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LLANDFORMS AND THEIR
EvoLuTtioN

f=r weathering proresses - Bave hzdd
A their sctions o the zarth mafsrials

malking up the sarface of the carth ‘the
gesmorphic agents like running water, ground
water, wind, glaciers, waves perform srosion:
It is =ipesdv kmpwnfe yon that eresion canses
changes on the surface of the sarth, Deposition
follow= erosion and becsuse of deposition too;
changes occuron the surface of the sarth.

As this chapter ceals with andforms and
their evolution ‘first’ start with the question.
what is a landform? In simple words; small to
mednmm tracts or parcelsof the earth's sprface
ere called landiorms.

if tandform is a small to medivm sized
partof the mnface of the earth, whatisa
landseaps?

Seversl related landforms together make
up landscapes. (large tracts of earth s surfars),
Farh landform has its onm physical shape,
sire, matersis and s 8 resnlt of the sciicn of
certain geomorphic processes andd agemtis).
Actions of most of the geomorphic processes
end. adents @re siow, snd hence the resniis
take a long time to take shape. Eveny landform
has s hepinming. | andftrmms opes formmed may
chenge i thelrshape, 5ize and nshine slowly
or East due to coistinued artion of geomarphic
rarEsses 2 sfenis

Diue to changes io climedie conditions anid
vertical or hotirsontal movements of land-
masses, sither the inbnsity of pmocessss ot the
moessses themiselves mmght rhsnde leading to
new modifications in the landforms. Evoiution
here implies stages of transformation of sithera
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part of the earth’s surface from one fandings into
ennther or transformigtion of individnal
Iandformis after ey are once fourmed. Tlhat
means, each and-svery landfonm hoas g history
of development and changes throungh time: A
landmass passes through stages of development
smim=what comparable to the stages of life —
vouth, mature and old age.

What are the tve important-sspects of
the evolution of landforms?

Runnmvg Water

Iy hnmiid regions . which receive heavy rainfall
af the gromorphic zdents in bringing ahout
the degradation of the land surface. There are
two components of running water. One is
overiand flow on general land surface as a
sheet. Ancther 15 linesr flow =5 streams and
rvers invalleys: Most of the erosional landforms
made by runmng waler @re assodaied with
vigoros and youthful rivers flowing over stes

gradients: With tme, stream chanmnels over
stesp gradients Hirn gentler due o eontine=d
erosion, and as = consequence; lose their
velocity, facilitating-active deposition. Ther=
may be depositional forms assocciated with
sizeams lowing over steep slopes. Bust théss
phenomera will be ona amall seals comparsd
to those-Sssecisted with dvess flowing over
medium o gentle slupes, Thes gentler theriver
channels @ gradient or slope, the grest=r =
the depo=itiony. When the stresm beds o
gentier due o continmed erosiorn, downward



2=

cutting becomes iess dominant and latesal
erosion of banks increases and =23 &
consequence the hlls and valleys are reduced
ta plains

e reduction of rebef of & high
land mass possible?

Overland flew esuses sheet erosian.
Depending vpon irregularities of the iamd
surface, the overlams fow may concentrate mkn
narrow oo wide paths, Because of the shesr
michon of the eolume of fowingd watsr. Tmoor
or mzjor guantibies of materials from: the
surfars of the land are remmoved in the divecHion
of flow end gradually small and namow =lls
will form. These rills will gradually develap mto
¥ong and swide gnilies; the gnlliers will fisrther
deespen, wident, lemgther and simite te give
rise to a r=twork of valleys. In the zarly stages.
down-vutiing dominstes dusing which
fregulanities anch as waterfalls and cascades
will beremuoved. In the middle stages, stresamis
cut their beds slgwer, 2nd Isteral esosion of
valley 5ided Decomes severs. Gradually, the
valley sides sre redueed to lower and lower
slopes, The divides between drainags basins
zre Hkswise lowersd until they sfe alinost
completely flattened leaving finally, a lowiand
of faint relief with some low resistant remnants
celled monadpocks standing oot here amd
there. This type of pizin forming as a result of
siream erosion is called a peneplain (an almost
plam). The characteristics of each of the stage=
of landscapes developing in ronning . water
regimes may be summarised as follgws:

Youitl

Streams are few during this stage with poor
integration and flow over original slopes
showing shallow Veshaped vall=vs with Do
fiscdplains o7 with, very narow Socdplains
along trunk streams, Streams divides are
bread and flat with marshes. swamp and
lakes. Meanders if present develop over these
broad upland susrfaces. These meanders may
eventually entrench themselves into the
uplands, Waterfalls and rapids may exmst whers
ipeal hard tock bodies are expossd.
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Matnre

During this singe streams are plenty with good
imtegration: The valleys are still V-shaped buat
desp: ttunk skEeams are brosd enough o have
wider floodplains within which streams may
fiow in meanders confined within the valley,
The flat and broad mter stream arsas and
swamps and marshes of yooth dissppear and
the stream divides turp sharp. Waterfzlls and
m=pids disappear.

Oid

Smalier tmbutanes dunng old =g are few
with gemtle gradients. Streams meander frecly
aver vast floedplains showing natural levees.
cxbow lakes. sto. Diides sre broad- and fiat
with lakes. swamps asc marshies. Mest of
the landsrone is.st o shightlvy abpre ses level

Erosonat Lanoromrus

Valleys

Valleys stasi as small and masrow dlls; therills
will fradually dévelop Into long ‘and wide
gullies: the gullies swill further degpen . widen
and lengihen to give rise tovalleys. Depending
upos dimensions and shape, many tpes of
vallevs likke Veshaped v=ll=y, gomFe: c=mmyoenm.,
etc. can be recognised. A gorge isadespvalley
with very stesp to sizsight sides [Figure 6.1]
and & canyon Is characterised by Stesp
step-like side siopes (Figure® 2iand mey be
as deenas agorfe. A gorde is almiest fgualin
width -at its top -as well as its bottom. In
conirdst, & canoven is widsrat it top thano-at
its bottom. In fact & canyon is-a variant of
gorge. Valley types depend upon the type and
structure of rocks in which they form. For
exampis., canyons commonly form in
horizontal bedded sedimentary rocks and
gorges form in hard rocks.

FPotholes and Plunge Pools

Overthe rocky beds af hill-steams more or less
circular depressions called potholes form
because of stream erosion aided by the
abrasion of rock fragments, Once a smail and
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Fiure 6.1 The Valley of Faveri river nesr H
Dharmapuri district, Tamil Nadwo in the form of gorse

ng:mﬁ-i ahmimﬂb&mnﬂn‘hﬂpd’m
Colorado in ©SA showing step-lile side slopes of
fi= valley tpic=s! of 2 canyon

shallow depression {orms, pebbles and
bouklsrs get collectzd in those depressicns and
get rotated by fiowing water and conseguently
the depressions grow in dimensions. A sefss
of such depressions eventually join and the
stream valley geis deepened. At the foot of
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waterfalls also, large potholes: guite deep and
wide form because of the sheer impact of water
and rotation of bouiders. Such large and deep
hole=sat the base of waterfalls are called plorgs

pocls,
Imcised or Entrenched Mesnders

I streams that Bow capidly over steep
gradients. nommally ecosion s concentrated
on the bottom of the stream channel. Also, in
the case of steep gradient str=ams. iatezal
ergsion on the sides of the valleys is pot much
when compared to the streams flowang on
low and gentle slopes. Because of active laters!
erosion., streams fiowing over gentle slopes.
deyelop sinuous ar mesndennd courses, lbis
common to find meandepng courses over
fipodplains and delta plains where st¥sam
dradients are very gentle. But very deep and
wide meanders can alse be found ent in hard
moeks, Sach meanders are ealled iocised or
entrenched meanders {Figure 6.2),

Hiver Terraces

Faver terr=ces are surfacss marking ald vallsy
foor arflsodplain l=vels. Thev may be bedrock
surisces without sny alluvial cover or alluvial
tzrreces consisting of stream deposits. River
t=rraces == basically products of erosion as
they result dur to vertical erosion by the
stream ints its own depositional floodplain.
There can be 2 number of such termaces at
different heights indicating former tiver bed
l=vels. The river terraces may occur =t the
same elevabion on eitherside offhie tiers in

Derosimonsr Lavnropms

Alluvial Fenos

Allnvial fans (Figure 6.3) are formed when
streams flowing from higher levels break into
foot slope plains of low gradient Neormally
very coarse load {s carried by streams flowing
over mountain slopes, This lead becomes too
heavy for the styeams to be carried over
gentler gradiemts and gets dumped and
spread as- = broad low to high cone shaped
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deposit called zihnial &0 Usually: the
streams which flow over fans are not confimed
to their original chammels for long and shift
their position amross the f&n foomise many
chanmnels called distmbutares. Alluvis] fans in

humid areas show noonzlly low conmes with
gentie slop= from head to toe and thev appear
as high cones with steep slope ino arid and
semi-arid climates,
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F@mﬁ&z&ualhivalﬁndq:lﬂ:ﬂ by ahnll stresrn on
the way to Am=math Jermm =mnd Kesfrer

Deltas

Deltas are lilkee alluvisl fans but develop at a
different location, The load carried 5% the
mvers is dumped and spread into thesea. If
this load i= not carried away Erinte the sss
or distributed along the coast. it spreads and

Figure 6.4 A sat=llitr view of part of Krishns vy
deliz fodhss Pradexzh
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gocumuiates as & low cone. Unlilee in allavial
fans, the deposits making up deltas are verv
well sorded with clesr stratification. The
coarsest materiais settle ont first and the finer
fractions like silts and clays ars carmried oot
into the sea. As the delte: grows. the river
distristaries continue o IEerease in-length
Figure 6.4) and delta continues to build up
imto the sez

Floodplains, Natural Leveses pnid Point Bars

Deposition develops a floodplain just as
erpsion makes valleys. Floodniain i5 a major
landform of Over depositinn. large sized
materials are deposited first when stream
channel breaks into a gentle slope. Thus,
normally, fine sized materdals like sand silt
and glay are carnied by relatively slow
moving waters @ gentler chapnels usually
otmd 1o the plains and deposited over the
bed and when the waters spill pver the
banks during flooding above the hed.
A wiver bed made oftrer depasils is the actye
flogodplaie. The floodplam shove the bank is
inactive flgodplain. nactive floodplain above
the banks basically contsin two types: of
deposits — Oood deposits-and channel
depesits. In plains. channels shift laterally
and change their courses occasionally lemying
cut-off courses which get filled 11p gradnelly
Sueh greas over Oood plains bailt np by
abandoned or cut-off channels pontain coarse
depesits. The flood deposits of spilled watess
catry relatively Hoer materiels lke silt and
clay. The flogd plsins in 3 delta are called
celtz plaims.

Figure B.5 : Naturz] lever and paint bers
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Nztural levess and point bars [Figure 6.5)
are some of the imporiant landiomns foamd
sssoristed with floodnizins. Nstresl Isvwesare
found slong the banbs of large rivers. They are
iow. linear and parallel ridges of coarse deposits
atongd the banks of mvers. guite often ot 1ote
mdividual mounds, Fmnt bars are also xnown
a5 -meander bars, They are found on the
concave side of meanders of large rivers and
gre sediments deposited in g inesr fashiong by
flowing watsrs along the bank. They are almost
uniform in profile and mwidth and contein mixed
sizes of sediments,

In what W=y do natural l=vees differ Som
point bars?

Measnders

It Iargc flood-and della olanss, rivers tarsly
flowr I straight eousses. Loop-liks ‘cla=mal
paterns called mesmdess develop over flood
and delta plains [Figure 6.6,

o iy e,

Meanider is not & landform bat = onlyv a2
tvype of channel patterni: This is because of
[i} propensity of water flowing over very gentie
gradients to work Imterally on the banks:
i) unconsolidated nature of alluvizl deposits
making np the banls with many irregularities
which can be used by water exerting pressure
taterally; (iil) coriolis foree acting on the fhuid
water deflecting it lilke it defleets the wind,
When the gradijent of the channel becranes
extremely low, water flows leisurely and staris
working laferally. Slight iregularities along
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Figure §. 7 : Me=nder prowth and ord-off Ioops and
Elpoff and urderrat hamnis

the Benksslwiv get bansfioemed [ntoa small
curvatiise in the banks! e cvesvdture degpens
due to degesition on the mside of the cuxve
and =rosivn slongd the bank on thevuiside. I
there Is no deposition and Do €rosion oF
undsrrutting . the: Endency to meander is
reducsd, Normally, o meanders of lrge rivers.
there [ active deposition: along the concave
The concave banik i= known as cut-off bank
wihich shows up 55 2 zigcp scxrp =nd the
comves Gonlk presswnis & long, gentls grofils
[Figiire &.7). As meandsrs grow into deep
loona, the s=me may get cuiolf dueloc emosion
at the inflertion goints and == eft as ox-bow
Izk==

CROUSDWATER

Hzze the interest i3 oot on groundwoter as 3
resgurce: Our focus (5 on thz work of
grounsiwstsrin the syosion of Endmasses and
evelnticn of lemdioems. The Surfacse- watsr
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Valley sinks/LUvalas

Figur= £ 8 : Vasous karst fegbres.

parcolates well whisn thie rockSare permeabls.
thinly bedded and Wighly jointed and cracked.
After vertically going down to some depth. the
water under the ground fows horizontally
through the bedding planes, (oints or through
the miaterials themselves. H is this downward
znd horizontal movemsnt of watsr which
czusss the rocks to =vods. Physicsl or
groundwater 15 {nsignificant m developing
bndforms. That iswhv ths resuits of the work
of gumdwater annot be seen in all types of
rocks. Bit In Toeks dike limestoms=s o
dolomites fch.tn csicium carbonate, the
surface water x5 well a5 groundwater through
the chemicsal process of sclution and
pre=ipitstion depositm develop varstes of
Indiprms. These two pmucess=s of solution
dolomites cecurring sither =exclusively or
mtsrbedded with otherrocks. Any Emestone
ar dolmmitic region showing typical Isndicrms

produced by the action of groundwatsr
through the processes of solution and
depesition Iscalled f=rst topogr=phyafter the
tvpical topoiraphy developed In limestone
rocks of Karst region in the Ballkans adjacent
te Adristic sex

The karst top v i3 also charactsrisad
by erosional and depesitional landforms.

Ernsionar LASDFogss

Pools. Sinkholes. Lapies and
Limestone Pavements

Small tn medivm sized round to sub-rounded
shallow depressions called swalfow Bofes form
on the surface of limestones through sohition.
Sinkholes are very common in Hmestone)/
karstareas. 4 sinkholeis an apening mare or
less circular at the top and funnel-shapped
towards the botltom with sires varying in arsa
froma few sg. m to &8 hectare and with depth

raronl T
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from & less then half 2 metre tothirty metres
or more. —ome of these ferm solely through
soclution scton (sclnben sinksl and others
might sttt as solubon forms Srst-and if the
bottom of = ssnkhele forms the roof of 3 void
or caEve underdround, st might collapse jeaving
a2 large hele gpenming into 2 caye or & vidd
below [cellapnse sinks], Cnaite often. sinkholes
Bre covered up with spil mantle and appear
g5 shaliow water pools. Anybody sfepping
over such pocls wonld go dewr: like it
heppens-in goickssnds in deserls. The temn
dolitie is sometimes nsed to 1efer the collanse
sing=s. Sgluticn sinks a1 muas caomcn th=n
callzpse sinks. Quite cften the sorface Tun-
cif simply goss dovn swallow 2nd sinx holes
=ril flow as andergdround sh=mmis and =-
em=igc =t 2 distones downsizeam Boough a2
cave opening. When smik holes and dolines
[oin together becaitse of Slumping of mas=Tisis
gleniy thelr mardins or duik o mof collspse of
eaves, long, merrow B wide befiches-called
vellsy sink= of Dvalss iorm, Graduslly, maost
of the surfsce of the linsstone 15 caten away
oy thiese pitsand treorhés, Eaving it exdremely
frreguldr with 2 mare of peints, grooves and
ridges or lapics: Especially. theseridge=s or
lapies forms dus to differential soliston achvity
alony parzlle] to sub-paralle] joints. The lspi=
field mzy eventuslly tum ints Somewhat
smooth fmestones paverments

Cayes

In areas where there.are-sliemating besds of
rocks [sholes, sandstomes. gquartzites) with
imestones or dolomites in between orin areas
where Imestones are dense, Massive and
pocurring as thirk heds, cave formatinn is
prominent, Water percalates downs either
through the matenals or through cracks apd
joints and moves horizantally along bedding
planies, It is slong these bedding planes that
the imestons disgsolves and long and narpow
to wade gaons called caves tesuit. Thers can
be-= maze of caves at different elevations
depending pvpon the Bmestons heds and
mtervenung rocks. Caves normslly have an
opening throngh which cave streams aze
discharged. Ceves having opemngs =t both
the ends are called tunneis

ot

Depositional Landforms

hMany depositinnal forms develop within the
ltmestore caves. The chief chemics] in
im=stone s calrinm cearbonsts which i gasily
soiuble in arbonated water [carbon dimdde
absurhed rEinwater]. This cairium esrhonate
is deposited when the watsr capying i Io
sution EvapoTates O oses fi= carbon dicgds
as it Eciles over roudh ook surfaces;

Stalactites, Stzlagmites snd Pillars'

Stafactites heng as icicles of diffzrent
dismeters. Normally they are Drosd at their
bases =nd teper towards the free ends
showing up ina vanely of forms. Sialagmites
nse up from the fioor of the epves In fapt.
stalagmites form due to dopping Wwater from
the susface ar through the thin pipe, of the
stalactite, immediately below it [Figure 6.9).
Siziagmites may take the shape of a2
coitEnmy, adise, whth eibera smooth. Tounded
bolging end 'or A miniaturs crater like
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depression. The siaizgmuts and sizlactites
evenbpally fuse to give rise o cofumps =2nd
pillarsof different diameters

GisomERs

Masses of ice moving 2s sheests over the land
[comtinentzl giacier or piedmont flecier if &
vast shest of ice 15 spread over the plamns at
the fontof rmommtsins] or = linezr flow= down
the stlopes aef mounteins in broad ough-like
Ellers ([mountain and valley: glaciers) aze
called Flarzers [Fadure 6,400, The movementof
giaciers is siow unlikes water fiow., The
movement eold be & few centimeles to &
fer metresa day or even iess or more. Glaciers
move basirslly bersuse of the foree of gravity.

ﬁgu::-ﬁ.lﬂ'hgl.al:iﬂinrmljﬂlq

We have ﬁfﬂp Flasfers fn U ConrHTe
moving down ths siope: and vallsss In
Himaloyas Higher resrhes of Unaranchal
Himgrcha] Pradesh and fammu and
Kashmir, are places 1o see some of them
Dip vou Enow where ans e=m S Hiver
Ehamirathy 5 basteally Tod by maltowetars
from under the spput [Gauimuih) of the
Gangotri giacter, [Infact Alkonnrd glactar
ferds waters to Alghononds river Bivers
Alkenonds ond BEhaglvarit join to malks
river Gangs near Despravag.

Erosion by glariersis temendous hecanss
of frictinn egits=d by sheerwright of theire:
Ths materinl glticked frem the land e glaciers
[usuelly large-sized -andulsr blocks and

FUNDAMENTALS OF FHYSHCA! CEOCRATHY

fragments) get dregged along the floors or sides
of the valleys and canse great damage tHmongh
abrasion and plucking. Glamers can cause
significemt demege o svenun-sregathersd rorks
end can reduce high mowvmtains into low hlls
ant plams;

A= flaciers cortinus to move, debris gets
rermoved, divides geb-iowered and evenbsally
the =iope is recoced to snch an extent that
gtacierswill stop moving Ieaving only & mass
of iow hills and vast outwash plains along
with other depositional features. Figures 6.11
epd G112 show various glaciz! erosionzl and
depesitional forms described in the text

Erosionar LANDFORMS

Cirgue

Cirgues are the most common of landforms
in-glaciated mountains. The corgues guite
aftenare fonrd at the heads of glacial valleys,
The geermmulated ice cids these chigpzes while
maying down the mountasin bops. They amrs
deep, long =nd wide troughs or hasins with
VEIy Sieep concave to vertically dropping igh
walls &t its head 25 well a5 sides. A l=ke of
w=lsr can ‘b sesn quits chen within the
crques sfter the Fflacier dissppears. Such
k=3 are called cgue or oo Hizs, Thess
can b= two o more cirguiss one leadimg o
another down below in a stepped s=quenece.

Horm=s and Serrmted Riﬂgfs

Horns form through hesd ward eosion of
the cirqus walls, If thres or more radiating
glacitrs cut headward vt thelr cipres meet,
hizh sharp pointed and steep sided peaks
called horas orm. The divides Bebeee cogus
side walls or head wals get nerrow Boeauss
of progressive zrosion snd turninte ssrmted
or saw-toothed riddes-sometitnes refiared ie
as Zreics with very sharp crestand & zigieay
cutirzs,

| The highest peak in the Alps, Macerhomn
snd the highest peak In the Bimslayes,
Eserest are In fact horne formed throtugh
headvward aoden of redisiime clrgress

o B
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Figurs 6.11 : Some glacsal erovional and deprsitioma) foms fadapied and modified from S 16

Glacial ?a]le‘;aj"lhughﬁ

Glaciated vallews are trough-like and I7-
shaped with broad flears and relativaly
smooth. and steep sides. The valleys may
contain littered debris or debris shaped as
moraines with swainpy seppesence. Thers
may be lakes gouged cut of rocky flocr or
formied by debris within the valleys These
can be hanging valleys at an elevation 611 one
or bath sides of thi= main glacial vallsy, The
facss of divides or spurs of such hanging
vaileys opening into maim glacial valleys are
guite often fruneated to give them ano
appeamance liks trangulsr facets, Very d=sp
glacial troughs filied with S=a water amd
making up shorelines {in high Iatitundes) are
called fords/ Aords. '

Whizs are the hosie diffsrances bﬂyﬁ'ﬂ:
glacial valleys and river vallaye?

Depositional Landforms

The unsssorted coarse and fine debris
dropped by the melting glaciers is called glacial
till. Most of the rock fragments in Gl ars
anguiar to sub-angular in form. Streams form
by melting ice at the bottom. sides or lowsr
ends of glaciers. Some amount of rock debris
=mall enough to be cermied by such melt-
water streams is washed down and deposited.
Such glacio-fluvial deposits are called
oputwash deposits. Unlike 4ll deposits, the
cutwash deposits are roughly stratified amd
assorted. The rock fragments in outwash
deposits are somewiat rounded at ther edges:
Figure 6.12 shows a few depositional
lendfonms commoniy fovnd in glaciated areas;

Moraines

They ‘are long ridges of deposits of glacial Hll.
Termind! morzinss aere-long ridges af de=bris

posrd e
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Figurs & 12 : & pamor=mic disgram of glaris] landseapes with varioes | deposition=] lsndforms
{adapicd and oodified from Speocer, 1962)

depasited =t the =nd (toe] of the glaciers. Lateral
mor=imes form siong the sides parallel to the
glacialvalleys. The lateral morsines i:l:ﬂrrjmr a
termin=] EL.-":'EEI"_ forming = horse-shoe shapsd
ridge [Fig. 6.11), There can be many iateral
moraines on sither side in s ghcsl vslley. Thess
mor=ines pariivy ar hilly owe thelr oogin to
glacio-fiuvial waeisrs pu=shing up met=rals to
the sides of glaciers, Many valley giaciers
refresting r=pidiy !'E'E’Ff an iregular sheet of
greafly thirkmess =nd m ﬂu:EEﬂE tnpograph:r
ar= called ground mor=ines. The morsine in the
cemitre of the glarcia! valley Hanked by [ateral
mor=ines is called mediz! moraine, They are
imperfectly formed s compared to lateral
moraines. Sommstimes medis]l morgines are
indisfinsosimbie i groond mor=ines

Eskrrs

Whern glacirrs melt In ssrmmer, ths wwatezt
Bows o the surdace of the (e or sespsdown
giong the marding or own moves- thaough
holes in the ive. These waters accumulaie
bene=sth the glacier and fiow like sheams io
achanne! beneath the ice. Such streams fiow

o

grer the ground fmot n 2 valley cut i the
ground] with e forming its hanks. Very
coarse materials like boulders-and blacks
along with some mineor fractions of rock debris
carried into this stream settle in the valley of
ifce bepeath the glacier and after the ire melts
can he found as a sinnons ridge called esker

Outwash Flains

The pl=ins =i the foct of the glacial mount=ins
ar b=yund the liomits of continental ire sheets
gre eovered with glado-Fuvizl depostis o the
form of eoad fiat allnwvisl fans which' may
jfoin B form cutwash plains of gavel, =i,
sand and clay.

Distinguizsh betvesen river alluvial platns
and glacisl surwash platns.

Brumbins

Dromiins a1 smooth oval shesped vidge-Khe
festursd compli=es mainty of gacds] G with
SsEnE masses of gmvel and ssndd. The' loog
axes of drumilins ar= parzilel to the directicn
of e mgvement. They may messnre up o 1
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Im m fength and 30 m or sc in bheight One
end of the dnummlins facing the glacier called
the stassend is bhimter and steeper then the
other end called fzil Ths dramiins form dos
to dumping ef rock debris beneath heavily
loaded ice through fissuresin'the glacier. The
stoss end gets blumted due to pushing By
moving iee. Dimanlins give =0 indication of
direction of glacisr movement.

What = the differernics lsetw=en il and
sfurnm?

Waves anp CuRRENTS

Eozsial processes arg the most dynamic and
tience moest destructive, So. don'Eyon thisk
it 15 imporisnt to know about the coastal
processes and forms?

Some of the chenges slong the cossts taks
place very fast. At one place. there can be
erosion in one sepasnn-and depositton In
enather. Meost af the ehanges glong thetoasts
sre accaomplished by waves., When waves
breale the water is thrown with great farce
onto the'shore. and simultanecusiy, thee is
& gregst churning of se@iments o ths sea
botiom. Constant impact of bresking waves
drastically affects the coasts. Storm waves
and Eunsisl Wwaves can cause Fr-reaching
changes in a short period of ime than normal
breaking waves, As wave snvirommend
changes. the intensity of the foree of breaking
wavES Cthandes.

Tia yor by abour the geverabing forces
E=hind waves 2nd c:uIzEIi_"" It nay, eis
o the chapter aon _ﬂlﬁl:-:mﬂﬂl!: in at==n
watEre.

Other than the action of waves: the coastal
lEndicoms depend upon i) the conficurstion
of land and sea floor: {fl whether the coast i
atdrancmg [emerding] seaw=d o reireahing
(submerging) landward. Assuming s== level
to be constant. two types of coasts
ars considered to explsin the concept of
evalution of coastal landforms: §i) high. rocky
cogasts [smbmerged coests), {iil low, smooth

ot
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gnd Fentiy sioping sedimeniary coasts

[emerged coasts],

Hice Hoory Coasts

Along the high rocky coasts, the rivers appear
to have been drowned with highly oregular
coastline. The coastline appears highly indented
with extension of water mto b= land whers
glzeim] valleys fford s ars present. The kil sides
drop off sharply into the watsr. Shores do not
show any depositional Iandiorms initially.
Emmsion Estures doommate:

Alond high rocks coast. siaves break with
great force-agdinst the land shaping the hill
sides into cliffs, With constant poumling by
waves, the cliffs recede leaving a wave-cut
platform in front of the 53 cltff, Waves
gradusily mimmise the Treguianities along
the shor=. :

Ths materials which {2l off. and removed
from the ses clifis. \gradually bresk (ote
get deposited In the ofizhore. Afier a
comaiderable period of cHff development and
teireat when coastiine turns somewhat
smooth, with the addition of some more
material to this deposit in the offshore. a
wave-buiit terrace wounld develep in front of
wave-cut termace: As the srcsion along the
coast tekes place = good supply matenal
becomes avzilabie to londshore currents ard
waves to deposit them as beaches along the
shore and as bars flong rdges of =and and/
or shingle parallel to the coash i the nearshores
Fone: Bars ate submerged fratores and when
bar= show up abeve water” they are call=d
barrfer bars. Barrier bar-which get keyed up
to the headland of a bay is called a spit When
batrier barsand Spits foom at themouth of =
hay and block it = =gcvon forms. The lagoons
would graduallv get hlled up by sedimenis
from the land giving rise to'a coastal plain.

Low Sromextarny Coasts

Along low sedimentary coasts the rivers
appear to ext=nd their length by butlding
coastai plesins amd deltss The cosstlice
appears smooth with oceasional Incursions
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cf water inthe form of fagoonssnd tde! creeics.
Theiand slopes gently imto the water Marshes
and swamps may sbound zlong the coasts;
Depositonal featusres dorminate.

Wher wares: Dresik over & fently sloping
sedinentary coast. the botiom sediinents get
churped and move readily building bar=:
barrier bars, spits and lagoonrs. Legoons
wiontid eventuaily i ntc 2 sweamp which
woutid subsequently turmirsto 2 coastal piaim:
The maintenance of these depositionzl feattres
depends noon the steady suoply of materials.
=iorm and tsunmsis waves cause drastic
changes orespective of supply of sediments.
iarge rivers which bring lots of sediments
build deites zlong low sediinentary coasts.

The west eoast of our oouniry is:a high
rocky Tetreating coast- Ercsignal forms
dominate fn the west cogst The east
coast of Indls 1s-g fow sedimentary coast
Deposidonal forms dominate in the eass
CoRSL

What are the vsricos: differences
beoween 2 high rocky coast and zlow
=edimentary: coast in terms of processes
anaG lendforms?

Ernsionat Tannrorms

Cliffs,. Terraces. Caves and Stacks

Wave-cut cliffs and terraces are: two fooms
usizally found whese erosion isthe domminant
shore process. Almaost all seg cliffs are steep
and may range from & few m {030 m or even
more, Ar the foot of such cliffs thers may be
a fiat or genily sioping platiorm covered by
roci debris derived from the sea cliff behind.
Such platforms ofrurring at élevaticns shove
the average height of waves {5 called 2 ware-
cut terrace. The lashing of waves against the
base of the ciiff snd the rock debris that geis
smashed against the cliff along with Isshing
waves creat= hollows znd these hollows g=t
widened and deepened to form 522 czves. The
roafs of caves collapse and the s=5 cliffs recede
furiher inlamd, Refreat of the ofiff may =ayve

ot
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same remnants of rock standing isoiated as
small ;slands just off the shore. Such resistant
masses of rock. onginally parts of a cliff ar
hill-are ealled sea siacks: Like all olther
features. sea stacks are also temporary and
eventually coastal hills and cliffs will disappear
because of wave erosion @iving 11se 1o Narrow
coastal plams, and with oprmish of d=posits
Eom over the land behind may get coversd
upg byv-alluvium or may g=t covered up by

shingle or sand to form 5 wide beach
Derosimoral Lavnrorus

Beaches and Dunes

Beaches are characteristic of shorsiines that
are dominated by deposition, but may seour
as patrhes aiong even therugged shorss. Moest
from lsnd carmed by the shesms and rivers
o from wave erosion. Beaches are te=mpcrary
features. The sandy beach which appears so
permanent mey-be Tedliced D 2 very Dammow
strip of coarse pebbles to some other seasaor.
Most of the beaches are made up of sand
sizzd materizals. Beaches called shingle
baiﬂhga ecntain cxressively small pebbles =nid
e eobbles,

Just behind the beach, the sands lifted and
winnewed from over the beach surfares
will be deposited as sand dunes. Sand dunss
forming long ridges paraliel to the coastiin: ars
vEry coammyt along low seitreentary coEsis.
Bars, Barriers and Spifs
A nidge of sand and shingic formsd in the s=a
fn the off-hor= Tone ving spproximately
paraliel to the coast is called an of-shore Hzr
An off-shore bar which = exposed due to
further addition of sand is termed & barrisr
bi=r: The off-shore bars and barriers commoniy
oz acpess the mouth of & Over or =t ths
entrance of 2 bay, Sometimes such hamisr bars
get keved up to one end of the Bay-when they
at= called spit='[Figure 613}, Spifs mav akso
deveilop atimched to hesdlands/hiliz. Ths
batmiss. Bans and spifs at the mouth of the
bay gradually extend leaving odlv & sm=all
gramng of ihe Tay mte ths =ea and thez bey
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Figore 613 : A satellite pictnre of & part of
Godavan river delte showing = spit

will sventually develap ints a lndeon. The
lagoons get filled up gradually by sediment
coming from the land or from the beach itself
(aided by wind].and a broad and vwade coastal
ploin may develop replacing & legaom.

Do yous-loneiw, tha ceassal off-zhore bors
offer tHe firsr buffer or deferics agatne?
st ortzunami by abdorbing mos: of
thelr desmructdve force. Then comes the
brarriers, beaches, ‘beach dunes and
mangroves, H any. o absorbithe
destructve foree of storm 2nd csuram
waves So, if we-do snvthing which
distirbs rhe “sediment bndges” and the
ImANIoYes 2iong e cosst Ess CoESi)
forms will gee ereded awey leaving hipman
habitagdons o bear Brsc smrike of 3torm
and tsunami waves

Wisnis

Wind {5 one of the two domintant agesits i hot
deserts: The desert flonrs get heated up too
murch #nd tab gudcekly becayses af Being drw
snd Barren. The hegted floars heat up the air
directly abovethem and zsesult ino upedErd
movements in the hot lighter =ir with
turbulenes: =ngd =ny obstuctions in its path
sets up eddies. whirlwinds, updrefts and
downdrafts Winds also move along the desert
finorswith great speed and the ohstractions s
their path create urhulence. O course, there

ot

=2 ]

gre storm wimds which are very destacinee.
Winds-eauss defistion: ebrasion asd impach
Deflation meludes ifting and remmoval of dust and
smaller particles from the sunface of rocks. In
the transpeoriztion process sand and siltactas
effective tools to shrade the land surface. The
mmpact 1s sunphy sheer force of momentum whoch
acmrs when sand 15 blown into crageinsta ook
snrinee, [tis similar to sand-hlasting operating.
Thewind achon erestess nuomber of miteresting
erosional and depositional features in
the deserts,

In fact. many features of deserts owe their
formation {0 mass wasting and nmoing water
as sheet floods. Though =in is Scapre in
deseris, it comes down tarmentiellyin e short
pericd of time. The desert mocks devoid of
vegetation, expossd to mechamical apd
chemicsl weathering nrocssses due to drasbc
divrrmal temperatnre chenges. decay faster
and the forrentic] mins helpin removing the
weathered materials easily. That means, the
weathersed debss g deserts is moved by not
anly wind butalsg by rain/sheet wash. The
wind moves fine materials and general mass
erosiong is accomplished msinky thooudh sheet
finods or sheet wash. Stream channels in
deseit areas are broad . snopth and indefintte
and Aow for & boef tme afer TRins.

Ezosmonal Lanorosss

Pediments and Pediplains

[arndscape evolution in deseris is prmanly
concEined with the Joomation snd sxiension
aof pediments, Gently inclined rocky floors
close to the mountains: st their foot with or
without a thin coyer of debds, ars called
pedimenis Such rocky flpors forsn thoongh
the erosion of mountsin frent through a
enmbination of latersl erosion by'streams and
sheet Booding.

Ercsion starts slong the steep margins of
the landmass or the steep sides of the
tectonically canirolled steep incision features
over the landmgss, Onrce, pediments aze
ormed with 8 steep wash slope followed by
cliff ot free face above it; the steep wash slope
and free face retrest backwards. This method
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of erosion is termed as paralle] retreat of slopes
through backw=astimg: So. through parailel
retreat of slopes. the pediments extend
backsrards at the expense of mourtain oot
end gradually. the mountem gets reduced
leaving an pselbergwhichis a remnant of the
mountaif. That'show thie high r=liefin dessrt
sreasis rediuced o low feanirsisss plains ealled
pediplaims.

Playas

Plains-arye by dfar the most prominent
iandforms in the deserts. In basins with
mountzins snd hills around and slong the
deminage 15 tovards the centre of the besin
end due to gradusl deposition of sediment
from besn mardins, anearly level plain forms
gt the centre of the basin, In fmes of snfficient
water, this plsin is coversd up by 2 shallogw
water body, Surh types of shellew lakes are
cailed a5 plavas where water is retzined only
for short dorstion duos by sveporziion snd
quite often the playas contsin good deposition
of salis. The playva plain coversd up by s5ait=
is cziled aflall fi=f=,

Dellation Hollows and Caves

Weathered mantle from o=y the rocks or bars
=il gets blovn cult by pe=istent movemsnt
may creats shallow depressions eailed
defiation hollows, Deflation also creatss
CUMErDus smdll pits or cavities over Tock
surfiaces. The sock fGees suffer mpact and
gbrasion i wind-boracesand aod fizst
shallow deépressions called blew cuts-are
created, 68 scime of the Blsw geifs become
degper end wider It o be called caves.

Mushroom, Table-and Pedestal Rocks

Many rock-oubcrops inthe deserts easily
snsceptible to wind deflation aod abrasion
are worne out irckly iraving some remnants
of resistant rocks polished besutifniivin the
shepe of mmushroom with a slender sisllc and
a broad and rounded pear shiaped cap above.
Sometimes, the top surface is broad like &
tabie top and quuite often, the remnants stamd
out like pedestsls

ot
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wind actiess and Srtten o6f sheet flands

Depositional Landiorms

Wind isa good sorting agent. Dependingupon
the velocity of wind. different sizes of grains are
moved along the foors by rolling or saitation
and carrisd insuispensios and in thi= process
of transportation itself. the materials get sorted.
When the wind slows or begins to die-down,
depending upon sizes of grains and their
critical velocities. tire grains will begin to s=ttle:
S, in depositivnial landionms made by wind.
gocd sortmg of greins can be foumd. Simes
wind is thers everywhere and wherever there
is good sewrce of sand and with constant wind
directicns. depositional features in and regions
can develop anvwhere.

Sand Dunes

Dy hot desexts aze good places for sand duns
formation. Obstacles toimitiate dune formation
are egually Importsnt. There cdn be 5 great
varictyof dune forms (Figure 6:14).

Marchan

. B
rErse

= T
 ( (i
Parmlxdie ' E:

nngliacdinnl

Fhgmeer b, (£ Variotes Dvpes of ssnd oipnes
Arrowes fevelicale wild elfreedioe
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Crescent shaped dunes called barchsns
with the pomts or wings directed away from
wind direction L.e:, downwind, formwhers the
wind direction is constent sand mmoderate and
where the original surface overwhich sand is
maving is almost uniform. Parabaolic dunss
form when sandy surfiacss are partially covered
with vegetation. That means parabelic dunss
are reversed barchans with wind direction
b&ing the sSme. Seifis similsr to Bachan with
s-smidll diffez=nee. Scif has only orie wing oF
point. This hapnens when there is shift in
wind conditions: The lone wings of === ean
grow very long and high. Longitudinal diries

63

form when suoply of sand is poor and wind
dirsection is constant [hey @&ppear =5 loog
ridges of considerable lengrh but Iow i height.
Trapsierse dinies gre aligned perpendicular
towind direction. These dunsesform when the
wind directinn i= constant and ths sanres of
sand is anxelongated festure atright sagle='tn
the wind direction. They may be verv lbng and
lowin hsight. When sand is plenty. quits oftens,
the zegutsr shapéed dunes csales=and loss
their Indivigual chatacteristics, Most of the
dunes in the dessrtsshift and a few of them
will get stabilised sspeeially mear human
habitatiin=,

— EXERCISES __

1. Bujtiple choice guestions.

) Inwhich sfthe fnlleiving stages of endfnn dev=lopment, dowmward cutiing

iz domingred?
{2l Youth =stags
o] Lave manre STSge

fal T-shaped wallev
tb) Gorge
{iu)

o] Early mature . si=ge
|d) Old.s=age

A de=p wallsy charsciarsed by steep si=p-like sidz slopes &= mown 3=

] SHnd yaliey

[d| Camvon

In whith ohe of the foliswing régitms the chemies] weathertng process 15

mere dominsnt then the meshamical process?

{al Humid region
i) Tims=stons reglon
)
f=)
ib)

=] Arfd IE_EI-DI:
(d] Glacier region

Which one af the following seniences best defines che rerm Laples'?
A srrial] to m.adtmn sized shallow depresaion
A Tandform whese cpening & more or [ess clrenlar gt the top and

funnesl shaped temverds bBottom

iel
]
|

& lanidiiogrm formed due o depping water from surface
An prregular surface with sharp pinnarles, grooves and 1idges
Adesp, long and widse trongh or ba=in wiih vay Stesp conrave high wais

=1 frs heard as well oz nstdes s owneas:

B2 Ciumme
fbl Giaclal walley

1

(2) Lateral Morsine
(d) "E=ker
Answer thefolloiving guasdans in about B0 words.

3] Whar do inctzad meosnders in rocks and meanders i plains of afhovivm

indicate™

raronl T
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F_x;ﬁamthgfﬁﬁm:fv;]legsmhxm
Underground ficw of water 5 mors common than- surface qun-off in
Ihmesinne argas. Why?

(Zlarial valleys show up many linear depesizional forms.  Give zhedir
Lyratinns =nf mames

How does wind perfoim #ts task In dessst areas? IS it ths only sgent
responsibis for the-sostonal &Eatiires In the deserts? '

3. Answer the fbllowing questions in shout 150 words

i

Running watsr 15 by far the most dominating geomerphie agent in thaping
ths earth's surface'in humid 3= =l as in arid climates. Explatn

) Limsstonss behave differently-in humid snd arid climates. WHY? What 1=
the dominant and almas: exclusive geomarphic process in-iimestone areas
smd whar ore jis resulis?

il  How do giacters accomplish the work of educing high mountatns tnig low
hills and platns?
Froject Work

identify the  lendiorms, materisls and ;}:E:ﬂ&&l arend }'51}:: =rea

posrd e



