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UNIT I: Oceanography: Nature and scope —Distribution of Lénand Sea, Surface
configuration of the floor-Continental shelf-Contiantal Slope-Deep Sea Plain-Oceanic

Deeps and Trenches

INTRODUCTION
Oceanography scientificdisciplineconcerned with all aspects of the world’s oceans
and seas, including their physical and chemicalp@ries, their origin and geologic

framework, and the life forms that inhabit the maenvironment

Traditionally, oceanography has been d#igi into four separate but related
branches: physical oceanography, chemical oceaplogmmarine geology, and
marineecology. Physical oceanography deals with the propertieseaivate(temperature,
density, pressure, and so on), its movement (waesents, and tides), and the interactions
between theceanwaters and thatmosphereChemical oceanography has to do with
thecompositionof seawater and the biogeochemical cycles thatecaff it.
Marine geology bcuses on the structure, features, and evolutidheobcean basins. Marine
ecology, also called biological oceanography, imgslthe study of the plants and animals of
the sea, including life cycles and food production.

Oceanography is the sum of these severakches. Oceanographic research entails the
sampling of seawater and marine life for close ttite remote sensing of oceanic processes
with aircraft and Earth-orbiting satellites, anca texploration of the seafloor by means of
deep-sea drilling and seismic profiling of the éstrial crust below the ocean bottom. Greater
knowledge of the world’s oceans enables scienttstaore accurately predict, for example,
long-termweather ad climatic changes and also leads to more efficetploitation of
theEarth’sresources. Oceanography also is vital to understgriie effect of pollutants on
ocean waters and to the preservation of the quafitthe oceans’ waters in the face of
increasing human demands made on them.

DEFINITIONS OF OCEANOGRAPHY

* According to H.A.Marmer: “Oceanography the science of the sea includes

primarily the study of the form and nature of tbeeans basins,the



characteristics of the water in these basins aadrthvement to which these

water are subject to”

According to J.proudman: “Oceanography studies the fundamental

principles of dynamics and thermodynamics in refatto the physical and

biological properties of the sea water

Oceanography isa science that deals with the oceans and includes t
delimitation of their extent and depth, the physacsl chemistry of their waters,
marine biology, and the exploitation of their resmms

Nature of oceanography

» Oceanography or marine science, is the branch wh Baience that studies the ocean.
Oceanography is an interdisciplinary science timablves the study of the entire
ocean.lt covers a wide range of topics including.

= Marine organisms

= Ecosystem dynamics

= QOcean currents,waves and tides

= Geographical fluid dynamics

= Plate tectonics

= The geology of the sea floor

» Fluxes of various chemical substances

= Physical properties(like temperature,pressurejsalilensity of ocean water)

» These diverse topics reflect multiple disciplinkattoceanographers blend to further
knowledge of the world ocean and understandingadgsses within it

» Biology,chemistry,geology,meterology,and physicsvali as geography

Scope of oceanography

v' This branch of climatology is concerned with theome of the oceanographical
knowledge to practical problems of the oceans.

v It analyses the relationship of oceanography terhiences.

v" Applied oceanography can be of great help for mproblems related to coastal
industries, shore communities, military and nawbblishments, ports and harbours,
and other ocean problems.

v" The main puroose is to find out the ways and méansake use of our knowledge for

the betterment of human life and the life in theats of oceans



v' Data derived from the work of Oceanography is usetharine engineering .in the
design and building of oil platforms, shifs, haband other structures that allow us
to use the Ocean safely.

v" Oceanograophic data management is the discipliserieny that Oceanographic data

both past present are available to researchers.

Significance of Oceanography

Mangrove, Salt Marshes, Sea grass, Beds and Caelskor just a few of the ocean
environment support a large number of different cigse of organism have a high
biodiversity. Estuaries are brackish water systdiait £mpty there water into the world
oceans, and support many, many fishes and many vy organisms. Along with the
coral reefs, estuaries sustain 75% of all commefisiaes and shellfish during some point of
their life cycles. Mangroves not only act as nueserfor commercially important marine
species, they also act as a filtration system dastal water

Natural Resources

The continental shells and ocean floor is storesh@f many important minerals including
natural gas oil.

Transportation

The oceans are not only important to sustain liiég,also help in the moving of materials that
we use more than 95% of U.S. foreign trade passesgh U.S ports and Harbours. Without
barges, commercial ships transportation of goods) fplace to place would be much more
difficult and expensive.

Climate and Weather

Warm ocean water provides the energy to fuel s&ystem that provides fresh water which
is necessary to land dwelling organisms. The oce#Hast climate and global weather as the
air passes over the warm water, rises due to wagtrkifnen it is cold condensation of water
take place and create rainfall. If the air passes acooler water, it becomes cools and sinks.
Air removes from high to low pressure areas. Waimmaves with the Gulf Stream toward
the northern Europe. Thus, the winters and nortkEemope are not intolerable.

Economy

The ocean is also important to our economy. Orevefy six U.S. jobs is marine-related, and
more than 66% of the world populations lives with®0 km of the coastline. Real state,

occupation, recreation and many other servicesaged with the ocean generate 54 billion



dollars in goods and services per year. Revenagerkto the ocean is produced throw, kelp,
food, recreation, and moaning, shipping and bioc®giroducts.

Source of trade Routes

The trade between different countries confinedheodceans and it determined different
routes which joining different countries

Source of food Supply

Oceans are most important source of food supplidmg red algae, sponges, fish’'s etc.
sponges and cartilage from the sharks or being usededicine to help fight the battle
against cancer.

Source of Salt

Oceans are major source of salt which is use fiberdnt purposes. And which is necessary
to many marine organisms.

Source of Water vapour

Another most important function of oceans is thenfation of water vapours.

Political importance of oceans, Source of ecosysteand Strategic importance Source of
atmospheric circulation.etc.

Distrobution of land and sea



Ocean, continuous body of  salt waterthat is contained in enormous basins
on Earth’s surface.

About three — fourth of the earik covered by HydrosphereThe hydrosphere covers

nearly 71% of the total surface area of the earthWhen viewed from space, the

predominance of Earth’s oceans is readily apparent.

The oceans and their marginal seas cover nearly 71 percent of Earth’s surface, with an average
depth of 3,688 metres (12,100 feet). The exposed land occupies the remaining 29 percent of
the planetary surface and has a mean elevation of about 840 metres (approximately 2,755
feet). Actually, all the elevated land could be hidden under the oceans and Earth reduced to a
smooth sphere that would be completely covered by a continuous layer of seawater more than

2,600 metres (8,530 feet) deep. This is known as the sphere depth of the oceans and serves to

underscore the abundance of water on Earth’s surface. a northern and a southern group by
mediterranean seas ; and the southern group istdffs wards The earth can be
divided into two hemispheres in such a way thatlgeadl the land is concentrated in
one hemisphere, and the other is nearly all coveveéd water. . The land is
everywhere opposite the water.

The land is concentrated around the arctic regiand,the water around the antarctic
regions. The land sends three projec- tions tow#rdssouth, and the oceans three
projections towards the north. The continents rmeghly triangular in shape,
pointing southward. The oceans are roughly triaaagul shape, pointing northwards.
The continents are divided into the edste distribution of oceanic surface area with
5° increments of latitude shows that the distribotdf land and
water on Earth's surface is markedly different inhe t Northern and
Southern hemispheres. The Southern Hemisphere may dalled the water

hemisphere, while the Northern Hemisphere is thd leemisphere



The Land Hemisphere and the Water Hemisphere.

Land and water are unevenly distributed on theneart

« Continents cover 29.2% of earth surface

» The ocean is divided in to three basins callddric, Pacific and Indian.
» Ocean basin covers 70.8% of earth surface

* The southern hemisphere is dominated by oce&nd%@

* Northern hemisphere contains most of the landisustll dominated by ocean

(60.7%)(Map) Northern and southern hemisphere

The water hemisphere has only oglette of the world's land, Australia, New Zealand,
Antarctica, a small part of Southeast Asia andstheghern part of South America are in the water
hemisphere. Most of the Pacific Ocean and the tin@ieean is on the water hemisphere.Southern
Hemisphere climates tend to be slightly milder thiamse at similar latitudes in the Northern
Hemisphere, except in the Antarctic which is colthan the Arctic.This is because the Southern
Hemisphere has significantly more ocean and mugh lend. water heats up and cools down
more slowly than landecause the most part of the northern hemispheomvsrd with
landmass so we called land hemisphere and we cabedhern hemisphere as water

hemisphere because the most part of southern hberisjis coverd with water.

One determination places thdreeof theland hemisphereat 47°13N 1°32W
(in the city of Nantes, France). The centre ofvla¢er hemisphereis the antipode of the
centre of thdand hemisphere and is therefore located at 47°33178°2& (near New
Zealand's Bounty Islands in the Pacific OceHEmland hemisphereandwater

hemisphereare thenemispheres of Earttontaining the largest possible total areas



of landandocean respectively. By definition (assuming that theiensurface can be classed
as either "land" or "ocean"), the two hemispheresndt overlap.Determinations of the
hemispheres vary slightly. One determination plattess centre of the land hemisphere
at47°13N 1°32W the The centre of the water hemisphere isatitgpodeof the centre of
the located47&3S 178°2& (nearNew
Zealand's Bounty Islands thePacific Oceanfn alternative assignment determines the
centre of the land hemisphere to bd &t2442"N 2°3715"W .

land hemisphere, and is therefore

Continent

Land hemisphere

Water hemisphere

km? (sq mi) km? (sq mi)
Africa é‘l’gigggg) 0(0)
Americas (iggggiég) 3,391,010 (1,309,276)
Antarctica 0 (0) (15301(320606%%
Asia (igsgggg) 3,245,649 (1,253,152)
Europe 9,732,250 (3,757,643) 0 (0)
Oceania 0 (0) 8,958,630 (3,458,946)
Total land 115,403,561 28,715,289

area

(44,557,564)

(11,087,035)

HYPSOMETRIC CURVE

* Hypsographic curve showing how the surface aregEafth is distributed with
elevation and deptHypsometric curve also called Hypsographicurve, cumulative
height frequencyurve for the Earth's surface or some part thereohyfaisometric
curve is essentially agraph that shows the proportion of land area that exats

various elevations by plotting relative area aganmetative height. Ahypsometric



curve is a graphical representation showing on the afsdise basin areas situated
above various altitudes. If necessary, the basasacan be given as percentages of
the total. Thehypsometric curve has also been termed the drainage basin relief
graph.

This refers to a graphical representation usechtovshe share of the earth’s land area
that is at various heights above or below sea léMe¢ curve suggests that most of the
earth’s land area is located at predominantly tewels. In contrast to the normal
distribution curve, the vast majority of the eastlénd area is a little over sea level, while
a little less, but still considerable, proportiohtlbe remaining land is located at about
5,000 m below sea level.The hypsometric curve ésgtaph given here. This curve is
typically used to demonstrate that the Earth has types of crust, continental and

oceanic.

The curve shows the percentage of the Earth'scaudibove any elevation. The horizontal
axis, labeled "% of Earth's surface,” gives thecpetage while the vertical axis shows
elevation above or below sea level. The hypsomeuive has been attributed to the
significant difference in the densities of the miais that make up the continents and the
sea bedine hemisphere, whose pole lies about half zvaydest the equator and the
north geographic pole. And the position of thisdlarea on the earth has no relation

whatever to the earth's equator and axis of ratatio



area of the Earth's surface
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RELIEF OF OCEAN FLOOR

The relief features of the oceans are quite diffefeom the continental features because
the Oceanic crust is less than 60-70- million yeddswhereas continental features are of
Proterozoic age (Over 1 Billion years old). The &ue relief features are in the form of
mountains, basins, plateaus, ridges, canyons amdhes beneath the ocean water. These
forms are called Submarine Relief. A sequence gbmaathymetric (seafloor) regions can
be identified in the and it extends seaward from tlbast. These include the continental
shelf, continental slope, continental rise, abyp$aihs, abyssal hills, ocean ridges and ocean
trenches. Additionally, numerous minor featuresrammgnized within these regions such as

submarine canyons, submarine fans, knollssaamounts
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| .CONTINENTAL SHELF :

Continental Shelf is thgently slopingseaward extension of continental plate.
These extended margins of each continent are cettinyi relativelyshallow seas and
gulfs.

Continental Shelf of all oceans together cove&% of the total area of the oceans.
Gradient of continental is df° or even less.

The shelf typically ends at a very steep slopdedaheshelf break.

The continental shelves are covered with varidiilkkhesses of sediments brought down
by rivers, glaciersetc.

Massive sedimentary deposits received over a liomg lby the continental shelves,
become the source of fossil fuels [Petroleum].

Examples: Continental Shelf of South-East Asia,aGBanks around Newfoundland,
Submerged region between Australia and New Guinea.

The shelf is formed mainly due to

submergence of a part of a continent
relative rise in sea level
Sedimentary deposits brought down by rivers

There are various types of shelves based on diffeexliments of terrestrial origin —

glaciated shelf (Surrounding Greenland),

coral reef shelf (Queensland, Australia),

shelf of a large river (Around Nile Delta),

shelf with dendritic valleys (At the Mouth of Hudsm River)

shelf along young mountain ranges (Shelves betweklawaiian Islands).



The average width of continental shelves is betw&en 80 km.

The shelves are almost absent or very narrow aonte of the margins like the coasts of
Chile, the west coast of Sumatra, etc. [Ocean -tiGem Convergence and Ocean —
Ocean Convergencel].lt is up to 120 km wide alomgethstern coast of USA. On the
contrary, theéSiberian shelfin the Arctic Ocean, the largest in the worldesthes to

1,500 km in widthThe depth of the shelves also varies. It may shalow as 30 m in
some areas while in some areas it is as deep a®.600

Importance of continentalshelf

- Marine food comes almost entirely from continesta¢lves;

« They provide the richest fishing grounds;

CONTINENTAL SLOPE .

They are potential sites for economic minerals [2G% the world production
of petroleum and gas comes from shelves. Polymetalbdules (manganese nodules;
concentric layers of iron and manganese hydroxid&s)are good sources of various the
continental slope connects the continental shelftha ocean basins.

It begins where the bottom of the continental skie#rply drops off into a steep slope.
The gradient of the slope region varies betweef. 2-5

The depth of the slope region varies between 2d@Bz000 m.



- The seaward edge of the continental slope losediegaat this depth and gives rise
to continental rise.

« The continental slope boundary indicates the ertbetontinents.

DEEP SEA PLAIN

> Deep Sea Plain is the flat and rolling submariranplying two or three miles below
sea level, and coveringvo-thirds of the ocean floor generally termed a&byssal

Plains.

» These argently slopingareas of the ocean basins cover 75% of the total @i the
ocean to the other. These are the flattest and th@storegions of the world. (Modern
sounding services reveal that abyssal plain isheiig level and it has extensive

submarine plateaux ridges, trenches, guyots basid®ceanic islands)

» The depths vary between 3,000 and 6,000 m. Thesaspare covered with fine-
grained sediments like clay and silt .The submaridges with steep side-slopes
reach the sea level and even project above ther watéace and appear as islands.
E.g. Mid Atlantic ridge

CONTINENTAL RISE

The continental slope gradually loses its steepnéidsdepth.When the slope reaches a level
of between 0.5° and 1°, it is referred to as thetioental rise.With increasing depth the rise
becomes virtually flat and merges with the abypsah.



OCEANIC DEEPS OR TRENCHES

+ Ocean deeps represent depressions and trenchese@atepth of 5,000 fathoms) on
the ocean floors, are the deepest parts of thendezasins.

+ Ocean deeps are grouped into Deeps: very deepdniektensive depressions.

% Trenches: long and narrow linear depressions. (#agiana Trench located to the
west of Philippines in the North Pacific Oceanhis tleepest trench (11,000 metres)).

s These are generally located parallel to the cdasisg mountains and along the

islands. They are more often found close to theients, particularly in the Pacific

Ocean.

+ The trenches are relatively steep sided, narrombaghey are some 3-5 km deeper

than the surrounding ocean floor.

¢ They occur at the bases of continental slopes md)asland arcs and are associated
with active volcanoes and strong earthquakes. iBhahy they are very significant in

the study of plate movements.

« As many as 57 deeps have been explored so fahichv@2 are in the Pacific
Ocean; 19 in the Atlantic Ocean and 6 in the Inddaean.

MINOR RELIEF FEATURES

Apart from the above mentioned major relief feaduoé the ocean floor, some minor but

significant features predominate in different paftshe oceans.
. MID-OCEANIC RIDGES

A mid oceanic ridge is composed of two chains ofuntains separated by a large depression.
The mountain ranges can have peaks as high as 2%0@ some even reach above the ocean’s

surface. Iceland, a part of the mid- Atlantic Ridigean example.
BEAMOUNT

It is a mountain with pointed summits, rising frahre seafloor that does not reach the

surface of the ocean. Seamounts are volcaniagmoihese can be 3,000-4,500 m tall. The



mperor seamount, an extension of the Hawaiian dslan the Pacific Ocean, is a good

example

. SUBMARINE CANYONS

These are long, narrow and very deep valleys |dcatethe continental shelves and slopes
with vertical walls resembling the continental cany are called submarine canyons. They
are sometimes found cutting across the continahi@lves and slopes, often extending from

the mouths of large rivers. Submarine canyonglassified on the morphogenesis as
% Glacially eroded canyons
% Non-glacial canyons
% The Hudson Canyon is the best known canyon in thréow

IV.GUYOTS

It is a flat topped seamount. They show evidenéesazlual subsidence through stages to
become flat topped submerged mountains. It is estidnthat more than 10,000 seamounts

and guyots exist in the Pacific Ocean alone
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w|Geerv8sr  Siemenidhg BT GCUFMPuIwed  @up (Inter Governmental Oceanographic
Commission - 10G)siiens  SiwGHH. BH6h  cpevibLeBUITABaMs0  SHBmTUIe CFUIH
S 6ven ~ Hwimfldslul L gLapenpuins  Guymbuppwystefalaigmiser Csroasmald, CHTEGHSHI
SITUWISD,  IDHBEHHEG  LUWSTLUGSHSD — Usteml B Fal Gpeloufisgid  CHemeuwim@Lb.
Camaumallsd  SiemiopHieTen  CUImPUTWId  BHIPSHPD, DL LIGHHe0 2 eimemsenr LIl
UI10)]HBLDH(LPLD, SABSHITLI LI60 & 6M608 31D &35 63T CuymPluiuied HIOBULD,QBTEFA
L6UBMEVBBIDHHH 6 HL 60 2 ulfluisd Hiewmub,sLBusnuler GuymPuiwied Ifed eyl
BLOGIBTL 1960 GUTTHUIUIEL SLU16)BEMET  [HL &6 ([HI 6360

Guiymdluiledr FBMIF GpLDMEVDH sBmnlH 660 CuymPluTuied et (LPSHETEMLD
Cpraar@.  Cuympulwedssr  SFBBIFGI0  eTevemevuisvevr  FlhbBHeLmemeT 2 _eMLUWIGI.
QFFoseomemenl  NHBHIMIHHID, NflSHHMIHHID AHHT  CQLIETHEHHHEENLOBHEMEULD,
o ulflwm uewiyssmenuyd, LiseoliupHa RUCuUImMPUIwIed SBEBITIHLD  DigmIE(LpenBuisd
uGSHBW  apsvpud  (Deductive Methodosntgsspun  wenpwo  (Inductive Method)
LWeTUBSHSLILBSBSI.

CupmAuiwied @ Gu feysemend Gamewilgl. 1. Guengdsll  Guymiuiuisd
{Teveieme_wiL.  (p2_pwiGpuguitew) 2.6L60 &1 2 uliflued (WFmOH eMLOL LDLIGV).

Quendasll  GuymPuiweded &Levigd Henmd BHmamlelsHid, ieNe] OBEBID  DH6o
Heitemio  UBNlub, HLev HifledT GUeTESHBI  LILB6T (2 _Lilene], GCellLubensy, ILTHa)
Cupmp mfledr Qeulil GuidsD (BYTHFSIPEIOULIDIm2 _61T) pdlwleuBenpll LUBpBlub  Guymg
DIMEVBET,  HOITLLMIS6T OBHID  @HmIHeT  PSlweuBenpll  uBppujd @i Gy
OpelbarPSCmrD. oeieniod  HTevHHe0  Guengsll  CurmPluiwelmbs  LImbs  Cuymg



auefluiwsy  etei  oflelluied, Gugmplead  Gevisien  ausiloemi 60  HHeydemenTl LM
alflaurs elend@ plelusonsd SHBHPSBSH.

sLewev @ 2 ulflF sBpIUBL GeoTsd HMHS, SLVDBTET Fnl L D], &L 60D
o ufflemiseailen OHT&HF, HLeled WHHGD 2 ulflemiseflen LTalsd YHQBDBES HL6OFTT
o uwifweL e TLTUUGSHI CuymPuiweded elemdasliLIBaIBHI.

CupmPleeT  LELEITBBITEID — (WPHBWS D  euTuihsHmel.  Cupmblest  oigHe
sICwmmiIBefled  Sjemevderilell  CFWOTHBHHTL Liev  aleneneydsl Gl UBHSLILIBGE 636
aifitiy  wBmIp UgHd  elemeneyseiT  aumulleonds  gBUBHSULUBID  HlevdCHTMBMHIGEN,
UFa&S6T,0UTRIGAPSLD, @HUPHID,  SHTWEVH6T,  HeYbsell  YaHlulem  Disuellensneysl &F
FTepIbeNTen Diewlodlempen. GuTfiast euenmiseilsn emeulIiLmiGenT@WD. GuImdsT 2 605
HTLHMEVBMNLI  QUflGID  UTHHDHOm6T.  FISIBIH6NTS  6T6LHG6IT  DBMILD VMBI
HaayEeT HwaBemsd  @GUIlLeomd.  Gupmflesst @&HFdhd, BOITLL &FH8  wBLBID
SImeLEBeT FHd CureiBauBmelhiba OLmeTaled e FhdHlulemel GUBILPIQUID. 2 _6udl60
Qu@padalmd BT UBBTEGmBeHWI Cuym Biedmbal 2 L] HHBHLID(EIBHMULL NGIWLIaImPG))
(AL LILLIETLI(H & &H6VMLD. QF6vey & 6EDBEUT6 Cuns @, QUTHABE LI Guymaeit
LWSTLI(BSI6TB60.  HOUBTE  DIeWIGH(LPHBEDUIS  HSBWTEHUSHTEL  CUITIIHET GBI  GLewLG
Q&M uITss, HIfey BT CEBTeTeMLLDTS 661G 360

yelulenr uginied  71% B ugelujemengl.  @Uuglenu  “BT 2 _@mend”  eTediml
SIMPHFHCWID.  16HD 29% @eod  ugelueengl. yeluflesr ugiied ugelujsien &L 6060
DIBIGHIFE — HEILMIGSEDHD,  Heydsenld  BIouginiBg — Gwsv  GeueflGuw  OHfluybLig
Simwpgleinener.  Ualulenr  GuwGeomiiged  gBULL  UsTeNmIGaTe0 BT LGSbHEH  HLEVTH
2 mOauBsHsCeu, ®TD yslluglenu  Heoberpid &L Osveipd  LIfN&sHGmID. Yo
FHLeMLU|ID HevBio  HMhIE WPBAMBEHI  6THIBIVID HL6O W LSHHBEH B  GeueriiiLil (B
SIMWHEHIETET  UGHeww LB Hevboaim,gmll, SLeweould  BlevdHmGud  Leiufledr
HellbHHelimen HevHCHTBMOTHEER HHI 6 (HEBGTBEIIT.

Blevld, &HLL YPHweuBpsledt  Geipevaiidenel  UUILHB  CBmTdHal  SDEHemTLsuTmI

L& SHHMIUWLISOTID.

1. Blevddlenr Uiy 14,88,92,000 &85 @b, sLeded Uiy  36,10,59,000 &.8.16
UG yelulerr (pdbaTed UmEG &LBv. sTeusd 71% sLeb, 29% BHsorpld
ugelujeiTerent.

2. yalulenr &Led Bifled 43% eu o @emiurduieud, 57% OHenr 2 @emliurguievib

BenmhEenengl. el 2 @emiurduler uginisd 60.7% Bmb, OFHeir 2 menmimguiesr
urinisd 80.9% mBmID o _eienen. OHenT 2 @menluTdHuled Brugly 0@  elemHred

OHeht UTHeHUI BT 2 _[HEMILTS  6I60IMID, GILLITHeNUI Hl60 2 HemuUTg  eTeimiD
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&HL_6V

B6UTID. eIl 2 [HeNbHlel Bleod BT PSlweumpllen eldled 1:15, OHeir 2 e g6
Bleold BT yalweuBplenr ell&Hd 1:4.

Blevlomeid &L 60, Loemev  elell  @uiBensll  Lfleysentas  fNesUIUBHBEH.  6T60
HL60B6IT  6T6060MD  OHTLTLML WHTHB 2 _6itenen. @@ BHEITLLID @@ HLeJedmbal
BEBTH SLNBGHF GFevsvsurmid. Lalulsyd Gomshsid 5 GuUITE6T 2_6iTener. Dienel,
udflies Guymp — Wsneuf GuymAuwirgb

SIL_6VMEHIY &

@bl Guymy

YTHI9&H

OI60TL_TTEIQ&H

sLeVeir  gyrafl oppb 38005. yelullesr oppid 10&Bs LG  wilwmsr  Cuysifluie
‘FrevehdmT  UINHGWCW @HeiT Spd 11,0220 HlevhHdlsd 2 _wipiomen  sTalGIFeror
884815 2 Juild OFBTWIL & QFH FT6VEHFT PIPHGIOUTED epDaSNBLD.

Heo(plD  &LeVID  (PpHBHTew  allgalled  DMIDHEHI6T6NEN.  Hlev  (LPdCHmemtd g6
SIQUILTHID DYTHIgH @LIQUILD (LM  D6WILTTHIQBHTEN6! QL IQUILD 2 6iT6N6T.  SHL 66T
(pHCHTEMID  DQUILITHID — DIEWILMTTHIQHTNOIUID  (LPeD6T  DUTgHNSB  DABHHID
D_6IT6I6N.

QAL BHIHUSHMHHF &MY UTHlgd  CuymPlud, OHeT HHAUSHMSHF FBY  THIgH
SEWIL(PD 2 6fene.  Ual  (IQaUFHsVID  Hlevpld, B  TH D LHBLOTS
SIMLOHSHIGT6TIS.

OFHel  SIBoudHHedpha  weim  CuITHsEnL, L HIGUSHNGHD  APIHI
BeolIu@GHseEmHD LfhaH CFeLESBEHI.

GDIRICHETH®H6T auTfluiras Hlevld BTLILFaISL SIDOIHLOTHDI HEDLOHEHITENSHI.

QL o _[hemiurg) :

85°— 90° auemy MHlevlILEGHE SIewILILIL 6l606m6v
45'— 70° suemy Mool @GS
40°— 45° euemy MeopD BHD FI0 DeNelled STEUILGES MBS

Open 2 _memiung) :

80°— 90’ euemy HLELIGS Be0enev
70°— 90° euemy MeoliLGdH W&
45'— 65" eueny WHlevlILEGE 10BHEGHMBY

@INTBTH  H6VID - HLED LITOUGL DADIDBHGIGNNHI. HevHCHTH HLewev GHTdadlenmen

urbdl, elflbel S sHama.  sompreud UG  Crradlenmsd &M Fld G,



oIefemOWITSS  CHTAIBISHMH.  FHEHHOMHSE FapfleniTed Heveanbdh HTeoLbHlen  GoBuyiiied
UL(BL ULTEl QL HB@L Bidbsel CureCs &Led yalullem Wal HBUSTEGLD.
T

&LV  Slgulled  HeWIL HFH6T  OHTLIFH 2 sitensT? Bl  HevdHCHTHBBHIBM6N
alleNTBd  HELLILILBIBET, LIMBLILLRIH6T 2 _6T6NHT? 6163  QUIkIH6T DigHad  BHmeimlen.
QuTgIaUTE HL VI HevHCHTBBRIGHEMeNH ST (BHLD CUHTLIL MHIHET 261660, LETE0  SHL6VIg
BevsHCHmmmmisenet  Cpfled  &mewiLgl  HlgemomuiBml.  &Levlg  HeoLL SHHleT  aumuileors
(Bathymetric chart) Qurgieutenr B9 HevdHCHTBBRIGmeT il Ruieuid.  HL 6D
U L S&60bhHaE  WPHMmB  Lev G miselled  enbsHl  Fosledsen  (iIsobaths) cpsoid
yallufleir &L60 LILSHH60 QUeNJHBHT60 HL6VIQ HevHEHTBMMISET &leml_b@LD.

SL6VGI UIHMS el (pweiIBBUTgdl HL vl HevHCHTBBMIGET O\FHfluwsoruie.
17 oBmid 18ob BIBmrehHeilsd HLeden PHemd SUIBl CHTIH LISVT DAMHHHTHSH
Oxfw eumamal. 1874-60 Gsevellen 6B DMBlebT SUWIBBIGGL LgGeL LNwTCem sbLlenuils
UWSTIUBSH ST,  Seleumml  UQLILIQUITES  HLEJET  SIPD  SHTeme0  (PeIIGambiLgl.  (LP&H60
2 alICUTHBGL st Q& olewghbdl  euenThHH. Reiml  eedlulen  gHlenewrd0lsment(®
AIHMS ANDIUTHALD, 6T NHTHAD  H6vld S (Ha 66T,

USOSTLILL L SpmIG6eTe0 LUFall DDDBHEHIGTN HL60Y UGHHMUWSH HL6VQ  [Hlevd a6
gfley, oiHeT Siwwall b (WHedweuBenpd Osmemi  Lw  aendHHTHL  LNfldsHeoib.

QUTHIOITS, HL6VIYMUIS SLPSHTEMID PTD (PHHUI UenEHHeNTSH  Lifldbae0mid.

&LV HlevdHCHTBBBIBEIT

v N

BT HH_ (B HEWTL_F M6 DB 6D HEW

(Continental shelf) (Continental Slop) (Deep Sea floor)
AQAuGumd  Lfe®seflsd  SUewiLmd  Blemsv,  APSIBID  Hlemev  HlevsHEHTBBHBIGHEIT

BITGILILI[HE) 601360,

i AL G

BHMILHFH ML HEWILHSHI  (Ig6) 6T60B6)  6T6NTMIHIBEINT.  HlovHHeVHbH LB
GOBHD T LHBHIL6 HLev Cprhdld Ffbs OFeODd @Gemmpwrpll UGHCW el &l
FHLB alefibiled (&l S CrhTECHT19ellHHa &L 60 HevFafley WIBID GLID eueDT
o 6o HEWILHWBHF FHBW eleneowiBo (ZONE) HeWiL G B 6160 1953 DM HEHIVD ~ G (1D
Q&M auemIwenB CFuISHSI.

& BOILSHI B 6Temrblemrul auem(pLD, 56 6UeTIPD HlewMbH LGS WTGLD.
% Cures@ardaBe, Bevalulsd SuIIBE&ID S6NSlumWITHIHTESLD.
& HWILHH G Fpdm  GOBIBEHD, Gl (B BevRIBEHD, LGTENMIGEHD  Henmbd

CuBUrlIy 2 L WHTHeH HTILILIGS MBI



B HH_I965 DML : Sl SHFIL(HH6rien Fyre DI&H6VLD 73.58).18 AGLD.
siLSFH 1gen  elefliioy  ggragflwns 13015 YpHHe0 DidWSBEHI. S HHelen  DIBH60UPLD,
OPLD, SO, Flad HLBHOFUIET DDIOLML RHEHI ADDB MBS,

1. uellwrBy ofliysEd 2 LulL SLBEmIOW QLIgul S HHIL (B DHEOTHLD,
SYLOLOTHR)LD, STBHLPTLTEISHTHR)LD o _6iTengdl. 61.51. ERIR Bl
OieTemTL_svmeudT(h.

2. QUL  YBBEHHEG — (PAINITEL  emel  DHEVTHD,  GHOMHH IO
92 MLWSHTHOD 2 6T L. 61.BM. SbHWmeler Hipha@ HLBHM].

3. wpmmal  uriser (Coral reef) simwpgieien UGHHeflsd Hewer  GHHBUWITLD
UGHWTSH 2 6iT6IT6nl.

4. Q6D  OMVEHMET QLI  GHDISHEVTHED,  SYIPOTHD D666, 615
@bgHwmeler GoB@ HLBEmy OFHer Gfosrals el BTH.

5. sLBEmIMW  @Ulg  HOITLLMIST QmBGLTUlST  GHBIGTHET  DIsL6VS
@eveumoBeor  GuTUieiI(BLD.

6. WL HHI 196D LD6WI6L, LD6WI, H6L GUTEIBeNeN 2 6iTeNiel. Seweal  Hl6VdHH 6V HHSEI
FTSLILLL 606, LNy el b 611 631 G (B B 6TTITEV LGN 6TTLDEMEV effwLs
QUIT[HETTHEHID, HTOIJRIHEHID 2 6IT6T60.

B SHH_I96 LIFEUsD :

© _UEIG  6T6V60T  HL BHNTHMEN HMBUIUJD HEWIL_HHL (B DHDIDHBIGTNHI. 2608|601
Qu@buGHwrer  SMILSAH.G 50— 85  aLHE  GoRCHEIGHEHHE e Gu
DIMIDHBIGTENHL.2_60dB6T  HL6O  UFLLTed  FHiugesr ugiin]  7.6% p@Gb. i eomeNigdh
CuymPuiwied 13.3%, wudlis Guympuiwed 5.7%, bHuis GuymPuiwisd 4.2% .1 soTemTigdH
CupmPuiuied HeWLSHH 19651  LTaIsd WGHHWTH 2 6iTengl. 2 eudlent  WSHOUTW S B
STHIgdh  GurmPluied o 6iengl. 2 6udlell PIPID  10HH HEWILHHL (B WL TTHIQHBHTEN6)
Ly 2 _6TeNgl.
B HH 196 UMBHEIT:

QeuBensalmELlILBGHHINHI  6TaillSHaml. SLBHMTUNET HTPSHVID, 2 WITHeVID, Leu|sH
BTOL L 2 W6, SHTPeBEHD aIenBLILITL 9BEGHSH HlenewrL|flujib.
1. UsCaLweRL60dh HLBH6T :  (LPHEMBLILITENBEHENT SIMLOHSHIETTET UGS (61.B1)
@yrGierveurid, A Credwimelesr &lipd6s umflwir foorl.
2. 2 _wirs@pmtarT@aefen HLBasmFyrean Fhey ar RmbELb.
3. sLBaemIullel MoV @Ligul S BE6IT : QUEBLDLITEVILD QL redluif BHT6VHS
LIT6DMEB6IT  STemTLILIH 5 63 60T.
4. QLeOLTem6Y DIBHS HLBH6T : Dewed SIHEVLTEIMeY, 61.51. b, HHINS, MBI

CuretiB YmIFemeT DABHH HI_BHH6I.



5. uellwmpiseT UTHHS Hevd @Ligul S BH6IT :Qener YLD, DBV 2 _6DLUlene). (61.50T)
LS6TOU6NID [Hlemmbhdh MTTMHI_ (HdhHeny, HITWIL. HI(HdHN]TH6IT.
6. HOyTLLMseT QHTLiTLemLW H_BEH6IT :

aledentp  0GH HOITL L BIseIbHenmhs S miseailed @GnalBur, i Baser  SeornsGuim
SITRILILIBSHBGHI.
7. GOB YU LITeNSHSHTHGH6T 2_6iTen HL_([BHH6iT :

oreuT, &GHIT, GoWT UGHHeilsd QUL  UBMILILIGTOTHSHTHGHH6  61636)LD,

BIWL LD 2 wibhbsred @ener Hiflenisl OPHSHN 6T6iBID BHOULILIGSBSI.

jIL_& Continental Slope

HL6V HMIHGID, HMILHHL 9BGHD @ewL ('L Flleydlds  Frule] BHeollLiga 6w
L FFMe) eI IUBHBH. HMILSHH_ B 6hG Flewald OCHTLmGHBEHT DbH S HF60
s Mle] OHTLRIGIHMBH. UMD DUFH  61RIG (POAIMLESBSH 6160l BHFHI  Cbmeien
Buieongl. goeeafsy Fflellsd smewILBD LI LOH6T, eTIFFH6IT, LisTenmibssT enL uibhoHenTs
O _GiT6NEN. HeWILSHBHI 19681 (1p196) slevemeulelmibgl L6 Chrsbd 3’ (pHed 6° suenyulevment
Camemisbaled  Flbdl  OFOID UGHWTS  alenJwens  QFUIWNUGSBEHLEWIL  File)
Qurgieuts  100-20015  YHH0 PFbLlGHSH  1500-300015 ppHsled (&gl Fhleler
weiler ugHuied Cursifiseit Semoujoremed Ffle) (wWigujd b Cosvld iFH&MEHEGLD.
gfleflelt oiE60d 15 &S WpHevd 35 &6 euemy 2 6fengl. HewiLF Fleolled ULTEDHBSHE,
GMLAI LsTeNSHHTHEHB6, BUTIB MHlevdCHMiBmmIseT SreurlILIBaleiment.
smiLF Fhlelled SjemLoli]

LAE GugmP—5° 20Bememiid

o eomemigss GugmyP — 3°.05" Gsmewild

@pbgHus Gugmph— 2" 55" Gasmewid

DHSHWSHHmIHBL60- 3° 34 Gamrenibd

Fflayseed SITewIlILI(BLD MILILT6D @URLDLITEVILD LGOI ameul 18U
sremilLbGBemalFialsr swaulilsd wewr 60% b wewied 25%ib uFevBBHeT 10%ID BFmi,
FgBBEHD 5% o eenensemi  Flellsd  ASBHE GBISEHTHE  Smevsurul  GuITED3
DIMLILB6T,  GDLOLILISTENSHTHGH6N, LI L0E6T, HeWiL  TFFH6T  HLBES6INBIH6I
WHIW  BlevHCHTHBMHIBET  DIMIDHEHI6TEN6.  HWIL FFMaHenT GUTHITH  CUIsmIHHeisd
(P19 35\ 6BTM6DT.
semiLFafaler eumBHEN :

9 OB LIVUMBWITEN Bl FaflaysmelT  smemliLpdleimer. gFilellsd  sTemrl LG
HovHCHTBBRIGMETUID, DAMSH GLlg 2 6T  HLBHOIOWUID  HieDemUTHS OB Teuii(h

B FFMle®eil L0 alendHeNTd LI HHIemeren.



AILBIpHEG DCNEs mbdul

BTHH6I60 2 _6iTeNghl.

2. Mmﬁmm%_&[ﬂq UL yLiseir, Gl (Bblevmiseit, eT(pFHHeNT (LpHeVILIe.

Fila— OLderomerd, sUTHAWITEIT HL BHED]THEN6ENT

NBSS Flley.

4. oueidBewIL  Fifley—FlevmewiLFifeysmel eust Ffle) GEHTIL M.

BHLBBMIHMEN MUSHFH HWIL Fheybenen HpdHHeRILeuTnl Fheysenen Liflebaseomid.

MbB6L,  HHIMSB,NerllendL],  LGFeH

CumetiB OIL6VL L T&HH6I. (peitenmed @Reieuend Fifleydel HABLTs sTemrliLba e

Pudeomswil.  OHma@ SHeler

OpeiBoB@ sewiL  Fifley, eWIgeL  LDeMEVENU!  @LIgul  HewIL  Fleydeil  EeleuenEHEMUL

FMiTbHHI.

WGrdlsd 2 wipev gfey, Gome UGsmmALr &fley, OHCLBE PeVHCTEIW &L BHMT

Ffle). Sevmiend HphE SHWILFFMe GE6lalmBmul FIibhHHTEGLD.
3.5l &) GHean]

sewiL.  ghledlesr  (gelled®mbad psL60  CproHa  olfibgh  GFedsvd Mooyl
‘BLOVBHMT  TILBSBEHI. HLOHmT 3000-600015 IpHIH6T60  DIWLIOHSHIETENEI.EHI WITe 6T
HpsGHH HLBHOImOW  DbHH HewLF  Fileler  (pgeledmbamnl  umom,  pGsowim
B weBBlen CoB@&Hd &L BHmImU DBHH Sl Fhlelen (pgalmy eumisTen oG Teler
BLEVHM]  DEMLOHEHI6IENSI.

HL6USHM] FIDHOND DI, DiFHevBMTeMILILBLENe : OLHD UsiTenmicbelT, GUISLEH6IT
BLBGHOWI, 6I(RFHB6IT, LMVHOHTLTH6N. HLeHm CaHmeamlw  eisd yel GxHmeipsiw
MHHCHTH OHTLIY 2 L WH.OwTHs &SLBUTIT SLeobHmy 76%  ugelujeengl.
SILeumemngdader Lrindsd 55% udles urinisd 81% @pbdAw GuymPuisd 80 wuyelujsiteng.
Quapbumed 20° eu_&@& - 60° OBBEGRHW GOIHCHETHBEDHE RMLCW STEIILGSBE.

: ST T—

BGuyasfisenr (Trenches) : oueht  gFfley 10HES UbBBIBMENS CBTEIL  HeTlome, GBidul
ueTenbiaBerm  GUIsIfEeT  GD. @ewen V Siewioli] Gumed 2 eiengl. @Heir  SlgliLiGh)
oo BIM@ WBILT wHev uwev &HBsom LT euewy OFevdma. Cuysseilsr Bemupld,

DIBLUIPID, PP CeusiCaupTad ST ILGHOMWEH. 2 608G W  SIpID  DiFBLIoTen



Curasll)l wflwmesm Gugasldl (11022 16 opb) YPGW. 2 608606Cw memomesr Cuysl el
Curslll. 2 _60aBeBw Simeviomengl LULTELT MGsT Cusl S @LD.
Cuyasulelr wugesd :BLevly  Heolgluled 1%  Hmewm  Cuysfder  urelulsiteren.

oTeRIEmNBemBUTED  DIHBUPD,  POID  HewmbsHId  uFles  CuymhuiGeBuw  iFHsid

ST LGS BSI.
o eudlel (PHAW Buysifaei
Guys|famsit SIS Lifed
udlies Guymp
L. wiflwrenr Guys 11,022
2. GLmmsr Bursi 11,800
3. edliemLisiterd GuUysLH 10,030
4, Gflev - sbFlar Bursif 10,542
5. Qum — 68 Cuyslf 8055
6. Siredluier Gurasif 7679
@b Buyasip
1. mreur GusiH 7450
2. Qomfadlwisiery GuysL 5564
SiLeomeninigds GuiymLfl
1. Our@Lm f@asm 8385
2. Qymiomedrd] 7856

yelulenr ouipid 10ds  wflwmenm  Gupsifluienr  “srevehaT™ opiflds  GWICW” Dighent
spowrer 11022 16U LT HeoddHlenr 2 wgomer oensowlmer  sTeuGyerol.  Fsyid 884815 2 uigid
QaTewIL &l cppdlailBLD.
LMeVSHOGBTLiTEeiT (Ridges)

bileir SHguievid &L 6O HemJFlulsd Hewi(h, 2 UIThHGH DMIWHH OCGHTLTH6T 2 6iTerent.
AbH  mevdH  OFHTLTHelen o FAUUGH  BHmHBEG ~ OeuellGu  emBHeIDd  HLgdh
Caremrgmebaomuled DG HeYHeNTel  DEOIOUD.  LeTuledr  HemoTer  SIHEVIDTE DNV
OaTLTEel  Brguied  HTell 2 eitenied.  (61.BT)  DIL6OTEWIQHB60  DWIHGIGTN BB

SIL6VMENNgEH LD6N6VEH GIGHTLT.

meVG OSHTLIT LF6eued :

@bHws  Cuympuier BGHeIL QL SHHHH ~OHFBHTEH @M  LOMEVSHOHTLT
SmwphEHleTens. Qe BbHwliCumhenws Sm Ufleysenter  LflbaBEH.  1Dem60SHOHTL fleor
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UNIT I
Relief of the Ocean Basins: Major relief features of the Atlantic, Pacific and Indian Ocean

floor.
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The Pacific Ocean is the largest ocean in the Earth covering one-third area.The
Pacific Oceanis the largest and deepest of Earth's oceaniciaings It extends from the
Arctic Ocean in the north to the Southern Oceandepending on definition, to Antarctica)
in the south and is bounded by the continents o0& Aasd Australia in the west and the
Americas in the east. At 165,250,000 square kilenset63,800,000 square miles) in area (as
defined with an Antarctic southern border), thigyést division of the World Ocean and, in
turn, the hydrosphere—covers about 46% of Eartht®msurface and about 32% of its total

surface area, making it larger than all of Earthtsd area combined (148,000,000 square

Submarine ridges
Islands
Continental Shelf
Trenches

Straits

Marginal seas

kilometers).
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The centers of both the Water Hemisphere aadMbstern Hemisphere are in the Pacific
Ocean. Ocean circulation (caused by the Coriolfecef subdivides it into two largely
independent volumes of water, which meet at tha&guthe North(ern) Pacific Ocean and
South(ern) Pacific Ocean. The Galapagos and Gilskmds, while straddling the equator,
are deemed wholly within the South Pacific. Its melpth is 4,000 meters (13,000 feet).
Challenger Deep in the Mariana Trench, locatechenwestern north Pacific, is the deepest
point in the world, reaching a depth of 10,928 me(85,853 feet).

The Pacific also contains the deepest poittienSouthern Hemisphere, the Horizon Deep
in the Tonga Trench, at 10,823 meters (35,509.fééy third deepest point on Earth, the
Sirena Deep, is also located in the Mariana Trench.

The western Pacific has many major marginal seakjding the South China Sea, the East
China Sea, the Sea of Japan, the Sea of OkhotsRHilippine Sea, the Coral Sea, and the
Tasman Sea.

v Largest and deepest ocean. Covers abwerthird of the earth’s surface. Average
depth is generally arourj300 metres

v' Its shape is roughlyiangular with its apex in the north at thering Strait.

v' Many marginal seas, bays and gulfs occur alonigatsdaries. Nearly 20,000 islands
dot this vast ocean.

North and Central Pacific

Characterized bynaximum depth and a large number afeeps, trenches and islands.
Some well-known trenches atdeutian andKuril .

There are also a large numbeseamountsandguyots [Hawaiian Hotspot]

West and South-West Pacific

Average depth is about,000 m. It is marked by a variety of islands, marginal ssea
continental shelves and submarine trenchigigriana Trench and Mindanao Trench are
very deep with a depth of more than 10,000 metres.

South-East Pacific

This part is conspicuous for tladsence of marginal seasand has submarine ridges and
plateaus. Th&@ongaandAtacamatrenches are prominent.

Relief: The Pacific basin may conveniently be divided inltwee major physiographic
regions: the eastern, western, and central Paetions.

Eastern region The eastern Pacific region, which extends southward from Alaska to

Tierra del Fuego, is relatively narrow and is associated with the American cordilleran



system of almost unbroken mountain chains, the coastal ranges of which rise steeply

from the western shores of North and South America.

The continental shelf, which runs parallel to it, is narrow, while the adjacent
continental slope is very steep. Significariceanic trenches in this region are
the Middle America Trench in the North Pacific and thReru-Chile Trench in the
South Pacific.

Western reqgion

The seaward boundary of the western Pacific region is marked by a broken
line of oceanic trenches, extending from the Aleutian Trench in the north
through the Kuril and Japan trenches and southward to the Tonga and
Kermadec trenches, terminating close to the northeast of North Island, New
Zealand. Its structure is more complex than that of the eastern region.

The islands, which include those of Japan as well as numerous smaller
islands, represent the upper parts of mountain systems that rise abruptly from
the deep ocean floor. The island clusters of the western Pacific form the

boundaries of the several wide and deep continental seas of the region.

Central region

The central Pacific region lies between the bouedaof the eastern and western
regions. The largest and the most geologicallylstabthe structural provinces of the

Earth’s crust, it is characterized by expansikeas of low relief, lying at a general
depth of about 15,000 feet (4,600 metres) belovstimiace.

RidgesandBasins
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To the east of longitude 150° W, the relief of theean floor is considerably less
pronounced than it is to the west. In the eastexcifié the Cocos Ridge extends
southwestward from the Central American isthmuhéoGalapagos Islands.

To the south of the Galapagos lies the Peru Basdiich is separated by the extensive
Sala y Gomez Ridge from the Southeast Pacific Bagirch in turn is separated from
the Southwest Pacific Basin by the East PacificeRasd indeterminate Pacific-
Antarctic Ridge, which runs from the Sala y Gomerlge to Antarctica in the
vicinity of 150° W.



« Extending southward from the Tasman Basin (betwdew Zealand and eastern
Australia) is the Macquarie Ridge, which forms gjandoundary between the deep
waters of the Pacific and Indian oceans. The HanaRidge extends westward from
Hawaii to the 180° meridian. The submerged partshef series of ridges that are
capped by the island archipelagoes of the westacifi®are continuous and are to be
found at depths of less than about 2,000 feet (G&fes). These ridges include the
Aleutian Ridge in the northwestern Pacific; theeseof ridges extending southward
through the Kuril, Bonin, and Mariana island grouped the archipelagoes of Yap
and Palau; those extending eastward from New Guimeduding the Bismarck
Archipelago and the Solomon and Santa Cruz isldraine; and, finally, the ridges
extending southward, from which rise the Samoa,géorKermadec, and Chatham
island groups, as well as Macquarie Island.

Landmasses and islands

v The Pacific Ocean has most of the islands in thedwvdhere are about 25,000
islands in the Pacific Ocean. The islands entireithin the Pacific Ocean can be
divided into three main groups known as Micronedielanesia and Polynesia.
Micronesia, which lies north of the equator and wsthe International Date Line,
includes the Mariana Islands in the northwest,Glaeoline Islands in the center, the
Marshall Islands to the east and the islands abkirin the southeast

v' Melanesia, to the southwest, includes New Guirteaworld's second largest island
after Greenland and by far the largest of the Raddflands. The other main
Melanesian groups from north to south are the BisknArchipelago, the Solomon
Islands, Santa Cruz, Vanuatu, Fiji and New Calesloni. Among these are
Bougainville, Hawaii, and the Solomon Islands.

v' The coral reefs of the South Pacific are low-lystguctures that have built up on
basaltic lava flows under the ocean's surface. @rtbe most dramatic is the Great
Barrier Reef off northeastern Australia with chaofsreef patches. A second island
type formed of coral is the uplifted coral platformhich is usually slightly larger
than the low coral islands. The islands of the emstegion—including the Aleutians,
the Kurils, the Ryukyus, Taiwan, the Malay Archggd (including New Guinea),
and New Zealand—are continental in character.

v' The numerous oceanic islands of the Pacific areaemlg distributed. They lie, in the

main, between the Tropics of Cancer and Capricochagcur in great numbers in the



western Pacific. The northernmost chain of oceaslends is associated with the
Hawaiian Ridge. The Hawaiian archipelago consistbout 2,000 islands, although
the term Hawaiian Islands is usually applied toghmll group that lies at the eastern
end of the archipelago.

v" The numerous small islands of Micronesia lie mamdyth of the Equator and to the
west of the 180° meridian. Nearly all are corallinke principal groups are the
Marianas, the Marshalls, the Carolines, Kiribatilljért Islands), and Tuvalu (Ellice
Islands).

v' To the south of Micronesia lies Melanesia, whicmaists mostly of small coral
islands. The region’s physiography is dominatedabgroup of large continental
islands, however, including New Guinea.

Apart from the narrow coastal zone of the eastegion and the broad continental seas of the
western region, the Pacific is floored with pelagaceanic) material derived from the
remains of marine plants and animals that oncebitdth the waters lying above. Red or
brown radiolarian ooze is found along the zonehefPacific North Equatorial Current, east
of longitude 170° W, and on the floors of some dieejonesian basins.

Il. The Atlantic Ocean

* TheAtlantic Oceanis the second-largest of the world's oceans, witaraa of about
106,460,000 km2 (41,100,000 sg mi). It covers axprately 20 percent of Earth's
surface and about 29 percent of its water surfeez. # is known to separate the "Old
World" from the "New World" in European perceptiohthe World.

* The Atlantic Ocean occupies an elongated, S-shbpsth extending longitudinally
between Europe and Africa to the east, and the mamrto the west. As one
component of the interconnected World Ocean, itaenected inthe north to the
Arctic Ocean, to the Pacific Ocean in the southw#ésé Indian Ocean in the
southeast, and the Southern Ocean in the soutér(ddfinitions describe the Atlantic
as extending southward to Antarctica).

* The Atlantic Ocean is divided into two parts, bg taquatorial Counter Current, with
the North(ern) Atlantic Ocean and the South(errdamttc Ocean at about 8°N. The
Atlantic is thesecond largesbcean after the Pacific. It is roughiglf the size of the
Pacific Ocean It's shape resembles the letter ‘B.terms oftrade, it is the most

significant of all oceans.



Continental Shelf
* It has prominent continental shelf with varying thisl The length of the continental
shelf is maximum in Northern Atlantic coasts. Taegest width occurring off north-

east America and north-west Europe.

* Grand banks continental shelf is the most prodactiontinental shelf in the world.
[Recall fishing industry in Laurentian Climate] dMAtlantic Ocean has numerous
marginal seas occurring on the shelves, like thdsdn Bay, the Baltic Sea, and the
North Sea, and beyond the shelves like the GURl@fida (Mexican Gulf).

Mid-Atlantic Ridge
* The most remarkable feature of the Atlantic Oceathé Mid-Atlantic Ridge which

runs from north to the south paralleling the ‘Sagh of the ocean. The ridge has an

average height of 4 km and is about 14,000 km long.

Seamounts and guyots
* They are present in significant numbers but nosigsificant as in pacific ocean.

Several seamounts form islands of the mid-AtlarEiamples include Pico Island of



Azores, Gape Verde Islands, Canary Islands etm,Alsere are coral islands like

Bermuda and volcanic islands like, St Helena etc..

Trenches

* Atlantic Ocean lacks significant troughs and trersshwhich are most characteristic
to the Pacific Ocean. North Cayman and Puerto Rieo the two troughs and

Romanche and South Sandwich are the two trenchbs iatlantic Ocean.

Mid-Atlantic Ridge

» The MAR divides the Atlantic longitudinally into twhalves, in each of which a
series of basins are delimited by secondary, temsvridges. The MAR reaches
above 2,000 m (6,600 ft) along most of its lendtt is interrupted by larger
transform faults at two places: the Romanche Trevear the Equator and the Gibbs
Fracture Zone at 53°N. The MAR is a barrier fortbot water, but at these two
transforms faults deep water currents can pass @moenside to the other. The MAR
rises 2—-3 km (1.2—-1.9 mi) above the surroundinguod®or and its rift valley is the
divergent boundary between the North American andagan plates in the North
Atlantic and the South American and African platethe South Atlantic.

» The MAR produces basaltic volcanoes in Eyjafjakaid Iceland, and pillow lava on
the ocean floor. The depth of water at the apdk®fidge is less than 2,700 m (1,500
fathoms; 8,900 ft) in most places, while the bottointhe ridge is three times as deep
he remainder of the ridge was discovered in the0498y the German Meteor
expedition using echo-sounding equipment. The eaptm of the MAR in the 1950s
led to the general acceptance of seafloor spreadidglate tectonics.

» Most of the MAR runs under water but where it rescthe surfaces it has produced
volcanic islands. While nine of these have coliedti been nominated a World
Heritage Site for their geological value, four béin are considered of "Outstanding
Universal Value" based on their cultural and ndtwrteria: Pingvellir, Iceland;
Landscape of the Pico Island Vineyard Culture, lyat Gough and Inaccessible
Islands, United Kingdom; and Brazilian Atlanticdsts: Fernando de Noronha and

Atol das Rocas Reserves, Brazil.



Ocean floor
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Continental shelves in the Atlantic are wide offWieundland, southernmost South
America, and north-eastern Europe. In the westetlanfAc carbonate platforms
dominate large areas, for example, the Blake Riaded Bermuda Rise.

The Atlantic is surrounded by passive margins exaep few locations where active
margins form deep trenches: the Puerto Rico Tré8d@v¥6 m or 27,480 ft maximum
depth) in the western Atlantic and South Sandwiodn€h (8,264 m or 27,113 ft) in
the South Atlantic. There are numerous submarimyaizs off north-eastern North
America, Western Europe, and north-western Afrisame of these canyons extend
along the continental rises and farther into thgsahl plains as deep-sea channels. In
1922 a historic moment in cartography and oceamdgyraccurred.

The USSSewart used a Navy Sonic Depth Finder to draw a continunap across
the bed of the Atlantic. This involved little guessk because the idea of sonar is
straight forward with pulses being sent from theset, which bounce off the ocean
floor, then return to the vessel. The deep oceaor fls thought to be fairly flat with
occasional deeps, abyssal plains, trenches, seasndasins, plateaus, canyons, and
some guyots. Various shelves along the margindh@fcontinents constitute about
11% of the bottom topography with few deep chanoetsacross the continental rise.
The mean depth between 60°N and 60°S is 3,730 n24Q2ft), or close to the
average for the global ocean, with a modal depttvdzen 4,000 and 5,000 m (13,000
and 16,000 ft). In the South Atlantic the Walvisd& and Rio Grande Rise form



barriers to ocean currents. The Laurentian Abysmusd off the eastern coast of
Canada.

[l1l.The Indian Ocean

The Indian Ocean is the third-largest of the werld’ceanic divisions, covering
70,560,000 km2 (27,240,000 sq mi) or 19.8% of thetew on Earth's surface. It is
bounded by Asia to the north, Africa to the wedd @uistralia to the east. To the south it
is bounded by the Southern Ocean or Antarcticagmidipg on the definition in use.
Along its core, the Indian Ocean has some largegimalr or regional seas such as the
Arabian Sea, the Laccadive Sea, the Somali SeapBBgngal, and the Andaman Sea.

Smaller and less deep than the Atlantic Ocean.

Coasts and shelves

* In contrast to the Atlantic and Pacific, the Ind@oean is enclosed by major
landmasses and an archipelago on three sides asdcdbstretch from pole to pole
and can be likened to an embayed ocean.

» ltis centred on the Indian Peninsula and althabhghsubcontinent has played a
major role in its history the Indian Ocean has fieostly been a cosmopolitan stage
interlinking diverse regions by innovations, traded religion since early in human
history.

* The active margins of the Indian Ocean have anageedepth (land to shelf break) of
19 + 0.61 km (11.81 + 0.38 mi) with a maximum depti175 km (109 mi).

* The passive margins have an average depth of 40.8 km (29.58 + 0.50 mi). The
average width of the slopes of the continentahasehlre 50.4-52.4 km (31.3-32.6
mi) for active and passive margins respectivelyhwi maximum depth of 205.3—
255.2 km (127.6—-158.6 mi).



» Australia, Indonesia, and India are the three agestith the longest shorelines and
exclusive economic zones. The continental shelfasalp 15% of the Indian Ocean.
More than two billion people live in countries berohg the Indian Ocean, compared
to 1.7 billion for the Atlantic and 2.7 billion fahe Pacific (some countries border

more than one ocean).

Submarine ridges
Submarine ridges in this ocean include the Lakska@paChagos Ridge [Reunion Hotspot],

the Socotra-Chagos Ridge, the Seychelles Ridg&dhéh Madagascar Ridge, Carlsberg

Ridge etc. These ridges divide the ocean bottomnrany basins. Chief among these are the
Central Basin, Arabian Basin, South Indian Basirgsbarene Basin, West Australian and
South Australian Basins.

Islands

Most of the islands in the Indian Ocean are cemiial islands and are present in the north
and west. These include the Andaman and Nicobar, &hka, Madagascar and Zanzibar.
The Lakshadweep and Maldives are coral islandsMaadritius and the Reunion Islands are

of volcanic origin. The eastern section of the &mdDcean is almost free from islands.

Continental Shelf



The ocean’s continental shelves are narrow, augg®p0 kilometres (120 mi) in width. An
exception is found off Australia’s northern coasfhere the shelf width exceeds 1,000
kilometres (620 mi). The average depth of the 0¢e&;890 m (12,762 ft).

Trenches

Linear deeps are almost absent. Few exceptionSwarda Trench, which lies to the south of
the island of Java and Diamantina Trench, westustralia. Its deepest point is Diamantina
Deep in Diamantina Trench, at 8,047 m. Sunda Trewoiththe coast of Java is also

considerably deep.

Straits Most of the straits in Indian Ocean are importaadé¢ roots. The major choke points
include Bab el Mandeb, Strait of Hormuz, the LomISikait, the Strait of Malacca and the
Palk Strait.

Marginal seas
» Along the east coast of Africa, the Mozambique Clehiseparates Madagascar from

mainland Africa, while the Sea of Zanj is locatedrth of Madagascar. On the
northern coast of the Arabian Sea, Gulf of Aderdanected to the Red Sea by the
strait of Bab-el-Mandeb. In the Gulf of Aden, theilf5of Tadjoura is located in
Djibouti and the Guardafui Channel separates Sadskand from the Horn of Africa.
The northern end of the Red Sea terminates in thedbAgaba and Gulf of Suez.

* The Indian Ocean is artificially connected to thedilerranean Sea through the Suez
Canal, which is accessible via the Red Sea. ThdianaSea is connected to the
Persian Gulf by the Gulf of Oman and the StraiHofmuz. In the Persian Gulf, the
Gulf of Bahrain separates Qatar from the Arabiciana. Along the west coast of
India, the Gulf of Kutch and Gulf of Khambat aredted in Gujarat in the northern
end while the Laccadive Sea separates the Malfliwesthe southern tip of India.

* The Bay of Bengal is off the east coast of Indiae TGulf of Mannar and the Palk
Strait separates Sri Lanka from India, while thea#s Bridge separates the two. The
Andaman Sea is located between the Bay of Bengaltlam Andaman Islands. In
Indonesia, the so-called Indonesian Seaway is ceetpof the Malacca, Sunda and
Torres Straits.

* The Gulf of Carpentaria of located on the Australizorth coast while the Great
Australian Bight constitutes a large part of itstb@rn coast.

v Arabian Sea
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10.29cgmeoLn BTy &phg (Strait of Gibraltar)
11. 060685 elfigLr (Bay of Biscay)

12. @mdedad smeveurus (English Channel)

13.eu s 60 (North Sea)

14.umebipd &L (Baltic Sea)

15. Gursdafiwn euemen@Lm (Gulf of Bothnia)

16. mriGsauggwieir &L (Norwegian Sea)

17.mfled sLev (Irish Sea)

sai_sHHLG (Continentall Shelf)



SIL_6VM6EwIY & GuiymPlufesr G BLOHRIGLD 2 _elTen BL_BHEN] HEN6IT QL 198
SHWILHFH_(BdHee &omT 4 &HGeom 1OLLT @wpsmHsd 80 HBeor WOLLT euewy oideim ugelld
ST LGS eTpen.  HeWIL S 196  DH60D  HLBHOIUTEL  DDIDHGIGTET  HLGOFTT
HlevsHCHTBBRISeTsN SigliiemLuied I BOL SiewwHEH STEOILGLD. SLBHMIL LG H660
emeVLl  LUGHBCemT  Dievevd  Gepil  UGHBCeonm  STeIILGOILMIE6T6L  Hewil HAHI B
GBIHBW STl LGS BSHI.

Sl eomewiigds  GuymPuier omuwimp PevsCahmbmmissit  (Bottom Relief of the Atlantic
Ocean)
1. Gsl Q&miiueny
SIL_60M6uNY -G AU OFHTL TEH6BI
aumsvaleny QST TG 6l
SIHIBHTEOTS QBMLILIEH]T
OH6-emDUI-SIL_60m6emiNgdh OHTL TGBI
BFevEhaT OHTLTG6IMI
Oper i somennigd GuTLH

Crfled GamTLILIEN]T

© © N o o b~ wDd

Seof(wm) QemiiLeny

10.Cxl0Q6TH QHmliLIeny

11. w0 S eomeWILIgdh CHTL TEH6MI

12.Cxenfle QmiiLieny

13. 00 5@ wBEpid OHBE evuTad OHTILIENT

14. _meollenr e1(pF S

15. 01 s eomewngds Guym

16.6u oQwM&HTH CHTliLem]y

17. 9w Quenswi(Beombghl eT(LpF

18. emeuailed e1(1FS

19.0L60 &ymeelis 1Ty
enlow SiLeomenigd QFHTLIGem (Mid Atlantic Ridge)

wCrdlwenr wmmid wifldsll Ualbsl B Swdd Crrésalun, 6wfdasl Leldbsl (b

CuB@E CHTHEAWD HBTHHHH eleneNalTdsd Sl (HoHHeMmen nowlld Gprhaluwl  @allur@eor
SIeVevEH  FHLIgetr  elerllibL]  6T60EMELUITED BB L SHTEELT ML L. LD6WIL 60D ST 6MLOW
Sieomewigds  OHTLT  @Geiim  (Mid  Atlantic Ridge) eten  elenssliuGaBg. ol sbdled
meroeunbalelmibal (Iceland) Gsmasy GQueeu’ ey (Bouvet Island) sueny ‘'S’ augeuomes



60D

SlLeomeningds  OHTLT  Geoipl  &ont 14450 SBeor  OLLT  HenSHHI e Hewi(h

SITeRILILIBHBGHI.

X/
A X4

yel mBHBCHT B UGHUlST el b@Gl LUGHUNL STRILILGID 6MIDUI DI 6VT6NTIgH
esTLTGam  LreollaBo® (Geim)) (Dolphin Rise) seimid  yell BHeH  Cam_(Gr
UGHuUlenr OFHeGHuled STemILBD emiowl S 6omenTgdh OCHTLT  Gedledr LG
Bxeveham Gu® (&eim)) (Challenger Risekianeyn Gl Hrmidulsiterme.
MEVVTHHBGID, VBT OTHHABGHID DML UTDL  DIMIWHSH MU DL 6VOT6ENTIH
OHTLTGSm eweuelleosmmbsar OaTLi@sm (Wyville Thomson)eisneyn  @fseonbgl
OBBID  MerveOThHH BB ML Gt  UJhe 6wl DiLeomelgdh  QHTLT @6yl
OLeddrmis iyl (Telegraphic Plateaudisnayip Quuifi fiu Beieren.

MW Seumenigd  OFHTLIGEMImha om  Smerinifley  50° euLé&@
S FHFHBEHCH Lfba e Hpdsres  HuGUeTRIL oThHEH D]  OFeL6VISIMBHI.
@AHOHTLT  Geupflenen  BHujCQuenswiLeotbadl  Geiim  (New Foundland Rise) sien
SIMLPHS GmLD.

DU DI eoTeuilgdh QBTLTGENNemHE 40° eIl oI s56HBG&HS 0sH6s @m Hewen
Ufbg  o@amtery ey (Azores Island) sueny Bewmi OFsvsndBH. BH @&
&eml (Azore Rise) sreont QUi Besitengl.

MW DI _6eomeuiigds QOHTLT Geimdled Lal BBHHECHT 196mbeH 40" OHeT iI_F858960
Am e (PpHIUb BHemend GHOIBIBeT 2 HOaBHEH QL HpsETHF  CFeiml
iMbss  sLBBOImL ML EBH.  aumeveled  (Walvis  Ridge) ereis
OHTLT&GemID, OHett DGIfledsds SHLBHmMFMU DL U|D MCwim &lgmei(®  @eimID
(Rio Grand Rise)ai soneingd QHTLT @Geiinfledt Wdad (pdbalwiorer Lfleysernm@ip.
QUEHDLITEVID  eDIDW DI _6omeniTgdh  QHTLTGHAM i somennigds  GuymPuied  m5epei
appd  @midenib, fev QL MiBells0 emeL 2 _FFBEHID HL6L DMEVBEHID (Sea
Mounts) sLed 0L L&HHBG Gwed o wirhbs Usluler Gomuyliisd O gembGaese.
Fneipre  DCFTTerdsd 2 eiten  L1bBsmd  FHey.ewmoul Sl eomennigdh  GHTLTEH6INSI60

wiileys sHenmmisend (Fractured Zones)igduires o eirere.

Sl eomewngds GuymPles Gariuengssit (Basins of Atlantic Ocean)

MW S eomeuiNgd  OBHTLAGHSIM i eomewiigd  Cupmplewws @ Lfleysenmsli

Ndais @SpdE wBmid Cm@Gl ugGHselled GUITHe QBTILINTHEMET 2 (HeTHIIL|6TeI6.

S{60)6)ULIT6)6IT:

1. GeouyLmir Gamiueny (Labrador Basin) Geouyimi Ca&miILIen] & feir60MH 560 (hbGI

QEBasTHD, BujCusTen GevamiBed @Gamilst eu_baraab 40" alLsE oo 507 aI_bE

QUM 2 6o I FLLIGH UL SmeniibamEH. SFHer Spid &orm 4000 W6 LT (1pHsv 4500

WULT euemy omenrliLiBamg.



Open oieumeuingds GupmPulen GmIBE O (BdH CHTHBMmLD
(Cross Section of South Atlantic Ocean)

1. Ome1 20w NEHs SLBamyuls Omear @ws@il ugs (East South Coast of South

America)

SNTOsienL_enmmes Gamiiueny (Argentina Basin)

OHeir o1 somanigds OHTLTGem (South Atlantic Ridge)
aurevailerd GamLT@eim (Walvis Ridge)

Bxi1 Qamiusny (Cape Basin)

S

Gsi1 maim (Cape Town)

2. aL oGwféss Gsmiueny (North American Basin) e oiGwfléss  Qemiusny  12°

AILHG WpHev 40" elLsE ol uGHeeisd  ugelujeiien  Sjeneled  0&LIGLUMNW

Cariuenywr@d. RH6sTiusyule opplb Fevo @@L miserflsd &omm 6000 WLLT suenyuisnid

SITWILILIBSBGHI.

3. UGrdlev Gamiueny (Brazil Basin) BeCsMILmy  Bpsasud  LITTTEHE6IN 60 b

Grdellelr &Hpb@Hd HLBHMT eleny LFeiluleTengdl. RoHOsTiusmyuiler Frmaf SLIpD  &HDmT

4000 S LT&H6mT@LD.

4. evBueflerods Gamiueny (Spanish Basin)ervBuefidevd QsmiLeny  enioul S eVmemigd

QLT GamBen |uiflwer Susbusdbeid (Iberian Peninsula®ent Guwi sremiiuGasa.

5. alLs@ wBp O0sB@&GsS Gsefle OGsmiusny (North and South Canary Basin)
AILEG BB 05BGHE Bmerfds Oemiumy e Leigeud Gsmiusny  (Circular

basin) @6 eupib & 5000 LT Sy

6. Gt (wewewds Gamiueny (Cape Verde Basinpout — (wpeweids  Qasmiueny — eniowl

Sl eomeningd OHTLT GHmIbG CoBd pifbsd SHLBHOIHGHID RenLulsd UFalulsTeng.

7. deilés Gamiusny (Guinea Basin) Hafls  Gamiuemy e dlpsdedmbal e

ComaTs smeml LB MBS,

8. 9mIBsTevrd Gammiueny (Angola Basin) omiGsmreond QasmiLIeny Lol BB EHGHML_L L

uGHUIImbEH 30° OHBE eueny ST LGS DS

IV o eomemngs Guymfl w@ssen (Atlantic Ocean Deeps)

Sieomeuinigds GumPUTed 19 10[HEHBSHENT SHT6ILILIH S eTmenT.

< Gpyerd 1@ (Nares Deep) &ioni 6000 LS L6

o Oy Gr — MGsm 1@ (Puerto — Rico Deep) &t 8525 181 L a6l

% OamiLgred w® (Hatteras Deeplont 5445 151 L iTeei

% Osmeotlwr w@ (Columbia Deepa)sonit 5125 1 LiTesit

% Opmorehdl 1w0® (Romanche Deepytor 7378 1S Lir



% OGeuor w® (Vema Deep)asort 4900 i i

udfiés CGurmuier ououimp MevdChmmmmissit (Bottom Relief of Pacific Ocean /

Configuration of Pacific Ocean

ufie Gurm:

yeiuflesr Qordslt uglnied cpsipfled @@ LURIG Siemaund mbd (33 FHaisHD)
udflles  Gugmg 2 _60aBs06wW Waslughsd  Gurmhuim@ip. Fwmelenr  Blpdb@Hd
&L BHMIUIeI®mbHSH, el HefosTelsr CBEHd HLBHMT D] HpdHE GmETs  SHIDTT
16000 &Geor B LT euewy GNGUymY ugelujeiengl. e _sbdled Guiim BrFsng (Beringg
Strait) wpmpe0 e midbigstelenr < fl (wewer (Cape Adre in Antartica)sny eu_&@
Opmans 14880 &HBeom L LT euemy @UICUITY Hewr(BeiTengl. udid Guiymdluesr
SIMWLIL @ (PpHCHTem  augeuTer  MWLILTES 2 6itengl. SUGUmPufesr Fyraf 4D
4572 LT @, udlies  Gupmbuienr  SHps@d — wBpid CoB&:d HLBHemyulen
alefibLselled  HLBHEMIHEG SENeTWITE DL  LDEN6VH6T BT ILIBISHTED Sl BHEDIL
LGS seedmbs RUICUITHUET SremiliLG ppsL 60 Fobaielsst (Abyssal Plains)wimeyb
W& SPID 2 _6DL UIEN6.

udfies  Guympuisd urbs wBBID fbs &HLBHEMILIGH BT  BTERILILIHS GTB60.
udils  CGuymfbulenr Hemt ugHseied Fm Fm  erapFFsen  (Swells), fAm  GeipiHei
(Rises), sL 60 pemeusbsit  (Sea Mounts) mmid  Bewi  Lsitenmissit - (Depressions) Gl
simfser  (Trenches), supsl 60 1BEHsT  (Deeps), GureaimenalseEnd Sl iLi{Baeme.

udias Cupmpuiler Heybenend HEWILH He m6lT, Held CHTremmissT WwmmID FHHmi
H6)B6IT 6160 clpediiml UflemFuNed DImIDHFHI SANSUIGOTLD.

1. sauisdaysen (Continental Islands)swsndwer (Aleutian) (M eayd Gasmevtbium
(British Columbia) iopmio feld Heymbeir.
2. FHoy eumeneydei BMID Hok Bxrremmissit (Island Arcs and Festoongsmysverd
(Kuriles), giumeiesr  OsmLiTsH  Hoyd gl Lmseir  (Archipelago of Japan)
edliemLisiierd oBmID SbCHTCaAwIdh 356)H61.

. OHeICIoBE DUIPHL 6D 106NV GIGHTLIT
. BIDHG IDBL 6D 1DMEVSH OFHTLT

. eteoLmaiwimil LYeme| LDEwTL VLD

. &l e10pFS

1
2
3
4. udlis erpsd
5
6. Gump — Fel B
7

. FONOLT 86| — Li6Ne) LDEWIL 60D



8. &meur LMBsmery Liene

9. &efiliel LN6Me)] LD6WIL_6VLD

10. denmflwien L6 LO6WIL 60D

11. GBeord@smul Lieme] LD 60LD

12. wpi@ym lenme) LOEWIL 60D

13. efaunaii-igooliFd QHMLiT

14. Quoent@LrHBeormll L1616 LWL 6VLD

15. sorflwier i1l

16.36 el

17.&nmow6Lr - GLmhsT s

18. emreutul ey

19. 1onTeg6d SleoumT &6y

20. wflwremm  ois10

21. N6Vl 1emLI6dTerD

22. sy, s

23. mliumer s

24. gooysed B & GQuikBT Fiha)
2. dspfu Ay Semst  (Scattered Small Islands)wreo@endlwim,  uTelGedluwi,
sifllosmevulieomen  Heyseil  (ameuTul) LeusTLl  LITenmEeNTe  SHeydben.udild Cuympuier qrd
HLVH6IT IDBBILD 5T HeneudH6IT . udies  Guympuienr GumB&Hd &SmFOWITIll L@ H6iM60
HTET DFHd Dlenedled @I HL60H6N HTewrlILIB S 6IB6.

1. Gufifi sLev (Bering Sea)

2. swpomerost euewen@Lr (Gulf of Alaska)

3. @dBarievd sLev (Okhotsk Sea)

4. snumen sLev (Sea of Japan)

5. wehFeir sLev (Yellow Sea)

6. FpsHE BpID 05BE Fais sLsv (East and South China Sea)
udlias Gupmy LWL 60BISHGIT

mreiigen  etetenid  GupmPluiuisd  oflepT  udies  Gupmlemws  mrelE  Guiflui
Ufeysenmall UfHaHe dapeomsd OHefleurs alenb@amT. SienauuiTale:
1. ol uFlés Gugmuien agraf oo &womm 5000 WULT (pHed 6000 WU LT eleny.
o0& @b e udis Cuymy Cuim Pregplwrsd (Bering Strait) eyuingés

SV 60T SemetdBLUILIL (BeTen.



2. emio uFlas Guympuisy enflibensy ellemETULITEOTEN HO|BEHLD, LIQISTL  LITENBHETTTE0T 60

SH6)YHEHLD CTEWEMBHB DAL 2_6IT6NT6M.

3. OpaBoB@l ufiles CumPulsd urhs Heumer, alefiburrds sLsvsst (Marginal
Seas)uybsH HWIL HHN_[BHebbo6i

4. Oxpedips@l udils Curmpuisy dpsen udis OsTLTgsam (East Pacific Ridge)
ST LGS BSI.

udis GurmPuier sewiLgHL BHsen (Continental Shelves of the Pacific Ocean)

L6108 Credlum LOBWILD S Fuwimedl e HNpdHGHH HL_BHENJLI L@ H6160
B SHFH_ BHHeT  DHEpId  lfbHID  STewIlLGS OB, @hiE — HeWILHIHI (HHaH61e0n
Sid6evld  GomT 160 &Beom 10U LMelmpbaH 1600 &HGsor 16 LT euedy uIhadl olfibgHieTengi.
Qeupplledst Supd &t 100 WULT (WpgdHed 200 WBLLT euedy STewiliuBaHemgs.  uFid
Cupmpuilesr CuB@GHd SLBHMIH S HHI 1960 aleflilbl] QIaHEL60H6I  slemTemntdHensullsy
SIFB0TH 2 eitenen. FrepIBeTd  GuiifisL 60 (Bering Sea)psBsmievés (Okhosts Sea)
sL6v, muutelr &Lev (Sea of Japan)pehaeir sLev (Yellow sea) Fanssev (China Sea)
oreutd sLev (Java sea)Bsmysv &lev (Coral Sea)wmmid simdeliyyreds &Led (Arafura
Sea)yAwaBenps GUtlLeomd. el BmId OH6 D6wlbsTels CB&:e L BHMT
QRG ADIHSH HWILHHI_ (HHHelle DHeOD UFHH Diemalled STeiliLBGaudlsvensv. S g6
gyrafl oimevd &omT 80 &SBeom 5L LTHenT@LD.
udlls CuymPuien GaTLiT Geimimsit(Ridges in Pacific Ocean)

uFllles  Gupmpuied i eomewngd DisLeVH RbAHWIl Cumiflaenent BTy ewDUIS
OBHTLT  GIBIB6T  DUFHBH  eTevlenlbmBpUuled ST ILBaISHme.  Dpemsd @G
ugsHulsd FHePu  OsrLitgamsetr  (Scattered Ridges) oigs  esewienlldamnsuisd
sremlLGdemer. Sps@ll udlis o wir geim (East Pacific Rise)pisvOur grerd iyl
(Albatross Plateau) sieor  oimipsaliLGaEBE. Qs Sipsgl Lfle) Held SLBEHMY eI
ponapg. LIfesTm fe) Sps@Hd &Hey 2 wipeod eam Guwifed OHBHTHI  UFHSHI
SIMWHFHIETENH.  HpdsGl Ufild CHTLTIGEMBE Remewiuiteg  Hlipdhalsd  HreoTCsmen
® WTGeIm SrewiiuBamg. Buldeorhbd 2wt OsTLTGem 200 WLt @pgHso 2000
WLLT euewy &Leviguied urelujemengl. @& UdsH sHelBamalsy  alflboienen. gHemell
A0 Syd (Fiji Plateau) eteimi oiemipésasoimenir. LSl 6o GugmPuiev WO BLILITTHS
o WTEOSTLIGMm, ameutil QT TG (Hawaiian Rise) sy@ib. &6 Sidb6evld  &iomiT
2640 FHGBeom O LT. ReuBedmd Hely  Hwpds@Gl  udils  Curmhll  ugdweiesd &G
OBHTLTEH6MIHET  DIEDLDHSHIGTETI6.

1. mrevar OsTLi@sim Nazca Ridge)oum
2. eomi® Oamel OFHm_T@Gstim (Lord How Ridge)— euerdvgd@reuim



3. prBurs  &a 2 wiresm it Gsim (Norfolk Island Ridge) —(Pluy  &69@Lmesflwim
BuID BuFeomhHIB@GD QLLILLL UGHUuled Sienoail Lb)
4. 56ymedsu-anGeonGomeir OHTLiT&sim (Caroline — Solomon Ridge)
5. anBeor@omet Heymeit (Solomon Islands)
udlls Gugmfse Gsmiuenysmeir (Ocean Basins in Pacific Ocean)
udllle CurmPluied 6w OHBMIILIENTHET SHT6uTLILIHES CIBen.
Wedtienusit Gamiueny (Philippine Basin)
Hedlienuet Qasmiuemy sl edlmuss Saledmbas mrimer ey (50° auldb@E)
Quemy  LITeueiTergl.
Aps@ ervdCredws Gamiueny (East Australian Basin)

BpdE& UHCrelwds Qsmiumy e Credwimelss &Hips@GHd HLBHmTUTeNHbII
Ppuwdeonbal OaTLTEGam ey (New Zealand Ridge)sswiy uyelds smemliLGaBgs.
CsB& evdBrelws Gsmiueny (South Australian Basin)

OHT@NNHEG AHCTeIWITENal DIBHH DMIDHEHI6TEN HL6vigdh OBMILImIUileT ol
Quwit Gxmufed Gsriueny (Jeffreys Basin @seir agmef ofip 5000 L
Qu@-Gamiueny (Peru Basin) Qump sLBsmIUlE  CoBEL  uGHulsd 5’ GHe
SILFID (1p&eL 24° OHeiT SILFID eueny LFalueieng GUmes GsTriLemy.
CxaBuBel udls Gasriuemny (South Western Pacific Basin)

Oper GoBel udils Oemiuamy, 20° OHar I Fb (1pHev 50° CH6T I FID cuen]
uyeluleitenr Hewll QBTN G
udlls GuymPuien oisfsend WESGHEHL (Trenches and Deeps of Pacific Ocean)

udllilés  Cuympuied L DBWHEDHID, LBHGHEHD STemlILBESBe.  GILIHLDLITEVET
pHHeT CBEll uflle Gurmolll UGS B0 HTEmTLILIEH S G360

s Guympssnens Gumevenndl LALNS GuymAuiled eTewTIMBB AHBIOBEHID LDHEHBEGIHLD
BITGILILI[HE) 60160,

ufllas Bupmy oisfEsT WBBID WHSBENT

6)1. 616 S5 BEID el GuuwiT o 15 Lfled (Depth in

(Name of the Trenches and Deeps) Meters)
1. wflwrenm (Mariana) 11002
2. GLmmism (Tonga) 10882
3. Gwemngeo (Kurile) 10498
4. Weliemuesr (Philippine) 10495
5. siumesr (Japan) 10395
6. oL s (Karmadec) 10047




7. Gum-Fal (Peru-Chile) 8025
8. audwen (Aleutian) 7679
9. ewiowl 6wMése (Middle American) 6562
10. fugaluy, (Ryukyu) 6395

swfseieo  wflwrenr  osfister  (Mariana Trench) o ev#@soBui  yipiomed

SBPUTSHID. BT Sppid 11,002 10LLT H@GIb.

Configuration of Indian)
Qiu @ 9 i 4 .

@baws  Cugmy sLECImBHEH OHBHECW  DiewiDhEHIeTeNdl.  QUIGLIFTIHUT6dT

QLG BDID &Hpd@ eevmeowind  pfwr, Com@ eevemeowind liflbaT  oBmID
OHNBNPEEG 6160MEVWITE eTOHCTIWIT OBBID OHMBE 6T606MEVUITES DL TTHIQSHT Ul
BHEWILMIB6IT  2_eiTenent. QBGUITY  Blovsll UFLILSL HenL G H6il  Sewall_SHemdpll  CuBm
DIMIOHBHIETENH. DAWILMTHIQBHTH HWILHMSB L Igueien CHaiLGHHeMed it Guygmg
udlilés GupmbluyL e Hevbdl RemewibHl SHTOILGEHBEH. BbsHwi Cuymbuier sFyrefl b

&omt 4000 6L L Ta6iT.

ereoemeuBuity eflefiibys sLeb&eT (Marginal Seas)

1. Quremblis sreveurus (Mazambique Channel)
esmsLev (Red Sea)
Quirdwenr euemen@LT (Persian Gulf)

Sbsoner sLsv (Andaman Sea)

a kb 0N

26 welr sL6d (Arabian Sea)
6. amsren alfigLr (Bay of Bengal)
@bawt CuymPuier B @IoHHLeLH6IT
1. g@uwsi ausmengLm (Gulf of Oman)
2. gLer eusmenLm (Gulf of Aden)
3. sl& auemengLr (Gulf of Kutch)
4. weienmt euemengLm (Gulf of mannar
5. uréd prF apd (Palk Strait)
6. weurdsT ausven@LmT (Gulf of Malacca)
@bHwl CugmPluiled o _siten Flev (PpH&lwioTen FHeyswsit
1. wevard (Malagasy) oL srervsir)




2. njeomist (Srilanka)eysdw @rewidio sl GQuilul FHeymelt
2 &BBW Gm Burmfl, BT DIHBEL 2 6item  BILIGET OUUITTEL DIEMPSHSLILIGUSBI
@bHwt CuymP wIE6L YPGL. @EFWS — SwaussmILD  @bSwl  Cuymflenuw
SITLBHL 60 WBEID eubisTen alflGLTd HL6v ele QW Llfleysentall Lflobapgl.
saniLsHFHL B (Continental Shelf)

SissL60 BB  amsTen  SfGLTS SLBEMIU UGH BT QL Ig  HL6VIgL
ugFHseisy  olflbeh S dh H Bhoen  srewiiubdemer. pliflbsraler  HpdaHsd
BHLBBHOTMOU  @LIigul  eSTHSH S  UGHBMVID — HWILHH_ BHE6eT  alflha
sTen LGS eTmer. RbHemHHL B CoBalsd 640815 DIHEVIOTHOD, TAOIT  HIDSHIHTTEH
SLBBMIN  UGHullest  Seudsld 160 &S auemjuled  GHOBBHID BT LGS MBS
SIGWTL_MT QBT BHBHENMLI U@ FHH6ri60 R BB HHN_(HdHDH6N WBA|LD GHDIB &
sralLGHOBar.  @hHUIl  SUSBUSH AmWHSH &LGTIS  HWILSHHI 1get  Fmail

SIB6VID GHIOMT 320 &.I6L L TaH6T.
enowil Guymfs OsTigeim (Mid Oceanic Ridge)

@pHwis  GugmPuied emowlll  UGHUTL  DWIOHH  OHTLIGHMW 60 FHeH6)
g8smeroL.  QeTLT@eim  (Lakshadweep-Chagos Ridgeys  GuuipLer — Hspémal.
BHOHTLIGHD  WwTeuddas  Osmiigsim  (Maldives  Ridge) oo GQuuifleoid
SIMPHBLILBHBH).

@bswl CugmPuier emowish QHTLIGEH 50° O S FHHBEH OHBEILEGSH U
@m Ufleysenmmall  Ufdemer. @@ enr GCuom@d Hemenll UGS CbiTdlevst  HTerOOILITS
(Kergelen Gaussberg)osmiim @eim  etened, @Heil Dipdb@GHs HmendbGam SRbHul-

WILTTHIS sTLTGam (Indian-Antarctic Ridge)sisnayid  Sienipd sl simsen.

Qar@asr_gr-gn@sTey OHTLIGm (Socotra Sagos Ridge)

@smeand  &MTeverd  QuTd  OFTLTGsim (Carlesberg Ridgekrsims  GQuuigbLenid
SimIpsBapert. Open @psaE fssrals arrirdel suspud (Gaurdafui Peninsula)
aueny Lgeld HmewllILIBEH MBI
floFsveverd (Seychelles)
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SEMESTER- 11 CC-II1
INTRODUCTION TO OCEANOGRAPHY
CODE: 18K2G03

Unit III: Distribution of Temperature and Salinity: Vertical and
Horizontal distribution of Sea water temperature — Salinity: Factors
controlling salinity and distribution — Density of Sea water.

Temperature Distribution of Oceans
The study of the temperature of the oceans is important for determining the

1. movement of large volumes of water (vertical and horizontal ocean currents),
2. type and distribution of marine organisms at various depths of oceans,
3. climate of coastal lands, etc.

Source of Heat in Oceans
The sun is the principal source of energy (Insolation).

The ocean is also heated by the inner heat of the ocean itself (earth’s interior is hot.
At the sea surface, the crustis only about 5 to 30 km thick). But this heat is
negligible compared to that received from sun.

VERTICAL AND HORIZONTAL DISTRIBUTION OF OCEAN TEMPERATURE

The distributional pattern of temperature of ocean water is studied in two ways viz.

Horizontal distribution (temperature of surface water) and

Vertical distribution (from surface water to the bottom).

Since the ocean has three dimensional shape, the depth of oceans, besides
latitudes, is also taken into account in the study of temperature distribution. The
following factors affect the distribution of temperature of ocean water.

Latitudes

The temperature of surface water decreases from equator toward the

poles because the sun’s rays become more and more slanting and thus the amount



of insolation decreases pole ward accordingly. The temperature of surface water
between 40°N and 40°S is lower than air temperature but it becomes higher than
air temperature between 40°Latitude and the poles in both the hemispheres.
Unequal distribution of land and water

The temperature of ocean water varies in the northern and the southern
hemispheres because of dominance of land in the northern hemisphere and water in
the southern hemisphere. As far as surface temperature is concerned, it has the
following implications:

The oceans in the northern hemisphere receive more heat due to their contact with
larger extent of land than their counterparts in the southern hemisphere and thus
the temperature of surface water is comparatively higher in the northern

hemisphere than the southern hemisphere.

The isotherms are not regular and do not follow latitudes in the northern
hemisphere because of the existence of both warm and cold landmasses whereas
they (isotherms) are regular and follow latitudes in the southern hemisphere
because of the dominance of water.

The temperature in the enclosed seas in low latitudes becomes higher because of
the influence of surrounding land areas than the open seas e.g., the average annual
temperature of surface water at the equator is 26.7°C whereas it is 37.8°C in the

Red Sea and 34.4°C (94°F) in the Persian Gulf.

Prevailing wind

Wind direction largely affects the distribution of temperature of ocean water. The
winds blowing from the land towards the oceans and seas (i.e. offshore winds)
drive warm surface water away from the coast resulting into upwelling of cold

bottom water from below. Thus, the replacement of warm water by cold water




introduces longitudinal variation in temperature. Contrary to this, the onshore

winds pile up warm water near the coast and thus raise the temperature.

Ocean currents

Surface temperatures of the oceans are controlled by warm and cold currents.
Warm currents raise the temperature of the affected areas whereas cool currents
lower down the temperature.

Other factors

Other factors include the following:

Submarine ridges

Local weather conditions such as storms, cyclones, hurricanes, fog, cloudiness,

evaporation and condensation

Location and Shape of area: The enclosed seas in the low latitudes record
relatively higher temperature than the open seas whereas the enclosed seas have
lower temperature than the open seas in the high latitudes.
Horizontal Distribution of Temperature

Average temperature of surface water of the oceans is 26.7°C and the
temperature gradually decreases from equator towards the poles. The rate of
decrease of temperature with increasing latitudes is generally 0.5°C per latitude.
The average temperatures become 22°C at 20° N and S latitudes, 14°C at 40° N
and S latitude, and 0°C near the poles. I have already mentioned above that the
oceans in the northern hemisphere record relatively higher average temperature
than in the southern hemisphere. Please note that the highest temperature is not
recorded at the equator rather it is a bit north of it.
Also we should note that the average annual temperature of all the oceans is
17.2°C. The average annual temperatures for the northern and southern

hemispheres are 19.4°C and 16.1°C respectively. The variation of temperatures in



the northern and southern hemispheres is because of unequal distribution of land
and water as Northern hemisphere is made up of more land, while the southern
hemisphere is made up of more oceans.

In Northern Atlantic, there is a very low decrease of temperature with increasing
latitudes towards north. This is because of the Gulf Stream currents which are
warm currents. However, in southern Atlantic, the decrease of temperature with
increasing latitude is more pronounced. The table shows the variations of three

major oceans:

Latitudes Pacific Ocean Atlantic Ocean Indian Ocean
00-10° 26 252 27

10-20° 25 23.2 26.9

20-30° 215 21.2 225

30-40° 17 17 17

40-50° 11.1 9 8.7

50-60° 5 1.8 1.6

60-70° -1.3 -1.3 -1.5

Vertical Distribution of Temperature

The maximum temperature of the oceans is always on the surface because it
directly receives the insolation. The heat is transmitted to the lower sections of the

oceans through the mechanism of conduction.



Solar rays very effectively penetrate up to 20m depth and they seldom go beyond
200m depth. Consequently, the temperature decreases from the ocean surface with
increasing depth but the rate of decrease of temperature with increasing depth is
not uniform everywhere. The temperature falls very rapidly up to the depth of

200m and thereafter the rate of decrease of temperature is slowed down.

Photic Zone or Euphotic Zone
This is the upper layer of the ocean. The temperature is relatively constant and is
100 meters deep.
Thermocline
Thermocline lies between 100-1000 meters. There is a steep fall in the

temperature. The following graph shows the thermocline.



Deep Zone

Below 1000 meters is the deep zone. Here, the temperature is near zero °C. Please
note that near bottom, the temperature of water never goes to 0°C. It is always 2-
3°C.

Important Observations

Sea temperature decreases with increasing depth but the rate of decrease of

temperature is not uniform.

The change in sea temperature below the depth of 1000m is negligible. The
maximum change in temperature is between 100-1000 meters which is called

Thermocline or Pycnocline.

Diurnal and annual ranges of temperature cease after a depth of 30 feet and 600

feet respectively.

The rate of decrease of temperature with increasing depth from equator towards the
poles is not uniform.

Though, the surface temperature of the oceans decreases from equator to the poles,
the temperature at the ocean bottom is uniform at all latitudes. However, some
studies have shown that the coldest bottom temperatures, just below — 0.25°C,
occur at 60-70°S, near the Antarctic continent.

SALINITY OF OCEAN

In this article we will discuss about:- 1. Introduction to Salinity 2. Controlling
Factors of Salinity 3. Distribution 4. Significance.

Introduction to Salinity:

Salinity is defined as the ratio between the weight of the dissolved materials and
the weight of the sample sea water. Generally, salinity is defined as ‘the total
amount of solid material in grams contained in one kilogram of sea water and is
expressed as part per thousand (%o0) e.g., 30%o0 (means 30 grams of salt in 1000
grams of sea water).



The oceanic salinity not only affects the marine organisms and plant community
but it also affects the physical properties of the oceans such as temperature,
density, pressure, waves and currents etc. The freezing point of ocean water also
depends on salinity e.g., more saline water freezes slowly in comparison to less
saline water.

The boiling point of saline water is higher than the fresh water. Evaporation is also
controlled by salinity as it is lower over more saline water than over less saline
water. Salinity also increases the density of sea water. This is why man is seldom
drowned in the sea water with very high salinity. Variation in salinity causes ocean
currents.

Controlling Factors of Salinity:

There is a wide range of variation in the spatial distribution of salinity within the
oceans and the seas. The factors affecting the amount of salt in different oceans
and seas are called as controlling factors of oceanic salinity.

Evaporation, precipitation, influx of river water, prevailing winds, ocean
currents and sea waves are significant controlling factors:

(1) Evaporation:

There 1s direct positive relationship between the rate of evaporation and
salinity e.g., greater the evaporation, higher the salinity and vice versa. In
fact, salt concentration increases with rapid rate of evaporation. Evaporation
due to high temperature with low humidity (dry condition) causes more
concentration of salt and overall salinity becomes higher. For example,
salinity is higher near the tropics than at the equator because both the areas
record high rate of evaporation but with dry air over the tropics of Cancer and

Capricorn.

According to Wust (1935) the average annual rate of evaporation in the

Atlantic Ocean is 94 cm to the north of 40°N, 149 cm at 20°N and 105 cm



near the equator (say thermal equator which is at 5°N). Salinity is 34.68%, at
5°N and more than 37%, at 20°N. Evaporation in the southern Atlantic Ocean
is 143 cm (per year) at 10°S and only 43cm at 5°S.

In general subtropical high pressure belts and trade wind belts record rapid
rate of evaporation which increases salinity but cloudy sky with high
humidity lowers down salinity in the equatorial belt. It may be pointed out

that salinity also controls evaporation.

(2) Precipitation is inversely related to salinity e.g., higher the precipitation,
lower the salinity and vice versa. This is why the regions of high rainfall
(equatorial zone) record comparatively lower salinity than the regions of low
rainfall (sub-tropical high pressure belts).

The extra water in the temperate regions supplied by melt-water of ice
coming from the polar areas increases the volume of water and therefore
reduces salinity. It may be simply stated that the volume of water in the
oceans is increased due to heavy rainfall and thus the ratio of salt to the total

volume of water is reduced.

(3) Influx of river water:

Though the rivers bring salt from the land to the oceans but big and
voluminous rivers pour down immense volume of water into the oceans and
thus salinity is reduced at their mouths. For example, comparatively low
salinity is found near the mouths of the Ganga, the Congo, the Nizer, the

Amazon, the St. Lawrence etc.



The effect of influx of river water is more pronounced in the enclosed seas
e.g. the Danube, the Dneister, the Dneiper etc. reduce the salinity in the Black
Sea (18%). Salinity is reduced to 5%, in the Gulf of Bothnia due to influx of
immense volume of water brought by the rivers. On the other hand, where
evaporation exceeds the influx of fresh river waters, there is increase in
salinity (Mediterranean Sea records 40%).

There is seasonal variation of surface salinity with maximum and minimum
runoff from the land I.e. salinity decreases with maximum runoft during rainy

season and increases in the season of minimum runoff.

(4) Atmospheric pressure and wind direction:

Anticyclonic conditions with stable air and high temperature increase salinity
of the surface water of the oceans. Sub-tropical high pressure belts represent
such conditions to cause high salinity. Winds also help in the redistribution of
salt in the oceans and the seas as winds drive away saline water to less saline
areas resulting into decrease of salinity in the former and increase in the

latter.

In other words, in the areas of upwelling of water less saline water moves up
from below (and hence low salinity) whereas the areas where water is piled
up, salinity is increased. For example, trade winds drive away saline waters
from the western coasts of the continents (or eastern margins of the oceans)
and pile them up near the eastern coats (or western margins of the oceans)

causing low salinity in the former area and high salinity in the latter.



This is why the Gulf of Mexico records 36% to 37/ (, salinity whereas it is
only 34%, in the Gulf of California. Westerlies increase the salinity along the
western coasts of the continents whereas they lower the salinity along the
eastern coast. Sometimes, winds minimize the spatial variation in salinity.

(5) Circulation of oceanic water:

Ocean currents affect the spatial distribution of salinity by mixing seawaters.
Equatorial warm currents drive away salts from the western coastal areas of
the continents and accumulate them along the eastern coastal areas. The high
salinity of the Mexican Gulf is partly due to this factor. The North Atlantic
Drift, the extension of the Gulf Stream increases salinity along the north-
western coasts of Europe. Similarly, salinity is reduced along the north-

eastern coasts of N. America due to cool Labrador Current.

Ocean currents have least influence on salinity in the enclosed seas but those
marginal seas which have communication with open seas through wide
openings are certainly affected by currents in terms of salinity. For example,
the North Atlantic Drift raises the salinity of the Norwegian and the North

Seas.

According to Wust oceanic salinity is affected mainly by three factors viz.:
(1) Salinity is reduced by precipitation,

(11) Salinity increases due to evaporation, and
(111) Salinity varies due to mixing of water of different character.

There is also temporal variation in oceanic salinity. The oceans in the northern
hemisphere record maximum and minimum salinity during June (increased
evaporation) and December (low evaporation) respectively.



Distribution of Salinity:

The average salinity in the oceans and the seas is 35%o0 but it spatially and
temporally varies in different oceans, seas, and lakes. The variation in salinity is
both horizontal and vertical (with depth). Salinity also varies from enclosed seas
through partially closed seas to open seas.

Thus, the spatial distribution of salinity is studied in two ways e.g.:
(1) Horizontal distribution and

(2) Vertical distribution.

1. Horizontal Distribution:

Horizontal distribution of oceanic salinity is studied in relation to latitudes but
regional distribution is also considered wherein each ocean is separately described.
Similarly, the pattern of spatial distribution of salinity in enclosed seas, partially
enclosed seas and open seas is also considered.

(i) Latitudinal distribution:

On an average, salinity decreases from equator towards the poles. It may be
mentioned that the highest salinity is seldom recorded near the equator though this
zone records high temperature and evaporation but high rainfall reduces the
relative proportion of salt. Thus, the equator accounts for only 35%, salinity.

The highest salinity is observed between 20°-40°N (36"/40) because this zone is
characterized by hiOgh temperature, high evaporation but significantly low rainfall.
The average salinity of 35%,, is recorded between 10°-30° latitudes in the southern
hemisphere. The zone between 40°-60° latitudes in both the hemispheres records
low salinity where it is 31% and 33%yin the northern and the southern
hemispheres respectively.

Salinity further decreases in the polar zones because of influx of melt-water. On an
average, the northern and the southern hemispheres record average salinity of
34%4, and 35%, respectively.

On the basis of latitudinal distribution of salinity four zones of oceanic salinity
may be identified e.g.:

(1) Equatorial zones of relatively low salinity (due to excessive rainfall),

(ii) Tropical zone (20°-30°) of maximum salinity (due to low rainfall and high
evaporation),



(i11) Temperate zone of low salinity, and
(iv) Sub-polar and polar zone of minimum salinity.

It may be pointed out that the marginal areas of the oceans bordering the continents
have lower salinity than their central parts because freshwater is added to the
marginal areas through the rivers. The salinity varies in the open seas according to
the latitudes though it depends on the ocean currents but there is no control of
latitudes on the distribution of salinity in the inland seas. Salinity of partially
enclosed seas in the higher latitudes is seldom controlled by latitudes rather it
depends on influx of melt-water.

This is why the Baltic Sea records comparatively lower salinity than the North Sea
though the latitudinal extent of both the seas is the same. Table 26.2 presents
latitude- wise distribution of oceanic salinity in both the hemispheres.

(ii) Regional distribution of surface salinity of the oceans and the seas is
described in two ways viz:.
(a) distribution of salinity in individual oceans and

(b) salinity zones of all the oceans together.

Jenkins has divided the oceans on the basis of salinity variations into three
categories as follows:

(A) Seas having salinity above normal:

(a) Red Sea (34-41%),

(b) Persian Gulf (37-38"0), and

(c) Mediterranean Sea (37-39%0).

(B) Seas having normal salinity:

(a) Caribbean Sea and Gulf of Mexico 35-360/00,
(b) Bass Strait (35%), and

(¢) Gulf of California (25-35.5%).

(C) Seas having salinity below normal:

(a) Slightly less:

(i) Arctic Ocean (20-35%),

(ii) North Australian Sea(33-34"/),

(iii) Bering Sea (28-33%0),



(iv) Okhotsk Sea (30-32%),

(v) Japan Sea (30-34%),

(vi) China Sea (25-35%),

(vii) Andaman Sea (30-32"%),

(viii) North Sea (31-35%),

(ix) English Channel (32-35%,), and

(x) Gulf of St. Lawrence (30-32%0);

(b) Much below:

(i) Baltic Sea (3-15%), and

(ii) Hudson Bay (3-15%).

Pacific Ocean:

There is wide range of salinity difference in the Pacific Ocean because of its shape
and larger areal extent (fig. 26.1). Salinity remains 34.85%near the equator. It
increases to 35" between 15°-20° latitudes in the northern hemisphere but it
becomes still higher (3 6"/p0) in the southern Pacific Ocean between the same
latitudes.

Salinity again decreases further northward in the western parts of the Pacific where
1t becomes 3 lo/ooin the Okhotsk Sea and 340/00 near Manchuria because of influx of
melt water brought by the Oyashio current coming from the Bering Strait and due
to weakening of Kuroshio warm current.

Salinity also decreases along the Californian, Middle American and Peruvian
Coasts due to transfer of water and upwelling of cold water from below. Just to the
south of high salinity zone (between 15°-20°S) in the southern Pacific as referred to
above (36" it becomes low along the Peruvian and Chilean coasts (33%). Low
salinity is noted infront of river mouths (Yellow River = 30%, and Yangtzekiang
= 330/ 00).
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Fig. 26.1: Horizontal distribution of salinity in the Pa-
cific Ocean,
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Atlantic Ocean:

The average salinity of the Atlantic Ocean is 35.67"/. The highest salinity is not
observed at the equator rather it is recorded between 15°-20° latitudes. Salinity
recorded at 5°N, 15°N and 15°S as 34.980/00,360/00 and 37.770/00respectively
indicates increasing trend of salinity from equator towards the tropics of Cancer
and Capricorn. The central zone of the North Atlantic Ocean located between 20°N
and 30°N and 20°W-60"W records maximum salinity (37%) and it gradually
decreases further northward but with varying trends.

The eastern marginal areas of the North Atlantic beyond 40° latitude record
comparatively higher salinity than the western margin (east American coast )
because the Gulf Stream carries saline water from the American coast !o the north-
western European coast. Maximum salinity of 37% in the southern Atlantic is
found in a region demarcated by 12°S-20S latitudes and 40°W-15"W longitudes.
Salinity, thereafter, gradually decreases southward. It is apparent from fig. 26.2
that salinity is higher along the western margin than the eastern margin between
10°-30° in the South Atlantic because of upwelling of water along the African
coast. Comparatively low salinity is found in front of river mouths, St. Lawrence
3 10/00. Amazon 150/00, Congo 340/00 Niger 0/00 Senegal 340/00, Rhine 320/00 etc.

The pattern of spatial distribution of salinity is quite different in the partially
enclosed seas of the Atlantic Oceans. The North Sea in spite of its location in
higher latitudes records 34%o0 salinity due to more saline water brought by the
North Atlantic Drift. Baltic Sea, on the other hand, records low salinity due to
influx of river water. Further northward salinity continues to decrease as it
becomes 7 to 8%/ around Rugen Island. It becomes as low as 2% in the Gulf of
Bothnia due to influx of freshwater.

Salinity of 8 to 11% is recorded to the south of Sweden (around Bornholm in
Baltic Sea). The Mediterranean Sea records high salinity due to evaporation and
little mixture of Atlantic water. Salinity increases from the western part of the
Mediterranean Sea (36.5"y) to the eastern part (39y) but it is remarkably
reduced to 17-18%y, in the Black Sea due to enormous volume of freshwater
brought by the Dneiper, the Danube etc. There is high salinity in the Gulf of
Mexico (36°y) and the Caribbean Sea due to more saline water brought by the
north equatorial current.

Indian Ocean:

The spatial distribution of salinity in the Indian Ocean is more variable and
complex than the Pacific and Atlantic oceans. An average salinity of 35% is found



between 0°-10°N but it gradually decreases northward in the Bay of Bengal
(33.50/00, at 10°N lat to 30, at the mouth of the Ganga) because of influx of
immense volume of freshwater brought by the Ganga river.

On the other hand, the Arabian Sea records higher salinity (36°/y0) than the Bay of
Bengal because there is higher rate of evaporation due to relatively less humid
conditions and low influx of freshwater as compared to the Bay of Bengal. The
western coast of Australia records higher salinity due to dry weather.

The partially enclosed seas have higher salinity e.g. it is 37" at the head and
40%o in the interior of the Persian Gulf. The Red Sea records the highest salinity
(varying between 36% and 41%y in its different parts) because of low
precipitation and very high evaporation.

It may be mentioned that spatial distribution of surface salinity of the oceans and
the seas 1s represented by isohalines which are the lines that join the places of
equal salinity at the sea surface (on the map).

Inland Seas and Lakes:

The amount of salt in the inland seas and lakes is controlled by the rate of
evaporation, temperature, influx of river water and the presence or absence of
outlets. Wherever a river comes out of a lake or inland sea, salinity is reduced
because salt is taken out of the water bodies by the river. The influx of fresh water
brought by the river into the lakes and inland seas also lowers down the salinity.

For example, low salinity of the northern part of Caspian Sea (14%) is because of
addition of enormous volume of water brought by the rivers like Volga, Ural etc.
but it becomes as high as 170% in the southern part i.e. the Gulf of Karabugas.
Very high salinity is found in Great Salt lake”/oo, Utah, USA), Red Sea (240%),
Lake Van (3300/00, Turkey), Dead Sea (23 80/00) etc.

2. Vertical Distribution:

No definite trend of distribution of salinity with depth can be spelt out because
both the trends of increase and decrease of salinity with increasing depths have
been observed. For example, salinity at the southern boundary of the Atlantic is
33%,, at the surface but it increases to 34.5%, at the depth of 200 fathoms (1200
feet).

It further increases to 34.75% at the depth of 600 fathoms. On the other hand,
surface salinity is 37%0 at 20°S latitude but it decreases to 35 at greater depth.



The following characteristics of vertical distribution of salinity may be stated:
1. Salinity increases with increasing depth in high latitudes i.e. there is positive
relationship between the amount of salinity and depth because of denser water
below.

2. The trend of increase of salinity with increasing depths is confined to 200
fathoms from the surface in middle latitudes beyond which it decreases with
increasing depths. Salinity is low at the surface at the equator due to high rainfall
and transfer of water through equatorial currents but higher salinity is noted below
the water surface. It again becomes low at the bottom. More studies and data of
salinity distribution at regular depths in different oceans and seas are required so
that definite characteristic features of vertical distribution of salinity may be
determined.

3. Maximum salinity is found in the upper layer of the oceanic water. Salinity
decreases with increasing depth. Thus, the upper zone of maximum salinity and the
lower zone of minimum salinity is separated by a transition zone which is called as
thermocline zone, on an average above which high salinity is found while low
salinity 1s found below this zone. It may be remembered that this should not be
taken as a general rule because the vertical distribution of salinity is very
complicated.

4. It may be mentioned that the depth zone of oceans between 300m and 1000m is
characterized by varying trends of vertical distribution of temperature (fig. 25.7),
density of seawater (fig. 25.8), and salinity of ocean water (fig. 25.10).
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This zone is characterized by rapid change of seawater density (increase in density
with increasing depth in low latitudes, but constant high density in high latitudes)
and is known as pycnocline, while this zone represents rapid decrease of
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temperature with increasing depth upto 1000m in low latitudes (fig. 25.7), and is
called as thermocline.

On the other hand, this zone, representing rapid change of salinity (decrease in sea
water salinity with increasing depth in low latitudes, and increase in sea water
salinity with increasing depth in high latitudes) is known as halocline (fig. 25.10).
It is apparent from fig. 25.9 that thermocline and pycnocline reveal opposite trends
of vertical distribution of temperature and density of seawater.

Density (g/cm®)
1.028 1.027 1026 1.025
i | i i
Temperature (°C)
0 4 B 12 16 20 24
Mixed (surface) layer

1
[

and

24 | Thermocline
Pycnocline

1000~~~
1500
2000+
25001

3000

Depth (m)

3500

Deep water

4000

4500
5000

Fig. 259 : [lllustration of the close refationship beiween

seawater lemperature and density. Based on
Thurman and Trujillo, 1999.

Significance of Salinity:

The ocean salinity has significant effects on physical property of seawater and
other aspects of the oceans as follows:

1. The freezing and boiling points are greatly affected and controlled by addition or
subtraction of salts in seawater. The saline water freezes slowly in comparison to
fresh water. It is known to all that pure water freezes at the temperature of 0°C
freezing point. If the salinity of seawater becomes 35% then it would freeze at the
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temperature of — 1.91°C. On the other hand, the boiling point of saline water
(seawater) is higher than fresh water.

2. Salinity and density of seawater are positively correlated i.e. the salinity of
seawater increases its density because solutes (here salts) in water have greater
atomic weight than the molecules of fresh water. This is why man is seldom
drowned in the seawater with very high salinity.

3. Evaporation is controlled by salinity of the oceans. In fact, solutes (salts) in
water lowers the rate of evaporation in the oceans. Thus more saline water is less
evaporated than less saline water. It may be mentioned that evaporation also
controls salinity of seawater. More evaporation reduces the volume of seawater
and hence the concentration of salts increases (i.e., seawater salinity increases).

4. Spatial variation in seawater salinity becomes potent factor in the origin of
ocean currents.

5. The ocean salinity affects the marine organisms and plant community.
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