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1. Ocean Relief  

 Ocean relief is largely due to tectonic, volcanic, erosional and depositional processes and their interac-

tions.  

 Ocean relief controls the motion of seawater.  

 The oceanic movement in the form of currents, in turn, causes many variations in both oceans and atmos-

phere.  

 The bottom relief of oceans also influences navigation and fishing. 

Ocean relief features are divided into major and minor relief features: 
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Ocean Relief Features 

1.1 Major Ocean Relief Features 

Four major divisions in the ocean relief are: 

1. the continental shelf,  

2. the continental slope,  

3. the continental rise,  

4. the Deep Sea Plain or the abyssal plain.  

 Continental Shelf  

 Continental Shelf is the gently sloping (gradient of 1° or less) seaward extension of a continental plate.  

 Continental Shelves cover 7.5% of the total area of the oceans. 

 Shallow seas and gulfs are found along the continental shelves. 

 The shelf typically ends at a very steep slope, called the shelf break.  

 Examples of continental shelves: Continental Shelf of South-East Asia (Sunda Plate), Grand Banks around 

Newfoundland, Submerged region between Australia and New Guinea, etc. 
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 Formation 

 The shelf is formed mainly due to  

1. submergence of a part of a continent  

2. relative rise in sea level  

3. Sedimentary deposits brought down by rivers, glaciers 

 There are various types of shelves based on different sediments of terrestrial origin — 

1. glaciated shelf (e.g. Shelf Surrounding Greenland),   

2. coral reef shelf (e.g. Queensland, Australia),  

3. shelf of a large river (e.g. Shelf around Nile Delta),  

4. shelf with dendritic valleys (e.g. shelf at the Mouth of Hudson River)  

5. shelf along young mountain ranges (e.g. Shelves between Hawaiian Islands).  

 Width and depth of continental shelves 

 Continental shelves have an average width of 70-80 km.  

 The shelves are almost absent or very narrow along a convergent boundary. E.g. coasts of Chile.  

 The width of continental shelf of eastern coast of USA varies between 100-300 km.  

 Siberian shelf in the Arctic Ocean is the largest in the world and stretches up to 1,500 km from the coast.  

 Continental shelves may be as shallow as 30 m in some areas while in some areas it is as deep as 600 m.  

 Importance of continental shelves 

 20% of the world production of petroleum and gas comes from shelves.  

 Continental shelves form the richest fishing grounds. E.g. Grand Banks around Newfoundland. 

 

Grand Banks, the richest fishing grounds on earth 
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 Mid-Oceanic Ridges or Submarine Ridges 

 A mid-oceanic ridge is composed of two chains of mountains separated by a large depression (divergent 

boundary). 

 The mountain ranges can have peaks as high as 2,500 m and some even reach above the ocean’s surface.  

 Running for a total length of 75,000 km, these ridges form the largest mountain systems on earth. 

 

Mid Ocean Ridge 

 The ridges are either broad, like a plateau, gently sloping or in the form of steep-sided narrow mountains. 

 Abyssal Hills  

 

Abyssal Hills 

 Seamount: It is a mountain with pointed summits, rising from the seafloor that does not reach the sur-

face of the ocean. Seamounts are volcanic in origin. These can be 3,000-4,500 m tall.  
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 The Emperor seamount, an extension of the Hawaiian Islands in the Pacific Ocean, is a good example.  

 Guyots: The flat-topped mountains (seamounts) are known as guyots.  

 Seamounts and guyots are very common in the Pacific Ocean. 

 Submarine Canyons  

Canyon: a deep gorge, especially one with a river flowing through it. 

Gorge: a steep, narrow valley or ravine. 

Valley: a low area between hills or mountains typically with a river or stream flowing through it.  

 

 

Canyon, George, Valley 

 Submarine canyons are deep valleys often extending from the mouths of the rivers to the abyssal plains. 

 They are formed due to erosion by sediments brought down by rivers that cut across continental shelves, 

slopes and rises. The sediments are deposited on the abyssal plains. 

 Submarine canyons can be far higher in scale compared to those that occur on land. 

 

Submarine Canyon 
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2.3 The Atlantic Ocean 

 The Atlantic is the second largest ocean after the Pacific. 

 It is roughly half the size of the Pacific Ocean. 

 Its shape resembles the letter ‘S’.  

 In terms of trade, it is the most significant of all oceans.  

 Continental Shelf 

 It has prominent continental shelf with varying widths. 

 The length of the continental shelf is maximum in Northern Atlantic coasts.  

 The largest width occurring off north-east America and north-west Europe.  

 

Atlantic Ocean Topography (Exaggerated) showing trenches and spreading sites 
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Indian Ocean Topography (Exaggerated) showing trenches and spreading sites 

 Islands 

 Most of the islands in the Indian Ocean are continental islands and are present in the north and west.  

 These include the Andaman and Nicobar, Sri Lanka, Madagascar and Zanzibar. 

 The Lakshadweep and Maldives are coral islands and Mauritius and the Reunion Islands are of volcanic 

origin. 

 Continental Shelf 

 The ocean's continental shelves are narrow, averaging 200 kilometres (120 mi) in width.  
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Cold and Warm Ocean Currents 

 Pacific Ocean Currents 

 

Pacific Ocean Currents 
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 And the organic material forms the building block for all animals higher up in the food chain.  

 Almost all biomass in the ocean is derived from the phytoplankton and to a lesser extent the benthic al-

gae (found on the bottom of a sea or lake).  

 However, there is a fundamental problem phytoplankton in the open ocean have to face. They need both 

sunlight and nutrients (such as nitrate and phosphate) to be able to photosynthesise.  

 Sunlight is only available in the uppermost layers.  

 During photosynthesis, the nutrients are quickly used up by phytoplankton, so they are not available for 

long periods in the upper layers under normal circumstances.  

This is indeed the case in tropical waters, and as a result, they are very unproductive.  

 To escape this problem the seawater needs to be mixed regularly to bring the nutrient-rich deep waters 

up to the sunlight zone where the phytoplankton can grow.  

 

Phytoplankton production is highest at high latitudes 

This is one of the reasons why cold and warm currents convergence zones (mixing happens; e.g. Grand 

Banks) and upwelling zones (e.g. upwelling near Peruvian coast) are very productive. 

 Furthermore, in surroundings where atmospheric temperatures are often colder than oceanic temperatures, 

the top layers of the ocean are cooled by the atmosphere.  

 This increases the density of the surface waters and causes them to sink and therefore causes mixing (nutri-

ent deficient water sinks, and nutrient-rich water is upwelled).  
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Both of these factors play a role in Icelandic waters, resulting in the very productive ocean environment 

around Iceland. 

 Atlantic Ocean Currents 

 

North Atlantic Ocean Currents 

 Equatorial Atlantic Ocean Currents – warm 

 Under the influence of prevailing trade winds (easterly trade winds), the north equatorial current and 

the south equatorial current start from the eastern Atlantic (west coast of Africa), moving from east to west. 

 This raises the level of western Atlantic (north of the Brazil bulge) ocean by few centimetres.   

 And this creates a counter-equatorial current which flows between the north equatorial current and the 

south equatorial current in west-east direction. 
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South Atlantic Ocean Currents 

 

 Brazil current – warm 

 In the South Atlantic Ocean, the south equatorial current, flowing from east to west, splits into two branch-

es near Cape de Sao Roque (Brazil).  

 The northern branch joins the north equatorial current (a part of it flows in Antilles Current and other into 

Gulf of Mexico), whereas the southern branch turns southward and flows along the South American coast 

as the warm Brazil current.  

 The south-flowing Brazil current swings eastward at about latitude 35°S (due to westerlies) to join the West 

Wind Drift flowing from west to east.  

 A small branch of West Wind Drift splits and flows between Argentinian coast and Falkland Islands, and 

this current is called as Falkland cold current. 

 It mixes with warm Brazil current at the southern tip of Brazil. 
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3.2 Tides 

 The periodical rise and fall of the sea level, once or twice a day, mainly due to the attraction of the sun and 

the moon, is called a tide.  

 The study of tides is very complex, spatially and temporally, as it has great variations in frequency, magni-

tude and height.  

 The moon’s gravitational pull to a great extent and to a lesser extent the sun’s gravitational pull, are 

the major causes for the occurrence of tides.  

 Another factor is centrifugal force which acts opposite to gravitational pull of earth.  

 Tides occur due to a balance between all these forces.  

 Tidal Bulge: Why there are two tidal bulges? 

 

 

Formation of Tidal Bulges 
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High tide and low tide (Wikipedia). Hide tides and low tides are formed due to earth’s rotation relative to moon 

 Ebb and Flood  

 The time between the high tide and low tide, when the water level is falling, is called the ebb.  

 The time between the low tide and high tide, when the tide is rising, is called the flow or flood.  

 

Flood (between low tide and high tide) 

 

Ebb (between high tide and low tide) 

Although tides occur twice a day, their interval is not exactly 12 hours. Instead, they occur at regular in-

tervals of 12 hours and 25 minutes. (This is because of the changing relative positions of the moon and 

the sun) 
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Neap tide (Half Moon – First Quarter and Last Quarter) 

 

Spring tide: high tide is higher than normal; low tide is lower than normal 

Neap tide: high tide is lower than normal; low tide is higher than normal 

 Magnitude of tides based on Perigee and Apogee 

 Once in a month, when the moon’s orbit is closest to the earth (perigee), unusually high and low tides oc-

cur. During this time the tidal range is greater than normal.  

 Two weeks later, when the moon is farthest from earth (apogee), the moon’s gravitational force is limited, 

and the tidal ranges are less than their average heights.  
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Perigee and Apogee 

 Magnitude of tides based on Perihelion and Aphelion 

 When the earth is closest to the sun (perihelion), around 3rd January each year, tidal ranges are also 

much greater, with unusually high and unusually low tides.  

 When the earth is farthest from the sun (aphelion), around 4th July each year, tidal ranges are much less 

than average.  

 Importance of Tides  

 Since tides are caused by the earth-moon-sun positions which are known accurately, the tides can be pre-

dicted well in advance. This helps the navigators and fishermen plan their activities.  

 Navigation 

 Tidal heights are very important, especially harbours near rivers and within estuaries having shallow ‘bars’ 

at the entrance, which prevent ships and boats from entering into the harbour.  
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 High tides help in navigation. They raise the water level close to the shores. This helps the ships to arrive at 

the harbour more easily.  

 Tides generally help in making some of the rivers navigable for ocean-going vessels. Port of London and 

Haldia Port, Kolkata (tidal ports) have become important ports owing to the tidal nature of the mouths 

of the Thames and Hooghly respectively. 

 Fishing 

 The high tides also help in fishing. Many more fish come closer to the shore during the high tide. This ena-

bles fishermen to get a plentiful catch. 

 Desilting 

 Tides are also helpful in desilting the sediments and in removing polluted water from river estuaries.  

 Other 

 Tides are used to generate electrical power (in Canada, France, Russia, and China).  

 A 3 MW tidal power project was constructed at Durgaduani in Sundarbans of West Bengal.  

 Characteristics of Tides 

 On the surface of the earth, the horizontal tide-generating forces are more important than the vertical 

forces in generating the tidal bulges. 

 The tidal bulges on wide continental shelves have greater height. When tidal bulges hit the mid-

oceanic islands, they become low.  

 The shape of bays and estuaries along a coastline can also magnify the intensity of tides.  

 



 

                                      

                                                                                                                  
 

BY KULDEEP RATHI  49 

 

Landform affected by tides 

 When the tide is channelled between islands or into bays and estuaries, they are called tidal currents (tidal 

bore is one such tidal current). 

 Funnel-shaped bays greatly change tidal magnitudes. Example: Bay of Fundy –– Highest tidal range. 

 The highest tides occur in the Bay of Fundy in Nova Scotia, Canada. The tidal bulge is 15-16 m.  

 

Bay of Fundy in Nova Scotia, Canada 

 Tidal bore 

 Tides also occur in gulfs. The gulfs with wide fronts and narrow rears experience higher tides.  

 The in and out movement of water into a gulf through a channel is called a tidal current.  

 

Tidal bore 

 When a tide enters the narrow and shallow estuary of a river, the front of the tidal wave appears to be ver-

tical owing to the piling up of water of the river against the tidal wave and the friction of the river bed.  
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Thermohaline Circulation (Wikipedia) 

4.4 Horizontal Temperature Distribution 

 The average temperature of surface water of the oceans is about 27°C, and it gradually decreases from the 

equator towards the poles.  

 The rate of decrease of temperature with increasing latitude is generally 0.5°C per latitude.  

 

Ocean Temperature Distribution 
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4.5 General behaviour 

 In the Arctic and Antarctic circles, the surface water temperatures are close to 0° C and so the temperature 

change with the depth is very slight (ice is a very bad conductor of heat).  

 Here, only one layer of cold water exists, which extends from surface to deep ocean floor.  

The rate of decrease of temperature with depths is greater at the equator than at the poles. 

 The surface temperature and its downward decrease is influenced by the upwelling of bottom water (e.g. 

near Peruvian coast during normal years).  

 In cold Arctic and Antarctic regions, sinking of cold water and its movement towards lower latitudes is 

observed. 

 In equatorial regions the surface, water sometimes exhibits lower temperature and salinity due to high 

rainfall, whereas the layers below it has higher temperatures. 

 The enclosed seas in both the lower and higher latitudes record higher temperatures at the bottom. 

 The enclosed seas of low latitudes like the Sargasso Sea, the Red Sea and the Mediterranean Sea have 

high bottom temperatures due to high insolation throughout the year and lesser mixing.  

 In the case of the high latitude enclosed seas, the bottom layers of water are warmer as water of 

slightly higher salinity and temperature moves from outer ocean as a sub-surface current.  

 The presence of submarine barriers may lead to different temperature conditions on the two sides of the 

barrier.  

 For example, at the Strait of Bab-el-Mandeb, the submarine barrier (sill) has a height of about 366 m.  

 The subsurface water in the strait is at high temperature compared to water at same level in Indian ocean. 

The temperature difference is greater than nearly 20° C. 

4.6 Range of Ocean Temperature  

 The oceans and seas get heated and cooled slower than the land surfaces.  

 Therefore, ocean surface temperature is highest at 2 p.m. and the lowest, at 5 a.m. 

 The average diurnal or daily range of temperature is barely 1 degree in oceans and seas.  
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 Dead Sea (238 ppt) 

 Great Salt Lake, Utah (220 ppt)  

 Cold and warm water mixing zones 

 Salinity decreases from 35 to 31 on the western parts of the northern hemisphere because of the influx of 

melted water from the Arctic region.  

5.3 Vertical Distribution of Salinity  

 With depth, the salinity also varies, but this variation again is subject to latitudinal difference.  

 The decrease is also influenced by cold and warm currents.  

 In high latitudes, salinity increases with depth. In the middle latitudes, it increases up to 35 metres and then 

it decreases. At the equator, sub-surface salinity is lower. 

 Salinity, generally, increases with depth and there is a distinct zone called the halocline (compare this with 

thermocline), where salinity increases sharply.  

 High salinity seawater general, sinks below the lower salinity water. This leads to stratification by salinity. 

 Questions 

1. Salinity is expressed as the amount of salt in grams dissolved in seawater per (a) 10 gm (b) 1,000 gm (c) 100 

gm (d) 10,000 gm 

2. Which one of the following is the smallest ocean? (a) Indian Ocean (b) Arctic Ocean (c) Atlantic Ocean (d) 

Pacific Ocean 

Answers: 1. B) 1000 gm 2. B) Arctic 

6. Coral Reefs 

 Coral reefs are made up of calcareous skeletons of thousands of tiny marine organisms called coral polyps  

 Polyps are related to anemones and jellyfish. 

 They are shallow warm water organisms which have a soft body covered by a calcareous skeleton.  

 The polyps extract calcium salts from seawater to form these hard skeletons. 
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 The polyps live in colonies fastened to the rocky seafloor.  

 The tubular skeletons grow as a cemented calcareous rocky mass, collectively called corals. 

 When the coral polyps die, they shed their skeleton (coral) on which new polyps grow.  

 The cycle is repeated for over millions of years leading to accumulation of layers of corals. 

 Shallow rock layers created by the depositions of corals is called a coral reef.  

 Coral reefs over a period of time transform or evolve into coral islands (e.g. Lakshadweep). 

 The corals occur in different forms and colours, depending upon the nature of salts they are made of.  

 Small marine plants (algae) also deposit calcium carbonate contributing to coral growth. 

6.1 Coral Reef Relief Features 

 Fringing reef, barrier reef and atoll (coral islands are formed on atolls) are the most important relief 

features. 

  

Coral Reef Relief Features 

 Fringing Reefs (Shore Reefs) 

 Fringing reefs are reefs that grow directly from a shore.  

 They are very narrow (1-2 km wide) and are located very close to the land. 

 A shallow lagoon exists between the beach and the main body of the reef. 

A lagoon refers to a comparatively wide band of water that lies between the shore and the main area of reef de-

velopment and contains at least some deep portions. 

 Fringing reef grows from the deep sea bottom with the seaward side sloping steeply into the deep sea.  

 Coral polyps do not extend outwards because of sudden and large increase in depth. 
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 The fringing reef is by far the most common of the three major types of coral reefs.  

 Fringing reefs can be seen at the New Hebrides Society islands off Australia and off the southern coast of 

Florida. 

 

Fringing Reef 

 Barrier Reefs 

 Barrier reefs are extensive linear reefs that run parallel to the shore and are separated from it by a lagoon. 

 This is the largest (in size, not distribution) of the three reefs, runs for hundreds of kilometres and is sev-

eral kilometres wide.  

 It extends as a broken, irregular ring around the coast or an island, running almost parallel to it.  

 Barrier reefs are far less common than fringing reefs or atolls. 

 The 1200-mile long Great Barrier Reef off the NE coast of Australia is the world's largest barrier reef.  

 The GBR is not a single reef, but rather a very large complex consisting of many reefs. 

 

Barrier Reef 
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 Many invertebrates, vertebrates, and plants live in close association with corals, with tight resource cou-

pling and recycling, allowing coral reefs to have extremely high productivity and biodiversity, such that 

they are referred to as the Tropical Rainforests of the Oceans. 

 Scleractinian corals build skeletons of calcium carbonate sequestered from the water.  

 Scleractinian corals come under Phylum Cnidaria, and they receive their nutrient and energy resources in 

two ways. 

1. They use the traditional cnidarian strategy of capturing tiny planktonic organisms with their tentacles. 

2. Having a symbiotic relationship with a single cell alga known as zooxanthellae.  

 Zooxanthellae are autotrophic (prepare their own food) microalgae belonging to various taxa in the 

Phylum Dinoflagellata.  

Coral  Phylum Cnidaria 

Zooxanthellae  Phylum Dinoflagellata 

 Symbiotic Relationship Between Corals and Zooxanthellae 

 Zooxanthellae live symbiotically within the coral polyp tissues and assist the coral in nutrient production 

through its photosynthetic activities.  

 These activities provide the coral with fixed carbon compounds for energy, enhance calcification, and 

mediate elemental nutrient flux.  

 The host coral polyp in return provides zooxanthellae with a protected environment to live within, and a 

steady supply of carbon dioxide for its photosynthetic processes.  

 The symbiotic relationship allows the slow-growing corals to compete with the faster growing multicellular 

algae.  

 The corals feed by day through photosynthesis and by night through predation.   

The tissues of corals themselves are actually not the beautiful colours of the coral reef but are instead 

clear. The corals receive their colouration from the zooxanthellae living within their tissues.  

6.5 Coral Bleaching or Coral Reef Bleaching  
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Coral Bleaching 

 Disturbances affecting coral reefs include anthropogenic and natural events.  

 Recent accelerated coral reef decline is related mostly to anthropogenic impacts (overexploitation, over-

fishing, increased sedimentation and nutrient overloading).  

 Natural disturbances which cause damage to coral reefs include violent storms, flooding, high and low-

temperature extremes, El Nino Southern Oscillation (ENSO) events, subaerial exposures, predatory 

outbreaks and epizootics.  

 Coral reef bleaching is a common stress response of corals to many of the various disturbances mentioned 

above.  

 Bleaching occurs when  
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1. the densities of zooxanthellae decline and/or  

2. the concentration of photosynthetic pigments within the zooxanthellae fall. (it is no more useful 

for the coral and the coral will bleach it) 

 

Coral Bleaching 

 When corals bleach, they commonly lose 60-90% of their zooxanthellae and each zooxanthellae may 

lose 50-80% of its photosynthetic pigments.  

 If the stress-causing bleaching is not too severe and if it decreases in time, the affected corals usually re-

gain their symbiotic algae within several weeks or a few months.  

 If zooxanthellae loss is prolonged, i.e. if the stress continues and depleted zooxanthellae populations do 

not recover, the coral host eventually dies. 

 Ecological Causes of Coral Bleaching  

 Temperature  

 Coral species live within a relatively narrow temperature margin, and anomalously low, and high sea 

temperatures can induce coral bleaching.  

 Bleaching events occur during sudden temperature drops accompanying intense upwelling episodes (El-

Nino), seasonal cold-air outbreaks.  

 While the rising temperatures have increased the frequency and intensity of bleaching, acidification has 

reduced corals calcifying ability. 

 Small temperature increases over many weeks or large increase (3-4 °C) over a few days will result in coral 

dysfunction.  
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Locations of known polymetallic nodules. From World Ocean Review 3, (2014) (Source) 

 Marine gas hydrate deposits 

 Gas hydrate is an icy crystalline compound located at great ocean depths and in shallow polar waters. 

 It is composed of gas molecules, normally methane, encaged within water molecules.  

 At great ocean depths due to cold temperatures and high ocean pressure gas hydrate remain solid. 

 The source of the dissolved gas is from the breakdown of organic matter trapped within marine sediment.  

 Hence, gas hydrate deposits are likely to occur everywhere the seafloor exceeds 500 m (or 300 m in high 

latitudes), and where there is a source of unoxidsed organic carbon in marine sediments.  
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Gas Hydrate deposits (Source) 

 On dissociation at standard atmospheric pressure, gas hydrate yields approximately 164 times its own vol-

ume of methane gas. 

 Gas hydrates are estimated to hold many times more methane than presently exists in the atmosphere 

and up to twice the amount of energy of all fossil carbon-based fuels combined.  

 Gas hydrates are known from the Atlantic and Pacific margins of both North and South America, especially 

at equatorial latitudes.  

 

Global gas hydrate deposits 
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 Challenges in economic exploitation of gas hydrate deposits 

 Harnessing methane from gas hydrates is extremely challenging as they are stored deep in the ocean.  

 Methane hydrates break at higher temperatures and lower pressures, presenting a challenge in the mining. 

 Methane is a greenhouse gas that traps heat twenty times more proficiently than carbon dioxide 

 Gas hydrate reservoirs are extremely sensitive to climate change.  

 They can catastrophically accentuate global warming by releasing methane.  

 Gas hydrates break into smaller pieces and float upwards.  

 Once they hit warmer waters and lower pressures, they break down into methane gas.  

 The driving force behind the release of methane gas is the warming of oceans worldwide. 

 Mining could unlock excess methane into atmosphere. 

 Natural gas hydrate in North Indian Ocean 

 2016: ONGC discovered large, highly enriched accumulations of natural gas hydrate in the Bay of Bengal. 

 ONGC plans to start pilot production from its discovery from 2017. 

 

Accumulations of natural gas hydrate in North Indian Ocean 
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Source 

 Marine Polymetallic sulphides 

 Deep seabed Poly-Metallic Sulphides (PMS) containing iron, copper, zinc, silver, gold, platinum in varia-

ble constitutions. 

 They are formed due to the precipitation of hot fluids from upwelling hot magma discharged along the 

mid-ocean ridges.  

 Considerable interest has been sparked by the discovery of polymetallic sulphides in Western Indian 

Ocean.  

 India has received a 15 years contract from International Seabed Authority (ISA) for exploration of PMS in 

the area of 10,000 sq km in parts of Central and South - West Indian Ridges (SWIR).  

 In the SWIR, PMS found near the Galapagos rift system contain 48 per cent sulphur, 43 per cent iron, 11 per 

cent copper and smaller quantities of zinc, tin, molybdenum, lead and silver.  

 Marine evaporite deposits 

 Marine evaporites, formed by evaporation of sea water in geologic basins comprise mainly anhydrite and 

gypsum (calcium sulphates), sodium and magnesium salts and potash-bearing minerals.  

 Rock salt cause upward protrusion forming salt domes, plugs, and other diapiric structures (salt domes ex-

plained in Volcanism).  

 They can form structures in the sedimentary strata that are favourable for the accumulation of hydrocar-

bons. 


