements are

given in Table 4.1. L

{f) Cubic or Isometric System. The crystals helonging to this sysiem

have 1hree mutually perpendicutor axes af equal lengths, Thess

axcs are designmied as a;, o, and a, [Fig. 4.7 (@) i

(i) Tetragonal System. The crystals of this sysiem ure referred o

three mutually perpendicular axes. The two horizental axes are

equal (¢, und a2) aad the vertical axis is longer or shorter than the q

other two (Fig. 410 . 3

{11} Hexngonal System. In the crystals of the hexagenal system, the

are, four crystallographic axes. Three of these are of equal length

and lie at anples of 1207 10 each other in the horizontal plane.

These are designated as ), vy and g5, The (purth axis is vertical

and is cither longer or shorter than the other axes [Fig, 4.13 (a}]

{ivy Orthorhombic S_}'slem. The erystals of Uns system have thn :
mulally perpendicular axcs of dilferent lengths, They are desi

nated as a, b and ¢. (Fig. 4.17). .

Table 4.1. Symmetry Elements of Major Crystal Systems

2 | e Sivters Plune af Axis of Centre of |
Symmeny | Symmeiry Symmetty L
L | Cubic gp 4% 6" | Acenigll
2. Tetragonal - 5P 17 4f A cenlre
3. | Hexapoual P gt A cenire
4, Ol'Lhm'hnmh.ic P gt A cenlre
5- T L 2
; :I-on.ncllmr 1P 1" A gentre -
1 riclinic :
clinic el Nune_ | None A ccnil'é :

cRY sTALLD

4.4
" gome of
arc palena, gam

Crystallograp
threc mutaally perpel
jnitere

jmportant ¢lasses are :
wTatrahedvite rype’ :

degree of symmelry.

i
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(v :\-10HOC|iI1ic System. In the crystals of this systenn, there are three
anequal crystallographic axes. The ‘a’ and ‘¢’ axes are inclined
1o each other at un obligue ungle and the 5" axis is perpendicular
(o the plane of the two [Fig. 4.9 ().

(vi) Triclinic Systen. There are three unegual axes all inlersecting at
oblique angles [Fig. 4.2/ (@).

1. CUBIC OR ISOMETRIC SYSTEM

(he moest cominon mineruls that crystallize in the cubic system

arnel, Muorite and magnehic. _
hic Axes. Crystals of the cubic sysicin are referred o
wicular cqual axes [Fig. 4.7 ()], These axes are

hangeable and are designated a5 dy, & and 5.
slem of these the most

lagses. There it live classes in the cuh:u: system -
i iy “Galenu type’s {ify “Pyrite ype, and it}

4.10.1. Galena Type

iehest
1t is the normal class of the hig)

cubic systom whicl passcsses the |
symmetry. The syrmmelry clements al tis class are s lallows.
Py
3 axial
Fgesd 16 diggonal
3 crystollographic axes of d-fold symmelsy
Axcs 13 {4 diagonal axes of 3-fold symmeiry
6 diagonal axes o 2-fold symmelry
A centre of symmety.
Forms. The are seven basic [orms in 1his class.
(1) Cube (109}, This form is col i square
90)° angles with each other

[aces that make
Each face intersects ong DZL};:e(' ;H;
tallographic axes and is pm’ll.cl to .Lhu ather tw{.’ [fu_.'. s : u“mc;n}
{2) Octahedron (111)- Octabedron 18 compose;;l ni Ti-h;u:ﬁogmpm;
triangular (accs. Each tace intersects the LhR
axes at cqual lengths (Fig. 4.7 €}

i is sed ol

(31 Dodecahedron (110). Thi form is tc‘um‘)[l:ﬁi‘gmp
faces. Each face mtersects the o ‘»’)‘; )

and is parallel to the yied [Fig- 47 -

g 1 L&
(4) Trapezohedron (hiD. ThiS [:;T‘;:Ccéﬁjgﬁugmhic axis 2t unit
§ ach [ace interseds b 3
ilt;izcn‘i:a::z'i:g:iﬁwu at cyual multiples. The most t.l'lll'lli'lu[l.
wapezohedron is (211) [Fig: 471

mposcd ol s

12 thoinb shaped
hie axcs equally

| ol 24 l.rnpe?.iul'!.l I
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ay

Q1

@

(c)

(8)

(F)

Fig. 4.7. (2) Axes of cubic system, (&) Cube. (¢) Octabedron,
{d) Dodecakedron, () Trapezohedron. (f) Trisoctahedron.

(5) Tetrahexahedon (hko). The letrahexahedron is made up of 24
faces, each of which is an isosceles triangle. Each face inlersccts
one axis al unity, the second axis at some multiple of unity and is
paallel to the third. The most common tetrahexahedron is (210),

i6) Trisoctahedron (hhl). This form is composed of 24 Iriangular
faces. Each face intersects two crystallographic axes at unity and
the third at some multiple of it, The most common trisoctahedron
is (221) [Fig. 4.7 1. i
(7) Hexoctahedron (hkl). This form is made up of 48 triangula :
faces. Each face intersects all the three crystallographic axes )
unequal distances. A common hexoctahedron is (321).
4.10.2. Pyrite Type
Symmetry. The symmelry elenients of this class are as follows.
Planc 3, axial

Axes? 3 crystallographic axes of 2_o]d symmelry
4 diagonal axes of 3-{old Syminetry ’
A cenlre of symmelry.

Forms. The important 3 i i
e "d,p{(';j(}"_ portant forms of he pyrite type arc the “pyritahedron

. This l'Urm is 00111[)055(1_“[‘ 12 pcnmgnﬁal

faces. Each face i i
ach face intersects one XI5 al unity, (he second axis 4
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some multiple of unity and is parallel to the third. The most
common pyritohedron is (210) !F:'g. 4.8 (a)].

There are two pyritohedrons : (i) positive (210) and (i/) nega-
tive (120). Arotation of 90° about one of the crystallographic axes
brings the posilive pyritohedron into the negative position. the
positive and negative pyritohedrons together forms 24 faces of the
tetrahexahedron of the normal class.

Fig. 4.8. (a) Pyritohedron, (&) Diploid,_(c) Posilive letrahedron,
.{d) Negalive tetrahedron. = .

2. Diploid (hkl). The diploid is composed of 24 faces thal cor-
respond fo one-half of the faces of the hexoctahedron of the
nermal class. Each face intersects the axes at unequal distances.
A common diploid is (321) [Fig. 4.8 (b)]. There are lwo diploids:
{f) positive (321), and (if) negative (312). The positive and nega-
tive forms together comprise all the faces of the hemctal_:cdmn of
the normal class. .

In addition to the pyritohedron and diploid, the other forms such as
cube, octahedron, dodecahedron, trisoctahedron and trapezohedron, are also
found in the pyrite type class. These forms arc geometrically similar to the
normal class but they show a lower symmetry due to the prescnce of
striations and etch marks. e -

4.10.3. Tetrahedrite Type .
Symmetry. The symmeiry elements of this class are as follows.
Plane 6, diagonal ;

i -fold symme
Axes 7 3 cn:ystallogmphlc axes of 2-fold sy try
4 diagonal axes of 3-fold symmetry
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No centre of symmetry.
Forms. The typical forms of this class arc as follows. :
1. Tetrahedron (111). It is a solid bounded by four laces each of

w

The

dodecahedron and letrahex;
- normal class but have a Jo
structure,

4.11. TETRAGONAL SYSTEM

A The most common minerals
21rcon, cassiterite and rtjle.

. Tristetrahedron (hll). This fonn has 12 faces. Its faces cor.

. Deltoid-dodecabedron (hhl). There arc (wo deltoid —

- Hextetraliedron (hkl). There are 1wo hextetrahedrons (i} positive

FRINCIPLES OF ENGINEERING GEOLOGy_

S : i . Each face interscets the crysig)
which is an cquilateral triangle. Each vsia
lographic axes at cqual lengths. 'I;her; are two letrahedrons ; (/) i
positive (111) and (i) negative (111) [Fig. 4.8 (c) and {a)).

respand to one-half’ of those of the trapezahedron of normal clasg
Each face intersects one axis al unity and the other two at equal multiples,
The most common tristetrahedron is (211) [Fig. 4.2 (5)]. There are two

Ay 4:}]

Fig. 4.9. (a) Delioid dodecahedron, (b) Trisletrahedron.

dodecahedrons : (f} positive (hhif), and (if) negative {hhf). This
form has 12 faces which correspond 1o one-half of those of the
trisoctahedron of the normal class. Each face intersects the Lwd}
axes al equal lengths and the third at a greater length. The common
deltoid-dodecahedron is (221) [Fig. 4.9 (a)). o

(hk!), and (i) negative (Akf). This form has 24 triangular faces
which correspond 10 one-half of the faces of the hexoctahedron
of the normal class. Each face intersects all the (hree crystal
lographic axes at differeny lengths. The most commen hex-
letrahedron is (321), b

I
other forms found in the tetrahedrite type class are cube

ahedron, These arc geometrically similar to the
Wer symmetry due (o ditTercnce in their molecular

that crystallize in the letragonal system are
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Crystallographic Axes. All the crystals in the letragonzal system are
referred to three mutually perpendicular axes. The two horizontal axes (a,
and a,) are cqual but the vertical axis is of dilferent length (Fig. 4.10).

c
Sa e
x a,
____74
a,
(A (8 e

Fig. 4.10. Tetragonal crystal axes. (a) c-axis less than a, (F) c-axis greater than a.

Class. “Zircon fype” is the normal symmetry class of the tetragonal
systerm.

4.11.1. Zircon Type

Symmetry. The symmetry elements of this class are as follows.

1 horizontal
Jomnes 5-{4 vertical

| vertical axis (crystallographic) of 4-fold symmetry
Axes 5 { 4 horizontal axes (2 crystallographic and 2 diagonal)
of 2-fold symmetry
A centre of symmetry.
Forms. The typical ferms of this class are as follows.

1. Basal Pinacoid (001). This form is composed of two hc_rrizonla]
~ laces which are parailel to the plane of horizontal axes (Fig. 4.11).

2. Prism of First Order (110). This form four rectangular vertical
faces. Each face intersects the two horizontal crystallographic

ooy

ta

'
Il
H
'
-1
1
I
1
1
1
1

(A) . c8) (c) o .
Fig. 4.11. Tetragonal prisms. (a) First order, (b) Second ordes, {¢) Ditetragonal. : :.. 4
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axes at equal lengths and lies parallel to the verlical axis [Fi -
@l "Fe
3. Prism of Second Order (100). This form has four rectanpy] .
vertical faces. Each face inlersccts one horizontal crysla]ldgr: -
axis and is parallel to the other 1o [Fig. 4.21 (b)), Pluc

4. Ditetragonal Prism (hko). This form has ci '
5 ght rectangul ;2 i

cal faces. Each face intersects the two horizontal {:r_t,'.'sl.flloﬂ.r %;[.1' ;
axes at une:qual distances and is paralle] to the vertical axg_;apn:c ]
common ditetragonal prism is (210) [Fig. 4.1/ (¢)]. N

5. Dipyramid of First Order (hhl). This form is ol
isosceles triangular faces. Each face intersects :]?gio;cl::)?izc'gh?
c.rysmllngraphic axes al equal distances and the vertical m(i:n 3
gli‘f;mnt length. The !mit dipyramid of first order is shown in ;t

.12 {a). The other dipyramids of first order are (221, (331) I

6. Dipyramid of Second Order (h i
ipyr S ol). This form i [
cxg.h'l isosceles m:y:gular faces. Each [ace intcrscctlssofl?ll:gl?isz?. ;
?;;.s 34114}21]]6 vertical a?cis. and is parallel to the remaining a :
2:3. .12 (0)). The various dipyramids of second ord 1
(201), (301}, 102), ete. Bl “

e

{])

Fig. 4.12. Teur, i
e " agonal dipyrami
(a) First arder, (b) Second ordur.P:(Fc] Dli?:lmgnnal

7. Ditetragonal Dj

vepts on the horj i the i o

di“‘vlmgrmal di ] v , the mmter-

nyramid is (311} [F; £ unequal. A common

4.12. HEXAGONAL SYSTEM ) [Fig. 4.12 (o). g

The common min

i erals that
apalle, quarty, calcite, dolomite and lourmalj

: ine.

Crystallographi A

” Y phic Axes. CTysla

selerred 1o four axes. Of these lt}:'cT:a .
I

cr Tes 1
ystallize in the hexagonal system are beryl, 3

a;amd': the hexagonal system are .:'
3) are ol equal length. They
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e horizontal plane with angle of 120° between the pasitive ends. The

je in th
fourth axis is vertical and is either longer or shorter than the otlier axes |Fig.
413 (@) =
& +dy _.q‘
+ :77>‘€/‘_+ a2
“ay
-c
(A
obol
3size 2130
(D)

)
Fip. 4.13. (a} Hex agonal crystal axes,
() Second order hexagonal prisms,
tant symumetry clusscs of the hcxagonal system

(b} First order hexagonal prisins.
() Dihexagonal prisms.

Classes. The two impor
are 1 (i) "Beryl type” and (ii) “Calcite type”.

4.32.1. Beryl Type

Heryl type is Lhe normal class of the hexagond

highest degree of symmetry.
symmelry clements of the Beryl type class are as

| systerh. It shows the

Symmetry. The
follows.
6 vertical
- 1 horizontal

o { | vertical axis of 6-fold symmelry

Planes 7 {

6 horizontal axes of 2-fold Syrmumetry

A centre of symmelry.
Farms. The Lypical forms of this class are as [ollows.

1. Basal Pinacoid (0001). This form is composcd of Lwo horizontal
faces which are parallel to the plane of horizontal axes (Fig. 4.13).
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2. E:l;]m of ljirsl Order (1010). This form has six verlical faces
ch face IrfIcrsccts two of the horizantal crystallographi =
equally and is parallel to the third [fig. .73 (5)] g s
3 EP;‘TI‘J_UI" Second Order (1120). This form has six vertical g
Each tac_e intersects two of the horizontal axes equally .-
intermediale horizontal axis at ane-half this dislance (,.;‘r'::ni ljl;

(c)].
4.. Dihexagonal Prism (/ik7c i i :
. ¢).. This form is composed of i
Ifaccz, \Each face intersects all three horizontal axes a:?:lrf;mcfl.'
engths. A common dihexagonal prism is (2130) [Fig. 4.13 '(ffrﬁr-l'tv

5. Dipyrami i h
ipyramid of First Order (hohf). This form i

] ] 3 . This form is com, '
::;JS\CC'IES mangul:‘xr faces. Each face intersects two of ll:t):s;d ?f &
: cry sfaIlogrz.lphxc axes equally, is parallel 10 the third m?: i
_ ICJ .VC.I'IIJCBJ axis. Therc arc various dipyramids dupendin, &
inclination of the faces ta the c-axis. The symbol of th E
is (1011) [Fig. 4.14 (a)]. ' o

6. Dj i
pyramid of Second Order (ih2% i
P : ih2hl). This form is com
b c;sosc::is mrmgy!ar [aces. Each face intersects two h(fr;“?:)dlzl
djsmn?.; Mdyt.d fg.:nﬁtenncrfjilnle horizontal axis at one-half Eu
5 rsects the vertical axis i [
of second order is (1122) [Fig. 4,14 (b?])m- Aeommon dipyeariey

(A 4
Fig 4.14 din e
. grd- -14. Hexaganal dipyramids :
er, (B) Secand order, {c) Dihexagonal

7. Dihexago, o 3
mangu,ﬁ, ?::e?'ﬁfz'“'ﬂ (hkil).. This form is composed of 24
different lcnglh-_r; au; face intersects all three hoffmel a
dibexagonal di _afso Inlersects the vertical axi axes at

Ipyramid is (2131) [Fip. & 1o cal axis. A common
4.12.2, Calcite 1’).# 5. e (c”

S)’mmel . ry 3 5
ry. ]i'lc Symmet C}CH'.ICHIS of this 5
clas S are as fo”()WS

Axes 4 { ;:er_‘ic""' axis of 3-fold symme
orizontal axes of 2_fold iyn;::i;_
’ ¥
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A cenlre of symunetry.
Forms. The typical forms of this class are the rhombahedron and 1)
(1

scnIeﬂﬂhedmn'
1. Rhombohedron (huhl). There are two rhombohedrons : (i) posi

live (hohb,and (if) negative {okhl). This form is composcd of six

rhomb-shaped
. faces, of which

three faces al the

top alternate with

three faces at the

bottom. Each face

intersects two ol
the horizontal
axes equally, is
parallel to the

(4) B

Fig. 4.15. (a) Positive thombohedron,
() Negative rhombohedron.

third and also in-
tersects Lhe verlical axis. Various rhombohedrons are possible

depending on the inclination of the faces o
the c-axis: The unit form of the positive
- thombohedron is (1011) while that of nega-
tive rhombohedron is (0111) [Fig. 4.13 (@)

_ and (5)).

2. Scalenchedron (h&il).
scalenohedrons : (I} posilive (kM) and (if)
negalive (k/il)- This form is camposed af 12
Lriangular faces. Each face is 2 scalene Lri-
angle. Each face intersects all there horizon-

tal axes at different lengths and also meels
on positive

the vertical axis. A.comm !
scalenohedron is (2131 (Fig. 4.16) and its
lenohedron 1S

complementary negative sca
f first order, prism of second order.

(1231)
Th ; : ;
ey e f 6.6 of second order which are present in the
ss, but these have a lower symmetry-

There .are Iwo

dihexagonal prism and dipyramid 0
beryl type are also found in this c1ass
4.13. ORTHORHOMBIC SYSTEM

The common minerals that crystallize i th

Baryte, olivine, andalusite and 10paz- S
Crystallographic Axes. Crysials belonging 0 the orthorhormbic SYS T

§ g’ anis bein
are referred Lo three unequal, mutually P"'Pmdm?mr e Tihcca*}led [‘fﬂmcr(g?
shorter is called “brachy axis” and the being longer 5 .

‘_h' axis
axis” [Fig. 447 (@)].

] ortharhombic syslem are
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CA) ca)

Fig. 4.17. (@) Orthorhombic crystal akes, () Orthorhombic pinacoids,
Class. “Baryres type” is the normal class of the orthorhombic system,
4.13.1. Barytes Type ;
Symmetry. The symmetry elements of this class are as follows.
Planes 3, axial
Axcs 3, crystallographic of 2-fold symmetry.

A centre of symmelry.
Forms. The typical forms of this class are as follows.

1. Pinacoids. A pinacoid is composed of lwa parallel faces each
which intersects one crystallographic axis and is parallel 1o th
other two. Pinacoids are of three type.

(i) Basal Pinacoid (X} ). s faces intersect c-axis and lie p
o ‘a” and ‘" |Fig. 4.17 (0)]. ;

{i6) Macro Pinacoid (100). It is also called “a-pinacoid” as it
faves interseet *a” axis and lie parallel to '’ and *c’ [Fig. 4.
).
({iiy Brachy Pingeoid (010). 1t is also called “b-pinacoid” a5 i

faces intersect b-axis and lie paraliel 10 ‘o’ and "¢’ [Fig. 4
)] .

l’nsn_ls (hko). A prism is composed of four vertical faces.
face intersects both the horizontal axes and is parallel o
vertical axis. Unit prism has the symbol (110} [Fig. 4.18 (
Vnrlou.s alher prisms are possible depending on the variation
the axial inlcrccpls. e.g., (210}, (120), elc. ;

- Mucrodomes (hol), This
face is parallel 1o 1he b’
‘e". The symbal of the u
Other inacrodomes are (1

a2

w

fo_rm is composed of four Taces.
axis (macro axis) and intersects ‘a’ 8
il macrodome s (101) |Fig. 4,18 (B))
e 03, (102), (203), etc. ;
. r’l'"'{h!dornts (okl). This form is composed of four faces
ace s parallel to the ‘4" axis (brachy axis) and interseets B’

CAYSTALLOGRAPHY i

<) [ €3]
i ! e (101),
Fig. 4.18. () Brachydome (Dli']\ () I\:iacmdnrm. {1
: (¢) Prism {110}, {dl) Dipyramid (111).

+¢*. The symbol of the unit brachydorne is

Other brachydomes are {013), (D12}, (023), elc. _

ic di id has eight man-

i ids (hki)., An orthorhombic dipyramu -

% g;fgrrr.:“c;s c(ach of which inlersccts u!l three cqsmjl;:g:{n‘;l;u
axes. The symbol of the unit dipyramid s (110 [Fig. 4. s

4.14. MONOCLINIC 5YSTEM :
Many minerals crystallize in the monolinic 5)_';':
common are gypsum, micas, orthoclass and diopsi o ST
Crystallographic Axes. Crystals in the monoclinic s¥s
(o three unequal cry slnllugraphi_c axe
to each other bul the ‘g’ axis i5 In¢
two axes, The ‘a’ axis is called “efino-
The angle between +a and + ¢ is greal®
[Fip. 4.19 (a)).

+C
o i
a
-6 B /

m. Some of the mast

ane containing the other
‘b axis “ortho-uas -
s designated as

lined @ the pl
axis™ und the 0
r than 90° and i

By
coids
Fif. 4.19, (@) Monoclinic crystal axes:

(011) [Fig. 4.1& (m)]-

5. The ‘¢’ and ‘b’ axes are ol rightangles -

. GJ) Monaclinic pina el
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Class. “Gypsum rype” is the normal symmetry class of the monoclinje
system.

4.14.1. Gypsum Type

Symmetry. The symmetry elements of the gypsuin type are as follow

Planes I, containing ‘a’ and c” axes.
Axis |, b-axis of 2-fold syrmetry.
A centre of symmelry. .
Forms. The chief fonns of the gypsum type are as follows.
1. Pinacoids. The pinacoids are of three 1ypes : (i) basal pinace;
(i1} orthopinacoid and (fi) clinopinacoid. :
(i) Basal Pinacoid ((W{). This form includes 1twa faces. Each
interseets c-axis and lies parallel 1o the plane containing ‘g?
and ‘b axes [Fig. 4.19 (b)). hy 4
(i) Orthopinacoid (100). The orthopinacoid is also called - ®
pinacefd”. 1l is composed of two faces. Each face interses
‘s’ axis and lies paralle] 1o the plane containing ‘4" and
axes [Fig. 4.19 (h)). !
(iffy Clinopinacoid (010). This form is also called “h-pinacoid
It is compased of two faces. Fach face inlersects *b* axis
lies parallel (o the plane containing ‘a” and 'c” axes [Fig, 4.19
). 5
2. Prisms (hko). A monoclinic prism consists of four faccs.
face is paralle! to the vertical axis and intersects both the hori
tal axes. The symbol of the unit prism is (L10) (Fig. 4.20).

’|
AT |

(A )]
forms in (a) Driboclase crystal, (b) Gypsum crystal.

3 lilemiurlhndomes (hol). There are two hemiorthodomes : (i) P‘l’ii
tive (hol) and (if) negative (hol). This form i composed of 1w
!'a::cs, Each face lies parallel u the b.axis ang mlerFs'gl:ls ‘a’ an
¢ axes: The positive unjt hemiorthodome (101) has the faces

Fig. 4.20. Monoclinic

pm,STALLOGHAF'HY 155

101 and 101, and Lhe negalive unit hemiorthodome _(T(]]] has the
faces 101 and 101 [Fig. 4.20 (@)).

4. Clinodomes {okl). A clinedome has lour faces, Each face is paral-

' lel to the ‘2’ axis and intersects the b’ and 'c’ axcs. The symbol
of the unit clinodome is (011) [Fig. 4.20 (b)].

5. Hemipyramids (hkl). There are 1wo hemipyramids (/) positive
(kb and (i) negative (k). This form has four faces only. Each
face intersects all three crystallographic axes. Examples of posi-
tive and negative hemipyramids are (321) and (321) respectively
with the faces 321, 321,321and 321,321,321, 321.

4.15. TRICLINIC SYSTEM _ 2

The common minerals that crystallize in the triclinic sysicm are axinite,

" albite, anorthite, microcline and kyanite.

: jc Axes. In the triclinic systern the erystal forms are
nk:@?f;dt:rcir:ﬁ:qual axes that make :Jbliqu‘e. a.mgh‘:s wlijIJ:: c,nnh mndrh;r.. '::i
angles between the positive ends of *6” and ‘c’, ‘¢’ and ‘a ,cﬁ“ly e
*b* are designated as o (alpha), B (beta) and'T’{gal]:um]drc[;g;e i Ca“cd.l
421 (2)). The ‘b’ axis is longer than llhc a' axis an
“macro-axis”, and “brachy-axis” respeclively.

+cC

o | A
Fig. 4.21. (a) Triclinic crystal axes, (4) Axinite crystal showitg m:: iclinic
Class. “Axinite type” is the nommal symmetry class of.
Syslem,
4.15.1. Axinite Type
Symmetry. The symmetry cleme
Planes, none

nis -u.f the axinite type are a8 foi_!aws.

Axes, nonc

A cenire of symmelry. ; f
Forms. Eacli form of this class ;s‘m__adﬂ‘;P‘:lmncu
Parallel 15 one another and are symmetrical ¥ A
SYmmetry, : ; i

o faces which &e
(o the cealre of
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pinacoids arc of three types @ () basal pinacg
) macro-pinacoid.

|._Pinacoids. The

{if} brachy-pinacoid, and tiii
(01). The basal pinacoid is also called
two faces. Each face intersecs

(i) Basal Pinacoid
pinacoid”. This form hus
axis and is paralle] ta the other two.

(if) Brachypinacoid {010). This form is slsn_ called “b-pinac
It is composed of two faces. Each face intersects ‘b’ axis z

is parallel to the other Iwo.
(iiiy Macropinacoid (100). This form is also called “a-pinacoid®
It is composed of two faces. Each face inlersects “a’ axis ap
is parallel to the other two [Fig. 4.21 (b))
2. Hemiprisms, Hemimacrodomes and Hemibrachydomes.
. of these forms include two faces. For each form there is a pos
and a negative form.
(i) Hemiprism. Positive (hko), Negative (ko).
(i) Hemnimacrodome. Positive (hol), Negative (fiol).
(iif) Hemlbrachydome. Positive (akl), Negativc (okl).
3. Quarter Pyramids, Quarter-pyramids arc composed of twa [ac
Each face intcrsects all three crystallographic axes. The vario
quarter-pyramids are : (i} positive right (k). (i) positive left
(HkD, (i) negative right (ki) and (iv) negative left (kD).
4.16. CRYSTAL GROUPS
In many instances crystals occur in groups. Crystal groups are of
types : (i) cryslal aggregates, (if) parallel growths, and (iéf) twin crystals
Crystal Aggregates ;
Groups of associated crystals are known as “crystal aggregates’s
_crys}als forming the aggregate are made of one mincral only, the aggreg
is ?.aud lo b “Roimogeneous” and if different minerals occur in the aggrega
itis lermed as “hererogeneous”. il

Parallel Growths

Wh_cn WO or more érystals are grown in such a way that the cr}’ﬁ
Ingra;{hlc axes of the one individual are parallel to those of the other,
grouping is called “paraflel growth™.

Twin Crystals

When. a crystal shows twa scparate portions joined al a common cry
tal!ogmphm plz!.nc. il is called “rwinned crystal”. Geniculate twin of rutile:
[Fig. 4.22 (a)] is a good example of twinned crystal, : ;

- | ——
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417 TWINNING
The “mwin c{y.!‘f&t'.i‘ ” may be defined as the symmetrical inte
ore individual crystals. In a twin crystal the lattice dir?::;:g gi

two OF T o1 & defini s
one unit cxhibit a defnite crystallographic relation 10 the lattice directions

Of the olhf.'.l'. o)
Twin Plane. The plane that divides the twin crystal into two halves

which arc mirror images of each olher‘. is called “twin plane”. The twin
Jane is always perpendicular to the twin axis.

win Axis. The component parts of a 1win crystal are wielly
related to each other as if one part is. geeate
derived from the other by an angular
rotation of 180° about sonm_crys}ai
line gommon [0 both. The “twin axis
(hercfore may be defined as the axis
aboul which a 180° rptalion of one-
half of the rwinned crystal would con-
vert it into 2 single crystal.

Composition Plane. The plane.
on which the w0 halves of a twin
meet is called “composition plane”.
The composition plane commonly but :
ol always coincides with the 1win (a) ®

func. ln the twin crystal of mille g 497 Coptact winniog.

(Fig. 4.22 ()] lhe lwm'planc. and (a) Geniculate twin of rutile, twin plane
composilion planc is (011}, If the ~ “o11) () Scalenohedran (calcite)
composition planc is irregular, it is twinged on (0001)
called the “composition surface”.

Twin Law. The description of

the relation between Lhe parts of a twit,
is called “rwin faw™. It states whther there s an axis of a twin plane and
gives the crystallographic orientation for this axis or planc.

Reentrant Angles. Twinned crystals usually possess reentrant angles.

“Reentrant angles” are the V-shaped depressions found at the junclions

lE!NYRﬁH"
& ANGLE

8
11) as |win 2Xis,

(A} be

Fig. 4.23. (a} Fluorile cul
{b} Oclahedron Iwi

bes twinned on (1
nned oo (111} spinel (win.
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between crystal pairs [Fig. 4.23 (h)]. Twinning is commonly detected hy the
prescnce of these angles.

4.17.1. Types of Twinning :
{/) Contact Twins. When 1wo halves of a (winned crystal are sym
metrical with respect to the Iwin plane, it is called “conract twin ',
Contacl twins have a definite composition plane which separates:
the two halves and the twin is defined by a twin plane. Crystals

of rutile and calcite shown in Fig. 4.22 exhibit contact twins.

(i) Penetration Twins. When the two individual crystals appear 1o
have penetrated one another, it is called “penetration rwin".

Penetration twins have an irregular composition surface and the

twin law is usually defined by a twin axis (Fig. 4.24). The main

Fig. 4.24, Penetration twins. (2) Orthoclase showing carlsbad rwin
() Saturolite twin, twin plane (032).

featurc of the penetration twin is that it can not be divided into
two separate hal- e
ves. Cryslals of ""'

Staurclile and 7 2
fluorite common-
ly show penetra-
tion twin.

(fii) Repeated Twins.
When a twin crys-
tal is composed of
three or more “‘“
parts which are re- (A
lated t ;
an:Ihcr [Ly (l):: Fie. 4.25. Repeated twin.

e el (@) Plagioclase, (b) Chrysoberyl

same Iwinning e

Iaw, the twin is called “repeated” or

(B

“multiple twins”. The

+ cormino

PHY
CQYSTALLOG RA -
repeated twins are of two types : (i) polys

lic lwins ynthetic twins and (if)
cycli )

(a) Polysynihetic Twins. A palysyniheiic twin is a repeated
twin in which all the successive composition surfaces are
parallel. It is common in plagioclase felspars [Fig. 4.25
(@) !

(b) Cyclic Twins. A cyclic win is a repeated twin in which
the successive composition planes are not parallel [Fig.

4.25 ().

4.17.2. Common Twin Laws

Cubic System. In Lhe “palena rype” class of the cubic system, the most
n twin has (L11) as lhe twin plane. As this lype of twin is very
common is crystals of spinel, it is called “spinel twin™ [Fig. 4.2 (b)].

In the “pyrite fype” class of the cubic s;_(stﬂm the two pxdlohpdrnns
may form a penctration twin with a 50° rotation about m: twin axis. The
wwin plane is (011). This twin is called “iron c‘ro.s:.r fwin", .

Tetragonal System. In this system the iwinning on (011) is most c:ram7
mon. A erystal of rutile, twinned according to this law is shown in Fig. 4.22

a). _
s Hexagonal System. In this system important 1wins are found in :hc
class “calcite type”. Calcile crysials oom:_:?only show twmlmng on three Iwin
laws. The twin plane may be (0001), (1011) or {0172). Fig. 4.22 (b) shows
calcite scalenohedron twinned on (0001). s gooe o

Orthorhombic Systern. In the orthorhombic system the twinning :m
(110} is most common. For example, contacl twin of aragonite and cyclic
twin of cerussite are all twinned on (110). 7. s

Monoclinic System. In the monoclinic system twinaing on f]lm) e
{001) is most common. Gypsum frequently shows twinong on ( f]urms
the “Manebach twin" of arthoclase is on (00L). Oﬂhﬂclm Hi-“:jﬂ o
penetration twins according to the “Carisbad law” wt;ffh 210; g
S = sbpal e e :;u Egavem:‘ pwin”
Parallel 1o (010) [Fig. 4.24 (al. Orthoclase also shows
In which the twin plane is (021). ) i o /

Triclinic Systsm. In the triclinic sysiem the Wl'nm:ﬁ :::z:;::‘;‘:g x
Plagioclasc felspars is most important. They are IWIRAeC € ]

“Albite law” in which the twin plane is (010) [Fig. 4.25 (@)}

REVIEW QUESTIONS ]

rief the various :riteﬁ‘a_l of

L (a) ‘What is symmetry of a crystal 7 Describe in b
symmetry.

i
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(b) Describe in briel the symmetry and forms of the "galena (ype” class of

1he isometric sysiem -
2, (@) What is “paramerer” ol a crysal face 7 Describe how is ‘-"3'3|a“°g“PhiC__. E
notalion done by “index System of Mifler”.

(#) Deseribe in brief the symmuiry and forms of the “zirean rupe” class gl
the tetragaonal system. .

2. (2) Define acrystal. Explain what do you mean by “intetfacial angle”, “ax

ratie™ and “hemihedral formi”, :

&) Describe how is crystallographic notation done by “Parameter System g

Weirs "

Discuss in brief about the symmelry and forms of the “orthorhombic sysiem'

o

and “maneoctinc svitems"”.
Whai are twin crysials 7 Explain different 1ypes of twinning. Discuss comman
twin laws. i

n

the six major crystal systems.

. (#) Describe the symmetry and forms of the “axinite iype” class of the
triclinic system.

(b} Describe the “pyrire rvpe” or "rerrahedrite nipe” class of the cobic
sysiem.

8. Differentiate heiween the “terragonal” and “hexagonal systems™. Deseribe
the symmetry and forms of the “calciterype ' class of the hexagonal system.

_up and reach the earth's surface where it cools 1o forl

5.1. ROCKS :

Rocks formn a major part of the carth’s crust. They may be detined as
apgregates of minerals. Some rocks, such as quartzite (quartz) and marblz
{calcile), contain grains of one mineral only but muost arc composed of a
varicty of differcnt minerals. The rocks arc broadly” classificd into three
groups : (i) igneous, {fi) sedimenlary, and {1} metamorphic.

Igneous Rocks. lgneous rocks arc farmed by cooling and solidification
of magma. Typical igneons rocks are granilc and basalt

Sedimentary Rocks. Sedimentary rocks are formed by ll.‘onsulit‘l:llinn 5
and cementation of the sediments deposited under water. Typical sedimen-
tary rocks are sandstone, limestone and shale.

Metamorphic Rocks, Mctamorphic rocks are formed when the pre-cx=++
isting rocks have been changed in texture and composition by increased-;
temperature and pressure. Typical rocks of this kind arc schist and _gqe;ss.

5.2. ROCK CYCLE e
The rock cycle shows the relalionship between the three l)rpt:'s of ;ackl_‘,k_.:
that is the igncous, sedimentary and metamorphic rocks. E!nc Ly PeI:_ "I‘;Lis
changes slowly 1o another type. Erosion produces scdiment h\\ d:,s 5
transporied and deposited into deep basins under the sea. Then it har nl
form “sedimentary rocks™. If \hese rocks are decpl):. buried, the lr_’.m!u:ra ur'\l:1
and pressure wrn them into “metamorphic rocks”. Inlense heat al gred

ks ] ay rse
p i ks and roditces magma. The magma II'LI}',
]3. s melts metamorphic roc m e e '

ing 1 jon, and the
the surface, igncous rocks are cxposed 10 weathering and erosian,

eycle begins again.
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5.3. IGNEOUS ROCKS ;
Approximately 90% of the earth's crust is composed ol igneous rocks
hut their great abundance is hidden on the carth's surface by a relatively 1
luyer of sedimentary and metamorphic rocks. “/gneous rocks”™ are forme
by cooling und solidification of magma, *Magma® is a hot viscous, siliceqy
melt containing water vapour and gases. It comes from great depth beln
the earth’s surface. It is composed mainly of O, 8i, Al, Fe, Ca, Mg, Ng
K. When a magima comes out upon the carth’s surface, it looses its gas
Such a magma is called “lava™.
£,3.1, Chemical Compesition
The chemical composition of igncous rocks exhibil a fairly limi
range. The largest oxide component is $10, which in common igneous rocks
ranges from 40 10 75 percent by weight. The percentape of ALO, generall
ranges [rom about 10-20% and each of the other major components {e.p,
oxides of Ca, Mg and Fe) seldom exceed 10%. i
Acid und Basic Rocks. The composition of igneous rocks depends u
the composition of the magma from which they are originated. Magmas
['Jnrnlzlcd inlo “:n. hrn_)ad ?-mu_ps : (i) acid magma, and (if) basic magma. The
‘acid magea” is rich in Si, Nu and K, and poor in Ca, Mg and Fe.
“basic magma™ on the other hand, is rich in Ca, Mg and Fe, and poor in Si,
Nu and K. .
On the basis of the silica percentage present, igncous rocks are classified
into the following groups. 3
(i) Ulirabasic Rocks. These contain less than 45% silica e
peridatite, i ] :
(i) Basic Rocks. These contain silica between 45% and 55% eg:
gabbro und basali. i

(it} Inrermediate Rocks. These contain silica between 55% and 65%
e.g. diorite. ]

(iv} Acid Rocks. These contain more than 63% silica, c.p. granite.

In general, acid igneous rocks are light in colowr, low in specilic gravily
{about 2.7) ‘:l.nd have high proportion of minerals like guanz andj::;lkali i
I"elsp;frs. Au_d rocks are also called the “felstc rocks™ Al:i example of acid
rm,jk is granite. Basic rocks, on ihe otlicr hand, are u;uulj Llurlf" colour :
:ﬂ:;? h!?Fk}. rclnlifrcly II|igl| in specific gravity (uh;)ul JYZ) u_r|dmcunlail'l g

anly sulica poor minerals, such as aljvi ; ; ioti ;
und lil_llc or no quartz. Basic rocks :n,".'j\g{:‘lil(::ll C{:}'{:E"flbff:lliﬂ‘?r }.”3“1" :
L'UlllIllll] i high percentage of fcrmmugncgj;m minerals e fm‘ 4 u.? lcv
salponiain _ 5. An example of basie

[gneous rocks can also b ilicd as
: . e classified as : (f) i,
) oy L fir 2 5 & -

saturated rocks, and (7if) undersalurated rocks Srialumied rockdl
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{ .0_“:““:‘_";:“'1 Rocks . These rocks crystallize from mells con-

Laining higher amount of silica. They contain ab sk

alkali felspars. e R

-~

{if) S.H'll.ll'ﬂ ted Rocks. These rocks are formed when the amoun! of
silica prcsfr;:nt in the melt is just sufficient to form silicale mincrais,.
Saturated igneous rocks do not conlain quartz.

(fi} Undersaturnted Rocks. These rocks crystallize from a melt
which is deficicnt in silica and high in alkalics and aluminjum
oxide. Such rocks contain silica poor minerals, such as
felspathoids, and lack quartz.

5.4. OCCURRENCE OF IGNROUS ROCKS

Magma is produced deep in the earth’s crust where lemperatures are of
the order of 900°-1600°C. [t being lighter than the surrounding rocks, works
its way towards the surface. On consolidation it produces two major types
of igneous rocks : (#) extrusive, and (ii) intrusive.

5.4.1. Extrusive Rocks

When magma reaches the earth's surface, it causes a voleanic eruption.
This eruption generales exlensive lavaflows. The rocks formed due ro
solidification of lava arc called “extrusive rocks”. The extrusive rocks arc
also called the “volcanic rocks”. As the lava tend 1o cool and crystallize
rapidly, the texture of velcanic rocks arc generally fine grained or glassy.
During cooling of lava, the volatiles present in it escape into the atmosphere.
Volcanic rocks often contain gas cavities, called the “vesicles™. These rocks
somelimes show “flow strucitire”™ which is the result of movement in a
viscous lava. It is scen us lines or streaks of different colour in a rock.

5.4.2, Intrusive Rocks

“Intrisive recks” are lormed when magma crysiallizes beneath the
eurth’s surface. Depending on the depth of formation, intrusive rocks arc
divided into two groups : {i} plutenic rocks, and (ii) hypabyssal rocks.

Plutonic Rocks. Rocks crystallized at great depths are called “plutonic
recks”. A magma which is decply buried in the earth’s crust, cools slowly -
with the retention of the valatiles. As a result the mineral constituents
crystallizing from it have lime to grow Lo considerable size giving the rock
a coarse grained texture.

Hypabyssal Rocks. “Hypabyssal rocks” arc formed when magma
solidifies close 1o the earth’s surface. These rocks occur as injections within
the country rocks. Their lextures are usually finer grained than those of
plutonic rocks bul coarser than those of voleanic rocks. The hypubys.:

rowks comumonly show porphyritic texture.
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§.5. CLASSIFICATION .

Becausc magmas vary considerably in chcmic:}I COITI[.)I?SI!IIDIII nndl con-
ditions of crystallization, igneous rocks shuw a wide variation in mincral
composition ‘and texture. There is a complete gradation [rom one mc!c lype
inlo another. Many schemes have been proposed for the cIussnﬁ.calmn af
igneous rocks but the most useful for the beginners is based on rrur}crajogy
and texture. In this scheme the various crileria that are considered in class
ilying igncous rocks are as follows.

(i} Relative Silica Content. Presence of quarlz in an igncous rack
indicales excess of silica whereas felspathoids indicate deficiency
of it

(if) Kinds of Felspar. Determination ol relative amount of alkali
felspar and plagioclase helps greatly in classifying igneous rocks.

" (fii) Mafic Minerals. The relative amount and type of malic lniﬁemls
‘presenl in an igneous rock are determined. This infortnation js
valuable from the point of view of classification of igneous rocks.

{iv] Texture. Texture of un igneous rock is an important criterion of

classification. o

= The classification of igneous rocks based on their mineral composition
and 1exture is given in Table 5.1.

Table 5.1. Classification of Ipneous Rocks
(PLUTONIC rocks in capitals, Volcanic rocks in small letters)

Camposition Mainly Alkaii Alkali flerpar = Mainly
v flespar Flagiociare Plagiociase
ACIT ; GHANITE ADAMELLITE i y
C ) -~ N =1L GRANODIORITE
({Light Minerals > 60%) Rhyolie Rhyodscite Dlnn:i:c
INTERMEDIATE SYENITE MONZONITE
: 1 ! ! NITE DIC
(Light minecals 60-30%, | Trachyie Trachyandesite And RI:FE
Quurtz < 10%) : o
BASIC ALKALIL SYEND |
BASIC - iNO-GABBRO  |GABBRO
; ur_l\. mmc_rnls > 6%, GABBRO Trachybasall Basalt,Doler
lacic-plagioclase Alkali-basall ol
ULTRABASIC .
{No telspar) EEUJ;IE;'!]:
TITE
e k b | PYROXENITE

Quartz is an essential mineral in acid
mineral in intermediate and basic rocks whi
rocks. Potash felspars together with i i

sodium rich plagiocl

5 ; 5 3 ases '

the “atkali felspars”. Alkali felspars oceur as essenlinlminerals ;re Tu 1::3
sl ' § i acid rocks

bul they are eithcr absent or found in only in minor amounts in intermediat y
= Late,

mc_ks. It CCCULS as an accessory
le it remnains absent in ultrabasic
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basic and ultrabasic rocks. Calcium rich plagioclascs are found mostly in
basic rocks and andesine in intermediate rocks. Ulirabasic rocks normally
Jo nct conlain felspars.

Olivine occurs as an essential mineral only in basic and ultrabasic rocks.”
Pyroxenes and amphiboles arc the important constitucnts 9[ basic and
ultrabasic rocks but they occur as accessory minerals in acid and inter-

- mediate rocks.

5.6. TEXTURES )

wTexuere” means the size, shape and arrangement of mincral gm.ins in
a rock. The grain size of an igneous rock depends on the rale_o[ coalm_g of
eral, slower is the rate of cooling, e coarscr is ihe. grain of
dy of texture four points are considered. Tt_lese poinis are :
allization, (/i) size of grains, (iif) shape of crystals, and

magma. [n. gen
rock. In the stu
(i) degree ol cryst

) mutual relation"hetween mineral grains.

5.6.1. Degree of Crystallization

On the basis of dcgitc of crystallization, textures of igneous rocks can
be divided into the following groups.

‘(i) Holocrystalline Tex
cryslals, its lexture is

(iv

qure. When a rock is made up entirely of
described as “holocrysialline” [Fig. 5.1 (@)

(A : (8
Fig. 5.1. (a) Helocrystalline lexiore (Bit_ni[e granite),
(b) Holohyaline lexiure {Obsidian).

(i} Holohyaline Texture. Whena rock is composed entirely of glassy
malerial, ils texture is called “holohvaline” [Fig. 5.1 )l

talline Texture. When a rock is composed parily of

e ture is called “meracrystalline”.

crystals and partly of glass, the lcx

5.6.2. Size of Grains i
The size of grains in an ig0
cooling pives crystals 1une to gro

eous rock varies considerably, The slow
w 0 sizes greater than 5 mm. In rapid
cooling, the mineral grains crystallize quickly'as a mass _ol‘ iny crystals
which are generally less than oo¢ millimt.:ler in size. In some _]:-'was, I.he
cooling is so rapid that they fail to crystallize and “glassy fexture --1-1:5“_1"_5' :
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lgneous rocks whose constituent mineral grains can be scen with the

naked eyes, arc described as “phaneric”, while those whose mineral grains -

4re too small 1o be seen with the naked cyes, are called “aphanitic™.

The texture of phaneric igneous rocks can be further subdivided as : (7}

coarse grained, (#) medium grained, and fiif) Gine gmined,_and that of
aphanilic rocks as : (/) microcrystalline, and (i) cryptocrystalline.

(i) Coarse Grained Texture. If the grains of a rock are morc than 5 .

mm in diameter, its lexture is sail to be “coarse grained”. Most
intrusive igneous rocks have corase grained (exture.

(ii) Medium Grained Texture. I the size of grains are between |

mm and 5 mm, the rock is described as “mediwm grafned”.

(it} Fine Grained Texture. If the prains are like granulated sug’a} i

where their diumncler is less than one millimeter, the texiure of the
rock is called “fine grained”. Most extrusive igneous rocks are:
fine grained. ; :
(iv} Microcrystalline Texture. In an aphanitic rick it the mineral
grains can be distinpuished under a microscope, the rock is said
to be “microcrystaliing”.
{v) Cryptocrystalline Texture. In a cryplocrystalline texture, the
individusl «Tyslals are very small. They are not visible under the
microscope but their presence can be felt as they react to the
polarized light.

5.6.3. Shape of Crystals

The grains of an igneous rock are called “enhedral” if they show well
developed crystal aces, and if the crystal faces are partly developed, they .
arc descrihed as “subliedral”. The (crm “anhedral” is used for those prains’ :
in which crystal faces are absent.

5.6.4. Mutual Relations of Grains

Depending on mutual relations of grains, the textures of igneous rocks
may be classified into four major groups : (i) equigranular texture {i."):
Incquigranular texture, {{fi) directive texture, and {iv] intergrowth ]',Cx[lrl['E' :
Equigranular Textures. Igneans rocks containing
more or less equal size arc said 1o huve an “¢
granular textores are of the following types.

i mineral grains of
quuigrantitar texiure” . Equi-

{t} Panidiomorphic Texture. When
cuhedral, the exture of rock is ¢
~ texture is usually found in lamp
(if) Hypidiomocphic Texlure, Whe i
1 ure, 0 1most of e grys i
suhh:(lml,_Lhc lexture is called "ff,\«'pirf!'omorphfc"IY'F;;J: l:;e

oSt of the grains are
wled “panidiomorphic”. This
rophyres,

- granular (exlures are. of the following types.
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. lure is characterstic ol many pl_ulonié rocks such as g_r:mites'
anel syenites. A b T
plulbo T
(fif) Allotriomorphic Texture. When most of the crystals are an-
hedral, the textureg is called “a!!mrin_rmrphic". This textore is
found in some apliles. ; e
R 3 Fil
{iv) Microgranular Texture. Microcrystalline igneous rocks may .-
also have an equigranular texture. The crystals of these l”u__1_e
grained rocks are commonly anhedral or subhedral. Such:a
texture is called “mircrogranular textire”.

(v} Orthophyric Texture. Some highly felspatkic rgcks suc_h' as
orthophyres and plagiophyers, possess 4 fine graml:fi
panidiomorphic texture. This texture is called “orthophyric
texture”. s R gt ui

(i) Felsitic Texture. An igneous rock cun'lnini.l'l% a u|l11"rorm tmass

 of cryptocrystalline matier is sa_id to have a “felstiic texiure .

Inequigranular Textures. Ignzous rm:_ks shn_.)wing varialions m lfw sn‘zf
of mineral grains arc.said lo have the “imequigranular fexture . Ineq

(i) Porphyritic Texture. When an igneous ru(ik n\:.('-num'l‘s;1 ?ngcr e
crystals of somne ipinerals set in a matnx wjnch is muc : ;:IC .
grained or even glassy, the Exture is mlirad pqrph_vr;lfrc. ﬂ t;;gc :

5.2 {a)]. The large crystais are called * phengcr_vm an e
fincr grained material is called "gmuna‘umsj ! lg.incqu§‘nsuCh
showing porphyrilic texture are known as {_Oﬁg__lxﬂﬂ 2
as pranite porphyry, diorite h _and i ‘Ghlt_: b
Thix texture develops when some of the l:l’}'SFalb grow uu:m-{_ i
considerable size before the main mass of Lh‘e m;(.mivﬁtic o
solidates into finer and uniform grade material. Porphyntic.

lexture is found largely in volcanic and hypab; yssal ux:ks..

PHEMOCRYSTS . -

Gy T
Fig. 5.2. {a) Porphyitc text

P(‘i‘i_kj.li[ic.].ﬂl.l_l




Directive Textures. The texturcs produced as a result of flow of lav,
during their consolidation, are called “directive textures”. The chiel direc-
tive lexlures are as follows.
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4 rock smaller crystals are

enclosed within larger crystals withou! comman urieptalion,-

the fexture is called “poikilitic rexture'. This lexXiure 1s com-
monly found in syepiles and _[Egg?_t_rmlcs where orthoclase

forms the host mincral [Fig. 5.2 (M]- :

(if) Ophitic Texture. “Ophitic texture” 15 A SPCCI{H type o

- poikilitic texture in which bigger crystals of augite enclose

smaller laths of plagioclasc. IF the plagioclase laths arc onl

partly enclosed in the larger grains of augilc, the lexture js

called “sub-ophitic”. Ophitic texture is characterstic o

dolerites. b Bt‘.&d{"l-
(i} Tntergranular nnd Instersertal Textures. In many basalts
plagioclase laths oceur in such a way that they form a network
with triangular or polygonal interspaces. These inlerspaces arc
filled with minute grains of augite, olivine and iron oxide.
Such a texture is called “intergranufar texture”, When glassy
or fine grained chloritic or serpentinous materials occur in the
interspaces, the texture is called “interserial”. :

(ii) Poikilitic Texture. When in

FE‘LSPAR CRYSTALS

i e ; A

(i) Tmf‘lllyﬂt‘ Texture. Certain vol- ,‘j’/: ’.’,{’1::-’:,',‘,’?,.'!1;,',5 :
canic tocks, such as trachyle, [72/k% fﬂ? u';;’o”:_,:’ e

i B S A4 i ’

conlain felspar laths arranged in gﬂ,‘:j ;.-': J’,’:‘.-',.;f’ ;::" A

. . 0 - ’ !

lines parallel to"the direction of - .«'3-'),‘:::’4'.' LA

.__B————__‘ R A el 2 L

flow of lava,_Such a lexture is [*--Z% »',-':’{i; ]

% : e TS A NN
called the “trachytic texture”, |75 S22 20l 0 e s 08
r M i t,a_’,/f o 4
(Fig. 5.3). u,'-_,',-,:v:ﬂéf“ﬂ fore

e LRIy

(i) Hyalopilitic Teature. Tn a vol- [b’-7 u{-‘:’/,’., ey

£ : 2l rr st ¢ ey r s
canic rock if felspar laths are

: X Fig. 5.3. Trachyiic :

found intermixed with glass, the ; Trachiylic textingl

L R as: showing phenocrysis of
texture is called "hyalapilitic™. felspar in fluidal groundmass.

a)

; ; ()
Fig. 5.4. (g} Reaction siructure, The rim around olivine

is made up of pyroxene (b} Graphic granite

_pmﬂle[ bands or

 centimeter in size, the rock is said (o, have a

r
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Intergrowih Texture. The intergrowth of quartz and vrthoclase may
1ake place when they erystallize simultaneously. This intergrowth frequently
roduces “graphic fexture” in which skeletons of quartz crysals are ero-

pbcddcd in the orthoclase The two intergrown minerals have the same oplical ..
orjcntation over large arcas. A vuriety of granite, called the “graphiic granite”
shows the graphic texture [Fig. 5.4 (b N . : .

57. STRUCTURES OF IGNEOUS ROCKS

w Structures, Somelimes an igneous rock shows paraliet or sub

streaks which are causcd by the flow of magma or lava -
d crystallization. Such structures are cailed the “flaw

Flo
during cooling an
srracmre.r". . . . .

Reaction Rims. During formation of igneous rocks, reaction often mkc's.
place between early formed minerals-and the magma. If this reaction is
complete, the early farmed minerals disappear altogether. On the other hand,
if the reaction is incomplete, reaction products frequr:ud_v_ogur arounl the
corroded mineral grains, This zone of reaction products whu:[? occm"a near
the boundary of the mineral grains, is called the “reaction i [Fig. 54
{a)]. Reaction rims are of two Lypes : (i) coronas, _and (if) keiypb..lllc bnn?:rs.
“Copronas” arc the reaction rims formed by primary Imagmatic reactions
while “kelyphitic borders™ are those which develop during secondary
processes such as metamorphism. .' . .

Xenolithic Structures. Foreign rock fragments are included ilnto-thc
magma when it rises up towards the carth’s surface. If they arc nol digested,
they remain entrapped within the mass of the. igneous rock .uxd produce j
heterogeneity in the texure. Such entrapped fragments of forcign rocks are .
called the “yenoliths™ and the structare is called the “xenolithic struciure . -

Vesicular Structure. Most lavas contain
volatiles. These gas and volatiles escape into the atmosphere whcn they -
solidify on the earth’s surface. As 8 result of this, numMErous gas Ci:vlll?& n_rE
formed near tops of lavaflows. These gas cavities are called the £ wsf_'de.s
and the volcanic rock which contains vesicles is said to have a “vesicular.
Sructure”, :

Amygdaloidal Structure.
sequently be filled by the secondary m
Such filled vesicles are called the “amyg
an “amygdaloidal structure’-

Pegmatitic Structure, If the

The vesicles of volcanic rocks may §ub‘-‘"
inerals such as calcite and zeolitcs-
dales” nnd the rock is said to have

cmsli.mem_ mineral grains exceed several - -

pegmalilic siructure shows a coarse and very irregu
that the texture and structure
suggest the circumstances of formalion ¢

In summary, it may be said
rock provide numerous clues that
the rocks,

large amounts of gas and

“pegmatitic- structure” The S
lar type of crystallization: "
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5.8. FORMS OF IGNEOUS BODIES

k bodics are of two types : (i) extrusive, and (i) jn-

The igneous ro¢
trusive.

Extruosive [gneous Bodi
from mapma poursd out at
lavaflows.

Intrusive Igneous B

5. Extrusive igneous rock bodies are forme
the earth’s surface. Examples of these are

odies. [ntrusive igncous bodies are formed by the
cansolidation of magma at Some depth below the earth’s surface. Such rock’
hodies show considerable variations in their size and shape. Examples;of

intrusive bodies are hatholith, stock, dyke, sill, ele. The intrusive bodies

divided into two groups : {i} discordant bodics, and {ii} concordant bodies.

(i) Discordant Bodies. The discordant igneous bodies are :
which eut through the overlying sirala. Examples of these dre
batholiths, stocks and dykes. £nig

(ii) Concordant Bodies. The concordant igneous bodies are th
which lic between rock beds. Such bodies do not show trans-
gressive relation to the rocks they invade. Examples of M-
cordanl bodies are sills, lopoliths and laccoliths. :

5.8.1 Description of Ipneous Bodies

Batholith. Batholiths
are large intrusive igncous
bodies which have lrans-
gressive relation with the ad-
jacent country rocks. Their
diarneter is usually 100 km
or more and their oulctop at
the surface is roughly cir-
colar or oval. In cross-sec-
tion batholiths possess steep
outwardly dipping conlacts
and they arc thought w be
bolemiess (Fig. 5.5). The composition of batholiths is usnally gr:ln.ilic. o

_ Stock and Boss. Inegular igneous masscs of batholithic habil are call
-"‘w""k“s_ - They ure of smaller size and their diameter is usually belween
to 20 kitomneters (Fig. 5.5). The term “boss™ is applied to those stocks whi

have an approximately circular Oulcr(?- SE § ;

Fig. 5.5. Batholith.

wmcilluoilzoli::{ i:::ipm;”-ln is 2 saucer shaped concordanl igneous bod
: Iwand into a basin like shape (Fip. 5 s
ally 10 R pe (Fig. 5.6). Its diamel k
lilhs:::l:;ccoli:;szi;m& 15 thickness. Thus lopoliths are very much large!
- Lhe composition of lopoliths is comumenly basic
e~ =
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LopoLITH
Laccotity

Fig. 5.6. Lopolith, Fig. 57. Lacolith,

Laccolith. A “faccolith” is a lens shaped intrusive ipneous bhody whicﬁ'
causes the overlying beds to arch in the form of a riurrxL{Fig. 575 Ithasa
flat base and a domed top. A laccolith may be 2 10 3 kilometers in diameter
and several hundred meters in thickness. It differs from a batholith in being
much smaller and having a known floor. Agid Megrac. Y

Phacolith. “Phaceliths” are crescent shaped bodies of igneous rocks. _.
They occupy crests and troughs of folded sirata (Fig, 5.8). Phacoliths are
formed when igncous material invades the folded region. The igneous
material necumulates at the crests and troughs of falds becanse these are the

zones of wminimum stress,
FITH

PHALOLITH

Fig. 59, Sill

Sill. A “sit/” is a sheel like igneous body which rans parallel to the
bedding planes of the pre-existing strata (Fig. 5.9). They may be horizontal,
inclined or vertical depending upon the attitude of strala in which they are
intruded, Sills vary in thickness from a few centimeters lo several hundred -
neters but they are always thin as compared to their length along beds. Sills.

Fig. 5.8 Phacolilh.

are cominouly made up of dolerites and basalts.
r———————

A : A R
Fig. 5.10. (a) Dyke, (k) Cone sheels. -
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Dyke. A “ovke” is o wall like igneous bady that cuts across the sy
af the pre-exsiling rocks [Fig. 5.10 (@)]. Dykes are often vertical or steep]
inclined. Their thickness varics (rom a few centimeters (o a hundred met
ar mare. Dykes tend lo occur in groups wherc they run parallel to op
dircetion or are radial to a centre. A dyke having 2 circular oulcrop and
conical form is called a “ring dyke” [Fig. 5.10 ()] Those which h
inverizd conical form and circalar outcrops are described as “cone-shee
Dykes probubly reprcsent a crustal fracture into which the magma
injected. voLCANIC PLUS

Volcanic I"lug. A volcanic plug is a verli-
cal cylindrically shaped igneous body which

Fas & roughly oval or circular cross-scetion
(Fig. 5.H). It represents i vent of an cxtincl
voleann. Volcanic plugs range in diameler
[ram a few hundred meters (o a kilometer or

more.

Lavaflows. The volcanic igneous rocks occur as lavallows. -
lavafiows are tabular in shape and mmay range in thickness from a few met¢
1o several hundred meters. They are formed when lava erupts on the eart
surface from [issurcs. The lavas cover a very large area hefore solidifyi
and considerable thickness of rock is formed from repeated eruplions.

Deccan Traps which cover a vast area in Central India, is a [amous examps

- of lavaflows.
5.9, MECHANICS OF INTRUSION
Origin of Magma. The carth’s upper rmantle, under the crust, is nearly
molien. A slight drep in pressure caused by deep faulting clc. completes the:
melting process. The “basaltic magma’ originates in this manner. 4
The “granitic magma™ can be produced in (wo ways . (i} from melting
of continental crustal rocks, and (fi} from differentiation of primary basal
magma. The continental crust is much thicker than the occanic crust.
considerablc depths, the lernperaturc is high enough to melt the conlinent
rocks. It is also belicved that pockets of radioactive elements gene
enough heat to melt the rocks in the earth's crust, In this way the g
magma may be produced.
Intrusion of Magma, The magma being lighter thun the s
rocks, rises slowly to the surface and makes room for itsell in the
manner.

urrod
folle

(i) The magma may melt or react and dissolve the overlyl
rocks and create a room for itself. This process is €
“magmatic assimilation”. The magmalic assimilation can®
explain the emplacement of large ignepus bodies which have
quite sharp contact with the country rocks.

qocKe |GNEOUS ROCKS
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(i) The magma miy push uside the overlyi rocks
lay | erl i
make a Plncc_ lor itsell. This process isy;:ﬁctlmllhnu{' ‘:md
Laccl.)tllhs, sills and dykes are helieved 1o hay t:: bt i
i ©been erplaced

(iif) The magma forces its way into cracks present ; .
i ,Md breaks ofl' blocks of "'ill'iUEs :znel:."llr?cﬂ;:ez:]?g
Tmm is c1:{ealcd by _quarrying Lhe overlying rocks. This mc} a
is cullgd magmatic stoping”. Major intrusive bodies, r-:uch:m
batholiths, have heen emplaced by this method 5, such as
5,10. FORMATION OF IGNEOUS ROCKS

Experimental studies of crystallization sequence of rinerals from a melt
pave helped greatly in understanding the origin of igneous rocks. The

[emperam:c-compusilion diagrams involving a liquid phase are called "fi-

quidus diagrams”. :

Most igneous rocks are multicompoenent. They consist of two, three,
four or five principal mineral conslituents. To study solidification of magma,
they arc taken in the order of increasigg complexity.

5.10.1. Crystallization of Binary Magmas

Nonmixing Constituents. The crystallization of a magma consisting of
two non-mixing constiluents
may be illustrated by the use
of the temperature-composi-
tion diagram (Fig. 5.72).
The two end members of the
bicomponcnl sysiem are
Aund B which lack solid
solution between them. The
melling lermperatures of pure
AandB are T, and Ty
respectively. The addition of
some amount of B to a melt
of 4 lowers the melting i L
Gmpesiure of the liua 6 s re e 0 00 Y
g ncoexist with A along

curve between T, and
E. _Ht‘l'c F is the “ewecric
Poin™, Similarly the melting

{:mPEqurcs ol the lignid .
3l can coexist with B is lowered by the addition of some amount of

fubslﬂm—‘ﬁ A as shown by the curve between Tg and E. The lowest tempera-
*Ure at whict, crystals and (he melt are in equilibrium is T

Y

TEMPERATVRE

etmpotiTION (WEIGRTX)

Fig- 5.12. Tempemurc-c_umws!lion diagram
' showing entectic relation-
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Lel us nuw stud,

M in Fig. 542
{i) The melt
any crystallization. : o
(i) At temperatire 7} substance B begins 10 Cl’_}’siall_i; i
n the mell continues aleng the
f this the content of A in the m;li’-

¢ the Cryshﬂ“““"“ sequence of u melt of cny

M cools and its lemperature dmp§ from 73

tallization of B frol
Tpto k. As aesulla

continuously. ) :
(fii) Atthe cutectic point £ both A and B crystallize simull;

at constanl termperature T untill the melt is exhan

paint no further change in composition of the
“Enectic” is the canstant proportion in which th

stituents crystallize simultaneously.

Mixed Crystals. | ol
When the two com- ) ; —
ponents are isomorphus LiGaull (MEeLT)
and miscible in all
propertions in solid
state, they form “rtved
crystals”. The
plagioclases are good
examples af these lypes
of crystals, The crystal-
lization of mixed crys-
tals from a mell can be
represented by  a
temperatre-conpsili
an diagram shown in
Fig. 513, Complete
salid solution exists be-
tween the two end
members A and [ The
e TP, o s T A i
et ot el llger.amre.' but .l.ll.c|l.11'lg is spread over an in
“liquidus™. In Fig. 5 '{I oo b the “solidus” an (1 K S
of melt cot.n glk '.i-‘ the upper curve is "liguidus™. IL represents !
as "asu:nl’iu’uT"m;.l1iiﬂllll5 i E:Quﬂ ibrium with crystals, The lower eurve
equilibrium with the I-‘:T for the composition of the crystalline p
compositian M and Ium;r::alt:; ;: study the crystallization of 8
_fi} T}IE‘.. crystallization of the mely M stanis at lcmpcr‘dtﬁ

crystals of vomposition {A-14%, B-86%) begin o

°C

Tat

soLIp SOLUTID

TEMPERATURE

‘.
P T T T = |
& |o 2o 3o 4o Fo &0 70 B0 9§

COMPQEITION (WEIGHT

Fjg_. 5.13. Temperature-composition diagram
binary system showing solid solution rel

AOGKS]

. JGNEOUS ROCKS

these crystals contain greater omount of B, the mel; S

i in ; : el 1 beco :
enriched in A and s composition moves along the liguidu.
curve lowards A, ; i nE the liguidus -

(ii) Duc..to vontinual lowering of tlemperature .Lh.: ¢ sla]. 1
original cnm[lmsitiun I react with the melt m;d meirrscm § :. ;
lion changes in lh_c direction of the arrow on' the solidus cﬁv : T
As a result content of 4 will increase in hoth the iz
praduct and the mell with falling 1emperature.

(:'ﬁ') The crystallization stops at lemperature T, when the crystals
have the same composition as that of the original melt M

the temperature s Jowcred further the composition of the

crystals will remnain constant al composition M.
5.10.2. Crystallization of Ternary Magmas
The crystallization of three component magma can be represented b) &
riangular diagram. An example of such a diagram is shawn in Fig. 5.4 in
terms of threc componénts © (¢} albite, (if) anorthite, and {iii} diopside. The
contours in this diagram represenl melting temperatures and are known as

DIGPSIDE

ALBIRE abam L ANBRTHITE

Fig. 5.14. Crystallization of termary system diopside, albile, anorthite.

“isotherms™. The surface defined by these isothenms is called “liguidas
surfice™ Let us study the crystallization of 2 magma of composition

Fig. 5.14 therc is one houndary curve which separics the field of plagioclsse

{rom ficld of diapside. The point £ is in the diopside field .md rap"rescm.s :a- -

temperature 1275°C, : e ST e
(i) As the temperature falls, diopside _hggjgs-_g? _crys'ltal_hze_,_ _
" the separation of diopside the Jiquid is eundled in albite

s

ystalline.

F. Ihe
Composition F represents 50% diopside, 25% albite and 25% anorthite, Jn
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anorthite. and the paint ¥ moves downwards in the dire

;,r the a‘rmw. Ultimately it reaches the Loundary of |
; o

plagioclase ficld at G (lemperature 1235°C).

(1) Poinl G represents |76 diopside crystals and 3% li_qu'!
" |{ere anonthite-rich-plagioclase (Ab,Any) stants crystalliziy
With the separation of crystals of both diopside and An-rich
plagioclase, the composition of the mell moves a|mg
¥ houndary curve in the direction of the arrow. It means that
melt pn)'grcs;ively hecomes rich in albite.

(ifi With falling temperature the earlier formed <rystals g
plagioclase react with the melt and their composition change
continuously. For cxample, at K plagioclase of compositic
L {Ab,An,) separates out and all earlicr crystals of plagioca
will also change over to this composition. ;

(iv} All the liquid disappears at M and the plagioclase arrive
the composition AbyAn,. The composition ol diopside, ho!
ever, remains unchanged.

In the above discussion perfect equilibrium is assumed throughout
crstallization, 17 however the cquilibrium between crystals and liquid is n
meintained duc 1o rapid cooling, new plagioclase will coal the early ones
the teby [orming zoned crystats, Magmas that give risc (o igneous rocks, are
made up of scveral components and their crystallization is rather a comp!
[ ==

5.71. ORIGIN OF IGNEOUS ROCKS

The mineral composition of an igneous rock is determined by th
chemical composition of the inagma from which it crystallized. Because
large variely of igneous rocks exists, it was originally thought that an equally
large vaicty of magmas also exisied. Later on geologists found that only
o types of magma existed and all types of igncous rocks were derivesd
from them. These magmas are () acid magia, and (ii) basic magina. '

Acid Magma. The magma which is rich in Si, Na and K, and poor in
Ca, Mlg and Fe is called “acid magma™. It results from melting of the carth’s
crust itsell as a parl ol the rock cycle. Acid magma produces “acid rocks”
such as granits and rhyolites, '

Basic Magma. The magma which is rich in
in 5i, Naand K, is called “basic maging
of rocks lying beneath the eanth’s crug
rocks™ such as pabbro and hasalt,

_ Thlc tWo magni theory was also discarded soon and it was su| esh:d
[h?.l a single magma of basaltic composition could praduce ;L Ifgg vihg
mincral composition. The procesy by which the grimﬂ:c; [;;5:‘:6 Tigmﬂ

is rich in CA, Mg and Fe, and poot

- originates due Lo partial melting

L. Basic magma pives rise to “basic
i !

separatian nf seme of the magmotic ponstitnens. [epas

formed in this way.

SoKS |GNEOUS ROCKS ; s
'ﬂ . . . ) a ] £ At
s ipto Iractions that give rise (o rocks of various ypes, is called
Srlits ; _ .

"rJ'r'rﬁ'rtrnrimimi" : .
“ 5101 pifferentiation

The process py which a magma splits into paﬂs. having d"”ﬂémtu_r_n." :

o i called “differentiation”. These parts on cooling and solidification
ﬂ>l'lIUI " rocks of differeat types. Differentiation frequently 1akes place
l!f“F“"cf' ling of magma. The various processes that operate during dif-
Juring L‘j}‘; are : (i) liquid immiscibility, (if) fractional ceystallization, (itit

rL‘rm‘i:i\rm-.;:illing- (fv) gascous transfer, and (v} fillerpressing.

grav " A [mmiscibifity. A magma may splitup into two immiscible liquid
. F‘lfl‘ " different composition like oil and water, as a result of cooling.
e Ul crystllization of these immiscible parts gives fise 1o different
.Hum?q}ler:cks Liquid immiscibility, however, does nol accur between {Tuiit
U‘P?br 2 r;'ng;ilicatcs and thercfore its role in causing differentiation of
:::r::‘l insignificant. The only well-known case of liguid immiscibitity
s petween sullides and silicates.

t—___.—l—-—'—'_'_‘.—' B ks
Fractional Crystallization. As $0DN a8 2 Magma stars L_r}'siﬂ"l.ﬂngv....
differcaliation begins. Differentiation- is hrought aboul in [Wo ways . (LI

whrough localization of crystallization, and-{if) through relative mavement
al crystals and liguids. i

3 Crystallization may be localized at a conling rna}.rgin‘_.Asl un__.'sl_a111!z;ufm: =
proceeds. the peripheral parts of the mass get impavetised m.me_cryft; .tnn-,‘
substance. The supply of this substance is belicved to be mainlained by onic

i i ! : 2 & imoan
diffusion or convection currents from all parts of the magma IEu ;
ioneauws mass concenteation of basic mingrals [ ; Deeye pear )
and acidic mingrals popenate 10 1he central-part.

It wus, however, found Lhat ipnic diffus n.'ur.
liwe role in causing fractional ervatglli : ;
Gravily Setlling. Heavy crystals tormed. during the ﬂi‘_fl_ﬁ' Pha-"':_ ﬂﬂ-‘
crystallization of @ magma have a tendency sink down. This ?Foccst:]"e
sinking is controlled by the vesuosily of ihe magma and by the size. S2D

Caraulby BT Ei\:"l:
g ity of crysials i gtals under gravity is an etTeF | :
-and density of the crystals. Settling of crysta o R e
tion of olivine,
¥ the baseof an:

process al differentiation, This process acts sipultansous
crysinllivation. Many cuses are known where sc‘._l_l'egi
Pyroxene, wagnetite and other heavy mninerals arc found nea
mtrusive-hody, b . .

- B ar ; he mgmatic gases and
Gaseous Transfer, Wilh relense of pressure. the mag :

: 3 Sirecvion of lesseaed
volatile compounds tend o migrae upward i the divect VR
LSSUTE i calag 15 nf comy e
pressure. Their movemunt - generales o SOl 08 MY ‘tgoi-"sulfiﬂ?'mﬁ“““-

ures thal oceur near the apices oF some

jgncoushodies a.rc-_helie_‘@d_.lﬁ'hu

sotion which Causes .
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bhuilding regions luteral pressure

4 crystallizing nugma, it drives g
residual uid fronn the oy atalline mesh. This resulls il? the ""—‘['El!'e]-lm

rosidual Muid from the salid phase. ![l\lll\‘ 1 \\\' Im‘:um_n the r?-suiun_
¢ w[:.ﬂi';ﬁ anil forms it rock much different {rom the first. This pro

Filter Pressimg. 1n o

When the lateral pressure acts on

';]'.l'l'f[\‘nh-.ﬂion i called e pressing”

& 11.2. Assimilation

<A mapma while rising up v ards the curth’s suﬂ‘ucc can cng;ﬁ
ments of country rocks through which it passes. 1l these [rag
e, the process s called © assimifation”. 1f the
rin entrapped within the mass of the crystallized
{ country rocks are called “xesroliths™

igested by the
digested. they e
Such entrapped lragments o
As assimilation involves remixing of rocks in the magma, it
repanded as the reverse of ditterentiation. Assimilation also produe
tion in (he composition of igneous weks lgneo ks
digested xenoliths are called “hvbrid rocks Inh I
lions take place between xenolith: ading magma. As a
acid mapma is basified and the basic xenoliths are acidibied. -
Because magmas usially have a limited amount ol super hea
capacity to digest xenoliths is not much, They can assimilate xenol
upio 10% of their own mass. Thus the process of assimilation is not of
importance in causing variation in igneous rocks. i
5.12. BOWEN'S REACTION SERIES
The coaling and crystallization of magma is a complex chemical |
:n which various silicate minerals erystallize in a definite order.
quenee of separation of minerals from a silicate melt is now well estal
I 2 mineral remained in the meit after it crystallized, is would re
he remaining melt and produce the next mineral in the sequence.
-tudying the crystallization of coaling silicate imelts, N.L. Bowend
o T\:acliun serics : (i) continuous reaction series, and (i7) disconti
reaction series.

Continuous Reaction Series. Minerals of a solid solution
Mﬂ[@uﬁgi_rjgyﬂgn ics. The plagioclase [e
2nd memmbers anorthite and alhite, exhibit such a reaction. In a coolil
An-nch plagioclases erystallize before the Ab-rich members. With
temperature Lhere is a continuous reaction between the melt and pre
- rvsials ;u{d thus the composition of crvstals is continuausly being ch
w-:lf a solid Imlulicn series in which I.!n; variation in mmp;n;iLiOII 1s pet
-_:ommuou_s. is called “continuaus reacting sevies™ If chmﬁic:ﬂ C'l“iﬁ
is not maintained between mell and crystils during CEM the res
cryetals may show compositinn. 2 ' L

/" qocKs- : IGNEOUS ROCKS

3 (E‘tt‘*'d‘_ﬂ.lht‘A.

S =
0 %"'“4 Jhae Hhes e
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_—QuIVINE # :
& Ca-RICH PLAGIOCLALE

ORTHOPYROXEME

Ca-Na PLAGICLLAGE

CLINDPYROKENE :
No-Ca PLAGIOCLASE

AMPHIBOLE
BIOTITE Na=~RICH PLAGIDCLALE
K= FELSPAR
(A) } 8}
MUSEOVITE
RUARTZ

Fig. 5.15. Bowen's reaction seri¢s.
(a) Discanlinuous seties. () Continuous series.

Discontinuous Reaction Series. Disconlinuous reactions ore those
which oveur at fairly definite lemperapures. Such a reaction takes place in a
cooling magma ot n cerlain kower temperature when an early crystallized
mineral reacts with (he magma to lorm a new minerl of different composi-
tion, A serics of Mg-Fe rich minerals that crystallize [rom a basaltic magma.
are found w be related 10 each ather by the discontinuous reaction. Such
minerals when arranged in a proper order constitute a “discontimuaus reac-
tion series. For example, early formed alivine may react with the melt al
1 lower femperature (o [orm the pyroxeac, then the pyroxene may transfom
into the amphibole, and biolite may form as a rr:uctinr} product of e_ﬂlh -
crysiallized amphibole (Fig. 5.13). The lwa j inerals of a discon- °
linnons reaction series arc said Lo form a on pair”. For atmb,
olivine and py ne logether [onm & reaction pair. Minerals of the discon-
{imuous series often exhibit incongruent melting.

A criterion which is common ta both the continuous and discontinuots
reaction series, is the tendency of one mineral 1o grow n.ruu.mi another. In
case of the continuuys Serie \his results in the uning nf_mu-crysi.als and
in the discontnuous series this commenly forms 1€2¢007 Titns, COronas, eic.

Bowen's reaction series is illustrated in Fig. 3.13. &1 the upper end
where mixtures arc more hasic, therc are W0 distinet reaction SEries - (iy the
continuous series of the plagioclases, and (if) the dlsc(!nunutl}iu:h:cﬂi:
n'livmcs—p'yruxcnes—mnphiho!cs, pic. anan_ls Lhe lo_wr:r end o y .
come less distinct and finally merge into a single serics. e

The reaction scries suggesis hat as a magma ol hasaltic ‘:"I“P‘_"l“’_“:
couls, olivine and An-rich plagioclase 'my'ay;l_.:tllu: first. If these minery v...
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b the magma, they will tend to change into pyroxe;
and more Ab-rich plagioclase, and the rcguI.ling rock wi]F be a .i_!ifhbru T
basalt. 1f, however, most of the early olivine and An-rich plagioclase
removed, as by gravily setiling, the u1mnposuion of the remaining melt
tend to become enriched in Si, Al, Fe', K, Nu and H:O @d _CQ?__ Such
would produce a mineral assernblage consisting mainly of mﬂphlpoles, sa
mica, alkali felspar and quartz. It should he noted that these minerals
relatively low temperature, lale stage crystallization products,

5.13. IGNEOUS ROCK TYT'ES

* remain in conlact Wil

Granite ;

Nayure. Plulonic rock, Acidic. Light coloured.

Mineral Composition. Esscntial minerals are K-felspar and g
Usually both K-felspar and oligoclase are present. Common access
minerals are mica or homblende. Mica is commenly biotite bul muscoy
may also be present.

Texture. Textures vary from fine to very coarsc. Equigranular texture
common, Some varictics may show porphyritic texture, ;

Varieites. Granites are named aceonding (o the main accessory mineral,
such as biolite-granite, hornblende-granile, etc. There is a complete series
grading from granile to granodiorite. “Granodiorites™ are those in which
plagl_oclascs exceed K-felspur. In these rocks percentage of dark minerals
also increases. :

Occzfrrerzce. Granites commonly occur as major intrusive bodies, sud
as balh-lf)lllffs and stocks. Many granites are considered 1o be the resull o
crystallization from melts at relatively low lemperalures,

Syenite

Nature. Coarse grained rock, Li I g
. Light eoloured. C s
between acid and basic, omposition intermedial

The average syenite contai
. ! ntains from 80 - 85% fels ief :
minerals arc hornblende, biotite and pyroxenc Fpec Chier aceees

Textare. Generally e

uigranu] - Tral e e
show porphyritic Iexturc.q granular coarse prained. Some varicties may

Varieties. (i) Monzonjte i
rieties. te. A syenile with alkali
(agdesme] in almost equal amounts is calleg 11 =
greater amount of dark minerals, (i
L - iy N
alkali felspar and more hap 54, il

felspar and plagioclase
nonzoaite. It usually contains
“epheline syenite, A syenite with

Nepheline is called nepheline-syenite.

Occurrence. Syenites form mare; al aci .
They may also oceur as siock ®inal facies about granite intrusions.
T as elncks and laccoliths, ’

AOCKSH : |GNEOUS ROCKS : ; i
Diorite
Nature. Plutonic rock. Composition intermediate between acid and
pasic- v e ; .:
Mineral Composition. Principal mineral is plagioclase felspar
{oligoclusc to andesine). Homblende is the chief dark mincral. Usuaily
piotite is nlso present. Pyroxenes are rarc. Mafic minerals are present in’
sulficient amount fo give the rock a dark appearance.
Equigranualr. Coarse to medium grained.

Texture.
Occurrence. Dioriles occur as marginal facies of granite. They also
occur as stocks and bosses.

Gabbre B
Nature. Plutenic rock. Basic. Dark coloured. .

a. Plagioclase felspar and mafic minerals are
Essential minerals are calcic-plagioclase
(augite) and magnetile. Olivine is also
te, homblende and

Mineral Compositio
present in almost qu.!ﬂ.l_ amount.
{labradorite 10 _xmorlhlle). pyroxenc (aug gne!
present in OSt gabbros. Accessory minerals are bioti

ilmenite. -

Jexture. Equigranular. Coarse to medium grained.

Varieties. (f) Norite. Rock containing ensiatile and hy-pcmhcm (0!!]‘1'{:1'-
hombic pyroxenes) along with plagioclases is called norite. (ii) Anorthosite.
Rock composed almost entirely of plagioclase is called anorthosile. ;

. Occm'rmzcé. Gabbro occurs in the form of intrusive igneous bodics.

Lamprophyre

Nature. Medium grained alkali-rich rocks
position are called lamprophyres.

Mineral Composition. Chiel mine
arthoclase and plagioclase) and mafic m
phiholes). i

Texture. Medium grained rock having abundant
a lexture is called penidiomorphic EXtUre.

Occurrence. Lamprophyrcs ocour s dykes and sills.

Peridotite : g S

Nature. Plutonic rock. Ultrabasic. Dark coloursd. .. / tirel -.(;f.l‘cr- i

Mineral Composition. Peridotite is:wmpc%ﬁ]i"i m;:i:tsm);di"m- 4
romagnesian minerals. The mafic ﬂliﬂﬂmfg?i‘;i:ﬂe P
in varyi inns. Felspars are 1 s :
hom:]iz:::li l::![l.,.l‘:: ;::lr(ll&spPi-nell.JMagnctiw‘ chromits, ibatemiR and.gﬂmel: are :
frequently associated with peridatites. ; : :

of basic to intermediate com-

ral conslituents are felspars (both
inerals (biotite, pyroxenes or am-

enhedral crystals. such

. Accessory minerals are o}
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remnain in contact with the magma, they will tend to ch.angc inlo pyraxen
and more Ab-rich plagioclase, and the resulting rock will be a gﬂ_hbm or.
basalt, If, however, most afl the_early olivine and An-r:cll.p!agloclase i
removed, as by gravily setling. the cﬂompositlnn of the remaining melt will :
tend to become enriched in §i, Al, Fe™", K, Na and H,0 upd CO,. Such me]
would produce a mineral asscmblage consisting mainly ol mnphih.o]es. 50

“mica, alkali felspar and quartz. Iv should he‘nul‘c(l that these minerals gre
relatively low lemperature, late stage crysiallization products.

5.13. IGNEOUS ROCK TYPES
Granite -
Nature. Plutonic rock, Acidic. Light coloured.

Mineral Composition. Essential minerals are K-felspar and qu
Usually both K-felspar and oligoclase are present. Common accesso
mincrals are mica or hornblende. Mica is commonly biotile but muscovi
may also be present.

Texture. Textures vary [rom fine to very coarse. Equigranular texnire
vormmon. Some varietics may show porphyrilic texture. :

Varieifes. Granites arc named according 1o the main accessory mineral
such as biotite-granite, homblendc-granile, etc. There is a complele seri
grading from granile Io granodiorite. “Granodiorites” are those in which
plagioclases exceed K-felspar. In these rocks percentage of dark minerals
also increascs.

Occurrence. Graniles commonly nceur as major intrusive bodies, such
as batholiths and stocks. Many graniles are considered 10 be the result of
crystallization from melts at relatively low termperaturcs,

Syenite .

Nature. Coarse grained rock. Light coloured. Composition inlermediale
between acid and basic.

Mineral Composition. Essential minerals are K-f; elspar and oligoclase
The averape syenite contains from 80 - §59 felspar. Chiell accessory
miaerals are hornblende, biotite and Pyroxenc.

Texture. Generally equigranular coarse prained. Some varielics may .
show porphyrilic 1exture.

Varieties. (i) Monzonite. A syenite with alkali felspar and plagioclase ;
(andesine) in almost cqusl amouns is called monzonite. It usually contains
greater amount of dark minerals, (41) Nepheline syenite. A svenite wilh
alkali felspar and more than 5% nepheline is called ncphcline-:,;fcn“ T

Occurrence. Syeniles form marginal lacies about Branile intrusions.
They may also occur as stocks and laccoliths,

AOCKS- IGNECUS ROCKS ;
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Diorite )
Nature. Plulonic rock. Composition inlermediate i .m.-'d &
hasic. 7 .
Mineral Compositian. Principal minera
(oligoclase 1© andesine). Homblende is the ok
pintite is also present. Pyroxenes are rare. Mg
sulficient amount to give the rock & dark a

Texture. Equigranualr. Coarse to medium grained,

Occurrence. Diorites occur as marginal facies of grazite. They also
occur as stocks and bosses.

.1 is plagioclase felspar
iel dark mineral. Usually
fic minerals ure presenl in

Gabbro '

Nature. Plutonic rock. Basic. Dark coloured.

Mineral Composition, Plagioclase felspar and mafic minerals are
present in almost equal amount. Essential minerals are """""i”,"""."""‘
{labradorilc o anorthile), pyroxene (augin: )yand mg]t‘lilc‘ Olivine is also
present in most gabbros. Accessory minerals arc biotite, hornblende and
ilmenite.

Texture. Equigranular. Coarse 1o medium grained.

Varieties. (i) Norite. Rock containing enstatite and hypcfnhmr: {orthor-
liombic pyroxenes) along with plagioclases is calllcd norile. (i} An‘nrtltmiu.
Rock composed almost entirely of plagioclase is called anorthosite. ‘

Occurmn&. Gabbro occurs in the form of intrusive igneous bodies.

Lamprophyre ‘ ’

Narure, Medium grained alkali-rich rocks of basic o intermediale com-.
posilion are called lamprophyres. _ T

Mineral Composition. Chiet minerql conslituenis are ferm s
orthoclase and plagioclasc) and rruz.ﬁc minerals (biotile, pyroxen ;
phiboles), : :

Texture. Medium grained rock having abundant eube
a texture is called penidiomorphic texiure.

Occurrence. Lamprophyres accur as dykes and

Peridotite 3
Natyre. Plutonic rock. Ultrabasic. Dark cqlaurecs .

dral erystals. Such

.sil.'}s.

in varying proportions. Felspars are
hornblende, biotite and spinel. Magnet
[requently associated with peridotites. g
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Texture. Equigranular. Usually coarse grained. :
Varieties. (i) Dunite. The rock compascd almosl whclly of olivine
called dunite. (i) Pyroxenite. The rock composed l:sscnlmll.y of pyroxen;
is called pyroxenile. (/i) Kimberlite, A varicty of aliered peridatite in which
diamonds are found, is called kimberlite.

Rhyolite :

Nature, Densc fine grained rock. Volcanic eguivalent of pranite, A
Light caloured {(commonly white, grey or pink).

Mineral Composition. Mineral composilion of rhyolite is similar to t
of granite. Essential minerals are alkali felspars and quarnz. .

Texture. Fine grained. Porphyritic texiure is olten I'nund,J whei
phenocrysts of felspar are set in a finely crystalline or glassy gmli_ndmg'g 1
Rhyalites may show a flow structure giving a banded or streaked uppearance
to the rock. i

Varieties : (i) Obsidinn. Completely glassy rock of acidic composi )
is called obsidian. It shows vitrcous lustre. Colour of the rock is brown,
black or green. (if) Mitchstone, A black coloured glassy rock having a
like lustre is called pitchstone, (if) Pumice. It is a glassy rock of aci
composition. [t contains abundant vesicles due o which the rock takes th
form af a light spongy mass. Pumice is formed on the surlace of acid lav.

Cecurrence. Rhyolites commonly oceur in lavaflows,
Trachyte
Nature. Volcanic equivalent of syenite. Acidic. Light coloured.

Mineral Composition. Mineral compusition is similar to syenite. It j
tius composed chicfly of alkali lelspars with some mafic minerals.

Texture. Finc grained. Porphyritic texture. Phenocrysts of sanidine
felspars are embedded in Lhe groundmass of minute felspar crystals, Bandi
or streaking duc to (low is common in the trachyies. As a result of flow the
tabular felspar crystals [requemly show a subparallel orientation, which i8
s0 common in trachytes (hat it is called “trachytic fexture™. Unlike th
mhyolites, glass is seldom found in the groundmass. ' '

Andesite b
. Nature. Voleanic equivalent of

_ yuariz-diorite, Composition intenmediafe
between acid and hasic. v ;

Mineral Composition. “The rock is mainly
(vilgoclase or andesine). Hornblende, bistite Ell'lg
i !m:scnl frcquamly as phenocrysis, K-felspar
in amaounts of less than 10,

composed of plagioch"l-'“.‘r"
ite or hypersthene may be
and quartz are absent or presen

Texture. The tock is fine grained w

. ith porphyritic tex a0 an
mafic mincrals oceur as phenacrysts, iy lure, Felspars a

: ; .. 2 . 1.3\3.._

e+ 1GN EEUG AEIE
eties. Andesites arc named according 1o the prominent ferromag- <
ineral present, such as homblende-andesite 6r Biotite-and, o %

Andesites occur as voleanic favaliows,

varri
sian

n
OCCH”E"C!’-

polerite e
Nature Dark coloured rock of fine grained texmre.

Minera
joclase : . !
PIaSITMmrE Medium 1o.fine grained. Inequigramlar porphyritic.
Varieties. An altered formi of dolerite thal has a dull green colour is
arieties. Al ) s i ki
called “dinbase .

Qccurrence.

| Composition. Dolerite is inuinly "corn;iuscd' of caleic- ¢ .
and augite. Augite [orms nearly 0% of the rock, ; :

Doleriles occur mainly as dykes and sills.

Busalt

Nature. Vob
Dark coloured. _ K ol
it ssential minerals are augite, calcic-plagiociase
ineral Composition. Essential minerals : cale _

d E;zeuxide. Usually oliyi_nc is also present. Lahradmm_fc}s;af lsllhi:
m;uic;‘ constituent of the groundmass whereas moteﬁca_l;n:_-p[ f,;uui :ltlsla:Y e
¥ i ¢ Qcc henocrysits. Augile 15 Ir £

rownile or anorthite) may accur as pus Augile | :
&Zﬂfd“hlgﬂl as phenocrysts and in the groundmass, bul olivine as2 rule pcedrs
only as phenocrysts. .

Texture. Fine grained 10 glassy. Porp
gas cavilies may occur near the top O
vesicular, : G ‘ o
Vurieties. () Olivine - hasall. th:n ohvmf- _lfj%r::::;lihw‘ﬂb. Bm.a]‘.___
amount. (i) Quartz-basalt. When guarlz 1s p_rc.:seml.J }:;:1 ke s
lic glass is called trachylyte. (1) AnkPrnmlte.h e g erey
auite is called ankaramite. (v} Oceanite. Ulira 95.1. hasalt nc or
olivine is called oceanile. i
Occurrence. Basalts are the most abu
form extensive lavaflows. In additionto ths'
many smal) dykes.
Pegmatites

Nature. Extremely coarse gmi.z\:_ed- : U
Their composition is usually gramitic.© = mn ihe conynon Tninerais

Mineral Composition. Mol pepmaties ;.:o_nc E:'I'hcf-cl"“m‘ e
found in granites but they are of eXIEY BRCe L gy 95 centitmetets
quartz, felspar and mica. Crystals of the mIBET ~ tite! nonazite and fluorie:
across are common, Tourmaling, ml 19})&2, i i
may be found associated with pegmatites:

canic equivalent of gabbro. Composilion basic lo ultrabasic.

hyritic texiure common. Ah.undam.- o
{ basalt [laws to ke lhnc ock:

ndant of the volcanic rocks and -
“hasalt is widely found fur_|_1_'u.l_'fg

e il e
CDIIIIIIO!III)’__SSSEW..WP[.‘.I gn!.m 5 :
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Texture. Extremely coarsc prained and irrepular. The constigyg .
minerals arc 3 cm or more in size. .

Vitrieties. A peculiar textural variety known as “graphic granite»
commorily found in pegmatites. This rock contains crysials shawing i
growth c_r[: quarty and felspar. =~

Occurrence. Pegmalites arc closely rel:l!cd_ genetically to large g 5
of plutonic rocks. They may be found as veins or dykes “V§r§ihg§
plutonic igneous rock. More cormmonly Lycy extend out from 1t into
surrounding country rocks. The coarse graims n_l‘ pegmalites are largely
result of the presence of volatiles during erystailization rather than the res;

[B T
of slow coaling.

REVIEW QUESTIONS

Whal is lexture of an igneons reck. Discuss briefly the 1ypes of lextures foune
in igneous rocks. : =

2. Enumeratc the importznl ignevus rocks and give their distinguishing chara
lers. i
3. What is magmatic differentiation ? Describe the processes thal brings a

differentiation of magina.

4. Classily igneous rocks il various groups. Give the tabular classification
ipneons rocks.

5. Diseuss magmatic differentiation. Explain the reaction series of Bowen.
6. Describe the various textures and structures found in igneous rocks.

7. What is eutectic 7 Describe the crystallization ol magma consisiing larg
aof two constilents. i

Discuss how ihe knowledge of the crysiallizavion of silicate melts helps Ug.\
understanding the ofigin of igneous rocks.

9. {a) Desciibe the various structuses found in igneous rccks.l

() Write a short account of the fraclional crystallization of basallic :-:iasmﬂ

10, Wrile shorl noles un the fellowing,

R‘:af"i"“ rim. Batholith, Dyke and sill, Xenolithic structure, Rock eyel
Assimil

ation, Extrusive rocks, Parphyritic exture.

6.1. SEDIMENATARY ROCKS

The total amount of sedimentary rocks thal exisis in the upper 16
kilometers of the earth's crust is estimated to be only ahoul 5%. These rocks
are found chiefly as an extensive cover over the continents. “Sedm:en.-gry
rocks™ are formed by consolidation and cementation of sediments deposited
under waler. Sedimentary rocks also include the rocks ]’ormfd by a’;_cumulu-
tion of chemically precipitated or arganically d.cri.vr.d mnaterial. Sedumentary :
rocks oceur in layers and frequently contain fossils.
6.2. FORMATION OF SEDIMENTARY ROCKS

The formation of sedimentary rocks takes place in three ’L:?( l‘:))
weathering and erosion of preexisting rocks, (i) sedimentation, HE
lithification and diagenesis. ¢

Weathering and Erasion. During weathering and ’:“mm"“' iﬁﬁtﬁ:s
ing rocks and their constiluent minerak are broken down. "1 el
produced is called the “sediment”. The scdiments are US“? ia!cr Ll
and depasited in areas of accumulaiion by the \xl‘lm:ioi ihe scdiments
frequenily by glacial or wind uction. During l?mp;‘ﬂuer rocks [ragments, -
are roughly sorted and deposiled according 1o SiZe. Igigclu)f% are deposited
such as gravel, seitle lirst, sands are nextin order and : r;;,\'el'ln solution,
in the last. The minerals which are dissolved by the Wﬂ‘c.ﬁ : - m.: o.t"
Sedimentation. The process of Wcm“”lmmr_' D[.:d(::;r:: ian solution
deposition is called the “sedimentation”. The ml;:.:rm:"diul:' stage in tie
Precipitates and accurnulates. Sedimentation is the ;
formation of sedimentary rocks. : g Jby Shichaah =
Lithification and Diagenesis. “Lithification’ % awﬂﬁs process is
and loose sediments are converled inla hard and ﬂrm_ T
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alsocalled “consolidation”. During this process '“m'_-v ph}'si.c:ll n:nn! chemical
chanpes take place within the sediment. Su:t‘h :hungf; a:\. ug_l%fd the
diagenetic changes and the process I8 dcscrlb_:: .15” t‘m},r-’ﬂf{-s{l . Thg
diagenesis includes three processes - (i) compaction, ({i) cementation, :.md;
(iff) recrystallization. ) 3 :
(i) Compaction. Compaclion occurs when the wczgln ul. (lve:r}ying
layers compresses the sediments below, As |J}r: gruins ol sediments
are pressed closer and closer together, Lhete is Cnll.‘?llll:]’ilb]& md*_l
tion in pore space and volume, Finc gmlned_ seidiments, such as
clays are consoliduted more cffectively by this process.
¢ii) Cementation. When water circulates through the pores of coarse
praincd sediment, dissolved mineral matler is precipilated be
mween the grains which causes cementation. The most commey
cementing materials are silica, calcium carbonate, iron oxides ani
¢lay minerals. The identification of the cementing material is
relatively simple matter. Caleite cement will clfervesce with dilut
hydrochloric acid, while iron oxide gives the rock a charucterst
red, orrange or yellow colour. Silica, the hardest ol the cemen
produces the hardest sedimentary rocks.

(iif) Recrystallizatian. Although most sedimentary rocks are lithified by
compaction, cementmion or a combination of both, some are “cor
solidated chiefly hy Lhe reerystallization of their constitucnts. Chens
cally formed rocks, such as limestones, dolomiles, sall and gypsor
arc the examples of the rocks consolidated by recrysiallization.

6.3, CLASSIFICATION !
The sediments from which sedimentary rocks are lonned, may. b

divided into two major groups : (i) clastic sediments, wnl (/f) non-¢
sediments.

6.3.1. Clastic Sediments

e A N R

.

“Clastic sediments™ arc broken fragments of preexisting rocks ranging
in size Irom minute clay particles 1o very lurge boulders. Clastic rocks ar
formed by the mechanical accumulation of grains of lastic sediment
Dcpcnding upon the size of constitent grains, the clastic rocks are classificd
into three groups () ruduceous rocks, () arenaccous rocks, and (@)
argillaceous rocks. :

Rudiceous Racks. These rocks are fonned by accumulation ol bipger
rocks frapments such as gravels, pebbles and
rounded, the rock is colled
is tenned a8 “hrecein”,

; boulders, It the prains arg
eonglotierate™ and if iy are angular, the rock

i Ari;;_::c.cqu; Ru«.k\ Th!:r:u: rocks are composcd almest entirely of sand
grmr!.s, en in nu!lml grains are rounded, e rock s ¢ylled “sdasione
and “gri™ if the grains bre angular, I :

NTARY AND METAMORPHIC ROCKS :
GEDIME Ks i

“gnluce““-" Rocks. These rocks are made up of very fige Emﬁwed"

o, “Shate” and “mudstone™ are ypical argillaceous racks which

ments: : -
_q.dlf;ﬂqc Jof clay-sized sediment.
calmer”

i 0 soIme cla_slic roc!(s wt_lich do put fit into the above sdig

- oatich They require cuns'lfllcralmn of mincral compesition also, For. .
clossi e, when appmcmhlc quantitics of felspars arc preseat in a sandstone
cxump‘k- is called “arkose”. When the sandslone contains an ap‘pn:ciabi:‘
the "‘.Lw of clay as well as angular quariz grains, the rock is called
quant! wacke”. In addition there are many clastic rocks which contain prains
“grayn ﬂumﬂ ane size. For example, a rock containing a mixlure of sand and
ofmor e classified as “sandy siltstone” or “silty sandsione” depending
L iy article size dominales. :

FC}53,(5-“:

e

sil
an which P .

6.3.2. Nonclastic Sediments . : :

Nonclastic rocks include lh{;sc_ sedimentary rocks which are formed by
hemical precipitation of mincrals from water or by accumulation of remains
:;f animals and plants. They. are classified into lwo groups - (i) chemieally
formed rocks, and (i) organically formed rocks.

Chemically Formed Hocks. These rocks are formed when m'mcr_al
matter in solution is precipitated from water, usually because of clfanges in
waler lemperature or in the chemical content of water. Such chewnical sedi-
ments are derived from the dissolution of materials fron alder rocks aml
suhsequent transportation ol dissolved chemical substances mta se_ur:;
lake. On the basis of compaosition, the chemically formed rocks are clussi
as follows, =

(i) Carbonute Rocks, “Limestones” and Sdolomites” are 1_I|;e u_mz:;
abundant carbonale rocks. They are formed by the chem :

SRl - : 1 willer.
precipitalion of alciwn corbonate from Seit Wit

. . : ; involved in the
(ii) Salt Rocks. Evaporation is the major process involved it

deposition of chemical precipitates. The salt d‘:‘?“’““ f:::‘:"d_[::
the evaporation of saline lukes are called “'E-.J .ﬂ:npg sulfates of -
principal minerals of these deposils are chlori |Lsdrilc S laete
Na, K, Mg and Ca. Rock-salt, gypsum 100 antee’ o %o
the most abundant mincrals of' evaporiles. They col b

massive beds. e rowhich are

{ifi) Ferruginous Rucks. This.Fm“P'inciudc§-'lhqﬁc'-i::skss:..‘-ll: rocks |
formed by the chemical precipitation pi trom (I’I: sm:.h as siderile, -
contuin a high proportion of i_fflf!‘bm“g mul:f-'lis an-exumple of
hernatite, chamosilc and pyTite. L
ferruginous rocks. e e

() Siliceaus Deposits. .Siliccqu_.:’-rq;?-m:
Precipilated from waler. E,‘mnp}r.s_qflmh
Jasper and agate. ST

Wrgn-sione”

e
eposits are. flint, chert; -+
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-
Organically Formed Hocks. These rocks arc composed main)y
remains of animals or planis. Qrganically furmcdl rocks are subdivided
LW RrOUPS (6] picchemical rocks,and (/1) organic rocks.
n Biochemical Rocks. The biochemical sediment is producegd
plants and animals living under water, exiraci from il
mincral matter, usually calcite, to form shells or other hard
These shells accumulate on the ocean floor in great quant
form scdimentary rocks. An example of the hiochemical
“shell - fimesione”.
(i) Organic Rocks. Rocks containing organic maller belong |
group. An cxample of such rocks is “coal”. These are also)
the “carbonaceous rocks’. : :

6.4, TEXTURE
“Texture” means the size, shape and arrangement of grains in

As sediments contain particles of various size, grain sizc is an imp
factor for the description of sedimentary rocks. Depending upon
particles of sediments are classified inla pebbles, gravels, sand, silt and
and each of Ihese gives risc to a perticular type of rock. This classifi
is shown in Table 6.1. 5 :
Table 6.1. Particle Size in Sediments

T e AR T e vt

Grade Grain Size Hack T};p:,'.
Pebble 10 mm and above
Gravel 2mm (o 10 mm” } foglameeiie
Sand 0.1 mm 0 2 mm Sandsione
( Silt 0.01 mm to 0.1 mm Sillstone
Clay Less than 0.01 mm Shale

. _Thc_ grain size of sands varies from 2 mm to 0.1 mln_"l'hﬁ}'.a.Iie
duuded_ into four groups : (i) “very cogrye sand” (grain sizc more tha
mm}, (fi) “coarse sand” (grain size 1 1o 0.5 mm), (ffi) "medium sand’’
size 0.5 0 0.25 mm) , and tiv) “fine sand” (grain sice 0.25 to 0.1 m

moiff;rﬂlﬁu :w};::h contain grains of various grades in nearl
sl Wil o ; unassoried”. On the other hand, sedimenis contd
The degree of a:m grade only, arc said to be “well assorted” or "gra
ments deposited :oru?em may be high in many wind deposits and in
less well eraded 2 ety Slnp'f‘g sca Moors. Stream deposils are comi]
graded. Glacial depasits are generally unassorled.

The shapes of the const

: SR ituent grains of sedi e
siderable significance in the £ I sedimentary rocks are

study of texture. The grains of a rock

| SEDIMENTARY AND METAMORPHIC ROCKs -
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atially rounded or angular. Grains which hive
_;'{(lcrﬂhlc distances commonly show u high degree of roundipg
rains that have resulted from disintegration, voleanic explm;) o

N |. | pction are commonly angular. In breccias the rock fragme e
£ "u?ur while in conglomerates, Lhey are rounded. e

ang! . .
The chemically forned rocks may contain rounded cancretions. If they

gr¢ of the 7€ of  pin bead (rsiZe Imm}, the texture of the rock is said to
b aolitic”, and if they are of the size of a pea, the lexture is described -
"P’""o‘lmcn' ! 24

The 1exiure and mineral composition of sedimentary rocks are of great
ealuc in Jetermining the nature of the environment at the time when the
ediment was deposited. A cong!nm:rale, for example, indicates a high
cnerty environment,such as a swittly Mowing stream where only the coarse
material ean e deposited. The. arkose sugpests a dry climate whers finle
chemical alteration of felspar is possible. Carbonaceous shale indicates a
Jow energy, organic rich environment, such as swamp or lagoon. -
6.5, STRUCTURAL FEATURES :

The importunt structural features ol seduncntary rocks are stralification,
[mmination, praded bedding, current bedding and ripple marks. Besides
these, there are some minor structures such as imud cracks, rain prints, racks
of lerrestrial animals, elc. These structures give clues to the past environ-
menl. :

been iranspanteq

(o can
ereds S

Stratification. All sedimentary rocks are, in geperal, characterized by
stratification. Deposition of sediments inio layérs or beds is called the -
“stratification”. The planes dividing different beds are called the “bedding
vlanes” (Fig. 6.1y, The thickness of a bed may vary [rom it few centimeters
10 rany meters. Different beds are dislinguished (rom cach other by (1)
d_‘”:EWIICc in mineral composition, (i} variation in grain size or texture, (i}
dillerence in colour, and {jv) variation in thickness.

_ Lamination. Thin be-
d}"E‘ less than one cen-
l.llmelcr in thickness, arc
;jll)tfi "tqmi;lmn'on" (Fig.
|'0tu;d innnpulloll is vsually
it l-i very fine gm'Enc:l

¢ shale and gives

lae T 5 d
pmm .”w characterstic Fig. 6.1, Stratification. Bud
g, OF Bssility. In oag S MR L L

qMr‘;:umml rocks, the clay and other {laky minerals nge oy i|:'::‘j wllh S

S lageg paralle] - bl Jt-!i'u}l.lld_ aoted that & 1

lion oy, €l 10 the plane of laminabon. 1t withifi @ hed whereas
RLLETH T ;

BEDDING PLlM_E_

" shows laminotion:

ers 1o parg i - minegals WiL :
parallel arrangements. of ¥ e odt by hcdtl_i.rl_'é -?hmc.f-.

AN refers (o g succession of beds sep

r
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Graded Bedding. In
“eraded Bedding” cach h§ll
shows a gradation in grain
sive [rom coarse helow 1
line abave (Fig. 6.2). The
graded bedding results from
ropid sedimentalion in
water. This struchire is com-
monly found in graywackes.
The bottom of a graded bed
penerally lics on shale and
may consist of i coarse aril.
[t than shows an upward BeTTOM
transition towards fincr
material. Al the top it com-
monly ends in shale.

Current Bedding. Curent hedding is also callod the “cross bed
In this structure minor beds or laminations lic at an angle o lh‘c.'l'll:ir;

TOP

Fig. 6.2. Graded bedding, i

MINGR BEDDING
|

M AJOR BEDDING
PLAME i

ﬁf:lmd ‘:;ralﬂ:cau_m (Fig. 611 3. These minor beds commonly tenminale i
I t;pnm ;Jn 1Ir1cy are averliin by the next current hedded deposit. Carren
¥ y:d oled in s.hu[Jow water and wind lonmed deposits. Th ;
i ;HF’ L unges in the velocity and dircetion ol flow ol sires
s rg, g 'um.m. ln_ current bedding, the iminor beds are inclined -
.csrm a wedge in the dircction of waler cuments or prevailing w
Ripple Marks. “Ripole marks” oy o
are _lhe wavy undulations seen on the
surface of bedding planes (Fig. 6.4)
They are produced by the aclinn‘ ct"
r\;f;:}'es and currents in shollow water
I}IE'SS:"EC{L}TU may also be Tormed on
w'm{j Mace of deposils [onmed b
- .IRIP[}lc marks are of two Lypc}:,
;m’r:;(;”‘}’llun;l_mm[ e cumeni ripp];:
lalinﬁ. and (if} symmetrical or oscil.
ik arks are wselul in determin. e
£ top and botam of deformed b Fig. 6.4, (a) Symmulrim['f'lPF!l
A s, (B} Assymetrical ri}1|i_13' UE

HDGKS.u;sEDIMENT.&HY AND METAMORPHIC RacKs

pinor Structures. Tl.lc surfice of bedding plmm“ﬁ o PTG
qruclures stich as mud cracks, caln prints and racks and s of s
: cnlrullr.m]}f preserved as casts. “Mud c'ru':f\-.x".. m:"”:*irfm-l"“ These ;
¢ gm_‘mcd sedimentary racks thal have been Clm«l it:'}:m- [mmd i
| conditions. They fomm a network of ﬁmm.mmhﬂ‘"g ‘under,
areus. Mud t?mcks are charactersile of the flood plains of farge mi,;m:\mf“d
i s  slight shallow depresson rimimed b  low cidge wtich i
{he impact of the rain de. It is formed when a briel rain shower [ells un 1
gmoath surface of fine gruincd sediment. “Tracks and iy fwe the I!inl.!ﬁngs
jndicaling the passage of some animal over soll sediment. Al theie mmm
suructures i found in formalions that have been dismrbed hy severe folding, arc
of preat help in detenmining the lnp_and botiom of beds, = e

Concretions. “Concretions” are variously shaped mmasses o nodules
\mincral matter found within 2 sedimentary rock: Thr[.rghg?c iy be spheti-
cal, ellipsoidal, lenticular or iregular. Concretions generaily consist of cal-
cium carbonate ot silica and often possess an internal radiating or concentric
structure, They are formed by the deposition of mineral malter from per-
golating solutions aboul a nucleus. Their chemical COmMposition is gr:né;:i:liy:

dilferent from the enclosing rock. They often represent o concentration of - -
e of the minor constituents of the

the {in€
cub-agria

host tock. For example, in limestones ©
flint, in clays concretions are of calcmm. ;
afdstones the concrefipas are commenly

W]y}
there are concretions of chert or
curbonate or iren sulfide, and in s

of iron oxide or calcium carbonate. -
; : £i0y

L AVG. TGMEBOUS .
RERT S

AV LRE
) __Hgnti

SANDETONE
SHALE
] LiMESTONE.

LATE RITES
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6.6. CHEMCIAL Con-ri-l‘}{zgmmsiriun of sedimentary rocks iS";gujie'_
deLflf[rr from igneous rocks. For t’.‘xalmp]e, a sands
silica, in banded iron formalions the iron
av he as high as 58%, in pure luncsl.onq l.hc Cao Uffmen‘l"
conlent TJ)Th' jurge rnge in composition which is |!lusug1cd in F?g,
iy it " u::gd by weathering cycle. This c_',r'_:le has a tendes
{ﬁlﬁeclcgg‘o;:rzm] <ed-jmcr|[s which arc compositionally very diffy
fil &
fpmru chemical sediments.
6.7. MINERALOGICAL COMPOSITION ‘
The mincrals of sedimentary rocks can be divided _1_m0 !wu mijor
- (i) minerals which are resistant to wcmhenn_g and “f)_ m.mcrais w
products of chemical weathering. Tlte:_ relative slabilities of me
weatherine are shown in Takle 6.2. This lable shows that quartz s
the most ;rs'[st:ml minerals whereas olivine is casily altered by chem
weathering. The position of minerals shown belween quartz and olivin
intermediate stabilitics. :

Table 6.2. Relative Stabilities of Rockforming
Minerals During Weathering

The range in che:
and in this respect they e
may contain as much as 99%

'L.uw stability Olivine
|
| i Anorthire
= ‘ Intzrmediate ‘[ Augile
B Plagioclases | Hornblende
=
Albile
Bimtite
K-felspar
Muscovite
Quariz

 Detrital sedimen
lonning mincrals sue
Small amounts of e
rocks which are fy
minerals frequently
siderite and cherp

[n addition 1

chlorite. These Mineraly
cates, such as felspars g

result from
livines anq Pyroxenes,

Lary rocks consist mainly of the most resistant
has quartz, K-felspar,
amnel, zireon and s
med from the ip
contain calgite,

the detrital yipe "
R, k : rals . ¥
tary rocks may conaig clay minerals and cheruj

pincl may also occur. Sedime
organic or orpanic precipitatic
argonite, pypsum, halite, he

(Kaolinite,Monlmorillonilc, THite ;
the weathering of earlier primary 3

mica and sometimes plagioc

cal precipitates, sed

(o ISEDIMENTARY AND METAMORPHIC Rogys - .

oc ' ! 8
<EDIMENTARY ROCK TYPES

b8 0k
(,‘nnglnmernle 2 S
Nathre: Consolidated gravels. Colaur variable.

) sition. Rounded pebhles ti :
fineral Conpo ' =t PEDDles are set in 4 fine opis o -t
M Irix Culmnull]}f'C(Jﬂ."-lsl.s ol sand or sl and ji js ‘u;‘f:;z‘: FI‘.#\“
JJcium carbonate or iran oxide. Thff individual pebbes may"hé'? silicy,
L-mllFUE‘E d of quartz or may be tock fragments ghyy have ot begy, Z‘;"F
L
poscd- T : Sl

Texiure. Yery coarse grained.

The mil

varieties. Fine conglomerates grade into coarse
contains angular or suhang.u]a: fragrm_:nts, it is cal
alaity © f rock fragments in breccia sugpests that
have travelled very far from ils source.

sandstones. ff the roc
"’d “breccia™; The an-
this, material could not

Sandstone

Nature. Arenaceous. Colour variable according 16 the type of i
material. Rocks having silica or ¢alcite as their cementing m:cfhlemnwmﬁgﬁ
in colour, those that contain iron oxide are red (o reddish brown, L

Mineral Composition. Quartz is the chief mineral _cchsﬁmgm__ Suﬂﬂ

amounts of felspar, mica, garnet, etc. may also occur. Cementing: maseriz
way be silica, calcite, iron oxide, clay or chlorite. . gl
Texture. Sandstones are composed almost entirely of well sored,-sub
angular to rounded sand grains. The texture. of sandsione i : (7). “codrse
groined” when the size of grains is between 2 to 0.5 mm. {ii} “medi
grmined”, when the size of grains is between 0.5 ta 0.25 wm, and (i)
&rained”, when the sive of grains is between U.:_E:i 1o 0.1 mm, _
. Structure. The common structures seen in the sdstones. are sizii
tion, current bedding, ripple magks and rain peims. Ml .
Varieties. (i) Orthoquartzite. White siliceous sandstones it which
of the grains us well as cement consist of quartz, are called °M
{if) Grit, It is a sandstonc containing shm'pl_v mgujargmus [h‘f) A‘
tharse prained sandstone containing notable amousls af .I'e__ispu 4
arkose. (iv) Graywackes, It is a grey coloured mcmlm]?ﬂ :
“Neular fragments of quartz and basic 18""“"3'“‘3‘ e
Ch][,)ritc or clay naterial. Grangii;kcs.mayaffqﬁmn "’-'mﬁa ;
feined clay or chlorite or both. The finer grained O bl
Sales, (v) Glauconite sandstone. IL:is a.greel ol
" Mineral called glauconite.: © .
Shale ' :

& Nature, Argillaceous. Colour variable
ftehed by 4 nife '




PRINCIPLES OF ENGINEERING GEOLO|
194 P
are compased mainly of cloy minerals ik

[ yition. Shales - : |
Mineral Compo synall amounts of ather minerals G

kaolinite, monunorillonite and illite. e
as quarlz, mica and chlorile are also present.

Texture. Very line grained with grain size less than 0.01 mm.*. 28

. sy canle marks and soime organic siructures o
Sipycture, Laminalion, Tipp < may

‘be presenl.
Variefies, a

carbonale is present. {81y

iron oxide is present. {fii)

(i) Calcariuus shale. When considerable amount of ¢
Ferruginous shale. When considerable wunoung
Carbanaceous shale. When considerable ame
of carbonaceous (organic} matter is present. (v} Siltstone. [Uis a rod
containing compact sill {grain size 0.01 10 0.1 mm}. (v} Mudstone, Uiz
structureless rock containing compacted mud.

Limestone :
Nanre. Calcarious rock. Formed chemically or organically. Conr
whitc, grey or cream coloured. Often contains fossils. Limestones are id
lified by their softmess, fossil contenl and efferyescence in
hydrochloric acid.
Mineral Composition. Calcium carhonale in the chiel constitnen
Magensium carbonate is also present is variable amounts. Chalcedony,
and clays are presenl as impurilies. Some limeslones may also_conl
calcarious shells of marine animals. !
Texture, Limestone is a fine prained rock. It is commeonly compa
massive. Some limestones may have oolitic structure. Organic sLruclurcs o
also common. 8 i

Varieties, The imporlant varictics of limestones are as follows
Chalk. The porous finc grained and generally friable limestone compast
|!|:Jir11 y ol loraminiferal shells, is know as chalk. (i) Oolitic limestone
limestone is mainly composed of rounded grains resembling fish roe. It
believed to have been formed by chemical precipitation. Under the mi
scope cach grain (Oolith) is seen to be made up of concentric layers of
_CnCO}, alten with a bit of shell at the centre. (fii) Marl. Impure limeston
in which the percentage of clay and calciwn carbonate is alimost equal,
known a "niar, 3

Diolomite

Narure. Dolomites reseimble limestones.

cloluj:r::‘ifll:':::ince(::;po(;:;:”‘ The chief constituent of dolomite rock. i
Dalomites are gen l;.1| #(CO:1. It may also contain some caldile
= f0nné(1 whgr_n < : ‘_!-' not formed by original chemical precipitation. The
This process o cal ivim c:ulh_onglc of limestone is replaced by dolomite.
s called “dolomitization”. Depending upon the relative propor

tion of calcile and dolomi n es arc
! Tile prese i i ;
silied 2= ollows, L, the ]]l,]],ES'LﬂﬂCS and dolomites T
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(1) Limestones. Those rocks which contain more than 90% caleite and
less than 10% dolomite. .

(if) Delomiric fimesiones. Those rocks which contain 90 - 50% calcite
and 10—30%. dolomite.

(it} Calcitic dolomites. The rocks which contain 50 - 10% calcite and
50—90% dolomite.

(v} Dalomites. Those rocks which contain less than 10% calcite und
more than 90% dolomite.

Texiure. Dolomile is a fine prained rock. Tt is commenly compact and
massive. :

Iron Formation

Narare, Iron-formation is a banded iron rock. Tt is formed duc w chemi-
cal precipilalion of iren oxide and chert.

Mineral Composition. The iron-formalion consisls mainly of cherl-mag-
netite, chert-heinatite, and cherl-hematite-magnetile. Gther minerals that are
commonly present are siderile, ankerite and chamosite. :

Fexture and Struciure. In these rocks the sedimentary banding is
generally well preserved.

Laterite

Nature. Colour is often red. brown or yellow. Lalerite is a residual
product of weathering in hot humid climate. It occurs as mantle over bed
rocks. . ;

Minerals Composition, Lalerites are essentially clays rich in sluminium
and iron hydroxides with minor amounts of silica.

Texture. Porous and concretionary. :

‘Ir_’arf'erfe.v, Laterites rich in aluminium hydroxides are called “hauxites™.
Bauzites commonly show “pisefiric” structurc. 2

6.9. METAMORPHIC ROCKS

! “"Metamorpiiic rocks” are formed [rom the dlder rocks when they are-
S!ijeqled to increased (emperalure, pressure and shearing stresses al con- -
S_ldcml_"lc depth in the eartly’s crust. The older rocks may be either sedimen-
tary, lgneous or other metamorphic rocks, During metumorphism
recrystallizalion takes place essentially in the solid statc and new minerals
and new lextures are produced. R

6.9.1. Apents of hrlelzllllorpﬁism

? The agems which bring about metamorphic changes in the mék.-s_ are:
(_') heal, (i) uniform pressure, (i/f) directed: pressure or stress, and (fv)
chemically active fluids and BOSCR, : L e S

Hf_'ﬂl- Wifhiu the earth, teperature inércal.s!:s_willi depth and as :ir'és_till. G
appreciably high temperature exists at great depihs. In the outer parts of the .
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carth, the common Cause for elevatcd lemperamure 18 the intrusion of hgp
‘

igneous bodics. _ ;
Uniform Pressire. The stalic pressure on rocks is caused by deep buria],

This pressure is due to the weight of the overlying rocks. AS lemperature
gradient exists within the earth, the static pressure is usually associated with

higher ternperafures. i
Directed Pressure. Directed pressure or siress operates during folding
movements thal accompany mountain building. Generally directed pres
plays an important role near the earth's surface. As the depth increases
efloct of directed pressure decreases and that of unilorn pressure increas
Chemically Active Fluids and Gases. Chemically aclive (luids and g
when pass through the porcs of racks, they bring about changes in
original composition. The source of these chemical agents is generally the
intrusive igneous body within the country rocks. 3

6.9.2. Processes of Metamorphism

The processes which operate together in the effected rock to bring ah
metamorphism are : (i) granulation, (i7) plastic deformation, (ifi) recrys!
lization, and (iv) metasomatism. A

Granulation. Pressure shatters rocks and the [riction is so great tha
m‘ck are partially melted. This process where crushing of rocks takes
without loss of coherence, is called the “granulation™. .

Plastic Deformation. When a solid is subjected 1o stresses, its 8
ch:mgc_s. C_)n lh_e removal of stresses if the solid does not rcgain its onig
shape, its is said tp be plastically deformed. )

Rflf’}'ﬂﬂf_“w-'fﬂﬂ. “Recrystallization™ means either the formati
Ei‘:; nI]ll;fjmo]Sf izﬁsmllaliﬁn of new crys‘;lfjls of ll}c pre-existing 1_11inera_ls
) l? thought 1o I'acllllatt? this process. Recrystalliza

eralogical and textural changes in rocks during melamorp

comﬁilir:i.g)[:m;imi: “Metasomatism™ is the process in which the g

material. 'IlulsJ c?;:s‘a{e changed primarily by the addition or remo

through rocks us ]fL : “-ausgd by the movement of hydrolhr:rmﬂl fl
ually under high lemperatures and pressures.

All the ; 7
mel:unmphi:b:);cek?lgf:j_? i us”?"? operale in combination L0 prud
deformed. Bl b gt igr'a'numm individual crystals are plast
tion the structures of orig,inallm{m5 recrystallization. During recrystallk
flattened in the direction o | mincrals arc changed. They are clongated !

100 of minimum stress, Thus new lexlures arc p

in the rocks New mj
: inerals are [
and compounds., - Is are formed as a result of exchange of ele

1l
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6.10. TYPES OF METAMORPHISM
The mz‘xin Lypes u;' 111Ftnlrlt1rphism are : (i) calaclastic metamorphism
(i) dynamic mclmnor[‘;lusm. {iif) contact metamorphisim, (iv} [ﬂulr;njr.j
mcmmwph:sm, {r) regional mewmorphism, (v/) melasomatism, and {vii)
rel mgrr.ssivc metamorphisn,
6.10.1. Cataclastic Metamorphism.

The metamorphism in which only the directea pressure or lateral stress
plays dominant role, is called the “cataclasiic mefamarphism™. These stres-
ses are caused by earth movements such as folding and faulting. They
operale mainly in the upperpart olihe eanh’s crust where the temperatures
are maderately low. Due o these siresses rocks are crushed, ground and
deformed. New rocks thus formed are called “cataclastic rocks”. They show
inly mechanical crushing with litlle new mineral fonmation. Examples of

.ataclastic rocks are “mylonifes” and *, auls breceius™.
¢ 3

6.10.2. Dynamic Metamorphism
A mclmunrphisin which is associated with high pressuyre with little
increase in ternperature, is called the “dynamic metanorphism’”. In this case
a new rock is [ormed partly by the mechanical effects of flow and partly by
the growth ol new ininerals that develop in the direction of ow. Slates
which possess How cleavage, are perhaps the best example of o dynamically
metamorphosee rock.
6.10.3, Contact Metamorphism
Contacl melmnorphism' is also called the “thermal meramorplusm’.
This metumorphisim is caused due o local heating ol rocks hy the intrusion
ics nearby. The zonc of contact metamor, i rocks which
: : J¢ (Fig. 6.6). As lempera-
ks in the aurcole are

of hot igneous bad
OCCUrs SUrrou
wre decreases away [rom the intrusive, the outer roc
less intensely metamorphosed than that of the innenmost rocks. Thus depend-
ing upon the degree of alteration, the rocks in the aureole can be divided
into concentric zones which may differ greatly in mineral assemblages.

s dominant role and 15 peneral
cess, minerals grow hap-
a granular

I the contuct metamorphism heat play
ellect is lo promole recrystallization. In this pro
hazardly in all dircctions and the metamorphic rock acquires
fabric which is called the "hornfels texfure”. Conlact metamorphic rocks do

During comntact metamorphisin \ransier of magmalic vapours and pases
from an igneous body into the country rocks often takes place. These
cmanations react with the country rocks and form new minerals. Such a
process is called the "puelmiamf_‘:'ﬁf metamoyphism’: A localized burning
or haking effect may b produced al \hie contact of an igneous body and the
country rocks. This cllect is described as the ";1_1-‘mmemnmrphi‘s-m",
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L(_‘untas:l Metamorphism of Shales. Where argilluceous rocks such as

shales, come into contact with an jgncnuh intrusion, a ITlClurll(II‘phic aureale

is farmed. Within this aurcole metanorphic zones ol increasing intensity .

can be traced as the conlact is approached. These zones are as Jollows,

(1) Outerniest Zone of Spotied Slate. The spots in the spotled slateg
may be compased cither of a singlc mincral or a fine graincd magg
of different minerals.

(1) Intermediate Zone of Spoited Hornfels. Nearer the igneous jp.

trusion, the cleavage of the slate disappears and the rock becorpes
harder. The spots in this rock are now due to small crysials of
andalusitc and the groundmmass recrystallizes to form mica ang
quartz.

fif) fnermasy Zone of Hornfels, Close 1o the contacl of inlrusion

grained

thorough recrystallization 1akes place and hornlels, a fine
hard rock is Ihm@(}"{g. 0.6).

IGnEZ VL

THTR ULIGH

ELATE

: HORNFELS
Fig. 6.6 Cuptan melamorphic

allreole. Fig. 6.7, Prophyrohlust distonting
groundmass. !

In the
the I;g:bwr:?fmr.:z:;mrdbfphy{“hlwf’ may be present. “Porplivioblasts™ are .
6.7) Thess i :r}sl;].s w}llrch 4re el in a fine grained matrix (Fig.
late in the solid rock guris o b TS €18 0 Size. Porphyroblasts crystallize
UCCUT & pophyroblas M melamorphism. The minerals which commonly
it lhcmm"‘“mtlmmmhic homfelses are cordierite, -
Metacrysis of . Hurnlels may form [rom any type of parent rock.

dare rni
not lirmited 1o contact metamorphic rocks.

one e “tk.s- The vontact mewmorphism
Summarized as fyllgyws, eslones and basic igneous rocks may -
L. Pl_ll'ﬁ sandstones
mlh perhaps 4 |
Puriticy ol clays
calgite Mmirbles,

TeCTystallize |
lile bigtite g,
and irpp oxide

;J dtartziles composed of quartz
Magnetite derived from the im-

: o 5

vspectively. Pure limestones yield
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2. When medium o coarse grained sedimentary rocks such as
graywackes and impure sandstones, arc subjected to contacl
metamorphism, aluminium hearing minerals (e.g. felspars) are
convertcd into micas and gamets, When carbonate minerals, such
as calcite, are presenl as impuritics in the parent rocks,
homblende, epidote and diopside are formed,

3. Impure limestones containing sand, chert or clayey material
during contact metamorphism produce cale-silicats rocks. These
rocks contain mostly calcite, lirc-gamnets, olivine, scrpemine,
wollastonite, termolite and diopside.

4. On contact metamorphism basic igneous rocks, such as basalt and
gabbro, give rise to homnfels coniaining generally pyroxene and
plagioclase.

6.10.4. Plutonic Melamorphism

At preat depths below the eanth’s surface, static pressures and high
tcrperatures operate logether. The metamorphism caused by these factors
is called the “plutenic metamorphism™. High siatic pressure favours reduc-
tion in volume., Hence during recrystallization mainly denser minerals arc
formed. The metamorphic rocks produced in this way commonly have an
even grained lexture. Such rocks are called “granulites”.

6.10.5. Repional Metamorphism

When directed pressure and heal acl wogether in the presence of migrat-
ing hydrothermal Muids, the rocks are metamorphosed over wider areas. This
kind of metamorphism is called lhe “regmrr!]r’ or “dynmnrothermal
metamorphisim’”. Repional metamorphism takes place at great depths, such
as in root regions of Told mountains, where lcinperalurcs and stresses are
high. _

Heal promotes recrystallization and the stresscs cause shearing and [ow *
movements which produce new structurcs in rocks, The pew mincrals that.
grow under directed pressure are usually [at, elongated, bladed or Maky in
nature. Examples of such minerals arc muscovite, biolite, chiorite, lale and
amphiboles, These minerals arrange Ihemselves in parallel- layess and:
produce a hunded or laminated struclure, called “foifation”. The most oo,
mon foliated metamorphic rocks are slates, phyllites, schists and gneisses. -
Foliated rocks split easily intw flaky sheets. 2 s {

When shales are subjected 1o regional metamorphism, the characterstic
minerals that develop in succession with the rise in emperature and stress
are chlorite, biutite, garnel, staurolite, kyanite and sillimanite. Thus shale
changes o “sfare™ in carly stages, to "schi: nd
o “giefss" al the highest temperatures of rcgional mewmorphism. The
schist commonly contains staurolite, gamet, hiqlite,_musmvite and quartz

*in the middlc stage und limally :
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and the gneiss contains silli
quartz.

During regional metamorphi i 5

foliated rocks. They reorystallize into “guarizite” and “marble™ respective.
Iv. Bath of these rocks show granular structure.
3 Basic igneous rocks, such as basalt, (Iu.Icrile or diuha:_u: during differey
grades of regional metamnorphism, change into green-schists, amphibaolites.
granulites or cclogites as follows. et
" {i) During low grades of regional metamorphisim, basic igneous rcn;:ks :
change inlo “greent-scAtMs” cuntaining mainly chlorile, albite apd
epidole. :

{if) At medium 1o high grades of metamorphism, greenschists _ﬁg
converted into “amiphibolites”. Amphibolites are coarse prained
rocks containing garmet, homblende or diopside and plagioclase.
Schistosity or hands of dark coloured mincrals may be present.

manite, gamet, cordierite, potash Iclspar an,

sm sandstones and limestones do not fory

i

(iif) Al the highest metamorphic prades, “granulites” are formed,
Granulites possess a granular icxture and contain plaginclase,
hypersthene and diopside. “Charnockites” are the most common
granulile-type rocks which are formed rom basic igneous rocks.
Hypersthene is the characterstic mineral of charnockites, !

in) In Ih:_ mast deep seated conditions where very high pressures
!JrE\'E]l], ared and preen rock called “eciogire™ is formed. Eclogi
isa coarse grained granulose rock consisting of pyrope garnet and:
omphacite (pyroxene). Though eclogiles are often classitied a ;
melamorphic racks, their origin is rather ohscure, They are als
believed to be of igneous origin. : :
6.10.6, Metasomatism

im‘__ﬁ:&gﬂr?ﬁ;:‘;h:;r_ea;"ms are gencrally considered 1o be essentially’
phic reactions, the hu]ﬁ( c|: at during reerystallization and other metamor-
IF other elements are i emistry of the rocks has remained nearly constant.

15 are introduced into the rock by circulating fluids derived

from igncous
5 magma, the resultj i :
mitakoRiatn’, 1 Gl s Ing anetamarphism is called the

metamorphism in which much the metasornatism is a type of contact
o i g material is added to the rock hy the hydrother
changed substantially bu i m.llsm the composition of the P‘“e“] rock
oceurs without any dcfnml:jl]:;lm:e remnains unchanged. As this alteration

* l : |
rock are usually preservey. e (SXUIeS and siuctures of the original

Scarns. Durip

L D . E Conlacl me)
elffzclive, “"Scarns™ are the i
of granites with limestones

phisni, ine
Product of metagg

- Wlen 2ranitic

lasomatism is perticularly
natism formed ul the contact
agma rich in waler and other
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calatile componcnls coines in contacl with limestones, a variety of minerals
'mc]ud"ng magnelite, garel, diopside, enstatile and forsterite are Tormed.
Mcmllil‘emns ore deposits containing sulfides of lead, zinc, copper and iron

e commonly found in association with scarns.

Granitization. Some granites show evidences of former seduncntary
pedding. 1f they arc .lrucc[! ‘lowmdsltlle m;:gin, lhey pradually grade into
neiss {migmatile) lcispeﬂuz_ed schisls, mica schists, and finally 10 shale,
Such graniles appeir 1o have formed by thvf melasomatism of schists where
qew mineral matier is added and the old is carried away. This process of
ransformation of country rocks into graniln_: is called “granitization”. The
material which is displaced during grantization, commonly contains Mg, Fe
and Ca. This results in the concentration ol ferromagesian minerals, such as
hiotite, garmel, pyroxcne or amphibole in the pcriphcrgl zone. Thus with thy;
{ormation of granites, a frontal zone of Fe - Mg enrichiment is formed. This
zone is called the “pasic frons”. I must be remembered that all fronts are
not basic. Silica [ronts of various kinds are developed when quartz rich rocks
are gruniLized. Granites and granitic rocks are known o h_avc fmmcd'[rpm
various Lypes of igneous, sedimentary and mtla.l'[lPrphm .ka's' During
granitization the transfer of malerial is caused by the infilration of gaseous
or ligaid emanations (granilizing solutions) inlo country rocks or by dil-
fusion of ions in a solid medium.

Lit-Tar-Lit Injection. Near the contacl of Lhe intrusive body, emana-
tions From the invading magma arc otten injected into the metarnorphosed
country rocks along the folistion and other plancs of weakness. When an
appreciubly large quantity of magmatic fluid is inroduced in the country
rocks, numerous thin sills are formed hetween layers of hedding or loliation.
This phenomenon is called “lit-par injection’”. When there is a large scale
transfer of igneous material in the swrounding coantry rocks, a mixed 'l\'pg
of rock having gneissose sticiure is formed. Such mjxcq .mcks are t\::‘fl[eﬂ
the “migmatites™. Most migmaties have a somewhal granitic composition.

6.10.7. Retropressive Metamorphism

When high teinperature metamorphic minerat assenuhtngq are changed
to a low temperature mineral assemblages, lhe process is called the !
“retrogressive” or “retrograde” metamnorphisim. Sth changes ‘“k? place.
when an inlensely metamorphosed rock is subjectzd eitler Lo Strung differen-
tial movernent or to hydrothermal activity. In zonecs ol displaverient an
amphibolite may be converted [o a grccn-schisl and d_uc'to l_lydmmcnnal
alteration a serpentine rock may change 1o talc-magnesite-schist.

6.11. METAMORPHIC MINERALS sy j

The mincrals which [orm in metamorghic rocks are lnr_gfely conl@lled:_ )
by the conditions of temperature, pressure or siress. These minerals can be -
divided into three groups : (f) stress minerals, (iiy anlistress ininerals, and -
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202 o prinerals’ arc formed under conditions of
(iit) relict rinerals: d;rlnp cegional metamorphism. They are usnall;
or dirccwed press:JlIZr ”_‘mi i nature and prow _pamllcl o the direc
sl dnﬂgulseu 55 I]‘Iiﬂt:rilli play @ major role in producing paralle
3 CaN 2 !
Jeust pressure 2 I g are characterstic of many metamorph
pures and quxlIJLrT:‘;b incrals are rmicas. chlorite, talc, ulbite, amphi
Examples af sTe™
e g staurolite. ‘ e a
Kyanile it minerals” develop mainly under conditions of unif
bl o0 n plaionic metameorphism. These minerals are ofi
] .Ej;.mplcs of antistress minerals are pyroxencs, of
e, condieriic and spinel. i
During metamorphism rccr_vsmlhz.auoln O.f m}rlcrals takes _pln
ially in the solid siate. € omplet? recrystallization is not always pos
tially in slate. ] Sy not 2
\herefore certain ariginal rninerals continue to.survlv,; in the mel
2 soinal minerals which have failed 1o react to th
rocks. These original mi ild 10 Feact IS
conditons of emperature and pressure, are calle the “re !C'F_!ﬂm

6.12. METAMORPHIC ZONES B
Below the eanth’s surfce (emperature and pressure both
increasing depth. The degree or grade of metamorphism exhibile
therciore, varies with depth. On (he basis of this concept Uwree de
of metamurphism have becr recognized : {f) epizone, (if) meso.
(i) katazone, = i
(i) Epizong. This zone ol metamorphisim ¢ccurs Neiar th
surface. In Ihis zone gencrally the conditions of ¢
metamdrphism prevail Gl

1ls

pressure, such as |
gimensivpal in form
andalpsite, stllman

(i) Mesozone. This is the intermediale zone of metamorphis
lics below the cpizone. In the mesozone, Ihe condi
letnperatures znd pressures are such as o pmmole re
metunorphism, ; i

(i) Katazone, The hollommost zone of mc'[amorphjsm is'c_'l
katazone, In (his zonz plutonic metamorphism takes plate
6.12.1. Grade of Metamorphism L

% Sk :
he degeee or intensity of metamerphism that has alfected a

L e ;

1uﬂilz!1fjrﬂc'prfsr§1{:: ::{ f\:ﬁ‘;r{:w{*“‘”-‘f?:". It varies directly with the

the same composition 1'611:1 ;-;."’Ck‘“ Tave beon subjestac Pareni e
of newunorphisn, The titlerent mineral asscmblages in differen
Lo, medivn and byl %‘andﬂ of metamorphism is expressed as:
are fonued gway ri fmld.,(lf ig. 6.8). For exarnple, slate and phyll
MelanOmhing whije ;;‘lﬂl intrusive igncous body, show a low i
close 1o i, Macgin, Thelgi,;ﬁ?dc metamorphic rock like goeiss |

STRUSE | [ i
TESE N the grade of metamorphist
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Fig. 6.8. Pressure-temperatue diagram nullin:lﬁg .
approximale ﬂelt_ls of varitius melamorphic prades,

accompanied by an increase in the grain size of rocks. For éimnpl::, slates

and phyllites are [ine grained rocks while schists and gne
grained. JER
6.12.2. Zones of Progressive Regional Metamarphism.

€5 Qrg Coarse

In an area where argillaceous sedimentary rocks have heen subjected
t egional metamorphism, five metamorphic zones have heen recognized |
on the basis of the occurrence of index minerals. The “index rinerals” are”
those minerals which indicate the grade of melamorphisin. At successively
higher grades of metamorphism, the index minerals that develop inthe
argilliceous rocks are, [irst chlorite, then biotite, next aimandile, afllerwards
suurolite, then lyanite and at the highcst temperutures silfimanitc.” The
various metamorphic zones are named after the index ‘minerals, present in -

;hem. Thesc zones in the order of increasing grade of metamorphism are as
illows, A :

(i) Chlorite Zone. In this zone the clayey malerial 're;;rysm]ljr.::s' as
muscovite and chlorite. Phyllites and slates arc the lypical rocks .
of this zone. 3 : § T . =

(i) Biotite Zome, Tn this 7onc browo biotite appears in place of ous-
covite and chlorite. The typical rock of thix zone is bictite-schist:

(iif) Garnet Zone. The characterstic mineral of this zone is-por- .
phyrablastic almandite gamet, The important rock of this 7zone is
gametiferous mica-schist. i : B

(") Staurolite-Kyanite Zone. Staurolite is formed only in iron rich - -

argilkiceous rocks, while kyanile is formed innoimal argillaceous
o) Sillimanite Zone. Grieisses containig iotite; gunu.tund
limanite along with potash felspar ocour in this ¢




il e ——
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When the various metamorphic Zones an demanated on i peologica] :imp_..
the boundarics between different Z0MEs 215 called the “fsogrirds”. The isogrd
relloct pmiu'(mmrsimilal'mt“ﬂ-'mfl’l sic grade in terms of tempemiire aud pressure

6.13. M ETAMGRPHIC FACIES :

ocks ar¢ aflen classified on the basis ol melamarphic

facies. Parent rocks of d ilferent m1jnpnsiti(tns. if mclwnolrphoscd under the

- prEHSUW‘lgmpcrnlu]T conditions, fv:ll characterstically contain .me_

same sel of definite minerals, They are s_md to belong 1o the same metampr-

phic facies. A& wetamorphic factes” {herefore, may be defined as 4 group.

of metamorphie rocks that have formed umder lhr,j same sel of physico-

chemical conditions and is churacterized hy a definite set of minerals. The
various telamorphic [acies arc as follows. :

(i) Zeolite Fucies. This lacies represents the lowest grade o

metamorphism. The mineral assemblages include zeolite

chlarite, muscovite and quartz. _ i

(it Green Schist Facies. This facics rcprescms' low grade o

metamorphism found in many regianally inctamorphoscd areas

The mineral assemblages af green-schist facies include chlorit

. epidote, muscovile, athile und quarlz. i} 13

{iiiy Amphibolite Facies. This facies is found in medinm o high grad

metamorphic terraing. The mineral assemblages includ

hormblende, plagioclise and almandite. Ammphibolile lacies repra-

sents those metwmorphic conditions which nwcur in staurolite and ™
sillimanitc prade of melamorphism. g

Metamarphic T

{ivy Glaucophane Lawsonite Schist Facies., This fucics represcnﬁ th
metamnorphism at takes place in conditions of relatively’ oy
lemperatures but high pressures. Such cenditions commmenly oc
in young arogenic zones, such as Calilomia (U.S.A,) and Jap
The mineral assemblages inclode lawsonite, jadeite, albil
plaucophane, museovite and gamet.

{v) Gruuulin_a Facies, This facies represents the maximum temp
ture cenditions of regional metarmorphisi, such as those found
Amhacm terruins. The characterstic mincrals of this facies .
plagioclase, hypersthene, gamel and diopside. :

{vi) th::ﬂl;rhilﬁ This facies represents the most deep seated o
RFlmt'l. ﬂndl:;:lm:fofmlgsm. The IL"TL'].J‘E!ClCrSIiC mincrals are p)‘rﬂ'
s P flL‘”(‘-_- Such m"":r_:ﬁ asswnblages are commen!

) in kumberlite pipes, many of which contain dizmonds.
6.14. TEXTURES OF METAM ; ; J‘

i JAMORPHIC ROCKS .

Crystallohlastic Texy

'3
= ure, The e : 5
rocks is called Ihe The holocrystalline texture of metamorpht

ik , 3
crystalloblasiic texure™, This e xlure develops du

HoCKS'”:SEDI

MENTARY AND METAMORPHIC ROCKS )
oS

ysml]i?ﬂ“”“ of mineral grains in the solid medium. -nlc..t;ryu:aig-sl{l;'ﬂr.: '
sl ing.

mcrrrcb" crystal outline, are called the “idioblasts” while \hose which dg no
F;vc any definile shape, are described as “xenablagys™. W do ot
1 oD ials : %

I»ol-phymblastic Texture. When idioblasts occur as large crysials :.:.ﬁ-.'.

The lacge :l:'cl.l-ls:hpncd uryitals of this texiure are referred to as U
Pm.mb!as:s or “metterysis”. ; ; :

oo granular o e uidimensional, the lexture is called “granoblastic”.
palimpest Texture. The remnant texture of the rock foud
reserved in the mectamorphic rock, is called “palimpest rexure”. :

6.15. STRUCTURES OF METAMORFHIC ROCKS

Cataclastic Structure, Cataclastic structure is found in rocks such#s

crush breccias and mylonites. These rocks are formed: mainty under the

jnfluence of s . : ; .
constiments of rocks are hroken into pieces while softer ones are crushed to
powder. '

Maculose Structure.
metamorphism, a spotted :
wallization takes place. The spols in
ment of bigger crystals of some nine
prained groundmass. This structure is called he

Slaty Structure. Slaty struc
structure commonly develops io &
phism. Rocks showing a slaty siructure are very
primarily of microscopic flaks of mica. ,
the parallel orientation of flaky minerals, mainly micas
rocks split readily into thin shects The slaty clcavage may
1o the old bedding planes of the shale
derived [Fig. 6.9 ()],

the spotied rock are due to the develop-
rals {e.g. andalusile) within the fine
“maculose structure”.

hales thathaveundergone slight melamor-
fine grained

[40]

TR
‘Illllllullﬂl" Hi “l 1
i
] IL il n
) i | i ks
Fig. 6.9. Structures petamerphic. (00, e
(o) Schistose sglruclum'. (2] _GHB_!J_‘S"-?_F'“"_“C!“'S‘ (':.]_' sh i !
. (d) Granulose siuéluse.

T
T

1L

inafine grained groundmass, Lhe texture is calted “por, phyroblastie”. =

Granohlastic Texture. In a metamorphic rock if the major constitients

hearing strsses in the upper zones of the earth’s crust. Harder | i

When argillaccous rocks are subjected to contact
rock is formed in areas where incomplele recrys- -

ture is also called the “slaty cleavage”™ This

The slaty structure is caused dug 1o
and chiorite, Staty

fortn ot any angle
from which the siaty rock:has been’
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3 3 ost obvious struciural lealure of Mo
Suhistose 5,‘1Tuc_lun=-- 'IFFe ]rllicnt of minerals in parallel luyers, ']E;,
metamorphic rocks is the alipn pnecis ShaE bt i e
paralle! arrangement of platy or (laky minera Sd PILEN ] At UA f)’ recrystal.
lization during repional metamorphism, is calle _.fo:'mnlon . A fol |atf:d l'uck_
which is coarse grained and is largely Cifrﬂp?s‘fd of ﬂ"f()' apd P'Ial.:r" minerals,
is called “schist”. The foliation of schists is called “schistosiry [F‘:g_u 6.9
{a)]. .
Gneissose Structure. In rocks that have been thoroughly recrysiallized
under conditions of high grade metamorphisin, the Ijght u_.nd dark mineralg
may segregate into alternate bands parallel 1o the schistosity, Such 2 coarsg
gm‘jned mekumorphic rock showing banded or streaked appearance, is calle
“grelss” and its structure is called the “gneissose struciure”. The lighi
coloured bands are composed of quarz and felspars while dark coloured
bands contain ferromagnesian minerals. In poeissose rocks the planes o
schistosity are poorly defined [Fig, 6.9 ()], :
Granulose Structure. Granulose structure is produced due l_(i
predominance of equidimensional wincrals such as quartz, felsp:
pyroxenes, und calcite [Fig, 6.9 {d)]. The Hlaky minerals are either absent or
preseat only in small amownts. Granulose struciure js characterstic of rocks
such as marbles and quarizites, Because granulosc rocks have cven grained
structure, they hreak with a rough fracture surface.
Hornfelsic Structure, Homielsic texture s
metamorphiv rock called (he “hornfels”
H ] grained rock having granoblastic
to the predominance of equidi;
dalusite, cordierite, and quariz,
6.16. METAMORPHIC: ROCK TYPES
Slate

characterstic of the contay
- Aliornfels is a dark, compaet, fi
texiure, Horlelsic structure is formed dus
mensional minerals such as lelspars, un

Nuture, Slates are dark coloured cxceedingly fine graincd low grude
metamorphic rocks, They have a remarkabie property called slaty clenvage:
“which permits them 1o pe SphL into thin brogg sl'leels. Their volour s
commonly gray to black by may be green, yellaw, brown and red. .

Mmﬂ_r':;r! Composirion. Slates are composed of a very [in
ture of inicas ung chiojye with som :

: ¢ quartz and felspar,
extre and Strycryy, Are very | i | v
de Tcture. Slates are Very line grained rocks which sh_‘?“"
| rigin, Majority of slates are forme
bt sha!els. Their charactery ¥ clczE;g I']i:l. [*he
bedding planes of the origing| shales, ’
Phyllite
Nature., A Phylli is 4

¢ grained mix-

alcs

dynamic inetamearphism o
Orinay not he parallel 1o the

fine &rincd, foliage lustrous rock.

§ and schist

which are chicfly derived by Lhe metamorphism of the hasic igneous rocks.

1 SEDIMENTARY AND METAMCRPHIC Rocks z'n"?. i3
oCKS T i R i : o
R . eral Composition. It consists af chlorite, muscovite and guarr,, The
Mrﬂl_ {his rocks are so line that individuat minerals cag o be recognizey
rains of LML oy R :
. ypaided €¥e- ; . i
by cure and Stracture. IUis a fine prained rock showin
Tl '

1t splits along foliation planes with an uneven surface
L5 ) :

igin. Phyllites are formed due to dynamothermal metamorphism c;[_' s
104"?1@]10':; represent an intermediate stage of metamorphism between st -
shales: : i ¥ e

2 fu_}im:d sirue.

ure-

Schist R 5
veure. Schisls are coarse grained melamarphic rocks whick show well
Mru‘l “foliation or schistosity alang which the rock may be casily
dﬂi:ope’['hcir colour varics according 1o mineral composition. Mica-schists
brokerl- ;

are the mMOSL COIMITON metamorphic rouks, S

Mineral Composition. MicajschiFls consist e'sscm%qny_. of quart, L._uﬂﬂ-

%, ially muscovite or biol_il_e. Mu.'a i the major ]l'J.I.I.'Icr.aI “.’hlfh mcn;i.
Fm‘,'a, |1sL1, r lcaves and foliated masses. Mica-schists Frequently mrg ch_nr .

-m‘":scl?: :r:ccssory mincrals such as guniél, staurolite, kyani_ie_. silyma.mu:-, !

;;::alusitc, epidote and hornblende. - - i <

Vuriaties. Besides mica-schists, there are various other kinds of sehists

The most importanl types are “tale-schist”™, "ch]n.r.lt:l-s:h::ii;. 5
“hornblende-schist” and “amphibolite’. Thesc m_chml".lclcmc : fs_emn_ _
names indicale, by the abundance of some melanorphic ferromagn :
mineral, : : : .. 3 : L
Texture and Sirucfare. Schisls are coarse g‘rgli_ue‘d rucks. :jnvu‘q:i‘: :
prominent schistose structure. They split engil}' imio thin sh_e_e_ls. ong the .
Plancs of schistosity. R = 5 o, . hi.sm:'.
Origin. Schisis are generally the producl{_uf ;egl:onal Inen_ mrp .

Goeiss

c’&;_}ﬁmnwhic o

Nature. A gneiss is a coarse grained, imegularly bk slthough -

fock having poor schistosity. A gneiss has usuatly . b colo:lrn
this is not necessarily so. e am L

Mineral Composition. Quanz and }IEISPPIIME'[L]I:.R
coloured bands which alternate with dark bands of ym-
minerals, such ag hiotite or: horn'hlcrijt_!;:'.- _(Je_ueraiiy- ([l.la. .
Predominate over micaceous minerals. .0

tbée‘h:r'la light. -
/ ferromagnesian -
‘and felspars

L e varied nineral
Vvieties, There are many - varielics of gne B :g-‘;:;gﬂ'&t feppomag-
8850¢ialjony, They are named gbﬁeml!y_@@‘”ﬂ]?& 'uil' .."l:u.mhh;mlc-fglll!i "y
woJan mineral present, such as “biotite-gn g norphis of an eariier
hen jy iy certain that a gneiss & the result ‘of MEtAEAITEEE =2




PRINCIPLES OF ENGINEERING GEOLdé_Y
208 . : I - .
ed jenequs rock, the jgneous rock name is used in the lenninology, such
T " 5 T ich
i;n'ful:e “grﬂnite-gneiss" or “syenite-gUeiss o

Texture and Struciure. Gncisses are coarse grained rocks having ynej
gose slrucnire.

Origin. Gneisses are IOFE
metarmorphism of igneous rock!
fram sedimentary rocks.

Quartzite B . :

Nature. Aquartzite is a hard, dense, siliceous mctarfmrpmc_ rock havin :

- granular texmure. It is distinguished from a sapdslonc _b:, noting the fracy 5
" which in a quarizite passes through the grains but in a sandstone pamg-{-%.
argund them. : ;

Mineral Composition. Quartziles are composelli ESSCI:IIialIy of yuartz
with small amounts of mica, tourmaline, graphite or iron minerals. They ar
usually light in colour.

Texture and Structure. A quartzite is a compacl rock of interlocki
quertz grains. lts structure is granulose. This rocks breaks with a rouj
fracture surface.

Origin. Quartzites are derived [rom sandslones hy high grade mel
phism.

Marhle

Nature. A marble is a crystalline calcarious metamorphic rock hnvil
granular texture, Marbles arc gencrally white but various impuritics
create a wide range of colour such as pink, yellow, grey,green and bl

commonly derived by the high prade regiong)
5, moslly granites. They may also be formy

Mineral Composirion. Amarble is composed of grains of calcile or mo
rarely dolomite.

) ITeﬂure and-Structure. The marbles show granulose texture. The I
dividual grains may be s small that they can not be distinguished by !

eye or they may be quite coarse and show clearly the characlerstic cal
cleavage. ;

Origin. Marbles arc formed as a result of metamorphism of Jimesiont
Hornfels :

Nature. A hornfels
mostly of equidimensio
of igneous intrusions,

Mi - s i
ineral Composition, Mineral composition of hornfelses varies becau

they may be prog
oceur in lhc,sE ml;ced from any type of rock, The minerals which comi 9t

sare B S L
quartz, felspar, andalusite, cordierite, magnetite, biotite

is a [ine grained, dense, nonschislose rock compe
mal grains. It is commonly found in the contact 207
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¥ show Eranuhlasye [EXture
t 1ocks is alsy calles| !h:;-

I Jparure and Stricture. Homfelses commgp)
e fine graincd granoblslic texture of (heg

Tl ;
T sic texture’.

g pifel

Origin. Hornfelses are formed in the coptagy aureoles of

REVIEW QUESTIONS l

1. Explain how are the sedimentary rucks formed. Describe he Various sty
qures present in these racks. : e

i EN2ous g
trusians. B v

3. What is a sedimentary 1ock ? Classify sedimentary rocks intg var

! ey s classes
and pive a brief descriptian of each class. 3

3. Describe in delail the textures and stricnites of either A ey
metamorphic rocks, f

4. CGive the distinguishing characters of the following rocks. Sandstones. Con-
plumerate, Shale, Lunestone, Slate, Goeiss, Schist. Hornfels,

wn

. fa) What iz 2 metamorphic rock ? Discuss the various agents of metamor-
phisin. -

() Duseribe in briel the processes invelved in the metamorphism.

an

- Enumeraie the various Lypes ol metamorphism. Explain in brief either contact
melamarphism or regional metamorphism.

!

Discuss the facies concept in melamorphism with suitable examples.

on

- What is meant by zones of progressive regional metamorphisi ? Deseribe
oriefly the stages of advancing regional melamorphism of argillaceous sedi-
nents, : :

- Write shorl notes on the following. Wizati
Gr_'“')’wnckes. Congcretions, Stratification. Metomurphic facies, S
Migmatite, Metasomatism, :




7.1. DIP AND STRIKE
The heds of undisturhed sedimentary rockformations gencrally ol
herizantal disposition. During carth movermnents, Lhe strata may be tilled
of the horizontal, Such inclined rock beds are said 10 have a “dip
abject of measuring dip and sirike of rocks is 1o ohlain information on il
three dimension position.
Dip. The_angle ol in-

clination ol 2 rock hed with
The hanizontal plane 1s called
(e “dip". 1Uis measured in
a_pl_an_ipirgc_ndicﬁlar 1o the
strike (Fig. 7.1). [n additicn
lo the amount of dip, ils
direction must also be stated.
The dip angle is measured
wilh a clinomeler and ils
direction is measured with a
compass. An example ol
recording dip is 60°, N45°E. This
means that the beds dip af an angle of
60% ina northeasterly dircelion.

BTRIKE LINE

_ 7-L.L Apparent Dip and True
Dlp
:['h: “true dip” is defined as the
tmaximuin angle of dip on 4 rock hed
Tt is measured in 1 eclion ai_ri_.};i
_ angles 10 the sirike (¢ ilﬁ'_fg_??,g}_

TRVE DIP
Fig. 7.2. True dip and apparent

QECLOGY STRAUCTURES

A dip measurediin any. other direcfion than the tue dip, |

“.‘r;)j!{f'_.;.'l"—‘ﬂl’ﬁ' A apparcnt dip will always have a value less than the true
[ﬁp. The amonnt ol dip decreases as the dircction of dip maves round towards
o strike direction, Along the strike direction, however, the dip will be zero.
In Fig. 7.2 the Jip measured in oy, and cdy directions are the apparent dips,

Strike. The trend of a rock bed on the ground surface is catled the sirike.
The "strike” may be defined s the direction of a [ine formed hy the —
interscetion ol a bedding plane and a horizontal plane. The stnike s u'lway.a
al r":ghl angles 1o the true dip direction. Thus the sirike is a hordzonial line
on a surface of rock beds (ab in Fig. 7.7 and 7.2). The direction of the strike
is measurcel by comnpass wilh reference Lo the tue norh aod south. For
example, il the strike direction af a perticutar bed is 30° east of north, the
strike will be recorded as N3OTE-S30°W.

7.2. FOLDS

When the compressional stress is applied slowly under high confining
pressure, rock beds lendl Lo yield by folding. During mountain building, flat
lying sedimentary rocks are bent into folds. The result of [olding is
shortening and thickening of the carth's crust.

Folds. "Folds” inay be defined as a curved or zig-zag structure shown
by rock beds.. In other words wavy undulations in Ihe rock beds are called”
“Jolds™. They vonsist of arches and troughs in allemate manner. They are
best displayed by the sedijentary rocks. The size ol folds vary preatly.
Widih af some folds are measured in kilometers while thuse of ethers in
melers or cenlimetlers. 3

7.2.1. Elements of Folds e EYMCLINE =

Anticline and Syncline. An “an-
tieling” is an up-lold where the limbs dip
away from the axis of fold on either side
{Fig. 7.3). A “syacline' is a down-lold
where the limbs dip towards the axis of
fold on either side (Fig. 7.3). The highest

A¥IAL PLaME /

4— AHTLICLIME —~
Fig. 7.3. Anticline and syneline.

point on the arch of an an-
ticline is called the “crest”
of the lold and the lowest
i ) point on the syncline is
124 : called the “rrough” {(Fig.
: 7.4). A single anticline or
syncline may range in size
from a few centineters 1o
several kilomelers acToss.

Fig. 7.4, Anlicline showing axial plane and axis.
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Limbs. The sloping sides of a fold from crest to trough are called the
Ll . b ¥ -

“limbs™ (Fig. 7.4).

Axial Plane. It is an imaginary planc or surface which divides 3 fold

into twa equal halves [Fig. 7.4).

Axis of Fold. An “axs of feld” is defined as the line of inlersection

hetween the axial planc and the surface of any of the constituent rock bed

(Fig. 7.4}

called the direction of plunge,
7.3 TYTES OF FOLD

Symmetrical Fold. A “symmeirical fold” is one where the 1wo limbs

 dip a1 the same zngle bul in oppesite directions. In this casc the axial plane
is verticd and it passes through the crest or trough [Fig. 7.5 (a)]. ;

Asymmetrica] Fold. An “gsymmetrical fold" is one where the limbs

dip at wnequal angles in opposite directions. In this case the axial planc is
2d 20d it not necessarily passcs throngh the crest line [Fig. 7.5 (b)].

(%3]
Fig. ":: (4} Symmeirical fld (B) Asymmetrical fold,
o) Ovenumned folg, {diRecumben fold.

ow, . i y
erturned Fold, [y 5 op AEymmetrical fold whose one limb is murned

Bt ths vertiea) [y gy, case the g

7 in the ame iy -
7 “me dirction, Iy e

Upside donp IF:',;—'_ 25 )]

izl plane is inclined and both the limbs
fventumed fold the lawer limb is turoed

Recumbeng Fold. Ip -,
bath the Jimhs become a)p,
becomes nzarly horizonr

Dei.l;ﬂl.b.enffﬁ!dr". the folding is <o intense that
—";. honzuntal_. In this case the axial plane also
and the lawer [imh Bels overurned [ Fig, 7.5 (d)].

Plunge of Fold. Folds having inclined axes are called “plunging folds:. 1
The arw_icr of inclination of a fuld axis with the horizonial, is called the
“angle of plange” (Fig. 7.8). The dircction in which this axis is inclined js

. ¥ .
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In recumbent folds Iractures usnally develop aeross bends 1o produce over-
thrusts (Fig. 7.G).

et

Fig. 7.6. (a} Recumbent fuld, b) Passing into an overthruse

Isoclinal Fold. Folds that have parallel limbs are called “isocting
Jfolds”. In this case limbs dip at the same angle and in the same direction,
Tsoclinal folds are of three types @ (§) “inclined isoclinat folds™, where the
axial plane is inclincd [Fig. 7.7 (b)), (i) “vertical isoelinal folds™, where

AR PL. AL.FL.

LA] (]
Fig. 7.7. Tsaclinal fulds (#) Vertical isoclinal folds, (&) Taclined isoclizal Folds.

the axial plage is verical [Fig. 7.7 ()], and (fii) “recumbent isoclmgl folds™,
where the axial plane is horizontal.

Nanplunging and Plunging Folds. The axis of a fold may be horizoniat
or'inclined. Anticlines and synclines whose axes are horizontal, are said to
be “nonplunging”. Folds having inclined axes arc called the “piunging
folds™ (Fig. 7.8). The angle of inclination of the axis measured from the
harizonial, is called the “angle of plunge” and the direction in which this
axis is inclined is called the “direction of plunge”.

FoLD ANIS
AMGLE OF PLUNGE

HORILONTAL

Fig. 7.8. Plunging anticline, -
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An outcrop of 8 plunging ﬂnlil‘]inc
and syncline is shown in Fre. 7.9 The
plunge causes the outerap 1 turn and
double hack producing i s, The nose
is important as it indicates the direetion of
plunge. [ case of an anticline, the plunge
is always in the direction of nose whereas
in o syneline, it is away from the nosc.

Anticlinorium nnd Synclinorium.
These are the complex large folds of
general anticlinal and synclinal form. An
sqniclingrnun 15 a large anticline with 2
number of secondary folds of smaller size developed on it A "-‘.V”C”ﬂm'i'mn‘.‘
it a lurge syncline of similar namre [Fig. 7.10 {a) and (b)]. :

Fig. 7.9 Anticline and syncline
with plunge 10 north,

CSYNEUINDRIVM T ANTICLINGRIYM, .

43} 43
Fig. 7.10. (a) Synclinorium, (b) Anticlinorium.
Open and Close Folds. In "oper folds” the folding is mild and therefore

1_he lil:nh.ﬂ meel ol hean al un obluse angle. In this case the thickness of Lthe
constient beds remains unchanged cverywhere [Fig. 7.1 (a)] it

A

Fig. 711 (m) Open fold, () Close fold

In “clase foids™ I

plastically lowards |}

and thickening at 1
greal stresses,

the folding i i :

- U;;[‘:':Ed’f 30 light thal the inconpetent strata [Tow

oy [‘:‘. ";Ushﬁ- This causes thinning at the MNanks
8 21 () Th§ close folds develop under .

Dome and Bas
ome asin. W)
Iwo directions af rj i
each syncline igy,

the sirarg B v

£ht angles, each, . 1‘f have been subjected 10 folding in

a hasin. These ilgT icline is converted inta  dome and
lds are aboul as widc as they are long
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Thus @ wgdome” miay be delined as an up-fold where the beds dip radially-

autward in all directions from the centre |Fig, 7./2 (a)]. In such a case the

strata are said o have o A “basin” may be defined ¢

a down-fold where the bed:
ly inward towards the centre |

"l :
Fan Folds. A “fan fofd” is an
upright fold in which hath the limbs
are overturned. In anticlines limbs dip
Lowards the axial planc and in
synclines they dip away from it. The
beds within the anticline are much
compressed below while they open out |
above (Fig. 7.13). The erests and
troughs of (an folds ure generally suf-
ficiently rounded.

Fig. 7.13. Fan fold -

Chevron Folds. The (olds which
have straight or nearly straight limbs, their crests and troughs become sharp
and angular. Such zig zag folds are called “chevron folds” (Fig. 7.14).

CREST
DIPPING STRATA

Fig. 7.14. Chevron fold. Fig. 7.15. Homaocline.

Homocline. When beds dip uniformly with the sume angle and in the

same dircetion lor a distance of the orderof kilometer or more, the structure

is called a “homocline™ (Fig. 7.15).

Monacline. A local warping in the horizontal strata is called hs
“memoctine™. In this case the ruck beds lying at two levels are separaled by .|
a limb which shows steep inclination |Fig. 7.16 ()} A monecline is formed =

s
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by the vertical mavement. A Taultis penerally Tound below most manog) el
The width of menoclines arc often scveral kilometers.

(&) a3
Fig. 706 (el Manocle, (8) Strctural 1errace.

Structural Terrace. A local lanening in an otherwise uniformly dip-
ping heds is called the “sirucnira! tevrace”™. Tn this case the dipping strata
hecome horizontal at a perticular spol and then they continue 1o follow their
original dip [Feg. 7,46 (h))]. :

Dirag Folds, The “drag folds™ may be delined as minor folds developed
within the bedy of incompetent beds during the process of major I‘o]ﬂ‘mg
(Fip. 717 When a sequence where incompetcnt heds are interbedded
betwzen compatent beds, is subjected 10 folding, drag folds develop in the

ANTICLINAL axis

[B)
Drag fold ia) In normally gi i
. tag fold ta) In narmal )y dipping beds, (5) In overtumned beds.
w.':lﬁrnp::lcm layer, During [olding the compelcn
: hout delonnatiog while the weak ang
g—naJi secondary fo)ds. Drag lolds
cales the directinn of relatiy, ;
mine the \op ang bottam o
re ap[\rmimaleiy
The “jngon,
I CCHPEERE vack fie gy
Plastically during folding. 5 ;
to place. i

Fig 7.17

: Lbeds slip over one another
" incompelent layer is contorted into -
e :::; I[ﬂ'{fl;]):tmil. because their shape indi-
Fhighty im;lj'. vslt: folds imay be used 1o deter-
pacallel o Ly i Ull‘-dl Blrgl:l as their transverse axes
18 major fald,
e those which heg-
s show variations in
EMrock is shale. T,

ne mnobile aned low
thickness from place
& “competent heds™.
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ap the other hand, show greater rigidity and their thickness remains un-
changed during folding. An example of competent rock is sandstone,
7.4 MECHANICS OF FOLDING

All recks do notrespond in the same way o the same forees. Diepending
on their reaction to folding, the rocks are classified into two groups: (i)
competent rocks. and {if) incompetent rocks. Compelent rocks are the resis-
jant rocks which bend and crack withow much Nowage and incompetemt
“racks are the weaker rocks which deform due 1o plastic flow, The folds that
develop in these rocks are of three types: (i) flexure folds, (/) Jow folds
and (iif) shear [olds. .

Flexure Folds. The truc fulds thal are formed by the compression of
compelent rock heds are called the “flexyre folds”. These lolds are frequent-
I larger and their oullines are relatively simple.

Flow Folds. The incompetent rocks hehave like a thick paste and
therelore they can not lransmil pressure easily. The “flow folds™ that are
formed in the incompetent rocks, are accompanied by rock flowage. In low
folds the rock material flows into the crest and wough thereby cousing
thinning and thickening of heds. Many SHEAR PLAMES
minor folds requently develop in the in- ar”
eompetenl strata (Frg, 7173

Shear Folds. The “shear folds" are
produced in brittle rocks by the movement
on minute closcly spaced (eaciures callad
the “shear planes”. These shear planes
develop across beds and thin slices of the
rack move in relation o each other there-
hy forming a fold (Fig. 7.18).

Fig. 7.18. Shear (ol

With increasing distance {rom the source of pressure that causes folding,
the folds gradually die out hoth in the horizontal and vertical directions.
7.5 RECOGNITION OF FOLDS

Recognition of [olds in the icld is not always easy. All the limbs off ipc
fold nre seldom visible and therelore a systemutic study is required for
id:mif}‘iﬂg lolds. The features which help in recognizing lolded strata are
as follows, !

L. In soine areas [olds are casily inferred by the topography. Aerial
photographs are used for this purpase. el

2. The repetition of outcrops of rocks suggests the presence of a fold
(Frg. 7.19). In such cases care shoukd be tken (o eliminate the
possibility of o Tault. Y 5 L

3. II' [old is of open 1ype, the reversalt ol dip direction is enough o
identily folds {Fig, 7./9). In anticlines the oldest rock hed wi.ll :




R PRINCIPLES OF ENGINEERING GEOLOGY.
occupy an axial
position and in
synclines  the
youngest bed will

occur there.

4. Plunging folds as |
a rule, give risc (o
curved oulcrops rod :
the apex of which is called a “closure” or "nose” (Fig. 7.9), .

5. In case of the overturned and isoclinal folds where all the limhg

. dip in the same direction, detailed observations are necessary 1o
identify synclines and anticlines. The features which aid in Fmdiﬁg_
out the top.and bottomn of a rock bed and hence the synclines and
anticlines are drag folds, rock cleavage, cross-bedding, osciflating.
ripple marks, graded bedding and mud cracks. L

(i) Drag Folds. These folds show characteristics which are*
simnilar to major folds. As arule the axial plane of a drag fold
is roughly parallel 1o that of the major fold of which itisa
part, This providcs a very useful means of knowing the
gencral symmetry of the major fold (Fig. 7.17). e

(if) Rock Cleavage. The flow cleavage or slaty cleavage is

& formed due to parallzl
3 orientation of platy and
flaky minerals. This
: cleavage develops
i parallel to the fold axis
i and therefore it can be
t used in the study of
major folds (Fig. 7.20).

. (t#i) Cross-Bedding. In cross-bedding the laminae of the rock are

tengenlial o the true bedding at the bottorn but form sharp
- angles at the top (Fig. 6.3). ] 4

(iv) Graded Bedding. In a graded sedimentary bed, the coarser

grains are always at the bottom (Fig. 6.2). '_
() Mud Cracks. In mud cracks the tapering end indicates the
- boltom.
- 7.6, FAULTS

Fig. 7.19. Repetition of outcrop.

S5LATY CLEAVAGE

SEDDING

Fig. 7.20. Slaty cleavage.

GEOLOGY STRUCTURES

(han n meten several hundred meters o many kilometers. Faglts ;
rensional s well as compressional forees, - Joers- Paults resuly

7.6.1. [uult Terminology

29
ﬁ‘um

yault Plane. The [racture suriace along whic e L
taken place, is called a 'jfrm.f‘r plane” (Fig, 87‘2“_‘ @r;h;:;i?’:;mm
poth the f aull planc and the displacement that has occurred along it, A fmﬁiu' .
planc may e m.:lrkcdly curved or in some cases nndu!:lt.i:is-iln s:cn;l of one .
clearly defined fault planc there may be a number of parallel shear fractures - -
along which the fault movement is distributed. Sucha fracture zome is calied g
o “shear zone”. . : L

d FAULT PLANE p\\K FoOT waLL

Do THROW

THR
UF THROW Dk

SIDE

Fig. 7.22. Faul elements.
. [FF-Fault plane, ac-throw. eh-beave.
_ " Zeab-hade. Zhab-dip, ab-net slip]
Hade. The “/iade™ of u fault is the angle of inclination of fault planc
measured from the vertical (Fig. 7.22). Il.includes both the angle and the

direction.

Dip. The dip is the ang
(Fig. 7.22). _ i -

Strike. The “strike” of a faull is the direction of its continuity on the
ground surface. It may be defined as the wrend of the line formed by inler-
section of a fault plane and a horizontal plane (Fig. 7.21). such as the ground

surface or a map surface. .
Throw. The vertical component of the displaocm. ‘ nt of I[‘:'ichlz:.hmedmrzct: :
blocks, is called the throw of favlt (Fig. 7.22). The side on SBE =20
appear t have thrown down is called the “dowd throw -‘"’."“w .:hmw side”
side on which they appear to have gone up is called the " L
(Fig. 7.21). _ :
Heave., The horizontal component t_:_f
called the “fieaue”, It is the herizontal shift o
a fauli (Fig. 7,22). o
Net Slip. The total displacemen!
the “ner siip™. It is measured belween

Fig. 7.21. Fault plane,
(ad-strike, abed-faull plane)

le the fault plaﬁé makes with 2 horizontal surfaoc

the disp.lacn'tﬁ:nt-'cf a fault is - i
{ strata as seen in 2 szcﬁu_n.qf: e

the fault plane iscalled = -
“which were originall

ot measured along
1 the two poinls W
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20 (his ¢ase the faull plane dips toward e up-throw sigy a4 2
W2 The

. g A e ! ally high angle faults, They . : feverse fay :
tact . 7.27). The movement along the faelt plane can be resaoly, 4re usually hgh : ¥ dre progiyged 1 FEverse fay)y
in contact (Fig. 7.27). The P l\ed. are = aults indicate shortening of the e By comprassinnal Bovess.

into two component dircetions, dip slip and strike slip. ; The:
Strike Slip and Dip Slip. “Dip slip”™ is movemnent parallel 10 the

atth's ey
Normally reverse faults have dips of the ardey uf 452

ression produces low angle reverse fauys i ST more. |ntepge

direction of dip of the fanlt plane. The mevement which is parallel 10 the comp 5 : A the “fiimer e
strike af the [ault plane is called “strike stip™ [Fig. 7.27 (a) and (b)]. : 7.6)- Th"”[l'aullls iy T“‘;c i 'flc hoton: 1 merge wig 5 *‘er:—d:‘:- (IF‘X'
et 1 e ‘_,”mn-,:_onla or low angle thrust faull in whick the disgl netdimy plane

Fau]l..Smr]_J. A “fault scarp” is the cliff formed initially along the called the “overthrust”. The displaceinent of mm]u‘-ni:f:er:,m:c“ e, is o

up-throwy side of a faull. i kilometers. The sheet of rock that has moved forwg ;,f;,“ ?E::.ﬁd i
2 16T 31

Hunging Wall and Fool Wall. It the fault plane is not verlical, the plane is called the “nappe”, Isolated parts of Overthrust ek mass rean;
block of reck Lying above it is known as the “hanging wail", and the block | w on the underlying strata are known as the “nuppe autlicr” or E““ festing
blow the fault planc is known as the “foor wall* (Fig. 7.22 and 7.23). Verticyl 7.50). “ippe iFig, o
faults have neither hanging wall nor foot wall. : i Classification-11. On the basis of relstionship hetwesn e ik of & i i
fault and the attitude of strata, the Faults are classified jng f':v; .ﬂr:t};:-, ,:a
| dip fault, if) strike Fault, (i) bedding faul, {iv) obligue fauly, o 11y oo
ur wrench [ault. :
Dip Fault, A faull which strikes approximately parallel (o the dip
direction of beds, is called the “dip faulr” [Fig. 7.24 fa)]. .

Fault Zone. Most fault planes are associated with a zone of crushed or
aliered rocks. This zone is called the “fiuli zone™. When several paralle]
faults nceur close wgether, the resulting zone of broken and crushed rock is
called the “shear zone”. A shear zone differs from a fault zone in that ng
distince fauli planes can be detccted because here the local deformation is
doctile. The fiult zones and shear zones vary greatly in width and in sore
cases they ure measured in hupdreds of meters.

7.7. CLASSIFICATION OF FAULTS

Classification-1. On the basis of apparenl movement the [aults are
classified into two groups: () normal fanlt, and (i) reverse lault.

Normal Fault. A “normal fanlf” is ope in which the hanging wall
appears (0 have moved downward relative o the ool wall [Fig. 7.23 (a)].
In this case the fault plane dips toward the down-throw side. Generally
normal faults arc produced by tensional forces and they are also called the '

R i =l ; 3 LAy (B
eranvity fuults”. These f:?uILq indicate Icngmcnlug uf |J.m earth’s crust. The ) Fig, 7.24. () Dip faull, (5) Strke fanks
sion of the crust imo blocks by nonmal Taults is called the “Diock s ! :
Sauliing”, Normal fanlts usually have a high angle dip. Strike Fault. A [ault which russ parallel to the strike of srlr-:ll.'l, 4 ;ai.ied
the “strike faulr™ [Fig. 7.24 (b)]. A strike fault is termed as 3 tonguudinal
Jaulf” when it runs along the strike of the regional structure such 3 mayor
F F : fold axes, ete, j :

- e
\ 7

HANGING Faor wWwaLL
WALL

a1 i E 8y,

R e
Fig, 7.25. () Bedding fiult.(8) Oniqoe full

Fig. 7.23. [a) Neqmal Tault, () Reverse Lault,
i Reverse
. appears 1o hay

Eu:llt -’:! “reverse fur.’f‘r" is one in which the hanging wall
noved upward relative 1o he foot wall [Fig. 7.23 (0], fo




222 PRINCIPLES OF ENGINEERING G.EoLoéY ;

Bedding Fault. A beddiog fault is one which occurs along a ’-‘Uﬂ'lacL" =
between beds of different or same lithology [Fig. 7.25 fa)]. The bedding
faults are diflicult o recognize. :

Oblique Fault, A fault which runs ohligue to the strike and dip direp.
lions of strata is called the “obligue Sfautr [Fig. 7.25 (5)). When a faul
strikes diagonal 1o the dip of the regional structure, it is known as the
“srunsverse fault”.

Tear Fault or Wrench Fault. In
strike-slip faulting the rclative dis-
placcment of the blocks is horizontal.
The fault plune of a strike-slip fault is
more ar less vertical and often ex-
tends for long distances. Because
Ihese faults frequently strike across
the trend of tolds, they arc called
“trunscurrent”, “tear’ or “wrench”
faulws {Fig. 7.26).

Clagsification-IT. On the basis
of the degree of dip, the faults are
classificd into two groups @ () high
angle faults and (i) low angle faulls. Fig. 7.26. Tear or wrench faull.

WRENCH FAULT

High Angle Faults, The “high ungle fmlts” are those which have a dip z
greater than 45° Nonwal faults are commonly high ungle faults. '

Low Angle Faults, The
“low angle fanits™ are those . e
which have & dip less thun i
45%, Thrust fauls are com-
manly low angle [aulls.

Classification-IV., On
the busis of the relationship
between the direction of slip
and the animde of the faull

\ /4
A 5,
plane, the faults have becn E
classilied into three groups : : {
(6) strike-slip fault, (4} dip- 1
slip fault, and (i) oblique- ‘ ' |
e e

BJ) B

slip fanl.

Strike Slip Feul: 'In
“strike-slip faulis™  the c
;:ml\remenl is essentially Fig. 1.27. (a) Suike slip faubt {ub = strike slip =
orizontal along the strike of "€t P (6) Dip slip Fault {ub = dip slip = nel
fault |Fig. 7.27 (a)]. These slip). (¢ Oblique slip fauli (ac = strike faull. cb =
dip slip. &h = net slip) o

4E0L08Y STRUGTURES

jaults wswadhy have very steep 1o vertical dips.
a

. glip Fault. A faukt in which mav Loilas

pip Skip b - mavemenl iy gs: PR
o the dip ol fault, is called the “dip-yiip faulr [P_I_g"te;‘;?'?‘billu\a@nm-

onlique Slip F“_""' A fandt in which the direction of %
,liﬂgusml 10 both the dip and strike of fault, is called the “oblig :
fF;'.g, ?,2.-7 (C]]- . i
cmsgit‘icutior!-\'. On the h:l_sis of the furves responsible for the forma: :
von ol faults, the faults have _hecn classified into four growps : (i) grml)} o
\ension {auls, (i) compressional Laulis, (i) mnscurrent fu.uih.msu (W)
1l taults. s
Gravity or Tension Faults, These faults are formed by wns's\ﬁn! tcme% e

which pull the earth’s crust apart. Normal faults are the examples of this

group- £
Cumpressiunal VFaults, These tanlts are caused by e compressional
forces which produce [olds -as well as fanlts, Reverse [anlts and thrusts
pelong Lo this group and they are commonly associated with folding.

TVCTRENL s
€ stip fuulr™

pi"'o

Transcurrent Faults. These Ezmits are caused by the laterl thrust. Tear
or wrench faults belong 10 this group. Transcument faulls ¢xhibit mainly-

horizontal movoment.

Pivotal Faults, These faults are caused by the rotativaal stresses and S

the movement involved is mainly rolational.

Classification- V1. Faults usually occur in groups. When o number qf
faults occur tgether, they form a oult systent”, On the basis of their
pattern, the faults are classified into scven groups & (1) paru]}c! faults. ()
step faults, (1) graben, (iv) horst, (v) enechelon faults, {vi) pert
andd (vify radial Faults. )
Parallel Faults. A series of faults that b

called the “paraliel funlis™. Such-laulls nm pn.mlk_ﬂ LCil_:ﬂC
samne angle (Fig. 7.28).

ave (e same swike and dipare
mother and all

hade in the same dircetion with the

L_fu_ R
Fig. 7.28. Parallel fault.
Step Fauits, The term “step fa

where the down-throw of all are in !
down-thrown blocks prndilt‘?-ﬂ-’“cPIlfl

T Fig, 7129, Sep faull. -
pplied o those
i1 In
29}

ity i appl
{he sane directier
ke .51m;lur_e.{_-"!.!:-_ 7.

pheral fauhs, ;

pariliel fuslts
ese Fauls e
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Grahen or Rift Fault. “Grabens” are long and relatively narrow Taul
troughs bounded by parallel high Fi [ 3
angle Taults. This structure 15
produced when the two parallel nor-
mal lawults hade towards cach other
and the rack heds hetween tiem are

“thrown down under the influence of
gravity forming a topopraphic low
(Fig. 7.30). Tensional crustal lorees
which pulls the crusi apart are responsible for the formation of dft fay
Grahens typically occur along crests of upwarps.

| Fy
Fig. 7.30. Graben.

s,

Horst. When two parallel normal faults hade away from npe another
and the rowk block between them is uplified to form a ridge, the struchure
is called a “hors™ (Fig. 7.37).

Fig. 7.31. Horst. Fig. 7.32, Enechelan fanlis. :
Enechelan Faults, These are relatively short faults which overlap cach

other (Fig. 7.12).
Peripheral Faults. The curved faults which have nearly circular or
are-like vutcrops on level surface, are called “peripheral fanits” (Fig. 7.33).
¥ p g | o e

Fig. 1.33. Peripheral fault,

Radial Faults. A number of faults exhi
ground surface are galleq ™

- 1B.EFFECTS O

] Effects of Dip F;
displacement in the ¢

Fig. 7.34. Radial fault.

biling a radial patem on the
radgial fautes (Fig. 7.34). ;

FAULTS ON OUTCROP

uulis. The effect of the dip faults is 1o cause a luteral
Uierops of Lhe disrupted strata (£ ig. 7.35). The amount

« the limbs ;

0L06Y STRUCTURES
GE . :
o accment hecomes less wilh the increase in the gj

P of 1ok beds and

1 dis ‘ .
; displacement of qui.”

Eah

in the vertical strata (he
crop will be nil

| L (A
P

15, Plan showing displacement Fig. 7.36. Repetition of omcrop.

Fig. 70[' sutcraps by dip faults. (@} Strike-faulting, (5) After denudation. -
Lffects of Strike
Faults. The effect of
surike Lwlts is cither to

cause the repetition of
ihe outcrops of the
disrupted strata ar (0
climinale the oulcrops
of some of the beds ul-
wgethier. Repetition of
outcrop oceurs when a
sirike fault hades in .y 737, Omissicn cf putEzoR :
the directhion opposilc (a) Si:ibkc Tauliing, (b) Alter denudahan. * 4
to that of the dip of s
strata (Fig. 7.36). Omission of
fault hades -
in the same
direction as
the dip of
strata {Fig,
7373
Elfects
of Faults on .
Folded —
Strata, Tu 2 ; S ol
e g Fig. 7.38. Ellest Qf-{au!lxﬂ%E;ﬁz::;nl o ;
vulerop of S-{_a).Faulling‘ (b After dspuegioh: - e
. (i 39 while the reverse PP

concealiment of oulerop 0CCUrS when

e closer on the up'm""w'smc'(
<ase of un anticline, :
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7.9. EVIDENCES OF FAULTING
 faults in the ficld can be divided into-

gnition 0 :
/ ault plane evidences, and (i),

The criteria for the reco .
evidences, (i) 1

three groups : (1) geological
physiographic cvidences.
7.9.1. Gealogical Evidences
dences are scen very clearly on the gcologicm maps.
logical evidences of faulting arc : (i) of_fsets of roc]
of strala, (i#f) abrupt termination of stnic.
f stratigraphic sequence and (v) abm,

The geological evi
The most important geologic
units, (£} repetition or omission
tures along their trend, (V) strata outn
change in the attitude of strata.

Offsets of Rock Units. Displacement of rock

occlirs on opposite sides of 2 faull, ‘
Repetition or Ornission of Strata. [n a lraverse line, the outcrop ol

bed may be rcpeated in cyclic order or it may disappcar allogcth_cr. Sucha
repetition or omission of heds often establishes a faull. N

Abrupt Termination of Structures. The strala, dykes, veins, folds or
other structures may end abruptly against a faull line. Such h?rmmmion_ )
structures along their trend is usually caused by the dip and diagonal [ault
ing. The lost portion of the struclure may be concealed under water, al
Juvium, lava or younger series of beds. .

Strata Out of Stratigraphic Sequence. The normal stratigraphic se:
quence of a region may be disturbed by faulting. When older strata occ
above younger sirata, [aulting is indicated.

Abrupt Change in Attitude of Strata.

changes suddenly, faulting is indicated,

7.9.2. Fault Plane Evidences

The fault plane evidences include the
associated with faulis. They arc observed in the immediate vicinity of fau
planes, The most important fault plane evidences are : (i) slickensides,
drag, (fif) fault breccia and gauge, (i) silicification and mineralization, a
(v) feather joints.

Slickensides. The movement of on
polishing and grooving of fault surfaces. These gruoves and striations
called the “stickensidzs™. Slickensides are useful in knowing the directl
of thelatest moverent on a lault surface. Slickensides are commonly as
sm;ia_:zd with faulls and arc formed along the lault planes. In addition
siriations slickensides may also contain small steps-like [eatures facing
the same dircction and oriented more or less normal 1o striations. More:
E:I}::Ir:eﬂlw‘*“c' lurrows along the fault planes are “nutlions”. Mullions
mems.g r than slickensides and are not easily erased by subsequent moYes

Drag, In tic j i L
up and dgo\m (F'gm?l;;l;“;h\:::lﬂz ,;)rc 2dri:i:m, .th en_ds of §wata may beﬂ
g which is caused by the 2

displucement, is calle " Wi
seblea oy called the “drag™, It indicates the dircction of moveme

beds, dykes, veins, etc

When the strike and dip of stra

minor structures which are found =

e wall against another results in

1
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Fault Breccia and Gouge. Along some faulls the rocks are found highly
fractured or cven crushed te angular frag-
ments. Angular fragments embedded in a
matrix of finely greunded rock are called *
Sfault breccia”. Fragment size of fault hreccia
may range from microscopic lo serval cen-
Limeters. Secondary minerals such as quartz,

calcile or somelimes pyrilc may fill open *
spaces within the faull breccia. When the dis-  Fig. 739. Drag on faults.
locating forces are very severe as is frequently

the case in thrusting, the rocks may be ground W finc clay like powder called
the “gouge”. The gouge is frequently polished and striated by the fault
movements. A microbreccia that fills faults in wider zones of intense

defor-

mation is called the “mylonite”.

Silicification and Mineralization. Circulating |- -
water while percolating through & fault zone may _'
deposil finc grained quart? causing siljcification. Fault "y
planes also act as passages for mineralizing solutions |- -7~/
and many mineral deposits are formed in the fault plane | -/
itself. o

Feather Joints. Feather joints are the tension frac- [, . 1"
tures formed due to fault displacements. They common- | : -
ly develop adjacent to major faults. The feather joints F]g —rrem
;ni;;nlc the direction of movement along the fault (Fig. . _jgints on faults.

7.9.3. Physiographic Evidences

The physiographic evidences arc scen clearly from a distance or on an
aerial photograph. It may be noted that physiographic evidences are nol
conclusive. The chief physiographic evidences are : (f) fault scarp, ({i) laull
line scarp, (i) offset ridges, (iv) fault control of streams. and (v) lines of
pond, springs or waler seeking plants.

Fault Scrap. A steep straight slope of a ridge is called the “scarp™.
Fault scarps are the scarps formed as a resull of foulting, They are found
only in those areas where faulting has been geologically very recent. Fault
scarps face in the direction of the down-throw side.

Faoult Line Scarp. Faults frequently bring together resistant and non-
resistant rovk beds. A ridge may be formed along a fault due to the process
of unequal erosion. Such ridges are called the “fauls tine scarps”. They roay

face either in the same direction as the original scarp or in the opposite - *

direction. In the lat

er casc the scarp is called the “obsequent fault line
scarp”. : s : ek £
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Oirset Ridge
a faull, “sffser ridges” arc fonned. P!
Faull Control of Streams. Strcams may be guided in the dircclion and
course of their flow by faulting. Such a stream iy fallow a nearly straight

line ar make approximately right angle turns.

~. In regions where resistant rock beds are displaced along

Lines of 1'onds,
of ponds, springs or waler sceking
of faults.

The various €T

these criteria also sug
Usually a combination of several criteria is required for the establishment

al a fault, _
7.10. SIGNIFICANCE OF FOLDS AND FAULTS

Folds and faults arc of major signilicance (o indusirial gculugih:l:a he-

cause they olicn form structural traps for valuahle mincral deposits. Faulls
that develop ahove an intrusive granile allow mineralizing Muids 1o pass nio

the overlying rocks. The deposits of mincrals such as lead, tin, zine and

copper ores are formed in this way: Faults that do not reach the suriace may

form channels through which oil and gas can rise. In synclines where porous
sand beds overlie impermeable clays and shale, calleetion of waler fonn
reservoits which produce arlesian springs.

Correct interpretation of Lolds and faulls is esscntial in mining. For :
example, recwnbent folding and reverse faulting can cause coal. seams 1 he

repeater vertically, while normal faulting can cause a horizontal pap. A coal
scam tnay thus be passed through several times in drilling or allernatively
missed allogether. .

Along a faoll zone, highly crushed and sheared rocks are met wilh.

These zones being weak, unslable and highly pennesble, pose expensive

problems in civil engincering constructions, such as dams, reservoirs, - o

néls and highways.
711 UNCONFORMITIES

& s ) . ) & ‘ 5
i hf..'n the Ml::llmaany rock beds are Tound 1o have bheen dEpﬂﬁllﬁd
il interruption, they are said to be “conformable”. Unconformities are

[ormed when there is break in scdimentation. (w1 a g
3 i 2 e
n. This creales a gap in th
gL‘U]DgIL‘dl record

Unconformi : . : B s
wities™. Thue a:“!'- i\’mj_ﬂl breaks in sedimentation are called “usconfor-
-vhich scl:rar:nlu: .umomn"m_‘-" may: be defined as an old erosion surface

ales younger series of rocks [rom the older series. Unconfer-

fRILES reprosent an interval of time

erosion of Lhe ol unknown length which is spent in the

undervine stran v e
e & stratu before the deposition of the overlying rocks:

Springs or Water Seeking Plants. Linear anangement :
plants may concide with the alignment

iteria discussed above, are mastly indicative of faulting. ;
Individually they do not give any conclusive evidence, Besides some of
gest ather struchires, such as unconfonmitics and foléds,
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Fig. 741 shows a
group of horizontal beds S04 _LEVSL
*4' resling unconfor-
mably on the inclined
amd eroded beds "HT.
The unconformity al X-
Y represents a long
period of time during
which the older beds "B
were uplifted, tilted
{passibly folded and
faultedy, eroded and
submerged beneath the
sea again, belore the
upper group of beds A’ 1. EROSION

1. DEFBsITION 1. OPLIFT

4. RENEWED
s DEPOSITION
were depl)Sitcd. Fig. 7.41. Development af snconformity.

7.11.1. Types of Unconformity )

Unconfonmities are of threc types : (i) angular unconformity, (if) dis-
conformity and (if) nonconformity.

Angular Unconformity. The rock beds on opposite sides of an “an-
gular unconformity” are nol parallel |Fig. 7.42 ()). The anpular unconfor-
mities occur where Lhe older s . - -
serics of beds have boen —
tilted, deformed and croded ™
before the depositiun of g
vounger beds.

€]

Disconformity. The =
rock beds on opposile sides B
ol a “disconformity” arc
parallel [Fig. 7.42 (b}, Dis-
conformilies ovenr where
the strata of the older series

havc mot been tilted or X, =, %

defarmed in any way before P

the younger rock beds were e

deposited above them. They Fig. 7.42. () Angular uncenformity,
represent cither a period of (b} Disconformity, {£} Nonconformity. -

non-deposition or a period
ol erosion. : S Vi e i

Nonconformity, When bedded sedimentary rocks OVﬂhfﬂrm
bedded igneous mass, the stucture is called the f'nqncanfor_m;r_y [Fig: 742

(e3]-
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7.11.2. Recognition of Unconformities

The factors which aid in recognizing the unconfommities in the field,

are as follows.

(i) Difference in Structure. The group of rocks on cither side of an

unconformity may show structural discordance.

(i) Difference in Fossil Record. Rock beds lying below an uncon-
formity surface commonly contain faunas which do not oceur in .

the rocks above, Moareover [ossils in the younger serics may be

of highcr evolutionary rank. This suggests thal a gap exists in the

succession of rock beds.

{iif) Presence of Conglomerate. Al an unconformily a bed of con- ;

glomerate is commmonly found at the base of the upper series af
rocks. Such conglomerates contain frapmenis of the underlying
rocks.

unconformity as clay rich reddened or ocherous horizons.

(v} Dilference in Fnvironment of Deposition. Association of such
rock beds which were formed under contrasting conditions, indi-
cales the presence of an unconfarmity. For cxample, nonmarine -
heds averlain by marine beds, or cross-bedded sirata overlain by
strta showing graded-bedding.

(vi) Relation to Intrusives. Unconfonmitizs may be recognized by
| truncation of volcanic necks or other volcanic intrusions.

(vii) Difference in Grade of Metamorphism. The younger series of

rocks are likely 1o be less metarnorphosed than the rocks of older.

SETIEs. :

712 OVERLADP

In some cases the junction between 1wo series of beds is smooth and
represents a penily slop-
ing old land surface
which slowly sank
belaw sca level, As a
result when the younger * |21,
series of rocks were b
deposited on the older :
heds, each new bed in © X .
ll.IITJ a5 coh,oand ain %k 4 ; :
Fig. 7.41, encraached
";(“ S Fig. 743, Overlap.
old L i :
: .;{I Land surface, Unconformities of this type

OLD LAND LURFACE

are known as the “pverlap”.

(iv) Fossil Soil. Subacrial weathering profiles may be preserved at an :
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7.13. JOINTS )

When rock masses are subjecizd 1o tensional or compressional lorces,
regular or irregular fractures develop in them. Sueh Irmctures along which
(here has been no relative displacernent arc called “jotnrs™, Ioints vectr
alimost every type ol rock. Thn:y may be vertical, inclined or even horirontal,

Commonly rocks contain a large nuber of joints which fic parallel to
one another. These parallel joints wogether form a “jount e, Very oflen two
or more sets of joints occur in rocks which break them into large nearly
rectangular blocks. Two or more scis logether constitute a “goint sysient”.

Since joints have well defined Iracture surfaces, their posilion In space
is recorded in lenms of dip and strike. The dip and strikc of joints are
measured in the samc way as that of sedimentary strata.

7.13.1. Classification of Joints

Classification-1. Depending on the made alf formation, the joins are
classified inlo two groups : (i) lension joints and (1i) shear joints.

Tension Joints. "Ten-
sion joints” are those which
are [ormed as a result of ten-
sional forces. These joints 3TRIKE JoiuTs
arc relatively open and have s
rough and iregular surfaces.
The columnar joints in
lavaflows { Fig. 7.45) and the
longitudinal joints in an-
ticlines that run parailel 10

the [old axis (Fig 7.44) are Fig. 7.44. Amicline shewing sirike
the examples of lension juints formed due (o rension
Joints. -

Shear Joints. "Shear joints” are those which arc formed due li:.l:_x?!nv_ "
pressional forces involved in the folding and faulting of rt?cks. T."lﬁst.."ji.)l.flls ;
are rather clean cut and tightly closed. Shear juints oecur 151‘ wo sels whic
intersect at o high angle o form a “canjugaté jounl system 2
Classification-11. Depending on their atlimde mﬂ y:_mr?ell'ry‘. the joints 5
are classified into three groups : (i) sirike joints. (if} dip jomts nnrl (rm_ e
obligue joints. e 0 £ il I . Ry
Strike Joints. The joints which.run parallel 10 lh: :slmku of n,numry
rocks, are called the “sirike joints” (Fig. 744). e ke
Dip Joints. The joints which run parallel 1o the
country rocks are calledthe ddip oty ‘. ey
Oblique ](.!inlgl."T]lG joins; which run ubligue

1o The dip and strike
directions of the conntry "‘Fkﬁ« pre "'““'cf’_ ;ht"a'bhquc o

dicéstion of dip of the -




232 PRINCIPLES OF ENGINEERING GEOLOGY

7.13.2. Description of Common Juints

Bedding Juints, The joinis which are orieated parallel to the bedding
planes in sedimentary rocks, are called the “bBedding jomrs™.

Master Joints. In sedimentary rocks, the joints usually rn in 1w
directions al nearly right angles. One set ol joints run pamilel w the dip
direction and the other paralle] o the sirike direction. OF these, one set of
joints is conumonly more strongly developed and ux!undx tor long distances,
Stich well developed joints are called the “aster joins™.

Primary Joints. In igneous rocks, joints are Tormed during coaling and

confraction of magnu. Such joints are called the “primary joines™. The

primary joints are of (ollowing Lypes.
(i) Mural Joints. Granites commonly show three sels ol joints
mutually ot right snples which divide the rock mass into more or
less cubical hlocks. Such joints are called the “waral joines™,

(i} Sheet Joints. Sheel Joints are often seen in the exposures of
grapites. These joinls min in the horizontal direction and are
formed as tension cracks. They are believed 10 have developed by
inloading through removal of overlying rocks by erosion, The
sheel joints are some whal curved amd are essentinlly parallel o
the topopraphic surface. They arc
more conspicoons and close cgLymman Jowrs
logether near the ground surface.

(ifi) Columnar Joints. Columnar joints
are [ormed in whular ipneous mas-
ses such as dykes, sills and
lavaflows. These joints divide the
rock msses inlo hexaponal, square,
rhombic or triangular columns (Fig.
7.45). Such columus develop m right
angles to the chiel cooling surface,
I lavas and sills, the columns are
vertical wlile in dykes Lthey are

nearly horizomtal. Fig. 7.45. Columnar joints.

7-14. CONCEPTS OF STRESS AND STRAIN

All stresses which are appl; i .
applied (o a rock mass can be resolv Lo three
mutually perpendioular e, ¢ resolved in

.i!l:‘r!.!‘j‘" and their magnitude is CE[TES:
When the magnitude of siresses, [og
to be hydrostatic. Und
while irs shape ey
deformaticnal foree

sed as greatest, intermediate, und least.
each uxis is equal, the stresses are said
fer such stresses only the voluge of the rock changes
uns the sume. When the slresses are unbalanced, a
operates which changes (e shape of the rock

These dircetions are called “axes of @
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Application of stresses prodices a “strain™. The distribution of strain
along the principal stress axes pives rise Lo sirain uxes. These sirmin axes are
a8 Tollows.

iy Axis of Lenst Strain. The anis of greatest stress is the uxis ol
preatesl compression. Henee it is regarded s the “axis of leas
strain”.

(iiy Axis of Greatest Strain. The axis of least stress is the axis of
Jeast compression. Henee it becomes the “axis of greatest strain”,

(itf) Axis of Intermedinte Strain. The axis of inlermediate sress
becomncs the "y of inlgrediate strain”,

7.14.1. Strain Ellipsoid

The stenin ellipsoid in an imaginary figure. [t is produced when a sphere
ol homogencous rock is subjected 1o a deforming stress. In this ellipsoid the
grigntation ol strain axcs is show in Fig. 746,

Muosl sections through the ellipsoid are ellipse. Twe of the scctions,
however, are circles whose diameters are “ac’ and “bd" (Fig. 7.4). Along

(B
Fig. 7.46. Strain ellipsoid. (a) Longitudinal scction. ac zlmd bd are II.IIAL:: of the
citcular sections. (&) Ellipsoid showing plancs n_t she:ln. o is |
preatest strain axis. =7’ 15 the least strain axs.

the circular sections the surloce of the ellipsvid and the sphere u;m:n.l(:\:izi. lI.l
means that along these sections no change in shn!:c has laken place. Adng
all ether sections, however, the shupe has been distorted. : :

In the segment *bec” of the cllipsaid Lhe strin l:.ss [‘m:e_:\_lu;.f::il“h ecl:;:f?c:;
while in the segment ‘ged’, the sirain has caused mrli'.n.;u.]g‘if5 ool
circular cross-section ‘bel” lies hetween (hiese 1w s-:gr[u:nla.r ) fs 1\n “. e
of shear because the distribution of stress on cu%mr mdg 0 h;ﬁ lgl A f];omm
directions. Thus there arc two shear planes wh?ch pass 1h uth cmﬁms, .
ellipsoid. These shear plancs becoine surfaces ol rqplllm_w en. A
sional strength of the rock has hecp gxccs{.'l_cd.

L
L
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In the sirain ellipsoid,
of clongation. 1f {he tension
that contains (he Jeast aud inte .
form at right nngles W0 the grealcsl axis O
7.15. LANDFOI{MS
Some rock Lypes BiV
lirpestones o weathenng
produced by the processes ol weal
clinmate and rock (Ypes:
1. The angle of surfact
of the rock. Hord rocks
25 convex curves i comiris
racks like clay or shale (Fig. 7.47).

(e uxis ol greatest strin indicales the ‘lii'c.clioh
fracmres [on, they develop parallel (o \he play 1
nediale strain axes. ILmeans 'lcn?i(m frachureg
{ the strain ellipsoid. i

¢ risc o very distinctive landforms, for example,
produces skarst topography”. The landsca :
Ihering and crosion is closely relate

e slope is contralled dircctly by the stren
like limestones and sandstoncs stan
1 1o the concave curves formed of

D® sLePE
i

SAWMDETONE
IHALE

e ] 3
= L — 77— LMMERTONE

saft tocks.

Fig. 7.47. Erosicn profile of gently dipping hard and
d surface g:nn.s:ists'-q
e 1o convex Lhrol;
arid climates the ground profil
inlcrsections belwes

2. n humid climates, the profile of the groun
smooih curves which change from concay
puints of inflection. However in
i usually much sharper. Then: arc angular
differcnt slope angles.

7.15.1. Stages of Landform Development
; The whole period of history of a Jand mass can be described
af "youth”, “matriry” and “old” age. :
Yo.uthl'ul Landscape. A “youthful landscape™ is one in which the agen
of erosion have been acting for a relatively shon period on a recently uplifted

in el

Fig. 748 §1a ¢
- Slages of 1 S o)
andscape(d) you stage, (b) Mature stage. (c) Old sta
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o mass. This L 3 :
tg;ichmhave n;';oi’p‘:;‘l:;:f‘l:;ip:::s \_v{ijrlc Nat surfaces dissected by rivers
is chicfly downwards. p sides {Fig. 7.4% (a)]. Here the erosion

Mature Landscape. In “matur, ;
. : Bl ¢ landscape” : 3
i e e D AT o Tt e
original flat uplifted land area are left (Fig. 7.48 ()] : parts of e

Old Landscape. In “old landscape’” .

o ] i pe”, the landscape hecomes al !
with 1501;1le ‘hf“S Smndmii up above a plain which s almost at ;:::'?;?::
Sucl? a plain is cal!cd lhlc penepigin ™ [Fig. 7.48 (e3]. In the oid suage the
erosive power of rivers is greatly reduccd and their gradient hcm;-mg& low.

_After the old slag_e'. Lhe land mass would either sink below sza or is uplified

again and the above cycle is repeated.
7.16. STRUCTURES DUE TO DENUDATION

Outcrop. An “outcrop” is the area whe i :
! re the bed roc
the ground surface. P S

Outlier and Inlier. An
“outlier™ is a patch of =
younger rocks surrounded ST , " : T gl
by alder rocks on all sides H—L 11 - = =
(Fig. 7.4%. Tt is formed e : =
when a part of a bed or a
series of beds pets scparated
from the main mass by
erosion, An “inlier” may be
defined as a patch of older :
strata which i en ]

S sidt:s'.: lsoiﬁ“:m:f:d Fig. 7.49. Qutlier and inlier. (a) Formed in
Fo 245, y youngerstrala  horizontal rocks, (b) Formed in folded rocks.

Klippe and Window. The reverse or overthrust faults arc found in’
complex fold mountains. In these faults the older rocks are thrust over the
younger ones. Tn such a case if erosion works and deraches a patch of the

KLIPPE

OUTLIER

AMLIER

CULREER ROCKS

Fig. 7.50. Window and klippe-
2 the part of the ﬂmﬁt ;ﬁns___s‘ 1y
isolated is called the “kfippe” and the arca whers the: undertying younget

travelled mass from the main thrust mass,
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rocks are exposed, 1S called the "n‘f{m’ml"' (Fl'gl. ?;L.c?i!]. In other words, klippe
is.a nappe outlier and the window is a nappe fmier. :
: Plateau, Mesa and Butte, The plateaus, IMEsas and hulfes anl: cr;;s;on:ml
[ Li:al develop in the horizontal sedimentary strata with alternale
lanfilurms | gonresistant beds. The resistant beds support the elevated flat
;z;m;i(?;;cusnﬂc; I;»cds erade to form the gentler slope.
A “plateau” is a board [lat arca that riscs (o a height of over 300 ncters
el %M 7 d}n s. Few platcaus have elevations much higher than 3000
abc:‘?:sm'[‘:it;n’?ijhr::1angp-latcau has an average height of about 5000 meters,
?:l:!le} plateaus are called «me{a.;", A maisa mfa.yl he defined a; ? low
flat-topped upland having steep sides. The bu_.-re is a term us.e_ or an
isolated hill with steep sides and a small crest. With continued crosion mesas

may hecome butte (Fig. 7.31).

MOGBRACK

Fig. 7.51. Hoghack, Cuesta. Mesa and Butle.

Cuesta and Escarpment. A “ciesfa” is an asyimmetric ridge formed
in regions where rock beds are genily inclined and hard and soft _mcl_cs
aliernate, One side of a cuesta has a long gentle slope determined by the dip
of the resistant bed while the other side has the steep slope formed at the
crosional edge of the resistant bed where it is undercut by the erosion of the
softer hed underncath. The side having steep slope is called the “escarp-
ment” (Fig. 7.51).

Hoghack. A “haghack” is the narrow steep ridge formed by erosion of
the nearly vertical or steeply inclined resistant rock beds (Fig. 7.57).
7.17. MOUNTAIN BUILIDNG

Mountain, Mountains are high lands which rise several hundred meters
or more above the surrounding terrain. Large mountain systems generally
show evidence of enormus forces which have folded, faulted and deformed
large sections of the earth’s crust, i

Orogenic Movements Th i A
: i - The crustal mov i for-
" mation of 4 moun ement which result in the f

tain system, are called the *'o 1 ", During
thes Ty stem, are ‘orogenic movements”. g
i eRis extensive folding and faulting of sedimentary strata 1ake

- Epelrogenic Movem
Telrog ents,
deposited in the ancicnt sea,

The sediinentary rocks which were originally .
hmm:d melers above seq Je

are how present on the land surface, several
vel. Although these rocks have been uplifted (0
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hundreds of [Ill:".?r?i, the individual rock h!}'tﬁ afe still in o horizontal
sition. Such:vertical movenents by which continental blocks are raised
or lowered slowly and continuously, are called the el
menis”. In such cases, generally folding of strata does nof take place.

The theory of isosttic balance can account for some uplifting. The
carth’s crust is believed (o be Moating on the partially molten u:ilh.cnn';phcrc_
As erosion removes the tops of mountains, the mountains themselves will
rise up. The processes af uplifling and erosion will continue 1l the ront of
the mountain has reached the saume height as the surrounding land. Similarly
il weight is added to the crust, as by the accurmulation of sediments on the
ocenan basins, it will respond hy subsiding. .

7.17.1. Types of Mountain

The mountains are ol five types : (i) volcanic mountains, {if} relict
mountains, (7i7) faull-block mountains, (iv) upwarped mountains and (v) fold
maountains. Since {old mountains represent the world's major mountain
systems, the process of mountain building is usually deseribed in terms of
their formation.

Volcanic Mountains. The volcanic mountains are formed duc to ac-
cumulation of laves and pyroclastic materials, Many of the moumtain peaks
in, Lhe wesicrn Andes of South America are of volcanic ongin.

Relict Mountains. The relict mountains are also called the “eryianal
nwiuntaing”. They are formed due to differential erosion of rock masses.
Plateans are the examples of relict mountains. “Plateaus™ may be defined
as flat topped areas that rise to a height of over 300 mewrs above their
surroundings.

Fault Block Mountains. These mountains are comunonly Known as
“Block mountains”. They are bounded by high angle nonmal fandts. They are
usually asseciated with rift valleys. The block mountains, found w the Basin
and Range Provinee of the southwestern United States, are notable exmnples
of this class. ; :

Upwarped Mountains. These mountuins are also called “domed mown-

tains”, They arc formed by the intrusion of an igncous hody, suth as a.

bathalith or laccolith. When the igneous body is intruded, upwarping of the
overlying strata may occur thereby lorming & mountii. o

Fold Mountains. The largest and most complex mountain sysiems of
the world belong of this category. In fold mountains, folding is always -

dominent but faulting amd igneous activily arc -also present in varying

degrees, The Himalayas, Alps. Urals and Rockies are the exampies of this _ _'

lype.
7.17.2. Formation of Mountains T e Tl
Since world's mijor moumntain svsterns belong (o the class af

mountains, their process of tiir_n_mli{m is 0f great importance. Wihile discuss-

ing the formation of fold _[I](_i!.llll:linh1 the fallowing points may be note
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() The greal mounlain ranges arc hu_ill of thick sequences of
sedimentary rocks which are usually highly metamorphosed in the
deeper levels. :

(if) The sedimentary strala forming mountain ranges are usy, ally
folded, fanlted and intruded by ignecus bodics. 4
(iif) The mountain ranges occur in relatively narrow helts of 81'251'
length on the earth’s surface. i

It is generally believed that the mountains are originated from
geosynclines. A “geosyncling” may be defined as a long, relalively narrow
* mobile trough in which vasi quantities of sediments, having thickness of the :
arder of 10 kilometers or maore, are deposited. A geosyneline is formed at
the margin of a continental mass and ils bottom sinks gradually with the
deposition of sediment. The widih of a geosyncline varies from a few tens:
of kilometers to hundreds of kilomelers and its length is usually more than -
10040 kilomelers. A peosyncline can be subdivided into two parts ; (f)
miogensyncline, and {if) cugeosyncline. An inner bell closer Lo thexcontinep-
tal platform is called the “mipgessyncline™. It conlains lf_f‘_!»immkusss of
sediments. The “eugeosyncling” on the other hand, is Lhe outcr belt which
lie closer to an ocean basin. I conlains greater thickness of sediments,

_Afler the accumulation of great thickness of sediments, horizontal for-
ces from the scaward side of the geosyncline begin to compress the sedi-
ments, As a result, the sediments are folded and defo-med, and a mountain
system with complex structure is formed. In this process of mountain build-
ing which involves thickening and shortening of the earth’s crust, much of
the sediments is also pushed deeper into the earth. Rools of mountains are
formed in this way. The decply buried sediments melt and produce magma.
This magma moves upward and intrude the overlying sediments. The
batholiths thus formed mctamorphose the sediments intrudeil. In this way .
complex mountain systerm containing folded and faulted sedimentary rocks
surrounding a core of igneous intrusions and metamorphic rocks, is formed.

Although the peosynelinal concept of mountain building has many
mmls i [s!ils lo answer the Iwo vital questions : () whal produoced the.
subsidence in the geosyncline and (i) why did the Torce came from the sea
{0 squeeze Ihe scdiments. The mechanisin of mountain building has nicely
begn cxplained by the “plate recronics theory". '

7.18. MOUNTAIN BUILDING A-Nl) PLATE TECTONICS

Accord; y : :
According 1o the plate tectonics theory, fold mountair:s are formed by

the moveme, i

These plale'smsi:l::u(;?:hmm ol large plates that make up the earth's crust
i ¥ vl Py i

PrOGESS of formation of 1; ery large in size and carry whole continents. The -

! : ; r
4 mountains may be surnmarized as follows. -

(if)

(iFe)

(i)

WY & cant
the leading edge [Fig, 7.52 “:;cm
u A

SUBDUETID

Zownm
'ft!Am: LmUET

EXTIHET SuaDUErion

2ane NEW SUBBUCTON

€ Fig.7.52. M.;unlain huilding and plate tectonics.

Tn the early stage, the plate convergence canses subduction of the
occanic crust. Then callision of continents Lakes place because the -
continental crust being bouyant can nol be subducted [Fig. 7.52- .~
(B T SNE

The collision of continents leads (o the deformation and squeezing,
of the geosynclinal sediments which produce a mountain range -
and thickened continental crust, Subduction and parfial melting of
the oceanic crust initiale i y ws bait
which are intruded, metamorphose the adjacent sediments, -
Since the continents cai not undergo subdustion, the plate motion
may stop altogether, Then the plate may fracture and a new syb.
duction zone he started ut another place [Fig. 7.52.(c)].

gneous -activity. Numerous batholiths
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() An extinct subduction zone may nowW appear as a mouniain bej
wilhin a continent. The Himalayas and the Ural mountains are

e)u:mples of ﬂua.h extinct subduction zones.

REVIEW QUESTIONS

1. C'!assu’j‘ and describe the different types of fold and describe the eriteria fnr ;
{heir recognition in the field.
What are folds 7 Sketch the different geometric clements of l‘olds Explam ;
lhiow are they recognized in the field 7

3. Distinguish between joinis and faulis. Give the classification of faults apd
illustrate your answer with neat skerches. Give field evidences of Juulting.

o]

4. Define faults. Describe the varions parts of faulis, Explaio the effects of the
different types of fauli on the onlcrops of strala.

5. Classify and describe the different types of fault, Give the various minor
structires found in the faull zones. Discuss the effects of fanlting on various

enginesring projects,
How are faults recognized i the field ? Describe the effects of the varions
ypes of fault on ovicrops of strala.
Deescribe the different types of unconfarmities and discuss the criteria for their

recognilion.

o,

2

8. Define unconformities. How are they formed 7 Classily and describe the .
different types of unconformity. Explain how are they recognized in the ficld,

9. What are joints 7 Classify and describe various types of joints 7

10, Explain the concepi of stress and strain ellipsoid. How does this concept help
in understanding the nature of rock deformation.

11, What s a fsld mountain ! Describe the formation of fold mountains in context
with the theory of plate lectonics.

I2. Write short notes an any four of the fallowing.

:Iheabr fold, Gensynclines, Overlap. Window, Inlier, Tension joints, Drag fuld..
ogback, E

N

Can cxcellcnt lnul Im cnmiurmg lhc fon

8.1. INTRODUCTION

“Stratig! a_ua’w“ is the science of description,comrelation and classificu-
tion of strula in sedimentary rocks. [t also includes the interpretation of thc
despositional environments of the siraa.

Facies, A set of lithological and palzeoniological charactersties of a
sedimentary rock which indicate its perticular environment of depostion,
are called “facies”. A lateral variation in litholopy and fossil assemnblage in
a fonmation which result from change in the environment of deposition, is
called “facies variction”. For example, a foumation may be compesed of shale
in one locality und limestone in another ot fresh water fossils al one place anml
marine [ossils at another. For o metarnorphic rock the 1erm facies means the
perticular range of pressure and temperature under which the rock rystaliized.

Index Fossils. Those fossi forms which have short time ranges of their

exislence and wide geographical distribution, re called “index fossils™ o -

Fig.8.1 the lossils 'A’ have wide distribution and shors daration. and there-

INDEE FOFSiL T SHESIE
A\ :

—TIME — -

Fig 8.1 Showing Index Fossil,

x lossils. The fossils “Bare-not index fossils i

mges and Limitedt dt:ulnhuun)u “The intlex tossils:
sﬂlltcnma rt:-t‘tfnrun!lfms aft ih;: “an

fore they are tic inde
they have long time &

age.
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There are three major principles which are used (0 determine the relative
ages of strata, These principles arc as follows.
Law of Superposition. In a series of undisturbed beds, a bed that
overlies another bed is always the younger. The youngest bed will be at the
top of the sequence. :
Fossil Content. William Smith in 1799 noticed that cach of the
sedimentary beds contain a perticular set of fossils by which it can.pe
identified. Because the lower forms of life existed long before the higher
organism appeared, it is possible to assign relative ages Lo the strata con- =
taining fossils. 0 |
Lithological Character. A sedimentary bed may be indentified by its
distinct lithological character. But as similar rock beds are known to occur
in [ormations of widely different geological ages, the lithology is not of =
much use for delermining relative ages. i
8.3.PRINCIPLES OF CORRELATION
The rock formations of widcly separated areas are correlated wilh the ':j
help of the following criteria. b
Lithology. Correlation by means of lithology is not reliable because a -
rock bed when traced laterally may change its character. Further similar
rock beds are known to occur in formations of widely different peological :
ages. B
Fossil Cuntent. Fossiliferous rocks are characterized by the presence -
of distinct and definite set of fossils in them. However, just as the beds =
shaw lateral viriation in the lithology,they may also show lateral variation. o
in the fossil assemblage. Hence only index fossils are used for correlation =
Ppurposcs. 3
Unconformities. The unconformities are of great significance in class-
ifying and corrclating rock formations. The unconformities represent breaks
in depositional sequence hence (hey are significant in the interpretation of
the peological history. For cxample, an angular unconformity is a surface of
crosion thal separates two sels of beds whose bedding plunes arc not
1{’:{1‘:‘"—'-1‘ suggests that first the lower set of beds was formed in Lhe horizon-
wm‘:m:“mﬂ- This sct was deformed and then eroded Lo a more or less.
urface before the upper set was deposited horizontally upon it. :
Mn?amnrphlsn-l_. In a perticular area,the older rocks may show higher
grade of metamorphism as compared (o the Youn; i
ger rocks. :

Igneous Intrusi i . : : ;
identical to nnuu:::':n' The igneous histary of a perticular region may be

by egion. In such cases rocks can be correlated.
1
M,

iometric Dag : . i
- determined 1 Dating. The age of intrusive igneous bodies may be |

L i !
do ¥ the mdiometric methods angd then the correlation may be ©

" dissolved and removed in solution. As u result hollows having.the shape of
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8.4. FOSSILS
“Fossils™ are remains or i i i i
. pressioms of ancie v ants
which have been preserved within the suﬁmduu.: r::kinllmls oo
8.4.1. Conditinns of Preservation

All the animals and plants are not i ;

; s . preserved as fossils, The two o
important conditions which favour the preservition of fossils are < (iy :::l
session of hard parts, and (i) irmmediate burial. ;

Possession of [Ia_rd Parts. Afcr the death of the organisms, the soft
parts are g.encmlly easily decomposed, Therefore animals like jelly fish and
insccts which are _lnlaily composed of soft parts, are not ordinarily preserved
as fossils. The animals which possess hard skeleton have a belter chance of
being converted into fossils.

Immediate Burial. If the animals and plants ar not buried quickly
after their death, they are likely to be destroyed by chemical decay and other
agencies of erasion. o

8.4.2. Forms of Fossils

The fossils are preserved in rocks in a number of different forms which
are as follows.

Entire Organism Preserved. The whole body of the organism inciud-
ing its soft parts, may be preserved. For cxample, the bodies of mammoth
¢clephants of pleistocene age are found preserved in the ice in northemn
Siberia. These types of fossils are, however, extremely rars.

Skeleton of Organism Preserved. In rocks of Tertiary age. the bony
skeletns of animals having original composition and structire are lound.

Petrifaction of Hard Parts, Mineral matter like silica, calcium car-
bomate and iran sulfide may replace the remains of organism particle by
particle thereby preserving the struchure faithfully. An example of this type
of fossil is the silicified wood.

Malds. After burial the hard parts of the organisms may be totaily. '

the ouitside of the body are left within the rock beds. Such hollows are called
“moids”. ; _ :
Casts. Molds may be filled with mineral méllt:_r producing n:mm]
“casts™. A cast shows all the external markings of the hody of organism but
not its internal struclure. Sk 2 i N
Carbonization. When plants decompose slowly, their orgn!m(. tissues
are transfurmed into carbon. Such carbonized remains COMIMONSY preserve - .
nsformed i : 2 f coal are ihe best examples’

the structure of the original material. Seams o
of carbonized remains of plants.
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and animals which dao nol have hard parts may he
as shales. Distincl impressions
hales above coal seams,,

. Imprints. Plants
preserved as iruprints in sofl scdiments such
of plant leaves are often found prescrved in the s

8.4.3. Uses of Fossils
1. The fossils are comuI
determining their relative ages.
Fossils indicate whether the rock is a fresh water deposit or a

wonly used for correlating the strata amd

ra

marine deposil. ]

3. Fossils give infarmation aboul the climate of the times in which
they lived. |

. The fossils have helped in understanding the evolution of plants

and animals.
8.5. GEOLOGICAL TIME SCALE .

The time span of earth’'s history is about 3000 million ycars. [tis roughly
represented by the column of sedimentary rocks now present on the earth
In this record the time elasped during the formation of unconformities is
missing. The unconformities are however, important because they subdivide:
the gealogical time into smaller units. On this basis a standard Geological
Time Scale (Table 8.1) has been prepared which is used universally for the

correlation of rockformations.
Fras. The major units of the geological lime are called “eras”. In the i
geological time scale, there are four eras : (/) Precambrian, (/) Palacozoic,
(fif) Mesoznic, and (iv} Cennzoic. ;
Periods. Each cra has been subdivided into smaller time units called 8
“periods”. The stratigraphic breaks which subdivide cras are relatively of
lelsser significance. For example, in the Palaeozoic era, there are six periods:
{i) Fambriun, (iiy Ordovician, (ff{} Silurian, (iv) Dcvonian, (v) Car-
boq1[ernug, and () Perrnian. A succession of rocks deposited during a
period constitutes a “system™, 34

“ ml?;P'?FhS. The periods arc further divided into smaller parts called
cx;" e iII ..Thc ruc!_( units corresponding Lo epochs are called “series™ For
m‘.]. :;:{p ; in lhp Ttmsmc period, there are three epochs : {f) Lower Triassic;
iddle Triassic, and {jfi) Upper Triassic. .
Stage. A part of the series j |
I se o i, i ] 1 J
i e e :cs is called “stage™. It is characlerized by 2

Lone. The basic upj i .
e 351c unil of a stage is called “zone™, It is recognised mainly
the most characterstic fossil form. b i

On the hasis of
) ol Palacontology, the Precambrian era has been divided

1L T 50 (f
Kroups : (f) A:chaeomic. and (if) Proterozoic

- hecome very difficult. Tn casc o
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Tuble 8.1. Subdivisions of Geological Time Scale

| Age Mitlion Yeary Erd Period Epoch
Recem
ale
ey Plesincene
"
Pliocens
12 -
G R Miocene
37 — Tertiary Oligocene
Eocene
53
Paleacene
65 -
Cretaceous
136 |
MESOZOIC Jurassic
190 — ;
Triassic
230 -
Permian
280 -
Carboniferous
345 ~ -
Devonian
3954 PALAEOZOIC [——
i Silurian
420 |
Ordovician
500 =
Cambrian
570 -
Protemnic
2500 -| PRECAMBRIAN -
| Archaeozoic _J

The rockformations belonging Lo the “Archagozoic group” are generally -
unfossiliferous whereas those belonging to the “Proferozoic group” show

- traces of the most primitive life, The rucks of the Palacozoic, Mesozoic; and

Cenozoic cras contain abundanl remains of past Jife (Table 8.2).

8.6. LlTH(jSTRATlGRAPHlC CLASSIFICATION

ferent kinds of geological history, the boundaries
cale do not coincide with the actual stratigraphic

‘boundaries. In many areas, though the major straligraphic divisions are
identified, the demarcation of smaller divisions, such as series and slages

{ unfossiliferous strata, it is not possible to
idenlify the divisions corresponding (o thuse of the standard time scale. In
order 10 avoid these difficulties the “Lithostratigraphic classifiearion” las.

In regions having dil
of the Geological Time 5
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been devised. In this classilication the rockformations are divided chiefly

on the basis of lithological crileria.

Table 8.2. Geological Time Scale

i Fras | Perivds | Life
: Recent Man. Modern plants. and animals.
Quatemary Fleistocene Many mammals die.
Pliocene Mammals, Birds, Mollusca and Flowering
Miocene plants.
Tertiary Oligocene
Encene
Paleocene
Cretaceous Dinosaurs, Flowering plants.
Mesozoic Jurassic Ammoniles. Dinosanrs.
Triassic Ammoniltes, Repliles. Amphibians.
(Permian Repliles, Nonflowering plants.
Carbeniferous Amphibians. Non-flowering plants.
T DIE\‘O_ﬂia.n Corals, Brachiopods, E;l.rl_\p_r land plants.
Silurizn. Freshwater [ishes. Grapiolites.
Ol"i"'"l_ﬂﬂﬂ Trilobites. Grapiolites.
Cambrizn Trilobites.
ke {Pmteromitf Soft bodied animals and plants.
| | Archaszoic Lifeless.

Group. The major divisions of rockformations are called "Groups™.
Each Group includss a thick suceession of rocks which extends over a large
area. The 1?igger unconformities separate one Group from another. A “Su-
pergroup” is formed when two or more Groups join together.

Formation. It is the basic unit used for namin i i
. g the rocks in stratigraphy.
:lllhrf)ﬂ:' he defined as a set of rocks which have some distinctive feature of
ology and are large enough to be mapped. '
_Bed[.a:':'bcd is the smallest lithological unit. It may be defined as a single
c""-dﬂmmﬂ._,- mck_ unit whlch‘lws a distincl set of mineralogical or fossil
haracterstics which help to distinguish it from beds above and below,

87, STHATIGRAPHIC UNITS OF INDIA

Decean Traps. In the

Extra- Pepi
Tucks Tanging in e Ta- Peninsy|

ar India, main| i i
o ] nly the marine sedimen
the Camhriun o Eocene are ex posed. "
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‘Tuble B.3. Major Stratigraphic Units of India

Era Periods Stratigraphic Units of Indiu ‘
Recent Recent atiovium )
Qualernary
Pleistocene Karewas of Kashmir. Older alluvium. ‘
Mio-Pliocene Siwalik Group ‘
Teniary Oligocene Murre Group
Eocene Ranikot, Laki formations
Crelaceous Cretaceous of Trichinopaly, Deccani
- |
Mesazoic |
]u'.m",: Gondwana Supergroup
Triassic Spiti shales, Lilang Group, Kiow limestong
. Kuling group
Permian
Carboniferous
Palaecroic Devonian ‘
Silunan Missing in Peninsular Indim and present
Ordovician in Himalayan regicn.
Cambhrian
1 Prolernzoic Cuddapah and Vindhyan Supergroups.
Precambrian .
Archaeozoic Archaean, Dharwar and Aravali Groups.

8.8. PHYSIOGRAPHIC DIVISIONS OF INDIA )

India can be divided into three main divisions which differ from one
another in physiography, structure and straligraphy (Fig. 8.2.). These
divisions are as [ollows.

1. Peninsular India.

2. Indo-Gangetic Plain.

3. Extra-Peninsular India.

8.8.1. Peninsular India
The Peninsuler [ndia lies to the south of the plains of Indus and Ganga

river Systern. o :

Physiography. The Peninsular lf)dia has an extremely \rar‘m_b‘l: p;is;;oifs-_ :
raphy. There are plateaus, pencplained ancient fold bl ikits wWhirh
elongated graben like valleys, and constal plains. The Wes S
forms a prominent physiographic feature exists at the westE MATE
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Fig. 8.2. Physiographic Divisions of India.

Peninsular India. Most of the rivers have attained the base level of erosion
and its mountains are of relict type.

Structure. The Peninsular India is ncarly a stable platcau which has
remained unaffected by the orogenic movements of posl Cambrian age. The
normal and block faulling is however common.

_ The Narmada, Son and Damodar rivers flow in the graben-like valleys
which trend in the E-W direction. The trend of the Mahanadi and Godavari
valleys is in the NW-SE direction. The four distinct geomorphic and struc-
tural trends which have been recognised in the Peninsular India are :

(YNNW-SSE, trend of the southemn parts of Western Ghats, (1) NE-SW, -

trend of Eastern Ghats, (iif) E-W, trend of Satpura in central India, and (v} !

NE-SW, wend of Aravallis in Rajasthan.
Strati 3 . T i
the Ar c]:a;BTlPh). The Peninsular India js primarily made up of rocks of

phosed to varyip ]
Rajmahal traps U['g ]:I!cgreEs. In addition there exists the Deccan traps and

occur in the Gnndw;a.s:;: l? Eoccne “EC-_Pusl Cambrian seditnentary rocks
the Peninsular India, asim and occassionally along the coastal tracts of

an and Precambrian age. The Archaean rocks have been melamor- *

‘into the NNE—SSW trend.
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8.8.2, Indo-Gangetic Plain

The Inda-Gangetic Phin is a deep crustal trough filled with Quaternary

-‘C_‘”’“"'"“l‘- fts origin and structure is intimately related o the rise of
Himalaya. This P'ﬂllﬂ cxlends from Assam in the east, through Bengal, Bihar
and LLF., uplo Punjah in the west (Fig. 8.2).

_Physiography. The Indo-Gangetic Plain is the very extensive alluvial

plain which is sloping with a very small gradient towards the sea.

Structure. The Indo-Gangetic Plain is made up of the undisturbed
layers of Quaternary sediments which have been deposited by the rivers of
the Himalayan region.

The bultom of the Indo-Gangetic basin is asymmetrical. The northemn
margin of the Peninsular India dips gently northward. Hence the thickness
of the Quaternary scdiments pradually increases lowards narth and the
maximum thickness is found al the northern extrsmity near the Outer
Himalaya. The botiom of this trough is not stable and some changes are still
taking place which give rise 10 carthquakes.

In the Indo-Gangetic Plain, three iransverse “highs™ have been recog-
nised. These highs are :

(i) Delhi-Haridwar Ridge, (¢f) Faizabad Ridge, and (i) Monghyr-
Saharsa Ridge (Fig. 8.2). These highs divide the Indo-Gangetic Plain into

four shelf arcas ; (f) Punjab shelf, (if} west U.P. shelf, (iii) east LL.P. shelf.
and (iv) Bengal shelf.

Stratigraphy. The Indo-Gangetic Plain is chiefly made up o‘t'sand.: and
clays of Pleistocene and Recent age. The basemeni of the Punjab shelf is
made up of the Precambrian rocks, while that of the east and west UP
shelves contain Precambrian and Vindbyan rocks. The Bengal shelf is
belicved to contain rocks of Gondwana age and Rajmahal traps.

8.8.3. Extra Peninsular India
The Extra-Peninsular India lies at the northern exiremily of the country.

It is made up of the Himalayan mountain ranges in the north and Arakan—

Yoma ranges in the east. The upper senches of Indus and Brahmputra rivers

.lﬁark its porthern boundary.

Physiography. The Extra-Peninsular India is made up of the tectonic

“mountains and the frontal foredeep folded belt of Tertiary age. The fmma]
-foredeep belt is also called the “Siwalik Range™ or “Outer Himalaya®.

an belt extends in the E—W direction and its total length”

The Himalay
: : nd this belt takes a sharp arcuale trun,

is about 2400 Km. Al ils western €
This tum is called the ".s;\allm.xrm!| b
present at the eastern end of the Himalaya wm 1he

end”. A bend of similar nature is also
NE—SW rend changes .
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structure and Siraligrnphy-.l'hf.:l:
sular India have heen disturbm'l grcail)]
averthrusting. The Eern-Pcmnsulu.f nd
imdinal peomorphic Zones ¥ ‘ _ ;
longitudinal g gy (i) Central crystalline zone of the Highe

i) Tethyan Himalayan zone. H
Hima(ﬂlya, { ?if) Lesser Himalayan 70one. and (iv) Foredeep lolded bel,

(i) Tethvan Himalayan Zane. This zone is al the northern extremiy
of the Extra-Peninsular India. Here the Himalayan mountains ris
to an average altitude of about 6000 meters. This zone consists
the mm_ne..ka beds of Palacozoic and Mesozoic ages. Th
succession rests unconformably Over the Precambrian basemeq

(ii) Ceniral Zone of Higher Himalaya. In this zone the average hej
of the mountains is also about 6000 meters but they are chi
made up of the Precambrian basernent and the granitic plutons of
Tertiary age.

(iii) Lesser Himalayan Zone. The average height ol mountains in this
zone is between 2000—3000 meters. Muany antecedent rivers flo
through this zone. These rivers originate in the Tethyan Himalayag
zane and flow acfoss the Higher Himalayan and Lesser Himalay;
ranges by cutling deep gorges. The rockformations of this
are relatively less metamorphosed. They are unfossiliferous 2
therefore their correldtion can not be done. The structure of th
rocks is very complex, They arc affected by a serics of thrust fa
due 10 which the stratigraphic succession has been reversed
many places. The lower part of the unfossiliferons rockformali
is believed 1o be ol Precambrian age. These arc overlain by ro¢
formations of Gondwana age. Above these are the rocks of Tt
tiary age.

(iv) Foredeep Folded Belt. This zone lies at the southern margin of
the Extra-Peninsular India. It is also called the “Siwalik Rang
The low lyi.ng hills of this belt are mainly made up of the scC
ments of Mio-Pliocene age. The southern boundary of this be
marked by the “Main boundary faults™. i

8.9. ARCHAEAN SYSTEM

o formations of the Exlra- Penig,

v the complex folding, [aulting 5,4
iiﬂ has becn subdivided into Fexy |

Th ) ; 5
s e a-::'fhaﬂap system is made up of very ancient rocks such as gneisse
. eranites. These rocks form a basemenl on which all youn

sedimentary ¢ ;
ockformmalions
rocks are as follows. rest. The general characlers of the Archa

1. They are ili
: nn; 5 ht;n;_ossmf_cmus. It sugpests that there was po life on
me of formation of the Archacan rocks

1. The y %
¥ are penerally highly metamorphosex.
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+ They are contorted and subjected 1o i folding and faulii

4. They are intruded by j ci i i
ok ¥ Igneous rocks of acid to ultrabasic compaosi-

’ Al;.] the structure and composition of the Archacan rocks are very com-
plex, they are often called “Fundamental gneiss™ ot “Basemens complex”.

The Archaean gneisses are typi 1 i 15565
picall gmali i i
alternate bands of amphibalites and linr:j]iic&, T PR m

8.9.1. Distribution

The Archacan rocks cover nearl i i i

y two thirds of the Peninsular nd
8..3.). The areas whm"_e they are very well exposed, are: (i) Su;.h Indi:.‘ J:dﬁ.lg -
Bihar and Orissa, (:_l) (_Et_l;iral and Rajasthan, (iif) Assan Plateau, and ‘Iw:;

-

1

Fig. 8.3.Distribulion of ‘Archaean Recks in India.
Central Himalayan region. Besides these arcas, the Archacan rocks are

helieved Lo cxtend below the Deccun aps between Karnataka and Rajas-
than, and helow the alluvium of the Ganga river between Bihar and Assam. |

For convinience of study,
divided into five zones.
1. Archaean rocks of South India.
2. Archaean rocks of Easlem Ghat.
3. Archaean rocks of M.P. and Maharashtra.
4. Archaean rocks of Biher and Orissa.

5. Archaean rocks of Rajasthan.

the Archaean rocks of Peninsular [ndia have been
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ARWAR SUPERGROUI‘ ‘ i
. ‘h-}m rocks of South India are described as t!1c_ _Uha A
$ Tr:;u‘r‘:?l‘.:’ 'flhe::) are best developed in Kamataka and the adjoining stajes
Kupe 2

The sediments of the Dharwar supergroup Were depositcd over a baseimey
¢ sedl i o
of the “Fundamental gieisgic complex -

8.10.1, Lithology and Structure
i K supergroup arc gneisses
The chiel rock LYPes of the Dharwar supe :
granircls. They cover the major part of South India. Many elﬂnga_ted bel
schistose rocks are found enclosed within these rockg The _schmms: 0
have been folded isoclinally and exhibit a steep dip towards east,
regional strike of these rocks is NNW-SSE. In south Karnalaka. _lhi 4

hecormes N-S and even NE-SW.
8.10.2. Classification

In 1915, W.E Smeeth stud

of igneous origin. On the basis
he divided the Dharwar succession into two groups: (i) the loy

“Homblendic division™, and (i) the upper “Chloritic division”. |

In 1940, B.Ramarao found many sedimentary structures, such as
bedding and ripple marks, in the Dharwar rocks. He proposed a three
classification which is shown in Table 84. .

Table 8.4. Succession of Dharwars

ied he Dharwar rocks and regarded the
of the difference in the chemical charac

Division Rock Formations
Felsite and Porphyry dykes
Closepel granite
Tgneous Chamockiles
Intrusions Peni P
eninsular gneiss
Champion gneiss

Unconformity

Ferruginous quarizite, Limestanes, Calcarious

Upper Dharwars 1
| Twars {suls,Quarlzile‘ and Conglomerale

: gmnilic rocks \f.'ilh gneissusé structure,
Middle Dharware : ;nd.bd—hemalllfrquanzile, Crystalline
estone, Chlorite-schist, Sericile-schist
Quartzite and Con glomerate ’

Lower Dharwarg {M"“cww-

LT, 1
Gteensmue,q 2-schist (Metamorphosed acid lavas)

H 3
oroblende—schis {(Metamorphosed basic la

Base nol known,
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s iL"‘l:'-:hD]l""r“'“r&- This division comprises mainly rocks of igneous
nrlj{ !l\l-l[r Tlc ower parl there are mafic lavas over which lie the rhyolite
an is LESE TﬂCk_S have been metamorphosed to homblende-schist,
quarté-schisl, and gneisses.

‘Mlddle Dharwars, This division is mainly made up of mcks ol
scdlmcmury‘ungm, The typical rocks are banded-hematite- quartzite, lime-
stone, chlorite-schist, micaccous-quartzite and conglomerate. Bosses of
gruniLE-purph:,;ry have been intruded in these rocks. The conglomerate con-
tains pebbles derived from different rock types and the q'u:;r[?.'\lr:s conlain
current bedding.

Upper Dharwars. The rocks belanging 1o this group are of sedimentary
crigin. The chicf rock 1ypes are conglomerate, calcarious sihis, slatz and
ferruginous quartzite. Rain prints and sun cracks have been found in these
rocks.

8.10.3. Igncous Intrusions .

Champion Gneiss. Champion gneiss is a sheared micaccous gneiss. It
is characterized by the presence of opalascent quarlz prains with erayish
tint. This goeiss is best developed along the eastern border of the Kolar-
schisl-belt.

. Peninsular Gneiss. Peninsulur gneiss is
granite-goeiss which covers 4 very large part of
younger than Lic Champion gneiss.

Charnockites. The charmockites are coarse grained gneissose rocks rich
in hypersthene. They range in composition from acid to ultrabasic. The
charnockitcs possess characters of both the ignevus and metamorphic rocks.

Closepet Granite. This granite geeurs mainly in the (rountain ranges
of Karnatoka, Here the 15—25 Km wide helt of mountain ranges cxtends
in a north-south direction for over 500 Faps from Closepel © Bellery
districts. The Closepet-granite is a coarse prained, porphyritic hiotile-granite
which shows intrusive relation 10 the Peninsular gnelss.

8.11. GASTERN GHATS
The mountain ranges of the Eastern Ghats extend in ﬂ}c NE-SW direc-
tion along the eastern coast of India from Oriess.ﬁ ta Tamil N_L\du., T_hc Ar-
chaean rocks are exposed in this belt of mountain TAREES which is JDI»FSO
Kim wide. Here tie chief rock Lypes are highly metamorphosed _g:}clssgs,
charnockites, khondalites and kodurites. In these rfx:ks garnet :n?d mlhn_mm!u:
oceur in abundance. The chamockites show intrusive relationship % ith khon-

dalites.

Charnockites-
in hypersthens- They
charnockites possess cha

a complex of granile and
South India. This gneiss is

The chamoekiles are coarse grained goeissose rocks rich .
range in camposition from acid lo uivabasic, The
racters of both igneous and metamerphic rocks.
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They show intrusive relation with the country rocks and they also show
foliated structure. The charnockites of acidic composition are chamclerized
by the presence of bluish grey grains of quaniz. The chamockiles occur in
most of the mountain ranges of the Eastern Glats, such as Sheveroy hills,
Nilgiri hills, and Palni hills.

Views differ on the question of origin of chamockites. T.H. Holland
(1900) has said that the chamockiles are ol igncous origin. PK. Ghosh

(1941), however, has regarded them as of metamorphic origin, He suggested

thal the charmockites are formed [rom the metamorphism of sediments rich
in Fe, Mg and Ca under deep scated condilions. Pitchamuthu (1965) has
suggesled thal the charnockites of Kamataka are of two types: (i) the
granulitic, and (f) the granitic. The granulitic type is formed by the high
grade mctamorphism whereas the granific type has lommed due to palin-
genetic fusion and metasomatism.

Khondalites. The garnet-sillimanite-schists are called the “Khon-
dalires”. They are named after the khond tribes of Andhra Pradesh. They are
often banded and contain quartz, (clspar and graphite. The khondalites are
believed to have formed by plutonic melamorphism of argillaccous sedi-
ments. The felspathic khondaliles are thought to have originated by
granitization. On weathering these rocks give rise 1o lalerite and bauxite.
Khaondalites often contain graphite deposits of commercial importance.

Kodurites. The mangancse rich gneisses are called the “Kodurites”.

They are composed of polash I[clspar, manganese garnel, manganese

pyroxene, quartz and apatite. The kodurites are hybrid rocks formed by the

assimilation of metanorphosed manganiferous sediment and acid igneous
rocks. On weathering they pive rise 1o manganese ore depasits.

Gondites. Gondile is a manganese bearing high grad: metamorphic ]

rock. It is composed of quartz, spessartile, thodonite and small percentage
of apatite. The gondites are [unned by the plutonic metamorphism of sedi-

menls rich in manganese oxides. Gondites are commonly found in the

Archaean succession of Balaghat - Chindwara area of Madhya Pradesh.
8.12. M.P. AND MAHARASHTRA

In Madhya Pradesh and Maharashira region, the typical exposures of, :

the Archaean rocks are found in the four areas : (i) Baster region, (f/) B ilaspur
~Balaghat arca, (iii) Nagpur—Bhandara area, and (jv) Nagpur-Chindwara
areq. .

B.12.1. Baster Region

.Th: Archacan succession of Baster region consists mainly of schists and
gneisses. The'y are both of igncous and sedimentary arigin. These rocks are
ml_ruded by igneous b_ndics of acid and basjc composition. The regional
strike of the foliation is NW - SE and is signilar to the Dharwar mfkq of
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Soulh I?ﬂiﬂ- The succession of the Archacan rocks of Baster region is given
in the Table 8.5.

Table 8.5, Archaean Succession of Baster

Division Litholagy

Pegmatites, Dolerite, Basalis -

ous Intrusi :
Igue ons IGmmm,Chamockiles-

Kopayi Slage Quarizile
Bailadila Series Cale—schist,  Amphibolile,  Banded
azlact 19 ferruginous-quariziie, Quariz—schist

Bengpal Series Quartzite and Basaliic lavallows

{Schist, Andalusile—goeiss, Slate,

8.12,2. Bilaspur-Balaghat Area

The Archacan succession of Bilaspur - Balaghai area has been divided
into Iwo groups: (f) Sonawani group, and {if) Chilpi Ghal group.

Sonawani Group. The Archaean rocks which occur in the northern part
of Balaghal area are called the “Sonawani group™. The chief rock types ol
this group arc calc-gneiss, erystalline limestone, schist and managanese ore.
The Sonawani group has heen considered older than the Chilpi Ghat group.

Chilpi Ghat Group. The Archacan rocks which are exposed (o the north
and north-west of the Chattisgarh Cuddapah basin are called the “Chilpi
Ghar group". This group rests over the Sonawani group and has been
correlated with a part of the succession of the Sausor group. The chief rock
types of the Chilpi Ghal group are phyllites, slates and mica-schists with i
quartzites and conglomerales. This. succession also contains some man-
ganese ore. The strike of these rocks Is roughly N-S. Tahle 8.6 Shows the
succession of the Chilpi Ghat group. The rocks ol the Sonawani group and
Chilpi Ghat group have been intruded by hiatite- gneisses, augen gneisses

and Amla granite.
Table 8.6. Chilpi Ghat Group

Division Lithology

Phyllites, Sericite—schist, Felspathic wff
Blue slates, Slaly quaniziles,

Chilpi Ghal Group Phyllites

(Thickness 2850 m.) |Manganescore )
Phyllites, Jasperoid quartzite

Basal conglomerate and Gril .
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8.12.3. Nappur-Bhandara and Nogpur—Chindwara Areas

Towards west the rocks of the Chilpi Ghat group split inlo two sirips,

The northern strip which goes into Nagpur-Chindwara area, is called (he
“Sansor group” and the southern strip which goes info Nagpur-Bhandar,
area, is called the “Sakoli group”.

The rocks of the Sausor and Sakoli groups differ considerably from ope
another. However, the Sakoli group may be regarded as an upward conlinyy.
tion of the Sausor group, The important characters of the rocks of the (wg
proups are as [ollows.

1. The rocks of the two groups show different grades of metamor-
phism. The Skoli group contains low grade metamorphic rocks,
such as chlorite-schist, sericite-schist, eic., while the Sausor group
contains high grade metamorphic rocks, such as calc- granulites,
marbles, garnetiferous schists ele. :

2. The Strata of the Sakoli group dip generally to NNW while those
of the Sausor group Lo the SSE. Thus the middle or axial zone
may be a zone of overthrusting. :

3. The Sakoli group does not contain manganese ore. Hence it differs
from the Sausor and Chilpi Ghat groups in this respect.

Saknli Group. The rocks of the Sakoli group aceur in a Triangular belt
which is situated in the Nagpur, Bhandara and Chanda districts. The Sukoli
group is made up of low grade metamorphic rocks, such as chlorite-schist,
sericite-schist, quartzites, slates and phyllites. This group does not contain
manganese ore.

Ou the hasis of structure, the Sakoli group has been considercd older
than the Sausor group (Sarkar and Saha, 1982). The age of the Sausor and
Sakoli groups together is Early and Middle Archacan, Hence they may be
considered equivalent to the Dharwar succession of South India.

Sausor Group. The Archacan rocks of Nagpur-Chindwara area are
called the “Sausor group™. This group consists of aboul 4.5 Km Lhick
succession of highly metamorphased rocks. The chief rock types are
hnrpblendc—gra.nulttes, marhles, gondiles, quartzites and garnetiferous
schists. This group is of economic importance as it contains deposits of
manganesc ore. The rocks of this group are mostly of sedimentary origin.
Subsequently they were metamerphosed and intruded by plutonic igneous
rocks of acid and basic composilion. ’

d.:feTng: jtrucmrc of the Sal{sor group is very complex. The rocks have been

b nmhmler:)s‘.:cll}'. fThr:re 15 a southern belt of overturned isoclinal folds
£l bell of recumbent folds and nappes. Th ; a

group exhibit a regjonal dip toward south or EI;E s

T —

|’ Sitapur Formation

BT ot
2.m) f-ﬁJa@Tn:},u
' b pm
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The Sausor group has been classified into nine divisions as shown in
Tuble 8.7. Due 1o intrusion of igneous rocks composite gneisscs ol granitic
and pranvdioritic composition are found associated with the rocks of this

group.

The deposils of manganesc ore oceur mainly in the Mansar formation
al two or three different horizons. In addition there is also a little manganese
ore in the marbles of the Lohangi lormation.

Table B.7. Succession of Sausor Group
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™ Formatian Lithology

Hornhlende-schists and Amphibolites

Bichua Formation Dolomitic marbles, Quartzites and Schists

Junewani Formation Muscovite-biolile schists and Granulites

Chorbaoli Formation Quartzites and Mica-schists

Mica-schists with beds of Manganese ore.

Mansar Formation

Lohangi Formatinn Dolomilic marbles and Manpanese ore.

Utekala Formation Banded cale-granulites.
Kadhikhera Formation | Granulitic rocks with biotite and magoetite

Sitasongi Formation Felspathic schisis and Quartzites.

Timdi Gneiss Biatite pneiss, Hombleade-schists and Granulites.

8.13. BIHAR AND ORISSA

In Bihar, the Archacan rocks are well developed in the Singhbhum
district, while in Orissa they arc exposed in Mayurbhanj, Keonjhar and
Sundargarh districts. The Archaean rocks of this region are traversed by a
thrust zone called the “Singhbhum thrust zone”. This thrust zone exlends E-
W for a distance of about 160 Km. It divides the Singhbhum region into twa
parts : ({) the “southern Singhbhum region” containing less metamorphused
rocks, and (if) the “northern Singhbhum region™ containing highly metamar-
phosed rocks.

8.13.1. Southern Singhbhum Region

This region lies o the south of the Singhbhum thrust zonc. Here Lhe
Archacan succession consists of a “Older metamorphic groug” and the
“Iron-gre group”. The Older metamorphic group is of Lower Archaean age.
It formed the basement for the deposition of the rocks of Lhe lron-ore group

(Tablc 8.8).
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Table 8.8, Succession of Singhbhum Area
(Figures in bracket show ages in million Years)

Groups Formations )
Knlhan Gioup (1500—1600)

Unconlormiiy
{Ncwcr dolerite
" Arkasani granophyre
Igneous Bodies ichma Nagpur granite (2000-2100)
Ulirzmafiz intrusives
| Dalma traps 2100)

Unconformity s
] Dalhhiim formation /
Singhbhum Group {Chaihasa farmation

Unconfommity

Singhbhum granite (2550)
Upper lava formation
Upper phyllites
Iren-are Group Banded hematite quanziie
Lower phyllites
Lower lava formation
|Sandstone and Conglomerate

Unconformity ]

) Biotite-lonatile-gneiss (32t0 l

Older Metamorphic Group (3800) l
e eadno o)) A ClULT N

. }?bm” Me.lamurphic Group. The oldest rocks of the southern
.mg. pum region are called the “O/der melamorphic group™. This group
‘r:;n.&ilslsmmalmy ol hornblende-schists with quartzites and quariz-mica
sests. These rocks are intruded by the Biogiin, o 1-
o i Yy the hiolile- 1onalite gneiss (age 3200
Iron Ore Group. The Older metama
by the rrx.l_:.s ol the "frun-ore Eroup".
metarnorphism, The SUCCEssion of this

phics are overlain unconformably

. The rocks show 4 Jow grade of

and conglomerate Tho b TOup slarts with the hasal sandslone

pzillj:gif llr:.:?;d r-xdl.::i !'hr. l_m.suf hcd:f are then lollowe by lower lava, lower

g ('falhle 5 ‘s; _F}‘“”'f'““"—luarlruc, upper phyllites and upper lava forma-

iy n) | ie >Iud\. ol the handeg vhcmalilc-q uartzites arc aver 300
= RS lomation hy, EIVED rise 1o rjch iron-ore deposits.

INDIAN STRATIGRAPHY 259

) The rock:‘s of Lhe_ lron-ore group lave been folded and the Mold axes trend
in the NN'E-IM_SW direetion. They are intruded by the Singhbhum granite
(age 2950 iillion years). In addition 1o this there are other igncous bolics
af ullrabasic and basic composition.

8.13.2. Northern Singhbhum Region

Singhbhunt Group. The Archaean rocks which lie to the north of the
Singhbhum-shear-zone show » higher grade of metamorphism. Here the
banded-hcmatite-quartzites are of minor impanance, These rocks have heen
folded into a series of folds e axes of which trend in the E - W direction.
Sarkar and Saha (1977) have named this succession as the “Singhbhum
group”, They are of the openion that this gronp is younger than the lrun-ore
group (Table B.8).

The Singhbhum group has been subdivided into two parts. The lower
parl is valled the "Chaibasa formation” and the upper part is called the
“Datbhum formason”. The Chaibusa formation consists ol mica-schists,
homblende-schists and quaniz-granulites. These rocks show high grade of
metamorphism. The Dalbhum formation is npade up of phyllites and banded-
hemalite quartzites which sliow a lower grade of metamorphism. The top of
the Singhbhum group is interbedded with lavaflows and mifs which are
called the “Datma traps™. :

Dhanjori Group. Towards east of Singhbhurn and in Mayurbhanj, the
rocks of the Dhanjori group rest unconformably over the Singhbhum granite
and Iron-ore group. The Dhanjori group consists of a basal conglomeralte,
arkose, yuartzites and cxicnsive lavaflows. The Dhanjori lavaflows are
equivalent to the Dalia traps of the northern Singhbhwn arca.

Kolhan Group. The unmetamorphosed rocks wiiich are exposed in the
Singhbhum area are called the “Kolhan group”. They rest unconformably
aver the Singhbhum granitc and lron-ore gropp. The Kolhan group is
regarded (o be ofC uddapah age. The chiel rock lypes are conglomerates,
sandstones, limestones and slate. The conglomerates vontain pebbles derived
from the Singhbhum granite and the banded-hematile jusper of the lron-ore
group. The rock beds of the Kolban group arc almost um.lislurb‘:d DVET @
wide arca but they become deformed towards the northern margins where
they come in contact with the rocks of the lron-ore group.

8.13.3. Gangpur Area

Gangpur Group. Gangpur arca lies W the wesl of Singhbbum in the
Sundargarh district of Orissa. The Archaean rocks of this area are called Lhe
“Gangpur group”. This group has been regarded older than the lroq—rfre
group. On the basis of lithological sirilarities, it has been correlated with
the Ckilpi Ghal group. ;

The rocks of the Gangpur group have been folded inta an anticlinorium
which has its axis in the ENE-WSW direction. The Singhbhum shear zone
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when traced to the west becomes a zone of fulding. The chiel rock types of
the Gangpur group are gondiles, quarizites, phyllites, marbles ang IMica-
schists, The gondilcs contain warkable deposits of mangancse ore,

8.14. RAJASTHAN

In Rajasthan, the Aravalli mountains extend from Delhi in the NE (g
the gulf of Cambay in the $W, These mountains are mainly compased of
Precambrian rocks of the “Delhi supergroup”. The Archaean rocks are
exposed chiefly in the central plains, cxisting between the Aravalli ang
Vindhyan ranges. The “Great- boundary fault” of Rajasthan which nms ip
the NE-SW direction, has brought the Vindhyans in the east apainst (he
Archaeans in the west. The throw of this faull is about 1600 meiers,

The Archaean rocks of Rajasthan include a basement calicd the
“Banded-gneissic complex” and a sedimcntary succession called the
“Aravalli group”. The “Bundelkhand-granite” which is exposcd at the north-
eastern margin of the Vindhyan basin, has been considered equivalent 1o the
Banded-gneissic-complex. The Bundelkhand granites are overlain by the
"Gwalior group”. The “Raialo group” which rests unconformably over the
Aravalli group may be considered o be of early and middle Cuddapah age.
The succession of the Archaean rocks of Rajasthan is shown in Table 8.9,

Table 8.9, Archaean Succession of Rajasthan
(Figures in bracket show thickness in metres)

Supergronp Group and Lithology _[

Delhi Supergroup  Age—Cuddapah

—— Unconformity.

Raialo Group : Limesione and Marble
{700 meter)

Unconformity ——

! Archaean Rocks Aravalli Group ; Shale, Slaie and Phyllite
{300 meters)

——————— Unconlormity
Banded Gneissic Complex, Bundelkhand Graniie

e

_ Iiamh.ed Gneissic Complex. The Banded gneissic complex is composed
of u[[tm:ﬂl’ng hands of biotite-gneiss and granile. The banded gneisses are
i_Jf Lamposile origin. They are formed when the granitic rocks are intruded
o the oldest sediments !

i _Iimnjelklu_md Grfmite. This granile js mainly a pink nonporphyritic
5{1;'.;2:;:acnl_rmb(hu1n Erain size. It is traversed by quariz veins and dykes of
Edlen 1-hi:w\:anl_s west the Bl{ndclkhmxd Branite changes into gneiss, The
: ;, e granite as determined by (he radioaclive dating js about 2.5

ousand million years. The Bundelkhund granite and the Banded gneissic
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complex arc probably of the same age. The Bundelkhand granite is overlain
by the “"Gwalior group”.

Aravalli Group. The Aravalli group is composed of mainly argillaceous
rocks. The thickness of these rock beds is of the order of 3000 melers. [n
these rocks the grade of metamorphism increases towards the core of the
Aravalli range. Hence these rocks grade from the unmetamorphosed shales
in the cast through phyllites in the centre 1o garnctiferous mica-schists in
the wesl. [n the Aravalli group impure argillaceous limestones occur in
subordinate amounts. The basal beds arc quartzites which rest unconformab-
Iy on the Banded-pneissic complex or Bundelkhand granite.

The rocks of the Aravalli group are intruded by graniles and ultrabasic
igneous rocks. The laler are converted inlo tale-serpentine-schists. The age
of granites as delermined by the radioactive dating is about 1900 wmillion
years.
The unmetamorphosed rocks of argillaceous composition which occur
on the southeast side of Rajasthan at Chiltor are called “Binora shales™. They
are equivalent in age to the Aravalli group.

Raialo Group. The Raiale group rests unconformably over the Aravalli
group and is overlain by the Delhi supergroup {Table 8.9). The Raialo group
is predominantly calcarious and consists mainly of limestones or marbles
with thin beds of quartziles al the base. The maximum thickness of the
succession is abaut 700 melers. Frequently the basal arenaceous beds are
missing and the carbonate rocks rest direclly aver the Aravalli rocks or
Banded gneissic complex with a sharp boundary. The outcrop of the Raialo
succession near Makrana in the southwest of Ajmer contains marble, Tius
marble provided excellent building stones used in the construction of Taj-
mahal at Agra (U.P.}. The age of the Raialo group may be early and middle
Cuddapah, _

Champaner Group. The rocks of this group occur at the st_)umwcst aflde
of Rajasthan near Baroda in Gujrat. The Champaner group consists of mainly
Yuarizites, slates and limestones. It also contains manganese ore at some
places, This group is considered equivalenl in age to the Aravalli group.

Gwalior Group. The rocks of the Gwalior group occur along the
northeast end of Rajasthan near Gwalior city in M.P., Tl!cy are separated
from the Aravalli rocks by a belt of Vindhyans having a width of :Illmul 139
kilometers. The Gwalior group rests over the Bmlde!kh:md granite and is
made up of sandstones, cherts, cnngiomemlef and grits. Thus the Gwalior
group is lithologically similar to the Aravalli group hut the rocks are L:hﬂ-
folded and unmetamorphosed, This may be duc (o the distance from the
main belt of orogenisis ur to the fact that they are of Cuddapah age.

8.14.1. General Characters of Rocks of Rajasthan
The general characters ul the various rocklormations present in Rajas- ;

than may be summarized as follows.
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i 8.15. CORRELATION

The carrclation of Archacan rocks of different arcas is not easy. The
factors which cause difficuliies in the correlation are as follows. :

(=]

| 4

8.15.1. Criteria of Correlation

. The Archaean rocks arc generally highly metamorphosed, Hence

PRINCIPLES OF ENGINEERING GEOLOgy

; .me-r'ock formations of the Delhi supergroup, although )'“ll"go's[_:
shows the highest grade ol metumorphisim. Hho
. The Raialo group is mainly calcarious. Its chiefl rock types sre
. limestones and marbles. i
. The Aravalli group is mainly argillaceous. Its chief rock types arp
shale, slate and phyllites. The thickness of this group is itnmenge,
. Generally the grade of metamorphism decreases from the north.
cast to southwesl. The grade of metamorphism also decreases g |
\he distance from the cenrral axis of folding increases. &
The area of the Archacan rocks in the east is bounded by a Greay
boundary fault. :

The Archaean rocks arc unfossiliferous. Hence it is difficult 1o
determine their geological age.

their original characters have been changed completely. The de-
gree of metamorphism also varies at different places, As a result
the sarne original rack appears dissimilar at two places.

- Magmatic stoping, assimilation and hybridism have produced a

wide variety of rocks with complex characters.

The Archacan rocks have been subjected to intense folding faulting and
thrusting. Hence it is difficult to determine their order of superposition.
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history of u perticular area is identical 1o another area, the rocks af these
two places can be correlated. However it is also possible that the rocks of
the same age may have dilferent igneous history, ; :

Associnted Ore Deposit, If the rocks of the two different arcas conlain
same type of syngenctic ore deposits, they can be correlated.

Grade of Metamorphism. The rocks showing higher grade of
metaumorphism are normally belicved to be older than those showing Tower
grade of metamorphisin. - S

Radiometric Dating. Once an igneous mck is formed, the radicactive
elements prescnl in its minerals keep on decaying all the time and the decay
product ‘continues to accurnulate in the rock. The age of an igneous rock is n
determined by measuring the amounts of parcni radicactive element and the
decay product present in a rock sample. Thus the age of igneous bodies is
determined and then they are correlated with one another. Table 8.11 shows
the broad sucecssion of Lhe Singhbhum area established on the basis of the

radiometric dating.
Table 8.10. Generalized Correlation of Archaeans

South india - M.P | Bikar-Orissa Rajasthan
_Clc;seﬁet granite Granile Mewer dalerile s e i
Charnackile — Singhbhum graniie —
Peninsular ' o Cl%om Nagpur Bundelkband:
gaeiss Granile gneiss graniie and Dalma amipe{
taps

Champivn e ] - ; Lt Sl
Eheiss

Kolhan group and

Th:.e COl’l"ElEJlle’l of the Archacan rocks of India is given in Table 8.10.
The chief crileria that have been uscd for the correlation of the Archaean
rocks are as follows. :

Stratigraphic Sequence. The stratigraphic sequence established in one
area may prove very helpful in the neighbouring areas where the lithological
units and grade of metamorphism are similar, 18

Lithological Composition. The lithological characters of individual
beds of a succession are valuahle crileria of correlation. However, similar -
tock beds may oceur in formations of widely different ages ' :

Structural Relationshi :
of strata help greatly in the
. sociated with conglomerates
the scdimcnmy conglomerates
S Igneous Intrusion, Severa
. 1Eneous racks have been recog

and crush conglomerates,

I periods of intrusion of granitic and mafic
nized in the Archacan rocks, If the igneous

Upper Dharwar

Bijawar group

Singhbhum group

Raialo group

Middle Dharwar | Sakoli group and
Chilpi Ghat group

fron Ore group

Aravalli group

Gangpur grosp

Lower Dharwar

Table 8.11. Succession of Singhbhum Ares

Sausar group

Succession

Soda~granite, Granophyre }

and Granile—gneiss

AR _1
425 million years A
{Singhbbum Orogeay) . -+

Dalma traps, Sigghbhum group, Kolhaa group

Singhbhum granite,

1585 1p 2000 miltion yéar

fron-ore group

| 2025 million years -
| {Iron-ore Crogeny) -
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8.16. HIMALAYAN BELT

The Archasan and Precambrian rockformations occur in the Himalayan
belt all along its length. On the basis of the presence of various rock groups,
the Himalayan belt can be subdivided into three parts: (i) northemmost
Himalaya, (if) central Himalaya, and (iif) lower Himalaya.

Northernmost Himalaya. In this parl a complete sequence of fos-
siliferous rocks ranging in age from the Cambrian lo Eocene is expased.

Central Himalaya. The high peaks of the Himalaya occur in this zone,
These peaks are composed of e gneisses, granites and metamorphosed
sediments. Perhaps some of these rocks are of Archaean age. ;

Lower Himalaya. This part of the Himalaya lies lo the north of the
Gangetic alluvium. [t has becn divided into three zones: (i) upper zone of
\be Archacan and Precambrian rocks, (if) middle zone of the Lower Tertiary
rocks, and (iii) lower zone of the Upper Tertiary rocks (Siwalik group). The
Main boundary fault runs between the middle and lower zone.

The Himalayan bell is a highly folded mountain region of Tertiary age
Here it is very difficult to determine the relative ages of the various metamor-
phic rockformations. The younger rocks which have been metamorphosed
by the igneous intrusions, resemble the Archaean rocks of Peninsular India.
Hence the comrelation of metamorphic rocks, such as schists and gneisses of
the Himalaya with the Archacans of Peninsula, is not rcliable. Further as the
rockformations of the Himalaya region contain highly complex fold and
thrust structures, it is not easy Lo determine their order of superposition.. :

8.17. NORTHWEST HIMALAYA

Salkhala Group. The Archaean rocks of Jammmu and Kashmir areas are
called the “Satkhala group™. This group is made up ol carbonaceous slates,
graphitic phylliles, schists, marbles and flaggy yuartzites. The hasal parts
of the succession arc commonly associated with bands of migmatitic and
augen gneisses. The minimum thickness of the Salkhala group is of the order
of 2 1o 6 kilomewers. The rocks of this group have been deformed into.
isoclinal folds. The Salkhala group is overlain by “Dogra slates” which are
probably of Precambrian age.

Vuikrita Group. The Prccambrian rocks of Spiti area of Himachal
Pradesh arc called “Vaikrita group™. This group is made up of a very thick
succession of mica-schists, tale-schists and phyllites. These rocks are highly
folded. The rocks of the Vaikrila proup are found at several places along the
northern slapes of the Higher Himalaya extending {rom Spili in the wesL,
through Garhwal and Kumaun regions of U.P,, into Nepal in the east.

L l‘l “;::gh 1?':]'-‘“!’- The Archaean rocks of the Sub-Himalaya region near
i cil .Ef lhc‘ Jutogh group”. The chief rock types of this group are
quartzites, mica-schist, praphitic-schist and marbies. The succession of the
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Jutogh group has been regarded us inverted due 1o
recumbent fold structures. This succession has heen
called wChor granite”. This granite is probably of a
4.18. EASTERN HIMALAYA

Daling Group. In Darjeeling and Sikki i

Himalaya, Lhe Archacan rocks are cE]ch I}ucsllg;r[?ngr?r;l;' (I[fhl:l:u:f tiog
consists mainly of slates and phyllites which grade mgh mic:::um
schists into “Darjeeling gneiss”. The Darjecling gneiss which appears L:Z
overlic the Daling rocks is a product of granitization of the Daling met-
sediments. In Sikkim, the Daling rocks contain deposils of copper E‘I'E
g.19. ECONOMIC MINERALS

Tl}c Nchacan‘mcks contain a large variety of ecanomic minerals. Many
metallic ores and industrial minerals are found associated with them. The
metallic ores include ores of gold, iron, manganese, copper, lead, zinc and
chromium, and amongs! indusirial minerals the chief minerals are mica
ashestos and kyanite. In addilion small deposits of molybdenite, monazi Le‘.
uraniuri, vanadium, tin, wol(tam and titanium are also found in the Archasan
rocks. :

Gald. Practically all the pold produced in India is obtained from the
Kolar and Hutti gold Ffelds jn Kamaiaka The gold occurs as anriferous
quartz veins within the dark amphibolitic rocks of Dharwar age. The gold
lodes are helieved 10 be of high temperature hydrothermal origin.

Iron Ore. Huge deposits of iron ore occur within the Archaean rocks.
They are mainly of sedimentary-metamorphic origin. They are found as- -
sociated with banded-hematite-quartzites from which they arc believed to
have been derived by leaching out of silica: The deposits of iron ore occur
in the following areas.

(i) Bihar and Orissa. Deposits of iron ore occur in the Singhbhum
district of Bihar and in Kconjhar, Bonai, Mayurbhanj and Cuttack
- districts of Onissa. i
(it} Madhya Pradesh. Deposils of iron ore occur in the Bailadila hills
of Baster and Dhalli-Rajhara arcas of Durg districl.

the presence of lamge
miruded by a granite,
le Palacoznic age.

(iify Maharashtra. The deposits of iron are occur mainly in Ratnagiri

and Chanda districts. )
(iv) Karnataka. Deposits of iron ore found iu.Bk?Ilary'. Hos.pcl,
Chikmaglur, Tumkur, Chitldurg and Simoga districts.

Manganese Ore, The manganese orc deposits which are found in the

Archacan rocks, are of sedimentary-metamorphic origin. The principal ot -
deposits occur mainly in three zones: (i) M.P—Maharashtra zone, (ify.

Bihar—Orissa zone,-and (jif) Kamataka—Goa zone. Qut of these three

zones, the M.P—Maharashtra zone is the most important, both fmmlh:
reserves and quality point of view. : e e
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Copper Ore. The four major copper belis in the country are : ()
Singhbhum copper belt of Bihar, (/1) Khetri copper belt of Rajasthan, (ijf)
Malunjkhand copper deposit of M.P., and (iv) Agnigundala copper deposit
of Andhra Pradesh. The copper deposils of Rajasthan and Andhra Pradesh
are probably of Precambrian age while those of other arcas ure of Archacan
age. All these copper ore depasils are of hydrothermal onigin.

Lesd and Zinc Ores. The ore minerals of Ica‘xd and zinc commonly
oveur together. The lead and zinc deposits of India are ol hydrothermal
origin. The major depasits arc confined to the four arcas: (i) Zawar blltlt of
Rajasthan, (fi) Deri-Ambatmata bell ul‘RaJ:wlpan aml_ Gl_l-Jrﬂl. (iif) Agnigun-

Y 1i area of Orissa. These deposits

dala belt of Andhra Pradesh, and (iv) Sargipa :
of lead and zinc are situated mostly in the rocks of Archaean and

Precambrian age. o ‘
Chromite Deposits, Chromite dcposits occur I association with certain
types of ultrabasic rocks such as duniles, saxonites, pYroxcnties, and norites,
These deposits are a praduct of magmatic segregation. In India, th_c chramite
deposils occur in the Keonjhar district of Orissa, Ha&_%an district of Kar-
nalaka, Salem district of Tamil Nadu, Bhandara fﬁsmct of Maharashira,
Singhbhum district of Bihar, and Krishna district of Andhra Pradesh. These
deposils are found in the ultrabasic rocks that lraverse the Archaean rocks.

a has high diclectric properties with very low thel
mal conductivity, Henee it is extensively used in the insulating industry,
Deposits of mica oceur in pegmalites which traverse mica-schisls and mi
gneisses of Archaean age. [n India mica deposits occur in three important
helis: (i) mica bell of Bihar, (i) Nellore mica belt of Andhra Pradesh, and
(i1i) Rajasthan mica belt.

.20, PRECAMBRIAN FORMATIONS

The strongly deformed Archaean rocks are separaied from the overlying
Precambrian cover by a pronounced unconformity called the “Eparchaean
uneonformity”. This unconformity represenls a major tectonic cycle. The
Precambrian rockformations occur hoth in the northern and southern parts
of Peninsular India (Table 8.12). These rockformations have been grouped
into two distinet formations, the lower one is called the “Cuddapah super-
group" and the upper is called the “Vindhyan supergroup”.

Mica Deposit. Mic

Tahle 8.12. Precambrian Formations

Division South India Central {ndia Rajasthuan
Wi B Missing Upper Vindhyan | Upper Vindhyan
Kurnool Group | Lower Vidhyan | Malani Volcanics
Lower Purana Cuddapah Gwalior Group Delhi
Supergroup Bijawar Group Supergroup
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The Cuddapah supergron :
trroup has heg,
" Andhra Pradesh where it js best dCVc]nn ":-m:l JT[{::r the Cuddapah basin of
Ped. As the roc

rest unconformably over the schiy ks of this Supergroup

2 : S5 and pgneisse
overlain by the Vindhyans, iis age is LO“_CEJYEP:SLS of Archaean age ang is
? rana. e

Distribution. In India the Cudda
four areas : (/) Cuddapah basin of A
Maharashtra (Kaladgi group), iif) Ch
(fv) along Aravalli mountain in Rajasthan (Delh i

In the main Cuddapah basin, 1he Cuddapah pergr
about 33000 squarc Kilometers. The shape of l.hemc}:,; Occupy an area of
concave side of which is towards the east. At the e .Jn is crescentic the
of the basin in the N-S direction is about 300 km .J.nd‘ © margin, the length
is about 140 Kin (Fig. 8.4). its mazimum width

oup).

D

Fig. 8.4. Distribution of Cuddapah Rocks in [ndia.

Lithology. The succession of the Cudiapah supergroup is composed of
mainly quanzites and slates or shales. The limestones occur oaly in subor-
dinate amounts. The lota] thickness of the succession is-over 6 kilometers. .
The Cuddapah rocks are mostly unfossiliferous.. However the presence of -
stromatolites (Collenia vajurkari) have been reported from the Vempalle. <
limestones, - i R

Structure, The rocks which lie lowards. the weslern margin of the
Cuddapah basin are undisturbed but those which are s_iluated nearthe eastern.
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margin have been {olded, faulted and slightly_ metamorphosed. Here the
argillaceous strata have been mostly converled inlo slates. :

Classification. The succession of the Cuddapah supergroup h'ts b‘;en
divided into four groups (Table 8.13). T"lu’.'sc. gruu;‘ls are separated h"om one -
another by unconformilies. Each group begins with the coarse Sc(h.fucf]l al
its base followed by the finer sediments and carbonale rocks thereby indicat-
ing a cycle of deposition. ]

Igneous [ntrusions. In the Iower half of the Cudda[u}h succession there
are abundant intrusive sills of dolerite. These hasic sills are called the
“Cuddapah traps”. Their age 1s posl-Chcyair and pm-Nallf]mnlai {Table -
8.13). The interaction between the sills and the Vempalle limestones has
given rise Lo deposils of asbestos and barytes.

Table 8.13. Classification of Cuddapah Supergroup
(Figures in bracket indjcate thickness)

l Group Fesmaiion

| Kurnoo! Group (Age—Lower Vindhyan)
|

| Unconformily

[ [Srisailam quanzite

Kistna G |

' Kistna Group Keolamnalashales

(600 m.) - |Irlakonda quartzite
Uncenlormily

Nallamalai Group | Cumbum shales
(1000 m.) Bairenkonda quartzite

Unconformity

Cheyair Group Tadpatri shales
(3300 m.) Pulivendluquartzile | mphre-

Unconformity.

Papaghani Group | Vempalle shales and limestone -
(1400 m.) Gulcheru quarlzite

Unconformity

Archacan schists and gneisses

Papa i T
Papagh:mg:l;:: ‘ﬁlll"loui'— The rocks of this group are exposed in the
*The lower "Gm’che?::-' };,hls il has been divided into two formations.

r o - ;
glomerates and is Ovnrlajn”];mw" “campri.ses quartziles, grits and.con-
upper formaticn is three y the “Vempalie shales and limestones™. The
¢ tmes thicker than the lower formation. The Vem-
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tones have been intruded b Gt
alle limestone: intruded by basic sills ¢ ;
Ir:J':d barylcs are found al their conlacts, and deposits of ashestos b

Cheyair Group. The rocks of this group accur i e
in the upper rcaches of the Penner river nca? Tavjpa;l:: ﬂj];;:: 1‘1;:;—" r1‘\r e
are quartzites and shales. The lower pan of this group is mainl rmf ypes
and is called “Pufivendla guartzites”. The upper argillaceous ya?m“
S adpatri sha Jes™. Thc‘rc are some thin beds of siliceous 1imisl.un.c Cch::
and Jusper, and basic sills within the succession of the Tadpatri shalt.;s
Nullamalai Group. The succession af this group is exposed in ih'c. '
Nallamalai hills. The Nallamalai group has been divided into two forma-
tions: (i) the “Bairenkonda quarizite” and {ii) the “Cumbum shales”. The
whole succession has been folded and the rocks are known 1o crmlair; ores :
of lead and copper. . i

Kistna Group. The rocks of this group are exposed along the Krishna
river. The succession has been divided inlo three formations: (ij “Irlakonda
quartzite”, forming the lower part, (if) “Kolamnala shales”, occuring in the
middle, and (i) “Srisailam quartzite”, forming the upper par.

8.21.1, Other Equivalent Formations

Kaladgi Group. The rocks of Cudilapah age which oceur 1o the south
of Bombay in Bijapur district of Maharashira, are called the “Kaladgi
group"- This group is named after the Kaladgi town. The succession rests.
unconfarmably over the Archaean rocks and is overlain by the Deccan traps.
The Kaladgi group is made up of 3 to 5 Kilometers thick succession of
quartzites, sandstones, conglomerales, limestones and shales.

Pakhal Group. The rocks of the Pakhal group are exposed in the Pakhal
hills of the Godavari valley, The succession is composcd of coarse pebbly.
sandstones, conglomerates, siliceous limestones, shales and slates. 1t5 total
thickness is aboul 6300 meters. This group is considered o be of Cuddapah -
age. : _ Bi s
8.22. DELHI SUPERGROUP

The Delhi supergroup is composed of rockformations which are
cquivalent in age to the Cuddapah supegroup- These rock{onmations o34 |
unconformably over the Archacan gueisscs and are overlain by Vindhyans. .

Y N i jalli moun-

Distribution. The Delhi supergroup 18 exposed in the Aravalli moln-
tains of Rajasthan, These mountains extend fmm_Dclhl_ in the sm__nl__nfye.st
direction through Haryana and Rajasthan up 10 S m

Lithology. The succession of the Delhi supergroop 1 cingonal 1 sl
of quartzites, conglomerates, gits, slates and Phi‘““':;‘l-ﬂ-g"‘li_smsigss:lizes -'
o . S ooy antity. Al p‘laCCS' S0 m:I.E‘. _ 05 _\Fg:.

also present in subordinate qu Y- The total thickne f.the

been converted into calc-schiats am_icalc-gnl' :
Delhi succession is sbout 7 kilomelers.
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Structure, The rocks of the Dethi supergroup exhibit exiensive folding
and faulting, and have been intruded by many igneous bodies. In this respect

they differ from the rocks of the main Cuddapah basin where the rockfor.

mations show litile disturbance.

Classilication. The succession of the Delhi supergroup has been divided
into two parts. The lower part which is predominantly arcnaceous is called

the “Abwar group™, and the upper part which is mainly argillaceous is called -

the “Ajabgarh group™ (Tahle 8.14). In Alwar arca, there is 2 succession of

calcarious rock beds in between the Alwar and Ajabgarh groups. These rock i

beds arc called the “Kushalgarh limestone”.
Table 8.14. Classification of Delhi Supergroup

Group Lithology

'Phylliles and slates with cale—gneisses

Ajahgarh Group and calc—schists

Alwar Group Quariziles, grils and conglomerates

Unconformily

Raialo Group or Banded gneissic complex

Igneaus Intrusions. The succession of the Delhi supergroup has been
intruded by the “Erinpura granite".

Alwar Group. The rockformations of the Alwar group rests unconfor-
mably over the Raialo group or Aravalli group. The chief rock types of the
succession are quartzites, grits and conglomerates with a few beds of shale
and impurc limestone. The maximum thickness of the Alwar group is over
3 kilometers, In the lower part of the succession there arc several lavaflows
and sills of basic composition.

Ajabgarh Group. The Ajuhparh group is composed mainly of argil-

laceous rocks. The succession of argillaceous rocks also contains thin heds
if‘ SI;I iccaus limeslones, calcarious silts and fermiginous quartzites, In the
lhja dgz:rh group, the type of racks varies al different places depending upon

© cegree of metumorphism. However the slates and phyllites are the

Kushalgarh Limestope Th
L . The Kus . )
of Alwar proup. I is a banded lir ehalgarh limestone overlies the: rocks

layers. At pl; L unestone containing dark g d black

cri'suﬂli‘:; P]';::cslw‘here it is highly metamorphosed, it he‘f;:n};:n coarsely

Lo, éon-lal_mxu?mn thickness is about 700 meters. The Kushaléarh
oINS & Few horjzo, i i

breceia", This breceia consists ﬂ:fof brecciated rocks called the "Hornstone

fine prai : angular pieces o .
erained mairix of fermuginous and silicgnus m{.g,umz FRbeicd i
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g.22.1. Other Equivalent Formations

lijawar Group. The rocks of the Bijawar onp vee
souﬂ:ﬁgswm m:_i-rgiﬂ ol the 'Bumlulkhand granite amf nlhf:g thc“;o:jt;;:i:n‘:
i of the dehym ba:sm, These rocks Tesl over the gneisses of Archaean
age and are overlain by Vindhyans. The Bijawar group comprises a succes.
sion of 2 basal cunglcllfcl:a}c and quanizite followed by hornstone breccia,
siliceous limestone, ]?hll[lilc shales and red Jaspers. These rocks are as-
;,_,cjnLc 4 with dykc_.‘:. sills and lnv?ﬂo?vs of basic composition, The maximum .
thickness of the Bijawar succession is about 240 meters. The Bijawars have
heen subjected 10 intense folding and faulting.

Gwalior Group. The rockformations of the Gwalior group oecur af the
northwest side of the Bundelkhand granite around Gwalior town in Madhya
Pradesh. They rest uncenflormably over the Bundelkhand granite and arc
overlain by the Upper Vindhyans. The Gwalior group is composed mainly
of sandstones, conglomerates, grils and ferruginous and siliceous shales. ln
the upper part of the succession there are several horizons of iraps. The rocks
of the Gwalier group are mostly unfelded and unmelamorphosed.

The Gwalior group has been classificd into two formations. The lower
formation is called the “Par formation”. It is mainly composed of sandstones
and grits. The upper formation is called the “Morar formation™. 1is chief
rock types arc siliceous and ferruginuous shales which contain _sevemi
horizons of traps. The lithology of the Gwalior group shows similarity both
1o the Aravalli group and the Bijawars but its rock beds are crfmpamlivcly
less disturbed. The age of the volcanic rocks as dtlcrmmecl by the
radiometric dating is 500 million years. This suggests that the Gwalior group
is probably of Cuddapah age. )

8.22.2. Economie Minerals

The chief economic mincrals which are found in the rockfonmil(lms._of
Cuddapah age are copper ore, asbestos, baryies, stealite, talc and building
stones. i .
Copper Ore. The copper ore deposits of mc_l(hctri area of R_:i_;lzmlia_lf ;
oceur in the slates and amphibolites of the Delhi supergroup. In d‘_ ﬂﬁe
nigundala area of Andhra Pradesh, the copper :mnernl:mnqr% is foun _Lrl_._ >
Cuddapah rocks.

Asbestos. In the Cuddapah district of Andhra Pradesh, deposits of .~

le limestone of the Papaghani-

crysolile asbestos are found in the Vempal tion between the mafic sills

group. These deposits are formed due ta interac
and the limestone. :
Baryte, The Cuddapah traps ;
veins of baryle in the Vempalie limesl{lm_ef;. Dc;?;]slis o
the Cuddapah, Anantpur and I'_Cumml districts of An

.

sspansible for the fomﬂ‘iﬂn of ot
dhra Pradesh. Quartzites
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of the Delhi supergroup are alse known Lo contain veins of baryte near Alwar

in Rajasthan.

Steatite and Tale. o the Kumool and Anantpur districts of Andhra
Pradesh, deposits of steatite and talc have developed at the contact of basie
sitlls and dolomitic limestones of the Vempalle formation. In Rajasthan near
Ajmer, the ulirabasic rocks of the Delhi supergroup arc canverted into
1alc-schists.

Building Stone. Some slates, limestones and grits of the Delhi and
Cuddapah supergroup are used for building purposcs.

8.23. VINDHYAN SUPERGROUP

The Vindhyan supergroup has been named after the greal "dehy_a
Mountains” of Madhya Pradesh where it is well developed. The Vindhyan
succession rests unconiormably over the older [ormations such as Bijawars
and Archaeans, and are overlain by the Deccan traps. The Vindhyan super-
group is considered 1o be of “Upper Purana” age.

Fig. 8.5. Disribution of Vindhyan Rocks in India.

Distribution. In India, the Vindhyan rockformations oceur in four arcas:

E:? r;ain Vindhyan basin in central India, (1i) Cuddapah district, Andhra
adesh (K{ur_uuu‘l group), {in) Bhima and Godavari river valleys, and (iv)
on the NW side of the Aravalli ranges in Rajasthan '
nMa"{Elhevsu;I:cssiun of lh? Vindhyan supergroup has best developed in the
g fl: l;'}'ﬂﬂ basin™ in central India. Thig basin is very large and is
g aimz illg;lg ;i the Narmada and Son rivers (Fig. 8.5). It extends
llometers from Sasaram in Bihar v Chiuorgarh in
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Rajusthan, and N-§ about 160 kilometers from Bhopal in M.P. 0 Agra in
LL.P. The tolal arca of the Vindhyan basin is aboul 100,000 square kilometers.
In addition, an area of about 78000 sq. km is concealed under the Decean
traps of Malwa and the alluvium ol Indo-Gangetic plain.

Lithology. The chicl rock 1ypes of the Vindhyan supergroup are
sandstanes, shales and limestones. The total thickness of the succession is
about 4500 meters, The Vindhyan rocks contain ripple marks, current bed-

ding and other sedimentary structures which suggest that they are of shallow
waler origin.

Fossils. The Vindhyan rocks are penerally unfossiliferous. However
presence of some very primitive type of lile has been indicated by some
traces or fossil impressions found in the Fawn limestone (Lower Vindhyan)
and Suket shales (Upper Vindhyan),

The Fawn limestone of the Khenjua formation contains “Stromarolites™
(Conophylon cylindricus and Collenia columnaris) which indicate that these
rock heds arc older than 1260 million years. Disc shaped remains of organic
origin have been found in the Suket shales of Kairour group. These lorms
are believed (o represent the penus “Fermorig” which is related to the
primitive brachiopod “Acrothele”.

Structure. The rocks of the Vindhyan supergroup are practically undis-
turhed and unmelamorphosed. They arc only slightly tilted. However some
disturbances are noliced along the NW and SE margin of the Vindhyan hasin,

(i) Atthe northwestern margin ol the Vindhyan basin a “Great bound-
ary faulf" is present. It has brought the Vindhyans against the
Archacuns. This [ault runs in the NE-SW direction tor about 800
km in Rajasthan and its down throw is about 1300 meters.

(if) The line of the Narmada and Son river valleys coincides with
the sauthern and southeastern margin of the Vindhyan basin.

Here the Vindhyan rocks exhibit considerable structural distur-
bances.

(iii) Belween the Bundelkhand granite and Son valley, the Vindhyun
rocks oceur in a large flat syncline. The Lower Vindhyans are

best developed along the south side of this syncline in the Son
valley. .

Classiflication. On the basis of difference in lithology, the Vindbyan
supergroup has been divided into two divisions : (i) the “Lower Vindhvon<®
(Semnri group), and (if) the “Upper Vindhyans”™. The Lower Vindhyans are
largely made up of the calcarious rocks of marine origin while the Moper *
Vindhyans contain mainly the arenaccous rocks of fluviatile origin. These

two divisions of the Vindhyan supergroup are of unequal thickness, the upper-.
division being three times thicker than the lower, . :
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The Lower Vindhvan succession is called the “Semri group™ and ihe
Upper Vindhyan succession has been subdivided into lhrc:. groups: (f)
“Kainur group”, (ii} "Rewa group™, and (if1) “Bhander group”. Enc]_1 group
of the \-"i\ndh\.-zu; succession is separated from ane another by a diamond
bearing mng[umcm:c (Table 8.15).

Igneous Intrusions. The Lower Vindhyans are intruded by dykes of
dolerite and basalt in the Son valley area.

Table 8.15. Classification of Vindhyan Supergroup

Gmups Formarions
- Upper Bhander sandsione
Sirhushales 3
P h?rg;; Gmr;n? Lower Bhander sandstane g
Bhanderlimestone
Diamend Bearing Conglomerale
Upper Rewa sandstone
Rewa Group” Ihiri shales
{2000 m) Lower Rewa sandsione
Pannashales
Diamond Bearing Conglomerate
Upper Kaimur sandstone
Kaimur Group Bijaigarh shales
(400 m) Lawer Kaimur sandstone
ISuke! shales
Rohtas Formalion
Semri Group Kheinjus Formation
(1300 m) Porcellinue Farmation
Basal Formation

Semri Group. The rocks of the Semri group (Lower Vindhyan)
occur in the Son valley, Dhar forest, and on the NW side of the
Aravalli ranges. They resl unconformably over the Bijawars. The suc-
cession of the Semri group is about 1300 meters thick and it is com-
peced mainly of the shales and limestones. This succession has been
s:utfdivid:d into four formations as shown in Tablc 8.16. The Porcel-
linite lormation contains volcanic products which may bhe contem-
Puraneous with the Malani volcanics of Rajasthan. Thc age of the

g;zgcom'.:: beds of the Kheinjua formation as determined by the
rediometne daling is about 1100 million years.
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Tuble B.16. Successinn of Semri Group

Fonnaiion Lithology

Rolilas Formation Limestones and shales

Kheinjua Formation and Olive shales

. {Claucnnil'{c beds, Fawn limestope

Porcellinite Formation  Poreellinitic shales and sandsiones

Basal Formation Basal conglomerate and Kajraha hmestones.

Upper Vindhyans, In the Son valley area, the contact of the Lower
Vindhyans and Upper Vindhyans is conformable, but in the Dhar forest there
is a distinct unconformity hetween them. In other places, the Lower
Vindhyans are missing and the Upper Vindhyans rest directly over the
Bundelkhand granite, Gwalior group and Rijawars. The succession of the
Upper Vindhyans consists mainly of the sandstones and shales with some
limestone. This succession has been divided into three groups known as the
Kaimur, Rewa and Bhander groups. These groups are separated from one
another by two horizons of diamond bearing conglomerates (Table 8.15).

8.23.1. Vindhyans of Rajasthan
Malani Volcanics. The Malani volcanics include acid volemic rocks

such as rhyolites and (wils. They cover enormons area around Jadhpur in
Rajasthan. This formation is regarded as of Lower Vindhyan age becausc it

‘rests unconformably over the Aravalli phyllites and are overlain by the

“Jodhpur sandstone" of Upper Vindhyan age.

In the Malani voleanics formation about 52 flows have been recognised
and their total thickness is ahout 3500 meters. In addition 1o the neid volcanic
rocks, there are Siwana and Jalor granites and dykes of felsic to mafic
composition. These igncous bodies are regarded as the intrusive associates
of the Malani volcanics. ;

8.23.2. Yindhyans of South India

Kurnool Group. This group is named after the Kumool district in
Andhra Pradesh where it is best developed, The rocks of the Kurnool group
rest unconformably over the Cuddapah supergroup. The succession consists
mostly of limestones and shales with some quartzites. The Benganpalle beds
which occur at the hase contain diamonds. The rocks of the Kumool group
show gentle dips and broad folds. The succession has been subdivided into -
four formations, known as the “Kundair”, * Paniam™, “Jamalamadugu™ and -
“Benganpalle” Tormations (Table 8.17), i :
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Table 8.17. Succession of Kurnool Group

Formtion Lithology

Shales and limestones

| Knndawr Formation (200 m)
\ Paniam Formaticn (50 m) Quariziles
| Jamalamadugn Formaton (200 my  Shales and limestones
Sandsione and diamond beanring

| Benpanpalle Formatinn (10 m)
l conglomerate.

4.23.3. Feonomic Minerals
Diamonds. The three groups of the Upper Vindhyans are separated from
anc another by two horizons of dizmond bearing conglomerate. This con-
plomerate consists of pebbles ol vein quartz, jasper and quartzile embedded
in the matrix of sand and clay. The diamonds occur as placer deposit in these
conglomerates. The Panna diamond field of Madhya Pradesh which g
situated in the country of Rewa rockformations, is the only diamond produc-
ing arca in India. Here diamonds are obtained from two sources - (i) from
the ultrahasic igncous pipe which is intruded into the Vindhyans, and (if)
from the dizunond bearing conglomerates. ' :
Limestone. Limestones of good quality are found abundautly in the
Vindhyan rockformations. The important deposits of limestone oceur in the
Sen valley region of Bihar and U.P,, Rewa and Jabalpur areas of Madhya
Pmdc{sh, and_ Bhima valley region of Andhra Pradesh. These limestones are
wsed in the lime, cemcent and metallurgical industries.
" _{‘3'_ritlc. The Bijaigarh sha.l'es ol'lfllc Kaimur group contain a bed-of pyrite  «
Ar:f.orr Jis ?g:}: r;)r: tneter thc%:. '.H]IS hed oulcrops at several places near
m"_lr;1 ]ML o ;Iﬁd d]l;lrl(‘;}hl of Bihar. This pyrite is of good quality and
“o sullur. This pyrite is used mai ; T e {
Sollieic oty p mainly in the manufucture of
Building § ! i : :
e it B Stone. The Vindhyan sandstones and limestones yield exeel-
ent building and omamenlta] s| i
B b o - e on_cs,. The pink sandstones of Bhander group
sively as building stones all over northern India.

Glass §; c Vi
on vc.‘tl:;r?: un i‘u}ﬂ I:jt 'f"mdh}‘a:ll sa{1d§l[3nl:s T T it
glass. Near ;Ilajlah;:"[[zglr;]lmn_whlch can be used in the manufacture of
pupose. -R), Vindhyan sands are beéing mined for this
8y PAL.»\ROZUIC ROCKSs |

The Palueqygic 1
MHeazoic Era has heey subdivided inpy gjy periods : (f) Cambrian

ian, (i) Deven:
L) D:.\oma__nl, (1) Carboniferous,. and (vi)
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B.25 SALT RANGE
The Sall Range area is in Pakistan. It is situated at the southern side of
the Potwar plateau. Here the Cambrian and Permo- carboniferous rocks are
well exposed.
H.25.1. Cambrian Rocks
In the Camnbrian succession of Salt Range, the “Saline series” ia al the
base. It is then conformably overlain by “Purple sandstone”, “Neobolus
shales”, “Mugnesian sandstone”™ and “Salt pseudomorph beds” (Table B.18).
The Neobolus shales lave yielded fossils of brachiopod Meobolus and some
trilobites (Redlichia) of Lower Cambrian age.
Table 8.18. Cambrian Succession of Salt Range
Lithology
Shales wilh pseudomorphs of sall crystals.
Dolomitic sandstone
~-.  Fossiliferous grey shales
Fine prained purple sandsione
Gypsum-dolomite. marls, and rock salt.

| Farmation

Sali Pseudomorph Beds (105 m)
Magnesian Sandsione (75 m)

Meobulus Shales (45 m)
Purple Sandsione {75—140 m)
Saline Series (450 m)

Saline Series. It is the basal member of the Cambrian succession. It is
composed mainly of gypsum, marls and rock-salt with some decomposed
lavaflows of basic composition. The Saline series has been subdivided into
three parts : {i) the lower part, conlaining gypsum and gypsum-dolomite,
(#f) the middle part, which is inade up of red sall marls and beds ol rocksalt,
and (iii) the upper part, conlaining gypsurn and dolomite. The micro- fossils
af Eocene age have heen found in the beds of the Saline series.

Purple Sandstone. The beds of purple sandstones overlie the Saline
series. They show current bedding and ripple marks and appear similar to
the Upper Vindhyan sandstones. ~

Neobolus Beds. These are the fossiliferous beds of shales which conlain
brachiopods {Neobelus, Orthis, elc.), trilobites (Redlichia), and gaslcropods.

Magnesian Sandstones. These are dolomitic sandstones which are up
1o 85 melers thick. The main fossil found in these sandstones is a gasteropod -

called “Stenotheca™.!
Salt Pseudomorph Shales. These shales occur at the top of the Cam-

hrian succession of Salt Range. They contain cubic pseudomorphs of clay:
These pseudomorphs are formed by the replacement of salt cryslals by clay.

8.25.2. Age of Saline Series

The Age of the Saline series has been a matter of conlroversy among
Indian geologists. According 1o the law of order of superposition, it may be
regarded as of Cambrian age. However, the structural features, micro-fossils
and other characters indicate that it may be of Eocene age.
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Views in Favour of Evrene Age. B.Sahni, E.-H. Pascoe, D.N. Wadiy,
and L.M. Davics are of the openion that the Salinc scries is of Eocene age
and its present position below the Cambrian succession is due 1o lll.l'usling.
The evidences in favour of Eocene age arc as Jollows.

|. The beds of the Saline series contain micro-fossils of planis ang
inscels of Eocene ape.

2. The conlact between the Saline scrics and Purple sandsione js
characterized by features which indicale structural disturbances,

3, In the Jogi Tilla and Diljaba areas, the Eocene beds are found
thrust over by Cambrian rocks. Although here no salt marl ig

exposed, its presence at depth is indicated by the saline springs

issuing from the faull plane.

Yiews in Favour of Cambrian Age. The Saline series is conformably
overlian by the Cambrian succession. Hence it may be of Cambrian age.
This view is favoured by E.S. Pinfold, C.5. Fox, E.R. Gee, E. Lehner and
PK. Ghosh. The evidences which are in favour of Cambrian age, are as
follows.

I. E.R. Gee is of the openion that the junction between the Saline
serics and the Cambrian succession is an undisturbed seditnentary
contact and there is no evidence of large scale thrusting,

2. The features which suggcest structural disturbances may have been
produced due to disharmonic folding of the compelcnt beds of
Purple sandstone which rest over the highly incompetent beds of
the Salinc series.

3. 'Ihn_z micro:fossils of Tcrtia:j.' age which have been found in the
Saline series, may have been introduced into il from outsidc by
the groundwater. :

4, Lehn_er (1946) points out that there are saline beds of two different
ages in the Tethyan basin of Persia, one of Cambrian age and the
ather of Miocene age. The Saline series of Sall Range rescmbles
to the Hormuz series of Cambrign age.

5. Schindewolf and Seiacher (1955) have suggested that the Salt
pseudoltnoq:!h beds which occur towards (he top of the Cambrian
?;EEESS]I?S\'I{ES:MG 'thc recurrence of the evaporilic conditions
mnﬁnn;; Ihal e fiur!ng.ﬂ]e ffm'nalion of the Saline serics. This
o cmnbric ct_mtmml_y in sedimenlation from the Saline series to

an succession.

Thus the evidences given above
lem of the age of the Salige g
evidences po more i favour of

arc conflicling and therefore the prob-

ies still renains unsolved. However, the
1 Cambrian age. : ;

e T —
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#.25.3. I'ermo-carboniferous Rocks

In Salt Range, the rocks belonging to the Ordovician, Silurian,
Devoninn and Lower Carbonilerous periods are missing and the Permo-car-
boniferous rocks are present. They rest directly over the Sall pseudomorph
beds of Canbrian succession. The Penmo-carboniferous succession of the
Salt Range is shown in Table 8.19.

Table 8.19, Permo-carbonifervus Rocks of Salt Range

Farmuation Lithelogy Diescription

Permian Productus limestone
(230 m)

Rich in manne fossils.

Speckledsandsione (100m)  ghyllow water deposits
Upper , QOlive Formation (100 m) Rich in gasteropod (Conularia)
Carhaniferous |glacial houlder bed (3-65 m) Glacial deposits

Glacial Boulder Bed. This bed rests unconformably over the Cambrian
succession. It is composed of glacial boulders of different sizes. The total
thickness of Lhis lormation is aboul 60 melers. The upper part ol this
formation contains plant fossils of Upper Carboniferous (Lewer Gondwana)
age.

Olive Formation. This formation is composed of olive shales and
sandstoncs. This formation is also called the “Conularia beds”™ because it
contains remains of gasteropods (Conularia) in abundance. The olher fossils
of this formation are lamellibranchs (Eurydesma) of Lower Fermian age and
plant fossils such as Gangamopteris and Glossopleris.

Speckled Sandstone, This formalion is composed mainly of speckled
sandstones of light red colour. In the upper part of the succession shales
predominale. The rock beds exhibil current bedding and ripple marks which
indicate that they are shallow waler deposits.

Productus Limestone. The Productus limesione of Salt Range is
regarded as ane of the best developed Permian formation in the world. It is -
characterized by rich marine fossils. This formation has been subdivided
inta three parts. 2

(i) Lower Products Linestone. This pant of the formalion is composed
of calcarious sandstones and carbonaceous shales. These beds
contain fossils of Lower Permian age. The chiel fossils are
brachiopods (Productus spiralis, Spirifer and Athyris) and
foraminifers (Fusulinids). Y ST 2y

(i) Middle Producrus Limestone. This part is composed of limestones
and dolomites. These rock beds are the richest in fossils. The chief
fossils are brachiopods (Productus indicus, Productus lineats,
Orthis, Spirifer, Athyris), lamellibranchs (Pseudomonotis),
gasteropods (Pleurotomaria), and ammonites (Xenaspis).. _
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(iif) Upper Productus Limesione. This part of the fornation is com.

posed of sandstones and marls. The chief fossils found in thesg

beds are brachiopods (Productus indicus, Producius spiralis),
lamellibranchs (Schizodus), gasteropods (Bellerophon), and apm,.
monites (Xenodiscus, Plancloceras).
8.26. KASHMIR
8.26.1 Cambrian Rocks

The Cambrizn rocks of Kashmir rest conformably over the fossiliferous
“Dogra slates” of Precambrian age. The succession is compased chiefly of
clays, impwrc sandstone and grevwacks with a few lenlicular bands of
limestones. The clay beds are fossiliferous and they centain Irilobites
(Ptychoparia, Solenopleura). hrachiapads (Acrothele, Lingulella),
ptzropods, crinoids, and sponges of Cambrian age.

8.26.2 Ordovician and Silurian Rocks

The Ordovician rocks of Kashmir and adjacent arcas are coiuposed of
shales, silt and limsstones. The shales have yielded well preserved
bryozozns, brachiopods and cystoids. The Ordovician rocks are conformably
ovelain by a succession of sandstones, slates and greywackes which have
vizlded fossils of Silurian age.

8.263. Devonian Rocks

Muth Quartzite. In the northern parts of Kashmir, Mulh quanzites of
Devonizn zgz are exposed. They constitute a thickness of about 650 meters,
They rest eitter over the Cambrian rocks or over lhe rocks of Silurian age
and are conformably overlain by the “Synringothyris limestone” of Car-
beniferous age. The Muth quartzites are mostly unlossiliferous.

8.264. Permo-carboniferaus Rocks

The Permo-carboniferous suceession of the Kashmir area has been
divided inlo six formations (1) Syringothyris limestone, (if) Fenestella
shales, (fii) Agglomeratic slates, (V) Panjal traps, (v} Gangamopleris beds,
and (vi) Zewan formation. These formalions are shown in Table 8,20,

Table 8.20. Permo-carboniferous Rocks of Kashmir

Feriods Formaripns

Lithology
e {?eu-an fnrmallinn Shales and limestones with marine fossils
@mu Gangamopleris beds  Slaes and pyroclastic beds with pluni fossils|
Panjal traps ! Basaliiclavaflows
Carboniferpus Agglomeralic slates Slales and greywackes
F:n_e,lel]a shales Shales and quanizites
Muth Quartziies {Devonian)
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Syringothyris Limulor_:e. The Muth Quarizites are conforpghly (FVC[I;

ain by the “Syringothyris limesions". This f, ion is o i
:::cls uyl' grey and dark blue limestones with a E:m:::nri{s I:{‘smm o I'hm
and traps. The limestones arc tharacierized by the mscémlll;s
krachiopod “Syringothyris” of Lower Carbemilerous age. :
Fenestella Shales. The Fenestella shajes are composed of a 600 meters
thick succession of shales and quartzites with g few beds of conglomerates
The shale beds are fossiliferous and contain abundant remains of g pulyzr.s;:.
called “Fenestelia”. These beds also conta '

34 i 2 n bryoioans, brachivpods,
pelecypods, corals, Lrilobilcs and crinoids ranging in age from Lower (o
Upper Carboniferous. 4

Agglomeratic Slates. This formation consists of a succession of slates,
sandstones, quanizites and conglomerates. These rock beds are considersd
to be of volcanic origin. The fossils are generall v absent in this fonmation.

Panjal Traps. The Agglomeratic slale formation in overlain by 3 thick
succession of lavaflows of basallic composition, known as the “Panjal
traps”. The maximum thickness of these lavafiows is up to 2300 meters..
The lavaflows are intercalated wilh pyroclastic materials ang inlertrappean
beds, and they may be ol Upper Carbonilerous 1o Lower Permian age.

Gangamopteris Beds. In some parts of Kashmir, the Panjal wzaps are
overlain by beds of slaly and pyroclastic rocks. These beds have yielded
plant fussils o Lower Gondwana (Lower Permian) age. The chief plani
fossils are Gangamopteris kashmirensis, Glossopieris indica, and Ver-
lebraria.

Zewan Beds. The Gangamopleris beds are overlain by a 240 meters
thick succession of limestoncs and shales, These beds are rich in marine
fossils of Middle and Upper Permian age. The chief fossils are brachiopods
(Spirigera, Choneles, and many species of Productus and Spirifer),
bryozoans (Fenestella and Protorclepora), and vorals (Zaphrentis}.

8.27, SPIT1

Table 8.21. Palaevzoic Succession of Spiti

Periods Groups Farmarions
Productus shales
Permian Kuling Group Calcaripussandstone -
Conglomerates and grits
Pa formation
Carboniferons  Kanawar Group Lipak formation
Devonian - Muth quartziles -
iluri : ; i andstones,
Silurian and 4 {Lunes!ours._s I
Ordovician ! i Quargsiies and shales -
Cambrian Haimanta GI‘OLIP 2 - Quarizites, slates and Shﬂ]é :
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In the Spiti area ol Hinaclal Pradesh, a complele suceession of rocks
n the op s Precambrian 10 Cretaceous is cxposcd. The

ranging in a age from 1 his arca is shown in Table 8,21,

succession of the Palacoroic rocks of 1
§.27.1. Cambrian Rocks

ainania group resis over the rocks of the
age. The Hajmanta pProup consisis _ur aboul
[ quarlzites, slates nnd .slm!e_s_ wilh some
iie. The lower 600 meters thick rock beds arc ”‘““_'“'l'lcm"s_Whilc
_dulmmf_' ]f\lllC upper part vl the suceession cantain a rich collection ol
Eﬁo;::c:(;agd|ichi£. Agnosius. el;_, and hrm;hinpod»r(l;:ngulclln, Obni_elln,
Acrothele, ete.). These fossils indicate that the age o' the Tfpper part of the
Huimanta group ranges hehween Middle 10 Upper Cmf\bmm. Henee some
members of its lowermost part may be correlated with the Precambrian

rocks.

8.27.2. Ordovician and Silurian Rocks

The rocks of the Haimanta group arc conlonnably overlain by a sue-
rale, gritty quarlzilcs, sandstones, shales,
limestones and dolomites. The rotal thickness of the Ordovician and Si.lurian 3
succession is abaul 730 meters. The Ordovician rock heds _huvc yiclded
fassils of tilobites (Asaphus, Illacnus), brachiopods (F)rllus, Lep@em.
Stropliomenal, and cephalopads (Gonidceras)- The (.'hli:‘r fossils ol the =
Silurian rocks arc trilobites (Calymenc), brachiopods (Orthis, Penamerus),
and corals (Zaphrentis). -

8.27.3. Devonian Recks

Muth Quartzites. This foration of the Spiti area consists of aboul 100
meter thick succession of white and light green quartzites. The age of the
Muth quanzites rangzs from Uppar Silurian Lo Devonian.

Haimanta Group. The H
Vaikrita group ol Prcc:unhq;m
1500 meters thick successioll &

cession of coarse red conglome

8.27.4. Permo-carhaniferous Rocks

The Permo-carboniferous succession of the Spili area has been divided
into teo groups ¢ (1) the “Kanawar group”, and (i) the “Kufing group”.
These tao proups are separaled by an unconformity which is rc]‘lrcscmﬂl A
by a conglomerate (Table 8.22). g

Kanawar Group. This group has been subdivided into two formalio

Tkﬁ lower fommation is called the “Lipak formation”, and the upper one
called the ~Po formanon™.

(i i—’rri:!k Fermation. The Lipak formation consists of a succession |
L -I-l.';l's‘:_'.,_{rJf;:’;.: and shales. This formation has yiclded fossils @
; T Czr.ix;m!cmuk. age. The chief fussils are trilobites (Phillip
siay, ,..:.},:upfr.lrs}nngo[h}'ﬂscu.\pidalaj_and coral (Cyathophy]

il

ermo-carboniferousa Rocks of Spiti

———
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Table 8.22, 1" s

Crmuip

Fomation

Lithology

Kuling Group {100 m) Pmdu.chm shales

o Calcarious sandstone
I )

ity) Conglomerate —
Po formalion

Kanawar Group {1300 m) Linak I
tpak larmalion

Shales and quartziles
Shales and limestone

(iiy Pa Farmaiion. This formation rests canformably ove the Li
fommli_oq. It i.':\l made up of a succession of quaniilon:and II;;I;mk
The c!ncl lossils of this formation are bryozoans (Fe L:[is v
brachiapods (Spirifer, Productus). NN
The Po formation is overlain by a horizon of conglomerate whi
be of Upper Carboniferous age, Thi ey
mity of lzlpznmpamlively shcrfcin.trchrfaffmgmmemw N e
Kuling Group. The “Kulin g i i
calcarious sand_sluﬁcs and shalcf. %;uialzm?gtu:?aﬁs:;l::;:::“!:?d:i
brachiopods (Spirifer, Praductus) of Middle Permian age. The ca.rbonS:c:eous
shales of the upper part of the Kuling group are called the “Producius
shales”. These shales have yielded fossils of hrachiopods (Productus), and
cephalapods (Xenaspis, Cyclolobus) of Permian ape. -
8.28. MESOZ.0IC ROCKS

The Mesozoic Era began a1 about 230 million ycars ago and closed at
nlbol.ll.ﬁﬁ _millioﬂ years ago. This Era has been divided into three periods :
U] Trla‘ssw. (1f) Jurassic, and (ifi) Cretaceous. In India, the Mesozoic rock-
formations lie unconformably above the Palacozoic rocks. However, there
IS a m:t_rkr:d difference in the fossil fauna of the two formalion..;. The
Mcsumu_: rocks accur both in the Exira Peninsular region and in the Penin-
sular region.

8.29. TRIASSIC ROCKS

; The Triassic rockformalions of marine origin are confined mainly to the
”lmalalyan region, perticularly 10 Kumaon, Spiti, Kashmir and Salt Range.
Tlfe_Tnassic rocks which occur in the Peninsular region are af fluviatile
origin and they form a part of the "Gondwana Supergroup”.

8.29.1. Triassic of Spiti
In the Spiti area of Himachal Pradesh, a complete succession of
Mesozoic.socks are exposed. Of this only Ihe Triassic rocks have been

described here. The Triassic rocks rest conformably over the Productus
shales of Permian ape.
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The Triassic rocks of the Spiti area are called the “Lifang group”. Thig

group is composed mainly of about 1100 melers thick succession of lime.

stones and shales. These rockformations have yielded a rich collection of
fossils of mosily “anumonites” with many species ol “lamellibranchs” ang

“a few “brachiopods™.

e

The Triassic succession of the Spiti arca has been classified into (hree
divisions : (i) Lower Triassic rocks, (if) Middle Triassic rocks, and (i)
Upper Triassic rocks. Each ol these divisions is further subdivided inig
“Zones" as shown in Table 8.23.

Table 8.23. Triassic Succession of Spiti

Divisions Formations Fossils

Quartzite formation Spirigera maniensis
Monaotis shales Monotis salinarizs
Coral limestone Spiriferina

Uppss Inassic Juvaviies beds Juvaviles angnlatus

(930 m).

Tropites beds Tropites subbullains
Grey shale beds Joannites
Halobia beds Halobia

Dacnoella limestone

Daunella shales Daonella lammeli
Middle Triassic Upper Muschelkalk Plychites rugifer
(130 m) Lewer Muschelkalk Spiriferina
Nodnlar limestone
Basal Muschelkalk

Dannella indica

No important fossils
Rhynchanella

Hedenstroemia beds Hedenstroemia
Lower Triassic Meekoceras zone Meekoceras varaha
{16 m) Ophiceras zone Ophiceras sakuntala

Octoceras zane Octuceras woodwardi

Lower Triassic Rocks, This division is compased of 16 meters thick -

beds of limestones and shales. These heds have been subdivided into four
zones.

(i) Octoceras Zone. This zone oceurs at the bottom of the Lower
Triassic succession and rests conformably over the Producius
shales of Permian age, It is composed ol about 1.5 meler thick
beds of brown limestone which is rich in a characterstic
cephalopod called “Octoceras woodwardy”.

(i) Ophiceras Zone. This zone
stones which contai
The thickness of

is composed of beds of grey lime-
n 2 cephalopod called “Ophiceras sakuntaia”,
this zone is less than one meter.

Rk 18

(1if) Meekoceras Zone. This zong is
beds of limestones and shales,
“Meekoceras varaha',
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1ade up of about one meter thick
The chicl fossil of this zone s

(iv) Hedenstroemia Beds, This zone consists of about 12
succession of limestones, shales, angd shaly limestone
fossil of these beds is a cephalopod called
sisovicst”,

Middle Triassic Rocks. The Middle Triassic rocks rest conformably
over the Lower Triassic division. The succession js composed mainly of
fimestoncs, shales, and shaly limestones. Its wtal thickness is about 130
melers. This succession has been subdivided into six parts,

(i) Basal Muschelkalk. This part is compased of about one meter
thick beils of shaly limestone. The characterstic fossil of these
beds is a brachiopod called “Rhynchionella grieshachi,

meler thick
5. The main
“Hedensteaemia moj-

(i) Nodular Limestone, This formation is about 20 meters thick and is
composed of nodular limestones. These rock beds ars poor in fossils.

(ifiy Lower Muschelkaik. This formation is composed of about 2 meters
thick beds of shaly limestone. Iis lower part is rich in cephalopods
whilg its upper part conlains abundant brachiopods. The chief
fossils of this formation are cephalopods, such as “Sibirites prah-
lada”, and brachiopods, such as “Spiriferina” and Rivnchonella™.

(iv) Upper Muschelkalk. This farmation conlains mainly limestone
beds which are aboul 6 meters thick. The characterstic fossils of
this zonc are cephalopods such as “Prychires rugifer” and
“Ceratites".

(v) Daonella Shales. This fonmation consists of about 50 meters thick
dark shales and limestones which are rich in fossils of lamel-
libranchs, such as “Duenella” and “Halobia”. The other important
fossils of this formation are brachiopods (Spiriferina and

* Spirigera), and cephalopods (Ceratites, Ptychites, Trachyceras,
and Xenaspis).

(vi) Paonella Limestone. This formation is composed chiefly of dark
coloured hard limestones with a few beds of shales. The tutal‘

" thickness of these beds is gbout 50 meters, The main fossils of
these beds are “Daonella indica” and *Daonella lamellt”.

Upper Triassic Rocks. The Upper Triassic rocks cun§i3-l_ of limcsl.:mmli, 2
shales, shaly limestones and quartzites. The total thickness of this succession is
over 600 meters. This succession has heen subdivided into seven parls.

(i) Halobia Beds. These beds are made up of aboul 5_0 mrtc.rs thick
succession of dark coloured limestones. They contain fossils, such -
as “Halobia" and “Joannites thenamensis™. ;
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(i) Grey Shale Beds. This formation is composed of grey shales ang
shaly limestone. The total thickness of these beds is ahout 150

melers. The chicl [ossils of this [ormation are “Jeannites cym.

biformis”, “Spirifering” and “Ritynchonetla”.

(#ii) Tropites Beds. These beds arc made up of dark coloured lime-
stones, shales and dolomitic limestones, They constitute a thick-
ness of about 100 meters. The main fossils of this formation are
“Trapites subbullatus” and “Dielasma fulicum™.

(iv) Juvavites Beds. This formation is composed of shales, limestones
and sandstones. The total thickness of the succession is about 150
meters. The most important fossil of this formation is “Juvavires
angulatus”. !

(v) Coral Limestones. The lolal thickncss of the coral limestone beds
is about 30 meters. These beds contain remains of erinoids, coralg

and brachiopods. The important fossils of this formation are

“Spirifering” and "Rhynchonella”.

(vi) Manatis Shales. These shale beds arc aboul 10X melers thick. The
main fossils of this formation arc “Monotis salinaria”, “Spiri-
ferina grieshachi”, “Pecten”, “Lima", and “Riynchonella”,

(i) Quarezite Formation, This formalion is composcd of about 100
melers thick succession aff quartzites, limeslones, and shales. The
important fossil of this formation is “Spirigera maniensis”.

8.29.2. Triassic of Kashmir

The Triassic formation of the Kashmir area overlies the Zewan beds of
Permian age. It consists of a thick succession of limestones and shales which
yield rich Triassic fauna. This succession has been divided into three
divisions: (7} Lower Triassic rocks, (if) Middle Triassic rocks, and {iif} Upper
Triassic rocks. :

Lower Triassic Rocks. This division cousists of about 100 meters thick
suceession of limestones inlerbedded with a few beds ol quartzites and
shales. In this successian four biostratigraphic zones have been Tecognised
cach containing a charactersijc ammonite fauna. These zones in the rmlcl:

Lr;)m the hase upwards are - (/) Octoceras zone, (i) Ophiceras zone, (fif)
eckocerns zone, and () Hedenstivemia zone,

S naes lled “Ceratites”. The main fossils found in
t:lk;.rs;“r:z:k(sMa:eu (:::Upl_mlo‘:ads (Sibirites, Plychites, Hungarites), lamel-
: SOphOra, Auoniia), bra hi irileri :
Rhynchnueua}, > et [C)mml a;m;?pods (Spiriferina, Dielasma,

Upper Triassic
assic Rocks, T i ;
AEY 15 COMPOSEd aF o s, ‘.t"e_ Upper Triassic SUCCCESION Of the K aokaai-

R ——
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sllos; These rocks are largely unfossiliferous. However a fow fossiliferous
zones have yielded brachiapods, lamellibranchs, crinoids and corals of
Upper Triassic age.

8.30. JURASSIC ROCKS

The Jurassic rockformations occur in Cuich area of Gujrat, Rajasthan,
and along castern coast of the Peninsular India, and in Spiti, Salt Range and

Kashmir of the Extra Peninsular tegion. The Jurassic rocks are perticularly
well developed in Cutch and Spiti areas, :

£.30.1. Jurassic af Cutch

In Cutch area of Gujrat, the Iurassic rocks cover a large area. The belt
of Jurassic rocks extends E-W for about 150 kilometers, They are the oldest
rockformations exposcd in the Culch area.

The principal rock types of the Jurassic succession are sandsiones,
limestones and shales. The total thickness of the succession is about 2000
meters. These rocks are [olded itto three parallel anticlinal ridges trending

.E-W. Sauth of Bhuj there is a sirike fault which runs in the E-W direction.

The Jurassic succession of Cutch is intruded by sills and dykes of basic
composition. These sills and dykes are genetically related with the overlying
Deccan traps.

Table 8.24. Jurassic Succession of Cutch

Formation . Subdivisions Fossils
Manne sandstcoe Columbicerss waageni
; Plant beds * | Brachyphyllum, Williamsonia
Urmnia b
(1000 m) U]-Fra b.e:]s Ul?foss_lhferouls
Trigonia beds Trigonia veolricosa
Ammanite heds | Virgawosphincies
Gajansar beds Phylloceras, Hildoplochiceras
Katal Upper Katrol sandstone Unfus%iliﬁ:mus
(750 m) Middle Katrol sandstone Knrruh:gas
Lower Kalrol sandstone ‘Whaagenia
Kantkote sandstone Epimayaites
Dhaosa oolites Mayaites
i Athleta beds Peltaceras athleta
e Anceps beds Perisphinctes anceps
(490 Rehmanni beds Reineckeia rehmanni
Macrocephalus beds Macrocephalites
P Coral beds Stylina, Sivajiceras
(;{;h‘m Shell limestone | Trigonia, Corbula
™ | Basal limestone Corbula lyrata
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Tl'lc Jurassic rocks of Cutch contain a good assemblage of lossils of
lamellibranchs, ammonites, and plant fossils. The Jurassic succession of Cuich
bas be?n classified into Tour divisions: () Putcham formation, (if) Chari fonma-
tion, (iif) Katrol formation, and (iv) Umia formation (Table 8.24).

Patcham Formation. This [ormation is made up of a 300 meter thick
succession of dark pisolitic limeslones, olive green shales, cherty iimeslon‘;
and marls, These beds have yielded arich assemblage of corals, t-!mchio od ‘5
lamellibranchs (Corbula, Eomiodon), and ammonites (M ucroceplla]ilc;: 1 )
angularis, Sivajiccras cogener) of Middle Jurassic age. e

Chari Formation. This formation rcsts unconformably over th
Patchamn [ormation and is made up of sandy limestones, malrls,- shales un;

oolitic limestones. The total thickness of the succassion is about 400 mete -
L.

The Chari formation is very rich in ammoniles of middle Jurassic uge. [t ha
been subdivided into five zones. ' ¢

(i) J':fﬂ(.'f'{?l’:fphd“fj Beds. These beds oceur at the base of the Chari
formation. They are composcd of shales and oolites. The Chﬂl'acl
lerstic Tossil of these beds is an ammonite called “Macioc i
macrocephalus”. s

(i1} Relunanni Beds. These beds are composed of yellow limestones
and their chiel [ossils are “Reineckeia n - :

L eckeia refimanni” “Sivaji-

oy : nrt and “Sivaji

(iif) Anceps Beds. These beds are made up of limesiones and shales

Th.cy have yielded a characterslic ammonite, called “Peris-
plinctes anceps™. -

(iv) Athleta Beds. These beds are composed of marls and gypseous

shales. ¢ characterstic : i ; i
h stic ammonite of this zone is “F I"! OLErds
athleta™. i i

l”‘u . H ¥
(v) Dhosa Oolires. This zone contins beds of oolitié Limestones.

T N H g 1 2 1 1

”hESL" ll:llll.hlunm are very rich in ammonit.:s, such as “Mayaites
x v B ’

uya', “Peltoceras”, and "Perisphinctes”.

Kalrol Fo i s rhiaf
shales, linn::;lo::-er:I T;:TS‘-]TTIL clgt mck types ol the Katrol formation arc
o .7‘50 ITIBT(: r _I':Un_c.ﬂ and grils. The total thickness of the succession
N {Trigoma;I th important fossils of this formation are lamel-
loceras, Oppelia am;]mH ‘”;““‘m““ (Virpatosphinctes, Aspidoceras, Phyl
aplocers il
foruation is of Uppier ngsqi::ldg? These lossils indicate thal the Katrol
Umia Formati o
) ation. This formation i
ST . - 5 a1 {
E;'Ek stecession of sandstones and slltlrlels ]C”UIPUSIfd G i i
ower Crelaceons. The Ui s. lis ape is between Upper Jurassic

a formation has e
(iy Ammonite Bods, T ortnation has heen divided into five zones.

sandst 5. These beds are made up of iti
stones. They are rich in p of shales and oolitic

dogiochiceras, Umiatites) amimonites (Virgatosphinctes, Hil-
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(ii) Trigonia Beds. These beds are composed of sandslones and con-
glumernles. The characlersiic fossil of these beds is a lamel-

libranch called “Trigonia™.

(iii) Ukra Beds. These beds arc composed mainly of unfossili/erous
sandstones. Their total thickness is about 300 meters. These beils
rest over the Trigonia beds.

(iv) Umia Plant Beds. The Ukra beds arc overlain by the Umia plant
beds of fresh water origin. The chiel rock types of these heds are
sandstones and shales which contain plant fossils (Brachyphyl-
Jumn, Pagiophyllum, and williamsonia). These fossils indicate that
thc Umia plant beds are of uppermosl Jurassic to Lower
Crelaceous ape.

(v) Marine Sandstone. These sandstones rest over the Urnia plant beds
*" and conlain ammonites (Acanthoceras) of Lower Cretaceous age.

8.30.2. Jurassic of Spiti

In the Spili area, the Jurassic rocks rest unconformably ove the Quarlzite
formation of Upper Triassic age. These racks are compased mainly of shales
and limestones and the total thickness of the succession is about 1000 meters.

_The succession has heen divided into two groups, the “Kigio limestones”

and the “Spiti shales”, and cach group has been further subdivided into three
formations as shown in Table §.25.

Kioto Limestone. The lower part of the Jurassic succession of Spiti is
called the "Kioro limestone”. {1 is named after the Kioto village in the Spiti
valley. The Kioto limestone is also called the “Megalpdon Limestone™ as il
contains a characlerstic 1z lihranch called “Megalodon™. 1t is chiefly
made up of 750 meters {hick succession of limesioncs and dolomites, and
contain fossils of lamellibranchs and ammonites of Upper Triassic 1o Middle
Turassic age. The Kioto limestane has been subdivided inio |hree formations.

Table 8.25. Jurassic Succession of Spiti

Divisions Formation (Fossils)

Lochambal beds (Spiticeras, Hoplites, Blanf ordiceras}
Chidamu beds (Very rich in ammonites, ¢.g. Perisphincies)
Belemniles gerardi beds (Belemnites gerardi. Mayaites)

Spiti Shales
{100—300 m}

- —_— Unmllfﬂfﬂli.l)' e i

Sulcacutus beds (Belemnites sulcagulus)
Tagling formation (Stephanoceras coro natumy}
Para formation {Megalodon, Diceracardium, Lima)

Kiolo Limesione
(750 m)

(i) Para Formation. The lower part of the Kiolo limestone is called
the “Para formation™. 1is (hickness is about 500 melers. The
characierstic fossils of the Para formation are “Megaladon™,
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“Diceracardium™ and “Spirigera”. These fossils indicate Upper
Triassic age.

(if) Tagling Formation. The upper part of the Kioto limestone is calleq
the “Tagling formation”. Its thickness is aboul 250 meters apq
contains a characterstic arnmonite called "Smphanocera_‘-
corgnarum”. This ammeonite suggests Jurassic age.

(iiiy Sulcacutus Beds. The Tagling formation is overlain by beds of
black ferruginous oolites, called “Sulcacusus beds”. The charae.
terstic fossilsof these beds are “Belemnites sulcacutus”.

Spiti Shales. The Spiti shales rest unconformably over the Kiato lime.
stone. Thesc shales are carbonaceaus micaceous shales which contain cal-
carious nodules enclosing ammonites. This formation is distributed very
widely throughout the Himalayas The Spiti shales are famous for their great
faunal wealth. The fossil assemblage is dominated by ammonites with a few
lamellibranchs and gastropods. The thickness of this formation varics from
100 to 300 meters, The Spiti shales have been divided into three parts.

(i) Belemnites Gerandi Beds. These beds occur at the base of the

succession of the Spiti shales. They contain a characterstic fossi] .~

called “Belemnires gerardi”.

(1) Chidumu Beds. These beds overlie the Belemnites g'c_rard'i.jhcds
and contain abundant ammonites. The chief fossils are “Peris-
Phinctes” and “Oppelia”™, A

{13) Loc.‘m.-ubai‘Bed.-.-. These beds form the upp’i:"'r' part of the Spitj
shal;s, The important fossils of thesc bedsare “Spiticeras”, “Blan-
Jordiceras”, and “Hoplires", »
8.31. CRETACEOUS ROCKS 4

o In [nc?iu. during the Crelacceous_p:rimi there is an evidence of a marked
; sgression of sea over the neighbouring land areas. The Crelaceous racks I
of India may be broadly classified into two groups.

1. ;:la[;'im:{ fjrelaceuu.q R_ucks. The marine Cretaceous rocks occur
alo":ca;:mcﬁuylmrrfﬁ(ljm gI{:'pili, Baluchisian, and Salt Range), .

y asl o ia {Trichin A ic in

i o7 (Bugi.fhcds]. opoly, and Pondichery) and in

2. Freshwater Cretg
ceous Rocks. o N !
pradesh (Lamery beds). ocks. These rocks occur in Madhya

8.31.1. Cretaceoys of Spitj

The Cretace ; )
hales of Uppes n;us n"J!..?:s of I,he Spiti area reg) éunl'{mnably over the Spiti
laceous rocks of &m; o Eeur as outliers in (he corc-apuf
T E 3pill area have i i
stone,

lonmations
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Giumal Sendstone. The lower part of the Crelaceous succession of
Spiti is called the "Giumal sundstone”. [t consists of about 100 meters thick
beds of yellow sandstones and quartzites. The chiefl fossils found is these
beds are lamellibranchs (Cardiwm, Gryphaca, Pzeudomonotis} and am-
monites (Holcostephanus, Acanthodiscus, Perisphincies). These fossils in-
dicale Lower Cretaceous age.

Chikkim Limestone. The Giumal sandstone is conformably overlain
by limestones und shales, called “Chikkim limestone™. The otal thickness
ol these beds arc about 80 melers. The limestone beds have yielded
cephalopods {Belernnites), lamellibranchs (Hippurites), and foraminifers of
Upper Cretaceous age.

8.31.2. Cretaceous of Trichinopoly

The Crclaccous rocks occur along the east coast of India near
Trichinopoly, Vridhachalam and Pondichery. In the Trichinopoly area, the
Cretaceovs rocks are very well developed. Here they rest unconformably
vver the Archaean or Upper Gondwana rocks.

In Trichinopoly, lhe Crelaceous racks are exposed in an arca of aboul
630 square kilomelers. They are mainly composed of litnestones, sandslones,
grits and clays. The total thickness of the succession is aboul 2500 melers.
These rocks are highly fossiliferous and they dip at low anples to the east
vr ESE. The succession of the Cretaceous rocks of Trichinopoly has been
divided into four parts : (i} Ultsur formation, (/) Trichinopoly formation,
{tif) Ariyalur formation, and (iv) Niniyur formation (Table 8.26).

Table 8.26. Cretaceous Succession of Trichinopoly

Division Lithology (Fossils)
Niniyt Sandy limestone and saodstone
g (Naulilus danicus, Cardila)
Arival Upper : Sandslone (Unfossiliferous)
fyur Lower : Sands and clays (Pachydiscus, Baculites, Gryphaea)

Upper : Sandstone and clays (Placentiveras)
Trichinopoly | Lower : Sandsione, clays, shell limestane
{Protocardium, Trigonia) :

U;}PEI : Sandy beds {Mammites. Nautilus)
Middle: Clays (Acanthoceras)

Dttt Lower : Coral limeswone and clays
{Tumilites, Hamites, Belemnites)

Uttatur Formation. The Lower part of the Cretaceous succession at
Trichinopoly is called the Uttatur formation. It consists mainly ol abant 700
meter thick beds of coral limestoncs and clays. In the upper part of this
formation, the clay beds contain abundant gypseous and phosphatic nodules
which indicate evaporatic conditions ol a regressing sea. Tie Uitasur forma-
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tion has yielded rich [ossils of cephalopods, pelecypods, gastropods,
brachiopods, echinoids, corals, and fassil wood. These fossils indicate that
the age of this formation ranges {from Albian to Turonian. The chicl [ossils
of this [ormation are as follows.

: Schloenbachia inflata, Acanthoceras, Mammites,

Cephalopads

Lamellibranchs ¢ Inoceramus, Gryphaea, Exogyra.
Gastropods : Putella, Turritella.

Brachiopods : Terebratulla, Rhynchonella.
Corals : Trochosmilia, Stylina.

Trichinopoly Formation. This fammation is composed of sandstones,
false bedded grits, clays and shell litneslones. The thickness of the succes-
sion varies from 300 to 600 melers. The general coarseness ol the sediment
anid the prescnce of abundant fossil wood and tree trunks indicate that this
formation is of shallow water origin. The Trichinopoly fornation has yielded
fossils of mainly lamellibranchs {Trigonia) and fossil waod, These fossils
indicate a Turonian to Lower Senonian age.

Arivalur Formation. This formation is mare arenaceous and more
aniforuly bedded than the two lower formations. It is mainly composed of
sandsiones with some clay heds. The tolal thickness of the succession is
abour 300 meters. The lower half of this formation is very fossiliferous while
the upper hall is unfossilifcrous. Among ihe fossils, the lamellibranchs are
most commen. Some well preserved echinoids are also found. The age of -

this formation ranges from Senonian to Macstrichtian. The chiel fossils of
the Ariyalur fonnation are as follows.

Lamellibranchs : Gryphaea, Cardium, Inoceramus, Pholadomya.

Echinoids . : Stigmatopygus, Hemiaster, Cyrioma.
Ammoniltes : Pachydiscus, Baculites.

Gastropouds : Voluta, Cypraca.

Corals : Siylina, Thamnastrea.

Reptiles : Megalosaurus, Titanosaurus.

b ,l:hm::'jur Formation. This formalion is made up of sandy limestones,
i' es and sandsiones. These tock beds are rich in gastropods, algac and
oraminifera. The anunonites arc absent but “Nawrilus” is cm,umon The

important fossils of the Niniyur [ .
Emeh i S ormation are “Nauti, P
dita”, and “Orbiteides mingr” {Foraminifer) bk domies s bl

Daniun. - The age of this formation is

8.31.3. Cretaceous of Narmada Valley

Bagh Beds. The Cretaceous rocks of m

the Narruada valley, are called the arine origin which occur along

“Bagh beds”. They rest unconformably
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over the Arclucan goeisses and schists, and are overiain by the Deccan raps.
They arc named alter the Bagh lown in the Dhar district of Madhya Pradesh
where they are well developed.

The Bagh beds occur in small detached outerops along the MNarmada
valley, These oulcrops cxiend in the E-W dircetion from Rajpipla in the
west to near Indore in the cast for about 350 kilometers. The Bagh beds
oceur as inliers where they are surrounded by the Deccan traps of younger
ugc.

The Bagh beds are composed of sandstones, rnarls and limestones. This
succession has been divided into four parts @ (i) Nimar sandstone, (i)
Nadular limestone, (fiiy Deola marl, and (iv) Coralline limestone {Table
R.2T).

Tahle 8.27. Succession of Bagh Beds

Fowmarion Subdivision Remark
Caralline limestone (10m)  Richin Bryozoa,
Dieola mar! (3 m) Rich in fossiis
Bagh Beds Nadular limestoge (12m)  Contans fossils
Nimar sandstone Unfossiliferous

The chicl fossils of thc Bagh beds are qm.ms:ln}ll:s {Placenticeras,
Namadoceras), lumeilibranchs (Ostrea, Inoceramus, Cardium, Protocar-
dium), gastropods (Triton, Turritella, Natica, Cerithium) and echinoids
{(Hemiaster, Salenia, Cidaris). These [ossils indicate that the age of the Bagh
beds ranges from Cenomanian to Upper Senonian.

8.31.4. Cretaceous of Madhya Pradesh

Lametu (imup"The Cretaceous rocks of fresh waler origin which occur
in Madhya Pradesh are called the L ameta group”. They are named afer
the Lameta Ghat near Jabalpur where they are well exposed. The Lameta
rocks occtir as narrow outcrops below the Deccan traps in Sagar. Damoh
and Jabalpur arcas of M.P. and near Magpur in Maharashtra.

The Lamcia group consists of rnainly sandstoncs, marls, limestones and
clays. The thickness of these beds vary from 7 to 30 meters. The Lameta
hcds have yiclded a large number of molluses (Physa, Paludina, Corbula),
dinosaurs (Lamclasaurus, Titanosanrus), lurtles and fishes of Middle
Crelaceous (Turcnian) age. The fossil assemblage of the Lameta group
indicates that these rocks were deposited during the same time when the
marine Bagh beds were being deposited. e
8.33. GONDWANA SUPERGROUP s

The Gondwana supergroup includes tocks ranging io age from the
Upper Carbonilerous 1o Lower Cretaceous. This supergroup has been named 1
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alflcr‘ ﬂle‘ Gond Kin gdomn of Madhya Pradesh where these rocks were fipg
?udsed. n 1872, The Gondwana rocks rest unconformably over the older
Ormations, such as the Archasans and arc overlain by the Deccan traps.

Distribution. The Gondwana rocks oceur in a series of narow faulted
troughs which are armanged mainly along three linear tracts : (i) along the
Son-Damedar valley, (ir) along the Mahanadi valley, and (ifi) along the
Godavari - Wardha valley (Fig. 8.6.). [n addition, the Gondwana rocks are
also found in the sub-Himalayan regions of Kashmir, Sikkim, and Assarn,

Fig. 8.6. Distribution of Gundwana Rocks in India,

IlliCk[.li hnlo.g_,ly. The Gon_dwam Supergroup is made up of a 6 1o 7 kilomelers
glacﬂstl]oceas.mn of mainly fluviatile and lacustrine deposils. However a
12} deposil oceurs at the base, and the intercalar ’ i
_ i ercalations of the fossilifer
¢l : : : ous
ch?gl; i;:.x[}s mc.ur both in the lower and upper parts of the succession, The
Ypes are sandslones, shales, clays, conglomerates angl coal seams

In addition (o these rock
s, the Upper Gondwan; — .
600 meters thick lavaflows of hasgn_ ana suceession conlains about

Structure, The Gondwana
rocks are not folged only 1l
cemimon. The Gondwana basins are mostly bounded by I'n':ILL ?['(:1]‘; e

uation was confined 1o th suggests
: ¢ lau :
porancous with faulting, I adiion lled roughs and was conlem-

; there ; i
ol are many faulis cutling across the

Igneous Instrusions, The
‘ 1 slons. There was 3
Rajmahal times ¢ Upper Gondwany
Rajmahal traps”. The Lower Gond

p‘crind of voleanj
period) which Je|
wana rocks p

< aclivity during the
o the formaljon of
ave been intrudeg by the
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dykes of dolerite and busalt wd sills of micropegmatite and lamprophyre.
In the Damodar valley area, they are said 1o be genetically related to the
Rajmahal 1raps.

Classification, The Gondwana formation imcludes about 6 to 7
kilometers thick succession of sedimentary rocks. It represents a long period
ol sedimenlation from Upper Carboniferous to Lower Cretaceous. The clas-
sification af the Gondwana succession has heen a disputed problem. Two
types of classification have been proposed : (1) three fold classification, and
(1) two [old classification,

(i} Three Fold Classification. The three fold classification of the
Gondwina succession has been favoured by O.Feistmantel (1880)
and DN, Wadia (1926). On the basis of difference i lithology,
the Gondwana succession has been divided into three parts : (a)
Lower Gondwana, (b) Middle Gondwana, and (¢) Upper
Gondwana. In this case, these three divisions comrespond roughly
to the Permian, Triassic, and Jurassic periods. Thus the boundaries
of the three divisions caincide with the boundaries of the Standarsl
Time Scale.

The “Lower Gondwana succession” is maialy made up of
rocks deposiled in humid subtropical climate and contains a
number of coal seams. The “"Middle Gondwanas” include rocks
formed in dry climatic conditions and contain fossils of am-
phibians and reptiles. The “Upper Gondwana rocks” again ap-
pear Lo have [ormed under milder temperatures and humid
conditions.

(ify Two Fold Classilication. The two fold classilication has
been supported hy C.5.Fox (1931), and adopted by the
Geological Survey of India. On the basis of assemblage of
plant fossils, the Gondwana succession has been classified
into two divisions: (@) Lower Gondwana, and (k) Upper
Gondwana. The “Lower Gondwana division” is charac-
terized by the prescnce of “Glosseprens flord” in which
equisetales, pleridosperms, and sphenophyllales
predominate. The “Upper Gondwana rocks”, on the other
hand contain “Ptilophylium flora”™ in which cycades and con-
ifers predominate. The line of division has been pllarcd above
the “Panchet jbrmm.ﬂ'{m" and it is marked by _n s?tght ynmn—
formity. However this boundary does rot coincide w1!h the
boundt'lry of the Standard Time Scale. In the present 5llsc_us—
sian of 1he Gondwana supergroup, the two fold classification
has been adopted. The two divisions, llmll i§ lhc. Lower and
Upper Gondwanas, have been [urther subdivided into Groups
and Formations as shown in Table 8.28.
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Table 8.28. Succession of Gondwana Rocks

* Division Group Formation Lithology
Umia Sandstone, shale -
Jabalpur Jabalpur Clays, sandstone
Chaugon Clays, sandstone
Upper (K i
v Kala Sandstone, grits, coal bands
Gondwana Rajmahal |Rajmakl Basaltic lavaflows
- Maleri Red clays, sandstone
Pl {Pachma.ri Red sandstone, clays
Uaconformity
Pancher Panchet Brown sandslone, shales
Raniganj Sandstone, shale, coal scam
Barren measures Sandstonc, ironstone shale
Lower Damuda Barakar . Sandstone, shale, coal seam
Gundwana Karaharhari Sandstone, grits, coal seam
Rikha Sandsiones
Talchir < Talehir Greenish shale
| Boulder bed Boulder bed

8.32.1. Lower Gondwana Formations

Talchir Groop. The rocks of this group rest unconformably over either
the Archaean or the Precambrian rocks. The chief rock types are boulder
beds, shales and sandstones. The total thickness of the succession varies
from 170 to 350 meters. The boulder bed which forms the base of the Talchir
group, is of glacial origin. 1 is composed of polished and striated pebbles
and boulders the diameter of which varies up to 4 1o 5 meters. The sandslones
contain undecomposed felspars thereby indicaling a cold climatc. The beds
of the Talchir group have yielded a few plant fossils, such as “Gangamap-
teris cyclopleroids”, “Glossopteris indica” and “Veriebraria indica”. These
fossils indicate Upper Carboniferous to Lower Permian age for the rocks,

Damuda Group. This group is named after the Damodar river. It is
composed of about 2000 meters thick succession of conglomerales, grits,
bl?ck shales and coal seams, The coal seams in gencral are less than 5 meters
thick but in some basins they often attain a thickness of ubout 40 melers.
The total thickness of all coal seams of the Damuda group is about 5% of

the total lhit_:lmcss of the rocks. The Damuda group has been subdivided into
luur.fonyuunns * {1) Karharbari, (ii) Barakar, (#if) Barren measures, and (iv)
Raniganj. ' .

(i) Karharbari Formation. It is the basal unit

T it tineon ———s of the Damuda group.

r the rocks of the Talchir group. The
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Karhart{ari formation is compased of 60 o 120 meters thick
Al prdhon n[ sandstones, grits and conglomerates with some c&:n]
FEams: ?I“hc Gangamopieris bedy™ of Kashmir have he
latcd with this formatiog, 1l come-

(i) Barakar Formation, This Tom

nalion is nameq .
river. [Lis composed o sandsin Sl L Barabeat

nes, shales, grits ang ¢
. . A 3 onglomeraie
wilh many coal seams. The Iotal thickness of the succession is

ahout 30{} meters. The Barakar formation js the most important
coal bearing formation of the Lower Gondwana suceession, In the
Jharia ceal field, this formation coniains a

: bout 25 coal seams. The
total thickness of all the coal seams of B w

arakar formaltion is abouy
60 melers. Both the Karharbari and Barakar formations are of
Lower Permian age,

(itfy Barren Measures Formation, This formation is composed of
sandstones with intercalations of clay beds, The total thickness of
the succession is about 500 meters. The Barren measures rocks
do not contain any coal seam. In Raniganj coal field, the Barren

—  measuresis represented by 300-400 meter thick beds of red-brown
shales, called the “lron stone shale”. These beds contain sideritic
iron ore in which the iron content js between 35 to 40 percent. In
the Narmada valley (Satpura region) the rocks equivalent to the

' Barren measures arc called the “Motur formation”™. The age of this
formation is about Middle Permian.

(iv) Raniganj Formation. This formation is composed of about 1000
melers thick succession of sandstones, shales and coal seams. In
this formation there are 9 coal seams in the Raniganj coal field
and 7 coal seams in the Jharia coal ficld. The Raniganj formmic_m i
1s the topmost formation ol the Damuda group and its age is Upper
Permian. This formation has been correlated with the “Kamthi
formation™ of Nagpur area, and the “Bijori formation” of the -
Salpura area (Narmada valley). \ bt

‘Panchet Group. This group has been named after the Panchet Hills in
the Raniganj coal filed where it is well developed. [l is compesed of about
700 meters thick succession of coarsc sandstones and shales. The absence -
of coal scams and 1he red colour of the sundstones indicaie that these rock
beds were formed under arid climatic condilions. The rocks of the Panchet
group have yiclded a rich assemblage of plant fossils, verlebrales, aru.}
freshwater invertebrates. The veriebrate fossils suggest that this group is of .
Lower Triassic age. The Cl‘ﬁCf [{!&S.ILE of the Panchet rocks l.\l'l: as IOUGWS x

Plant Fossils 5 Glbssopl.cris' Schjzmcm..Pet_;dplqr_is,_'elé- i

Fishes :ainh_lyhle!'llﬁmdcn it
Amphibians ¢ Pachygonia anc UOMOEYPIAS.
Rchll’ilcs N _.:..ch.xmdpnls'u.l_ﬂ Lysmsmn.ls
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8.32.2. Upper Gondwana Formations
Mahadeva Group. This group has been named after the Mahadeva

Hills near Pachnari in the Sutpura arca of M.P. The Mahadeva group has
been subdivided into two formations : (i) Pachmari, and (i1} Maleri,

(/) Pachmari Formation. This formalion is best developed around
Pachmari in Madhya Pradesh. [ consists of about 800 meters thick
coarse while sandstone with characlerstic ferruginous partings.
The beds of " Denwa clay” rest over the Pachmari sandstones. The
Denwa clay has yielded “Mastodonasaurus” indicaling a Middle
to Upper Triassic age. The Pachmari lonmnation is however of
Lower 1o Middle Triassic age.

(#f) Maleri Formation. This formation is well developed near
Hydrabad in Andhra Pradesh (Godavari basin). It consists of red
clays with minor sandstiones. The Maleni formation has vielded
remains of fishes and repliles indicating an Upper Triassic age.
The “Tiki beds” of Rewa, M.P. are equivalent lo the Maleri for-
mation.

Rajmahal Group. The Rajmahal group has heen divided into two
formations @ (i) Rajmahal, and {if) Kota.

(f) Rajmahal Formation. This formation is well developed in the
Rajmahal Hills of Bihar and West Bengal. [t is made up of exten-
sive lavatlows ol hasic composition, called the “Rajmafial traps”.
The lotal thickness of this formation is about 630 meters. The
lavallows are associated with sedimentary beds, called the “Inter-
trappeans”. The intertrappcans are composed ol shales,
sandstones and quartzite. More than 15 intercalations ol 1.5 to 8
meter thick intertrappeans have been recognised in this formation.

The interirappean beds have yiclded abundant flora rich in
cycades, Some of the common plant fossils of the Rajinahal for-
mation are “Pilophylluni”, “Otozamites”, “Dictyozamites”, eic.
These plant fossils indicate the Middle 1o Upper Jurassic age. The

radiometric dating of he Rajmahal traps has shown that they are
of Albian ape. )

(it} Kota Formation, The succession of this formation attains a thick-
ness ol about 650 melers in the Godavari valley. Here it rests over
the Maleri beds. The Kota formation is composed mainly of
sandstoncs and grits with some bands of clay. These beds have
vielded abundant fossils of cycudes and conifers with fossils of
repliles, fishes, and crustacea. The faunal assemblage of the Kota
formation indicutes the Lower 1o Middle I urassic age. )

Jabalpur Group, This

b ) group forms the upper part of the Gondwana
succession. It is well dey

eloped in the Satpura region in central India, The
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rocks of the Jnbalpur proup rest llucnninrrﬂ.&hi_‘,‘ over the Mat
‘er

They are composed of massive Sandstones, con ! u.]deva el
clays, carbonaccaus bands s chert. Thc;.c hfi"r'n"ml.“- ?“-Ime clays, red
On the basis ol Noral assemblage, i} Ruccc-—“_l: J ‘;rn rich in plant fossils.
becn subdivided inla 1wo formations - r”..m“;u ';lﬂj Irl:cujnbuipur.gmup has
formar’l'ml". TI:I.C Chaungon beds which form the ?"mi::—f.d:l :I.n.il {1y ‘juﬂ.a[.;,u,.
contain “Taeniopteris”, “Nilssonia”, “Dictyozg ik e‘.-p:t, "tT;h: Succesgion,
of the Jabalpur formation are "P.rh'upn‘l\“:hn". “E.'Jf'.r::iﬂ:;. " li main fossils
funt™, ele. The Chaugon and J"bmpur.l‘nrrnauom;c nrr:‘._ Brachyphyi-
Jurassic age. Middie 10 Upper
The topimost fermatien of the Gondwana succession is called the " Umig
formarien”. This formalion is well developed in the (.'ul*..-.tn area i HG 1y
It is composed of Pboul 100 meters thick succession of sand;::nl;‘s ul]f:'_‘:
limestones and shales. These beds have yielded rich S ntm 1I-K:
fossils of Upper Jurassic 10 Lower Cretaceous ape. The Urnia lai:l bedlz ::L
underlain and overlain by the marine beds. P

8.32.3. Marine Beds

On the east coast ol India and in Cutch, Saurashira and Rajasthan, the

“Upper Gondwana rocks are intercalated with the marine beds of Jurassic

age. Similarly in Umaria and Manendragarh arcas of eastemn Madhva -
Pradesh, the Lower Gondwana rocks are associated with the marine beds ‘n{
Upper Carboniferous age.

The marine beds of Umaria oceurs in the Karharbari formation and is
composed of a 3 meter thick shell limestone. It has yiclded fossils such as
“Productus”, “Spiriferina”, “Reticularia”, vic., indicating Upper Car-

boniferous to Lower Permian age. The Marine beds of Manendraparh occur

in the basal part of the Talchir formation. These beds are abou: 5 meter thick
amll they have yielded Fauna such as "Protoretepora”, “Spirifer”,
“Aviculapecten”, “Eurydesma”, cte. The fossil asseroblage indicates that
these murir_m beds are differcnt frum those of Umnaria.

8.32.4. General Characters of Gondwana Rocks

1. The Gondwana succession represents a prolonged period of con-
tinental sedimentation. They occur in three river valley grabens:
() Narmada—Son—Damodar valley, (ii} Mahanadi valley, and
(i) Godavari valley,

- The climate of the Gondwana period is very variable. The bottom
of the Gondwana succession is dominated by arkosie sediments
representing a glacial climate, The coal hearing sediments of the
Lower Gondwanas, were deposited in humid subtropical climate.
Then the Triassic Gondwana sediments were lnitl down in hat,
dry, desert climate. This climate was responsible for the disap-
pearance ol the “Glossopteris flora”. Finally there was a retum 1o
another warm moist period during the Upper Gondwana times.

[ %]
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3. Thereisa marked dillerence between the floral assemblape gf th
Lower and Upper Gondwanas. The “equisetaceous plants™ preyy
in the Lower while “cycades™ and “conifers™ in the Uppe
Gondwanas, The “Glossopteris flora" which is characterstic an:h ;
Lower Gondwana rocks include fossils such as “Glossoplerg
“Gangamopleris”, and "Vertebraria”. The Upper Gondway
rocks, on Lhe other hand, are marked by the “Prilophylium florg
This flora includes fossils such as “Ptifophyllum”, “Nilssonia" ag
“Dictyozamites’.

The Triassic Gondwana rocks which are included in
Panchel and Mahadeva groups have yiclded a rich assemblage o
vertebrale fossils. These vertebrates are represented by fresh w
fishes, amphibians, reptiles and dinosaurs.

4. Coal scams occur mostly in the Lower Gondwanas, They
formed by the accumulation of the drified plant material, car
down by rivers and deposited in large swamps. The coal s
are confined almost entirely o the Barakar and Raniganj forma-
tions. ;

8.32.5. Economic Minerals

Coal. The Barakar and Raniganj formations of the Damuda grou
{Lower Gondwana) constitute the most important coal bearing rockfol -
tions, All of the Gondwana coal is of bituminous variely. The ash percen
in this coal is high. It ranges between [5-30%. The best qualily coal no
mally conlains 11-13% ash, The moisture percentage varics from 3—]0%:

Iron Ore. About 760 meler thick ferruginous shales, known as the “{ro
stane shales”, occur in the Barren measures formation of the Damuda grou
in IJ:Lc Raniganj coal field. These shales form u deposit of sideritic iron ore
\?'luch contains about 40-45% iron. The lotal reserves of iron ore are es
timated al about 2000 million tonnes.

Clay. The clays of various types are found in abundance in the

Gondwana rocks. These cla; i ; i
sl Bl b ys are used for making refractory bricks, potlery”

1Bulldmg Stone. The Gondwana standstone is generally of inferior
quality. However some of it is being used as building stone. 1
8.33. DECCAN TRAPS

~ The Deccan tra
tion. The age
Eocene.

of th ps are largely made up of lavaflows of basic composi- :
ese lavaflows ranges from Upper Cretaccous to LoWer

Occurre
square kilmu:::r' i.zheh Deccan traps cover an arca of over 500 thousand
major parts of Guj l1 ¢ central and western parts of India. They occupy
jrat, Madhya Pradesh, Maharashtra, and some parts of :
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Andhra Pradesh (Fig. 8.7).
The Deccan traps atlain a

maximun thickness of about W g

2000 melers near Bombay in PR 1 T

Western Ghats. Their thick- '1] St

ness decreases lowards east AL

and in Shahdaol district at
Amarkantak they are only
ghout 160 meters thick.

Structure. The Deccan
trap flows are generally
horizontal in altitude, but
gentle dips of the order of 10°
have also been observed at
some places. Thesc lavas are
belicved to have erupted sub-
aerially through fissures in the
carth’s crust. Such fissures arc
now seen as dykes in Gujrat,
Narmada valley and Konkan. Fig. 8.7. Diswibmion of Deccan Traps in India.
In the Cuich area of Gujral these dykes trend in the NNE-SSW direction,
i the Narmada valley they run in the ENE-WSW direction, and in Konkan
their strike is N—-S. The latgr phase af lectonic disturbances which caused
the fragmentation of the Gondwana land may have been responsible for the
Deccan trap volcanism.

Petrology. The majorily of the Decean trap flows are basalt with a
uniform chemical compaosition, but rocks like rhyolite, granophyre,
nepheline syenile, elc. have also been found, perticularly in the Culch area
of Gujrat. The cssential minerals present in the Deccan irap basall are
labradorite, augite and iron uxide. Olivine is generally nol found. Some
flows show vesicular and amygdaloidal structures with quartz, chalcedony,
calcile and zeolites as fillings. ’

" General Characters. The tatal thickness of the succestiian of Dcc.‘cun
trap ows is about 2000 meters. There is o marked differcnce 1n the chemical
and palacomagnetic characters of the Jower and upper parts of the SUcces:
sion. )

() In the lower part of the succession, the lavallows commorﬂ}'l
exhibit reversed geomagnetic polarity. whereas in the upper par
they show pormal polarity. ;

(i) In the lower part, the lavaflows are mos!
and harizontal in attiuxde.

quiet type of cruplion. Hn?w A
ohow evidences of cxplosive acivily -

BOMBAY

of R jamunbay

(ly theolitic In composition

This suggests that they are forrned from
cver the lavaflows of the upper parl i




302 PRINCIPLES OF ENGINEERING GEOLOGY

have been classified into three paris:

Classification. The Deccan traps
pper traps (Table 8.29).

- (i) Lower traps, (i1) Middle traps, and (iff) U

The “Lower traps” are exposed in Madhya Pradesh and towards the east
of the Deccan trap country. Their thickness is aboul 160 meters and they
contain 2 nunber of intertrappean beds. In the Lower traps the ash beds are
rare. The “Middle rraps” occur in the €en tral India and Malwa region. They
are composed of 1300 meter thick lavaflows and some ash beds. In this part,
the intertrappean beds arc almost absent. The “Upper iraps” are exposed in
the northwestern part of the Peninsula, perticularly near Bombay and
Kathiawar. They are about 500 meter thick and are associated with inter-

trappeans and ash beds.
Tahle 8.29. Classification of Deccan Traps

Dhivisions Distribuiion Characrers

Lavaflows with ash beds
and intertrappeans.

Middle traps (1300 m} Central India and Malwa | Lavatlows with ash
region beds. Inlertrappeans are
rare.

Upper traps (500 m) NW Peninsula

M.P. and eastern regien | Lavaflows with many
intertrappeans. Ash beds
are rarc.

Lower traps (160 m)

Intertrappean Beds. These are the sedimentary beds found associated
with the Deccan trap lavaflows. They are made up of shales, impure lime-
slones and volcanic detritus of lacustrine and fluviatile origin. The individual
beds are usually | to 3 meter thick and extend laterally for 5 10 8 kilometers.
The intertrappean beds have yielded a rich faunal and floral assemblage.
}'he flora is mainly palm (Palmoxylon). The invericbrate fossils include

Physa princepii”, "Lymnaea”, “Patuding”, “Natica”, ete, The vertebrale
fossils are mainly frogs, lortoises and fresh water fishes.

8.33.1. Age of Deccan Traps

The Decean traps have been regared as of Paleocene age on the basis
of the following evidences. .
{r) Tt!c Deccan traps overlic the Bagh and Lamneta beds which are of
Middle Cretaceous age.
(i) ll\r'ear Ranjko_l in Sind (Pakistan), laval‘]ow.‘;‘ similar 1o the Deccan
aps oecur interstralified with the “Cardita beaumonti beds™ of
Upper Cretaceous ape.

[ o :
(i) go::he Saurashtra area of Gujral, the “Nunnulitic beds™ of Lower
€ne age rest unconfonnably over the Decean trups.
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g.32.2. Economic Minerals

Road Metal. The Deecan trap basalts yield excell
5 : ent roas
hey have high crushing sirength and goad binding t ni:gmmm

puilding Stones. The light coloured hasajis st
. ynany parts of India. are used as building stones
Dauxite Deposits. Bouxite deposits are formed due (0 prolonged

wealhering of the Deccan traps. Such deposits are found at B
pur, Mandia, Sirguja and many other places, elgnum, Jabal-

Semi-Precious Stones. The Deccan trap flows contain quartz amethyst
agale and chalcedony as secondary minerals which are used as mmm
slones. 2

Black Soil. The mosl fertile black Soil of Malwa and Maharashira have
been derived from the Deccan trap basalts,

Aquifers. The vesicular and highly jointed lavaflows form good
aquilers from which the ground water is obtained.

8.34. TERTIARY ROCKS
The close of the Mesozoic and beginning of the Tertiary Era was marked
by great physical and organic changes.

I. The outpouring of enormus lavaflows which gave rise 1 the
Deccan traps on the Indian Peninsula.

2. Uplifting of the Tethyan geosynclinal sedimenis and formation of
the Himalayan mountains.

3. On land, the repliles and amphibians which were abundani during
the Mesazoic Era, died out rapidly. They were replaced by mam-
mals, birds, and insects. Similarly the chamcterstic Mesozoic
plants, such as ferns, cycades and,conifers were replaced by an-
giosperms (Flowering plants).

4. Among marine invertebrates the amrnonites and belemnites d.icd
-out and they were replaced by gasiropods and pelecypods. During
the Eoceng epoch the nummulites flourished in abundance.

Distribution of Tertiary Rocks. In India, the Tertiary rocks are found

mainly in the Extra Peninsular reg
length of Himalayan and Arakan mou
in Sind-Baluchistan, Jammu-Kashmir,
In Peninsular India, the Tertiary rocks
Rajasthan, and along the coastal tracts in Gujrat {
Tamil Nadu. The great thickness of €
getic Plain are of Quaternary age. The Tertiary roc
in India are shown in Table 8.30.

ptain cunges, they are well developed
Simla-Garhwal, and Assam regions.
oceur in small patches in western
Cutch), Qrissa, Kerala, and

kformations which occur

ion. Although they occur ail along the -

he sediments which £l the Indo-Gan-
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Table 8.30. Terliary Rock Formations of Indin

Period ] Fpoch Rock formatinas of ndia
Recemt Recent
Quaternary — N
Pleistocene Pleistocene
Pilocene: Siwalik Group
Teniary Miocene Muree rocks elc.
Oligocene ' Absenl in some areas

] Eocene r Eocene
8.35. EOCENE ROCKS

The end of the Cretaccous period was marked by a wide spread marine
regression. This marine regression accounts fur the following.

1. The speciallized group of animals, such as ammoniles and the
coralloid lamellibranchs (Rudistae) were destroyed.

2. The stratigraphic gap with crosion unconformity which separates
the Cretaceaus from Tertiary formations was formed.

Distribution of Encene Rocks, The rocks representing the uppenmost
part of the Eocene arc absent in many areas becausc that period coincided
with the second Himalayan upheaval. The rest ol the Eocene succession
occurs in the mountainous belt of Sind-Baluchistan, Kashmir, Simla Hills,
along the Himalayan foot hills to the Brahmputra gorge and Assam - Arakun
rcgion. '

8.35.1. Eocene of Sind and Baluchistan

In the Sind-Baluchistan area, the Eocene and Oligocene rocks are lar-
gely of marine vrigin, The geological succession of the Eocenc rocks of this
area is shown in Table 8.31.

Table 8.31. Eocene of Sind-Bluchistan

Formarion Lithology Age
Kirthar Nummulilic imestone and Upper 10 Middle Eocene
{uplo 3000 m) shale
Unconformity
Laki Shale and limestone with Middle Eocene
(upta 1000 m) coal seams
Unconfomity
Ranikot Limestone, shale, Lower Evcene
(650 m) sandstone with coal seams
Cardita b, onti beds Danian _
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Ranikot Formation. This lormation rests unconformably over the Dec-

2 beaumonti beds of Danian (Upper Cretaceous) age. It
is composed of about 630 meters thick succession of limestones, shales and
sandstones will some coal seams and lignite beds. The limestones have
yicldedl abundant fossils of foraminifers (Nummulites planulatus), corals
(Stylina}, echinaids (Heimiaster, Cyphosoma) and gastropods.

Laki Formation. This formation is about 1066} meters thick. It rests
unconformably over the Raniket formation. It is mainly made up of shales
and limestones. The Laki formation has been subdivided into threc parts.
The lower purt is called “Mering shales™. Tt is composed of limestonss and
shales. The middle part is called the “Dunghan limesiones”. The upper part
which contains clays and sandstoncs with some bands of limestones, coal
amd pypseous clay, is called the "Cihazij beds™. The Laki formation has
yielded fossils of foraminifers (Nummuliles atacicus) and echinmds
(Echinolampas) and some gastropods of Lower ta Middle Eocene age. The
Laki formation is of econotnic impartance as it contains il bearing horizons.

Kirihar Formation. This formation is of Upper to Middle Eocone age.
ILis composed of aboul 3000 meters thick succession of shales, limestones
and some sandstones. The charactersic fussils of the Kirthar formation are
“Nusmmulites complanares™ and “Nummulites laevigarus”.

8.35.2. Eocene of Simla Hills

In the Himalayan foot-hills, from Simla to Naini Tal, the Eocenc rocks
are called the “Subathu formation”. These rock beds occur in a NW-SE
trending belt. This belt is hounded in the north by the Krol thrust and in the
south by the Main boundary fault. The Subathu formation is composed
mainly of shales with some gypsum and coal. The limestones occur in
subordinate amounts. The characterstic fossils of these beds are “Num-
nmudites atacicus”. The Subathu beds are probably equivalent to the Laki
beds in age.

8.35.3. Eocene of Kashmir

In Kaslunir, the Eocene rocks accur as a narrow belt along the south of
Pir Panjal, bounded on both sides by thrusts. The succession of these rocks
has been divided into twe parts: (i) Ranikol fonmation, and {ii} Chharat
formation.

Ranikot Formation. The lower part of the Eocene succession is called
thic “Ranikot formation”. I is composed mainly of cherty nummulitic lime-

slones with some beds ol anthracite coal. ;

Chharat Formation. This formation rests over the Ranikol formation.
It is composed of nunmulitic limestones, shales and marls. This [ormation
has yielded [ossils of Middle (o Upper Eocene age.

H.35.4. Eocene of Assam

A vast thickness of Tertiary and Quaternary rocks occur in the moun-
tinous belt of Assan and the Shilong plateau. These rucks are relatively

ean traps or Cardit
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peor in fossils and therefore il is difficult 1o correlate them with the Tcrliiir:-’

rocks of Sind.
In the Assam region. e
i1 calcarious facies, and [if) arg . ‘
ii;-igu'i {acies oecurs ulong the south and east side of Lhr.; Shilong plateay,
and Lh.c argillaccous and arcnaccous facies in the Naga hills and extendiy,
towards southwest into Manipur district. The former rocks are called the
“Jantia group™ and the later the “Disang group”. These two groups are o
are separated [rom one another by the Haflong thygy

the Eocene rocks oceur in 1wo contrasted facies .

the same age and they
[auit
Jantia Group. The rocks of this group rest aver the Langpar formatiop
of Daniuan age. The Jantia group has been subdivided into three formaliong
: (i) Therria formation, (i7) Sylhet luncstone, and {(iti) Kopali formation
(¢} Therrin Formation. The lower part of the Jantia group s calleg
the Therria formation. It is composed of about 100 meters thick.

succession of sandstones containing thin coal seams. This Formag- -

tion is mainly unfossiliterous. Its age is between Upper Cretaceons
and Lower Eocene. 3 =

(if) Sylhet Limestones. This formation rests over the Therria racks,

It is composed mainly of foraminiferal limeslones with some

sandstoncs. The total thickness of this formation is about 600
meters. In fact in the Sylhel limestone formation, there are four

i horizons of limestones scparated by beds of sandstones. These |
Tour horizons have been correlated with the Lower Ranikot, Upper
Ranikot, Laki, and Kirthar fonations of the western India, The
limestones have yielded rich fossils of foraminifera {Nummulites
thalicus, Assilina papillata, Discacyclina, clc.)

(fii) Kopali Formation. The Sylhcl limestones are conformably over-
Ia:Ln by the Kopali formation. It is composed of 380 (o 800 meters
l}nck succession of sandslones and shales, These Beds conlain
fossils of [oraminifera of Upper Eocene age.

Dfﬁ.“"g Group. The Upper Cretaceous-Eocene rocks of the Arakan
;r{t}cat[l]nll:lelzs arc called the “Disang gronp”, This group is composed of about
oo il thick beds of argillaceous and arenaceous racks. The chief rock
ypes are splintary unfossiliferous shales with some sandstones. The upper

part of the succession has v R et G
e sion has yielded fossils of foraminifers indicating Upper

Bnlh the Jantia and Disanp
ail group apg therelore they
8.35.5, Economic p ineral
AInoAgst the Most :

' ; =LUIMPOrani reg

arc coal, limestone apg c[-T’U resources of the Eocene rockformations

uys. [n s
OMe cases they are also (ha source rocks

= ErOUps are overlain conformably by the
are probably of the sane age.

5

illaccous and arcnaccous facies. The cal.
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ol petrolium, though the petrolium may have migrated 0 other younger
formations having suitahle structure W act us reservoir rocks.

Coal. The Ranikol and Laki formations of western India and the Sylhet
limestones ol Assam contain several coal scams. The Dandot seam of Salt
Range (Pakistan), Palana lignite of Bikancr distric, Rajasthan, and coul
scams of the coal fields of Khasi, Garo and Jantia hills of Assam are ol
Eocene age. The total reserves of the Evcene coal are about 300 millica
lonnes.

Limestone. The nummulitic limestones are found abundantly in the
Eocvene rocks. These limestones are used in the manufaciure ol cement.

I'etrolium. The Lower Tertiary rocks of India, Pakistan und Bunma are
the chicl source rocks of petrolium. But these rocks have been severely
folded and laulted during the Himalayan orogeny. Hence they do not contain
workuble petrolium deposits,

8.36. OLIGOCENE - UPPER TERTIARY ROCKS

8.36.1, Sind—Baluchistan

The Oligouene rocks are very poorly developed in northwest India. They
occur only in Sind and Baluchistan. The succession of the Oligocene-
Pliocene rocks of these areas are shown in Table 832

Table 8.32. Oligocene-I"liocene Rocks of Sind and Baluchistan

Formarion Lithalogy Age
Munchar Upper : Grey sandstune, conglomerate Plincene |
(3050 m) Lower : Conglomerale Upper Miocene |
Gaj (450 m)  Yellow limesione. shales Lower Miocena
Nari Upper : Fluviaiile sandslones Upper Oligocene
(1800 m) Lower : BMarine limesiones Lower Oligoceae |

Nari Formation. This formation is of Oligocene age. 1t resls unconfor-
mably aver the Kirthar formation of Middle Eocene age. This break in
sedimentation is correlated with the sccond phase of the Himalayan orogeny.
The total thickness of the Nari formation is about 1800 meters.

The Nari fonimation has been divided into two parts. The “Lower Nari
beds” are composed ol aboul 600 meters thick succession of lossiliferous
limestones of marine origin. These beds have yielded [ossijs of foraminifera
(Lepidocyclina dilata, Nummulites), echinoids (Clypeaster), gasiropods and
lamellibranchs of Lower Oligocene age. These beds are overlain unconfor-
mably by the “Upper Nart beds” of Nuviatile origin. These beds are com-
posed of about 1200 meters thick succession of unfossililerous sandstones
and shales. They arc of Upper Oligocene age. i
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Gaj Formation. This formation 1 of Lower Miocene ape. |h- has been
cubdivided into two parts. The lower part 18 composed “E‘“U ¥ Uf' Cﬂra_ll
limestunes and shales ol marine origin. The upper part an thL_ O‘Lher hand, is
made up of red clays and shales with g_-'rpsmp _u[ BSlllll_'l.IlE L)I’IL;IH. "ll'hc beds
al the Gaj lormation have yielded fossils of foraminilers and pelecypods
with some cchinoids and gastropods.

Manchar Formation. The age of this fommation i_s from _Uppcr Miocene
it Plivcene. 1t is made up ol about 3050 meters thick Ise(l!m.t:nls ol fresh
waler origin. The chiel rock tvpes of the I'\ii:mchzu fonmation are con-
glomerales, sandstones and cleys. This formation hus been _currclaletl with
the Lower and Middle Siwalik rocks of the northwestern Himalayas.

8.36.2. Potwar and Kashmir

Murree Group. The age of this group ranges from Middlc Eocene to
Oligocenc. The rocks of this group are well developed in the Potwar region
of Pakistan and near Batat in Kashmir., The Murrce proup is composed of
about 2000 meters thick sediments of brakish waler and fresh water origin.
The chief rock types arc conglomerale, red clays and green sandstones. This
cuccession rests unconformably over the Subathu formation of Middle
Eoccne age. The Murree rocks contain remains of plants, bivalves and
mammals. The basal heds of this group have yielded fossils ol mammals
(Anthracotherium, eic.} of Lower Miocene age.

8.36.3. Simla and Garhwal

The Oligocene-Miocene rocks ol the Simla-Garhwal arca ‘are called Lhe
“Dagshai” and “Kasaulf™ formations. These lwo [ornalions are conlormable
and exhibit a transition from brakish water deposit (Dagshai formation)
helow 1o [resh waler deposit abave.

Dagshai Formation. This formation is numed after the Dagshai town
ol Simla hills. It is composed of 600 melers thick beds of bright red cluys
and fine grained sandstones. These beds are nearly unfossiliferous. The age
of the Dagshai formation is from Upper Encene to Oligocene.

_ I(afnsalu]iFurmaliun,ThtsI‘ormalinnrestsccnl"unnab]yovcrlheDagsh:ﬂ
tormation. It consists of about 2100 melers thick beds of hard brown
saudstones and clays with a few plant remains. The age of this formation is
frum Upper Oligocene to Middle Miocene, .

B.36.4. Assam

o “!.n l.llc Assam region, the Tertiary rocks are well developed in the

m.: '_E::s.l amd southeast parts of Assawn. They exhibit o complete sequence

i liflc E)}[l'i age from Eocenc 1o Lower Pleistocene, The geological cllcjﬂ&\ion
1e Wigocene-Lower Pleistocent rocks js shown in Table 8 "ai h
Barail Group, This group is of Qi

over the rocks of Jania group. The Brajl gocene age. It rests conformably

group is composed af about 1200
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melers thick succession of sandstones, carbonaceous shales and thin coal
seams. These rock beds are mostly unfossiliferous.

Surma Group. This group rests unconformably over the rcks of Barail
group. The Surma group is well developed in the Surma valley where ils
thickness is 3000 o 6500 meters, In Upper Assam, the thickness of these
rocks reduces Lo 650 meters. The Surma group has heen subdivided into two
formations: (i) Bhuban lormation, and (i) Boka Bit formation.

‘Inble 8.33. Oligocene-Pleistocene Succession of Assam

Gmup Litholagy Agr
Dihing Group Buulder beds, Plincene-Lower
(400—800 m) sandstanes. clays Pleistocene

Unconformily
Dupitila Group Clays, sandstones, Miccene-Pliccene
(1500—3R00 n) conglomerates
Unconformily
Tipam Gronp Clays, sandstones Lower Miocene
{1500—4 100 m)
Surma Graup Sandstones, shales Upper Oligocene
(600—5500 m)
Uncaonformity
Barail Group Sandstones, shales Oligocene
(1200 m)

(/) Bhuban Formation. The age of this formation ranges from Upper
Oligocene o Lower Miocene. It is cormposed of 1300 to 2500
melers thick beds ol sandstones, sandy shales and conglomerales.
These beds have yielded a few fossils of mollusca. The Bhuban
formation conlains some oil bearing horizons.

(i1 ‘Boka Bit Formation. This formation rests over the Bhuban rocks.
Iis thickness varies from 1000 to 1500 meters. The chief rock
types arc sandstones, sandy shales and silis. The Boka Rit forma-
tion has yielded a number of fossils of pelecypods and gastropods
ol Lower Miocenc age.

Tipam Group. This group rests conformably over the Surma group.
The Tipam group is composed of 3000 w 4000 meters thick succession of
sandstones with subordinale shales and clays. The Tipam group has been
subdivided into lwo formations: (i) Tipamn sandstones, and (i) Girujan clays.

(/) Tipam Sandstones. The lower part of the Tipam group is called
the “Tipam sandstones™. This formation is compoesed of 1000 to
2500 meters (hick beds of ferniginous sandstones with some bands
ol shale and lignite. The Tipam sandsiones contain u few-oil
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hearing horizons. This formation has vielded some fossil wood of
Lower Miocene age. g

(i) Girujun Clays. This formation rests over the Tipam szu}dsluu:s.
[t is composed mainly of moltled clays intercalated w.nh‘ 50MEe
beds of sandstones and lignite. The total thickness of this [orma-
tion is 1000 to 2000 metcrs. It has vielded some plant fossils of
Lower Miocene age.

Dupitila Group. This group rests conformably aver the Girujfm clays
and is of Mio-Pliocene age. It is composed of about 3000 meters thick heds
of sandstones and clays. These beds are unfossiliferous. The Du].)ilila group
is exposed in central and lower Assam. In the upper Assam, the Tipam group-
is overlain unconformably by “Mamsang beds”. These beds arc about 800
meters thick and are composed of sandstane, grit and conglomerates. These
beds are also said to be of Mio-Pliocene age.

Dihing Group. The age of this group is Pliocene to Lower Pleistocene.
The Dihing group rests unconformably over the Namsang beds. Tt is com-
posed of about 800 meters Lhick succession of boulder and pebble beds with
intercalated lenses of soft sands and clays. These beds have yielded some
plant fossils. The Dihing group has been affected by the last phase of the
Himalayan upheaval. These rocks often show steep dips. The Tipam and
Dihing groups together constitute a succession which is equivalent to the
Siwalik group of NW Himalayas.

8.37. SIWALIK ROCKS

The Upper Tentiary rocks which are exposed in the Himalayan foot hill
zone, extending from Hardwar in UP. to Assam, arc described as the
“Siwalik group™. These rocks arc named afier the Siwalik hills near Hardwar.
The Siwalik rocks range in age Irom Middle Miocene to Lower Pleistocene.

Lithology. The Siwalik group is composed of 5000 to 6000 meters thick
succession of sedimentary rocks of (luviatile and lacustrine nature, The chief
rock types are loosely consolidated and pourly bedded conglamerates, grits,
sandstoncs, silts and clays, These rocks are neither graded nor sorted. In
peneral, the coarsencss of rocks increases [rom the lower to the upper part
of the succession. The sediments of the Siwalik rocks were derived from the
rising Himalayan mountains in the north and they were deposiled in the

El'g'il;i“l plains of a river system called the “Indo-Brahm river” (Pascoe
)

_Fus;i.ls. The Siwalik rocks have yiclded rich assemblage of the mam-
Iz}allan fauna which have not only helped in classifying the Siwalik succes-
sion but also in tracing the evolution of mammals. In addition, the Siwalik
group also contains remains of molluscs, Ostrocids, and plunl:e.

Structure, As the Siwalj

k rocks are j edi :
they are folded, faulted and el it Hiealnmn ogeiy:

even overtumed and thrusted,
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Classification. The factors which have made the classification and
correlation of the Siwalik rocks difficult, are as follows. -

1. The Siwalik rocks often show a rapid lateral varnation,

2. Although the Siwalik rocks have yielded abundam verichrale
fauna, they are found only in certain aress and in cerain horizons. -
Hence it is difficult o demarcate sharp boundaries belween
palacontological zones.

However, on the basis ol vertebrate fauna, the Siwalik group has been
classilicd into three divisioos: (1) Lower Siwalik, (i) Middle Siwalik, amd
(iff) Upper Siwalik. The age of these divisions are Middle Miocene, Upper
Miocenc—Lower Pliocene, and Upper Pliocene—Lower Pleistocene
respectively. Each of these three divisions is further subdivided into smaller
parts as shown in Table 8.34.

Table 8.34. Classification of Siwalik Succession

Division Formaiion Vertebrate Fossds 1|
Boulder conglomerate | Equus. Bulfelss palasindicus, E
Elephas pomadicus : [
Upper Siwalik ) , . {
(2380_25(” ) Finjor lformation Elephas planiferous, Hemibos,
Sweodon
Tatrat formation Hypohyus. Lepiobos
# i
. R Dhokpathan formation | Siegodan. Masteden, Giraffoid,
M'd;](];aglw;‘hk Sus, Mercycopotamus
m
. "Wagri formation Mastodon, Hipparian, Prosiegodon
Chinji formation Listriodon. Amphicyon,
Giraffokeryx. Temrubeloden
Lower Siwalik : i
(1000-3000 m) Kamlial formation A_cernlh:num. Telemaswedon,
Anthropoids. Hyobops,
[ Tetrahelodon.

The three main divisions af the Siwalik group are also nm_'k!:(li by the
presence of a delinite sct ol heavy minerais. In the lum.:r_:!msmn. lhc .
dominant heavy mincral is staurolile, in the mid;lig division kyuml.e
predominales, while in the upper division homblende is the chaml;:;llc

heavy mineral.
In the Siwalik snccession there is o genernl increase in the coarseness
of the sediment [rom below upwards. The “Lower Siwaliks” contain brown
sandstones with thick beds of red and pruple clays. The characterstic rocks
of the "Midd{e Siwalik™ are the massive course sandstones, whereas t‘hc: chicl
rocks of the “Upper Siwaiiks” arc coarse conglomerates and massive b\?lls:_
ol grits and sandstones. Sl it
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8.37.1. Lower Siwalik

Kamlial Formation. This formation rests over the Murree group of
Lower Miocene age. [t is composed of red sandstones with nodules ol clay
(pseudo-conglomerate) and purple shales. The total thickness of the succes-
sion is 600 to 1000 meters.

Chinji Formation. This [oruation is composed ol 400 1o 1800 meters
thick beds of red nodular shales and clays with some sundstones and con-
glomcrate. These beds have yielded a rich assemblage of mammalian fossils.

8.37.2. Middle Siwalik

Nagri Formation. Itis composed mainly of massive grey sandstones
with some shales. This formation is rather poor in fossils.

Dhokpathan Formation. It is the most important fossil bearing forma-
tion of the Siwalik group. This formation is made up of brown sandstones,
gravel beds,. shales and clays.

8,37.3. Upper Siwalik

Tatrot Formation. This formation rests unconformahbly over the Dhok-

pathan rocks. It is composed of soft massive sandstones, silts, clays and
conglomerales.

Pinjor Formation. This formation is composed of conglomerates,
coarse grils and sandstones with some clays. i

Boulder Conglomerate. This formation is made up mainly of houlder

conglomerale conlaining boulders, pebbles and cobbles of graniles,
quariziles, slates and limestones.
8.38. KAREWAS

This rockformation which is of lacustrine and fluvialile origin, -occurs
in the Kashmir valley. It is of Pleistocene age. The tolal thickness of the
Karewas is about 2000 meters. They are composed of gravels, silts, marls,
lignite and glacial moraines and varved clays. The lignite beds are more
frequent in the lower parl of the succession whereas the glacial tills and
varved clays are more common in the upper part. The lignite beds often
attain a thickness of up to three meters, The Karewa beds contain remains
of vstrocods, molluscs, vertebrates and plant fossils. The ostrocod fauna
indicates a pleistocene age for this [onnation.

8.39. RISE OF HIMALAYA

.'[?hc Himalayan Mounlains were (ormed as a resull of the five main
uplifting phases which took place during the Tertiary period. These uplifting
phases are as fallows, ’

First Phase. The first phasc of the Himalayan orogeny started during

the Upper Crclaceoqs-Luwcr Eocene period. In this phase the sedimenls of
the Tethys scu was folded into longitudinal ridges and hasins.
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Second Phase. During the | -
zone was uplificd lo r'nn-nLa Inﬂdprnc:is? T"-;]"::cl[l;ﬂ 1;;::3 clh)éun H'I':I'B:Efn}’ﬂ.ﬂ .
place in the metamorphic racks of the Higher H!l)m::.lu 1 iR et et Ao
Hirnalayan basins became shallower, e L

. Thlrlehnsc. The th_ird upheaval took place during the Middle Eoc
period. This arogeny which was very surang, affected mainly the ok of
the Lesser Himalayan zone, During this orogeny, the rocks were folded -:md
nappe structures were developed. The thrust sheets from the northern
moved southward along low angle thrust faults. The intrusion of gmnp(illxttz
occurred in the root zone. This was followed by the folding of the thrust |
sheets, probably in the Upper Miocene times.

The Middle Miocene upheaval also resulled in the formation of a
“Faredeep” between the Himalayas and the northern edge of the Peninsula.
This Foredeep was filled with the sediments brought by rivers from the
Himalayan mouniains.

IFuurlh .Phuse. Thc fourth phasc of the Himalayan orogeny occurred
during the Pliocene-Pleistocene period. The Himalayan foot hills rose higher
and the broad folds developed in the rocks of the foredeep. A series of
longitudinal thrust faults, called the “Main Bounday Faults” were also
formed. These faults scparate the Lesser Himalayan zone from the Outer
Himalayan zone.

Fifth Phase. This phase of the Himalayan upheaval was started afier
the Upper Pleistocene times and is still continueing today. It includes mainly
the isostatic adjustments which are being taking place due lo the vanishing
of the Pleistocene ice sheels.

8.39.1. Plate Tectonic Theory

According to the “Plare tectonic theory” the Himalayan mountains were .
formed duc 1o the collision of the Asian plate and the northward drifting
Indian plate. The northward movement of the Indian plate started with the
breaking of (he Gondwana Land and formation of the Indian ocean during
the Jurassic period. The study of the palacomagnetic data, abtained from the
Indian ocean suggests that the northward drift of the Indian plate was mosl
rapid during the Paleocenc epoch. This period ¢oincided with the period of
extrusion of the Deccan trap lavas. :

The movement of the Indian plale was temporarily retarded when i
collided with the Asian plaic during the Lower Eocene. In the Lower
Oligocene times, the Indian plate again started moving bu_t its direction of :
movement was changed siightly. The syntexial bend which occurs al the
northwestern end of the Himalayan mountains Was formed due to the rota-- -
lional movement of this plate. s
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REVIEW QUESTIONS

Describe the crilenia used in correlating the ancient schistose rocks with

special reference to India.

Write an essay on Deccan traps. Discuss their mode of eruption, siratigraphy

and age.

. Give an accaunt of the gealopy of any one of the following areas.

{i) Cutch. (if) Spiti. and (it Trichinopaly.

. Give a classification of the Dharwar rocks of South India. Discuss the views

that have been held as to their origin, Give the economic importance of the
Dharwar rocks. 5
Classify and describe the rocks of the Vindhyan system.Give Lhe economic
importance of the Vindhyan rocks.

. In what formation does coal occur in India 7 Give a brief accounl of the

Gondwana rocks of India. What is their economic imporlance.

Classify and describe the Sausor R ockfonnatians of ceniral India with special
reference to their ecONOMIC [ESOUTCES. )

Whal are fossils ? Describe the different modes of their preservalion in rocks
and add a note on the importance of fossils in the study of geology.

heir

Give the physiographic classification of India and describe in brief ¢
geological characlers.

. Givea brief account of he Archagan rocks of Singhbhum, Bihar. Discuss their’

econamic importance.

Describe briefly any four of the following group of rocks with perticular
reference 1o their distribmion, age and pewrological and palaeontological fea-
lures :

{d) Spiti shales, (i7) Lameta beds, (ii}) Bagh beds (i) Semri group, (v}
Karewas, (vi) Saline series (vii) Marine rocks of Gondwanas '

Give distribution and classification of the Eocene rocks of India. Whal is their
economic importance ? )

Wrile a brief essay on 1he pre-Vindhyan geology of Rajasthan.

Give a peneral account of the struclure of Himalayas, Discuss the age of
formalion of Himalayas. :

IGI\"B a brief account of the Archaean rocks of India. Discuss their economic
importance.

9.1. TERMINOLOGY

Ore Mineral. A mineral from which one or more metals can be cx-
tracted al a profit is known as “pre mineral” Examples of ore minerals are
_hcrrwlire,bauxile,gulcna; etc. The ares may be high grade or low grade
depending on the percentage of the metal present in it.

GGangue Mineral. The useléss minerals which occur in association with
the ore, arc called “gangue minerals”. They are commonly discarded in the
treatment of the orc. The common pangue minerals are quartz, calcite.
barytes, fluorspar, felspar, and tourmaline.

Ore Deposit. The mixture of are minerals and gangue forms an “ore
deposit”. The ore deposits are generally found enclosed within the country
rocks.

Tenor. The term “tenar” describes the metal content of an ore. In order
to declare the vre economically workahle, a deposit 1nust contains a certain
percentage of metal in it and the lowesl adimissible limit of metallic content
of an ore is called its “tenor”. The tenor of an ore depends on the price of
the metal obtained trom it. For costly metals the lenor is very low, such as
for gold it i5 0.01% whercas in case af cheap metals like iron, the enor is
much higher; that is 30% or more.

Syngenetic Ore Depasit. The ore deposits that are formed at the same
time as the enclosing rock, arc called “syngeneite ore deposits’. Sedimentary
ore depasits are the cxamples of syngenetic depasils.

The ore deposits that are formed later than

Epigenetic Ore Depuosils.
tic ore deposits’. Hydrothermal ore

the enclosing rock, arc called “epigens

‘deposits are (he examples of cpigenetic deposits.
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9.2. CLASSIFICATION OF ORE DEPOSITS
dillerent ways. Depending upon

The ore deposits are formed in many
ileposils may he

the process thal may operale [0 produce them, the ore
classified as follows.
1. Magmatic ore deposits.

. Sublimalion ore deposits.
. Pegmatitic orc deposils.
. Contacl metasomatic are deposits.
. Hydrothermal ore deposils.

{i} Cavity filling deposits.

(if) Replaccment deposits.

. Scdimentation ore dzposils.

Ln B oteopa

. Evaporation orc depasits.

. Residual and mechanical concentralion deposils.

oo o

. Oxidation and supergene enrichment depasils.
10. Metamorphic ore deposits.
9,3, MAGMATIC ORE DEPOSITS

The magmatic ore deposils are Lhe migm
from magmas. They have closc relationship with the intr
The magmatic ore deposits can be classified as follows. ;

>~

atic products which crystallize
sive igneous Tocks.

1. Early magmalic deposils
{i) Disseminalion deposils.
(i) Segrcgation depaosils.
2. Lale magmatic deposils.
(i) Residual liguid segregation.

(fi) Residual lignid injection.

/

(#ii) Imniscible liquid segrepation.
(iv) Immiscible liquid injection.
9.3.1, Early Magmatic Deposits
Early magmatic deposits are formed during the carly stages of the
magmatic period. In this case the ore minerals crystallize carlier than tie
rwh'lhc minerals ol nickel,chromiun and platinum are usually
L()unl(l as early magmatic deposits. The early magnahc deposits can he
subdivitded inlo (wo groups @ (/) disseminali i o
5 ssemination deposils, and.(i1) 5 i
epusils. pusits, and.(ir) segrepalley

_in the form of paralle]

5 \:sW
POSITS
ORE DEPOS e

Disseminalion Deposits. When a magma crysiallizes under deep ses
canditions, ﬂ_l;rn'nul:lr igneous rock is formed. In such a rock ::arjnpl'hmm:
crystals ol ore minerals may occur in dissemina- ] + &+ =
(jon. Here grains of ore are found scallered more g5 ’
ar less evenly throughout the rock mass (Fig.
9.1). Hence the whole rockmass constitutes the
ore deposil. The dissemination deposits occur in

the shape of a dyke, pipe or small slock:like

s. An example of disseminalion depesit is

e diamond_pipe of panna, madhya pradesh.
Here diamonds occur sparcely scattered in the

kimberlile ImMass.
Segregation Deposits, Early magmalic segregation denosits are formed

Fig 9.1 Dissemination
deposits

45 a resull of gravitative erystallization T
differentiation. To such cascs, e ore & cmsipthh g
. “+

symerals which crystallize early, get R e L
concen-trated in a perticular part of the o M T
jgneous mass. The ore deposits thus |- P o "‘J
formed are called “segregation ore-— + _‘_\m +1
deposits” (Fig.9.2). The segregation L. ;5 .. " *2 ol
deposits are gencrally lenticular in =~ T e i
shape and of relatively smill size. The segregation of chromite in ultrabasic
L"fk_s_js an example of this type of ore deposit. T

9.3.2 Late Mugmatic Deposits

The orc deposits which are formed 1owards the close of the Magmatic

period are called ™ lare magmatic deposits ™. The late magmatic depasils
conlain those ore minerals which have crystallized ut rather luw temperature
from a residual magma. The magma which s left alter crystallization of the
early formed rock silicales, is called “residwal magma’. This magma [re-
quently contains many ore minerals. The late magmatic deposits include-
mos! of the magmatic deposits of iron and titanjum ores. These deposits are
almost always assaciated with mafic igneous rocks. :

The late magmatic deposits have been classified into four groups (i)
residual Tiquid segregation (i) residual liquid injection, (if{) immiscible
liquid segregation and (jv} immiscible liquid injection. :

Residual Liquid Segregation. In a magma, perticularly the basic
magma which is undergoing differcntation, the residual fiquid may become
enriched in iron and titanium. This heavy vesidual liquid nuy segregate and

crystallize within The parcnl 1gNeous mass. Such ore bodies commonly ocour
s and may form valuable ore deposits. An

magmalic maugnelite deposil which commonly.

example of this class is the ! :
ocrurs as concordant layer within mafic igneous rocks.
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Residual Liyuid Injection. The iron rich
residual liquid accumulated as a result of dif-
ferentiation of mafic magma, may gel injected
into the surrounding country rocks (Fig.9.3). The
ore deposits ol magnetile 2 ile formed
in this way, are called " injection ore deposits”™.
Such deposits usually occur in the form of veins,
dykes or sills.

Fig. Y.4. Injeclion depas L.

Immiscible Liquid Segregation. When a mafic magma cools, the sul-

fide rich immiscible liquid separates out and accurnulates at the boitom of
the igneous hody. This separation is similar to that of oil and waler. The

immiscible liquid consists mainly of sulfides of iron,nickel and copper. Upon -

consolidation it gives rise 1o the “sulfide _segregulf ". These

deposits occur commonly at the bottorn of the differcaliated mafic intrusives
—
as disconnected bodies.
Immiscible Liquid Tnjection. The sulfide rich immiscible liquid which
separales out during the differentiation of mafic magma, mnay gel injected
into- the enclosing rock. On consolidation il fonns the “rmmiscible liguid

injection deposit”. Such deposits are usually irrcgular or dyke-like in form.

9.4. SUBLIMATION DEPOSITS _

Sublimation is a very minor process of formation of ore deposits.
Eﬂq__wlion deposits contain only those minerals which have been volatil-
ized by heat and subscquently redeposited in the same form at low tempera-
fure_and_pressure. This process involves direct transition from solid To
gaseous state and vice versa. The sublimation deposits are lound associaled
with volcanoes and fumaroles. Sullur of this origin has been mined in Japan,

ltaly ind MEIXICo. [nexiC0
9.5. PEGMATITIC DEPOSITS
The late residual magma which is left in the last stape ol crystallization,

commonly contains silica, alkalics, water, carbon dioxide and concentrations

of rarc_elements and rmetals, Pegmatites are formed when this residual

magima gels injected into the enclosing rocks. Many such pegmatiles form
_valuaB]E"r_nFTEFﬂlIlcp?s’its‘.'TﬁE?éEﬁBﬁﬁc?rﬂnemls which comnonly oceur
I pegmatites are imica, corundum, gemstones and felspars. Deposits of
_l:mla]um, niobium, tin,tungsten, molybdenum and wranjum are also found
In some pegmatites. w\mic imporlance are mostly found
assucialed with [elsic igneous rocks such as quartz dioritic rocks.
9.6, CONTACT ME’l‘AS(}M:\TIC DEMOSITS |

Where cerlail} igneous rocks invade carbonale rocks, such as lime-
stones, ore deposils are formed near the contact by the .n:uc[ion of the
magmalic vapours on the host rocks {F1g.9.4). These reactions lake place
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under conditions ol high temperature and pres-
sure. The new minerals that develop may he
'cumpuscd of partly or wholly of the constituents
added from the magma,

All magmas da nol give rise o contact
imelasomatic deposits. Mostly felsic inlrusives of |27 & s * o* W7 0
intermediate composilion, such as monzonites Fig. 94, Contact
and granodiorites yield ore deposits. The reason  metasomatic deposit
is that thé cmanations from such inlrusives
usually carry constituents of ores which replaces the invaled rocks to form

ore deposits.

Contacl inetasomatic deposits usually carry ures of copper, iron, zinc
and more rarely gold, silver and lead. The characleristic gangue minerals
which arc found assnciated with these ore deposits are high tlemperature
silicates, such as garnet, diopside, tremolite, wollastonite, and phicgopite.
The contact metasamalic deposits are generally discontinuous and irregular
in shape. They are in general of comparatively small sizc.

9.7. HYDROTHERMAL DEPOSITS

The epigenetic ore deposiis formed by hydrothennal solutions are called
“hydrothermal ove deposits”. The vre deposits which are commoniy formed
by the hydrothermal process are of pold, silver. copper, lead, zine anil

Ercury.

Hydrathermal Solution. The (luid left during the loler siage of crys-

tallization of intrusive tnagma when the main rocklorming minerals have
already been precipilated, is called “residnal fluid”. Metals originally
present in lhe magma, concenirale in this fluid. This tluid which is a hot
watery solution containing mineralized liguids derived from an intrusive
magma, is called “hydrothermal solution”.

The hydrothermal solution move through cracks and npenj.ngs_ present
in the rocks and deposit their dissolved minerals there. Minerals which have
lowest temperatures of crystallization, such as stibnite und cinnabar may
migrate very [ar away while those having higher lcmpcmlu:;s ol _L‘ryslal—
lization, such as chalcopyrite, may precipitatc close 1o the parent igneous
bady.

9.7.1 Classification

On the hasic of (emperature of depos
hydrothermal deposits into threc groups :
mesothermal deposits, and (i) epithermal deposils.

Hypothermal Deposits. Thesc are the high temperature deposits wh@c.h
are formed close to the intrusive body. Here the lemperature ranges between
I00° — 500°C.The chicf ore minerals which are commomnly found in

ition, Lindgren has classificd the
: (i) hypothennal deposits, (i)
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hypothermal deposils are arsenopyrile, wolframile, native gold and chai-
copyrile.

Mesothermal Deposits. These ure the imcrmediale temperature
deposits which arc formed at some distance outward from the intrusive
igneous mass. Here the temperature ranges hetween 200° - 300°C.The chicl
ore minerals of methothermal deposils are native gold, bamitc, sphalerile,
galena and argentite.

Epithermal Deposits. Thesc are the low lemperature deposils formed
very much away [ram the intrusive body. Their temperature of formation
ranges between 50° = 200°C. The ore mincrals which commanly oceur in
cpithermal deposits are ruby silver, stibnile, and cinnabar.

On the basis of mode of formation, the hydrothermal deposits have been
classified into two groups : (i) cavity filling deposits, and (i) replacement
deposits.

Cavity Filling Deposits, These deposits are farmed when hydrothernal
solutions deposit their dissolved minerals in the various types of openings
present in the rocks. In this deposition no replacement is involved. Such 1
deposition takes place by change of temperaturc and pressure ol the
hydrothermal solution. Most of the epithermal deposits are cavity lilling
Lvpe,

Replacement Deposits. These deposits are formed due 1o chemical
interaction between the hydrothermal sohution and the country rocks. The
ore minerals are deposited from a mineral bearing solution in place ol the
country rocks, the later being dissolved and removed in solution.

The filling of the rock openings by precipitation and the replacement
of their walls, may occur simultancously. Thus there may be a gradalion
between these two types of deposits. Replacement dominates under condi
tions of_high temperature and pressure whereas cavity lilling dominate:
under conditions of low temperature and pressure.

9.8. CAVITY FILLING DEPOSITS

) Cavity filling deposits are fonned when hydrothermal solutions deposit
!heu‘ dissolved minerals in the rock openings. Here precipitation of minerals
is chiefly caused by change in the lemperature, pressure and chemical
churncl?r ol the mineralizing solutions., The characterstic features of the
cavily lling deposils are as ollows.

Crustification. The mineral which precipitates first lines the walls of
the cavity, Its crystals grow inwanl and point lowards the centre, Generally
successive layers of different minerals are deposited upon the [irst one. This
process 1s repeated until the filling is complete. A filling ol this 1ype is called

cru.mflfr;'qnon" j[FigS.S ). A vein crustification is said to he “symmetrical
when similar mineral crusts oceur on both sides of the [issuré, and when

e

P e
T

P T
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unlike layers are presenl o1 cach side,
the crustification is called “assymmetr-
cal”.

Comb Structure. I in a mineral
vein prominent crystals project inward
from the walls, it is said to have a
“comb strnctire” (Fip9.5).

Vugs. When a vein is nol filled
completely with the mineral matier,
open spaces are lelt in the centre. Such
unfilled spaces are called “vugs”

(Fig.9.3}).

9.8.1. Types of Cavity filling Deposits

Depending on the nature of openings.the cavity filling deposils UCL'.L\I
in a varicty of shape und size. The common fypes of cavity ﬁlling deposits
are: (i) fissure veins, (fi) shear zone deposits, (fif) stockworks, (1v) saddle
reels, (v} ladder veins, and (vi) cave deposits and gash veins

Fissure Veins. A fissure filled with ore is called “fissure vein. Il 1s a
tabular ore body which occupies onc or more [issures within a rock. Fissure
vein depusils are the most important of all the cavity filling deposits. thc}'
are the chief source of most of the metals like gold, silver, copper. lead, zine
and mercury.

Mosl fissure veins are narrow and their lengths range from a few
hundreds of meters lo a few kilometers. They generally have a steep dip.
Ore minerals arc never equally distributed throughout the fissurc vein.
Places where large concentrations oceur, are called “ore siwors”. The com-
mon types of fissure veins are as follows. :

(i) Simple Fissure Veins. A fissure vein which occupies a single
fissure whose walls are nearly straight and parallel, is called

“simple fissure vein”.
(i) Chambered Veins. Veins whase walls are irregular and brci_:-
ciated, are called “chambered veins”, Such veins branch and join
again thereby enclosing “horses” of the country rock [Fig, 9.6(a)].

GALENA
Fig. 9.5. Ore vein with comb structure.
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Fig. 9.6. (4) Chumbered vein, (&) Lenticular vein, {¢) Sheeted vein,
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(i) Dilation or Lenticular Yeins. Generally in schists several discon-
nected lenses of ore occur together, Such lenses are called “dilq-
tion veins”. Their widih mhges froum 2 lew centimeters (o tens of
meters [Fig. 92.6(0)].

(iv) Sheeted Veins. A group of closcly spaced parallel veins are called
“sheeted veins”. In this case all the veins together from a lode
[Fig. 9.6(c)].

(v) Composite veins. A composite vein is a, wide zone of nearly
parallel fissures connected by diagonals. The width of such veing
is measured in many tens of meters.
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Cave Deposits and Gush Veins. Solu-
lion cavities in the from of caves, galleries
and gash veins may conlain deposits of
Jead, zinc copper.nercury,cle, They occur
only in soluble rocks like limestones. “Gash
veins” are the veins which occur along 1
joints and bedding planes in limestones [ ]
(Fig.5.10).

9.9, REPLACEMENT DEPOSITS

Fig. 9.10. Gash veins.

Shear Zone Deposits. The shear zonces are the zones of thin and closely

~ spaced parallel fractures. Here as the npenings arc minute, the open'spacé

deposition is minor. However, the large specific surfacc of the openings

makes the shear zones very susceptible 1o replaceinent. Hence many large
and valuable ore deposits arc found in the shear zones. o

] Stackworks. A "stockwork” is a mass of rock traversed by a network

of small ore bearing veins. Each vein is about one centimeter in width and

© a few melers in length. The spacing .

between the adjacent veins varies from

a few centimelers to a a (ew meters. In

slockworks the whole rock mass in
mined. Stockworks are forined when
the hydrothermal solutions percolate
through vertical zones of intense shat-

IErJ'ug which occur in cerlain igneous FANA TSN
intrusions (Fig.9.7). 2 Fig. 9.7. Siockwork.

Replacement is one of the importanl process in the lormation of
epigenelic mincral deposits. The chiel cpigenelic mincral deposits arc con-
tact melusomatic deposits, supergenc mineral deposits and hydrothermal
replacement deposits. The replacement deposits commonly contain ores of
irom, lead,zinc, copper, silver und many nonmetallic mincrals. The process
of replaccment may b summarized as follows.

1. Replacement is the chemical pracess of simulancous capillary
solution and depesition. By this process new minerals arc sub-
stituted for carlier minerals and rocks.

2. Replaccment occurs through the action of hol vapours or
hydrothermal solutions. The new minerals are carried in solution
and the replaced substances are carricd away in solution. 1t is an
open circuil not a closed ane.

3. 'The replacement takes place molccale by molecule. Conseyuently
the shape, size, structure anl texture ol the rocks arc [aithiully
preserved

r [hga:dlf R?cfs. 'Dpnng fi cr]ldmg _opcnings are formed between rock beds
e resis o aullclmes_. Mineralization along such openings leadsto the
evelopment of ore deposits. Because these ore deposils uppear like a saddl
they are called “sadule reefs” (Fig9.4). . “

4. Almost any rock may be replaced hy ore, but the rapidly soluble
carbonate tacks arc the most-susceptible. Cenain structural fea-
tures such as Fissures may alsa localice replacement. Closely
spuced sheeted fissures and shear zones, hecause of their larpe
speeific surface, give rise 1o large replacement lodes.

9,91, Types of Replacement Deposits

The ore deposits formed by replacement can be suhdivided inlo three
groups : (i) massive deposits, (i) replacement lodes, and (iff) dissemninaled
deposils.

Massive Deposits, Massive replacement ore deposits comunonly oceur
in limestones. The ure terminates abrupily against the hosl rock. The massive
deposits are characterized by preat variations in size and extremely irregular
form. :

Keplacement Lode Deposits. The lode deposits arc formed when the
replacement is localized along thin beds ar fissures. In this ense the f[ssure
walls are replaced by the ore, The lode deposits rescmble fissure veins in

o 4 S e
Fig. 9.8. Saddle reef, -

Ladder Veins, Ladder v
the short, transverse,
Because they appear

Fig. 9.5, Ladder vejn.

cins are commonly [o
und

roughly parallel fractures that are

like a Jadder, they are called

in dykes, They arc
" filled with the ore.
Furfder veins” (Fig, 9.9).
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form, however they are wider aRE

“than fissure veins and their
walls are wavy and imegular
(Fig..9.11).

Disseminated Replace-
ment Deposits. These are low
grade ore dcposits where
grains of ore minerals are
found scattered thraughout the
host rock. The size of dissemi-
naled ore deposils is generally

large.

Fig. 9.11. Replacement deposit
localized by flissures.

9.9.2. Features of Re-
placement

The replacement deposits can be identified by the following fealures.

I. Preservation of original rock struclures, such as stratification,

cross- bedding, lossils, elc. — P m— e ———
L 1 | L

2. Presence of unsup- = — 1 -

ported nuclei of the

host rock sur-

rounded hy the ore ( — =T

Fig.9.12.). The un- !

supported nuclei arc 1 L :

the small islands of Fig. 9.12. Replacement deposit

host rock which ure conlaining nuclei of hostock.

found enclosed within the replacement deposits.
3. Presence of mineral psendomorphs, ie. false crystal shapes.
4. Absence of crustification.
5. Extremely irregular vutline of the ore body.
9.10. SEDIMENTATION DEPOSITS

Sedimentation deposits are the syngenetic ore deposits which are
furrpcd al the same time as the enclosing rock. They occur as beds in the
sedimentary rocks. Some of the important sedimentation deposits are iron-
ore, manganese ore, copper ore, phosphates, limestone, coal, and clays.
These deposits are formed by the process of sedimentation. This process
may be summarized as follows. - B

1. During we‘:llhcl-ing, the materials are released from the source
rock. In IJ.us process the valuable mineral constituents are taken
nto solution. The chicl solvents are carbor

‘ _ laled waler, organic
acids and sullate solutions, o
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2. Most of the valuable subsinnces are transporied either in suspen-
sion or in solution by means of river water (0 the sea.

3. Inthe sea, the valuable material is deposited mechanically, cherni-
cally or biochemically. The chemical precipitation of materials in
solution is controlled largely by the pH and Eh of the eavirenment.
The pH is responsible Tor the acidic or alkaline conditions and the
Eh for the oxidation-reduction polential.

Exumple 2.1, [ron is commonly precipitated as carhonate (siderite),
hydroxide (gocthite),and oxide (hemalite). The ferrous carbonate is
precipitated at lower pH and Eh while ferric oxide is formed in the presence
of air.

Example 9.2. [n the formation of manganese ore, iron must be scparated
from it during deposition. This separation is done as follows.

() Precipitation fram Carbonate Solutions. Because manganese
carbonate is more stable in solution than iron carbonate, the man-
ganese carbonate is carried [urther away and is thus separated.

(i) Precipitation in Oxidising Environment. The separation of iron
and manganese takes place because at any given pH, iron oxides
precipitate at lower Eh than manganese oxides. Similarly at a fixed
EH.iron oxides precipitate al a lower pH than manganese oxides.

9.10.1. Features of Sedimentation Deposits
The sedimentation mineral deposits show many of the characterstics of
normal sedimentary rocks.
{f) They commonly show bedding plancs, ripple marks and other
sedimetary structures.
(if) They normally occur as a bedded sedimentary rock interstratified
hetween racks of sedimentary origin.
(iify They are often a deposit of greal geographical exient.
9.11. EVAPORATION DEPOSITS
Many nonmetallic mincral deposits are formed as a result of evaporation
of shallow and isolated bodies of saline water. The chicf minerals which
aceur as evaporation deposits are comimon salt, gypsum, and other salL‘s ol
K, Na, Ca, and Mg. The process of evaporation may brieily be sunmnarized
as [ollows.
(i) The main source of the evaporation deposits is sea waler.
(fi) When a body of sea water is cutofl during oscillations of land and
sea its water evaporate. This leads 10 the concentration of soluble
salts. : N
(iif) When supersaturation ol a salt is reached, that salt is precipitated .
and thus evane=*ln deposits are formed. - ; iy
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: . where evaparation proceeds very mpidly.
_ ., -9.12. RESIDUAL DEPOSITS

Residual ore deposits are Tormed as a resull of weathering of rocks and

- enclosed mincral deposits. The economic minerals which cormmenly occur

-~ as residual deposils are iron, manganese; bauxite, clay, ochre, tin, Kyanite,
elc. ; :

During weathering the rocks undergo chemical decay. In this process
- the undesirmble constituents are rernoved in solution leaving hehind a con.
centration of valuable minerzis al the site of the original rock. The conditions
necessary for the fornation of residual mineral deposits are as follows.

(/) The rock undergoing weathering musl contain some valuable
minerals,

(i) The valuable minerals must be resistant to chemical weathering,

(ifi) The outcrop surface should have low relicf so that gravity and
running watcr can nol remove insoluble products of weathering.

(fv) There Sﬁﬂ}lld be adequale rain 1o carry away in selution the saluble
products of weathering, Hence residual deposits commonty
devetop in tropical or subtropical climale.

2.13. MECHANICAL CONCENTRATION DEPOSITS

The natural separation of heavy minerals from light ones by means of
moving waler, air or gravity,is called “mechanical concentration”. The
mineral deposits formed hy this process are called “placers”. The minerals
which commonly occur as placer deposits are diamond, gold, platinurn,
linst_une, magnelite,, r.!hmmitc. ilmenite and monazile. The process of
tnechanical concentration may be swnmarized as foliows,

(i) The ore minerals are rcleased from the rock by wc:alhcring. and
disintegration. '

- {if) The disintegrated materials are carried dowaslope by waler,l air,
eic. Uliimately this malerial reaches the strearn or sea shore.

(iif) In the moving water or air, the heavier placer minerals sink (o the
bcnto_m while the lighter material is carried lurther. Thus the
hea_vlcr mincrals are separated from the lighter ones.

(iv) In this way the heavy minerals

is g8l concentrated in perticular
localities (o form placer deposits. B

: The conditions necessary for the formation of a placer deposit are : (§)
: -Thcmlmtm_l be @ pritary source, such as an ore deposit,a di-;scmjn'l..i

deposit, or a low prade deposit which supplies ore mincrai’s- (f:'} It dt $

-exposed to weathering on o slope from where the disinlcgr:tt-c.d matetfir:xllL:Im}'

be Ldﬂ'lod away by walerair.etc.; (i#) The ore mineral in the deposit must

-~ (i¥) The evaporation deposits are mostly formed in warm arid climates |
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be of such chemical cmnpmi[ibn that it con resist weathering: and Liv) F_‘m
amineral to be concenlrated as a placer deposil, it must have a higher density
than the worthless material with which it sccurs. :

9.13.1. Types of Placer Depasits _ LS

The placer deposits have been divided into four groups : (N shrial
placers, {{f) stream placers, (iif} beach placers, and (1v) m':}ian placers,

Eluvinl Placers. The eluvial placer deposits oocur along the hill stopes..
Here the mineral ¢oncentration is caused by gravity, When the durhns
produced due lo weathering of rocks, moves downslope, the heavier particles.
move more slowly than lighter ones. In this way heavier mincrals get
‘Foncentrated to form an cluvial placer deposit. s

Stream Placers. These occur at various places along the stremn. Here
the mineral concentration is caused by s
running waler. The weathered rock g
material travels with stream waler, The
concentration of heavier minerals oc-
curs in those places where the velocity
of waler slackens. The places where
stream placers are found, are as [ol-
lows.

(/) In pot holes and plunge pools
which form at the-base of
walerfalls and rapids. :

(i} In the sand bars which occur
at the inner curves of
meanders [Fig. 9.13(a}l.

(i) Just downsiream to the junf:-
tion of a tribulary to the main
rver [Fig. 9.13()].

(iv) On the river bed io the
vicinity of a low grade
deposit [Fig. 9.13(c)]. - SR

() In the riffles [Fig. 9.13())- - Fig, 5.13. Siream placers, (@} Inthe
Strearns tlowing across verti- inner curves of meanders. (i;) !

incli 5 amol a juaction ofa- '+

cal or steeply inclined beds  Downsiream ol e e ol

i even fjoor. tibutary.{c) 1;? thé vicinity uf a| w
TS“;:)I’; a"}l!‘lao‘(r; flclrrl'!!lm spiflesn. . erade deposit. () Tn the riffles.

Beach Placers. These deposits occur along sea shores where, lmm:ml
concentration is caused by wave aclion, Bga_ch-mds_ of K:eruiu Fomn;;;—_
important deposits of monazite and ilmenite, - e
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Eolian Placers. These occur in arid regions where min
tion is caused hy wind action. Eolian placers are found in Australia.
9.14. OXIDATION AND SUPERGENE ENRICHMENT DEFPOSITS

If an ore deposit is expused 1o the ground surface, it undergoes weather-
ing. The surface water oxidizes and dis- gpdjc CossAN
solves the ore mincrals from the
weathered zone and carries them
downward. The dissolved minerals are
redeposited just below the groundwater
table. In this way a Iow grade primary
ore deposit may be enriched to form a | L oag
valuable ore deposil. Such ore deposits | yamLe
are called “supergene enrichmeit
deposits” (Fig. 9.14). Three zoncs have
been recognised in the supergene en-
richmenl deposits : (/) Zone ol oxida-
tion, (fi) Supergene cnrichrment zone,

L Y- ¥

ORE

and (fft) Primary Zone. \FrRImARY

Zone of Oxidation. The oxidized
pan of the ore depasil is called the
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eral concentra-

REACHED

PuiDITED

EHNARILHED

“zone of oxidation”. This zone cxtends  Fig, 9,14. Oxidatian and supergene
from the ground surface upto the water enrichment deposils.

table. The ore minerals [rom his part

of the vre body are dissolved and removed.

Supergene Enrichment Zone, This zone lies below the water table. In
this zone the dissolved ore minerals are precipilated in the form of secondary
sulfides.

Primary Zone. The lower unaffected part of the ore body is called the
“primary zone".

9.14.1. Process of Supergene Enrichment

. T].le process of supergene sulfide enrichment involves three stages : (i)
ux;dz{li:)n. and solution in the zone of oxidation, (if) deposition in the zone
of oxidation, and (¢if) supergenc sulfide deposition.

- Oxidation and Solution. Most primary sulfide deposils of capper,
I :‘j{lvcrl, lead and zinc contain pyrite (FeS,). The surfuce waler conlainin[;
issolved oxygen reacts with pyrite and sields iron sulf; furic acid,
: yields iron sulfare and F
both of which are soluble in water. - i &
2FeS; + 21,004 70, = 2H,80, + 2FeSO,

i v;l:e xll,lrmu.r containing irvn sulfate and sulfuric acid in solution js 2 strong
- It attacks the other primary sulfide ore mincrals and produces
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soluble sullaws ol their meials. The ore mincrals ol copper, silver and zine
arc dissolved in this way.

The solution containing secondary sulfates travels downward to the
reducing zone which lies below the waler table. Thus the ore minerals are
removed Irom the zone of oxidation. d

Depasition in Zone of Oxidation. The cold dilute solution ol secondary
sulfates moves slowly downward. It may meet some precipitants and may
redeposit its metallic content in the zone of oxidation. The ore deposits
formed in this way arc called “oxidized ore deposits”. The chiel ore minerals
which occur as oxidized deposits are native metals, carbonates, silicates, and
oxides of copper, zing, lead and silver.

Supergene Sulfide Deposition. The solution containing sulfates of me-
tals in dissolved stale may reach the water table. Below the walzer table its
etillic content is precipilated as sulfide. The ore deposit formed in this
way is called " supergene sulfide deposir™.

Below the water Lable all the pores of rocks are saturated with water
and therefore no air is available for oxidation. This reducing cavironment
favours the precipitation of are minerals as sulfide. This deposition takes
place by the process of replaccment where the pre-cxisting metallic sulfides
arc replaced. For example, copper sulfide is precipitated Irom the solution
by the replacement of primary sphalerile (ZnS) as follows.

CuS0, + Zn§ = CuS + Zn50,

The sulfide enrichment slarts at the water table and exlends for some
distance below it. The upper surface of the eurichment zone is sharply
separated from (he oxidized zone whereas its lower surface is highly ir-
regular and therc is a gradational trapsition Lo the primary ore (Fig. 9. 14},

Gossan. A “gossan” is a [erruginous and poraus looking residue that
forms a superficial cover over an oxidized sulfide deposit (Fig. 9.14). The
limonite formed as a result of oxidation of ironhearing sulfides, imparts red
and brown colours 1o the gossans. ®

The porous pature of gossans is caused by the removal of the soluble
materials. The residual limonite of gossans usunlly shows a honeycomb
structure called “boxwork”. Gussans sumctimes serve as in indication for
lhe oecurrence of useful ore deposits underneath.

9.15. METAMORPHIC DEPOSITS

metamorphism may be divided inla two groups
metarnorphism of pre-cxisting ore deposits, and
[ormation of new inerals during metarnor-
yanganese deposits of Madhya Prodesh and
while the later group includes many

Deposits formed due [0
: (1) deposits formed duc 1o
(if) deposils originated duc o
phism of certain rocks. The 1w
Maharashtra helong 1o the former group,
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: valuable nonmetallic deposits. Examples ut‘npqmetallic Minera| depogi
ashestos, talc, kyanite, sillimanite and graphilé. Sit
t 9.16. CONTROLS OF ORE DEPOSITION
t The ore deposits are usually controlled by certain featyreg of i,
£

in which they occur. The factors which control ore localizatig
grouped as follows.

1. Structural controls
() Orogenic movements.
(if) Igneous intrusions
(iif) Faults and shear zones,
(iv) Rock openings.
2. Stratigraphic contrals,
(1) Basin of deposilion
(t) Unconformities,
(1if) Bedding planes.
(iv}) Impervious siraty,
3. Physical and chemical contro]s
(1) Permeability.
(i) Brittlencss.
(iff) Chemical Properties.
9.16.1. Struciural Control

The structural feature,
The a s 0f rocks
Jnca_hzc ore deposition, They ; o
. finding the ore hodjes,

Orogenic Move ;
ilong the foly mnuﬂ;li:;mi‘h"l‘;l:: ;rplgenclic ore deposits gc:fc rally ‘occulil
. : ¢ i 3
mdf deﬁ.)mmmn, dislocations ang 45 are ihe sites of crustal movement,
bodies yield Mine :

L ENeOus inlrusion, i ive i
raliz 2 n. The intrusive igneous
gcr}osit the ore minl:r;Tf E::Ss ;1? 1¢h move through the rock upcnjngge and
, ! . The X . :

Uring the mountain building process °Penings in the rocks are produced

. l[?'ﬂtous Intry ;
with intrusiye i
Produce gre depo:

sions, A number o
eous bodies, T
SIS in (he nearby

f ore de
hey yield
Faults ang & _ rocks.
from depths alo Shear Zones, The mi

: n,
wilh the faulyg, Mi:auhs. Henee g

been foung along (i

POSIs are closely associated
Mmineralizing fluids which .

neralizin

2 solutions mov S
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Shear zones are Ihc.zoncs thal contain intensely fractured rocks. The
(ractures not only help In producing vein deposits, they also offer lurge
specilic surfaces for fonning replacement lodes,

Rock Openings. The various types of openings found in the rocks are
joints, fractures, solution cavities, pores, ec. The mincralizing solutions
(move Lhrough these openings and deposit their load there.

9.16.2. Stratigraphic Control

Basin of Deposition. The sedimentary mineral deposits such as coal,
jron ore,manganese ore, elc. are teposiled as beds in sca or lakes. Such
basins of deposition control the area of accurrence of these deposils.

Unconformities. The unconformities represent old erosion surfaces.
Hence they are Lhe sile for the accumulation of residual ore deposits, such
as bauxite, and residual iron and manganese ares. The unconformi lies\ may
also serve as impermeable barriers and therefore they may localize oil.gas
and groundwaler.

Bedding Planes. The bedding planes are the plancs of wc.-]kn_:ss in
sedimentary rocks. The replacement and contact melasomatic deposits are
frequently localized along them. The regional foliation and fracture cleavage
in metamorphic rocks may alse localize ore deposils. ‘

Impervious Strata. Impervious rocks such as sh_ales, serve as barricrs
lo moving mineralizing solutions. Hence many deposits arc localized along
shale beds.

9.16.3. Physical and Chemical Control

The physical and chemical propertics of rocks play an import;mt‘ role
in controling ore deposition. These controls operate along with the structural
featurcs. ‘ . .

Permeability. The permeability ol a rock i ils capacity 10 transmit l
fluids. Tt is directly related to the porosity of rocks. The openings present in |
the rocks serve as channelways for the mineralizing soI.LInlmns. T.hcrr:lnlrc |hr; !
permeability of rocks is an imporlanl factor in control ing the !onm;lu:;' . [
many epigenetic mineral deposits. IL also controls the formation of many |
oxidized and sulfide enrichment deposils. _

Brittleness, Brite rocks have a tendency Lo crack I:Cﬂljlly uml;lcr S'ms:i
As a result they become permeable 1o mineralizing soluuon_si’ i-_[t:{u,e ;:‘1;1‘::;: ,
deposils are frequently found in britle rocks. Examnples of brittle rocks
rhyolile, quartzile and limesione.

Chemical Properties. The chem
dominent role in the localization of epigence ey
ore deposils are (requently Im:aliml‘ along reactive w
which suppor! this statemenl, are as follows.

(f) Carbonate rocks, such as limestones ar
genial 1o are deposition than other rocks.

hemical character of the host rock plays a
tic orc deposits. The replacemenl
: all rocks. The facts

1d dolornites are more con-
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(i) Vein deposits are frequently found against dolerite and not agy;
granite.

(fif) In general, highly silicic rocks are net as favourable localizers o

are as less silicic and ultrabasic igneous rocks. -

(i} The highly aluminous rocks such as shales are also not favourapa

for deposition ol ares.

9.17. COAL

Caal is the world's leading mincral fucl. [t is burned to produce he
which is used 10 generale clectric power. The coke which is made by he

coal to a very high teinperature in the absenee of air, is uscd in th
lurgical industry.

alin,
e me

The lerm “coal™ covers a wide variety of materials, ranging from lig
at one hand to anthracitc on the other. It may be delined as a solid siralif
rock composed mainly of carbonised plants. :

9.17.1. Ranks of Caal -

The process of conversion of vegelable malter 1o coal involves loss.
oxygen and hydrogen, and concentrution of carbon. The chief slages of ¢
formation arc ; (§) peat, (¢7) lignite, (if) binuninous coal, and (iv) anthraci
Peat is not a coal though it is fuel. The “Rank” of a caal is its position in

—% OF OXYGEN —»

SEMI=-BITVMIND UL

SEM|= ANTHRACITE
SUB-BITUMIN. |LIGHITE
ANTHRACITE
16s FT3 ) as 80 75 7a

;;/ OF CARDBON — g
Fig. 9.15. Rank classification of Caal.
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Peat- Peal is not considered as coal thoy
« et stage of coal 1‘(mn.ali<:n, Peut is a brown
firs d vegelable malterial. [1 contains abou
]Kﬁiur and 4.6% carbon. The dried peat bur,
]ﬁr::nc_'lts calorific value is very low.

k]

BhiLis a fuel. it represents the
Moraus mass of partly decom-
B3% moisiure, 104% valalile
ns readily with ihe long smoky

Lignite.Lignite is also called "bI'TJH.'.!I coal™ as ils colour is often dark
prown. It represents the second sage in coal formation. The lignite is
composed of finely divided plani lllSSucs_n It contains about 25-45% moisture,
Because of high watcr cufllcnl,- it shrinks, .cracks and often disintegrates
when dried in air. The lignite bums freely with a long smoky flame and has
2 low calorific value (11000—12500 B.T.U.).

- . o 15
Bituminous Coal. It is a :

dense coal ol black colour. 'll
shows banded siructure in
which dull and bright bands
allernate. The bituminous coal
breaks parallel 1o bandls .bul
the presence ol vertical joinls
makes it Lo give cubical or rec-
tangular blocks. [is moisture
contenl is low, volalile malter

-
o

1111

-
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HEAT
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BITUMINGUS

L
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o
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medium and fixed carbon
high. It burns easily with a
smoky yellow flame, Its
calorific value ranges between
13500 1o 16000 B.T.U. Higher
ranks ol bituminous coals 3 -
have the maximum heating 5

(%3
-
ol bt 'ﬂTl

CARB

L

p—PERcENT

power of all coals (Fig 9.16.). Fig. 9.16. Moisture, volatiles, carbon and heat

Anthracite. It is a hard values of different Lypes of coal.
ninracite. 18 i

i ; soil the
coal with an iron-black colour and submcm]l[c lu.slrc: It :]o% :t‘:“ :;n;m o
fingers and commonly breaks wiltcnl a Co]:fhvu(:?;lilz?:;;z: oy
conlains about 92—94% carbon und 3—8%
ignite but burns with a shon biue fl

ame and gives little smoke. lis calorific

the Iigni.rc-anurlru_cilc. series (Fig.9.15.). From lignite 10 anthracite there is a
progressive elimination of waleroxygen and hydrogen and an increase in
carbon. In coals carbon oceurs in two forms :(f) as fixed carbon,and (ii) as

vul:;hle matier. The ratio of these Wwo (fuel ratio) determines the rank of
coal, )

value ranges between 15000 to 15600 BIT‘U._ jluminous coal which

Cannel Coal. Cannel coal is a special variely al bllum(linzu‘mcmm s
is very fine grained and is ol uniform texture. l1_h.ns |:o ha:n :1: h:s T st
ordinary bituminous coal. Cannel coal is black in co sl Tk nme; 1S

: i long c k fore
i1 It burns easily “'"h‘f‘ i

) ’d'i')cs !101[ f:n.ldi lglgr::i spores and pollen. It is commenly found :s’i‘l_’:::;}_.-
m:irI e up 0“ U; bituninous coal as lenticles ar banls uplo .aboﬂut“ aw et :
w 5 5 “ - 1 N
lhli'k,_ .“EC:‘.lalnnncl coal is essentially a drift deposit laid down in shallo 54

9.18. CLASSIFICATION OF CoaL

On the basis of rank and
roups : (i) lignite, (i) bi
Peat lies above lignite a

quality, the coals
wninous coal, (i}

nd praphite below

are classificd into four main
J anthracile, ang (iv) cannel coal.
antbracite,
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9.19, BANDED CONSTITUENTS OF COAL

In banded coals four separate kinds of coal conslituents have been

recognised: (f) vitrain, (1) clarain, (ifi) durain, and (iv) fusain.

Vitrain. Vitrain forms thin bright glassy bands of coal wh‘ich arc up to
half centimeter thick. It is very brittle and hreaks with 2 co_ncl_iou_lal ll'aClL.lrc. 5
The woody structure is not visible with mnaked eye. Vilrain is a coking |

constituent of coal.

Clarain. Clarain forms thin bands in coal. It is characlerized by bright b

colour and silky lustre. It is composed largely of attritus. Allritus is the finely

" divided plant residue which is composed of the more resistant plant products,

{ Clarain is a coking constituent of coal.

Durain. The dull earthy looking bands of coal are called durain. Durain
is hard and compact, and has granular texture. Its colour is lead-gray. It
consists of culicles, spores, cic. Durain is the noncoking constituent of coal.

Fusain. Fusain is also called “mineral charcoal”. It is a sofl, powdery,
pitch black substance which soils the fingers. It is a minor constituent of
coal which occurs in small patches and in the body of durain and clarain.
Fusain is high in ash and is a noncoking conslituent.

9.20. CHEMICAL PROPERTIES OF COAL

The commereial value of a coal depends on its chernical characters. The
main constituents which are determined in the proximale analysis of coal
are: ({) moisture conlent, (if} volatile matter, (#{) fixed carbon, (iv) fuel ratic,
(v} ash content, (vi) sulfur content and (vii) calorific value.

Moisture Content. The moisturc content of a coal can be driven up at
100°C. Tt is highest in peat and lignites, and lowest in anthracite.

Volatile Matter. The volatile matter is that which bums in the form of
a gas, It consists of combustible gases such as hydrogen, carbon monoxide,
methane and other hydrocarbons. These paseous products are driven off
from coal when it is heated in the absence of air to aboul 900°C, The residue
left after driving out all the volatile maiter is called “coke™. The coke consists
of fixed carbon and ash.

The percentage of volatiles in coal varies within wide limits and direct] y
affects the coking quality. Coals with volatile matter less than 185 or more
than 40% are nal good coking coals. Depending on the quality of coke .

produced from coal through carbonization, coking coals are subdivided into
the following groups.

(i) Primary Coking Coal. Coal with volatile content between 22%:
and 33% on unil coal hasis.

(i) Medium Coking Coal, Coal with volatile conlenl between 22%
and 25% on unil coal basis.

i

veiue of ligoite is aboul

© 9.21. ORIGIN OF COAL
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(i) semi Coking Coul. Coal with volatile content hetween 18% and
22, or 38% and 46% on unit coal basis.

Fixed Carbon. When the volatiles and ash are removed from the caal
- ccd carbon is left. It burns with difficulty and gives intense heat In
llx:;racilc the Mixed carbon is about 96% and in lignite it is about 38%.
an ' : : -

Fuel Ratio. Coals contain carbon in two forms: (f) as fixed carbon, and

) s v olatile matter. The ralio of these two is called “fuel ratin”.

Fixed carbon
Volatile matter

the fuel ratio will be the lowest in lignite and highest n

hracite. 11 is the main feature which determines the rank of n:mi'!'he rank
ol al produced is largely determined by the pressure to which it has been
OfI:jESLcdpand the time for which il had remained under such conditions.
sul

Ash Content. Ash is the noncumbustible mineral mfm:r whi.d:.' ‘is.lcit
I:;u_mi.ng of coal. The main conslituents of ash are silt, cl_ay,sliu.a.u;:
aﬂ?r d other mineral substances. Too much ash may put a h{gh rank ©
?: 1:?;:11 grade. High percenlage of iron in the ash produces clinkers.

Sulfur Content. Sulfer is an objectionable impurity of cil, 1[;‘ ;: Imnlxﬂ

nly prescnt in most codls in the form of pyrite Rl:ld muarcasite. r wucison

mod:cc clinkers in the [urnace and yields corrosive ‘sulfx:ruus i _
It::fming. More than 1.5% sulfur excludes coal for making gas or COKE-

i t that
Calorific Value. The calorific value of acu?l is the a_nm:ems ::t;c hf:imc;
the unit weight of coal would produce on burning. It may

i i i . The calorific
in Briti al Uni “T.U., or in calories per kilogram : :
s (71;00 E?T.U. and that of Bilumnous cgﬂl is over

Fuel ratio =

Naturally,

15000 B.T.U.

|ati naterials
i * d by accumulation of plant 1
g f::]rr::f of gua] is the vegeation malier. The

in swamps. Hence the source mate agialndiit 5 i vcgemiiqn
formation of a cval deposit requres ag::\f“th which s pac % wilyin

ey, Thie dupiien B Vegc;::::]? well diswributed throughout the year: -

mode of accumulation of plafii
in-situ theory. and (i) the drift

subtropical climale with heavy I8
There are wo theorics @ €X
malerials 1o give rise {0 coal scams :
theory. :
9.21.1. In-situ Theory
The in-situ Licory SUBBEs
at the place of growth iself in
at the same place where we It
briefly he summarized as follows..

plain the
() the

15 that the vegelation matter had accumuiated

the swamps. This t
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ow find coal scams. The in-situ theary may

f
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(/) The vegctablc maller was accurnulated in the coal forest itself,

(ii) As the land was sinking slowly, the accumulated plant materig)

was kept saturaled with water and therefore it was nol decoinposed
it

and destroyed.

(iify In the course of time,the rate of sinking of land was increased ang

the coal forest was submerged under water. This resulted in the
b Burial of the vegetable matlcr below sand and mud

geological
layers.

(fv} Then uplilting took place and the land emerged out of waler. The
coal forests came into cxistence again and the ah(_wc sa_:d cycle of
coul formation was repeated. In this way atlernation of strata and

coal scams were formed.
Fvidences. The evidences in supporl of in-situ theory are as follows.

1. A huge amount of plant material is accumulating in-situ in the '

swarnps Lhat exisl today.

(2]

with their roots protruding into the underclays.

1. The underclays which are found beneath the cual seams are sup-

posed to represent the original soils on which the vegelation grew.

4. The coal seams contain coal which is relatively pure and free from . =

shale bands. This suggests that the plant material was not
transported along with sediments.

wh

wide arcas sugpests (hat the depositian of the plant material took
place in still waters.

9.21.2. Drilt Theory

This theory suggests thal the plant material was transported by stream

action (rom their place of growth and deposited at suitable places in lak
or sea just like other sediments. :

The coal seams of India are of drift origin. The drift theory may briefly o

be sunumarized as lollows,

() The plant material from the coal forest was transported by waler
and deposited in lakes or seu just like other sediments.

(fi) During transportation the various malerials were sorted out as
usual, in accordance with their specific gravities.

(itf} The pure coal searn was formed in places to which only the lightest
material { plant material ) had access. ;

{tv} A stream with shale bands was formed in places where a tem-

porary change in the water currents and hence the nature of sedi-

menl occured.

In coal scams, the stems of [ossil Lrees arc found standing erect

. The uniformily in thickness and composilion of coal seamns over
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{v) Rapid and [requent oscillatory carthmovenents had given rise 10
several coal seams one above the other separaled by sedimenis.

Evidences, The evidences in [avour of the drift theory are as follows.

1. The rocks associaled wilh coal seams arc distinctly sedimentary.
The coal scam itsell behaves like a sedimentary bed and they are
observed 1o branch out.

2. In some cases the underclays which represent the soil at the roo,
arc not found below the coal seams.

3. The (ossil trees are morc usually found lying at augles other than
the vertical.

9,22, FORMATION OF COAL

The Plant malerials were accumulated in swamps, broad deltas, coastal
plain areas and interior basins. The climalic conditions that favoured large
accumulation of plant material were mild temperate 10 subtropical. The
transtormation of plant material into coal consists in the progressive enrich-
ment of carbon contenl.

" Preservation. The land sank slowly with the accumulation of the plant
material, Thus the plant malerial was kept saturated with water. The waler

or the reducing cavironment protected the plant material from oxidation and
therefore it was not decomposed and destroyed.

Biochemical Change. When plant material falls into water, the decay
starls. But it stops soon as the reducing environment and the lack of oxypen
prevents further decay. In this process the less resistant pans of the plants
such as cellulose and starches are decomposed by the becterial action and
the resistant parts such as wax, resin, and cutin along with woody fragments
sink 10 the botlom of the swamp. Thus the partly decompased plant debris
accunmulates and it gradually wms info “pear”.

Carbonization and Metamorphism. With the passage of time peat
changes slowly into anthracite. In this process mainly chemical changes take
place. These changes are brought about by the increase in the pressure and
temperature which is caused due (o deep burial, Form peal to anthracite the
amnount of nxygen goes on decreasing and the amount of fixed carbon goes
on increasing. !

The change in the rank of coal is largely a result of pressure and lime.
The older the coal, the greater the depth of burial. Thus with the passuge of
titne, there is increasc in the pressure which accelerales metumorphism and
lumns peal into lignite, biluminous coal or anthracite. oy ;
9.23. OCCURRENCE OF COAL & . :

About 98% of the coal produced in India comes [rom the roc!;l:orruhuq_r}s_
of Permo-Carbonilerous age, that is Lower Gondwana sysiem, whn}c .lhc\res}
is oblained from the Tertiary rocks. The coal found in the Lower Gondwana
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rocks are of bituminous type whercas those found in the tertinry roeg |,
lignites, )
Most of the Gondwana coals are noncoking bituminous cogls, Tt
coking coals arc found only in Jharia. Girdih and Bokaro coal fields, Thm
reserves of all types of coal occurring within a depth of 600 meers 'u':

estimated at 120,000 million tonnes. The reserves ol coking coals are aboug

20.000 million tonnes. The reserves of lignile deposits arc estimated 4 be
about 3300 million twaones. The deposits of lignite occur mainly ip (o
tertiary rocks of Kashmir valley, Assam, Madras(Neyveli) and Rajas
than(Palana). g
9.23.1.Lower Gondwana Coal Fields
The Lower Gondwana coal ficlds of India are Isilunlcd chiefly in rjve
valleys. . i
I. Damodar Valley Region. Coal ficlds of West Bengal and Bihar,

(1) West Bengal. Raniganj coal fields. '

(i7) Bihar. Jharia, Girdih, Bokaro, Karanpura, and Daltonganj
coal felds. o !

2. Son-Mahanadi Valley Region. Coal fields of Madhya Pradesh
and Orissa.

(i) Madhya Pr_adesh. Umaria, Singrauli, Korba, Chirmiri
Sohagpur, Bisrampur, Mohpani and Pench- Kanhan valley
coal fields.

(i) Orissa. Talchir coal fields.

3. “'ardhﬂ'GOdaYaﬁ Vﬂﬂe_y Region. C ! ‘ s
. fe
and Maharashra, £ oal fields of Andhra Pradesh

(i) Andhra Pradesh. Singareni coal fields,

(1) Maharashtra, Wardha valley coal fields.
9.24. PETROLIUM

“Petrolium™ |
found in rocksfill :ilth;nlgm'leml (S us'ed f < A1 the sl bydrogarbons
g L mclludcs.Lhe liguid hydrocarbons but gascous and
e ug 10Wever in common usape, (he terins “petroliun’
ol qui ml_. (_Ja.s:eous varielies are called “narural gas™ and

4 ous to solid varieties are called “bitumen™ )

1¢ petrolium s a ¢ i .

b(,;‘u,-. Th]:chydrlilgl::ln:oaplex mixture of h
series is the most (amifjar

ot undreds of dilferent hydrocar-
> several natural scries of which paralin

9.24.1. Oriin of Petrolium

It is now ypie 3
Binate from slow decomposition of lower forms of

——

ORE DEPOSITS 339
marine organistns such as foraminilers, diatoms. algae, ostracads ete. The
process ol formation of petralium may be summarized as follows.

(i} In coastal walers, a Jarge number ol marinc organisms thrive.
" Hence in olfshore sedimentary bhasins huge amount of organic
wmalter is deposiled along with muddy sediments. Because in the
hottom of stagnant water, there is deficiency of oxygen, the ar-
ganic malter is protected [ram oxidation. Under such conditions
anaerobic bacteria extract oxygen from the organic matier and
transform il into fatty and waxy substances.
During the millions ol years of decp burial, the erganic matler is
converted into oil and gas by the slow chemical reactions. The
exact process by which this transformation takes place, is not
known, but it is belicved that becieria, pressure, moderale
lemperatures, and great lengths of time play an important part.

(i)

9,24.2. Migration of Petrolium
The fine graincd muddy sediments in which petrolium vriginates are
called “sonrce rocks". The source rocks of petrolium arc generally shales,
silts, and limestones. The petrolium migrates from the source rock inte
adjacent porous and permeable rocks und accurnulates there to form a pool.
Such permeable rocks ure called “reservoir rocks”. The common reservoir
rocks are sandstoncs, conglomerates, porous limestones, fractured shales,
and jointed igneous and metamorphic rocks. The causes for the migration
of petrolium arc : () compaction of the source rock, (if) bouyancy effect,
(ifi) capillary effect, and (jv) water flushing. In an vil pool, the oil Mouls on
the top of walter and shove the oil there is usually a lens ol natural gas (Fig.
9.17)
9.25. OIL TRAPS
The oil migrates outward and upward from the source rock and passes
into the porous reservoir rock. The migration of ol continues until it meets
a suilable structure where its lateral as well as upward movement is checked.
At such a place the oil accumulates 1o from an oil paal. Such places arc
called “oil traps”. The conditions necessary for the [ormation of an oil wrap
are as follows.
(i) The porous reservoir rocks must havg a favourable structure such
as an anticlinal fold or dome, 1o hulg oil.
(/i) There must be an impervious cap rock to check the upward migra-
tion of oil. The cotmmon cap rocks are shale, clays, sall, gypsum,
and dense limeslone. ¥ E
(i) The structural deformation of rocks must not he very severe,
Intensely fractured rocks may render traps ineffective by causing
leakage. i i
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9.25.1. Types of Oil T raps

The oil traps are classified inlo two groups : (i

, : (1) Struct i
Stratigraphic traps. e P o w
) _Struclur.ul Traps. The suuctural oil traps are formed as » resull gf
!uldmg. faulting and igneous intrusions. The description of same -
lmportant structural traps are as [ollows. l of i

() Anticlines and
Domes. The
anliclines and
domes are the
mosl important
because they
form oil traps
in practically
all the large il
fields of ‘the (Al (B)

Fig. 9.17. @) Gil trap in an anticline, () Qil trap

along a lault.

warld. Here the
oil and gas
migrate up the limbs and collect al the crest below a cx -k [Fi

iy . est below a cap rock [Fig,

(if) }l::azl!r_‘.'.k‘v‘f[’!he:l a fault affects inclined strata, a reservoir rock may
ocked off by an imnpervious shale therchy i i

b reby creating an oil trap

(itf) S;::J Du_mes. Where sg.l'l domes intrude into the sedlimentary rocks

g oil traps are formed. Here the ol accumulales near Iht;

upturned edpes of the reservo ich 2
i oir rock which are sealed by the sal

(iv) Igneous In-
trusions. The
volcanic necks
and dykes may
seal the up-
turmed edges of
the reservoir (&) .

(B)

rock o form oj i
1 0il Fig. 9.18 (a) 0Ol trap near a sali dome.

traps. i
P (8) Ol (rap along an unconformity.

~ Stratigraphic Traps. The straij
I'J‘[ lateral and vernjeg) changes in |
'?.bcsl: changes are cayseq by varialj
bon of rocks. Some of |he importan

graphic oil traps arc formed as a result
he permeability of the reservoir rocks.
ons in the condilinns during the deposi-
! strtigraphic oij traps arc as follows.
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(i) Unconlormilies in the rock sequence olten give rise 1o oil raps
|Fig. 9.18. {(in)].
(#i) The shales
which are the
source rock of
petroliom may
contain lenscs
of sandsione.
The oil may ac-

cumululdc in i s
se sandslo N .
;::fuﬁ [Filj-;c Fig. 9.19. {a) Oil rap inasandsione lens.

; " (b) Ol trap in a sandstone which 1s wedging out
9.19 ()] r g

tif) A porous sandstone may wedge out thereby crealing an oil trap
[Fig. 9.19 (b)].
9.26. PETROLIUM DEPOSITS
In India, resrvoirs of petrolium and natural gas are found in the belts of
Tertiary rocks of Assam, Gujrat, Offshore region of Bombay High, and in
the Cauveri and Godavari dellatic areas.

9.26.1. 0il Fields of Assam
The chief oil lelds of Assam are : (i) Digboi, (1i) Nahorkativa, (i)

Moran, {iv) Rudrasagar, and {v) Lakwa.

Digbai Oil Field. This oil ficld is situated in the Lakhimpur district of
Assarn. It is 13 km. long and about one kilometer wide. It lies on a tightly
folded anticline. The steeper {Tank ol this anticline has been cut by the Naga
thrust in the narthwesl. The Qil bearing formation is the Tipam sandstones
of Miocene age. The source rocks in this case arc probably Barails. In the
Digboi oil field, there are several oil sands and aboul 400 producing wells
of which only 30 are good producer.

_Nahorkatiya Oil Field. This oil field is sitated in the Braluputra
valley of upper Assam. It lies about 40 km, southwest of Dighoi. The oil
deposils occur in an anticlinal structure. There are about 5 oil hearing sands
all lying within the upper part of the Barail sandstones of Oligocene age. lo

the overlying Tipams only gas is found. This eil field is cut into a number
ol blocks by [aulls.

Moran Oil Field. This oil field lies about 4| km., WSW of Nahorkatia.
Here the oil bearing fonmation are the Barails of Oligocene age. A major
fault divides this (ield into two halves.

Rudrasagar Oil Field. This oil field lies about 40 km. southwesl of -
Moran. Here deposits of oil are found in a gentle dome which is cut by = -
several faulls. The oil bearing formations are the Barails of Oligocene age.
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ngeL;kw? Oil Field. Tp.is oil field is sitvated about 20 kin. S5W of Morg
s e ?11 puols arc Ic?und i the anticlinal siructure which s cul b -n'
; . r of faults. The ail bearing horizons occur both in the Tipar A
'ocenc age and Barails of Oligocenc age. e
9.26.2. Qil Fields of Gujrat
The important oil and i i :
- 2as lields of Gujrat are : (f) Ankleshwar oj
» one 1 iy K il 17 : "
(16) Camnhay gas field, (i) Kalol oil ficld and {iv) Nawagam ail ficld e
- &nklwhwar Qil Field. This is the most important oil field of Gujra
5 szsu'uar.ed_tc the south of Narmada river near Broach. The oil puols oicull
3 .mulc_lmul Structure. The oil bearing formations are sands ol Ea :
age. The oil field is abour 20 ki, long and its maximum width is ahout 4?;16

& C:J;E:l;a_:ﬂtds l'l-'liell:l. The Samhu)’gas ficld is situated abour 9 kin NNw
Ca Wn. Huge gas deposits are found in a north-so endi
:?]t}?:‘lne which is faulted on both flanks. The oil and gas I:lcl:-lat;]ulI m:ilcllg

ich arc about 150 meters thick, vecur in the formations ol“Oligoce%m a_i_u;‘s

KE'IEI Oil Field. The Kalol oil field is situated about 25 km. north f

!Ahchm]\;m‘,l\gasdlqgh; dcp.nsns of wil arc found in an elon gated dome trending ?n
: -55 wreclion. This dome is cut by a longeitud] E

0il pools oceur in the rock f ormations of Eocene :J:!gcI SREReRt

Je,hm:j;;jﬁm?;i (}il_:-“ield. This oil field is situated aboul 24 km. south of

ad. The oi i icli o

i pools ncs:ur in an anliclinal structure in the Eocene
9.26.3. Bombay High

Omh.-‘n\rléugc deposits of oil has been found on the west coast of Indiz, in the
,'m;hian :L:ucan;:e,tc]aé:]edkl"ﬂombay High. The Bombay High Iies'in the
5 . u n., Nw ay, is
oherden ot 0 of Bombay. This has proved 1o be the
kj]m:timlio}?iba‘s[hHig_h slru_clure covers an arca of about 2500 squarc
The estinja—rcd :zscrrir:flllof;car:ngl_mckg are the limeslones of Miocene age.
billion o : petrolium in this structyre are af the order of 4
2.26.4. Other Areas

In addiij ! i
lion 1o the above mentjoned o) deposits, there are possibilities

a_lluviaI troughs of Indus, Ganges,
sides these, other Promising areas

9.27. GOLD

hTP!c gold is a precioys metal. Its
4 ung ta hdck up in vyjye the
alst required for the manufacture

o ;mm usc is for <urrency. It s stored
APEr currency. Large guant i
o ity € quantity of gold is
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Mineralogy. The chief mineral of gold is “native gald”. In nature. mative
gold is generally lound mixed with some silver. It is usually associated with
some melallic sullides, such as pyrrhotie and iron-pyrite.

9,27.1. Types of Depusils

Hydrathermal Deposits. The gold deposils are generally ol high
temperature hypothermal origin. The ore occurs as Jodes, veins or guld
bearing quartz reefs in igneous, sedimenlary or melamorphic rocks.

Placer Deposits. The gold also nccurs as placer deposits in streamn beds
or an sea shores.

9,27.2. Origin

In [ndia economic deposits ol gold are found only in “Kolar gold fieid”
and “Huiti gaid field” of Kamalaka. Here gold occurs as gold bearing quarts
veins in hornblende-schists, preenstones and amphibolites of Dharwar sys-
tem. These gold deposits are helicved Lo be of high temperature hypothermal
origin. The mineralization is generally controlled by shear zones and [aults
which strike roughly in the N-5 direction.

9,27.3. Distribution

Practically all the gold produced in India is ohtained from the Kolar
gold field and the Hutti pold ficld in Kamataka.

Kolar Gold Field. The Kolar gold field is aboul 13 km. long and 3 kin.
wide. It is siluated in the central part af the “Kofar-schist beli”. The Kolar-
schist bell forms the easternmost part of the Dharwar rocks of South [ndia
It extends in the NNW-SSE direction for about 80 km.

In the Kolar gold field, the country rocks are mamly dark horublende-
schists. They are folded in the form of a major syncline wilh u number ol
cross folds. The pold occurs as gold bearing yuartz veins which raverse the
country rocks. The gold is mosily found in the bluish grey quartz ol vitrcous
lustre. The native gold is associated with sume metallic sullides such as
pyrrhotite and pyrite.

The gold bearing lodes vecur mainly ol the contacts ol massive am-
phibolites with the schistose amphibolites. Along these contacts, the
mineralization is localized in the zones of shearing, faults, cross folds, and

drag folds.

In the Kolar gold field, there are aboul 26 gold bearing quanz lodes. Of
these only five lodes are of ecanvmic importance. These ludes sirikic i the
N-5 dircction and dip towards the west. The lode which has been worketl
moast is the “"Champion lode”. This is one ol the biggest Inde which vary in
thickness [torm a mere stringer o as much as 12.2 melers. The important
mines of the Kolar gold field arc Nundydroog, Champion reel and Mysure,
The deepest mine is Champion mine which is about 3350 meters deep. i
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the Kolar gold field. the tenor of the orc is about 7.42 gram/tonne. The lota]
reserves of the gold ore are about 10.7 million tonnes.

Hutti Gold Field. This ficld is situated in the Raichur district of Kar.
nataka. Here the gold mining belt is about 3700 meters long and 1220 melers
wide. The country rocks are mainly greenstones and chlorite-schists. These
rocks are folded and the gold lodes are localized along shear zoncs. There
are six important gold bearing quartz reefs. The native gold is associaled
with arsenopyrite, chalcopyrite, pyrrhotite and pyrite. The total reserves of
gold ore in the Hutti gold field are about 1.3 million tonnes. The gold content
of the ore is about 4.8 10 7.5 gmftonne.

9.28 IRON-ORE
‘The iron ore is Lhe second Jargest mineral wealth of India, the coal being
on the top. The possible reserves of high grade iron ore are about 17,630
million tonnes of hemnatite and 1610 million tonnes of magnetite.
Iron is the backbone of modern civilization. lron ore is chielly used in
the iron and stecl industry. Iron is used for making machine, automobiles,
lrains, ships elc.
Mineralogy. The chicl orc mincral of iron is hematite (FeyO,). The
other minerals of minor importance are magnetite (Fe,0,), siderite (FeCO,}
and limonite [FeO{OH ).nH-O].
9.28.1. Types of Deposits
Magmztic Deposits. Deposits of magnetite and titanifcrous magnetite
may accur as mapgmalic deposits in some basic igneous rocks.
Contact Metasomaltic Deposits. The magnetite may occur as contacl
metasomatic deposits is some limeslones.
Replucement Deposits. Deposits of both magnctitc and hemalite may
occur as replacement deposits in limestoncs.

Sedimentary Depuosits. Deposits of hematite, limonite and siderite may
oceur as beds in sedimentary rocks.

R.esidunl Deposits. Deposits ol high grade hematite, magnetite and
imonile may also occur as residual deposits.

9.28.2. Origin '

. Alimost all the major Indian iron ore teposits are of sedimentary and
residual origin. They oceur in the rocks of the Iron-Ore series (Archacan)
and tlnI:ir equivalents. They are closcly associated with the banded-hematite-

Lartziles and are derived from them,

B Thc banded-hematite-quarlzites are of sedimentary origin, This rock
},':';Li.lf,-.zh,({mdzs_lﬂﬁ « iron. Suhs:cqucnl!_v the silica of l-his rock isremoved
- dcpn-sitksd’r;"hlhc umllccplmtcd iron ore is lelt behind 1o form residual iron

Sils. These deposits oceur in beds which are up (o 40 meters thick.
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Thc iron ares consist of massive, laminated and powdery hematite contain-
ing 60-69% iron.

9.28.3, Distribution

RBihar and Orissa. The iron orc deposits occur in Singhbhum district
of Bihar, and in Kconjhar, Sundargarh and Mayurbhanj districts ol Orissa.
In these areas the iron-ores are associated with the banded-hematite-
quarlziles and barded-hematile-jasper. The iron contents of the hematite
ranges from 35-69%. The lolal reserve is about 5700 million wnnes.

Madhya Pradesh nnd Maharashtra. Large deposits of iron ore occur
in Baster and Durg districts of M.P. and in Ralnagiri and Chanda dislricts
of Maharashtra. The total reserves of iron ore in this zone is about 3000

million lonnes. .

In M.P. the important deposils arc in Dhalli Rajhara arca of Durg and
Railadila arca of Baster. OF these, the deposils of Bailadia are of special
importance. These deposits are one of the most extensive and richest
deposits in the world. The hematite af Bailadila contains 65-68% iron. These
deposits arc mostly siuated on high hills. The belt of iron ore extends over
a length of 35 kim and a widih of 9 km. The trend of this belt is N- S. The
ores are mainly massive and laminated hematile which change to blue dust
at depth. The thickness of the ore deposits ranges between 303 Lo 610 meters.

Goa. In Goa region the iron ore deposits are closely associated with
pink phyllitic harizon in rocks belonging Lo the Archacan system. The ore
deposils vceur in a belt 95 km long and 2 km wide. The iron ore deposils
accupy crests and slopes of hills. At the surface the orc is generally hard
and lumpy but in depth it is soft and powdery consisting mainly of the blue
dust. The iron content of the ore varies from 59-62%. The total reserves of
iron ore in this arca are about 397 million tonnes.

Karnataka. The iron ore deposits of commercial importance are found
in Bellary, Bijapur, North Kanara, Chitradurga and Tt_m?ln:u: districts. The
lolal reserves of iron ore in this area are aboul 1430 millions tonies.

Tamil Nadu. Deposils of magnclitc are found in Tiruchimpnli'! :!.nd
Salem districts. The total reserves of magnelite are about 447.7 million
lonnes.

9.29. MANGANESE ORE

Of all the metals used in steel alloys, mangancse is the :
Manganese is mainly used in making high manganese steels and carbon
steels. The manganese sleel is used where hardness and loughness are

: 2 : =
desired, e.g. in the manufacture of armor plate, car wheels, safes, crusher
machine lools cte.

Mineralogy. The principal orc mincru]s
{MnO.), manganite (Mn,0,.H,0), psilom

mast important.

of 'numgmmsc are pyrolusile
elane (MuO.MnO.2H.Oy,
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braunite (Mn,0,.MnSiO;), and wad. Wad is the massive earthy lorm of
manganese oxide.

9.29.1. Type of Deposils

Syngenetic Gonditic Deposits. These deposits ol anpanese are are
found in M.P. - Maharashira zone. They are associated with rocks ol Sausor
series (Archaecan) including gondites. A “gondire” is a spessarite - quartz
rock which is formed as a result of metamorphism of manganilerous sedi-
menl.

Syngenetic Reel Deposits. These deposits are found in Orissa- Andhra
Pradesh zone. They are associated with kodurite rocks. A “kodurite” is a
metamorphic rock which normally consisis of yuarlz, orthoclase, gamel and
MAnganese-pyroxXene.

Replacement Deposits. These deposits of manganese ore are found in
rucks of the [ron-ore series in Bihar and Orissa, and in the Dharwar rocks
in Karmataka and Gaa.

Lateritoid Deposits. These deposits nceur within lateritic cappings and
are ol residual origin, Lateritoid deposils arc associated with almost all the
ahove deposils.

9.29.2, Origin

The manganese ore deposits of India are essentially of sediuncntary and
residual oripin, Originally the manganese was deposited as manganilerous
sediment and later it was melamorphosed. Where the manganilerous sedi-
menl was pure, directly oxide ore, mainly braunite was formed but where
the manganiferous scdiment was impure, gondites or kodurites were formed.

The gondite is o metwnorphic rock which consists of spessartite,
rhodonile and quartz. The gonditic manganese ore deposits are {formed {rom
the oxidation of gondites. During weathering, most of the silica and alumina
arc removed and manganese minerals, chielly psilomelane, pyrolusile and
wad are formedl. In this way residual enriclunent deposits are formed at many
places.

9.29.3. Distrihution

Extensive deposits of mangancse ore are found in India. The total
reserves of mangancse ore are cstimated at about 135 million tonnes, of
which about 100 million tonnes are in the NLP.-Maharashira zone and 35

million tonnes in the other areas. The deposits of mangancse or

: : e oucur
mainly in the following zones.

Madhya Pradesh-Maharashtra Zone. Rich deposits of mangancse orc
oceur in Chhindwara and Balaghat districts of M.P., and in Nagpur and

Bkllaudzllra disl:iu}s of Maharashtra. These deposits are associated with rocks
ol the Sausor serics wicluding pondites.

el These deposits are mainly of primary
bedded type and are the 1nos important

both from reserves and quality point

_ used mainly in the electrical industry and for making various metal alloys,

isserminatiops.
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ol view. In Ihis 7onc the reserves af manganese ore are of the order of 100
million lonncs and manganese conlent of the ore is about 455

Bihur-Orissa-Andhra Pradesh Zone. In this zone the deposits of

mangancse ore e found in the following arcas. These deposits nccur mmastly
in association with rocks ol the Iron-ore series.

() Wihar. Chaibasa area of Singhbhum district.
(i) Orissa. Keonjhar, Gangpur and Sundargarh districts.
(iif) Andhra Pradesh. Shrikakulam and Vishakhapatnam districts.

Karnataka-Goea Zone. Economic deposits of manganese ore are found
in North Kanara, Chitaldurg, Simoga, Tumkur and Bellary districts of Kar-
nataka and in south Goa, These deposits occur in rocks belonging 1o the:
Archaean sysicim.

9.30. CO'PER ORE

Copper is onc of the very essential elements in modem industry. In is

such as bronze and brass.

Mineralogy. Mineralogically copper ores can be divided into four
groups: (i) native copper, {if) sullide ores, (iif) oxidized ore, and (iv) complex
ore. OF thesc sulfide ores arc the most valuable. The ares in which copper
is found admixed with Pb, Zn, Au, and Ag are called “complex gres”. The
principal copper ore minerals are chalcopyrite (CuFeS,), chalcociie (Cu,S).

hornite (CusFeS,), cuprite (Cu.0), malachite |Cu.COL(OH).]. and azurile
[Cu,(CU;)Q(DH)gj.

9.30.1. Types of Deposits

Magmatic Deposils. The copper-nickel deposits of magmatic origin
ouveur in some mafic igneous rocks.

Hydrothermal Deposits. The copper ore deposils of hydrothermal
origin are most common. These deposits oceur as cavity filling and replace-
ment, und the mincralization is gencrally in the forn of massive lodes or

Oxidation und Supergene Enrichment Deposits. Many copper
deposits show signs of exidation and supergene enrichment.

9.30.2. Origin

Most copper deposits of [ndia are of hydrothermal origin. In these
deposits Ui¢ replacement dominales over cavity filling. Most copper deposits
have undergone oxidation and some supergenc carichment, Copper deposils.
generally show complex gecometrical shiapes. The mineralization is common- -
ly in the form of stringers, disseminations, veins and ma_s.s'u-'e lenses.




PRINCIFLES OF ENGINEERING GEQLOGY

348 /5/‘3-\‘%2/ S‘/ S‘JQ?\“

9.30.3. Distribution

The important copper orc deposits of India are as follows.
1. Singhbhum copper belt of Bihar.
2. Khetri copper bell of Rajasthan.
3. Malanjkhand copper deposits of Madhya Pradesh.
4. Agnigundala copper deposit of Andhra Pradesh.

5. Sikkim copper deposil.

Singhbhum Copper Belt. The Singhbhum copper belt of Bihar is 128
km long. It extends from Duarpuram in lhe west through Dhalbhum to
Baharagora in the SE. The six main mines of this belt from south o narth
are: (1) Badia, (i) Dhohbani {fif) Mosabani, (fv) Pathargora, (v) South Surda,
and (vi) Surda. -

The veins and lodes of copper occur within soda granite, quartz schist
and epidionics belonging (o the lron-ore series. The copper ore is mainly
chalcopyrite which is associated with magnetite, pyrite, pyrrhotite, pentlan-
dite and arsenopyrite. The ore contains 2.5 - 1.5% copper.

In the Singhbhum copper belt, the copper mineralization is controlled
by the shear zone and the are shools are parallel to the slip direction. Tt is
believed that the soda gramites and granophyres are responsible for this
mineralization. In this belt the total reserves of copper ore arc-about 100
million tonnes.

Khetri Copper Belt. The Khelri copper belt of Rajasthan is situated in
Jhunjhun and Sikar districts. It extends over a distance of B0 km in the
NNE-SSW direction from Singhana to Raghunathgarh. The richly mineral-
ized areas of this belt are Madhan, Kudhan, Kolihan, and Akhwali. The main
ore mineral is chalcopyrile which is associaled wilh pyrite, pyrrhotite and
secondary »bper mincrals such as azurite, malachite, covellite and chal-

cocite. The copper content ol the ore ranges trom 2.46% to 0.8%.

The ore badies occur in highly folded and faulted phyllites, schists and_
quartziles belonging to the Delhi system of Precambrian age. The

mineralization is localized in the fractures and shear zones related Lo the
major faults. The lotal reserves of the copper ore in the Khetri copper belt
are bout 226 million tonnes.

_ Malanjkhand Copper Deposit, The Malanjkhand copper deposit is
sil_uau:d in the Balaghat district of Madhya Pradesh. The chief rock types of
this area arc Chilpighat metasediments, granite, basic dykes and quartz veins
of Archacan age. The metasediments are folded in an anticline which plun-
ges in the WSW direction. This lold is traversed by a number of faulis. The
hj_ome granite exists in the core of this anticline.
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The predominent rock of the Malanjkhand arex is biotite granite. The
copper nincralization is in \he form of specks and veins of chalcopyrite in
the crushed quartz veins. The mineralizalion is localized 1o the fracluzes apd
shear planes in he quartz veins in the vicinity of faults, The chiel ore mineral
ig'ij;j_f__c&pﬂc with subordinate qua rnegean s

5 of galena, sphalerite and molyb-
denite. The capper conlenl of the ore is about 1.35% . The total reserves of
the ore are aboul 140 million tonnes.

Agnigundala Copper Depaosit. This copper belt is situated at the NE
extremity ol the Cuddapal basin in Guniur district, Andhra Pradesh. [n this
belt lead ores are also associated with the copper ores. The mineralizalion
is chiefly confined 1o quanzites and dolomites of Upper Cudapah age. This
mineralization is in the farm of disserinations and stringers of chalcopyrile
in steeply dipping guartz veins which Iraverse quanzites and dolomites. The
chiefl ore mincrals are chaleopygite and bornile with minor ammounts of pyrite.
galena and sphalerite. The copper content of the ore is about 1.33%. The
total reserves of the capper ore are about 14 million wnncs.

Sikkim Copper Deposils. In Sikkim, deposits of copper ore are found
in Bhotang, Dik-Chu, Chakong, and Ranpit valley arcas. The minzralization
mainly occurs in slates, phyllites and schists of Archasan age in the vicinity
of large pranite intrusives. The lodes and stringers ol copper ore are found

in quartz veins which traverse These rocks. The chiel ore mineral is chal-

‘copyrite. It is associaled wilh pyrile, pymhotite, sphalerile and galena. The

copper content of the are ranges from 4% 1o 6.8%.
9.31. LEAD AND ZINC ORES

Nex! 10 capper, lead and zine are the most essential nonferrous metals
that ar¢ used in modern iodustey. The chief uses ol lead arc for storage
balteries, ammunition, elecirical cables, pipe, solder, and lead pigments.
Zinc is used mainly in galvanizing and die castings. [t is alloyed with copper
Lo form brass.

Mineralogy. Musl of the lead and zinc metals are obtained from either
the sulfide ores or fromn their oxidation products. The sullide ores are galena
(PbS) and zinc blende (ZnS). The zine blend is also called sphalerite. The
oxidalion compounds are cerrussite (PbCO;), anglesite (Pb5Q,), smithsonite
(ZnC0Oy), and zincite (ZnO).

Galena and zinc blende are comunonly found wgether, and form mixed
lead and zine ore deposits. The galena frequently contains some silver and’
such ores are called “argentiferous galena”. Pyrile and chalcopyrite are
commonly fpund in association with galena and zinc blende. ;

9.31.1. Origin )
Most of the deposits of lead and zine ores are of hydrothermal origin,

The galena and zine blende are commonly deposited by low lemperature ' ;:. e

hydrothermal solutions. The deposits of lead and zing ores mostly occur as
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cavity [illings and replacement in limestones and dolormites. Many deposits
may show signs of oxidation.

9.31.2. Distribution

Although lead and zine ores occur al several places in India, the main
producer of the ore is Zawar belt of Rajasthan. The important lead and zine
deposits of India are as follows.

1. Zawar belt of Rajasthan.

2. Amba Mata deposit of Gujrat.

3. Sargipalli deposit of Orissa.

4. Agnigundala deposit of Andhra Pradesh.

Zawar Delt of Rajasthan. The Zawar helt is situated in Udaipur district
of Rajasthan. The bulk of the lead and zinc ores produced in India, is
obtained from this belt. The Zawar hell extends for a distance of 20 km and
its imponant ore bearing arcas are Mochia Mogra, Baori Mogra, Balaria and
Zawar Mala. Ol these the Mochia-Balaria area which extends for a length
of 6.4 km is the most productive.

In the Mochia-Balaria area, the country rocks arc quarlzites, dolomites,

slates and phyllites of Aravalli system. In these rocks the quarle veins ure
very common. The mineralization is largely conlined to the dolomilic

horizon. The ore occurs largely in the form of sheeted veins. The mineraliza--

tion lollow the lines of bedding and fracturcs of the shear zones.
Dariba-Rajpura belt is also in Udaipur district. The belt is a continuation
ol the Zawar lead-zinc belt. Here the lead and zinc ores occur in tolded
graphilic mica-schists and dolomiles, The mineralized belt of Dariba-Raj-
pura is about 17 km long and it oceurs on the western limb of’ a major lold.
The mineralization contains sphalerite, galena and chalcopyrile with minor
amounl of pyrite and pyrrhotite. Here cadmium, arsenic and antimony ores
occur in association with the Pb-Zn ores. The Pb-Zn ores are localized within

the praphitic schists and in a fault zone between these schists and dolomitic
rocks. 5 ;

) _Thc lotal reserves of the lead-zine ores in the Zawar belt is ahout 116
million tonnes. The average Ph—7Zn conlent of the ore is about 3.

Amba Mata Deposits of Gujrat. In Gujral, a multitmetal deposit of Pb,
Zn and Cu occurs at Amba Matn in Banaskantha district, Here the galena-
sphalerite-chalcopyrite mineralization occurs in the biotite talc-schists of
Delhi age. The mineralization is controlled chiefly by the strike faults
traversing the southwestemn limb of 4 cross folded s:.fnclin& In Amba Mata
arca, the total reserves of the ore are aboul 5.5 million tonnes with average
metal (Pb + Zn + Cuj cantent of 9.5,

Saryipalli Deposits of Orissa. This
district of Orissa. In this area the country

deposit is situated in Sundargarh
rocks are durk grey quaniz-biotite
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sehists, biotite-chlorite schusts and dolomitic hmestones belonging o the
Gangpur serics. These rocksare usually folded and laulted. The galena is
commoenly concentrated in the dark schists along shear cones. The ore oceurs
in the form of lodes, veins and sinngers which show pinch apd swell
structure. [n addition to palena, minor amounts of sphalerite, chalcopyrite
and bornite are also [ound, The tol reserves of the ore are about 5.6 million
tonncs with mn average grade of 3.7 % lewl inctal,

Agnigundala Deposits of Andhra Pradesh. The Agnigundala deposit
is situated in Guntur district of Andhra Pradesh. Here the host rocks are
dolomites and dolomitic fimestones. The galena occurs in veins and siringers
along with small amounts of chalcopyrite, sphalerite and pyrite,

9,32. ALUMINIUM ORL

Aluminium 15 a light, strong and durable metal. These propertics
1gether with its electrical conductivity make it a popular modern metal. It
is used mainly in the aircrall construction, in the electrical industry and lor
making kitchen ware. Bauxite is used in the manufacture of abrasives,
refractories and chemicals.

Mineralogy. The typical minerals of aluminium are gibbsite
(A1;0,.3H,0),bochmite {A1,0,.H,0) and diaspore [AIO(OH)]. “Bauxre” is
a rock which contains a mixture of gibbsite, boehmite and diaspore minerals,
In bauxites the alumina contenl varics considerably.

Bauxite (AL,0;.2H,0) is the major ore of aluminium. It occurs in
association with laterite. “Laterite” is a weathered rock product in which
Al,Qy is below 40% and Fe,O, is between 20-30 %. A laterite containing
above 50% AlQ, is ealled bauxite. Bauxile oceurs in three forms @ (D
pisolitic, (i) sponge ore and (ifi) aoerphus or clay ore.

9.32.1. Origin

Bauxite deposits are of residual origin. They are formed at or near the
surface by weathering under tropical or subtropical climate. Bauxite deposils
arc produced from rocks which are rich in alumina such as granite, syenile,
gneiss, shales, hasalts, ete. During weathering Lhe rock silicates are broken
down, silica is removed, iron is partially removed, and alumina along with
titaniwin and ferric oxide become voncentrated in the residue. This alumina
rich solid material is called “Bauxite”. The conditions necessary for the
formation of a bauxite deposit are us follows. ’

1. The source rock must be rich in alumina, )
2. The climate should be hwnid tropical or subtropical,
3, There should be abundant precipitation 1o cause break down ol
rock silicates and solution of silica at specific pH and Eb condi-
Lions. = E

4. The terrain should be flat o permt slow downward inﬁllralk}li.
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istribution |

?Jzzt:c ::sis of mode of pccurrence, the bauxite dﬂposi|§ g .
sified into threc proups |

n “planier deposfel‘s“'. ;

sratified bedded deposits WiE

“pocket a‘epo:irs"' which occupy

stopes and delomiles.

hich oceur at or near the surface, .
hich lie on erosional unconformities, gy 1
solution or erosional depressions in |;

w

Most of the [odian pauxite deposils are tbc blunkel deposits which
1 the tops of Deccan trap plateaus. In India, the total reserves of p
:m about 1900 million lAnes. The major bauxite deposits are as folle

(i) Bihar. In Ranchi and Palamau districts. In Lohardaga
Ranchi district, hauxile deposils occur In the laterite cappi
the tap of granile and gneisses, I

{if) Madhya Pradesh. In Surpuja, Bilaspur, Shahdol, Mand
Jabalpur districls, Large deposits of bauxile are foun
Amarkantak plalcau which falls in Mandla, Shahdol and B
districts. Here the bauxite deposits occur in the laterite capy
over Deccan traps. :

(iif) Muharashtra. In Kolhapur, Ratnagiri and Kolaba districts.
hauxite deposils occur in the lalerite cappings on the Deccan i

(iv) Orissa. In Sambalpur, Koraput and Kalahandi districts
bauxite deposits occur as lenses and pockets in the kho
rocks. g

(v) Andhra Pradesh. In Visakhapatnam district. Here bat
depasits oceur over khondalite rocks.

(vi) Karnataka, [n the Westem Ghat belt of Belgaum, North
and South Kanara districts. These bauxite deposits arc
from the Deccan trap lavas.

(vify Tamil Nadu, [n Shevaroy hills in Salem district. These
depasits are derived from the charnockiles. :
933, CHROMITE,

chmlnhmm”e is un important ore of chromium metal. 11 is used for
e-sleels, refractory materials and chromium chemicals. T8

chromium imparts
S strength, toughness, he islance o OX
and comosiop, ghness, hardness and resislance

Mine " :
chromite ;::-:i{lfjgi:mm [chrzoad is the only ore of chr('utliuuﬂ'lfl:'Si
Focks in the fDr[1:| o lur only in wltrabasic or closely related aqa _.
amples of ultrahgsi enses layers, massive veins and disserninat}

Sic rocks are peridatite dunile, pyroxenitc and seTP

ORE DEPOSITS o
9.33.1. Origin
Almost all primary chromite deposits 'hiat oceur within ultrabasic rocks
are of magmatic origin. They usually vceur as magmalic segregation ot
dissemination. Chromite also forms placer depasits because it is h:n\ it
resists chemnical weahtering. ) &
9,33.2. Distribution

() Orissn_‘ [ is the major chromite producing area in India. The
ch.ro!nue deposils oceur in Keonjhar, Cutiack and Dhenkanyal
districts in alc-serpentine rock among the Iron-ore series. The ore
is of high grade with 40—350% Cr,0,.

(ii) Bihar. In Bihar the chromile deposits are found near Jojohatu an!
Roroburu areas of Singhbhum district. These deposits oceur in
dunile and saxonite which intrude into the rocks of [ron-ore series.
On the a\'cmge_me ore of this area contains about 53% Cr,0,.

(#ii) Muharashtra. The chromite 4eposils arc found in Ramagiri and
Bhandara districts. The chromile is worked near Pauni in Bhan-
dara district. Here chromite occurs as thin layers in serpentinites
of Sakoli series. The ore is of variable composition with Cr.0,
between 35% to 50%.

(iv) Karnataka. [mportant chromite deposits are found in Hassan and

Mysore districts. Chromile occurs in scrpentinized peridotites and

amphibolites among Dharwars.

Andhra Pradesh. In Andhra Pradesh chromite deposits arc found

near Kondapalle in Krishna district . Here chromite eccurs in

serpentinized ultrabasic chamockites.
(vf) Tamil Nadu. In this stalc, chromite deposils are found near Siam-
pundi in Salemn district. Here the chromite occurs in anorthosiles

and pyroxenites which are intruded as shecls in the biolile-gneiss.

9.34 MICA
Mica is a hydrous silicate of aluminium with varying amounts of K, Na,

Ca, Mg and Fe. It is characterizcd by a perfect basal chenvage. Mica occurs

in the form of books ar large sheets in pegmatites where it'is associated
mainly with quartz and felspars. There are several varieties of mica,

1. Muscovite (K, Mica). 1t is a colourless transparent mica.

2. Biotile (Fe, Mg, Mica). [t is a dark coloured or bluck mica.
3. Phlogopite (Mg, Mica). It is an amber coloured mica.

4, Lepidolite (Li, Mica). i is o pale coloured mica.

OFf these the muscovite and phlogopite are of greal emmnic_val.u:.
Mica is chiefly used in the manufacture of electrical goods whzrl_: ‘I[ﬁ:.nfe,s i
as an insulating mediuns. It is also used in plastic and rubber industries, .

(v
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9.34.1, Origin

The rmain sourc

ic roc

within the mcmmorphu‘n e
The pegmaliles are the intrusi

mercial mica.is the pegmatiles which e
e of ci’:‘ such as schists and gneisses of Archaean 5 v/
By jencous bodies which are formed from, ok
i 2. The magma which is. left in the las..l stage 0.1 crystal.
[ate chlfjua[l;:jg.;r;;, residual magmia”. This magmi mostly containg Silica i
:;IFJag[fl}:IsI If\iz:er. carbon dioxide and rare elcmtn;s_
Fodlil

9.34.2. Distribution

India, deposits of mica occur in three important belts: (f) mica bely
In India, ¢

- Bihar. (i) mica belt of Andhra Pradesh, and (ifi) mica belt of Rajasthay

¥ B'hc.'f- f Rihar. This belt extends in the ENE-WSW direction for

Mica Belt & 8 e k. It width is about 20 krm. This mica belt siartg

a ..'jis‘.lnc':lﬁf_a_":"f_""_'[1 m_ the west and runs through Hazaribagh and Mon_gyr
[r.ﬂm- G_a}‘.l cIB:;::;IF”r district in the east. The cnunL.r}' rocks are main]

dl._ﬂ[rl(.;l:hil;]“ i ;rchatﬂ-ﬂ apc. These rocks have been intruded by dykes of

mIca-s EIL - " 5

metadolerite und pegmatites. .

Bih:r mica bell contains mica of rub)f—red cc_}lfl;ur. TJ-IE\,'T:I‘T::];T]:J,
deposits of mica are found in those pegmaliles wh1lc u?iicb;h i mi“]c‘n.h
schists and mica-gneisses. There are ahoul 600 mmes‘u}'l{' s el ,h he B g
activities are mainly centred in the Kodarma arca ol Hazaribag :

Mica Belt ef Andhra Pradesh. In A1.1dh;1r ?mdcsh, Ilhr: m:czll is r:hla:lnftﬁl
chiefly from the “Neflore-mita-belt”. This belt is about 96 km (:Jngs, an 1
km wide. [t extends in the NW-SE direction between Gudur an ang f
The host rocks are mica-schists, chlorite-schists and homblcndc-gnc;sscs'?
Archacan age. These rocks contain sheels, lenses anEJ masses of pegmarite
which contain mica. The common Nellore-mica is ol green colour.

Mica Belt of Rajasthan. In Rajasthan, deposils of mic:l‘l are fuund_ m
Ajmer-Merwara, Mewar, Jaipur and Bhilwara districts. The mica pcglmult:j
oceur as intrusives in the gneisses and schists of Archacan age. The usual
quality of mica is of the ruby-red type bul green mica is also produced in
siniall quanlil}-‘ i
9.35. METALLOGENIC EPOCHS

Cycles of erosion, deposition, folding, faulting, igncous activity and ore.
deposition have been repeated through geologic time. These cycles of nl’é
lormation have given rise (o melallogenic epochs. :

_Mostaf the mincral deposits of one type are formed in regions during
definite periods in the earth's history. Such deposits constitute the “meidy
logenic epachs™. For ~xample, the chromite deposits found in the Archaealt
Tocks are ~f{iiated (o ulirabasic igneous rocks, They are formed in mgio'm
“ wrustal disturbance daring period of igncous intrusion. These deposits:
conslitute g etallogesic epoch, |

e

L
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The deposils of coal, iron ore, and manganese ore are of sedimentary
origin. They arc formed during periods of quiet sedimentation. Hence they
also constitule metallogenic epochs. However, the ore deposits formed due
to weathering, do not form any meuwllogenic epoch because Lhe process of
wealhering has operated at all limes in the earth's history.

9.35.1. Metallogenic Epochs of India

Archaean Period. In India, several melallogenic epochs have been
recognised in the Archacan period. Periods of 1gneous activity and accom-
panying ore formation alternaled with periods of sedimentation and accom-
panying miner:l deposition. All the important deposits of Fe, Mn, Au, Cu,
Pb, Zn, Cr, and mica were formed in this period. In the shield areas of India,
the five main belts of Archacan rockformations are: () Kamataka and
adjoining states, (if) Eastern Ghat, (ifi) Singhbhum-Gangpur area of Bihar
and Orissa, (iv) Nagpur-Durg arca of central India, and {v) Aravalli beli of
Rajasthan. In these belts the following epochs of ore formation have been
recognised. )

(f) Sedimentary-Metamorphic Deposits. The deposits of iron and
manganese orc found in various regions in the Archaean rocks,
are of sedimentary-metamorphic origion.

() Magmatic Deposits. The Archaean rocks have been intrudea by
basic and ultrabasic rocks which have given rise to magmatic

deposits of chromite, nickel, and titaniferous and vanadiferous
magnctite,

(iii) Hydrothermal Deposits. The Archagan rocks contain economic
ore deposits of gold, copper, lead, zinc and uranium. these
hydrothenmal deposits are believed to have been derived [rom the
granitic and gneissic intrusions.

(i) Pegmatitic Deposits. The deposits of mica bhelong to this
calegory.

Cuddapuh Period. The main Cuddapah basin is situated in Andhra

Pradesh. The important mineral deposits found in the cuddapah rocks are
copper, lead, zinc, asbestos and barytes. )

Delhi Period,, The Delhi rockformations oceur along the Aravalli moun-
tains in Rajasthan, These rocks contain mainly the hydrothermal deposits of
copper, lead and zinc. The mineralization is caused by the acid magmatism,

Yindhyan Period. -The Vindhyan rockformations show extensive
development in central India. Ne major metallogenic epoch has been recog-
nised in this period, =" :

Gondwana Period. The Lower Gondwana rocks conlain coal seams.
The coal scams are formed during periods of quiet sedimentation. Hence
they constitute a mineralogenic epach. el
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9,36. META
The regions where

LLOGENIC PROVINCES
mineral deposits of specific Iypes are foung -
; snces”. A metallogenic provj
antly, are calted "metaliogentc provine _ e
t:::::n‘m .:rr;"mnmm ol more (han one cpoch. Examples af met ally
provinces of India wure as follows. .
1. Bihar-West Renpal Arei. Th1§ arca may _bc regarded as 5
: province, as ozt of the coal fields of India are concentry

this region.

"2, M.P.-Maharasht
panese province,

ra Area. This region may be regarded as
as larpe deposits of manganese ore are sig

in this area.
3. Karnataka. The Kolar gold field may be regarded as
provinee.
REVIEW QUESTIONS
1. List the commoun processes of formation of mineral deposits. Descri
placer deposits in detail,
2. What de yon understand by ore and gangue minerals? Give exam|
Descrihe the ore deposits formed hy weathering. ;
3. What is & hydrothermal deposil. Give the classification of hydrotherm

deposits. Describe the vein deposils in detail.

4. Give the classification of the procysses of formation of mineral
Ueseribe cither the magmatic deposits or the supergene earichment dej

tn

Describe the various chemical properties of coal which determine il ¢
mercial value. Give the occurrence of coal in India. ;
6. Give the various theories about the origin of coal. Out of these theories
is applicable 10 [ndian coals and why?

% What_is a hiwminous coal ? Write ahout the banded cooslituents ©
Explain the origin and mode of occurrence of coal seams. ;

8. Write short notes on the following.

Tenor, Cnrluacl metasomatic deposits, Gossan, Rank of coal, Rep
deposits, Fissure vein, and Oil traps,

9. Deseri
scribe the factors that coatrol the mineral localization.

- Deseribe in briel the origi .
i ongin and i
petrolium oceur in India, B o

L. Describe in Hrief about

L the indusirial igi
distribulion of chmie. Ui Saging mcle e LigES

ORE DEPOSITS

. What is bauxile 7 Where does bauxile oceurs in India? Write aboul the origin

. What do you understand by base metal deposits 7 Describe the origin and
. Describerwith skeiches the geological conditions favourable for accumulation

. Wrile a brief essay on the occurrence of petrolium depasits in India,

. Name Lhe important ores of copper. Describe the origin and mode of oecur-

. Descobe the iron ore or manganese ore deposits of India with special refes-

57

of bauxite.

nceurence of the hase metal depasits of India.
of petrolium.

What is petrolium 7 Discuss 1he modern theory of petrolivm formation,
Describe the process ol its accumulation,

rence of copper ores with reference (o the deposils in India.

enee 1o origin, mede of occurrence and distribution.

Indicate the important peoclogical periods or epochs when fonmation of
mineral deposits of econemic importance took place in india.

Write short nates on the following,

Metallogenic epochs and provinces, Geold deposits of India, Migration of
petrolium, Bombay High, Mica deposits and Conirols of mineral localization.
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I. Geolopy provides a systematic knowledge of conslruet
material, its occurrence, composition, durability and other pro
ties: Examples of such construction materials are building sta
road metal, clays, limestones, and laterite. :

e

- The foundation

Tollows.

The knowledpe of the geological work of natural apencics
as waler, wind, ice and earthquakes helps in planning and carry.
out major civil engineering works. For example the knowledg
erasion, ransportation and deposition helps greatly in solving
expensive prohleins of river control, coastal and harbour work

10.1. GEOLOGY AND CIVIL ENGINEERING

The value of geology in “Mining” has long been known but jig
“Civil Engfneering” hus been recognised only in comparatively
years. The importance of geology in civil engineering may bricfly

soil conservation,

. Ground waler is the w
The knowledpe abour jrs qu

and many other ¢jyil engineering works,

dircetly concerned

be huill. In these WO

Plore the ground

the siabilj;
and structure of Toc

£, conslructin

problems of dams, bridges and buildings
geology of the arca where they are
rks drilling is commonly underiaken 1o €

I condilions. Geology h r in interpre
ing the drilling (. SR

with the

¥ ol culs and slopes, the know

ks is very necessary,

ater which occurs in the subsurface ro
Ay antity and depth of occurrence
required in conuection with walcr supply, irrigation, excava

£ roads, canals, dacks, and in dcleﬁniﬂ__
ledge about the nmmﬁ

ENGINEERING GEOLOGY a5

6. Before starling a major enginecring project al a place, a detailed
geolagical repont which is accompanied by geological maps and
sections, is prepared. Such a report helps in planning and con-
structing the project.

7. The stahility of the civil engincering structures is considerably
increased il the peological features like faults, joints, bedding
planes, [olding, solution channels, etc. in the rock beds are proper-
Iy located and suilably treated.

8. In the study of soil mechanics, it is necessary to know: how Ihe
soil materials are formed in nature,

9. The cost of enginecring works will considerably be reduced il the
geological survey of Lhe area concerned is done before hand.

For a major engineering project precise geological survey is carried oul
and the results thus cblained are used in solving cngineering problems at
hand. Although the geological work is done by an engineering peologist,
this does not mean that the civil engineers have nothing to do with the
geology. For the civil engineers, the knowledge of geology is essential for
understanding the geological reports and for using the geological data for
solving engineering problems. If adequate geological investigations are car-
ried out before constructing major cngineering works, many disaslers can
be prevented and human life and properties can be saved.

10.2. BUILDING STONES

The building stones are products of rocks thal are used in constructing
buildings, dams, bridges, etc. The rock material used for construclion in-
cludes : (f) building stones—in the form of masonry blocks, (i) rubbles —in
the form ol small irregular fragments, (iif) crushed stones—o make con-
crete, and ({v) limestones—to make lime and cement.

10.2.1. Properties of Building Stones

In order 10 select the rock material for construction, the properties |J_m[
are commonly examined are : {f) mineral composition, (i} lexture, (£if)
structure, (iv) porosily, (v) permeability, (w) durability, (vii) strength of rock,
and (viify heal resistance. ; :

Mineral Composition. The rocks are aggregates of mincrals. if the
mineral constituents of a rock are hard, free from cleavage and resistant (o
weathering, it is likely to.be strong and durable, The rocks which are rich
in weak minerals, such as micas, chlorite, talc, felspars and cla‘_.f mincrals,
are not durable. i S e .

Texture. Fine grained rocks are generally more dense and stronger lh:m ¢
coarse grained rocks. It is for this reason that the basalts an_l.i dol_c:flfe__s._ are
widely used as road metal. : fa
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Structure. Many rocks conlain :'-T._mcmrecsl . ;
like stratification, lamination, fuh'auo_l; u::lzv |
cleavage. Such rocks bear gr:atcr lmd.‘; i o
are placed in the construction parallel 1© = .
planes of weakness (Fig. | ¢.f). Further, s'm : .

ks may scale badly :
(A)

|laminaled or panded rOC
rks with the T

due to weathering, it will not be wise o place
them in the civil engineering Wo
cleavage or bedding planes vertical.
Porusity. The porosity of a rock is the
ratio of the volume occupied by pores 0 the | . 8
total valume of the rock sample. TLis generally E|g, 10511 (f,) High erushin
. expressed in percentage of the volume of the  Strength, s(lr)erlljt: crushing
sample. If W, is the weight of the dry rock gth.
sample, W, is the weight of the sample when it s nade saturated with wat
and V is its Lotal volume, the porosity P can be determined as [ollows.
W, - W,
P=—1—"

100

A less purous rock is generally more durable and strong ‘and theref

it is preferred for construction purposes.

Strength of Rock. The strength of a rock is determined by knowing
crushing strength, shearing strength and resistance 1o abrasion. The “c
ing strength” is the resistance offered by a stone to pressure. The resis
offercd by a slone to shear stresses which tend lo move one part o
specimen with respect to the other, is called “shearing strength”. The stone
which are 1o be put in the foundation of civil engineering structures, m
have high crushing and shearing strength. For making road metal the rock
having high crushing strength are selected. ¢

The resistance of a stone to scratching or rubbing action is called i
resistance to abrasion”. The stone used for paving and flooring purposes
must have high resistance o abrasion, : 3

” Ifermenhilily. Permeability is the capacity of a rock to transmil w4
otflt?;::liam]: Ih;]:-asc with which the water can percolate through the open
o Li::cc ;u ' e pe;neabn]nly of rocks is perticularly important ina n
e ¢ problems such as those conaected with dams, reservo
PPLY. sanitary enginecring and other structures. The permeable roc

are considered harmful because :
they cause I i g
lead to the destruction of 1he strucgurc e

Durability. abili :

o smng:l: :n (;ﬂ;e du.:abllny of a slone is its capacily (o retain its origi

do not resist w:a:heppemncc throughout a long period. Some rocks whi

s ning, decay and loose strength early. The durability off
: ¥ related to its minerg) tomposilion and texture '

—
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In cald countries the frost action plays an important part in disintegrat
ing rocks. Th'-} water which enlers into the openings of a rock, lteezes dugrli-ng
the night. On freczing it induces ensile stresses du ich

c o whicl ;
e ks h cracks develop

Building stones in big cities are severely affected by carbon dioxide and

" gulfur dioxide gascs which are released imo he atmosphere by various

industrics. The calcile present in the limesione
2 3 5 and marh -
formes into sulfate and scaling may result, les may be wans

During continucus rain the pores in a sione may be filled with a

" saturated salt solution. Then the crystallization of sall occurs which causes

disintegration of stoncs, s

Heat Resistance. When rocks are heated 10 a high temperature and the
cooled, they may el damaped. This is perticularly the case if they are ri c?n
in minerals like calcite and [elspars. The rocks in the order of dicrmsi
resistance to damage by fire are sandslones, granites, limestones, gneiss ;ﬁ
marble. R

10.2.2. Rocks and Bujlding Stones

The rocks which are commonly used for co i

Yy 1

e nstruction w(.:n'im are as

(f) Granites. Granites are used-for construction purposes on account
of their high crushing strength, low porasity and pleasing pink or
prey colours, They are capable of taking good polish. Granites are
commonly used for massive masonries, and for architecnral and
oru:.uncnm] work, The granites occur abundantly in regions oc-
cupied by the Archaean rocks.

(if) !!nsalts and Dolerites. The basalts and dolerite are fine grained
igncous rocks of basic composition. These rocks serve as excellent
road metal because of their high crushing strength. Although the
basalts are easily workable and durable stones, they are not used
commonly as building stone due to their dull and unpleasant
colour, The basalts which are commonly known as the Deccan
traps occupy a wide region of western and central India.

(fify Sandstones and Quarizites. Well cemented sandstones generally
have all the characlers of a good building stone. In India the Upper
Vindhyan sandslones are widely nsed for building work. They are
used both for masonry work and as flagstones. Many historical
buildings of Delhi, Agra and Rajashian ure made up of the.
Vindhyan sandstone. Quartzites do not form good building stonc
because their extremely hard nature renders their working dif-

ficull. ! :
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362 ‘ g Marbles. Because of I.hci_r homogeneoys ¢
) Lm&ton‘ES‘fl'w and pleasing colours, limestones apg
easy “'Orkibl.lij'ing and ormamental stones. The limestones
fur[m E:::-lsu;-.ui]ding ctones, they are also used for makip
only i

cement. .
and o metamorphic work which can be braken,

ale | is used chicfly for roofing and |

3 Slate. The sl
(v) Sl ooth slabs. I

into thin sm
in buildings.
10.3. GEOLOGY OF DAM SITES

10.3.1. Dams
The dams are barriers ¥
They are built mainly to con

jci ing waler
ectricity and for supplying 5 : e
201% than one purpose is called a “multipurpose dam".

10.3.2. Terminology
is a structure rade (0 discharge the surplus v

river on the downstream side of the dan
salely withoul ¢

hich are constructed across rivers to sig
wrol floods, for irrigating lands, for ge

{0 industries and cities. A dam th

Spillway. It
slorage rescrvoir inlo the
the spillways and gates, the flood water can pass
darnage 1o the dam.

Heel of Dam. The portion of a dam
that touches the ground on the upstream
side, is called the “heel of a dam " (Fig.
10.2).

Toe of Dam. The portion of a dam
that touches the ground on the
downstream side, is called the “toe of
a dam™ (Fig, 10.2).

Axis of Dam. It is an imaginary
line that passes along the length of a
dam through its centre.

Ahutments, The sloping sides of a river valley upon whi
of a dam are keyed, are called “abutments”,

Grouting. Grouting is a method in which suitable mixture 0
Water, cement - calcium chiloride, cement - clay, asphaltic emulsion
Material is injected inta the rocks 1o seal the openings. The groutin
is usually pumped through holes drilled in the rocks for this purpo!

ing is done 1o consolidat :
through them, idate the rocks and Lo check the secpagtl:

10.3.3. Types of Dam

Th . -
P af. 3?;3:2:: be classified into two groups : (i) concrete and
i fill dams, The concrete and masonry dams are:

HEEL |’

loe of a dam.

ENGINEERING GEOLOGY
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puilt 1o big heights. The earth dams, howey,
with a maximum height of abou |1 mctcr:n
as follows. s
(f) Gravity Dam, I1 is a massive stpyet
which stands by its owy weight é-llr: o
rock is required for the const o

concrete or masonry
- a sound foundation
ruction of gravity dams.
Struct i
the convex side of which laces llpslrcua?n”“:";:{'"g:: cfmmlc Wﬂl_l
\.:,:ler pressures to the abutments by arch acgmd::gmd‘: oy
abutmenl rocks are required for consiructing a.rl:h d:m:'ﬂ}f e
v an g 1 3‘
(i) IIJ}]ut:lres..-. Dulm. In this 1ype of dams butiresses are constructed
e downstream side to support i i
E an upstream deck of rzj
=in
concrcll':, The buitress dams are usually constructed i
foundation rock. e e e

(iv) Earth Dam. The carth dams are
constructed mainly by soi

earth. These dams have an advantage as they can be buil el

or poor rock conditions, ilt on earth

10.3.4. Forces Acting on Dams

Water Pressure, In Fig. 0.2, Tis ol
tends to displace the dam ioriwn;l];.m \:’F‘irzgest;l::v‘;fgr;:? Tllllc“cli::r: w'lh'iCh
acts downwards and tends to key the dam in position and R is the “Ihmh
of fnrccs.T and W which indiates that when 1he reservoir is full Lhwszu o
the dam is vverloaded and the heel is relieved. Therefore in ord;: # :;: ;
the dam stable, the ratio T/W has to be kept smaller, il
Pore Pressure. The waler enicring in permeable rocks below the dam
cxc;ts an upwarq pressure on the base of it, This pressure which is cquimlcn;
to the hyd_r(:s latic pressure, is called the “pore pressure or uplift pressure”.
1[[[ acts against the weight of the dam and thus helps in sliding or m'ermming
10.3.5. Problems Associated with Dam Sites
fmml\'ffzst of the dam failqrcs that have occured in the past are not duc to
ﬂﬂwg TESIgn 9r CUnSln.lCl]()n but mainly due to neglect of the geological
§. The main geological problems that are usually met with at dam sites
are as follows, :

(i) Dams on shales
(i) Dams on soluble racks.
(7ii) Dams on strata dipping upstream.
(iv) Dams on strala dipping downstream,
(v) Dams built across strike of rocks.
(¥) Dams on jointed and permeable rocks.
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(vii) Dams o faulls.
(viif) Abument
(i) Dams onSha

(if) Dams on Soluble R

(if) Dams on Strata Dipping Upstream. Inc
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pmb]ﬂ'ﬂs-

les. Shales are
shales.
¢ when
the other b

of two types © (i) cementation shales,
The cementation shales are sironger
subjected to welting and drying, The
and are soft and tI.)h:y slake when
jon shales o0 : ing. Their bearing strengih
compaction § welling and drying :
subjected 10 ;,||,3ml.j;[:nmE plastic when welteld. T::d :;lmmcuon
is low um,j ‘:':lin dency lo flow away from dl 1:av_m rm-:m:::c an;l‘ ]
shales hmi. <pucture scttles. Swelling a0 i fhie }Ff sult
e vation work which may causc - =
during the cxcd shales, hcavl.cr structures like
have to be " ided. After excavating the weathered
A < should be avoi ; : ithout
gravity dams § ¢ should b placed muncdlatc‘ly:dwlﬂuﬂll clc]a_
rack EI:]_hr:[ ?;muld be coaled With asphalt to avoid swelling and.
or its surfac T

caving.

and (if) compaction =
and do not disintegra

ks. The soluble rocks include Iimci _
0cs :[hcsc rocks are generally sufficientl;
upport the weight of the dam, but they nl'laly conhr_:l_“n

i tgu;dp;‘:ﬁuﬂon channels and caverns. Ir suchhsc.lh ::1 r:‘o::l ;
un;j:;i present al a dam site, the Inak_agc 'ltum:f e wamyf
2; such 2 large scale that the reservoir may o  bald w8
3 ings is very exp )
treatment of such openiDgs 18 ¥ ;
Lﬂ:?ls’ggildchc carcfully looked for in the soluble roclfs befor

construcling a dam.

dolomites and marble

dipping upstream represent ideal foundal

the mos! capable of
supporting the weight
of dams and the pres-
sure of the reservoir be-
cause the resultant of
these two forces acts
nearly at right angles o
the bedding planes of
racks (Fig. 11.3). Fur-
ther, the upstream dip S :
of rocks does not allow - =% L

the water in the reser- Fig. 103, Dam on rocks dipping UP*
VOIr 1o percolate helow

the dam. As a result the leakage of water and the developm®
uplift pressure will be minimum.
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(iv) Dams on Strata Dipping Dawnstream. The dams constructed on

)

(vi)

rocks dipping downstream (Fig. 10.4) may not be safe due to the
following reasons.

(z) The percolation  of
walter may lubricate the
Jjunctions of rock beds
which may [lacililale
sliding of dams.

(&) The water percolating
through the strata dis-
sulves the cementing
material of rocks and
enlirges the openings
by mechanical erosion.
This undermines the sirength of the rocks and increases the
seepage of water.

Fig. 10.4. Dam onstrala dipping
downsiream.

(c} The water which enters into the openings of rocks below the
dam, causes the development of uplift pressure which tends
to decrease Lhe stability of the structure.

(d) In Fig, 10.4, R is the resultant of the weight of the dam and
pressure of the reservoir water. In this case, this resultant acts
nearly parallel 1o the bedding planes and endangers the
stability of the dam. -

Dams Built Across Strike of Rocks. The best foundation condi-

lion is when only one uniform

rock is present along the length
of a dam. If a dam is aligned
across the strike of strata, its
foundation will be on different
rock types of varying properties.

In such a case, there are chances

of unequal settlement of the

dam. Further, as the bedding
planes of strata lie across the axis
of the dam, there is a possibility
of serious leakage of waler not
only through the porous beds but Fig. 10.5. Dam aligned across the
through bedding planes also strike of rocks.

(Fig. 10.5),

Dams on Jointed and Permeable Rocks. Where highly fissured,
jointed and permeable rocks exist below the dam, they will not
only cause leakage of water, bul also build uplift pressure at the
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ssurc acts opposite to the weipht :

, » darm. The uplift pre
e e use sliding. Such rocks may b

of the structure and it may €@
consolidated by grauting.

aults are most troublesome il they are en
th of the dam. It is better ta avoid fay),
f dams. The faull zomes cause g,

(vif) Dams on Faults. F
countered across the qug
zanes for the construction ©

following troubles. o=
(a) It is difficult to scal the [ault zones and prevent leakage

water fram the reservoir at reasonable cost. .
The rocks may weather uplto a great deplh along a fault zone
This requires digging and scraping of the weathered rock g
a great depth and refilling the trench with concrete. :
(¢) The crushed and fissured rocks that exist along a faull zo
in the foundation, have to be grouted intensively to increas
their bearing strength. i
(d) Along a lault some displacement of strata is always expecied,
perticulurly during an earthquake. Such a movement wil
only reopen the fault fissure but also rupture the dam.
{e) A sitc where the fault is known to have been active in re
years, should always be discarded. i
{viii) Abutment Prohlems. Careful aticntion should be given Lc_'_
arientation of joints, hedding planes, foliations and weak zon
that are present in the abutment rocks. If such weak zomes
paralle] to the thrust of water in the reservoir, the stability of
structure may be endangered. The rocks that exist in the abulment
of an arch darmn, should be strong enough to resists the press
without being crushed, ;
10.4. GEOLOGY OF RESERVOIRS

_ The artificial lakes which are created by constructing darns across,
tivers, are called “reservoirs”. A reservoir may [ail either due to excessi
leakage of water or as a result of rapid scdimentation,

10.4.1. Problems Associated with Reservoirs

gmul?:a "L:"H Sﬂf!h.:glcal problems connected with the reservoirs are © ()
; ater conditions, (if) permeable rocks, and (/i) silting.

W g?und‘?"’_" Conditions, The amount of leakage of water from
labl??sm q;n:;s contoled by the depth of waler table. If the water

e g dm:" ‘Ihc. ground SMﬂcc that the water level in the
occr(Eip. 10 6];0 nse above it, no serjous loss by Icakage Wi
e il On the other hand, if water table lies deep bel

ace, the water level in the reservoir will sia

&)
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RrRIERvp g

RESERVOIR

Fip. [0.6. Waler table hl:irlg i & ety g st _
1o the ground sneface, serious 10, Showing leakage due 1o dee
leakage will not oceur, water table. 5

above it. As o result IEuk.a i
sult, leakage will i The :
on the permeability of rocks (ﬁgocwf-'ur_’:md i ™ |

Generally (he leakage of watgr-
downstream dip, - :
will be more than
those -which have
upstream dip, If a
permeable rock
bed outcrops on
the valley slopes
in the reservoir, i1 |- : 2
may not anly - " Fig. 10, : b, i
cause leakage huyl : * Iea?aitua::infaﬁg:;il;:l Al e
{DEI;' illso cause .
and-slide (Fig, ] i : i
YR raser(foi 1‘0.8 ). Such a'lu'n_dsh.de may produce an opening -
L rim through which the stored water may escape,
(ift) Silting of Reservoir. The resevoirs built on rivers which carry
l.argc amount of sediment, may silt up very soon and its water
storage capacity may be reduced considerably. The amount of sill
Produced and supplied (o the rivers depends mainly upon the
I{Lhnlog:cai characler and topography of the calchment area. The
rivers flowing over the soft;rocks and high gradient areas, carry
greater amount of silt. On suth rivers silt traps may be constructed
Upsiream in order to check the rate of silting in the reservoir. -
Provisions should also be: rmade for washing aut the silt through

from (he si.ma that have

REFERVGR

the passages in the dam.
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10.5 GE(JLOGICAL INVESTIGATION OF DAMS AND

RESERVOIRS

The geological in?

s and to select 8 suilal
Tﬁ'ha: Z;fects of Lhis investigal
1. To study the physiographic featurcs of the areq.

"ing i lhc_ ri\-’gr

vestigation of the area is done dﬂcc
table site for the dam and reservoir i e
tion may be summarized ag Tollogy

2. To determine nature and depth of fi
the dam site. 0
9. To delineate arcas favourable for the location of spill
sion tummel, power house, cc. : ]
4. To determine the lithological composition ang §
rocks present in the area. T
5. Talncate structural defects such as faults, fractures,
tion channels, etc. in the rocks. : Ui
6. To locate potential leakage zones in the vicinity ‘of
TESEMVOIL 2
7. To evaluate the rate of silting in the reservoir,
8. To locale construction materials in the vicinity of the
10.5.1. Geological Survey i

ol

J

Air-photos and geologic map of the area under investigation
which serves as a guide for detailed geological survey, The
investigation is normally started with (he interpretation of air
maps, followed by ficld work ang laboratory testing, and ¢
preparation of field report. This investigation may broadly be
wato three groups : () sty of Physiography, (i) study of litholog
Study of Eeological structures, i

(i) Study of Physiography. The physiographic charac
ﬂ;&ervmr area are studied on the air-photographs. Th
idlcu-ll: (i) Shapﬁ_mtd size of the river valley, (i) itS

VElOPIment, (iiiy stability of valley slopes, and (i¥
areas of Scouring and erosion, S

ysical investigatiops, i
; the existence of a concealed fadl
'S Peticularly the case where a river €t
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idcqn}l‘lh:"vtlf".g the 'Opugraphy and rock outerops of the valley
sules, Ptential areay (g, Im—ming spillways, diversion tunnel,
poser house, cig, may he tlelineaied, [
(ffy Study of I,hhnlugy. Dur
is prepared and the lithe

the arca are examine,

ing field work 1 detailed geological map
logical characters of the mcks present in

tial ?;:;{mew_“‘u“"“ i“’PCfViDus Strata are located and the poten-
!!:f gl <ones are delineutey, Where rocks contain joints,

(Ssures, salution channcls, shear zones and laulis, there is cvery
possibilily of secpuge of walgr,

The rocks present in the foundation ana abutments of the
dam. must be sound cnaugh 1 withstand the cxpecizd static and
dynamic pressures. The rocks exposed in the reservoir rim must
he resistanl to _.-solun(:n: Crosion and other d-.mmging elfects of
water. By studying the lithology and lnpography of the catchment
area of the river, the amount of sin likely to be contributed
annually (o ihe reservoir must be estimated,

E_l'furls should also be made 10 locale the construction
mnlclrlals near l.he Lllﬂlll site. This will cut down the transport cosit
considerably, The important constniction materials are masonry
wstones for rip rap, pravels and sands for apgrepate and clay for
impervious filling.

(iii) Study of Geolugic Structures. The geological structures of the
rocks present in the aren, have an Impartant bearing on the design
and stability of the dam. A site where the strata dip upstream is
preferred 1o that where they dip downstream,

The rocks existing in the foundation of a dam and FESETviNT
walls should be watertight. It sone potential lcakage zones are
present, they should be delineated. Further, the leakage of water
thraugh a porous bed may give risc tolandslides. 1f rocks cxposed
in the foundation and abutnenls of the dam are_highly jointed,
the spacing and intensity of jointing, are recorded. This will help
in assessing the grouting problem. Faults if present s%muhl be
carefully delincated because they would reyuire cxpensive treat-
nenl. :

10.6. TUNNELS i
. : ; d passage which s open
A "nmnel” is a nearly horizontal underground pass gw s ,-ch
; fuce. Tunncls are construc ow cities,
At hoth the ends to the ground surfuce. Tu e S i
rivers, and through mountains for carrying Tlways, ; :

supply and sewage. i S i
S x 5 s waler unde
A lunne! which furictions as a part ol pipe hlm &:ﬁr: :;;d' ;nciﬂrmdu:i :
pressire is called *pressire mnnf_f{"‘-su":h water unn ; 5
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ing hydroclectricity. The lining of a pressure tunnel Is subjecieq g
ing )ffr g ) () internal hydrostatic pressure, (fr) externg] o
- "58 L 5 R til
Lypes ol pres <ternal hvdraulic pressure. [he cxtcm:lll hydraylje p
sure, and (i) ¢ ) wnnel seeps into the adjacent coungel

. 0 {rom the L
dC\'E]OPF when wiler R e : .
[n water funoels an important function of lining s (o reduce the frj
n wi 5

losses.

10.6.1. Constructional Features .

Tunnel Lining. In hard, massive :m.d unrmcru{:d rocks the i
he constructed without lining. Howeverin weak, thinly bedded apq fro)
rocks lining has to be given 1o support the roof load and 1p preve,
seepage of large volume of water wnla the mnnel. The concrete,
reinforced is generally used for the lining.

Tunnel Support. While tunneling lhrough the rock or soil, supp
generally required to prevent the rock mulefmj from caving. 1If tun
ports are not placed, the material will fall piece by piece and “overh
will result. The tunnel walls and I
roof are supported by wood and
steel. These supperts may be \
removed prior lo lining or they ‘ el
may be allowed o remain in place - .
and are embedded in the concrele.

Overbreak. During the ex-
cavation work some rock outside
the desired perncter of the wnnel
is removed so that 4 concrete
lining of proper thickness may be
placed. The rock excavated
beyond the required cross-seclion
of the wnnel is known as “over-
break”™. (Fig. 10.9). Ag the over-
break has 1o be filled buck with
the concrete, jit increases the cost
of lining. The chief faclors which
E?:::l v:ezhr':;k are : {f) presence of hard and tough rocks
i dslﬁi?‘i;fpljmms and fractures, (/i) presence of thinly bedded rocks.

10.6.2. Tunnels jn Soft Ground

The sofy ground ji
Pussess litle of no cg
il er bcanng.
asting. Arch up
divided iny, Lthreg

Ero

Y
Fig. 10.9. Overbreak in inclined stra

hcel:;]'dts ,[ho-“" soft and unconsolidated materials

a\,clli:n:nj hm..'e 4 very low crushing strength.

E;‘c' 3 m s, sills, clays and soft shales. They may
avation thiough such 4 ground does not T

S are plwaye :
ups. D% Mecessary. The soft ground

ar
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(i) Revelling Groumd. The material of the revelling ground [lake:
and breaks into picces sametune after  jt js  exposed.

(1) Running Ground. Such a ground consists of clean loose gravels
or sands which run into the excavation,

{iti} Squeezing Ground. The squeezing
prannd consists of matcrial thal con-
A

Lains a larpe amount ol clay. Such a !

malerial Tows into the wnnel plas- o

tically. Il i

; ; 1

In shallow tunnels that arc driven in the Lo
soft ground, the rool load is enormus, 11 will Pt
be equivalent 10 the [ull weight of the overly- : oy !

ing material and therefore, a very strong lining '
is required lo support il In some cases, an r'
inveried arch has 1o be put on the foor of the I
1

]

1

tnncl o prevent the wel material Itom heing iy b
pushed up into the wnnel. Because of these / N
difliculties shallow wnnels are not constructed i ‘;" o
and deep open culs arc generally made instead. 1 e
iy *
In decp lunnels where the thickness of the r ’—\\'
rool material cxcceds three times the diameter .
of the enel, the roof [oad is insignificant. It (““
is shown by W, in Fig. 10110, However, if the o

colicsion of the material deterinrares, the

: : iR Fig. 10.10. Deep wnnel in
weight may increase to W, which is still not . © ey

alluvium. The mof load is
nuch. insignificant.

10.6.3, Tunnels in Rocks

Tunneling through rocks requircs hlasting. It the rocks met with are
structurally poor, support is ofien placed under the wnnel ceiling 1o prevent
the rocks from [alling during blasting. The geological actors which in-
fluence tanneling are as follows,

(1} Swelling rocks.
(i1} Inclined sirata.
(fif) Folded rocks.
(iv) Fault zones.
(1) Jointed rocks,
(v} Water bearing rocks. .

{f) Swelling Rocks. I 1 wnnel is 1o be constructed through swelling
rocks, it will require special Ircatment. The examples of swelling
rocks are shale, unconsolidated 1l and cnhydrite. Such rocks
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when exposed. ahsorb moisture and swell. In such eases very
The swelling rocks should alsg be

strong supporls should be used.
alest possible degree.

predected from welting Lo the gre.
(ify Inclined Strata, In inclined rock beds when o tunnel is driven
parallel to the strike direction. there is a tendency in the rocks o
{all infe the twnnel from the side where the heds dip into the tunpe]
{Fig, J0.40). Thizis perticularly the case il the hard and soft rocks
auch as sandstone and shale are inferbedded.

fng. 10,11, Tinnel along the sizike Fig. 10,12 Tunne] across the strike. .
nf strata. Pressure canceniralion s at of straa, Pressure is dawnward :
anc side of the imnnel. from the ool :

When a tunnel is made across the strike of rocks, it :wil

lr:.avcrsu beds of diflerent rocks (Frp. [LF2). In such cas‘es ther

\f.-lll be downward pressure [rom the roof. Waler troubles are
likely 1o be encounlered where porous beds are found, o

(Fif) F(Ilqcfl Rocks. In tiwels that are driven through synclinal folds

the joint blocks form inverted keystones in the al1-rr:h and cause

rocklalls. In case the rocks happen 1o he woter-bearing, the walcr

flows into 1l : i i :
s o the tunnel and causes great difficuliies (Fie. 0.43 and

Fig. 10,43, Tunpe!
uf g syncline, Pressnre g the:
ool and sides is g,

along the gxjs
B e axiy Fin
IJnJlLi,L._l](J..[d. Tunnel alung, the axis of i

e, Pressire un the roof and sides

i Juss ;
and water Lrouhles ae also less:

ENGINEERING GEOLOGY s
In u tunnel
that culs through
an anticline, the
danger Trom sud-
den rocklalls is
less becausc Lhe
joint blocks will
he in the shape of
normal keyslones Fig. 10,15 Tunnel across the axis ol a syncline.
and therefore they are un-
likely 1o fall into the lunnel.
If the waler-bearing strala
are mel with, the waler
trauble will be less because
in anticlines the water flows
away from it (Fig. [(Li4 and
10,16y

Fig. 10.16. Tunnel across Lhe axis of an anticline.

(iv) Fault Zones, Faults arc commonly found associated with a zone

of highly crushed rock or clay gouge. The crushed rocks being
highly penmeable allaws groundwaler (o seep inlo the nnel.
Besides this they also fonn unstable rool rock. The clay gouge is
a very [ine and soft material. On welting il becomes plastic and
caves ‘nto the tunnel. Faulls thercfore, are a source ol major
rouble in tunneling. It is always beuer o deviale the unncl
alipnment and avoid [ault zones. I this is not possible, the wnnel
should be driven at right angles lo the faull so as o mecl the
Jisturbed zong for a mininum distance. Exceedingly strong lining
is reyuired to he put in the fwult zone seclions.
Jointed Rocks. Jomts at ene hand may help in excavating the
rocks bul on the other hand they may present difficulties in -
neling. If the joins are closely spaced and water-bearing, rockfalls
and groundwaler sccpage may accur into the tunnel. il a lake,
canal or river is present in the vicinity of the tunnel, its waler may
drain into the excavation lirough vpen joints and fssures.

(vi) Waterbearing Rocks. Driving a tunnel though waler-bearing
rocks is a difficult job, During excavation i groundwater rushes
into the wnne! and causes (ooding. This makes construction work
dilficult. 1f some clayey rocks are present, their strengll may be
strongly alfected by the flow of waler through thewn.

10.7. GEOLOGICAL SURVEY OF TUNNELS

In majority of cases, the {ocaton and ulignment of tunnels and size._u['
the bore are cstablished prior 1o the peological survey. elore starting |he -

(v

—
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reological investigation, phato-geolagic interpretation should be done alon

the wnnel alignment, This will provide information on the topography, -

nature of surface material, broad geologic structures, water conditions and
“egetation. ’

The geological investigation is done 1o disclose the nature and strucrypg -

of the surface malerial and subsurface rocks, The geological defects such ag
laults, shear zanes, joints, and water-bearing horizons, if present along, the

proposcd tunnel lines are carefully outlined. In this job the help of drilling -

und geophysical survey are also taken. This makes it po'ssihf’e_ (o dém«"lrchalg, )
preciscly the zones which may cause troubles in tunneling. Ihe.prclilclmn :
of such trouble zones hefore hand is of greal importance, as it helps in.
tmaking preparations at a ripht time to avoid the h:lznrds: This not only
increases the safuty of workers but also makes the conslruction economical,
A study of the hydrological conditions is anather unportant aspec| of
the peological survey. This involves in finding the depth of water table, !
dircction and velocity of moverment of groundwater, and the seasonal change
of the water table. A wnnel which is located above the water table will he -
safe frown groundwater invasion and seasonal [ooding, Vil

The outline ol e geological survey for consiructing a tunncl js a5

fullows,

(i) Adetailed &cological map js prepared showing various rock lypﬁ-sl e
present in the arey. Their lithologica] characters, textures and '

mechanical properties are de termined. The geological structures
such as dips, folds, faults, joints, shear zones, ete. are studied and
marked an (he geological map.

(ir) Thu.- surlace waler scepages, if any, and depth of waler table
various places along the tunne) alignment are also shawn on the
map,

(i) The results of the geological survey may he confirmed by drilling
and ge.np_hy.'swat survey. In geophysica survey, mnainly the electri-
cal resistivity survey is earried ou 1 provide information on the
extent of faulll_ng and fmcturing. depth of bed rock under soil
cover and localion of 5 perticular rockformation,

Th.c above sajd teologica] suryey
Eeological sectiong along the (unpe| uli'g
the varions lithological unjgs thei

S Hherr s i ¥
al variouy places, position and dcr :hmf'm'rcs. dﬁplh_ ek i
fracture 7ones, This helps jp chuop'sin ?[h\fﬂlcr-bearmg horizuns, fatilts and
in torecasting 1}e troubles jp lunnleliz L_-FIPTOWT ol msthods nd
treat help 1o design ang cnnnmu;ti(i; nlu'S - feobgicol YirRy el
& 5 engin . -
10.8. BRIDGES e

Bridges fony gy iImporiapy,
veitinucted acrogg ghe Tiv

Provides cnough data to prepare
ament. Sych sections show clearly

part of the

- transportagg
SIS varey lnphy, H

‘ ‘Ules. They are
a_'fs and railways, [ 4 country,
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ads and railways often follow the shoriest rute and therefore their u]:gmrl-
m‘:“; is determined much hefore the consiruction of bridges. As a result, the
;.Iilrc of o bridge does not allow much freedom of choice.

10.8.1. Terminology s

Abutment. The abutment is a lerminal support of the hnf]gc. Itis }.)lnll
an cither side of a river valley where the road or railway joins the bridge
1 £

(Fig. 10.17).

ABUTMENTS E-1 4.9 ABUTMmE NT]

[

Fig. 10.17. Bridge abutmenis and piers.

Piers. In a multispan bridge piller-like stipp?ns are conslructerd b:e:twccn
the abutnents, These supports are c‘allml “piers"” (Fig. 10.17). T!}c l“:;ﬂrli
buill mostly of concrete, plain or reinforced. T‘I_my arc Comonl}[facch[e nw
dimension stones. The rock sc]cclcq for this purpose must be a
withstand the constant impact of running water, _

Multispan Bridge. When a bridge is supported I:_uy flbuunem.i on :1|{1er
side of a valley and there are no picrs in between, }l is calleri c:r:el S-M_,jn
bridge”. In o “multispan bridge” Iheyc are Sfevcr?J piers and hence s;\. scr(-) r
spans. The multispan bridges are buill in lhi.: middle or lower reache
rivers where the valleys are generally very wide.

Suspension Bridge. A bridge which is suspended wi.1h the help nf chaI]:Ilez
(wire ropes) and steel towers across a deep and narrow river val}cgf, is [L'im ::[ ;
“suspension bridge" . In a suspension bridge the ends nflhc. cable d{f |r lh::
anchored in the hard rock or massive concrete wall on cither side o

ToWER

ToOwER

CARLE~,

d llJ BRIDGE DECK

Fig. 10,18, Suspension bridge.

ANCHORAGE

valley (Fig. 10.18). The suspension ‘r;ridgcs are usual]j bulI:;:: ;};‘ gr::n::t;llz
rivers because : (/) their valleys being narrow and cfp' vl of the hridpe,
piers would be out of proportion as compared 10 the leng (o P
and (ii) the scouring of the picr foundation in the namow stre ;

would be very rapid. :
10.8.2. Stability of Bridges e
The chief factors which govem the sm.b_llll}’ nt_ hnd?c.?\ji e
forces, (if) earthquake lorces, and (f77) scouring action ol 11 A
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(i) Luteral Forces. The pressure of the wind and the mnning waje
are the main lateral forces which operate on bridges. These force
have a tendency to push the structure "“. the lee sirlc_ where |pe
overloading of Lhe [oundation is caused. “. l.hc fnund:ltm‘n of pierg
are not keyed satficicntly deep, the stability of l‘he- bridge ng
hecome critical. But in modern bridge constructions ‘where
fuundation of picrs are generally kept deep, the lateral forces
of little Lmportance. ) i

(ify Earthquake Forces, The carthquakes undoubledly reduces the
stab[lily: of bridges. The accelerations produced by th
carthquakes depend on the intensily ol shock and on the nature of
the ground, The chances of damage are maxirmuin in those bridpes
which are situated close to an active faull or founded on'lopse.
carth materials. Therefore while, constructing bridges in (he
carlhquake effected regions, suitable precautionary measureg
should be 1aken. s

(i) Scouring Action of Rivers, The scouring aclion of a river is ve
nearly proportional (o the square of its velocily. However this
complicated by various factors such as roughness of the river hed
uniformiry of the channel, nature of rocks in the river bed, an
the amount of suspended matler in the Mowing water. Where th
river flows straight, the maximmn velocity is found half way
belween the banks bul al bends the waler currents of maximu
velocity lic near the concave bank. .

- The rivers whose channels wre composed of alluvial materi

nay give a false impression of the level of the river bed during

low water. During floods when the velocity of the (lowing w

is increascd, the river bed is vigorously scoured and deepened,

and when the flood recedes, it is filled up again (o the level when

the river was low. The picrs should be founded at such a depth

where they remain sale from the erosion during high water periods.

The picrs of the bridge construcled in u river channel

f}h“m““ part of the channel. As a result, there will he an increas

in the velocity araund the piers which causes enhanced scouring

10.8.3. Foundation of Bridges 3

e o S e et el

and abutments. Therefore the ﬂc;ign 22:?}led 1o l]?l:‘: |0]{[‘1df}.tlﬂl1 f)[ the pier
largely by : (i) nature of rocks (if} stru ?Onslrucuon o h.r}dg_cs 15 BOYE

type ol river channe], + 1 Slrieture of rocks, (ifi) faults, and (B4

(i) Nature of Rocks,

The i i :
are 1o he founded rocks over which the piers and abutmen!

must be sirang ang turable. They should be f¥ et
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from closely spaced joints, fissures, shear zunes, solution channels
and other cones of weakness, Puorly cemenied, thinly bedded and
sall sedimentary rocks should be avoided. The rocks having joints
and fractures may be cansolidated by grouting.

For placing the abutiments of a bridge, the valley walls are
thoroughly examined. The valley walls where the strata dip inlo
the river channel form unstable slope because they have a len-
dency Lo slide imwo the river channel. Such unstable valley slopes
should he avoided.

(ify Structure of Rocks. Il a bridge is aligned across the strike ol the
country rocks, dillcrent types of rock beds having varying strength
and composition are mel with along the foundation. In such cases
a close examination of the foundation rock under cach pier and
abutment should be done by pulling bore holes. I[F thinly bedded
sofl rocks such as shales are exposed in the river bed, the waler
currents would casily cut deep prooves parallel 1o the bedding and
hence would undennine the foundation of piers.

(fiiy Faults. A fault, if it is running across thefbridge alignment, is a
sourve of many troubles. The hiphly erushed and weathered rocks
which exist in the [ault zoncs, make the foundation treatment
extremely expensive. [l is therefore adviscd that the possibility of
avoiding the fault by shifting the bridge alignment upsiream or

downstreatn may seriously be considercd.

{iv) Type of River Channel. In alluvial channels the thickness of

loose samdy and gravels may be so great that it is not economical
(o toach ‘he bhed tock for placing the piers. Tn such cases pile
foundation is used. The piles are generally driven through the
alluvial material to the bed rock. Friction piles are used where the
bed rock is not-available upto a greal depth.

10.9. LANDSLIDES :
The study of landslides is-important hccnuss: they alfect many lylpc‘s. 01]
engincering works, perticularly highways and rm_l\?uy%’. Lcr;sc mc}k rn.m.rl\t.l;‘
ordinarily creeps downhill under the force of grluul}.l rot::‘?x:]:cnr i ;l
sleping surfaces, In presence of water, the creclplng n.m‘_.l. [-Li--‘ e
‘moving landslide. Thus the ratc ol mm’et]mm of earth |11,_1:L|11:l ‘L’a b[-n; Lr‘i:.%“_“':d
very slow Lo very rapid. The movement of the carth material can as

inlo (wo major groups : (i) carth{lows, and (fi) landslides.

10.9.1. Earthilows

i (e 0o dated material flows. slawly downhill upder B
In caj'“i low T The movements are distributed. r|_lﬂugh the mass and the  §
lhc" Snf‘ d sl‘iplsurfacé which is characterstic of lamls_]_uics. does t_m.l oceur,
well define s v g ot




378 PRINCIPLES OF ENGINEERING GEOLOGgy

The various types of earthflows are : (1) soil ereep. (i) rock creep, (i)
solifluction, and (f1) mudtiows.

(1) Soil Creep. When the unconsolidated carth material moves slowly

and continuously down the slope, it is called “soil creep”. The

rate of soil crecp on a hill side depends mainly on: (a) ‘CmPCl'ﬂ!ufn

changes, (&) atnount of rainfall, (c) angle of slape, (ch_ r}'r_m of soil,

and (¢) nature of parent maleria!, The soil ereep is indicated hy

the presence of tilted fence posts and telegraph J:llllﬂh;?%\fa:%:i__t‘[e_c
‘runks, broken and d . broken and displaced ini . ncs of & ac-
cwnulation in the soil displaceincot ol rilway and highway alipn.
tnents and 1oy other [calures. '. ;

(ff) Em.-k Creep. Where the well jointed rock-formations ollcrop

( along a hillslope, the large jnint blocks arc displaced by the

; - ;

\

Fig 10.19. Sirata bend downslope as a resuli of ek creep.

process of rock creep. The movenent consists mainly of slipping
of joints blocks slowly in the downhilj direction. The STajeser
thiny sedimentary rocks, if exposed on a hillside, alien

bend downslape ard may show reversal of 1rye dip direction (Frg.
10.19). = S

{iti) Solifluction, Solifluction is u ¥pe of creep which 1akes place in
regions af cold climale where the pround Ireczes o a considerable
depth. During the sumuner the pround haws il

1 _ nd_the upper soil i
mm&m% This mass of waler-saturaled

soil moves slowly dow,

nhill over the froz
depth,

€0 malerial ar grealer

(1v) Mudflows, Mudflows difrer from soij

they mave MOre rapidly ang usually

Mglllj_flvg_q_m_n_g_ggc in !hOﬁch_c_c;p

:@LI_:E&_D_[_!ETE_C_ Cflﬁh_l'_l{ﬂi-l::;l:-ﬂ_].‘i ire a:
21’8 dre

2hater is supplicd By heave

treep in the respect that
lollow o1 stream channels.
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have destoyed buildings, roads, and useful land a may places in
seminrid regions.

10.0.2. Landslides

Where a mass ol carth or rock slides down the slope along a definite
e or surlace, the movement is called a “lgitdalide”, This movernent takes
ﬂ1.- ce under gravity and is Iacilitated by moistre which acts as a lubricating
::\nl. The landslide starts with slow movements along a slip surface, [ol-
iti;\\-cd by a 1nore rapid movernent of the separated portion of l}le‘ earth m;{ss\
The slip surlace is usually bounded by a erack which disLlnguu:.hcs a slide
[votmn creep in which a mnljlju:ms cr;.mk is ﬂfll:r.l_flhs:m, The chiel types of
landslides are © (§) slump, (i) rock slides, and (iii) rockfalls.

Slump. In a ncarly homogeneous cohesive material, such as clays and
some sails, a slope f{li_'x
primarily by shear :mq the slip
surlface is approXimalcly
cylinderical or spoon shaped,
The movement of the mass
starts by cracking along o
shearing surface and then the
separaled mass sli(lgs divwn
rapidly. Such a slide is L‘glled
a “slump” o “sheor slide”.
Slump is often accompanicd
by bulges at the toe (Fig

.20, : sl
; I{Jock Slide. When detached hlocks of bed rock mc_)ve dot\-'n lttquilitl.ug
is called a “rock sfide ™. I a rock slide the (ovement lalxe.s P!:u.f: un”kL o
plancs, joints or any other planes of weakness in the country rocks L
man. :

Fig. 10.20. Slump.

21, Rockslide. i
: i 5
nlacks of rock of varying sizes
o o At qard under the in-
hi I;Mk |Pa“s. :]::Jallnrxlf ;zq;:llcﬁng. suduenly fall downward un ;
Which are lnosencd by wes ]

Fig. 10
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fluence of pravity. This phenomenon is called “reckfall™. The ka\
supply “1a0us" which arc commonly found at the fool af clifls in the highg,
Mmouniain regions. /8
10.9.3. Causes of Landslides
The factors which promote landslides are @ (/) waler, (i) slopes,
Raturc of rocks, (7} structure of rocks, and (v) disturbance ol equilibriy,
(f) Water. The essenlial conditions which cause landslides, arg
of support in front and lubrication behind. Thus walter is an
portant factor in causing landslides. It acts in three ways :
{2y Water diminishes the strength of rocks and thus help in
movemenl. 5
{b) The water that seeps into the rock or soil, not only prod
lubrication but also exerts additional foree oo the grains ¢
ing to displace them along the direction of water movem
(c) It adds weight 10 the material. Henee many landslides o
aller rains,
(d) On freezing it exerts an expansive force.
(%) Slope. It has been observed that majority of the earth or r
f;_lllu:cs arc confined to slopes. This indicates that slope
+ directly responsible for Jundslides. As a rule, steeper the sl
greater is the instability of such a mass.

(iif} Nature of Rocks. Unconsolidated sediments, such as clay,
gru_vc!, elc. can not stand permanently along slopes greater
their a.ngie of repusc (about 35%) and are likely to be affccted
landslides. Where weak and slippery rocks like shale, vol
tuff, Phyllllcs or mica-schists arc present, they arc not likel

. remain stable on steep slopes for a considerable period of

{n) Structure of o
Rocks. Joints, fruc-
lures, shear zones
and bedding planes
usually become the
slip surface in case
of rock slides.,

Landslides are per-

ticularly commen SMA'E M1PERy

on hill slopes where WHEE WEr gy
dip of rock beds is !

il!Sﬂ in the same e L e
direction  (Fig. - <
10.22). Fig. 10.22. Beds dipping towards Rillslope:
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10.9.4, Preventivn of Landslides
The methods which are commonly used for prevention of lapdslides arc
as follows.

1. Slides in the impervivus material are prevented by reducing
slopes. Efforts should also be made not to atlow the additional
waler 10 enter inlo the material,

2. In order to check Ui surface water to enter into the unstuble
ground, il is diverted and made 1w run off as rapidly s possible
away from that arca.

3. In pervious malerials, the landslides may be prevented by increas-
ing the internal friction ol the mass by lowering the water content-
Their water may he removed by drain pipes, hy drainage through

tunnels or by pumping [rom wells,

4. In simations where slides may cause loss of life and property, the
loose tock maicrial is prevented from sliding by construchng i
retaining walls, concrete piers or by usc of piling. |

5. At some placcs the unstable unconsolidated material may be can-
golidated by ccment grouting, chemical means, and artificial

lreezing.

{ REVIEW QUESTIONS

1. Give a hriel sceounl of the imporance of geology in civil enginestng.
Explain your answer by giving suilable examples. !

2. Explain the importance of the genlogival investigation of dams. .Dc\:rih.: the

various gealopical faclom that may cause louhle io the ennstrugiion of a dam.

various geolopical problems met Juring the

3, Whal is a wane! ? Desciibe the T .
construction of tnnnels both in the solt ground und in the hard rovks.

suevey of the dams amd TEsLIvairs.

4. Give the imparlance of the pealogical

Qulline the scheme of doing the geological investigation.

5. {a) Describe The, various geological factors whicl affect the stability of
hridges. : y:

IDiscuss the Factors that help in selecting
15 [hat are mel in construe

ib) the rocks far building purposes.
6. () Describe the problec 1i.n_un_i.m§ an hedded! Tocks.:
taulis. und shales.

Give a hrief outline of the penlogical &

{ollowiag.

urvey of tnoels.
(b 3

7. Wrile shoal no any 1w ol the
{iy Faciors promoting Janslides.

(i) Tunnels in stratilicd rocks




i
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(i) Factors affecting stability of bridges
(iv) Guology of reservoirs,

8. What are landslides 7 How are they eaused ? Deseribe the various ey,
of prevention of landslides.

Y. Give the .vf:l.r:imls gealogical and engineering propertics that are ir‘npnhi.inl
ike selection of rocks for building purposes. Describe some common buildjy
stanes, roofing stones, and stones used for road metal.

10, Give _Ihe impantance of the geological survey of wnnels. Quiline (he Ml‘]e‘,
of doing the geolopical survey. - i

I1. Write shart noes an the following.
(i} Silting of reservairs,
- () Overbreak in Tunnels.
(ii) Landslides
(iv} Dams on bedded rocks
(v) Stability of Bridges.

survey sullicicnt duts are gathered to prepare geologic maps and reports
“about a perticular area of inlerest.

*The map should show topographic details on a safficiently large scale, that

* passcs used

TR I . S e

~ Field Work and )
rospecting Method

e B

11.1. FIELD WOREK .
The peological field work is carried out to scarch mineral deposits and .
to explore ground for many civil engincering works. During the geological

1LLL Ficld Equipments .
The equipments that are commonly required for doing a geological ficld
work are as follows.

iy '_poogmf)hi_c map.
(if) Compass
(iffy Haummer .
" {iv) Haversack
(v) Altimeter
{viy Measuring tape
(viry Ficld noichook. . : il ;
| Topographic Map. First the topographic map of the arca fo be inves-
tigated is procured. It is the most important ol of the geological field work. -

e e e e

is lem = 2.5 km or 1 50,000, It serves us u base map for sysiematic field
work and geological mapping. . i s U Lt

; Compass. A magnelic compass is-used for linding _dimction's__ taking
traverses and lucating one's own position on the map. The magnetic needle
of the compass abways points towards the magnetic-north. The chiel com-
by geologisis lor the field work are : (@) “clinameter compass”,
; ; : some additional arran--

and (b) “Brunten compass”, These compasses have




i
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gements for measuring dips ol bedding plancs. Brunton in :illpcrllr['.'ln
clinometer as it can also be used as a hand level.

cLinsMETER LEVEL

BULL'S E¥E LEVEL
’

Fig. 11.1. Rronlon compass.

The various parts of a Rrunian compass arc shown in Fig. {10 &1
consists of three units : () a clinometer, used for measuring dip angles, (B)
a compass, used for measuring directions, amd () o sighting device, used ip
taking bearings and in hand laveling. While measuring dip, not only angle
but direetion of dip must also be noted, The sides of the body of Brunton
arc made plane and parallel. Que of these sides is placed on an inclined
bedding plane in the dircction ol dip. In this position the dial ol the insu- ;
ment lies in the ventical plane. The tube buhble of the clinometer is then
centred by rotating a lever. The amoeunt of dip is read on the inner scale in
deprees. e

The compass direction of the horizontal line on an inclincd plane, is
called “strike”. In order 1o measure a compass direclion, the Brunton is held
face up. It is then leveled by using the circular level bubble. The hinged
mirror and sight help in 1aking bearings of selected points. The reacling ol
direclions are ken on the outer circular scale, 8

Hammer. A haniner is essential for chipping racks and collceling rock
samples. Geological hammars generally have one chisel end and another flat
end. The flat end is used for breaking rocks while the chisel end is used for
trimming and sizing the specimens. The common ficld hatners may weigli
0.5 to 1.0 kilogram. i

Haversack. It js used for carrying compass, nolebooks and' roc.
samples collected in the (ield,

Altimeter, Altimeter is a baroincter w
ground clevations. Along with COIMpass
oulcrops in mountainous areas.

hich is used for delermining
. altimeter greatly helps in locating

Measuring Tape. A sicel or merallic
pockel steel tape of 2 mycier length is requi
is used for eround INeasureinents, easuri
other for measuring shorter units such

tape of 30 meter length and a
_rcd for the field work, The first
Ing traverse lines, cic., and the
as thickness of strata, veins, ele, -
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Ficld Notebook. A [eld notehoak .

Ohg\cr\'ﬂ'i"ns made in the field. Field note
ain te Tollowing information,

is used for keeping a record of

3 shouldd be brief but clear, [0 must
cont .

1. The exact [ocation of an oulcrop,
2. Nature of the rock as scen in the oulerop,

3. Dipand strike of rock beds and other structural features jike ripple
marks, currcnt hcnl[ilng, cle.
4, Location of sainples collected, .
5. Relation between different rock iypes
6. Any other special information;

11.1.2. Method of Field Work

Preliminary Survey. Before doing (iled mapping one should first un-
derlake a ropid reconnaissance of the largel arca by taking topographical

_ map. This will help in choosing soitable mapping procedures and in peltini

the peneral iden about the geolopical prablems. The reconnaissance raverses
should be planned in such a manner ax 1o come across the different rock
types present in the area. This is usually done by moving along the direction.
of dip of rocks.

Geological Mapping. Alter the prelininary survey detailed examimation
is conducted and geological mapping is started. The Iraverses should be

: carclully planned and followed, and contas between rock types are marked

on the topographical map. Whenever cxposures of rocks are met with, they
should be examined carefully. All availuble information-about the ouicrop
should be recorded in the field nolcbook. If necessary, skeiches may he

drawn and photographs may he laken. PO loaw |

- + 5
B.gpl -r--a.,i

Represcntative samples of
rocks of proper size (10am x 7.3cm
X 2.5cm) arc collecied [or

laboratury study. They are labelled = [*.77 - 7] l?:\,,—-\_;j :

properly. The label should bear ™ [¢ - - - . iy

sample number, the localily (rom SR e s

which the samples are taken, name I

of the rock, and other details about ! N

the samnple. % 7 '
While marking the boundarics TRILE s A

of rock types and making a ]

geological map, the location and \ :

altitude of contacts must be deter- % 5

mined or inferred. On o b -

LIMESTaANE LMY

any locations ] : L2
tlepographical wap many loc: : M Bl
can be determined accuratzly = > : i
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without instrumental measurements. Cultural feaiures that are Eeneral)y
sliown on topographic maps are espewially uscful in establishing locatign
Where outcrops of rocks are concealed under soil. the boundaries may
interred by topography and variatious in the sait colour. Frequently por; Ny
of the boundaries have to be interpolated hel\\'ct‘ll exposurces of 1w rock i
1ypes.

In this way the whole area in question is covered and the £cologipy)
v1ap is completed. The different rock unils are shown by differem colours
or symbols (Frg. 11.2). Dip. sirike, cleavage, joints, faults, cte. are alsg

A sRixe anp orp /
ye
b 4
A
24

FAULT

A SETRIKE AND
VERTICAL BEDK

FAULT WITH
DOWNTHROW

y

&
b4

HORITONTAL BEDS JOINTSE VERTICAL

AXIS BF ANTILLIKE £
JOINTS DIPPING

AKIE GF Sww :
CLiME JOINT S HORIZOANTAL

Axs OF FoLp’
IHELINED

Fig. 113

b o

- Structural symhols ysed on eeological mnaps.

indicated on the my

b sty )
ccllected during the P by suitable symhals

: : (Fig. 11.3). The rock samples
licld work should he armanged and packed pmpcrl}l'j.

Lahoratary W, i
¥ Work. After completing the field work, the rack samples
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(b) A briel account of the carlier work. il any

() Statement of actual ahscrvations, findings and inferences made as
a result of the Tield work amd laboralory waork.

{¢/) The report should he sccompanied by the preparcd geological map
am sections 10 show the geological structures and history of the
arci.

11.2. PROSPECTING METHODS

The object of prospecting ol an area is : (i) to search ore deposits, (if)
10 know the nature of overburden, (iif) (o determine depth, shape, size. and
grade of ore deposits, (iv) Lo delermine the peologic structures, and (v) 1o
discover the ground water conditions. The mineral exploration includes two
activities. The [irst is “prospecting” which is mainly concerned with the
outlining of mineral targets for exploration, and the second is “explorarion”

- which conslsts of proving of largets outlined during prospecting.

The prospecting methods are broadly classificd into [wo groups - i)
airborne prospecting methods, and (#f) ground prospecling methods.

Airborne Prospecting Methods. The airhorne prospecting mmethods
include “remote sensing methods” in which photogeelogical stedy is under-
tuken, and “aerial geophysical prospecting meiliods”. By these methods
large areas are covered quickly and target areas are outlined for ground
prospecting.

Ground Prospecting Methods. The gronnd prospecting methods are
broadly classified into two groups : (i) surface methods, and (i) geophysical
methods. In surfuce prospecting methods data are obtained by direct obser-
vation, Most of he information comes from natural exposures and artificial
openings such as pitting, trenching, drilling, ete. In the geophysical methods,
the information is oblained indirectly by sudying the physical properties of
rocks.

I. Surface prospecting methods
(f) Geological mapping.
{7i) Test pitting, trenching, and aditing.

(fii) Augering and washboring.

are brought in the labar,
: . atory for correet ideptificar i
::;unp!c:. are prepared and examineg under I;ﬂ“ﬁLﬂ"Uﬂ- s
\Iu.dlc.s lead 1o the understanding or ;
rf_-qr.. Aconelated pictyre or the igc:{-rl
during the laboratory work

Writing of Report,

labrralory work s comp
Tl loywis,

cclions ol the
ol C!L’;]:mlﬂg?cal microscope. Such

5 Position and texture of the
ogical siryerype of the area is also made

(fv) Drilling.
2. Geophysical methods
(i) Gravity methods
The information (fi) Magnetic methods

L ohlaingd r " :
fed g, e iy ned from the field work and

of g e (1) Electrical methods
aneal report, s outline is as :

() Introductiog, (iv) Seismic methods.
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1L.3. SURFACE PROSPECTING METHODS. FIELD WORK AND PROSPECTING METHODS 389

Geuvlogical Mapping. Hefore starling the prospecting work, a \arget:
area that can yield mineral depusits, is selected. Then its geological map is
. prepared on a suitable scale, Such a map shows wpography, rock outerops,

and siructursl fcatures such as dip, strike, [olds, faults, etc. This sorl of map
! gives an idea of the length and width of the deposit. 1t also serves as a base

map tor plunning oul a trenching, pilting or drilling programme.

Trenching. A “rrench” is a parrow lincar excovation which is made to
expuse ore bodies concealed under soil cover. The wrenches may be 6 to 9
metcr long, | to 1.5 meter wide, and 2 to 2.5 meter decp. They are commonly
dug across the strike of the ore body, al intervals ol 15 to 130 melers. The
spacing of lrenches depends upon the consisiency of data. Prospecling by -
trenching is gencrally done when the ore outcrops are narrow and the suil -
cover is thin (about one meter). The trenching gives reliable information
about the geology, structure, catension and grade variation of the ore body.
This method has been adopted as a major prospecting method in may izon
arc and bauxite dgposits. :

Drilling. Drilling is an imponant method of prospecting subsurface
rocks amd ore deposits. In drilling data are collected by dircet penetration
of subsurfoce rocks by drill holes. The samples of rocks arc obtained in the
form of cylindrical cares or rock fragments. The drill holes provide the
fallowing informations.

1. Size, shape and morphatogy of the ore body.

2. Geological structures and number of Indes present.
3. Nature of the host rocks,

4. Composilion and prade of the ore bady.

During prospecting, drill holes are located al certain intervals in certain
directions depending upon the regularity of the ore body and its structure,
In mosl cases, the test holes are drilled systematically o a grid pattem. In
this patfern, the system of “dimintsiing squares” is adopied. First a gird of
Jarge squires is laid oul and the holes are drilled ar each corner of the
syuares. In case of simple deposits the grid lines may be kepl 300—300
meters apart, while in complex and intricate deposits, this interval may be
reduced to 200— 300 meters and 100—200 meters respectively. Sub-
sequently for closer examination, cach grid is subdivided into four small
squares and more holes arc drilled at their comers. Thus systcmatic geologi-
cul dals are obtained for the cotire deposit.

Pitting. Theiprocess of digging rectangular openings 1o penetralc soil ..
cover to reach oic hiniies concealed ifiderneath is called “pitiing”. The
common-dimension of pits is 1.2m x 1.2m x 6m. However pits may be sunk
10 a depth of about | meters beyond which they become very cxpensive,
Fiwting is a very usclul method of prospecting those ore bodics which are
flator genly dipping and lying ncar the ground surface. For steeply dipping
are bodies and thase having linear and narrow oulerops, pitling would not
be Favourable. The pattern uf the layout of the pits may be repular or
iregular. In a rcpular system pits are sunk in rows in erid or triangular
pauern. Pitting is an imporiant methed of prospecting in many bauxite and
iron are deposits.

For every drill hele cores should be carelully logged and vertical sec-
tions of the geological formations penetrated shauld be prepared. The posi-
tions of drill holes are marked properly on the base map of the area, and a
map showing variations of grade of the ore is prepared. Then the portions
af it which have the proper tenor of ore are delineated and the area computed
lar estimating the reserve. !

11.4. GEOPHYSICAL PROSPECTING

In peophysical prospecling certain physical properlies of the .under—
ground rocks are measurcd [ram the surface. The properties of mcks
measured commonly arc density, magnelism, electrical conductivity and

Aditting. The “adits" are horizontal openings which are dug in moun-
lainous ferrain 1o explore orc bodics. An adit many be driven across or along
the strike of rocks. [t shonld be dug in such a way so that at u later stage il
eould be used as an opening for exploiling the ore. :

H T ber & = e P iy a-ra)']
Au, hibori . ) ] elasticity. In the radiometric surveys mainly the Y-ray (gamm ol
used ]_u:‘n"'::gill{ﬂ \Vtrla[:lnarlng_ Augering and washboring are commonly radiations are measured. The measurcel data are then interpreted to pive
Conccdalsd\ I.I::::ll.'r’ I;lgllf :“ -aml- Hsapans deposits like clays which are 3 information abont the presence of ore bodies, buricd anticlines, {uulis, ig-
ing” is a simple metl u:iut{»er ‘-{fSnfl-mdunc()ns,uhdamd materials. “duger- k ncous intrusions, amnd other geological siructures. The main geophysical
wilsgs "plll s Inm:;s (.'l nulrtlmg _dluwn holes of about 2.5 ¢ in diameter ) prospecting methods are as follows,
: N solt soils, An auger consisis of a screw 4
mounted on a steel pipe. It is serewed i el eyt g 1 L. Gravity methods.

o the ¢ ; 4 ]
auached 1o the upper end, ' Ue ground by turning on a T-pipe . Magnetic methods.

2
In “washboring” a hole is g 3. Electrical methods.
waler through the wash-pipe, Th 4
5

4 suspension in water where it is

ug in the soft pround by forcing a jet of
e soil .Ihut: eroded comes (o the surface a=
examined and identjfje

. Seismic methods.
. Radicactive methods.
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11.5. GRAVITY METHODS e
The gravimetric survey is based on the measurciieint of density cgy
between Lhe anomaly producing body and the surrounding rock.
Use. (i) The gravity methods arc used chiefly for l\he cXxploration
oil and pas. These have been used successfully for ouljn;
anticlines, buried ridges, igncous intrusions, laults and o
geological structures. i
(ii) The gravity survey has also been utilized for the exploration
of metallic ore bodics such as massive sulfide ore, iron are,
and chramile ore.

Methed. The instrumcnts which are commonly used to measure Bravity
tional deflections are : (1) pendulum, (if) torsion balance, and (iif) Eravimete
Of these the gravimeter is the most useful. For covering larger arcas rapid]
airbome gravity survey is done, g

In the area of scarch, (raver-
ses are laid at suitablc intervals,
Then the values of gravilational
deflections are measured al
predetermined points. The read-
ings thus obtained are plotted on
a graph with distances on x-uxis
and deflections on the y-axis. [ a
dense rock or a massive ore hody
is present in the aren, the graph
will show an anomaly in the form
of a peak as shown in Fig, /1.4,
The difference between the nor-
mal value and the observed valie
of deflection is called “anomaty”,

“PEFLECYion

STRUCTURE SEcTiaN
Fig. 11.4, Showing gravity profile
of an ore bady,

1L.6. MAGNETIC METHODS
: The magnetic surveys are bage
betic anomalies, [p these surv
magnetic field is measured,
Use.

d on the measurement of value of mag-

eys the vertigg) component of Lhe earth’s
(i) The magnclic surve

; ¥s have been ysed wi

o1 of oil and magnetic ore hogies s
Nielite, pyrrhotite apd ilmenite,

dely for the explora-
uch as deposits of mag-

l-!\
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(i) Al places faults may bring together rocks of different mag-
netic propertics. Hence they may be delineated from magnetic
dala.

(7if) The magnetite and pyrrhotite are more abupdant in basic
igneous rocks than in acid rocks. Hence the former can be
detecied by the magnetic surveys.

(iv) Certain mineral deposits which contain mgneliﬁ minerals in
suhordinate amount, such as magnetite with asbestos and pyr-
rhotite with base metals, can pe detected by magnetic surveys.

Method, The magnelomelers are used o measure the magnetc inltmsity
of the ground al various stations. For covering large areas rapidly, airbome
magnelic surveys are conducted.

In the area of search, traverses are laid al sullable iuu_:rVals. '_l"h;n gn:
values of magnelic inlensities are measured at c}_uscl)' sp:!..\."cd slzl.lmn.s. T]ur
each station, the observed value is coumed Wllh"lh!: purmal value, The
difference between lhem_is the “magneiic anomaly™.

The values of anomaly are plotted on a base map. Then u_Jc I_im:s of
equal magnetic anomaly arc drawn in the same way s r..unr.our_ lln%—dﬁ'[?hr:
such a map, the arca of the magnetic body can bc.n:adxiy ch_lr_acm.cri 4
anormaly data may also be interpreted by Icnnstmcung mugneu.{. prefile
the same way as done for gravity data (Fig. 11.4).

11.7. ELECTRICAL METHODS

The electrical methods | o0y cungenr o3
arc uscd mainly for the ex- Llul..i-.\,- o~‘1:l
ploration of metallic mineral (ﬂ_ :
deposits. The electrical survey
inethods are of four types : (i)
self potential mecthod, (if}
equipatential method , (fii) PLAN

i i L
cleciromagnetic methed, and T e AT L"B“ soiL

(iv) resistivity method.
11.7.1. Self Potential
Method

In this method the elzctri-
cal energy produced by the ore
hody itself is directly
measured and no outside ener-
gizing force is required. Cer-
tain ore bodies, perticularly
those containing sullide
minerals when subjected lo

45 T =
F @ maravales

sEcTiON
. Fig. 11.5. Showing self potential .
currents of an ore body.
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oxidation, produce clectrical currents. These currenls arc L:allcd “tellurie
currents”. By measuring these currents the presence of the hidden ore body

can be detected.

Fig. 11.5 shows a sulfide ore body which is u.ndergéing oxidation, |5

upper end which is in contact with the soil mantle, is chemically more active
then the lower part. Hence a polential difference is created and eleciric
currents flow down through the ore body and return upward through the

surrounding rock. Because the country rocks have high resistivity, the cur-
rents spread out la great distances, On the ground lying immediately above .
the ore hoily, the currents flow Lowards the negalive centre *(” as shownin

@Fig. 11.5. The centre O of the ore body can be located by constructing an
cquipotential diagram (Fig. 11.5). :

11.7.2. Equipotential Method

The equipotential method is best suited to shallow deposits in the
regions not oo weL [t can be used to locate orc bodies in the glacial drift
and for determining structure beneath the soil. This method is alse used (o
siudy the geological formations with steep or verlical contacts such as
igneous intrusions.

Method. The current is intro-
duced into the ground by means
of two line electrodes. A “fine
electrode” is a bare copper wirc
which is pegged into the ground
al intervals (Fig. 11.6). The cur-
rent flows between them through
the ground because of the dif-
ference in potential,

- SooMmETERS

P

If the intervening pround is of
uniform conduetivity, the lines of
equal potential will be parallel to
the line electrodes. This is shown
in Fig. 11.6 by dotted lines g, b,
¢, elc. On the other hand, if an ore
body which is a better conductor
than the surrounding rock, is
present in the ground, the lines of

equal potential will be distorted. This is shown in the Figure by solid lines

1, 2, 3, etc, Henee by notin ] ion i ;
' 23, g the distortion i ial li
hidden are body can he demarcaled. T oRspdkaial It o

11.7.3. Electromagnetic Method .

BARE WIRE PEGEED INTO GADUND

[ 2 e

INEULATED wIRE
CURRENT

Fig. 11.6. Equipotential method.

PROGED NG GROUND

LD WORK AND PROSPECTING METHODS -

greater information regarding shape, size and position of the hidden ore
pody. The electromagnelic method can be used for rocky ground, barren
m(m_nlzlin regiomn, dry sands and ice covered ground. .

When an allernaling currenl is passed through a conductor, induced
currents arc produced around it. [ a conducior, such as an ore body, lics
within the induced ficld, it sets up a secondary induced currents around it
which ¢an be measured.

Method. A rectangular loop of insulated cable is placed on or above -

the ground. Then an altemnat-

ing current is supplied Lo the

loop (Fig. 11.7). The luo.p

sels up a "primary magneiic

field” within the surround- oo 0
ing ground which coiL
diminishes with distance -::In: TN
from the loop.

. If a conductor {ore IFD mETEES
body) is present within the
ground, a “secondary Jreld”
is induced about the conduc-

-]

TAAYSRIL LinEs

-

iFam.

INEULATED WIRE L3oP

Fig. 11.7. Electromagnetic method.

‘tor. - Because both the

primary and sccondary [iclds are present at the same 'p]al:: i me pnma;y
ield gets distorted. The ore body is outlined by measuring the finstonlon 1y
sensilive receivers. In order Lo detect the distortion, Lraverse lines are laid
normal to the Jonger axis of the loop and normal o the mdd:.? .Dm 11;03)'
(Fig. 11.7). These traverse lines are then sur_vnyed by Ih:.‘._ receiver. oi
ground is uniform, the readings of the field will decrease W ith _ti:slanf::cl- Qr
the other hand if an ore body is hidden in the ground. the readings will rise
at the boundary of the ore body as shown in Fig. 1.7

11.8. RESISTIVITY METHODS

In resistivity surveys the amount of resistance tuet by an electric cfmze::;
which is passed through a portion of the carth, is mmma|$ mc[::;f ot
resistivily is presumed to be a measure af the fluid conten porosily

rocks. Thercfore the resistivity measurements help i making distinction -

between saturated and unsaturated rocks, and also between rocks of differing
porosity.

horizontal or gently dipping rocks. These are used in detecting the following.

1. The thickness of overburden or d:plh 1o bed rock is dglgnnin_ed _

very accurately.

2. The resistivity surveys have been
placer deposits and hedded deposits.

Uses, The resistivity surveys are Very effective in the investigation of

ve been used in the cxp__loi-axion_ ol'thc e

]
'

-
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3. The resistivity methods have heen used widely lor the exploratjop
of groundwater. In regions of gente dips the presence of aquifeps
cun be delermined.

4, Fault zones may be determined as they contain elecirolyte in-.
solution. 1

5. Resistivity surveys can be used (or discovering the subsurface
structure and lithology. The buried anticlines can he  iraced by
determining depths lo strata of greater or lesser resistivity. Henee

they are also used in the exploration of petrolium. ; i

11.8.1 Wenner Method. In resistivily surveying various electrode ar-

rangements are employed bul the arangements shown by Wenner is wide]y

used. ¥

In the Wenner method the spacing between the electrodes are kept equal,

In Fig. {1.8 this spacing is designated as ‘2", The current is introduced intg

the ground by twa current ¢lectrodes C) and C, and the potential differen,
5 @)

<y R x P Lo

Fig. 11.8. Showing electrode arrangement in Wenner method.

between the inncr electrodes P and P, is measured. All the four clectrodes ; -

are placed in a line as shown in Fig. /1.8 The resistivity of the ground is
detennined by the lollowing equation, A

v
=7 A
p TII{.{’,

- Whgrr:_ pris resistivity, d is the distunce between electrodes, V is Ihe 4
;’I erence in polential between inner electrodes, and { is the current Mowing
:(l]n,_ee? the end elecirodes. In this case, the depth of exploration is ap-
2[_ xlqn.:l_el_y equal to the electrode separation. B ¥ Wenner method two types
TCSISLvIlY sury i i sl
resisti LVIly surveys arc carried out ¢ (f) resislivily traversing, and (7)
1stivity sounding, . :
11.8.2. Resistivity Traversing

This me1 is alsts calloed “roesvrive
Wi datnd é:]'idg}srgl;;) ;dll:.;] FeStsivity trenching”, It is used Lo inves-
L sp'lcin. o lhc eds in the horizontal direction al constant depth.
along 2 lm‘\'crst line LTEhIEc”Od? fre kepl constant while they are moved
Sear; ) : FesIsbvily meas -
stalions. | 2 ! surements are ma arious
plnl{in:un(:j]'“- the rldl_a lh!_.u; oblained, the resislivity ; & ,r.ﬂd(,jc a(; _VJ.I] by
An '1I)rL :CIJM.I“CCM stations 6n X-axjs and resislivil url\bs on I fﬂ;ﬂ '3
abrupt change in the curvs ; 2 ; ‘ILy values on the F-axis.
in the nature nf'gu]. i curvature of a resistiviy ngl indicates a change
¢ underlying maferiy (Fig. 11.9) S

_vcsligatc the nature of subsur-
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R TiviTy
FPAsHiLE

REEIETIVITY-»

Fig. 11.9. Resistivity profile showing change in
(he nature of the underlying material horizontally.

o 11.8.3. Resistivity Sounding

This method is used o in- —RESISTIVITY i chms/owd >

Fogpo l8cgc i§zdc
T P —

face strata at depth. In resis-
tivity sounding, the resistivily
is measured by increasing the
electrode separalion progres-
sively about a central fixed
point ‘x* (Fig. 11.8).

As the distance between the
electrodes is increased, the-depth-
of penetration of the current is
alse increased. In this way the
data on variation ol resistivity
with depth are obtained. Then
the resistivity-depth curves
are drawn by plotting the )
resistivity values on X-axis and electrode spacing on ¥
11.9. SEISMIC METHODS

In scismic methods, the variations i
measured in different rock layers. The val
obtained from the lime-distance curves. :
proportional 1o the density of rocks, by noling o
velocilics, the structure of the subsurface rocks can be wo

Method. In scisinic Surveys, truck mmullled drilling rigs ﬂ.lldl rec:r(]ilmg
systems are uscd, Small charges of explosives are demunlhed in 5 ad j::
horeholes drilled in the surface rocks. The seisimic waves l]llu& g;‘:m-r:[?, e
transmitted through the rocks and are pick;d up by a series ol geop) !
carefully spaced along a line ol traverse [Fig. 1.1 (-

-
(]

PEPTH !N METER —

-
o

Eroei 't loverRbUA T EN.

[ -—

Fig. 11.10. Resistivity curve showing
depth of overburden.

s (Fig. 41.10).

n the seismic wave velocily are
ves of the seismic velocities are
Since this velocity is directly
the dilferences in the
rked oul.
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RECORDING FPDINTS _;'

AHOT POINT

(A)
TIME MARK EVELy C-01 FTLOND —

LR N N AN ]

-+ =

rd

INETANT O F jHaT

CB)

Fig. 11.11. Seismic method. (a) Showing shot points and geophones along a line

of traverse. (b) Seismogram showing interval of time t between instant of shot
and arrival of first wave at a geophone. :

T=—TIME N SBCLOMNDS—=

N N L i i 1
L 1 ] 9o iS¢ a3ve 230 oo aro

—— BUTANCE in METER FROM — g
THOT POINTS '

. A :

F—Jllel‘ PonT PRATAET

, g 2

T

S VElecry. vt

e

VELOCITY \a

Fig. 11.12. T s ;
1g. 11.12. Travel time curve (@) Obtained
; : i i
survey of the ground showy in (;;m A
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FIELD
he cophones record the vibrations op rapid " ¢

T ']‘11%: instant of explosion is also marked U,,pmi: p';::‘;ifh‘}‘fﬁmphlc
;:m‘ﬂ this photographic record (seismogram) the lilm-distanci. i s(bll.

reparcd (Fig. H.!?). Then the velocity of seismic waves js dclmmnma;e
(he following equation. ey
pEaH,
I'z /]

where Vis the vcl‘ccily of seismic waves, x, and x are the distances of
any two recording stations from the shot point, and 1y and 4, are the limes
aof arriaval of the seismic wave at the same stations.

The velocily of scismic waves differ in different kinds of focks. Hence
from the velosity data, the structure of subsurface rocks can be warked oul,
The seismic methods are of two types : (i) refraction survey, and (ii) reflec-
lion survey. A ;

11.9.1. Refraction Survey

The seismic waves undergo reflections and refractions at the rock boun-
daries.-In the refraction method only the refracted waves are recorded and
used for determining the siructure of rocks. The refraction survey is com-
monly used for the following. _

(/) For determining the structure of rocks lying at relatively shallow
depth. It is widcly used for civil cngineering explorations. ..

(if) For the location of shallow salt domes and the oil pools associated
with them. i

11.9.2. Reflection Survey

In this method the refllection waves from o reflecting s:.u-fucc are
recorded and used for determining the rock structures. The reflection survey
is generally used for deep explorations (600 meters ore more). Hence 'l:
widely used for oil exploration. This method accurately delineates the sub-
surface structural traps and sall domes.

11.10. RADIOMETRIC SURVEYING A
The radioactive elements, such as umnimnf?.}ﬁ fl.rfd Lhom_.l;ll-z?:y. ::;; ;
stantly undergo a process of disinlegmt_iun During d'?‘f‘_'all::“.s
radiations of three types : {{) O rays, (ii) { rays, and (1) Y TaYS. kv
() o-Rays. These are the beams of pasitively Ch“‘;"d E‘:s":_ T
Thess paficles are T ml of e "momsdfi ?T:ilt'i[ne'lcrs z
neutrons). They trivel with velocities of thousands o e :
per second. :
{ify B-Rays. Thesc arcth
travel fuster than o rays.

ke Qf;n: gh!iyciy mgegl!:gniulqs.'ma)‘._ .
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(fffl'} Y-Rays, These are the rays of very shorl wave Il::lglll like L-rays,
They travel with velocity of light and have a very high penelrating
power.

Of the three above said radiations, only the y-rays are usciul from the
point of view of radivmelric surveys. The instrumenlts cnmr'p_onl}_r used for
radiometric surveys are : (f) Geiger Muclicr counters, and (if) scintillation
couniers.

Geiger Mueller Counter. This instruments is fitted with an ionization

chamber, meters and count repisters. These make il possible 1o measures the
intensity of y-rays.

The y-rays arc detected by the jonization chamber. This chamber con.
sists ol'a closed tuhc containing an ionisable gas under pressure. An elecrri-

cal potential is applied o produec an ¢lectrical field inside the tube, Asa

result the positive jons move towards the negative electrode and the nepative
ions towards the positive clectrode. A beam of incoming y-rays librates g
large number of ions inside the tube and produces an impulse of electric
current. )
Scintillation Counter. This is a very sensilive instrument which
measures the intensity of Y-ryas (gamma rays) in terms of clectrical signals.
11.10.1. Types of Radiometric Surveys

Depending on whether the measurements are made from air, al the
ground, or along drill holes, the radioactive surveys are classilied into three
groups : (i) airbone radiometric surveys, () ground radiometric surveys,
and (1if) radioactive logging of bore holes.

Airhorne Radiometric Surveys. In airborne surv;:ys_ scintillation
counters are used for recording the 7-rays from the air, These surveys are
usually carricd out along with the acroragnelic and aeroelectromagnelic
surveys. By airbome radiomelric surveys the deposits of radioactive sub-
stances and boundaries between various rocklypes may he oullined.

Ground Radiometric Surveys. The ground radiometric surveys are
used mainly : (i) (o search deposits of radioactive substances, and (if) 1o
autline geological structures such as fapls, ' '

() gﬂh';t'«:‘r;h IDe I[_JT),S:II'S of Radio-active Ores. I ground surveys, the
Mer 15 commonly used 1o defeg the intensily of y-rays.

;‘-\._rudfn:tclj ve deposil which js hidden beneath o thick cover of
soil, may not be detecteq because most of ()

n!l the hidden deposi depends on the migratj i

e ] i ;

m:}:r}:}:::t::u dLr.nmhlpc source. This migrajon is caused in (wo ways :

Gt I(ZJ?L::\fc subslances may Migrate in solution after the
5 the ore, ang (&) the radop which is the pascous

-
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member ol the radioactive series aay dilTuse thraugh the over-
]}riﬂg COVET 3

The process of migration of radivactjve elements may resuylt
in the formation of an “aureole ™, or in (he localization of milinge-
tivity along faulis or fissures. By detecting thesc clues, the hidden
ore hody may be outlined.

(i) To Outline Faults. Cerlain groundwalers contain radon angd
soluble radioactive malerials in appreciable amounts. Faults cop-
taining such radicactive fuid may be outlined by measuring varia-
tions in the radivactivity of rocks.

Radioactive Logging. The "fﬂdr’aat'-'_ive logeing” is an operation in
which y-ray counts of various rocl-‘(I'nnnmiuqs metina Iborelmlr, are reconled
continuausly along the depth, Th:s dcp!hwr;c record is called "rm.‘mucrif'_e
{og”. The radioactive logging is used for (i) correlating rockbeds, and (ji)
determining porosity and permeability of rocks. -

(f) For Correlating Rocks. Every rockfornmation contains some

- patural radioaclivily in measurable degrees. As a rule. acid rocks
arc more radicactive then hasic rocks. Because differemt rocks
have different amount of radioactivity, they may be correlated by
using this criteria.

(1) For Determining Porosity. The radioactivity counts of diI}'qut
rocks vary with their densities. The more densc rocks have higher
values of -radioactivily than those of less dense rocks. Hence from
the densily, the porosity of rocks may be determined.

1L11. GEOCHEMICAL PROSPECTING
The geochemical prospecting is very effective is locating deposits of
basc metals, such as Cu, Pb, Zn, cte. In India this method is used cn_mrrpn]y..
[or this purpose. The essential principle of geochemical prospecting is as
follows. _
1. Sarnples of the surface soil or sediment of the target area are taken
syslematically from grid points. e
2. The metal content of the samples arc determined precisely by
rapid peochemical analyses. : ;
3. The distribution of the metal content in the surface soil or sedi-.
ment is determined by plotting the values on a base map of the
targel arca. _ ;
4. Then the comparision of these values is made with the known
“background™ vulues. : " el
This comparision will give the ilea aboul the presence of €
mineral deposil ljiddv_r: below the g@nd.
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Method. The main steps involved in the geochemical Pmsl”cﬂiné
(f) sampling, (ff) géochemical analyses, and (fif) inlerpretation of
(i) Sampling. The geochemical prospecting of a target arca js |
with the collection of samples. The samples of surface sgj
sediment, water or rock chips are collected at regular jpy
Generally a large number of samples are collected from grig
al fixed intervals. The grid lines arc drawn transverse to the
of the suspected zones of mineralization. .
(a) Soil Sampling. The soils always contain mincral pa
prescnl in the parent rock. The soils caped aver the ore
commenly shows anomalously high values of metg]
centration. In soil sampling, the samples weighing aboy
gm. are collected from cach grid point, i
() Stream Sediment Sampling. In gcochemical surveys
stream sediment sarmpling is commonly done. In this
samples of fine stream sediments are colleccted from s
channels. These sediments usually carry mineral pari
derived (rom their original source rock. The samples of;
sediment are normally collected at intervals of 0.15 km

(c) Water Sampling. Water sampling is done mainly for urz
deposils and rarely for zinc and copper deposits. The
samples are collected from lakes, rivers, and undergra
sources. L

{d) Rock Sumpling. In case of rock sampling, ¢hips of roc
collected from- visible outcrops at regular intervals. T
chips are then crushed to ~100 mesh size and analysed f
melal content.

rapid gcnchcnﬁcal methods to detcrmine its metal conten
for a single geochemical survey, individual readings of the
of 50,000 1 60,000 are obtuined, g

(i) Interpretation of Data, The dala obtained from the geoche
Sn;lys:.s are interpreted with the help of graphical statistical
edures or by computer methods. The method of interpretati

fay briclly be summarized as follows, s

' brzl:kagrri?ﬂl:gd: rlmvcsﬁgaqnm shows three types of value:
e a: ufzs, (b} threshold values, and (c) anoma
are called p, irage values of the metal content of the

. those Which(;:i .E’rr;’uuri values”. The “threshold values
and the ammm!}ﬁrqg the zone separating the average vall
threshold vy O Values. The values which are above

dlues are eqfjey “anomalouy valties”.
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2. The area of anomalous valyes outlines i
the mineral epos;
Rl

hidden below the ground.
2.12. GEOCHEMICAL SURVEY FOR OIL AND a5

The gases associated with petrolium are majy :

:?nc \Eith minor amaunts of Ny, CO, and SO,, SI:C:E'::I"L :lhaz: o
jobile, they MOVE upN t!1r0llgll1 the rocks and reach (he !mﬁ:u:fil::
'ws o result the soils get enriched in the methane. The petroliym mayalse |
pe scarched by determining the presence of oil bitumens in he ks m

:]J'ld walers.
In the geochemical survey, the samples of soil, rock and water e~ |
collected systemnatically from grid points. These samples ars then Sy
chemically to determine the presence of hydrocarbon gases and bitumiens.
The data thus obtained give clues to the presence of petrolinm deposit hidden

rop

underncath. §

The geochemical methods of prospecting for oil has been divided into !
qwo groups : (f) direcl methods, and (if) indirect methods. In ke “direct
methods” mainly gas and bitumen are used as indicators, while in the
“indirect methods”™ hydrochemical, soil salts, physico-chemical, and
microbiological indicators are used. . ]

Gas Survey. Of the direct methods, the gas survey is the most im;!cﬂml
It has helped in discovering many oil formations ind:pcnd:nn.}a In this
mcthod, the migrating hydrocarbon gases which arc directly associated wilth

the oil or gas deposit, are detected. The most difficult part of gas survey is
sampling. The samples of subsoil gas are taken from shallow wells dug a |
grid points. The samples are taken in such a manner that the atmospheric i

air docs not dilute them. o

Each sample of Ihe subsoil gas is nnal_ysed chcmimll);:o @:;rmﬂ.mﬂﬂmd 3;:
amount of hydrocarbon gases present in It The resulfs' ushe prosiiey
recorded on a map. Then the area of oil and gas deposit may

REVIEW QUESTIONS i

d for doing geological field worl

: k. Explain
1. List the various equipments require ;
briefly their use. - : ey
i and proper procedure
2. ' Describe in brief the basic requirements. methads anc Fro :
carrying out gealogical mapping of

Tegion. % .
| ; 4.work in a regian.
3. Describe in detail the methed of doang gwk?S“:_“l E:;s that ‘are adopted in-
4. Give a broad outline of the various surface met St
prospecling for minerals. iR T
z I!EMI min F
5. Describe the procedure.for Pmspct-‘}lﬂg e P : i
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. List the various geophysical methods of

. Describe in brief t
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prospecting. Describe the ele

methods in detail. . -
Describe the specific methods of geophysical exploration used jp

water survey.
he electrical and electromagnelic methodsof Eeoph:

i i 1E5.
exploration for location of sulfide ore bodi

. Differentiate berween anomaly and background. Describe the gegg

method of exploration of a zinc deposil.

. Explain the scheme of exploration of oil and gas deposits by peach

method.
Describe the principle and applicatiens of radiometric survey.

G "lbé' cal Mﬂg_s_ aud Sectﬁ_;_rts-ii

12.1. GEOLOGICAL MADPS

A peological map shows the geological set-up of an area in terms of
occurrence and distribution of various rock lypes. In addition 1o outcrops,
such a map also reveals the attitudes and siructure of rocks, and their
ussociation with topography amd drainage. Geological maps, therefore, pro-
vide the key for understanding the structure and geological history of any
perticular region. These maps have a wide range of application in mineral
prospecling, mining and civil engincering works.

The imporiant characieristics of a geological map are as follows.

(f) The geological map shows the contacts belween various rocks
unils,

(if) The relative ages of sirala are commonly shown by an index. In
the index the dilTerent rocks beds are arranged in the order of
decreasing age from the bottom upward. The oldest (ormation is
placed at the bottom of the column while the youngest at the top.

(fif) On the geological map the observed dip and sirike of a rockbed
are also shown. The angles of dip are indicated by values placed
ahove the dip and strike symbal,

{iv) In areas of folded strata, individual rockfonmations appear on the
map in belts whose patiern indicates the nature and Lypes ol folds
invelved.

(1) Fuults are indicated where such patterns are offset abrupily.
12.2. TOPOGRAPHIC MADP'S

A topographic map is one which shows the configuratioh of the Jand
surlace and drainage details of the area. I also shows man made fealures .
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such as roads, railway ;

used to depict clevations on the topographic maps.
Contour Lines. A contour line is a line on a map which has the sarne 18

elevation above sea level along ils entire length. Most maps show only the

two horizontal dimensions. Contour lines are, however, an cl.l'ectivc device

for representing the thind dimension on a map. Some uscful lacts reganding

contour lines are as follows. ;

_ Contour lines bend upstream. They Torm Vs that point Up the

valley.
2. Near upper part of hills, contour lines form closures,

5, villages, fowns, cle. Contour lines are cmmmnly.j : . 5
e GEOLOGICAL MAPS AND SECTION 20

The exposure of rockheds on the ground surface is called “outcrop”. r
Geological maps show n varicly ol vulcrop patierns. Oulerop pattern of strata
is determined by two factors @ (§) dip and sirike of strata, and (if) the
topography ol the area.
(@) Norizontal Ground. On horizontal ground the outcrops are al-
ways straight lines irrespecetive of the dip of strata.

(b) Undulating Ground. On unilulating ground, the outcrop patiern
varies with the dip of strata.

(i) Horizontal heds. In this case the oulcrops run parallel to
the contours. For a bed of constant thickness, the width
of outcrop will he more where the ground slope is gentle
and less where the ground slope is steep [Fig. 2.1 (a)].

I

3. Contour lines are widely spaced on gentle slopes and .;[Dsely _.
spaced on steep slopes. Evenly spaced contours indicate an
uniform slope.

4. Contour lines usually do not cross each other.

¢ 12,3, OUTCROP

n |

(if) Vertical heds. In this case the oulcrops are straight lines
irrespective of the topography [Fig. f2.1 (b)]. The width
of the outerop will be equal to the true thickness of strata.

(7iiy Inclined beds. In this case the outcrops are curved and
they cut across the contours [Fig. 12.{ (c)]. As a rule the
smaller the dip, the more sinuous the outcrop; the higher
the dip the more nearly do the culcrops appreach straight
lines, The width aof the outcrop is controlled by the dip of
strata and by the slope of the ground.

B o T T Ed

| I3

)

el
en contours and the dip of strata.

bed, (5}Sshowing a verti
al bed, E 2 vertical bed
(¢) Showing an inclined b

Fig. 121, Relationship bew,
(m) Showing o horizonta)

]
1
"
1
1
L3

cey  Fig. 122, Rule of V's.
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12.3.1. Rule of Vs

In a valley the oulcrops of
approximalc value of dip can b
1o these oulcrops.

rockbeds generally Torm a V-pattern, The

1. In a valley, the outcrop of harizontal strata form a “V", he o 3
pstream [Fig. 12.2 (a)]. However in casc of (he
traight lines and Wpography

of which points u
vertical beds, the outcraps nin a5 8
has no control on iL.

The autcrop of dipping beds also give a V-patlem in valleyg

7
Gentle dips give rise (o “long V5" while steep dips produce “shory
Vi".
fa) When beds dip up the valley, the “V" poinls upstream [Fj
12.2 (0. ,

(h) When beds dip down the valley, two cases arise.

(i) If the angle of dip is greater than the valley slope, the
“}" points downstream [Fig. /2.2 (¢)]. :
(ii) If the angle of dip is less than the valley slope, the “V
points upstream [Fig. 12.2 (d)]. @
12.4. OUTCROP PATTERNS AND GEOLOGIC STRUCTURES
Geologic maps show various types of outcrop patterns. By studying

lhest:: paucmls the geologic structures such as folds, faults, unconformities
and igneous intrusions can easily be recopnised.

" Frlllds: In case of folding, the repetition of outcrop of a bed takes place.
i foltqmg is apen, the lwu.sl!cccssive outcrops will show the reversal of dip
irection (Fig. 12.7). Anticlines and synclines can be distinguished by Lhe

B
rclative position of the older heds. Older beds oceur in the core of anticlines

and younger beds in the corc of 1
you synclines, Plunging anticlines ncli
are indicated by U-shaped outcrops. e e

F ot
show f:i:gcr: I\"C :;;;I!l‘raUI[ oulcrops as a straight line and inclined faults
e ¢ ](:}H across the area. The dip of a fault plane can be
latera] t!isplucenlé;]:ief:cu; as\.[he_,dil’ of bedding planes. Dip faulls cause
ur repelilion of straty F-L s (Fig. 7.35), while strike faults cause elimination
sides of a fault cup he (_dfe.t 7-36 and 7.37). The up-throw and down-throw
beds are found on th ]l C.mlﬁcd on maps by applying the rule that younger

¢ down-throw side and alder beds on the up-throw side.

Unconformit;

rmi ; R

by intersecting hi:::[ b'nw” S Mitles can be recognised on geological maps
anies of sedimentary strata and by truneation of dykes, -

Tl
AW or other sirye
slructures, "
UADSE 6 s G ‘-_‘i Low angle faults may also vive o S
ncontonnity, ¥ also yive pulterns similar 10

e deiermined by applying the “rule of ygn
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Intrusions. Except sills which run parallel 1o the boundaries
igneous intrusions intersect geological bour-
ht while hatholiths have very irregular boun-

Igneaus
ol sedimenlary rocks, all other
dJaries. Dykes usually run skraig
darics on the map.
12.5. GEOLOGIC CROSS SECTIONS
understanding the structure of a region, geological cross sections
are construcied. They are drawn from geological maps along certain given
lines. Thesc sections represent lhe conditions which are to be found at depth.
Such subsurfuce conditions are inferred from the geology ohserved at the
surface. The factors which help in constructing the geological seclion are as
follows.
(i) Contour lines. These help in drawing lopographic profile along
the line of seclion.
(if) Structural attitude of strata. Il is indicated by the component of
dip computed alang the line of cross section.
ation. This may be obtained from the drill
d with the help of scale ol map, width of

For

(¢if) Thickness of each form;
hole records or conpute
outerup and the dip.

12.6. DETERMINATION OF STRIKE
* is a line which joints two points of equal elevation on
n may also be defined as the direction-ol the
line formed by intersection of a bedding plane and horizenial plane. The
strike lings are always al right angles (o the dip direction. The strike lines
arc important because they show dip of inclined strala just as the comours
show the topographic slope on the map. Similar 1o topographic contours
they have alliludes (Fig. [12.3).

To draw a strike line for a perticular boundary of a bed on a geological
are located on it. These two points are

KEAIZONTAL PLANE {MA?)

A “strike line’
a perticular bedding plane. I

map, 1wo points of cqual elcvation

INCLINED

feo - BEDRING FPLANE

[P

LA R LR ol

HEIGRT I METE R—

L T P T I LR B
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STRIKE
30 AND fog

~5TRIKE
J feo

T DIF ANGLE 28°
e 2] {

(8

Fig. 12.4 (a) Determination of strike and dip on a map.
() Determination of dip by graphical method.

where a perticular contour crosses the boundary at two places. The line
formed by joining the two points will give a strike line. Tts altitude will be
the same as that of the corresponding contour. Fig, 12,4 (a) shows [wo strike
lines of levels 300 and 500 meters drawn for the boundary between rockbeds
P and Q. If the inclination of the bed is uniform throughout, all strike lines

will be parallel.

In cases where a contour line does not intersect a given rock boundary
al twa places, the strike line is determined from any three points ol known
. T -+

clevation on _that boundary.
The tkree points of known
elevation are the poinis where
the contours cross the rock
boundary (Fig. 12.5). These
p4_:-in15 are connected 1o form a
triangle. On the side of the trj.
angle which joins (he highest
anfl lowest clevation points, a
Point is located which hag the
same elevation as |he inter-
mediale comer of the lriangle.

scALE dcwm = 25om

(Al

BEDDING PLANZ

HMORITONTAL
PLAHE

x ¥

—

[}

- LL5. Determimation of Sirike.
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A line drawn through two points of equal elevation will be a strike line.
Parallcl to this another strike line of known clevation is drawn.

12.7. DETERMINATION OF INP

Each rock bed has 1wo boundaries, the top boundary aml the bottorn
boundary. To determine the dip of an inclined bed, any one boundary is
chosen and 1wo strike lines of different altitude are drawn on it. In Fig. 124
(@) 1wo such strike lincs of levels 300 m and 500 m arc drawn [or the
boundary between beds P and (. The dip will be al right angles to the strike
direction. In order 1o find the dip direction, a line xy is drawn at right angles
lo the strike lines. The “dip direction” will be from the strike of higher
elevation to that of lower clevation. It js indicated by the arrow on the xy
line.

To determinc the "antount of dip”, the length of xy line is measured.
The xv linc represents the horizontal distance between the two strike lines.
This distance is 400 meters according to the scale of the map. The difference
in elevation between these strike lines is (500 m—300 m) 200 meters. It
(means that the bedding plane, after a horizontal distance of 400 melers falls
200 meters vertically. The dip angle 8 is computed as follows.

— Vertical drop *
4= Horizontal distance
i 3
or, B=tan —
or, : Dip = 26°34" (27° approximately)

Thus dip of the bedding plane is 27° in the direction NE.

The dip can also be determined by the graphical method as shown in
Fig. 12.4 (b)_The line xy which represents the shortesl distance between the
two strike lines, is measured. A line having the same length is drawn on a
drawing paper. From one end, a perpendicular of length equal to the strike
intcrval (500 m - 300 m = 200 m) is constructed as per the scale of the map.
The angle formed by joining its top with the other end of the line will be
the dip angle.

12.8. DRAWING GEOLOGIC SECTION

It is frequently required to construct a geological cross section across a
geological map to show the most reliable picture of the subsurface steata,
Geologic seclions are of wo types : (i) normal sccticns, and (i) oblique
sections. Sections made in the direction normal to the strike are called
“normal sections” whereas those construcied in the direction obligue Lo the
strike are called “oblique secrions”. The base line of the section should, in
general, represent sea level. The sieps involved in the construction of a
geological seclion are as [ollows. - :

{i) Drawing a topographic prolile
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(if) Determination of dip and strike
(itf) Filling of _ucologic:!l details.
i aphic Profile

8.1, Topograp N -
: . maps conlain contours which depict the [Oliogm
of paper is Inid along the line of section and posjj
< arc marked on it. These height spots are then
fine from the strip of paper. Perpendiculars
sed al various poinls as per the scale of the my
Jese perpendiculars arc then joined by a free hand curve 1

sC P o which now represents the ground surface, F
hic profile constructed along xy line of the geg]

Most geologic
the terrain. A strip
consceutive contour
ferred on the base Qin
relevarit heights arc rat
tops ol it k
the topographic prolil
(a) shows the topograp
map shown in Fig. 12.0.

E Ty o P s

P T T |
o

\ Dipaz

' e

HOR ZONTAL
FURFALE

Fig. 12.6, Gealogical map.

k P

}2&:12 De}crminutinu of Dip and Strike 4
alitudes are s 11 dip oF a hedding planc, wo strike lines of d
e ﬁ{]{{c I'Clclulrcd. In F1g. 12.6 PQ and RS are the two strike lines
The line P!(mwﬁ'vel: epectively for the boundary between strata €
dip. This d]rec'lilljfl . 'Sr"t tight angles o these strikes gives the di
m elevation, [ s ; 8 Irom the strike of 500 m clevation Lo the strike

The FIT{kC T ndicated by the yrrow on the PK line

nes PQ und R§ show that the level of the bedding

Talls by 10y
meler vertically i :
Hifte: D Iy 2 i o e
the: amomny of dip is c:;lcul'jll:d :uh\%i'lmnml distance of 250 mete
: WS,

p = ap™! 1(:!9
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—

(B}

Fig. 12.7. (@) Topegraphic profile along xy line.
() Geological section along a line.
or Dip = 21°48" (22° approxiumately)

Thus the dip of the strata which lorm eastern limb of the fold is 22° due
wesl. The dip of the western limb of the fold is slso determined in a similar
manner. 1t is 347 duc casl.

12.8.3. Filling of Gealogical Details

Another strip of paper is laid along the line of section on the map. The
vuterops of varions strata are marked off. Any informalion regrading dip
and faults, etc. are also recorded. This record is first marked on the base line
and then Iransterred Lo the surface profile. In order to do this, the various
points arc projected up vertically to cut the surface profile. The geological
details arc then added in the steps as shown below

(a) First, all faults that are present along the line ol section are
inscried. They are usudlly represented as vertical lines running
from the ground surface downwand. The strala must be shown
displaced along these faulis [Fig. 12.8 (b))

(&) Then strata are added. These are drawn from each point of oulcrop
and are shown dipping at angles computed for this purpose or
slated on the map. This is usually done by drawing angles of dip
[ir:sl_ al the base line and then drawing parallel lines from the
corresponding points al the surfuce profile [Fig. 12.7 (b)).

(¢} Anticlines and synclines are generally indicated on the map bhy. -
change ol dip or by repetition of sirata. They must be made in the
section aceordingly (Eip (27 £l



PRINCIPLES OF ENGINEERING qan.

GEOLOGICAL MAPS AND SECTIONS

12.9. DESCRIPTION OF MAPS

Geologic maps and scetions illustrate the geolo
concise form. They are ustfully accompanied by a (e
outline of the procedure of describing a geologic mg

(1 Introduction. Give scale of the ma
describe the lopography of the area
Indlicate nature and number of vario
tions.

413

Rical information i, a
tailed descri plion. The
P is as follows. -

P. Look at the contoyrs and
in terms of hills and valleys,
Us rock units, series or fnn;:n-

(i) Geologic Succession. Show sequence of rock beds from oldest 1

youngest by making an index. Mention also the thickness of
various beds.

(iii) Geologie Structure, Give a brief description of

the various
geologic structures presenl in the area,
{a} In case of inclined bedls, give thc amount and direction aof dip.

(b) In case of folds, give the direction of axis and the nature of
folds. ;

(¢} In case of faults, give their nature, direction and down-throw.

{e) In case of an unconformity, give the number of beds present
in each scries of rocks and also describe their stryctre.

() In case of an igneous body, give its nature and geographical
location,

(V) Geologic History. Describe in briel the geologic history of the
area by shuwing periods of sedimentation, uplifi, submergence,
erosion, igneous intrusion and sequence of faulting. Discuss the
relative ages of folds, taults, and igneous bodies.

Example 12.1. For an illustration, let us describe the map shown in Fig.
12.8. The ground surface of the area is a valley which is sloping in the SE
direction. Here seven rock beds are exposed. The oldest bed is 'S and the

~ youngest is ‘G,

There is an angular unconformity which separates the older series of
Strata from the younger series. The beds of the younger series dip with an
angle of 20° in the NW direction, while those of the older series series are
folded in a syncline. The axis of the fold is running in the NE-SW direction.
It is an asymmetrical fold as the dip of the two limbs are unequal. The beds

Fig. 12.8. (a) Geological map, (b) Geolbgica] section along

(d) Unconformable beds must always be indicated il'l.lhe‘:,_;_ throw of the fault is 100 meter and the down-throw side is towards casl.
amarked change in dip. 4 . The sequence of events experienced by the area are as follows.

(e) Dykes should be indicated as nearly vertical beds Wi ) Deposition of four sedimentary beds £ (, R and S. _
walls, cutting (hroy gh the older strata, Sills should be (i) Uplifting and emergence of these beds above sea level. Folding

irusions running more or Jess parallel to the bed® ~~ and [aulting.

BDSSES e ingdj : ink
1cated as iregy aped masses 10LUE
the Slrata, guler sk pe i

of the older series are traversed by a transverse fanlt extending NW-SE. The -
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(i) Erosion of the region.

(iv) Submergence under water
beds E, Fand G.

(v) Uplifiing and tiltin
{ the region [o Bive present (0po

followed by deposition of three morg

p of the enlire region.
graphy.
(17) Erosion o

1 J 1 5 0 BEI)S
(1} In case of an uncor [OI’IH;I\", }-'{I'I.Illgﬂl beds (’\'C]I-ll) alder rOCkS_
! ks

(i) The outcrops of :Jip;.:in_g !'-e
upstream unless the dip is 0
thc valley, and at a greater an
beds occur in the upstredm di

(i) In anticlines the older beds outerep toward the ccntre of the fof
and in synclines the reverse applies. _.

) adjacent beds aulcropping on upposi_le side of a faul

r bed is always on the down-throw side.

or faults cut through older rocks, they
r than the strata they cul. 2

ds in a valley will always poig
the same dircction as he slope of
gle. In this case progressively oldep

rection.

(iv) Out of two

the youngc

(v) When igneous intrusions

are assurned 1o be younge

12.11. THICKNESS OF BEDS _
The thicknéss of horizonial and vertical beds can be abtained directl
from the geologic map. Horizontal beds run parall;l to lh; topograp
contours and thercfore, their thickness can be delermined by interpolat
For example, in Fig. 12.1 (a), the thickness of bed @ is 20 meters. In
of a vertical bed, such as a dyke, the perpendicular distance from one conl
to the another on the map will give the thickness.

The thickness of an inclined bed can be determined in three wf?'s 3
from geologic maps and sections, (i) [rom width of outcrops, and (i) {1
bore hole data.

12.11.1. From Geologic Maps and Sections

In order 1o determine the thickness of a bed on a geologic map
contact of the bed is sclected and a strike line is drawn. This strike 1
is then extended so thal it cuts the other contact at a different level.
difference between these two levels will give the thickness of the bed
the vertical direction. In Fig. /2.4 the 300 m strike of one contact of U

h;d Q cuts its other contact at 500 m level. Hence its vertical thickn
will be 200 m.

3 The thickness of 2 bed can also be determined from a geologic
g?];:ft'&icd along the trie dip direction of strata. In this case the thic
0 8 18 measured dircetly on such a section,

GEOLOGICAL MAPS AND SECTIONS

12.11.2. From Width of Outcr, e

The width of outcrop of a bed de
of the bed, (i) the angle of dip, 4
direction.

(e} OIn Horizontal Ground. [f the thickness of 4 bed is ¢
width of nulcr_np varics with the dip gis 113 m";t:]r]mmn. the
the bed is verlical, being in fact equal 1o the rm\e Lhi(.-lu:nj:_::1 T-hlf'l“
bc.(l' and as the dip decreases the width of vulcrop 1“&1‘:;50 If:.
Fig. [2.9 (a) 'ub’ is the width of omicrop and ‘0" the angle GT&- v
The truc thickness "be’ of the bed can be Calcufatc:i :ngj'unnw;p-

p

pcndj on three factors @ (j) the thickness
il (tify the wpographic slope and its

True Thickness bc = ab x sin 9
be = abSin@

ik 8

be = ab Sin{8+1)

R

. ) E
Fig. 12.9. Determination of thickness of a hed,
(a) Ground surface level. (#) Slop of ground apposite Lo the dip,
(¢) Ground slopping i the same direction as the dip.

(b) Slope of Ground Opposite to Dip, In Fig. 2.9 (b) the strata dip
at an angle ‘0" towards cast and the ground slopes at an angle *f'
to the west. The true thickness of a bed whose width of outcrop
is ‘ab’ can be calculated trom the following equation.

True Thickness bc = ab x sin (8 + i)

{c) Ground Sloping in the Same Direction as Dip. In Fig, 12,9 (c)
11?8 slope of ground and the dip of strata both are in the same
dircclion, the angles being *i* and *8" respectively, The true thick-

- ness of a bed whose width of outerop is ‘ab’ can be calcilnted as
follows. 3 )

True Thickness be = ab X sin (8 — 1)
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318 BORE'HALE

Example 12.2. [n an area,
a bed of sandstone is expnsu'lj.
i‘hc slope of the gmun"(l)o‘u:\; \
the dip of e bed are | :
and 20°E respectively. If the
width of oulcrep is_60 meler At
determine the true thickness of g ypsrone
the sandstone bed.

SHALE

Solution.

Dip of sandstone bed \ ¥
=20°E
Slope of the ground SHALE
= 10°W
Thus the dip and !Jw slope Fig. 12.10. Determination of thickness
are in opposile directions. from bore hole data, B
True Thickness :

= Width of outcrop x sin (0 + i}
=60 x sin (20° + 10°)
=30 meters.

12.11.3. From Bore Hole Data

In Fig. £2.10 inclined sirata are traversed by a vertical bore ho

case the tue thickness of a bed can be calculated from the follg
equation.

True Thickness
CD=BD'xcos§
where BD is the thickness of the
12,12, DIP AND STRIKE
FRODBLEMS
12.12,1. Strike and Dip by

_ The strike ang di
POINIS thal [ic g g;y,

bed in the bore hole and 0 is the di

Three Paint Method

the praphicy| . ™ the map of the area. Fig, 12,11 i
Oulcrops A dem:‘uTmn used 1p dclcml?nc the Zti‘rli:.aict:lgéiiiazfrom
e -In ordey e :

S the sane elevaton ) lhc'?n[lml a strike line, g point D is locall

emediate point B, The point D Wi
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GcaAlLE et Y
Fig. 12.11, Three poial problem. o foo

the line AC which joins the points of highest and lowest altitudes. Its position
on the AC line can be determined by the following equation.

AD = ac . Difference in elevation between A and B
B Difference in elevation between A and €

The line BD which joints points of equal elevation is the strike line. To
determine dip AE, a perpendicular to the strike is drawn. The distance AE
is measured and the dip is determined from the following relation.
Difference in elevation between A and B

Distance AE

The dip anglc is then found out from the table of tangents. The dip may
also be detcrmined graphically as cxplained in the section 12.7.

' Tangent of Dip =

Example 12.3. Let us solve the problem shown in Fig. 12.11. The
altitudes of the points A, B, arid C, where a bed outcrops are 700 m, 400 m

and 300 m respectively. The position of the point D is found out as follows.
AD=AC. Ditference in elevation between A and B

s Dillerence in elevation between A and C

_8.0x300

T 400 %

BD is joined which gives the required strike linc of the bedding plane.

The dip of the bed is determined by the following relation. . : :

AD =6.0cm.
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Diffcrence in ¢levation between ﬁ. and B
= Distance AE as per the scale of ap
00
=——=0.23
LT

@ = 13° (Approximately) 1 o

. 2 on of a limestone bed outerops at an allitude g

200 :L’;?;;pl; :;;:ﬁﬂz:;rﬂp of this surface Iin::sdat u{ S:zlaT:.; :_;ll :(:i(: Sl:]me

au: south at an altitude of 600 mefers and a thir oualrt Edc Wyl lm:lm .

of 500 meters due west from the first outcrop at an altl ne ers
Determine the dip of the limestone bed. . e

Solution. The three places where the top of the I][mesfone bhed'nut'f_:

are P 0 and R, as shown in Fig. /2.2 (@)- The outcrop Pis a[ll e eleval

of 20,0 meler. The point Q and R are situated in the dm?c‘tlons due'south a

due west of P, at clevations 600 m and 400 m respectively.

AN
.
P _»(‘-lvl.llon}-)
R )? /
¢ Level aeaniic, %
by
~ )
C ¥
~ L3
'\ _1_‘5 Boom
- -
"
b
Ve,
4
e
\r.io
f'-“'-]dam..} . "f‘&
toaly, ‘J
a7
() soutH &
~ ~
é
\\rfu
L D,,'
i 7]
Loom
s T
T Horirontal
Dip=130"  Surface.

3]

; §CALE femazoom
Fig. 12.12. Delerminalion of dip and strike

from three outerops of a limeslone bed.

On the line G oo
— Imci;'lig‘l..f Q 3|D‘:m1 8 is determined which is al the same elevati
devtiton uig hﬂcb Point R. The line RS formeq by joining points of 400
n, the strike line ol 400 m, The direction of dip will be
: :tion o s
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right angles 1o the strike, from the sirike line of higher altitude to that of
lower altitude. [ is indicated by the arrow head along the line ST. The dip
dircction is N40°E.

The amount of dip of the limestone béd is determined by a simple

graphical construction shown in Fig. 2,12 (b). The horizontal side of the
right angle triangle is cqual to the perpendicular distance ST between the
two strike lines of differenl altitudes. The vertical side TM represenls the
difference in elevation between the two above said strike lines. The dip angle
of the limestone bed as measured from Lhe right angle triangle, is 30° in the
direction N40°E.
; Examnple 12.5. 4, B, C and D are four stations at the corners of a square
of side 900 meters on level ground, B is due west of A and € is due south
of B. A coal seam is met with in bore holes that are put at A, 8 and C at
depths of 200 m, 50 m and 100 m respectively. Determine the dip of the
coal seam. At what depth will the seam occur at D.

" Solution, Fig. 12,13 illustrates the location of four stations A, B, € and
D on the level pround surface. At stations A, B, and C a coal seam is struck

4
Do : %
—‘-:—-‘jél:' . :
g :
T+ ROETEONTAL

SURFALE g
ScAalE
fEm =agoom.

Fig. 12.13, Determination of dip from bore hole data,

al d_cglr_ls of 200 m, 50 m, and 100 m respectively. A triangle is constructed |
b_y Joining these three points. On the line AB which connects points of the
highest I(Z'DU m} and lowest depth {50 m), a point £ is located where the-coal
seam will be at a depth of 100m. A line formed by jeining C and E, the

* points of equal depth, will give a strike line of 100w Parallel 1o this other

strike lines are drawn from the points of 150 m, 200 m, 250 m and so o
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4l the station D is reached. As the dip of the coal ;;mt;_:f:zsru;ns%d unifory,
the strike lines are paralle] and equidistant. A strike ;mm i aT Pgbses
through the station D which suggests that the coal searm a depth,
of 250 m. I

The amount and directi
Fig. 12.12 (b). The dip of the
should be noted that the dip direct
smaller depth to that of grater depth. y

Example 12.6. In the map shown in I-_‘ig._ 12,14, A, B g:_1d Carethe
three stations where a coal seam is met with in bore I_wlcs at depths of 150
1, 50 m and 100 m respectively. Determine the direction and amount of dip

of the soal seaim.

420

on of dip is determined graphically as shown jnji§
he coal seam is 10 in the direction S65°E. [
ion in this case is from the strike line of

N

r—— sCALH Reom = Foom.

oip 10t 52T E

T H HORILONTAL -SURFACE
Fig. 12.14. Bore hole problem.

Solution. The altitudes of the coal seam at the stations A, B and €
E]r.lermined hy subtracting the value of depth from the value of correspond
ing contour an which the stations are situated. Thus the altitudes of the ot
scarn at these stations will be (300 - 150) = 150 m, (250 — 50) = 200 m &
(150 - 100) = 50 m respectively. Now the triangle ABC is constructed
shown in Fig. J2.14. The point § is located on the BC line where the cof

seam will occur at the altitude of | : G [ .
the following equation 59 m. It can be Jocated with the hel

B = p. Diference in elevation between A and 8
Difference in tlevation between B and C

or Bs=pc. 0
’ S 150

or - ps=8C .
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Now A and 5 are the two points where the coal seam occurs at the same
altitude. A linc drawn connecting A and § will give a strike line ol 150 m.
Then other strike lines are drawn and the dip is determined. The dip of the
coal scam is 10 in the direction S27°E.

12.12.2. Determination of Apparent Dip from True Dip

I the true dip of a bed is known, the apparent dip in a given direclion
can casily be worked out with the help of the following relation.

tan @ = tan B % cos i
where a is apparent dip, 6 is true dip and B is the horizontal angle between
the true dip and apparent dip dircctions. It may be noted that such problems
can also be solved by the graphical method.

Example 12.7. A coal seamn dips at 11° in the direction due north. What
will be its apparent dip in the direction N60°E.

Solution. tan ot =tan O x cos B
y tan o = tan 11° % cos 60°

=0.194 x 0.50=0.007

or, ' o.= 5°35" (Apparent dip)
Graphical Method

The dip of coal scam = 11° "

cot 11° = 5.144 or 5.0 (Approximately} T

Hence, the dip of ceal seam = 1 in 5. B sTRIKE

Draw a line from a point ‘Q" in the

direction due north (Fig. 12.15) and make ¥ 5
OB eyual to 5 units. BC is a perpendicular 3 ® ‘au*‘ﬂ
drawn 10 OB. It represents the strike direc- e

tion of the coal scarn. Them a line OC is ©

drawn in the direction N60°E which meets
BC at C. OC is measured which is found
to be 10 units. Hence the value of the re-
quired apparent dip is 1 in 10, or 5%

Exa_mple 12.8. The true dip of a coal seam is 14° in the direction due
south. Find the direction in which the apparent dip will be 82,

Solution. + i \
i

Fig. 12.15.Determination of
apparent dip from true dip.

tan o = tan 6 x cos f§
tan 8° = tan 14° x cos f§

SYG
or, COSB: lon 8 :—U.ll"II

_ tan 14° - 0.25
or, : cos B=0.56
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or, B=56°
HeﬂCE, the direction of appar:n[ dIP will be 556°W and SS56°E.
Graphical Method

* (i} The true dip of the coal o
seam = 14° -

cot 14 =4.0 LR -
Hence, true dip = 1 in 4. j‘i‘;’;:'l E
(iiy The apparent dip of the - .7 __ _ | _ __
coal seam = §° ‘a P
-cot8°=7.1]
Hemee, sppotent dip Fig. 12.16. Determination of direction

=lin7 of apparent dip,

Draw a line from a point ‘¢’ s
in the N-§ direction and, make OP equal to 4 units (Fig. 2.16). Draw a
perpendicular PQ 1o OP. It represents the strike direction of the coal seam,
Now a point { is located such that 0f) is equal to 7 units. The direction of
the line OQ is the required direction. There are (wo directions along which
the apparent dip of coal seam is 8. Thesc are S56°E and 556°W. !

12.12.3, Determination of True Dip

It is not always possible to measure true dip in the filed. It is casicr to
measure apparent dips of a bed along two directions and then calculate true
dip from these. 5

Example 12.9, Two apparent dips of a coal scam are 11° in the direction
N50°W, and 17° in the d; rection N60°E. Find the amount and direction of
true dip. ;

Solution,

{£) In the direction N30°W, the apparent dip=1]°
cot11®°=5140r 5.0 prpmxjrrmthy)
Hence, the apparen
dip=1in35,

(@) In the directjon A
N60°E . the ap-
parent dip = |7°
CoLIT®=3270r3.3
(Approximately)
Hence, the apparent
dip=1ip33

As shown i Fig 1247
from a central poin; make Fig.

Q
12,17, Determination of true dip
from apparen; dips.
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i in the dircction N50°W, and OB 3.3 units long in the
Eifmslu])j:ﬁﬁg:ég (I?nonnccl A and §. The I_]m: AB will give the direction of
strike of the coal seam. Dram QC pcrpcnd;cul?r 10 A8 from (). Mr:_u.sure oc
Iwhich is found 1o be 2.2 units. The angle N.OC is also rnl:usui't,:d which comes
1o be 13° Thus the true dip of coal seam is | in 2.2, or 24% in the direction

NI13°E.
12.13. COMPLETION OF OUTCROPS

In areas where outcrops of rock beds are not znou-g]! o permil the
drawing of rock boundarics, gcomclrif:al amla[ys!s of the map is done. It helps
in completing the concealed boundarics of inclined beds. [t also serves as a
check on the field work. r

crops on the ground surface al three points that lie at different

elevixfiirﬁdi;u;cunpdary an ic map can he traced with the help of Lhe three
point method (section 12.12). _

Example 12.10. In the map shown in Fig, 12,18, the lower surface of
a 50 meler thick limestone bed is exposed on the ground surface at three
points A, B, and C. Complele its oulcrop.

- N
- - -
- .
?
s
T 2 ~ - i
s '---.1“'> e T
s, /‘-"-. °°~___
4 - 2 -
¢ # - Y
’ ¢ "‘{0-____ ~
' ’ ~ o =
- P _— ~
; .- - . R
! 4 RS A -
- N
Tecszoill i Q_‘ -
See o
e g o,
' i 7 ey i
1 ' £g -
Y I il ~ e
1 1 ™
' ~-
1 L] L] ~
1 L X S
=
\ L c @ _ Freled, <2
[ % [y P
~
F A \ ] ~
'.-P L \ . "
v Y * ~
N \ : =, i
1 . 0.
1 \ x %’ =
1 ‘\ ’
1 S AL
1 . .
LY LY LY

Fig. 12.18. Completion of oulcrops. :

Solution. The three points A, B and C where the lower boundary of .tht:
limestone outcrops, lie at different elevations. The elevations of lhn.esc .pmnls
are 600, 500 and 550 melers respectively, For drawing the geologic boun‘d-
ary, the first step is 1o draw strike lines from these points by the: “three point
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on the map is 50 m, construct additiong)
{2.19),
4N

method™. As the contour interval Fio
strike lings at the interval of SO meter throughout the map (Fig.

e,
Fig. 12.19. Showing completed autcrop.

The next step is to mark the intersection points of the strike lines and
the topographic contours having equal values. All these points will be on
the lower boundary of the limestone bed. The free hand curve drawn by
connecting these map points will be the required lower boundary of the =
limestone bed (Fig. 12.19). ' 3

The thickness of the limestone bed is 50 meters. To construct ils upper
I'{nundun_r add 50 m to the value of each sirike line alreacy drawn. The strike: i
lines having new values will act as strike lines for the upper boundary o
the limestone bed. Now (ollow the same procedure and draw the upper
boundary (Fig. 12,19). i
e L1 St A e sho i 5. 1220, e conal
the direction S40°E. Trace lﬁe cnm:lcrll.E werposee. Thesetbeds R i

Solution,

(if) Asthepoint A, in Fig. 12.20, is on the 700 m contour, a line drawn

through it in the direelj :
of 700 m. direction NS0°E—S50°W will be the strike line

-

. Explain briefly the characteristics of a geological
. What is an outcrop 7 How does the pattern of outcrop of stra
. Describe in brief the various criteria for the

. Draw a geologic

425

Fig. 12.20. Showing completion of oulcrop.
(iif) The hnrimni.al distance for the strike interval of 30 meters is
determined by the following relation.
Horizontal distance = 50 x cot 14° (dip angle)
= 200 meter.

(iv) Other strike lines are drawn at the spacing of 200 m (2.0 cm. as
per the scale) on the map parallel to the 700 m. Strike line.

(v) The intersection points of the strike lines and (he topographic
contours of equal values are marked. The curved line formed by
joining the these points will be the trace of the contact between
the shale and sandstone beds (Fig. 12.20).

REVIEW QUESTIONS

map. Describe ‘how a

peological section can be drawn across o geological map.
1a vary wilh the

dip and surface relief. . : .
recognition of folds, faults and

unconformilies on geological maps.
al cross section of an area shown in Fig. 12.8, Give a brief

account of the geological history of the area.
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FRIN

= 4 shale that sirike srikes N9O°E and dips 34
ness of 4 s.ndm of oulcrop measureed inoa dye y

of no relief. ik
NE-SW and dips 45° §
SE line on the surface

5. Delermine ihe thick !
the direction due south. The WICH
direction is 125 meters, The region (5 '

omerale sirkes

red along NW-
conglomerale. :
b and shows a vertical thickness g

T ‘:03' fl"e::.‘ srr::ab;i;natt}rir?: ;Frl’ni:fihthc true thickness of (he coal seq
melers, ; ;

8. The width of oucrop of 2 limeslone_hed on a sloffzglhgerz:;i :isirzg me
The slope of the ground and the dip of thg strata are 1 - ectiol
\heir amounts being 25° and 10° respectively. Calculate the thic ness o

limestone hed. y
9, The tnp of a shale bed outcrops atan aliitude of 200 melers. A second oute;

of this horizon lies at a distance of 800 meters due nerth aljn a]llludc_;_l
meters. and a third outerop lics at a distance 01'5(3_'0 melers due wesl_fm
first outcrop at an altitude of 400 meters. Determine the strike and dip

shale hed.

10. The top uf a clay hed outcrops
2700 m from X in the direction .
240 m respectively. The same bed is struck in a bore hole al a depth of 3

m at Z which is a1 a distance of 4500 [ram ¥ in the direction NSO®E. Cal
the dip of the clay bed.
11. A coal seam is struck in the three hore holes X, ¥, and Z at depths 120
m and 180 m respectively, ¥ is silvated al a distance of 550 m in the dir
SH0°W from X, and Z is 270 m in the direction $50°W. The surface levels
the bore hales are the same. Find the dip of the coal seam. :

12. A coal scam is el with in three bore holes 4, B and C. The surface ley
bore holes are 22 m, 14 m and 30 m, and the depth of hore holes are
20 m and 25 m respectively. The bore hole B is 480 m away from A
direction N30°E and hore hole C is 350 m from B in the direclion S
Caleulate ke dip of the coal seam.

13. A sancislﬂ'?e bed has a true dip of 30° in the direction N45°W, Calcul
apparent dip in the N5°W direction.

6. In aregion of no reliefa cong!
width of the oulcrop as measy
melers. Calculate thickness of the

at two places X and Y. Y'is at a dist
N30°W and their surface levels are 60

Tables for Identification of Rocklorming Minerals,

14, The true dip of a coal seam j5 14° | irect P e
e in the direction N30®°
dip in the direction N25°E. Eeslion NAQSW, Flnd g

15, The 1wo appareni dj I
e | cal dips of a limestone bed are 340 irecti
47% in the direction N6O*W Find 115 true dip‘ Whedneioni

16. The apparen; dip of sandstone bed is 6° in (he

the direciion $37°F, Determine ire dip o ditecticn 524V

f the sandstone bed,
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Appendix-A

Rock Forming Minerals
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Appendix - C

Tables for Identification of Rocks

Identification of Rocks

The rocks may be distinguished [rom
and physical characters. In all cases carc
unweathered surfaces.

Igneous Rocks :

one anather by their composition
hould be taken to examine ltesh

lgncous rocks arc usually nonstratificd and charac.
terized by their crystalline structure in which crystals lie in all directions,
with no prelerred oricntation. [1 is not difficull to see whether a given rock
specimen is coarse grained, equigranular, inequigranular, porphyritic, fine
grained, or glassy. Ordinarily basic ignecus rocks may be distinguished from
acid rocks by their darker colour and heavier weight. %
Sedimentary Rocks : There is usually litle difficulty in identifying
whether a sedimentary rock is argillaceous, arenaceous, calcarious, or car-
honaceous in character. Unlike igneous rocks which are crystalling,
sedimentary rocks are fragmental. The proof of sedimenlary origin may be
provided by the presence of stratification, larnination, current bedding, ripple’
marks, or fossil content. 3
Metamorphic Rocks : The crystalline metamorphic rocks differ from
igncous rocks in that their crystals arc aligned in the parallel direction. Thus b
they are clearly distinguished by their [oliated character. Slates have slaty =
s:ll:::f:lgc. schists have schistosity, and pneisses have banded structure. The
noplolmted me.Lamorphic rocks like marbles and quartzites are easily dislin-
guished _hy their l:.nmp()siliun and relative hardness. Marhles have low hard- =
ness while quartzites arc cxtremely hard and lough. i
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Appendix - D

Geological Map No, 2

Geological Map No. 1

Map No.

gical section along -y line. - -

Map No. 2. (a) Geological map. (&) Geolo
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