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Foreword

This book with its compamon volume Geography Human and Regional
forms a basic course for O level and stmilar examimations It 15 also for readers
who want to study the subject 11 whole orin part for their own interest

Those who have an exammnation 1 view however need to make the best
of available ime especially if they are working independently Here are some
guidelines which may help

First of all make yourself thoroughly famuhar with the syllabus Most
teachers will explan 1t to students but you can get your own copy by wniting
direct to the secretary of your appropnate examimng board In this book we
deal wath topics which are common to most syllabuses buf you may find you
have certain opuions which have not been covered There are however hists of
Further Reading throughout the books and these will give you gmdance on
appropnate supplementary matenal

When studying your syllabus take a careful note of 1ts orgamzation and
length Choose your topics 1f a choice 1s offered Go through your syllabus
comparnng 1t with the Lists of Contents in this book and its companton
volume Make notes of the Umts and Sections relevant to your study If a
topic1s not Iisted refer to the Further Reading sections and locate the appro
priate book

1t will also be of great help to your study if you obtawn some of the former
papers set by your exarmming board The board itself wall be able to supply
them

The O level course usually takes one or two years depending on the num
ber of subjects studied You should plan your work carefully so that you have
covered all the syllabus matenal a month or two before the examination This
will give you time for a complete revision of everything thus building your
confid: and fi your und ding of what you have learned

The next stage 1s tackling the work itself Try to do this in complete privacy
and quietness so that you achieve maximum concentration Read a Unit of
study through from beginning 1o end slowly and carefully Then try to recall
its shape orargument Ask yoursell what were its chief points” What were the
Sections 1ato which 1t was divided” If you cant remember read the Unit
agun.

Now you are ready to study the Umit m depth taking one numbered
Section at a uime Look up all unfamilar words or place names—in the
Glossary provided a dictionary or an atlas (It 1s absolutely essential for you
to have a good atlas 1t will be your constant compamon throughout the
course )

As you study each Section take notes making a brief summary of the mamn
points The purpose of note taking 1s to help you to understand and remember
the essence of what you have learned You will develop your own system of
note taking but avoid merely copying the textbook verbatm It 1s your own
tdeas and wunderstanding of what you have read that counts The purpose
of these notes 15 that you keep gong back to them from time to time
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refreshing your mental image of the topic and reinforcing your memory and
understanding.

When you think you have a good grasp of the Unit, test yourself by answer-
ing the questions given at the end. These are typical of the kind of examina-
tion questions you will eventually meet. When you are ready, you should also
try to answer questions from the past papers of your board.

Normally you progress from one Unit of study to another when the first has
been thoroughly assimilated, but 1f you have worked at a topic untl it has
become stale, it 1s an excellent sdea to move on to something else for a change.
You will eventually come back to the first topic new and refreshed.

As you progress in your course you should try to answer questions under
conditions as close as practicable to those of the examination. Here, the fime
element becomes tmportant. If, from your board’s past papers, you sec that
five questions have to be answered 1n two hours, you should allow yourself
about twenty minutes for each question, Spend a few minutes thinking about
it and jotting down, on a spare picce of paper, a plan for the answer, List the
main points or facts, get them mto logical order, then begin to write. This
preliminary organization will help you to make a clear, tidy presentation of
your answer—avoiding crossings-out or afterthoughts—and this will go very
much in your favour, Leave two or three minutes at the end for reading
through again and correcting any obvious errors

Give the same amount of time to cach question. Don’t be tempted
(especially in the actual examination) to write at length on one subject if it
means over-running your time and sacrificing something else. All questions
count cqually and valuable points will be lost if you leave any unanswered.

Where a question calls for a sketch map or dsagram, remember that more
mformation can be conveyed clearly i this way than in any number of words
Your illustrations should be as concise and accurate as possible, but should
give only the information asked for, don’t waste time putting in irrelevant
details. In a sketch map there 1s no need to try and reproduce the ntricacies
of, say, a coastline. Your coastline can be simplified and rounded, but the map
should be drawn quickly and be recogmzable As you work through the
course, practise drawmg maps of the countries you are studying so that you
can easily reproduce them for the examination. In fact the best help you can
give yourself, all along the way, 1s to shape your wrnitten and illustrated work
towards examnation requirements.

The study of geography does not end in the examination room. This is only
a prelude to the appreciatton and enjoyment of geography for its own sake
But at this stage you will be cquipped with a knowledge and technique that
will enable you to widen your studies, recogmzing the relevance of geography,
with its many facets, to everyday life and the world about you.

N.P. and P.G.



New Directions in Geography

The study of geography s n the throes of changes as ndeed are all fields of
learning 1f they are to continue to have relevance to changing economtc and
social condiions Geography was shaped at first by the need to know the
whereabouts of places and the physical conditrons in a world which was bemng
opened up by explorers and conquered by impertalists The geography of the
nineteenth century was therefore simple and descriptive pupils were expected
10 learn by rote Iists of places and products This may have provided a body of
useful knowledge but it had no great educational value

Eatly in the twentieth century a newer type of geography began to dominate
the field This took the form of cataloguing and classifying geographical phen
omena and explaiming their distnbution Its methods were twofold

In the first place 1t was interested n patterns of distribution It studied the
geographical pattern of the cultivation of cora or cotton of chmatic types

and soils of 1 f and transport These were

represented on maps and the maps were compared or correlated [ndeed
geography was at this time descnbed as the science of correlations One
pattern of distribution was explained in terms of another crops in terms of
climate and soil manufacturing in terms of natural resources and transport
facilities 1t 18 easy to see now that explanation along these lines alone was
always madequate there were many factors other than physical considera
tions which determned the distribution of human activities

In the second place this geography was concerned with regions A region
was conceived as an area which was homogeneous or uniform 1n some smport
ant respect Geographers contrasted highland regions with lowland scarp
lands with clay vales alluwial plamns with plateaux The land surface of Great
Britain—as of every other country—was chopped up mto regions each
delimited 1n terms of relief or landforms But this was not the only criterion
used There were chmatic vegetation and soil regrons There were industnal
and agricultural regtons The earth was dissected and every part ticketed and
classified There were of course problems in definmg regions because there
are no sharp divides m nature and 1t was rare that geographers agreed on
regional boundarnes or indeed on the classificatton of regions Nesertheless
the region proved to be a convement framework hoth for the desenpuon of
geographical phenomena and for their correlation and explanation

This was the geography which held the field for the first half of the present
century It still prevarls 1n the curncula of schools and the syllabuses of the
Schools Examination Boards It 1s the geography which underhies this book
which has been written to guide students through part of the O level and
similar examunations

Since the 1950s however this tradiional geography has been under attack
from those who feel 1t 15 too descriptive givng no scope for amalysis and
providing no training to the student in solving the problems of the modern
age There has ansen what may for convenience be called the new geography

The new 1s like the trad; 1 d with spatial relations
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but 1t sees distributional patterns as continually changing. It seeks to 1solate
and evaluate the factors making for change, and in doing this 1t 18 prepared to
use a battery of statistical tools. The region, focus of the older geography, is
dispensed with 1n favour of the service area of a town, or the area from which
commuters are drawn to a particular city, or the area served by a particular
shopping centre or store. There are thousands of such areal units, and no
geographer could possibly study, or even become acquainted with them all.
The most he can be expected to do 1s to determine in general terms how people
behave, trying to establish the principles which govern human behaviour in 1ts
geographical context In other words, he can formulate a model of commut-
ing, or shopping, or of any other normal type of human behaviour.

Models are merely generahzations Sometimes they can be expressed
mathematical terms, But always they require to be tested against the real
world. If a specific example fails to conform with the model, the geographer
looks for the reason Is the model in some respect inadequate? Is there some
strongly distorting factor in this particular example? In this way the geo-
grapher, like any other social scientist, must refine his hypotheses in the light
of new case studies. Geographical models can be constructed 1n any field
of human activity from the distribution of market functions to the location of
manufacturing or any other form of economic activity. In the final analysis
location results from a human deciston to locate some activity 1n a given place.
How well-informed were the deciston-makers, and how rational their judg-
ment? Or was there an element of randomness 1n their choice? It 1s not difficult
to show that the distribution of much economic activity, once explamed so
conclusively and so naively, 1s 1n fact a great deal less than rational

Already we see modern geography taking shape as a problem-oriented
study, capable of providing meaningful answers to countless questions which
arise n everyday life For mstance, 1t 1s of greater importance to a large
number of people to understand the factors influencing commuting distance
from London than for them to know the boundaries of the L.ondon basin

This, however, 1s the geography of the future It has been accepted n the
unrversities; it 1s entering into the A-level syllabuses But at O-level 1t is still
only a cloud, no bigger than a man’s hand. In this way, too, the new geo-
graphy appears 1n this book, a hint of 1t here and there, but always tempered
by the needs of the current curricula and examiation syllabuses.

N.P and P G.
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Unit One
Planetary Geography

Geography 1s the study of the earth s physical features and their effect on
mans life and work In this book we shall be studying the earth s physical
geography—its rehief 1ts rocks and soils and its chmate and vegetation In the
companon volume Success in Geograpl  Human and Regional (H & R), we
are more concerned with man s activities such as his patterns of agniculture
industry, settlement and communtcations

We cannot understand the earth properly however until we have some
knowledge of its place in the solar system, so 1n this Umt we discuss some
simple features of planetary geography

11 Movement and Shape of the Earth

The solar system consists of mne planets which all orbit (revolve) around the
sun It takes about 365} days for our planet earth to complete its orbit
Planets nearer to the sun make the circutt more quickly and those further
away take longer as Table ! 1 shows

Table 11 Planets of the solar system

Average distance

Diameter from the sun

Planet (thousand km)  mullion km) Osbit ime
Mercury 48 579 88

Venus 120 108 225 earth
Earth 127 150 365 days
Mars 67 28 687

Jupiter 1424 779 12

Satum 190 1326 295
Uranus 66 2864 gq  cunth
Neptune 480 4505 165 T
Pluto 59 5792 248

The earth s orbit 15 actually elliptical at 1ts nearest point the earth 1s 146
mullion km from the sun at its most distant 151 mutkon km

The earth also rotates on its own axis at the same tume as 1t 1 orbiting
around the sun The earth takes a day of 24 hours to complete one rotation
on its axis, spinning from west to east The axis about which the earth turns
however, does not stand verucally, but slopes at an angle of 234° from the
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vertical. This fact is of immense 1mportance for life on earth, because there
would be no vanations in the seasons without 1t, as we shall see in Section 1.3.
The rotation of the earth on its axis 1s what makes the sun appear to rise and
set each day. We can visualize the sun as a stationary body, with the earth
rotating from the west to the east as 1t orbits, the sun thus seems to rise i the
east and set 1n the west, as Fig 1.1 shows.

() {b) {c)

Sun'’s rays Sun's rays Sun’s rays

| Py SR,

’

m
o
&
2 2
o
=2
>
=
®
a

<
(

\__/
% Darkness on side of earth away from sun’s rays

Fig. 1.1 Apparent movement of the sun from east to west. N = North Pole
(a) Sunrise at X sun appears to ‘rise’ n the east
(b) Midday: at X sun 1s due south
(c) Sunset: at X sun appears to ‘set’ in the west

Rotation

At one time people believed that the earth was flat, but we know now that it
1s spherical. We can demonstrate the shape of the earth eastly, for example by
looking through binoculars at a ship coming over the horizon. The first thing
we see 1s its nigging, then its funnel appears and finally the hull An eclipse of
the moon also reveals the spherical shape of our planet, for the disc-shaped
shadow of the earth can be seen passing across the lunar face Finally,
photographs taken from spacecraft also show the earth’s form. The earth 1s

not actually a perfect sphere. 1t is slightly flattened at the poles, which makes
it a spheroid.

1.2 Longitude and Latitude

Any globe and most atlas maps showing the earth’s surface have a network of
two sets of lines printed on them, longitude ines and latitude lines Together
they enable the position of any place on the earth’s surface to be defined
exactly.

Lines of longitude and latitude are labelled in degrees (°), because each Ine
that is drawn represents an angle at the centre of the earth, as Fig. 1.2 shows.
Each degree of both latitude and longitude is further divided into minutes and
seconds, so it is posstble to specify the position of any place on the earth’s
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surface with the utmost precision Even moving ships and arcraft can be
fixed 1n this way at any moment

North Pote

0° Long tude

0° Lat tude

Sourth Pole
X 30°N 30°E
Y 50° 90°W

Fig 12 Lautude and longitude

(a) Longitude
Longitude hines or meridians radiate from the North Pole draw further apart
because of the earth s spheroidal shape then converge and reumtte at the
South Pole (Fig 12) In theory an fimte number of such lines could be
drawn but for convenience they are usually printed on maps and globes at
regular intervals of degrees such as 10 15° 20

One line of longitude 1s marked 0 and 1s sometimes called the Prime
Mendian It runs from the North Pole through the site of the former Royal
Observatory at Greenwich near London to the South Pole and 1t 1s the line
from which all other Iines of longitude are measured east (° E) or west ( W)
Thus the hine of longrtude a quarter of the distance round the earth in a
westerly direction 15 90° W At 2 similar distance to the east one finds 90° E
and the I ne of longitude at the opposite side of the earth to the Greenwich
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meridian is 180° (180° W and 180°E are the same mendian; see Section
1.4(b).)

(b) Latitude

A place on the earth’s surface can only be partially defined m terms of long-
itude, so we need the second set of hnes, calied lines or parallels of latitude,
to locate 1ts exact postition between the North and South Poles. The equartor
circles the earth midway between the poles; 1t is the longest line of latitude and
1s marked 0° All the other lnes of latitude are drawn parallel to the equator,
and they get smaller as they near the poles, because of the earth’s spheroidal
form. Those north of the equator (that is, in the northern hemisphere) are
labelled 1n degrees north (° N) up to the North Pole (90° N), and those in the
southern hemisphere 1n degrees south (° S) up to the South Pole (90° S). As
with longitude, an infinite number of parallels could be drawn on a map but it
1s more convenient to show them at regular intervals.

{c) Special Parallels

Four parallels, in addition to the equator, have particnlar names and serve a
spectal purpose These are the lines drawn 231° N and S, and 66}° N and S.
The former pair are the Tropics of Cancer and Capricorn, the latter are the
Arctic and Antarctic Cicles. These parallels divide the earth into six zones

The Arctic
v
Arctic Crrcle

Northern
Temperate
Latitudes

2310N

Tropic of Cancer
The \
0° / Equator
T

Tropics

231°S

ropic of Capricorn

Southern
Temperate
Latitudes

66%°S Antarctic Circle
)

The Antarctic

Fig. 1.3 Special parallels and zones
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Their tmportance 1s related to the 233° tilt of the earth s axis we mentioned n
Section ! 1 and to the length of day and the sequence of the seasons which we
shall look at 1n more detail in Section 13

{d) Great Circles
Youcan of course, draw lines around the earth in any direction Great circles
are lines of the same length as the equator whose centre 1s the centre of the
carth They are never printed on maps in general use but they are important
because the shortest distance between any two ponts on the earth s surface 1s
always part of the great circle on which they lie If you fit a hoop of thin wire
the same length as the equator on a small globe say between Sydney
Australia and London, 1t will form 2 great circle and will indicate the shortest
route between the two cities Lines of longitude are parts of great airedes The
equator 15 also a great circle but all other parallels are not

Great circles are of immense importance n navigatton An ocean voyage
which commonly links ports and other fixed pomts 15 Itkely to consist of a
senes of routes along great circles Long air flights are also likely to follow
great arcles The aif route between say, San Francisco and Copenhagen
probably Lies by way of northern Canada and Greenland

13 The Seasons

The summer and winter seasons are markedly different from each other over
much of the earth s surface particutarly with regard to vanations 1n the length
of daylight and differences in temperature (Summer days are generally longer
and warmer than winter days ) The rotation of the earth on its axis gives us
alternating daylight and darkness as we saw 1 Section 11 The ult of the
axs which 1s constant at 23}° from the vertical and the earth s revolution
around the sun are together responstble for seasonal vanations i the length of
the dayhght perod and n the suns angle of elevation above the horizon
(sometimes referred 1o as the height of the sun  the sky)

(2) Daylight and Darkness
At 2ny moment the sun 1s 1llummatng half the earth s surface but the half
which 1s slluminated 15 constantly changing as we saw in Fig 11 The relative
lengths of day and night are also different for most of the year, and the only
time when dayhight and darkness are of equal length everywhere on the earth
1s at the March and September equinoxes Fig |4 shows how this comes
about it illustrates four posttions of the earth 1 1ts annual revolution around
the sun (To understand each position you should cover up the other three )
Inposition 4 on Fig 14 (21st June) at the June solsrce the North Pole 1s
tlted towards the sun, which 1s overhead at the Tropic of Cancer (23}° N) It
is summer 1n the northern hermisphere and days are long In fact, the whole of
the North Polar region north of the Arctic Circle 1s tlluminated continuously
for 2 pertod of time which vanies from 24 hours on the Arctic Circle 10 6
months at the North Pole (Section 1 3(h) and Figs 16 and 17) No part of
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Dark side away
from the sun
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Fig 1.4 The seasons. O = position of the overhead sun

this area passes into darkness as the earth rotates; the sun 1s at its highest in
the southern sky at midday and at midmght it 1s seen to roll along the north-
ern horizon. The opposite happens in the southern hemisphere, where it is
winter. The daylight period is shorter and all the area lying within the
Antarctic Circle experiences continuous darkness. If we could move along a
mendian from the North to the South Pole, we would pass gradually from an
area of continuous sunshine to one where the sun does not rise above the
horizon The period of daylight would contract from 24 hours to none, and at
the equator it would last for 12 hours

Three months later (21st September) the earth has moved to position B on
Fig. 1.4 and the sun 1s overhead at the equator. The terminator (the line
separating daylight and darkness) now passes through the Poles (Fig. 1.8).
Everywhere on earth there is equal daylight and darkness, hence the use of the
term equinox for this day in September and the corresponding date in March,
six months later.

By 21st December the earth has moved to position C on Fig 1.4; it is the
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converse of that at A4 At this solstice the whole of the area within the Arctic
Circle 15 continuously dark while that within the Antarctic Circle expenences
continuous dayhght The northern hermisphere has a short dayhight period and
winter the southern a long dayhight period and summer

Atthe equinox i March the earthisin position D on Fig 14 which closely
resembles B wath daylight and darkness of equal length throughout the world

The Arctic and Antarctic Circles thus enclose areas which have total day
Tight and total darkness on their respect: and midwinter days
But how do the Tropics of Cancer and Capricorn fit mto this picture? The
Tropic of Cancer 1s the latitude 23} N (which 15 also the angle of tilt of the
earth s aus) When the North Pole 1s tilted towards the sun in June the sun s
overhead at the Tropic of Cancer (Fig 14 posttion 4) but 1t 1s never over
head at any point further north Simularly the sun 1s overhead at the Tropic of
Capnicorn i December but never further south The vertical noonday sun
(VNS) moves between the two tropics 1n the course of the year but 1s over
head at the equator at the equinoxes The angle of the sun s elevation above
the honzon also varies seasonally outside the tropics another result of the
earth s revolution around the sun These seasonal vanations of the height of
the sun 1n the sky are shownin Fig 15

D

Gtieein | soon HeN [ o [ as | sos Jesys

wWiny| 6, |sons| 8 EEEES
BRSNS a %
S)23° | 66)° | 90°VNS|  66)° 4° | 23)°

o| o | 18)° 43 66)° | 90°VNS | 83)° | a7°
M March J June “ S September H D December

£qu nox solst ce equ nox solstice

Fig 15 Seasonal variations i the elevation of the noonday sun
The movements of the earth and the incidence of dayhght and darkness are
of vital importance for Life on the earth An understanding of the seasons 1s
essential to an appreciatio + of world chmates and their influence on vegeta
tion soil human settlement and economic actvity (Uruts 11 and 12)

(6) The Varying Length of Daylight
Fig 16 shows the relative lengths of night and day at the June and December
solstices Take any Ine of latitude and note the proportion of 1t which hes
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North Pole

o~

Qverhead
Qverhead
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_.___t,____&.
South Pole >
o 66% s
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p 124 hours dayhight } P INo dayhght }
QLong dayhght period Summer | 5 lshort daylight period Winter
R 112 hours dayhght R 112 hours daylight
T Ishort dayhght period } T lLong dayhight period
WlNo daylight Winter W {24 hours daylight Summer

Fig. 1.6 Varnation in the length of the daylight period at the solstices

41° ] 4 months daylight
§§\\\ 2 months dayhght

S,
e §’ fours

\ 2 months night

4 months night

Fig. 1.7 Actual length of the daylight period at the June solstice. (The same
duration of darkness at the December solstice)
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within the shaded portion representing darkness In June this proportion is
ol within the Arctic Circle half at the equator and the whole paratlel waithin
the Antarctic Circle

The length of dayhight varies everywhere except on the equator in the course
of the year and 1 longer m summer than in winter In other words the sea
sons only begin to show themselves as we move away from the equator and they
become more pronounced outside the tropics Fig 1 7 shows how the length of
daylight vanes m June with increasing distance from the equator

In Fig 18 we can see the length of the dayhight peniod at the equimoxes and
the solstices These plan views show that every paralle] of latitude 15 cut in hall

(Equinax)

June December
20 2122 20 21 22

{Solstice) I{“ N {sofet col
X7
1%
N4

{Equinox}

T

T Terminator

Fig 18 The length of the dayhght period at the eqummoxes and solstices
(T = ternunator}

by the termuinator m March and September Notice also that in June and
Detember the region north of the Arctic Circle rotates wholly 1n the hight and
dark halves Compare Fig 18 with Fiz 16 (The sun and the earth are not
drawn to scale 1n Fag 18 1n fact the sun s enormously larger than the earth )

(€) Insolation
We have Just seen that the relative length of dayhght and darkness vanes with
theseasons except at the equator Fig 19 shows the vanation in the length of
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Equinox Solstice Equinox Solstice
24 f ~24
2 s U N S E ¢ 22
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Fig 1.9 Varation in the length of the daylight period in Britain

the daylight period m Britain. The length of daylight in summer is about twice
that in winter. This means, of course, that there are also variations in the
amount of heat which a place receives from the sun.

The incoming solar radiation (usually contracted to insolation) is the total
amount of solar energy (or heat) recerved by the earth. All life on our planet
depends upon the heat which is radiated from the sun, but the amount
recerved and retained varies with two factors The first is the actual number of
hours 1n the day when the sun is above the horizon (that is, the length of
daylight). The second 1s the angle at which the sun’s rays strike the earth’s

(et ] 1) |

&\4

Area Area
iluminated-——-| tHuminated
by X by Y

Fig. 1 10 Insolation variations
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surface You will know that 1t s usually warmer when the sun s ugh in the sky
and days are longer than when 1t 1s just above the horizon and days are shorter

inFig 110 X and ¥ represent two bundles of solar energy each a metre
wde Bundle X strikes the earth at 90 and 1llumnates an area 1 m? Bundle
Y on the other hand strikes at the rather flatter angle of 43 and 1s spread
over 2n area almost twice as large There s of course no more solar energy n
Ythanm X but the mrens #) of heat del vered by ¥ 1s roughly half that due to
X because the same amount of heat 1s spread over a larger area At the same

11h s 3tmg,
e 8L Py, _
% e

O 7

rays

Suns

Fig 111 Insolation vartat ons at the June solst ce

tme as Fig 111 shows the lower the angle of the suns rays the longer 1s
their passage through the earth s atmosphere and the more heat there 1s lést n

tothe atmosphere {Section 9 1) For these reasons temperatures within the area
llum nated by ¥ on Fig 1 11 are much lower than those 1n the area 1t by X'

14 Time

The sun s posttion 2t noon (mdday) 1s the moment when the sun s at its
hghest angle 1n the sky on that day All places along a line of long tude

London Calcutta
o 90°E
Noon 7t me
Earths
rotaton

Fg 112 Time comers on



12 Planetary Geography

experience noon at the same time. As the earth turns from west to east, places
pass from dawn to morning, to noon and so to afternoon, sunset and night.
At midday on the Prime Meridian (0° longutude), places to the west have not
experienced noon while places to the east have done so alrcady. To the west it
1s earher than noon; to the east, 1t 1s later. For example, when it is noon in
London, 1t is 0700 1n New York (76° W) and 1800 in Calcutta (90° E).

It 1s easy to calculate the amount of the time change as one moves east or
west of the Prime Merichan The carth turns through 360° in the course of 24
hours, so it turns 1° 1 every 4 minute period It takes | hour to rotate through
15° of longitude, so 1t is always 6 hours carlier on the mendian of 90° W than
1t 1s on the Prime Meridian, and 6 hours later at 90° E, as shown in Fig. 1.12.

(a) Time Zones
Falmouth in Cornwall lies at a longitude of 5° W, so the sun rises and sets
there 20 minutes later than it does in London. To be absolutely correct,
Falmouth’s clocks should be set to the local time of 20 minutes carher than
London, but Falmouth keeps to the same time as the rest of Britamn. It is
obviously more convenient for the whole of the country to use the same time,
and 1t would create a very peculiar situation indced if every place on the
earth’s surface adopted the local time which was correct for 1its longitude. The
operation of radio and television, and the running of railways and bus services
alone make it necessary to have a standardized time for an extensive area.
Countries of relatively small longitudinal extent, such as Britain, can have
the same time throughout therr area without any serious inconvenience. How-
ever, this 1s not practicable in countries such as Canada, the USA and, above
all, the Soviet Unson, which extend over a vast range of longitude. Within the
USA, eastern Maine lies 56° east of the coast of Calfornia or, in terms of

120°wW

105°W 90°W 75°W

—
Pacific
(t)lme Mountain
400 time Central
0500 t]me

0600

Fig. 1 13 Tune zones of the US4
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solar ume 3 hours 44 minutes The Soviet Umion extends through 17070

longitude or 11 hours 20 minutes mn terms of tme These large countries are
dided nto time zones each with its own particular time earlier than that of
the zope to the east later than that of the zone to the west Time zones appear
on the map as a sertes of north to south strips In the USA there are four such
time zones each an hour apart (excluding Alaska and Hawan which have
their own) In the Soviet Union there are no less than eleven time zones

,(6) Intérmational Date Line
The vartations 1n time between different parts of the world are further com
pheated by the fact that different days eust simultaneously on the earths
surface When 1t 1s noon on Tuesday at 0 longitude 1n London time to the
west 1s before noon and 1t 1s rudmght between Monday and Tuesday at 180

West i’ East
USSR usa
e
A\zu“"“
“Lose & day
Fawanan ™~ ynon
Wednesday "'f"‘d‘ Tuesday by

Q}G el Gan a day
.

Cb Equator - *
Fin
tstands

New
Zealand Chatham Island

Antipodes {sland
180°
Fig 1 14 The International Date Line

longrtude But by going eastward from 0° longitude 1n which direction time 15
zhead of noon 1t 1s m:dmight between Tuesday and Wednesday at 180 Thus
there are two times on the 180° mendian, 24 hours or a whole day apart, a
state of affairs which apples whatever the time at 0° longitude

The International Date Line was established 1n 1884 to solve the problems
this creates Jf we travel across the Date Line from east to west we jump one
day forward so that Tuesday morming would become Wednesday morning
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and a day would be lost. Travelling in the opposite direction (that is, west to
east), we would gain a day, because Wednesday morning would become
Tuesday morning. The confusion which this might cause could be far greater
than that which arises from time zones. Fortunately 1t was decided to locate
the International Date Line along the menidian of 180° only where this ran
across the open seas. It 1s diverted to avoid island groups, such as the
Aleutians and Fiju.

Further Reading
Strahler, A N.: Physical Geography. John Wiley (Chichester, 1969), Part 1,
Chapters 1-6

Questions

I With the aid of diagrams, explain why, in Britain (@) the length of the
daylight period varies, (b) summers are warmer than winters.

2 Usmg diagrams, explain the meaning of the following terms: {(a) equinox,
(b) solstice, (c) insolation, (d) time zone, (¢) International Date Line.

3. Give an explanation of the following, using diagrams to illustrate: (a) why
there are time zones i some countries but not in others, (b) why the sun
rises tn the east and sets in the west.

4 Work out the following time converston problems (Section 1.4).

(@) If local time is 1800 hours on Tuesday at 80- E, what 1s the local time at
100" W?

(b) What 1s the local time at 120° E when 1t is noon on Friday at 120° W?
(¢) When the local time 1s 1800 hours on Sunday in Sydney, Austraha what
1s the local time in New York?

(d) When the local time 1s 0600 hours at 150’ W, along which menidian is
the time 2000 hours?

(€) When local time is 0400 hours on Wednesday in Calcutta what is the
local time 1n New Orleans?

(Answers on page 289.)
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21 How It All Began

Scientists estimate that the earth 1s about 4 500 mullion years old The theones
which attempt to explain how 1t came mto existence are extremely complex
but all of them suggest that it onginated as 2 high temperature mass of gas
and dust This mass supplied the chemical sngredients for the formation of the
earths rocks Vast quantities of gas were given off from the surface of the
earth while 1t was cooling down so the planet was shrouded 1n a thick blanket
of vapour from which rain fell only to be turned nto steam when it reached the
hot surface As the earth s outer crust grew cooler intense volcanic actvity
added more gas and water vapour to the atmosphere {Section 2 8) When the
earth s surface was cool enough for water to collect on 1t rain slowly filled up
the hollower parts to form the oceans It 15 thought that plant life evolved
about 1 900 mulhon years ago and began to supply oxygen to the atmosphere

Today the carth’s surface conststs of about 30 per cent dry land and 70 per
cent sea The dry surface 15 broken up into six major land masses—North
Amenca South America Eurasta Afnca Australia and Antarctica Each s
made up of rocks of varying age which form mountans hills and plams The
sea areas are all d but may for be divided mnto four
main oceans—the Pacific, Atlantic Indian and Arctic Oceans A layer of gas
composed almost entirely of a mixture of oxygen and nitrogen surrounds the
whole planet This 1s the carth s atmosphere (Section 9 1)

22 The Geological Time Scale
We know very little about the earth s first 3 900 million years, matnly because
most of the rocks formed 1n that peniod of ime have been worn away, buned
or changed 1nto other rock types Some areas of very old, hard rock do still
exsst and these are called the shield areos or cratons (Fig 25), they are
surface exposures of the vast basement complex which 1s believed to form the
underlying core of cach continent The cratons have been httle affected by the
great changes which have taken place on other parts of the earth s surface
Our detatled knowledge of the earth s geological hustory 1s Limited to the last
600 mullion years, because most rocks near the earth s surface were formed
duning this ime Furthermore fossilized remams of animal and plant life help
in dating the rocks, and we only have these for the last 600 million years Itis
possible to divide these 600 mullion years into a number of geological periods
of varying length Certatn types of rock and fossitzed remams of plant and
ammal life may be associated with certamn periods and are found tn particular
areas It s remarkable that rocks of every geological age except the Miocene
can be found in an area as small as the British Isles Table 2 | shows their
principal locations
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2.3 Rock Types

Many different types of rock are found on the carth’s surface. The casiest way
to classify them is according to the way in which they are formed.

(a) Igneous Rocks (Latin: 1gms = fire)

Igneous rocks begin thetr hife as a hot liquid called magma, decp in the earth’s
crust. This magma moves towards the surface as a result of internal pressures
in the crust and/or because the hot liquid is lighter than its surrounding rocks.
On reaching the earth’s surface it cools and solidifies. Although volcanic lava
probably springs immediately to muind, many other rocks are formed in this
way, both on and beneath the carth’s surface.

Igneous rocks may be subdivided according to their chemical composition
mto acid rocks, which are rich n silica, the most abundant mineral in the
earth’s crust, and basic rocks. which have a low silica content. Another sub-
dvision can be made according to the size of the crystals in the rock. If the
magma cools slowly, inside the crust and below the surface of the earth, it
forms an intrusive and coarse-gramed rock with large crystals, such as granite.
If, on the other hand, it cools quickly, on the surface, it forms an extrusive and
fine-grained rock which often has no crystal structure, such as basalt. It may
even look like glass or be full of ‘bubbles’ like pumice stone.

(b) Sedimentary Rocks
Most sedimentary rocks have been laid down n beds or layers (strata) on the
sea-floor They are of two main types, clastic and non-clastic rocks.

(1) Clastic rocks consist of fragments of pre-existing rocks which are worn
from the land surface and carried away and deposited in layers, usually on a
sea- or lake-bed. The fragments are turned into hard rock erther by a process
of compression or by a natural cementing material, called matrix. Clastic
rocks include the many varieties of conglomerate (cemented pebbles), sand-
stone (cemented sand), and shale or clay (compressed mud).

(11) Non-clastic rocks are either chemical or organic (that is, the remains of
animals or plants) 1n onigin. They include such rocks as limestone (often made
up of shell remains), coal (swamp forest vegetation compressed and changed
into rock) and several mineral salts (the result of evaporation).

It is not always easy to place a particular sedimentary rock into either of
these categories, as 1t may contain elements of both. A clay may contain fossil
remains, for example, and a limestone may contam clastic material.

(¢) Metamorphic Rocks

Both igneous and sedimentary rocks may be changed by heat and/or pressure
from earthquakes, volcanic action or contact with igneous rocks mnto an
entirely new type of rock, called a metamorphic rock. When a hot igneous
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magma 1s thrust upwards under great pressure mto the earths crust for
example the rocks already there are baked by the heat of the magma nto a
new type of rock

Two common examples of metamorphic rocks are marble which has been
formed from limestone and slate which denves from clay shale or volcanic
ash

24 The Structure of the Earth’s Crust

The surface of the earth—which is not only the dry land surface but also the
ocean floor—is very uneven But the overall difference between the top of the
highest mountain (Mount Everest 8 844 m above sea level) and the bottom of
the deepest part of the sea (the Martanas Trench about 11 140 m below sea
Ievel) 1s less than 20 km This may seem a great difference but as a fraction of
the earth s radius (about 6 380 km) 1t 1s less by companson than a wrnkle m
the peel of a large orange

Our knowledge of the internal structure of the earth comes mamly from

/_ Mantle

2960 km

-
‘Outer core:
2000 km
1nner core
1370 km

Centre
of the
wanth

Fig 21 The earth s lavered structure

data collected about the speed and behaviour of earthquake waves This
evidence suggests that the earth 1s made up of several layers or zones—the
crust the mantle and the core Man has only penetrated a short distance into
the earth s interior and the deepest boring 1s a mere 8 km

The earth s crust 1s a skin of rock which s less dense (that 1s hghter) than
the rock of the underlying mantle The junction between the crust and the
mantle 15 called the M layer or Mohorovicic Discontinuity after the scientist
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who discovered 1t. (He found that earthquake waves speed up as they cros
The crust actually consists of two distinct types of rock; one makes uf
continental land masses, and the other forms the ocean-floors.

(a) The Continental Crust

This is thicker and less dense (relative density = 2-7) than the oceanic ¢
Its average depth 1s 35 km, but 1t may be as much as 60 km thick beneat]
thigh mountain ranges The upper layers are mostly granite rocks (about 9
cent) with sedimentary rocks (about 10 per cent) on and near the surface.

surface
va nd

Continental
crust
density = 2.7

Sea level

Oceanic
crust

density
=3.0

density increases with
depth from 3.3t0 55

Fig 22 The two kinds of crust

little 1s known about the lower layers of the continental crust and there 1
agreement among geologists about their composition

(b) The Oceanic Crust

This 1s denser (relative density = 3-0) and composed largely of basalt.
much thinner than the continental crust, and on average 1s only 6 km thic
1s believed to underlie parts of the continental crust.

These two kinds of crust meet on the sea-floor several kilometres from
coast. The junction 1s often obscured, however, by a varying thicknes
sediment which has been worn away from the nearby land mass and depo:
on the sea-floor around the coast.

2.5 The Changing Earth

The present-day distribution of land and sea over the earth’s surfac
familiar to us from world maps 1 atlases or from globes. But this distribu
has not always been the same as 1t 1s today. If atlases could have been ¢
piled at ntervals of say, 100 million years, since the beginning of geolo;
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ume each one would be very dafferent from all the others Two separate but
related theores have been put forward to explain these changes

(a) Continental Drift

We saw m Section 2 4 that the contmental crust is shghtly highter than the
oceanic crust The theory of conunental dnft first put forward w 1910, sug
gests that the contments are like rafts floaung m the denser oceantc crust
The continental land masses began their exsstence as part of larger continents,
one 1n each hemssphere (Gondwanatand in the southern hemisphere and
Laurasia i the novthern hemisphere) These broke up and the preces dnifted
apart eventually forming the continents we know today

North

An“

India
57

South
Gondwana Americs
‘Australia
Antarctica
About 180 mullion About 80 million
years ago years ago

Fig 2 3 The idea of contmental drift

This hypothesis 1s supported by several facts In the first place, some of the
continents seem to fit together surprisingly well, almost like pieces of a jig saw
puzzle Furthermore, several geological formatrons join up across ths fit
Lastly ewvidence of the past distributton of chimatic types and previous forms
of plant and ammal life seems 1o suggest that continents now far apart such
as South Amenica and Africa were once Joined while the continents now
yuned o WJose wpphex, vuh as Eunone and Alvsa, wase onee fat apast

{b) The Plate Theory
Discovertes made simee 1960 about the nature of the oceame crust have caused
scientists to modify some of their ideas on continental dnft It 1s now thought
t:_'m ;h; earth s crust 1s made up of seven major plates which are named m
1g
Complex movements in the underlymng mantle cause movements to occur
along the plate boundaries 1 three different ways The plates are moving
apart in some areas and this allows new matenal to nise to the ocean-floor from
the mantle beneath It forms Jong hugh submarme ridges (Section 2 10(a))
The plates may coflide or one may pass beneath another, and thts movement
¢auses volcanoes and mountains to form Frnally, plates are also thought to
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A , North v
Eurasian Py RN : K .
- American
= o)
‘ “!, Y S
Rangr” Pacific
African x. Souin
0 } Indian ? oﬁt
American
v, ? 2.
N > *)“m
Antarctic ﬂ
WAMWMWWA Plates are moving apart =——=—Plates are moving alongside each other
Plates are colliding — -7- —Plate boundary is uncertain

Fig. 2.4 The world's plates. ( The continental outlines are taken to the edge of the
contmental crust)

scrape agamnst one another, causing earthquakes. The plate boundarics co-
incide with the active zones of the earth’s crust, which are the arcas where high
mountains or ocean ridges are formed, where volcanoes erupt and earth-
quakes occur

2.6 Mountain Building

Table 2.1 shows three periods of time, each lasting several million years,
during which mountams were formed. Such an event is called a mountain
building period or orogeny.

Table 2.2 Mountain building periods

Geological ime

Name of orogeny (approx.)
Alpmne 25 million years ago
Hercynian or Armorican 280 million years ago
Caledonian 400 mullion years ago

These are by no means the only orogentes which have taken place. We know
that others occurred during the vast expanse of Pre-Cambrian time, but they
have left httle trace in the earth’s crust and so they are very difficult to date.

(a) Formation of Mountains
The formation of a mountain range may be explained simply in terms of the
plate theory. When two plates move towards each other, 1t is likely that one
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consists of continental crust whereas the other 1s made up of oceanic crust. As
they come together the ocecamc crust, being denser, passes under the continen-
tal crust (Fig 2.6(a)) The oceanic crust melts as it 15 drawn down and,
because 1t 1s highter than the mantle, it rises to the surface in a molten state to
form volcanoes and 1gneous intrustons (Section 2.9). Sediment which has been
accumulating for milbons of years in the shallow water off the coast 1s com-
pressed, folded and extensively cracked by the pressures generated as the
plates continue to move together. The arca of the plate yunction eventually
becomes a complex muxture of folded sedimentary rocks, volcanic lava,

(a)
S5
Sea level
e—— \ P
c 0
P i st -

O  Oceanic plate
C  Continental plate
zz>7Z. Shallow water sediments
/. Voleances

M Mountains

Sea level

Fig. 2.6 Mountam building

1gneous rocks which have moved upwards along the cracks, and metamorphic
rocks formed as a result of pressure, heat or both. Those parts of the oceanic
crust which have been forced downwards are less dense than the mantle, so
they nise slowly after the horizontal movement has ceased, and cause the
whole mountain mass to be uplifted. It 1s this last part of the orogeny which
gives a mountain range 1ts height above the surrounding land (Fig. 2.6())
The mountams formed most recently, during the Alpine orogeny, are the
highest 1n the world. They include the Himalayas, the Alps, the Rockies and
the Andes, and they are all called young fold mountains. There are two
reasons for their generally great height. first, they are still being slowly uphfted
and, secondly, the processes of erosion have not been at work long enough to
wear them down very much (Unit 3). The folding and cracking of the crustal
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rocks which accompanies a peniod of mountamn building gives rise to a num
ber of promment features which we may see on the earth s surface We shall
examune the most 1mportant of these folding and favttng

(5) Foldmg
If a small carpet 1s placed upon a polished floor and one end 1s pushed
wnnkles or folds will appear The pressure created by the colliston of two
plates does much the same to the sedimentary rocks on the sea floor and they
are contorted mto some of the shapes shown i Fig 27 A fracture or thrust

Synchne

M

Antcine
{upfold}
{a)

=\ —

(b} Asymmetrical fold {e) Overfold

—@—— s_//r>{T é
v/(f =T TT Thrust plane

{dg} Recumbent fold (e} Oevelopment af a thrust place

P> R, "y
Root zone
{g) Inversion of strata
1A A nappe 1 an eroded nappe

Fig 27 Types of fold

plane may occur across the narrow neck of the recumbent fold and further
pressure may push the fold a long way from 1ts root to form a nappe Such
extreme examples of folding may be traced for several kilometres i the Alps
and Himalayas The upper part may even have been eroded 1o leave only the
lower part where the sequence of the strata has been inverted and formations
Iike these caused early geologists much confusion (Fig 2 7(g))

There are several places 1n Britain where 1t 1s possible to see rocks folded 1n
this way The coasthme on each side of Bude 1 North Comwall 1> a pood
ewample and Fig 2 8 shows some of the Bude folding
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(¢) Faulting
A fault s 2 fracture i the rocks of the earth s crust usually accompanied by
movement of one or both sides of the fault Faulting assumes several forms
(Fig 29) One side may sunply nise or fall m relation to the other as a result of
tension or stretching, frequently along the crest of ar anuchne this 1s known
as a normal fault (Fig 29(a)) A fault may form because of compression and
the rocks on one side may be thrust over the other this s a reverse fault (Fig
29(8) Frequently, the relative movement between the two sides of a fault 1s
honizontal giving a tear or wrench fauit (Fig 2 ¥(c)

Faults rarely occur singly and Jandscapes resulung from groups of faults are
amajor feature of some parts of the earth s surface Such groups of faults may

Block Rift Step Tear Reverse
mountain valley  faults twrench) fault
(Horst)  (Graben) fault

(D = Deposited material)

Fig 2 10 Landforms resulting from faults

(a) D 1p of the { resulting from favdting
(b) A faulted landscape

Eve nse 10 particular landforms of which the nft valley (or graben) and the
block mountain (or horst) are the most conspreuous and famihar features

() Rift valleys The stretchig of the crust rocks may cause faultng and this
€an lead to the gradual sinking of part of the crust between more of less
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parallel hines of faults. The result 1s a rift valley. The middlie valley of the river
Rhine, from Basel down to Mainz, is a good example of a nft valley, but the
most extensive is that which extends from Israel and Jordan, along the Red
Sea, across Ethiopia, Kenya and Tanzania, to terminate on the borders of
South Africa (Fig 2.11(a))
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N \t’ L Malaw
VA

W
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(a) X Volcano

Fig. 2.11 (a) The Great East African Rift Valley
(b) A block mountain the Cascade Range, North America

(u) Block mountains are the converse of rift valleys, in that a block of the crust
has been enclosed by faults, while the surrounding areas have sunk 1n relation
to 1t The Bihor mountains of Rumania, the Harz of Germany and many of
the ranges of the American West are block mountains (Fig 2.11(b)).

Faults strongly mfluence the landscape 1n other ways. They give rise to chiff-
like features or fault-scarps. although these may be worn back by erosion in a
short period of time, until they are barely distinguishable. Faults also create
lines of weakness in the crust, along which the broken and fragmented rocks
are easily eroded There 1s a tendency for rivers to follow lines of faulting;
their valleys are sometimes widened and deepened to give rise to lakes. Many
of the Norwegian fjords have been eroded along fault lines

Lastly, a fault may become a passage-way in the earth’s crust along which
magma can be forced towards the surface, so volcanic activity may accom-
pany faulting Examples of this association may be seen in the East African
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voleanoes Kihimanjaro Kenya and Elgon which were formed near the nit
valley (Fig 2 11(a)) In the north western USA, Mounts Rainier Hood and
Adams were formed near the block mountains of the Cascade Range (Fig
211(3))

27 Earthquahes

Movement along faults or plate junctions 1s still continuing mn some parts of
the earths crust When such movement occurs shock waves travelling
through the crust and mantle cause an earthquake when they reach the earth s
surface Earthquakes are most likely to occur near plate junctions and 1t
follows that therr distnibution 1s closely related to that of fold mountains and
submanne ndges We saw this i Fig 25 which also shows that the shield
areas seem unaffected by this earthquake or seismc activity

The exact location of this movement which causes earthquakes may be
anywhere in the crust or as far as 700 km down into the mantle but, wherever
1t s this location 1s called the focus and the place immediately above it on the

N *?9‘72/(,,7

~eC

& / Epicentre
-
S
o7 A
i B [ Seismographs
8d ¢

Fig 212 The location of the epicentre of an earthquake

earth s surface 1s the epicentre The position of an earthquake s epicentre and
the force of the earthquake waves may be worked out by using sensitive
recording known as hs This 15 ly
useful 1n the case of an earthquake below the sea floor, when surface damage
1S non-existent

(a) Earthquake Damage
There are major earthquakes almost every year and reports m newspapers or
on television show the ternble devastation and damage which may be caused
by them The destruction 1s particulacly severe 1f a large ety 1s affected as i
the earthquakes 1n San Francisco (1906) Skopje (1963), Alaska {1964) and
Managua (1972)

An carthquake may also have side effects which do more damage than the
shock waves themselves In a mountamous arca, for nstance movement of
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the ground may generate an avalanche. In the Peruvian earthquake of 1970,
millions of tons of ice, snow, rock and boulders moving at a tremendous
speed—estimated at 480 km per hour—buried the town of Yungay and all its
inhabitants In Alaska in 1964 one of the most violent earthquakes ever
recorded created a landship into a fjord and the resulting waves did tremen-
dous damage. In Guatemala in 1541, an earthquake broke down the wall of a
large lake which had formed n an old volcanic crater and the deluge of water
and mud completely buried the country’s capital.

(b) Tsunamis (Tidal Waves)
An earthquake below the sea-floor sets up a wave on the ocean surface above
which travels at speeds of up to 750 km per hour. Great loss of life and
destruction may be caused thousands of kilometres from the epicentre by the
effects of tidal waves, more correctly called by their Japanese name, tsunans.
In the deep ocean, such a wave may be several hundred kilometres long but
only a few metres high. When it moves into shallow coastal water, it may rise
to a height of 15 m and form a devastating wall of water which can cause great
damage when 1t hits the coast A special station has been set up in Hawaii to
try and prevent such disasters in the Pacific, it detects and gives warning of
tsunamis to coasts likely to be affected

Volcanic eruption 1s a less common source of tsunamis. In 1883, the island
of Krakatoa, between Sumatra and Java, was blown to dust by a vast volcanic
explosion The resulting waves rose to heights of 35 m, destroyed over 1000
villages and killed 36 000 people

2.8 Volcanoes

The word volcano derives from the island of Vulcano, which lies off the north-
east coast of Sicily. When magma pours out or erupts on to the surface
through a hole, vent or fracture 1n the crust, a volcano 1s built. Its surface
shape depends largely on the chemical composition and hence the viscosity of
the lava. Basic lava flows more easily than a lava with a more acidic composi-
tion (Section 2 3)

{a) Acid Lava

Acid lava becomes thick and porridge-like as 1t cools, and it does not flow far
from the vent The gas rising through it bursts out violently on reaching the
surface of the hquid and each explosion of gas throws out fountains of lava.
The lava cools as it flies through the air, and it falls on the slopes of the
volcano as rounded lumps of hot but solidified lava (volcanic bombs) or as
fine, dust-like fragments (volcanic ash). A volcanic cone is built up, composed
of layers of ash and lava. This is called a strato-volcano or an ash and lava
cone, and 15 what most people think of as a volcano. Perfect examples of this
type of volcano are Mounts Etna, Vesuvius, Fujiyama, Kilimanjaro, Kenya
and Shasta (see Fig. 4.5)
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At the top of such a cone 1s a hollow or crater. If the volcano 1s active, a
great volume of gas—over 95 per cent of which is steam—rises from the
crater, mside which 1s a red-hot pool of bubbling lava. A volcano is dormant \f
1t has not erupted for some time and the lava has become solid and formed a
plug, closing off the vent It 1s extumnct if it has not erupted during the time for
which we have written records If the plug 1s so resistant that gentle pressure
from below cannot remove 1t, a build-up of pressure beneath it may blow the
top off the volcano. Later eruptions may build smaller secondary cones in the
crater Sometimes, lava may break out sideways from the vent to buld a
subsidiary or parasitic cone on the flank of the mamn cone (Fig. 2.13).

After a long period of eruption has subsided, a large, empty space may be
left 1n the magma reservoir beneath the volcano The cone may slowly col-
lapse nto this space leaving a yawning hole in the surface, known as a caldera
or collapsed cone On the other hand, the whole of an extinct volcano may be
eroded away, leaving only the plug of harder rock standing out as a high,
1solated pmnacle. In the Central Massif of France, this feature is called a puy
and 1s very famihiar from the upstanding plugs at Le Puy (Fig. 2.14).

Fig 2.14 A volcanic plug n Nigeria The rest of the volcano has been eroded
away
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{b) Basic Lava
Basic lava flows more easily and remans flind at low temperatures It erupls
with little explosive force and flows a long way from the vent before becoming
sold The lava often flows out from long fissures (cracks) and a number of
successive flows may build up a great thickness 1n the form of a lava sheet
Examples of this type of volcamic activity are less well known as their scenery
15 not as spectacular as the acid cones They do however occupy large areas
of the earth s surface In the north west USA the Columbia Snake lava plamn
covers several thousand square kilometres to a depth of 1 500 m while much
of the porth western part of the Indian sub contiment 1s occupied by the
Deccan lava flows A smaller example s the Antnim plateau 1n Northern
Ireland famous for the unusual six sided basalt columns of the Giants
Causeway

A bas ¢ Java eruption from a single vent as opposed to a fissure gives nise
10 a shield volcane which has gently sloping shghtly convex sides Iike an
enormous upturned saucer Basic lava frequently erupts from the sea floor
because the oceamic crust 1s composed largely of basalt (Sectton 24) The
Hawanan Islands form the upper part of a shield volcano of immense size—
1t 15 about 100 km across and 4210 m high above sea level—but its real
base 15 on the sea floor and 1t 1s over 480 km 1n diameter As the sea 15 over
10000 m deep its overall hetght 1s more than 14000 m far hugher than Mount
Everest

{¢) Some Famous Volcanoes
At present there are over 500 active volcanoes and 400 of them are m the
Pacific ring (Fig 25) A great deal 1s now known about the behaviour of
volcanoes and many eruptions have been very carefully studied

Inap 79 the town of Pompen 1n Italy was buned under volcanic ash after
Mount Vesuvius exploded nearby Herculaneum was buned under an
avalanche of mud 4 muxture of volcan:c ash and the torrential ram which fell
ay steam from the volcano cooled in the atmosphere The explosion of the
krakatoa eruption when most of the 1sland was blown to dust was heard
from a distance of 4800 km Some of the dust fell on to the decks of ships
over 2500 km away several days later and some rose high mto the atmo
sphere and circled the earth for many months causing brilhant sunsets In
1912 the eruption of Mount Katmai in Alaska was heard 1 000 km away and
the ralame dust Blacked out (awas aver 156 b distant A¢ Rodiak: 166 ki
away the dust was 240 mm deep

One of the best recorded and most destructive eruptions took place 1 1902
on the 1sland of Martimque 1n the West Indies Mount Pelee overlooking the
town of St Pierre split open along its side and a cloud of hot gas and dust was
blasted across the town at great speed suffocating 30 000 people almost
mnstantly and burning everything in 1ts path The Mexican volcano of
Paracutin has grown into a huge cone stnce 1943 Surtsey emerged from the
sea off the coast of Iceland in 1963 and just after Chnistmas 1972 a nearby
fissure over 3 km long opened up
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(d) Hydrothermal Activity
In some volcanic areas, hot water reaches the surface and gives rise to hydro-
thermal features such as hot springs, geysers and so-called mud volcanoes

(1) Hot springs. Water, often at a very high temperature, bubbles to the surface
along a crack or fissure n the ground. which may have been caused by vol-
canic activity or may have occurred before volcanic activity took place. Hot
springs are numerous mn volcanic areas such as the North Island of New
Zealand, Iceland and parts of California

(1) Geysers are an nterrmttent form of hot spring in which a jet of water 15
thrown mto the air Some geysers, such as Old Faithful in Yellowstone
National Park, USA do thus at regular intervals

(1) Mud volcanoes. If the hot water has to pass through mud or volcanic ash

n 1ts ascent to the surface, it may appear more as mud than water. It may
even build a cone of mud, like a mimature volcano.

In some parts of the world, especially Iceland. hot springs have an economic
importance n supplying heat, electric power and domestic hot water. Hot
springs are widely reputed to have medicinal properties

Even though hot water may not reach the surface, experimental borings are
being made in several countries to see 1f 1t 1s posstble to use the heat of deep-
seated igneous rocks (‘hot rocks’) as an energy source. It is possible that we

may see this ‘geo-thermal energy’ used in the future to supply the steam to
generate clectricity

2.9 JIgneous Intrusions

Extrusive igneous rocks such as lava and ash are not the only rocks which give
rise to notable landscape features. Intrusive rocks such as granite and gabbro
(Section 2 3) may also be found on the earth's surface, after the rocks which
formerly covered them have been eroded away. The granite areas of Devon
and Cornwall, and those in Brittany, were ongnally formed about 3 km
below the surface as huge blister-ike masses known as batholiths Now they
form areas of lugh ground on the surface, because the granite has been more
resistant to erosion than the surrounding sedimentary rocks.

(a) Dykes and Sills

During the intrusion of a bathohth the overlying rock is domed upwards,
stretched and cracked. These cracks are weaknesses which help to speed up
the erosive processes Magma is forced mnto them from beneath to form small-
er intrusions known as dykes (when almost vertical) and si/ls (when nearly
horizontal) Such igneous intrusions often form outstanding features of the
landscape because they are usually harder than the rock into which they were
intruded and so resist erosion. The Whin Sill lies under much of northern
England, and it gives nise to scarp-like features where it outcrops. On the west
coast of Scotland, numerous dykes formed as part of a volcano in Tertiary
times (Table 2 1) and they are prominent features of the coastal scenery.
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Fig 215 Granite areas in south west England
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(b) Gramte Tors

Hills on gramite moorlands are sometimes crowned with piles of strangely
shaped roughly rectangular blocks which may even appear to have been man
made These are called fors and their block like appearance 1s the result of the
magma cooling and contractng The resulung cracks are called youmss and they
are slowly enlarged by weathering (Section 3 2) to give a gramite outcrop 1ts
unusual appearance The spacing of the joints determunes the size and shape of
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the blocks which make up the tor. Many blocks tumble down from the out-
crop at the summut to cover the upper slopes of the hill with a jumbled mass of
angular boulders known as clitter. The basalt of the Giant’s Causeway has
developed a similarly jomnted pattern, resulting in the familiar hexagonal
columns.

2.10 The Oceans

We know much less about the floor of the oceans than we do about the land
surface, although oceans cover over two-thirds of the earth’s surface. Pain-
staking research over the past 20 years, including dredging, boring and echo-
sounding, has added greatly to our knowledge, but there 1s still much to learn
and studying the ocean-floor presents a number of major problems.

We saw 1n Section 2.4 that the ocean-floor consists largely of basalt Our
present knowledge suggests that the Atlantic, Indian, Arctic and Antarctic
Oceans are all less than 200 muillion years old. They came nto being when a
large mass of continental crust broke up and the pieces moved apart, ‘floating’
on a layer of denser basalt rock (Section 25). As the spaces between the
moving pieces grew wider, molten basalt from the underlying mantle welled
up and spread out on the floor of the growing ocean. This process has been
called sea-floor spreading.

(@) The Ocean-floor

A cross-section of the ocean-floor shows that a broad, shallow, gently shelving
continental shelf, covered by up to 200 m (about 100 fathoms) of water,
surrounds most of the continents (4 & R, Section 14.1). This 1s made up of the
same material as the continental crust, but 1t is covered by a thin layer of
sediment eroded from the nearby land mass (Section 2 4). The real edge of the
continental crust 1s the steep slope known as the continental slope at the outer
(oceanic) edge of the shelf. This plunges steeply to depths of between 4 000 m
and 6 000 m, where there are large areas of fairly level floor known as the

Continental The
Slope central
nift
il
~ { i N Sea level

Mid-ocean ridge

Seamount

Continental Volcanic A = Abyssal Plain
Shelf Guyot 1sland

Fig 217 Section acioss the ocean floor
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abyssal plam Many mountain like features of volcanic ongin nise from this
plam These may be stmple tslands or 1sland groups such as the Marshall Fin
and Eliice groups m the Pacific Ocean Sometimes the 1slands fail to reach
the surface of the ocean and they are then called searmounts These underwater
1slands may have had their tops planed off by the action of the waves so that
they become flat topped These are often known as guyors

All ocean floors have mud-ocean nidges which nise to heights of 4 000 m or
more above the level of the abyssal plains These ndges mark the junctions of
plates which are moving apart and they are formed by the upwellng of
basaltic matersal from the mantle The higher parts of these nidges break the
surface as voleame islands such as Iceland the Azores the Ascension Islands
and Tnstan da Cunba which all rise from the mid Atlantic ndge

(6) Sahmuty
For hundreds of mithons of years ramn has fallen on to the earth s land areas
and water has flowed off the land surface into the sea Many chemicals from
the rocks and from the ar have been dtssolved in the water and have ac
cumulated m the seas These chemicals have become more and more concen
trated m the oceans as a result of constant evaporation of the ocean water
which leaves the dissolved chenucals behind The most abundant of these 1s
sodum chlonde (common salt) which gives sea water its salty taste On
average about 3 5 per cent of ocean water 1s made up of dissolved chemicals
and nearly nine tenths of these chemicals are either sodium or magnesum
chlonde

(c) The Water Cycle

Esery body of water on the earth s surface from the vastness of the Pacific
Ocean to the bird bath n the garden loses water from uts surface by evapora
tion mto the atmosphere where 1t becomes water vapour Water vapour makes
up a vartable proportion of the air all over the world When the air 1s cooled
water vapour may change into ramn hatl snow fog or cloud (Section 9 6) The
water which falls on to the earth s surface eventually finds its way back mto
the oceans by way of streams and rivers so the process continues all the ttme
This circutation 15 known as the water cycle or Iydrological cycle

Water vapour

Evaporat on

Fig 2 18 The nater cvcle
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(d) Ocean Currents

In every ocean there 1s a circulation of surface water, as shown n Fig. 104
This may appear to be very complicated, but the circulation can be explained
simply 1n terms of the prevailing winds which blow the surface water along
(Section 10 4) The winds create a rotation which 1s clockwise in the northern
hermisphere and anti-clockwise 1n the southern hemisphere. The only excep-
tron 1s 1o the Indian Ocean north of the equator, where currents are reversed
seasonally as a result of the reversal m direction of the monsoon winds.
(Section 11.3(d))

For reasons which we do not yet fully understand, an ocean current may
move temporarily from its normal position. Recently the Humboldt
(Peruvian) current, which usually runs northwards along the west coast of
South America, moved westwards away from the coast into deeper water,
severely damaging the Peruvian anchovy fishing. Happily, the current has
returned to 1ts former position, bringing with 1t the plankton on which the
anchovies feed, and the fishing mdustry is thriving once again.

(¢) Land Below Sea-level
We might expect that all parts of the earth’s surface which are below sea-level
would be covered by sea. This 1s largely true, but there are several exceptions
to the rule The best known area of land lying below sea-level is in the
Netherlands (H & R, Umit 17) The Dutch have reclaimed about a third of
their country from lake, marsh and the sea-floor, but all such areas which lie
below sea-level need to be protected from flooding The Netherlands 1s
protected by a complex system of man-made dykes along much of the coast
and the river banks, and natural barners, such as extensive coastal sand
dunes, also protect the low-lying land from the sea.

The Dead Sea depression 1n Israel and Jordan is 91 m below sea-level, and
Death Valley in Califorma 1s 87 m below sea-level. These are both rift valleys,
and they are enclosed by very much higher ground.

(f) Changes of Sea-level
There is abundant evidence to show that the sea-level in the past has been
both higher and lower than it is today, and that 1t is, in fact, still changing.

Even 1n the short span of ‘historic’ time there is good reason to beheve that the
sea-level has changed a measurable amount

(1) Evidence. It has been proved that Britamn was joined to the rest of Europe
as recently as 5000 Bc The earliest human inhabitants of our 1sland probably
walked over here from the continent. The fact that sea-level 1s still rising
slowly around south-east England has made the construction of a river bar-
rage across the lower Thames a matter of great urgency, to protect London
from the dangers of a storm surge. When a high spring tide coincides with a
strong easterly wind, water is forced nto the funnel-shaped Thames estuary
producing a river-level higher than the low-lying areas of London This
creates a danger of flooding, especially in the underground railway system A
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simslar barrer 15 now besng bwlt across the mouth of the river Rhine in the
Netherlands

Evidence for changes 1n sea level 15 found 1n the large areas of almost level
land known as platforms which can be seen 1n many parts of Batain They
are thought 1o have been cut by waves when the sea stood at a much higher
fevel than 1t does today The high gramite areas of Devon and Cornwall show
these platforms particularly clearly they have been preserved because of the
hardness of the rock 1n which they were cut

There 15 also plentiful evidence along Britain s coasts of Jower and higher
sea levels dunng the last million vears There are submerged forests beneath
many beaches which are exposed only rarely They are the remams of exten
sve forests which once grew where todavs trdes nise and fall Along some
stretches of coast there are raised beaches the remamns of past beaches now
well out of reach of the waves (Sectien 5 4(4))

(1) Causes The changes m sea level which were responsible for these sub
merged forests and raised beaches were partly the result of climatic changes
durmg the Ice Age (Sectton 6 1) The chmate became first colder then warmer
on at least four separate occasions the cold peniods are called glacials and the
warm periods tnterglacials Dunng the glacials thick ice formed on some land
areas This interrupted the water cycle—because very little water was flowing
back into the sea—and the sea level dropped During the warm interglacials
much of the ice melted the water flowed back 1nto the oceans and sea level
rose (Exactly how far 1t rose depended on the temperature dunng the nter
glacnat )

There are however other reasons for changes m sea level Furst durng
mountam building periods there were considerable vertical movements of the
crust and large areas of sea floor found themselves uphfted to form dry land
or even high plateaux Secondly a large sheet of ice constitutes a very heavy
load on the continental mass so this 15 forced down with a consequent rise 1n
62 level Then after the sce has melied and the load removed the contment
slowly nises agam causing sea level to fall This process known as wsostatic
readpustment 1s stil]l going on in several parts of the world particularly mn
Scandinavia The land 1s pstng at the rate of about 1 m every 80 years around
the northern end of the Gulf of Bothnia and some experts believe that it will
nse 2 further 200 m
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Questions

1. Describe the ways 1n which rocks may be formed, giving examples of each
type

2 What do you understand by the plate theory? What has 1t to do with (a)
the formation of mountains, (b) earthquakes, (¢) volcanoes?

3. Giving examples of each, say what you understand by (a) folding, (b) fault-
mg

4. Explain clearly the meaning of the following terms: (a) tsunamus, (5) cal-
dera, (¢) hydrothermal activity, (d) batholith, (e) craton, (f) Mohorovicic
discontinuity, (g) nappe.

5. What is the difference between acid and basic lava? Describe and gmve
examples of the surface features created by each.



Unit Three
The Changing Landscape

Now that we have described the earth s structure and the nature of its surface
we must examine the ways m which the surface 1s slowly changing The rochs
which make up the earth are constantly being broken up and the fragments
are transported by water, wind or ice to be laid down clsewhere—sometimes
onland but more often on the sea bed Every landscape feature is subject to
such change Crags, chifs and peaks will tually d and
the fragments of the rocks of which they are formed will become clay or sand
on the occan floor But by then earth movements (Section 2 6) may have
begun to build up new chains of mountans so that the whole process of
demadation (the weanng away of the earth s surface) can begin again This is
the history of the earth an endless cycle of building fulls and mountains
destroying them and rsing new formations (rom their remains

Normally these changes which we shall examne in Units 3-8 take place
sery stowly indeed In the course of a ifetime one sees Littke 1If any change sn
the contours of the ground or the shape of the coast Yet there are occasions
when change 1s rapid and visible The wiolent floods in Lynmouth Devon m
August 1952 for example brought about changes that were readily apparent
The level of a small stream and 1ts speed and destructine power increased so
much asa result of very heavy ramfall that flood water devastated the valley
and the village at its mouth 1 the space of a few hours

31 Denudation

Alandscape at any given moment 1s merely one stage 1n the process of slow but
long<continued change There are many agents of change Storm waves beat
agamst the coast causing soft chiffs to crumble beneath thetr attack and the
coasthne will gradually recede as 1t has done 1n parts of East Angha But
matenal torn from the cliffs in this way 15 redistnbuted by waves and currents
some 15 spread over the sea floor the rest 1s redeposited elsewhere along
the shore and across bays and estuanes Stream water takes particles from the
land s surface carres them downstream and ulnmately deposits them on the
sea floor Frost shatters the rocks m some areas and percolating water may
dissolve them Ice may scour and scratch them carrying away sotl particles
and rock fragments to deposit them on lower ground where flowing water
may carry them further 10 their Journey towards the sea

Denudation 1s the generat term used to denote the whole range of processes
by which the earth s crust 15 broken up and 1ts matenals removed ultimately
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to the seas It 1s convenient, however, to divide these processes of denudation
into weathering, mass wasting and erosion

(a) Weathering

Weathering 1s the process of breaking up or disintegration of rocks There are,
very broadly, three forms of weathering, according to whether it 1s accom-
phshed by physical, chemical or biological means.

(1) Mechanical or physical weathering results from the action of frost, and {rom
expansion and confraction

Most rocks are penetiated by cracks which may be invisibie to the naked
eye but large enough for water to seep into them In mountain areas there 15
an alternation of fieezing and thawing for much of the year, and in winter in
other districts temperatures frequently fluctuate above and below freezing
pomt The moisture 1n cracks in the rocks freezes and expands, then melts
only to freeze and expand agam. The cracks are widened until a picce of rock
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Fig 31 Frost shattermg or thaw-freeze weathermg (a) water occupies a crack,
(b) water freezes 1ce expands, (c) we melts crack 15 wider and water flows m
further, (d) eventually tlus process detaches an angular rock fragment

1s broken from the mass. This process, known as frost shatterng or thaw-
freeze, 1s commonest m hilly and mountainous country. where the rock sur-
face is exposed Level surfaces are covered with a layer of angular rock frag-
ments while steep rock faces may have an apron of angular rocks below them,
known as scree Thus 1s a product of long-continued thaw-freeze

In the world’s hot deserts the range of temperaturc between day and might is
greater than it is anywhere else on the carth’s surface (Section 11.3). A rock
made up of a number of different minerals, each with 1ts own rate of expansion
and contraction, gradually breaks up into its various components in a process
known as gramular disintegranion. In the more homogeneous rocks, such as
sandstone. this weathering may take the form of exfoliation, layers of the rock
surface slowly peel off as a result of the alternate expansion and contraction
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and are broken up nto smaller and smaller fragments to form the sand wh ch
s typical of many of the world s deserts

Rectangular blocks of rock are subjected to more exfol at on on the r cor
ners than on the r flat surfaces and after centunes they become rounded The
D vis Marbles north of Al ce Springs 1n the Austral an des rt are among
{he best examples of such typ cally rounded desert boulders (Sect on 7 4(d))

( ) Chem cal weathermg Ra n water absorbs carbon doxde n ts passage
through the atmosphere and th s makes the water nto a very d lute solut on
of carbon ¢ acd The acd reacts w th some forms of rock weaken ng the
rock s structure and hasten ng ts break up Limestone for example cons sts
ma nly of calcum carbonate wh ch s soluble in the s! ghtly acd ran water
wh ch percolates through t Ca esared ssolved nsome | mestone rocks nith's
way and the network of thn jonts s enlarged by solut on (Sect on 3 2(a))
Percolat ng water also attacks the m nera) felspar ¢ en n gran te reduc ng
(1o a powdery clay (kaol n) s m lar 1o that produced by the chem cal act on
of vapours from W th n the carth s crust Th s weakens the whole rock struc
ture and the loose matenal s eas ly carned away espec ally by runn ne water

{ ) Bolog cal or erganic weathering B olog cal factors ass st and hasten the
ac on of phys cal and chem cal weather ng Mo s holds water n contact w th
a rock surface keep ng 1t damp and help ng t to d s ntegrate The roots of
trees and bushes may penetrate jo nts and cracks na rock tosc ng them open
and allowing water to enter Burrow ng an mals such as earthworms and ¢ en
nsects make holes through the sol and down to the rock below and these
al ow water and ar to penctrate help ng to break up the rock phvs cally and
chem cally

(b) Mass Wasting
Some of the ra n wh ch falls upon the earth s surface evaporates back nto the
a mosphere The rest e ther flows a vay over the surface as v off or s nks nto
the rocks as percolat on Both run off and percolat en help to weac a ay the
rocks n a number of ays wh ch are known collect vely as mass wast ng
The type of rock determ nes whether the water runs off or percolates Some
u permeable rocks such as clay and shale do not read 1 allow water to pass
through and much of the ra nfall which runs off the r sucfaces flows into
n ers whch may be relatively large and ! able to flood ng Other rocks are
peneable and water can pass through them L mestone and some of the
gneous rocks such as gran te are penetrated by jo nts through whch  ater
canpass Chalk sandstone and beds of sand and gravel are made up of gra ns
beween b ch are pores or m nute spaces

) S0 wash 15 the eas est of the mass wast ng processes to understand and
¢ entoobserve foritiss mply the wash ng of bare so 1 down a slope by run off
Samet mes the water moves as a sheet but more often t forms gull es from

hchthe sol1s vashed avay Sol wash may produce b zarre land forms
¢ pecually n unconsol dated material such as boulder clay Larger boulders
may protect the softer matenal beneath them whle the sol alt around s
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washed away; the result 1s the formation of earth pillars, each with 1ts protec-
tive cap of stone These are short-hved features of the landscape which are de-
stroyed when the cap falls off, but fresh earth pillars are always likely to form

(11) Soil creep acts on grass-covered slopes. The vegetation prevents soil wash,
but heavy rainfall percolates into the soil and waterlogs it by filhng the spaces
between the soil grams. The water acts as a lubricant, allowing soil particles to
move very slowly against onc another. There 1s thus a tendency for the surface
layers to creep or flow downhill. This process, known as solifluction, is gen-
erally too slow to be seen, but its conscquences are readily apparent. Posts
driven 1nto a hillside to support a fence are often seen to lean downhill, as a
result of the soil movement. The trunks of trees are sometimes pushed from
the vertical, and their roots on the downhill side may be exposed by the
movement of the soil Walls built along a hillside may have soil piled up on
their uphill side, but on the downhill side the soil may have been removed.

There 1s usually a permanent grass cover on slopes which are too steep to be
ploughed Mimature landshps occur over a long period of time, especially on
clay so1l, and these leave a roughly stepped surface. These steps are known as
solifluction terraces or terracettes. They have sometimes been mistakenly as-
sociated with the movement of sheep and called sheep tracks. Animals do use
them, but they are purely the result of natural forces (Fig. 3.3).

(1) Slumping. Occasionally the movement of the soil may be more violent and
sudden. A cliff face is particularly hable to slumping. The so1l and rock near
the top of a cliff are lubricated by rain, so that they become heavy and tend to
pull away from the rest of the chff A crack or line of weakness develops near
the chiff top and further ramnfall saturates the soil, so that gravity causes a
shice of the clff face to shide downwards to the basc. This process is obviously
greatly influenced by the type of rock forming the cliff. Slumping is rare with
hard 1gneous rocks, ltke granite, but frequent in chifs cut in soft sedimentary
rocks. Some parts of the British coast are particularly liable to slumping. In
Dorset, especially near Lyme Regis and Charmouth, the cliffs are composed
entirely of heavy, black Lias clay which slumps readily after heavy rain In
other areas, especially the Isle of Wight, Sussex and Kent, chalk overlies clay.
Rain soaks mto the chalk, but not the underlying clay, so the lower part of the

chalk becomes waterlogged and heavy, causing the chalk to slump down
towards sea-level.

(¢) Erosion

The third process i the denudation of the earth’s surface is erosion This
consists of the wearing away of the rock, principally by flowing water, but also
by moving ice, the waves of seas and lakes, and by the wind These are the
four agents of erosion, but they are also agents of transport and deposttion;
they erode because they transport (It 1s in this last respect that erosion differs
from weathering, which 1s the break-up of the surface by agents which are
themselves incapable of removing the fragments )
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Fig 3 3 Signs of soil creep
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Everything eroded and transported by wind, water and ice must be
deposited somewhere. The volume of the load transported by wind and water
varies with the speed of movement of the agent. A strong wind or a swift
current can transport a great deal more than a gentle breeze or a slow-flowing
stream. Rivers slow down as they approach lower and flatter land, and their
speed 1s usually very shght when they enter the sea. They therefore drop
more and more of therr load, and the last of 1t sinks to the sea-bed near the
mouth of the river (Section 4.4(d)) Most lakes tend to fill up with the sediment
brought into them by rivers in the same way.

Wind also carries a load of small particles, much of which is dropped when
the wind’s speed of movement 1s reduced. It 1s in this way that sand dunes are
formed (Section 7.3)

Only 1ce behaves differently, because 1t is not a fluid like wind or water Ice
15 capable of carrying an immense load, including boulders of a size which
even a river m flood could not move, and the volume of the load 1s not
mfluenced by the speed of movement. Glaciers which melt mn the sea deposit
their load there Otherwise, the load may be spread irregularly over the land
surface when the ice melts away, leaving an uneven spread of the familiar
boulder clay (Section 6.4).

The sea transports material brought to it by rivers and ice as well as frag-
ments which 1t has eroded from the coast. It moves some material further out
to sea and this 1s spread over the sea-bed. Some is carried along the coast,
where 1t forms the famihar beaches and spits. Some even provides tools with

which the waves batter the chiffs, grinding boulders to pebbles and pebbles to
sand and mud (Section 5.2).

3.2 Ground Water and Topography

We saw in Section 3 1(b) that much of the water which falls on to the earth
percolates below the surface, by means of the permeable rocks. We shall now
examine the ways 1n which this water influences the landscape.

A rock which 1s permeable and underlain by an impermeable rock holds
ground water in it; such a rock 1s termed an aquifer. Tt takes centuries for water
to gather in an aquifer. The upper surface of the saturated part of the aquifer
1s known as the water-table This 1s usually roughly parallel with the surface
of the ground but it tends to move up and down with the seasons. In temper-
ate latitudes 1t 1s lower in summer than in winter (less water percolates into the
rock in sammer because of the lower rainfall). When the water-table meets the
surface of the ground, a spring breaks out

In many parts of the world the water supply is derived from wells (vertical
shafts sunk into the rock until they reach the water-table). The level of water
rises and falls in a well, and in a dry summer 1t may run dry. When this
happens, the level of the water-table has dropped below that of the bottom of
the well.

When a well 1s sunk in certain types of geological structure, water may rise
to the surface under its own pressure. This type of well 1s called an artesian
well, from the French province of Artois where the phenomenon was first
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Fig 34 Movement of the water table Vel I dries up in summer wnell 2 supples
water all year
studied Fig 3 5 shows the structure of an artesian well In Australia artesian
basins underhe a large part of the continent and the water they contain may
have been held mn the rocks for mullions of years In recent years it has been

used to water stock and irngate land but unfortunately the water 15 not being
replenushed as fast as 1t 1s being used Many artesian wells have run dry and
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this water, like many of the earth’s natural resources, may be exhausted in the
not-too-distant future.

A small artesian basin underhes London and has long been important in the
aty's water supply. Even in deserts there arc often abundant reservoirs of
ground water. Depressions in the desert sutface are sometimes low enough to
reach the water-table, and here an oasis 15 likely to exist

(a) Limestone

As we saw i Section 3 1, imestone consists of calcium carbonate, which is
shghtly soluble in the ramn water which percolates through it. Ground water 1s
a major factor 1n the shaping of limestone landscape features. Water sceps
into the rock along its joints (minute cracks and fissures), enlarges them by
dissolving the rock in a process known as solution, and this forms a series of
features which are peculiar to limestone scenery.

(i) Limestone pavement. The surface of eaposed lhimestone—in parts of the
Pennines, for instance—may have a corrugated appearance, because the joints
have been enlarged by solution to form grooves or even small trenches, known
as grvkes Ridges or clms are left between the grykes: these have been

S

1: Well jointed imestone

Kj@tgq Impervious rock

:12 Spring
Swaliow hole 7
2a Pothole 8 (Slcta?llﬁggme
3 Underground drainage 9  Resurgence
g- gry caves 10 Gorge
avern 11
B e e Limestone pavement

with clintsand grykes
£1g. 3.6 Features associated with welljomted limestone
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Fig 37 Limestone parement with clints and grikes above Malham Cove
Yorhkshire
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Fig 38 Gapmg Gt @ swallow hole w carboniferous lmestone near
Ingleborough  Yorkshure It is over 100 m deep
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subjected to solution to a smaller degree The result 1s a limestone pavement
which 1s very uneven and difficult to walk over.

(1) Swallow holes. Run-off quickly finds the vertical jonts in a limestone
surface, and passes down through them to lower levels The more or less
vertical crevices become enlarged until some are yawmng holes. If a stream
plunges over the rim into the abyss below it 1s called a swallow hole; if the
stream has been diverted, the dry hole is known as a pot hole

(1) Limestone caves. Joints 1n limestone may be horizontal as well as vertical,
and when water moves along the horizontal joints, they are enlarged by solu-

- a ;[‘é‘
e

»

- P % A
h o N ety

: B s ¥ M)

TN Ty

P ing)

SV T

e

-
INA

<

X

Fig. 3.9 Stalactites and stalagmites in the Carlsbad Caverns, New Mexico,
USA. This cavern 1s over I km long, 100 m high and 200 m wide
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1on to form caves Many caves are now dry or only occupied by water after
heavy rams generally because the water has dissolved a lower passage way for
tself Sometimes caves encroach on one another, and the intervening rock is
slowly dissolved away to create a cavern of vast size (Fig 3 9}

Stalacutes and stalagmites are farmibiar features of hmestone caves They are
formed over a penod of many thousands of years by the steady drip of water
from the roof of a cave The water 1s hughly charged with calcium carbonate
(dissolved Jumestone), 2 minute amount of which 1s precipitated as each drop
{et forms and hangs an the cave roof before 1t falls to the floor below In this
way an icicle shaped finger of hmestone or stalacnte 1s formed on the roof
and gradually lengthens downwards towards the floor

Asthe falhng drop of water strikes the floor 1t breaks into smaller droplets
which spread over the surrounding floor A tiny amount of calcium carbonate
1s precipitated with each droplet and contributes to the building up of a thicker
‘pillar of imestone known as a stal ily stal and sta):
meet to form a pillar or column Droplets of water tnickle down 1ts sides
making 1t grow even thicker

(1v) Resurgence Percolating water does not continue flowing downwards for
ever The imit set to 1ts movement 1s usually an underlying impermeable layer
of rock In hughly-developed limestone topography water courses through a
system of caves and eventually emerges from the hillside This 1s known as a
resurgence, as shown m Fig 36

(¥) Gorges Limestone terrain 1s often distingwished by gorges The Cheddar
Garge m the Mendip Hills of Somerset 15 a famous example, and there are
others in the Peak District of Derbyshire which 1s part of the Pennines Many
gorges are dry Most ongmated as a senes of interconnected caves and
caverns These grew large and the cethng above them became thmner untl,
eventually, 1t collapsed to reveal a gorge

One of the world s most 1 areas s 1a Yugosl ‘The vast
Plateau of the Dinanic Mountatns has a profuston of all the features of lme-
stone phy that we have di d The local name for thes type of

topography 15 karst, and this word 15 commonly used to denote the extreme
development of limestone scenery Areas like these rarely have much econ
omic value Sosls are usually thin and dry, crops do not grow well and many
ABT6 Mundt @ mosy, onlly rough grazmg They are often areas of great
natural beauty however, and some have been developed as resort areas The
gorges of the Tarn in southern France are a famous example as are parts of
the Pennines 1n England The expl of t caves (speleclogy or
pot holing) has become a common, though somewhat hazardous, pasume n
many karst areas

{8) Chalk

Chalk 15 a vanety of imestone but 1t differs greatly from the other types mn 1ts
Physical eharactenstics and its surface features 1t 1s found widely i south-
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eastern England and in north-castern France, but in few other areas (H & R,
Units 11 and 16) Chalk 1s softer and much more porous than himestone.
Water can percolate into 1t and through 1t at almost any point, for it is not
dependent on finding joint fissures There is almost no run-off, and the surface
of the chalk 1s lowered only very slowly and principally by solution of the
chalk itself Chalk tends to form hills, usually with smooth, rounded contours.
Vegetation s shght—short grass, with very few trees—since there is no surface
mosture, and ramn 1s gquickly absorbed.
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Fig 310 A chalk escarpment: the South Downs near Fulking, Sussex Notice
the differences between scarp and dip slopes, the well-developed combes along
the scarp slope, the different uses to which man has put the chalk and underlyng
clay, and the villages along the spring line at the scarp foot (See Map 1, p. 262)
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(1) Scarp and dip slopes Beds of chalk are usually shghtly folded so that they
form a semes of synchnes and anuichnes Erosion has generally removed the
crest of the antichne as for example, m the Weald of southern England The
chatk then outcrops n a ridge known as an escarpnient of cuesta with a steep
scarp slope and a gentle dip slope or back slope

G
{///cnay

Fig 311 The formation of escarpments (cuestas) as a result of the folding of a
chalk laver E = escarpment

(u) Sprng ne Spnngs break out at the foot of the scarp slope where the
chalk overlies impervious clay and the water table meets the surface A small
valley or combe 15 often formed by the erosion of the small streams flowing
out along the spring hine Human settlement has always tended to concentrate
along such knes which not only provided a water supply but lay at the
Junction of two very different types of environment the dry chalk and the
damp clay

[
slope ; Dip slope
|

T Yt gy,

Fig 3 12 Drainage m chalk and clay country

(1) Dry valleys are found high up 1n the chalk hills and are widespread over
the dip slope They bear all the evidence of having been eroded by nivers but
i most mstances the valleys do not have water n them Their ongin 1s one of
the mystenes surfounding the formation of chalk topography but there are
several theones about their onigin

One theory holds that they were eroded dunng a penod of much heavier
ramfall than the present when the water table stood very high wathin the
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chatk. Springs then flowed out much further up, giving rise to streams down
the slope of the chalk As the ranfall lessened. the water-table slowly dropped
and eventually passed below the level of the valley bottom, leaving it dry

(a

R
- "’
| —
(b)
*—;LU" .

I

Fig. 3 13 Formation of a dry valley (a)alley is eroded at a time of high water-
table, (b) valley 15 left dry as water-table falls

|
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.. Another explanation suggests that during the Ice Age the subsurface of the

chalk was frozen, hike the permafrost in the Arctic today (Section 11.5). The
chalk then ceased to be permeable, melt-water ran off along the surface, and
valleys were eroded.

] {(iv) Winterbourne The scasonal rise and fall of the water table (Fig 3.4) may
give rise to a stream which flows only m winter. when related to a valley such
as that shown in Fig. 3.13 In summer the water table may be too low to cut
the valley floor and it remamns dry, but if, in winter, the higher water table
reaches the valley floor, a stream will flow. Such a seasonal stream 1s called
winterbourne and when a village has grown up 1 the valley the word ‘winter-
bourne’ is frequently incorporated in the village name: this is widespread 10
the chalk country of Wiltshirec and Dorset.

(v) Gault clay lies underncath the chalk wherever it occurs in western Europe.
There 1s no significant percolation through the heavy clay Most of the rainfall
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suns off the surface an ivers which have eroded the gault to a low lying and
only siightly undulating valley floor The chalk scarp ts thus always assocrated
with the clay vale, and this may be clearly seen in Fig 3 10

Further Reading

Hotmes, A Principles of Pinsical Geology Nelson (London 1965) Chapters
#1517

Sawyer k E  Landscape Studies An Introduction to Geomorphology Arnold
(London 1970 Section A

Surahler A N Physical Geography John Wiley (Chichester, 1969) Chapters
aa2n

Vallentine H R Mater in the Service of Man Pengumn (Harmondsworth
1967)

Questionts

1 Describe the ways tn which the earth s surface may be broken up by weath-
enng

2 What 1s mass wasting” Explain and give examples of the surface features
formed by (a) sohfluction, (6) slumping

3 With the aid of diagrams, describe and explain the ongm of features found
1n an area of jonted mestone Name an area where these features may be
Seen

4 Desenibe the surface features and drainage of an area of chalk topography
Name an area where this rock type s found

5 {a) Descnbe the landscape shown m Fig 310
(5} Explan with the aid of diagrams how such a landscape 1s formed
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Unit Four
The Work of Rivers

The greater part of the water which falls as rain runs off the surface of the
carth to form streams. These unite to make rivers which in turn flow nto the
sea or into lakes.

4.1 A River’s Regime

Most rivers do not flow steadily throughout the year; their volume of dis-
charge varies greatly from season to season. This regular vanation in a river’s
flow 1s known as 1ts regzme and 1t is, of course, heavily dependent on the
climate. A river which flows down from high snow-covered mountains tends
to have more water 1n spring and carly summer, when melting is most rapid.
In areas which have a dry season, such as the Mediterranean lands or regions
with a monsoon climate, the level of water may be low or the rivers may
cven dry up for a pertod of months. By contrast the rainy season or the
arrival of the monsoon (Section 11.3()) turns dry niver beds into raging
torrents. Even in Great Britain, where seasonal variations in ranfall are not
great, rivers quickly respond to changes in the weather. They are hable to
flooding after heavy rainfall, but the river bed may be exposed during a
summer drought,

A niver 1s said to be in flood, or 1n spate, when its rate of discharge ap-
proaches the maximum volume of water 1t can contain, even though the river
may not actually overflow 1ts bank and flood the surrounding land Low water
occurs when there is little or no water in the river.

4.2 Drainage Patterns

As small streams join to make larger ones and these in turn unite to form
rivers, a river system or drainage system is formed. This receives all the run-off
from a specific arca. called the basin or catchment area. Each catchment area is
cut off from neighbouring catchment areas by a watershed or divide, a line of
high ground in which the headstieams of adjacent drainage systems rise and
flow 1n opposite directions.

Drainage systems form an infinite variety of patterns No two are ever
identical, but they can be grouped into a number of types, each of which 15
closely related to a specific kind of rock or geological structure. The mos{
mportant types are dendritic drainage, trellis drainage and radial drain-
age.
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§ Source
1 Furst order stream ’é
2 Second order stream
3 Thad order stream

Fig 41 4 dendrine dranage system

{2) Dendntie Drawnage

This pattern of drainage tends to form over an arca of relatnely homogeneous
rock where there 1< the same degree of resistance 1o erosion over the whole
are2 The resulung dramage pattern resembles the trunk branches and twigs
of 3tre hence 1ts name from the Greeh word de ndron meaning tree (Fig
41 shows a dendnitie drainage system }

Th streams which make up a dendntic svstem are classified mto first
sccend - th rd-order streams and so on Farst-order streams are the small
beadstrearas which nise from springs or form from run-pfT Any two of these
& &0 form a sccond-order stream Third-order strcams result from the
L* onof second-order they joun 1o form fourth-onder streams and so on No
™Tease 1n the order of a stream accurs when a higher~order stream 1s Jomned
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by one of lesser order The largest order of stream i any system is used to
denote the degree of complexity or development of the system itself. Fig. 4.1,
which shows a third-order dramage basin, makes this clear.

{b) Trellis Drainage

A rectangular pattern of streams tends to develop in areas where hard and soft
rocks outerop in more or less parallel bands, such as the scarp and vale
country of much of western Europe. In this type of country, the geological
structure 1s often one of gently dipping beds, with the harder rocks giving nse
to cuestas or escarpments and softer rocks to open valleys.
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ubsequent 3
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R Resequent w Water gap

Fig. 4.2 Trellis drainage
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fe) Radual Dralnage
A radiat pattern of dramage made up of a large number of myers radiating

fro= 1 central point Like the spokes of a whee! my deselop in areas which
pave been recently uphifted of on newly formed volcani areas The Lake
rtnct m northem Tngland displays 2 good example of a radial dramage

pattern

Fig 4.3 Radial dramase 1 the Lake District

43 Roer Erosion

The action of mvers eroding the earth s surface combined wath mass wasting
(Section 31) 1s chiefly responsible for the slow lowenng of the land in most
rarts of the world (other than the hot descrts and the Arctic wastes) All
saflvw are esther oocupied by pvers now or were 1n the not-too-distant past
and 11 most mstances these nvers hase been responsible for eroding the vaf
kvt A mver crodes and deepens the valley floor while mass wasting and
weathenng work on the valles sides feeding matenals nto the mver The mver
traasponts this Jaed but at the same trme it uses the matenal to erode ats bed
Toe work of eroding the bed of a stream 1s accomplished tn three wavs
hdraulic action corrasion and attriton

{2} lvdranlic Action
Tener of moving water especially at flood tme can do an immense
amount of damspe Its erosive power however 1s largely concentrated on
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undercutting the river banks, so that they tend to overhang and then to
collapse nto the stream, which carries the material away.

(b) Corrasion

Corraston n the actual process of wearing away the rocks. The river uses the
material which 1t transports—its load—as tools for this purpose. The erosive
power of a stream varies with 1ts speed because this determines both the size
and quantity of fragments carried in the load

(c) Attrition
The load carried by a river varies from boulders, shifted only by the power
of a niver n spate, to fine dusthke particles known as silt. The larger par-
ticles are rolled or bounced along the stream’s bed, eroding it by a process
known as saltation, as well as striking one another and slowly reducing them-
selves to ever smaller particles by a process of attrition, until they become silt
They are then carried 1n suspension by the water.

The steepness of the valley sides 1s partly dependent on the climate of the
area, because this largely determines the extent of mass wasting. There 1s, for
example, little mass wasting 1n a dry chimate, so the valley sides are likely to be

Mass wasting begn d Mass wasting
removes er g € removes
v this

\th|s the

River

Fig. 4 4 The part played by mass wasting in shaping a valley

steep and gorge-like. In limestone country, steep cliffs may form because there
1s virtually no mass wasting, although simple weathering may break up the
surface rocks In a wetter chmate, on the other hand, mass wasting may
maintain a steady supply of material into the stream which flows in the valley
bottom, and the valley sides will slope more gently.

The river’s load 1s ultimately being transported and deposited. The coarser
material, especially the larger boulders, may lie on the stream bed at tumes of
low water and be moved only at flood stage Even the silt, which gives 2
muddy or cloudy appearance to many rivers, may be deposited temporarily
along the banks of a river as alluvium, to be picked up and taken further when
the water-level rises again, until eventually it makes its way to the sea. A lake
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Fig 45 A New Zealand stream at low water showng large rounded boulders on
its bed The stream can only move these i times of flood (The volcano i the
distance s Mount Egmont)

15 also a resting place for silt It may slowly fill up with sili brought down by
the nver flowing into 1t (Section 8 2)

44 The River Profile

The profile of a river 15 a section representing the slope of the niver bed from
source 10 mouth, drawn in refation to the honizontal at the niver mouth Fig
46(a} shows an 1dealized river profile but 1t may be mterrupted by features
along the niver such as waterfalls rapids and lakes

We shall distinguish here between the upper muddle and lower courses of a
nver but we should remember that these divisions are primanly for the pur-
poses of description Each part of the muver passes so gradually nto the next
that 1t 1s tmposstble to establish the exact hmuts of each course However we
can say that most rivers drop steeply in thesr upper courses and then the angle
of the slope begins to flatten The stream flows more slowly until in the lower
parts of 1ts course 1t flows across an almost level plam the lowest part of
which 15 known as base level (It 1s to this Jevel that the niver 1 constantly
working to erode 1ts whole course Normally, base level 1s sea-level ) Besides
the changes m the gradient of the niver s bed  the shape of the cross section of
s valley also vares 1 the three different conrses As Fig 4 6(b) shows there
1sa gradual change from the deep steep sided V-shape of the upper course to
the very flat plain hke valley of the lower course
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Fig. 4.6 (a) The river profile. Numbers refer to cross-sections on (b).
(b) Successive cross-sections of a river valley in the three courses

(54097
(a) Upper Course

In hilly or mountainous country, where springs and run-off combine to form
streams, the rate of flow is swift because the land surface is usually steep.
Streams carry a large load compared with their volume, and are able to erode
their beds rapidly. Downcutting is thus their chief activity A typical valley
this region is narrow and steep-sided, because the downcutting of the stream
bed exceeds the mass wasting of the valley sides. The stream bed may itself be
made up of bare rocks, over which the stream cascades. The great erosive
power of stones when moved by the swift stream at flood-time may cut small,
rounded hollows in the stream bed, known as por-holes. At low water
these rounded hollows may be uncovered and stones will be seen resting
at the bottom of each pot-hole. (These pot-holes should not be confused
with the pot-holes in limestone country, which we discussed in Section
3.2)
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Small streams do not contain a large volume of water and they tend to flow
around obstacles frequently following a twisting course As the streams
deepen thetr beds by downcutting mterlocking spurs are formed the ends of
wh ch become steeper as the mer goes on erodmg ifs bed

Aswesawin Umis2and 3 rocks vary greatly in hardness and this leads to
sharp vanations 1n the degree to which they are eroded Short distances over
Which the niver may flow smoothly are interrupted by sharper drops If these
drops 2re sudden a waterful! results but if the drop 1s spread over a rather
greater distance rap ds or cararacts form

Ruers 1 therr upper course not only deepen thetr beds and erode their
banks they also lengthen their valleys backwards by headuard erosion They
bie back mto the slopes above and behind their sources at the same tme as
therr whole valley 15 eroded downwards as Fig 48 shows Tius process 1s
tesponsible for one of the more spectacular features of nver development
ruer capture which we look at m Section 4 5
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Source
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Fig 48 Headward erosion Successive profiles of the river show how the souice
1s eroded backwards through postions 1, 2, 3 and 4 at the same time as the
valley 1s eroded downwards

(b) Middle Course

A niver contains a greater volume of water as it leaves the hills and approaches
the plains which mark 1its lower course. This 1s because of the large number of
tributaries which join the main stream and supply it with water Its gradient 1s
now more gentle, and downcutting becomes much less important. The valley
floor tends to become broader and flatter 1n contrast to its V-shaped cross-
section 1n the upper course (Fig 4.6(b)). Indeed, the river tends to erode its
banks rather than its bed, and this in turn causes it to swing in meanders over
its plain. In the course of this slow swinging movement across the plain, the
river cuts 1nto the hills on each side and erodes the base of the slope. Low
cliffs or bluffs form, where the flat valley floor meets the neighbouring
hills

(c) Lower Course
The middle course 1s an intermediate section between the upper and the lower.
The upper course 1s characterized by erosion, the lower by deposition. As we
have just seen, erosion in the middle course 1s mainly mn a horizontal direc-
tion—the swinging of meanders and the undercutting of bluffs. In the lower
course, eroston has given place almost completely to deposition. As a general
rule, the river 1n 1ts lower course 1s heavily laden As 1ts meanders slowly swing
over the plain, the river erodes from one bank only to deposit on the other,
with the small variations 1n the speed of the current and thus of the carrymng
power of the river

Most rivers flood, and 1n the past many of them have frequently spread over
their valley floor after a spell of heavy rain. Nowadays engineering works,
such as dams in the upper course to control the flow of water and embank-
ments along the river banks further downstream, may be able to confine the
river to its bed even at flood stage. A river in flood 1s swifter than at other
times, and 1t carries a bigger load As 1ts water spreads out over the flat land
which borders 1t, 1 its lower course, its speed 1s checked and a part of its load
1s dropped at once. Every flood thus makes a contribution of fresh silt to the
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Fig 49 Formation of levees
(a) Normal river flos
{b) Rner i flood At L faster mosing \ ater in the i er bed is slo ed do n by
stat ¢ v ater over the flood plain Deposit on bu Ids levees
(¢) After many vears of flood ng levees and river are butlt above flood plain
level

alluy um of the valley floor In this way the flood plain of the river 1s gradually
bult up

() Levees When the water floods out from the nver bed over the bordenng
fiat land there 15 an abrupt drop 1n speed near the submerged bank of the
rver Much of the silt 1s dropped here forming a low bank or natural levee
Such natural levees only provide 2 shght protection aga nst floods for the
ne ghbounng land but along some of the world s largest mvers man has
art fioially strengthened them and ratsed them hugher m order to keep the nver
with n #ts natural bed as far as possible

Deposition dunng floods 1s not only responsible for the building of levees
There 15 also a tendency for a niver to deposit silt on s own bed This 1s
because the bed exercises a sl ght frictional drag on the flow of water
contact with 1t which slows 1t down sufficiently to make 1t deposit part of its
load Thus wath the butlding of tevees and the deposition of sift on 1ts bed the
nver may come to flow wholly above its flood plan (Fig 49) This1s a
particularly dangerous situatton as not only 1s the likelthood of flooding
increased but after a flood the water cannot return naturally to the nver
Fortunately 1t does not occur often and 1t 15 only found where the load of stt
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1s particularly heavy Itis a feature along the lower courses of the Mississippi
and on the Hwang Ho in northern China, a region notorious for its devastat-
ing floods.

(1) Meanders. We have seen how most rivers flow across their flood plain in
broad sweeping curves, known as meanders. These slowly change their shape
as a result of slight variations 1n the speed of the current and because of the
erosion of one bank and deposition on the other. The water flows faster
around the outer side of the bend, and is slowed down on the nner curve
Furthermore, currents are set up across the river which flow towards the inner
bank and encourage deposition there. Thus there 1s erosion on the outside,
compensated by deposition on the opposite bank of the river
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Fig. 4.10 Sweeping meanders on the Red rver, a large tributary of the
Mississippi. This picture shows the deposition on the inside, erosion along the
outside of the nearest meanders and the levees along the banks, topped by a road

The curves of a meandenng river tend to be accentuated and to swing. This
does not just happen to a single bend n the river's course, but is occurnng 1o
all of them at once The meander belt is 1n constant motion, swinging slowly

to and fro across the plan. ever widening the flood plan as the meanders
encroach on the higher ground which borders it.

(iii) Ox-bow lakes. The tendency is for all bends in the lower course to become
more exaggerated, with erosion on one bank and deposition on the other. The
meander thus becomes even tighter and the neck narrower. Eventually, when
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the river 1s 1 flood. 1t may burst across the neck (between points X and Y on
Fig. 4.11) to form a new and much straighter course. The former meander
remains jomed to the newly-formed river channel for a period, but deposition
gradually takes place where the more static water within the loop meets the
faster-moving water of the river. Eventually the former meander is completely
separated from the river, and forms a rounded or crescent-shaped lake, known
variously as an ox-bow, cut-off, mortlake or horseshoe lake.

(1v) Braided stream. The gradient 1s so gentle in the lower courses of some
rivers that, at low water, the river may divide into a number of streams which
reunite and, often enough, redivide and reunite again. This network of branch-
ing and converging channels may be clearly seen at low water on some
tivers The smaller channels are continually shifting as a result of the niver’s
greater speed and volume at flood-time, and this presents many problems
Crossing the river 1s often difficult and cultivating the land on the rrver banks
may be even more so, because of the frequent changes in the channels

(d) Deltas

Despite the abundant deposition which occurs on levees and over the flood
plamn 1n the lower course of a river, a great deal of silt nevertheless reaches the
sea It is exther deposited at the mouth of the river, or it is carried out to sea or
redstributed along the coast. Its fate is determined largely by the amount of
movement in the water at the river mouth. If there is very little tidal rise and
fall, and currents are slight, the water near the river's mouth is likely to be still
and this encourages the deposition of silt as soon as the river enters the sea
The silt forms large flat banks which are separated by channels, kept clear by
the movement of the river’s water towards the sea. This is a delta, named after
the Greek letter of the same name, which has a triangular shape.

The Mediterranean Sea is almost tideless, and all the large rivers which flow
mto it have developed deltas; those of the Nile, Po and Rhone are the most
familiar. The Gulf of Mexico is similarly tideless, and here the Mississippi has
developed a very extensive delta. Other rivers with large and complex deltas
are the Niger, in Afnica, and the Ganges, Irrawaddy and Mekong in Asia.
We suggest that you study these deltas on an atlas.

Some deltas, notably that of the Nile, leave a smoothed or rounded coast-
line and are known as arcuate deltas. This 1s due to a slight current which
carries silt along the coast, drawing it out 1n spits and bars (Section 5.3(c)).
Where there is no such movement in the water, the delta may advance into the
sea as if 1t were a partially submerged system of levees. The result 1s a bird's
Joot delta, typified by that of the Mississippi.

Deltas are not only found where a river enters the sea. The still water of
lake leads to the deposition of silt and the formation of a lacustrine delta A
similar feature may even form where a swift stream flows into a large, flat-
bottomed valley. In such cases a bank of silt, sand and even gravel may be
formed, shaped like half of a flattened cone. This 1s an alluvial cone or fan
Occasionally such cones grow to immense sizes and a series of them may even
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Fig 412 The Mississippi delta looking south towards the Gulf of Mexico
Notice the flatness the deposition and the pattern of distributaries

merge with one another to produce a gently sloping bank at the foot of a
mountan range In Calforma a series of cones or fans emerging from
valleys of the Sterra Nevada range has pushed the Sacramento and San
Joaquin nivers across o the other side of the valley

{e) The Estuary

Many nivers have no visible delta but enter the sea by way of a funnel shaped
opeming known as an estuary The Thames estuary the Humber and the
Bristol Channel are good examples in the British Isles An estuary 1s the result
of several factors which include the shape of the sea floor the strength of the
tdal flow and the distance to which the ude flows mland These conditions
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ensure that not much silt is deposited at the river mouth, so that a delta does
not form. Even so, there is always some deposition, and mud-flats or sand-
banks are often formed. They are sometimes exposed at low tide and are
always hazardous for navigation. The mud-flats in the Thames estuary and the
Bristol Channel are conspicuous: they are, in fact, deltas whose proper forma-
tion has been prevented by the movement and depth of water in the estuary.

Almost all estuaries are tidal, and many have a very large tidal range, which
means that the flow of water in and out 1s rapid Channels are thus kept rela-
tively clear of deposition. This in turn allows ships, with or without the aid of the
tide, to sail up to the head of the estuary, which has become a common site for
large ports. London, Glasgow, Hamburg and Bordeaux are familiar examples

4.5 River Capture

In Section 4.4(a) we referred to headward recession (that 1s, the extension
backwards of the source of the stream), in the process of which one river
sometimes invades the basin of another. The first river’s catchment area s
increased while the neighbouring catchment area is correspondingly reduced,
and sooner or later the river cuts back mnto the course of the neighbouring
stream and abstracts 1ts water. This 1s river capture, or river piracy.

In Fig. 4 13 the headward erosion of tributary X causes 1t to meet river B
The upper part of B is diverted mto X, leaving the remaimnder of B as a
shortened or beheaded river The exact pomt of the capture is known because

Rapids or

) waterfall
Tributary X Elbow of
capture
Misfit
stream
| | |
River River Riwver River
A B A B
{beheaded)
(a) Stage 1 (b) Stage 2

Fig. 4.13 River capture
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of the sharp bend called the efbow of capture For a short distance there may
euen be a steep gradient t the course of stream X which has done the cap-
tunng marked by rapids or a waterfall Meanwhile B has become a small mver
disproportionately so 1n companson withits valley wiich was eroded when 1t
was a much larger stream B 1s now known as a musfit stream There are many
examples of nver capture in Britain and Fig 4 14 shows a familiar example

North
Sea

Headward
etosion

i

{a) Stage 1 (&) Present day
Fig 4 14 Rner capiure m Northumberland

46 The Changing Sea-level

A change n the level of the sea considerably modifies the shape of river valleys

flowingnto 1t A nise 1n sea level inundates the lower parts of a valley to form

a ria (a process known as drenamg which we shall descnibe 1n Section 5 4)
The changes brought about by a drop mn sea level—a process known as

Fig 4 15 Repnsenanion terraces along the rver Severn Each of the flat platforms
at different heights marks a former level of the rner s flood plam
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rejuvenation—may be prominent features of the new valley. The lower sea-
level increases the speed of flow of the whole river so that its erosive power is
increased. It begins to cut downwards and ncise 1ts bed into the former valley
floor Nowhere 1s this more clearly seen than in the river’s lower course,
Meanders are cut deeply mnto the flood plain, and sometimes into the underly-
ing rock, to form wcised meanders, such as those along the lower course of the
river Wye. A new, lower flood plamn may be formed by the slow widening of
the meander belt, but remnants of the former flood plain may be left as flat
platform-like features above the edge of the new flood plain These are
rejuvenation terraces.

Further Reading
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Sparks, B. W Geomorphology. Longman (Harlow, 1970), Chapters §, 6

Strahler, A. N.: Physical Geography. John Wiley (Chichester, 1969), Chapters,
24, 25

Questions

1. Give an account of the ways in which river erosion takes place.

2 Why does river deposttion go on mostly in the lower course? Name the
principal features which result from this and, with the aid of dhagrams,
explain how any two are formed.

3 Write an essay on River Capture

4. With the aid of annotated diagrams say what you understand by (a) trellis
drainage, (b) interlocking spurs, (c) levees, (d) deltas.

5. Describe the nature of the river and its valley (a) in Fig. 4.5 and (b) in Fig.
4.10. Explain the differences between these two illustrations.



Unit Five
The Work of the Sea

The waves of the sea attack the coast where the land meets the sea and they
erode the Jand n a number of ways The sea transports the eroded matenals
building fresh land with some of them A great many landforms result from
{hts combination of erosion and depositton Erosion usually gives fnise to
chiffs deposition to flat coastlands and beaches together with spits bars sand-
banks and other features many of which develop below sea-level

51 Waves and Erosion

Waves can be one of the most powerful and destructive of all the agents of
eroston They are formed by the wind blowing over the surface of the sea The
sze and energy of a wave depends partly on the strength of the wind but also
on the distance of open water over which the wind blows 1n building up the
wave An open sez coast facing thousands of mules of ocean over which
onshore winds can butld up immense waves 1s hkely to be severely eroded and
to be charactenized by towering cliffs The coast of a sheltered estuary where
only small waves can develop 1s far less prone to erosion In the course of a
storm the wind may develop waves of power and destr
especrally 1f 1t 15 blowing onshore (that 1s from the sea) Such storm waves
may erode cliffs extensively and can cause more destruction to the beaches
and promenades of coastal resorts m the course of an hour than normal wave
action can do in many years

As 2 wave moves from the deeper sea mto shallower coastal waters its crest

Direction of wave movement

Breaking wave A Wave length 8

; T
fi—/\\/%“— Wanbmgn, g Crest
, o} } D D
Trough
Jroush

D

fe)

Sea~floo,

Fig 51 Moremenr of a sea nave Arrons (D} show the direction of morement
of water particles in the wave
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continues to move forward under the impulse of the wind, while the water o
few metres below the surface is slowed by its frictional contact with the sca-
floor (Fig 5.1) This continues until the upper part of the wave ‘overtakes the
lower and the crest topples over or breaks, in a mass of white, foaming water
This water—the swash—rushes up the beach and then runs more slowly back
into the sea, as the backwash

We shall disuinguish between the effect of waves on a sandy or pebble
beach, and on the steeper chffs The beach may, of course, be backed by chffs,
in which case both phenomena can be observed at the same place. according
to the stage of the tide.

(a) The Beach

The effect of waves on a beach 1s governed by several factors. The most
mmportant of these are the steepness of the beach itsclf, the material—sand.
shingle, large pebbles—of which 1t 1s made, and the height and frequency of
the waves. The first two factors are not likely to change very much on any one
particular beach, but the height of the waves (that 1s, the vertical distance
between their crests and the preceding or following troughs) and thew
frequency (the number of waves per minute) are of vital importance in shaping
the beach Large waves, with a frequency of 12-15 to the minute, are created
by strong storm winds Such waves crash down almost vertically on to the
beach, giving rise to little swash, but a very powerful backwash. which drags
much of the beach material out to sea. These arc destructive waves. (Bathing is
particularly dangerous under such conditions.)

However, 1f the waves are much less frequent, say 5-8 to the minute, they
tend to spread up the beach when they break. They have a powerful swash,
and tend to wash material—both the rock material of which the beach is
composed and other material which has got into the sca—up the beach and
deposit 1t there These are constructive waves.

Every beach shows the marks of the latest phase in its long struggle with the
sea. A beach may have been lowered by destructive waves. or a bank of

shingle or berm at the upper tidal imit may show that the most recent actwvity
of the waves has been constructive.

(b) Cliffs
Waves have enormous destructive power as they hit the land, and they can
cause cliffs to crumble and recede. The mechanics of wave erosion are com-
plex, and depend not only on the height and frequency of the waves but also
on the hardness of the coastal rocks. Much of the coast of eastern England,
for example, is made up of soft rglacial deposits or boulder clay, and this 1S
easily eroded by the storm waves of the North Sea. This coast has been worn
back in places by as much as 3 km during the pertod since the Roman
occupation of this country (this 1s an average of nearly 2 m a year). It 15
unlhikely that the towering granmite chiffs of Land’s End have undergone any
sigmficant change at all in this time.

We saw i Section 3.1 that almost all rocks are penetrated by cracks or
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Fg 52 Rapid coastal eroston in soft glacial dposits south of Lowestoft Suffolk

Jjonts which are gradually enlarged bv weathering and eroston The pressure
of the waves beating agamnst such rocks not only erodes them by its sheer
power but also forces water nto the fissures causing a sudden compression of
the air which they contam The pressure exerted by the air with each breaking
wave slowlv enlarges each crack weakeming the structure of the rock and
hasten ng its erosion This 1s known as vdraulic action

At the same time the waves are armed with cutling tools (the stones and
pebbles derived from the cliffs by previous erostve action) which are hurled
agamst the rock at the base of the cliff This undercuts the chiffs and wlumately
leads to therr collapse The cotrasion or abrasion of the chifs resembles the
erosise action on a niver s bed and banks but 1t 15 often a great deal more
violent As corraston 15 going on the pebbles and rocks are themselves sub
Jected 10 the same process of attrition as they continually knock aganst each
other and are gradually reduced 1n size Aneular stones become smoothed and
rounded pebbles and the rochy waste 1s ulumately ground so fine that 1t can
be remosed and taken out to sea by the destructive force of the waves The
attntion of beach materrals can even be heard In a heavv sea on the Chesit
Beach tn Dorset for example the backwash of each wave drags pebbles down
the beach with a loud ratthng noise

All these processes slowly wear away a clff causing 1t to move slowly
mland This)s ¢l ffrecessron People who live near the coast are accustomed to
clff falls espectally during severe winter storms and after a period of heavy

ramfall and to the tendency for the value of property close to the chif to
decrease
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5.2 FErosional Features of the Coast

As the cliff-line recedes 1t leaves a number of erosional features, some of them
conspicuous and scenic features of the coastline.

(a) Abrasion Platforms

Fig. 5.3 shows a wave-cut platform or abrasion platform at the foot of the cliffs
The cliff-line formerly stood at the seaward edge of the platform, but gradual
erosion of the chiff has caused a recession to its present position. You will see
that the gullies 1 the platform, eroded along the lines of weakness, lead to
indentations in the chff The present platform extends from high-tide mark
down to below the low-tide level. There may be reefs or patches of rock out be-
yond low-water level, which are only exposed at low tide. These are also part
of the wave-cut platform, formed as the sea slowly encroached on the land
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Fig. 5.3 Wave-cut abrasion platform, Falmouth, Cornwall

(b) Arches, Stacks and Caves

These picturesque features of the coast all onginated 1n weaknesses 1n the
chiffs—faults, joints or merely beds of relatively soft rock—gouged out by the
erosive and hydraulic action of the waves. A weakness extending across a
projecting area of cliff may first be hollowed out to form caves and, as these
approach one another from each end of the line of weakness, a tunnel or arch
is formed. In time the ceiling of the arch collapses, weakened from below by
wave action and from above by weathering. The result is a stack, an upstand-
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level
Weakness Cave Arch Stack Reef
Fg 54 Stages m U e formation of a stack and reef
1ng mass of rock such as the Old Man of Hoy shownmmFig 55 This m s
wrn 15 attacked by waves from all directions Tt 1s narrowed to an unstable

p lar of rock and ulumately 1t 1s destroyed leaving a reef which s only
vsble at low tide

Fig 55 The Old Man of Hoy Orkney a stack 140 1+ hugh

Occasionally a cave 1s formed when a Line of weakness extends mland from
the ¢l T Erosion 15 frequently very active at the mner end owing to the
hydrau! ¢ pressure created by the waves This tends to weaken the roof of the
cave and m ume the roaf collapses at the wner end and a blow hole 1s
formed Sea water may be glected up through the hole when waves build up
pressure i the cave below especrally dunng a storm But a blow hole 1s a
short lived landscape feature The forces which created it eventually destroy
the whole roof of the cave and 1t becomes a mmor mdentation of the coast

(¢) Capes and Bays

A ¢l Ttine 15 only bikely to be straight for a considerable distance if 1t 1s built
of the same type of rock and has no sigmficant weaknesses m st The chalk of
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the Sussex coast produces such a coasthne: it has given rise to the line of cliffs
known as the Seven Sisters, near Beachy Head.

But coastlines are usually very uneven, with alternating headlands and bays
Bays are formed, either from bands of relatively soft and easily eroded rock,
or from the presence of jointing on a large scale, which opens the rock up to
the forces of weathering and erosion. The result in both cases is differential
eroston as the weaker parts of the coast become bays and the harder parts
headlands. The exact shape of a coastline is thus heavily dependent both on
the presence of alternating beds of relatively hard and soft rock and on the
angle which these make to the general line of the coast.

Ballard

Point 1 0 1 2
Lo ! _]
km
Swanage
Bay
7" sand and ) Soft
Ly, gravel racks
forming
Wealden lowland
clay and bays
%" Chalk Hard rocks
forming highlands

Purbeck and cliffed
limestone headlands
Fig. 5.6 The geology of the Swanage coast. ( The arrow shows the direction
which Fig. 5.7 is seen)

The Purbeck region of Drrset 18 a museum of coastal landforms. There are
beds of hard and soft rock—chalk and limestone on the one hand, and sand
and clay on the other, lying m a west-to-east direction. On the east-facing
coast of Purbeck the chalk and the Portland limestone run out to sea to form
headlands (Fig. 5 6), and the chalk headland is continued 1n some impressive
stacks. There 15 a broad, sweeping bay between them, where the Wealden clay
reaches the coast, and the seaside resort of Swanage lies on this.

On the south coast, the Portland limestone lies parallel to the coast. A few
mules to the west the geological sequence is the same but the beds of limestone
and clay are much narrower than m the Swanage area. All the beds have been
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Fig 57 Ballard Pomnt and S sanage Bay

folded and tilted here so that they dip at a steep angle The himestone beds
tend to constitute a hine of cliffs—a wall as it were protecting the softer clay
wheh les to the north of them But here and there notably at Lulworth
Cove the sea has breached the rampart formed by the imestone and eroded o
rounded bay in the area of softer clay backed by a4 high chatk clff Several
such coves can be seen on the map n varying stages of development {see also
Map2 page 263)

Soft sands and clay
°* Chalk Hard rocks L Lulworth Cove
° Portland form ng hill W Worbarrow Bay
0> lmessone | niges and chfs

Fig 58 The geology of the Lulworth coast (The arrow shous the direction
which Fig 59 is seen)
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Fig 59 Lulworth Cove, Dorset

5.3 Coastal Deposition

Material brought down by the rivers and eroded from the chifs is continually
being moved by the sea The waves may stir up sand on the sea-floor,
especially during storms when the movement of the water is more violent.
After a storm the sea 1s often discoloured with sediment, which may be
carried 1n suspension for several days before 1t 1s deposited again. The coarser
eroded material moves along the coast, mainly by a process known as long-
shore drift, where it builds up as a number of beach forms, both permanent
and temporary.

(a) Longshore Drift

This 1s the movement of the coarser, heavier material along the coast by wave
action. More often than not, waves approach a beach obliquely, as shown in
Fig. 5.10, at an angle which depends largely on the direction of the wind A
pebble 1s thus thrown obliquely up the beach by the swash of a wave, but
tends to be pulled back more directly by the backwash, since here the force of
gravity down the beach slope is the principal infiuence. In Fig. 5.10 a pebble at
A 1s thrown to B, falls back to C, is thrown by a later wave to D, is washed
back to E, and so on. In this way, assuming that wind and wave direction do
not change significantly, the pebble in question moves along the beach,
probably gradually becoming smaller by attrition in the process A sharp
change in wind direction may reverse this movement, and the pebble will
travel slowly back towards A.
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W Obl que wave approach
—— Waves throw pebble up beach slope
—=— Backwash pulls pebble down beach slope
=+ Movement of pebble along beach
through postons A CE G J L

Fig 5 10 Longshore drift

Longshore dnift can sometimes be quite violent A seaside resort may lose
much of its beach as the result of a violent storm It 1s tn any case Likely to be
faced with the slow movement of matertal from one end of a beach to another
This movement can be partially checked by building groy nes (low barriers of
wood or concrete) at intervals along the beach and at right angles to the coast
from above hugh tide level to below the fow tide mark Beach matenal never
theless moves within each of the spaces between groynes so that we find sand
and shingle banked up high aganst one side of a groyne while on the other
side 1t has been scooped away

{b) Beach Formation

(1) Bay head beach Material eroded from the cliffs tends to be carrted prin
cpally by Iongshore doft fowards the head of the hay that forms hesween
each parr of headlands This gives nise to a bay head beach and these are
found 1n profusion around the more westerly coasts of the Britsh Isles The
composition of these beaches vanes according to the composition of the
neighbounng rocks and the local marine hfe They will consist of rock frag
ments from the ¢hiffs along each side of the bay which have been reduced 1n
varying degrees to shingle and sand They are also Iikely to contain a propor
tion of shell fragments denved from sea creatures which may sometumes
make up more than half the total beach matenal Lastly the beach will
ushappily contam man made materials—glass tns cinders slag and the
waste from buildings—not to mention matter which has been washed up
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from the sea—oil, wood and the fragments of ships which have been lost
at sea.

(i) Storm beaches. The upper part of a beach usually lies well above normal
high-tide mark. The material of which it is composed could only have been
deposited there by storm waves breaking at high tde and throwing beach
matenal well above high-tide mark, so building up that part of the beach that
the sea does not normally reach. A succession of storms, perhaps over a long
period of time, may build up a beach well above high-tide mark. or even a
succession of such beaches. These are storm beaches.
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Fig. 5.11 A recurved spit across the Mawddach estuary, Cardigan Bay
(See Map 5, p. 274)
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(c) Bars and Spits

(1) Bars A bar 15 a submerged or largely submerged bank of sand or silt
consisting of eroded matenal which has been resorted and transported by the
waves A karbour bar may occur near the mouth of a river which 1s generally
where miver silt 15 deposited

(1) Spits A spiton the other hand 1s composed of beach matenal which has
been transported atong the coast by the process of longshore dnft untit ns
course 15 wterrupted by a bay or estuary The deposit then tends to be drawn
out across the opening 1n the coastline paruially closing it There are numerous
spits around the British Isles They partially close the estuaries of the rivers
Dovey and Mawddach on the west facing coast of Wales There are several
spits 1n the Solent and Southamptan Water and the Humber 1s also parually
closed by the hook shaped spit known as Spurn Head The end of a spit may
be curved by strong winds from another direction to form a recursed spit

A Drection of O Occas onal w nds
preva ! ng wand

m

Recurved sect ons
B Drectonof of the sp t tormed
result ng fongshore y D
drfi F Areas of mud or sand
€ Thespt buttup depos ted in the estvary
slawly across the
estuary

Fig 512 Tle formation of a spit

Storm waves throw material up on to the spit Blown sand 1s held there by
vegetation so that 1t grows higher as well as longer Silting goes on rapidly m
the sheltered water betund the spit (Fon Fig 5 12) The sea floor 1s tumned to
marsh which 1s converted mto rough grazing land sometimes with the help of
man
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(in) Nehrung and haff. A spit rarely closes an estuary completely. The tidal
movement is usually powerful enough to keep a channel open between the end
of a spit and the opposite shoreline, but there are exceptions. Tidal rise and fall
n the Baltic Sea 1s very shght,xand the discharge of some of the rivers is very
small. Here a spit, known locally as a nelirung, up to 80 km m length and 3 km
wide may seal off a bay to form a lagoon, or haff. Access to the haff 1s only
possible by breaching the nehrung Some of these spits have become crowned
with enormous sand dunes, occasionally rising as high as 70 m above sea-level.

(d) Sand Dunes
Some areas of low coast are backed by tumbled heaps of wind-blown sand,
but they only occur where certain conditions are met. There must be a large
sandy beach, a strong prevathng wind blowing onshore, and the area behind
the coast must not be so high or steep that sand cannot be blown over 1t.
Wind can carry the sand far inland. Dunes may encroach on agricultural
land and may even overwhelm houses, as has happened, for example, along
parts of the north coast of Cornwall, at Gwithian and Perranporth. Dunes can
usually be fixed or stabilized by planting vegetation, either coniferous trees or
the tough marram grass, which develops a complex root system and binds the
sand together. Nevertheless, the Culbin Sands on the Moray Firth 1n northern
Scotland are still active, despite attempts to fix them The most extensive area
of wind-driven coastal dune sand in Europe (there are larger areas of desert
sand 1in Arabia and North Africa) is the Landes of south-western France. This
vast area of about 15000 km? and extending for nearly 500 km along the
coast has been stabihized by planting conifers, which are also an important
source of turpentine

5.4 The Changing Sea-level

We saw 1 Section 2.10 and 4.6 that the level of the sea has undergone a
number of significant changes in relation to the land. Sea-level sank during the
glacial pertods of the Ice Age, as water was taken from the oceans to form ice
on the land. The level rose during the warm mterglacials, though 1t fluctuated
greatly. Now, in north-western Europe, 1t 1s continuing to rise slowly, and the
coastline bears plentiful evidence of the changes of level which have occurred
during glacial and postglacial times.

(a) Drowned Coasts
Since the most recent movement has been the nising of sea-level, the coast of
the British Isles shows signs of drowning The rias of Ireland, Wales and south-
western England are drowned niver valleys. The fjords of western Scotland as
well as those of Norway are glaciated valleys which have sumilarly been drowned.
The shape of any drowned coastline depends on the grain of the land. If the
hills and valleys generally lie at nght angles to the coast, deep tidal inlets, such
as those in south-western Ircland, are hkely to result from a nise in sea-level.
This is known as a discordant coast (Fig 5.14(a)). Where the mountams and
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hills are aligned parallel to the coast, however, drowning is more likely to
produce chains of offshore 1slands, each of them elongated in the direction of
the coast. The Frisian Islands and the Dalmatian Coast of Yugoslavia are
examples. Such a coastline 1s concordant (Fig. 5 14(b)).

Obviously a drowned coastline 1s not likely to have much coastal plam,
because 1t will have been submerged by the sea, but it may possess a wealth of
deep, natural harbours. This 1s true of all the coastlines we have just men-
tioned One ria, Milford Haven in South Wales, has been chosen as a port for
giant tankers despite 1ts rather remote situation, because submergence has
produced there an unusually great depth of water (see H & R, Umit 12)

(b) Emergent Coasts
The effect of a drop in sea-level is the opposite of what we have just described.
When sea-level falls estuaries and creeks tend to be narrowed, because the sea
does not occupy them to as great a depth as before emergence, and a low
coastal plain is formed from what had once been the shallow sea-floor.
Features arising from both submergence and emergence are apt to be short-
lived when the rocks are soft, as in eastern and south-eastern England. They
are quickly destroyed by erosion, or are covered up and mdden by deposition.
But evidence that the sea once stood higher than 1t 1s today 1s better preserved
in the harder rocks of western Britain. There are raised beaches along some
parts of the coast, as much as 30 m above the present level of the sea. The
most extensive beach in south-western England and Wales 1s at a height of
about 3 m. It 1s exactly what its name suggests—a beach, sometimes with sand
and shingle, now hardened into a conglomerate, lying above the reach of the

- _P_rsssnt_af_g

Present wave-cut platform
B  Former wave-cut platform
C  Raised cliff line

Fig. 5.15 Section across an emergent cliffed coast, showmg raised beach
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waves except in unusually severe storms. It lies on a wave-cut platform (Section
5.2(a)) and may be backed by a raised chff-line. as Fig. 5.15 shows clearly, It
usually ends 1n a low cliff on its scaward margin, below which lies the present
beach and wave-cut platform.

All the features of present-day beaches, such as cliffs, stacks, caves and
arches can be found in association with raised beaches, especially in areas of
very hard rock, such as the west coast of Scotland and parts of the Cornish
coast

5.5 Coral Coasts and Islands

In some parts of the world, particularly between the tropics, a form of coast-
line occurs which may be termed a biological coast. It 1s made up entirely of
the skeletons of living and dead coral polyps, which are small sea creatures.
The coral can only live 1n seas with a temperature above 21 *C. This limits it
to an area of the sea bounded by latitudes 30" N and S. Even here it is rarely
found on western coasts, where there are often cool currents (Section 10 4).
Coral must also have some natural sunhght, and this limits the polyps to a
maximum depth of about 55 m The water must be clean and free of silt, so
coral will not live near a delfta or the mouth of a large, silt-laden niver.

Colonies of coral polyps give rise to three distinct forms, fringing reefs,
barrier reefs and atolls which are the result of a rising sea level. The fringing
reef, as shown in Fig, 5.16(a), 1s a strip of coral ranging in width from a few
metres to several kilometres, which fringes the coast and is covered by a very
shallow depth of water.

The barrier reef (Fig 5 16(b)) 1s similar but 1t 1s separated from the coastline
by a tidal channel which may itself’ be many kilometres in width. The most
famous example 1s the Great Barrier Reef of Austraha which extends, with
very few gaps, over a distance of 1600 km along the coast of Queenstand

An atoll (F1g 5 16(¢)) 1s also a reef, ring-shaped and enclosing only a deep
lagoon, with no land mass or islund within 1t. Many such coral atolls are to be
found in the Pacific Ocean, among them such famihar islands as Bikim,
Eniwetok, Kwajalein and Midway.
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Questions

1 In what ways does the sea erode the coast? Give examples of the processes
which you describe

2 Describe with the aid of diagrams the ways 11 which waves may alter the
shape of the coasthne

3 With the aid of clearly annotated diagrams describe and explain the forma
tion of (g) stacks (b) abrasion platforms (c) sand spits

4 Why are some coastlines much straighter than others? Give examples of
each form of coast that you mention

§ Write an essay on Beaches

6 Describe and explain how a change of sea level influences the shape of the
coastline

7 (@) Describe the coast shown m Fig 55
(5) Explain how thus coast may have been formed



Unit Six
The Work of Ice

Large areas of the earth’s surface have becn shaped by ice. Much high ground
has been eroded by ice to produce the sharp peaks and crests of mountain
ranges such as the Alps, the Himalayas and the Rockies But a great deal of
the material worn from the mountains has been carried away by moving ice
and laid down on the lowlands, covering the rocks beneath, diverting the
dramage and profoundly influencing the character of the soil. We shall, there-
fore, study the work of ice as an agent of destruction and as a creative force.

6.1 The Ice Age

On several occasions 1n the course of earth’s 4 500 million year history the
climate has grown sufficiently cold for ice to cover large areas of its surface,
perhaps for tens of thousands of years at a time. Such an event 1s called an Jce
Age and there were Ice Ages both in Pre-Cambrian and Permo-Carboniferous
times (Table 2.1). The Ice Age which has left most evidence of its presence was
the most recent one which began just under 2 million years ago. It is known as
the Pleistocene Ice Age and during its lifetime the chmate became colder for at
least four prolonged pertods, but grew appreciably warmer between the cold
periods.

(a) Glacial Periods

In each glacial period the snow hne (that 1s, the lowest level of permanent
snow) moved slowly down the mountain sides, as the chmate gradually grew
colder and the snow lay longer, at lower levels, durning the year. On high ground
the snow cover grew ever thicker as less of each winter's fall melted away
during the following summer, and this snow gradually became compacted into
hard ice. Under the influence of gravity the ice began to move slowly downhill,
gathering in the valleys to form glaciers, which 1n turn moved down the valleys
towards the lowland As conditions became colder the glaciers spread out over
the plains, joming with one another to form ice-sheets. In Europe the ice-
sheets extended as far south as 50° N, thus covering much of England and the
North European Plain (Fig. 6.1(a)). In North America they spread over the
whole of Canada and a great deal of the Midwest of the United States (F1g
6 1(b)).

Eventually, after each advance of the ice, the climate grew warmer again
and the ice slowly melted away around its margins until the ice-sheets had
disappeared. A totally different landscape was revealed from that which had
been covered by the spreading ice many centuries before, because the ice
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had eroded the land in some places, and deposited the eroded material to make
a new land surface in others.

(b) Changes in Sea-level
The formation of these vast ice-sheets led to changes in sea-level. Each glacial
period was accompanied by a drop in the level of the sea because the water
cycle was nterrupted (Section 2.10). Most of the precipitation fell as snow
which remained ‘locked’ in the form of ice for many centuries, whereas
evaporation continued from the surface of the seas in order to provide more
snow The result was a gradual fall of ncarly 100 m m sca-level. Each glacial
pertod ended when the temperature gradually became warmer, the land ice
melted, water returned to the oceans and the sea-level rose again. The temper-
ature was not the same 1n each of the warm mterglacial periods, however, and
the extent to which the oceans filled up was different in each interglacial.
As we saw 1n Section 5.4, this rise and fall of the sca-level has had an
important influence on the formation of coastal features.

(c) Tce-sheets Today

The most recent Ice Age, which began nearly 2 million years ago, may not
have ended yet. 1t 1s true that ce-sheets have disappeared almost entirely from
Europe and that glaciers are found only in the highest mountains. but ice-
sheets can still be found eclsewhere. Greenland and the Antarctic continents
are largely covered by enormous sheets of ice which, at their centre, reach
thicknesses of up to 3 km. There 1s a smaller ice-sheet in Iceland, and frag-
ments of vanishing ice-sheets in Alaska and Norway. If all these were to melt,
sea-level would nise sufficiently to inundate London and most coastal low-
lands.

On the other hand, some geographers believe that the ice has melted as
much as 1t 1s gomg to do and that we are heading for another cold glacial
period, another advance of the ice-sheets. The climate of northern Europe did,
in fact, begin to get colder in the mid-siateenth century. For a period of almost
three centuries the world experienced a cold spell which has come to be called
the Little Icc Age. Then, rather more than a century ago, it became generally
warmer again. Glaciers in the Alps, which had been extending ever further
down the valleys, began to melt and they are still retreating very slowly.

6.2 Ice Erosion

As a mass of ice—a glacier or an ice-sheet—moves over the land surface it
erodes the rock, breaking away and removing parts of it. It does this in three
ways. In the first place, the mass of an advancing glacier ‘bulldozes’ all that
lies in 1ts path. The ice carries this load forward. cither on the surface or
embedded 1 the ice 1tself. Secondly, pieces of rock along the margins of the
slow-moving ice become frozen into the ice mass. As the mass moves 1t
‘plucks’ out these pieces and carries them away. Lastly, the most rmportant
method of ice-erosion s by corrasion. Fragments of rock become frozen mnto



The Work of Ice 93

the 1ce, and as the ice drags these along they scrape and gouge the surface over
which they move

There s also a very active frost shattering process along the margin of the
1ce where temperatures may rise above freezing duning one part of the jear or
dunng the day but will fall below duning another season (Section 3 1(a))
Large quanttties of rock fragments thus fall on to the 1ce to be carried away
and used as tools 1n the process of corrasion

All these erosional forces actng together have carved out a landscape which
we recognize as glaciated or alpme We shall consider the landscape features
produced by 1ce eroston 10 the next section

Fig 6 2 Glaciated scenery in the Lake District showing a corne with a lake a
corrie without a lake aretes a glacial vallev and probable lacustrine deltas

63 Landscape Features Produced By Ice Erosion
(a) Corries
Cornies ate hollows-—sometimes descnbed as armchair shaped depresstons—
on the flanks of a mountan The largest of them may be more than a
kilometre across and some contarm a shallow lake or tarn on the seat of the
depression Cornes are common features of all glaciated mountam areas {The
wordcorne 1s a Scottish term tn Wales they are known as ews and in France
a3 ¢irques )

‘The formation of a corrie begins when a snow patch 1n a shight hollow or
depression—often on the north or north east facing slope of a mountain—
bingers through the summer (F1g 63{a)) The next winter s snow is added to
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this patch so that it grows thicker, and eventually the snow is compacted
under 1ts own weight to form a mass of ice (Fig. 6.3(b)), which slides downhill,
under the influence of gravity, and immed:ately begins to exercise its powers
of erosion.

The thicker snow and 1ce 1 the middle of the patch moves faster than that
on each side. A crack may open up towards the upper edge, as shown in Fig
6 3(c) This 1s known as a bergschrund, a German word meaning mountain
crack. Each summer, melt water drips into the bergschrund, and contributes
to frost-shattering along the upper edge of the slowly developing corrie. This
process in turn supphes angular masses of rock to the bottom surface of the
mass of ice, where they are used as tools of corrasion.

Snow
thickens

(a) Snow patch (b) Nevé (c) Bergschrund

Backwall

(dY Corrie Glacier

{e) Corrie

Fig. 6.3 Formation of a corrie

The process of erosion accelerates The patch of snow and 1ce grows thicker
as the hollow is deepened, and the erosional powers of the corrie glacier are
increased until the typical armchair shape is scooped out (Fig. 6 3(d)).
Ultimately, the return of warmer conditions and the melting of the 1ce reveals
the corrie (Fig. 6 3(e)): its steep back wall, its ‘arms’ on each side, sometimes a
lip made up of deposited material or even of solid rock, and a small lake or
tarn in the hollow behind the lip.

Corries on opposite sides of a mountain may cut back towards each other.
In extreme cases this leads to the formation of a steep pyramidal peak, such as
the Matterhorn on the borders of Switzerland and Italy. Corries on the same
side of a mountain or a pair of corries which are formed on exactly opposite
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sides of a mountamn may also encroach on one another unti! only a steep
sded and often narrow ndge known as an arcte (Fig 6 2) separates them
sStrding Edge on Helvellyn 1n the Lake District 1s a well known example

(5) Glaviated Valleys

A corrie may be only the upper end of a glaciated valley Ice and snow from
several corries and mountain slopes eventually siide down 1nto the valleys The
1ce and snow become thicker and more compacted and the pressure of ac
cumulating snow combmed with the force of gravity forces the ce to move
slowly down the valley It has become a glacier The erosive power of the
glacter ncreases with the thickness of the ice and 1ts speed of movement

Fig 64 South Sasyer glacier Alaska with two of 1is many tributartes Tlis

Photograph taken wt surmmer sho 15 the large expanses of snow o the mountagm

tops kno snas neve field Iny wnter sno s probably covers the entire roch surface

It s likely that corries are formung in several places Tie dark stripes on the
surface of the glaciers are moraines

The speed of glacial flow 1s dependent on many factors mcluding fluctua
ttons in the climate the shape of the valley stdes and the steepness of the valley
floor Ice near the middle of the glacier moves faster than that which is
contact with the floor or the sides of the valley because this contact slows
down the glacial movement But even the fastest glacier moves extremely
slowly tts speed can only be measured 1n metres per year
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() Yeefalls The surface of a glacier 1s far from level Pressures within the wce
and the uneven nature of the valley floor cause crerasses to form Sometimes
the valley floor itself becomes steeper and this is reflected on the surface of the
1ce m an 1ce fall a jumbled mass of fractured ice with deep crevasses and
steep tce ponacles called seracs

(1) Ushaped valleys The erosive power of a glacier 15 concentrated on the
floor of the valley This 1s deepened and after the ice has melted away 1t 15
often seen to be U shaped and very steep sided The famous Lauterbrunnen
Valley in Switzerland 15 often cited as a typical glaciated valley but itis really
too perfect an example Not all valleys will show the features of glacial eroston
as well as this one

(1) Truncated spurs and hanging valleys A flowing stream can twist and turn
as its valley curves but a glacser 1s much less agle 1t cannot readily change its
direction and the interfocking spurs typical of the upper course of a nver
which we saw 1n Section 4 4(a) tend to be cut off or fruncated by the glacier 1n
115 search for the straightest and most direct course This results in two more
features of glaciated valleys truncated spurs and hanging valleys

Fig 6 5 shows a valley before dunng and after glaciation You can see how
the spurs projecting between tnbutary streams and n the upper course of the
valley 1n 1ts pre glacial stage have been truncated by the movement of the ice
After the ice disappears steep chiffs are left rising above the new valley floor
{Fig 6 10} Before the onset of the ice tributary streams jomned the main nver
at the same leve]l Dunng the glacial periods however the main valley was
occupied by a much larger glacier with far greater erosive powers than the
smaller glacters 1n the tnbutary valleys When the ice melted the main valley
was found to be greatly overdeepened while the tributary valleys had been
eroded to a much lesser extent Thus each tnbutary became a hanging valley
and the stream which discharged from 1t dropped by a cascade or waterfall to
Join the main streams

(1v) Atps. An overdeepened or U shaped valley does not always destroy all the
outhnes of the pre glicial valley The steep sides of the new valley are
sometimes topped by the remams of the more gently sloping sides of the
i grvnt villiey "These snéives or shotliders are cafled alps tn Switzerland
and they pay an important part 1n the human geography of mountain areas
(H& R Unu 3)

(¥) Roches moutonnees are large masses of rock which have been smoothed
and polished by the movement of the 1ce on their upstream side whereas the
downstream side 1s rough and irregular from the constant plucking action of
the 1 Deep scratches often parallel to one another may still be wisible on
the surface of the rock These are strianons cut by the movement of rock
fragments held firmly 1 the gnp of the ice



98 The Work of Ice

Downstream

side Upstream side

Fig. 6.6 A roche moutonnée. ( Arrow show direction of ice movement)

(v1) Crag-and-tail. Some obstacles 1n the path of the moving ice prove to be
too hard for glaciers or 1ce-sheets to erode completely A plug of hard volcanic
rock, for example, may resist the erosive power of the ice The Castle Rock at
Edinburgh is a familiar example. Its upstream side was worn by the ice as it
attempted to demolish this obstacle in its path On the downstream side (that
is, the lee of the rock) there was not such pressure from the ice Material being
carried by the ice was dropped here and, in Edinburgh, formed the gentle
ascent of the Royal Mile This phenomenon is known as crag-and-tail Itisa
common feature of glaciated valleys and lowlands, although few can match
the scale and impressive character of the Edinburgh example.

Fig. 6.7 Crag-and-tail (Arrow shows direction of ice movement)

{(c) Fjords

Fjords are drowned glaciated valleys; they are found along the coasts of
Norway, Alaska and British Columbia, southern Chile, New Zealand and
South Greenland. They were formed in these places because only in these high
latitudes did valley glaciers actually reach the coast, eroding the deep valleys
which became fjords as the sea-level rose. This process is still continuing today
on parts of the coast of Greenland, where the snouts of glaciers break off and
float away as icebergs. Fjords display all the typical features of glacial valleys,
including steep sides, truncated spurs, hanging valleys and, sometimes, alps.
The fjord sides rise from the calm water of an arm of the sea and this gives
them a peculiar beauty, which has made the more accessible fjord coasts great
tourist attractions.
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Fig 68 Milford Sound a fjord on the coast of South Island New Zealand

64 Glacial Deposttion

A glacier carnes away by far the greater part of the matenial which 1t has
eroded from the land surface and deposits it often a long way from where the
rock ongmated The surface of a glacter 15 often littered wath this matenal
which 1s known as moramme It occurs 1 bands along the edge of the glacier
(lateral morame) and for every tnbutary that has jomned the mamn glacier
there will be a stp of » edial morame as well as shown mn Figs 64 and 69
There 15 also much englacial matenial within the depths of the glacier eroded
from the rock over which the 1ce moves All this matenal which the 1ce has

Lateral
Med al Mora nes
Termenal

Snout of the glac er

0z

Fig 69 Morames associated with a valley glacrer Compare this with Fig 64
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torn away from the earth’s surface and transported away, must be deposited
somewhere eventually When the ice melts, the matenal 1s laid down on the
floor of the glacial valley, on the lowlands or in the sea.

As the glacier leaves the confines of its valley the ice spreads out and jomns
up with ice from other valley glaciers to form an 1ce-sheet, as we described in
Section 6 1(a). It may spread over a vast area and carry with 1t incalculable
quantities of rock waste denved from the highlands But a glacier or ice-sheet
can only survive as long as the temperature remams low enough for ice to
exist. As soon as the moving 1ce reaches a point where it can melt, streams
begin to form on or withimn the 1ce The melting water forms tunnels under the
glacier until it emerges at the margins of the ice as swift, turbulent streams
carrying an immense amount of rocky waste.

(a) Moraines
Without ice to support and carry it, much of the rocky material is dropped as
soon as melting occurs.

.

(1) Lateral and medial moraines. When a glacier melts within the confines of its
valley, the lateral and medial morames, formerly on the surface of the glacier,

gt ey s 8w (n w
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Fig. 6 10 The snout of a glacier m Jasper National Park, Alberta, Canada. This

glacier 1s merely the remnant of a much larger predecessor which was responsible

Jor forming the truncated spurs and hanging valleys, still containing glaciers.

Deposits of lateral morame are clearly visible along the valley sides and there 1s
termmal moraine n the foreground
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are deposited as long heaps of rock waste along the length of the valley floor
The deposits are stll known as lateral and medial morames Ther presence
disrupts the appearance of the flat valley floor that we normally assocrate with
a U shaped glacial valley

(n) Termmal or end moraines The slow fise in temperature which causes the
iwce to melt 1s not a steady regular process It appears to happen very
unevenly the climate becomeng warmer for say, three or four centunes and
temmnimg at that temperature for several more centuries before beginming to
grow warmer again This has resulted 1n very irregular melting of the glacier
snout or 1ce sheet and the deposition of a bank of matenal known as end or
terminal moraine at each sull stand of the ice

(1) Flnvio-glacal action The shape and composition of all the landscape
features resultng from the deposition of glacial matenal 1s detesmined by
fluvio glacial action {the action of the torrents of melt water which sssue from
the melung 1ce) The coarser matenals including gravel and even large bould
ers are depostted close to the ice margin forming the end moraine The
streams sift out the finer matenals and carry them a considerable distance
from the scc matgin before depositing them There 1s usually a large gently
sloping area known as the ourwash plam beyond the end morame made up of
gravel sand and fine clay, successively

Qutwash plain

Cave contaimng
sub glacial stream

Fig 6 11 Formauon of an end moraine and outwash plan

The Jutland peninsula in Denmark has a broad belt of end morame as its
backbone and there 1s a large expanse of outwash matenal on its outer or
westem side This region was once infertile heathland but reclamation duning
the fast 120 years has tumed much of 1t into productive farm and forest land
(& R Umt 19)

() Glaczat Dnf

The belt of end moraine and outwash deposited at each sull stand may be as
much as 50 km 1a breadth or as little as § or 10 km Usually a much larger
area of glacial dnft (that1s all the matenal laid down directly by the ice or by
fuwio-glacial action) 15 deposited between the end moraine and the retreat-
g margn of the icc The end moraine 1s created when climatic conditions re-
main unchanged for a long penod the hne of melung changes httle and
englacial matenal continues ta be dropped-along approumately the same hne
If on the other hand the climate gradually gets warmer, the margin of
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the 1ce will slowly retreat and leave a cover of glacial till or boulder clay as 1t
does so

The composition of boulder clay varies widely, as its name suggests. It
contains rock fragments of all sizes which are dumped on the land surface
when the 1ce melts. If the proportion of stones and boulders is high, the
deposit 1s not a fertile soil. When 1t is mainly clay, 1t makes very productive
agnicultural land The high, natural fertility of parts of Scandinavia, such as
the eastern side of the Jutland peninsula, the Danish 1slands and southern
Sweden, 1s the result of boulder clay which was deposited behind the Great
Baltic End Moraine.

(¢) Other Depositional Features
There are several other features of a glacial or boulder clay plain which are
produced by the deposition of englactal materials.

(1) Erratics can sometimes be found among the glacial dnft. These are masses
of rock which are large enough for their character, composition and origin to
be determuned. They provide valuable evidence about the direction of
movement of the ice-sheets. In East Anglia one may find pieces of red granite
from Shap Fell in Cumbria and, along the north-east coast of England, frag-
ments of larvikite, a characteristic Norwegian rock, are found m the boulder
clay. :

* (i1} Drumlins are oval-shaped heaps of boulder clay which vary considerably in
size but are usually found m groups or ‘swarms’. Geographers are uncertamn as
to how they were formed, but they probably originated in the deposition of a
mass of englacial material beneath an ice-sheet. As the ice moved, the heap of
boulder clay was smoothed and rounded. Some boulder-clay areas have no
drumlins at all while drumlin swarms are common 1n others, for example, in
northern Ireland, central Scotland and parts of northern England. Their axes
are roughly parallel, thus denoting the direction of movement of the ice
Drumlins produce a landscape which 1s sometimes called basket-of-eggs topo-
graphy.

(ii1) Eskers are long ridges of glacial sand and gravel, rather like embank-
ments, and they may extend for long distances across a glaciated lowland
without regard for the local relief. The origin of these features 1s also uncertain
but they may be related to deposition within or at the mouth of a cave or
tunnel 1n the edge of a rapidly retreating ice-sheet. Sometimes an esker widens
into a rounded platform, before again contracting to 1ts usual ridge-like
profile. This is called a beaded esker. Finland is noteworthy for its eskers, and
the one known as the Saupauselka today carries a railway, elevated safely
above the level of the damp and lake-studded plain.

(iv) Loess or limon. This 1s a very fine-grained soil with a texture like flour,
which is sometimes found along the outside edge of an area of glacial
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Fig 612 The Pun/\aharju esher Finland winding through lakes formed on the
uneven surface of glactal dnift

outwash It 15 usually a pale brown or bufl colour It 1s supposed that wind
blowing over an expanse of glacial dnift dunng the cold dry conditions
usually accompanying the retreat of an ice sheet removed the finer clay par
tickes and deposited them outside the glaciated area often over great dis
tances There are large areas of such sail 1n both Europe and North America
It 1s always well dramed and fertile and was often the earliest sodl to be
ploughed and cultivated

65 Glacial Lakes

Lakes are a common feature of all glaciated landscapes and they contribute
greatly to the beauty of many mountan areas Glacial lakes may be produced
by both erosion and deposition and st 1s not always possible to s1y which has
been the more important element

The powertul erosve action of tce can scoop out hollows in the rock We
have seen how a shaliow tarn may come to occupy a depression formed 1n the
floor of 2 corne The 1ce may deepen part of a glaciated valley floor m a stmilar
way especially if the rock 1s relatively soft or has been weakened by faults
The result of this type of eroston 1s a long narrow lake sometimes known as a
ribbon or finger lake The lakes in the Trossachs m Scotland are finger lakes as



104 The Work of Ice

are those of the northern Appalachian Mountains in upper New York State,
Intensively glaciated areas of very hard rock, such as the Laurentian Shield of
Canada, northern Sweden and Finland, and even the extreme north-west of
Scotland, are strewn with lakes, most of them quite small, occupying hollows
gouged out by ice action

On the other hand, the deposition of a moraine across a valley may cause a
lake to be impounded behind this ‘barrier’. The Italian Lakes—Maggiore,
Como, Garda—were formed in this way, at the lower end of valleys which
opened from the Alps (H & R, Umt 20). It 1s not always clear to what extent
such lakes are due to the dam created by the moraine, and to what extent to a
depression actually hollowed out by the movement of the ice. Whatever their
mode of formation, these lakes are also known as ribbon or finger lakes,
because they occupy parts of the floor of a glacial valley.

Lakes may also form on the surface of a boulder clay plain The glacial
material was usually depostted far from evenly, and lakes naturally formed in
the hollows and depressions. Finland and the states of Michigan and
Minnesota in the USA are strewn with this type of lake.

Fig. 6.13 shows a type of lake called a kettle hole, formed when an ice-sheet
was melting. A large compacted mass of ice was buried n the glacial drift or
boulder clay, which on melting left a rounded hollow, known as a kettle hole,
which gave rise to a lake. In time a system of dramnage may develop on the

(a) (b}

Boulder clay

Fig. 6 13 Formanon of a kettle hole

ground moraine, inking several of these lakes together like beads on a string.
Such small lakes are sometimes called paternoster lakes.

Lastly, a glacial lake may sometimes form 1n the mountains, where thick ice
remamns in the main glacial valley after the thinner ice of a tributary valley has
melted. The former holds back melt water 1n the latter to form a lake. The
most famous example of such a lake 1s the Marjelen See, in Switzerland, held
back by the Aletsch glacier There are many other lakes of this type in Iceland.

6.6 Glaciation in the British Isles

As the climate grew colder at the onset of the first glacial period 1n the British
Isles, the snow grew progressively thicker on the higher ground and lasted for
much of the year on the lower. Thick ice began to form m the valleys and
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glaciers started 1o move towards the lower ground Eventually during the
coldest part of the glactal period much of the country was covered by e
Then equally slowly, the clmate became warmer The ice melted first from
the lowlands leaving behmd a vast spread of glacial dnft Finally the ice over
the mountains melted away The glacial period was over and temperatures
may even have been higher than before the onset of the e

Greatest extent of ice

——— Last advance of ice

€ Centres of dispersion

Fig 6 14 Glaciation of the Briush Isles

Thns sequence of cvenis took place at least four imes but temperatures
during the coldest part of the glacrations vanied greatly The glaciation with the
greatest extent of 1ce was 1he third  dunng which an we-sheet covered all of
Ireland and Great Bntain roughly as far south as the Thames Valley and
South Wales South of this ine there was not a contmuous sheet of ice but
conditions were simular to those of the tundra of northern Canada or Siberia
today Such conditions are called peri glacial (that1s on the edge of the 1ce)

Further Reading

Dury, G H The Face of the Earth Penguin (Harmondsworth 19703,
Chapters 12-15
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Questions

1 Using annotated diagrams, explain how a corrie 1s formed. Name an area
where examples of this feature may be seen.

2. Describe and explam the features which result from glaciation in a mountain
valley.
3. Why have changes 1n sea-level been closely associated with glaciation?
Describe and explain the features which result from changes in sea-level.
4. With the aid of diagrams, describe and explain the formation of* (a)
pyrammdal peaks, (b) arétes, (c) roches moutonnées, (d) crag-and-tail, (e)
striations.

5. What surface features result from glacial deposition? Draw annotated dia-
grams to explain how these features are formed.

6. (a) Describe the landscape shown in Fig, 6.4.
{b) Explamn how such a landscape 1s formed.



Unit Seven

The Work of Wind

The wind 1s an agent of erosion and transportation hke floming water and
moving 1ce but 1115 very much more hmited” Wind has immense power it can
flaiten houses, destroy crops and uproot trees But wind alone has litle
nfluence on shaping the surface of the ground because 1t 1s only able to move
small dry particles If the land has a cover of vegetauion it 1s adequately
protected against the erosive power of the wind Thus the wind 1s only effec
neas an agent of erasion and transportation where the surface 1s made up 1
part at least of loose dry particles and where there 1s httle plant cover to
protect 1t from the wind

71 The Formation of Sand

The conditions necessary for wind erosion are only met in two types of area—
n most deserts and along parts of the world s coastline where there 1s usually
1 belt of Sand close 1o the edge of the sea (Section S 3(d))

Roughly a quarter of the land surface of the earth 1s occupied by desert
where the generally anid chmate (that 1s, one with a very low rainfall) prevents
he growth of an extensive vegetation cover A desert 1s not necessanly just an
area of dnfting sand hke that shown in Fig 72 There ts of course a grent
deal of sand but most of 1t 1 around the desert margins Towards the cuntre
one passes from an area covered mostly by sand to one of pebbles and foose
stones known as Reg The centre of the descrt especially the Sahara the
Western Australian Desert and the Gobi Desert in Mongolia may contain
sxtremely rugged mountams but it 1s gencrally made up of bare rock called
Hamada In desert conditions the rock s broken up into ever smalkr frag
ments by the alternate expansion and contraction of exfolntion unul ult-
mately it 15 reduced to sand (Section 3 1(a))

Around the coasts sand 1s continually bung formed as the sea batters the
ocks of the coastline As we saw 1n Unit 5, the rocks are gradually reduced to
:\er finer particles and the sea transports them and accumulates them in the
orm of beaches Another constituent ts usually added to sand formed « this
#ay, denved from finely broken up shells and the skeletons of sea creatures
The sand of 2 coral 1sland, for example consists wholly of particles of coral

72 Wind Erosion

(@) Types of Erosion
“I:md uses sand as the agent of erosion i three main ways—deflation
wrasion and aftrition These three processes are not really separate and
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distinct They are carried on at the same time whenever the wind has a supply
of loose, sand-like materials to transport

(1) Deflation. A strong wind can transport very coarse sand, hfting it from the
ground and propelling 1t for great distances. Fine dust-like particles can be
whirled 1nto the air and may even be carried right across a continent by the
wind before they touch the ground again. Deflation 1s thus the dispersal of
sand and dust particles by the wind. It 1s expertenced on the beaches or coastal
sand dunes of the British Isles where it scoops out hollows known as biow-
outs. But the man effects of deflation can be seen 1n the gigantic depressions
that have been created in the Sahara Desert by the scooping action of the wind.
The Qattara Depression, for example, now lies more than 120 m below sea-
level.

(1) Abrasion. The movement of particles, especially the coarse, hard particles
which we call sand, gradually wears away the rock with which 1t comes into
contact. This 18 abrasion, and 1t 1s a kind of slow sand-blasting. Paint may be

Ty Ty SR

Erosion is most effective just above ground level

Fig. 7 1 Features resulting from wind erosion
(a) Yardangs: these features of differential erosion may be 7 m from crest 10
Surrow
(b) Zeugen
(c) Pedestal or mushroom rocks. erosion 1s most effective just above ground
level
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stipped from buildings near the coast by abrasion but 1t 15 1n desert environ
ments that the abrasine power of wind 15 greatest notably on bare rock
surfaces

(u) Attnition The coarse particles are not Iifted more than a few milhimetres
from the surface except by a very strong wind They flow very close to the
ground constantly knocking agawnst one another breaking under the impact
and bemng reduced to even smaller szes This 1s attrition

() Features Produced By Wind Erosion
The erastve power of the wind 1s always greatest close to the ground because
the larger particles—those with the greatest abrasne power—are never lifted
very far above 1t There 15 also a marked difference between the winds
erosional effects on hard and on soft rock

Bare rock surfaces are etched by the effect of sand blasung nto shapes
which depend on the onginat rock structure Vertical beds of rock of varying
hardoess will be carved into a series of ndges and furrows known as yardangs
(Fig 71(a)) while honzontal strata are eroded to form zeugen (Fig 7 (b))
‘Pedestal rocks are an extreme form of the zeugen and may be over 30 m mgh
{Fig 71(c)) The softer rocks are deeply croded and a narrow stalk produced
Erosion ts at 1ts most vigorous at a metre or so above the ground depending
on the strength of the wind

7.3 Wind Deposition

The power of the wind 1o transport the particles which are made available to it
by deflation abrasion and attntion largely depends on its speed Strong winds
may produce a sandstorm 1n which coarse particles are whitled along close to
the ground or a dust storm when finer matenals are carned high 1nto the sky

sometimes darkening the sun and transported immense cistances in the higher
atmosphere The sand of the sandstorm however s quickly deposited as the
wind strength drops to awatt the next storm before it is carned forward again

{a) Sand Dunes

When the wind drops the sand which it 1s carrying 1t forms dunes which are
continally stufting and changing their shape Coastal dunes have no regular
pattern but the dunes of the desert fall into a number of distinct types These
depend mamly on wind strength and direction and on the presence of
obstacles 10 the free movement of the wind on the desert floor

(1) ‘Sand-sea * The sand sea known s erg i the Sahara consists of large
areas of patternless undulating dunes whose surface has been mippled by the
wind These areas of sand usually occur where the wind does not blow from a
onstant direction
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Fig. 7 2 Rollng areas of sand dune in the American desert. The ripple marks on
the sand may be clearly seen over much of the su face

Section

— — =0
Plan

—==0

(a) (b) {c)

Gentle wmdward-
slope H

—> Wind direction H = Horns
Fig. 7.3 Stages in the formation of a barchan
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(1) Crescentic dunes or barchans result from a steady wind flow without sig
mficant changes in direction The stages i the formation of such a dune are
shownn Fig 73 An obstacle such as a boulder or even a patch of pebbles
obstructs the free flow of the wind thus reducing its speed and its carrying
power Deposition occurs on the windward side of the obstacle and the sand
then ples up until the dune achieves a shape which offers the least resistance
to the flow of the wind Particles of sand are carnied up the gentle windward
slope of the dune and tumble over on to the caimer leeward side where an
eddying motion of the air tends to maintain a steep slope At the same time
wind 15 deflected around the sides of the growing dune where its fnctional
contact with the sand slows the wind down shghtly Sand 1s deposited there tn
the form of Jong potnted horns following the direction of the wind and thus
@ving Lthe dune 1ts characlenstic crescemt shape

A barchan will last as long as the wind direction remains unchanged and it
will be growing larger all the ime It may even move very slawly forward as
sand is blown up its windward slope over the top and down the steep leeward
slope Such dunes may be up to 800 m across and as much as 40 m high
Although single 1solated barchans may develop especially in the Atacama
Desert of Chule and Peru and the deserts of the Amencan South west a
system of many overlapping barchans 1s more hkely to form

(m) Longitudinal or seif dunes are long high nidges of sand Iying roughly
paralle) to one another They sometimes attain 1mmense sizes—hundreds of
Rlometres 1n length and a hundred metres or more 1n height Some have a level
even crest others a senes of lugh peaks like 2 mountan range m mimature
There may be smooth sand or even bare rock between these dunes

The formation of seil dunes has never been adequately explaned It seems
likely that they were shaped by a prevailing wind from one direction, mter
rupted by oceasional cross-winds Seif dunes are fully developed 11 the deserts
of Libya 1 north Afnca Thar n Indra and 1n the Western Australtan Desert

{1v) Loess or hmon differs from sand in 11s very much finer texture the result of
the process of attrition (Section 6 4(c)) There 15 no evidence that wind borne
transport of such matenal 1s taking place today except on a small and local
scale but vast areas were covered with loess 1 the past The Joess region of
north western China 1s larger than France and in some parts of 1t the loess
fas accumulated to a depth of over 300 m There are also ettensne loess
deposuts of glacial ongim (see Section 6 4(c)) w Europe and North Amenica
but here the chmate ts morster and much loess has been removed by niver
erosion

{b) The Expanding Desert

Wind transported sand now covers considerable areas of the earth s surface.
Archacolomsts have shown that the Sahara Desert covers a greater area to-
day than 1t did at the ume of the Roman Empire and 1t 1s sull expanding
Several years of continuous drought along the desert margin in Mauntania
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Senegal, Mali, Niger and Chad have recently lowered the water-table, killed the
vegetation and produced conditions that have enabled the desert to take over
There has been nothing to prevent the ¢ncroachment of the sand It has now
overwhelmed areas which were mhabited and cultivated a century ago.

Man is fully as capable of creating a desert as nature The surface layers of
the soil are naturally fixed and held 1n place by vegetation. If you destroy the
vegetation, the soil particles can dry out and blow away This 1s most likely to
happen 1n a region of low rainfall, such as the Russian steppe or the American
prairie, but 1t can also occur n a region as moist as England. The peaty soils
of part of the Fenland of Cambridgeshire and Lincolnshire and the chalky soi
of Salisbury Plain have been blown away in dust storms. The most extreme
case of such soil erosion by wind has been in the United States, where a large
area 1n the states of Kansas and Oklahoma was reduced to a Dust Bowl
because the tough, grassy cover was destroyed and the soil exposed to the
drying wind which is always blowing on the High Plams. (We shall discuss
man’s contribution to soil destruction by soi/ erosion in Unit 12)

7.4 Water in the Desert

No desert 1s completely rainless, but ramn usually falls in the form of highly
irregular and mfrequent storms. They may occur only once in several years,
but they may be extremely violent Some of the rain water is absorbed by the
sand or percolates through joints and cracks in the rocks, but the rain 1s
usually so torrential that much of 1t runs directly off the surface, since there
1s nerther vegetation nor soil to trap it and slow down 1ts movement. Tor-
rents quickly form and erode a number of distinctive desert landscape
features.

(a) Wadis
Wadis are deep, steep-sided valleys, probably eroded by storm run-off over a
pertod of thousands of years The water rushing down the wadt is armed with
the abundant sand and loose stones of the desert floor, and it 1s a powerful
agent of erosion and transportation. Eventually the water evaporates and the
torrent becomes smaller and more sand-laden until it turns into a river of
liqud sand, and then dries up

The floor of the wadi 1s usually a flat expanse of dried mud, sand and
boulders. Its sides are steep because few agents of weathering are ever active
enough to wear them back The wadi thus provides a welcome shelter from
wind and sun in the fierce desert environment, but it would be rash to stay for
too long on the floor of a wadi. A distant storm can turn 1t into a raging
torrent 1n a matter of minutes
_ Some wadis are so deep that it has been questioned whether they could
be solely the work of infrequent storms. Some geographers have suggested
that, in common with several other desert features, wadis may have been
largely formed at a time when ramfall was much heavier there than it is
today.
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(8) Inselberg

The bare rock surface may be broken by 1solated steep-sided mountams to
which the German name insefberg has been given 1 s penerally assumed that
they have acquired ther charactenstic smooth  rounded shape panly as a
esult of crosion 1 an and climate but very lutle 1s hnown about the
processes myohed One thing howeser s certan thar rounded wind

smoothad features are mere remnants of more extensive areas of high pround
They are entirely made up of one rock type usually a hard sedimentary rock

such 2 sandstone or 2 homogencous igneous rock such as granite They
ma have been formed when the clhimate was wetter than 1t 35 10 today s
deserts

{c) Buttes of Mesas

S milar resndual hulls are formed ftom honizontally bedded sedimentary rocks
with verucal jonts along which erosion can take place 1solated Mat topped
steep-sided hills are deft each skirted by scree and surrounded by low Iying
desert These buttes of mesar are found mostly i the deserts of Algena and
the Amenican South west
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(d) Exfoliation (see Section 3.1(a))

Laboratory experiments have shown that the large diurnal range of tempera-
ture 1n the desert which causes the physical expansion and contraction of bare
rock surfaces may not alone be the cause of exfoliation. Water, probably in
the form of dew which condenses during the cold desert nights, is believed to
assist greatly n the peeling process which rounds off exposed boulders and,
ultimately, causes disintegration of the rock into sand. Much research remains
to be done, however, before we can understand the real contribution of water
to this process.

(e) Playas and Bolsons

The desert floor has many hollows and depressions The torrents which follow
the rare desert storms rush into such basins, laymng down a sheet of mud,
which dries out under the sun to give a fairly smooth, dusty surface. This is
covered by water whenever it rains. Such short-lived ‘lakes’ are called playas
or bolsons and for most of their existence they are visible only as large areas of
salt flais.

(f) Basins of Inland Drainage

Little of the rain which falls in a desert ever flows back to the sea. It ends up n
a wadi or a playa, from which there 1s no outlet, and the water lies there until
1t evaporates into the atmosphere. A playa 1s part of a basin of inland drainage.
If you study an atlas you will see that most of the world’s desert regions
consist of basins of mland drainage. The most famous examples are the Great
Basin of the western United States, the Dead Sea, Lake Chad on the southern
margin of the Sahara, and Lakes Eyre and Torrens in Australia. All these
basins are fed by rivers, but no water ever flows out of them.

{g) Exotic Streams

Nevertheless, rivers do flow across some of the world’s largest deserts. They
rise 1n moist regions outside the desert and cross 1t to reach the sea, and they
are called exotic streams for this reason. They lose much water by evapora-
tion, but their volume s such that they are able to survive and reach the coast.
The Nile, for example, draws 1ts water from the mountains of Ethiopia and
the highlands of East Africa and flows across the Sahara Desert to the
Mediterranean The Colorado river nises in the Rocky Mountains and once
crossed the desert plateaux of the American South-west to reach the Gulf of
California. Now man takes so much water from the Colorado to supply the
towns of southern California, to irrigate the land along its banks and to fill
reservorrs for hydro-electricity that the river no longer reaches the sea. The
river which was powerful enough to erode the Grand Canyon now disappears
somewhere near the Mexican frontier, and the distributaries of its former delta
have completely dried up.

(h) Oases
An oasis is a small area of a desert where water is available, erther at the
surface or in shallow wells. Small as desert ranfall is, enough falls over a
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penod of tens of thousands of years to percolate into the rocks and form
substantial underground reserves This supply may be augmented by water
falling m distant mountains or on the frnges of the desert and moving mto the
desert regon tself of there 15 a suttable underlying aguifer (Section 32) Some
of the water may even have survived n the rocks from a distant penod when
the desert had a much moister chmate

1n pasts of the Sahara water hes in abundance quite close to the surface and
enormous reservoirs have been tapped tn the course of oil dnlling i Libya
Near the knfra oasis underground water 15 sufficiem for the large scale cul
vauon of fodder trops for sheep tearng In Austraba there are a nurmbes of
basins known as artesian basins 1n which the water may be forced to the
surface by 1ts own pressure when a bore-hole 1s put down to reach 1t (Section
32

“The oasis of romantuc fiction 18 1n reality most often a large area sometimes
hundreds of square kilometres within which the water table hes close to the
surface and can be reached by means of shallow wells Deep rooting trees
especually the date palm can reach the water and the supply is abundant and
regular enough to sustain agriculture and even support a town The water may
nise to the surface 1n sppngs more often 1t has to be reached m wells Exces
sive use may lower lhexl'c\el of the water so that mechanical power must be
used to pump 1t to the surface

Further Reading

Dury G H The Face of the Earth Penguin (Harmondsworth 1970)
Chapter 16

Holmes A Principles of Physical Geology Nelson (London 1965) Chapter
2

Sawyer K E Landscape Studies An [ntroduction to Geomorphology Arnold
(London 1970) Section D

Sparks B W Geomorphology Longman (Harlow 1970) Chapter 11

Strahler A N Physical Geography John Wiley (Chichester 1969) Chapter
28

Questrons

1 Why 15 wind most active as an agent of erosion 1 a dry chimate? What
desert landforms result from wind efosion?

2 Why 15 sand abundant i parts of every desert? What other types of surface
may be found?

3 Using carefully annotated diagrams describe and explain the formation of
the desert features resulting from deposition

4 Wnite an essay on Water in the Desert

5 Describe and explain the ways in which each of the following desert land
forms onginate (a) pedestal rock (b) mesa (c) barchan (d) wads (e) playa

6 (a) Descnibe the landscape shown i Fig 74
(5} Explain how thus landscape may have been formed



Unit Eight
Waterfalls, Lakes and Gorges

Waterfalls, lakes and gorges arc all mainly associated with river erosion, but
they may also be formed by a combination of any of the agents of denudation
All three may be refatively short-lived features of the landscape. but they are
nearly always spectacular while they evist.

8.1 Waterfalls

A waterfall 1s a steep. cven precipitous drop in the course of a river. It occurs
where there 1s an obstacle to the formation of a smooth river profile. such asa
barrier of hard rock A waterfall 1s always in the process of destroying itself,
because of the nver’s constant attempts to make its profile smooth and
regular The erosive powers of the river are concentrated on the barrier rock
over which the water falls, and this rock is constantly being eroded.

The form of a waterfall 1s determuned largely by the geological structure of
the region When there is a bed of more or less horizontal hard rock overlying
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Fig. 8.1 A waterfall caused by a horizontal bed of hard rock overlying softer
rocks. The force of the falling water erodes the plunge pool (P) and underculs
the hard rock, which collapses D = debris from such a collapse
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a softer and more easily eroded rock a fall 1s formed as iflustrated m Fig 81

In waterfalls of this type such as Niagara Falls and Victona Falls the water
has a powerful abrasive and scouning action at the base of the fall and the bed
of the stream 15 decpened there formung a plunge pool The erosive power of
the water also wears away the softer bed of rock undercutting the fall so that
the unsupported lip penodically collapses mto the pool below causing the
fall gradually to work its way upstream This usually produces an ever

lengthening gorge below the falls The gorges created by the niver Niagara and
by the Zambes: below the Victoria Falls are among the most spectacular i the
world

Fig 82 Alexandra Falls North west Territory Canada The horiontal strata
are visible w1 the steep sides of the gorge below the fall

“The nver may on the other hand Aow across a vertical belt of hard rock—
an igneous dyke for example Here the fall 1s ikely to become more gentle
and will gradually turn imnto a cataract or rapid

Many other landscape features can give nse to waterfalls A fault may
create a steep slope over which a niver may plunge In glaciated areas a stream
may drop steeply from the lip of a corne or a torrent may fall from a hanging
valley to the floor of an over-deepened glacial valley (Unit 6) The recession of
& chffed coasthne can lead to the formation of hanging valleys with the
probability of a small waterfall developing from each Some of the most
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{a)

{b)

Fig. 8.3 Stages m the removal of a waterfall formed by a hard vertical bed '
fall 1s stowly lowered until it tumbles over rapids

spectacular falls occur where a river flows over the edge of a plateau. T
highest falls in the world such as the Kaieteur Falls, over 200 m high, occ
around the margin of the platcau which occupies the interior of Guyana a:
neighbouring areas of Venezuela and Brazil in South America.

8.2 Lakes

Lakes are also temporary features of the earth’s surface. They are bodies
water which occupy hollows or depressions in the surface of the land mass

(a) Formation of Lakes

Most lakes receive therr water from the rivers of the surrounding land, T
load carried by the river is dropped when it enters the Jake, and even {
smallest lakes can usually show the formation of deltas, miniature rephcas
the larger deltas formed when rivers enter the sea.

Since lakes are fed largely by the rainfall of the surrounding region. th
level may rise and fall with the seasons. Some, such as certain lakes in No
Africa and Australia, contract to a few pools of water or even dry out duni
the dry season. Most lakes have an outlet by which they discharge to the s
but in the lakes of internal drainage, the water evaporates from their surft
(Section 7.4).

(b) Types of Lake
Lakes can best be classified according to the ongins of the depressions
hollows in which they le.

(i) Earth movements. Movements of the carth's crust may form basins wh
sometimes contain lakes. Faulting, especially the formation of a nft vail
produces elongated depressions, and the Rift Valley of East Africa toc
contains a number of lakes. The largest of these are Lakes Tanganyika ¢

Malawi (Section 2.6).
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he natural drainage
yoleanie achion Lana flows sometimes obstruct

Sgd Icnnd 1o the formation of a lake The Sea of Galilee was formed m this
way but the barrier which created 1t 1s being slowly eroded away by the nver

Jordan

Fig 84 Crater Lake Oregon USA Tlus lake occupies the caldera formed by
the coflapse of the volecano Mount Ma-oma The small wsland 13 a subsidiary
cone

Water often collects m the caldera or crater of an extinct volcano (Section
28) The Crater Lake in Oregon 1s probably the largest and best known of this
type

(m) Solution and minmg Rock below the surface can be taken away erther by
miming or by the solution and removal of soluble minerals The land surface
sometimes collapses above shallow coal 1ron or salt mines and the resulting
hollows fill with water to form Rashes Such lakes are common in the
Cheshire saltfields and 1n the coalfields of Lancashire and Upper Silesta
Poland

(1) Glacial lakes, Most of the hundreds of thousands of natural lakes 1n the
world today owe their onigin 10 the work of ice (particularly durning the last or
Pleistocene glaciauon) We have already discussed glacial lakes in Sectton 6 5

(v) Coastal lakes are sometimes formed when arms of the sea are cut off by the
formation of spits or bars (Section 5 3)
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(v1) Other types. Lake basins may form in other ways. A landslide may close 2
valley, causing water to be held back in a lake. This is usually very short lived
because the rising water behind the landshde is likely to overflow and erode
the dam holding 1t back. Small lakes, or ox-bows, form in the course of a
river’s meandermg (Section 4.4(c)). Wind deflation in a desert may produce a
depresston large and deep enough to contain at least a temporary lake. There
are, lastly, the thousands of man-made lakes, from giant reservoirs to
ornamental ponds n gardens and parks.

The temporary nature of lakes to which we have already referred results
from a number of factors The cvaporation of desert lakes to leave salt flats we
have already explamed (Section 7.4) but lakes in a more humid environment
may also prove to be short-lived, in terms of geological time. This is the result
of one or both of two processes. First, a lake 1s constantly being made smaller
by the deposttion of alluvium on its bed and at its upstream end 1n the form of
a lacustrine delta (Section 4.4(d)). Second. erosion at the lake outlet gradually
lowers the level of both the outlet point and the lake’s surface until they are at
the same level as the lake bed. The lake water is drained away so that the sole
trace of its existence may be a flat, low-lying area of marshy land which man
may transform by reclamation nto a fertile patch of agricultural land.
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Fig. 8.5 One of the many deep, steep-sided gorges m the and American south-
west, eroded by the Colorado river and s tributaries
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8.3 Gorges

Gorges are deep, steep sided narrow valleys formed when the downcutung
action of a river 1s much more vigorous and rapid than the weathering of the
sides of the valley Any factor or set of factors which concentrates the river s
erosne power along a particular section of its course 1s likely to lead to the
formation of a gorge

We met one example of this 1 Section 8 1 When a nver tumbles over a
waterfall such as Niagara Falls the niver s power of erosion is concentrated 1n
the plunge pool and the fall recedes leaving 2 gorge to mark the course of 1ts

N

To Lake
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Fig 86 The Nwgara gorge About 9000 years ago the falls plunged over the
Magara escarpment at X since when it has receded 11 km

recession The gorge of the Niagara nver now extends for 11 km below the
falls

A glacnal overflow channel which assumes the form of a gorge may be cut
by the sudden rush of water escaping from a lake which has been held back by
an e barner Melt water from the ice feeds the lake the water level ises and
the lake eventually overflows quichly cutting a deep channel

Thereare of course other ways mwhicha gorge can be formed A series of
faults may guide the course of a myer and since downcutting along the hine of
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the fault 1s relatively easy, a gorge may result. Occasionally the roof of an
underground drainage system may collapse to reveal a gorge, especially in the
limestone country of Derbyshire and the Mendip Hills of Somerset (Section
3 2) Cheddar Gorge may have formed in‘this way.

Further Reading
Cotton, C. A." Landscape. Cambridge University Press (London, 1955),
Chapters 5, 11

Questions

1. Explain the different ways in which waterfalls and rapids are formed.

2. Lakes are common in a glaciated landscape. Describe the ways in which
they may be formed.

3. Describe and explain the factors, other than glaciation, which may give nise
to lakes.

4. How do gorges form? What is the relationship between the shape of the
gorge and climate?

5 (a) Describe the landscape shown in Fig. 8.2.
(b) Explamn how this landscape has been formed.



Unit Nine
The Weather

In this Unit we shall be concerned with the measurement of certain elements
which together make up the earth s weather We shall also be looking at the
mechanics of the atmosphere particularly the reasons for the day-to-day varia-
trons 1n the weather experienced 1n Britan and north western Europe This
15 the study known as meteorofogy 1n Units 10 and 11 we shall be discussing
the worlds pattern of clumates which 1s the corresponding study of
climatology

91 The Atmosphere

The earth 1s surrounded by an envelope of gas called the atmosphere which
extends outwards from the earth s surface becoming gradually thinner until
1t ceases to exist The atmosphere has no precise upper limit, but 75 per cent of
1t1s less than 11 km from the earth s surface 90 per cent lies below 16 km and
97 per cent 1s below 27 km

{a) Constituents

The atmosphere 1s a mixture of gases, about 78 per cent of 1t consisting of
mtrogen and 21 per cent of oxygen The remainng [ per cent 15 made up of
carbon dioxide hydrogen and other gases There are also two further con-
stituents water vapour and dust, which are both of great importance in deter-
mining the weather

Water vapour 1s the result of evaporanion (the process by which hiquid 1s
changed nto vapour) from water surfaces on the earth There 1s a strict limit
to the amount of maisture which the atmosphere can hold and this lumt 1s set
mainly by the temperature of the air (We shall investigate this in more detai
m Section 95)

The dust 1s spread unevenly through the lower layers of the atmosphere It
ts made up of volcamic dust the dust stitred up by desert storms carbon from
factory and other chimneys, and even particles of salt left in the air when
droplets of spray evaporate from the oceans

(b) Temperature

The temperature of the atmosphere vares greatly at the earth s surface but at
the upper levels 1t falls at an average rate of about 1°C for every 100 m of
ascent, whatever the (emperature 1s at ground level (We shall be discussing
this more fully 1 Unit 10) This decrease of temperature with ncreasmg
altitude 15 known as the /apse raze There 1s a level known as the tropopause
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at which this regular temperature change ceases; it occurs at a height above the
earth’s surface which varies from about 16 km at the equator to about 8 km at
the poles Above the tropopause the temperature ceases to fall with in-
creasing altitude. The atmosphere 1s thus divided into two layers—the tropo-
sphere lies below the tropopause and the stratosphere lies above 1t.

The stratosphere is very much colder than the lower atmosphere, and this
arrangement of temperatures demonstrates the very important fact that the
earth’s atmosphere is heated from below. Heat energy from the sun enters the
atmosphere as short-wave radiation, which does not heat the air through which
1t passes. Only about 45 per cent of this energy reaches the earth’s surface, and
10 per cent of this 1s reflected back into the atmosphere from snow and water
surfaces (Fig. 9.2). Thus only about a third of the total solar energy entering
the atmosphere actually warms the earth’s surface. This heat is then passed
back into the atmosphere from the earth’s surface as long-wave radiation,
heating the lower atmosphere.

9.2 Weather and Climate

The daily weather forecast tells us what to expect in the next 24 or 48 hours. It
indicates the probability of rain, frost or strong winds, and it suggests the
likelihood of sunshine or cloud. No two days ever have exactly the same
weather, because weather changes from hour to hour and from place to place.
We cannot know with any degree of certainty whether next Saturday will be
dry for a game of football or next Sunday sunny enough for a picnic. But we
can be certain that there will be no frost 1f it is midsummer or that we shall not
be troubled by excessive heat if it is January. This emphasizes the difference
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between weather and climate IWeather consists of the day to day changesin
atmosphenic condittons which wé car only predict for a short tme ahead
Climate 15 a_more_general statement of atmospheric ‘conditions, Tor it 1s an.
expression of the average weather_conditjons we can 1 expect to e‘penence
gmm—l ge weather, 1t has been said that climate
what you expect but weather 35 what you get

The weather mn Britam and north western Europe 1s notoriously unpredict
able It often departs widely from the theoretical chmatic norm because a
number of factors including the latitude the distnbution of Jand and sea,
ocean currents and vanations 1n atmospheric pressure affect these countries
(We shall explain this more fully 1n Section 9 11 and 1n Unit 10)

But not all parts of the world have such uncertain weather as Britain and
north western Europe The day to day pattern of the weather 15 much more

edictable along the equator wil e polar crrcle d i the hot deserts
pre g 7 withuin.the polar eircles and in th
In"Thése parts of the world the weather does not show the wide vanations
which we experience so 1t 15 possible to predict it with greater accuracy

There are a number of measurable charactenstics which determme the
probable weather anywhermld There are seven main weather

elements—atmosphenc pressure_temperature, humidily precrpiiation wind.
visibilily and sunshine—and we shall examime them 1n Sections 9 399 ihey
—_—
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are regularly measured and recorded at hundreds of weather stations, and the
data obtained are used to produce weather maps, which explain and forecast
the weather for the coming hours and days.

9.3 Atmospheric Pressure

The atmosphere exerts a considerable though shghtly varying pressure on the
earth’s surface and everything on it. The pressure 1s, in fact, the weight of the
column of air which extends. from the ground to the, outermost..la ers of the

fradiaty

have compensatmg mnternal pressure.)

Atmospheric pressure decreases with altitude (Fig. 9.3) so the measurement
of atmospheric pressure can be used as a means of determining height above
sea-level. It 1s sometimes used for this purpose 1 chimbing but, most import-
antly, 1t is the chief means of determining the altitude of aircraft Reduced
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Fig. 9.3 Atmospheric pressure decreases with altitude

atmospheric pressure makes bodily exercise difficult. Athletes accustomed to
the higher atmospheric pressures of lower altitudes find it very difficult to
perform at such places as Mexico City (2 300 m) or Denver, Colorado (1 613
m). This is because a lungful of air at these altitudes contains a great deal less
oxygen than it would closer to sea-level. When mountaineers climb at high
altitudes they often carry oxygen with them to supplement that which is
contained in the rarefied atmosphere. The cabins of high-flying aircraft have
to be pressurized so that passengers stay alive and comfortable during the
flight.
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(a) Barometers

heric pressure 15 by a b which _means, hterally
weight measure There are two patterns m general use the fortn or mercury
Ea;(m’ﬂcﬁnmd the aneroid barometes

(1) The fortin or mercury barometer consists of a vertical glass tube about a
metre 1 Jength which 15 sealed at one end and filled with mercury The open

Sealed end of glass tube with vacuum

Vernier scate for accurate reading
of the fength of the mercury column

Graduated scale

Gass tube contasning mercury  encased in
metal for protection

Mercury reservorr in which the open end
of the glass tube stands

Fig 94 Fortn (mercury } barometer
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end of the tube 1s then placed in a bow! of mercury. The mercury is held in the
tube by the pressure of the atmosphere on the surface of the mercury in the
bowl. Mercury is used because its silvery colour is easily visible, and also
because 1t 1s the heaviest known liquid. (Water could be used but the tube
would have to be over 11 m high)

As the pressure of the atmosphere changes on the exposed surface of the
mercury m the bowl, so the mercury in the tube responds, rising higher in the
tube when pressure is higher and sinking lower when pressure falls. The height
of the mercury 1s measured either in inches or, more often nowadays, in mlh-
metres The average atmospheric pressure 1s about 760 mm or 29-92 in of mer-
cury Another unit of measurement, the millibar (mb), is often used. A millibar
15 a thousandth part of a bar, which 1s equivalent to 750-1 mm. The pressure
in the United Kingdom rarely goes outside the limits of 950-1 050 mb.

The fortin barometer 1s accurate, but cumbersome and awkward to trans-
port. It could not be used conveniently on an aircraft or a mountaineering
expedition, so a more compact and easily portable instrument containing no
hquid 1s used

(1) The aneroid barometer 1s used widely, particularly 1n homes. The needle of
the barometer 1s operated by a small box, from which the air has been

Scale of inches

Pressure pointer

Adjustable pointer

Z.6 5 4.3

NASE Ty ao

Box containing
a partial vacuum

Scale of millibars

Fig. 9.5 Aneroid barometer
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partally extracted Changes in atmosphenic pressure ciuse the corrugated
surface of the box to move and this movement 15 transferred through a
system of levers and springs to a pointer or needle which moves hke the hand
of a clock 1n front of a circular dial on which the scale of pressure umits 15
printed

The words on the face of the household barometer cannot be regarded as a
correct assessment of the weather either present or to come But the vana
tions tn pressure shown by this instrument can tell us a great deal about the
weather What matters most 15 the direction 1n which atmospheric pressure ts
changing As a general rule a nsing barometnic pressure is hkely to indicate
improving weather and a falling barometer the likelthood of ram The bar
ometer should be tapped gently every day to take up the slack 1n s hinkage
svstem and the pressure noted The pressure trend can be seen on the
instrument by usmg the adjustable ponter The change over the ensuing hours
can then be observed

i) The barograph 1y an anetoid baromeler i whch the Wmkage Sysiem
is connected to a pen not to a pownter The pen traces a continuous line
graph on a revolving drum (Fig 9 6} which 1s operated by clockwork 1t
usually takes a week to make one complete turn 50 a single graph records
the changes in atmospheric pressure at the recording station over a period of
aweek

Fig 96 Barograph (Thus vilustration shows elearly the corrugated box contamn
tng a partial vacuum and the linkage connecting its surface 1o the pen)
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(b) Maps of Atmospheric Pressure

The barometer or barograph can tell us a great deal about the weather in one
place, but it cannot give the pattern of weather over a larger area or forecast
the changes that are likely to take place. The simultaneous recordings of many
stations are necessary for this. If the recordings are numerous enough they will
yield a surface, like the surface of the ground, with depressions and high areas
Just as the uneven land surface can be portrayed by means of contours
(Section 13.6), so the variations i atmospheric pressure can be represented by
1sobars. Isobars are lines of equal pressure, and they are drawn on a map
just the same way as contours Fig. 9.7(a) and (b) shows the stages in the
preparation of such atmospheric pressure maps. These maps are of two kinds.

(a) {b)
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Fig. 9.7 How isobars are drawn. (a) pressure in mb at a number of weather
stations, (b) resultant isobars drawn at 4 mb intervals

(i) Weather charts are produced daily, or even more frequently, for many parts
of the world. They represent the actual weather conditions that are bemng
experienced over a large area, which may be a country or even a continent, at
the time when the chart 1s printed.

(1) Atlas maps. Pressure at any place varies from hour to hour. The average
pressure at one season may differ greatly from that at another, so it is neces-
sary to have maps of average pressure for a month, a season or a year, In
order to study the pattern of world climate. Such maps are often printed mn
atlases.

The uneven surface of the earth raises a serious problem when 1t comes to
compiling pressure maps. As we saw in Section 9.1(b), even a small variation
m altitude is reflected in a change in atmospheric pressure. Before bemng
plotted on a map readings taken from all the barometers used have to be
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reduced to what they would be 1f the barometers were all at one level thatis
sea level

94 Temperature

(a) Thermometers
The mnstrument most often used for measuring the temperature of the air ts the
thermometer This consists of a sealed glass tube wath a bulb at one end
which there 1s either mercury or spirt The fliid expands and contracts with
changes in temperature, and so rises and falls i the tube A scale 1s attached
to the tube and the temperature can be read n degrees Fahrenhet ( F) or
Cenngrade (sometimes called Celsus) ( C) The Centigrade scale has always
been used 1n continental Europe but in England and the Umted States 1t has
been the practice to use the Fahrenhent scale except for scientific purposes
The Bntish Meteorological Office has now changed to the Centigrade scale

It 1s sometumes necessary 10 convert a temperature from one scale to the
other The following formulae will serve this purpose

_SCF = 32)

2y o] _gn
(4 5 F=3C+32

(1) Stevenson screen The thermometers used at weather stations are usually
kept 1n a Stevenson screen a white painted Jouvred box standing 1 m above
the ground winch allows the free passage of air but excludes the direct rays of
the sun (It houses several other weather instruments as well ) The screen
should be sited 1n an open space away from trees and buildmgs with its
hinged opening facing morth so that the sun cannot shine on to the
mstruments as they are being read

[(] and munmum are used to record the lighest and
lowest temperatures during a period of 24 hours (This 1s the most practical
way of d n the course of a day } There are
two patterns of such thermometer 1n general use

One of these instruments consists of two separate thermometers one filled
with mercury and the other with spinit The mercury filled thermometer has a
constnetion near the base of the tube, which prevents the mercury from con
tracting back into the tube as the temperature drops This leaves the upper
end of the mercury column to register the highest temperature reached The
other thermometer contans spirit, with a small indicator floating 1n 1t As the
femperature falls this 15 pulled down in the tube, where 1t remains to mark the
lowest temperature reached At the end of the observing period both ther-
mometers have to be reset by shaking them gently

The other type of and ther: known as Sixs
thermometer consists of a U-shaped plass tube with a sealed buib contaming
¢reosote at each end The bulb at the mimmum end 1s filled while that at the
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. [ |
Bulb filled with creosote — P Bulb partly filled with creosote
Minimum thermometer ~ [P — Maximum thermometer
i ¢ £ ‘4
b1E, 2] fm
- |- An index in each tube
i
Mercury ~s—_ _ »
ke

| Glass U-tube

Magnet — @

Notice that the scale of the mimimum side 1s inverted and that, at any time,
the mercury in hoth arms of the U-tube should show the same temperature.

Fig. 9.8 Six’s maximum and minimum thermometer

naximum end is only partly filled. Between the creosote at each end, occupy-
ing the lowest part of the U-tube, is a string of mercury. As the temperature
rises the creosote in the filled bulb expands and pushes the mercury towards
the partly filled bulb; as the temperature falls the liquid in the filled bulb
contracts and the weight of liquid in the other bulb pushes the mercury
column back As the mercury moves in each direction, it pushes a small
metallic index ahead of it. When the mercury reaches the limit of 1ts
movement in either direction, the index is held there by a small spring to show
the datly maximum and minimum temperatures. A magnet supplied with the
instrument is used to return each index to touch the mercury, after the daily
readings have been taken

(b) Average Temperatures

An average daily temperature is obtained by adding together the maximum
and mmimum temperatures and dividing by two. Average monthly temp-
eratures are obtained by adding the daily averages for the month in question
and dividing by the number of days in the month. But a monthly average
obtained from a single year’s observation can be misleading because, in one
year, we may have a very cold April or a heatwave in July. Thus the average
temperature for any particular month is obtamned by averaging the monthly
average for at least 30 years The result is the mean monthly average temp-
erature, which is quoted in this and other books when describing the climate of
particular places.
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Fig 99July isotherms based on mean monthly average temperatures reduced to
sea leved

(¢} Temperature Maps

Temperatures can be thought of as forming a surface hke pressure This
surface can be mapped by plotting the observing stations with ther individual
temperatures and by drawing in isotherms or hnes of equal temperature (Fig
99) But temperature readings are also influenced by the altitude of the
tecordng station so temperatures must be reduced to sea level by using the
factor of 1°C per 100 m

9.5 Humidity

Evaporation goes on constantly from all water bodies on the earth s surface

and water vapour permeates the lower atmosphere This mossture in the atmo

sphere 15 known as hurndity The amount of water vapour that the air can
hold depends on 1ts temperatuse warm air can hold more moisture than cool

and hot air very much more than warm The amount of water vapour in the
air vanes from day 1o day, even from hour to hour as well as from place to
place When a mass of air1s holding its maximum content of water vapour, it
15 suid 10 be saturated, Humidity 1s measured by expressing the amount of
water vapour in the air al a particular time as a percentage of the volume of
moisture which that body of air could hold if 1t were saturated and relatne
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humdity 1s expressed as a percentage. Air with a 50 per cent relative humidity
would thus have just half the moisture which 1t is capable of holding.

(a) Relative Humidity
A high relative humidity—anything over 80 per cent—makes the atmosphere
oppressive and enervating. Body moisture 1s ot evaporated as 1t would be if*

e g e

fortable. India at the onset of the monsoon (Section 11.3(d)), the central
and southern United States in summer and equatorial regions throughout much
of the year have such conditions, which can become intensely unpleasant,
especially to those accustomed to a cooler and drier climate.

The amount of water vapour which can be held 1n the atmosphere depends
on the temperature, as we have seen. If an air mass 1s cooled its relative

humldlty increases untxl ulumately,\x_t,becomes saruraicd. The temperature at
“which this happens is known as the dew point of that particular air mass. If the
temperature is further reduced, the fesult 1s some form of condensation, either
water particles forming mst or cloud, or water droplets which fall as ram or, if
the temperature 1s low enough, as hail or snow. It is important to know the
relative humidity of an atr mass when assessing the likelithood of precipitation
{Section 9 6).
{(b) Measuring Relative Humidity
A hygrometer, is the instrument for measuring relative humidity. The most
widely used type 1s the wer and dry bulb thermometer, which is usually kept n
the Stevenson screen, and it consists of two thermometers. The dry bulb
records the air temperature in the usual way while the wet bulb is completely
covered with an absorbent cloth, which is kept permanently wet by a wick
linking it to a container of water. The temperature as recorded by the wet bulb
thermometer is always lower than that of the dry bulb, because heat is lost
when water evaporates from the wet cloth around the bulb. The rate of
evaporation, and hence the amount of heat lost, 1s higher in dry air than n
moist, so that the difference between the two temperatures can be used to
calculate the relative humudity, using tables supphed with the instrument.
Table 9.1 shows part of such a relative hunudity table. If the dry bulb
temperature is 25 °C and the wet bulb temperature is 19 °C. the depression of
the wet bulb is 6 °C. Table 9.1 shows us that the relative humidity mn this case
is 54 per cent.

9.6 Precipitation

We saw in Section 9.5 that the temperature of an air mass may cool to a point
known as the dew point, when some of its water vapour begins to condense.
The more the air mass is cooled below the dew point, the more water vapour
will condense. Precipitation is the collective name me given to the various forms of
water which result from the condensation of water vapour in the atmosphere,

and it may take many f Qﬁs;_lt can be seen as a small cloud of mnute water

e et At e
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Table 91 Relative humdity table

Drybulb
nraydmgs Depression of wet bulb { C)
(€) 05 10 15 20 25 30 35 40 45 50 S5 60 65 70

particles on your breath on a cold mormng It forms on the mside of the
#indow when the temperature outside the room 1s very much colder It may
condense on to the ground as dew or frost It forms muist and fog in the lower
atmosphere, and 1t gives nise to cloud, rain, haif, snow and sleet throughout the
troposphere

The air must be cooled before any of these types of precipitation can form
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and this can happen n several ways An air mass may be forced to rise to
cooler levels, for example when it blows across a range of hills. It may blow
over land or sea at a lower temperature or 1t may meet air of different temp-
erature and relative humidity, and the warmer—and lighter—of the two is
forced to rise over the cooler, thereby becoming cooler itself. Air may blow
from warmer into cooler latitudes, and the earth’s surface may itself radiate
heat, so that the air in contact with it is cooled. Each of these processes may
lead to some form of precipitation.

{a) Dew

The ground loses heat by radiation on the still, sometimes cloudless nights
which follow warm, sunny days. Air which remains in contact with the ground
for a prolonged period in such conditions becomes cooled below its dew point,
and the water vapour condenses on grass and other vegetation as dew.

(b) Frost
The same process may happen in winter at a temperature below freezing
point Water vapour then condenses directly into ice crystals, forming hoar,
[rost on the leaves of plants. Occasionally dew forms and is then further
cooled below freezing point, sometimes by radiation. Rain which has fallen on
to a road may be frozen by a drop n temperature. The result in both these
cases is glazed frost, made up of a layer of very clear ice. It is sometimes called
black ice, because 1t is difficult to see on road surfaces, itis a pamcularly
dggngogs form of, precipttation. A
The air temperature may drop slightly below freezing while the temperature
of the ground remains above, owing to 1ts internal warmth. No visible hoar
frost appears under these circumstances, and there may, in fact, be too httle
water vapour 1n the air for frost formation But the fact that the air temp-
erature is below freezing point may have a serious effect on plant life. so 1t is
for this reason that awr frost is frequently mentioned in weather forecasts

(¢) Rain and Snow

Air which rises higher in the atmosphere is normally cooled in the process.
Condensation takes place if the temperature falls below the dew point, and
billions of tiny water droplets or ice crystals gather to form a cloud (Section
9.6(d)). Imitially the droplets are too small to fall against the resistance of the
surrounding air Eventually a disturbance in the atmosphere may cause the
small droplets to be thrown together and form drops which are large enough
to overcome the atmospheric resistance and to fall as rain. The size of ram
drops varies enormously. The minute drops which occur as drizzle are only
just large enough to fall, whereas those which form in thunderstorms are often
very large.

If the dew point in a particular air mass 1s below freezing pont, the water
vapour condenses directly in the form of minute ice crystals The result is the
growth of snow flakes. If the snow falls through a layer of warmer air, it may
partially melt and reach the ground as sieet.
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The cooling of the atmosphere which leads 10 rain or spow asually happens
10 one of the three ways dlustrated i Fig 9 10

) Relief rain Tig 9 10(a)} shows that when a streim of humid onshore air (4)
mects a hine of hulls or mountains or even the chffs of a coasthine 1t rises to
pass over the obstacle and 15 cooled tn the process (8) The air temperature
falls below dew pont clouds form and precipitation may follow on the nind
ward 3ide {C) 118 15 cold enough snow may form on the crest (D) The ar
unks growing warmer as it docs 50 (E) and this feeward stde 1s a dry area
called a ramshadaw (F)

The windward side of a mountam range always has more rain than the
leeward side Thus the west coast of Scotland has a hugher rainfall than the
cast Lancashure o5 wetter than Yorhsture and Nomway s wetter than
Sweden
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(1) Frontal rain. Warm moist air usually comes into contact with cooler, drier
air during the passage of a depression (an area of low atmospheric pressure)
The line separating the two air masses is known as a front (F-F on Fig
9.10(b)). The warmer and moister air (W) nises when it meets the cold, dry air
(C) along the front. In doing so the warm air 1s cooled and, since it 15 moist
(that 1s, 1t has a high relative humidity), clouds form and rain falls when
cooling is below the dew point. This is frontal rain, and it makes up a large
part of the rainfall which the British Isles and north-western Europe expen-
ence. We shall be discussing the mechanics of a depression in fuller detail
Section 9.11.

(ni) Convection rain. As we saw in Section 9.1, the land surface is heated
directly by the rays of the sun Land within the tropics or even, in summer, in
nuddle latitudes, becomes ntensely hot (4 in Fig. 9.10(c)). The air which1sn
contact with the warm surface becomes heated, expands and becomes lighter,
and therefore tends to tise (B), drawing cooler air in to take its place (D). This
convectional rise of the air may become very rapid and can extend upwards to
heights of 10 000-12 000 m. The air cools as it rises, water vapour condenses
and clouds form (C). The immense extent of this nse means that there is a
correspondingly greater range 1n the cooling of the air mass. Vast amounts of
moisture condense and enormous cumulonimbus clouds may tower to great
altitudes (Section 9.6(d)). The turbulence and the large amount of moisture in
such clouds lead to exceptionally heavy rain, which we sometimes call thunder
ram.

(1v) Hail. The rapid uprush of air which gives rise to cumulonimbus clouds
and convection rain may reach such great heights that water droplets which
form at a lower level are carried up by the air to cooler altitudes, where they
freeze as small pellets of ice Such small ice drops may then fall and moisture
may collect on them. They may be swept up again, to freeze and fall, until at
last the convectional flow of the air weakens and allows the resulting hail-
stones to reach the surface of the earth.

Thus a harlstone usually consists of several concentric layers of ice. The
larger the hailstone, the more times it has alternately begun to fall and been
carried back up again by the upward rush of air. The largest hailstones occur
where the convectional rush of air is most vigorous, and they may reach
mmmense sizes. Hailstones the size of golf balls are not unusual in the strongly
heated interiors of the larger mid-latitude land masses, such as the mterior of
North America. Hailstorms can be extremely damaging, destroying crops,
breaking window glass or the roofs of houses and even killing animals which
have not been able to shelter from them.

(v) Thunder and lightning. Lightning 1s another and equally frightening aspect
of the towering cumulommbus clouds. It is caused by an electrical discharge
either within the cloud or between the cloud and the ground, visible as 2
lightning flash which may be destructive if 1t strikes the ground. The thunder

*
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clap following the flash 1s caused by the rapid expansion and contraction of
the air as a resolt of heat penerated by the passage of the lightning The
Tumblings which accompany and follow a thunder clap are echoes ether
within the clouds ot between a cloud and the ground

{w1) Measurement of ramnfall Ramnfall 1s measured 1n milhmetres as the depth
10 which the water would have accumulated 1f 1t had fallen on a level surface
and neither evaporated nor dramed away In pracuce the mstrument used to
measure ramfall is a ram gauge This consists of a metal or plastic outer case
over which fits a flanged funnet 127 mm 1n drameter the funnel leads to a
collecting vessel The water 1s poured out regularly into an appropriate glass
measenng cyhinder, graduated to read to the nearest miflimetre Sometimes
alihouh the collecting vessel 1s wet the amount of water 15 too small to
measure ths 15 recorded as a rrace The ram gauge should be sunk mto the
ground so that the nm of the funnel stands 305 mm above ground level It
must be carefully stted well away from trees buildings and rock outcrops so
thal ran may enter the funnel freely from any direction

Dady ramnfall totals are added to gve a monthly total and the monthly
figures added for the total annual ramfall But m the study of chimate the
merage monthly ramnfall and the mean annual ramfall are usually quoted
These figures are obtamed by averaging the monthly and the annual figures
for a peniod of at least 30 years Ramfall maps are drawn in the same way as
pressure maps (Section 9 3(b)) and temperature maps (Section 9 4(¢c)) Lines of
equal ramfall known as isohyets are constructed by plotung the location of
the observing stations with their indmvidual ramfall totals and drawing the
wschyets

(d) Clouds
As we mentioned at the beginning of Section 9 6(c) clouds consist of immense
numbers of minute water droplets or tce particles which are too small to
overcome the density and resistance of the arr to fall to the ground Clouds
take many forms and each type 1s ch of certamn heric and
weather conditions Indeed certan types of cloud belong so regularly to
Particular types of air mass or to specific parts of a depression that they can be
used within fimits to forecast the weather for the next few hours

These cloud types have descriptive names Thus errues 1s a delicate feathery
or fibrous cloud which indicates fine weather and cumulus 1s 2 heaped up
cloud hike masses of cotton wool sometimes towenng to immense heights
Stratus clouds he m layers or sheets often coverng the whole sky Some of
them can be quahified as ako thigh) or mmbus (rain) while others combrne the
qualiues of two of the three major types so we can distingwish ten major
cloud types in all The skv may be partly or entirely covered by a single cloud
{ype—cumulus on a fine summer afternoon stratus on an overcast winter day
00 the other hand w0 or even three different types of cloud mav be visible at
different herghts at the same time (Study these cloud types n the sky untl you
€an recognize and describe them )
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Fig. 9.11 Cloud types i
(@) Altocranulus: patches of fleecy, white cloud with blue sky between. Distani

cloud appears more continuous because of low angle of observation (b) Cumulus

wihite, fleecy patches of cloud, set agamst a background of blue sky
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(¢} Cundonumbus a tall tovwering cloud on a ﬁal base Comection currents

may be seen carrying cloud up to great heights where strong winds may draw out

the top of the cloud mnto the shape of an amvil Heavy ram hal thunder and
hghimng are kel

Altitude in
thousands of

metres

12

n Currus {C1} :

10f-

High
9t b feed  Cirrocumutus (Cc) i
clouds

8}-

I Cirrastratus (Cs} Cumulomimbus {Cb)
| towenngclouds

6 § —— s —_— ——— with great upward
! development

5~ Altocumutus {Ach

Middle Cumulus {Cu)

a- clouds ]
!

- Altostratus { As) \

______________________ 1
2 Stratocumulus {Sc)
Le
- cl;j‘;s Stratus {St) !
o Nimbostratus {Ns} H

Fig 912 Classification of clouds by height The standard abbresiations for each
1pe are shawn wt brackets
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(e) Fo

W)c ha%/e seen that condensation occurs not only high in the atmosphere, but
also in the lower levels, when the air close to the ground is cooled. The result 1
nust or fog. We commonly distinguish between these two with fog being
thicker than mist. In fog, according to the International Metcorological Code,
visibility 1s less than 1 km whereas, in mist, visibility is between | and 2 km.
Fog is described as cither radiation fog or advection fog, according to how the
air mass has been cooled.

(1) Radiation fog. A clear warm day, such as we may have in early or late
summer, is often followed by a sull clear night. There is no cloud to restrict
the loss of heat from the earth’s surface, so the land cools rapidly after sunset,
as does the air which is in contact with the ground. In calm conditions, the
lowest layers of the atmosphere may temporarily be cooler than those above
This unusual circumstance is known as a temperalure inversion, because it 1s
the reverse of the normal situation. I the lower air is chilled so that us
temperature falls below 1ts dew point, condensation takes place in the form of
fog. This is known as radiation fog, because it results from the radiation of
heat from the earth’s surface.

If the surface of the ground 1s uneven, a low-lying mass of cold, heavy air
produced in this way may flow down the slopes and collect in valleys and
hollows. Fog often forms and lies in patches on lower ground. Sometimes the
cold in such low-lying areas is sufficient for frost formation. This tendency of
radiation fog to concentrate in valleys often makes motoring extremely dan-
gerous and difficult, and the icy patches which sometimes occur add to the
hazard.

(i) Advection fog. Radiation fog occurs 1n still air, but advection fog forms
when a moist air mass passes over a cooler land or ocean surface and is cooled
by the contact. This occurs regularly in some areas. There is a current of cold
water off the west coast of nearly every major land mass, between the latitudes
of 35° and 45°. Warm humid winds frequently blow across these cool water
bodies and as they are cooled, fog forms. Such fogs are frequent off the coast
of California and they are likely to occur around the British coasts in summer,
when a warm south-westerly wind is chilled by the cool surface of the sea.
Warm air from the Gulf Stream moves over the cold Labrador Current off the
coast of Newfoundland also, and the result is banks of dense and d;mgerous’

sea fog in a much-used shipping lanec. /

9.7 Wind

!
Wind normally results from differences in atmospheric pressure, for air moves
from high-pressure areas to areas of relatively lower pressure. We saw In
Section 9.3(b) how variations in atmospheric pressure lead to the formation of
a surface or gradient. On a physical surface water flows down a slope towiards
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the hollows and low pomts The surface formed by variations i atmospheric
pressure 1s simufar air (wind) flows down the slopes and the steeper the
slopes the faster the wind

{a) Wind Direction

Wind direction 1s registered by means of a weather of wind vane a device with
2 pomter which rotates freely and 1s forced by wind strength to pomnt tnio the
wind A weather vane should be mounted as far from the ground as possible
a5 wind direction close to the surface 1s greatly affected by bwildings and trees

Fig 913 A wind rose for March 1972 based on six hourly obsersations The
Srequency of calms 1s gnen in the centre

A wind 15 always named after the direction from which 1t blows Wind
direction 15 usually noted at regutar tervals several times a day at weather
stattons and the frequency of the wind from each directton 1s recorded This
wformation can be easily expressed m a diagram known as a wmd rose n
Which lmes are drawn from a central pomt, proportionate m length to the
frequency of the wind from the corresponding direction The frequency of
calms that 15, occurrences of no wind, 1s shown by the figure at the centre of
the rose The wind 15 descnibed as veering 1f 1ts direction changes 1 a clockwise
manner for example starting at south and moving through south-west and
West 1o north-west When the wind changes direction 1n the opposite way, 1t 1s
said to be backing



Table 9.2 The Beaufort Scale

Descriptive
No. term
0 Calm
1 Light r
2 Light breese
3 Gentle breeze
4 Moderate bregze
5 Fresh breesze
6 Strong breese
7 Near gale
8 Gale
9 Strong gale
10 Storm
13| Violent storm
12 Hurricane

Sea enterion

Land eritenton

Sea hhe o murror
Ripples formed on water

but without foam crests

Small, short wases, Crests

look glassy but do not
break

Larger wanves with
breaking crests Shaht
foam with seatiered
white horses

Warves become jonger
More frequent white
horses

Moderase, longer waves.
Many white horses
Some spray

Large wanves with
extensive white foam
crests Spray more
cxlensive

Sea heaps up, wases

break and white toam
blows in streahs Spruy
\ery extensie

High wanes of greater
lenpth Crests break and
foam 1s blown more
densely

High waves swath dense
foam Wave crests
begin to tpple and roll
over Spray may affect
visthility

Very high waves with
long overhanging
crests Large patches of
foam and much spray.
Visthihty impeded

Exceptionally lugh waves
Sca completely
foam-covered and spray
s dense Visibality
difficult

Enormous waves, Sea
completely foam-
caverad and dowag,
spray senously affects
vistbility

Smoke rises vertically

Wind direction shown by
smoke drift but not by
wind vane

Wind felt on fuce, leaves
rnintle, wind vane moves

Leasesand small twagsin
constant motton. Wind
extends a hight flag

Raitces dust und loose
paper Small branches
move

Stvall trees sway. Small
waves form on inland
water

Large branchesin motion,
whisthng in telegraph
wires Umbrellas used
with difficuity

Whole trees in motion.
Difticult to walk
against the wind

Breaks twips off trees.
Impedes progress of
walkers

Shght <tructural damage
occurs Chimney pots
and slates removed

.

Seldom expenienced
inland. Trees uprocted
and much structural
damage occurs

Very rarely experienced
wntand. Widespread
Jamage to buldings
and trees
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g),:;“;iidw\:as one of the eatliest elements of weather to be regularly
seasured and recorded This was because of 1ts immense importance to
sulors who needed a standard system of recording wind In 1805 Admural
Beaufort devised a svstem of refernng to wind strength using a set of numbers
from 0 to 12 Each number on the Beanfort Scalc had 2 simple deseriptive
term which all seamen could understand and a simitar scale was soon devised
for use on fand (Table 92) This s still the basis of weather deseription and
forecasting and gale warnings broadeast on the radio may refer to force 8

winds

Fig 9 14 Cup ancmometer

The mstrument used for measuring wind speed 15 called an anemomcter At
4 weather station 1t should be set up 10 m above the ground and well clear of
voof tops Two types of anemometer are in regutar use The more common ts
the cup anemometer, where three or four cups are fixed to bars on a rotating
spindle The wind tums the cups and thus the smndle which 1s peared to 2
measuring device The speed of rotation of the cups ts proporiional to that of
the wind but the mstrement has several major disadvantages It tends to
Oieresimate the speed of the wind Strong gusts also force the cups to turn
fapdly but the gust may have died down long before the momentum built up
by the rolating cups subsides The fube ancrometer 15 2 More sensitne
istument. An open tube 1s built 1nto the end of a wind vane which turns so
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that the opening is always facing into the wind. The wind blows through
tube nto a sensitive measuring device which records the changes in its sp
and also 1n 1ts direction, usually on a graph on a rotating drum.

9.8 Visibility

Visibility is the distance at which certain objects can be clearly seen ;
distingwished. It varies greatly with the amount of moisture and dust in
atmosphere: the air is usually much clearer after rain has washed the
particles from it, for example Good visibility is of immense importanci
motoring, boating and flying, so weather reports regularly contain a stater
of any abnormal visibility.

9.9 Sunshine

The number of hours of sunshine experienced in a day, a month or a yez
important chiefly as a measure of the attractiveness of a particular to
especially 1f 1t is a holiday resort. The duration of sunshine can, of course
measured by direct observation with the help of a wrist-watch but it 1s nor
to use a sunshine recorder, of which the Campbell-Stokes pattern is the -
known. This consists of a solid glass ball which focuses the sun’s rays on
strip of sensitized and graduated paper, where they burn a trace. The pap:
read and changed daily. The duration of sunshine is usually expressec
either the number of hours of sunshine per day, month or year, or ¢
percentage of the maximum possible sunshine in the same period.

9.10 The Daily Weather Chart

(a) Weather Recording
The mstruments and methods we have described so far are those used atn
weather stations throughout the world. Weather stations are not only m
tained by the Meteorological Office but also by the Navy and Air Force
many local government authorities, by other public and private bodies ant
interested amateurs. In addition, weather conditions are observed by 1
and merchant ships at sea and by nine internationally organized O
Weather Ships, which maintain their station 1n the Atlantic and tran:
hourly weather readings. At least two weather ships are required to man ¢
station, and the British weather ships, based at Greenock on the Firtl
Clyde, each spend 24 days on location, followed by a period in harbour.
In addition to the information supplied regularly by a vast numbe
weather stations, the Meteorological Office is able to use the mett
developed m recent years to probe the higher atmosphere. This is dont
means of balloons and weather satellites. Balloons are sent up from wea
stations at sea and on land, they record meteorological conditions mecl
ically and report back to the surface by radio. Weather satellites rise a 2
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deal hugher than balloons, and among the recordings which they transmit to
earth are photographs of the cloud cover

The end product of all this recording 1s a vast stream of mformation which
flows 1nto the Meteorological Office at Bracknell in Berkshire Much of it s
receved tecorded and processed by computers, and from it emerges the dasly
and the long range weather forecasts as well as other forms of weather infor
mation required by air ines ships the armed forces trawler fleets and many
other organizations

(b) The Weather Map
The Daily Weather Chart 1s the best known and most important publication
of the Meteorological Office It gives detailed daily information about condt
tions 1 the North Atlantic and western Europe n four separate maps which
give weather informauion for mtervals of six hours You can subscnbe o the
Meteorological Office for these and they are often displayed in public build
1ngs, technical colleges and schools

The basic mformation on the weather chart 15 the distnbution of atmo
spheric pressure because it 1s thrs which determines the pattern of weather
Isobars and fronts are shown on the chart, together with the pnncipal weather
reporting stations, and standard symbols are used to express the weather
elements expenenced at each The form of precipitation—whether rain heavy
ram sleet or snow—is indicated The degree of eloudimess 15 expressed as the
fraction (in eighths or oktas) of the sky which 1s covered The words sky
obscured mean that the degree of cloudiness could not be estimated because

Explanation WEATHER
of symbols Sprobel Westher
coun WIND = e
[ v syobet et =t
folat Ganac) -,
o o O on Y
[N o 12 DR
[CRE . K
37
& 3 © 2 & dinon
3 4 Bi2
> Show
9 s 1317 .
Runshower
2 s g .
[ e E2r St
® s ‘o 45 % oo shows
D s v
Toteured H | shower
R B e 9
T 1 ote som

Fig 915 Beather symbols used on the Daly Weather Chart
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at the time of observation it could not be seen because of fog or mist. Wind
direction 1s represented by an arrow, and its speed by ‘feathers’ affixed to it,
above 2 knots, each feather represents ten knots of wind speed and a half-
feather five. Temperature 1s given in degrees Centigrade for the stations at
which they were recorded. In addition to the information given for each

(e} 7

(a)®

Fig. 9.16 The station model* (a) weather (precipitation), (b) cloud cover m
oktas, (c) wind direction arrow, (d) wind speed feathers, (¢) temperature m °C

station, the barometric pressure at each station may be worked out from the
1sobars The weather charts on pages 156-60 represent typical weather situa-
tions and the range of symbols used to express them.

9.11 The Weather in Britain and North-western Europe

The Daily Weather Chart will show a sequence of low-pressure areas—
depressions or lows—which form over the North Atlantic and move eastwards
across the British Isles and north-western Europe. They are separated by
ridges of high pressure, which may sometimes expand into anticyclones or
highs.

(@) Depressions

It is not clearly known how a depression comes into existence. An explanation
put forward early this century by two Norwegian weather observers named
Bjerknes, father and son, 1s still popular because of its basic simplicity. Their
theory starts with the assumption that, in the world-wide circulation of the
atmosphere, tropical air moves towards the poles and polar air towards the
equator. These two strongly contrasted air masses—the one warm and moist,
the other cool and dry—meet along a line which has somewhat misleadingly
come to be called the polar front. This is the key to the sequence of events
which culminates in a fully developed depression.

Fig. 9.17 illustrates the formation of a depression. In the first stage, the
warm and cold air masses in the northern hemisphere blow respectively from
the tropic and the pole, but they have not yet come into contact Then, 1o the
second stage, a wave or kink develops in the polar front and two separate



The Weather 149

~
Cold |
~

/
/’ sector
o

sector

Stage 3 {up 10 48 hours later) Stage 4 (up 10 24 hours [ater)

: Warm
Cold Warryy i‘:}( / Occluded fan
’ ar ar front ront bl
front

Fig 9 17 Stages wn the development of a depression

fronts begin to form with warm tropical air nsing over the cool arctic air in
the more forward front while m the other the arctic aif burrows under the
tropical air At this stage frontal rain begins to fall because the humid air nises
and 15 cooled and condensation takes place While this 1s happeming the
developing pressure system is moving towards the east at 4 speed which ranges
from 16-80 km per hour The average speed of movement of the centre of the
depression 15 about 40 km per hour (But the speed of movement of the system
hes nothing to do with the speed of the winds which compose 1t These can be
mere breezes or they may nise to hurnicane force )

In the third stage the whole circulating system has grown very much larger
and may now measure as much as 2 500 km m diameter Barometnic pressure
at the centre has become lower and the depression is said to have deepened
At the same time the fronts of stage two have developed 1nto contrasted warm
and cold fronts The warm air 1s forced to nse along both of these fronts with
the resulting formation of a ram belt

The cold front lying towards the rear of the depression travels faster and
gradually catches up with the warm front Eventually they coalesce to form an
occluded front and m stage four we see that the cold front has lterally hfted
part of the warm front off the ground The depression 1s beginning to die as an
active weather systern Barometric pressure in the centre f15es and the depres
sions sad to have filled The hfe of such a depression may be anything up to
two weeks and during its existence the whole system moves several thousand
kitometres at varying speeds in a generally easterly direction
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A depression is represented on a weather chart by a pattern of isobars,
These are roughly circular and concentric, and arc usually drawn at intervals
of 4 mb. The lowest pressure 15 11 the centre. and air moves down the baro-
metric gradient towards the area of lowest pressure, although it does not take the
straightest and shortest route. The rotation of the carth causes any moving

Fig. 9.18 The 1sobar patterns and winds of a depression

body of air to be deflected to its right in the northern hemusphere, and to its
left 1n the southern. This phenomenon establishes a rotating wind system
which 1s anti-clockwise 1n a depression in the northern hemisphere and clock-
wise in the southern

{b) Anticyclones

Anticyclones are arcas of high atmospheric pressure and, as such, they are the
converse of depressions, The air in the centre of an anticyclone is gently
sinking, getting warmer as 1t does so and moving outwards from the centre
near the ground surface, towards the edge of the anticyclone. Rain rarely
occurs in an anticyclone, and such a high may remmn stationary for several
days, giving a period of settled weather. An anticyclone may even remain
stable for two or three weeks, blocking the movement of other atmospheric

Fig. 9.19 The isobar pattern and winds of an anticyclone
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systems and causing them to move around it In the British Isles a prolonged
spell of fine and sunny weather 1s usually due to the development of an
antcyclone as Britamn expenenced n the summer of 1976

On the weather map an anticyclone appears as a nutnber of usually well
spaced roughly errcular 1sobars with the highest pressure at their centre The
air moves outwards and clockwise from the centre Winds are usually gentle
snce the barometric gradient 1s very shight Even less 1s known about the
formation of 1 than about d but they appear to be ex
tensions of the tropical air mass into temperate latitudes

{c) Mmor Pressure Systems
Dep and are the d pressure systems but there are

also four mumnor patterns of pressure which occur fairly frequently and usually
1n assoctation with the major system

SN N
\"P,\'L S, 992/
P . /
— & o _/
— @

C Col
T Trough of low pressure
R Ridge of h gh pressure
Fig 9 20 Minor presstre systems

EA troush of loy pressure 1s a frequent pressure system in north western
rope and consists of a narrow belt of low pressure eastly recognizable by
::;}Y‘:ch 150bars A ridge of hugh pressure 1s its opposite a long narrow belt
o }"z Pressare The analogy between the baromttnc surface and the surface
the ground 1s maintawned by the use of the term co! for an area of pressure
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lying between two opposite anticyclones and two opposite depressio
shown w Fig 9.20 Lastly, a secondary depression—the source of so
unpleasant weather—is a small, less intense depression, found near the ¢
a larger depression

The spacing of the 1sobars 1n any system of atmospheric pressure is
importance, because 1t indicates the steepness of the pressure change, w
called the barometric or pressure gradient. If isobars are bunched
together, this means that there 1s a large pressure difference over a
distance which, 1 turn, means rapidly mowving air or strong winds,
versely, well-spaced 1sobars imply a gentle barometric gradient anc
winds

(d) Weather in a Depression

An almost continuous successton of depressions, interrupted by an occ:
anticyclone, moves 1n from the Atlantic Ocean to give the weather of
western Europe its day-to-day variations. No two depressions are the
The pressure at the centre, the shape and spacing of the isobars, the s
movement and the path followed all differ from one depression to th
and they result in different patterns of weather. But it is possible to des
‘typical depression’, which has all the essential features and moves
average speed along the path most commonly followed.

A typical depression covers an unmense area. Its leading or easter
may be over Sweden, while its trailing, western edge may be well to the
Ireland, an overall distance of more than 1 600 km. As such a dep
moves eastwards a sequence of weather conditions such as those shown
9.21 will be experienced. At 1 along the line S-T the cloud thickens and
and pressure is falling. There are showers and then more continuous
which turns to steady rain. The wind is southerly. At 2 the temperatu
and pressute falls. The wind veers to the south-west and the ram eas
then stops. At 3 1t 1s cloudy with occasional showers and some sunny [
At 4 there is heavy ramn and gusty winds. Pressure (alls and there is son
hail, thunder and lightning At 5 the cloud breaks up, temperature fa
pressure rises. Wind veers to the west and north-west, the rain may ¢
showers may continue for a time

(¢) Weather in an Anticyclone
The weather in an anticyclone is apt to vary with the seasons. In sumt
development of a ‘high’ may bring with it up to two weeks of fine ¢
weather, with clear skies and abundant sunshine. At night the rapid ra
of heat may lead to the formation of mist or fog and dew. In early a
summer, night temperatures during an anticyclone may fall sufficiently
frost, and it is conditions such as these which do most damage to frui:
In winter, an anticyclone may also yield fine, sunny daytime weath
sharp frosts at night and some fog 1n low-lying areas 1n the mornings.
also give rise to much less pleasant weather, especially in Decemt
January, when the sun is low in the sky and its heating capacity sl
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> 79

Cold Seetion along tine S~ T
front
Cold
sector Warm sector
sector
< 5 /4 3 2 1 T

Fig 921 A typical depression and us weather (Notice the isobars change
direction when crossing a Jront The straight 1sobars wn the warm sector suggest
the direction tn which the depression ts moving)
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persistent temperature inversion may develop (Section 9 6(e)): cooler air fies
in contact with the ground surface, separated by an inversion layer from
the warmer air which hes above 1t. Air rises to the inversion layer but cannot
escape from 1t Cloud spreads out below this level to form a layer of stratus
cloud which produces a dullness sometimes called anticyclonic gloom Such
conditions are made worse over towns and industrial areas by the smoke, dust
and fumes which are trapped below the inversion, unable to escape into the
higher atmosphere If this state of affairs persists for several days, there 1s not
only chaos on the transport systems of large cities but the dense fog or smog,
once known in London as pea-soup fog, may result in the death of many
people suffering from lung ailments. The last such disaster in Britain was in
December 1952, when London and the industrial conurbations experienced
these exact conditions Several thousand people died and wvisibility was down
to a few metres for several days Since then, the great improvements brought
about by the clean air legislation of successive governments have made 1t
unlikely that these conditions will recur.

9.12 Tropical Depressions

The pressure systems which we have discussed are, by and large, those which
occur 1n the nmddle or temperate latitudes. They are the result of the meeting
of two air masses with contrasting physical characteristics. But in tropical
latitudes low-pressure systems develop which behave quite differently from
those which we have already discussed

Tropical storms usually develop over the sea, although they often move on
to the land. They have different names in different parts of the world—
hurricane in the Cartbbean and on the east coast of the Umited States, typhoon
n the China seas and the Pacific, cyclone 1n the Indian Ocean, and willy-willy
off the northern coast of Australia. But all these pressure systems have several
features in common. They are very much smaller than the depressions of
higher latitudes, rarely exceeding 600 km in diameter. The pattern of 1sobars is
almost circular, and the pressure gradient which they show is very steep, s0
winds are extremely strong. The storm is characterized by massive cumulo-
nimbus clouds which tower up to greater altitudes than those i md-latitude
depressions, and the rainfall 1s usually torrential. Lastly, these tropical depres-
sions usually have a distinct eye, a central area perhaps 50 km across, in which
winds are lighter and rainfall 1s shight.

9.13 Tornadoes

A tornado usually occurs over land, and almost always n the central United
States. It is a revolving cyclonic storm with a very small diameter—sometimes
as little as 100 m—but 1t has enormous intensity. Pressure at the centre 15 very
low, the barometric gradient so steep that it can be called precipitous, and the
resulting winds are the fiercest known on earth. Tornadces can uproot (rees
and destroy all except the most solidly constructed buildings. They appear a5
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black columns reachmg from the cloudbase down to the earth Little whithag
storms called dust dewils are tornadoes 1n mimature while a torado over the
sea draws up @ column of water and 18 known as a naterspout
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71
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Questions
1 Explamn why the atmosphere 1s heated from below What examples can
you give to prove this?
2 What 1s atmospheric pressure? With the aid of annotated diagrams de
scribe the tstruments used to measure 1t
3 What 15 meant by mean monthly average temperature? Descnibe the
instrument used to make the necessary measurements and explamn the
method used to calculate st
4 What 1s humdity and how 15 1t measured?
5 With the aid of diagrams explain the ways in which ramn may be formed
6 Wnte an essay on Clouds
7 Explam the ways m which wind speed may be measured and expressed
8 How are depressions formed? Using diagrams give an account of the
stages 1 the hife of an average depression
9 Explam the foll (@) 1 (b) pressure ( gradient
(¢} secondary depressions (d) trough of low pressure
10 With the aid of diagrams say what you understand by the following
terms (a) 1sobar (b) relative humdity (c) dew pomt (d) raduation fog (¢)
wind rose (/) Beaufort Scale (2) tornado
11 What 15 the weather represented by the following station plots?
{Answers on page 289 )
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12.

13

Draw the station plots for the following sets of weather conditions:

(a) 5 oktas cloud; wind: south, 11 knots; temperature: 8°C; present
weather: drizzle

(b) 8 oktas cloud; wind: north-west, 39 knots: temperature: —5 °C; present
weather: rain and snow showers.

(¢) 2 oktas cloud; wind: north-cast, 10 knots; temperature: 15 °C; present
weather. fine and sunny.

(d) 7 oktas cloud; wind: west, 24 knots; temperature: 11 °C; present
weather: thunderstorm

(e) No cloud, wind: south, 2 knots, temperature. 23 °C; present weather:
fine and sunny.

(/) 3 oktas cloud; wind north-west, 16 knots; temperature: 14 “C; present
weather. ram showers.

(Answers on page 290 )

Answer the following questions, based on Weather Map A.

(@) What name can be given to the pressure system to the west of Britain?
(b) Draw and name the types of front which can be seen on the map.
(c) Describe the weather shown at the following stations (1) Ocean
Weather Ship M, (n) Gibraltar N, (11i) Southern Sardinia P, (iv) Northern
Norway Q

(d) State the differences in weather conditions between southern England
and [celand 1n terms of cloud, wind, temperature and weather.

(e) Explain, as far as you can, the differences which you have described in
(d).

(Answers on page 290.)
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0600 hrs
10 Jan 1974

Weather Map B

14. Answer the following questions, based on Weather Map B.
(@) What are (i) the lowest, (1) the highest pressures marked on the
map?
(b) What names can be given to the pressure systems at .Y, Yand Z?
(¢) What type of fronts are A4, B and C? .
(d) What weather conditions are represented by the station plots at (i)
Ocean Weather Ship K, (1i) the Shetlands L, (1i1) north-western Spain M?
(e) State the differences in weather conditions between southern Ireland
and central and southern France.
(/) Account for the differences you have described in (e).
(Answers on page 291)

15. Answer the following questions based on Weather Map C.
(a) What are (i) the lowest, (i) the highest pressures shown on the map?
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0600 hrs

1 Nov 1969
Weather Map C
{6) What names can be given to the fronts labelled 4 and B and the
pressure features labelled C D and £ on the map?
(c) Describe and account for the weather being expenenced at (1)
Stavanger S (u) the Faroes F () Pans P
(d) Describe and account for the weather differences between that part of
central Europe denoted on the map by the broken lne and western
Scotland and the Hebrides
(e) Can you suggest {i) why temperatures in most of southern and south
eastern England are several degrees colder than those 1n southern Ireland?
() why winds 1n western Denmark are stronger than those mn western
France?
(Answers on page 292)
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0000 hrs
11 Jan 1974

Weather Map D

16 Answer the following questions based on Weather Map D.
(@) What are (1) the lowest, (i1) the lighest pressures shown on the map?
(b) Name the fronts 4, B and C and the pressure system D.
(c) Describe the weather at Ocean Weather Ship J, and Stations X, ¥ and
Z. What is the significance of the Station plot at ¥?
(<) Explain the aitference i wind speed between Ocean Weather Ship K
and Station L
(e) Describe and explain the differences in weather between southern
Britain and Germany.
(Answers on page 293.)



Unit Ten
Climatic Control Factors

Many features of the natural environment such as the soil natural vegetation
and ammal Iife are a direct result of local chmatic conditions The chmate
which we exp}nencc also affects our way of Iife, particularly our agniculture
the type of clothing we wear and the design of the buildings 1n which we live
and work All these factors mean that the study of world chmates 1s an
mportant one for geographers

101 What Is Chmate?

As we discovered tn Umit 9 chimate 15 average weather 1t 1s what we can
reasonably expect to happen We cannot possibly know 1n advance what the
weather will be when we plan to visit New York the French Riviera Bombay
or Hong Kong at 2 particular date n the future but we can and usually do
find out about the climate This will determine the kind of clothes we take and
the excursions and entertainments we plan

Climate clearly vanes from one place to another The weather may be
shghtly different 1n Reading from what 1s expentenced 1 Watford Luton or
Croydon but i chmatic terms they are the same However 1l we compare any
place near London with say Nice or Marseilles in the south of France, the
differences are no longer munor or ummportant On average Nice 1s warmer
than say, Kew Gardens by about 4 °C throughout the year While Kew
Gardens has rainfall evenly spread through the year, with a shght summer
maximum, Nice has a distinct winter maximum of ranfall After studying the
vanations in chmate over the surface of the earth, we can classify them 1ato a
number of chmatic types In Unit 11 we distinguish and describe twelve such
chimates

Differences in climate can be explamed m terms of a small number of
climatic control factors These are planetary factors, pressure and winds, ocean
currents altitude aspect, mountam baroers and distance from the sex (con-
tinentality) We shall discuss these factors in Sections 10 2-10 8

102 Planetary Factors

Planetary factors melude the sequence of the seasons, the varying length of the
pertods of daylight and darkness the altitude of the sun and the amount of
insolation They result from the movements of the earth and its relationship to
the sun We examuned these factors 1n Unit | when we explained that the axis
on which the earth rotates 1s inclined at an angle of 23}° to the vertical and the
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earth 1tself moves around the sun. These movements of the earth and its
changing position 1n relation to the sun are mainly responsible for the seasons
(Fig 1.4).

At the equator, the length of day and night remain much the same through-
out the year so there are no distinct seasons, since variations in insolation are
an important factor in seasonal temperature changes (Section 1.3(c)). As we
move away from the equator we find that there is a steady change in the
relative lengths of daylight and darkness. In June there is no period of
darkness at the North Pole and at the same time there is no period of daylight
at the South Pole. Six months later the situation at the poles is reversed,
although at the equator daylight and darkness are still of cqual duration. This
seasonal variation in msolation is a most important influence on the kind of
climate that 15 experienced The mtensity of insolation is determined by the
angle at which the sun rises above the horizon. An overhcad sun always gives
more solar energy per square metre to the earth’s surface than when it is low
in the sky (Fig. 1.10)

A combination of the altitude of the sun and the length of day (Figs 1.5~
1.9) accounts for a number of climatic features. Thus the highest temperatures
in the world are not experienced at the equator, where the period of daylight
never exceeds twelve hours, but in the hot deserts, where an overhead summer
sun 1s combined with cloudless skies and a daylight period of about fourteen
hours (conversely, this 1s why winter nights in the desert regions can be quite
cool with even a possibility of frost).

10.3 Planetary Winds

Wind 1s the means by which air is moved from one part of the earth’s surface
to another, and winds may influence climate in two sigmficant ways. First, air
contains moisture in the form of water vapour. The likelihood of there being
any form of precipitation depends on the relative humidity of the air (Section
9.5), and whether or not the air 1s cooled by any of the three methods we
mentioned in Section 9.6 and 1illustrated in Fig. 9.10. Second, the wind affects
temperature. In Britain wind from the south 1s warm, bringing some of the
warmth of France or even the Mediterranean with it, while wind from &
northerly quarter is likely to be much cooler, especially in winter.

(a) Pressure Belts

As we saw in Section 9.7, the movement of air which we call wind is due to
differences in atmospheric pressure, with the winds always tending to blow
from high-pressure to low-pressure areas. The British Isles experience
frequént variations in pressure.

In some other parts of the world there are pressure systems which persist for
most of the year, with only short-lived interruptions. There is, for example,
low-pressure system which forms a belt around the earth, close to the equator
Just outside the tropics, in each hemisphere, is a belt of lugh pressure and both
polar regions are also characterized by high pressure. There 1s a belt of low
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pressure between these areas of high pressure n the nud lattudes of both
nosthern and southern hemispheres The Britush Isles lie in this belt These pres

sure systems are shown in Fig 10 1 but there are two qualifications First the
apparent movement of the sun from (s overhead position at the Tropic of
Capncorn 1n December to 1ts position n June over the Tropic of Cancer

carrtes the pressute systems with 1t The movement of the pressire belts 1s
smaller (by 8-10 horth and south of the equator) than that of the overhead
sun but the shift tn the pressure and hence mn the wind systems s enough to
add apprectably 10 the seasonal contrasts Second these pressure Systems are
most clearly defined n the southern hemisphere because the land masses are
smaller here than in the northern hemisphere and thus have a less disturbing
wfluence on the continuity of the pressure systems (Section 10 8)

Fig 101 Pressure belts These belts morve 8 10 north and south as the overhead
sun moves

(5) Planetary Wind System
Winds blow from the high pressure belts towards those of low pressure—from
the sub tropical ngh towards both the equatonal low and the md latitude
lows and from the arctsc hugh rowards the mud Jantudes These are the plan
ctary winds represented 1n Fig 102 but the reality 1s less simple The winds
ace deflected by the earth s rotation to the nght w the northern hemusphere
and to the left 10 the southern The whole planetary wind system moves
fowards the north dunng the northern summer and to the south dunng the
southern But the most mportant source of disturbance to the plane:ary wind
;’:“m 15 the ewistence of larpe land masses especially north of the equator
nd masses becorne greatly heated 1n summer and are cooled 1 winter more
than their latetude m.ght suggest This 1nteoduces a disturbing actor mto the
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Fig. 10 2 The planetary wind system. These belis move north and south as the
pressure belts move The Doldrums 1s sometimes called the Inter-Tropical
Convergence Zone (ITCZ)

wind systems, especially outside the tropics In fact, the great land masses tend
to become overspread by a mass of cold, heavy, sinking air in winter—a high-
pressure system from which the winds blow outwards. In summer the land
masses develop low-pressure systems into which winds blow from all quarters.
It 1s only over the sea areas that the planetary wind system blows throughout
the year in the pattern shown on Fig. 10.2.

(¢) Local Winds
There are local winds 1n all parts of the world. As their name suggests, they
only influence small areas

Every continent has its own particular local winds. For example, when a
depression moves eastwards through the Mediterranean basin, air is attracted
towards 1t from both north and south (Fig. 10.3). Cold. heavy air from the
north, some of it crossing the Alpme snowfields, is drawn down the valleys
leading to the coast. It often does great damage because of its speed and its
low temperature. Such a wind 1s known as the mistral in southern France, the
tramontana in northern Italy and the bora on the Adriatic coast of Yugoslavia
On the southern side of the depression, hot dry air is drawn n from the
Sahara region of North Africa. The result is the dusty and unpleasant winds
known as the sirocco in Sicily, the khamsm in Egypt and the leveche m Algena.

Another example is the harmattan, which blows from the Sahara across
West Africa during the northern hemisphere’s winter. It is a dust-laden wind,
and may obscure the sun and deposit a veneer of fine particles on ships far out
at sea off the west African coast. Nevertheless, its dryness is a welcome change
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Fig 103 Local winds i the western Medierranean
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from the gh humidity of the winds which blow in this region during its hugh
sun or summer season Another kind of local wind the chinook of North
America and the fbhn of central Europe will be descnbed m Section 10 7

(d) Land and Sea Breezes

The daytime sea breeze of coastal regions sometimes alternatng with a land
breeze at mght results from the differential heating of land and sea Durnng
the day the land 15 hotter than the sea The air in contact with the heated land
expands and nises drawing an cooler air from the sea to take its place The
result 1s an onshore breeze At might the situation may be reversed if the sky is
clear The land cools down by radiating away the heat it has acquired during
the day The sea 1s now warmer than the land and the movement of air 15
from land to sea The daytime sea breeze 1s normally very much stronger than
the night time land breeze

104 Ocean Currents

We saw in Umit 2 that the earth s ocean currents broadly correspond to the
planetary winds which are their pnmary cause The winds 1n the northern
hem sphere particularly the north east trade winds and the west winds set up
arotary movement of the surface layers of the water 1n a clockwise direction
In the southern hemusphere the correspondmg winds set up a simular
movement 1n an anti-clockwise direction

The trade winds dnive the surface waters along the equator 1 a westerly
direction (It was this current which Thor Heyerdahl used when he crossed the
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Pacific Ocean on lus raft Aon Trhr Indeed pretustonc navigators had used 1t
before tum ) When the water reaches the western side of the ocean 1t 1s
deflected either to the north or the south until it reaches the latstude of the

ester] es between 35 and 50 of latitude These winds then propel the waters
eastwards to complete this rotation Cold water from 1nside the polar eircles ts
fed towards these rotary systems by the winds blowing cutwards from the
polar high pressure centres (The only exceptton to this generalization 15 1
the Ind an Ocean north of the equator where the seasonal reversal of the
monsoon winds causes the rotary current itself 1o change direction (Section
13d))

QOcean currents have an important influence on the chimate of neighbouning
coastlands Winds are warmed as they pass over a current of warm sea water
from the tropical regions they are chulled by passage over a cold water body
The most conspicuous and important example of an ocean current s influence
on chmate 1s found 1n the North Atlantic (Fig 10 5) The North Atlantic Dnft
15 propelled by the south westerly winds from the region of the West Indies
towards the shores of north western Europe The water of course becomes
cooler as 1t moves nto higher lattudes but 1t does not completely lose its
tropical warmth and 1t flows to the west of the British Isles as a warm body of
water Relatively warm water even reaches the coast of Norway as far north
as the Arctic Circle creating what has been called a Gulf of Wmter W armth
The North Atlantic Dnft 1s the reason why the seas of north western Europe
donot as a general rule freeze in winter Cold currents on the opposite side
of the Atlantic—the southward moving Labrador and East Greenland cur
rents—carry cold water far to the south even in summer In winter the Gulf of

Greenland

6610 N

45° N

— =-~—— Southern { m t of pack ce
+—e—e—e0" C January isotherm
G Gulf of w nter warmth
Fig 105 Wanter difference bet veen east and  est sides of the Atlantic
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St Lawrence and the coastal seas off Labrador and Newfoundland become
covered by thick sea ice

Ocean currents can, however, only influence the air temperature over
adjacent land masses if the wind 1s blowing onshore regularly, (Section 10 3
(d)) For example, the Gulf Strcam exerts no influence along the eastern coast
of the USA in winter, when the wind is offshore.

10.5 Altitude

Altitude influences temperature directly because the temperature falls on aver-
age by 1 C for every 100 m of vertical ascent. Snow lies permanently at about
5000 m on Mount Kiimanjaro, on the equator. Away from the equator, the

m
altitude
-1 4500
Paramos ~-1 3750
{Alpine pastures)
Tierra Fria - 3000
{Cold land)
- 2250
Tierra Templada
(Temperate land) -11500
Tierra Caliente -1750
(Hot land)
———
Sea level g

Fig 10.6 Altitucinal zones in the north Andes. Both natural vegetation and crops
change as the temperature decreases with altitude

snow fine (that 1s, the lowest limit of permanent snow) sinks lower and lower.
It is at about 2 700 m in the Swiss Alps, between 1 200 and 1 500 m in Norway
and it reaches sea-level in the polar regions.

Mountains always interrupt the normal pattern of climate: they reduce the
temperature and this reduces the maximum humidity of the air. As one
ascends a high mountain, one passes through a series of altitudinal zones
comparable with, although not quite the same as, those to be found on
a journey from the region of the mountain to the poles. The northern Andes,
in Venezuela, are probably the best example of this phenomenon (Fig.
10.6).
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106 Aspect
The d rection in which 2 slope faces 1s known as its aspect The ahgnment of
mountains can tnfluence the amount of 1wsol precip and

to wind of ther slopes Thus in the northern hemisphere slopes with a
southerly aspect are warmer than those facing north which may experience
the direct rays of the sun for a much shorter penod of the day 1f at all in
winter In glaciated the Alps for ph llages hotels

North South

Sunny's de Shady s de

Summer
pasture

® Erevaton of the
sunt nw nter

Elevat on of the

sun s summer

[a—

Settlements
Fig 107 The effect of aspect on a mounta n valiey

and cultivated land are usually located with reference to therr aspect so as to
enjoy the maumum sunshine while shady hillsides are likely to be forested
with comfers Indeed valley slopes with different aspects are sometimes
known by local names which have the general connotation of sunny side and
shady side

107 Mountamn Barriers

Mountains also influence climate by acting as a barmer to the movement of
ar A vange of lls of moumains Tay cause refief ram on the windward side
and a dry ramshadon on the lee or sheltered side As an air stream nses to
€10s§ a mountam range 1t 1s cooled (1 on Fig 10 8) and loses moisture by
condensation giving cloud ram and snow at high altitudes (2) Once over the
crest of the range (on the fee side) gravity makes the air begin to sink and 1t
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becomes warmer as it sinks lower (3). Such warming is not conducive to
condensation, so conditions are much drier on the lec or rainshadow side of
the range, compared with the heavy precipitation on the windward side (4)
This warm descending air may have a strong climatic influence, and it can
even melt a winter’s accumulation of snow in a day or two. Such a wind
sometimes blows down the eastern slopes of the Rocky Mountains of Canada
and the USA and its beneficial influence may be felt as far as 500 km out into

Leeward
side

Windward
side

Rain shadow

Wk

Fig. 10.8 Rainshadow

the plans. The Indians of the Canadian prairies called this wind the chinook,
the *eater of snow™ 1t melts the snow on the wheat fields and so lengthens the
growing season. A similar wind, blowing from the Mediterranean basin to a
depression centred over central Europe, 1s known as the fo/n in Switzerland
Although 1t may be beneficial in clearing the snow from the upland pastures,
the fohn wind may be responsible for the sudden melting of snow which
causes avalanches

High ground parallel and close to the coast restricts the influence of the sea
and often forms a climatic divide, such as the Kiolen Axis which scparates
Norway from Sweden If the high ground is broken by gaps, the winds from
the sea can penctrate further inland, so the climatic change is very much more
gradual. The vast ranges of the Himalayas ensure that the cold winter condi-
tions in the heart of the Asiatic continent do not greatly influence temper-
atures over the plains of northern India. But there is no such barrier between
the interior of Asia and the plains of China, which experience to the full the
cold winds which blow outwards n winter.

10.8 Distance from the Sea (Continentality)

Insolation and latitude are major factors affecting temperature, but distance
from the sea is no less important. When solar energy falls upon large water
bodies, such as seas, some of it is reflected back into the atmosphere. But the
energy which is absorbed by the water penetrates to a depth of many mctres,
causing the sea to be warmed to a considerable depth. Land retains a higher
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Fig 109 The effect of continentality on the climate of Europe Notice three

trends towards the east {(a) annual temperature range increases with winters

becoming colder (b) ramfall total dicreases (c) ramfall distribution changes

Jrom wmter maaimum (1ypical of marime clumates) to symmer maxumum
(typical of connnenial climates)

proportion of the solar energy which reaches 1t (unless the land 1s snow-
covered) but the heat does not penetrate as deeply It 15 mamly for these
reasons that the land sucface heats more rapidly under the sun s rays than the
surface of the sea But the land surface also cools more quickly when it 1s no
longer exposed to sunlight, because the heat has not penetrated deeply The
result 15 that 1n temperate regions m summer, the land masses are warmer
than the sea 1 the same latitude but 1m winter the reverse 1s true Tn coastal
ateas the presence of the sea and the breezes which blow from 1t tempers the
summer heat but moderates the winter cold This moderating influence dinm
sshes however, with increasing distance from the coast winters become cooler
and summers a Little warmer This factor 15 known as conunensaliy and 1t
also mftences ramnfall Aur near the coast 1s more humid and more ramn 1s
Iikely to fall than mm a contmental interior where the air 1s much drier

A climate 1 which the influence of the sea 15 dopunant 1s known as a
mantme chmate A continental climate occurs m the heart of a land mass,
where the fluence of the sea 1s shght or non existent The bigger the land
mass the greater the effects of continentality Table 10 | summarizes the dif-
ferences between mantime and continental chmates and Fig 1010 shows
how these differences are represented on chmatic graphs
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Table 10.1 A comparison between maritime and continental climates

Continental

Maritime
Temperature Small range Inftuence of the sea
range moderates temperature,
keeping winter temperatures
up and summer ones down
Rainfall Frequent depressions Open to
total sea air with abundant water
vapour (high relative
humidity) so high annual
rainfall
Rainfall Winter maximum. More

distribution frequent depressions 1n
winter bring frontal rain
Summer has fewer
depressions Onshore
westerly winds bring 1n

humid maritime air

Maritime climate
Valentia island,

Eire. 52° N
Temperature
range
o 8.4°C o

c Rainfall mm C
30+ 1420mm 240 30
20 - — 200 20
10 160 10
F.P.0O 120 F.p.0
- 10 80 —-10
- 20 140 —20
1 I o e s s o O - 30

JFMAMJ JASOND
Fig 10.10 Compare the differences between

Large range No mantime
mnfluence so winter
temperatures drop very low,
summer ones higher than on
coast

Fewer depressions Further
mnland so less water vapour in
arr (lower relative humidity)
and lower annual ranfall

Summer maximum, Unaffected
by maritime air and high
pressure 1n winter keeps out
depressions Raimn 1s of
convectional type because
of high summer temperatures

Continental climate

Dawson,
Canada. 64° N
Temperature
range
44,7° C
Rainfall mm
- 320mm - 240
- —200
160
120
80
40
e e e L B O R SRS Y
JFMAMJJASOND

the maritime and continental

climates shown on these graphs with the descriptions given m Table 10.1
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Further Reading
Steahler, A N Plysecal Geography John Wiley (Chichester 1969) Chapters

8,9

Questions

1 Explam the following («) temperature mversion (b) tnsolation (c) mistral
(d) aspect, (¢) ramshadow (f) continentality

2 In what ways do planetary factors mfluence climate on earth?

3 Describe and explan the planetary winds system How may these winds
ifluence chmate?

4 Explan how ocean currents influence climate using dagrammatic
examples

5 In what ways do mountains mfluence chmate? Give examples

6 Describe and explamn the differences between mantime and continental
chmates



Unit Eleven

World Climate and Vegetation

In Unit 10 we discussed the factors which mfluence climate—the intensity of
msolation and its seasonal variations, differences in the length of the daylight
period, the planetary wind system and ocean currents, the size of the contin-
ents and the relief of the land. The world pattern of climates is so complex that
we can only generalize very broadly. In this Unit we divide the land surface of
the earth into a number of climatic regions, and within each one the climate
has certain features in common. Of course it is not exactly the same over the
whole area, but it would be difficult to mistake the climate in, say, a
Mediterranean region for that found in a tropical desert or an equatorial
forest.

11.1 Climatic Regions

We shall describe twelve climatic regions in this Unit. None of them occurs n
a single compact area. Each type 1s found 1n at least two of the major land
masses, but 1t 1s not difficult to understand and remember their distribution,
because they form a regular pattern, as we shall see in Sections 11.3-11.6.

We have drawn the boundaries between these regions as firm lines on the
maps, but in realty, of course, there is rarely a sharp divide between one
region and another Each passes gradually into the next, and no two geog-
raphers might fix the position of the boundary line in precisely the same way.
They would agree, however, that it is necessary to establish climatic regions 1n
order to understand the range and variety of climate in the world.

There are two sets of statistics which are essential for the study of climatic
types: (a) the total rainfall and its distribution between the twelve months of
the year, and (b) the mean monthly average temperature for each month
(Section 9.4) and the annual range of temperature. Other factors are also
important, such as cloudiness and sunshine, and liability to frost or thunder-
storms, but we shall define the essentials of each region by using ranfall and
temperature graphs.

(2) Rainfall

The rainfall toral enables us to give a description to every climate Less than
250 mm 1 a year means an arid chmate, between 250 mm and 500 mm 1t 1s
semi-arid, moderate rainfall 1s a total between 500 mm and 1 140 mm and over
1 140 mm 1s heavy ranfall. Ramnfall distribution may be deduced by a study
of the monthly totals, and we should differentiate between climates with ramn
all the year round and those with seasonal ramfall, where there are scveral
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months with Iittl. ot no ramnfall In the latter case 1t 1s paricularly important
10 recogmze which parts of the vear are wet and which are dry

(6) Temperature

I the mean monthly average temperatures for cach month are plotted on a
graph (see for example Fig 111) und we yoin cach of the twelve pomts
together, the shape of the resulting line can give us valeable snformanon

Summes occurs in the warmest months 17 these are 1 July and August the
Jocatton 15 1n the northern hemusphere 1f they are tn December and January
the location s mn the southern hemisphere (compare the graphs on Fig 11 7)
The posttion of the temperature graph 1n relation to the freczing point hne
{marked on many graphs) gives us an indication of the location of ths par-
ucular chmatic type For instance 1f the whole temperature lme is well abose
frzezing point and some lemperatures are above 25 € the chimate 1s tropical

However, when the line 1s nearer to, but sl wholly above freezing point with
maumum temperatures about §5 C this suggests that the chimate 1s temper

ate manume especially sf the annual range of temperature 1s small shown by
a flat ine When the 7 graph 1 peak with
several months below freezing pornt the location 1s certanly 1emperate con

tmental with a farge annual range of temperature (Table 10 1 and Fig 10 10)

{¢) Cimatic Regions

You must remember that there is no general agreement on the extent of the
twelve chmatic regions we shatl discuss in Sections 113 116 Even the names
of the regions may sary from one book to another but we shall use the
following names
Equatonal

Sudan (Savanna)

Hot (Tropical) desert
Tropical monsoon

Tropical chmates

Meduterranean

West coast mantime

Gulf (China) type ‘Temperate {mid latiude) chimaies
Laorentian (Manchunan) type

Contnental (Interior) type

Arctic (tundra)
Palar (ice cap) Arctic climtes

Mountain chimates

112 Natural Vegetation

The natural vegetation of any part of the earth s surface 15 directly related to
the Jocal climate, as well as to 1ts soil (Umit 12) We shall descnibe each chmauc
type with sty resulting vegetation 1n Sections 11 3-116

The amount and distnbution of rmfall are mayor chimatc 1nfluences on the
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type of vegetation which can flounsh. Rainfall well distributed throughout the
year normally gives rise to forest——dense tropical forests where it is hot all
year round. deciduous trees where there are distinet warm and cool seasons,
and evergreen coniferous forest where 1t 1s cool or cold throughout the year.
Where ramnfall 1s distinctly seasonal, with a marked dry season, trees find it
difficuit to survive. unless they are adapted to withstand drought in some
way Under such seasonal rainfall conditions the vegetation is most likely
to be some form of grass [If rainfall is very low-—less than 250 mm per
year—conditions are normally described as desert and no plant life can
survive unless, again, 1ts structure is especially adapted for life in such dry con-
cditions

Temperature ilso has an important influence on vegetation growth, for the
effectiveness of rimnfall largely depends on the temperature prevauling when it
falls At the ligh temperatures of the tropics, much of the rain which does fall
evaporates back into the atmosphere and is effectively lost to the plants.
Precipitation in the form of snow may also have little value, because plants
cannot absorb water 1o sohd form. Predominantly low temperatures lead to
rather slow growth, providing that the ramfall 1s sufficient and effective: con-
unuously high temperatures with heavy raintall, such as that in the equatorial
regtons, produce rapid growth and a luxunant vegetation. In general, plants
grow very httle at temperatures below 6-5 C, and a great many are killed by
freezing

We must emphasize, howeser, that raneral vegetation is that which would
be found growing if man had not destroyed it or modified the physical condi-
ttons i which it grows (He can do the latter by lowering the water-table and
depriving trees of water, or by causing soil erosion which destroys vegetation.)
Natural vegetation no longer ensts over much of the carth. It has been
replaced cither by a vegetation which has been planted by man or by a type of
secondary vegetation which has grown after man has destroyed the natural
vegetation In some parts of the world, the onginal vegetation was destroyed
by man so long ago that we tend to decept the secondary growth as the
natural vegetation of the arca This is best scen around parts of the
Mediterrancan Sea (Scction 11 Ha)).

Over much of Europe, the natural scgetation was originally deciduous for-
est A great deal of 1t remamed two thousand years ago, and even a thousand
years ago there were vast arcas on which man’s impact had been slight.
Today, apart from some remote areas of Scandinavia, Europe’s vegetation is
almost entirely the result of man’s activitics, The same thing has happened
throughout the castern United States and over much of China. Much of the
tropical grassland or savanna has been ruined by destructive agricultural prac-
tices, and desert scrub has grown in its place Large arcas of the soil in md-
latitude grasslands have been eroded, and their grass cover has been destroyed
for ever. Only in the tropical and coniferous forest can extensive areas of
natural vegetation still be found, but these too are being slowly modificd or
destroyed by man. In the future, natural vegetation may be found only in
special parks and nature reserves
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113 Tropical Chimates

In this Section we shall discuss the four types of climate which are found
between or just outside the Tropics of Cancer and Capnicorn These are the
Fquatorial Sudan {Savanna) Hot (Tropical) desert and Tropical monsoon
chmates

(a) Equatonal Climate
Those parts of South America Afnica west Malaysia and Indonesia which hie
close to the equator expenence equatonal chmates (Fig 11 1)

(1) Cimatic conditions The rmid day sun ts hugh 1n the sky at all umes and 1t1s
directly overhead twice during the year Temperatures are always high with
mean monthly averages between 21 and 27 C the annual range 1s small and
there are no distinct seasons It has been said that Night 1s the winter of the
tropics , mean:ng that the lowest temperatures 1n equatonial zones are expen
enced dunng the mght

Ramfall 1s heavy throughout the year with an annual total which generally
exceeds 1 500 mm It usually shows disunct maxima during certain months
depending on a place s location 1n relation to the equator as a general rule
ranfall 15 heaviest when the sun 1s overhead or soon afterwards But the only
real difference 15 between wet months and very wet months

Most ramfall comes as heavy thunderstorms normatly duning the after
noon This 1s convectional ramnfall resulting from the vigorous convectional
nse of the arr, sumulated by the strong mid-day and early aftemoon sunshine
Rain 1s also brought by the prevailing winds of the equatonal region the trade
winds These comerge on or nmear the equator in the Inter tropical
Convergence Zone (Fig 10 2) Ramnfall here 1s particularly heavy because the
meeting place of the moist trade winds comncides with the nsing air of the
equatonal low-pressure belt The seasonal north to south movement of this
belt of low pressure means that the months with maximum ramfall vary in
different parts of the equatonial region

A chmate such as this without distinct seasons and with the same length of
daylight for every day of the year, 1s Ty The combinat
of fugh temperatures with high humidity makes 1t unbearably sultry and op-
pressive 1o those who have not been acchmatized to it

() A typical daily weather sequence Fig 112 shows a typical weather
sequence for a single day The diurnal range of temperature may be 20 °C,
which 1s far greater than the annual range of temperature (that1s between the
averages of the hottest and coolest months) It 1s coolest just before sunnse in
the very early morming (in this case 23 C) and the relative hummdity 15 highest
at this fime (98 per cent) The temperature nises steadily dunng the morning
which 15 usually sunny and the fowest humidity (46 per cent) in this very
humid chimate occurs 1n the early afternoon when the temperature 15 highest
(34°Chere) By this ime, however, dense clouds are b

3
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Fig 112 Temperature hunndity and rawnfall during a typical equatorial day

to form as a result of the vigorous convectional nise of the mr Heavy ramn 1s
Lhely to fall dunng the mid afternoon By early evening the convectional nise
diminishes the clouds disperse and the day ends with a clear sky bnght
sunshine and cooler temperatures

() Trade wind coasts. A similar chmate 1s expenenced along east facing
coasts as far north and south as the tropics where the trade winds blow
onshore for all or much of the year (Fig 11 1) The islands of Indonesia, in
particular benefit from these winds

Although the temperature range 1s shghtly greater here average temp-
eratures are sull consistently high {about 25 C) Rainfall 1s as heavy as that
along the equator, especially if the coast 1s backed by high ground as
tastern Brazil and eastern Malagasy (Tamatave graph Fig 111) because
trade winds carry warm most air onshore The chmate 15 usually called a
trade wind coast climate for this reason, although the name tropical marine 1s
often used as well

(v) Altitude also exerts a modifying influence on equatonal chmates The

highlands of east Africa and the Andes in Ecuador both have a more congen-

1l chimate thap the nearby lowlands (Fig 11 1) They have the typically small

¢quatonal temperature range but at Quito tn Ecuador for example monthly

Tllczrgges are about 14°C below those 1n the plans {Section 116 and Fig
)
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(v) Equatorial rain forest (selvas). The prevailing high temperatures, heavy
ramnfall and high humidity all contribute to the distinctive vegetation of this
region—the equatorial rain forest or selvas. The plants are hygrophytic (that
1s, requiring abundant moisture), and they occupy vast regions in the basin of
the Amazon in South America and in that of the Congo in Africa. These
regions contain some of the largest areas of purely natural vegetation left
the world today. This vegetation type is not only found in regions of equator-
1al climate both trade wind coasts and the wetter parts of monsoon areas are
sufficiently wet for forests of this type to flourish although the species of tree
in the monsoon forest may be different (Fig 11.1).

The trees are deciduous, but do not all shed their leaves at the same time.
The lack of distinct seasons induces a peculiar regime of flowering, fruiting
and the budding and shedding of leaves, because all are going on at the same
time on adjacent trees Each tree has its own growth cycle

There are many different kinds of tree in every square kilometre of equator-
1al rain forest. Stands of any single species do not occur naturally, as they do
in temperate forests, Equatorial forests are dense and the trees tall, often
rising to more than 60 m Their topmost branches merge into a continuous
canopy, shutting out the light from the ground below which 1s in continuous
twilight There 1s hittle undergrowth, except in clearings and along the banks
of rivers Parasitic plants, such as orchids, grow on the trees as do creepers like
the long, rope-like hanas, which may reach down to the ground. The root
system of the trees is usually shallow, but many of the tallest have buttress
roots to give them additional support. Most of the trees are hardwood, such
as mahogany, ebony and the rubber tree, though the well-known softwood,
balsa, also comes from the equatorial forest. There may be mangrove
swamps along the coast and over deltaic areas, where trees rise on stilt-hike
roots from the tidal mud flats When the roots are under water, the trees
obtan air via conical breathing roots which project from the mud.

The dense equatorial forests are among the world’s most sparsely populated
areas’ the native inhabitants consist mamly of small groups of primitive
people. Large settlements have only grown up along rivers and coasts, where
communications are easier Agriculture 1s generally backward and based on
the method of shifting cultivation, known in different parts of the world’s
equatorial forests as ladang, milpa and swidden cultivation (H & R, Unit
3). The so1l 1s kept fertile by the organic matter supplied by leaf-fall from the
trees, but once the forest 1s cleared, the soil quickly loses this supply of
nutrients. Crops can only be grown for two or three years on this cleared land
before so1l exhaustion and soil erosion set in, aided by the heavy rainfall (Unit
12). Forestry 1s restricted by disease, insect pests and difficulty of communica-
tions, and also by a shortage of labour, because it 1s almost impossible to
work in such an enervating climate.

(b) Sudan Climate

The Sudan, sometimes called the Savanna chmate, is to be found on the outer
margins of the equatoral regions t1n South America and Africa, and i nor-
thern Australia, just inland of the coast
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Fig. 11.4 Reason for the seasonal rainfall in a Sudan climate

(1) Climatic conditions. Average temperatures are high throughout the year,
generally exceeding 25 °C. There is a shghtly greater range than along the
equator, because the sun is overhead in the hot season but lower 1n the sky
the cool season.

Distinct seasons begin to appear as one moves away from the equator but
they are rainfall seasons. There is not yet sufficient vanation between highest
and lowest average temperatures to use the terms ‘summer’ and ‘winter’, so
‘wet’ and ‘dry’ are the most appropriate seasonal descriptions. Rainfall is

June December

Areas of Sudan climate

Rain belt

Fig. 11.5 Seasonal movement of the doldrums rain belt m Africa
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heavy when the sun 1s hugh 1n the sky because the equatorial low pressure
belt wath 1ts ramfall has moved to domunate the Sudan chmate At low sun
season the sub troprcal hugh pressure belt 1s domunant and ramfall 1s shight

() Savanna vegetation The vegetation changes gradually from the selvas of
the equatonal region to become thinner and more open as a dry season
becomes apparent Trees only grow along the banks of water courses and on
the windward slopes of hills Elsewhere there 1s coarse grasstand which
merges mto scrub and eventually desert The vegetation 1s known as free
smanna where trees are dotted evenly over a grassland area

Typically the savanna 1s made up of coarse tropical grass with scattered
trees in damp areas At the end of the dry season the vegetation 1s brown and
the sotl 1s parched With the first ramns of the wet season new grass grows
rapidly sometimes to a height of over 2 m Trees come mto leaf and flowers
bloom At the end of the wet season the trees begin to lose therr leaves and
the land agamn dries out The only trees able to survive in this chimate are those
which are 1 varying degrees verophynic (that 1s biologically suited to with
stand dry conditions) Such trees have deep roots and they lose their leaves or
have leaves which are adapted to conserve moisture 1n the dry season The
baobab acacia and Australian gum trees are typical examples of such vegeta

ton
Away from the equator where the wet season becomes shorter and the
annual ramnfall total small trees disappear and even grass becomes short and

: : % W
2 y CHA (R it
Fig 116 A baobab tree in northern Austraha Tlus unusual xerophitic tree is
more common in the tropical grassland (smanna) of Africa and Malagasy
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patchy Bunch grass appears, with areas of bare rock or dry soil between the
tufts of vegetation.

Big game, including the elephant, giraffe, zebra and a great variety of
antelope and deer, was once abundant on the savanna. All these animals are
herbivorous, feeding on the natural vegetation while carnivores such as the
lion, leopard and hyena prey on them. Man has, however, greatly changed the
fauna over large areas of the savanna, and this range of wild life can now be
encountered only 1n parks and game reservations.

Cattle rearing 1s an important activity in many areas of savanna. Commer-
cial cattle herding s found in parts of South America—the Llanos of
Venezuela and the Campos of Brazil, for example—and also in northern
Australia. Subsistence cattle farming is important in parts of Africa—in Maly,
Niger, Chad, Sudan, Kenya, Tanzama and Zambia—but large areas are
infested with tsetse fly and cannot therefore support cattle which, hke their
human owners, arc susceptible to discase carried by the fly. Some areas of
savanna are highly suitable for coffee growing or for the cultivation of sugar-
cane and groundnuts.

(c) Hot or Tropical Deserts

(i) Climatic conditions. The highest temperatures ever recorded under natural
conditions are experienced in the hot or tropical deserts. At Azizia in Libya,
for instance, a temperature of ncarly 58 C has been registered. The reason 1s
that the length of the daylight peniod in summer is greater than in the savanna
and equatorial regions. while at the same time the skies are virtually cloudless
and the sun 1s overhead. Winter temperatures are considerably fower since the
sun is very much lower in the sky and days are shorter. The daytime heat 18
quickly radiated back into the atmosphere, and after sunset temperatures drop
suddenly. Daytime temperatures may have been 40 °C but this does not
prevent a touch of frost on a still mght. This diurnal range of temperature is
greater than in any other region of the world. This sudden and extreme varia-
tion 1n temperature accounts for the break-up of rocks by exfoliation and the
formation of sand, which we noted 1n Section 3.1.

Hot deserts have an average rainfall of less than 250 mm a year and even this
is very unreliable. When the average rainfall is between 250 mm and 500 mm a
year, the region is called a semi-desert. The highly irregular rainfall comes
mainly in the form of heavy but short-lived thunderstorms This is because the
hot deserts are regions of permanently high atmospheric pressure, with slowly
sinking air. The convectional rise of air which is a major source of regular
rainfall in the tropics is prevented by the predominantly sinking air of the
high-pressure system. Thus any local convection which does occur does not
ascend high enough into the atmosphere or cool sufficiently for clouds to form
and rain to fall. Only very rarely does hot air burst upwards to form the
towering cumulonimbus clouds which are associated with thunder and heavy
rain.
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(i1) Desert vegetation is sparse or non-existent, except along water courses and
n oases Only xerophytic plants, such as the cactus, thorn scrub and spmifex
grass, can grow and survive in these and conditions Desert plants reduce their
loss of moisture through transpiration to a minmmum. Therr leaves are small to
reduce the area exposed to the sun and in some species are waxy or hairy,
while stems are often fleshy: all these factors help to conserve moisture. Most
plants have long roots which can reach underground sources of water, and
some roots are bulbous 1n order to store moisture. Seeds may lie dormant for
years in the sand and gravel, waiting for one of the rare short-lived storms
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Fig 11 8 Vegetation in the Arizona Desert, south-western USA

which enable them to germinate, grow rapidly, flower and set seed before they
die in the and heat.

Settlement and agriculture are possible only where water 1s available and,
since rainfall 1s too unreliable for any regular use, this supply must come from
exotic streams or from the rocks Oases are supplied by underground water
flowing as springs or tapped by wells. Even here, where all agriculture 1$
dependent on irrigation, only those crops which are sparing in therr needs for
water are grown.

(d) Tropical Monsoon Climate
This type of chmate 1s associated primanly with south-east Asia and India,
but it also occurs as a narrow coastal strip in northern Australia.
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Fig 119 Trop cal monsoon ¢l nate

(1) The monsoon chmate 1s characterized by ligh temperatures when the sun 1s
overhead the average being over 21 C but lower temperatures when the sun
shines from a lower angle The cool season 1s dry and cloudless and for this
reason heat 1s radiated mto the awr after sunset so that mght temperatures
may even dip to freezing in hully areas Raunfall 1s strongly seasenal

Ina typical monsoon area such as the west coast of Indra the cooler season
(November to January) 1s dry sunny and warm with temperatures averaging
20-25°C Spning (from February to May) becomes gradually hotter as the
sun s angle 1n the sky increases and daytime temperatures of up to 40 C may
berecorded The heat 1s almost suffocating towards the end of the hot season
ad everyone waits and’ fongs for ran The monsoon breaks some time n
June when warm bumid air comes in from the Indran Ocean Banks of
heavy ctoud form over the coast and become lower and thicker the ram
pours down cont nuously for days even weeks Dunng the rainy season (June
10 October) the temperature drops noticeably to an average of about 20 °C as
the dense cloud cover excludes the direct rays of the sun

In most parts of these regions there ts actually a date when the monsoon 1s
expected 1o arnve Occasionally it 1s late and this 1s serious not only because
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water supplies are exhausted, but also because the farmer is waiting to sow his
crops, especially rice. Late sowing means a late and perhaps less plentiful
harvest. Hundreds of millions of peasant-farmers in India and south-east Asia
await the arrival of the monsoon, knowing that famine may follow if it is late.
At times the monsoon fails completely, and this causes great distress and
widespread famine in the subsistence farming communities throughout south-
east Asia.

Fig. 11 10 shows that, while the effect of the monsoon 1s felt most strongly
near the coast, its cause lies 1n the seasonal changes i atmospheric pressure
over the continental interiors of Asia and Austraha In June, with the sun
overhead at the northern tropic, there are large low-pressure systems over
central Asia and the Sind Desert in north-west India. These pressure systems
attract warm, very humid air from adjacent sea areas At the same time, a
high-pressure centre develops over central Australia giving rise to outblowing
winds and dry conditions along the north coast Six months later, n
December, the positions are reversed because the sun 1s overhead at the south-
ern tropic: high pressure over central Asta and the Sind Desert now gives rise
to outblowing winds but, with low pressure over the heart of Austraha,
onshore winds bring monsoon rain to the northern coastlands there

The onshore winds in the rainy season blow from the warm waters of the
Indian Ocean and the west Pacific near the equator, so the air has a high
relative humidity when 1t reaches the coast The result is torrential rain as the
air surges over the coasts of India, Burma, Sr1 Lanka, south-east Asta and,
somewhat less vigorously, southern China. The rain brought to northern
Australia 1s not as heavy as that brought by the northern hemisphere mon-
soon This is chiefly because the Australian low-pressure system is less intense
than the one over Asia, but it 1s also a result of the flatness of the northern
Australian coastlands Rainfall is particularly heavy when high hills or moun-
tams lie athwart the onshore winds, as mn the Western Ghats of southern
Ind:a, the mountains of Burma and, above all, the foothills of the Himalayas
and the mountains of Assam, where they lie behind the Bay of Bengal The
highest rainfall ever recorded occurred here, at Cherrapunp (Fig. 11 20) In
one year 1t received 22 400 mm of rainfall, and 1ts average annual fall 1s 10 800
mm. Apart from these areas of high ground, rainfall normally decreases fur-
ther inland: Calcutta has | 600 mm, Allahabad 1062 mm, Cawnpore 823 mm
and New Delht 635 mm.

(ii) Monsoon vegetation. The natural vegetation in the areas of heaviest ranfall
is not unlike that of the equatorial region. But the forest is less dense than the
selvas and the trees are of different types, because plants have to be able to
survive a dry season in the monsoon forest. The most important trees are teak,
sal and sandalwood. The more open nature of the forest permits sunlght to
reach ground level and there is usually a dense undergrowth (unlike the equator-
1l forest), consisting mainly of bamboo, a giant variety of grass Areas with
lower ramnfall have a sparser vegetation, such as drought-resistant thorn forest.
There may be mangrove swamp along the coasts and along river estuaries.
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Much of the monsoon forest has been cleared and the land brought under
cultivation, especially in India, Pakistan and Bangladesh. Rice is grown where-
ever the land can be flooded during the monsoon rains; millet, wheat and
barley are grown in drier areas. Sometimes two crops can be taken 1n a year,
and occasionally three (H & R, Section 4.1). The natural monsoon forest 1s,
however, still found in the mountains of Burma, Thailand, Laos and Vietnam,
as well as along parts of the north Austrahan coast.

(e) Tropical Climates: a Summary

The four climatic types we have discussed so far have certain features in
common. Temperatures are high and frost is virtually unknown, except at
night 1n some desert areas and on higher land in the monsoon region The
annual temperature range is slight in the equatorial region, but increases as
one moves away from the equator. There are greater contrasts in the amount
and distribution of rainfall. There 1s rain in every month, even every day,
equatorial regions while the deserts have a very small average rainfall—200
mm a year or less—occurring at rare and irregular intervals. Rainfall 1s
markedly seasonal in both Sudan and monsoon climates, but there are sharp
contrasts between them in the volume and the violence of their storms. A
monsoon chimate may have several times as much rainfall, concentrated into
three or four months, as the Sudan climate.

11.4 Temperate Climates

The sun is never directly overhead outside the tropics. It may be high n the
sky 1n summer but it 1s low in winter (Fig. 1.5). Furthermore, the seasonal
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Fig. 11 11 Chmates in temperate latitudes
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sarsatton 1n the length of daylight 1s very much greater than 1n the tropics
Thus in temperate regions contrasts between summer and winter temper
atures are far more strongly marked

The mfluence of continentality upon seasonal temperatures is another
feature of these lattudes As we saw m Section 108 winter 1n areas close to
the sea 1 generally mild while in regrons far from the coast 1t tends to be more
severe Conversely summers are generally hotter in the intentor of con
npental land masses than they are n mantime focations These factors
are most noticeable 1n temperate latitudes because the contments happen
to have therr greatest east to west extent here especially in the northern
hermsphere

There 1s also a marked contrast between the chimates of the western and
eastern sides of land masses in these lautudes as 1 result of the different winds
which influence each coast (Fig 10 2) West coasts are exposed to the prevail
g westerly winds which blow from the oceans and both the winds and the
ocean currents moderate the seventy of winter and temper the summer heat
Rainfall 1s heavier 1n winter than summer because depressions are more active
and more frequent On east coasts dry offshore winds blow from the high
pressure centres over the contiental intertors 1 winter and they carry the
severe cold of the inland areas with them In summer the dominant winds are
onshore because of low pressure 1n the continental nteriors especially over
the large land masses of the northern hemisphere This mensoonal tendency
(Section 11 3) gves a summer rainfall maximum and 1t s particularly marked
on the eastern Astatic coast We can see the extent of this contrast if we
compare the chmates of the east and west coasts of North America or
Australia or that of western Europe with eastern China and the Soviet Union
Compare the Vancouver graph on Fig 11 12 wath that of Boston or Gibraltar
with Nagasaki and you will see these seasonal differences very clearly

The frequency of depressions 1s another feature of these temperate climates
and their wind systems Depressions move from west (o east at tiervals
bringing with them the sequence of weather changes which we discussed 1n
Section 9 11 They cause weather cond:tions 1 the mid lantudes particularly
on the western coasts of land masses to be far less predictable than those in
the tropics where there are fewer sharp day to day changes

We can speak of four mid latitude climates along the coasts separated by a
large area of continental intenor chmate as m Fig 1111 We shall discuss
each of these 1n turn

The natural vegetation 1n temperate latitudes 1s not as straightforward as
that m the tropres where we hase seer that each cimaee tvpe has its own
distinctive vegetation Local circumstances 1n different areas of the same
chmatic type result 1 a bewildering vanety of vegetation For example, the
Andes create a temperate semt desert 1n Patagoma where we might expect
temperate forest and the grant redwood forests are only found on the hill
ranges of the west coast of the USA because the ramfall 1s heavier there than
i any similar chimatic regon
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(a) Mediterranean Climate

The Mediterranean climate 1s one of the most distinctive climates n the
world It1s named after that part of the world where 1t 1s most extensive but it
1 also found on the west coasts of North and South Amenca n South Africa
and m south westerly parts of Austraha Thus there are regions with a
Mediterranean chmate on the western sides of land masses between 307 and
40 north and south of the equator

December June

Sun
overhead
-©

L

Cancer

W = Westerly winds
T = Trade winds
L = Doldrums low pressure
&z 1 13 The morvement of preswure and wind belts is responsible for seasonal
differences i Mediterrancan chmates

(1) Chimatic conditions. Varittions tn the suns elevation in regions with a
Medsterranean chmate make summers hot (20-24 C on average) and winters
warm {12-16 °C) Frost 1s extremely rare The seasonal movement of the wind
belts (Section 10 3) brings the westerlies to these latitudes in winter while i
summer the westerlies have moved towards the pole and are replaced by the
donunant mfluence of the sub-troprcal Mgh pressure belt and offshore trade
winds The result 1s that summer conditions are akin to those of the deserts—
hot sunny and dry—but frequent depresstons and the westerlies blowing
onshore, bring ratn \n winter

The Mediterranean chimate 1s umque 1n being the only chimate with seasonal
rainfal to have a summer drought All other climates with seasonal ramnfall
have their wet peniod tn the high sun or summer season This has a major
mfluence on the vegetation The season when growth would normally take
place 15 dry, and winter—when plants might be expected 1o he dormant—
fecenves the ramfall which encourages growth

(1) Mediterranean vegetation Winters are mild as well as wet, and frost 1s rare
except on high land Thus ‘Meduterranean plants grow through the winter,
flower in spring fruit1n carly summer and remain dormant during the period
of intense drought which they are especially adapted to withstand They may
have thick bark like the cork oak, 1o conserve water Some plants have small
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waxy leaves, like the olive tree, which present a small surface to the sun
and transpire little moisture. Others, like the grapevine, put down long tap
roots.

The typical Mediterranean vegetation is an evergreen scrub known as
magquis in Europe and chaparral in California. The beautiful flowering olean-
der 1s common along valley bottoms. Conifers are found on higher ground,
where there is often heavier and more prolonged rainfall. There were once
extensive forests of Aleppo pine mn the hills of the Mediterranean region itself,
cedar forests in the mountains of Lebanon, and redwoods in California, but
vast areas of forest have been destroyed as man has settled in these areas. It
1s likely that much of the maquis developed as secondary vegetation because
the comferous forest failed to re-establish itself as the dominant vegetation
when the oniginal forests were cleared.

The natural vegetation has been cleared to make way for agriculture over
large areas, especially in countries such as Italy and Greece where there 1s a
long history of human settlement The climate is well-suited to crop-growing,
even i winter, because temperatures rarely fall below the critical point of
65 °C, at which plant growth generally ceases. On the other hand, irrigation 1s
usually necessary if plants are to be cultivated through the summer. Fruit
trees, the roots of which can penetrate deeply into the soil, are an important
cash crop, particularly the grape vine, orange, lemon and the typical plant of
the Mediterranean region, the olive. Cereals, mainly wheat and maize, are
grown only as a subsistence crop by the peasant-farmers. They are sown 1,
late autumn, grow 1 the wet winter, ripen in spring and are harvested in early
summer.

(b) West Coast Maritime Climate

The Mediterranean regions merge into the west coast maritime at about
latitude 40°, in Europe and North and South America. This chmate is
sometimes called the north-west European type, and this tells us that it is
found only along the coasts of north-west Europe and in corresponding west
coast locations in North and South America, Tasmania and New Zealand
(Fig. 11.12).

(1) Climatic conditions. The west coast maritime climate is found outside the
trade wind belt. It lies in the track of the prevailing westerlies, in the zone of
convergence between the warm sub-tropical winds and the cold outblowing
arctic air. Consequently, it has frequent depressions with their associated
rapid changes in weather (Section 9.11).

Summers are warm, with average temperatures between 12-8°C and
16-7 °C, and winters are mild (1-7 °C-1 5 °C), although the mildness of winter
gives way to severe conditions a few hundred kilometres inland. There is a
strong contrast between the amount of insolation in summer, with its long
period of daylight, and that during the short days of winter, on account of
variations in the sun’s elevation. We would expect to find a corresponding
difference in temperature conditions also, but this is not the case because of
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the moderating nfluence of the sea, the warm ocean currents and the mild
winds which blow from sea to land most of the time

Ramfall may occur at any time of the year m this chmate, since it 1s related
to the flow of moist air from the ocean and the passage of fronts There does
however, tend to be more ram 1 the winter months since the depressions
which are 1ts chief cause are usually deeper and more frequent then But the
ramfall 1s also due to relief and occurs where humid air blowing onshore nses
to cross ranges of hulls which lie 1n 1ts path such as the Pennines and the
mountamns of Scotland and Wales There may even be convection rain on hot
summer afternoons

{u1) West coast manitime veg: was ongmally forest except on
the high ground and on coasts exposed to westerly gales The typical trees
were the oak, ash beech chestnut and sycamore, with willow and alder on
lower and damper ground They lose their leaves in winter and growth stops
as temperatures fall below 6 5°C Lattle of this natural vegetation cover has
survived i Europe, and there 1s not much more mn the other regions of west
coast manitime chmate The trees have been used for building and charcoal
burning or just destroyed to make way for crops Deciduous forest with ats
regular Jeaf fall, produces a good so1! which has always attracted man (If you
study Fig 11 14 you will notice that, in Europe cool temperate deciduous
forests grow well outside this chmatic area This 1s because the transitional
zone between 1t and the cool temperate 1ntenor has sufficient rainfall to sup
port deciduous trees )

There are also areas of comferous forest to be found i west coast mantime
regions especially on higher ground (for example the west coasts of North
and South America) and on poorer sails Large areas of coniferous trees are
the result of recent projects 1ly m the Breckland of East
Angha and over the North German plain There are a few areas in which tree
growth has never been abundant, including the Canterbury Plains of New
Zealand, which he m the rainshadow of the Southern Alps and the loess belt
of northern Europe, whuch 1s well drained and dry

Settlement 15 dense m much of the Eurapean west coast mantime climate
Thus results from historical as well as geographical factors, but the most
important ones inctude the fertitity of the soil abundant mineral resources a
chimate capable of producing a vanety of crops and permanently ice free
coastal waters abounding with fish Agnculture 15 intensive heavily
mechanized and geared almost exclusively to supplying food to a dense urban
pdetin

{c) Gulf or China Type Chimate

The westerly air stream only blows off the land 1n winter on the eastern side
of the land masses (Fig 11 12) It brings the cool temperate conditions of
the continental wmteriors to the coast and 1t propels the surface waters of the
oceans eastwards, bnnging cooler water up in their place Wanters are cooler
than 1n corresponding latitudes on the west coasts and also considerably
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dner The monsoon effect shght 1n North America but strongly developed in
Chinz means that the chmate here 15 marked by a summer maximum of
ramfall on the targer land masses unlike the Meduterranean areas i the same
latitude on the west coasts

The China or Gulf type 1s the more tropical of the two east coast chimates
(the other 1s the Laurentian or Manchunan as shown m Fig 11 12) but they
merge nto one another and 1t 1s difficult to draw a line between them The
China type occurs :n China Japan the south-eastern United States southern
Brazl neighbouning Uruguay and Argentina and south-eastern Austraha

(1) Climatie condiions Summers are hot with average temperatures between
21 and 25 °C, and winters cool or cold This results from the vaniations 1 the
sun s elevation as well as the difference in wind direction between the seasons
There 1s 1n fact a great vanation 1 winter conditions and usually the largest
continents have the coldest winters Southern China and the south eastern
United States sometimes expenence spells of bitterly cold weather when the
orange groves of Flonda are destroyed as temperatures drop to several de
grees of frost These regions enjoy a ranfall of about 1 000 mm a year which s
fully adequate for agniculture These 1s usually a summer maximum—owing to
the monsoonal influence and 1t 1s very strongly marked in southern China

Fig 1115 A stand of loblolly pine m South Carolma USA These comfers gron
in a Gulf type chimate on poor sandy soils Growth is rapid because of the warm
climate and these trees are ideal for lumbering
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(1) The China type vegetation 1s naturally forest. Temperature is generally high
enough for growth to continue durning much if not all the year. There are
extensive areas of swamp along the coast of the south-eastern United States,
with cypress the predominant tree. The natural vegetation has been cleared
from much of the sub-tropical region of China to make way for cultivation,
and large areas in the United States and South America are now used for
agriculture as well.

(d) Laurentian or Manchurian Climate

The contrast between east and west coasts is nowhere better illustrated than
on the opposite shores of the Atlantic (Fig. 10.5). New York City lies almost
m the latitude of Lisbon. The latter experiences hot, dry summers and mild,
sunny winters when the Mediterranean shrubs do not cease blooming. New
York has very hot and often humid summers, but the winters are marked by
heavy snow and periods of such severe cold that ice may form on the waters of
New York harbour. New York is a typical example of the Laurentian or
Manchurian climate, which is a poleward extension of the Gulf type climate.

(i) Climatic conditions. Summers are warm, but winters are much longer and
more severe than Gulif regions experience. Part of the reason for this is the
greater seasonal variation in the altitude of the sun and the length of daylight
period, but conditions in the continental interiors of the land masses are also a
major influence

Rainfall is generally well distnibuted, sometimes with a maximum in the
summer months, a tendency which we noticed in the Gulf type of climate
where crops grow through the winter. But there is no growth in winter in the
Laurentian climatic regions and, indeed, most crops would not survive the
cold. This is a region for summer crops, including maize, tobacco, millet in the
moister areas, wheat in the drier, and rice when irrigation is possible.

In eastern Canada the land is snow-covered and the coasts ice-bound for
the whole of the winter. Similar conditions prevail in Manchuria, Korea and
eastern Siberia. Conditions are less severe in northern Japan because the
surrounding sea moderates the winter climate. Patagonia in South America
also experiences this climate n a drier form, because it lies in the rainshadow
of the Andes. Winter conditions are also less extreme here, because the
continent is not more than 1 000 km wide and oceanic influences can reach the
region.

(i) Laurentian vegetation. Deciduous forest, with maple, oak and hickory
predominating on the lower ground, passes gradually into coniferous forest as
climatic conditions become more severe, especially in winter. The deciduous
forest has largely been destroyed and the land brought under cultivation. But
the soil which underlies the coniferous forest is not valuable agriculturally, so
forestry is important in these regions, for example in the south-eastern United
States. In South America the corresponding region is relatively dry, with less
than 250 mm of rain a year, and the natural vegetation is semi-desert. In
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Manchuna where ramfall 1s shghtly more plentiful the natural vegetation is
steppe grasstand with deciduous woodland on the coast and 1n the valleys

(¢) Continental Climates
Contnental chmates are those found m the nterior of the mud latitude land
masses Climate here 1s determmned by distance from the ocean and the
absence of marme 1nfl It s d by low fall general
below 500 mm with a summer miximum—and by a Jarge annual range of
temperature All these features meluding the tendency to have heavy convec
tion ranfall in summer denve from this distance from the sea (continentality)
Contmental climates extend over such vast areas that we cannot expect
much uniformity (Fig 11 16) Ramfall dimimshes with increasing distance
from the ocean and as the lautude increases winters become colder and the
annyal range of greater For we can divide continen
1al mtenor chmates into warm cool te and cold
vareties but as wath all chmatic types these merge mto each other

(1) Warm temperate interior chmates occur primarity i the southern hem
sphere n the interior of South Africa in the Murray Darhng basin of
Australia and 1 Paraguay and northern Argentina m South Amenica Sum
mers are hot wath average temperatures between 18 and 23 C and winters
warm 5-10°C (Kimberley graph Fig 11 16) The rainfall maximum gen
erally comes m summer [he vegetation 1s normally grassland often with trees
along the water courses but this passes into short grass and scrub The veld of
South Africa the Murray-Darling Downs and the pampas of Argentina re
good examples of these features

The only significant occurrence of this chmatic type in the northern hem:
sphere 15 10 North Amenca where the Gulf type climate merges westwards
into an area of warm continental chimate

(1} Cool temperate mterior chmates only occur i the northern hemisphere
since the fand masses of the southern hemisphere do not extend far enough to
the south This type of climate extends over much of the interior of North
Amenica and 1s typical of eastern Europe the Soviet Unson and the mtertor of
Chma (Fig 1t [6) In general it hes remote from the seas between the
latitudes of 40 and 60 N

The climate 1s marked by hot summers and very long cold winters with 1n
exireme cases up to five months of temperatures below freezing Some of the
greatest seasonal ranges are d 1 this chmatic region
The lowest temperatures occur 1n Asia where the effects of continentality are
grextest {see the graph for Semipalaunsk Tig 1116) Rainfall 1s unreliable
and low It 15 rarely more than 500 mm with a maximum in the summer
mumhs when convection rain 1s most hikely Low pressure systems give nise to

3l ms and tornadoes of great violence
This ¢hmatic region 1s so dry in central Asia that it gives nise to the Goby
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and Takla Makan Deserts Winter temperatures are very low here so these
are called temperate deserts 1o distinguish them from the tropical deserts (Fig
17

T:xe natural vegetation of this region 1s grassland—tall grass where the
rainfall 1s ighest (about S00 mm) short grass where 1t ts lower about 400 mm
2and scrub and spinifex grass where it 1s lowest furthest from the sea The tall
grass praine of North Amenca and the corresponding regions of the Soviet
Unmon Europe and northern and north western China have been ploughed
and brought under cultivatton The short grass praine 1n North Amenica 1s
tracdhtronally ranching country given over to the reanng of cattle which are
shipped mto the cultivated regions furthest east for fattening There are vir
twally no sheep on the North Amencan praine Cattle sheep and goats are
reared In central Asia

The Amencan short grass praine was opened up for cultivauion 1 the
1920s In this land of severe winters low rainfall and strong winds the surface
soil was dned out by the wind during a sequence of drought years and
stnpped creating the Dust Boul Much of this area has now been restored to
grass Cultivation 1s restricted to selected areas and carned on under carefully
controfled conditions (4 & R Umt 25) The Soviet expenence in plough
g up the Virgin Lands of central Asia has been broadly similar But greater
care has been taken to restrict the blowing of the topsoil by planting trees as
shelter belts

(m) Cold temperate intenior chmates This type of continental climate,
sometimes described as boreal, only occurs in Alaska Canada and the nor
thern parts of Scandinavia and the Sowviet Union Summers are short and
warm winters long and very cold with six or even more months below [reez-
wg Arnual temperatuce ranges are the largest in the world The seasonal
contrast 15 intensified by the great length of the sunny summer days (between
20 and 24 hours) and the corresponding short period of daylight i wnter
The lowest temperature ever recorded under natural conditions outside the
Antaretic (68 °C) was experienced i this climatic region at Verkhoyansk
Sibena (see graph on Fig 11 16)

Ramnfallis low usually less than 500 mm with a maximum 1n summer The
precipitation comes as fine dry snow for half of the year or even more It 1s
light and powdery and so 15 eastly blown by the wind grving nise to bhizzards
the snow 15 driven along close to the ground and it can overwhelm and bury
people vehicles and even houses

The prevathing vegetation 1n these regions 1s comferous forest or faiga
There are vast areas of forest—the most extenstve on the face of the earth—
made up of relatively few species chiefly pie spruce fir and Jarch wath some
dexdvous birch Comifers are welt adapted to the physical conditions of the
region which can be descnbed as biologecal drought water 1s present most of
the tme but since 1t 1s frozen 1t 1s not 1n a form which trees can absorb
Accordingly the trees have a shallow root system which enables them to grow
1n a shallow soil and take full advantage of any melt water Their needle Iike
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Jeaves transpire \ery Iittle mosture and their thick bark protects the wood
agamst the cold They are tolerant of acid soils (Uit 12) The contcal shape of
most of these trees prevents branches being broken off

These forests supply most the world s softwood and Jumbersng 1s an smport
ant activity 1n the more accessible parts of the region The industry 15 greatly
assisted by the fact that large areas or stands occur of particular species
(H & R, Unmt 4) On therr northern margins the contferous forest thins out
The trees become stunted 1n growth and twisted by the wind untl they dis
appear on the borders of the Arctic

115 Arctic and Polar Climates

(a) Arctie Climate
Ths clamatic type 15 restricted to the extreme northern parts of the tand
masses in the northern hemisphere where 1t occupies a vast area i Nosth
Amenca Asia and the coast of Greenland Apart from the extreme coldness
of the winters i these regions, they are remarkable mamnly for the relatve
tengths of these daylight and darkness peniods In fact inside the Arctic Circle
the length of the period of continuous dayhght 1 summer and continuous
darkness 1 winter creases towards the pole so that at the northernmost
extremities of the land the sun remains above the horizon for anything up to
four months tn summer and below the horizon for the same length of time 1n
wter (Section 13) In such climatic conditions it 1s hardly surprising that
both settlement and vegetation are sparse agriculture impossible and com-
munications very difficuft

Summers are warm with average temperatures between 5 and 10°C but
they are very short The fength of dayhght approaches 24 hours around mud-
summer, although the sun shines from a tow elevation plants can grow
quickly under these conditions But winters are long and severe and there may
be no daylight at all at midwinter Average temperatures drop to —28 C
and the frost penetrates the soil to such a depth that 1t does not entirely
thaw out 1n the short summer The result 1s the formation of permafrost a
permanently frozen sub soil The melted 1ce and snow produce a quagmire of
varying depth above 1t in summer known as musheg

Preciputation 15 very low generally no more than 250 mm 4 year There may
bea bitle ight ram 1n summer but as in the comferous forest regions most
Precipiiation comes as a hght and powdery snow Blizzards are even more
seiere here than m the forest because there are no trees to give protection
from the wind

North of the coniferous forest lies the tundra vegetation The shortness of
the growing season inhibuts trees, and the vegetation consists mainly of
mosses hchens, low growing bushes dwarf alder and birch trees and plants
which flower brightly duning the short, cool summer In some areas the
ground 15 carpeted with a mass of vividly coloured flowers known as bloom
mats Their seeds he mnactive during the winter germnate 1n spring and
Tapully flower and seed 1 the short summer
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(5) Polar Chimate
[n polar regions the temperature 1s below freezing for most 1f not all of the
year Thereis thus a permanent snow cover which gives nse to ice caps over

the larger areas of land such as Greenland and the A where
the lowest temperatures on earth have been recorded Several weather stations
sere established dunng the Geophysical Year (1957-8) 1n van-

ous parts of the Antaretic Continent At Sovietskaya Base about 1100 km
from the South Pole a temperature of —86 7 C was recorded

In these regions there can be no plant growth and even 1n summer there 15
very httle melting

116 Mountain Chmates

All over the world mountamns make therr own chmates They always have
lower temperatures than nearby lowland and on average, the temperature
drops at the rate of 1 °C for every 100 m of ascent This can be clearly seen 1n
the climatic graph for the equatonal city of Quito whach bes at an altitude of
2851 m (Fig 1120)

Up t0 a hmut which vanes with lautude—in the Swiss Alps 1t 15 about
2000 m above sea level—mountams are usually wetter than nearby lowlands
although much depends on the of the to the pi ling
wmnds Furthermore there 1s less moisture and atmosphenc dust 1n the air a
higher altitudes The sun’s rays are stronger, but mountans cast long
shadows In many mountain valleys especrally those ying roughly from west
toeast one side recerves abundant sunshine while the other hes 1n the shade
except perhaps for 4 short time in summer The result 15 a sharp chimauc
contrast over a short distance often reflected in the pattern of land use and
human settlement (Section 10 5)

Local winds are common 1n mountamous areas we have already discussed
the fdhn 2nd chinook (Section 10 7) Some winds are localized to individual
valleys heating durng the day causes air to move up the valley but mght-time
cooling causes the heavier air to move down the valley and a temperature
Inversion may occur

Further Reading

t‘h]:gr;dzl)er. T J Modern Meteorology and Climatology Nelson (London

Eyte S R Vegetanion and Soits Arnold (London 1968)

Mantey, G Climate and the Briush Seene Fontana (London 1970)

Riey D angd Young, A WWorld Vegeranon Cambndge University Press
{London 1968)

Sparks B W Geomorphology Longman (Harlow 1970) Chapter 10

s"ln’hlleg.A N Physical Geography John Waley (Chichester, 1969) Chapters
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Fig 1120 {a) Compare the graphs of Quito and Belem (Fig 1119} for
evidence of the influence of relief on 1emperature
(b) Compare the graphs of Cherrapunyi and Cluttagong (Fig 1119) Sor
evidence of the influence of relief on ramfall
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Questions

1

2.

11

12,

Explain the ways in which climate influences vegetation.

Explain the following.

(a) the annual temperature range is small in equatorial climates,

(b) ‘mght 1s the winter of the tropics’;

(¢) the seasonal rainfall of the Sudan climate;

(d) there is a winter maximum of ranfall in a Mediterranean climate;

(e) why continental climates have a large annual range of temperature,
Describe the principal features of equatorial forest vegetation, and name
two areas where 1t may be found.

Describe and explain the differences between tropical and temperate grass-
land Name an area where each may be found.

Write an essay on Monsoon Chmates.

. Explam the differences between the climates of land masses in temperate

latitudes on west coasts and those on east coasts.

. What is xerophytic vegetation? Give examples found in three different

chimates.
Describe and explain the distribution and characteristics of coniferous
forest vegetation

. Describe and explain the distinctive features of tundra vegetation.
. What do you understand by the following: (a) baobab, (b) hygrophytic

vegetation, (¢) cork oak, () mangrove, (e) redwood, (/) chaparral?
Explain why the terms winter and summer may be used in temperate
climates, whereas other expressions must be used to describe seasonal
differences 1n tropical climates.

Compare (a) the temperature and (b) the rainfall of the graphs 4 and B.
What chimate does each represent? Name an area where each may be
found

(Answer on page 294.)
Annual Annuat
temperature temperature
o range range
TC 103°C 311°C

30 —

PN

Rainfall




Unit Twelve
soil and Its Conservation

Mast of the land masses of the earth are cosered by u thin surface of soil

which 15 about 450 mm deep on average Soul forms stowly over a puriod of
thousands of years and, hke minerals and fuels 1t 15 one of mans most
\aluable natural resources All food 1s derved from the soil with the excep

on of sea food and 1t also provides many other necessiies, such as timber
and texute fibres Yer man may destroy the sor} cover m a few yeats by
stnpping the protective cover of vegetation leaving the sou bare to be washed
away by ranfall or blown away by the wind (Section 124)

121 The Soil and Its Constituents

The soil or regofith 1s made up of five essential consutuents rock and mineral
particles organic matter or humus denved from decomposing plant and
ammal matenals water air and living organisms including bactenia The soit
15 likely to lach, certain of the properties necessary for it ta yield crops i any off
these Constituents are musstng

{(a) Rock and Mineral Particles
Normally rock and muneral particles result from the break up of the parent
tock which underlies the soil. Rock drsintegrates when soil water and acids
percolate Into st sometimes st s shattered by (rost and it may even be broken
up by burrowing ammals (Section 12 1{¢)) Owcasionally however the rock
and mineral component may have been transported from a distance For
example some soils develop on gravel beds or on alluvium which are them
sehves deposits usually laid down by mvers n flood Glacration also spreads
rock fragments over large areas 1n the form of boulder clay outwash deposits
and moraines (Section 6 4)

The mineral constituents of the soil are important in two respects they
determine the sol 3 texture, and also 18 chemical composition

1) Sou! texture depends on the size of the grains which make 1t up Coarse-
gramed or sandy soifs denived mainly from rocks such as sandstone or gran
e contan a high proportion of quartz fragments which give the soif a grity
tee) There are usually large spaces between the graims of such a soil and these
allow water to pass through eastly This soil therefore 1s well drained—too
well-drained in many instances because often 1t does not hold enough water
to grow crops Fine graned or clay soils by contrast, are made up of very
smalf particles which adhere to ane anather so closely and ughtly that there
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are only minute spaces between them. Water quickly fills these spaces, and is
held there by surface tenston. this soil does not readily allow water to pass
through 1t, and 1t 1s heavy and difficult to plough. But it is potentally fertile
and can usually be made to yield good crops if 1t is artificially drained and wel]
cared for. A medium-grained soil is usually a sandy clay or loam. 1t 15 mnter-
mediate between a light and a heavy soil. Loam is highly fertile, because it has
the richness of mineral composition characteristic of clays, together with the
lightness and the ease of ploughing which are features of sandy soils.

(i1) Chemical composition. The minerals which derive from the parent rock are
also the principal determinants of the soil’s chemical composition and quality
Quartz (sand) mmparts an acid quality to soil, while calctum carbonate
(Iime) gives it an alkaline character. One of the most important measurements
of soil quality s that of its acid-alkal ratio, expressed in terms of the pH
value

Table 12.1 The pH value of soil

pH value 4 5 6 7 8

Soil type acid 1deal for agriculture neutral alkaline

It 1s relatively easy to determine the pH value of soil by chemical analysis, and it
1s used regularly to choose the most suitable fertilizer to add to a soil.

(b) Humus

Humus is a dark substance formed in the soil from the decay of animal and
vegetable matter. It provides growing plants with most of the essential mimn-
erals they need—nitrogen, phosphorus, calcium, potassium—in a form which
allows them to be readily absorbed by the roots of plants. Humus also con-
tributes to the water-holding quality of light or sandy soils, and it assists
percolation and dratnage i a heavy soil It is so vital to the fertility of the
sotl—and so readily removed, both by growing vegetation and by solution—
that man adds 1t to the soil in a varniety of forms. Ammal manure, green
manure (a crop grown n order to be ploughed m), compost, seaweed, even
human excrement and the ‘shoddy’ waste from woollen mulls are all added to
the soil to make i1t more fertile.

The most fertile soils, such as chernozem (Section 12.2(c)), contain about 16
per cent humus, most of it derived from the decay of leaves and the roots of
grasses. The contribution of humus to the soil is smaller on heathland and in
pine woods, partly because such vegetation yields only a small amount of leaf
material, and partly because these grow marmnly in cool and moist areas, where
the decay of organic matter is slower and there are fewer earthworms to
rework the soil. The soil which results from bracken and pine needles 1s
therefore acid and infertile, and usually belongs to a type known as podsol
(Section 12.2(a)).
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{c) Water
The amount of water that a soil can hold largely depends on 1ts texture As we

have seen a coarse grained soil usually drains rapidly and retains httle water
for plant growth a desert soil for example usually holds nene at all because
of percolation and evaporation A fine grained soil holds a great deal of water
but It 15 relatively impermeable (that s water lies on the ground after rain)
The soil may become waterlogged so that air is excluded and this makes most
plant growth mmpossible There 15 also a scarcity of hving organisms m very
wet 50 Is as well as in very dry ones

Water 1 the soil 1s responsible for two retated processes leachmg and the
formation of hardpans Leaching or eluwiation oceurs when percolating water
removes the soluble elements and the humus from the surface layers of the sou
and carnies them downwards beyond the reach of all plants except those with
the deepest root systems Minerals leached from the upper layers of the soil
may be precipitated lower down 1n the zone of tuviation to form a hardpan
an mpervious layer nich 1 1ron compounds which 1mpedes dramage and
may lead eventually to the waterlogging of the soil above it A soil which has
been extensively luached 1s known as a pedalfer while one which has under
gone only a smalt degree of leaching 15 a pedocal

(d} A

The balance between air and water within the soil 1s of the utmost importance
Atr oceup es the spaces between mineral particles not already filled with water
Without air certamn chemical processes essential 1n maintaiming soil fertdity
could not take place

(¢) Liing Organisms

Orgamisms perform a valuable role They burrow tn the soll opemng up
cavties by which air can enter When they die their remains contiibute to the
humus content of the sotl

122 Sail Profiles

‘The scienufic study of the soil known as pedology began i Russia early this
century It concentrated on the profile of the sod which 1s the sequence of
layers occurning 1n every soll from the surface down to bedrock The soib
profile can be readily seen and examined at the edge of a quarry achff top a
ey cutiimg or wser J trench out (or faying pipes The severdl fayers ur @
profile are known as honzons and they are distinguished as follows

A horon close 1o the surface from a few milimetres to a metre m
thekness and usually rich 1n humus

B horizon a zone of leaching at the base of which there may be a layer of
hardpan

C kot on the parent or bedrock

Sonl profiles differ greatly between different soils because of varations
Parent rock natural vegetation and climate The parent rock 1s normally the
source of the rock and mineral particles while the natural vegetation 1s
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responsible for most of the humus. But climate is the most important influence
on soil formation and 1t largely determmes the soil profile; its influence is so
important, in fact, that there is a high measure of agreement between the
distribution of the major soil types and that of the chmatic regions we
discussed in Unit 11 Soils which are closely associated with particular types of
climate and natural vegetation are known as zonal soils. The most important
of the zonal soils are podsol, brown earths, chernozem, latosol, gley soils and
desert soils, and each occupies a large part of the earth’s surface,

Table 12.2 An approximate correlation between the principal zonal soils and
climate and vegetation types

Principal natural vegetation

Zonal sotl type Principal climatic types types
Podsol Cold temperate intertors Coniferous forests (taiga),
and some mountain and temperate heathlands
chmates
Brown earth Laurentian type, west coast Temperate deciduous forests
(brown forest sotl) mantme and damper
parts of cool temperate
mnterior
Chernozem Drier parts of cool Temperate grasslands
(black earth) temperate ntersor
Latosol Tropical chmates with Rain forests and wetter
(tropical red earth) heavy rainfali savannas
Gley soil Arctic Tundra
Desert soil And chmate or desert and Desert
semi-desert

{(a) Podsol (Fig 12 1)

Podsol 1s a Russian word meaning ash-coloured, and the name refers to the
grey colour of the soil’s surface layers. Podsols are highly leached, with
strongly developed B-horizons They are typical of a cool or cold moist
climate in middle and high latitudes, and are found almost entirely in the
northern hemisphere. Podsol has a pH value of 4, and is an acid soil. The
needles and roots of coniferous trees and heathland vegetation decompose
very slowly in these cool climates, so there 15 a scarcity of humus. There 1s also
a scarcity of so1l organisms to assist the decomposing process Soluble mater-
ials near the surface are carried downwards and, as a general rule, redeposited
near the base of the B-horizon to form a hardpan which restricts drainage.

(b) Brown Earth or Brown Forest Soil

Deciduous trees formerly covered most of the moister mid-latitude regions,
especially in Europe, eastern North America and the Far East. The regular
autumn leaf-fall contributes to the abundant supply of humus. The climate is
warmer here than in the podsol regions, and soil organisms are more abun-
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Fig 12 1 Podsol sod profile

dant and active The degree of leactung vartes with ramfall but these soils are
generally fertle They are recogmzable chiefly by their brown colour and the
absence of clearly defined honzons but in many areas particularly tn Europe
brown earths have been cultivated for so long that they have become almost
man made They have been imed manured ploughed fertihized and drained
so frequently that their onginal character has been almost entirely destroyed

(c) Chernozem or Black Earth (Fig 122)
Chernozem 15 one of the most distinctive sotls and again 1t 1s closely telated to
the chimate 115 typical of the dry grasstands found 1n the 1nteror of continen
tal land mas,es and it 15 best developed in the steppes of the Soviet Union
particularly the Ukrame and in the North American prainies where an abun
dance of humus 15 denved from the decaying leaves and foots of grass The
low ranfall and high rate of evaporation mean that there 1s litle leaching so
the humus 1s concentrated near the surface 1n the A horizon

The chernozem sotls are dark in colour—hence their other name black
eaith—and they cover vast areas of flat or gently rolling land As we saw m
Seetion 114 continental climates typically have hot summers when max
mum rainfall occurs and cold winters All these factors make the areas of
chemozem sonl ideal for wheat cultivation

(@) Latoso! or Tropical Red Earth

Thisis a very deeply coloured red orange or yellow soil typical of the hot
wet tzopical lands Heavy ramfall and high temperatures throughout the year
centribute to the vigorous chemical weathering even deep within the sonl



214 Soil and Its Conservation

Horizon

Rich black humus
A layer from decayed
grass and roots
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Fig. 12 2 Chernozem (black earth) profile

Rock dismtegration and leaching sometimes extend to a depth of more than
15 m All soluble materials are dissolved and removed until, m extreme cases,
only nsoluble 1ron and alummium compounds are left in the surface layers,
which gives them their bright and disunctive coloration.

Latosols are heavy, acid. porous and, because of the absence of humus,
highly infertile. They are deep and relatively umform with no distinctive hor-
1zons, although there may be a layer of hardpan, known as the latenite layer,
at a depth which varies with the intensity of the rainfall and the amount of
percolation and leaching, If the laterite layer occurs near the surface, the soil is
hable to become waterlogged, thus restricting the growth of vegetation and
making agriculture impossible. Latosols are some of the least fertile soils and,
as a general rule, can only be cropped for a year or two before they have to be
abandoned.

It is paradoxical that such poor soils should be found beneath vegetation as
lush and rich as that of the equatorial rain forests (Section 11.3). The trees
yield a continuous supply of plant litter which quickly decomposes and 1s
absorbed by the shallow root system of the trees; they can thus go on growing
throughout the year. If this cycle is broken by destroying the forest to plant
crops, the supply of plant food left 1n the soil is rapidly used up after a year ot
two. Soil erosion sets in, because the heavy tropical rain can now beat directly
on to the bare soil. This accelerates the process of leaching and. after a few
years, the soil is useless.

{(e) Gley Soil
About 4 per cent of the land surface of the earth—lying mainly in a belt across
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the notthern hermsphere—has tundra vegetation and an Arctic chmate There
may be oaly four months 1n the year with an average temperature above
freezmg This s usually too short a ime for the sub-soil to thaw out so 1t may
remain permanently frozen {permafrost) The surface layers will thaw out but
onslopes they may shde downhill under the influence of gravity (sohfluction)
In this badly dramned waterlogged honzon ovidation 15 prevented because of
the absence of air, and this gives the sticky clay Iike compounds a blue or
blue grey colour typical of gley soil If sohfluction takes place the soil
becomes a churned up mess of blue mud and stones

Vegetation growth 1s severely restricted by the long cold winter and by the
permafrost Humus only accumulates very slowly because of the slow rate of
decomposiuion of orgamic matter Precipitation 1s generatly so shght that there
1s Little Jeacheng and a series of honzons does not develop Recent discoveries
by soil scientists have revealed that gley soils also exist m the tropis under
condimons of bad drainage and waterlogging

(/) Desert Sail

Low rainfall and sparse vegetation are the typical features of deserts Leaching
1sabsent because of the sparse ranfall and there 1s httle or no humus The soil
consists mamnly of vanable depths of loose sand and in these anid conditions 1t
may also be tughly saline as a result af the cvaporation of salty water bemg
drawn to the surface by capuliary action (1he force that causes hquids to move
upwards 1 permeable rocks ke water spreading through blotung paper)
This aves a thin white crust of salt, i which only restnicted types of vegetd
tion ¢an grow Such a soil 1s known as a selonchak

123 Soil Fertihity

Mzn began to cultnate the sotl some 8-10 000 years ago but 1t was a long
time before he learned that plants remove certain of the soil s constituents 1n
order to grow If these compounds of calcium™ mitrogen phosphorus and
potassium are not returned to the sotl the crop yield will slowly decrease as
the soil becomes exhausted, until a point 1s reached when 1t 1s no tonger worth
the trouble of cultivation

() Fallowing

In the Middle Ages furmers tred to counter thes loss by allowing the soil a
wondal s Adnfong ugnedivare was used 10w a padn was Proogned
and cultnated for a year or 1wo and then left uncultvated for 2 peniod of
several years 1o replenssh 1ts humus supplies This 1s 1 fact still the practice
n the primiteve agricultural system known as ladang which 1s 1n usc n parts of
the tropics (/{ & R Umit 3) In Europe the system developed into one of two
or three years of cultivation followed by a fallow year

{b) Crop Rotations
In the eighteenth century 1t was discovered that different crops take different
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substances from the soi1l It 1s possible to grow a succession of crops without
detriment to the soil, whereas 1t would be impossible to repeat the same crop
for an equivalent period. Crop rotations were devised (o suit the properties of
different soils. Most rotations included one or more grain crops, a root crop
(such as potatoes, turnips or sugar-beet) and a legumnous crop (such as peas,
beans or clover), which has the property of returning nitrogen to the soil
through nodules developed 1n 1ts root system. One of the most widely adopted
of such systems is the Norfolk rotation, a four-year cycle consisting of wheat,
a root crop, barley and a leguminous crop.

(¢) Fertilizers
Fallowing was only abandoned completely when it became possible to add
matertals to the soil which compensated for those which had been removed by
growing crops Farmers learned to modify both the texture and the chemical
quality of therr soils, by adding sand to heavy soil to lighten it, and marl, a
clay with a small lime content, to sandy soils to improve their water-holding
properties Manure, compost and scaweed can be added to poor and worn-out
sotls to improve their fertihity In China a system has evolved over a period of
thousands of years by which everything which comes from the soil is
ultimately returned to 1t 1n the form of vegetable and animal waste and even
human excrement. Fertility has been maintained in some areas in this way for
4 000 years

In the more ‘advanced’ societics today. chemical fertilizers are used in large
quantities mn order to maintain soil fertility and to increase crop-yields. It is
usual to make a chemical analysis of the soil and to prepare a fertilizer that
will make good its deficiencies. This is the only means by which a truly
intensive agriculture can be mamtaned.

{d) ‘Man-made’ Soils

Soils which have been cultivated for a long time have ceased to be purely a
product of Nature, and have become something of a human creation. As a
result of manuring, marling, ploughing, cropping, draining and irrigating,
they have become a product of man’s careful and deliberate management.
Parts of Flanders and East Angha, where there were extensive arcas of infer-
tilz sand, have been treated and tended for so many years that they now have
man-made soils of high fertility

12.4 Soil Erosion

Man has done much to keep souls fertile and to make poor soils productive,
but there are large areas where thoughtless agriculture and poor soil man-
agement have combined to destroy in a few years soil which had taken thou-
sands of years to form. This process is known as soif eroston, and it consists of
the destruction of the soil—often right down to the C-horizon—by the normal
agents of erosion.
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Sont erosion can only take place when the soil has been laid bare for some
reason This usually happens when the natural vegetation 1s disturbed or
removed 1 chmatically marginal areas vegetation binds and holds the soul
tosether by means of its root system and prevents rain falling on to bare soils
Thus 1f the grassland 10 serm and areas 1s ploughed up the wind can get to the
soil and blow 1t away 1 clouds of dust If the grass or woodland cover 1s
removed from steep slopes heavy ramfall can form guilies which widen and
spread unul the soil has been washed away Overgrazing when ammals crop
the segetation so closely that plants are destroved can have the same result
Excessne cultivation or overcropping leaves the soil depleted of humus and
ready to be destroyed by wind or qun off

(a) Wind Erosion

Wind erosion 15 severest in the flat grasstand regions where raimnfall 1s low
winters cold and winds frequently very strong In the 19205 a growing demand
for bread grains took wheat farming nto the dner parts of kansas Oklahoma
and Texas The land had previously been short grass prame grazed by buffalo
and hunted over by the Indians and it should have been left under grass But
it was ploughed up and cultinated Only a few crops could be t1ken before the

.- - :

N

Fig 123 Soil lation on a deserted h { i Dallam County Texas
1937 after a dust storm Drifis are orer I m deep where sod has colleered
around the cart and i the wceds of the fence
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wind stripped away the topsoil This was how the Dust Bowl was formed (H &
R, Unit 25).

The average rainfall in such areas may be adequate for agriculture, but the
chief characteristic of this cool temperate mterior type of climate is the highly
unreliable nature of 1ts rainfall, which 1n some years is far heavier than is
necessary for cultivation, while in other years it is quite inadequate. The
prospect of the fat years drew settlers into this area of North America, mostly
‘homesteaders’ who cultivated their farms on a family basis, and the epic story
of the settlement and abandonment of parts of the High Plains in Oklahoma
has been told by John Steinbeck 1n hts book The Grapes of Wrath.

The area of the Dust Bowl should never have been cultivated, of course—at
least by the methods employed mn the 1930s. Parts of the area are now beng
used for crops again, but only after extensive precautions have been taken
against wind erosion. Shelter belts—lines of trees planted across the direction
of the predominant winds—greatly reduce the hazards In certamn areas sub-
ject to wind erosion, farmers plough the land in strips and leave belts of
grassland between each.

Similar conditions may also be found on the dry south-eastern margin of
the steppes 1n the Soviet Union. In the 1950s and 1960s these Virgin Lands were
ploughed up to increase the supply of bread gramns but soil erosion has been
extensive, despite precautions to prevent it. Wind erosion has also become a
serious problem in parts of Great Britain, notably in East Angha, m the
Fenland and on Salisbury Plain. All these areas have a fine soil and a fiat or
gently rolling topography across which strong winds can blow unobstructed.

(b) Water Erosion

Rainfall can also remove the soil, in areas which have been stripped of their
natural cover of protective vegetation, either by sheet erosion or by gullying.
In the former, rainwater washes the soil away from gentle slopes in a uniform
layer In the latter, the run-off becomes concentrated, and the resulting stream
cuts a V-shaped gully which deepens until bedrock 1s reached.

Gullying is a typical development of the hills and mountains of Appalachia,
in the USA (H & R, Umt 22). Before the coming of Europeans, this region
was covered with hardwood forest. The tree roots held the soil together, while
the heavy folhiage protected the soil from the fierce and torrential summer
rains. But the trees were uprooted by the early settlers, to be used for building
and firing, and the exposed soil was quickly gullied by the ram. The soil which
was lost from the mountain sides was washed into the valleys, where it not
only choked the rivers, impeded navigation and led to flooding but also buried
the soil and hindered agriculture in the valleys

Anything that can focus or concentrate the run-off on a steep slope can gtve
rise to a gully. Ruts made by the wheels of farm carts, tracks made by animals,
furrows ploughed up and down a slope, even the drip of water from a barn
gutter, can all initiate the process, which accelerates and 1s most difficult to
stop. Gorge-like gullies, tens of metres deep, can form and merge into one
another so that a system of gullies may cover many square kilometres.
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Fig 124 Land badly eroded by water w the Tennessee valley in the 1930s

(Nonice the sumlarity berween the gully which runs aay from the bottom left
hand corner of the prcture and the upper course of a rvr)

() Sod Erosion m the United States
The United States has become the scene of the most vtolent and destructive
soil erosion of all time This ts largely because the North American continent
with almost untouched resources was suddenly opened up by people used to
the wetter conditions of Europe and utterly unaware of the fiercely destructive
nature of the Amenican chimate The result of their ignorance and their rech
lessness was that by the 19305 nearly 60 per cent of the total land capable of
cultivation had been affected by sonl erosion 1o a greater or lesser degree OF
this 15 per cent had been rendered useless for agriculture because 1t had lost
allits topsoil and the agricultural value had been gravely imparred tn the rest

The gravity of the situation went unrecognized unti} the early 1930s when
dust from the fields of Kansas and Oklahoma had to be scraped from the
dome of the Capitol Building 1n Washington over 2 000 km away There wasa
series of very dry and windy years on the prairses in the 1930s and dust clouds
blandeted the eastern crties 10 an extent that even the lemstators could not
lgnore At the same tme the sertousness of gullying began to be understood
together with the danger which it presented to the health and hvelihood of
those who lived in the hilly regions of the south-east

The Soil Conservation Service was formed 1 1935 by the United States
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Fig. 125 A gigantic gully i Califorma, eroded along cow trails dovwn a steep
slope. Connnued erosion on visible cow trails is apparent m the form of small
gulhes in the centre of the picture

Government. It was charged with the task of stopping these inroads on the
country’s soil resources and restoring the ravaged lands, as far as this was
possible. The problems were tackled in a variety of ways. Gullying was
reduced by building dams, made of whatever rough material was available, in
order to check the flow of water Steep hillsides were terraced and forest was
re-established wherever possible to hold the soil. Farmers were persuaded to
plough along the contours where land had to be cultivated, so that their
furrows could not contribute to the formation of gullies.

Wind-breaks were planted in more open country which was subject to
blowing. Fast-growing forms of vegetation, particularly the kwd-u and
lespedeza, introduced from Korea (ground-cover plants which spread quickly
across a large area), were established on land which was particularly prone to
erosion. Unploughed strips were left between strips of ploughed land, aligned
across the direction of the wind. Crop rotation replaced the earlier practice of
taking a crop every other year. Irrigation was adopted in areas close to the
rivers which cross the prariries, and attempts were also made to change the
texture of the soil by increasing its humus content

One of the earliest areas to benefit from these new techniques was the
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Fig 126 Lush farmland in Wisconsm patterned by contour ploughing Farmers
plough along the hiliside and not up and down the slope to prevent water flowing
down the furrons

dramage basin of the Tennessee river This had long been a depressed area the
quahty of farming was poor farm mcomes were low and the reclamation of
the whele region by the Tennessee Valley Authority (TVA) was part of
President Roosevelts New Deal m 1933 Soil erosion was checked trees
planted and hydro electnicity stations built along the mvers which were
cleared of silt and made navigable and free of floodmg as far as this was
possible

(d) So1l Erosion 1 the Rest of the World

The United States by no means has a monopely of acute soil erosion but 1t
was that country’s bold and successful policies that drew the attention of other
parts of the world to the seriousness of the problem Soil erosion 1s in fact a
world probiem Overgrazing on the Hlls of some Mediterranean lands has
slowly destroyed the vepetation cover and the soil has been washed down the
slopes The shufting cultivation of many tropical regions alsa tends to leave the
soif bare of vegetation and exposed to erosion by the torrential tropical tains
In recent years this has become more serous as increasing population and a
growing demand for agnicultural products has led to a shorter fallow period
and more frequent culivation In the savanna regons grass 1s commonly
bumned at the end of the dry season m otder to encourage the growth of new
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grass. What happens all too often is that the soil is eroded before the new
grass has had a chance to grow, and the neighbouring desert takes over.

Many other careless or thoughtless agricultural practices result in a poor,
eastly eroded soil. In the highlands of Ethiopra, nomadic pastoralists are
destroying the natural plant cover by overgrazing and trampling the soil. In
India the relentless felling of trees and the use of dung as fuel instead of
fertiizer is having the same disastrous effect on the soil, and the clean weeding
of soil between the rows of coffee trees in Brazil is causing its eroston by the
torrential tropical rains In the Soviet Union the rash expeniment of cultivat-
ing the dry margin of the steppe continues, despite the American experience 1n
the 1930s, and 1t is reaping its predictable reward of poor harvests and a
wasted land.

Further Reading
Briggs, E. M * World Soils Cambridge University Press (London, 1970).
Bunting, B. T. The Geography of Sod. Hutchinson (London, 1967).
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Fig. 12.7 Successful reclamation in North Carolma. A few years before this
picture was taken both fields were equally badly guiled. The owner of the field

on the left co-operated with the TVA, and by the use of the correct seed and
Sertilizer the land was improved and livestock production made possible
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Jacks G V and Whyte R O The Rape of the Earth Faber (London 1939)

Strahler A N Physical Geography John Wiley (Chichester 1969) Chapters
16 17

Vogt W Road to Sursnal Gellancz (London 1949)

Wayte, M E Maung So! Chatto & Windus (London 1963)

The Precious Soi! Marshall Cavendish Learning System (London 1969)

Questions.

1 To what extent 15 parent rock important 1n the composition of a soil?

2 Descnbe and explain podsol with the aid of a sonl profile

3 Describe the conditions under which chernozem forms Explain why 1t 1s
fertile, with the asd of a soit profile

4 What do you understand by these terms (a) humus (b) pH value (c) loam
(d) leaching, (e) soil horizon®

5 Describe the methods which man has devised to improve soil

6 Wnite an essay on Soil Erosion

7 Describe the methods used to counteract soil erosion



Unit Thirteen
Map Reading and Interpretation

[y

Maps can be a source of great pleasure and satisfaction. A train journey 1s
more mteresting if you can study the view from the window in conjunction
with a map You will appreciate the countryside much more if you are
prepared to explore 1t on foot, using a map so that you do not lose your way
A knowledge of map reading 1s also vital in several sports and hobbies such as
orienteering, rally driving, cyching, hiking and camping Your ability to under-
stand maps will be increased greatly 1f you have a map of your local area and
several maps of other areas, and use them regularly. The local map 1s for map
reading, which 1s using the map in relation to the land surface 1t represents.
The other maps may be used for map interpretation’ you can work out what
you think the countryside will look like by studying them In fact, if you ever
visit any other part of Britaimn, 1t 1s interesting to study a map of the area
beforehand to work out what you expect to see and, when you get there,
compare your deductions with the actual landscape.

A map 1s the aenal representation of a piece of countryside It will not,
however, be exactly 1dentical to the ground 1t depicts because houses, roads
and factories may have been buiit in the time between the survey of the area
and publication of the map No map 1s ever completely up to date for this
reason By far the best maps of Britain are those published by the Ordnance
Survey (OS), covering the whole of the country They give great detail of both
natural landscape and man’s activities The OS maps most frequently used by
geographers are

(a) 1 50000, at a scale of 2 cm to 1 km, and

(b) 1 25000, at a scale of 4 cm to ! km
and we shall be chiefly concerned with these maps in this Unit

In the following Sections we shall be looking at map reading and map
interpretation with two objects in mind. First, we shall cover the necessary
mapwork required by the O-level and CSE syllabuses. Second, we hope that
those readers who study maps for interest and pleasure will discover ways of
increasing their appreciation of them.

13.1 Setting the Map

It 1s excellent map reading practice to take an OS map nto the countryside
and study the map and landscape together. When you do thss it 1s advisable to
start by serting the map, a process sometimes known as orientation. This
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means setting out the map so that north on the map Corresponds to north on
the ground North 15 at the top on all OS maps and if yoy have any difficulty
working out the direction of north on the ground there are three ways which
will help you to find 1t

1600
0700 ' ‘ 1700
. W Winter ‘
0600: East SA  Springand Autumn  West 1800
s mmer '
0500 North North 1900
east west
N
0400”5 § “2000

Fig 131 The direction of the sun a1 different tmes and seasons

In the first place you can work out north from the poginon of the sun The
sun nses 1 the east and moves through south—where 1t 15 at midday 1n the
northern hemisphere—to set m the west Tig 131 shows the retauonship
between the direction of the sun and the ume of day Secondly you can use

Fig 132 How 1o find north with a wagch

your watch 1o discover north If you point the hour hand at the sun and
bisect the angle between the hour hand and the figure {2, as shown i Fig
132 the bisector 1s a north to-south kine Third y0u can of course use a
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compass to find out the direction of north on the ground, by studying the
direction in which the compass needle points.

There 1s a diagram showing three different north directions m the margin of
every OS map. Fig. 13.3 shows these. True north is the direction from the map
area to the North Pole; magnetic north is the direction shown by a compass
needle; grid north is a direction which 1s shown by north-south grid lines on

the map (Section 13.3).

©
e 0
e > o
= 5 3
> =
>
{a) West of 2°W Meridian (b} East of 2°W Meridian

Fig 13.3 The three north directions. True north and grid north comcide along
the 2°W meridian. ( Longitude is marked along the north and south margms of
OS maps)

13.2 The Scale of a Map

The scale of a map is the proportion between a distance measured on the map
and the corresponding distance on the ground. Thus, if the scale of a map is 2
cm to 1 km, and the distance between two points on the map is 2 cm, the
actual distance between them will be 1 km. All maps must bear some indica-
tion of scale so that distances can be calculated easily.

(@) Scale on OS Maps
Scales are shown in the margin of OS maps in three ways.

(1) Statement. The scale is stated, relating a map distance to its equivalent
ground distance, for example, ‘2 cm to 1 km'.

(ii) Representative fraction (RF). This is a mathematical way of expressing scale
as a direct proportion between map and ground. 1 : 50 000 means that 1 cm
on the map is equivalent to 50 000 cm on the ground. (By simple conversion
we can convert this ground distance to 500 m, which is 0-5 km.) Thusif 1 cm s
equivalent to 0 5 km, 2 cm is equivalent to 1 km. An RF of 1 : 25 000 means a
scale of 4 cm to 1 km.
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Fig 13 4 Exomples of ne scales These should be used for the measurements of
distance required in the map reading exercises pages 260-76

{m) Line (lnear) scale This 1s a hne divided up nto map umts such as
centimetres but labelled 1n ground unuts, such as kilometres As we shall see i
Sections 13 5, the main use of this scale 1s to measure distances on the map

(b} Conventional Signs

A map s scale determines how much detail can be shown on 1t An atlas map
with a scale of 1 25000000 (1 cm to 250 km) wall show a large town as a
mere dot, but an OS map of 1 2 500 (1 cm to 25 m) can show details of streets
and even individual houses and gardens A large scale map suchas 1 2500

on which all the features may be shown exactly to scale 1s called a plan Such
detail 15 not possible on the smailler scale maps with which we are manly
concerned m this Unt Much mformation has 1o be omtied and those
features which are shown, such as roads, railways and buildings are exag-
gerated and are indicated by symbols or conventional signs The full range of
signsfor 1 S0 000 maps and those for 1 23 000 maps appear on pages 258-9,
268-9 and 279

133 The National Gnd

Asmple precise method of locating points 1s used on OS maps known as the
Mational Grid There are two sets of numbered parallel lines at night angles to
each other on every OS map and these are part of the National Guid which
covers the whole of Britain The mamn purpose of the Gnd 15 to enable any
point on the map to be given a Grid Reference (GR) which is accurate to
100 m on the ground Fig 13 5 shows the network of 100 km sguares for the
whole of Great Britan each with s reference letters On larger scale OS
maps further gnd lines are drawn within each of these 100 km squares at }
km intervals, and they are numbered from 00, 01, 02 to 97 98,99 along
all four margins of the map

The part of the National Gnid which 1s shown on any OS map sheet consists
of two sets of these parallel lines at 1 km wtervals The lines runng from
north to south and labelled with numbers on the porth and south margins of
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the map are called eastings, and those drawn from east to west, labelle
numbers along the east and west margins of the map are called northing

These may be used in three ways. In the first place, they enable you
out a six-figure reference for any point on the map. Second, and conv
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Fig. 13 5 100 kilometre squares of the National Grid

a@iven a six-figure reference, you can work out the place’s position on

Third, by using a four-figure reference, you can ndicate a whol
square.

{a) Working Qut a Six-figure GR

As an example we shall work out the GR of point A on the set of grid Ii
Fig. 13.6.

(i) Select the two lines which make up the south-western corner -
square containing point A and write down the eastings and then the nor
numbers of these lines, that is, 33 65.
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Fig 136 To work out the grid reference of point A4 338652

() Repeat this procedure northward from the 65 ine thisisy on Fig 136
and 1t 15 f 50 wnite 2 after the 65 This completes the six figure reference
which 15 thus 338652

Any six figure GR may be worked out 10 any 100 km square 1n this way
because every 100 km square has an wdentical set of eastngs and northings
Iines labelled from 00 to 99 It 1s possible to make a GR unique (that 1s the
only one of its kind) by wnting the letters of the appropnate 100 km square
before the six figure reference (Fig 13 5) The Youth Hostel m Bridport 1s at
464927 1n square SY o 1ts umique GR 1s SY 464927 Details of the appro-
pnate 100 km squares are given 1n the map margin on every OS map

(5) Locating a Pomnt from its Six-figure GR
We now know that any six figure GR really consists of two sets of figures—
762038 means that 762 15 an eastings figure and 038 a northings figure—and
that each of these figures means something on the map Locating a potnt from
1ts six figure GR 1s really the reverse of working out a GR

If we want to locate point 762038 on Fig 13 7 we merely find the intersec-
tlon of easting 76 and northing 03 which together form the south-west comer

Easting
74 % % 2 77 8 9
7
’ 04 I
3 18
€ 1w
£ @
2 /
Intersection
@ [ L% o
T | L

Fig 137 To locate grid reference 762038 at point V'
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of the required square. Then, inside this square, go ¥ east from 76 and &
north from 03, and this gives us pomnt V (see page 277).

(¢) Indicating a Grid Square

When a large feature such as a wood, lake or hill slope has to be indicated on
a map, 1t is easter to give just the four-figure or square reference. This is simply
the numbers of the two lines which form the south-west corner of the square
in which the feature lies.

13.4 Measurement of Bearing

The relative positions of any two points on the map may be indicated in one
of two ways.

(a) Cardinal Point Method
The direction between any two points on the map may be shown by using the
main or cardinal points of the compass in relation to grid north (Fig. 13.8)

(b) Whole Circle Bearing
A more accurate measurement may be obtained by using a protractor to
find the clockwise angle from grid north between any two points on the map.

Such a bearing may be of any size between 0° and 360°, as shown on Fig
13.9.

13.5 Measurement of Distance

You should always express a distance measured on an OS map 1n ground
units, such as metres or kilometres, using a line scale to do the calculation
(Section 13.2). The simplest, quickest and most accurate method of measuring
distance on OS maps 1s to use the straight edge of a piece of paper and a sharp
pencil, whether you are measuring distances between two pomts on a straight
line or along a road, railway, stream or footpath which is not straight.

(a) Straight Line Distance
The best way to measure the distance between the two churches shown on Fig.
13.11 is described below.

(i) Place the straight edge of a piece of paper on the map so that it is Imed
up between the two churches.

(i) Mark the location of the two churches on the paper as A and B.

(1ii) Transfer the paper to the appropriate line scale and measure the dis-
tance by placing mark A at zero on the line scale. Mark B will lie somewhere
between 4 and 5 km (Fig 13.11).

{iv) To work out the exact distance, move B back to the 4 km mark so
that A moves the same amount to the left, where it may be read directly
from the divided unit at the left end of the line scale. In this case, the distance
is 4-4 km
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North {N}

North west (NW} North east {NE}
West (W} East (E)
South west (SW) South east (SE}
South (S)

Fig 138 Cardinal pomis

|
'
{a 523 (] (G

Fig 139 Bhole circle bearings The grid bearing from Z to pont A i each
dagram s Q) A=60 (b)) A=115 (&) A=220 (d) A =29

N
— 39

Fig 13 10 Measure the bearing from the church at 592393 to the building at
578407 (3147}
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Fig. 13.11 Measurement of straight Iine distance and use of the line scale
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Fig. 13.12 Measurement of the distance along a road. a-a, b-b, c~c are succes-
sive positions of the paper. Points pl, p2, p3 are successive positions at which the
paper is pwvoted
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(b) Distance along a Road, Raitway, Stream or Footpath
The procedure 1s more complex 1f we measure the distance between the two
churches 1n Fig 13 11 along the road

{1} Place the edge of the prece of paper agamnst the church at A and mark1its
position Atrange the paper so that its edge runs along the road untl the road
bends away from the paper (Fig 13 12)

(n) Place the pencil point firmly at the point where the road and paper
separate Prvat the paper until us edge is once again along the road far a short
distance

() Continue this procedure untl you reach the church at B where you
mark the paper agamn

(»v) The distance along the road 1s now set out along the edge of the paper
as a straaght hne distance between the two marks You can now measure 1t
along the line scale in the same way that you did with Fig 1311

136 Rehef on OS Maps

Reliel means the shape of the land surface Portrayal of this third dimension
on a Rat sheet of paper has given map makers great problems for centunes If
old or antique maps showed relief at all 1t was drawn with the hills in profile
a5 if they were being viewed from the side

{a} Ways of Showing Relief

(1) Hachures Early OS maps used hachures which are tadpole like lines with
the pomnted end always indicating the downhil direction These were used to
give a visual impression of relief but they were far from satisfactory In the
1840y contours were introduced on OS maps and they are still the best way of
deprcting tehef Hachures are sull used for certain conventional signs how-
ever particularly when a feature 15 too small to be shown by contours but
large enough to ment being shown on the map Look at some of the features
shown on the OS maps 1n the book such as tumul (Map 7 964823) cuttings
and embankments (Map 1 1909 Map 3 300444 and 302420) and chffs (Map
2 8680) and you will sec that they stil incorporate hachures

(1} Contours A contour 1s a line drawn on a map joining all points which are
the same height above mean or average sea level (MSL) Contours ate drawn
at regular vertical mtervals (V1) on each map scale (Table 13 1) and the
vertical height above MSL 1s written on each contour These height labels are
always printed 1n a gap 1 the contour hne so that there 1s no doubt as to
which labe! refers to which contour Al certamn intervals contours are drawn
thicker than the rest to enable you to work oul heights more easily

The o map scales with which we are mamly concerned 1n this Umit
1 50000 and 1 25000 have their contours drawn as shown 1 Table 13 1

On1 50000 maps you may be confused by the Tact that the vertical inter
val does not seem to be regular The actual verucal interval 1s 1524 m the
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Table 13.1 Contour details

Scale

Vertical interval

Thicker every

1:50000 (First and
Second Series)

1. 50000 (Second Series)

15 24 m, but labelled to the nearest

metre

(Sec Table 13.2)

10 metres

5th contour

50 metres

1. 25000 (Impenal) (First

and Second Serics)

1+ 25000 (Metnc) (Second

Series)

25 feet

5 metres {some sheets 10 m)

100 feet

25 metres (50
metres)

metric equivalent of 50 feet, but contours are labelled to the nearest metre.
Most intervals are 15 m, but some are 16 m. Table 13.2 gives all the contour
heights you are hikely to find on any map of Britain. With this table you will
also be able to work out contour heights more easily when you are dealing
with gradients (Scction 13.7) and section drawing (Section 13.8). On some
Second Series 1: 50 000 maps contours are being drawn at 10 metre vertical

interval with every 50 m drawn thicker, as shown on Table 13.1.

Table 13.2 Contour heights on 1: 50 000 Maps (in metres)*

15
30
46
61
76
91
107
122
137
152
168
183
198
213
229
244
259
274

290
305
320
335
351
366
381
396
411
427
442
457
472
488
503
518
533
549

564
579
594
610
625
640
655
671
686
701
716
732
747
762
777
792
808
823

838
853
869
884
899
914
930
945
960
975
991
1 006
1021
1036
1052
1067
1082
1097

13
1128
1143
1158
1173
1189
1204
1219
1234
1250
1265
1 280
1295
1311
1326

* Thicker contours are printed in bold type
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Contours alone cannot give ail the necessary information about the height
of the land surface above sea level The contour pattern can tell you the
general shape of the land surface but the real height of any point which 1s not
on a contour must be shown in some other way Spot heights and
tnangulation statons are the usual way of showing this on OS maps

(m) Spot heights are marked on hills 1o Indicate the exact height and location
of the hull top They are also marked along roads to show the nises and dips
which contours are unable to show In areas of very flat land such as the
English Fens or the Somerset Levels the almost total absence of contours 15
compensated for by more frequent spot heights The symbol for a spot height
1s shown on page 258

() Triangulation stations show the height and locauon of a summut They
differ from spot heights n that they actually exist on the ground in the form of
a triangulation piltar, as on Map 4 Ingleborough Hill 742746

() Contour Patterns

Contours are not of course marked on the ground but there 1s a direct
relationship between the contour pattern on a map and the land surface which
that pattern represents (If you look at a landscape and imagine how the
contours would appear over 1t your understanding of landforms on a map
will be greatly increased )

The contour pattern indicates the shape of the land surface and there are
certam landforms which are recogmizable by their standard pattern on a
map These are so vital to a thorough understanding of relef on maps that we
show themn Fig 13 13 Although they are shown separately here each one
forms only part of the overall contour pattern on an OS map

The distance between the contours may vary in every one of the contour
patterns The spacing of the contours shows the steepness of the tand surface
so that quite simply, the closer the contours are the steeper the slope

(¢) To Divide a Map into Relief Areas
When you wish to describe the relief of part of an OS map you should
consider three factors first the hetght labels, 10 indicate the height or range of
height above sea tevel second conrour spacing, to descnbe the steepness of the
fand surface, and third contour pattern 1o enable you to give a precise word
Picture of the landscape 1n terms of the features shown in Fig 1313

ere may be a considerable variety of rehef within a small arca on any map
Once you can interpret contours you will find it helpful to draw sketch maps
3t a smaller scale than that of the OS map to show areas of different rehef
(When you draw a sketch map at a reduced scale remember that when the
scale s reduced m a certamn proportion the map area s reduced by the square
of that proportion ‘Thus 1f the map scale 1s hahed the map area 15 reduced to
2 quarter of its onigmal size ) A map of rehef areas should be drawn as simply
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{a) {c)

198 —————

168 ————

137 ————

-_— T

|

(f

{e)
\_/\27- o

Fig. 13.13 Contour patterns
(a) Steep slope (e.g. Map 1, 223110)
(b) Gentle slope (e.g Map 4, 7274)
(c) Convex slope, steepest at the base (e g. Map 4, 742745-738750)
(d) Concave slope, steepest at the top (e g. Map 1, 2211)
(e) Valley—V-shaped contours pointing to mgher ground, and the spacing of
the contours determines the shape of the valley (e g. Map 2 8282-8384)
(f) A set of connected valleys on a gentle slope
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[ |

Fig 13 13 Contour potterns—(contd )
(2) U shaped glacial valley with hanging vatley on south side
(h) Gorge (canyon) (i) wuh stecp s des but genthy, stopmg floor (1) with stecp
sides and steephy sloping floor
() Spur—V shaped or rounded contours pomting to lower ground (e g Map 1
211 Map 7 976819)
Q) Isolated hill or knoll feg Map 5 630146)
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Fig. 13.13 Contour patterns—( contd.)
(k) Saddle or col
(1) Escarpment or cuesta

/

(m) Ridge with a gap (e.g. Map 7, 950824-980820)

(n) Pass
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1)

<

Fig 13 13 Contour patterns—(contd }
(0) Watershed or water divide
{p) Corrie cum or ctrque
(q) Corrie without a tarn
(1) A clyff coast (e g Map 2 815801 844801 8680)

€

L. b U —
—_—_—
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and clearly as possible You should not try to reproduce every contour line
but, with bold, clear lines, draw and label only those contours which separate
the areas of different relief from each other Fig 13.14 shows such a reduced
scale sketch map for Map 1, page 262.

A A Low-lying,
almost flat land

B B  Steep scarp
slope ristng to
the south

C Gentledip
slope with dry
valleys

TApY J9nvd

Sea

Fig. 13 14 Reduced scale sketch map of Map 1 on page 262

13.7 Gradient

Gradient means steepness, and 1t 1s expressed as a mathematical ratto, such as
1:5. On 1:50000 maps there are two conventional signs which express
gradient. One shows those roads which slope at gradients of between 1 : 5 and
1 -7 and the other shows those steeper than 1 * 5 (page 258).

Calculating a gradient from information on a map 1s easter if you under-
stand exactly what 1s meant by gradient. With a gradient of 1:5, there 1s a
vertical rise of one unit for every five horizontal units; a gradient of 1 : 8 has
eight horizontal units for every one vertical unit, so it is not as steep as 1 : 5.

We use the formula
Difference in height
Horizontal distance
to calculate the gradient between two points on a map. Difference in
height and horizontal distance may be calculated from information you will
find on the map. On maps which show heights 1n metres the calculation is
straightforward, but on those 1. 25 000 maps which show heights in feet, you
should remember to convert the horizontal distance, measured 1n yards from
the line scale, to feet, so that it is in the same unit as the difference in height

As an example, we shall calculate the gradient between pomts A and B in
Fig 13 15. It becomes easier 1f you set out all known facts on a triangle.

(i) Calculate the heights of A and B from the map and put these heights on

Gradient =
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1he tnangle i the correct positions As AC represents the horizontal the
hexght of C 15 the same as that of A

() The difference 1n height between the two points (BC) may be worked out
from this mformation by subtraction

{m) The horizontal distance between A and B on the map 1s simply the
strarght line distance between them (Secuion 13 5) Thus 1s represented on the

A
B,
Map scale
B 150000
/ 198m ~130m=68m
20km=2000m
B 198 m
B8 m
120m
C 130m 20km A
[P ! it [ ! 1
2 1 [ 1 2 3
kifometres
Fig 13 15 The calculanon of gradienr
68 _ 1 ,
—o=1 2
S m-H" !
tnangle by AC because all d d on a map are h dis+

tances and do not take mto account the slope of the surface {If vou wish to
cakulate a gradient between two points on a road or stream which 1s not
stratght the distance should be measured as in Secuion 13 5)

(1) The gradient can now be caleulated to the nearest whole number using
the formula gnen above by diiding the numerator {the top of the formula)
1710 the denominator (the bottom of the formula)
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283 Q,'\/,\//
Q
‘\g% A \q?’ A
N3 > & B
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,\‘btb
229
244 \"
259
- S o
A 269 N o o
AR
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.
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Highest point : 269 m AN
Lowest point: between 107 and 122 A1
Range of heights: 107 — 274 = 11 spaces
(a) The map
A B

274

259
244 229
213 198
183 168
152 137
122 107 X656

{b) The section grid

T 7 T T T 1 T l T ‘ T T T T T T
}V A 259 244 229 213 198 183 152 I22}122 137 152 168 183 198 B
168 137
{c)
A 8
=
213 - — 229
- —- 198
183
- .- 168
152 s . - 137
122 - ,o. X666
BEE T T 1 T 1 T l 1T 71 T T T |
;711 259 244 229 213 198 183 | 152 lre2l1e2 137 152 168 183 198 B
168 137
A {d) 8
e
————- 229
213 b=y 198
183
152 —e, B et 168
137
o
122 et 107 X6 56
(e)

Fig. 13.16 Section drawing
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138 Drawng a Cross-section

The shape of the land surface between any two pomnts on an OS map may be
drawn 1o scale by means of a cross section A section must have its vertical
(upwards) scale drawn much larger than s horizontal scale and a simple
evample will explatn the reason far this The horizontal scale of a section 15
normally the same as that of the map from which 1t 1s being drawn This
means thaton 1 50 000 maps 10 mm on the section 1s equivalent to 500 m on
the pround If the difference between tne Muphest and lowest ponts on the
section 15 250 m the whole rehef range ncluding sixteen different contour
heights has to be shown on the sectton 1n a band only S mm wide This 1s so
obviously imposstble that the vertcal scale must be exaggerated butf the
degree of exaggeration 1s too big gently rolling lnlls will appear on the section
as steep mountams  An 1deal vertical scale 1s 2 mm to the vertical interval of
the map which depends on the scale and Series of the map you are using (see
Table 13 1)

As an example we shall draw a cross section between A and B on the
contour map shown on Fig 13 16 following the step by step procedure out
Tned below

(1) Mark out the distance AB honzontally on a piece of paper and draw a
fine at nght angles at each end

(1) Study hine AB closely on the map to find the heights of the tughest and
lowest points along it The highest pomnt on Fig 1316 15 269 m while the
lowest pomt 1s between 107 m and 122 m

(m) Go to the contour abae the highest point (274 m here) and the contour
below the lowest pomnt (107 m here) (It 1s not usually necessary to go down to
sea level on every section } Table 13 2 shows that there are eleven contours
between 107 m and 274 m Mark eleven points each 2 mm apart along both
of the perpendicular lines on Fag 13 16 and draw pencit Imes hghtly between
equivalent points Label each honizontal line with its correct contour height to
gve a network known as the secrion grnid (Fig 13 16(b))

(1v) Place the edge of another piece of paper along the ine AB on the map
Mark A B and the position and height of every contour which crosses the line
AB carefully on 1t If you try this on Fig 13 16(a) the result should look like
Fig 13 16(c}

(v} Place thus prece of paper along the base line of the section gnd so that
the As and Bs comaide Put a small dot vertically above each contour mark on
the appropriate honzontat line on the section gnd (Fig 13 16(d))

{+1) Joun up the dots carefully to produce a cross section between A and B
as shown i Fig 13 16(e)

139 Rock Types on OS Maps

Geologteal maps are published for the whole of Britain by the OS and these
e great detarl of the rock types which outcrop on the land surface Butitis
possible to work out some rock types from normal OS maps by applying what
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you have learned in earlier Units. The rocks which can be identified most
easily from OS maps are chalk, clay and limestone (Section 3 2).

(a) Chalk (see Map 1)

Chalk gives rise to rolling country, and hills composed of this rock frequently
form an escarpment or cuesta (Map I, page 262). There is a distinct absence of
surface drainage, and dry valleys are plentiful. If there is surface water, it 1s
hkely to be an exotic stream, that 1s, one which nises outside the chalk area
and flows across 1t on a layer of its own alluvium. Villages with names con-
taiming the world winterbourne usually lie on chalk (see page 54).

(b) Clay (see Map 1)

Low-lying, open country 1s normally associated with clay. Surface drainage is
abundant on this impervious rock, and much of 1t may be artificial, in the
form of man-made drainage ditches. These can be distinguished from natural
drainage by the straightness of their streams which, together, may form a
rectangular pattern (Map 5, 6314). The contrasts between clay and chalk
become even more apparent when, as often happens, these rocks are found next
to each other to form scarp and vale country (Fig. 3.10 and Map ).

(c) Limestone (see Map 4)

Carboniferous Iimestone 1s a hard rock, forming high ground with steep out-
crops and rocky inland cliffs known as crags or scars. The unusual drainage
features include disappearing streams: the OS map does not, of course, show
underground drainage but swallow holes or pot-holes indicate where streams
go or, at some time in the past have gone, underground. Caves are common
and streams flow out of some of them. Any flat rock surfaces may consist of
limestone pavement with clints and grykes (Fig. 3 7).

Many other landscape features which we covered in Umts 3-8 may be
found on OS maps, in addition to the various rock types we have just
discussed. The map extracts in this book have been specially chosen to show
the association of landscape and map features Map interpretation will
become a fascinating pastime if you can look at an OS map and try to
recognize and name the landforms we have described in earlier Units.

13.10 Settlements on OS maps

Both 1:50000 and 1:25000 OS maps show details of man’s activities,
including his settlements, roads, railways, agriculture and industry. Much
archaeological and historical information 1s also given on these maps.

(a) Antiquities

The features known collectively as antiquities on the conventional sign panel
are printed i two styles (page 259). All Roman features are shown in an
upright Roman script and these include Roman roads, forts (Map 6, 180767),
villas, camps and the names of settlements. Other antiquities are shown in Old
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English scnpt There are many of these but the most common are bural
chambers, burral mounds such as tumul (Map 7,964824 and Map 2 8382)
and barrows (Map 2 B64817), field systems (Map 1 2308 and 2409)
cultrvation terraces (Map 1, 2009) stnp lynchets (a form of agncultural
terrace), stone aircles, hill forts (Map 4 741746) Motte and Bailey (Map 1
2311) earthworks or dykes (Map 2 824802 to 847802) and castle (Map 3
273424}

In addition, thete are many antiquities with local names such as Wool
Brdge (Map 2 844872) Lulworth Castle (Map 2 855822) Finchale Priory
(Map 3 2947) and Morton s House (Map 7, 963820) All this information
gves us a good 1dea of the areas where man has lived m the past But OS maps
gve even greater detail of the size layout shape and distribution of present-
day settlements

(5) Settlement Size

You may find 1t difficult to deduce the size of a settlement from a map and
may not know whether to call 1t a hamlet village or market town There 1s a
simple solution look at the appearance of several settlements of different sizes
that you know, for example 1n your home area on the local map sheet and
then use this mformation for companson with settlements on other map
sheets By this means you will soon be able to use such terms as hamlet
village, small market town, large town and oty accurately

{¢) Layout

Any setilement may have at least two distinet parts and Durham on Map 3
shows this perfectly The older core 1s usually central with at least one church
and sometimes a cathedral, castle or antiquity of some kind often with a local
name the town hall and a jumbled layout of narrow strects There are more
modem areas around the core, geometnical street layouts represent housing
and industrral estates, bult over the last 100 years The majonty of large
towns can be divided tnto a number of functional areas each dominated by a
particular activity The Cardiff map extract {(Map 6 page 274) clearly shows
such districts as the shopping and business centre, an admmmstrative area a
factory area the docks railway stations and sidmgs a residential area and
recreational and leisure areas Fig 1317 15 a sumphfied map of Cardiff s
functional arcas, and we hist the map evidence for this dwision

(1) Shopping and business Central locatton straight roads large blocks of
buldings man raitway station, bus station cathedral town hall

) Industry  Works with railway sidings to main line gas works electricity
generatmg stations, industnal estate

(u) Commerce Docks (large rectangular tidal basins locks, warehouses rail
way sidings to dockside, dry docks), ratlways (network of railway hnes, large
areas of sidings goods depot) canals
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Business
and

Industry
and
commerce

Fig. 13.17 Functional areas of Cardiff. See Map 6 on page 275

(1v) Residential. Close road network, lines of buildings, numerous schools,
churches, railway halts, hospitals.

(v) Administrative. Town hall, assizes, barracks, county hall

(v1) Recreation and leisure. Parks, gardens, sports stadium, swimming pool,
recreation ground, named buildings of historical interest.

(d) Settlement Plan or Form
The shape or plan of settlements varies so much that we cannot make a simple
classification of types, but two shapes do appear regularly on OS maps and
may be easily recognized

(1) Ribbon or linear developments are found where the houses in a village or
those on the outskirts of a town straggle ‘one-house deep’ for a distance along
the road, with open country away from the road (see Corfe Castle on Map 7
and North Collingham on Map 3, and also Fig, 13.18(a)).

(i) Nucleated or nodal settlements are those which have grown up around a
centre—usually at the meeting of roads or a bridge over a river—which may
be the core of the settlement (see Map 2, 8486 and Fig 13.18(5)).
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{a) (b}
Fig 1318 Settlement 1ypes () ribbon (linear) (b} nucleated (nodal}

(¢) Settlement Distribution

Somet:mes a number of small settlements on an OS map may conform to a
recognizable pattern, usually as the result of physical factors When high
ground lies close to the sea settlements can only grow up on the coast tn
sheltered locattons On ligh ground away from the coast, settlements are
located only on the vailey floors, as Imear willages The muning settlements in
the valleys of the south Wales coalfield are excellent examples of this pattern
(H& R Unnt 12)

e ET—

North —~ facing
scarp slope

Southerly dip
done Chatk

B Spring hine
vitiage Cuesta

Fig 1319 Spring lne settlements in Yorkshire Settlement is very sparse on the

chalk surface but at the foot of the north facing scarp slope springs nse and

streams flow northwards Villages have grown up along the spring hne ar the foot

of the scarp slope but above flood level in the low lying marshy area known as
The Carrs which 1s now artificially drained
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Villages are rare in chalk areas because of the difficulties of water supply,
but a line of villages may grow up along the edge of the chalk, often at the
foot of a cuesta (Section 3.2). Each wvillage lies at a point where a stream
emerges near the junction of the chalk and its underlying clay, so these are
called spring line settlements (Fig. 13.19). In undulating lowlands, villages
may not conform to any recognizable pattern because there are no factors
restricting the location of settlements.

13.11 The Location of Settlements

It 1s an interesting exercise in map nterpretation to try to work out from an
OS map the reasons why a settlement has grown up in its particular location.
Many factors affecting the location of settlements show clearly on OS maps,
but there are hkely to be some which do not appear on the map, particu-
larly those which have exerted an influence in the past but are no longer
important.

(a) Historical Factors
Most settlements are hundreds of years old, whatever their size now, and
many of today’s large towns have grown up from humble ongins

Some settlements began their existence in vastly different conditions from
those shown on modern OS maps. In its natural state much of the low-lying
clay land 1n Britamn was marshy and likely to flood, so settlements avoided it
Villages grew up on the edge of the clay where they still exist today, although
the marsh has been draned and is now used for agriculture. Centuries ago
many villages grew up at an easy crossing point on a river, usually at a ford.
Since then, bridges have been built in most such places so the ford is omitted
from the map (Map 3, 280474). Many riverside settlements grew up as ports,
at the mland limit of the tides, but a combination of silting and the increasing
size of ships has destroyed the port activities of such settlements. These simple
examples of ‘lost’ factors, which were once important influences on settlement
but are no longer evident from OS maps, are part of the fascinating study of
the nter-relationship of geography and history. It is too large a topic for us to
cover here, but if you are interested 1n pursuing this aspect of settlement study,
W. G. Hoskins has written several interesttng books on the subject (see
Suggested Further Reading, p. 255).

There are, however, many factors influencing the location of settlements
which do show up clearly on an OS Map, and we shall discuss each major one
In turn

(b) Prehistoric or Roman Settlements

The age of a settlement may be deduced from the presence of antiquities in 1t
or nearby. A settlement of Roman origin has its name printed in Roman script
near its modern name
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(¢} Defence

1n the past, considerations of defence were a most important locaung factor
nd the exsstence of a castle (Map 7 959823) a hulltop site often surrounded
by earthworks (shown on the map by hachures as on Map | at 229084) or any
other form of natural protection such as a marsh or river meander (Map 3
Durham) may have been 1mportant 1n establishing the site of the settlement

() Water Supply

in the past settlements were often located mear surface water Many
undoubtedly obtamed thewr water from underground sources (wells) or
springs which may not be shown on present-day maps but you should study
carefully the settlements we referred to 1n Section 13 11(a) and (b) to see 1f there
1s an obvious source of water The absence of surface water actnely
discourzged settlement so that a chalk surface 13 usually sparselv populated
(Map | south of northing line 11) Villages which have grown up on chalk are
usually sitrated tn a valley bottom so as to be nearer the water table We have
already explained the significance of spring hine seltlements in Section 13 10(e)
and the continued importance of water supply can be seen on many OS maps
of highland areas where reservorrs are named

{e) Shelter

Natural protection has always been a wital factor when locating settlements in
certain environments  Floods are common on low lying land and on flat land
(Map2 Wool and Map 3) At tumes 4 small settlement may be located away
from the nver but not at the valley edge This suggests that the hamlet may
have grown up on a rver terrace high enough to be above flood level but not
tugh enough to be shown by the contours on the map The ewstence of a river
terrace may however be indicated by the presence of a number of unfenced
unmetatled tracks leading towards the river but stopping abruptly before
reaching 1t Such tracks run across the flat susface of the terrace but stop at
the steep terrace edge

In mountamous or hilly areas settlements are normally located in valleys so
s to obtain the maximum protection from wind and storm On Map 4
the only settlements are mn the valleys where the comparative ease of com

15 alsn an.ympantant factor An. puuan. 1o this general tle may
occasionally be seen in narrow valleys which run east to west such as the
Yorkshire Dales Farms and hamlets may be sited some distance above the
valley floor on the north side 1n order to take advantage of the extra sunshine
wh ch results from a southerty aspect (Section 10 6)

Settlements on exposed coasts are usually located on the sheltered side of 2
headland or a short distance up a river or et to protect them from storm
and pale damage Even then the inhabitants of such a settlement may have
found 1t necessary to burld a small curved breakwater to protect their boats
from the large storm waves which come from a direction from which they have
1o natural shelter These breakwaters are marked on OS maps (Map | 2305)
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(/) Bridge Point

A settlement on or near a river may be sited to take advantage of a par-
ticularly good crossing point. The reasons for this will become evident if you
study OS maps. Thus, the inland limut of tidal water may be chosen as a good
bridge point, not only because bridge building was probably easier there but,
possibly, so as not to obstruct navigation up to the tidal hmit. Flat-bottomed,
formerly marshy valley floors were often difficult to cross and the easiest
crossing point may have been at a pomnt where the valley sides come close
together The lower valley-side contours will show whether this factor 1s 1m-
portant: not only 1s a settlement hikely to grow at this point but a road or even
a rallway may cross the valiey at the same place.

I, I High, steeply
rising hills

[j Lower

hills

l:l Flat, artificially—
drained land

E Railways

E ‘A’ class roads

Lowest valley
contour

| | I

1 0 1 2 km

Fig 13.20 The location of Keswick

Fig. 13 20 shows the location of Keswick, which grew up at this point for
three main reasons. In the first place, 1t was near the easiest crossing point of
the flat, formerly marshy floor of the river Derwent flood plain (see the 76 m
contour on Fig. 13.20). Second, it was at the northern end of Derwent Water,
where the hills bordering the lake are lower and less steep, making access from
the south-east easier Third, it was at the confluence of the rivers Greta and
Derwent. The railway follows the Greta into Keswick and crosses the flat
valley floor close to the road, so as to take advantage of the narrower valley
floor.

(2) Routes Centres (Nodal Settlements)
Certain sites have developed as the natural meeting place of roads.

(1) Bridge points may attract roads from a wide area, on both sides of the river
The lowest crossing point on a river is particularly significant in this respect,
because it is where many routes are likely to converge (Map 2, Wool and Fig.
13.21). A ford (Map 3, 280474) may become a bridge point.
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()Gaps n & hill dge Routes from a wide area may converge on a gap from
both sides of a ndge to take advantage of this easy way through the ndge
{Map? Corfe Castle)

{11) Confluences A settlement 1s hikely to grow up at a point where several
valleys and their streams meet manly because roads tend to follow valleys
051 50000 map sheet 184 shows how Sahsbury has grown up at a position
where several nver valleys meet

Fig 1321 shows the location of Salisbury and S 1s the site of Old Sarum
the earfiest town 1n the area It hes about 30 m above the nver Avon and 15
defended by circular ditches and banks 1t became a Roman town called
Sorviodunurt and later was the site of 2 Norman cathedral Water supply
was always a problem at this hilltop site and in the thirteenth century a
cathedral {(C) was built 3 km to the south on well watered meadows where the
fiood plain narrows shightly Modern Salisbury (New Sarum) still avoids the
low lyng flood plams and has expanded on to the spurs between the niver
valleys It 1s an excellent example of a route centre and bridge point

Z 3
s

m,.,‘%

£ Ra tways [Jeoodptas Qs  odsaum
A 77 Present M
=9 A class roads A e crea C  Catheoral
D H gh ground
T2 3km

1
F1g 13 21 The location of Sahsbury

(%) Dey sites On very flat fand a shght nse in the surface may have been
;“mmﬂl protection agaunst floods in the past to give a dry site tn marsh or fen
and After the marsh has been dramed such a site may become the dominant
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settlement n the area and roads may converge on it. Excellent examples of
this may be seen in Ely (1 : 50 000 map sheet 143 at TL 5480) and Othery and
Middlezoy in Somerset (1: 50 000 map sheet 182, SS 3831 and SS 3732). All
these settlements were formerly fen 1slands on slight rises above the surround-
ing marshy fenland. Now that the fen has been drained, the only evidence on
the map of therr site 1s the 15 m contour around them.

(h) Agricultural Land

Much indirect information about the extent of farming is given on OS maps,
although there 1s Iittle direct information about agriculture on them Open
land which is not covered by any form of natural vegetation (marked on OS
maps by one of the conventional signs for woodland, marshland or rough
grassland) 1s most likely to be farmland, either arable (crops) or pasture
(grass) (Map 1, 2011 and 2107) If farms are named on the map it is likely that
agriculture is an mmportant activity (see the northern part of Map 1), and
1:25000 maps show field boundaries which are also evidence of agricuiture
(Map 7, 9781).

In hilly areas of Britain, such as the Lake District, North Wales (Map 5),
the Scotuish Highlands and the Pennines (Map 4), there are large areas of
rough grassland which suggest some form of hill farming, usually sheep
rearmng. The presence of field boundaries 1n such an area (on 1 : 25 000 maps
only) supports this deduction. Flat valley bottom land with drainage ditches
or even patches of marsh 1s most likely to be used for cattle rearmg (Map 2,
8387, Map 5, 6114). The presence of large orchards or areas of glass houses—
each 1s shown by a conventional sign—is evidence of market gardening as an
important type of agriculture in the area.

(1) Local Resources
People may live 1n an area in order to exploit its resources. Many of these

resources are marked on or may be deduced from the map, and we shall
discuss five of the major types.

(1) Mines and quarries are usually named (Map 5, 612164, Map 4, 730766).
Even if they are no longer operative they are likely to be marked and even

named, such as ‘old quarry’ (Map 4, 728759) and ‘quarries, disused’ (Map 5,
626131).

(i) Industry is shown as large groups of buildings, often with railway sidings
built especially to serve them. ‘Works’ may be the only evidence of this printed
on the map (Map 1, 244078, 200087, Map 7, 956828) but on more recently
printed maps on both scales the full name of some industrial sites is marked,

such as the Nuclear Research Station (Map 2, 8186) and Gas Works (Map 7,
175744).

(i) Lumbering. You must be cautious here as a large area of woodland does
not necessarily mean that lumbering takes place. There are vast areas of
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prvate parkland in Bntam retained largely for their natural beauty or for
sportmg purposes Forestry Commussion plantations are not marked as such
on the map, but they may be detected fairly easily because they are entirely
conferous and have unfenced access teacks known as rides running through
them (Map 7 9784)

(wv) Mills are normally named on the map beside a stream 1f they are water
mils or mdicated by a conventional sign if they are windmills (page 259)
Their presence suggests that milling usually of grain has been important 1n
thepast but1t1s unlikely that they are of any great local significance today In
places although no trace of the mull atself 1s shown a foca) place name sug
gests that one has existed n the past Ml Hill (Map 1| 213067) and Mill
House {Map 3, 265476) are examples of this

(v) Tounsm Certain areas of beautiful inland or coastal scenery may attract
tounsts particularly the country s National Parks the extent of which 15
shownon 1 50000 maps Special facihues are shown
on the map such as motor racing tracks, water skung centres or horse racing
tracks Mountaineening areas arc dotted with mountam rescue posts and
1 50000 maps show a wide range of tounist amenities (see page 279)

()} Coastal Seftlements

There are a number of reasons which help to explain why settlements are
located on or near the coast We have already mentioned a number of them
but we shall now discuss them 1 more detai!

(1) Sheltered water may occur naturally because of the shelter of a headland or
artificially due to the protection given by a man made breakwater (Map 1
2304 Map 5, 613152)

(1) Deep navigable water may be shown by the absence of any form of sea
floor exposute at low tide Sometimes the word harbour is prnted on the map
{Map 1,2304) and the navigable approaches to a port of any size are usually
marked with buoys beacons lghtships or hghthouses Furthermore the
presence of such services as coastguard and lifeboat statons (Map 1 2304
Map 2, 825797, Map 5 618155) suggests that ships use that part of the coast

{1) Port actimties In large commercial ports you may find evidence of large
scale trade and industry m the form of docks jetties locks railways on the
quayside large buildings {usually warehouses or mills} a Customs House and
lhti n)lt;\;;;usly rectangular (that 1s man made) shape of the coast (Map 6 1974
an )

() Tounsm A popular holiday resort may possess such tounst facilities as a
peer, boating Jake, Pleasure grounds and large sheltered, sandy beaches often
it groynes (Map 1 2004)
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(k) Site and Situation

We have dealt 1n considerable detail with those factors influencing the location
of settlements which are shown on OS maps. The location of a settlement
comprises two elements, site and situation.

The site of a settlement 1s 1ts exact position 1n a particular spot or, in the
case of a large town, the exact position of the small settlement from which 1t
has grown. The principal reasons which help to explain the site are defence,
water supply, confluence, gap, bridge point and, sometimes, a particular local
resource.

On the other hand, the situation of a settlement infers its position in relation
to the surrounding area in which it has grown up. The reasons which help to
determne situation include route centre, agriculture, valley bottom location
and the factor which influences many others, the geology of the area.

13.12 Communications

In many respects, the settlement pattern is closely related to the network of
communications—roads, railways and canals—all of which are clearly shown
on OS maps. These lines of communication have been specifically built to
carry people and goods, so it 1s not surprising that they generally run between
settlements. The recently constructed by-passes and motorways are an excep-
tion to this rule because they deliberately avoid towns to reduce traffic conges-
tion, thus enabling through-traffic to reach its destination more quickly. (See
Map 3, A1(M), with link roads to ncarby towns.)

{a) Roads

Roads of a sort—tracks, bridle-paths and footpaths—have connected settle-
ments for centurtes, following the easiest routes across country. The earliest
roads were used by people on foot or horseback and by horse-drawn vehicles,
they were generally made for agricultural purposes, linking farms to other
farms, and farms to willages. In the seventeenth and eighteenth centuries,
turnptke roads between the larger towns were surfaced—after a fashton—and
sometimes straightened. But Britain’s present road system has developed over
the past 50 years, as a result of the increasing use of the internal-combustion
(petrol) engine, although most of these roads tend to follow the course of an
older routeway.

Many roads follow valley floors, especially in hilly and mountainous
countryside (Map 4). To cross higher ground, roads may follow a pass by
going up one valley, across the watershed and down another valley (Fig.
13.13(n)).

A gap 1s another easy way for a road to pass from one side of a hill ndge to
the other (Map 7, Corfe Castle), but some roads actually follow the ridgeway
(that 1s, a route which runs along the level crest of a range of hills for much of
1ts length) The existence of such a road usually denotes that the route is an
old one, chosen centuries ago to cross the bare, windswept hills and avoid the
marshy wooded valleys.

Roads generally avoid huigh, steep, rocky hillsides and low-lying flat land,
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especnally the flood plams of nivers which were probably marshland at enc
ume (Map 1, A283 road) When these types of terrain lie next to each other
the road follows a route between them 1t runs shighily above the flat land but
at the base of the steep slope (Map 5 from 633136 to 615122 and Map |
246113 to 200102)

{4 Railways
Raifways are a comparatively recent form of transport and have seldom been
responsible for the location of a settlement Railway routes were often chosen
speaifically to go through towns so that they could be used for passengers and
fraght Conventional railway locomotives cannot chmb steep gradients so the
routes followed by raitway lines are closely controlled by the rehef of the land
they may be very roundabout 1n hifly country Railway hnes have frequent
cuthings and embankments which have been built to keep the railway track as
nearly level as possible conventtonal signs are used to illustrate these features
on OS maps (page 258) Tunnels are constructed when the land 1s so high or
steep that bullding cuttings or embankments 1s not possible these are also
charlv marked on OS maps

In the fast few years many ralway Iines have been abandoned but their
cuttings embankments bridges and disused stanons may stll be shown on the
map with the course of the former railway line usually marked as a footpath
(see Map 1, north west corner, Map 3 2945 and 3044)

{c} Canals

Bruain once had a dense canal network especially in the Midlands and south-
castern England but there are few working canals left 1n Britan today Some
of the disused canals may still be marked on the map More than any other
this means of communication must follow a fevel or contour route and a
canal can only cross sloping land if locks are built A Tock must also be
constructed at a point where a canal meets a river or the sea A small port may
grow up at such a site

Further Reading

Baidin W G V  The Makmng of the Enghsh Landscape Hodder &
Stoughton (Londen) A sertes with a book for each coumy

Bich T W Maps Oxford University Press (London 1964)

Hurlty ) B Ordnance Sursey Maps A Descriptive Manual Ordnance Survey
(Southampton 1976)

Hoskims W G The Making of the Enghsh Landscape Pengum
(Harmondsworth 1970)

Hoskins W G English Landscapes BBC Publications (London 1973)

Tooley R V' Vfaps and Map Makers Batsford (London 1970)

Brinsh Landscape through Maps A set of booklets publshed by the
Geographical Association each one devoted to an mdividuat map or set of
maps
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Ordnance Survey Maps

As we said previously, the Ordnance Survey publishes a comprehensive range
of maps of Great Britain on a number of diffcrent scales; the full range of
publications may be seen 1n the OS Catalogue, obtainable free of charge from
the Ordnance Survey, Romsey Road, Southampton, SO9 4DH. The two
scales most widely used by geographers are | . 50000 (2 cm to 1 km) and
1.25000 (4 cm to | km).

In this section we are reproducing scven map extracts as well as the
conventional signs for 1.50000 maps (pages 258, 259 and 279) and for
1:25000 maps (pages 268, 269 and 279). Maps I, 2 and 3 are on 1: 50 000
scale while maps 4, 5, 6 and 7 arc on 1 : 25 000 scale. With cach map extract is
a sct of questions and cxercises similar to those set in GCE O level and CSE
examinations, answers to these questions appear at the end of the book
between pages 293 and 304.

A Note on Conventional Signs

It is impossible 1n any book to keep up to date with the frequent changes in
conventional signs made by the Ordnance Survey as new editions or ‘Series’ of
1:50000 and 1 : 25000 maps arc published. At any time, different parts of
Great Britain may be covered by a different Series at each scale and the
situation changes year by year as maps arc reprinted and up-dated. The
conventional signs that we have included 1n this section are those which you
arc most likely to find on maps of these scales, but you may come across signs
which have been changed or added.

Every map published by the OS has its own appropriate conventional signs
printed in its margin. For up-to-date information, however, the reader may be
interested to know that cards depicting the signs for both Series of 1:50 000
and [, 25 000 maps are available from the address given above.
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Ordnance Survey Maps

1 50 000 Scale Maps
These maps cater for a wide variety of uses, incloding motening tourism and
outdoor activities, by giving a detailed topographical picture of Great Britatn,
covered by 204 sheets The sheet hnes are compiled so that, as far as possible,
conurbations and recreation areas appear on the mumimum of sheets Sheet
numbers 102 to 204 (south of a ne through Lancaster) were published 1in 1974
and the remaining sheets 1 to 101, 1n 1976 some m Second Seres format with
several improvements and addintons

As we bnefly mentioned 1 Table 13 1, some Second Series maps have
contours drawn at 10m intervals and the OS aims to cover the whole of Great
Bntain on this Sertes with metnc contours by 1985 All Second Senes maps show
much more detailed tourist information and other conventional sign changes are
detailed on page 279

Although the 1 50 000 maps have superseded the one mnch (1 63 360) maps
several special sheets on this latter scale are sull published as tourist maps They
give more detaled tounst informanon than s shown on 150 000 maps
including lists of selected places of interest such as archacological sites beauty
spots ecclestastical buildings museums and stately homes open to the public
Relief 15 shown by a combination of contours layer tints and hiil shading to
give an attractive representation of the countryside Areas covered by these
maps are Exmoor Dartmoor, the New Forest, the Peak District the Lake
District the North Yorkshire Moors Loch Lomond and the Trossachs Ben
Newis and Glen Coe and the Caingorms the Snowdoma National Park 15
covered at a half inch to the mile scale

Extracts we show on 1 50 000 scale are
Map 1 Sheet 198 (Brighton and the Downs) Furst Series
Map 2 Sheet 194 (Dorchester and Weymouth) First Sertes
Map 3 Sheet 88 (Tyneside) Second Senies
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Conventional Signs (1 : 50 000, First Series)
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Map 1 (1:50 000, Sheet 198 (Brighton and the Downs))
(See illustration on page 52, Fig. 3.10)

Questions (Answers on pages 294-6)

1.

Give the grid references of the A 27(T) road bridge over the river Adur and
of the two railway stations in the south of the area.

. Measure (g) the bearing, (b) the straight line distance, and (c) the distance

along the A class roads from the church with a tower at 208060 to the public
house at 213129, (Distances should be measured to the nearest tenth of a
km.)

. List the conventional signs in square 2307.
. Imagine yourself walking north to south along the 22 easting grid line.

Describe the nature of the surface as you walk southwards. Does this
description suggest any particular landform?

Calculate the gradient between the triangulation pillar 216 on Truleigh Hill
(226108) and Truleigh Manor Farm (224115).

6. Compare the shape of the surface in square 2110 with that in square 1911.

10.

11.
12.

Can you explain why the drainage pattern is so complex in the four grid
squares of which 200120 is the centre?

Describe the course followed by the river Adur as it flows north to south
across the area.

Between the road from Fulking (2411) to Upper Beeding (2010) and the
A 27(T) road there is no evidence of surface water but there are several
valleys. What does this suggest?

The mouth of the river Adur makes a sharp bend eastwards just before
reaching the sea. Can you give any reasons for this? What are the short black
lines projecting seawards along much of the coast?

‘What evidence is there that man has lived in this area for many centuries?

Present-day settlement is in two distinct strips, one along the coast and the
other between Fulking and square 1910. Can you explain this pattern of
settlement? Why do you think there is very little settlement between these
two strips? (See Fig. 3.10.)
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(a) What s the sigmficance of the unusual pattern of roads 1n square 2006”
(5) In square 2308 what arc the four paralie! black hnes which run
approumately north to south? What does this suggest may he just off the
south-east cotner of the map?

() Give reasons for the location of Shoreham Arrport (2005)

(b) What are the advantages of the location of the works at 2000867 Can you
suggest what type of works this 1s7 (The answer to Question 9 may give youa
clue)
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Map 1 (1 :50 000, Sheet 198 (Brighton and the Downs))
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Atap2 (1 50000 Sheet 194 (Dorchester and Weymouth))
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R

R

Map 2 (1 : 50 000, Sheet 194 (Dorchester and Weymouth))
(See illustration on page 80, Fig. 5.9)

Questions (Answers on pages 296-8)

1. Give the grid references of the level crossing in Wool, the church with a
tower in West Lulworth and the triangulation pillar 134 on Hambury Tout.

2. Measure (@) the bearing, (b) the straight line distance and (c) the shortest

road distance from Wool railway station to the Inn at East Lulworth

(858818). (Distance should be measured to the nearest tenth of a km.)

What is the length of the coastline in this area, to the nearest km?

List the conventional signs in square 8287.

5. This section is drawn along the 84 eastings line.

w

840882 840840
E o
' {
:/\‘ ‘/\J’/:
]
840840 840795

e - v ——

Trace it and on your trace mark clearly the following features: an electricity
transmission line, an area of wood, a flood plain, a meandering river, a
multiple track railway, an A class road, a B class road, a tumulus, an area of
heath, bracken and rough grass, a steep-sided ridge.

6. Calculate the gradient between the triangulation pillar 167 at 826816 and
the crossroads at 829809.

7. (a) Describe the relief in (i) the southern half of square 8380, (ii) square 8183,
(iii) square 8287.

(b) How high is the cliff at 826800?

8. How many forms of natural vegetation can you identify in this area? What
suggests that much of the land here is farmland?

9. The river flowing across the northern part of the area is the river Frome. In
which direction does it flow? Describe the nature of its course and its valley.
(Use as many relevant geomorphological terms as you can.)

10. South of the river Frome there is little surface water. Can you give any
explanation for this?

11. What evidence is there that this area has been inhabited for a long time?

12. What does man use this area for today?

13. What reasons can you give for the location of the settlements at (a) Wool,
(b) West Lulworth?



Ordnance Survey Maps 265
Map3 (1 50000 (Second Series) Sheet 88 (Tyneside))
Scale 1 50000
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Map 3 (1 : 50 000 (Second Series), Sheet 88 (Tyneside))

Questions (Answers on pages 298-9)

1.

(a) Guve the six figure grid reference of the bus and coach station in Durham
and the point where the A 181 road crosses the motorway.

(b) What 1s there at (i) 296492, (ii) 275469, (1ii) 267415?

(c) What 1s the difference between the two National Trust areas in square
30467

(a) Measure the bearing and distance (to the nearest tenth of a km) from the
bridge over the motorway at 308470 to Durham railway station.

(b) What 1s the length of railway line between Durham station and the
bridge at 2714977

. (@) What is the sigmificance of the unusual road pattern around 304444?

(b) Describe and account for the route followed by the motorway.

(¢) What difference 1s there between the 4 class road to the north of the
roundabout at 264458 and that part of the road south of the roundabout?
(d) What evidence is there of railway closure?

(a) In which direction does the river Wear flow? Give at least one reason for
your answer.,

(b) Describe the course of the river Wear as 1t flows across the map.

(c) What follows the river between 278489 and 2874787

(a) What 1s the only variety of vegetation shown in this area?

(b) What suggests that most of the countryside not occupied by buildings is
agricultural land?

(a) Contrast the shape of the Wear valley as 1t flows through squares 2944
and 2749.

(b) Calculate the gradient between the spot height 81 at 265486 and the spot
height 33 on the road at 276484,

. What evidence 1s there that this area is likely to attract tourists?

(a) With the aid of diagrams, give the site of the original settlement of
Durham.

(b) For what reasons did 1t grow up on this site?

(c) What evidence 1s there of recent expansion of the City?

What suggests to you that Durham is an educational centre of some
importance?

-
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1 25 000 scale maps

Although they were produced for military purposes as early as 1914 atwasonly
1n 1945 that 1 25 000 maps became available to the public to fill the gap between
the one inch to the mile and six inch to the mile maps

Furst Series maps of this scale were able to show fuller detail over a smaller
area than the one inch maps each sheet covered a 10 km square and
improvements were constantly incorporated n these maps as they were
produced Most of Great Britatn was covered by 1956 As reprinting becomes
necessary sheets are replaced by Second Series maps m a new and improved
style Since their first publication 1n 1965 maps mn this Senes have been mostly
20 km east to westand 10 kmnorth to south thus covering twice the area of First
Series sheets Generally speaking the information shown 1s the same on both
Series but 1n a more attractive and colourful form on Second Series maps and we
show their conventional signs on pages 268 9 A small number of experimental
Second Series (Metric) sheets have been published but these differ from other
125 000 maps 1 only one important respect as we mentioned 1n Table 131
some contours are at 3 m tervals with every 25 m drawn thicker while others
have a 10 m ntervaf with every 50 m driwn thicker Some slight vananions in
their conventional signs are shown on page 279

Publication of the 125 000 scale maps 1s constantly changing and the three
different Series are currently n use in vanous parts of Great Britamn the
situation at any time may be found 1n the OS catalogue but not until the 1990 s1s
the whole of Great Britain expected to be covered by Second Series maps with
metric contours

1n 1972 new tourist maps based on the 1 25 000 scale were first published
known as Outdoor Lersure Maps These very attractive and highly informative
publications cutacross the normal sheet hines for many of Britain s most popular
tounst areas Each one 1s varied to enable the inclusion of as much local
formation as possible and the key 1s printed in English French and German
Based on First Senies maps with footpaths clearly shown 1n green are the Dark
Peak (1n Derbyshire) the Three Peaks (West Yorkshire) the Enghsh Lakes (the
Lake District on four sheets) the Wye valley and Forest of Dean Malham and
Upper Wharfedale the Brecon Beacons (on three sheets) Snowdoma Natronal
Park (on six sheets) and the South Pennines Lessure maps based onthe Second
Series melude the High Tops of the Catrngorms the Cuitlin and Torrtdon Hills
(two maps of western Scotland printed back to back) Brighton and Sussex
Vale Purbeck South Devon and the New Forest Other popular tourist areas
will be added to this hist as uime goes on

Extracts we show on 1 25 000 scale are
Map 4 Sheet SD 77 (Ingleborough Hll) Furst Series
Map 5 Sheet SH 61 (Barmouth) First Series
Map 6 Sheet ST 17/27 (Carduff) Second Series
Map 7 Sheet SY 87/97/5207 (Purbeck) Second Series
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Conventional Signs (1 : 25 000, Second Series)

Roads
Moo Ao,
Al = Motorway
A stels .
s Trunk £02d | Narrow roads with
35 Y passing places are
s Man road ! annotated
o3
e 3074 Secondary road
A
r 35 Dual carriageway
= s 14 ft of metalling or over
{not included above)
e UNdEC 14 ft of metalling,
tarred (not meluded abave)
Under {4 fc of metalling,
TR ST S

untarred

Minor road in towns, drive
or track (unmetaltled)

Unfenced roads and tracks are shown by pecked lines

Path
Public rights of way
R ‘Footpath
" Public paths ! oot
e e e e e o 'Bridleway

j Road used as a public path

b e Prr s b e v
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Raitways
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Tunnel

Road over
Road under
Level crossing

Station

Public rights of way indicated by these symbols have been derived from Defimitive Maps as amended by

iater enactments or instruments held by Ordnance Survey on

the limitations imposed by the scale of mapping

and are shown subject to

The representation an this map of any other road, track ar path ts na avidence of the existence of a

right of way

Symbols
) with tower
C
LIS hg:-Ch with spire
. chapel
+ without tower or spire
) Building
= Giasshouse
< Bus or coach station
o} Chimney
A Beacon
X Lighthouse
.r,{_f, Lightship
A Triangulation station
Triangulation potnt on church,
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- - n

v ONT -

.- 2

e e

s ONT

e

NTS NTS

VILLA

Laatle

o

~ 1066

é/' [
et

EEITR

Nation! Truse
always opan

Natanal Truse
opening restricted

Nacional Truse for Scotland

Roman Antiquity
(AD 43 to AD 420}

Other anuquities
Site of antrquity

Site of battle {(with date)

Gravel pit

Sand prt

Disused pit
or quarry

Chalk prt, clay pit
or quarry

Refuse or slag heap

Sloping mascary

Electricity transmission hine

- a-

pylon
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Map 4 (1 : 25 000, Sheet SD 77 (Ingleborough Hill))

(The area covered by this map extract also forms part of the ‘Three Peaks’
Outdoor Leisure map.)

Questions (Answers on pages 299-301)

L.

2.

(%)

What are the grid references of the triangulation pillar on Ingleborough Hill
and the milestone which s nearest to Lancaster on the B 6255 road?

(a) What 1s the length of metalled (surfaced) road in this area? What is the |
distance from the old quarry (728758) to Lancaster (5 miles = 8 km). Give
both measurements to the nearest tenth of a km.

(b) Measure the bearings from the summit of Ingleborough Hill to
(1) Braithwaite Wife Hole (743762), (ii} the building at Crina Bottom
(724735), (iii) the spot height 802 (726757).

. List the conventional signs in square 7276.
. Draw a section along the 74 northing line between its intersections with

eastings lines 72 and 74. Use a vertical scale of one tenth of an inch to fifty
feet. Calculate the vertical exaggeration of the section.

. Calculate the gradient between Braithwaithe Wife Hole (743762) and spot

height 777 at 733764.

. Compare the valleys of Hard Gill (square 7273) and Chapel Beck between

737770 and 720758. Which way does Chapel Beck flow?
Describe the nature and slope of the surface on a walk between the crest of
Ingleborough Hill and the old quarry at 728758.

. What 15 unusual about the streams tn squares 7475 and 7476? Does this

drainage pattern suggest anything which might enable you to deduce the
type of rock found over much of this area? Is there any further evidence to
support this deduction?

. Why are there few roads and little settlement in this area? How would you

describe the location of the settlements and roads?
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Map5 (1 25000, Sheet SH 61 (Barmouthy))
(See illustration on page 82 Fig 511)
Questions (Answers on pages 301-2)

RV ) [

oo

©

10
1

Guve the grid reference of Barmouth Junction railway station the milestone
one mile east of Barmouth and the railway station in Farrbourne
Measure () the beaning, (5} the straight line distance and (c) the distance
along the railway from Barmouth Junction station to Barmouth railway
station (Measure distances to the nearest tenth of a km )

List the conventional signs 1n square 6214

Calculate the gradient between the spot heights 870 at 618165 and 14 at
623157

What name can be given to the contour feature Fegla Fawr in squares
6214-63147

To the south of the estuary there are two areas of greatly contrasting rehef
separated by the road

(a) How can you tell that these two areasare very different from each other?
Describe each one

() Can you suggest any way in which the northern of these two areas came
mto existence?

Describe the appearance of the estuary (a) at low tide () at high tde
‘What name can you give to the stretch of land in square 61147 Describe how
1t was formed

What evidence 1s there that the land in square 6113 has been made surtable
for agniculture?

Describe and give reasons for the location of the roads in the area

‘What reasons can you give for the locanion of Barmouth?
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Map 4 (1 : 25 000, Sheet SD 77 (Ingleborough Hill})
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Map6 (1 25000, Sheet ST 17 (Cardiff))
Questions (Answers on pages 302-4)

Guve the grid reference of the Fort in Cathays Park, the railway station i
Temperance Town and Clarence Bridge

Measure (g} the beanng (b} the straight hne distance and (¢} the shortest
road distance from the Chapel at road junction 177753 1o the Infirmary
(193769) Measure distances to the nearest tenth of a km

1f you walked across square 1773 and square 1977 what differences would
you notice n the nature of their surface?

Describe the appearance of square 1873 (g} at low tide (8) at tugh tide
What 15 there at the entrance to every dock? Why 1s this necessary?
What are the large buildings close to the dockside as at 197740 and 198756
‘What are the black hines meeting the dockside such as those between 195750
and 1927567 Do these answers tell you anything about the main activity in
the docks? The small inlets of the sea at 190743 are for an entirely different
purpose what 15 st and what name can be given to inlets cuch as these?
Large blocks of building occupy much of the southern part of square 1876
What kind of buildings are these? In what ways are these buildings different
from those tn square 1977 (see Question 3)?

How would you descnibe the area alongside the niver (Taff) from the north-
west corner of the area to Cardiff Bridge (180758)" Cathays Park lies to the
east of this area what are the butldings here?

What other features typical of a large town may be seen n ths area”
Several buildings in this area are bordered by a thick black line Identify at
least three of these and explain why they are shown differently

oo - s w ~

Swe
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Map 5 (1:25 000, Sheet SH 61 (Barmouth))
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Map 7 (1 : 25 000 (Second Series), Sheet SY 87/97/SZ 07

(Purbeck))

Questions (Answers on pages 304-5)

L.

2.

10.

Give the grid references of the church with a tower in Corfe Castle, the
tumulus on East Hill and the RAC telephone north of the Castle.
Measure (a) the bearing, (b) the straight line distance and (¢) the main road
distance from the railway bridge at 970806 to the road junction at 954828,
(Distances should be measured to the nearest tenth of a km.)

. What do the short black lines (hachures) signify on three sides of the Castle

at 9598237 How would you describe this feature?
List the conventional signs in square 9682,

. Construct a section between Woodhyde Farm (975804) and Lower Bushey

Farm (973833), using a vertical scale of 2 mm to 25 feet. Calculate the
vertical exaggeration of the section.

. Calculate the gradient between the tumulus at 964824 and Rollington Farm

(969827).
What evidence 1s there that man has lived in this area for a long time?

. What reasons can you give for the location of Corfe Castle village? Describe

its layout.

The area may be divided into three east-to-west zones, each with its own
distinct form of relief. Draw a sketch map at salf the scale of the map and
divide 1t into the three different relief areas. Is there a corresponding
difference 1n the vegetation of these areas? Write a paragraph of description
of each of the three areas.

Study the vegetation and drainage in square 9784. What type of woodland is
1t? Can you suggest what the wood is used for? Can you explain its unusual
form of dramage?
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Ta construct and use a Romer

A Romer 1s a simple device that you can construct to help you to complete a six
figure gnid reference It makes the of tenths eastwards and
narthwards across a gnd square easter and more accurate especally with the
larger squares of the 125 000 maps You may construct a Romer as follows

(1) Using the top right hand corner of a postcard or sheet of paper, mark outa
kilometre along the two adjacent edges at the scale of the map in use (4 em
for 125000 and 2 cm for 1 50 000)

() Divide each of the kilometre lengths you have measured mnto ten equal
parts, using a ruler or the line scale

() Number these tenths away from the corner the Romer 1s now ready for use

(1) Place the corner of the Romer on the point on your map whose gnd
reference you wish to work out

(v) The nearest mtersection of the eastings and northings gnd lines with the
divtsions of your Romer will indicate the numbers wiich you require as the
third and sixth figures of the gnid reference (see Fig 1322)

63 64 65
03
I rrr7r7 It
¢ 8 6 4 2 A
2]
]
Romer s X
125000 02
o]
o1 Grid Reference 634026

Fig 1322 How to use a Romer
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Map 7 (1 : 25 000 (Second Series), Sheet SY 87/97/SZ 07 (Purbeck))
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Glossary

abrasion the process by which a rock surface 1s worn away by one of the
agents of erosion, using the matenal which the agent 1s transporting (the
load) as a tool Thus the sea uses beach sand and pebbles to undercut the
T the wind uses sand This process may also be called corrasion

geid rocks 1gneous racks with a high proportion—usually over 65 per cent—
of stlica, e g pranite rhyolite

alluvium the finer matenal carried and ladd down by & niver onits flood plain
a delta or n lakes It 1s often called siff In a broader sense the word
alluvium 15 sometimes used to denote all the unconsolidated matenal lad
down by a rver (adjective alluvial)

anemometer a meteorological instrument used to measure wind speed The
two main types are the cup anemometer and the tube anemometer

annual range of temperature 1t 1s used mainly 1o express the temperature
difference between the two months of the year which have the highest and
lowest mean monthly average temperatures

snticyelone an area of high atmosphenc pressure somenmes called 2 high

antipodes the two points at opposite ends of any diameter of the earth

aquifer a rock layer which allows water to pass through wt eg chalk
sandstone and which holds water when underlain by an wmpermeable
layer

and very dry 1t s defined in two main ways (1) less than 254 mm of rain per
year, {u) where evaporation exceeds precipitation

aspect the direction m which a slope faces It is usually related to the amount
of sunshine received by the slope

atmosphere a thin layer of gas surrounding the earth consisung mamly of
mitrogen (78 per cent) and oxygen (21 per cent)

attntion the weaning down of fragments in the load into smaller particles asa
result of their constant friction with each other dunng transport by stream
wind or the sea

avs the hine between North and South Poles about which the earth rotates It
1s tilted at an angle of 23} from the vertical

baching a change of wind direction 1n an anti-clockwise direction e g from
south through south-east to east See also 1eermg

bac;x slope the more gentle slope of a cuesta It 1s sometmes called the dip
slope

barchan a sand dune in the shape of a crescent It hies transy ersely to the wind
and its homs pomt in the same direction as the wind
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barometer: a meteorological instrument used for measuring the pressure of the
atmosphere.

base level: the lowest level to which a stream or river erodes its bed. It is the
same as sea-level, under normal conditions of erosion.

basic rocks: igneous rocks with a low proportion—usually less than 55 per
cent—of silica, e.g. gabbro, basalt.

Beaufort Scale: a scale of thirteen wind speeds (0-12), related to the wind’s
effect on surface features such as waves, trees, dust, smoke and houses.

block mountain: see horst.

catchment area: the total area drained by a nver and its tributaries and
bounded by the watershed of the river system.

Celsius: the scale of temperature on which 0° represents the melting point of ice
and 100° the boiling pont of water. 1t is more commonly called Centigrade.

Centigrade: sce Celsius.

compression: the horizontal pressures on rocks which usually result in rock
folding and, sometimes, faulting. It 1s also used of air which is subjected to
pressure so that the body of air is made to occupy a smaller volume, e.g.
water compresses air 1n a crack in the rock as a wave breaks or as the tide
rises. See hydraulic action.

condensation: the process by which vapour changes into iquid form It 1s
important in meteorology as air which cools below its dew point results in
the many forms of precipitation

confluence: the place where two streams or rivers meet.

corrasion: see abrasion.

craton: a large, stable part of the earth’s surface composed of very old, hard
rocks and hardly affected by earth movements. It is often called a shield or
shield area.

cuesta: a hill with one gentle slope (back slope) and one steep slope (scarp
slope) usually formed by the outcrop of a gently inclined layer of sedimen-
tary rock. It is sometimes called an escarpment.

deflation: the removal by wind of fine, loose material (e.g. sand, dust) from the

earth’s surface .
denudation: the wearing away of the earth’s surface by all natural means. It is

often divided into weathering, mass wasting and erosion.

depression: an area of low atmospheric pressure, sometimes called a low.

dew point: the temperature at which the water vapour in cooling air con-
denses.

dip: the maximum angle at which a rock layer 1s inclined from the horizontal

dip slope: see back slope.

diurnal range: the difference between the highest and lowest temperatures n
any one day.

divide: see watershed. .

doldrums: the belt of calm air along the equator, forming part of the equator-
ial low-pressure belt ‘
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dranage- the flow of water along the earth s surface by means of natural or
arttficial channels

drowned valley see ria

drownmg the effect of nsing sea level on a land mass

earth movement 2 movement 1n the earth s crust caused by internal forces

eluvsation the process which takes place in soils when material from the upper
fayers 15 carried downwards usually 1n solution 1t 15 sometimes called
leachng

emergence a rise in the level of the land 1n relation to sea level

equator an imagnary hne around the earth midway between the poles
and at nght angles 1o the earths axis It 15 also the 0 parallet of lau
wde

equinox the two days each year about 21st March and 21st September when
the sun 13 overhead at the equator On these dates the penods of daylight
and darkness are of equal length all over the world

erg the part of desert surfaces covered by sand the term 1s applied manly to
the Sahara

erosion the process by which the earth s susface 1s wom away by those agents
(ice sea wind and nvers) which also transport and deposit the eroded
fragments See also weathering

eruption the volcamc process by which matenal 1s poured or thrown out from
a volcano on to the earth s surface or 1nto the atmosphere 1 a solid hquid
or gaseous state

escarpment see cuesta

evaporation the process by which hiquid 1s changed mto vapour

exfoliation the peeling off of layers of an exposed rock surface due to alter
nate heating and cooling It 1s especiatly charactenstic of areas such as
deserts which have a large dirnal range of temperature It 1s sometimes
called omon weathering

exotic stream a niver which denves most of 1ts water from outside the area
through which 1t flows such as the nver Nile flowing across the Sahara

Fahrenhext the temperature scale on which 32 represents the melting point of
1ce and 212 the vothng pownt of water
fanlt a crack or fracture in the earth s crust caused by compression or stretch

mg

fjord adeep steep-sided inlet of the sea formed when a nising sea Jevel drowns
a glaciated valley

fuvio-glacaal the effects of melt water flowing from the ice of a glacier or ice
sheet

freeze-thaw process. see thaw—free=e process

glacual the cold peniod of an Ice Age duning which the icecovered part of the
earth s surface has increased (See wterglacial )
& the p and features wth the action of ice
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graben: a trough-like feature in the earth’s crust formed by two parallel sets of
faults, where the land in between has been ‘let down’.

great circle: a circle drawn on the earth’s surface whose centre is the centre of
the earth. The shortest distance between any two points on the earth will be
part of the circle.

guyot: a mountain of volcanic origin rising from the sea floor, with a flat top
well below sea-level. See also seamount.

hamada: the part of desert surfaces covered by bare rock.

hectare: a metric unit of area equivalent to 2-47 acres (100 hectares = 1 km?).

hemisphere: half a sphere. The earth 1s divided into the northern and southern
hemispheres by the equator.

hog’s back: a cuesta whose back slope 1s as steep as its scarp slope. It 1s formed
by a steeply dipping layer of sedimentary rock.

horizon: a layer in a soil profile.

horst: an upstanding part of the carth’s crust bounded by faults, the land
around which has been ‘let down'

humidity: see relative muondity.

hydraulic action: the erosive power of water resulting from its power and
movement It also includes the compression of air in cracks by waves

hydrothermal activity: the part of volcanic activity which results from the ac-
tion of hot water, notably hot springs, geysers and mud volcanoes.

hygrometer: a metcorological instrument used for measuring relative
humiduty.

hygrophyte: a type of vegetation which requires a plentiful water supply
(adjective: hygrophytic)

illuviation: the process which takes place in soils when material carried down-
wards from the upper layers 1s redeposited, often to form a hardpan.

impermeable rock: rock which does not allow water to pass through 1t.

interglacial: the time between two glacial periods. the result of an increase in
temperature.

inversion of temperature: a temporary state of the atmosphere in which tem-
perature increases with altitude for a short distance.

iso-: a prefix meaning equal. It is used to denote lines of equal value drawn on
a map, for example: isobar, a line joining all points of equal barometric
pressure; isotherm, equal temperature; 1sohyet, equal rainfall.

jet stream: a westerly air current at high altitude (about 12 000 m). The speed
varics seasonally from 60 knots in summer to between 100 and 200 knots in
winter.

Joint: a natural crack in a rock. In an igneous rock, it results from shrinkage as
magma cools and goes solid, and it can lie in any direction. In a sedimen-
tary rock, it usually lies at right angles to the bedding and results from
shrinkage as the rock dries out.
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harst an area of 1 m Yugos}, now used to describe
any area of charactenstic hmestone scenery

Jacustrine to do wath a Jake e g lacustrine delta

lapse rate the rate at which temperature falls with alutude It vanes with the
humidity of the air and with latitude but on average it 1s 1 C for every
100 m of ascent

lee, leeward the side away from the wind or the sheltered side usually i
relation to a range of hills or mountans See also nndward

Joad the matenial carned by an agent of transportation such as the sea mvers
wce and wind

foess (kmon) a very finc flour like superficial deposit of wind blown orgin
erther from glacial deposits or around desert margins

magma rock 1n a molten and gaseous state at high temperature and pressure

ynass wasting 1he downtfl movement of surface matenal as a result of gravity
brought about by lubrication after heavy rain or melting snow

mean monthly average a smgle lculated at a
weather station for each month of the year by (1) calculating the daily
average temperature after each day (1) caleulaung the monthly average
temperature for that month from these at the end of each month (1) after
a Jong penod of recordng {usually try years) taking all the monthly
averages for eack month 1n turn and from them calculating a mean (aver
age) for that particular month

mendian 2 hne of longitude

millibar a umt of atmospheric pressure (mb})

omon weathermg see exfoliation
orogeny a mountamn building period
outcrop the surface exposure of a rock

parallel a hre of lattude

pedology the scientific study of soils

penglacial processes and features around the edge of an 1ce sheet

permeable rock rock which allows water to pass through either because 1t 1s
porous oT because 1t 15 pervious

pervions rock allows water to pass through because 1t has joints or
cracks

pH value the degree of acidity of a soil as indicated on a numencal scale

porous rock contamns spaces (pores) through which water may pass

precipitation the water which reaches the earth s surface from the atmosphere
1 sold or liqud form

range of temperature the difference between the highest and lowest temp
eratores usually over a specific period of ttme such as a day (see dirnal
range) or a year (see annual range)
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reg: the part of desert surfaces covered by stony material, usually wind-
scoured, smoothly angular gravel

rejuvenation: the overall effects on a land mass of a drop 1n base level, caused
either by a drop 1n sea-level or by emergence. 1t is especially important in so
far as 1t influences rivers

relative humidity: the proportion of water vapour in the air expressed as a
percentage of the total amount that the air could hold when saturated. The
figure vanies with temperature and air pressure

ria: a deeply branching inlet of the sea formed when rising sea-level invades
the valleys of a river system; a drowned valley. See fjord.

rift valley: see graben.

salinity: the proportion of dissolved salts in sea water, usually expressed in
parts per thousand (°/,,) by weight.

scarp slope: the steeper slope of a cuesta.

seamount: a mountain, usually of volcanic origin, ristng from the sea-floor It
has a prominent crest below sea-level. See also guyot

sediment: material deposited by water.

seif dune: a ridge-like sand dune which follows the direction of the wind, often
for hundreds of kilometres,

shield area: see craton.

silt: see alluvium.

snow line: the lower limit of permanent snow cover. It varies seasonally (there
are winter and summer snow lines) and with latitude (4900 m on the
equator, sea-level at the poles).

soil erosion: the removal of soil by wind and water, which results from man’s
misguided agricultural activities.

soil profile: a vertical section through the soil from the surface to the underly-
ing rock. It 1s divided into several horizons.

solstice: the two days each year, about 21st June and 21st December, when the
sun 1s overhead at one of the tropics On these dates the period of dayhght
1s longest 1 the hemisphere where it is summer and shortest in the hemi-
sphere where 1t 1s winter.

solution: the process by which a solid is dissolved 1 a liquid.

stratum: a layer of sedimentary rock of distinctive character (plural: strata).

strike: the direction, usually expressed as a compass bearing, of the outcrop of
a rock. It hes 1n the horizontal plane at right angles to the dip.

submergence: a rise 1n sea-level in relation to the land. See drowning.

saturated: used geographically in two senses to describe (1) the state when the
atmosphere can hold no more water vapour, that s, relative humidity 1s 100
per cent, (ii) the state when an aquifer is holding its maximum content of
water.

temperature inversion: see inversion of temperature.
thaw-freeze process: an active form of weathering in temperature conditions
which frequently fluctuate above and below freezing point. Water 1n cracks
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alternately freezes and thaws and because expansion takes place as water
turns to 1ce angular rock fragments are broken off

tidal range the difference between water level at high tide and Jow tide

topography the description of the surface features of an area

tropic the two parallels of lantude 23}° N (Cancer) and 234° S (Capnicorn)
which are the limits of movement of the verucal overhead noonday sun

unconformity an mterruption in the sequence of deposttion of sedimentary
rocks shown by younger overlying rocks which have a different dip from
the older underlying rocks The difference 1 age between the two sets of
rock indicates a peniod of denudation of the older set

veenng a change of wind direction 1 a clockwise direction, e g from south
east through south to south west See also backing

wadi a valley in a desert usually dry except after a rare desert ramn storm
probably eroded at a ime when the climate 1n the area was wetter

watershed the line usually marked by the crest of a ridge, which separates two
catchment areas

water-table the upper surface of the saturated part of an aquifer

weathening the w1 situ break up of surface rocks by those means which cannot
themselves move the resulting fragments for example, the weather,
chemical and organic acuvity See also erosion

windward the side towards the wind or the exposed side, usually 1n relation to
arange of hills or mountains See also leenard

winterbourne a stream which flows in a chalk valley only afier heavy ram,
usually 1n winter

xerophyte: a type of vegetation adapted by some means to withstand drv
condittons (adjecttve xerophytic)
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Answers to Questions

(where appropnate)

Unit One

4 (g} Time of a pomt to the west ts behund Longitude difference 15 130
time difference 15 482 = 12 hours 12 hours behind 1800 hours Tu:sda): 3
0600 hours Tucsday
{b) Tyme of a pont to the cast 1s ahead Longitude difference 1s 240 time
difference 1s 3¢ = 16 hours 16 hours ahead of noon Friday 1s 0400 hours
Saturday
(¢) Time of a point to the west ts befund Sydney Austrahas 151" E New
York1s 76 W longitude difference 1s 227 Time difference is 232 = 157
hours = 15 hours 8 munutes
15 hours 8 minutes betund 1800 hours Sunday 1s 0252 hours Sunday
(d) Time d 15 14 hours 1814 x 15 =210
2000 hours 1s ahiead of 0600 hours  direction 1s fo the east 210 to the east
of 150 west 15 60 E longiiude
() Ttme of a point to the west 1s bekund Calcutta ts 88 E New Orleans is
90 W Longitude difference 1s 178 ume difference 15 4§ = 11}
hours = 11 hours 52 minutes 11 hours 52 minutes behind 0400 Tuesday 1s
1608 hours Monday

Unit Nine

11 (a) 6 oktas cloud wind south west 33 37 knots temperature 7°C
Present weather rain and dnzzie
{b) 3 oktas cloud, wind north east 18 22 knots temperature 11°C,
present weather rain showers
() No cloud wind south east 3-7 knots, temperature 17 "C
(d) 8 oktas cloud wind west south west 63-67 knots temperature 4°C
Present weather hail showers
(e) 1 okta cloud calm temperature 16 C
(/) Sky obscured wind north west, 1-2 knots temperature —-6°C,
present weather fog
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{a)

S 15
)
*
v
{b) (c)
14
23
(e)

ld) {f)

13. Weather Map A
(a) Depression or low-pressure system.

®»
- - - Warm front
A A A Cold front
Aa Aa_ . QOccluded front

(¢) (i) Ocean Weather Ship M: 7 oktas cloud: wind: east, 3842 knots;
temperature: 4 °C.
(i) Gibraltar N 6 oktas cloud; wind: south-west. 13-17 knots; tem-
perature: 14 -C.
(iii) Sardinia P: 5 oktas cloud; calm; temperature: 3°C; present
weather: mist.
(iv) Northern Norway Q: 8 oktas cloud; wind: south-west, 1-2 knots;
temperature: — 16 °C; present weather: snow.
{d) Southern England Iceland
8 oktas cloud 7-8 oktas cloud
Wind: mainly south, 18-32 knots ~ Wind: north-east, speed variable
8-12 knots in east, up to 37
knots in west

Temperature: 9-11 °C Temperature: —1 to —2°C
Rain widespread Snow 1n the west

(e) Conditions are typical of Wind 1s north-east because the
the warm front and warm centre of the depression is to the
sector of a depression; heavy south and the anti-clockwise
cloud and frontal rain as warm circulation of air brings in very

air rises over cold air along the cold air (NB February).



warm {ront Wind 1s southerly
as part of the anti-clockwise
arculation of aif around 2
depression centred off north
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Temperature 1s below [reezing

and snow 15 falling 1n the west

Winds are strong as a result of
a steep barometnc gradient

west Scotland Wind 15 strong
asaresult of a steep
barometnic (pressure) gradient
(that1s 1sobars are close
together)

14 Weather Map B

{a) (1) Between 948 and 944 mb (1) between | 024 and ! 028 mb

(8) X = depression or low pressure centre  } = anticyclone or high
pressure centre Z = ndge of high pressure

(c) A = warm front B = cold front C = occluded front

() (1) Occan Weather Ship A 8 oktas cloud wind south west 38-42
knots temperature 15 C present weather rain
(n) The Shetlands L. ) okta cloud wind south west 8-12 knots temp-
erature 3 C
(1) North west Spain 3f sky obscured wind south 3-7 knots temp-
erature 9 C present weather fog

() Southern Ireland

Central and southern France

8 oktas cloud everywhere
Wind south west to south-cast
2247 knots

Temperature 7-12 C

Ram everywhere

Cloud vanable 0-8 oktas
Wind vanable south-cast to
north west 2-27 knots
Temperature 1-9 C
Dry

(/) A warm front hes across
Ireland and frontat rain 1s
falling from heavy cloud Wind
direction 1s determined by a
centre of the low off north
west Ireland around which
arr moves anticlockwise
winds are strong because
barometer gradient 1s steep
Temperalures are surprisingly
high for 0600 1n January and
there 1s & marked difference
between warm sector {12 C)and
cold sector (7-9 "C)temperatures

A nidge of high pressure projects
into central and southern
France from an anucyclone m
southern Spamn Wand direction
varies gfﬂll]y as aif moves
outnards from the ndgetn a
clockwise direcion Wind speed
18 lightinland but stronger on the
coast because the pressure
gradent varies Temperatures
are lower despite location
further south probably because
of continentality
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15. Weather Map C
(a) (i) Between 980 and 984 mb, (ii) between 1 028 and 1 032 mb.
(b) A = cold front; B = warm front; C = warm sector of a depression;

D = anticyclone; E = trough of low pressure.

(¢) (1) Stavanger S: 8 oktas cloud; wind: south-west, 18~22 knots; temper-

(d)

ature. 9 C; present weather: rain. Conditions here are typical of a
station close to a warm front, giving thick cloud and rain. Wind is
strong because the pressure gradient ts steep and south-west as part of
the anti-clockwise circulation of air in a depression.

(1) The Faroes F: 8 oktas cloud; wind: north-west, 13~17 knots; tem-
perature. 1 °C; present weather: rain and snow. This station is in the
cold sector of the depression, north-west wind (i.e. very cold), with rain
and snow. Winds are less strong than at S because the pressure
gradient 1s less steep.

(m) Pans P: sky clear, calm (no wind); temperature: —2 °C; present
weather. fog. This is an 0600 hours chart and the low temperature is
almost certamnly the result of radiation (N8B fog). There is no wind (see
the widely spaced isobars), and the stillness of the air assists the
development of fog. It should be noted that, despite the latitude differ-
ence, Parns is 3 -C cooler than the Faroes.

Central Europe West Scotland

Varnable cloud, mainly 04

oktas: one station § oktas;

one, sky obscured

Wind: generally calm, but

varying between south-west and
north. Speed less than 7 knots
Temperatures low, mostly

—2to 4 °C, but one station 10°‘C

8 oktas everywhere

Wind: between north-west and
south-west: stronger, 18-32
knots

Temperature: 11-12°C

Mist and fog widespread

Central Europe is dominated by
an anticyclone and, at 0600
hours, radiation during the
night resulting from the clear
skies has lowered temperatures,
mostly to below freezing. Such
conditions are conducive to
rachation fog which obscures the
sky at one station. The one
station with higher temperatures
(10 °C) has cloud cover. Calms
or very light winds are
widespread because of the gentle
pressure gradient

Rain everywhere

Western Scotland has conditions
typical of the cold front of a
depression. Frontal rain is falling
everywhere {rom thick cloud.
Temperatures are warmer than
in central Europe, as warm,
maritime winds blow from the
west as part of the anti-clockwise
air circulation around a
depression. Winds are stronger
because the pressure gradient is
steeper.
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(e) {) Aur reaching south and south eastern England comes from the cold
continent to the south and though shightly warmed crossing the
Channel 1s only 8-9 C In southern Ireland the temperatures of 13 C
result from the warmer air brought in from south west probably from
the Gulf Stream
(1) Winds of 28-32 knots 1n west Denmark result from the steep pres
sure gradient 1 the North Sea whereas the lower wind speed (calm to
12 knots) m western France results from the gentler pressure gradient
associated with the anticyclone m southern France

16 Weather Map D

(a) (1) Below 936 mb (1) over 1024 mb

()4 —cold front B = occluded
D — depression

() Ocean Weather Ship A 8 oktas cloud wind south west 38-42 knots
temperature 11 C present weather ram
Station X 8 oktas cloud wind south west 33-37 knots temperature
11°C present weather thunderstorms
Station Y 8 oktas cloud wind south east 3 7 knots temperature
—1 C present weather snow
Station Z Sky obscured wind north west 13-17 knots temperature
6°C present weather fog
Staton # Mussing or doubtful data

(d) Ocean Weather Ship X has a wind speed of 38-42 knots because of the
steep pressure gracient (that 1s many tsobars close together) whereas
Station L has calm condittons resulting from its location 1n an area
with a very gentle pressure gradient (that 1 1sobars spaced well apart)

[G)] Southern Britain Germany

front C =warm front

Cloud vanable 4-8 oktas
Wind south west 13-37 knots

Temperature 8 11 C

Thunder and rain showers

Southern Britain lies to the
south of a deep depression
gving south west winds which
blow strongly as a result of

the steep pressure gradient
Mantime air gives surprisingly
high temperatures for a midnight
1 January and this 1s probably

Heavy cloud 7-8 oktas

Wind south and south east

3 17knots

Temperature ~2t05 C

(one exceptional station 15 C)
Ram showers and mist

Germany lies between a deep
depression off north western
Scotland and an anticyclone in
eastern Europe giving a south
and south east air stream Winds
are light as barometric gradient 15
gentle Temperatures are lower 1n
this continental location Rain
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responsible for the must and fog are all associated

thunderstorms with the approaching warm
front and at one station, drizzle
obscures the sky

Unit Eleven

12

. (a) Temperature
Graph A 1s a southern hemusphere station because the lowest temper-
atures are n the middle ot the year. Temperatures range from 14-24 °C
and all months are well above freezing point so that station i1s warm
temperate (that 1s, the hottest months are not hot enough for a tropical
climate) Graph B is in the northern hemisphere and temperatures range
between — 15 and 16 °C. Winters are cold with five months below freezing.
(b) Rainfall
Graph A4 has a dstinct winter maximum with five very dry summer
months. Graph B has a distinct summer maximum but the annual total is
not so great. The winter months are very dry, probably with much snow.
Graph A. A warm temperate climate with a winter maximum of rain-
fall can only be a Mediterranean climate in the southern hemisphere. Thus
the location 1s either 1n South Africa, central Chile, south-western
Australia or the Adelaide region of Australia
Graph B. A large range of temperature with five months below freezing
pommt and a distinct summer maximum of rainfall can only be a cool
temperate interior climate. The location is either in central North America
(the prairies) or central and eastern Europe (the steppes).

Ordnance Survey Map Answers

M
1

ap 1 (1:50 000, Sheet 198 (Brighton and the Downs))
. 206063; 218053; 242051.

2. (a) 004 degrees gnd, (b) 6 7 km, (¢) 87 km

3

4.

5

. National Trust, always open; National Trust, opening restricted; contours;
triangulation pillar, 121 m; hachures, part of a field system; parish bound-
ary: bridleway; footpath; road used as public right of way; unfenced
track; electricity transmission line; bracken, heath and rough grass.

Starting at about 15 m above sea-level, the surface rises gradually for [-5
km to a height of 46 m. Then, a steep rise to 198 m in 0-5 km which is
followed by a very gentle descent for several km, crossing a system of
valleys to the coast at sea-level (NB there are no cliffs). The landform 1s an
escarpment or cuesta, with 1ts steep scarp slope facing north and its more
gentle dip or back slope dropping gradually southwards to the sea.

. ~170_ 1
216 m 800 47
170 m . Gradient= 1:5

46 m

800 m
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& Square 2110~ a steep sided west facing valley nsing from 61 m to over 183

m the lower valley sides are concave the upper slopes convex

Square 1911 a flat low-lying niverside area at about 15 m
7 This area ts part of the level flood plain of the nver Adur The mamstream
has embankments on both sides to stop flooding and the nverside land 15
covered by a complex system of drainage ditches which make cultivation
of the heavy clay soil possible
The upper 9 km of the river meanders southwards first across the flat
low lying clay valley then through a water gap cut in the chalk escarp-
ment where the niver flows on a layer of its own alluvum The tidal nver
has embankments on both sides for almost the whole of this distance
South of the A 27(T) road bridge the river widens mto an estuary in which
expanses of mud are exposed at low ude The nver mouth 1s protected
both from storm waves and from natural sedimentation by a breakwater
on each side

9 These are dry valleys typical of the chalk escarpment which 1s part of the

South Downs They may be seen both as combes 1n the steep scarp slope

« and as an intncate system of dry valleys in the dip slope

10 Longshore dnift takes place along this coast in an easterly direchion and
the short black hnes are groynes built to prevent movement of beach
matenal eastwards Shoreham by-Sea has been built on what appears to
be a flat, low lying spit formed by this dnft which has diverted the mouth
of the Adur eastwards
There 15 an abundance of annquities all on the high chalk lands Motte
and Bailey (237110) cultivanon terraces (208098) field systems (2409
2308) fort (229084), and three tumul (burnial mounds) The absence of
antiquities on the low-lying clay land suggests that 1t was ongmnally
marshy heavy soil perhaps with dense woodland It only became habit-
able when 1t had been cleared and drained
A Iine of smalt villages and hamlets grew up in the northern stnip between
Futking and Bramber probably many centuries ago along the spring line
at the foot of 1he chalk escarpment The clay valley 10 the nonh was
almost certamly marshy and prone to flooding when the villages were first
established so the track joinmg the villages avoided the marshy lowland
The steep scarp slope of the chalk cuesta hes to the south of the villages
and the track between the vitlages avorded this too Thus movement be
tween the villages was easiest along the line between the marshy lowland
and the steep scarp slope

The coastal strip of more recent settlement 15 broken only by the nver
Adur Shorcham by Sea 1s 2 port and indusinal town shown by us
works at 227049 and 246079 and by its locks prers hghthouse and
Iifeboat station The remaiming coastal settlement s probably residential
(people commuting daily to London) and devoted to tounsm (Bnghton 1s
6 km 1o the east, Worthing 3 km to the west)

The empty space between the two stnps consists of rolhing, water-
less and often windswept chalk downland which appears to be wholly

o0

>
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devoted to farming except for small areas of rough grass in squares 2307
and 2308

13. (@) This road pattern is made up of the access and exit roads between the
A 27(T), which is probably a dual carriageway, and the A 283 which runs
north to south at a lower level.

(b) These are converging electricity transmission lines which suggest that
there 15 a power station just off the south-east corner of the map It is
probably coal- or oil-powered, with its fuel reaching it by sea.

14 (a) Shoreham Airport 1s located on very flat ground. It 1s also near enough

to an area of considerable population to ensure regular use and good
roads give easy access It s far enough out of the built-up area for safety
purposes.
(b) The ‘works’ has good road and rail connections, and it has electricity
supplied by transmission line. It appears that the raitlway line running
north beside the Adur has been kept open this far especially to serve
the works, the railway line to the north 1s no longer in use This area
1s chalk, so 1t is probably a cement works as 1t is backed by large
quarries

Map 2 (1 :50 000, Sheet 194 (Dorchester and Weymouth))

1 844869; 823807; 816802.

2 (a) 164° gnd, (b) 52 km, (c) 64 km.

3. 7km

4, Minor road (partly unfenced); multiple track railway; railway bridge;
meandering river; dramage ditches, unfenced track crossing the river by
two bridges, footbridge across the river; four patches of wood; electricity
transmussion line, heather, bracken and rough grass, marshland, large
buildings (part of Nuclear Research Station).

5 Southward continuation 1s overleaf

840882 840840
1 ETL A clags 1
' roa '
B3701
: Wood road :
1 Railway
' ', Flood I ; I
! | plain |
{ l‘ l i
! ! !

ETL: Electricity Transmission Line R: River
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840840 840795
! B3070 Ridge
Tumulus road
PB  Heath
Wood t

|
1
I
!
{
!

6 106 _ 1
G= 500" &4
%67 m Gradient=18
8tm 61m

900m

7 (a) (1) A steep sided, east to west ndge nising from 76 m to over 168 m the

ndge has a narrow flat summt

{u) A rounded gently sloping spur between 76 m high m the north and
approumately 130 m i the south on 1ts flat surmmit A small dry valley
runs northward from 107 m to below 76 m The western flank of the spur
15 steeper than 1ts northern and eastern flanks The extreme north-east of
the square 15 part of a larger, north pointing dry valley

(1) The absence of contours suggests that this area s very flat and low
Iyng between 15 m and 30 m
)91 m

8 Wood marsh bracken heath and rough grass Much of the area does not
have any of these forms of vegetanion and we may deduce from this that st
1s farmland

§ The niver flows from west to east (see the 15 m contour m square 8387) It
meanders extensively 1n this section of its course parts of the river appear
10 be brarded but this may be part of man s atterpt to drain the flood
Plan more efficrently Most of the flood plamn has been dramed and 1s
probably used for cattle reanng It may be hable to flood after heavy rain

10 “The gently rolling nature of the surface the almost total absence of surface
water (except 1n the extreme east) and the numerous dry valleys suggest
that ths 15 a chalk area (Section 3 2(5))

11 The whole area has antiquties Wool Bridge Bindon Abbey (855868)
Stony Weir (854871) Lulworth Castle (854822) Water Barrows (8681)
‘Bumfue Farm (835816) dyke (838802) chapel (831793) eight groups of
umuly
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12

13

. In addition to residential and agricultural purposes, man uses this area for

a Nuclear Research Station (Winfrith Heath); Lulworth Camp (8380) and
‘Danger Areas’ together suggest army use as firing ranges; tourism

(@) Wool. This large village has grown up at a point where the flood plain
narrows slightly (study contour for 15 m) so that crossing the river here at
Wool Bridge is easier. Today, seven roads converge to cross the new
bridge. The proximity of several antiquities suggests that this settlement 15
an old foundation and 1ts growth may have been associated with Bindon
Abbey, 1 km to the east. There 1s a good water supply, with fertile land
nearby. In recent years it has probably expanded because the workers at
the nearby Research Station have settled there. ‘
(b) West Lulworth. This village has grown up on the northern, sheltered
side of an east-to-west ridge, very close to a gap which gives access to
Lulworth Cove. As this Cove 1s the only area of sheltered water along the
entire coast, West Lulworth probably had 1its ongin as a fishing village
and, perhaps, the cove became important as an anchorage for small coast-
al craft.

Map 3 (1 : 50 000 (Second Series), Sheet 88 (Tyneside))
1. (@) 270425; 301423.

2.
3.

(b) (1) Church with spire in Great Lumley, (1) Railway bridge over road
with embankment, (1) Observatory (Obsy).

{c) The NT area shown in red is always open whereas that in blue 1s
‘opemng restricted’

(a) 222° grid, 5 6 km, (b) 7.7 km.

(a) This 1s a motorway mtersection, or place where 1t is possible to leave or
join the motorway. The dual carriageway A690 forms a large roundabout
over the A1(M) and the slip roads from the motorway meet 1t to enable
traffic on either road to join the other. This 1s the only intersection on the
map and all seven other roads which cross the A1(M) do so by bridges
over it.

(6) As with all motorways, the route of the A1(M) has been planned to
avoid built-up areas, yet pass near enough to towns to give easy access by
means of intersections, as described m (q). Sharp bends and steep gra-
dients are avoided and the motorway veers eastward 1n a long sweeping
bend to avoid crossing the river Wear, embankments and cuttings are
frequent on both the A1(M) and roads which cross 1t, to enable the roads
to be at different levels

(c) To the north of the roundabout the A167 road is dual carriageway, to
the south it 1s not.

(d) North of Durham, between the two existing railway lnes, evidence of
railway closure may be seen-in footpaths along former railway lines, cut-
tings (squares 2845, 3044), embankments (squares 3044, 2845), a bridge
over the river Wear (298450) and ‘dismtd rly’ (square 2945). Further west,
former cuttings and embankments are shown in square 2647.
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4 (a) The niver Wear flows from south to north evidence of thisis (1) in
square 2945 30 m contour 1s nearest to the niver whereas 15 m contour 15
nearest 1n square 2848, (u) tn the vicimty of Finchale Priory (296472) the
15 m contour crosses the river
(b) The nver Wear crosses the area 1 a senies of sweepmng meanders
especally noticeable 1n the vicinty of Durham and squares 2944 3045,
2847 and 2749
{c) District boundary

5 (a) Woodland, confined mainly to the valley-stde slopes of the Wear and
1ts irtbutary streams
(b} The absence of any other form of natural vegetation symbol (rough
grassland marsh) together with several named farms (282443 284456
283482, 309494 270470) suggest that the land 1s agnicultural

6 (a) In square 2944 the Wear flows through a wooded valley whose sides
nise steeply 30 m above the niver in square 2749 the valley 1s much more
open as part of the west side rises gently to only 15 m, while the east side1s
very flat
(5) Difference in height = 81 — 33 =48 m

Honzontal distance = 1000 m
Gradient = (s =& =1 21

7 In Durham City atself the Castle, Cathedral and Information Centre are
direct evidence of tounism, while the footpath along the banks of the
meander 1s a popular tounst walk Further north the nverside area of
Finchale Pnory (296472) has both camping and caravan sites on either
side of the nver There are National Trust sttes tn square 3046

8 (a) Probably instde the meander, around the site of the Castle (274424)
(b) The site was almost certainly chosen because of the ease of defence
afforded by the nver meander with the Castle built across 1fs narrow
northern neck A close 1nspection of the nstde of the meander (a magnify-
g glass 1s invaluable for this) shows that the land nses steeply to over
46 m nside the meander, lowening slightly at the meander neck
(c) More recently built residential areas on the outskrts of the City may be
seen in the modern housing estates along and between the mamn roads
kading nto Durham such as Western Hill (2643) and Gilesgate Moor
2342y

9 Apart from several schools (260428 268417 269419, 290433) there 1s the
University (273423), several colleges (276416 265416 282426) the School
(V;Agnvn'nure {233412) the Dbservatory {(267415) and the Museum

0433}

Map 4 (1 25000, Sheet SD 77 (Ingleborough))
1 741745 734764
2 (@)49km 328 km
(8 (1) 007 degrees gnd, (u) 240 degrees gud () 307 degrees gid
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3. B class road, fenced; unclassified road, partly unfenced; several fenced and
unfenced tracks; contours; buildings; cliffs; springs; river; streams;
deciduous trees; field boundaries; boulder-strewn surface.

4, 720740 740740

Horizontal scale: 1:25 000
Vertical scale: ilo'" to 50°
1950 |- = 1:6000 — 2000
25 - 492 1900
1850 |- 6 )
1800
1750
1700
1650 |-
1550 1600
B 1500
1450 -
— ) — 1400
1350 |— X4.2
— 1300
1:25 000
5.
G= ._313__ = _]__
3300 84
1170 ft

.. Gradient = 1:8
393 ft
777 ft 777 ft

1100 yds = 3 300 ft

6 Hard Gill rises at 1 600 ft. The upper 100 ft is a small rapid headstream but

the V-shaped contours become more pronounced downstream. Below
1200 ft it runs swiftly through a deep. steep-sided valley. The stream
disappears just below [ 100 ft but the valley beyond this point is still steep-
sided.
Chapel Beck is part of a larger stream which flows slowly from approx-
imately 800 ft to below 750 ft. The valley floor is flat but the sides of the
valley become stecper away from the river and there are three scars (steep
chiffs) parallel to the river.

7. From the flat summit of Ingleborough Hill the surface drops steeply from
2300 ft to 1500 ft. Below this, the slope becomes increasingly gentle to
about 1300 ft, where the first of three parallel scars causes the surface to
drop steeply to 975 ft; below this the ground slopes gently down to the old
quarry.

8. After dropping steeply for several hundred fect the streams disappear
between 1200 and 1300 ft. This is characteristic of jointed limestone
country where streams disappear and flow underground. Supporting
evidence that this is a limestone area comprises over twenty ‘pot-holes’
(swallow holes) mto which streams have disappeared in the past,
numerous caves, expanses of bare hmestone pavement (730753), probably
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ith chnts and grykes and the scars which are probably the outcrops of
early honizontal limestone strata

fost of the area 1s bleak infertile windswept upland with extensive bare
ck surfaces steep slopes and poor pasture The only roads and settle
ents are m the comparatively sheltered valley of Chapel Beck along
hich movement 1s easiest though there 1s an unfenced track running
eeply up the valley of Hard Gill to about 1200 fr where 1t becomes a
otpath which continues steeply to the summut of Ingleborough Hitl

5(1 25000, Sheet SH 61 (Barmouth))

8141 626157 616128

) 315 degrees gnd (b} 235km (c) 25 km

WMOT LWMOT, streams mud sand tidal water footpaths embank
ents unfenced track and track fenced on one side only single line rail
ay ralway station contours marsh deciduous woodland with a fence
1d boundaries footbridge buildings

870 ft _BS6 _ 1
2850 33

856 ft Gradient 1

141t 14 ft

950 yds = 2850 fr

 knoll or isolated hifl
7) To the north of the road 1s an area which 1s almost completely devoid
fcontours It1s a very flat low lymng area except for several slands of
igher ground of which Fegla Fawr 1s the biggest (630146) The flatness
ere 1s confirmed by numerous drainage ditches embankments along the
IWMOT and patches of marsh

South of the road there are many contours close together indicating
eep hully terram which nises to a height of over 1 100 ft in the extreme
outh east
) The flat low lying area was probably formed as a result of nver borne
diment being deposited in the estuary As this alluvial area grew larger 1t
circled the 1solated areas of ugh ground It 1s ikely that the post glacial
adjustment of sea level (Section 54) resulted mn a shght emergence
1phft) of the land Since then, the alluvium has been dramed and em
anked to form agricultural land which 1s most probably used for cattle
arming

1) At low tide the estuary consists of several large stretches of sand with
maller patches of mud near high water mark In places the sandbanks
xtend for more than a kilometre from the shore The niver flows to the sea
etween the sandbanks

5) At hugh tide the sandbanks are covered by the sea to give a large
xpanse of shallow, sheltered water from the north shore to the south as
hown by HWMOT lines on each side
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8.

10.

11.

This is a north-pointing sand spit, partially recurved. Prevailing winds are
south-westerly on this west-facing coast of Cardigan Bay, giving rise to a
northerly movement of beach material along the coast (this is longshore
driff). When this northward-moving material reaches the southern
entrance of the estuary, deposition begins at an angle to the coast. the spit
grows slowly northwards away from the coast and 1n the sheltered water
behind 1t, deposition of river-borne material goes on. As the spit slowly
gets longer, so this area of deposited material grows larger (Section 5.3).

The uneven shape of the spit on its mland side may be the result of its
end having been recurved by winds from the north-west. Much of the
southern end of the spit merges gently into the low land behind it, but the
northern end still retains the characteristic shape of a sand spit The twice-
daily tidal flow keeps open a narrow entrance to the estuary and prevents
the spit from closing 1t completely.

. Drainage ditches, field boundaries and some tracks suggest that man uses

this area for agriculture.

The main roads on both sides of the estuary run along the edge of the
steep, hilly country The road follows the coast exactly in the north,
whereas in the south it separates the hills from the flat, reclaimed land.
Roads built in this position are most easily constructed as they avoid both
the high ground with its steep slopes and the low-lying ground with 1ts
drainage ditches, marshes and embankments.

Barmouth has grown up 1n a very exposed position, facing south-west. It1s
on the north side of the estuary because there is navigable water at this
point and the extent of tidal coverage 1s smallest (that is, HWMOT and
LWMOT are close together). The only flat land on which a town could
grow and have access to the sea is that between the northern hills and the
coast Originally Barmouth probably grew along the road; even today, the
town has not extended far into the hills but rather across the flat land to
the west where the railway station, Marine Hotel and other buildings have
been built. It is a small port, probably handling coastal traffic and, per-
haps, fishing. There is no evidence of industry and the inhabitants
probably commute daily to nearby towns to work. The railway line runs
across the estuary on a long bridge which was probably easier and cheaper
to construct than building a railway hine along the northern shore of the
estuary.

Map 6 (1 : 25 000, Sheet ST 17 (Cardiff))

1.

180766; 183758, 185746.

2. (a) 046 degrees gnid, (b) 2-3 km, (c) 2:7 km.
3. Square 1773 consists largely of flat, low-lying land (saltings) crossed by the

meanders of the tidal river (the Ely) called Penarth Moors. Railways with
extensive sidings run along each side of the river; those 1n the north are
associated with buildings. Only in the extreme south-west does the land
surface rise to a height of just over 100 ft.
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Square 1977152 built up area of houses and schools with a close network
of streets
4 (a) Apart from the fringe of dry land along the west side and marsh along
the north side this area consists largely of an expanse of mud (Penarth
Flats) at low ude crossed by a narrow channel of water
{b) At high trde the sea reaches the coast as 1s shown by the thick blue line
5 There s a lock at the entrance to every dock because water must be
retained 1n the docks while the tide nises and falls outstde Such a dock 15
called a nidal basin and the lock enables ships to pass i and out even
though the levels of water inside and outside the dock may be different
6 The btack lines represent sidings thatis branches of the main railway hne
The buildings close to the dockside are nstallations such as warehouses
and storage sheds These suggest that the mamn activity in the docks 15
commercial including the importing and exportng of varous goods
‘The smaller inlets are dr) docks or graving docks for repaining ships The
difference 1n size between these and the commercial docks i1s obvious one
ship at a ume occupies each dry dock many ships can be berthed end to
end along the dockside 1n the tidal basin to be loaded and unloaded
7 These large blocks of buildings are tn 2 central posttion and therr prox
ity to the masn railway stations (183758 188766) the docks the City
Hall and the Sports Stadrum (180762) suggests that this area 1s the shop
ping 2nd bustness centre of Cardiff—the Central Bustness Distnict (CBD)
There are twelve churches but only two schools There are more schools
on the northern and southern edges nearer to the residential areas
Insquare 1977 the buildings consist of a network of streets of back to back
terrace houses mostly without gardens There 1s a large number of
churches and schools to serve this residential area The pattern of build
tngs 1s different 1n the south central part of the square their shape s
wrregular and they are bigger suggesting a shopping centre
8 Thus 15 an area of parkland an open space on both sides of the river Taff
for relaxation lersure and recreation It probably consists of patches of
woodtand and grass with flower beds (e g Cathays Park) The layout 1s
more geometrical to the east and there are several public buildings includ
g the City Hall the Castle County Hall Police HQ the Law Courts and
University College Thrs area appears to be the admimstrative centre of
Cardiff with perhaps the library and museum
9 Other features which typify  large town are the network of railway lines
and sdungr stk severa) starons and kalts servtg tre resedanial areas
the goods depot {192762) and railway connections with the docks the
large number of schools and churches several hospitals the prison the
market the Head Post Office and extensive residential areas
10 Those buildings bordered by a thick black Line are public buildings as
opposed to residential bulldings Examples 1n this area are
Schools at 177746 179748 176753 174756 189770 186756 188742
194764 197767 194771 Hospuals at 173766 174767 187769 189769
185744 193768 Colleges at 179772 179774 187767 189767
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Railway Stations at 175749; 188766; 182758. Library at 176750; 191745.
Offices at 184767; 194746. TA Centre at 176747. Infirmary at 194769,
County Hall at 180770. City Hall at 183769. Law Courts at 182768.
Police HQ at 181769. University College at 183770. Market at 183764.
Head Post Office at 182761.

Map 7 (1:25000 (Second Series) Sheet SY 87/97 SZ 07 (Corfe Castle))
1. 961820; 964824; 959824. 2. (a) 323 degrees grid, (b) 2-7 km, (¢) 2-9 km.

3

4

5.

7

8.

An almost conical hill (knoll) with very steep slopes, especially on the
north side.

. Mam road; secondary road, several tracks, both fenced and unfenced;

road bridge over railway; single track railway; railway siding; footpaths,
spot heights for 92 ft; contours, buildings, deciduous wood; scrub; bracken
heath and rough grass; lakes, church with tower and field boundares

Horizontai scale’
1 25000
400 Ve;ncal sc:al;z5f — 400
- mm to t
350} 2mmto7 62m 130
3005 =13810 —-_300
250 — 25000 — 250
[ =———=656 |
200 |- 3810 - 200
150 |- 1 150
100 — — 100
S0 x656 %°
0 0
G= 200 _ 1
1875 938
330 ft . Gradient= 1.9

200ft[~"‘N~‘~\‘~"“"--\§_-§§-‘~\-§-—\N~‘-¥
130 ft

625 yds = 1 875 ft

130 ft

Five tumuli (two i hilltop locations); field system (970812), Corfe Castle,
The Rings and Morton’s House (all in Corfe Castle village)
This 1s an excellent example of a ‘gap’ settlement There are, in fact, two
gaps separated by the knoll on which Corfe Castle stands The easiest
access to the Castle is from the south because the land to the south 1s
higher than that to the north (notice the shorter hachures to the south).
The willage probably grew on this side to make it easier for the villagers to
take speedy refuge in the Castle. The Corfe niver flows through the lower,
easterly gap, which 1s used by four roads and a single track railway. This is
the easiest route between the two sides of the ridge, as it does not involve
climbing the steep sides of the ridge, but it may involve a longer journey.
The map suggests that the original village of Corfe grew up immediately
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south of the Castle where the church Town Hall and Morton s House
can be seen and spread along the mnor road m square 9581 leading to
Corfe Common The pattern of the field (or garden) boundares for the
houses along this road ts different from that of the surrounding area It
couststs of large gardens behind the houses which contrast with the much
targer fields away from the village The part of the village along the main
road has probably grown up more recently and this 1s 2 good example of a
ribbon settlement or street willage (Section 13 10) The houses at Town s
End {963812) are probably very recent this appears to be an estate of
semr-detached houses

9 95 % 97 98
8
84
A
83
Sdcrt—
P
c
81
80

95 96 97 98

A Low lymg heathland mostly below 900 ft The shghtly undulating sur
face 15 covered with comiferous forest scrub bracken and heath There 1s
only farmland i the extreme south
B A steep sided flat topped ndge with a distinct gap 1t which stands a
knolt There 1s some scrub and rough grass but most of the nidge has large
fields on 1ts top and south side and much of the north side 1s forested The
absence of surface drainage and the dry valley at 970823 suggest that the
ndge rught be a hog s back formed by a steeply dipping chalk tayer
C Low rolling country helaw 250 ft. extensively fatmed but with patches
of wood scrub and rough grass

10 Thus large area (almost 1 km?) 1s probably a plantanon belongmng to the
Forestry Commission because the trees are all comiferous and there are
numbers of unfenced access tracks or ndes The dramage pattern m the
centre of the plantation mdicates that the flat valley bottom has been
artificially drained by means of a close network of ditches These also help
to drain the higher forested parts of Wytch Heath A smaller but similar
Pattern 1s seen on the west side of the plantation draming that side of the
fow south pomnting spur on which forest has been planted



Index

(M) indicates reference to a map.

Abraston, 75, 108
platform, 76
Abyssal Plain, 36, 37
Acid Lava, 30-2
Acid Sail, 210
Active Zones, 22, 23(M)
Advection fog, 142
Agulhas current, 166(M)
Air frost, 136
Alaskan current, 166(M)
Alluvial fan (cone), 68, 69
Alluvium, 60, 209
Alpne orogeny, 16, 22, 24
Altitudinal zones, 168
Altitude,
influencing climate,
206(M), 207
Altocumulus, 140, 141
Altostratus, 141
American desert, 185(M)
Andes, altitudinal zones, 168
modifying climate, 179
Anemometer, 145, .46
Aneroid barometer, 128, 129
Annual range of temperature, 171, 172,
175, 177, 199, 201
Antarctic circle, 4, 7
Anticline, 25, 53
Anticyclone, 150, 151, 152
Antiquities, 244
Antrim lava plateau, 33
Aquifer, 46, 144
Arch, 76, 77
Arctic, 4, 5
circle, 4, 5, 7, 203
climate, 203, 204(M)
Arcuate delta, 68
Arete, 93, 95, 96, 97
Armorican orogeny, 17, 22
Artesian well (basin), 46, 47, 48, 115
Ash and lava cone, 30, 31
Aspect, 169, 205
Asymmetrical fold, 25
Atacama desert, 185(M)
Atmosphere, 123-5
heated from below, 124
Atmospheric pressure, 126-31
Atoll, 87, 88

168, 179, 205,

Attrition, 109
Average temperatures, 132
Axis, of the earth, I, 3

tilt of, 1, 161

Backing, 143
Backwash, 74
Barchan, 110, 111
Barograph, 129
Barometric gradient, 152, 154
Barrier reef, 87, 88
Basalt, 20, 33, 36
Basic lava, 33
Basin, drainage, 56

of mnland drainage, 114
Batholith, 34, 35
Bayhead beach, 81
Beach, 74, 81-2
Bearing, measurement of, 230, 231
Beaufort scale, 144, 145
Benguela current, 166(M)
Bergschrund, 94
Berm, 74
Biological weathering, 43
Bird’s foot delta, 68, 69
Blizzard, 201, 203
Block mountain, 27, 28(M)
Bloom mat, 203
Blowhole, 77
Bluff, 64, 65
Bolson, 114
Bomb, volcanic, 30
Bora, 164, 165(M)
Boreal, 201
Boulder clay, 74, 75, 102, 104
Braided stream, 68
Brazihan current, 166(M)
Brown earth, 212
Butte, 113
Buttress roots, 180

Caledonian orogeny, 17, 22
Californian current, 166(M)
Campos, 181(M), 184
Canaries current, 166(M)
Cancer, tropic of, 4, 7
Capricorn, tropic of, 4, 7
Capture, river, 63, 70, 71(M)



Carbomferous limestone 17 49
Cataracts 63
Catchment area 56
Cave coastal 76 77

limestone 4%650

enozoic era
ghalk 16 44 514 78 79 244
Chaparral 194
Cheddar Gorge 51
Chemical weathering 43
Chemozem 210 212 213 214
China type chmate 190 192(M) 195 3
Chinook 165 1

Cirostratus 141
Cirrus 139 141
Clay 18 43 244
vaneties of 16
Clastc rocks 18
CUff 74 75 T
recesson 75 76 117
Climate arcuc_203-5
changes i 90 10] 104-5 112
temperate 190-203
tropical 177 90
types of 174-207
Climatic control factors 161-72
Clint 43 49
Cloud 136 138 139-41
classificaion of 141
Coal 1
measures 17
Coastal vrosion 73-9
Col 151 152
Cold currents 166(M)
front 149 153
sector 153
temperate mterior climate 190 200(M)
201 2

Combe 52 53
Commumications on OS maps 254-5
Concordant coast 85 §6
Condensation of water vapour 134 169
Cone collapsed 31 119
parasitic 31
secondary 31
volcanic 31
Comferous forest 176 195 196(M) 197
8 201 202(M) X
Conglomerale 1718
Consequent streams 58
Consttuents of the atmosphere 123
Constructive waves
Contmental cimates 199-203 200(M)
dnft 21

shelf 36

slope 36
Continentality 170-2 191 199

Index 307

Contours 233-9
labels 234
patterns 236-9
Convection 184
ran 137 138 177 179 199
Caol temperate intenior chimate 190 199
200(M)

Coral 87 88 107
Corathan limestone 16
Core 19
Corrasion 60 75 92
Corrie 93 94 95
Crag and tail 98
Crater 31 32 119
Lake 119
Craton 15 23(M)
Crescentic dune 110 111
Crest (wave) 73
Crop rotation 21§
Cross section drawing of 242 3
Crust_contmental 20 24
of the earth 19
oceanic 20 24
Cuesta 52 53 54
Cumulomimbus 138 141 177 184
Cup anemometer 145
Currents ocean 38 166(M)
Cut off 67 68
Cwm 93 94

Daily weather chart 146-8

Darkness period varying length of 6 7
8 9 161 162

Date ne international 13 14

Daylight period varymng tengthof 6 7 8
9 10 161 162 184 191 198 201

Decnduous l'or:sl 176 180 195 196(M)

D-:ﬁanon ms 120
Delta 68 69
Dendnuic dramage 57 58
Denudation 41-6
Deposition coastal 80-4
glacial 99 103
nver 64-70
wind 109-11
Depression  148-9 152 153 191 193
194 195
teopicat 1.
Desert 107 176 184 185(M) 186
expansion of 111
features of 108 15
man s contribution to 112
vegetation 186
water in 112
Destructive waves 74
Dew 136
pont 134 136 138
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Dip slope, 52, 53, 54, 58

Discordant coast, 84, 85

Distance, measurement of, 230-3

Diurnal range of temperature, 42-3, 177,

184

Doldrums, 164, 182

Dramnage, inland, 114, 118
patterns, 56-9

Drowning, 71, 84, 85

Drift, continental, 21
glacial, 101-2

Drumlin, 102

Dry valley, 53, 54

Dunes, 84, 109, 110

Dust 1n the atmosphere, 123, 124
bowtl, 112, 201, 218

Dyke, 35, 117

Earth, age of, 15
mternal structure of, 19
ongm of, 15
pillars, 44, 45
revolution of, 5, 6
rotation of, 5
spherical shape of, 2
Earthquakes, 19, 23(M), 29-30
East African nift valley, 28(M), 118
East Australian current, [66(M)
East Greenland current, 166(M), 167(M)
Elbow of capture, 70
Emergent coast, 86, 87
End moraine, 101
Englacial matenal, 99
Epicentre, 29
Equator, 4
Equatonal climate, 177-80, 178(M)
modified by relief, 178(M), 181, 205,
207
currents, 166(M)
ram forest, 180
Equmox, 5, 6
Erg, 109
Erosion, rce, 92-8
by river, 59-64, 67, 116-17
by the sea, 73-9
by wind, 107-9
Erratic, 102
Escarpment, 52, 53, 54
Esker, 102
Estuary 69-70
Evaporation, forming rocks, 18, 37
mn the atmosphere, 123
Exfohation, 42, 107, 114, 184
Exotic streams, [14

Fallowing, 215, 216

Faults, 26, 27, 28, 117, 118, 121
Fault scarp, 28

Fertihizers, 216

Finger lakes, 1034
Fjord, 28, 84, 96, 98, 99
Flood plam, 64, 65
Fluvio-glacial action, 101
Fog, 142, 154
Fohn, 165, 170, 205
Folds, 25, 26
Fortin barometer, 127-8
Fringing reef, 87, 88
Front, 138, 149, 152, 153
Frontal ramn, 137, 138
Frost, 136, 142, 184, 193
shattening, 42, 93

Gault clay, 16, 54
Geological time scale, 16-17
Geyser, 34
Giant’s Causeway, 33, 36
Glacial deposition, 99-103
dnft, 101-2
lakes, 1034
overflow channel, 121]
period, 39, 90-1
snout, 99, 100
valley, 93, 95, 97
Glaciation 1n British Isles, 104-5(M)
Glacter, 90, 95, 96, 100
Glazed frost, 136
Gley soil, 212, 214
Gobi desert, 185(M), 199-200

.Gondwana(land), 21

Gorge, 48, 51, 60, 117, 121
Graben, 27, 28(M)
Gradient on OS map, 240-1
pressure (barometric), 152, 154
Granite, 34-6, 39, 43, 44
tors, 34(M), 35
Granular disintegration, 42
Grassland, tropical, 183-4
Great circle, 5
Greensand, upper and lower, 16
Gnid references, 229
Ground water, 46-54
Groyne, 81
Gryke, 48, 49
Gulf stream, 166(M), 168
type climate, 190, 192(M), 195-8
Gullying, 218, 220
Guyot, 36, 37

Hachures, 233

Haff, 84

Hail, 138, 141

Hangimng valley, 96, 97, 100, 117
Hardpan, 211

Harmattan, 164-5

Headland, 77-9

Headward erosion, 63, 64, 70
Hercynian orogeny, 22



Hhgh (pressure) 150 151

Hoac frost 136

Horse latitudes 164
Horseshoe lake 67 68

Horst 27 ZE(M)

Honzon (soHl}

Hot desert |84 lBS(M) 186
sprmgs 34 35

Humboldt current 38
Humdity 1334

Humus 216 2{2

Huracane 154

Hydrauhe action 59 75

Hydrological cycle 37

Hydrothermal activity 34

Hygrometer 134

Hygeophytic vegetation 180

Ice age 54 90-2 91(M)
crosion 92-8
sheet 90 92
the work of 90-105
Jgrcous intrusions 33(M) 35-6
rocks 18
Impermeable rock 43
Incised meanders 72
Indizn Qcean currents in 166(M) 167
Iaselberg 113
Insolation 9 124 161 162 170 194
vangtion 19 11
Interglacial (period) 39 92
Interior chmates l99—203 200(M)
Interlocking spurs 63
Intemational Date Lme 13 14
Im!rllsl})plcal convergence zone (ITCZ)

Tnsersion of temperature 142 154
Tsobar 130 150 151 153 154
Isohyet 139

Isostatic r:ad]uslmem 39
Isotherm 1

Jomts 35 43

Kalahan dcsert 185(M)
Kaolin 43

Karst scenery 48 59
Ketle bole o

Keuper mart 17
Khamsin 164
Kihmanjaro 30 168
Kimmendge clay, 16
Krakatoa 30 33

Kunle current 166(M)
Kuro Siwo (current) 166(M)

'I::smdor current 166(M) 167(M)
Lacuslnne del(av 68 93 118

Index 309

Lakes 118-20
coastal 119
glacial 1034 119
Land and sea breezes 165
Lapse rate 123
Lateral moraine 99 100 101
Latitude 3 4
Latosol 212 213
Lavrasia 21
Laurentian type chmate 190 192(M)
198
Lava 30-3 119
plams 33
Leachung 211
Le\cchc l64 |65(M)
Levee 65 66 6
Leas clay 16 44
Lightnmg 138 141
Limestone 18 43 48—54 24
pavement 48 4
Limon 102-3 lll
Llanos lﬂl(M) 184
Load
Loam ’10
Local winds 163-165(M)
Location of selilements 248-54
Loess 102 3 111
Longitude 2 3
Longitudinal dunes 111
Longshore dnft 80 81 83
Low (pressure) 149 150
Lower course (nver) 62 64-70

Magma 18 28 30 31
Manchurian type chmate 190 192(M)
Mangrove 180 188
Manile 19 20
Marnnas trench 19
Marjelen See 104
Maritime chimate 171(M) 172
Mass wasting 43 44
Matnx i8
Meznders 64 66 67
Meander belt 66
ncised
neck 67 68
Mean monthly average temperature 132
i ITE
Mechanical weathersng 42
Medial moratne 99 100 101
Mediterranean  chmate 190
193(M)
local winds in 164 165(M)
vegetation 1934 196(M) 198
Mendian 3 12
Mesa 113
Mesozcic era, 16
Metamorphic rocks 18-19
Metecrology 123-55

192(M)
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Mid-Atlantic ridge, 37
Middle course (river), 62, 64
Millibar, 128, 150, 151
Millstone grit, 17
Misfit stream, 70
Mist, 142
Mistral, 164, 165(M)
M-layer, 19, 20
Mohorovicic discontinuity, 19, 20
Monsoon, 180, 198

climate, 186-90, 187(M), 189(M)
Moraines, 95, 99, 100, 101, 104
Mortlake, 67, 68
Mountain bulding, 22-9

climates, 205, 206(M)
Mountains influencing chmate, 169, 170
Movement of pressure belts, 162-3
Mud flats, 70, 83

volcanoes, 34
Muskeg, 203

Namib desert, 185(M)

Nappe, 25

National Gnid, 227-30

Natural vegetation, 175-6
Nehrung, 84

Néve, 94, 95

Niagara Falls, 117, 121
Nimbostratus, 141

Nimbus, 139, 141

Non-clastic rocks, 18

Normal fault, 26, 27

North Atlantic dnift, 166(M), 167(M)
North direction, 225-6

North Equatonal current, 166(M)

Qasis, 114, 186

Obsequent streams, 58

Oceans, 36-9

Ocean currents, 38, 165-8, 166(M)
deeps, 23(M)

Occluded front, 149

Onion weathering, 43

Oolitic limestone, 16

Organic weathering, 43

Orogeny, 16, 17, 22

Outwash plain, 101

Overfold, 25

Overhead sun, §, 6, 7, 163, 177, 182, 184,

188, 190
Ox-bow lake, 66-8, 120
Oxford clay, 16

Pack ice, North Atlantic, 167(M)
Pacific ning, 33

Palaeozoic era, 17

Pampas, 199

Parasitic cone, 31

Parallels of latitude, 4

Paternoster lakes, 104
Pedestal rocks, 108, 109
Pedalfer, 211
Pedocal, 211
Percolation, 43
Peri-glacial conditions, 105
Permafrost, 203
Permeable rock, 43
Peruvian current, 38, 166(M)
pH value (of soil), 210
Physical weathering, 42
Planetary factors, influencing climate
161-2
winds, 1624, 165
Plate theory, 21, 22, 23, 24
Playa, 114
Plucking, 92
Plug, volcanic, 32
Plunge pool, 116
Podsol, 210, 212, 213
Polar cimate, 204(M), 205
front, 149, 164
Poles, 3, 4
Portland limestone, 16, 78
Pot holes, 62
Precipitation, 134-42
Pressure belts, 1624, 177
gradient, 152, 154
Prime menidian, 3, 12
Purbeck limestone, 16, 78
Puy, 32
Pyramidal peak, 94

3

Qattara depresston, 108
Quaternary era, 16

Radral dramage, 59
Radiation fog, 142
long wave, 124, 125
short wave, 124, 125
Rain, 136-9, 149
Rainfall as a climatic statistic, 174-5
in the desert, 184
Rain gauge, 139
Rainshadow, 137, 169, 170
Raised beach, 39, 86
Range of temperature, annual, 171(M),
172, 175
diurnal, 42-3, 177, 184
Rapids, 63, 70, 117, 118
Recumbent fold, 25
Recurved sput, 83
Reef, coral, 87, 88
eroded, 76, 77
Regolith, 209
Rejuvenation, 71, 72
Relative humidity, 133-4, 135, 177
Relief, influence on ramnfall, 207
mfluence on temperature, 207



on OS maps 733-30
ran 137 169 170
Resequent streams §§
Resurgence 48 5
Reverse fault 26 7
Ra 71 85 86
R bbon lake 1034
R dge of h gh pressure 15t
Rftvafley 27 8¢N) 3% 118
R ver capture 63 70 71
croson 59-64 67 116-18
profile 61 6% 116
repme
work of 56-77
Roanng Fortes 164
Roche moutonnee 97 98

Romer 277
Root zone 25
Run-oil 43

Sahara desert 185(M)

Sahel 18T(At}

Salnty 37

Sand dunes 109 110 t1)
sea 109

Sandstone vaneties of 17
Sandstorm 109

Saturat on of the atmosphere |

Savznnj 176 180 131(M) 182(\1) 183

Scale 226-7
Scarp slopc 5" 53 54 58

Sca lc\ef chan!ﬁ m 3R 39 712 848
87 92 9
land bcluw 38
Seamount 36 37
Seasonal ra nfall IXZ(‘VI) 187 193
Seasons 5-11 16]
Sea the work of 73~8§
Secondary cone 3]
depresson 151 182
vegetaton 176 194
Sed mentary rocks 18
Saif dunes 111
Selvas I'IB(M) 180 183 183
Som 0x
dtsen 134 185
znlngam:p (M) 195(M) 198
t lements on 0S m.
Shale 18 4 2ps 244-54
Sheld areas IS 23(M)
volcas
Shi ngcuh vzm
S35 180

Sit 60
S nd desert, 188

Index 311

Srocco 163 165(M)

St s max mum and m n mum ther
mometer 131 132

Slate 19

Slest 136

Slump ng 43

Snow I ne vary ng he ght of 168
Snout of glac er 99 100
Solconservaton 219 21 272
crecp
eroson 180 201 216-22
exhaust on 180

Solar system |
Sol flucton 4 45
Solonchak 21S
Solstce 5 6
Soluton 43 48 119
South equator al curtent 66(A1)
Spt 82,83 84
Spring 48

ine 53

1ne settlements 747
Stack 76 77
Stalact te 48 S0
Stalagm te 48 <0
Step fault 77
Seppe 196(M)
Stevenson screen 131
Storm beach 82
Stratocumulus 141
Stratosphere 174 125
Strato-volcano 30 31
Stratus, 139 141 154
Stnatons 97
Stream order 57
Submerged forest 39
Subsequent streams 58
Subs diary cone 119
Sudancl mate 1804 181(M) ISZ(M) 183
Sun angle of elevaton 5 7 |61 169

190

ovethead 5 6 7
Sun vert cal noonday 7
Sunsh ne 146
Suspens on 60
Swallow hole 48 49 50
Swash 74
Synclne 25 53

Takla Makan desert 185(M) 199-200
Tarn 93 9-
Tear fault 26 27
Temperate ¢l mates 190-203
desert 185(M) 201
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Temperate climates (contd)
grassland, 201, 202(M)
Temperature, 131-3
of the atmosphere, 123
as a chmatic statistic, 175
conversion, 131
mversion, 142, 154, 205
maps, 133
range, annual, 172,
199
range, ditrnal, 42-3, 177, 184
Termunal moraine, 99, 100, 101
Termunator, 6, 9
Terraces, rejuvenation, 71, 72
Terracettes, 44, 45
Thar desert, 185(M)
Thaw-freeze, 42
Thermometer, maximum and mimmum,
131, 132
Thrust plane, 23
Thunder, 138, 141, 177, 184, 199
Time, 11-14
Time conversion, 11, 12
scale, geological, 15, 16-17
zones, 12, 13
Tor, gramte, 34(M), 35
Tornado, 154-3, 199
Trade coasts, 178(M), 179, 180
winds, 164, 165, 177, 194
Tramontana, 164, 165(M)
Transpiration, 186
Trelhs drainage, 58
Tropical climates, 177-90
depression, 154
desert, 184-6, 185(M)
forest, 176
grassland, 176, 178(M), 181(M), 1834
marine climate, 179
monsoon, 186-90, 187(M). 189(M)
ram forest, 178
Tropics, 4, 7
Tropopause, 123, 124
Troposphere, 125
Trough of low pressure, 151
wave, 73
Truncated spur, 96, 97, 100
Tsunamis, 30
Tube anemometer, 145
Tundra, 203, 204(M)
Typhoon, 154

171, 174, 175,

Underground dranage, 48, 12}
Upper course (river), 62-64, 96
Upthrow, 26

Veering, 143, 152
Vegetation, secondary, 176, 194
types (regtons), 174-207

Vent, 30
Vertical interval, 234
noonday sun, 7
Virgin lands, 201
Visibility, 146
Volcanic ash, 30
bomb, 30
plug, 32
Volcanoes, 23(M), 29, 30-5, 119

Wads, 112
Warm currents, 166(M)
front, 149, 153
sector. 153
temperate interior climate, 190, 192(\ ),
194-5
Water cycle, 37
in the desert, 112-15
eroston, 218, 219
gap, 38 '
table, 46, 47, 53, 34, 112
vapour, 37, 123
Waterfall, 63, 70, 116, 117, 118, 120
Watershed. 56
Wave-cut platform, 76, 86
height, 73
length, 73
sea, 73, 74
Wealden clay, 16, 78
Weather, 123-55
m an anticyclone, 152-3
in a depression, 152, 153
Weathering, 42-3
Wenlock limestone, 17
West wind dnift, 166(M)
West Australian current, 166(M)
Westerly winds, 164, 167, 191, 193-4
Wet and dry bulb thermometer, 134-5
Whn Sill, 35
Wind, 142, 146
deposition, 109-11
direction, 143
eroston, 107-9, 217-18
rose, 143
speed, 145
vane. 143
the work of, 107-15
Winds, deflected by earth’s rotation, 163
local, 164, 165(M)
planetary, 1624
Winterbourne, 54
Wrench fault, 26, 27

Xerophitic vegetation, 183, 186

Yardangs, 108, 109

Zeugen, 108, 109
Zonal soil, 212



