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Summary

Areas, depths, geomorphological and geological features of ocean, classification of seas,
bays, straits, different coastal zones and estuaries are described. Basic characteristics of
Ocean water (seawater), water masses and currents are given. Main course and features
of marine pollution and environment protection measures are discussed. History,
problems and ways of the marine science are considered in the article.

1. Introduction

The World Ocean is the body of water with a continuous water surface, occupying the
largest depressive geomorphologic feature of the Earth. It surrounds the continents and
islands and has a composition dominated by common salt. The total area of the World
Ocean is 361.26 million km?; this is about 70.8% of the Earth’s surface (61% of the
surface in the northern hemisphere, and 81% in the southern hemisphere). The average
depth is 3711 m, and the maximum depth is 11 022 m in the Mariana Trench in the
Pacific Ocean. The total volume is around 1340.7 million km?®. The World Ocean is
considered as an open dynamic system, which exchanges matter and energy with the
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contiguous natural spheres of the Earth. This exchange has the form of global cycles, in
which the heat, moisture, salts, gases and other materials that construct the “body” of
oceans and continents take part. During the whole Earth’s history these processes were
self regulated and aimed at natural stability. Humanity now threatens to destroy this
stability by industrial and other activities leading to negative consequences for nature.

The World Ocean plays a vital role in the global hydrological cycle and actively
interacts with the atmosphere in a way that is very important for the Earth’s
environment. Persistent wind systems transport huge air masses across the oceans and in
and out of the land areas. More or less stable currents carry their temperature
characteristics to far-distant parts of the oceans, affecting the climatic conditions in
bordering lands. The annual inland evaporation of about 66 000 km?® occurring in dry air
masses is transported as water vapor out to sea and is precipitated. Of the 502 500
km®of water evaporated yearly from the ocean, a considerable portion is carried by
maritime air masses to the land, where total precipitation amounts to about 110 000 km?
annually. To compensate for the excess of precipitation over land evaporation, 42 600
km?® of water returns to the sea by runoff. In addition to this large-scale phenomenon,
there are numerous interactions between the oceans and land; these affect synoptic
meteorology and cause salt-water intrusion problems. The Ocean has vast energetic
(tidal energy), mineral (chemical substances dissolved in the water, mineral resources)
and biological (fish, mollusks, crustaceous, algae) resources. It supports life forms even
at maximum depths (11 km), not only in the euphotic layer.

2. Oceans

The World Ocean is divided into oceans, seas, bays and straits (see Figure 1).
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Figure 1. Major basins of the World Ocean. Source: Philip’s Atlas of the World.
Introduction to World Geography. (1997). George Philip Limited, UK (modified).
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Oceans are the major parts of the World Ocean, which have independent basins, being
semi-isolated by surrounding continents, and having:

e independent systems of atmospheric circulation which determine the variety of
climatic conditions over the surface,

e independent systems of surface and deep currents and therefore independent
horizontal and vertical systems of distribution of hydrological, hydrochemical
and biological features.

There are essentially four oceans: Pacific, Atlantic, Indian and Arctic. Their areas are
49.9%, 25.7%, 20.5% and 3.9% accordingly (see Table 1). The term “Southern Ocean”
IS c;ften used, but this area has no independent abyssal basin (its area is 86 millions
km®).

Ocean Square, | % from the Depth, m Location of the
(with seas) million | World maximum depth
km? Ocean area
Average | Maximum
Pacific 179,7 49,9 3976 11022 Mariana Trench
Atlantic 92,4 25,7 3597 9222 Puerto Rico
(Milwaukee) Deep
Indian 73,9 20,5 3711 7450 Java Trench
Arctic 14,1 3,9 1225 5608 Molloy Deep
(Greenland Sea)
World 361,3 100,0 3711 11022 Mariana Trench

Table 1. Basic data on the oceans Source: Philip’s Atlas of the World. (1997). Source
for average depth: Fundamental Soviet Encyclopedia (1979). Moscow, BSE.

Among the main geomorphological and geological features of oceans, we can
distinguish:

underwater edges of continents,

transitional zones from oceans to continents, in particular the systems of islands,
ocean basins which include the abyssal plains (bottom) of oceans,

mid-oceanic ridge zones, and

submarine mountains (see Figure 2).

Underwater edges of continents combine the three relief elements: 1) continental shelf,
2) continental slope and 3) continental rise. The common feature for these three parts is
similarity in continental composition, composed of three layers: sedimentary, granite
and basaltic layers.

Continental shelf: part of the continental margin with a flooded gentle slope (slope less
than 1:1000) and having a common geological structure with the continent, located
between the coastline and the line where the slope sharply increases. The width can vary
from a few kilometers to 500 km. As a rule, the continental shelf boundary is situated at
a depth of 100 to 200 m. The shelf of the Arctic Ocean is the widest (up to 400 km) and
the shelf around Antarctica is the deepest (to 350 m).
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Zones of slippage  «— Continental drift direction
Figure 2. Distribution of rifts (Mid-Ocean Ridges), trenches and slippage

Continental slope: the underwater edge of a continent located between the shelf and the
ocean basin, dropping from 100-200 m to 1500-3500 m with steep slopes (more than 4°,
and in some places from 35° to 90°. and abrupt relief (breaks, canyons). Transport of
sediments as mud-floods are characteristic of this relief form.

Continental rise: the plain adjacent to the lower part of the continental slope and
inclined to the ocean bottom. A gently sloping zone (up to 10-12°) to a depth of 2000-
3600 m adjacent to the (steeper) continental slope. The continental rise is formed by a
thick layer of sediment, accumulated at the base of the continental slope as a result of
sediment transport from the continental shelf and continental slope (Schukin, 1974).

Abyssal plain: a wide accumulative plain area with average depth of 4-6 km. A peculiar
feature of ocean basin topography is the system of Mid-Ocean ridges or rifts, which
stretch for a total of more than 60 000 kilometers along the middle of the bottom of the
Atlantic, Pacific, Arctic and Indian Oceans. This is a great cordillera-type mountain
system, 1-3 kilometers high over the ocean bottom, delimited by steep slopes. The
spreading process is coincident with the mid-ocean ridges. The presence of rift valleys
25-50 km wide along the ridge axis, and perpendicular transform faults are typical for
mid-ocean ridges. The average depth of the rift zone is about 3.0 km.

2.1. Characteristics of Ocean Water (Seawater)

Seawater is generally composed of water, solids, and gases. The physical properties of
seawater are different from those of fresh (river) waters not only with regard to
concentration of salt but also as regards temperature and pressure. The solids include
suspended particles of inorganic matter, living organisms, and organic detritus, in
addition to salts. The ratio of total solids to total sample of seawater is known as the
salinity. The ratio of the halide ions (C1°, Br’, and I measured by chemical titration) to
total sample of seawater is approximately what is known as the chlorinity. Both salinity
and chlorinity are expressed in parts per thousands or per mille, denoted by promille
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(%0). More then 99.9% of the salinity of ocean water is due to eight ions, the two most
important of which (Na® and CI) are the constituencies of common salt. The
proportions of the salts, as percentages by weight, are shown in Figure 3.

Sulfate 7.72%
Magnesium 3.68%
Caleium 1.17%
Potassium 1.1%
Bicarbonate 0.4%
Bromine 0.19%

All other ions 0.05%

Chilaride 55.07%
Sodium 30.62%

Figure 3. Principal ions in seawater.
Source: Skinner B.J., & S.C. Porter, (1994). The Blue Planet. An Introduction to Earth System Science.
John Wiley &Sons, Inc. USA.

In some parts of the World Ocean, waters may significantly differ in quantitative salt
composition. The total solids in typical seawater are almost completely ionized. The
most important factors effecting salinity are (1) evaporation, (2) precipitation, (3) inflow
of fresh water, and (4) freezing and melting of sea ice. Average salinity of seawater is
about 34.75%o. The salinity of the seawater normally ranges between 33 and 37%. and is
related to latitude (see Figure 4). High salinity values occur in tropical and subtropical
waters where evaporation exceeds precipitation. The highest salinity levels occur in
enclosed seas such as the Arabian Gulf, and the Red Sea.. Salinity values generally
decrease both north and south of the equator, but low values are also found off the
mouths of large rivers.

Seawater density and some other physical properties depend almost entirely on
temperature, salinity, and pressure. Average density of the World Ocean waters is1045
ton/m>. The maximum density of seawater is reached at a temperature of 4 °C, high
salinity and high pressure. When water in a certain region of the sea possesses a definite
temperature and salinity for a wide variety of conditions, it forms a continuous water
mass. Water that is less saline or cooler is more compressible.
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Figure 4. Average surface salinity of the World Ocean.
Source: Skinner B.J., & S.C. Porter, (1994). The Blue Planet. An Introduction to Earth System Science.
John Wiley &Sons, Inc., USA.

The vapor pressure over ocean water is somewhat lower than that over fresh water,
depending on salinity. Because of the salinity, the freezing point of seawater is lower
than that of fresh water. Since, on average, the specific heat of ocean water is much
higher than that of fresh water, the temperature variation in seawater is much lower than
that of the fresh water. The temperature in the open ocean varies between about 32 °C
and the freezing point, -2 °C.

Two types of ice can be formed in the oceans: frozen seawater, and icebergs, which are
broken-off pieces of glaciers. The average annual temperature of the surface waters in
the World Ocean is 17.5 °C; the highest average temperatures are found at the equator
(up to 28 °C), while moving to the poles it drops down to -1.9 °C). Seasonal
temperature fluctuations occur to a depth of 100 to 150 meters. More than half the ocean
surface is warmer than 20 °C (see (Figure 5). About 93% of the ocean volume is colder
than 10 °C and 76% is colder than 4 °C.

The horizontal variation of the surface temperature of seawater depends on many
factors: solar radiation, wind action, ocean currents, evaporation, precipitation, and river
inflow. The vertical variation in temperature allows us to recognize several consistent
layers.

The near-surface layer temperature is close to that of the lower layer of the atmosphere,
and it decreases gradually with increase in depth. This layer is followed by a
thermocline layer, which is characterized by rapidly decreasing temperature with depth.
Below the thermocline is a deep-water layer in which temperature gradually decreases
again with depth and until it reaches constant low temperature of the bottom-water
layer.

©Encyclopedia of Life Support Systems (EOLSS)



TYPES AND PROPERTIES OF WATER - Vol. | - Properties of Oceans, Inland Seas, Coastal Zones and Estuaries — N.N. Mitina

L >

Figure 5. Average surface temperature of the World Ocean: A) in February, and B) in
August.

In the bottom layer the temperature is 1.4 to 1.8 °C, while in the polar regions it is
lower, at 0 °C). The thermocline layer has a mean thickness of 200 meters. It can be
permanent and can extend to more than one kilometer deep. It may also be shallow and
vary with the seasons, thus becoming known as a seasonal thermocline. At great depth
the temperature distribution is determined by deep circulation, which imports water
from the surface. Water circulation in the layer down to 150-200 meters is determined
mostly by the winds prevailing over the Ocean; beneath this layer circulation is mainly
attributable to variations in density in the water layers.
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