RUNNING WATER, MOVING ICE,
WIND AND SEAWAVES

In the previouslesson. we have discussed many geclogical pracesses which are acine onthe
surface and contribute to shaping the earth These exogenous (extemal- over santh’s surface)
and endogenous processes result mnultimate gradanion and reducmg the uneven earth mro
level surface. The land features very rarely remam mn thew origmnal formy. shape, size, texture
and to some extent 1ts colour alse contmouslly changes These agents of gradation have a
major role merosion, transportation and deposmon of weathered rocks. These forces plava
vital role m modifymg the land features.

The graviry and gradients (slope of an area) plays an importars role m shapng vanous landforms
through agents of gradation The most mportant geological agents capable of eroding,
transporting and depositing the mass fromone place 1o the other are. Runnmg Water (Flumnal
landforms by rivers and streams), Glaciers (Glacial landforms by glacters), Wind (Asokan
landforms by wmnd ) and Sea Waves (Marme landforms by waves). In thes lesson wewll learn
about various erosional and depositional landforms formed by vanous different of gradanion

OUTCOMES

After stuchving thus lesson, learner

° describes the importance of various erosional and depositional features produced by
action of running water,

® explains the important erosional and depositional features produced by glaciers,
» explans the erosional and depositional features formed by the wind,
e  explams the varous eroswonal and depositional features formed by sea waves and

® evaluates signficance of runming water, moving ice, wind and sea waves for humans
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MODULE-2 Runmine Water, Moving Ice. Wind and Sea Waves

By A B 4.1 FUNCTIONS OF RUNNING WATER: EROSION,

Geomorphic RANSPORTATION AND DEPOSITION
Processes ofthe
Earth Rrvers play-a upmficant role m shapmg the landscape Rrvers transport water by gravey from

gource of origm to ocean on fts journey. The river passes through three eourses- upper.
muddle and lower course durmg this jonrney-and ereares many erosteonal and depostzonal
features.

Courses of River

The pathor route in which a srver flows from g= pomt of onem known as mouthofrner toas
destmation 1 & sea or ocean 15 called the course. The rrver course can be broadly drixded meo
thres sections:

i The upper course or the stage of youth or the youthful stage or mountam course.
i The muddle course or the stage of maturty of mature stage

m  Thelower course or the stage of old age or old stage

Table 4.1
Courses of river valley
Features Upper Course Middle Course Lower Course
Source Glacier or
underground
{karst)
Slope Very steep Open gently Almost flat or shallow
gradient slopmg valley gradent. Gentle slope
with floodplams wih
flat and wide
Duscharge Less amount as Large amount as Very large
of water smgle stream many tributanes jom
wutially the mam crver
Depthofrver | Shallow/ heavy Deeper 'more Deep
bed'bed load | bedload suspended sedument
Velocty Verylugh velocty | Moderate Low and slow
water gushes movement of water
down from steep
‘ valleys
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Channeland | Narrowchannels | Flat and moderate Flat floor with genthv Dhvmame and
valleyshape | withsteepvalley | steepsides. Wider slopms sides. Very wide Geomonplsc
and deeper channels and deep channsls. Processesofthe
: Earth
Major Rapids. waterfalls. | Meanders oxbow Deltas_ distribinanes
landforms camyons, gorges, lakes_ floodplams,
created N shaped valleys | levees, river chiffs,
‘slip off slopes

Fig. 4.1 Courses of River Valley

4.2 RUNNING WATER: LAND FROMS

a. EROSION
The cutting and removal of rock debris by the rrver 1 called river erosion
Erosional Landforms

Many erosional landforms are made by running water. They are -

i *V'shaped valleys- The valleys are created by erosional action of rivers m the
upper course. At thus stage vertical erosion 1s more dommant compared to lateral
erosion. The fast-flowmng rivers with steep gradients create this valley As the rover
flows downhill ar high speeds ot
removes maxumum sedunents ffrom
the bottom as compared to the sidles
ofthe river channel This process is
called down cutting Weathermg
helps in widening a valley at the top
giving it atypical V' shaped cross
section. The valley has verv steep
walled sides along with a narrow
floor Fig 4.2 "V shaped valley by river Zanskar m Ladakh, India
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Dvnamic and. ii. Gorge and Canvons- Hard and resistant bedrock hmder the widenms of the
Geomorphic valley at the top but down cutimg procsss contmues with the visowr of the river
Processes ofthe which can lead to formation of gorge. A rover valley with abmost vertwcal walls =
Earth called a gorge. For re. Indus gorge, Palostan Kali Gandaln Gorge. Nepaland the

gorge of Gandikota formed by Pennar river in the state of Andhrea Pradesh whereas
acanvon 5 verydesp gorge with vertscal walls and steep sides can streschmng for
hundreds of kilometres 1 e. Grand Canyon created by rver Celorado m the USA
Fish River Canyon. Namubia and Laitlum canyvon, Meghalava.

Notes Deep gorges also develop m emestone regions mplateau regions and m rocks bng
m dry climates The narrow and very deep gorge or the canvon with vertical walls
15 also known as 1" shaped valleys.

ni. Waterfalls and rapids- A waterfall s a steep descent made by a river over rocky
slopesor ledges_ The rvers fallwith great velocny and lateral erosion predommates
and plunge pools are formed a1 the base of warerfalls. The streams flow ffom soft
rock to hard rocks Both lateral and vertical erosion takes place Inmostcasesthe
soft rocks (like lmestone or sandstone) get eroded and the water falls roma hard
ledge of grantte or other hard rocks. Waterfalls are also called cascades Foreg
Niagara Falls at the USAand Canada border. Jog falls. Indi Victona falls. Zambea
etc. Rapids formed mn areas of shallow fast-flowmg water in vounger streams.
There are many tury waterfalls created withn the stream Adventure sporrs bke
water rafting are very common mn zones where there are rapids m nver channels
Fore g white water rafimg m Rishikesh India
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TRANSPORTATION

Ever carries rock particles from one place to another This acirrdy 5 known as
transportation ofload by a river. The load s transported m four wavs- (a) Traction (h)
Saltation (c) Suspension (d) Solition actions as discussed i previous lesson Bhelpsm
transporting various types of sedmments and debris load from one place 1o other by

rOmng Water

DEPOSITION

When the stream cames down fromhills to a plam area. the surface slope becomes
gentle. The decrease m energy hampers transportation; as a result. part of s load starts
setthing on s own. This actovity 1sknown as deposmon. Deposton takes place either
due to decrease m slope or due to fall inthe volume or velocty of rver water Deposmion
taleés place usually i plains and low lying areas. When the river joms a lake orsea the
whole of ts load & deposited.

Depositional landiorms

®

1.

Alluvial fans- When rovers flow down the steep mountam slopes into the vallevs thev
drop thew load of coarse - sand and gravels as thewr sudden decrease mvelocty. The
load deposited generally acquires a fan-hke shape; therefore thev are called alhronl fans

Fig. 4 4 Aluvial Fans

Meanders- The term 15 denved from River Meanders m Tuskev which makes windmg
paths whale flowmg downstream. When the niver 1s flowing m a relatively plam area
even small obstructions on the way forces the river to swmg mn loops to go around the
obstacles. These S shaped loops are called meanders

GEOGRAPHY

MODULE-2

Ehmarecand




MODULE-2

Drvnamie and
Geomorphic
Processes ofthe
Earth

Runmine Water, Movine Iee. Wind and Sea Waw
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il

Nortes

10

Flood Plain

Floodplains and Levees- Verfical erosion has almest ceased mthe lower conrssand
in this stage the rver &5 carmving heavy loads ofdebrss and many tributanes jom the mam
river. In this éourse the rver s tich with laree volumes of water and sedmments thatare
brought down from upper and nuddle courses. The work of the rover & totally
deposmional and ¢ = building up s bed and floodplans. Anmnal foodme causes spreadmo
of large quantities of sedments over the low- lymg areas adjacent to the banks ofthe
river channel budldng a fertile floodplam

A ramsed ridge of coarse matenial 15 formed alongz the nver banks of the river Such

ridges are called levees.
B River Level v
z Above Flood z
— Plain -

Flood Plain

Fiz 4 3Floodplain and Levess

Braided streams- Large sheets of material both fine and coarse are deposgad onthe

level bed and the river splits into a maze of channels. Such stream is called a brasded
stream

Ox- bow lakes- In the lower course of the river the meanders are becomung very
pronounced. The outer part or the concave bank is rapudly eroding so that the meander
becomes a circle. A tune comes when the river changes its course and the river cuts
through the narrow neck of the meander. The now cut off portion of the meander looks
like acrescemt shape (half-moon or bow shape) and mutially i has some water so called
as Ox Bow Lake. Over the tume #t becomes a swampy and marshy area and slowly
gets totally dried up as the river channel 1 now far away and recharge of water i1s not
present
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The first step of erosion

¥

Fig 4.6 Meander and Ox bow lake (formation and shape)

vi.  Delta- The word delta onginated from Greek letter (A) which has great resemblance
to river Nile delta. Delta is a triangular feature with its apex pomtmg up stream and has
a fan shaped area of fine alluviom, The world's largest delta 1s made by river Ganga and
river Brahmaputra known as Sunclarban delra

Favourable conditions for the lormation of Deltas

1 There should be active lareral and vertical erosion m the upper course of the river 1o
provide large amounts of sedunents.

n  Shallow sea water adjommg the delta
w Tideless and shelterad coast.
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r.  Thereshould be no strong current at the rover mouth winch may wash awayvthe sademenss.

|. MEDITERRANEAN SEA
" Distributaries

lagoon

spit

- ALEXANDRRIA &

Fig . 4.7 Deha

Distributaries- In the delta regwn the river has deposned large loads of alluvium at the
mouth ofthe sea. These seduments act as barriers for straight Slow of rover water and nivers
that split mto numerous channels i the dela region are called distributaries.

Some rivers fall from chils and high ridges before meeting the sea or ocean. As there s not
enough flat area so rivers fall like waterfalls and form estuanes mstead of deltas. Estuaries
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‘are funnel shaped channels Tom which rvers fall nto the sea and make small deposof
sediment at the beach: Two west flowmg rivers Narmada and Tap: as they fall from westem

ghats makes estuaries before joinng Arabian sea
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Fig 4.8 Course of River
Significance of running water
e  Rivers provide a source of freshwarter
e  Ruver water gers replerushad within a short timeframe.
e  Riverscamy water and nutnients from one place to another
e  Rivers play an mportant role m the water cyele
. Seventy five percent of earth's surface warer 1s dramned by rvers
e  Ruvers provids habatat for plants and orgamsms

. Ruver water is used for drmkang, domestic, agriculture, trade and transportation, recreation
and other commercial and industrial uses

® Raivers play an mportant role as arenewable source of energy for e g Hvdro power
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Runmine Water, Movine Iee, Wind and Sea Wanes

. INTEXT QUESTIONS 4.1

Which are the three courses ofthe rover”
5 (PSS  EENEE S BRI e
2. Name fourwayvs by which river erosion takes place

1 — |y . s -, VA
3. Name three erosional landforms.

4. Name four ways by which river transports #s load.

i

Fill in the blanks
(i) The trimgular shaped depostional feature formed by theriveriscalled .
(1) The meanders cut off from the mam rover forms a lake kmownas . . ...

(m) Raver Narmadaand Tapiforms.......... ... .. atthe westcoast of India mstead
ofadeha

() The river splits mto numerous channels at the delta are called.

4.3 GLACIAL EROSIONALAND DEPOSITIONAL LANDFORMS

Glaciers are thick masses of moving or flowmg e sometunes also called rvers ofice. The
glaciers origmate on land with favourable chmatic condimions and compaction and
recrystallization of snow where seasonal accumulation is more than ssasonal meltmg.

Snow fields - In the regions where the temperature always remams below freezmg pomt
precipration occurs m the form of snowfall It's aregion tha displays a net annual accunmlation
of snow surpassmg net meltng rates. Wherever the rate of snow meltmg or s evaporation s
lower than the rate of snowfall m a year the snow accumulates in great masses of e
Permanently snow-covered areas of this type are called snow fields Snow fields are found
above the snow Ime and ther hesght vanes from location to location. Snowlne s an mmagmary
line which defines the hmuts of snow accumulation m the snowfisld above which there s
contwuous and pogitive snow cover
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“Snow line is the lowest hmit of permanent snow cover. Vanous factors miluence the beanon
of snow hne altiude, latitude, amount of ramfall. direction of wind, slope of the land and
| 16 sulial

Integions experiencmng snowfall the snow keeps onaccumilating mthe laver one above the
ather. Its overlymg pressure makes the lower laver more granular, hard and compact The
lavers of snowunder pressure start rurmng mto ice and this pressure of the overlvng lavers
makes the solid mass of ice mobile or movme ice under s own weight & called a Glacier
Movement or velocity of the glacier is very slowand # moves froma few .centmmetresto few
metres naday.

The glaciers are disaded mto two major types according to thewr location or area of origm-
e  Polar
e  Highalwude mountamn areas.
Glaciers can be broadly divided mto two broad categories
(1) Contmental glaciers
{n) Mountan or valley glaciers

i Continental glaciers - Thick ice sheets covering vast areas of land are called as a
continental glaciers. It is a massive accumulations of ice that covers large areas of
contments and regions m polar areas, The thickness of ice m such areas cangoup to
thousands of metres. The glaciers of thus tyvpe are bult up at the centre and move
outward i all drections. Commental Glacier s mamly found m Greenland (1.7 malhon
5q. km), Antarctica (around 18 8 mullion sg. km) and the Arctic cucle (around 15 6
mullion sq km). The precipitanon m this region occurs m the form of snowfall each vear
which accumulates over these regions because the amount of meltmg 15 vervless or
slow as compared to the amount of snowsall recarved thereby covenng large contmental
areas by glaciers: 10 percent of the land area s covered by glacial ice, e capsand ice
sheets,

ii.  Mountain or Valley Glacier When a mass of we from a lugh mountan region starns
moving down n the existing vallevs it 1s called a valley glacier or mountain glacier
The slope and width of the valley has an impact on the size of the glaciers. Where the
vallev s broad the glaciers spread outwards and where the valley 1s narrow glacier
contracts. Fedchenko glacier seuated n Central Asian Parmurs range m central Tapkstan

GEOGRAPHY

MODULE-2

Elnanne and
Geomombse

Processssofthe




MODULE-2 Runmine Water, Moving Ice. Wind and Sea Waves

Dynamic and. isthe world’s largest valley glacier found outside polar remons. It ssabout 70kms long.
Geomorphic Longest Glacier in India s Siachen slacier i Karakoram rangs which s 172 km long
Processes of the Gangotri Glacier. Uttarakhand is 25.5 km long. There are many small glaciers m other
Earth paris of Himalaya and ther lengithvanes ffom 5 to 10-klometres. Some ofthe major

river of Indha 1 e. Ganga and Yanmuna originate from Gangotn and Yamunotr: Many
glariers are found m Swiss alps. Canadian Rockies and Andes Mounsam ranges.

Types of landforms produced by Glaciers

Like other agents of gradation. glaciers also do the work of erosion. transportanon and the
deposition as glaciers require certamn physical and chmatic conduions for thew occxrrence.
Most ofthe features created by themare found m areas affected by glacial acton

a. Erosional werk of glacier

As glaciers move over the land. x drags rock Fragments. gravel and sand alongwath
These rock fragments become effective erosive tools. With thew help glacier scraps
and scours the surface rocks with which thev come i contact. This acnon of glaciers
leaves scratches and grooves on the rocks. Some of the important landforms creatad
by glaciers are-

i.  Cirques or corrie — Snow accumulates at the upper end of arm-chawed or bowl
shaped depressions formed at the head ofthe glacal valley are called crques The
structure of the curque has steep walls on three sides with one side open on the
valley front. The cirques are like a cradle of the glacier where ot s formed by
pluckmg rock and ntense freezmg and thawing (causmng frost shattermg) from the
side. It makes steep walls and scoop out at the base of the glacier m which snow
accumnulates and ice formations flowing away from the caque Incertamareasthe
deepest part ofthese cirque hollows is filled wath water called as carque lakes or
tarmn

i, “U" shaped valley- The Glaciers do not carve out a new valley like a rover but
deepens and widens the pre existing valiev by smoothenmg the wregularmes In
this process the glaciers broaden the sides of the valley. The shape of the valley
formed m thus manner resembles the letter “U. Sucha vallev s relatovely straught,
has a flat floor and nearly vertical sides. The glacial valleys are flat bottom and
steep walls caused by shear stress and glacial erosion along valley walls

iii. Hanging Valley- Just like tributanes of rivers there are tnbutary glaciers also
which jom the mamn glaciers carve U-shaped valleys. However, they have less
volume of ice than the mam glacers thus thew rare of erosion 1s also less rapid. As
aresult, thew valleys are not as desp as the mam glacier. Due to this difference m
deepening the valley of the tributary glacier s loft at a lugher level than the man
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glacier. The valley ofthe tributary glacier fust looks like hanomy downwards at the Dhnanne and
pomt of tis confluence with the mam valley This tvpe oftopozraphical feature s Geomombse
galled hanging valley This feature is visible vwhen ice has melied mboth the vallevs. | Processss ofihs
When the ice m the hanging valley melts. a waterfall iz formed at the pomst of Eath
conflience ofthis stréam wih the mam river

1v. Crevasses — These are cracks wiuch appear onthe top of the glaciers and head
walls ofcirgues.

V. Aretes, Cols and Horns-Arstes are saw — toothed nidges m whach there ars

multiple ridges in series and rows and they drvide two cirques. Cols are shallow
pasases between two high points of the mountam They have sharp edge passes or
saddles between twe adjacent cirques. Horn 1 pyramid shaped mountam peaks
which 1s formed by erosion on three-sides by 3-4 cirques on each side ofthe peak.
Example: Matterhorm in Switzerland

Areie Huorn

Cirques

Glacier movement

Ahraslon

Fig 4 10 Eroswonal processes of glaciers and crevasses
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Earth

Fig_4.11 Valley glacier m Sonmarg. Jammu and Kashour, Inda
b. Transpertation work of glaciers

Although glaciers move very slowly, it drags with n large boulders and rock Fragmenss
Glaciers get fismatenal Fom mountam slopes, valley bottom and fomar This matenal
1w called the load of glaciers.

e.  Depositional work of glaciers

Eroded debris gets deposited when glacial e melts and the seduments get deposited
by moving glaciers or mek water flowmg away from the glacers. All deposits dermved
from glacial processes are called glacakdridts.

Types of debris-

i Till- Debris deposited directly from glacial ice constitutes poorly sorted marenals bke
boulders, rocks and even rock flour.

ii. Outwash- Soned and stratified debris whach s deposited by mek waters. When glaciers

melt or retreat, it deposns 1s load to different parts. The debns s dwectly depossed by
ice, which s not sorted or lavered marked by muxed of materal and lack of stratfication
This type of debrnis depositad m its glaciers s called moranes or till

Depending upon thew location m the valley morames are of four types-

e  Terminal moraine — This type of moraine 15 found along the front ofthe glacier and
has a ndge-hke structure which acts bke a dam. Water accumulates between the from
of the glacier and forms lakes When the glacier melts, the debns 15 deposted at the end
of the valley glaciers i the form of a ridge. It 1s called termunal morane. The morane
matenal ranges from fine clay to large angular boulders.
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e  Lateral moraine- The morame which is depostted on either side of 2 glacier s called Drmamse and
lateralmoraine It s formed along the sides ofthe ice stream chiefly from material which Geomorphsc
are contributed from the valley sidés above the glaciers by weathermg, snow shdes. | Processesofthe
avalanches or other types of mass wasting. Lateral morames are frequently patchy and Earth
may and maynot be present in both sides of atrough

e  Medial moraine- When two glaciers jom each other ther lateral morame also joms.
Morames thus formed on the confluence oftwo glaciers are called medial morames.

° Ground moraine- [t consists of deposiis left behmd m areas once covered by glaciers.
Tt is seen omly after the slacial ice has disappeared by mehing

Sea ice, leeberg and Glacial drift

Sea ice- The floanng ice of the oceans 18 formed by direct freezing of ocean water due 1o
extremaly low temperarures m polar areas,

Iceberg- They are mass of glacial ice floatng m the ocean that has broken off a glacier and
the block ofice has drifted into tidal waters, Nearly 5/6%0f weberg is submerged m water,
otily a very small part s visible over oceans.

Glacial drift- It 1s a general term for all varieties and forms ofrock debris deposited by ice
sheets,
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Dynamie and. Significance of Glaciers for humans

' ° Glaciers ice have shaped and created marny indforms m maddle and high lasmudes.
Processes ofthe
Earth ™ Glacial we sheets affect global chmate

® Glaciers reflect sunheht
® Volume of e caps and meltng rate of glaciers has mpacts onthe sea level

° Glacial 1ce affects global heat tramsporton carth.

» Glaciers are giant freshwater reservous and support Iife systems on the earth and also
mfluence our davto day lves erther directly or mdwrectly. Three quarters of all Freshwater

m the world i mthe formof glaciers

o  Theyprovide drinking water Many rrvers inthe vorkd ongmate from glacers and snow
melts. Himalavan rivers have a glacial origm.

e  Meltmg glacial water s used for yngation of crops.

e  Thecold runoff from glaciers also affects the downstream water temperatures

. INTEXT QUESTIONS 4.2

1. Wrte two types of Glaciers on the bases of locanon.
) R
Fill inthe blanks

(i ]

(a) The moving mass of e and snow are called
(b) The region permanently coverad by snow and wce 1s called .
(¢) Lowest mit of permanent snow 1s known as,

3 [dentify and categorise erosional and deposmonal landforms made by glacers from the
grven hat-

Cirques, medial morames, ‘U shaped valley, crevasses, ull, ground morames
4 Mark as True or false
(a) Glaciers are small reservours of freshwater

(b) Glacier lakes are made by morames
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(c) Glacter runoff affects the downstream water temperature. Dronamsc and
(8) Glagier meltas impact o the sea level sise. e

Processssofthe
(e) Crevasses are deposiis made by glaciers. Earth

4.3 WORKING OF SEAWAVES

The coastal zone 1s the part of the land surface mfluenced by marme processes and formed by
the sea waves near by the sea. It extends from the landward hms oftides waves. and vndblovm

coastal dunes, and seaward to the pomt at which waves mteract sigmficantly with the seabed.

There are atmospheric processes mcluding temperature varmtion. preciptation and wmnds,
while the major marme processes are waves and tules together with water temperature and
salinity. The coast also supports rich ecosystems. mcluding salt marshes. mangroves, sea
grass. and coralreefs. The drverse coastal ecology i favoured by the shallow waters. abundant
sunlight. terrestrial and marme nutnients. tidal and wave flushing and a range ofhabsat types.

There are three processes actrve m the Oceans: out of these the followang modify the coasts:

1. Tides
2! Waves
3, Currents

Let us understand the role played by sea waves i shapme the coastline
Erosional work of sea waves

Like rivers and glaciers sea waves also playv a vitalrole m eroding and creating land fearures
Distinet processes like corroston, abrasion, attrition and hydraube action plays an important
role i the erosion process by sea waves

Factors affecting sea wave erosion

e  Influence of waves- The volume of water has a great influence on the waves Larger
the volume of water, the bigger the waves created.

e  Characteristics of the coast- Factors such as height of cliffs near the coast, thex
rock structure, vertical and horizontal alignment ofthe coast, quantity of debns along
the coast on the beach also affects the sea erosion

Coastal Processes and Landforms

Erosional and depositional landforms of coastal areas are the result of the action of ocean
Waves
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Erosional Coastal Landforms are formed along rugged. high-rehef tectomcall-acine
coasthnes. It mclndes sea chifs. sea caves. and sea arches.

Erosipnal landferms

Cuoastal erpsion 18 dependent on wave size. angle and frequency: They are focusad whers
waves contact the coast.

L

Sea cliffs

They are a very distinctive feature of marme erosion Steep rocky coast remyg almost
vertically above sea water 1s called sea citff. The steepness of a trusvertical chif depends
on variation in geological structure, lithology relative rate of subaerml weathermg and
eroston of chiff face. The masimum wnpact of the sea wanes & observed onthe lower
part ofthe cliff specially Ifit 1s made up of soft rocks like hmestone, rocks eroded
more rapidly than the upper part Most of the time upper parts are made of harder
rocks and the upper part ofthe rock 1s thus l=ft projectng our towards the sea After
some time, due to the weight of the projectng part 1t falls mto the sea leaving behind a
vertical wall which is called a chff Number of chifs can be seen m Konkan coast of
Inda

Sea caves

Waves crash mto headlands erodmng weaker parts such as cracks. In areas where the
lower part of the coastal rock is made up of softer materal and whereas the upper pant
1s made up ofharder rocks. Due to differential erosion a hollow s created m the lower
part of the rock. The wave pounds agamst the hollow and aw present mside the hollow
gets compressed. When the wave comes out of the hollow air 15 also released and
expands. The conmtmuous compression of the ar m the hollow., the rocks are sulyected
to a great pressure. The crack or the hollow starts to widen m the lower part and ot
keeps onenlarging With passage of ime, thev attam the formofaseacave ltcanbe
undercut causmg the roofto collapse due to lack of support for the roof Thus helps the
cave get larger The formation of sea caves depends upon the nature of the coastime
and the force of waves

Blow hole

As the cave gets larger, waves start to hut mto s back wall and on mmpact are sem
crashng mto the roof of the cave where srosion occurs

The erosion of the cave roofcan lead to a blowhole, where waves contmue to erode
upwards and through the top of the headland. Thus 15 quite rare and needs a vertical
crack line to be exploned
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w. Sea Arches, Stack and Needle Elnanne and
Geomombse

'I'hey are natural opemngs through the mass of boulder clay or limestone. Over timethe —
' Processssofthe

waves contmue to widen the walls of the arch leaving less suppert for the roef leadme
to its collapse. This leaves a new headland on the landward side of the arch and the old
wall still standmg onthe seaward side. Thisold wall s called astack orapillarand i
also subject to erosion by the sea As 5t erodes 1t geisthmner ai #ts base and pans of
collapse leaving a narrower pillar called a needle.

v Wave cut Platform

Wave-cut platforms are horizontalbenches in the tidal zone extending from the sea chif
out mto the sea Ifthe sea level relative to the land changes over e (becomme lower
with respect to the land due to upldt). multple wave—cut platforms (terraces) are the
result. There are emergent Coastlines Tectonue forces bt coastlmes faster than sea level
rises, Therefore, ¢hffs and marme terraces towerabove the sea

Transportation

Coastal Transportation - Wave action creates strong currents paralle] to shore. Large waves
move beach sand offshore. Small waves push it back on shore. The eroded marenal 5
transported by sea waves. The materials transported by sea waves are gravels, ailts, cobbles
and pebbles. Sometimes boulders and other marme products like nunerals and plankton e1c
can also be trangported.

Sea Level

Fig 4.13 Stack
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Depositional Landforms

L

Beaches

Beaches act as riatural barriers between waves and upland features. such as denes A
beach s anarrow; gently sloping patch of land that lies along the oceanor sea R sako
iblmdmm?randhkﬂa Thevare composed of erodible nnconsehdated sand_ gravel
rocks and seashells winch may be moved by waves and wind. The wider and lusher the
beach, the more wave energy 1s dissipated before reachmg the shorehne. Gemtle long
period waves found i calmer weather, known as swells. tend to move sedmment onshore.
building up the beach Steep waves associated with storms and sirong winds tend 10
transport sediment offshore, erodmg the beach Ifthe shore 5 gently slopmg, wave
energy can be dissipated over a longer distance. causmg less erosion. Wind blowmg
acrossthe beach can move finer gramed particles; shapmg. and. m some cases_eroding
the beach. Windblown sediment will contmue to move unnl it reaches abamer. suchas
vegetation, which reduces the wind speed and causes sediment to be deposnied Its
this accumulation that forms dunes. Radhanagar Beach. Havelock siand. Andaman
and Nicobar istand; Agonda beach Goa, Marmna Beach, Chennay are a few famous
beaches of India Semunvak beach. Bali Indonesia; Santa Monca Beach, Californa,
USA etc. are some more examples

Fig. 4.14 Deposmional landforms by Sea waves
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Offshore Bars

Offshore bars are underwater deposits ofsedmment that form paralleltothe shorelme
They can act as wave barriers, if large enough, by forcng waves to break farther
offshore than they normally would. This reduces the amourt of wave energy that reaches
the shore. Bars are formed from deeper water sediment. or from marerial carmed avay
from a beach during times of high wave activity or higher-than-normal water levek.
Spits are formed when one end of'the bar is attached 1o the coast and the other end
extends to sea. It 12 composzed of sand and gravel brought by waves. Lagoons are
formed by depesition of sediments by waves and currents on both ends of the bars
thereby enclosing a part of sea water between the bar and coast. This enclosed region
15 filled with saline water and called Lagoon The lagoon has a narrow passage through
which 1t 1s connected by sea. Vembanad lake m west coast and Chilka and Pulicat m
cast coast are examples of lagoons m India.

Dunes

Dunes are mounds or ndges of sand deposited by the wind immediately landward of
the beach Primary dunes are closest to the beach and are usually lightly vegetated with
grasses. while secondary dunes are farther landward and may have a denser vegeiation
cover that can include shrubs and trees. Vegetanion can trap and hold windblown sand
on dunes, If 'large enough, prumary dunes can provide protection fom floodmg and
wave action for the upland area, and may replerush some sand to eroded beaches Ifa
primary dune 15 breached, secondary dunes (if present) provide erosion and floodmg
protection 1o landward areas.

Significance of Waves for humans

e  The motion created by waves plays a vital role m transporting energy all around the
globe.

e  Also helps shape the coasthines

e  Ocean waves are an important element n the mechamsm that conrrols heat balance of
the planet.

e  Thevare part of debicate balance of nature of movement of offshore and onshore by
WaVEs,

. Waves are very unportant for weather forecasting and for climate modellng

. Provides resources and other benefits for the coastal communityes

e  Helps mshippmng mdustry and offshore mdustries,
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Runmine Water, Movine Iee, Wind and Sea Wanes

® Thewaves hittmg the beaches and seashores keeps earth’s crust cool, especaally areas
which have moltenlava.

® ‘Waves also have miluence on creatmg lugh and low tides wiuch s very useful for Sshmg

& Waves are useful for recreational actromss bike surfing eic.

INTEXT QUESTIONS 4.3

1. Factors affecting eroswon by ocean and sea waves

[oS]
b5 |
=1
E.
A
:

3, T —— are horzomal benches m the ndal zone extending from the
sea chif our mto the sea.

(c) Waves are very impeortant for weather ... ceiive.and  for

............... . modelling.

Rearrange the followmg rebef features made by deposmional and evosional action ofsea
waves-

132

Seacaves; Bars Beaches, Sea chffs. Arches, Sea stacks, coastal dunes

44 WORKINGOFWIND ORAEOLIAN

Wind 15 a powerful geological agent to create and destroy landforms. Wind 1s capable of
eroding, transporting and depositing the surface matenals Aeoban landforms are features of
the Earth's surface produced by ether the erosive or constructive actwon ofthe wind. The
word “"Aeclan’ 1s derrved from “Asolus”, n Greek meamng, the god of the winds. In desens,

serm-arid and along sandy shorelines areas of the world where wind action moves sand and

munieral particles when they are dry and the areas are without much vegetanon or bamers

Wind and its Features

Cweulation of aur over the earth's surface cauge the wind to blow Wind has the abilary and
force 1o lift the earth's loose particles laying on the ground surface may be hifted m ar by the
mechamams like - a) Deflanon b) Abrasion ¢) Sakation d) Deposmion (as mtroduced m lesson

3) the turbulent eddv actions and by sandblastmg of windborme particles helps i creatng new
Arohan landforms
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Winds adept three mechanisms for eroding the mass -
[ Lt

e  Bombardmentand

o Drag

The Lift resuliz from a combmation of wind velocgy and turbulence. There iz a threshold
(critical) velocvwhichis a fimetion of particle size and cohesion and torbulence which changes
mnwind speed & dwection. As turbulence mcreases; suw;:t'ihﬁt}'of particiesto bff mereases.

Bombardment is the collision of moving particles with stationary ones or with solid surfaces.
It has abrasion Inthis process there s also colbsion with the sokd surfaces. Drag also mitiates
sliding and rolling. It doesn’t lift particles offthe ground. The power of wind to erode surface
particles is controfled primarity by two factors: wind velociy and surface roughness. Erosme
force increases exponentially with mereases mwind velocity. The power of wmd to erode
surface particles is controlled primarily by two factors: wind velocity and surface roughness.
Erosmve force mereases exponentially with mereases m wind velocy

Desert environments are characterised to assist in wind erosion by following ways -
a.  Vervlow meanannual rainfall of less than 50 mm

b, Absence of vegetation

3 Very high daily and anmual range of temperature

d.  Duststorms

e High velocity winds and

f Dommance of sands

Erosion by Winds

Winds are the most widespread geomorphic agents m the deserts, and and senu-and regions.
Wind erosion generallvtakes place above the ground and thus wind velocity plays a major
role n detersmumng the degree of Aeohan erosion. Wind erosion s effective onlvupto 180 em
above the ground surface. Maxumum wind erosion occurs at short distances. Unlike rivers
and glaciers, winds erode the rocks from all sides because of thewr vanable doections

Some ofthe erosional landforms of the wind are:

i, Blow Outs or deflation basins
Rocks that are exposed to the sand blastng of prevaling winds become patted, grooved,
and polished. Deflation basus, called blowouts, are hollows formed by the removal of
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particles by wmd. Sand grams are rolled and the entwe bed = lowered. nsome cases
1p to one metre, resubing in shallow depressions call=d blowours. This deprassion mar
be a féw metres to as much as a kilometre across. Depressions are formed in the
deserts due to removal of sands to agreater extent. The size of the depressions vares
from small hollows to big hollow deeps. A desert pavement 1s a typical desert surface

Tt s covered with closely packed. iterlockms angular or rounded rock ﬁam of
pebble and cobble size: formed by the gradual removal ofthe sand. dust and other fine

grained material by the wind and intermirtent rain. The Qattara Depression of Eoypt s

the best example.

Yardangs

Yardangs are elongated ndges formed wind orented with the prevailme weds Yardanos

are larger hill-sized features sculpted by the wind. Yardangs are composed of cohesnve

siltsand clays. sandstone. or imestone They develop mregions wah strong umdirectional
wmds.

Alushroom rock

When the composition of rock s mrced where there are alternate lavers of soft and
hard rock the rock is subjected to wind abrasion with differentnal erosion results. More
sediment load s carmied by wind ar lower heights so erosion 8 more at the base or near
base of the rock. The upper blowmg winds carry less sediment load as it becomes
heavyto carry so erosion at the upper part ofthe rock 15 less. This grves the mushroom
rock its famous shape of top and base thn Theses rocks resembie rock pallars shaped
like mushrooms Such types of formation can be ssen i Sahara Desert m Afnica and
Thar desert m India.

Features made by deposition

Aeolian or wind deposits are distmguished from other continental deposus by a number of
specific features. They are:

b

.

d

Liregular cross-bedding

Gentle dippmg

Steep and

Orienting mn different duections making different shapes

The grams of Aeolian sands are generally well-rounded due to prolonged ransportation by
wind, Sometunes, they are well-polished. The depositional landforms of wind are:
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Ripple marks

Ripple marks are very small features produced m unconsohdated sediments or sand
dunes at right angles to the wind direction. They stretch laterally for long dstances:
Ripple marks are produced where there is some wregularity on the surface. Sand nipples
develop transverse to the wind direction. Their wave-length & hardly | metre When
there are stronger wids blowmg the nipple marks can vamish

Sand dunes

Landform is created by the movement of sand by wind. The dunes are kike small mounts,
ridges or hills. Sand dunes are a very prominent feature of desert arsas The coarser
materials are depostted m drifts in the shape of crest or define summe or hills or nidges.
called dunes. An ideal dune has a long windward zlope nsmg to a crest and a much
steeper leeward slope. A sand dune may be defined as a mound or ndge of wmd-
blown sand, nsing to various heights upto 30 m It 1s found m hot deserts and above
high-water mark-on low-lving coasts where sand 15 constantly renewed by onshore
winds blowing across the sandy beaches. Desert sand dunes are generally charactensad
by the absence of natural vegetanon.

For dune formation certam conditions are necessary such as,

®
(i)

a farly contimuous sand supphy;
a constant wind strength and direction; and

{#) anobstacle or series of obstacles to trap the sand.

Tvpes of Sand dunes

Some of the major tvpes of sand dunes are,

Barchan - They are crescent (half-moon) or arc-shaped, appear convex m shape and
are primanly formed by wind from one direction. Most common tvpe of sand dune and
found in sandy deserts all over the world Two “homs” face downmwmd on thss tvpe of
dune, with the steeper slope known as the ship face facmg away from the wind.

Transverse dunes-Transverse dunes are asymmetnical in shape, and from where hght
to moderate winds blow from a constant direction. These dunes take the shape of a
series of crests and troughs whose peaks are perpendicular 1o the direction of prevaulng
wmds. These dunes appear like sea waves.

Seif or longitudinal dunes- They are long narrow nidges that are parallel to the drection
of prevailing winds. The wmnds come from different directions. The wmds blow strasght
along the corridors between the hines of sand dunes and sweep the corndors clear of
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Dynamic and. sand. Narrow rows elongated which could be many hondred kms long but ther troughs

Geomorphic the lower portion is almost without sand anid some can reach height up to 100 mes.

Processes of the Such types are commonly seen m the Sahara Desert. North Africa Arabia and can also
Earth be seen n western part of the Thar desert of India.

Nores:

Lomgitgeding | dumes |sedhs)

Barchan dunes

Fig. 4.15 Types of Dunes
i, Loess

It prumarily located close to desert floor or crust. The word ongmated from German
word Loess which means loose or un- consohidated. The particles are silt-sized and
yellow m colour the deposts are very thick and have homogenous unstratified sik deposss.
They are made up of fine loamy soil with hugh contents of he. They are very porous and
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very cohestve and water seeps m the subsurface very rapadly and the top surface s
always dry. The loess areas are very soft so when roads are constructed m these areas
witness frequent sikmg of the soil and roads also sk with . For eg extenstve deposas
i northwest plateau region of China the thickness can be 30 mi deep commonk bt can
reach up to 100 m The materialis so loosz that w15 picked up niv wmds from central
Asia to far flung regions m Southand Southeast regions.

Sigmificance of Wind for humans

™ Wind mereases the turbulence in atmosphers.

. Movement of water vapour, clouds and various forms of precipitation so winds allow
humidity to accur

. Wmads also helps m creulation of various gases for example providmg supphes of
carbon choxide resulting m greater rates of photosymthesis and oxygen movement for
direct consumption by the humans.

e  Wmdsalo help m generating renewable sources of energy m the form of wind energy
through wind mulls. Wind energy 1s used for varous purposes like electneny. mullng
grams, water pumpmng =fc.

. Winds also help m salmg ships and aeroplanes

o  Wmnds provide sea breezes (winds move from sea to land) and land breezes (wimnds
move fromland to sea

. Winds help n plants pollens to move from one place to other and also assists m faght of

burds.

. INTEXT QUESTIONS

1. Name three mechamsm of wind erosion.
B e Tk RSO PITPLL! | .\ T
2 Name major erosional landforms created by action of wmd.
D oo (). e ()
3. Name major deposimional landforms created by action of wind.
(8 ..iw sava i LT T R Rrrore 1 ) W
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Dynamie and. 4. Inwhich regions of the world maxamum deposas of loess found?
Geomorphic
Processes ofthe

Earth
@' \ WHATYOU HAVE LEARNT

Important Tapographical fastures I

¥
Naotes — : : .
T By River- Wakrhills mpids
\ PROCESSE I e P i
— T m_-:a.n:h:rs; ox-bow ke, heaided
L Biver Frosion stream. levess cto- J
/Z — . By glacter- ‘U shape valley, |
Agetis ol —} 2 Gilacer . girqucs; crovasses, hanoing -walicy,
Gradation , b—} Transgrort b, aréte, morsines sio
— Wi |
\ ' By sea waves Wase om piatiorms,
1, Ses ﬁ Depasition siecks, bars, bigoons, ses caves,
WRVCE — beaches. oic.
.

By wind — Blow outs Mishroom |
reck, wardames mipple mork o
duncs, locss, oo

TERMINAL QUESTIONS

1. Explamn any three topographical fearures made by erosional work of rrvers
2 What 1s the difference between estuary and delta”
3 Differentiate between followmg
(a) ‘U’ shaped and V" shaped vallevs
(b) Flood plan and braided streams
(¢) Lagoonand bars
4 With the help of diagrams explain ox-bow lake, deita and natural levee
5 Define glaciers. Distinguish berween contmental and valley glaciers
6.  What i a hangmg vallev? How are hanging valleys different from ‘U’ shaped valleys ?

7 What are morames? Elaborate various types of morames
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B Explantwomajor factors affecting sea wave erosion:
9 Dhscuss formanion of beaches and grve two examples of beaches m Indea.

10.  Describe favourable conditions m the desert environment asssting m wind erosion

‘ ANSWERS TO INTEXT QUESTIONS

4.1

1. (1 Uppercourse
() Middle course

(i) Lowercourse

[

(1 Abrasion or corrasion
(#) Corrosion or solutions
(u) Hydraube action
() Arrmon
3. (® V' shapedvalley
(1) Waterfalls and rapads
(m) Gorgesand canyons
4. (1 Tracton
(1) Saltation
(w) Suspension
(1) Solution
3. (a) Delta
(b) Ox-Bow Lake
{¢) Estuaries

{d} Dustributaries
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Dynamie and. 4.2
Geomorphic
Processes ofthe
Earth (i) commenial glaciers

1. @ Valleyor mouniam glaciers

b

{a) glacers
(b} snow-feld

(¢) srow=lme

Erosional features-cirques, "U shaped valley, crevasses

!.JJ

4. {a) False
(b) False
(e) Tme
{(d) Tmue
(e) False
4.3
L. (1)) Influenceofwaves

(1) Characteristics ofthe coast

| 5%}

(a) Offshore bars
(k) wave-cut platform
(c) forecastng, chmate
44
1. Name three mechamsm of wind erosion
() Bombardment

(w Drag
(m) it

94 SENIOR SECONDARY




Rurinmg Water, Movirg Ice, Wind and S=a Waves

.[""

Name major erosional landforms created by action of wn
(1 Mushroomrock

{1) Blowouts

() Yardangs

Name major depositional landforms ereated by action of wind

Laa

(i) Dunss
() Loess
(i) Ripple marks

+-  Inwinch regions ofthe world maxsmum deposits of loess found-
Extensive deposits in northiwest plateau regionof China
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