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HANDOUT NO. 4

INDIA'S CLIMATE

S. K. MANOCHA VAJIRAM & RAVI

Cyclone: A wind system with low pressure at the centre. Geographically, there are two types of cyclones:
Tropical Cyclones and Extra -tropical/Temperate Cyclones. Cyclones being secondary circulations are embedded
in the primary circulations of the vegion. Therefore, the Tropical cyclones, embedded in the Trade winds move
from east to west and Temperate cyclonks, embedded in the Westerlies, move from west to east. The winds in a
cyclone move anticlackwise in the Northern Hemisphere and clockwise in the Southe
oppbsite is the case with Anti cyclones).

rn Hemisphere (the

The Tropical Cyclones are thermal in origin i.e. they owe their origin to the warmness of ocean waters whereas
the Temperate cyclones are frontal in origin i.e. they form along a front { a zone of transition between two
contrasting Airmasses), The Temperate cydones, though frequent, are not destructive in nature. They are an
.important reason for more or less uniform rainfall throughout the year and high variability of weather
canditions in middle latitudes: The Tropical cyclones are much less {requent but very destructive in nature.

" TROPICAL CYCLONES

The most frequent atmospheric disturbance in the tropical belt is Easterly Wave.

Easterly Wave: Trade winds are f, requently modified by wave-like phenomena that give rise to distinctive weather
systems. Westward moving air is forced to rise on the upwind side of the wave and descend on the downwind

side. Thus, on the eastern side of an Easterly Wave,we can expect to find vertically developed Cumulus clouds
and often heavy.rainfall. But clear weather results on the leadin

g western side of the low pressure wave trough,
because of descending air. Under certain favourable conditions, an Easterly Wave may lead to a Tropical
Cydone.

. <
A TROPICAL CYCLONE IS LIKE A HUGE HEAT ENGINE, WHICH TAKES ENERGY IN THE FORM OF LATENT HEAT
AND THE SENSIBLE HEAT FROM WATER TO AIR. THE SPIN/VQRTICITY COMES BECAUSE OF CORIOLIS FORCE.

Favourébie conditions for the origin of a Tropical Cyclone:

Loopresiue
Curnalo ~ 1. Alow pressure condition/LT.CZ. formed 5 -8 degrees away from the equator (AS IT NEEDS SOME " e
CORIOLIS FORCE FOR CURVATURE OF WINDS). £ 96 i
firobus elovd 2. SeaSurface Temperature (SST) being more than 27 degrees C,
3. Alarge vapour supply. . o
4. Differential heating of land and water. N !‘]
5.

Strong anticyclonic divergence in the upper air/troposphere. — Cortion wireh i grade

Features of Tropical Cyclones:
1. An acute low pressure at the centre. ([ £ 95p b
#% 2, A strong P.G.F. {(minimum wind speed > 119 km/hr.
3. It moves east to west with a speed between 15 to 25 km/hour

\'nUH:u ahwup\'\c.u-

4. 1t is about 150 to 300 km in diametre (some may reach 1000 km in diametre). (
. Ity has circular isobars. o : 5
Z' 11:; ﬁi:ir?;lymulo—nimbus cloud which gives torrential rains with thunder and lightaing

. e -Eye is the central area where atmos heric i
| charcteristic feature called EY_E relsd _ p pressure is the lowest.
) ;’t:::,f;:::? 16 to 24 km in diametre. Since in this region, the air descends, therefore, it s Comparatively clear
ith light winds. <
: gng v:avrurgl:«;?';:lie rim/edge of the Eye. Winds reach the highest speeds at the Eye
. By :
e ; (Chiray
Regional names: *Hurricane (North Atlantic and Eastern North Pacific) *Typhoons
(\:’istern North Pacific) *Baguio (Philippines)*Nowaki (Japan) - Earlier cajleg

Taifu in Japan %
; ——-426C Taifu in Japan,
«Willy-willies (Australia) *Cyclones (Indian Ocean),

illy-

Wall,

' 1
{
Hisrricane - (0m0 ~ for buﬂa deve OFd

c,tf,\or\os
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losses and 2. the source of energy

= Tropical Cyclones tend to die when they fall on land because of 1. frictional
C'[LL {i.e. warm ocean water), being cut-off. These cyclones cause huge destructio
et —-- 1. High wind velocity 2.Floods (the floods are caused because of heavy rainfall associate
Actite cloud and Storm Surge i.e. the rise of coastal waters as cyclone approa

from coast do have the benefit of large water supply because of heavy rainfa

Pérp cyclone.

n in coastal areas because of--
d with a Cumulo-nimbus

ches a coast). The interior areas away

il associated with a Tropical

TROPICAL CYCLONES IN INDIA

=  Many low pressure syste&:s of varying stages of development, form in the Bay of Bengal and the
Arabian Sea and move west or northwestwards, sometimes recurving north or northeastal a later

stage. Recurvature usually occurs when the cyclones are between

latitudes 16 and 18 degrees N. Only

a few of them develop fully into the mature stage and the majority remain as epressions/weak
systems. The systems reach their maxmum intensity before or after the southwest maonsoon period.

»  Cyclones generally form in a lower latitude belt (10 to 14 degrees N) before and after the Southwest

Monsoon season. They are intense and are responsible for the major portion of the rainfall over the
Peninsula. The maximum incidence of cyclones is from April to June and October to December.
e During the Southwest Monsoon season the low pressure systems form at the head of the Bay of Bengal

_and generally travel west or northwest along the monsoon trough

. The rainfall over northern India is,

~———to a large extent-dependent on theyfrequency, track and intensity of these depresssions zM ONSOON

DEPRESSIONS). The Tropical Easterly Jet Stream steers the tropical depressions into india. These.

depressions play a significant role in the distribution of monsoon rainfall over the indian subcontinent.

The tracks of these depressions are the areas of high rainfall.

EXTRA TROPICAL / TEMPERATE CYCLONES

These are considered to be the most significant of all atmospheric disturbances as everywhere poleward of 30
degrees, they dominate weather maps. In U.S. these are called Lows or Wave Cyclones and in Europe, these are

called Depressions.

Features of Temperate cyclones:
¢ Very extensive systems: 800 to 1600 km in diametre
e Weak pressure gradient
«  Elliptical/oval isobars

«  speed of movement 30 - 50 km/hour (moves faster in winter than in summer because of the stronger

thermal contrasts)

WESTERN DISTURBANCES

e With the southward shift of the Polar Front in winter, the tracks

of the Temperate cyclones pass across

the northern portions of the Indian subcontinent during the period October to June.

*  The cyclones originating in West Asia, the Mediterranean Sea and once in a way, as far west as the
Atlantic Ocean reach the Indian area in the course of their eastward passage. '

e  Because of the high terrain, mountain ranges etc. to the west, most of the disturbances are in the
mature stage and hence weak or irregular by the time they reach India.

«  Since these Extra -tropical cyclones reach India from the west, they are usually referred to as Western

Disturbances.

=  Reaching Rajasthan, Haryana, and Punjab, the disturbance slow
closed-in nature of the region with high hills.

«  With the moisture feed from the Arabian Sea, the disturbances

down and stagnate due to the nearly

may intensify here and move northeast.

¢ Thetracks of these disturbances come farthest south to latitudes 22/23 degrees N in February

*  The important effects of W.Ds. are: 1. rainfail in NW plains (Punjab, Haryana etc.
crop Wheat). 2. snowfall in higher altitudes of J & K and Himachal Pradesh. 3 H;il 4

the region.
*  Itis believed that the Tropical Westerly Jet Stream plays an im
Cyclones to India.
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Monsoon Trou h: During the summer scason, at the surface, there extends a trough from the Calcuttd
in the east to Karachi in the west. This semi permauent, lower atmosphere featur exerts considerable
influence in f‘hﬁ surmncr monsoon circulation in South Asia. The trough axis experiences consl
to day vana_thﬂ in its position, which has a vital bearing upon the monsoon rainfall distribution in the
region. During the break monsoon periods, when there is a temporary ¢jull in monscon activity, the
wrough line shifts to the foot hills of the Himalaya, rainfall over the contral parts of Indi2 decreases
considerably, and there is an increase in rainfall over north India along the Himalayan foot-hills.

The Mascarene High: This is the high gressufe area at sea level south of the equator in the Indian
Ocean near Mascareae istand. The position and intensity of this High are cénsidered to be closely linked to
the South Summer Monscon activity.

_Tﬂ_MECHANISM OF SUMMMER MQNSOON (S.W. MONSOON):

=L [
5\ |.The Classical Model (Halie and Hadley): Halley hypothesized that the primary cau -
; annual cycle of the Indian monsoon circulation was the differential heating effects between the ocean . - "
and land in Soyth Asia. Differential heating would cause the pressurc differences in the atmosphere that Ha“eﬂ
Jr‘mcld could only be equalized by winds from the high pressure to low pressur areas. Thus, the first. smiodel
ever prepared bout the mechanism of the Indizn mensoon was Halley’s planetary scalc sea breeze-
21000 00 land breeze sY 1tem in !_6_9__6 Hadley, fater, argued that that Halley’s model was facking in the physical
/ . ingredient of &.‘f effect of rotation of the carth about its axis. Hadley reasoned that the monsoon originates
¢ in the South Esst Trades of the Southern Hemisphere and as it flows across the equator towards the heated

; : ; & landmass, the Coriolis force causes it turn to right, thereby forming the Summer Monsoon OF South

N

Western monsgomn- A :
0. Todu MTJ&%'}D Dy, Flobhons
< Shifting of the 1L.T.C.Z.: hﬂu:’ existence of Asian Monsoon is not due to the temperature contrasts =00T e
between land and s¢3, but primarily due to the annual migration of thermally produced planetary wind L
ical easterlies or the northern |

him, the Winter Mousoot - nothing but the tropical easterlies or 8 =E20r =
terlies which have been displaced northward, result in S.W.

trade winds. In summer, the € uatorial wes
Monsoon. ( pecoute gtne O Cb( 11T oy mnove thao o) -
large ulation during the summer MORsOon

% Tibetan anticyclone: A remarkable aspect of the scale circ
th Asiais the unngr-trogospheric anticyclone situated over the Tibetan plateau. The

season over Sou : .
Tibetan plateat jocated more than 4500 m amsl with 2 length of 2000 km and width of 600 km in the
west and 1000Km in the east, is considered to be one of the key factors in the development of

' ioatpon GEe ulation in the region. The Tibetan plateatt exerts its influence as a mechanical barrier in the
EJOQUQWM\% beric flow as well as & high-level heat SOUICE: An anticyclone appears in the upper troposphere over

tmospheric smari i i
: on, primarily due to latent and sensible heating over the
and then moves northwestwards, reaching the Tibetan
season. From about September, the anticyclone ¥

and pressure belts. For

i.fj (nelaion, plateau. It appears ove

dthe h of the summer o> o
plateau aroun ght oL towards Indonesia and loses definition after October. Variations in the
B and its orientation are closely related to the monsoon circulation

lf: Tatitudes. It has a circum-global extent be
S - 2 . . A tw
‘{ tro ¢ circulation s over South Asia at an clevation of about 12 km during Octqftf:r to

N

GLop, : andcanbclocaw“ o e
| 3&'{.< lautudic%_?_f;’l;n_ﬁi___.-—-mmn of this jet is about 27N. This _jet is split o-wmg_to _ﬂlc presence of the Himalayan
ETtwsen May. The mean pos is seen UP 10 Afghanistan where it splits into two branches, one to the

. i . e stream : . .- 3
2 Euas;:[;:;dns path; 2 S:'w north of the Himalaya, recombining into a strong single stream over China. The Jet

x Mabaraiton
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ves the Loove {0y the buwt of mongon 'i;gg@ilh- Cm@_&gw ‘
tappears over the I of the Indian subcontinen er, alter ithdrawal of the
sou

summer monsoon and shifls pmgressi@ly thwards with advance of the winter season. 'i_hcxeaﬁer, it
shifts back towards, weakens and disappears from the South Asian region with the establishment of the

* southwest monsoon. ¥ 45, or

U Mortthy

—_—

(b) Tropical Easterly Jet Stream: This jet is a prominent feature of the upper-air circulation during

the Indian summer monsoon season (June to September), appearing as a band of strong easterlies

extending from southeast Asia across the Indian Ocean and Africa to the Atlantic, generally at a height of

about 14 km. lts axis remains close to about 14N, It is present over the south Indian peninsula from June to

August in the latitudinal belts between 12%and 15 N and disappears by September. The position and speed

of the jet have appreciable spatial and temporsl fluctuations.which in Wwrnok ~{our‘d (35.0% corelrd wi

Southiern Oscillation Index: The seesaw relationship in sea level pressure between the tropical Pacific 0
and the tropical Indian Ocean has led to the development of the S.0.1., based on the pressure data at certain m-'f‘\‘l“
representative stations (for ex. SOl between Tahiti istand and Darwin is the rost widely used.) Attt butie
El-Nino (“the child™): It is an anomalous warming of the eastern tropical Pacific Ocean that occurs 2

to 10 year intervals and is
the world.

Thesa two are believed to be connected — the southem oscillation has been identified as the atmospheric Pentacul
counterpart to EI-Nino. The both are topetherreferto as ENSO. During the high southern ascillation Andiasl
phase, precipitation tends to be abundant in the Indonesia-Australian region, most of South Asian region, c
southeastern Africa and northern coast of South America. Relatively.dry conditions prevail over the

equatorial Pacific, east central Afiica and northern Mexico. During the law phase of the southemn

oscillation, the patterns of rainfall anomalies are approximately opposite.

frequently associated with far-reaching climatic and oceanic impacts around  Oved

THE ASIAN WINTER MONSOON: In the northem hemispheric winter, a high-pressure centre
of great intensity, called the ‘Siberian Anticyclone’ forms over the northern parts of Asia between 40 and
60 N. The outflow of cold continental air from this anticyclone in the Asiatic heartland proceeds towards
the south and southeast over Korea, China and Japan, constituting the Winter Monsoon. The north -
easterlies, during their travel over the Indian regiou, give winter rain to the eastern side of southern
parts of the Indian peninsula in the state of Tamil Nadu znd to Sri Lanka. )

L LAY R e ——— ——

The Pre-Monscon Summer Season: The atmospheric pressure is low all over the country due to
the high temperature. In May and June, high temperature in northwest India builds steep pressure gradient.
Under such conditions, hot, dast laden and strong winds known as Loo blow. The intensity increases in
the afternoon and the strong dust storms result from the convective phenomenon and are locally known as
Aandhis (blinding storms). These are essentially short lived thunderstorms, which move like a solid wall
of sand and dust and are common in Rajasthan, Haryana, Punjab, Jammu region, Delhi, Uttar Pradesh,
Bihar and Madhya Pradesh. These bring little rainfall and give much necded relief from scorching heat, but

g‘?ed“ bCT‘ (ot The thunderstorms which originate over Chhota nagpur plateau, are carried eastwards by westerl_y winds.

The areas with highest incidence of thunderstorms are Assam, Arunachal Pradesh, Nagaland, Mizoram,
Manipur, Tripura, Meghalaya, West Bengal and the adjoining areas of Orissa and Jharkhand. In West
‘Bengal and adjoining areas of Assam, Orissa and Jharkhand, the direction of squalls is mainly from
the north-west, and they are called Norwesters. The rainfall brought by the norwesters is called spring
storm showers. They are often very violent with squall speeds of 60 to 80 km/h. Hailstones sometimes
Scompany showers and occasionally aitsin the size of a golf ball. They cause heavy damage to standing
crops and animals. The period of maximum occurence of these storms is the month of Baisakh (mid
March to mid April) and heace are locally called Kalbaisakh|(kal: evil). In the south the thunderstorms
occur in Kerala and adjoining parts of Karnataka and 1amil N2 du, particularly in the evenings and nights.
Themaximumﬁ'eqtmyisinﬂmsouthwcstmtipoflndia. -

The|pre-monsoonal shuwurj}m: called by various names: Tea showers in Assam (good for tea, rice and
jute); Mango showers 1 il Nadu and Andhra Pradesh (good for mango crop) and

- Cherry Blossoms it
Kamataka (good for coffee pleatafions).
| e sl
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VAJIRAM & RAVI IMA?__,E XERCISE- |

| q.veddst: Sea: the section of th
ot e % of the Atlantic east of Apgar. ‘ '
the nfir-ti‘i:g coast of Africa. 3 Kiel (:a,',,;m,“r“m“'ﬂlc - 'S.K. MANOCHA
Csnek: Lake Onterio and Lake Erie * Joire North Sea to Rt 2.Canary Islands (Spain): yolcenic iglands off
€ imanjro. 6 Lake Titioncas T, EHerengetl Nattona! pa.s oo 2570 the Jutlond peninsula.4.Welland °

. . 0 :
between Peru and Bolivia.7. Namiblal;%aert- ¢ in South Amnal Park (Tanzaniaj: cost of Ltz Victoria and west of

Atlantic; crica; world's hi '
g:;ﬁé g Napoleon died hers, 9.35.-.1,;1? the world's talleg, & Hehestmasigahl ihs v the votier
name “Deadly B a Triangle: es. 8.St. Heleaa (U.K.): volcani
Y Bermuds Tyt gle: sea arca bound ): volcanic island in -
sircrafis In this region. 10, Goteborg: ics free eog ot Dquded by Besuunds, Flarids and Puests Rca;
famous tourist centre in Australia: was g sta: harbour in Sweden: nprth o aiupsaranes ol 4 Iarge Wi, SRS S G
12.Altiplano: platean complex of Bolivi i ¢ Telogre : ki em Europe’s leading port. 11.Alice Spring:
surrounded by mountains) and in the ;c d Per; second larg?;p{ ine between Dacwin and Adelalde,
Aconcagua; on the border between Chj“*“’ lies the leke Titimi?? Sardlnaﬁer e L
highest extinct volsanio, 15 Platons ot . TECHLR: IS the world's hi A\ Js ol e
desert in northern Iren; rich in Petrol of Matto Grasso: mineral I'ichpwcst ghest peak, outside Asla; f¢ Is the world's
Ethlople, Eritrea, Somaliz, Diibo :ium end Diamonds. 17.The Horn otT mgiop of Brazil. 16..Dast-¢-Kavir; a hot
cast of lake Eyre in Australia; ii . uti. 18.Great Arteslan Basln: region w. ;’f“?f a voleanic plateau and includes
rocks), therefore the ground watcr?;%‘ﬁu‘:ﬁl_ﬁﬂgl&r_(gmund water storage san dj:ichsz;:at Dividing Range and north
g-wmﬁ Bay: Namibia's chief port.20 l:);:::uh(,u; pumping; but the'water is saline sndtt;:g ;::; i;‘nper_r{lczll)lc
aputo] M.Dmﬁlbi c‘s caj itai i LTRSS y goa ay mnpm ha H th n? b
runs from port Aﬁgustaqu th'g:.;;hl Itshscl léﬁf;;gg% 21.Tke fsmel .Trali)miiré;c;t:;i?o-lu{:.?ﬁ c;: d mlta?mf
only cot i = . esert to Alice Spri i iy 3 1an ralway
Gthndsdlltll?gNnm?{[Ti;a ;;‘;;Zg:: land is above lOﬁQm.‘2B.K.alf::rgi.lﬁi‘::uitthi::::ﬁlg S S
end forms a boundary between S‘i:oautt.llfli i;:ﬁl Africa24.Orange River: originates in 1Q;gggnugber;;fMBgolmlniawjnas e
rift valley Jake; Kampala, the cepital of Ug and Namibla. 25.Leks Victoria: the largest lake of Africa; i e
Africa: , the capital of Uganda lies near its north : the largest laks of Africa; it is NOT a
ca: in Difboutl, 27.Qattara Depression (-133m); a depressi emn shore. 26.Lake Assal (-156m): lowest point in
28. Moust kirinyaga (formerly Mount Kenya): an extinct s e caused-by wind (called Deflation Hollow) in Egypt.
Aftica. 30.Lake Chad: is on the north cestem boundary of i c:rilc: 29.Mount Cameroon: an active volcano Western
regionl, 31.Lake Volta:lake in Ghana created by the Alnesiato I reduced in sizo becauss of droughts; oil rich
on Uganda’s border; non-volcanic; referred to as the “moun am on th”e river Volta. 32.Ruwenzori Mountains:
on the river Zembezi. 34.Sahara Desert: there are three types Lo pmet, 20 Cabora ke TR & Mosiiotg
35.Drake.nsbe!‘g Mounteins: Africa, the highest peak Mount Ntieny;nam;é ;{lwgyéﬂmmm ' ¥
Leaulaba river; its major tributary is river Ubangi; it does not make a delte. 37. m"er ongo: originates in Zambia as
Burundi: the Blue Nile rices from Tena lake (Ethiopis) and goes into eastem e e
on the river Nile. 38.Casablanca: the largest city and port of Moroceo, 39.Izmi .ltcmm Sea; Aswan D is located
for Mediterrenean fruits production. 40James Bay: an arm of the Hudson .Bay ; 1 gﬁﬁ,nﬁqf,:??’p"“ ot Turkey: fmoous
Myanmar; these erc the extension of the Arakan Yoma. 42.Big Bend Nationzal Park: situallcd.etlno:‘mt::wgsm
bctw?cn Mexlco and U.S.; it is the lergest protected arca of Chihushpan Desert topoéraphy' jtis &gm gucs ﬁO; Unlldﬂr)‘ﬁ i
emain, op:ﬂ:ﬂg oldnmins : =: ; l ‘ NOWN. disco 43.Hindu Kush: westernmost
extension O Famir, . ! ocated I anisten end Northwestern Frontier Province of Pakistan, its
highest peak is Tirich Mir. 44.Baguio¢ summer capital of Philippines on the island of Luzon; 45.Grand Coul I') :
on Columbie River in the Weashington State, U.S,; its reservoir is called E.D, Roogevelt [&!gc' 46,Mandalay; 'eepoﬂ.mﬁn-
Buddhist centre in Myaamar, located on the bank of Irrawaddy River. 47.8ofia: capital and e‘ultt;ml centre z.f' ll.;:l.tl ar'a..l
48.Mount Ossa; the highest peak in Tesmenia (Australia). 49.Kalgoorlie: in Western Australia, carlicr famous fo.gr l01(1
mining. 50.Torres Strait: separales Papua New Guinea and Australia. 51.Flinders Range: fold mountains in south%
Australia. 52.Lake Torrens: a rifl valley leke In southern Augtralia. 53.Cocos Islands (Australia). coral islands, "
southwest of Java. 54.Lake Taupa: the largest lake of New Zealand; it is in the gxtinet volcano’s erater. 55.Belize: the
untay, famous for having the Jargest ref In the Northem Hemisprere. 56.Cuba: the largest island in the Caribbean
Mount Mckinley National Park) : in Alaska; Mount Mckinley (the highest peak of

co
Sea. 57.Deaall National Park ( :
:ca) lies in this Park 58 Rockies: the Alpine Fold Mounteins (like Andes, Alps, Himalayas etc.) in North

America. 59.Mackeazie Mountalns: part of the Rockies; act 2s
¢ basaltic lava; covers part of Washington and Oregon in U.S.

fivers. 60.Columbia Plateau: & large igneous province 0

61.Lake Mead: formed by the on the river Colorado. 62.Mount Whitney: the
highest peek in the 48 coterminous states of U.S.); it Is close to Death Valley. 63.Mount Logan: Canada’s highest peak
near border with Alaska. 64.Bering Strait: it separates North America from Asie. 65.Lake Athabssea: in Canada, the
rogion is femous for QOPPEL ISITIVES 66.Nunavut: means 2ou " is the largest and newest federal territory of
Cenade. 67.Crater Lake: is in Oregon, U.S.: actually a Caldera (it is misnamed). 68.Thunder Bay: the northwest
shore of leke Superior, carllcr an centre for Wheat exports. 69.Rio Grande: much of Mexico’s border s
formed by river Rio Grande. Gilicon Valley: south of San Francisco Bay. 70.Catskill Mountains: low mountain group
n southeastern New York, (part of the Appalachians). 71.Rhode Island: the smatlest state In the U.S. on Atlantic

S 78 Texss: the lergest of the 48 coterminous statcs of the U.S. 79.Yucatan Peninsula: in Mexico; famous for

F-
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its li e hy (Karst landscape). 80.Brooks Range: young fold mountain in nortlr-western part of Rockics
in Alaska. 81.Bay of Fundy: slong the eastgrmcoast of Canada; gets maximum Tidal Range in the world. 82.Florida

Keys: chain of small islands extending southwest from the southem tip of Florlda, 83.Chicagos lics at the southem cnd
of Lake Michigan: an important tiansportation centre, 84, Yellowstone National Park: mostly in NW Wyoming, but
includes narrow strips in southerm Montana and castern 1daho; contalns many Geysers and Hot springs. 85.Kingston:
seapott and capital of Jamaica, 86.San Diego: the largest naval air station of U.S. and the birth place of California.
87.Central America: refers to North American countries which lic south of Mexico and north of Columbia; these are
Belize, Gautemala, Bl Salvador, Nicargua, Costa Rica and Panama. 88. Middle America: it comprises of Central
Amcrica as well as Mexico and all of the Caribbean Islands. 89.Arenal Rica: active voleano in central region of Costa
Rica. 90.Nevado del Rulz: active volcano in northern Columbian Andes. 91.Popocatepetl: an active volcano in south
central part of Mexico. 92.Norfolk Island: belongs to Australia in Pacific. 93.Bougainville: is an offshore island part
of Papua New Guinea; famous for Copper reserves,34.Nauru: the 5mailéﬁt republic of the world; northeast of

Bougainville. 95.New Caledonia (France): east of Coral Sea; famous for Nickel deposits. 96.Lake Vanern: Sweden’s
largest lake; near border with Norway. 97.Lake Saimaa: the largest in Finland; in southeast region, 98.Lim Fjord:

Denmark’s largest lagoon. 99.Gulf of Bothnia: separates Sweden and Rinland. 100. Gulf of Sidra: on the Libyan
coast; the chief port and oil terminal is Surt. 101. Nubian Desert: in northeast Sudan; it is a sandstone plateau. 102

- Katanga Plateau: includes southern Zaire, democratic republic of Congo and part of Zambia; it is famous for Copper
deposits. 103. Mount Shasta: is a dormant volcano in California. 104, Lake Gairdner: is a rift valicy lake in
Australia. 105. Lake Mjosa: the largest lake of Norway; northeast of Oslo. 106. Mendoza: in Argentina, referred to as
the Garden of the Andes. 107.Patagonia: the far southeast reglon of South: Amerlca; it is huge dry plateau; the
northern part is a semi-desert with scrubby vegetation whereas the southern part is colder, drier, with very little plant
life; the regilon includes the southern parts of Argentina and Chile, 108, Santos: world’s leading coffee exporting
port; in southeast Brazil. 109. Pantanal: swampy low land in the western Brazil and hordering Bolivia
Paraguay. 110, The Drake Passage: strait scparating Cape Hom from the South Shetland Islands, which lie just north
of Antarctica. 111. Galpagos Islands (Ecuador): have rare species of plants and animals; Charles Darwin’s studies

_here led to his great work: The Origin of Species; today it is a National Park. 112. La Paz: Bolivia’s capital; world’s
Highest national capital. 113. Falkland Islands: self goveming British colony in the South Atlantic Ocean. 114.
Ascension (U.K.): voleanic island in South Atlantic Ocean. 115. Rio de la Plata: the estuary of the combined Panama
2nd Uruguay Rrivers in south eastern South America, between Argentina and Uruguay. 116. Mount Chimborazo: in
Ecuador; has its fect over equator but peaks are snow covered, 117. Easter Istand (Chile): in Pacific Ocean; famous
for ancient monuments. 118. Polnt Parianas Peru: western most point of South America. 119, Cotopaxi:in Ecuador,
one of the highest active volcanocs of the world; 120, Stromboli: active volcano; off the north coast of Sicily in
Mediterranean Sea. 121. Port Stanley: the important port city of Fatkland Islands. 122. Bass Strait: separates
Tasmenia from Australia. 123. Lop Nur/Nor: a marshy region in the Tarim basin of China; the region is used for
Nuclear weapon testing. 124. Lake of the Woods: a glaciated lake on the border between Canada and U.S.: is famous
for wheat cultivation. 125.Kara Sea: an arm of the Arctic Ocean; low salinity and rich in bio-diversity. 126, Hormuz
Strait: joins Persian Gulf with the Arabian Sea; highly polluted. 127. Lake Nyasa (Lake Malawi): forms border
between Malawi and Mozambique and Tanzania. 128, Elephant Pass: a narrow strip of land linking the Jaffna -
Peninsula with the mainland at the north end of Sri Lanka. 129. Etna: highest voleano of Europe on the east coast of
Sicily. 130. Lake Huron: a lake sharcd by Canada and U.S.; sccond largest of the five Great Lakes of North America
131. lonian Sea: arm of the Mediterranean Sea. 132. Liverpool: an important commercial centre of NW England; we
a major slave trade centre from Africa. 133. Soo Canal: connects Lake Superior with Lake Huron. 134. Tula: an

important industrial centre of Western Russia. 135. Ankara; capital of Turkey; situated on the plateau of Anatolia. &3
Finger Lakes:ere glacial lakes in the New York State. 137.

Kobe: an important industrial centre in Honshu island. 1:
Kir:m'a: northernmost town of Sweden; famous for Iron ore reserves; often called “world’s largest town™ because 0!
extensive area. 139. Tien Shan : young fold mountains; in Xinjiang autonomous region of Ching, north of Tarim
Basin; inhabited by Kirghiz tribes.

: 140. Aegean Sea: arm of the Mediterrancan Sea; beween Greece and Italy. 141.
Ural Mountains: 1600 km long Mountain range in Russia; the highest peak is Mount Narodnaya (1894m): there are

important industrial centres along the eastern slopes. 142 Valencin lake: second largest Lake of Venezuela. 143.
Gibraltar: a British dependency at the southern tip of the

. : 1an Penisnsuly; famous for discov { Neanderthal

Men, 144.Riga: capital of Latvia, on-the coast of the Gulfof%giga of thef_gi]ﬂtic Sea. 145, 1323{5’3&3 shallow arm !
the Atlantic Ocean; rich in Oil and Natural Gas and fisheries. 146. Grand Banks: onc of the most important fishing
centres of the world: convergence of Labrador and Gulf Stream takes place here. 147, Adam's Peak: in south centt
part of 5ri Lanka; famous for the sacred footprint lcft by Buddha on its top. 148.Golan Helghts: mountain range &
[srael ‘and Syria l':ordcr: this tctTitor)' of Syria was occupied by Isracl; it is a barren land. 149, I'i'cn Dusrte: highest
point in the Carribean Istands; in Dominican Republic. 150. Dushanbe (formerly called Stalinabad): capital of
Tejikistan. 151, Alexandria: Egypt's largest sea-port; known a3 the “Pearl of the Mediterrancan”. 152.East Tio
earlier & Portugal colony




- Geologically there are twa types: Khad
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Alluvial Soils: These are fonni;d

e
_ ~These arc fettile soils because 6ffresh addit;

: : additions of mincrals and arc ined. highly porous and fight, easily ‘?mkahle'
best agricultural soils. These aré penerall ient in Nitrogen nntjincliz?::ac. "l'ixcg"So{!meﬁlc has no stratification.

: : ar and Bhaogar. Khadar; Newer alluvigm, sandy texture, light colour, found niear
E;zr?‘[ﬁi-scu;i:;; porours. %Oiier aﬂl}‘(iurm claycy, darker, hes lime noji:iut:}w (called Kankar), r""fl‘d in mféim
. : S : 9 tai fon of th ngq s rich in us. In certain arcas, these 5o
covered with unproductive wind-bome soil called Logks, Limitations of Alluvial soils: (i) allow water to sink into lower -

strata and (ii) lack nitrogen (b i . ; 2 . Lo
ety gen (but fmls arc capable of fixing nitrogen very rapidly through leguminous crops (peas, beans,

flgici}{ fo? (?oftto?tl:rospo'lfl:cgc y . lllcd Regur): Black in colour because of iron, aluminitm compounds and humus and
i "y are mainly formed from Dece p 1o ry clayey in composition
(argillaceous) and hence have high water r emmm““; an Trap rocks. These afc yery cla pos

! apaclty. Thi ich in minerals and are known for fertility.
Th_csc are found :F_Dacc:m Trap region, fn ¢k m:thernpand }’GT;felf:E aﬁ;rfhﬂ(;: ::um where rainfall is heavy, bla
mlis‘ often occur in c»’o_se proximiiy {o red soifs, Black soils occupy valleys and low-level areas-whereas the red soiis occur
on higher slopes and hill tops. Mixed black and red sof r in Coimbatore, Madyrai, Tirunelvelf (Tamil Nadu) and
Bundelkhand region, These soils are generally deficient in phosphoric acid, nitrogen and organic matter and are somewhat

sandy! shallow nnfi poor i'n fertility on uplands, These become sticky, when wet and develop deep cracks, when dry; this
helps in self-aeration, which leads ion of Nitrogen from atmos here
Red Soils: Th

Aeq O01LS: These are derived fr?m Granites, Gneisses and other metamorphic rocks. These are formed under well-
Mm. The red colour is because of wide diffusion of iron. These occur in Andhra Pradesh, Tamil Nadu, parts
of kcra.la, Goa, Maharuhtm, Kamataka, West Bengal, Assam. Because of leaching these are light in texture, porous,
friable in structure and lack in lime, free carbonates and soluble salts, humus, nitrogen, ctc. These soils are airy and need
irrigation for cultivation. These soils arc locally cafled as Chalka in Andhra Pradesh. . |

Laterite and Lateritic Soils: Lateritc is a geological term and means literally a rock. Latertzation is the
removal of siltca and gver concentration of axides of iron and alumintum, These soils represent the end product of
decompasition and are found in greas of high rainfal]. These are well developed on the summits of the hills of the Deccan,
Madhya Pradesh, the Ghat regions of Orissa, Maharashtra, Kerala, West Bengal, Assam and Tamil Nadu, These are
gencrally low in fertility. These are acidic in character because of leaching. In dry conditions the upper surface becomes
very hard and it is often used as a building material,

Arid and Desert Soils: These are derived from disintegration of adjacent rocks and are largely blown in
from coastal regions and Indus valley. These are found in Rajasthan, Haryana, south Punjab, northem

Gujarat. These soils have a sandy profile and a coarse texture with high percentage of soluhle salts.
These soils are alkaline in character and are poor in organic matter. These are rich in phosphate but poor
in nitrogen. These soils are rich in mincrals'but the main limitation is fack of water.

Saline and Alkaline Soils: Because of capillary action the salts arc sucked up in solution to the surface and
form white cncrustations on the surface. The salt efflorescence of calcium, magnesium and sodium make them infertile,
The saline and elkaline soils may occur in any group of soils, These are _founcl-in dricr areas of Bihar, U.P,, Haryana,
Punjab, Rejasthan and Maharashtra. Soils in the coastal regions (for ex. in Gujarat, West El.cngalj also have salts,
Salinization also occurs because of aver-rrigation (canal irigation/groundwater usc) and in arcas of high water tables (as
in caastal zreas of Maharashtra and Tamil Nadu). Saline soils contain excess of neutral soluble salts of chlorides and -
sulphates so as to affect plant growth whereas Sodic or alkali soils contain sodium carbonates/ sodium bicarbonates.

Verious | ames for saline and glk:alinc ils arc Reh, Kaller and Chopan
Peaty and Organic Soils: These arc marshy soils and are result of water logging. enacrobic conditions (which

I ol d s ic matter) and arg acidic in nature. There is & presence of iron and varying amount
(T;d-!:g“z;:;tfa::rgmic mc’.nﬁgc gre found ir? coastnl arcas of Orissa, Tamil Nadu, Kerala, West Bcngu?gd glmom, In
Kerala (Kottayam and Alleppey districts), these soils asc called Kant.

Forest Soils: These are found in the forest arcas in_Himalayas: Sahyadris, Eas.tcm Gha{s and Terai region. These are
mtcm. Qwing to sharp differences of hill slopes cll{r:.alcs, these soils may differ greatly even when in
proximity. Humus Is more raw at higher levels, making them acicic.

e ——

tdian soils with percentage of coverage (of the total area): 1. Bfa;k }S‘ails 94’;. 69%
2. Red and Yellow Solls (28% 3. Alluvial Solls 2.16%) 4.Forest Soils (7.94%)
ar 0o (2.62%) 7. PMM_Omanfc Solls (2.17%) 8. Saline Soils

SAnd Soils (6.13%) 6. Laterite and Lateritic Solls
(L.29%)

[



M AP-EXERCISE. . -
* ’-—-‘—_—'——. ’ - - . B 2 -
Norway: Fjords (high walled sca lakes in glacial valleys) tum the coastline into a maze flanked by a large number of
islands. Svalbard: Norway's Arctic Island Territories sre referred to a8 Svalbard (means: the cold coast); these
contain the Spitshergen_group of islagd®'and many other islands. North Sea: has‘large resérves of gas and oil,

Reykjavik: means “smoky bay™ because of geysers and springs. Isle of Man: lies in the Irish Sea; Crown possession
but virtually self governing. Monaco: beautiful little principality surrounded on three sides by southem France and
- faces the Mediterrancan Sea on the fourth side. Andorra: a tiny. principality lying high in the Pyrences on the border
between Spain and France. Vatican City: world's smallest independent state; lies on west bank of Tjber River, Szn
Marino: Europe’s smalicst republic and the second smallest in the world; is an enclave in Apennine mountaing of
northern Italy. Liechtenstein: a little principality between Austria and Switzerland in the Alps; is in custom union with
Switzerland. Lake Balaton: the largest lake in Hungary. Lake Baikal: in Russis; is the world’s decpest. River Tagus:
rises in Spain and divides Portugal in two parts. Caucagus Mouatains: stretch from the Black Sea to the Caspian Sea:

th¥re are 2 ranges: 1. reater Cancasus: (Mount Elbrus (5642 m) is the highest-peak in Europe) 2. Lower —
Lesser Caucasus: these ere shared Turkey and Iran. Kamchatkh Peninsula: scparates the Bering Sea from Okhatsk
Sea; scigmically prone region. Pyrenees: steep mountains dividing France from Spain. Alps: young fold mountains
making a barrier between Erance and Jtaly. Magadan: northeast region of Siberia; declining region with out migration
of popuiation. Novaya Zemlya: balongs to Ruesia: dumping of Nuclear wastes has poisoned the walers here. River
Angara; drains the world’s deepest lake Baikal. Lake Inari: in north east Finland. Lake Garda: Ital

2 Italy's largest lake.
River Po: Italy’s longest river. Mount Vesuvius' an active voleano in Italy. Black Forest: a Block Mountain (Horst) on

Germany's border with France. UNITED KINGDOM: consists of union of England, Scotland and Wales (Great
Britain) with the six counties of Northern Ireland; the Scotland and its offshore islands — the Outer Hebrides, (he
Orimeys and Shetlands— are the northernmost part of Britain. REPUBLIC OF IRELAND: occupies seme five-sixths
of the island of Ircland about 80 km off the west coast of Great Britain; Ireland’s lush green landscape have earned it

the title “the Ememld Isle”. Jura Mountains: fold mountains on the border between France and Switzerland; thesc are

limestone ranges. Canary Isiands: belong to Spain; north-west of Africa in the Atlantic Ocean. Madeira Istand:

belangs to Portugal; volcanic island in the Atlantic Ocean. London: situated on the river Thames. Oresoundbridge: 16

km long bridge and tunne); the first link between Denmark and Sweden. NORDIC COUNTRIES: include: Norway,

Sweden. Finland, Denmark, leeland: a more common term to describe these countries isScvandinavia. At times the .
term Scandinavia is used only for two countries- Norway and Sweden; more often, it includes these countries plus
Denmark and sometimes it includes these three plus lceland; when Finland is included in the. group the term

Fennoscandia or Fennoscandian countries is used, English Channel: between UK. and France. Euro Tunnel: is
through the Streit of Dgver in the English Channel and connects London with Paris Urban Agglomerations. Channel
Islznds: lic in English Channel; are sclf govemning. Kiel Canal: joins North Sea to the Baltic Sea. Kola Gulf: Russia’s
Murmensk (the larpest city in the world, porth of the Arctic Circle) is situated here, in the Barents Sea. Copenhagen:
the capital of Deamark; lies on Denmark’s largest island Sieelland (Zealand). Hamburg: largest inland port of Europe
in Germany on the river Elbe.

MOUNTAINS: the highest: 1. Everest (Nepal-China) 2. K2/Godwin Austen (India) 3. Kangchenjunga (Nepal-India)
4. Lhotse (Noipa.!-{lma) 5. Makalu (Nepal-China) 6. Cho-Oyu (Nepal-China) .
7. Dheulagiri (Nepal) 8. Manasiu (Nepal) 9. Nanga Parbat (India) 10, Annapuma I (Nepal).

RIVERS: the longest: 1. Nile 2. Amazon 3. Yangtze 4. Mississippi-Missouri S em 5. Ob e
Angara 7. Hwang He (Yellow River 8.Congo 9.Parana 10. M.,.@ng, = hmh 6.Yenisey

DESERTS: the largest: 1. Sahara 2. Arabian (SW Asia) 3.Gabi 4. Patagonian (Argentina) 5. Great Victoria (Wand 8
Austraha;- 6. Great Basin Desert (SW United States) 7. Chihuahuan (Northern Mexico) 8.Great Sandy Desert (W

LAKES; the lug:d:.'LCaspim Sea (Ceatral Asiay 2. s : s .
(Canada/US) 5. Michigan (US) 6. Tengenyika (B Y 2 Supctior (Canada/U.S) 3. Victoria (E Afsica) 4. Huron

Africa) 7. Baikal (Russia) 8 Great Bear (Canada)
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ECOLOGICAL NICHE: the term was first used by Grinnel. The Ecological Niche is a very inclusive term that

involves noton i . :

its position in tl:\;t:{.3 I_thsmal sPace occupied by an organism , but also its functional role in the community and
- rvironmental gradients iricluding other conditions of existence. Ecological Niche of any

grganism concerns not only the space where it lives

species.

. but also what it does and how it is constrained by other

*
ECOLOGICAL EQUIVALENTS: Organisms that occupy the same or similar ecological niches in different

geographical regions are known as Ecological Equivalents.For example: Grasses in Hifferent regions like in North
America and Australia or Kangaroos and Bisons.

” _
LAW _OF REQUISITE VARIETY (ASHBY): For maximum stability, a community must be characterized by
a very high number of niche interactions, so that the probability of there being a sufficient number of internal

feedback mechanisms to give the community stability is good. * GAUSE'S PRINCIPLE: it states that two
species cannot occupy exactly the same ecological niche within a community.

*PRODUCTIVITY OF DIFFERENT ECOSYSTEMS: The rate of fixation of radiant energy in an

ecosystems, and not the size of producers that finally determines the efficiency of production.
Ranking in terms of their annual average rate of net plant production: 1. TROPICAL
RAINFORESTS/SWAMPS AND MARSHES/ESTUARIES 2. TEMPERATE FORESTS

3. CONIFEROUS FORESTS 4, SAVANNA 5. AGRICULTURAL LAND 6. WOODLAND AND SHRUBLAND

7.TEMPERATE GRASS AND/LAKES AND STREAMS 8. CONTINENTAL SHELF 9.TUNDRA AND ALPINE
10. OPEN OCEAN 11.DESERT SCRUB 12. EXTREME DESERT.

* CHIEF CAUSES OF EXTINCTION OF SPECIES CAUSED BY MAN: 1. HABITAT DESTRUCTON

2. HABITAT FRAGMENTATION 3. HABITAT DEGRADATION AND POLLUTION 4. INTRODUCTION OF EXOTIC SPECIES
5. DISEASES 6. OVER-EXPLOJTATION 7. SHIFTING OR JHUMMING CULTIVATION.

* ABYSSAL: refers to the deepest part of the ocean, below about 2000m. it covers about 75% of the ocean

floor. ¥ NERITIC ZONE: refers to the shallow-water, or near shore, marine zone extending from the low tide
level to a depth of 200m. This zone covers about 8% of the total ocean floor and is the area most populated by

benthic organisms, owing to the penetration of sunlight to these shallow depths. *BENTHIC ZONE: the
lowermost region of a freshwater or marine profile in which the benthos resides. In bodies of deep water where

little light penetrates to bottomn zone is referred to as benthic abyssal region and productivity is relatively low. In
shallower (coastal) regions, where the benthic zone is well lit, the same is referred to as the benthic littoral

region and it supports some of the world's most productive ecosystems. *BENTHOS: In freshwater and marine

ecosystems, the collection of organisms attached to or resting on the bottom sediments (ie epifauna), and those
which bore or burrow into the sediments (ie infauna). -

*{ [TTORAL ZONE: the area in shallow, fresh water and around lake shores, where light penetration extends
to the bottom sediments, giving-a zone colonized by rooted plants. In marine ecosystems it refers to the shore

area or intertidal zone (ie the area between low tide mark and high tide mark). *BATHYL ZONE: the oceanic

zone at depths of 200-2000 m. The upper limit of the bathyl is marked by the edge of the continental shelf. in
marine ecology, itis the region of the continental slope and continental rise.

* ALGA: The common name for a relatively simple type of eukaryotic plant which is never differentiated into
root, stem, and leaves, contains chlorophyll a as the primary photosynthetic pigment, has no true vascular
(water-conducting) system, and in which there is no sterile layer of cells surrounding the reproductive organs. The
algae range in form from eukaryotic single cells to plants many :metres in length. Algae can be found in most



habitats on Earth, although the majority occur in freshwater or marine environments.

* ALGAL BLOOM: a sudden growth of algae in aquatic ecosystem. It can occur naturally in spring or
early summer when primary production exceeds consumption by aquatic herbivores. Algal blooms
may also be induced by enrichment of waters due to pollution. They are a characteristic symptom of

eutrophication.

“*EUTROPHICATION: the process of nutrient enrichment {usually by nitrates and phosphates) in aquatic
ecosystems, such that the productivity of the system ceases to be limited by the availability of nutrients. It occurs
naturally over geological time, but may be accelerated by human activities (sewage disposal, agriculture,
industries): such activities are sometimes termed CULTURAL EUTROPHICATION. The rapid increase in nutrient
levels stimulates algal blooms. On death, bacterial decomposition of the excess algae may deplete oxygen
levels seriously. The extremely low oxygen concentrations that result may lead tq the death of fish, creating a
further oxygen demand, and so leading to further deaths. i

* ALLEE EFFECT: The social dysfunction and failure to mate successfully that occurs in species when
their population density falls below a certain threshold. This is believed to have caused the extinction
of the American Passenger pigeon probably because habitat destruction and hunting reduced by
population density to a level at which individuals lacked the social stimulation necessary to prompt

mating.

* ALLOCHTHONOUS: Not indigenous; acquired. Applied to material which did not originate in its present
position (e.g. plant material in a deposit, such as a lake sediment, which did not grow at that location but was
introduced by some process). AUTOCHTHONOQUS: Applied to material which originated in its present
position (e.g. the plant material in a deposit, such as peat, which actually grew where it is found, father than
being brought in by outside influences).

* ALLOGENIC: Applied to successional change caused by a change in abiotic environmental conditions.
AUTOGENIC: Applied to a successional change owing to modificatien of the environment by vegetation (e.g.
by produging humus or providing shade).

¥ AMMENSALISM: An interaction of species populations, in which one population is inhibited while the other
(ammensal) is unaffected. It is the opposite of Commensalism. Amensalism is an interaction where an organism
inflicts harm to another organism without any costs or benefits received by the other. A clear case of amensalism
is where-sheep or cattle trample grass. Whilst the presence of the grass causes negligible detrimental effects to
the animal's hoof, the grass suffers from being crushed. Amensalism is often used to describe strongly
asymmetrical competitive interactions, such as has been observed between the Spanish ibex and weevils of the
genus Timarcha which feed upon the same type of shrub. Whilst the presence of the weevil has almost no
influence on food availability, the presence of ibex has an enormous detrimental effect on weevil numbers, as they
consume significant quantities of plant matter and incidentally ingest the weevils upon it.

*NEUTRALISIM: A situation in which two species populations coexist, with neither population being affected
by association with the other. It describes the relationship between two species that interact but do not affect
each other: It describes interactions where the health of one species has absolutely no effect whatsoever on that
of the other. Examples of true neutralism are virtually impossible to prove and most ecologists would agree that
this concept does not exist. However, the term is often used to describe situations where interactions are

negligible or insignificant

FWALLACE'S LINE: The important zoogeographical division which separates the Oriental and Notogean
zoogeographical (corresponds to Australian) regions. Alfred Wallace, a zoogeographer and contemporary of
Charles Darwin, first demarcated the boundary between the Oriental faunal region and the Australasian regioan
with its distinctive marsupials and birds. The boundary, known to this day as Wallace's Line, passes east of Java
and Bali, northward through the Strait of Makassar (separating Borneo and Sulawesi), then extends eastward,
south of Mindanao in the Philippines. There is a zone of mixing called 'Wallacea', and strictly the line defines the
extreme western limit of Australasian mammals and the eastern limit of the main Oriental fauna. *Weber's
Line: A line of supposed balance between the Oriental and the Australasian faunal regions within Wallacea.
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- Wegener, like some before hzm was "":cd by 1hc close rcscmblancc
‘between thé coastlines ‘of” contmcnts on.9pposite side. of the: Atlantic Ocean,
particularly between - South America and Alfrica. He cited. thesé similarities as.

extinci plant and “animal
y separatcd contments

partial evidence that the continents were 4t one time: _;omcd together as a -

superconiinent that subscquently split aparL As’ lns critics. pointed out, though,
the confi guration of coastlines results from eros' nal and dcposmonal processes
thcretore is continually being modified. §o-cvenif the  continents. had separated
durmg the Mesozoic Era, as chcner ',_rp‘\p__qio it .is not. hkely that the
coastlines would fit exactly.~7,.230 iwj 3 e 5 e g c’»\, -
A more -réalistic” approach is to fif’ the ¢o inéi
. continental slépe where erosion wnnld b:; “miy _.'-
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Slmllanty of Rock Sequ ences: and:Mﬁuntam Rangﬂ
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Lloseiy match. -Such is the case for the!
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.were _|0med togemcr at one time." . 32 9;-{) v 29¢ ;,,), ;

The trends-of seyeral major mountain ranges also snpporl lhcahypo esis
of continental drift. Thcsc mountain range: seemmgly end.at’ th"' coast]mc of one -
continent only to apparcntly continue-on anothér ¢ontinent across. “_l.hc ocean,
The folded Appalachian Mountams of:North America;, for cxam]ilc_ trcnd
northeastward “through: the. castem thmcd States’‘and- Canada and.’tcnnmatc

abruptly at the Ncwfoundland:coasllmc Mountain ranges of the-same age iind
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can be’ dlspcrscd over great -distances by wind;:but Glossoptens-typc plants
-produced seeds.too large t6 have been carried: b}f:‘. winds. Even-if the seeds had
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length of time-in saltwater. PRy e
The prescnt day chmatcs of” South Amerlca, Afnc-z, 1ndm+ Arustraha
and Antarctica ranges from tropical tp: pm nd-are much- too diverse to
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- therefore, reasoneéd that these continent
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Paleomagnetism and Polar: W'mdermg : :
Some of the most convincing evidence for continental drlﬁ came from the sludy

of paleomagnetism, a relatively new discipline. during the 1950s. During that .,
time some geologists were researching past changes’ of Earth’s magnetic fi field -
in order to better understaid the present-day. magnctlc ficld."As- s0 often .
iscoveries. In this case, they. led’ 3

to the discovery that-the ocean basins are’ geolognca]}y young and that- the

happens in science, these studies.led to. other
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proposed
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when it formed.
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_the paleomagnetic readings'of numerous. lava: flows from ‘allfages in North
America trace the apparent movement or:the:Magnetic polu through time. On

analysis, magnctlc minerals-from European Sllunan anc.LPcrm;an lava ﬂows__
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North America. Furthe flows from all continents

rmore, analy51s of lava- .
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Sea — Floor Spreading

In the early 19605, a new theory was pr0p0und__cd' fno_s.t notably by the American
oceanographer Herry Hess (Princeton University), which has come to be known as sea-floor
. spreading. He proposed this theory to account for the continental movément. Hess suggested

that the continents do not move across oceanic crust, but ralhcr that 1hc continents and
oceanic crust move together. He suggested that the sea floor separates at oceanic ndges

where upwelling magma forms new crust. As the magma cools, the newly formed oceanic
crust moves 1atcrallv away from the ridge.

- As a mechanism to drive this system, Hess revived the idea (proposed in the 1930s and 1940s
by Arthur Holmes and others) of thermal convection cells in the mantle; that is hot. magma
rises from the mantle intrudes along rift zone fractures defining oceanic ridges and thus forms

“hew crust. Cold crust is subducted back into the mantle at deep-sea trenches, where- it is
heated and recycled, thus completing a thermal convection cell.

The validity of the idea of sea floor spreading has b..en conﬁrmed b)» two sets of evidence —
Palaeomagnetism and’ Corc Sampling.

L
1. Pnlaeomngnet:sm- Evidences of the earth’s magnetic ﬁcld 1s s{ored \\nhm rocks as
‘Fossil Magnetism® in that magnelic qmnerals align themselves with ihe miagnetic field
which was operating at the time of their formation. The earth’s magnetic field has reversed |
many times over the last two billion years, the time interval for these changes has varied from
20,000 to over 10 millian years: These-reversals are recorded -in‘Tocks on. either side of the
- divergent ‘plate .margin n the Mid-Atastic-and the symmetry in'the maanehc striping
provides evidence that the plaies are moving apart. .

In 1963 D. Mathcws, F. Vine and L.W. Morley proposed 1hat when magma intruded
along the crests of oceanic ridges, it recorded the magnetic polarity at the time it cooled. As
the ocean floBr moved away from these Geeanic ridges, repeated intrusioris would form a
S)nmetrical series of m‘lgm.hc stripes, recnrdmg penods of uorma[ and reverse
pof_'W -

By the cnd of 1960s compa:ablc magnetic anomaly patterns, were found surroundmg most
oceanic ridges and lhus confonnm;, Hess’s theory of sea floor 5preadm

2. Core Swmp!mg- Final confirmation of sea floor Spreadmg was obtained form-holes
.dnllcd into the sea floor by a research ship, the Glomar Challenger. Several thousand core
. -samplf;s from the sea bottom sediments have been analyzed; from ‘which the depths and ages
of the sedimentary layers have been detemuncd— ‘Almost. mvanably the thickness and age of
‘the sediments increase with their distance from the oceanic fidges; indicating- that sediments:
farthest from the ridges have been in existence, the longest. Conversely, sediments near the

ridgés are thinner and younger and at the ridges themselves, the material is-alfost i igncous,
. with the little accumulation of sediments. =

_Thus the sea floors can be likened to gigantic com’cyor bclts movmg ever | oulward
from the oceanic ridges.
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