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INTRODUCTION

Geology 15 a science which treats of the Earth But this
defimtion has to be specified because the Earth is studied by
many sciences that have their own specific tasks and methods
of 1nvestigation

Modern geology studies the history of the Earth and its
Iife In conformity with thns task, 1t 1s divided 1nto two
clo.ely related sections which are sometimes regarded as sep
arate disaiplines a) dynamic (physical) geology which deals
with the caues and processes of geological change and
b) hastorical geology which studies erustal changesin time and
space and the relation between the development of the or
game world and the Earth s crust

This book describes the geological processes on tho sur-
face of the Earth and 1in1t outlines the history of the Earth s
crust and gmves a geological chronology

To enable readers to understand geological processes
more fully the authorstouch upon problems of astronomy and
physical geography and discuse the Earth s position
space and also the various hypotheses on the Earth s ongin
The purpose of this book 1s to teach people to recogmse ore-
forming and other widespread minerals as well ag rocks wuse
a geological compass read geological maps and construct
geological sections

Ferrous and non ferrous metallurgy the fuel and chem
1cal industries agriculture and other branches of the nation-
al eeonomy owe their emistence and development to mmer
als and geology provides the knowledge nceded to look for
and exploit these minerals By studying the structure, com-
Position and history of the Earth s crust geologists uncover
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the wealth tdden in the bosom of tho Iarth and develop
efficient methods of tapping this wealth Morcover the in
formation yielded by geology 19 of the utmost ymportance to
bwilding The bnlders of Ing factories and el buildings
railways o1l and gas pipehines tunnels bridges dams and
reservoirs require preliminary geologieal information on the
bedding of rocks 1n and around bwilding sites the compost
tion of these rochs and the conditions under which they
formed tho processes changing theso rochs and the future
direction of these changes

Man has always evinced an nterest in geology Tlus 13
borne out by the fact that he learned to produce metals long
before the dawn of our era But 1t was only 1n tho first half
of the mncteenth century that the firt chromology of the
Earth s listory was compiled and theories were advanced
on the fermation of mountains

The extensive factual material yielded by investigations
1n vast areas 1n Burope Asia and Ameriea provided the foun
dation for screntific generahsations

Many Russian West European and American scientists
have helped to formulate the fundamentals of geology Of
the Russian geologists special mention must be made of
Mikbail Lomonosov (1711 1765) who came forward with
important 1deas about the Earth s orgin and geological
structure and did much to further miming  Outstanding
work was done at the close of the eighteenth and beginmng of
the mncteenth century by Vastly Severgin (mineralogy)
Nikolar hoksharov (crystallography) and Dmitry Sokolov
(geology) The Russian scientists who mado important con
tributions to geology in the second half of the mincteenth
and early twentieth century include Gennady Romanoyshy
Alexander harpmshy  Viadimur_Obruchev  Ivan Gubhin
Andrei Arkhangelsky (geology) Vladimir hovalevshy Ni
Lolai Yahovlev Alexer Borisyah Alexer Pavlon M V' Pav
lov (paleontology) Yewvgrafl Fyodorov (crystallography)
Viuwlimir Vernadshy Alexander Forsman and Frants Lo
vinson Lessing (petrography and geochemuistry)

Abroad the outstanding investigitors 1n the minctecnth
and twenticth centurtes include William Smuth (Great Bt
ain) and Georges Cuvier (France) who proved that fossil
orgamsms play an tmportant role 1n the consecutive strati
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graphy of seduments, Charles I yell (Great Britan) who in
troduced the actualistic method (whereby the past 1s studied
through the present) into geology, Cduard Suess (Austria)
who studied the structurc of the T'arth s crust, E Haug
(France) who developed the geosynchinal theory Albert
Herm (Switzerland) Leopold Kober (Austria) and James
Dwight Dana (US A) who studied tectomics and Alfred
Lothar Wegener (Germany) who developed the theory that
contsnents float an a bed of molten magma

Soviet scientists have done much to develop the theory
of geology and to enlarge tho raw material resources of the
Soviet mimng industry This work 15 being facilitated by
the Soviet Umon s far reaching plans of cconomic develop
ment The Soviet Union s cnormous terntory and the great
diversity of her geological structuro hikewiso provide con
siderable opportumty for geologieal study and generalisa
tions

In the past few decades Soviet geologists have discovered
new reserves of ferrous non ferrons and rarc metals, o1l and
other minerals Soviet industry now has all the mineral raw
materials it requires

Huge alumimum deposits have been discovered on the
castern slopes of tho Ural Mountamns in the Tihhvin area
1 the Ukraine and other regions of the US S R Many years
ago Academician Andre: Arkhangelsky had insisted there
were alumintum ores {(bauxites) 1n these regions

The discovery of huge iron ore deposits became possible
thanks to our greater hnowledge of the genesis of 1ron ores
which as we now know, form not only where sedimentary
and magmatic rochs come 1nto contact but also far from these
paints of cantact, 1n coastal regions, as well as 1n the weath-
ening crust of rochs

Academician Ivan Gubkin whose forccasts helped to
discover o1l and natural gas deposits played an 1mportant
roletm developing the theory of the formation of these de
postts

Theoretical premises have m a large measuro been respon-
sible for the discovery of diamond fields 1n Yakutia

Geological 1nvestigations have strengthened and enriched
hydrogeology, cngineering geology geotectonies, geocryolo
By, volcanology, paleontolegy and other disciplines,” and
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have alse given nise to many new geological disciplines Geo
chemrnstry and geophysics emerged during the present con
tury and are developing rapidly Geochemistry which owes
1ts rise mawnly to the investigations of the Soviet scientists
Vladimir Vernadsky and Alexander Fersman studies the
Iistory of the chemical elements 1n the Earth s crust the
laws governing their distribution and also their behaviour
under various physical and chemical conditions Geophystes
studres the physical properties of the Larth as a whole and
1ts separate regions through various instrumental observa
tions Geopbysical metheds are very important in the scarch
for mineral depostts

In studyingthe Earth scrust 1itsformation and its changes
1 time  geology draws upon the basic theories of physics
chemstry and biology But the methods of investigation
used 1n geology differ greatly from chemical and brological
methods In physies chemstry and biology various laws aro
established through experimentation but 1t 1s extremely
difficult to conduct experiments in geology It 1s hard for
example to crcate the nccessary conditrons for orogenic
processes which gave 1iso to mountain ranges over a period
of many mullions of years But cxperiments modelling
varnious geologieal processes are being conducted 1n many
countries 1mcluding tho Soviet Unten

Geology s principal method of imvestigation 1s to con
duct closo field observations of the consccutive stratifica
tion of rochs (strigraphy) therr structural features (tecton
1es) composition (petrography) and relative age on the
basts of the fosst] fauna and flora preserved n them (paleon
tology)

Soiet saacntists an penetrating over deepr into the essence
of the processes they are studying generabising data by meth
ods of dialcctical matertalism  and formulating hypoth
cses on the geological processes in remote periods of tho
Earth s history

Tho structure of abyssal Inyers which canoot be reachal
for direct observation 1s tudied by the products of volean
1¢ eruptions Envestigations of carthquahes and of the pa s
age of <msmic waves through the Darth give some wlea of
the tate of mattee in the Parth Important conclu rons
have been arrived at througha tudy of geothermal phenom
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ena Observations 1n this field have shown that the great
reserves of heat 1n the Earth play a very important role 1n
the processes forming the Larth s crust the secular vara-
tions of the boundaries of continents and seas the presence
of hot springs and other phenomena

Instrumental geophysical methods of 1nvestigation (seis
mometry magmtometry gravimetry and so on) which
allow studying the passage of sexsmic waves through various
mantles of the Earth magnetic phenomena the distribution
of the forces of gravity and other phenomena, have enabled

scientists to unfathom many secrets of the structure of the
Earth s crust






ORIGIN O THL EARTH, 1TS PHYSICAL
AND CHEMICAL PROPFRTIES

THE CARTIH IN COSMIC SPACE

Tho Earth 1s one of the planets of the solar system and re
volves round the Sun like all the other planets of this system
The planets revolving round the Sun are situated in a single
plane, namely, 1n the plane of the echptic which forms an
angle of about 7° wath the solar equator

The problem of the ongin of the solar system and of the
entire umiverse 1s of greal theoretical and practical impor
tance

All scientists agree that celestial bodies were formed of
1dentical matter Varous hypotheses were enunciated to
explain the origin of the solar system One of the first was
theihys},)olhesxs advanced by Immanuel Kant (1724 1804)
1 175

Ho said the universe was formed of the primary matter
filling costme space The particles of thus apparently sohd
matter were 1n a state of rest but differed from each other 1n
density and mass Attracted by mutual gravitation they
began to move and form separate condensations These con
densations continued to interact the bigger condensations
attracting the smaller ones 1n the sphere of their action Thus
were formed large knots of matter But besides gravitation
al forces there are forces of mutual repulsion, under the
action of wiuch colhding particles bounce away from each
other i different directions The direction that the moving
particles were given most frequently became predominant
and a mass of knots of matter began to revolve 1n one diree
tion round a bigger hnot, round a central body—the Sun
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The particles resolving round the Sun representul rings
of a metcor shower which had 1ts own centres of attraction—
the nucle: of future planets Gradually umiting urnder the
forco of gravitation all meteors are thus transformed nto a
system of planets cirching round the Sun (Fig 1)

In 17906 Pierre Laplace (1748 1827) advanced a similar
hypothesis of the ongin of the solar system and other worlds
His hypothe 1s was that the matter of which the Sun the
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Ft 1 Formation of the Sun and the planets after hant [ aplace

plancts and thesr satellites consi ¢ was at one time a rareficd
gascous clond (nebula) which was in a state of rotation {the
cause of wluch 1s unknown) On account of the attraction
Detween the particles tlns nebula began to comden ¢ tnats
centre and this led to the formation of the pnimeval Sun
In the beginming 1t was enveloped 1n a nebula revolving
evenly round it The particles nearest to the Sun thus de-
cribcd orbits of les er rahus while tho e more di tant de-
ented orbitsof Ligger radius inthe ame spanoftime There-
fore the farther away from the centre ani the weaker the
gravitation the greater the centrifugal force became Al a
certain dr tance from the centre the ¢ forces truch a bal
ance Tho bounlary cjarating the given sy tem from the
others pa ~ed through tis point
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Civing avay 1ts heat 1nto space, the rovolving nebula
gradually cooled down and consequently, contracted That
led to an increase of the velocity of rotation which at length
attamed a value at which the centrifugal force exceeded the
inward pull of gravity On account of this, the nebula began
to lose 1ts spherical form and to change 1nto a more and more
pronounced spherord Round 1ts equator the nebula began
to disintegrate 1nto several parrow and thin rings Under
the 1nfluence of uneven cooling the rings broke off and owing
to the attraction between the particles the planets re-
volving round the Sun were formed (Fig 1)

In contrast to hant s hypothesis which drew no atten
tion Laplace s propositions became very popular as soon as
they were published and they 1nfl d the develop
of astronomy 1n the nineteenth century Laplace s hypothe-
s1s explained why the planets revolved round the Sun in the
same direction as the Sun was rotating round its own axis
why their orbits were arranged nearly 1n the same plane
why they were rotating round therr axes in the same direc-
tion as the Sun  and so on

At present the hypotheses of hant and Laplace whose
content 1s very nearly the same arc hnown as the Kant
Laplace hypothesis

Further study of the universe and the solar system revealed
numercus facts that contradicted the Kant Laplace pro
positions It became hnown for example that the satel
lites of somo plancts do not rotate in the same drrection as
the planets themselves (this concerns some of the satellites
of Uranus and Jupiter)

Other cosmogonical hypotheses (the hypotheses of Moul
ton Chamberlin, Jeans and others) developed out of the
Kant Laplace hypothesis in the twentieth century

In the past few decades the Soviet scientists who have
been developing cosmogonical hypotheses have introduced
essential corrections into the scientific 1deas advanced in
the nineteenth and carly twentieth centuries One of them
Otto Schmmdt belteved the early hypotheses were untenable
because they were only qualitative Modern cosmogony he
sad should also engage 1n quantitative study based on
mathematical and statistical methods

In 1944 Schmidt put forward a new hypothests in which
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1t was assumed that the planets of the solar system ong
nated from n gas dust nchula atteacted by the Sun as it
mored in antertellir space

The solid meteonte particles revolving round the Sun umt
ed under the influence of gravitation and gave n o to the
planets This process of umfication of the planets proceeded
rather tntensively <o long as the meteor <hower was dense
but 1n the last 2 000 million years the addition of meteonites
to the Carth has been very inconsiderable The redistribu
tion of the metcorite mass within the Earth procecded only
m a viscous plastic state without transition through a flurd
stage The arth according to Schmidt was never hot its
average temperalure never exceeding 4° The subeequent
heating of the Larth 1s associated with the deeay of radioac
tive eclements

Schmudt s hy pothesis plausibly explains all the structural
features of the solar system the circular orbits the revolu
tion of the plancts the laws goverming the spacing of the
planets the division of the plancts inte two groups (large
planets and plarcts of the terrestrial type) morcover on
the assumption that planets recerved thur quantity of mo
tion from without dunng the capture of a gas dust cloud
at the expense of the enormous momentum of rotation of
the Galaxy 1t solves the major problem of the distnibution
of mass and momentum 1n the solar system

The weak point 1n Schmudt s hypothests was however
the problem of the origin of the metconite gas dust cloud
round the Sun which was the 1mtial material for the forma
tion of the planets The possibility of the Sun capturing such
a cloud from the Galaxy has becn mathematically proved
for tho casc of interaction of threo bodies yet tins possibili
ty 1s so rare that 1t makes the process of the formation of
plancts 2 umque phenomenon 1n the universe This compels
scientists to scek other explanations of the origin of the gas
dust cloud round the Sun

The 1nvestigations of the Soviet astrophysicist V. A Am
bartsumyan arc of particular importance 1n this connec
tion He proved that stars are forming continuously through
the condensation of matter in rarclied gas dust nebulac

On the basis of tlus fact the Soviet astronomer V. G Fe
senkov developed the hypothests that the Sun and the plan
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ets revolving round 1t originated from a common gas dust
medium  According to his hypothesis at the time the Sun
was formed as an ordinary star 1ts huge mass and fast ro
tation caused matter to separate from 1ts equatorial plane
This matter formed a gas dust cloud of unequally distribut
ed density The subsequent cvolution of this cloud proceed-
ed under the influence of gravity, and led to the creatton of
the planets The formation of the planets 1s thus a part of
the general process of the formation of stars and appears to
be a widespread phenomenon 1n tho universe According to
Fesenhov the Earth as all the other plancts took shape
immediately throughont 1ts mass and not as a result of 2
long pracess wnvolving the concentration of scparate parti
cles of dust

It 1s now generally accepted that the Sun and the nmine
known planets revolving round 1t represent a planetary sys
tem which travels in space at a very ligh speed The solar
sy.tem moves at a veloaity of 233 kilometres per sccond

The group of the minor planets of the terrcstrial tvpe 1s
nearest to the Sun These plancts are relatively small and
their density 1s very high If we take the mean distance from
the Earth to the Sun (149 500 000 Lilometres) as our umt of
distance we shall find this group of planets 1n the following
order 1n relation to the Sun Mercury 0 39 umt, Venus 0 72
unit, the Earth 1 0 umit and Mars 0 52 umt

They are separated from the outer group of major plan
cts by a belt of asteroids {or planetoids), which consist
of accumulations of small planet like bodies revolving about
the Sun 1n elliptical orhts, and orcnted 1n different direc-
tions Fesenkov estimates the total mass of asteroids as
00003 of the Earth s mass

The major planets whose mass comprises 99 5 per cent of
~ll planetary matter are arranged 1n relation to the Sun 1n
the following order Jupiter 5 20 umts Saturn 9 55 umts
Uranus 19 19 umts, Neptune 30 07 umts and Pluto 39 65
units

If we adopt the diameter of the Darth as one unit of meas
urement, the diameter of Mercury will only be 038 umt,
of Venus 097 umt and of Mars 05 umt The diameters of
the major planets will then be Jupiter 11 umts, Saturn 9 5
unts Uranus4 umits and Neptune 3 89 umts (Fig 2) as re
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gards Pluto's diameter st s beliesed to be anything from hall
to about the samo as the I arth

A tronomiers have establiched that the density of the ter
restral plancts 19 greater than that of the major plancts
The densty of the Larth an G/em® s equal too 52 theden
ity of Juptter 13 whilo the density of Saturn)s only 07
tc less than the density of water

Sin planets have satellites Most of the satcilites revolve
round the planets inthe same direction as thewr parent bod
1es revolve round the Sun Jupiter has the largest number
of satellites—12 Light of them revolve round Jupiter wn
the samo direction as the planct atself wlile the remaining
four revolve in the opposite direction

Mars has two satellites Saturn mine and also a ring Ura
nus five and Neptune two The Moon 1s the Larth s satel
hite Mercury Venus and Pluto have no satellites

There are thus nine planctsand forty satellites (not count
ing Saturn s ring) 1n the solar system On January 2 1959
the US S R launched a space rochet which broke Joose from
tho Carth s gravitation and went into orbit round the Sun
thereby becoming the first man made <atellite of the solar
system

Comcts arc also a part of the solar system Obscerved from
tho Darth they appear as luminous nebular spots (kead
of the comet) from which a lumnous tail streams out
Comets constst of extremely rarcfied gases (cluefly carbon
monoxide and cyanogen) and of tiny particles of cosmic dust
which reflect the sunhght A certain consolidation is observed
only at tho head or nucleus of a comet This pucleus
cvidently consists of an accumulation of stones and boulders
spaced at small intervals The mass of a comet 15 infinttesi-
mal and does not cxceed the mass of small asteroids (calcu
lated 1n million millionth parts of the Earth s mass)

Like the planets comets revolve round the Sunin ellipts
cal orbtts Only some of them move along shghtly olongated
ellipses and can therefore be periodically observed from
the Earth The orbits of the majority are so strongly clon
gated that 1t takes them hundreds and sometimes thousands
of years to complete one revolution round the Sun

Dlanets with a high density as well as asteroids havo the
same mncral composition as the Darth This isproved by the
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meteorttes that have
fallen on the Earth
These meteorites are
fragments of disinte-
grated cosmic bodies
whose  composition
was sumilar to that of
terrestrial type plan
ets The mineral com Neptune
position of the meteo s
ntes has been studied pars o Vemss
quite comprehensive
Iy None of the miner
als 1n them are un
kllllown to us Some of
the meteorites have a
ative size of the Sun the
bigh specafic weight — PE 2 }]}Iea[nells and the Moon
and consist of iron and
mckel, others consist of lighter minerals and are hnown as
stony meteorites
Many of the smaller fragments of cosmic bodies that
get into the Earth s atmosphere burn up completely before
they reach the Earth's surface and a part of them sweep
past the Earth
cing ome of the plamets of the solar system the Earth
15 influenced by the Sun and the other plarets of this system
But, tho greatest 1nfluence on the life of the Larth 1s exerted
by the Sun and the Moon The Moon 1s 384 395 kilometres
or 60 terrestrial radn away from the Earth
A number of geodynamic p called ex
(external) processes, are determined first by the revolution
of the Earth round the Sun and second by the fact that the
Earth recerves heat from the Sun The latter factor strongly
influences the conditions and mobihity of the Earth s at
mosphere The phenomenon of ocean tides 13 produced by
the combined gravitational attraction of the Sun and Moon

upon the Earth The age of the Earth as a planet 1s ecormous
—about 4 000 million years

Mergury g Moon
Earth
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THE DARTH & SIEAPE PINYSICAD §OPT DTILS
AND COMLONITION

Shape of the Carth 1 atil the sevonteenth contury it
was belloved that the Tarth was a ngular aphen However
by the closc of that contury many facts had boon acenmulate |
which tdieated that the Tarth was not a sphent Tho o
cillations of the < cond pontulum wen ob rvad 1 Irane
and in the equatonal part of Amerien and these <tudies
showed that the osallations won <lower in the <outh than in
tho north Hunee t wasnfornd that tho | arth bulged more
i the equatorial ngion than tn the polar ngion

Ludepcndently of thew obsxrvalions  some scicntists camo
to the conclusion that the Tarth was a epheroid with the
polar axis somewhat <horter than the  cquatenal aus

This condlusion arv ¢ from the theoretical rensomng that
at one time the Tarth wasan a flurd or plastic state Owing
Lo its rotation about 1ts own axis through the action of centni
fuga) forces the §arth nnavonlably became flatter at the
pules and expanded at the equator

In the seventeenth nincteenth ccntunies to solve the prob
lem of the I arth s shape tho length of the meridian are was
maasurcd at differont latitudes by the trangulation mcthod
These moasurments showed that the length of the merndian
arc cornsponding to one degree of Intitude nerensed from
tho cquator towards tho pole In particular Russtan scien
tists tooh a number of latitwdinal messurcments which to
this dny constitute the grcater part of the geodetic work
that has been done to measure the 52nd parallel The line
of measurement begins 1n Lngland  passes through Belginm
Germany and Poland and stretches in Russia up to tho town
of Orsh 1n the Trans Ural region Thus nearly two thirds
of this hne 13 1n Russta

Different lengths of the cquatortal and polar seni aves
or the Earth s radu_ have been established as a result of nu
merous longitudinal and Iatitudinal measurements of the
Earth s surface According to these measurements the equa
torial radius 1s 24 kilometres longer than the polar radius
It 15 now aceepted that the radius of the Carth averages 6 378
Lilometres the Earth s contractionis 1 298 and its surfaco
has am area of 540400 924 sguare kilomelses
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The exact determiation of the shapo of the Earth 1s of
ymportance to theory and practice The reason for ths 1
that 1t affects the accuracy of geodetic surveying and cartog
raphy The radn given above show that the globe 18 flat-
tened at the poles and that 1ts shape s close to that of an oblate
spheraid  Detailed geodetic and geophysical investigations
have also established that the equatorial radn arc not equal
1n length either On the equator there 1s a daffercnce of 213
metres 1n the length of the radu The Earth 1s thus consid-
ered to be a triaxial etipsord which has been named the Kra-
sovshy ellipsoid this shape 15 also known as a geod, 1 e,
a shape that 1s distinctive of the Earth only and cannot be
reflected by any proper geometnic form The LCarth's surface
has an amplitude of unevenness of 20 kilometres

Force of Gravity 'The umque shape and structure ot
the Earth cause changesin the pull of gravity onitssurface Re
cent accurate measurements of the force of gravity ginve an
1dea of the laws goverming its distnbution on the Earth s
surface There 1s greater gravity in the polar than in the
equatorial region and gravitational acceleratton changes
smoothly from the pole towards the equator by half a per
cent However a deviation from this rule 1s observed at a
number of points 1nsome placesthe foree of gravity 1s above
normal (positive gravity amomaly) and 1n others it 1s
below normal (negative gravity anomaly) Anomalies are
brought about by rare changesinthe composition of rochs
Gravity decreases 1n places consisting of lLight rocks and 1n-
creases where the rocks are heavy

Gravity 15 measured with special instruments called gravity
meters and the study of the changes in the force of gravi
ty 15 the subject of the scicnce of gravimetry In recent
years this science has begun to play an1mportant role 1n help-
1ng to solve major problems of geology Gravimetric maps
that reveal a rather close relationship between the force of
gravity and geological structure aro compiled on the basis
of measurements of the force of gravity

Density of the Earth It hasbeen established that despite
the great difference 1n the density of 1ndividual component
rocks the density of the Earth's crust varies from 1 5to 3 4
averaging 27 This 15 the denmity of the mosy widespread
rocks such as sandstone clay chalk Limestone, gramte,
2 19



basalt, and so on The density of tho Earth as a whole, deter
mined by dividing its volume by its weight 155 52

The geophystcist Phulipp von Jolly was fitst to estabhish
the density of the Earth He obtained the value of 5692
with a possible error of 5 0068 The Earth's density has
subsequontly been determined at different points (in moun
tains menes and valleys) by many investigators with ord:-
nary and torsion balances pendulums, plumbs and other
instruments only shght deviations from the above average
density have been recorded

Since the density of the Earth averages 5 52 and the denst
ty of the Earth s crust varies from 1 5to 3 3 1t 1s supposed
that 1n the centre of the Earth there are very heavy masses
with a density of not less than 12 which 15 roughly equal
to the density of lead

The approximate density of matter 1 the interior of the
Earth at different depths has been established through a study
of the diffuston velocity of seismue oscillations At the
same time 1t has also been ascertained that the diffusion ve-
loaty of seismic oscillations which as a rule 1ncreases
smoothly with depth undergoes sharp changes at certain
depths

The drrection of seismic rays also changes sharply at these
depths whero the rays refract and are even partially reflect
ed These sharp changes are observed at depths of from 5
to 70 kilometres Oncontinentsthey are observed at a great
or depth and 1n oceans—ncarcr to the Earth s surface [hese
are known as surfaces of the first order Tho first has been
named after Mohorovic the Czech scientist who discovered
it At 2 900 metres longmtudinal waves refract with partic
ular sharpness while transverse waves fade Thisis anindr-
cation that the physical properties of rock have undergone
sharp changes at 2900 metrs

The rate of diffusion of longitudinal waves in the first depth
division 15 5565 km/sec then it imereases abruptly to
8 kmysev and further at 2 900 metres 1t reaches its max
mum of 13 6 kmysec after which 1t drops to 8 1 km/sec and
then gradually nses to 11 3 km/sec

On the basis of a study of earthquahes and a determina
t1on of the mass and averago density of tho Earth it 1sas
gumed that the Earth conssts of the follovang inner shells
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(geospheres) which duffer from cach other 1n composition
and condition of matter

4 'The upper shell—hnown as the Earth s crust (itho
sphere) Its thickness on contruents 1s from 30 to 40 kilom
etres under mountain ranges up to 70 halometres under
the Atlantic and Indian oceans from 10 to 15 kilometres, and
1n the central part of the Pacfic Ocean up to five kilometres
The composttion of the upper parts of the hthosphere differs
from that of the lower deeper zones In the upper part of
the lithosphere thers 1s a predominance of oxygen (0), stlic-
wm ($1) and alumnium (Al) In the lower levels magne-
siom (Mg) supplants alumimum The Earth's crust 1s
composed of rocks which are common on the surface The
density of these rochs does not exceed 3 4

2 The 1ntermediate shell (mantle) 1s beheved to spread
to a depth of 2850 2,900 kilometres In the composition
of the upper part of the mantle Fe, 81 and Mg play an 1mpor-
tant role whle Cr 1s of lesser importance In view of this
the upper layer 15 called the crofestma The density of the
matter 1n 1t ranges from 4 to 5 Its depth varies from 1 200
to 1 250 kilometres Downwards in the composttion of the
mantle an essenttal role 1s played by N1 and the lower layer
of the mantle 15 therefore called the nifessma The density
of the matter 1n this layer varies from 5 to 6

3 The Carth s core within which an 1nner core 1s distin-
gmshed The upper boundary of the inner core lies pre-
sumably at a depth of 5 000 kilometres It was previously
supposed that the core was composed of tron mickel and other
heavy metals, and was called nife At present 1t 1s
believed that the core differs from the overlying shells by
the state of the matter rather than by 1ts composition Un-
der the high pressure prevailing 1n ‘the core, the matter,
which 18 of a stlicate content, 15 1n a metalhsed state This
means that under the influence of pressure the atoms were
Eamally destroyed and lost a certain quantity of their elec-
rons

There 1s another change 1n the physical properties of
matter at the border of the immer core, 1t 13 not unlikely
that this change 1s hnked with the detachment of a still
greater number of electrons from the atomic systems
The density of matter composing the coro varies from 6 to
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12 This geosphero is also called the barysphere or heavy
sphere

Pressure grows very rapidly with depth At a depth of one
kilometre the pressure 18 27 atm at 70 hilometns 18 9
atm at 1 200 Alometrs 403 160 atm and at 2 900 hilome-
tres 4 213 100 otm 1n the centre of the I arth the pressure 13
approximately 4 103 450 atm

Magnetic Properties of the Carth The I'arth possesses
magnetic properties a fact that has been hknown to ancient
peoples who learned to use a compass A magnetic needle
was ustd for practical purposes for the first time by the Clu
nese three thousand years ago In Iurope the compass has
been in use since only tho twelfth centnry and the study
of the Carth s magnetic propcrties began in fact at the end of
the eighteenth century

Tho Larth s mognetism 1s charactensed by tnwo values
magnetic dechination and magnoetic inclination

Magnetie declination 1s the angle between tho direction of
the magnetic needle and the geographie mendian and can be
eastern or western It differs at vartous ponts A Linc on a
map jormng pornts with the sxme magnetic declination 18
called ansogon {or 1nsogonic line} A zero 1sogon of declina
tion 18 called a magnetic menidian Like the geographic me
nidians 1sogomic lines conyerge on one peint 1n the north and
south but these points do not coincide with tho geographic
poles the coordinates of the North Magnetic Pole ar 7003
N and 96 453 W and those of the South Magnetic Pole are
756 Sand 154 8 L Vo cannot say defimtely why the mag
netic poles do not coincide with the geographic poles butat
15 presumed that this 15 duo to the uncven distribution of
land and water

Magnetic inchination 15 the angle of mcliration of the mag
netic needle towards the horizon 1n tho Northern Hemi
sphere the north end of the needle anclines to the horizon and
inthe Southern Hemisphere the south end inclines to the hont
zon Theinclination vartes at different points The lines join
ng potnts of equal nclination are called 1soclines (1socht
nal Lines) The magmitude of 1mclination increases from tho
equator towards the poles and reaches its mavimum at the
magnetic poles where the needle comes to rest 1o a vertical
position lsoclines pass at a right angle to tho 1sogons The
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gnd of magnetic 1sochnes and 1sogons thus does not coin
cide with the geographic gnd of latitudes and longitudes

The magmtudes of inchration and declination vary i
time This includes diurnal annual periodical (at regular
ntervals lasting for a number of years) and secular varia-
tions These vamations are apparently associated with the
Earth s position 1n relation to tho Sun this position changes
1n the course of twenty fourhours yearsand centuries Some
scientists believe that the vamations in the Earth s magnetic
propertics are due to changes n the state of the Sun

In some places of the Earth the direction of the isochinie
and 1sogonic lines undergo defimte variations which are
linked up with magnetic anomalies It has been ascertained
that magretic anomalies are caused by large masses of mag-
netite {magnetic 1ron ore) or ferruginous rocks lying rela-
tively close to the surface of the Earth They can also be
caused by strong displacements—fractures in the Earth s
crust—which throw rocks with different magnetic charac-
teristics 1nto contact with each other

Inaddition to the magnetic declination and inclination, it
15 also important to determine the intensity of the gcomagnetic
field which has different values 1n various places and changes
depending on the Earth g position 1n relation to the Sun

Parallel with regular drurnal variations of magnetic ele-
ments (inchination dechnation and intensity) sudden var
1ations of the magnetrc needle, going far beyond the himits
of diurnal vanmations are sometimes observed These var-
ations of the needle register disturbances in the geomagnet-
1¢ ficld called magnetic storms Magnetic storms are, as a
rule short-hved but they sometimes last for several days
A study of magnetic storms has shown that they either ac-
company voleanic eruptions arise with thunderstorms or are
linked up with earthquakes

hnowledge of the Earth s magnetic properties 1s utilised
in geophysical prospecting for mineral deposits (magneto-
metry) simultaneously with gravimetric and other methods

Thermal Properties of the Earth The Earth pos
sesses a defimte amount of heat external heat from the
Sun and internal heat from the Larth s interior

The Earth receives an annual average of 102 large calo-
rtes of heat from the Sun No two pownts on the Earth re
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celve tho same amount of heat from tho Sun because this
depends ou the force of radiant epergy (insolation), and,
to a large extent on several other factors the uneven dis
tubution of land and water, which possess different heat
absorption and radiation capacities (tho difference between
a mantime and continental climate) the crustal rehef (for
every 100 metres of elevation abovo sea level the tompera
ture drops by 0 5°) the development of vegetation {an ab
sence of vegetation causcs steep fluctuations 1n the soil tem
perature) and ar and ocean currents

It 15 nevertheless possible to establish points on the Barth s
surface with 1dentical mean annual or monthly tempera
tures This ensbles us to compile temperature charts consist
g of 1sotherms—irregular ‘curves which diverge, some
times sery greatly from latitudinal lines

In the Northern Hemisphere the mean annual tempera
ture 15 15 5°C and tn the Southern Hemmisphere 436 C The
mean annual temperature of individual points in each herm
sphere declines 1n the dircetion from the eguator towards
the poles

The polar regions have a vury low mean annual tempera~
ture from —10 to —15 C and sometimes Jower In these
regions the rock series with negative temperatures (perma
frost) are of considerable thickness A temperature of ~3 7°C
was recorded at a depth of about 275 metres 1n the lower
course of the Ob River In some places permafrost veaches
down to a depth of more than 600 metres

When we obserio tho thermal properties of the upper levols
of the Earth we find that theso levels are heated in sum
mer and cool 1n winter the temperature fluctuations aro
stronger neat the Earth s surface where they sometimes are
as high 23100 C For example 1u the desorts of Central Asta
the summer temperature of the heated soil 18 higher than
70 C while 1n winter it falls to —30 C or lower However
with depth the temperature fluctuations decrease and at &
certamn depth they disappearentirely Thisisthe zone of con
stant annual temperatuns  In this zone the soif tempera
ture 1s equal to tho mean annual temperatur of the air on the
Earth s sutface Overlying thes belt 1s the heliothermal zope
which const s of strata of the Earth s crust that feel tho
flyence of radsant cuergy
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In vamous places the zone of constant temperatures is
situated at different depths This dependson the extreme val-
ues of the surface temperature and on the thermoconductiv-
1ty of the rocks The more the temperature fluctuates and
the higher the thermoconductivity of the rochs the deeper
1s the zone of constant temperature situated In some places
this zone lies at a level of one or two metres helow the
Earth s surface and 1n the others at depths of over 40 me-
tres InPans forexample 1t hesat a depth of 28 metres, and
in Kirovograd at a depth of 19 2 metres

Below the belt of constant temperatures 1s the geotherma
zome, where the temperature larly rnises and depend
not on radiant energy but on heat from the nterior of the
Earth

It 15 now considered that this heat 13 chiefly of radioactive
origin however from the standpoint of some cosmogoni-
cal hypotheses (those of Laplace Fesenkoy and others) it
may also be explained as rehct (residual) heat from the
astral stage of the Earth s development

The nse of temperature with depth 1s not the same at
different points of the Earth In the regions of actne or
extinct volcanoes the temperature mses very rapdly 4 C
with about every 4 5 metres of depth In regions remote
from volcame mamfestations the temperature rises much
slower, averaging 1° C with every 33 metres of depth The
average depth 1in metres within the Earth s crust correspond-
g to an tncrease of one degree 1n temperature 1s called the
geothermic degree the increase 1n temperature in degrees per
100 metres of depth 1s called the geothermal gradient

Temperature readings have been taken in numerous dee
borcholes Dhffercnt temperatures have often been reccrdcg
at the same depth at various points As an example here

are the temperature readings from a deep borchole in the
North Caspian region

)

t 500 metres—42 2°
000 metres—55 2°
500 metres—69 9°
000 metres—80 4°
500 metres—94 4°
000 metres—1083 C

aoaan
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1
1

2
2
3
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A tomperature of 41 C has been recorded 1n 2 deep bore
hole 1n Moscow at 1 630 melres wlulo 1n the vicrmity of
Tashkent a temperature of 55 C has been recorded at 900
metres In some borcholes reaching to a depth of three
Lilometres and over a temperature of more than 100 C has
been recorded The geothermuc degree in the upper strata
of the Earth s crust intho U S A varies from 35 to 45 metres
in Western Europe from 28 to 30 metres mthe USSR
from a foew metres (for example n the Mineralniye Vody
arca) to a hundred metres Tho differences 1n the geothermic
degree are caused by the following

1) The different thermoconductivity of rochs the higher
the thermoconduetivity of the rocks composing the Earth s
crust arca the smaller 1s the geothermic degree and vice
versa

2) The hydrochemical processes 1n the rochs One of these
processes 18 tho 1nteraction reaction between water and fer
rous sulplides (for ipstance pymte) which hberates large
amounts of heat

The 1nteraction reaction between water and sulpludes
1s widespread 1n regions of o1l and coal fields becaunse the
clays and limestones 1n these regions very often contain
large quantitics of ferrous sulphides 1n these areas the
geothermic degree as a rule decreases accordingly For
cxample in the Grozny oilfields the geothermre degree
15 20 25 metres and 1n tho Baku oilfields it 1s 2328
metres

3) The conditionsin which rocks eccur In folded bedding
where the beds dip steeply or are vertical the increase 1n
temperature with depth 1s much faster than in horizontal
beddings This 1s due to the nearness of the heat carrier beds
to the surface

4) The action of ground waters Streams of hot subterra
nean water heat the rocks and thereby decrcase the geo
thermic degree cold streams reduce the temperature of rocks
even at relatiely great depths

5) The action of surface waters Near an ocean or sea Lhe
geothermic degree will be lugher and on the continent far
from bodies of water 1t will be lower because huge masses
of water have a cooling cffect on the geothermal conditions
of the arca
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6) The concentration of radioactive elements in rochs
In areas with a high concentration of radioactive clements
the heat liberated bv the decav of these elemcnts causes the

eothermic degree to drop

E Imeshgatmi‘s of geothermal conditions of the Earth s
nteriar are of great practical ymportance The lugh tempera-
tures must be taken into account when tunuels deep pit
shaits and other underground projects are bmlt In many
cases 1n projects molving deep driving the temperature
has to be lowered artifictally In other cases as in Italy
tho heat of the Earth s interior (vapours thermal springs
and so on) can be exploited commercially

Investigations of tho temperature conditions 1n the Tarth s
mterior are of great theoretical interest as well

Provided the geothermic degree of 33 metres accepted
for the upper parts of the crust s maintaiped we can com
pute the temperature 1n deeper zones at 33 kilometres the
temperature must be 1 000 €, at 50 hilometres—1 500 C
and at 66 kilometres—2 000

1t 15 known that very many minerals and rocks melt at
such temperatures For mmstance quartz melts at 4 700° G
felspars at 1 500 G olivine diabase at 1 150° C and flows
freely at 1 225° C basalt flows at 1 170 G Consequently
al normal pressure all rochs should be 1 a molten state 1n
the lower part of the Larth s crust But the lngh pressure
(11 000 14 000 atm) at these depths keeps the rocks 1n a solid
plastic state

Below the crust the geothermic degree should increaso
sharply because otherwise the temperature in the centre of
the Carth would be 193 060 C and the substance of the corc
and mantle would be 1n a hiquid state Under these condi-
tions the relatrvely thin erust could not remain sohd and
would melt as well Hence 1t may be inferred that the
temperature 1n the bowels of the Earth 1s not lgher than
3500°4 000 C Taking into consideration that there 1s a
prussure of 4 163 450 atm 1n the Earth s core 1t 15 assumed
that the substance composing the core and that of the mantle
1s 10 a solid plastic state This conforms with astronomi-
cal and susmological data

At prosent 1t 15 considered that the heat warming the sohd
crust comes from the decay of radicactive elcments The geo
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logical processes 1n the sialic and partially 1n the upper
layers of this zono are to a large extont, assocrated with this
heat The substance which melts under the actron of radioac
tive elements thus increases 1n volume and this may result
10 an eruption of the hiquid mass

OUTLR GLOSPHERLS OF THE EARTIH

Among the outer geospheres of the Earth there are three
shells a) a water enmvelope (the hydrosphere) which 1s rep-
resented by tho occans, seas myvers and ground waters
b) a gascous or air envelope (the atmospherc) and ¢) a sphere
of hfc (the biosphere) which 1s closcly connected with the
atmosphere the hydrosphere and the lithosphere All these
sphicres are of great geological stgmficance because they
are very mohle and play a big role in the transformations
that take place in the Earth s crust

THE ATMOSPHLRE

Composition and Thickness of the Atmosphere
The atmosphere 1s the outermost sphere of our planct Nit
rogen (78 03 per cent) oxygen (20 99 per cent) “argen (0 94
per cent) and carbon dioxide (0 03 per cent) predominate 1n
the lower layers of the atmosphere the sharo of all the other
gases comes to only 0 01 per cent

The surface of the lithosphere and hydrosphere 1s the
lower b dary of the atmosph But for p 1 purposcs
the atmosphere extends for a certain distance mnto the hitho
sphere filling all 1ts hollows with the result that the compo
sition of the subsurface air changes considerably For exam
ple 1n tho upper so1l the amount of carbon dioxide rises to
06 per cent \Vith depth the amount of oxygen decreases
sharply, and there 1s practically no oxygen 1n a free state at
a depth of about half a kilometre

It 1s barder to define the upper boundary of the atmosphere
Some scientists beliove the atmosphere extends for 1 000 kil
ometres In the upper layers 1t gradually rarefics and mer
ges with interplanetary space—this 1s what mahes 1t diffi
cult to define 1ts upper boundary
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Cortain naturl phenomena enable us to make a fair judg-
ment of the altitude of the atmosphero and of the properties
of 1ts upper layers Silvery clouds, which scem to consist
of fine luminescent fibres attracted the attention of investi-
gators long ago Theso clouds are so transparent that the
stars are visible through them It has been established that
they lie at an altitude of 70 90 kilometres and travel at a
veloaty of 40 80 metres per second

White hot meteors indicate that the atmosphere reaches
an altitude of 160 180 kilometres Auroral displays are
dispersed lights so fmnt as to be invisible by moonhght
They are generally seen at a height of 100 kilometres, and
sometimes even as igh as 1 000 kilometres

The atmosphere 1 divided 1nto three concentre shells
1) the troposphere which adjoins tho lithosphere 2) the strat
osphere which follows the troposphere and 3) the iomo-
sphere the uppor shell

The Troposphere About 70 75 per cent of the atmosphere
falls to the share of the troposphere 1ts averago altitude
1s presumed to be ten kilometres But because of the
Earth s rotation and centrifugal force 1t 1s 16 kilometres
hlglh at the equator and up to 10 kilometres lugh over the
poles

‘The features of the troposphereare 1) changeable moisture
content 2) extreme mobility of the arr 1n homzontal and
vertical directions sometimes accompanied by a vertical
motion {cyclones and anticyclones), 3) a mean temperature
drop of 0'6° G per 100 kilometres of altitude from the sur
face of the hydrosphere or lithosphere In this connection at
the outer hmit of the troposphere the temperature over the
equator falls to —80° C ‘and the mean temperature 1n this
part of the troposphere 18 —55 C

Owing to 1ts changeable content the moisture condenses
to the state of clouds, rainorsnow or 1s present 1n the trop
osphiere 1n minute quantities The maximum amount of
vaporous moisture a cubic metre of air can actually contain
depends on 1ts temperature For instance at 0° G a cubie
metre of air can contain 4 5 grams of water vapour, and at
25 C up to 23 grams

Among the air gases oxygon 13 of special 1mportance
The oxygen mtrogen ratio in the troposphere 1s most fa-
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vourable for orgamc processes When there is an increase
of oxygenin the air the oxidation of organic matter 1nan
orgamsm proceeds with greater ntensity when the
gxygcn content decrcases the process of ovudation slows

own

Changes of tho mtrogen content 1n the air has no important
bearing on orgamic processes In the upper layers of the at-
mosphero the amount of mtrogen increases and that of oxy
gen decreases

The content of carbon dioxide 1n the air 1s more change
able than that of oxygen and mitrogen Carbon dioxide accu
mulates 1n the air as a result of the oxidation processes 1n
the outer spheres of the Earth and in the so1l and also through
ecmission  from volcanoes mperal springs and so on
Among air gases carbon dioxide 15 the heaviest and thero 1s
therefore more of 1t 1n the lower layers of the troposphere
This gas 1s unevenly distrnibuted 1n the horizontal direction
as well For example there 15 almost twice as much of 1t
over volcanic regrons towns and industrial districts than
over occans and the polar regions Carbon dioxide 1s very
1mportant 1t 1s the basic material for the nutrition of plants
Morcover 1t 1s 4 thermal insulator which tends to pruvent
the Earth s heat from being radiated 1nto outer space It 15
behieved that if carbon dioxide wero to disappear from the
tropospherc the mean annual temperature of the air over the
Earth would drop by 21 C from the present 14 C and that
if the amount of carbon dioxide were to double the mean tem
perature would msc by

The troposphere contains a large amount of dust On
the average there are 250 000 of dust like particles in a cu
bic centimetre of air Dust mises when the wind blows dry
partieles of mineral matter and sca spray from the surface
of the Earth 1t also forms in the process of the combus
tion of wood coal and meteorites and during the eruption
of valcanoes Spores bacterta and other minute orgamisms
are often essential elements of heric dust The amount
of dust 1n the troposphere s naturally much greater over
continents than over <eas 1t 1s greater over arud regions
than over the regions wath abundant moisture and densc vege
tation the amount of dust over arcas covered by smow
drops to a mmmum Dust dims the troposphere and shght
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Iy weahens the insolation of the Earth's surface Minute
dust partscles aro possibly nucle, or centres around whieh
water vapour condenses to produce clouds fog, frost dew,
rain snow and hail

The Stratosphere The troposphero 1S enveloped by the
stratosphere  Between theso two shells there 1s a ono or two
kilometre thich intermediate layer which 1s sometimes
called the substratosphere The stratosphere duffers from the
troposphere in that tn 1t wo observe air masses moving ex
clusively 1n a horszontal direction Stratospheric air has
zero hummdity and consequently there are no clouds
As far as the temperature conditions 1n the stratosphere are
concerned, a constant temperaturc 1s observed up to an
altitude of about 25 kilometres abovo this zone the tempera-
ture continuously nises At 10 25 hilometres it 1s approxi-
mately —25° C, at 40 hilometres—-0°, and at 70 hilometres—
about 35° C

It 1s believed that 1n the stratosphere, at an altitude
of 15 to 35 kilometres therc 1s a concentration of ozome
a very small amount of which 1s found 1n the troposphere
The major portion of ozone roughly 30 per cent 15 concen~
trated 1n the stratosphere at an altitude of 25 to 30 lalo~
metres

The Ionosphere Tho 10nosphere begins at an altitude of
75 80 kilometres After studying the spectro of the Polar
Lights the light of meteonites passing through the 1omo
sphere and other phenomena, scientists have come to the
concluston that due to the actron of ultra violet and cosmic
rays the air 1n these layers of the atmosphere 15 10msed
The moro the wir1s 10msed the greater 15 1ts electrieal con-
ductivity The degree of tomsation 15 differont 1n the various
Ievels of the 1onosphere Two 1omisation maxima are rdent
fied 1) the Kennelly-Heavyside layer at an altitude of 100
hilometres and 2) the Appleton layer at an altitude of 250
kilometres

The processes 1n the stratosphere and 1onosphere have
been very inadequately studied, but there are grounds for
believing that they strongly influcnce terrestrial magne-~
tism the Barth s sloetnie Held and so on A study of the
tugh Inyers of the atmesphere 13 thercfore of particular 1n
torest from the geophysical pont of view
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In addition to oxygen and mtrogen, a considerable amount
of helium app 1o the ton of the atmeosphere
beginming at an altitude of 75 kilometres A great amount
of hydrogen 1s found 1n the level beginning at an altitude of
90 Lilometres while 1n the level beginning at an altitude of
about 140 kilometres the atmosphere conststs enmtirely of
helium and hydrogen The hydrogen content in the atmo-
sphere 1ncreases to 90 92 per cent at an altitude of about
500 kilometres

Dynamics of the Troposphere Asa result of the con
tinuous movement of air 1n the troposphere the relative com
position of gasesin 1t 1s nearly constant Thiscontinuous move
ment 1s due to the different temperature and atmospheric
pressure at vartous points of the Earth s surface caused by
solar radiation

The transformation of radiant solar energy into thermal
emergy 1s a very complex process The most 1mportant fac-
tor influencing thermal processes on the Earth 1s the angle
of 1ncrdence of the solar rays 1n different parts of the Earth s
surface Tlns angle depends on the relief of the Larth s sur
face and on the seasonal changes The distribution of solar
cnergy 1s further comphcated by the fact that 1t takes place
not only on the Earth s surface but also within the tropo
sphere whose thermal conductivity 15 as we now know 1n
constant

Air movement leads to a heat exchange between the
Iigh and Iow latitudes of the Earth and between the differ
ent layers of the troposphere Generally awr moves from
high to low pressure regions Several factors are respon
stble for atmosphertc pressure variat on the Larth and
for the direction in which arr (Wwinds) moves

The principal factor 1s the unequal heating of the Earth s
surface and the transfer of this heat to the arr Heat
causes air to expand makin, 1t hghter and thus giving
it a tendency to mse over the heated surface of the
Earth

But having misen to a lngh altstude inone area 1t p ~ '~ 1

1y cools and grows heavier e result that it '
move bach towards the s Earth This
to crrculation wa  air s while ¢

scends to the E t rizontal m



which we call a wind As we have already stated air
moves from regions of high pressure to regions of low pres
sure and the greater the difference 1n pressure the faster
this movement becomes At tumes the air moves honzontally
over large territories
There are winds of a planetary scale which manifest them-
selves over vast areas of the Earth and are characterised e1-
ther by a constancy of direction {trade winds) or by direc-
t10ms that change with the season (monsoons) and local winds
blowing over limited areas—the Central Astan Afghan
and the North Caucasian Bora” for example
Moreover winds may
ongmmate 1 different

sorlorth areas as a result of a
oy o 2o el temporary change 1n
&S
* o, atmospheric conditions

B ‘ [ E Cyclones and Anticy

RN { 5 clones There ars two

g

H . § —» principal types of the
ressure £

Hest Ifs\‘\/"( \ N " arr movements cyclome

= - } 8 and anticyelome

)

LY L‘é“\ Cyclones are masses of
% air circulatiog (1o the
Northern Hemisphere) 1n
a counter clockwise di
rection the mlbnlmum air
Fig 3 Diagram pressure 13 observed 1n
¢ No;‘{hem O{I;mgf}:,.:e mihe yyo centre of theso
rotating masses of air
(Fig 3) Anucyclones
are masses of aiwr circulating (1n the Northern Hemusphere)
ma clochwiso direction with the highest air pressure 1n
their centre In a mass of sir moving in a cvelonic pat
tern the atmospheric pressure thusgradually increases from
the centre towards the peripbery while in anticyclome air
masses the pressure gradually drops from the centre towards

the periphery
cyclone generally moves at a high progressive speed
of saveral score of metres per second As a cyclone with a
progressive speed of 70 metres per second (or 260 hilome
tres per hour) passes overthe .ea 1t churns up the water and
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tears «prays from it with the reault that a putating pillar
of water forms in the centn of the mosing cyclone Decatse
of thie sery high seloeity  cyclones give rice to wasves
and curronts that at times eause grat destruction For exam
ple asa rowmlt of the eyelonic activity of nir masw aing west
erly dinction then have been ditastrous floods in the
mouth of the river Nva which draine Into the Gulf of Fin
Iand Since 1707 the yoar Leningry] was founded the water
in the Neva has riscn above 1ts normal lesel mon than 300
times [ specially big floods won neonted in 1777 (when the
watcr rosc by 3 3 metres) an 1624 (3 68 metne) and a0 1924
(382 metris) At these levels the water flogded up to 65
squire hilometres of the ety

Other littoral aras have also been the sceno of devastat
ing floods causd by cyclones In 1932 the town of Santa
Crnz Cuba wasdestroyid by gale whipped waves and near
Iy 2500 people punshed  In 1737 an the Bay of Bengal
a flood caused 1n the mouth of the Hugfn River by
gale wavces tack a toll of 3000 lies over 50 thoueind
Iives were lost tn the flood of 1864 1n the sxme ana Floods
of this nature are ecspecially ternfying when the water
moving with the cyclono getsinto a bay a niver mouth or
some other narrow space

Tropical cyclones have been hnown to transport rather
leavy objeets over consulerable thistances For example n
1831 a picce of lead weiglung about 6o hilograms was trans
qorlcd on Barbados over a distance of half a kilometre In
780 on the samo 1sland a stono fort was destroyed by &
hurricane and heavy cinnons were carried dozens of metres
Cass have been recorded of loaded railway ears being de
ratded by cyclones and ships torn from anchor and cast
asliore

In temperato latitudes cyclones move at a lesser speed
but 1n these arcas as well their force 1s often considerable
A umque rmn” of silver coins muinted in the sixteenth
seventeenth century fell from the sky during a violent thun
der storm accompanied by hurricane winds and hail in the
vicimty of Meshchera village Gorky Regron the USSR
The cyclono must have rooted out a treasure trove and
carried away tho light silver comns (this ca<e has been de
scribed by 5 Kalesnik)
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Precipitanion Beforo water sapours can condense in the
atmosphere, they require the corrvsponding humidity (100
per cent) and the presence of condensation nucler Ihese
nucler are particles of dust floating i the troposphere
When moisture condenses clouds appear 1n the atmosphere,
and any disturbance 1 the equiltbrium of the mosture
the clouds leads to precipitation in various forms

The amount of precipitation for any particular period
of time 1s measured by the layer (in millimetres) of water,
which would have formed on the Earth s surface 1f the wa
ter had not seeped 1nto the soil, evaporated or flowed 1nto
a lower-lying area Moscow has a mean annual precipitation
of 586 millimetres

Precipitation 1s distributed very umevenly over the
Earth as a whole In some regions 1t 1s insignificant, 1n the
deserts around the Aral Sea, for example, the annual precip-
1tation sometimes approaches zcro, and the total precipi-
tation overa period of many years does not exceed 150 200
millimetres a year In other places precipitation 1s more
abundant, 1o the Batum area the Caucasus for instance
the mean annual precipitation reaches 2,400 mm

Observations show that precipitation depends first and
foremost on the proximity of the area concerned to the sea
Some maritime regions however have very hitle precipr
tation as for example the Thar Desert 1mm India over
which masses of air sweep without rainfall, but on reaching
the windward slopes of the Himalaya foothills they cause
enormous precipitation (12 500 millimetres a year)

Weather and Clinate In every area and at any partic
ular moment the air temperature 1ts pressure relative
and absolute humidity*, cloudiness and so on change rath-
er gquickly This changeable state of the meteorological
elements of the atmosphere 13 known as weather

The weather 15 the state of chmatic factors 1 a given
area and at a given moment At one and the same moment

* The absolute humidity 13 the mass of water vapour 1 a cubic

metre of arr 1t 15 measured 1 grams or according to the elasticity
of water vapour 1 a mihmetre of Hg pressure

Relative humidity 1s the ratio of the actual amount of water va
pour m a given volume of air 10 the amount which would be present 1f
the sir were o be saturated withowt any chauge m temperature
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tho weather may be different 1n varous places In one and
the <ame arca the weather often changes in the course of
a few hours

In contrast to tlus the change in the average state of
the chmatic factors over many years 1s called the climate
The climate 1s moro constant than the weather but over
a long period of time 1t also undergoes variations

Tho principal factors controlling the chimate are the
geographic latitude tho distribution of land and water
tho topography charactenstics of the prevailing air mass
tho vegetative cover and lastly the activity of man whe
remakes the vegetative cover and soils bwilds big cities
water reservours and so on

In the USSR the climate of the territores i the
temperate and polar latitudes may be grouped as follows

1 Sea polar air whose features are a hrgh humidity
the whole year round relatively heavy precipitation and
even distribution of this precipitation lhe mean annual
temperature 15 approximately 7 10 C with an annual amph
tude of 6 14 C The winter 1s relatively warm and the sum
mer 1s cool This climatic zone embraces the north westernend
of the Soviet Umion (hoola Peninsula and the Murmansh coast)

2 Transforming sea polar air which 1s also character
1sed by relatsvely heavy precipitatron the whole year
round but with a notable increase 1n the month of July The
mean annual temperature 1s 9 € with an annual amphtude
of about 20 C The entire western half of the European part
of the USSR lies in this climatic zone

3 Contmental polar arr The mean anpual temperature
15 about 4 € with an annual amplitude of 39° C The winter
15 severe and the summer hot there 1s little precipitation,
the mavimum being confined to the summer montbs Tlus
climate ts typical for the major part of tho USSR

4 Monsoon chmate of the temperate latitudes This
climate prevails m the Far East Its featurcs are cold con
tinental polar air 1n winter and sea polar air 1n summer
The summers are rainy and moderately warm Tho mean
annual temperature 15 0 2 C with an annual amplitude of
2534 C

5 Subpolar zone Here polar air prevails 1n summer
and Arctic air 1n winter
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6 Polar zone Arctic air predominates all the year round
Annual precipitation does not cxceed 200 300 millimetres

The chmate as all pheromena in nature, gradually
changes It has so to say 1ts own lustory, which 18 Linked
up with the history of our planet There are many facts to
show that the chmate changes sharply In the USSR
such facts have been collected by M Bogolepov who showed
the rhythmic character of the changes from damp to
dry periods and vice versa There have been very sharp
changes 1n the climate of the Arctic 1n the past 15 20 years
The mean annual temperature during this period rose n
Spitsbergen by 2 C, in Greenland by 2 5° G, in Franz Josef
Land by 35 C wle below the Arctic 1t rose in (Lemmn
grad for instance) by only41°C The weather grew warmer
chiefly through a rm~e of winter and autumn temperatures
the spring and summer temperatures did not increase as
much

Interesting temperature changes were recorded during
the dnfts of the Fram (1894 95) and the Sedov (1938 39)
In the course of a period of 44 years the mean annual tem
perature 1n the Barents Sea rose by 6°C This brought about
essential changes 1n the outlines of some 1slands For exam-
ple Vasilievshy Island in the Laptev Sca consisting of
frozen sandy argillateous rocks and marked on the map
of 1912 melted away and by 1936 only a sand bank rematned
m 1ts place Some of the adjacent 1slands grew shorter
Semenovsky Island which was 15 kilometres long m 1823,
shortened down to five hilometres by 1912 and to two kilo
metres by 1936 The mse 1n temperature also affected ma
rine fauna and flora For instance during this pertod cod
appearet for the first t1me m commercial quantities off the
coast of Spitshergen aud Norway
Fossil soils ndicate that there have been climatic changes

m the geological past The tropical lateritic soils of the
Amur region over which Le podsolic and boggy soils that
formed durmg the present cold climate are an example
Climatic conditions leave their mark on the relief as well
Tor wstance an indication of the former glaciation of an
area 18 tho pattern of the valleys 1n 1t roches moutonnees
sheep back rocks apd other (small) farms of relief whose
origin 1s due to the action of inland 1ce, also exemplify this
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Animal aml plant fossile alew i trate the nature of
the climate The numaing of poplar nut tne hornbeam anl
oak have leen identified in anctent ilepasits on the nerth
shore of the Aral Son These plante which coul! not hase
extsted in deort conditions point eul tn the nalure of
the forusts in this region in ancient times The Juniper
15 the only cousfer growing in Crecpland todny  but mon
than 28 =pecies of loetiary plants incle Mog pune trece
cyprses and dectduons trees (bay trees magnolins oaks
and other species of thermophilic plants) hase been kdunti
fied among, fosal rmmns Thermophitic plants (bay trees
magnolins and o on) hase al<o been foun! in the Tertiary
ands and «and tones of the ana arounl \otwwon

Latly the rock structurc illustrntes the climntic con
ditions of the rumote geological pat We know a whole
ceries of deponts that are typical of the regions embraced
by continental ghiddation for cxample boulder clay  which
repre onts glacial murune deposts varvad elayq ‘outwash
sands and <o on* In de ot pregons we find rocks with a
surface coating of “de crt voermsh™ Coals are an indication
of a warm and humul (limate

Geologr ta thus have at their disposal  facts that give
them an wdea of the climates of the geologieal past

THI TN DROSIHI I

Land and scas aro distebuted very trregularly on the
Carth s surface Tho surfaco of our planct has a total arca
of about 10 000 600 squarc Atfometres of which 361 000 000
square hilometres (71 per cent) arc occupied by scas and
149 000 000 ~quare hilometres (29 per ccnt) by land Tho
water arca 15 thus about 25 times bigger than tho land
aren However 1t should bo borre in mind that the averago
thickness of tho hydrosphero 1n comparison with the thick
ness of the hithosphere and all the more its volume 1n
companson With tho volumo of tho whole planct are ex
tremely small The average depth of the occanis about 3 7 kil

* Moro detaled information on glacial deposits can bo found in
tho chapter Snow and Ice as Geological Agents
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ometres, which 15 equal to about 1 1,600 of the mean ter-
restrial radius while the ratio of the volume of water in
the ocean to the volume of the planet as a whole 15 approx~
imately 1 8 000

Land 15 concentrated mainly 1n the Northern Hemisphere,
where 1t occupies 39 per cent of the surface 1 the South-
ern Hemisphere only 19 per cent of the surface 15 occupied
by land This distribution of land and scas has brought a
number of vitally important factors to the fore, one of
them 1s the chimatic charactenstic of the continents

The World Ocean and Its Diuisions The water surface
of our planet called the oceame surface, 15 generally con-
sidered as a common surface Y M Shohalsky named 1t the
World Ocean In the World Ocean we can 1dentify separate
parts each of which has, to some degree, 1ts own water tem-
perature salimty, sea currents and conditions of glacia-
tion Taking these features into consideration we distin-
guish 1n the World Qcean the Atlantic Ocean the Pacific
(or Great) Ocean and the Indian Ocean

The Atlantic Ocean with all its seas occupies an area of
93,400 000 square kilometres It 1s bordered mn the east by
the coasts of Europe and Africa, 1 the west by the coast of
America_and 1n the south by the coast of the Antarctic con-
tinent Within the water surface, the boundares of the At-
lantic Ocean are defined by the mertdian of Cape Horn 1n
the west and by the meridian of Cape Agulbas in the east

The Pactfic Ocean has an area of 179 700 000 square
Lilometres In the east 1t 1s bordered by the coast of Amer
1ca and by the mendian of Cape Horn 1n the south by
the Antarctic continent and 1n the west by the coast of
Asia Along the line formed by Sumatra and the islands
located farther south the boundaries of the Pacific and
Indian oceans are contiguous

The Indian Ocean occupies an area of 74,900 000 square
kalometres It 1s bordered in the north by Asia, mn the west
by Africa, by the mertdian of Cape Aguthas in the cast
and by the west coast of Sumatra Java Australia and Tas
manta and the meridian of South Cape mnthe west Its south
ern boundary 15 the coast of the Antarctic continent

The Arctic Ocean 15 also mncluded 1 the group of oceans
It occupies a surface of 13,100 000 square kilometres This

39



emall ocean is bondered by the northern <hores of I urope
Asin and Amenien The Arctle Circle s generally aceepted
as its boundary with tho Atlantic Ocean

Seas In siew of the fact that tho continents have a very
complex outline and an extremely jagged <hore line the
occan occaaionally cuts very deep inland This has led to
the rice of outlying dist<ions of the ocean which are com
monly called ens (the Black Sca the Sea of Marmora
the Arabian Sea the Sea of Japan the Bering Sea and o

on

Of the scas hinked up with the ocean there are inland
and marginal seas The first cut deep inland are situnted
betwecn two or several cantinents and occasionally have
one or <cveral narrow branches many of theee cas are char
actenised by great depth The deepest among them s the
Mediterrancan Sen wlichis situated between Africa | urope
and Asta and has two branches—the Sea of Marmora and
the Black Sea The Red Sca «ituated between Africa and
Asia 15 of the inland type

Marginal <cas are <ections of the submerged continental
shelf Examples of such <cas arc tho Sea of Okhot<k, tho
Bering Sea and the North Sea Some marginal seas also cut
decp 1nto the continents where they form inland basins
the White and the Baltic seas for instance

World Ocean /loor Tho occan does not have an even
floer sn <ome cases the irregulanties are very consider-
ablo and form a very complox relief Tho best evample of
this 1s tho Atlantic 3cmun A submarine nidge 1n the shape
of the letter S 1s hnown to cxist on its floor Tlis ndgo
extends from north to south 1n a narrow stnip tn almost the
middle of the ocean The shallowcest arcas are 1n tho north
ern part of tho Atlantic Ocean between Ircland and Lab
rador thero the average depth 1s about 2 500-3 000 metres
Numerous telegraph cables between North America and
Europe lie on the floor precisely in this part of the occan,
whence 1t received the name telegraph platean”

The outline of tho submerged ridgo repeats the contours
of botk North and South Americas on the one hand and the
contours of Africa and Lurope on the other In some places
the ridge riscs over to a considerable height the floor com
1ng close to the water surface 1n the central part Here the
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rated from cach other by groups of 1slands Here the broad
ost shallow embracing the Barents Kara Laptev Eact
Siberian and Chuhotha seas stretches from the Eurasian
coast to the contral part of the ocean The depth of the
<hallow does not as a rule exceed 25 50 metres

Along the coast of America especially north of Alasha
the <hallow 1s narroner In this arca there 1s a large number
of big and small 15lands separated by a labyrinth of narrow
straits

The central part of the Arctic Ocean 15 occupied by a
deep trough (over 3 000 metres) near the North Pole 1t 1s
4 290 metres and farther south 4 000-5 000 metres deep
Tho deepest point 1n the Arctic Ocean measures § 182 metres
The Lomonosov Ridge 1s 1n the Arctic Occan and 1ts con
figuration and position are being studied by Soviet Arctic
stations

Chemical Composttion and Physical Properuies of the Wa
ters of the World Ocean Practically everywhere the ocean
e waters bave an 1identical chemical composition therr
sahinity averages 35 per cent or 35%, (per mile) 1¢
35 grams of different salts are dissolved n a litre of water
The salt content 1s higher 1n 1nland scas whero there 15 no
inflow of fresh water and evaporation 1s intense 1n the
Red Sca for example the water has a saltmty of 4 2 per
cent Where sca water 1s diluted with fresh mver water
salimty appreciably drops 1 the Baltic Sea and 1n the
Sea of Azov for example the water has a salimty of only
112 per cent Near the mouths of big rivers flowing to
tho sea the water 1s almost fresh as for instance n the
mouth of the Neva River in the eastern part of the Gulf
of Finland On the other hand 1n somo inland basins ha
ra Bogaz Gol for example <almity reaches a concentra
tron point at which salt begins to precipitate from the solu
tion
Sodium chloride predominates (78 32 per cent) n the
composition of <ca water then follow magnesium chlonde
(9 4% per cent) magnesium sulphate (6 4 pcr cent) calerum
<ulphate (3 O+ per cent) potassium sulphate (1 6 per cent)
calerum carbonate (004 per cent) and silica (0009 per
cent) Bronune 1odine mangancse zine lead copper and
gold have been found n minute amounts However some of
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these clements are of great biological importance 1o0dine
15 assimtlated by certamn algac and copper by certain mol-
lusks Jodine 15 produced from algac in large quantitics
but 1ts extraction directly from sca water would be a matter
of considerable difficulty

Sea water also contains gases chiefly oxygen and carbon
diouide, ammonia oceurs frequently In seas, where the
yun off 1nto the pcean 13 lindered, as 1n the Black Sea for
example where the outflow 1s barred by tho Bosporus sub-
merged sill hydrogen sulphide aceumulates on the bottom
1t 18 a product of the decomposition of orgame remains and
the transformation of sulphurous compounds In the Black
Sea for example, at a depth of 183 metres the water 1s
so saturated with hydrogen sulphide that no orgamec hife 15
possible Only ceitain species of bacteria can exist in these
conditions

The surface temperature of oceanic water depends on the
geographic latitude and the season and yares from —3°C
1n winter at the poles to 32 C in summer at the equator
The mean annual temperature of the ocean surfaco 1s 17 4°C
and 1n the lower layers of the atmosphere round the Earth
the mean temperature 13 14 4°C The hydrosphere 1s, con-
sequently a powerful source of thermal energy for the
Earth s atmosphere The warm surface layer of water as
temperature readings show 1s relatnvely thin 100 150 met-
res The temperature of water decreases with depth At
a depth of 750-1 100 metres 1its temperature 1s 4 C while
near the ocean floor the temperature vames from —2 C
(in the polar regions) up to 2 C In land-locked seas the
temperature of deep water 15 higher 1n the Mediterranean,
for example 1t 15 42 C at a depth of 2 500 metres

The density of water in the ocean varies from 1 0275
mn the region of the trade winds where there 1s 1ntensive
evaporation to 1 255 1n the region of the doldrums and the
belt of heavy rainfall (along the equator), as well as at
the poles From the surface downwards to a depth of about
200 metres the density of water increases and has a salim
ty of 37 grams per hitre farther down to a depth of 1,800
metres salimty gradually decreases and near the bottom
1t slightly 1ncreases again A change mn the density of water
1s accompanied by a change of its salimty
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Tho pressure of sea water mcreases by one atmosphere
per 10 metres of depth with the result that 1n the deep
troughs 1t 1s more than 1000 atmospheres Pressure plays
an 1mportant role 1n the distributron of manine hife

Sunlight penetrates into water to a depth of about 200
metres  With photofilms, semsitive to chromatic rays
of the spectrum, 1t has been cstablished that ultra red rays
do not penetrate deeper than 400 metres and that ultra
violet rays act upon photofilms even at a depth of 800 me
tres Since plantsrequire sunhght their occurrence 1s manly
restricted to depths of up to 200 metres which are typical
for the shallow seas around the continental shelves

Tho waters of the World Ocean arc 1n constant movement
as a result of wind action and the attractien of the Moon
and Sun Moreover 1n the hydrosphere therc are what are
known as run off and compensation currents which can
scarcely be secn by the human eye The former are cau ed
by the changes 10 atmospherie pressure m different parts
of the ocean the latter are the result of evaporatron fluctua
t1oms of the water temperature precipitation and the melt
1ng of polar 1ce

Winds set waves 1n motion The height of wind waves
depends on the strength of the wind the duration of its
action and the depth of the seca Small waves are 10 15
times longer than their own height and billows that reach
g beight of 15 metres 1n the open sea are 30 40 trmes as long
as they are hugh The gradient. angle of waves 1s from 2 8
to 57 Wave motion 1s oscillatory with each particle of
water rotating about 1ts axis msing over the wave crest
and then dropping This can be very clearly seen dunng a
swell when the sea 1s still heavy but the wind has fallen
a boat rolls and pitches but moves only to the next wave
crest
A strong continued breeze brings wave crests together
blows white caps oft their surface and throws floating ob
jects from one wave to ancther The disturbance of the sur
face water 1s tran.mitted downward but even billows die
away at a depth of about 200 metres the height of waves
decreases 1n geometrical progression with depth

Complex transformations of sca waves caused by the
proximaty of the oa bettom and by collisicns between on
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coming and reflected waves (breakers) are observed mn off-
shore challow waters As waves approach a horo they swash
or break agamnst 1t Tho shock stress of a swash pounding
against the beach 18 oteastonally (in the Black Sea) as igh
as 60 tons per square metre Tius accounts for the gradual
wearing awnay of the sea shore This phenomenon s of vast
geological importance and 13 hnown as marine crosion or
wave abrasion

Conctantly blowing winds (trado winds and monsoons)
cause o movement of water hnown s sca currents Ono of
the most powerful of the sea currents 1n the Altantic Occan 13
called the Gulf Stream This current onginates in the equa
torial part of the Atlantic under the action of the north
tradowinds Thiswind blowing from north to south asa result
of tho Larth s rotation approaches the equater at an angle
of 45° Gaspard Gustave do Coriolis established a law un
der which the action of the wind on an aqueous medium
(vater masses) of tho ocean starts an east west current along
the equator Near the coast of South America tho current 1s
deflected 1nto a northern direction and farther as it
emerges from the Gulf of Mceuico, 1t turns to the
north-east

The Gulf Stream 13 a colossal river in water banhs It has
s maximum width of 275 kilometres off Florda It 1s
more than 300 metres deep and hs a rate of flow of threo
metres per second (for tho sahe of comparson let us recall
that 1n flood time the rate of flow i the Volga 1s less than
three metres per second)
Tho Gulf Stream 13 of enormous 1mportance as a distrib
utor of warm waters brought from the south, and as a means
of makang the chimate of the northern coast of Lurope milder

us, thanks to the Gulf Stream the port of Murmansk does
ot freeze 1 winter whereas the port of Lemingrad which
1s about 1000 kilometres farther south, 18 1ce bound for
five months every year

A sumlarly warm current the huroshio passes 1n the

2cific Ocean south of the hunl Islands The north and
north west winds blowing from the tast coast of the north
o continents give mse to the cold Greenland and Lab

Tador curreats 1n th
v ot e Atlantic and to the Califorma current
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There are rather strong sca currents between 1nland seas
as well these currents owe their rise to a differenco 1n water
levels Thus fresh water flows along the surface from the
Black Sea through the shallow Bosporus into the Sea of Mar
mora while salt water flows m the roverse dircction along
the bottom from the Sca of Marmora into the Black Sea
There are similar currents between the Mediterrancan Sea
and the ocean between the North and Baltic seas, and so on

Due to the differential attraction of the Moon and the
Sun there arc tides along the shore These phenomena are
due chiefly to tho attraction of the Moon which s the near
est celestial body to the Earth the attraction of the Sun
1s only an additional factor Tides change twice a lunar
day

The dynamics of tides are visualised as follows The
Earth s hydrosphero 1s nflucnced by the action of two
forces a centripetal force which binds the hydrospherc to
our planct, and a centnfugal force which strives to tear
1t anay from the Earth s surface Under the attraction of
the Moon tho hydrosphere 1s drawn from the Earth s sur
face 1n the direction of the Moon But the latter rotates
about the Earth and consequently tries to carry away tho
drawn off surface of the hydrosphere

Let us imagine a scction of the globe across the equa
tor and the Moon on a prolongatton of 1ts equatorial radius
travelling 1n an anti clockwise durection Attracted by the
Moon the hydrosphere 1s drawn towards the Moon (tide)
The nise of the hydrosphere due to the action of the centn
fugal force 1s observed at the same time at the opposite
side of the circle (also tide but famnter)

Lbb tides are observed on the ends of a diameter which
18 perpendicular to the first diameter As the Moon rotates
the e two tides and ebb tides also siuft their positron and
because of this the tides and ebb tides altermate twice at
cach point of the circle 1n the course of twenty four hours
Tides coincide with the passage of the Moon through the
meridian of a given pornt  while ebb tides comncide with
the Moon s nice and <ctting

A solar tide 13 2 5 times lower than a lunar tide When
the Sun and Moon are aligned on one side of the Larth
their tidad forces combine and unusually igh tides result
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Similarly, when the tidal forces of the Moon and Sun ate at
anght angle to each other and hence opposed the tides aro
reduced to their lonest level

Tides reach their maximum height 1 equatonal regions—
m the tropics and subtropics, northward and southward
from the equator thetr height decres.es On mid ocean 13
lands a tidal wave 1s never ligher than 25 metres but
along continents 1t may reach a considerable height espe
cially when 1t crowds into a marrow bay or strut Thus
m the Strarts of Magellan tides reach a height of 18 metres
and in the Bay of Fundy Canada they mnise as ngh as
21 5 metres Tides risc hugher than normal during a favour-
able wind In the USSR tho lughest tides occur in the
nech of the White Sea and 1n the Penzhuna Bay 1n the Sea
of Okhotsh, where they reach the ten metre mark

Lafes On the contmments the hydrosphere 15 represented
by lakes, rivers and ground waters In tho Soviet Umon
the largest lakes are

area | pepin | fereat ot
1) Nt
¢ T sayere (metres) w?x:f:t rlcesv)cl
Caspian Sia 424 3 97, —28
Aral Sea 63 8 08 +66
Iake Baikal 36 174 +451
Lake Ladoga 18 4 230 +4
Lake Balkhash 17 o 26 5| 435
Lake Onega 96 120 +33

Lakes are natural water filled 1nland depressions or res
ervours of various ongin  which have arisen a) as a result
of the action of the Earth s internal forces—subsidences
(Lake Barkal Issyk hul and others) explosions during
vlrlslcamc eruptions (crater lahes—Lake Kronotshoye 1n kam
: atha for cxample), b) as a result of the action of external
bolrce;—glacml scouning (Lake Ladoga) and yock falls that
Lhoc l;ed up nver valleys (Lake Sarez and Yashvl kul 1
sn:k 1amu-ss)—amd the action of ground waters (cave or

) akes—the hungur Lakes for example) there are
2lso man made artificial basing (Moscow Tsimlyaunshoye

Rybinsk and other se: ul
(la‘goons, ud mstancc)“) and sea butlt spits and baybars
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There are runmng water lakes and lakes without outlet
The former receive rivers and give rise to new rivers (Lake
Ladoga Lake Onega) The latter recenve mivers, and dis
charge their water solely through evaporation (Caspian Sea
Aral Sca Lake Balkhash) The water in the former 15 fresh
and 1n the latter 1t gradually salimses first becoming brack
1sh (in Issyk kul for example 1t contains 36 6 7 grams
of salt per litre 1n the Aral Sea 10 4 12 9 grams, 1n the Cas
pian Sea 13 14 grams) then salty and salt brine (in Lake
lletskoye for example the water contarns 155 2 grams

er Iitre 1n Kara Bogaz Gol 163 9 285 grams, 1n Lake
askunchak 284 2 grams and in Krasny Liman [Perc
kop] up to 372 grams)

There arc no tides 1n lakes but waves and currents
occur  Moreover seiches or oscillations of the surface
hinked up with changes in atmospheric pressure are ob
served

The water level and salinity in lakes vary depending
on clumatic condityons The temperaturo of lake water mear
tho surface undergoes sharp seasonmal fluctuations which
gradually smooth out witlt depth Depending on the geograph
1cal conditions and salimty of the water extremely low
temperatures are occasionally recorded im lakes In Lako
Kupalnoye for example which 1s situated near the town
of Iletsh the water {brine) temperature near tho bottom
falls to —13 C when 1ce covers the surface, and 1n Lako ho-
ryakovo 1t drops to —27 C

Ruers Ruvers represent atmospheric precipitation flow
g on the Earth s surface and 1mpounded 1nto chanrels
Where precipitation i1s abundant the network of rivers 13
denser No rivers mse 1n deserts The Soviet hydrologist
A Voyeihov called rivers the product of the climato and
classificd them as follows 1) rivers fed almost completely
by melted snow and 1ce 2) rivers fed only by rawn water
3) rivers of mixed feeding Ground waters oftcn contnbute
appreciably to the feeding of rvers

lhe land arca from which all water 1s dratned 1nto the
channcl of a river 1s called the drammage basin Tho size
of drunage basins the length of nivers and the quantity of
water transported by them may be different Table 1 con
tmns information on some rmers
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Table 1

Tosn_rea
) 000 Tenoth | Ann il run
River .f;;::lc kilo | getlometres off teub) ‘c’s')‘“"

Inth USSR
Ob (with the Irty b) 29 5 200 40
Yem o (with the Sclengay 26 5 200 00
Lena 238 4 600
Amur (with the Argun) 20 4 80 30
Yolga 1 46 3 690 270
Danuhe 038 2 8.0 220
Dnieper 0.2 2 1.0 50

In other countries
Amazon 700 5 00 3 160
Congo 36 4 200 1 850
Mis<is 1pp1 325 6 €00 550
Yanglze 18 v 200 680

There 15 a great number of rivers i the world In the Eu-
ropean part of the U S S R alone there are more than 32 000

Rivers carry fresh water Howcver 1n arcas with an
and climate mver water 1s sometimes brackish as for
tance 1n the Atrch and the Sumbar West Turkmenta

The quantity of water i a river depends on the season
In seasons of {ow alimentation (in the Soviet Union—win
ter) the quantity of water in mivers 1s small 1ts level 1s
tow (low water) lugh water comes 1 spring when the water
10 a river reaches 1ts highest level, we say the river 1s flood-
ed During Iugh water and especially during floods rivers
overflow thetr banks sometimes with catastrophic results

The rate of flow 1n mvers varies greatly and depends
on the imelination of the bed (river gradient) It increases 1n
Proportion to the square root of the gradicnt when the gra
dient qualruples the rate of fiow doubles The moving
force of a mver depends on the mass of water in 1t and on

the rate of flow and 13 expressed by the formula Mt ye

the moving force 1s proportional to the mass of water (M)
and 4o the square of the rate of flow (v

Thus the hydrosphere” liko the atmosphere s highly
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mobtlo and has a moving force and 13 as we <hall sce below
a powerful geological agent contributing to the transfor
matton and devclopment of the Earth s erust

TIIC BIOSPIILRE

The geological role of or has been fis d by
scientists long ago However 1t was not until the twentieth
century that a scientist lard special emphasts on the role
of orgamsms n the hfe of the karth This was done by the
Russtan muncralogist and geochemist V. Vernadshy who
showed that between orgamsms and the environment thero
15 a close interaction which mamfests itsclf 1z a continu
ous migration of atoms from the inorganic world into living
organtsms and vice versa

The ongin of lfe on our planet still remains unsolved
It 1s supposed that the lower orgamsms which appeared
1n the very remote past could also have existed i1n thermo
dynamic conditions other than those obtamming today
V Omelyansky guves interesting facts about the vitality
of some lower orgamsms Certain fungal spores for cx
ample cxust at a temperature of up to 140 C wlile the
spores of microbes live at as lngh a temperature as 180 G
and do not lose therr viability Bacteria spores resist cool
g equally well In liqud hydrogen they live for ten
hours at a temperature of —253 C and at a temperaturc of
—190 C they preserse their viabihity for about six months
Microorganisms can survive cnormous variations of pres
surc Some saprophytic fungr and bactera for example
can resist a pressure of up to 3 000 atmospberes and yeast
can survive under a p of 8000 atmospk

Life on Earth 1s closely linhed up with the atmosphere
hydrosphere and Lithosphere It can be said that 1t 1s n
fact the function of theso geospheres were one of them

luded from the position of the Earth lie m its
present form would disappear Withun the boundaries of
our planct we find organisms 1n the atmosphero up to an
altitude of stx hilometres 1n the hydrosphero to the abys
al depths of occamic troughs (10 170 metres) and in the
hthosphere 1n layers at a depth of several hundreds of
metres
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The history of the karth 15 generally divided into two
Iig periods Azote, when there was no hfe on Earth and
Zoic when orgamisms appeared and began to develop inten
siely Smce then the hithosphere has been continuously
enriched by a number of mincrals and rocks representing
the result of tho vital activity of ammals and plants

The participation of orgamisms i the life of the Larth
15 not Lrmited to the formation of minerals and rocks thanks
to therr vital activity, numerous important geological
processes take place Complex biochemical reactions result
1n the formation of soils As far back as the beginning of
the mineteenth century geologists rightly defined soil
as a rock which differed from all other rocks by 1its
fertality

From the geological point of view indrvidual organisms
play different roles Orgamisms are divided into a) roch
forming and b) mdifferent to rock formation All ammals
and plants are rock forming orgamsms

Among manne plants which play an important roch
forming role mention must be made first and foremost of
diatoms which have a silicified cell wall that persists as a
skeleton after death and calcareous algae, which often ap-
pear as energetic rcef bullders Among the rock forming
se1 ammals are foramimifera radiolama sea mats co-
rals echioderms and bivalve mollushs

On land plants are the chief rock forming orgamsms
Their vital activity results i the formation of caustobio
lihs (combustible minerals) sapropelites peat lignites
coal and petroleum

he enormous role that orgamic matter plays in the hie
of the Earth depends on the vigorous activity of orgamsms
Vernadsky has calculated that the entire mass of organic
matter on the Earth makes up not more than 0 1 per cent of
;]tcslpc{gs:al mass But through their activity orgamsms
ransport matier and in this respect their role ac
cording to the opimion of some scientists {S Hhalesnik)
1s as important as the geological role of rivers the wind
nu%hglucwrs
e propagation power of orgamsms 1s of great impor
tance A {emalo tormaite wmmuogusiy lays l‘uougandts laI gggs
every 24 hours 1n the course of a Life span that 1s some
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times as long as mne years Dandelions engender such a
numcrous po lemty that af 1t all survived 1t would cover
the entire land area within 10 12 years Some fish lay sey
eral millions of roe and 1f enormous numbers of thesc eggs
did not pern b the hydrosphere would bo congested m
a very short span of time Here 15 another example dia
toms propagate so encrgetically by gemmation that in eight
days a single digtom could create a mass of mattor that
would beequalto the volume of ourplanct and an hour later
this mass would double It would not be difiicult to calcnlate
how great this mass would be in twenty four hours Srm:
larly tna ycara cihate mfusortan (paramecium shipper any
malcule) could crcate a mass of protoplasm that would
be equal to the mass of our planct

However tlis eatenstve roproduction does not lead to
any sizable incrcn e of organic matter for the overwhelm
1rg majority of orgamiems pert h in the embryomie stage
Only these survive that are the mo t adapted to the surround
wngs The adaptalnhity of organism to cnvironment s due
to the vanability that earh organsm posses es under the
influence of environment <eparate organs of the imhividual
change con tantly as they adapt themschves to the functions
thy mu t perform

The wvegetable hingilom develops in defimte conditions
whneh ane extremely diverse and may change n the courso
of the Larth s dovelopment One of the most 1mpertant
factors 1n the development of the vegetable hingdom 1s tho
climate The tcmperature humidity of the air gases top
ograjhy (whih detcrmines the musement of atr masscs)
suntight an! o1l are of ¢ cptial mportance

Land ammals arc less dependent on climatic condittons
than plants In particuler this apphies to wirm blooded
ammuals (for examle  birds mummaly  Coll bl fed rep
tles and dipnor can only line in defimte ehmatic conlt
tony (temperale and warm chmate)

Orcgraphic confitions at o phy o mejor role 1n the ot
tlement of lat ) amimats Ammals hian, an dofinito oro-
graphic wonlitions «an to cparatc ] anto groups  [hose
tans govermr 2 the distnbution of lan) ammals arc of spe-
cial I rtan ¢ when the ammal Linglom of gat cpochs
13 tuind



There 13 a fundamental difference between marine and
tand fauna Tirst and foremost marnne fauna badly adapts
itself to more or less perceptible temperature fluctualions
Marine fauna and fora are influenced by the salimity of sca
water temperature currents sunhight water pressure
floor relief and the composition of bottom sediments 1o,
by the entire complex of physical and chemical properties
of the aqueous cnyironment

According to their mode of bie marme ammals can be
divided into the following groups benthos—fauna found
at the ocean boltom nchton—iree swimmrng orgamic hfe
meroplanhton—plankton hving only part of the time at
or near the surface plankton—passively floating animal
life—~and others

Oceans are densely populated down to a depth of 2 000 me
tres Below that level the number of planktome and nektonic
forms of fauna sharply decreascs Howeiver various flora
and fawna occur even 1n the decpest of the ocean troughs

The brosphere 15 the most actinve source of emergy It
scts huge masses of matter of the Larth s crust 1n motion
Organic matter creates soal takes part 1n the formation of
rocks mfluences the microrelief of the Earth s crust accu
mulates solar energy 1n the nterior of the Earth and regu
lates the composttion of the Earth s atmosphere All this
shows that organic matter plays a considerable role and

forces us to consider 1t as essential a geological factor as air
and water

THE LITHOSLHLRE

The lithosphere or the Earth s crust 1s a solid rocky
shell It 1s subdivided 1nto the upper zone of katamorphism
and the lower zome of metamorphism In turn the upper
portion of the hatamorphic zone adjoming the atmosphere
1s called the crust of weathering while the lower portion
1s calied the belt of cementation

The lithesphere can be observed only to a small depth
for the deepest boreholes hardly reach G5 kilometres and
it 1s only 1n certain folded areas of the Carth that the rochs
that formerly occurred at a depth of 15 16 kilomelres are
exposed on the surface by mountain making disturbances
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The chemical composition of tho Earth s crust has becn
computed on the ba<is of analy<es of minerals and rochs
According to the Soviet mineralegist and geochemist A Vi
nogradov  the lithosphere consists of the following ele
ments (tn woight percentages) 0—46 8 S1—26 00 Al—7 45
Fe—420 Ca—32 Mg—235 DNa—240 K-23
H—100

As the above figures <how nine elements contribute mort
than ©8 [cr cent of the weight of the Farth s crust with oxy
gen making up nearly half of 1t wathin limsts of the depth
indicated above and stheon accounting for a lLittle over
a quarter of the weight The e two elements thus account
for more than three quarters of the weight of the Iarth s
crut Alumimum iron alkahine and alkalinc-carth metals
and hydrogen account for 23 per cent and the other elements
for1 Zpcreent of the weight of the Earth scru t The content
of Uitamum  carbon and pho phorus 1s measured (n tenths
of one per cent the content of manganese sulphur barium
chlorine chromium fluorine zircomum miche! strontiam
sana hum  copper 1n hundredths of one per cent anl the
content of tung ten lithrum  hafmum leal anl cobalt
n thou aniths of one per cent The other clements are np
nl enterd an ull maller  quantittes (radium  for evam

)

The dements which occuran the Farth s cru tan munote



GLNERAL INFORMATION ON MINCRALS

Crystalline Structure of Minerals

The majority of the known minerals are 1n a crystalline
state and only a small number 15 11 an amorphous state
The difference between the crystalline and amorphous
state 15 that when clements aro in a crystalline state the
molecules atoms or 10ns of each are arranged 1n a definite
order and form a spatial lattice (Fig 5) while in the second
case there 1s no regular arrangement
of particles The difference 1n the m
ternal structure of crystalline and
amorphous bodies accounts for the
difference 1n their physical properties
(thermoconductivity, electric conduc
tivity magnetisation  hardpess and
so on) In a spatial lattice the par
ticles are equidistant from cach other
1 any parallel direction, but the
distance between them can vary in  FI€ ‘[Sp‘“k"’l {:m“
non parallel dircetions  Accordingly o1 rock s
the properties of crystallme bodies defined by the inter
relation between the conmstituent particles are constant in
parallel directions and may change 1n other directions This
1sdue to the structure of the spatial lattice The physical
properties of amorphous bodies are equal 1n all directions
and are defined only by the chemical composition of the
substance That 15 why in contrast to crystalline bodies
which are amsotropic” such bodies are called 1sotropic

Minerals which are 1n a crystalline state are gencral
1y found 1n gruns of wercgular shape and seldom i the form
of rectilincar polyhedrons—crystals (Tig 6)

Each mineral has 1ts own more or less constant crystal
form which depends on the internal structure of the sub-
stance—its spatial lattice Each crystal is bounded by
planes called crystal faces the lines of the face intersec-
tion are ealled erystal edges the points where the cdges
mtersect aro called apexes (Fig 7)

\ nder the influence of the environment the .hape of
the crystal faces their size and occastonally even therr

ONa eCl
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Crystals are sym 4
metnical, that 1s to
say therr individual c
clements (faces edges
and apexes) or combi /i
nations of elements
are regularly repealed,
this can be neted when
a crystal 19 disseeted v
by a plane when 1t
rotates 1bout a certain
aus or when tho ar
rangement  of  ats
cparate clements 1s  Fig 7 Elementsof a qu: 8 iline
compared 1n relation crystal o ‘X;;g‘l;l'y
to a definite point 1n AB e aa
side 1t TLese planes
axes and pownts nre
the elements of crystal
symmetry and are called respectively the plano of sym
metry lho ais of symmetry and the centre of symmetry
An 1maginary plane dividing the crystal into two equal
or mirror tmage  parts s called the plane of symmetry
(Mg 8) 1t 1s designated by the letter P
An azis of symmetry 1s an maginary aus winch allows
imdividual elements of a crystal to rcpeat themselves
when the crystal mahes a complete revolution of 360
1 isdesignated by the letter L During acomplete revolution
this repetition of the same position can be observed 2 3 4
and 6 times Accordingly, the axes will be called axes of

Tig 9 Axes of symmetry
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symmetry of the second
thind fourth and sixth
onler and designated by
the letters L. L, L, and
T (hig 9)

The pont insido the
crystal  at whch all
steaight lrnes connecting
tho respective points of

i, 10 Centro of symutetry the ery tal surface snter
sect and reeiprocally di

vide into two parts s

valled the centre of symmetry 1t 15 destgnated by the letter
¢ Acry<lal can have only ono centre of symmetry (Fig 10)

A crystal that has tho firm of acube belongs to the group
of figures with tho greatest degree of symmetry It has theeo
axes of symmetry of the fourth order (3L,) passing through
tho muddlo of the cubo faces four aves of symmetry of tho
third order (47,) passing through the apexes of the tnhedral
angles and six axes of svmmetry of the <ccond order (bL,)
passing through the middle of the edges (Fig 11) More

Iz, oty 61y
—
! f
| ~ T
N i
I, ~ 'Y
1 }'_/;\‘ N T
A=) P = Pl

ki, {1 Axes of symmetry of a cube

over ninc plancs of symmetry (9P) can be drawn in the
cube (Fig 12) Thoe centre of symmetry n the cube les at
the pornt where the axes of symmetry ntersect

On the basis of the combination of the clements of sym
metry and other features crystals are classified into the
following scven systems cubic hevagonal tetragonal tng
onal orthorbombic monochme and tmehnie

The largest number of elements of symmetry 15 observed
i crystals of the lighest cubie system Their featuro 15
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tig 12 Planes of symmetry of a cube

that they have more than onc axis of symmetry above the
second order

Crystals with only one avis of symmetry above the sec
ond order belong to the middle systems Depending on
the avis order Lhe following three systems are distinguished
among them

hezagonal which conwists of crystals with ome axis of
symmetry of the sixth order

tetragonal which consists of crystals with one axis of
symmetry of the fourth order and

trigonal which comsists of crystals with one axis of sym
metry of the thurd order

Crystals with no axes of symmetry or only axes of the
second order belong to the lowest systems The following
systems are distinguished among them

orthorhombic which consists of crystals that have sev
eral axes of symmetry of the second order or soveral planes
of symmetry

monoclinic which consists of crystals that have either
one avis of symmetry of the second order or one plane of
Symmet)

trichinic which consists of the most asymmetric crystals
or crystals devoid of elements of symmetry or crystals
that only have a centre of symmetry
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Above we have indicated the minimum number of clements
of symmetry necessary to class cry=tals as belonging to any
of the listel sy tcms cxeept the trichimie Monovir enys
tals of the Inghest and muddlc sy<tems may have aves of the
sccond orfcr planes and a centre of symmetry  Crystals of
the orthorhombic and monochime systams may have aves
of the <ccond order and planes as well as a centre of sym
metry

As we havo alecady noted minerals either form granular
concentrattons or are occasionally found 1n the shape of
separate ery tals or clusters of cry<tals The nature of these
mineral concentritions and clusters depends princepally
on the conditions o which the cry tals were formed

Granular clusters arc concentrations of mineral grans
of different seregular shapo that depends on tho spatial
outhino 1n which the mineral had crystallised

Druses are «lu ters of crystals incrusted at one end to
some surface

Concretions are mincral accumulations that grow from
some nucleus to the periphery and form radially fibrous or
concentrically composed dlusters Oblites are also concre
tions They arc mineral accumulations of spherical concen
tric conchowdal or radially fibrous bolies that form when
a substance scttles around some minute particles

Secretions aro formed when a mineral sub tance fills cavi
ties m rochs In contrast to concrctions the deposttion of
substance procicds from the periphery to the nucleus Se
cretions of up to ton millimetres in diamdter are callcd amyg
dales larger searctions are called geoles

Swnter forms of muneral clusters omginate during the
slow coating of some surfico by a muneral substante The
main role 1n this proces 1s played by colloid solutions
Typical remform botryoidal clusters or clusters i the
shape of icicles (stalactites and stalagmites) are formed

Physical Properties of Minerals
There are different methods for 1dentifying minerals
they are ba.ed on a determination of the habits of crys
tals on a study of their optical and chemical proper
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ties chemical composttion and so forth Science has reached
a level where minerals can be identified through X ray
diffraction spectrographic and thermal analyses and other
methods of precise mineralogical study For the sake of
accuracy minerals are 1dentificd by several methods simul
taneously

In order to conduct geological explorations n the field
1t 18 necessary to be able to 1dentify the principal minerals
on sight Attention must be paid to the following basic
properties of minerals colour of a mineral 1 fragment and
in powder the lustre the transparency, the fracture the
cleavage, the hardness and the specific gravity These prop
erties are closely associated with the mternal structure of
mierals with the texture of their crystalline lattice In
tis connectron each mineral which 15 1n a erystalline state
has a definite number of properties that change regularly
with the anisotropy mnhercnt 1n mincrals

Colour The colour of a mineral 1n fragment and 1n ponder
form may be different The colour of a mineral wn fragment
depends on the basic chemical composition of the mineral
concerned on the arrangement of the rons and atoms in
the crystalline lattice and on msigm ficant chemical and
mechanical 1mpurities which can change the colour but
do not nfluence other properties On account of this we
find different minerals having the same calour (for example,
rose coloured gy psum and rose coloured halite) or one and
the same mineral having different colours (for instance
flint may be white browmsh grey brown, red black or
some other colour)

en a mineral 15 described, 1ts colour should be stated

as accurately and clearly as possible by comparing 1t with
the colour of well known objects, for wnstance, milk white
Temon ycllow and so on

In the case of some minerals the colour of the pouder
Or streak often differs from that of the fragment For n
stance pynte fragments are golden-yellow while the pow
der of this mincral 1s greemsh blach To determune the col
our of the powder of a mineral a streah of this powder
is usually made on the rough surfaco of an unglazed porce

ain plate This makes 1t possible to dilferentiate between
for example two minerals whose outward appearance 1s
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vy sumtar say hanatite and mognctite the poser of the
former leaves a cherry red <treah and of the Iatter a black
streah

Lustre Tor their lustre all minerals are divided into
two groups The first group consists of mnerals with
metalhic Justre o o rcfllceted hght the surlace of the e
minerals ts ramim cent of a metal surface Native metals
and so t sulphides have a metallic Justrc A deep metallic
lustre occastonally makes 1t difficult to determine the col
our of a mineral This group also includes muncrals graph
e for examplc  which have a submetallic lustre that
resembles the lustre of tarni hed metal

The sccond bigger group consists ol nunerals with non
metallic lustre In this group the lustre of mincrals 1s sub
divided as follows adamantine—this 1s the most ntensive
Iustre and 1s typiend for a small pumber of transparent or
translucent minerals (diamond <phalente and others) it
reous—remniscent of a glass surface—1s a feature of most
transparent and translucent nmunerals (roch crystal eal
aite hahte and <o forth) greasy which gives the impres
sion that the surface of a nuneral 1s coated by a thin film
of grease—this 1s a feature of quartz 1t fracture native sul
phur nephelenite and other minerals mother of pearl (m1
¢ tale) silky—this 1s the lustre of minerals with a fibrous
structure (fibrous gypsum asbestos) Finally there are
minerals whose surface has no lustre at all In such cases
1t 1s «a1d that minerals have a dull lustre

Transparency The transpirency of o mmeral depends on
1ts ability to transmit rays of hght Accordingly the fol
lowing vaneties of minerals can be distingmished

non transparent minerals 1¢ minerals that do not
transmit light even through very thin sheets These miner
als have a metallic lustre and Icave a blach or dark streak
(ntive metals many sulplides ferric ovides and other
minerals)

transparent minerals that admit the passage of light
Iike ordinary glass (for example rock crystal and Iceland
spar,
tr;nslucom minerals that admit the passage of hight
like frosted glass (for eximple chalcedony gypsum and
occasionally opal)
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minerals that are non transparent as fragments but ad
mit the passage of light along a thmn edge (for example
feldspars many carbonates and silicon)

Fracture When various minerals are brohen we get frac-
tures of various shape Often these fractures have the shape
of a smooth concave or convex surface with concentrically
arranged riblets—waves resembling the structure of a shell
Such fractures are called conchoidal

In other cases the surface of the fracture 15 covered with
small splinters This 1s called a splintery fracture and 1s
a feature of minerals with a fibrous long columnar structure
{for instance amphibole) Some mrnerals, for example
haolimite have an earthy fracture resembling the rough
surface of clay In the case of other minerals an uneven
surface 15 formed when they break and this 1s called an
uneien fracture

Cleavage which 1s the result of the tendency of miner
als to sphit along parallel planes (planes of cleavage) 1s
a form of fracture This property 1s due to the
structure of a mineral s crystalline lattice and mam
fests atelf 1n defimte crystallographic planes in which
the adhesive force between separate atoms falls to a min
mum

Depending on how clearly the cleavage 1s defined the
following degrees of cleavage are distingwished

eminent cleatage when a mineral easily sphinters into
sheets with smooth shining parallel surfaces This 15 a
feature of mica (Fig 13)

perfect clearage, when a mineral that 1s struck breaks
f;’l‘%)ly along defimte planes (for example caleite and ha

€,

medim clearage when a muneral that is struch breahs
equilly often along cleavage planes as uneven fractures
are formed 1n 1t (feldspars)

imperfect clearage 1s ascertamned with difficulty 1n the

orm of emall facets against the background of an unescn
fracture (apatite native sulphur)

highly umperfect clearage means that there 1s practical

y no cleavage It 13 never possible to find even planes on

the fracture of minerals with a highly imperfect cle
avage
(for instance 1n quartz) gy P €
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Fig 13 Mica Eminent cleavage in one direction

Besides determining the degree of cleavage 1t 15 necessary
to marh out the planits 1n which 1t 1s expressed Some
minerals mica for example have a cleavage 1n only one
plane Other minerals are cleaved 1n two planes and the
degree of this cleavage can be diflcrent As an cxample
Ict us take feldspar 1t has a perfect cleavage 1o one
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plane and amedium cleav
age m the other Therc
are minerals with a three
plane cleavage halite and
calcite for example
(Fig 14)

Crystal faces can be mis
taken for planes of cleav
age and to distinguish be-
tween them 1t should be
temembered that as a rule
lustre 1s greater along the
planes of cleavage than
along the crystal faces

hig 1+ Caleite Lerfeet cleavage
1n three directions along a rhom
bohedron

Hardness Animportant
property that helps us to
wdentify minerals 1s their hardness, 1¢
to mechanical action

Ten minerals have been sclected as standards of hard
ness and arranged mto a scale m the order of hardness

relative of which the hardness of all other mmerals 15 deter
mined (Table 2)

their resistance

Table 2
Hardness Scale
Minerat Had s Min ral Hrdes
Tale 1 Orthoclase 6
Gypsum 2 Quartz 7
Caleste 3 Topaz 8
Fluorite 4 Corundum 9
Apatite 5 Diamond 10

Each mineral from the hardness scale can scratch the

Softer mineral preceding 1t and can be scratched by the
arder maneral below 1t

To determimne the hardness of a minernl an even facet
15 chosen on 1ts surface and run over with the sharp edge of
2t 65
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a mineral from the hardness scale If a scratch 1s made on
the 1nvestigated nuneral 1t means thatit 13 softer than the
mnerl standard if no scratch 1s produced 1t means the
investigated mineral 1s harder than the muneral standard
This test should be continued until the investigated mineral
fits mnto an 1nterval between two minerals in the hardness

Acnan CHUY
AT

Fig 1, Double refraction 1n a prece of Iceland spar

scale 1¢  until its hardness 15 determined as being mter
mediate between them or as equal to the hardness of one
of them If the hardness of a fine gramed mineral 1s tested
1t 1s more convenient to scratch the mineral from the
hardness scale with the gramns of the mineral being
tested

The hardness of a mineral can also be determined with
the aid of a number of objects which are always on hand
for cxample the hardness of the lead of 1 soft pencil1s taken
as 1 the hardness of halite or <alt 1s taken as 2 of a finger
nail as from 25 to 3 of 2 nail or wirec as 4 of glass as 5
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of a steel blade or needle as about G, of widespread miner-
als such as quartz and sihcon as 7 Minerals of a greater
hardness occur very rarely

Specific Gravety 1t1s only in a laboratory that specif-
ic gravity can be accurately determined But in order to
1dentify minerals 1t 1s imporiant to be able by simply weigh
g them 1 your hand to determine if they belong to the
group of light minerals with a specific gravity of 25 to
the group of middle minerals with a specific gravaty of 35
to 4, or to the group of heavy munerals with a specific
gravity of over 4 5 With some practice one soon becomes
able to determine specific gravity with suffictent accu
racy

When a mineral 1s studied attention must be paid to all
the physical properties cnumerated above because only
when all these properties are determined 1s 1t possible to
identify the mineral correctly

Some munerals have properties that are not found 1n any
other mineral For instance carbonates more or less freely
react with hydrochloric acid and liberate bubbles or carbon
1c acid gas this 1s called the boiling up of a mineral
Double refraction 15 a feature of pure calcite (Iceland spar)
(g 15) Magnetite 15 strongly magnetised and being
brought to the magnetic needle deflects 1t Halogen minerals

(!hame) freely dissolve 1n water and have a charactemstic
aste

Classification of Minerals

Approuumately 3 000 differont minerals are hnown at
present but only a small number (about 50) 15 widespread
1o the Earth s crust the rest occur rarely

Feldspars are the most widespread group of minerals in
the lithosphere adding up to nearly GO per cent then fol
lows quartz—12 6 per cent mica—3 § per cent ferruginous
magnesia silicates—16 8 per cent lime feldspar (cal
cite)—1 5 per cent dolomite—0 1 per cent various clay
minerals—about 1 per cent All the other minerals hardly
account for G per cent of the Earth smineral mass Minerals

that are important constituents of ordinary rocks are called
Tock forming mincrals
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All known minerals according to their chemical compo
sitton and crystalline toxture  are divaded anto several
classis of which the moest important are
nitive elements
<ulphides
halides
oxides wnd hydroxadis
carbonates
sulphatcs
phosphatcs
stlicates

‘The propertics of the principal rock forming munerals
and of essential minerals ave de cribed below

RPN X

Natire Llements

Native clcments are seldom found in nature they are not
roch forming The origin of native elements may be assocr
ated with magma solhidification with secondary chemical re
actions or with the action of high temperatures and pressures

Graphite [C) 15 ravely found in the form of small ta
bular crystals of the hexagonal system It occurs most
often as a compact or scaly mass It has n dark colour—
from stecl grey ta black The streak 1s dark grey to black
and shiny The lustre 1 submetallic The cleavage 1s per
fect 1n one plane the flakes aro thick and easily fmable
i thin flahes graphite 1s flectble Hardness—1 Specific
gravity—2 09 223 It 1s greasy to the touch sols hands
and leaves 1 streak on paper

The origin of graphito 1s linked up with magmatic and
metamorphic processes It 1s used principally 1n the manu
facture of pencils and fire proof crockery and as a lubn
cant for friction parts when on account of high temperatures
o1l cannot be used

Diamonds are a crystalline variety of pure carbon They
are extremely transparent very hard (hardness—10) and
have a brilliant lustro They occur very rarely and are used
as an abrasive 1n enginecring and also as jewelry Diamends
are ono of the most precious minerals The Soviet Union has
deposits of diamonds 1n tho Yakut Autonomous Republic
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Sulphur {S] 15 occasienally found in the form of crys
tals of the orthorhombic system well faced and formimng
druses 1n sinter forms but more often as an earthy powder-
Iike mass It 1s yellow of various shades up to green brown
Its Iustre Jong a fracture 1s greasy, dull Sulphur 1s translu
cent The cleavage 15 tmperfect The fracture 1s conchordal
and carthy Hardness—1-2 Specific gravity—2 05 2 08
Sulphur electrifies during frictron, 18 1nflammable and burns
with a blue flame liberating a fetid sulphurous gas

Native sulphuris formed durmg the decomposition of
sulphate and sulphurous minerals and during the sublima
tion of vapours and gases released by volcanic vents Sul-
phur deposits are known 1 some regions of volcanic activity
For instance there are large quantities of sulphur 1n Italy
where 1t 1s one of the products of the eruption of volcanoes
of the Vesuvius and Etna group In the USSR there are
deposits of sedimentary sulphur m Central Asia and in the
Volga Area

Gold [Au]1s a prectous metal and 1s found 1n the form
of crystals gramns lamellae and nuggets It crystallises
1n the cubic system Its colour is yellow and 1t has a ligh
specific gravity (156193) It 1s extremely malleable
Hardness—2 5-3

In a dispersed state gold occurs 1n rocks 3n rivers and
oceans and even 1n the tissue and bloed of hving organ-
1sms In nature we find mainty native gold There are pr1
mary deposits (inclusions in ore bedies) and placers (de
stroyed and redeposited primary deposits) In ores and
placers gold 1s found m the form of tiny grams but quite
often nuggets weighing dozens of kilograms are encountered
Native gold occurs in vartous shape lamellae grams rods
and so forth The surface of particles of native gold 1s coy
ered occasionally with films of other substances e g
with hydrous ovuide of 1ron

Platinum [Pt] hke gold 1s a precious metal It s found
mainly 1n avirgin state 1n the form of gramns and flakes
?f different size ~ and seldom 1n the form of large nuggets
Lt 18 steel grey Hardness—4 5  Specific gravity—14 19

1ke gold 1t comes from primary and placer deposits
lplahnum 18 1nfusible chemically stable and conducts
electricity and 15 therefore widely used 1n the chemical and
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clectrical engineering mdustries The biggest platinum de
posts are 1n the U SS R (tho Urals) Canada, South Africa
and Colombia

Sulphides

For the number of minerals (more than 250) this class 13
second aftersilicates But for their occurrence 1n the Earth s
crust minerals of the sulphide class hike native miner
als occupy one of the last places and are not rock formmg
However someare of great practical importance Therr chem
1cal composition 18 sumple and 18 a combination of var
10us elements with sulphur The origin of sulphides 15
linhed up principally with precipitation from hot agueous
solutions and 1n 2 lesser degree with magma solidifica
tion and cold solutions The majority of the minerals of
this class have a metalhic Instre a relatively low hardness
and as a rule a high specific gravity

Pyrite [FeS] 13 one of the most widespread minerals
of this class It 15 often found as well defined crystals of
the cubic system particularly as cubes on the faces of
which a fine parallel striation 1s vistble 1t 1s also found
as granular or compact clusters and round concretions with
aradiated structure It 1s light or golden yellow The streak
15 black or greemish black The lustre 1s sharply metallic
which sometimes makes 1t difficult to determrne 1ts colour
Pyrite 15 not transparent The cleavage 1s imperfect Tho
fracture 1s uneven or conchoidal The fracture of clusters
15 granular Hardoess—6 6 5 Specific gravity—4 952

Pyrite often forms extensive accumulations which are
developed with a view to producing sulphuric acid

Chaleopyrite [CuFeS } crystallises 1n the tetragonal
system It frequently occurs in the form of compact masses
crystals are rare Its colour 1n contrast to that of pyrite
18 ighter—a bra s yellow It 1s not as hard (3 4) as pyrite
Its specific gravity 134 1 4 3 It 18 a widespread copper ore

Galena [E bS] crystallises an the cubic system It occurs
wn the form of granular less often compact mass The
crystals usunlly have the form of cubes seldom that of
octahedrons The colour is lead-grey Its streak is a shiny
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greyish blach It 1s not transparent Its lustre 1s metallic
The cleavage 1s perfect 1n three planes parallel to the cube
faces Hardness—2 3 Specific gravity—7476

Galena 18 an 1mportant lead ore

Sphalerite [ZnS] crystallises in the cubic system It
oceurs 1m the form of fine grawned or nodular masses and
crystals of regular tetrahedral shape The cleavage 15 em1
nent The colour 1s inconstant brown yellow or reddish
The streak colour 1s yellow or brown The lustre 1s metallic
and brilhant Hardness—3-4 Specific gravity—3542

Sphalerite 1s an 1mportant zinc ore

Halides

This class embraces a large number of minerals repre-
senting salts of haload acids precipitated from aqueous
solutions Only a few munerals of this class chiefly chlo
rides arerock formin,

Halite (NaCl] which crystallises mn the cubic system
18 the most widespread muneral of this class It usually
occurs In the form of crystalling clusters and scldom as
cubic crystals Pure halite 15 colourless or white Varie
ties of halite of different Light colours (red, yellow bluish,
grey) are frequently encountered the colour 1s due to 1m-
punties The lustre 15 vitreous Halite 1s transparent or
translucent Its cleavage 15 perfect in three planes parallel
to the cube faces Hardness—2 Specific gravity—21 2 2
It dissolves rapidly 1n water and has a typrcal salty taste
Beds and nests of halite occur 1n strata with other sediment-
ary rocks Ocean water contains threc per cent dissolved
halite Halite sometimes settles on the bottom of salt Jakes
and bays where 1t 1s known as solar salt Ground water 13
often_saturated with halite and occastonally this results
m salt springs The water 1n these springs cvaporates 1n
summer and freezes out 1n winter and 1s the source of what
18 known as evaporation salt

Halito 15 used in food (as common salt) and also m the
chemical mdustry Tho best known rock salt deposits are
i the Urals the Donets Basin near Iletskaya Zashchita
and on the Taumyr Peninsula Solar salt 13 obtamed from
lakes Elton and Bashunchak Salt springs are encountered
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n Slavy o Bahhmut Disteiet neoar the towns of Balakhng
and Usolye and i other places

Sylrite [KG!] forms in ‘the saume conditions as halile
but occurs less fruquently 1t 15 somctimes found in granu
Inr intergrowths wath halite Its physieal properties are
sumilar to those of halite The distinguishing fentures of
sylvite are 1ts burning salty taste and bright red or dark
bluo colour

T'luorite {CaT ] crystallises 1n the cubic system forms
granular clusters and 1s found as <cparate, well defined
crystals usually as cubes and less often as octahedrons

It occurs 1n a varnety of colours colourless yellow green
blue violet and pink Ono and the same crystal 1s frequently
mult1 coloured This mincral has a vitrcous lustre 1s trans
lucent and the pure varieties are transparent (optical fluo
rite) The cleavage 1s perfect in four planes parallel to the
octahedron faces When fluorste 1s heated 1t fluorescesn dark
ne.s Hardness—4 Specific gravity—~3132 Under the
action of sulphuric acxd fluorite dissolves Itberating
flugric acid [LIF] which intensively corredes glass

Fluarite owes 1ts origin chiefly to hot solutions occa
sionally 1t occurs 1n sediments precipitated from cold wa
ters It s very important in metallurgy

Ozides and Hydrozides

In this class the munerals arc combinations of various
elements with oxygen and with the OH hydroxyl group
It 15 one of the most numerous classes of minerals and for
1ts weight accounts for nearly 17 per cent of the lithosphere

Quartz {S10,] 15 one of the most commen munerals of the
Earth s crust It 1san important constituent of rocks formed
deep 1 the Earth and on its surface 1e 1t takes part
1 the formation of magmatic sedimentary and metamor
phic rocks It occurs in the form of granular clusters and
1rregular gramns occasionally it 1s formed 1n veins and vugs
as well cut crystals and clusters of crystals Quartz
crystals have the shape of a hexahedral prism terminating
at one or both ends 1n rhombohedrons The faces of the prism
are often covered with a fine transversal striation 'Trans
parent quartz crystals are called rock crystals Although
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quartz 15 colourless or wlite when pure 1t 15 often tinted
lor example there 15 a smoky rock crystal with a greyish
tint and an amethyst rock crystal with a violet tint Black
quartz 1s called morion The faces of the crystal have a
vitreous lustre, and the fracture 1s greasy Quartz has a
highly imperfect cleavage The fracture 1s conchoidal or
uneven Quartz hasa hardnessof 7 and a low specfic gray
ity of 2528 It dissolves only in hydrofluoric acid

It forms during the solidification of magma and 1s seg
regated from hot solutions and also during the metamor
plusation of rock High temperature quartz crystallises 1n
the hexagonal system and low-temperature quartz in the
trigonal system A eryptocrystalline variety of quartz (chal
cedony) and not quartz proper forms on the Earth s surface
during the dehydration and crystallisation of silica gel

Chalcedony {S10 ] 15 a cryptocrystalime varrety of
quartz occurring]in the form of compact masses sinter and
remform clusters or nodules Chalcedony polluted with 1m-
purities such as clay particles 15 called silicon It occurs
m a variety of colours Greyisafrequent colour but thereis
also brown, nearly white yellow dark red and even blach
sihicon A varety of chalcedony with bright colours arranged
1n concentric circles 13 called agate It has 1 weak greasy
dull lustre and 1s transparent at the edges The fracture
18 conchordal Tiardness—6 7 Specific gravity—2425

Opal (810 nH,0] 1s an amorphous mineral Ithas a wat
er content of 1 5 per cent which occastonally rises to 34
per cent It 1s usually found 1n the form of compact sinter
masses It 1s colourless but impurities give 1t different
coloms  Precious opal 1s mulk white with a beautiful
play of colours QOpal 1s semitransparent or translucent
along the edges It has a weak viireous or greasy dull
lustre The fracture 1s conchoidal or uneven Hardness—
555 occasionally 6 Specific gravity—2 2-2 5

Opal forms chiefly on the karth's surface as a result
of the weathering of silicates and also of precipitation 1n
water basins Some protozoans and lower plants have an
opal skeleton It 1s also known that opal segregates from
hot solutions Quartz 1s used 1n optics metallurgy and

the glass industry Quartz chalcedony and opal
are also
used 1 the manufacture of objects of n);‘t F /
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Hematite [Fe O,] crystallises 1n the trigonal system
It 15 usually found in the form of compact microcrystalline
scaly or lamelliform concentrations (iron glance specular
ron), 1n the form of nodules of radiated or conchamdal
structure and cryptocrystalline masses In the latter case
1t 1s called red 1ron ore Quite frequently hematite 1s found

Fig 16 Magnetito crystals as they occur in nature

in tho form of crystals of thombohedral and lamellar shape
The colour of crystalline varieties of hematite 15 iron blach
and of den e cry ptocrystalline varieties—red It has a blood
red streah The lustre vanes from metallic to dull Hema
tite 15 not transparent even in fine Jamellae Hardniss—
556 the cryptocry-talline masses are softer The fracture
1s conchosdal It has a high specfic gravity (0 53) which
e typreal for ferruginous minerals Hematite cgregates
chielly from hot <olutions and during metamorphi m It
18 1n important 1ron ore

Vagnetite [FeO Fe,0,} crystallt ¢s tn the cubic sy tem
1t 15 found in the form of compact granular clusters occa

sionally as octahedron cry tals impregnated in rocks
(Fig 16)
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The outward appearance and physical properties of magne
tite resemble those of the crystalline variety of hematite
but the former 15 distinguished from the latter by 1ts blick
streak and magnetisation (1t ttracts needles and nails and
deflects the magnetic needle)

Magnetite forms during the solidification of magma and
segregates from hot solutions and 1n the course of metamorph
1sm It 1s avery mportant iron ore There are rich depos-
1ts of magnetic 1ron ore 1 the Urals (mounts Magmtnaya,
Blagodat \ysohaya and others)

Limonite [Fe O; nH,0] 15 a hydrous oxide of wron The
quantity of water 1n this mineral varies this results m a
change of colour as well The colour of loose varieties 15 a
light yellow while that of compact varieties 1s brown red
brown or brown black The streak 1s yellow-brown or brown
Hardness—1 5 Specific gravity—3 34 Brown 1ron ore
1s sometimes found 1m the form of oohites and has various
local names bean ore bog ore, meadow ore and so on
An 1terstratification of loose and compact varieties can
frequently bo seen 1 a specimen

Limonite 1s a mineral of surface origin and forms during
the weathering of all other ferruginous mrnerals thanks
to the activity of microorganisms 1t also precipitates in
surface basins

Limonite 1s an wron ore

Corundum [A1,0,] crystallises 1n the trigonal system and
forms columnar pyramdal and lamellar crystals It 1s
dark blue red, green or brown and occasionally separate
parts of the sameo crystal have a different colour Hard
ness—9 Specific gravity—3 94 Corundum does not dis-
solve 1n acids It 1s a mineral of magmatic origin There
are deposits of corundum 1n the Urals hazakhstan and
Yakutia

It 15 of great importance 1n engineering as an abrasive
20d cutling material A red transparent variety of corun-
dum 1s called a ruby and a dark bluo varsety 1s called a
sapphire Rubies and sapphires are gems There 15 now an
industry manufacturing artifical rubies They are of great

importance 1n engineering particularly in watchmaking
thanks to their exceptional hardness
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Carbonates

The minerals of this class are carbonic acid salts Some
of them are rock forming nunerals of sedimentary and
metamorphic rochs A feature of carbonates 1s that they
react with hydrochloric acid [HCI] This reaction produces
carbon diouide [CO ] bubbles which give the mpression
that the mineral boils The reactron proceeds as follows

CaCO, + ZHCl=C1Cly 4 11,CO,
H C0O,=H,0-+C0

=

RS

Fig 17 Calcite crystals

Quiwardly <tmilar carbonates can be distinguished by
the 1ntensity of this reaction

Caleite [CaCO;) 15 the most widespread mineral of the
carbonate class [t erystallises 1n the trigonal system and
18 found as druses or separate crystals (kig 17) 1t often
forms sinters 1n the shape of stalactites and stalagmites
Calcite 1s colourle s or white 1mpurities may gave 1t var
10u¢ colours It has a vitreous and occasionally a moth
er of pearl lustre It 1s transparent or translucent Tho
cleavage 13 pcrfect in three planes parallel with the faces
of the rhombohedron Hardne s—3  Speaific gravity—
26 28 Caleite reacts violently with hydrochloric acid

The colourle s transparent variety of calcite fs called
Tccland spar it has the property of double refraction
(Fig 15) and 1s u ed :n optical instruments
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When caleite 1s heated 1t liberates carbon dioxide cal
cium oade [CaQ) known s burnt lime remains When wat
er 15 added burnt hme turns into slaked lime {C(OH);]
Slaked lime adsorbs earbon drovide from the air and con
solidates

Caleite precipitates from surface waters from hot solu-
tions, and 15 also formed 1n the course of metamorphism
Widely occurring rocks, such as limestones chalks and
marbles consist of caleite [here are commercial deposits
of chalk 1 the viemity of Belgored and 1n the Donbas
Marble 15 quarried in the Caucasus the Urals the Carpa
thians and harelia

In the Urals Yakutia, the Crimea and the Caucasus
thero are deposits of well defined calcite crystals Ideal-
ly transparent calcite crystals were first de.cribed 1n Ice
land, hence their name—Iceland spar

Aragomite  [CaCO;] as distinct from caleite crystal
lises 1 the orthothombicsystem It often forms dense sinter
clusters and less often ocolite concentrations and acreular
crystals It 1s distingmshed from calcite by a somewhat
higher hardness (354) an indistinct cleavage and crystal
shape It precipitates from hot water springs the shells
of mollushs are formed from 1t

Mognesite [MgCO,] 13 a rarer mineral than caleite or
aragonite Compared with calcite 1ts hardness and specif
1c gravity are somewhat hugher It 1s used in the manu
facture of fire proof brichs and cement There are large de-
posits of magnesite 1n the Urals

Dolomite [MgCO; CaCO,] 15 a widesprend mumeral of
complex composition It 15 colourless or white but often
due to accidental impurities 1t 1s greyish or darh It of-
ten forms beds of considerablo thickness Hardness—3 5-4
Specific gravity—1 829 Only powdered dolomite reacts
with hydrochlone acid

Siderite [FeCO,] 1s a brown yellow or brown mineral
With a vitrcous or dull lustre It has a hardness of 8 54 5
and a specific gravity of 37 39 When 1t 1s free of mpur:
ties 1t 1s an excellent iron ore
Ta‘?lal:‘lclhzte [CuCO,; Cu(OH),] 15 a widely occurring mine-
v \\Illll a 57 4 per cent copper content It crystallises in

onochnic system but crystals oceur rarely Itas
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usually found as thia radinl growths compact or santer (rem
form) concentrations with a convergenco zonal structure
and a radial fibrous texture of separate Inyers and zones
It 15 often found 1 the form of <clvedges incrustations and
carthy clusters Its colour varies from blue-green to dark
green It has a silhy lustre Hardness—3 540 Specific
gravity—3 94 1

Malachite 13 a sccondary mineral of the oxidation zone
of sulphide copper deposits which occur 1n limestones and
other carbonate rochs

It 13 a valuable commerctal coppur ore but as a rule
the deposits are not large Beautifully patterned malachite
1s a valuable industrial stone for decorntive objects

A.urite [2CuCO,; Cu(OH) ] crystallises i the monochnic
system It 1s found in crystals graned and carthy clus
ters incrustations fine cavity fillings 1nd so forth The
colour of azurite erystals 1s 1 deep darh blue Larthy clus
ters called copper blue have a brght or lLight blue col
our Crystalline azurite has 1 vilrcous and carthy dull
lustre Hardness—3 5 4 Specafic gravity—3 7 3 9 Thecleav
age 18 medium n one plane Azurite dissoctates freely when
1t 15 oxrdised and liberates carbonic acid gas

It 13 a typical mineral of the zone of ouidation of copper
deposits and forms during the weathering of chalcopyTite
bornite grey copper ore chalcocite covellite and other
copper sulphides Malachite 1s the most usual companion of
azurite Azurite 1sused 1 copper smelting and an the manu
facture of blue pant It does not form large accumulations

Sulphates

The majority of sulphates are rock forming minerals of
sedimentary rocks Their formation 1s the result of the pre
cipitation of the salts of sulphurhic acid from surface wat
er or they are products of the oxidation of sulphides

Gypsum [CaSO, 2H,0) 15 one of the principal rock form
g mrnerals of sedimentary rocks It 1s frequently found
1 well defined erystals of the monochinic system Some
times 1t occurs 1n columnar and scaly form not infrequently
as twin erystals (Fig 18) but most often as compact masses
The cleavage 1s perfect Hardness—2 1t can be scratched
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castly with a fingernml  Speafic grw
ity—23 TPurc varties of gypsum arc
colourless  <ometimes  gypsum 15 white /
grey blue or pink It 1s transparent or trans
lucent It has a vatreous and mother of pearl
lustre Gypsum crystals with a fine fibrous
structure are called selenite

At a temperature above 400°C gypsum loses
a part of 1ts water and turns into semthydrate
[Ca80, %H,O] The latter 1s ground into flour \\
which after the addition of water becomes
paste and quickly consolidates, hberating hig 18
heat as 1t does so Thanhks 1o this gypsum  Swallow tail
1s used 10 medicine for plaster of Paris ban  gypsum twin
dages 1 the manufacture of cement 1n
architecture, sculpture and other fields ]t 1s also of
great umportance n the chemical industry Gypsum depos-
its often adjoin deposits of rock salt

Anhydrite [CaSO; ] crystallises in the orthothombie system
11 15 usually found 1n the form of compact finc gramed clus
ters Though 1t 1s generally white 1t sometimes has a faint
bluish or greyish tint It has a vitreous and mother of pearl
lustre Anhydrite 15 transparent but more often 1t 1s trans
lucent The cleavago 1s perfect and medium in two planes
;ts?in angle of 90° Hardness—3 35 Specific gravity—

Phosphates

Apatite [Cay(PO)CaF ) (CaCly)] 15 the most widespread
mineral of this class It crystallices 1n the hexagonal sys-
tem 1s usually found 1n the form of fine gramed clusters
seldom as <eparate crystals i the shape of hexahedral
prisms Its colour varies from white to brown while large
crystals are frequently pale green or greenish blue yellow-
1sh violet red or brown It has a vitreous lustre on 1its
faces and a greasy lustre on fractures The cleavage 18 1m-
perfect Hardness—5 Speerfic gravity—3 2

It 15 very important as a raw matenal for fertrlisation
1t 1s found chiefly 1n sedimentary rochs but there al<o are
apatites of magmatic and metamorphic origin
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structurc 18 associnted with lamellar erystals an eminent
cleavage i one plane and alow hardness Alllaminated sih
cates erysiallise an the monochnie system From the chem
¢l point of view hike amphiboles they are characterised by
the presence of the OH hydroxy! group

First and foremost among laminated <ilicates there are
the muncrals of the muca group which arc typical of mag
matic and metamorphic rochs Mica crystils are tabular
Micn 19 easily sphit along 1ts cleavage into extremely thin
tlastic sheets (Ing  13)

Muscorete (KAl (OH) (AlS1,04)] 15 usually colourless
and often has a green or pale yellow tint It has 2 vitrcous
mother of pear] lustre It 1s transparent thanhks to which
1t w15 formerly used instcad of glass in windows The cleav
age 1s eminent 1n one dircction  the sheets are elastic
Hardness—2 3 Spectfic gravity—2 7 3 Muscovite1s chiefly
used 1n the eclectrical engineering industry as an 1nsu
lating materinl Commercial deposits of muscovite are
linked up with pegmatites

Western Curope used to import this mneral from Mus
covy where the deposits were worked as far back as 1
the Middle Ages Hence the name

Buotite [I(Mg TFe)y (OH), (AlS1,0,)] differs from mus
covite by 1ts brown or black colour weaker transparency
(1t 1s only translucent) and by a somewhat higher specific
gravity (3 31) When black mica 1s weathered 1t acquires
a bronze tint

Tale (Mg(OH)Y (81,0,0)] 15 found in compact foliated or
scale clusters separate crystals are very rare It s white
pale green bluish green or silvery It often has a mother
of pearl lustre which turns dull 1 compact clusters The
cleavage 1s emiment 1n one plane The lamellae spht along
the cleavage are flexable and non resihent Tale 18 greasy
to the touch Ilardness—i Specific gravity—2728

Talc forms as a result of the metamorphiom of magnest
um nich silicates  particularly of olivine pyroxenes and
amphiboles Thanks to 1ts softness and eminent cleavage 1t
15 used for lubmeation Soapstome (a massive variety of
talc) 1s used as a refractory material

Serpentine [Mg(OH), (51,0,0)] 1s commonly found 1n
compact masses and occasionally 1n the form of sinter clus
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ters only one variety of serpeatine—antigorite—is hnown
to have crystals The colour varies from whitish green to
black green The colouring is frequently arranged i 1rreg-
ular spots hence the name (from the Latin—serpens) It
has a vitreous greasy lustre (leavage 1s only observed 1n
antigorite Hardness—2 54 Specfic gravity—~2 526 Ser
pentine forms 1n the course of the metamorphism of basic
rocks

A thin fibrous variety of serpentine 1s called chrysotile-
asbestos It 15 white and sometimes green yellow It has
a silhy lustre Hardness—2 3 This mineral sphits into
snow white thin flexsble fibres and 1s usually associated
with fissures, standing out in the form of veins against a
bachground of compact serpentine

Aaolinite [A1,(OH)s (51,04)] 15 found 1n compact and
earthy clusters The crystals are very small and can be
studied only upder a microscope It is white and in the
smallest crystals 1t 15 colourless It has a dull lustre The
fracture 1s earthy Hardness—1 Specific gravitv—2 6 It
15 greasy to the touch In a dry state it easily absorbs mos
ture and becomes plastic

In contrast to silicates (described above) haolimite forms
prineipally on the surface of the Earth during the weather-
mg of alumosilicates chiefly micas and feldspars (see
below)

Several min¢rals of smmlar composition and represent-
mg muxtures of two compounds—Mgg(OH)s(S1,0,,) and
Mg,AL(OH), (ALS1 Oy) 1n which Mg?* replaces F+ —are
part of the chlorite group Chlorites are found 1n the form
of compact or scaly darh green clusters They have a mother
of pearl and vitreous lustre Hardness—2 25 The cleay
age 1s ement in one plane Liake micas chlomtes split
En;;ozsg:ales but they are not elastic Specific gravity—

The formation of chlomtes 1s linked up chiefly with met-
amorphism

Glauconite 15 sumlar m composition to ferruginous mi
cas (lepidomelanc) from which 1t 15 distingmshed by its
smaller K40 content and higher water and iron content
The crystalline structure of glauconite has been hitle stud-
ted It1s found 1o the form of smail spheroidal rounded
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granules 1 beds of <edimentary rochs of marine origin
1ts colour varies from green to dark green It has a dull
lustre Hardness—2 3 Speeific gravity—2226

Glauconite 13 used as a potassic fertiliser as green paint,
and for softening hard water

Complex tectocrystalline structures are obtammed wlen
there 1s a spatial hink up of silico oxygenous tetrahedrons
In tectosilicates a part of the silicon 1s always replaced
by aluminium and therefore all of them are alumosilicates
Among munerals possessing thus texture feldspars are the
most wideepread

FLeldspars crystalli ¢ in the trichimic or monochinic sys
tem Tbey are brightly coloured have a GG 5 hardness
a vitreous lustre @& medium and perfect cleavage mm two
plsﬂnzu; at an angl. near to 90 and a speeific gravity of

They arc divided 1nto two subgroups in accordance with
therr chemacal composition  a) soda potash feldspars or
ancrthoclases and b) hime soda feldspars or plagioclascs

Orthoclase [K(AlS1304)] 15 the most widespread minera'
of the first subgroup it always contuns a certain amount
of Na,O as an 1mpunity It crystallises in tabular crystals
of the monochinic system It )s an essentia]l constituent
of several magmatic vein rochs and metamorphic rochs
Its colour varies from ncarly wihite to different tints of
pink  yellow and blood red Cleavage—in two planes at
an angle of 90° (hence the name orthoclase from the
Greck orthos [straight] +Alasis [fracture]) in orme plane
the cleavage 1s perfect and in the other 1t is medium Hard
ness—G Specific gravity—2 5

A miperal of the same composition but which crystal
lists 1 the trichnie system is called microcline (meaning

shghtly deflected ) The angle between the planes of
cleavage of this mineral 15 20 smaller than a right angle
Outwardly microcline cannot be distinguished from or
thoclase and can only be 1dentified if 1t 1s bright green or
blue green The latter variety 1s called ama.onite Com
mon potash feldspars (orthoclases) are used 1n the glass
and ceramics industries

A plagieclase subgroup consists of mnerals that are
a hard solution of two molecules of Na(AlSi,0;) and
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Ca(ALS51,05) mixed 1n any ratio thus forming a series of com
pounds (1somorphous mixtures) with continuously changing
composition and properties The evireme members of this
series of minerals are called albite (sodium aluminium sih-
cate) and anorthite (caleium alwminium stheate) Between
them are oligoclase andesite labradorite and bytownite
all of which contarn sodtum and calcium molecules 1n differ-
ent ratios
Plagioclases are the ingredients of several magmatic
and mctamorphic rocks All plagieclases crystallise m the
tneline system Scparate crystals are seldom found Com
plex twinning of crystals 1s a charactenstic feature of pla
groclwses This can often be scen on the surface of large
crystals m the form of a fine parallel striation
Macroscopically plagioclases differ shightly from each
other and form soda-potash feldspars In some cases 1t 1s
possible to distinguish plagroclase from minerals of the
orthoclase subgroup by 1ts colour which 1s hight grey or
greemsh grey while the latter are pink or yellow There
1s also a difference m the arrangement of the cleavage
planes which in plagioclases form an angle of 86°24 86 50
hence the name from the Greek plagios (oblique) +klasts
(fracture) The twin striation mentioned above sometimes
makes 1t possible to identify plagioclase In many cases
1t 15 almost 1mpossible to diffcrentiate between orthoclase
and plagioclase with the naked eye and in field conditions
there 15" no alternative but to wdentify the mineral simply
as feldspar
The composition of plagioclase can be quickly and acen
rately determined with a polartsing microscope fitted with
2 Fyodoroy umversal stage this 1s hnown as the Fyodorov
method
Minerals of the feldspathord group differ from feldspars
L that they have a smaller content of silica, and therefore
‘!'el)lace the latter asit were n alkaline rocks which formed
Tom magma with a low silica content
¢ Nephelme [Na(A1810,)] crystallises in the hexagonal sys
belJ.\ It 1s grey green grey red grey to red-brown and
1ood red The fracture 1s uneven and has a greasy lustre
he cleavage 1s imperfect Hardness—G Specific gravity—
6 Nepheline 1s never found together with quartz
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It 15 a rock forming mineral tahing
part1n the formation of alkalinc rochs

It 15 used wn the ceramucs and glass
ndustries and as a source of alumin
wm oxide sodium carbonate and

<0 on

Leucite [R(A1S) O,)] erystallises in

the cubic system It 1s usually

found as regular crystalline pheno-

crysts in the form of tetragonal trioc

Fig 20 Leucite erystal tahedrons (Fig 20) It 1s colourless

winteor light grey and has a vitreous

and faintly greasy lustre The frac

ture 1s uneven conchordal Hardness—5 6 Specific grav

1ty-~24525 Leucite can be used as a potassic raw
material

GENLRAT INFORMATION ON ROCRS

Rochs of which the Earth s crust 1s composed are ag
gregations of minerals of more or less constant compost
tion

A rock may consist of one or several minerals Lxamples
of monomineral rock are marble which consists of crystal-
hine grains of calate quartzite which consists of only
one mineral quartz and gypsum But 1n nature we most
often find polymineral rochs for mnstance gramite which
conststs chielly of quartz feldspar and biotite and sye
nite which consists of feldspar hornblende and mica

In view of the numerous minerals that are known to exst
mn the Earth s crust there should have been an infinite
number of rocks Actually however there are much fewer
rocks than minerals The reason for this 1s that rocks form
indefintte physico chemical conditions related to a definite
stage of the geological process Only a strictly limited num
ber of minerals existing mn stable equilibrium can form
under given conditions

We can single out the principal rock forming minerals
that form rocks and determine all theiwr propertes, and
atresyory manerals whose prezence ot sbsence does not alter
the nature of a roc!
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Besides their mineralogical composition rocks are
distinguished  from each other by their structure and
texture

By the term structure, we mean the structure of the min
eral aggregate 1e  the degree of crystallinity the shape
of the crystals and the size of the mieral grains of which
a given rock 1s formed The structure depends on the con
ditions 1n which the rock 1s formed The composition of a
rock 1e the arrangement of the minerals of which 1t 1s
composed 1s hknown as 1ts teziure

According to their ongin all rocks are divided 1nto three
groups
magmatic rocks which form when chilled magma crystal
lises

sedimentary rochs, which form on the Earth s surface
as a result of the destruction of earlier rocks and of the
subsequent mechanical or chemical deposition of the prod
ucts of this destruction, and also thanks to the vital activ
1ty of plants and ammals

metamorphic rochs which form at the expense of magmat
1c or sedimentary rocks under the action of high tempera
tures and pressures and also thanhs to the addition of differ
ent gaseous substances which emanate from a neighbouring
magmatic chamber

We shall now discuss the characteristics of the most
widely occurring rocks

Magmatic Rocks

Depending on the conditions, m which magma solidafies
magmatic rocks are divided 1nto two groups deep seated or
intrusize Tocks, which formed during the solidification of
magma deep 1n the Earth s crust and effusize rocks which
owe their formation to the solidification of magma poured
out or ejected to the Earth s surface 1e lava Moreover
there 15 an intermediate group of <em1 abyssal rocks which
were formed during the solidification of magma near the
Larth s surface

The muneralogical composition of intrusive and offusive
rocks depends on the chemical composition of magma
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All magmatic rocks are divided 1nto four groups depend-
g on the percentage of silicon oxide 1 them acid rocks
with a 6575 per cent content of S10, average igneous
rochs with a 55 65 per cent content of S10, basic rocks
with a 45 55 per cent content of SiO and ultra basie rocks
with a 510 content of less than 45 per cent

There 1s such a considerable quantity of silica n acid
rock that the surplus s exuded in the form of quartz In
average igneous rochs the quantity of silica 1s equal to
the quantity of cations and therefore there 1s usually
no quartz at all or only a small quantity of 1t 1n thesc rocks
In basic rocks the quantity of silica 18 lcss than the quan
titv of cations These rochs contain minerals of the silicate
group which have a relatively small silicon oxide content
and also olivine Lastly 1n the ultra basic group the quan
tity of silica 1s very small Minerals with a poor sihica con
ten]t( mainly olivine and pyroxenes predominate i these
rocks

Magmatic rocks differ from each other as regards their
structure and texture this being due to the different physt
co chemical conditions that obtained when they were™ formed

In deep seated layers of the Carth magma solidifies slow
ly as the temperature and pressure gradually drop and
volatile substances (mimeralising agents) stimulating crys
tallisation appear This results in the formation of rocks
consisting entirely of crystals 1e  with a holocrystalline
structure

When magma pours out to the Earth s surface in the
form of lava the temperature and pressure drop sharply
and this causes a decrease 1n the amount of mineralising
agents 1e conditions unfavourable for crystallisation are
created This results 1n the formation of a rock with a glassy
structure or a micracrystallinerock mass whose crystals can
be seen only under microscope This 1s known as an apha
nutic structure Moreover a porphyritic structure whose
features are the presence of phenocrysts of scparate relative
1y large crystals agamst a general bachground of a fine
grammed body of rock 1s al o typical of effusive rocks The
teason for the appearance of this hind of structure 1s that
as magma rices to the surface separate munerals have
the opporturily to effloresce wnlile the basie rock mass
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soltdifies quichly after lava emerges to the Earth s surface
(Big 21
A porphyritic structure and less often muicrocrystalline
and aphanitic structure are characteristic of sem1 abyssal
ks
m?\lagmatlc rocks have mainly a massize or compact tex
ture which we find m intrusive and effusive rorks or a

Iy, 21 Porpbyrite Porphyritic strugture

porous texture which 1s due to the presence of gases mn the
solidifted magma (this s a feature of effusive rochs only)

The conditions 1 which rocks formed can thus be deter-
mined by their structure and texture

The colour of a rock which 1s determined by the ratio
of bright sihicates (feld.par) and dark silicates (ferromagne-
s1an) 1s a very important diagnostic feature of igneous
rocks

In determiming magmatic rocks 1t 1s essential to be able
to estumate the specific gravity of these rocks by weighing
them tn the palm of your hand here the specific gravity
ranges from 2527 for acid rochs to 31 325 for ultra
basic rochs

Macroscopically magmatic tochs can only be identsfied

approximately in a general way to obtamn exact data one
needs a microscope
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A table of principal magmatic rochs (Table 3), which 1s
a useful a1d m 1dentifyang them macroscopically has been
compiled by the Soviet Academician A Paviov

With this table magmatic rocks are 1dentified as follows

1 Determimng a rock s acidity A rock contamning
quartz {$10;) can be clascified as an acid rock (Column 3)
A rock contaming olivine [(Mg Fe); $10,] can be classified
as an ultra basic rock

The 1dentification of average 1gneous and basic rochs
15 somewhat mare complicated These rochs may contain
ittle or no quartz or olivine at all In the latter case one
has to distingmish these Tocks by their colour in average
igneous rocks there 1s a predominance of hight-coloured
minerals or an uncrystallised ground mass while m basic
rocks the predominant colours are dark This conforms with
the general law governing the distnbution of colour 1 mag
matic rochs among which a gradual change from light to
dark 15 observed as we run down from acid to ultra basic
rocks

2 Identification of a Light coloured mineral 1n a rock s
composition allows us to place 1t 1 Column 5 6 or 7 of
the table given above Rocks which do not contamn light-
coloured minerals are placed m Column 8 Where rocks have
a cryptocrystalline or apbamitic structure it 1s hard and
sometimes 1mpossible to 1dentify a Iight coloured mineral
visually

3 When we have determined a rock s acidity and have
1dentified a light coloured mineral 1n 1t we shall find that
this brings us to some square of the table For example
wdentification of an average igneous roch comtaining pla-
gioclase brings us to the square with three rock denomina-
tions andesite porphyrite and diorite All these rocks formed
from one and the same magma and have a ssmilar com-
position Therr difference 1s determined by the conditions
m which magma had sohidified

The rocks named 1n the table 1n bold type are abys<al
(intrusive) rochs those named m conventional type and
m atalics are effusive rocks semi-abyssal rocks are also
named 1 1talies

4 Identification of the structure of a rock allows us to
classify 1t cither as mtrusive or effusive If the rock s m
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tru nve ats name 1S determimned at once (in our example—
drorite) f 1t 1s effusive the :dentafication 1s continued

5 The degree of alteration of effusnve rochs leads to es
sontral distinctions m thewr texture and partly 1 themr
mineralogical composition thus enabling us to single out
fresh looking, 1wsignificantly altered neofype rochs and
greatly altered paleotype rocks The former are named
the table 1 conventional type the latter in 1talics

The texture of neotype rochs 15 usually porous and that
of palcotype rochs—~compact 1f there are crystallne phen
ocrysts 1t may be noted that in paleotype rocks they have
been greatly disintegrated (hight coloured silicates change
mto haolimite) Due to various chemical reactions the
colour of the ground mass frequently changes as well be
coming darker 1n palcotype rocks

6 Colunn 4 names the dark-coloured silicates occurring
most frequently 1n groups of rochs of a definite acidity
They are arranged from top to bottom in the order of their
predominance 1n one group or another Thus 1n acid rochs
biotite 1s the most commen while hornblende occurs less
frequently and augite still less frequently

The 1dentification of magmatic rocks may be considerid
as iomplcte when the characteristics of the dark coloured
minerals have been determined

It should be borne 1n mind that only the most typical
rocks are listed in the table In nature there are many rochs
which by their composition are transitional between the
rochs 1 the table

1he commonest of these are described below

Ultra~Basic Rocks These are intrusive holocrystalline
formations They have a ligh specific gravity (about 3 25)
which 15 due to their minecralogical composition Olivine
and pyrovenes are the mrperals forming ultra basic roch<
These rocks contain practically no oth~r mmerals of thesihi
cate class Peridotite pyrovenite and dunite are representa
tives of this group of rocks

Peridotite consists basically of olvine There 15 also a
sizable quantity of pyroxenes

Dunite consists basically of olivine chromtte and mag
netite are present it mall amounts Tlus rock often con
tams native platinum
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Pyrozenite—pyroxenes are the dominant minerals, ol
vine 1s present 1n a small amount Peridotites and pyroxe-
nites usually contain iwron chrommum and michel ores

Basic Rocks Pyroxenes (augite) and plagiaclases {close
to anorthite, often labradorite) are the principal minerals
forming basic rochs 1n «ddition hornblende and less often,
olivine may he present Dark-coloured minerals give the
rock 1ts darh hue, the darh grey grams of plagioclases
standing out against this dark background Gabbro basalt
and diabase are representatives of this group of rocks

Gabbro 15 an ntrusive holocrystalline rock consisting
of dark pyroxene (augite) or hornblende crystals and light-
coloured plagioclasc erystals The latter are often repre-
cented by labraderite which shows a beautiful play of
blue and green Labradortite which consists almost en
tirely of labradorite 1s a variety of gabbro Gabbroid
rochs are inked up with titano magnetite and copper de
posits

Basalt and disbase are effusive anvlogues of gabbro

Basalt1s a black rock with a cryptocrystalline or micro-
crystalline structure In this rock there 1s usually a non
crystalliced glassy mass side by side with small crystals
of augite plagioclase and olivine Against the dark bach-
ground of this mass augite and olivine stand out 1n the
form of small occasionally dotted shiming phenocrysts

Digbase has the same structure and mineralogical compo
sition as basalt but on account of secondary changes a part
of 1ts components—olivine pyroxenes and amphiboles—
transforms 1nto green hornblende, serpentine and chlorite
this gives the rock 1ts dark greemish grey hue

Average Igneous Rocks In average igneous rochs there
are more light coloured than dark coloured minerals Of
the dark silicates, the most typical are biotite hornblende
and, less frequently, augite This ratio of minerals gives
average gneous rochs their light colour against the back-
ground of which dark hued phenocrysts stand out

Diorite 1s an mtrusive roch with a holocrystalline struc-
ture Light coloured minerals are represented by plagio-
clases (from andesite to oligoclase) to which the Tock owes
1s light grey or green grey colour, that forms a bachground
for crystals’ of darh minerals chiefly hornblende Some
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dionites may contain quaetz (h which case they are called
quart. diorites Commercial doposite of lead zine and enp-
por sulphides are often Hinked up with dioritcs Skarn iron
ores are formed where diorites arc in contact with lHme-
slones

L fluddve analopurs of diorite are andesite and porphy
nte and the « of quartz dionite are dacite and quartz por
phyritc

Indesite hs a porphyritic structunt The cryptocry«
talline ground mass s porous amd of a light gry or
bght brown colour Shining, phenoceysts of medium pla
grocla es (andasit) hornblinde or augate frequently stand
out

Porphyrite has the same structurc and mineral compon
tion as andesste and is the latter  palcoty pe analogue
Porphyrite has a morc compact texture the colour of the
ground ma s 19 darhcr and the plagroclhse phenocry ts nre
m a worse state of preservation wath the rosnlt that they
froquently lose thatr satreous lustre and acquire an carthy
fracture

Syentte 15 an intrusive roch Its princepal minerals are
soda potnsh feldspars (orthoclaso and microching) and to
a lesser oxtent hornblende which g9 partly replaced by
biotite and occasionally by augite Its structure 13 holo
crystalling  usuafly mcdiwm grained

Trachyte and orthophyro are «ffusive analogues of sye
nite

Trachyte 15 a hght yellow or pinkish porous rock with
a porphyritic structure Crystallino phenocrysts are rep
rsented by «amdine  a shining water transparent variety
of orthoclase and occastonally by darh colourcd minerals

Alkaline Rocks These rochs are characterised by a rela
tively low content of silicon oxide (40 o0 per cent) and a
considerable content of alkalis (up to 20 per cent)

Nepheline syenite 13 a bright coarse gramed antrusive
roch Its essential components arc alhaline feldspars and
nepheline the latter being easily 1dentified by the uneven
fracture and the dull or faintly greasy lustre Of dark col
oured minerals this rock contains alkaline amphiboles
and pyroxenes

Effustve analogues of nepheline syentte occur very rarely
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Acid Rocks Allacid rochs are characterised by the pres
ence of quartz and large guantities of feldspars (ortho
clase), which give the rochs a hght colour and account for
therr low speerfic gravity (about 2 7)

Granute 15 an mtrusive rock with a holocrystalline, usu-
ally medium grained or occastonally coarse- or fine gramed
structure Here the roch formung minerals are quartz com
mon potash feldspars {orthoclase and microcline) less fre-
quently acid plagioclase and one or several dark coloured
minerals—hiotite, which 1o some varieties 15 replaced by
muscovite less frequently hornblende and still less fre
quently pyroxene (augite)

In a quantitative respect the leading role 1s played by
common potash feldspars which are sometimes partially
teplaced by plagioclase Feldspars are eisily distingmished
by their cleavage vitreous lustre and colour which 1s usu
ally red white or greyish yellow Quartz 1s present in
the form of colourle.s or smoky grey (up to hlack) grains
of irregular shape with a greasy lustre and an uneven or
conchordal fracture If together with biotite gramite con~
tains muscovite 1t 1s called bmary granite

Under the influence of hot vapours and volatile com~
pounds penetrating along fissures from a magmatic chamber,
granite may transform into a feldspar free quartz micaceous
rock called greisen This rock 1s linked up with deposits
of tin (ungsten and, less frequently of molybdenum and
arsenic

Effusive analogues of granite are hipante and quartz-
porphyry

Liparite has an aphamtic or porphynti¢ structure The
light coloured frequently white glassy or aphanitic ground-
ma 5 contams sparse feldspar, quartz and biotite phen
ocrysts

Quart.. porphyry 1s a transformed hiparite and has a com-
pact more or less dark (brown brown red brown vellow
or grey) ground mass impregnated with greatly di.ntegrated
orthoclase and shiny quartz crystals Phenocrysis of dnrh
rnerals are seldom present

Besides the rochs named 1n A Pavlov's table and de
seribed above mention must be made of a number of other
rocks whoss formation 1s hikewise assocrated with magma
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Pegmatites are vemn rocks that formed dumng the last
stage of the solidification of magma enriched with volatile
substances Pegmatites associated with acid gramite magma
are the most common They are distinguished by their macro-
crystalhne structure i some cases clongated crystals of
quartz and feldspar are intertwined with the result that a

Fig <2 Pegmalite (graphic granite)

pattern remimiscent of ancient hieroglyphs appears on the
cleavage faces This variety of pegmatite 1s called graphe
granite (Fig  22)

Pegmatites consist chiefly of feldspar and quartz though
they may also contain mica These rochs are hinked up with
deposits of feldspar mica and quartz as well as of many
rare and radioactive minerals

Obsidian or iolcanic glass 1s a homogencous crystal
free mass of different chemical composition The most
common obsidians took shape during the cooling of acid
lava They are usvally of 1 dark colour {up to black) and
have a vitrcous lustre and a conchoidal fracture

Pumntice 15 a porous non crystalline rock which formed
during voleanic eruptions of gas rich magma Decause of
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its porous structure pumice has a very low specific gravity
(it floats 1 water)

Also owing therr formation to volcanic eruptions 15 a
group of rochs known as pyroclastic rochks When volcanoes
erupt tiny particles of molten Java rock and mineral debris
are ejected into the air together with water vapours and
gases Loose accumulations of such particles form eolcanic
ash or wolcanic sand (depending on the size of the particles)
Larger fragments known as lapilli (small stones) and ol-
canic bombs are also ejected Cemented volcanic ash and
sand form a compact roch called tolcanic tuff which often
contains larger fragments

Sedimentary Rocks

As distinet from magmatic rocks sedimentary rocks are
formed on the surface of the hithosphere surface as a result
of the action of water, air or the orgamic hingdom

While the interior of the lithosphere consists almost
entirely of magmatic rocks 70 per cent of 1ts surface mass
15 composed of sedimentary rochs The sedimentary mantle
15 1 general not thick In some places 1t 1s only several
score or hundreds of metres thich™ but 1n certamn areas of
the Larth s crust sedimentary rocks reach a thickness of
15 20 kilometres

These rocks occur 1n a loose state and also in a compact
or solid state Loose rocks are either dry, as for instance
sand or bemg compact 1 a dry state readily absorb
moisture as for imstance, clay

Sedimentary rocks may be cither loose or cemented
For example “sand may turn into sandstone and gravels
may hecome conglomcrate In the case of cemented rocks
the composition strength and density of the cementing agent
should be determined The composition of the cementing
agent may vary Mostly it 15 composcd of different chemical
Compounds precipitating from the water circulating be
tween fragments It may be a)calciferous whichisidentified
by reaction with hydrochlorig acid b) siheie which 1s 1den
tified by 1ts great hardness and sometimes lustre c¢) ferri-
ferous whach 1s 1ydentified by a charactersstic ycllow red
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or brown colour and by a high speeific gravity d) clayey
which gets oaked quite easily and so forth

It 15 of great practical importance to determine the po
rosity of loose sedimentary rocks which shows the degree
these rochs are permeable by water o1l and so on

Porosity varies with the type of rock For ¢xample, in
the case of sand porosity varies from 28 to 40 per cent

Fig 23 Stratificatron of sedimentary rocks

the average being about 30 32 per cent in clays st often
exceeds 50 55 per cent Seme hard (monolithic) rochs are
al o poreus but thesrr porosity 1» considerably lower for
1n tanee 1n lLime tones

A\lrny scdumentary rochs are stratified  The formation
of a laycr 1s connected with the eonditions of cdtmentation
A hight change n the ¢ conditions leads to changes tn the
dipo 1ted material  an outward mamfestation of this s
the appearance of diffircnt layers (Fig 23) o a roch The
ayers are distingur hed from cach other by the composi
tion, the size colvur and den 1ty of the structure of the min
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eral grains ln some cases, all these features exist symul
taneously, 1¢ the composition, colour size of grains and
density of ong layer duffer from those of another

Depending on the conditions of sedimentation, we can
differentiate between normal (homzontal or nearly horizon-
tal), cross diagonal and other beddings There are sedimen
tary rocks 1n which no stratificatron 1s observed for i
stance, limestones deposited 1n the sea as a result of the
vital activity of reef building corals and plants

On the bauis of their origin, sedimentary rochs are di
vided 1nto three mamn groups

4 fragmentary or clastic rochs which owe their for
mation to the mechanical disintegration of rocls and the
accumulation of rock fragments

2 chemical rocks which were formed through the pre
cipitation of substances from solutions

organogenic rochs which took shape as a result of

the vital activity of orgamisms

When as in the case of magmatic rocks sedimentary
rocks are 1dentified attention should be paid to their miner~
alogical composition and structure The mineralogical com-
position 1s an 1ndicator of only chemical and organogenic
rochs clastic rocks may contain fragments of a vartety of
minerals and rocks The make up of sedimentary rochs 1s
shown by their structure which 1s defined chiefly by the
size and shape of the fragments or crystals, and by the
tex!t\ure 1e, the arrangement of these fragments in the
roc

A description of the most common sedimentary rocks
15 given below

Fragmentary Rocks

According to the size of the fragments i them these
rocks are divided into the following groups

a) rudaceous or psephitic rocks consisting of fragments
with a diameter of over 2 mm

b) arenaceous or psammitic rocks consisting of frag-
wents with a dismeter of from 0 05 to 2 mm

c) micro-fragmental or powder rochs (aleurtte) consist
ing of fragments with a diameter of from 004 to 0 05 mm
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d) fine fragmental (argillactous pelitic) vochs consist
10g of fragments with a diameter of less than 0 01 mm

Several classifications of clastic rochs 1n which the
above mentioned sizes of the fragments shightly vaned
have been proposed

Rudaceous or Psephitic Rocl s

These rochs consist of fragments with a diameter of from
2 milhimetres to several metres Depending on the size and
shape of the fragments and on the texture they are clas
sified as follows

Blochs—angular fragments with a diameter of over 100
milhimetres

Roch vaste—angular fragments with a diameter of from
10 to 100 millimetres

Landu aste—angular fragments with a diameter of from
2 to 10 millimetres

Boulders—rounded rolled fragments with a diameter of
over 100 millimetres

Pebbles—rounded rolled fragments with a diameter of
from 10 to 100 millimetres

Graiel—rounded rolled fragments with a diameter of
from 2 to 30 mulhimetres

Rocks consisting of cemented unrounded fragments are
called breccia 1f the rolled fragments are cemented together
the rock 1s called conglomerate

When 1dentifying psephitic rocks attention should be
paid to 1) the positien of the frag 2) the shape
of the fragments 1f they are rounded their shape should
be studied in detail because this will help to elucidate
their origin (for example marine pebbles are usuvally flat
while river pebbles are egg shaped) 3) the size of the frag-
ments 1f the rock 1s composed of fragments of different
size the range of the diameters and the dominant size should
be 1ndicated 4) if the rochs are cemented attention
should be paid to the composition density and strength of
the cementing agent




Arenaceous or Psammitic Rochs

Sand and sandstones which are very widespread, are
arenaceous rocks

Sands are loose or compact rocks concsting of fragments
with a diameter of from 0 05 to 2 milhimetres In sandstones
fragments of the same =1ze are cemented together

Depending on the size of the fragments sands and sand-
stones are divided 1nto coarse sands coarse grmned sands
medium grained sands fine sands and fine-grained sands
T'or the composition of the fragments 1n them they are often
quartzose because chemically guartz 1s the most stable
mineral Grains of feldspars mica, glauconite carbonates
and other muncrals may be mixed with the quartz grains
If one of these minerals predominates 1n the rock the name
of this mineral 13 added to the word sand (for example
glauconitic or green sand, micaceous sand, quartz sand
feldspar or arcose sand) Depending on the composition of
the cement sandstones can be called ferruginous calcar-
eous sihiceous and so on

Sands and sandstones are identified mn the same way
as psephitic rocks

Mucrofragmental Rocks

Loess and loess Iike loams are typical representatives
of these rocks

Loess 18 light yellow or straw yellow rock composed
chiefly of 0 04-0 05 mullimetre quartz and feldspar particles
with an admixture of clay particles and lime The latter 1s
prezent 1n rock either n the form of small, rounded particles
(lime nodules) or in the form of diffuse dust, exther of which
can be easily detected with the aid of hydrochloric acid
which causes loess to boil Loess 18 easily pulverised into
a finc mealy powder It has a high porosity (40-50 per cent)
and 18 pervious to water VWhere huge mas<es of Ioess accu-
mulate they form high vertical chiffs in rain channels and
depressions In a dry stato loess 1s durable and withstands
ig loads (heavy constructions)

VWet loe s lo es the bonding between the constituent
fragments and grows compact with the result that cracks
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and subsidences form on 1ts surface Roughly up to 10 per
cent of volume 13 lost when moisture 15 “bsorbed and
;lus lends to the destruction of the structures erecled on
oess

Many scientists are of the opinron that the formation
of loess 15 due to eolian (wind borne) actrion However re
cent studies 1n the USSR show that i various regions
Ioess 13 of different origin It can be formed of scdiments
deposited not only by the wind but al<o through the ac
tion of water and as 1 result of cluvial processes

Loess like loams are distinguished from loess by the n
cluston of considerable quantities of mmute particles n
addition to coarse (0 01 005 milhimetre) dust particles
Loess ke loams are frequently very porous and contamn
carbonates Iihe loess some loams decrease m volume when
they absorb moisture If the content of clay particles {le s
than 0 001 millimetre) 1s high the<e loams do not sub
side

A number of sandy argillaceous rocks (sandy loams and
loams) belong to this group

Fine Fragmental Rocks

Common clays which are partially products of the ac
cumulation of minute mechanical particles and partially
products of the chemical decomposition of other rocks are
fine fragmental rocks Kaolinite and montmorillonite are
the most ty prcal minerals of which clay 1s formed Clay com
posed of kaolinite 1s called haolin and 1n the absence of
ectogenic mmpurities 1t 15 white Clay composed chiefly of
montmorillonmite 1s called bentonite and 1ts colour ranges
from white to greyish green

When tdentifying the colour of clay attention should
be paid to the mosture content because the colour of dry
clay 15 not s Inten e as that of damp clay In 1 dry state
clay energetically absorbs moisture and becomes water-
resisting a property that'sharply distingushes 1t from sand
through which water Ireely percolates Dry clay 1s earthy
and 1s easily ground mto powder 1n a moist state it
1s plastic and takes any shape imparted to 1t preserving
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this <hape after drying A shiny streak will be left on the
<urface of clay 1f a line 1s drawn with a finger nail

Clays that melt at a temperature of approximately
1 700°C are called refractory clays Some varieties of clays
excellently absorb grense nnd ol and are for that reason
u.ed as fulling clays for cleaning grease from wool and
broadeloth

In nature clay may he mixed with sand such clay 1s
called Joam Ifloam eontains gravel roch waste and bould-
ers 1t1s called boulder loam Iitlnfied boulder loam 1s
called fillite Clay with a high content of carbonate of
lime 15 called clay marl

Consolidated clay rock which 1s bard to break and ab
sorbs Little moisture 1s called argilirte

Chemicel and Organogenic
achs

Chemical and organogemie rochs which form mainly 1n
water basing areinterconnected by a number of transitions
In some cases 1t 1s rather diflicult to establish the affihia
tion of a rock to any of the above mentioned groups

The structure of chemical rochks 1s determined by the
sizo of the crystals of the com.titvent minerals (coarse
grained  medivm gramed  closc gratned or fine grained)
while that of organogenmic rochs by the preservation of the
constituent remains or by the affiliation of the latter to
some organism

Chemical and organogemic rocks are usually classified
according to their chomical composition

Carbonaceous Rochs

Lumestone consisting of caleite 15 the most common of
these rocks All the propertics charactenistic of caleite can
be used to wentify limestone The most cxact indication
15 tho reaction with hydrochlone acid Limestanes are
usunlly wiite or ight yellow but the colour can be changed
up to black by mmpurities Limestones are of organogenic
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or chemical origin In tho former case the rock consists of
organic remains which are not always deteclable with the
nahed eye The organte remains may be tntact or shattered
Attention should be paid to the degree of preservation as
this indicates the conditions 1n wlich the sediment was
deposited  For example hmestone consisting of small frag
ments of shells formed during a turbulent movement of water
on the bed of a basin while sedimentation was 1n progress
1 ¢ 1n shoal water conditions

If 1t 15 possiblo to wdentafy the remains of which the lime-
stone consists these remamns give their name to the
limestone forinstance fusulina coral brachiopod limestone
and so on Limestones consisting of mollusks shells are
called coquina (shell Itmestones) Chalk 1s a special type
of organogenic limestone and usually consists of tiny shells
or shell fragments of foramsmfera and of the calearcous
skelctons of microscopic algae

Of the limestones of chemical origin the following var
1eties are distinguished

1) compact fine erystalline aggregations—compact or mas
size lunestone—whose crystalline structure can be deter
mined only by a microscope

2) oolitse limestones—aggregations of fine spherules with
a conchordal or radiated structure and hcld together by
calcarcous cement

3) tufa or travertine—highly porous aggregations con
sisting of microcrystalime caleate this rock 1s formed where
ground waters scep through to the surface the surplus of
dissolved calctum carbonate precipitates from theso waters
and forms a porous rock

4) the formation of stalactites and stalagmites which
are sinter forms of caleite 15 Iinked up with underground
waters they hang from the ceilings of subsurface caves
and mse from theiwr floors thewr fracture is usually coarse
grained

Marl 1s a rock composed of caleite and clay particles
(30 50 per cent) Outwardly 1t recemblis limestone Its chief
charactenistic 1s the reaction with hydrochloric acid which
leaves a spot on 1ts surface Thys spot 15 the result of a con
centration of clay particles where the rcaction had taken
place
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Dolomite 15 » rovk compused chiefly of the munerat of
tho same name Outwardiy it rcsembles limestone and
differs from 1t by a weak reactton with hydrochlorie acid
(see mineral dolomite) It 18 formed mamly through a chem-
1cal transformation of calcarcous sediments with which
1t 18 conpected by several transitional rocks, and through
precipitation from aqueous solutions

Stliceous Rochs

Stliceous rochs can also be of chemical or organogemc
origin One of the latter type 1s diatomite which 15 a very
hght winte or Light yellow rock It is a soiling roch which
13 easily ground into fine powder and 1s composed of the
tiny opaline skeletons of diatoms

Outwardly there 1s hardly any difference between tr:
pohite and diatomite The former consists of small opal grains
with an admixture of diatom shells and the remans of the
siliceous sheletons of radiolarans and sponges Its charac
tenstic features are a low specific gravity (which 13 easily
determined by weighing a fragment of this rock in the palm
of the hand) and an ability to absorb moisture avidly
(sticks to the tongue)

Opola 1s a hard  white or grey to black rock with a con-
choidal fracture When struck the hardest vameties brcak
with a specific ringing sound This roch has a somewhat
higher specsfic gravity than trpohite Investigations with
a microscope showed that like tripolite opol a consists of opal
granules and the remains of the siliceous skeletons of var-~
ous organisms cemented by s1liceous material This rock 1s
possibly the product of the transformation of diatomite and
tripohte

Stliceous sinters or geyserites are a hight multicoloured
rock that forms round the outcrops of hot springs whose
waters are saturated with silica

Ferrugimous Rochs
These rocks mclude iron protoxide and 1ron oxide which
formed on the Earth s surface in lakes and hogs as well
as i the turf level of meadow mantles These deposits
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hnown as ferrugtnons tuff are quite widespread and often
form beds of Iacustrine bog or meadow ore which may
bo used for the manufacture of rron

Ialogen and Sulphate Nocl s

Halogen and sulphate rocks are of chemical ongin The
mo t common halogen rock 1s roc/ salt which usually forms
light coloured cry<talline aggregations const ting of mineral
halite The colour of tlus roch depends on the different
mostly mcehanial umpurities in them  Deposits of rock
salt are often very large and form an mmportant base for
tho chemical industry 1odk <alt frequently alternates with
anhydrite {CaS0,] and complex compounds contaimng po
tassium  sodium and magnesium

Gypsum 1s a widespread roch It may he coarse grained
fine grained or sometimes fibrous ( clemte) st 1s usuvally
white but sometimes 1t may be pink  blue or some other
light colour

Carbonates borates and sulphates of potassium and so
dium occur less frequently but are important economically
For example therc are lales with deposits of carbonate of
sodwm (1n Western Stbena the Transbaihal Arca Geor-
gia) and borates (around Lake Indera) There are deposits
of saltpetre 1n the Dorontno chawn of lahes in the Transbar
kal Arca Mirabilite 1s produced in hara Bogaz Gol on the
Caspian Sea

Bauzxites
Bauzite 15 a roch composed chiefly of alumimum hy-
droxide [Al O 21 O) Usually 1t 1sa bight yellow red brown
red or occasionally white earthy or oohtic mass It s a
very 1mportant alumrmum ore

Caustobioliths
Caustobioliths or combustible rocks arc formed organo
gemcally and consist of orgamic compounds Most of them
are of great, econorue 1mportance The most widespread of

106



these are coals representing various degrees of the decay
of vegetable remains

Peat 15 8 more or less loose, yellow brown or black roch
composed of visible vegetable remains It 15 formed during
the partial putrefaction of vegetation 1 aqueous conditions
with an insufficient mnflow of oxygen Of the caustobio-
hths peat has the lowest carbon content (52 62 per cent)

Broun coal (hgmte) 15 a roch which was formed as a re
sult of the deromposition of plants in the absence of air
which led to the accumulation of about 70 per cent carbon
It 1s a compact dark brown or black mass with an earthy
or rarely a conchoidal fracture and usually a dull lustre
Its streak 15 darh brown

Coal contains up to 82 per cent carbon It 1s a black rock
which 15 more compact than lignite and has an earthy or
conchoidal fracture, a dull lustre and a blark strcak (soils
hands)

Anthracute 1s formed as a result of a deep metamorph
13m of coals under the mflucnce of high temperatures and
Pressures and contans up to 95 per cent carbon It 15 a
very hard greyish black roch with a strong submstallie
lustre Its fracture 1s uneven, conchoidal It 15 a compact
rock and does mot o1l hands

Combustible shales are a rock of mived ongin (clistic
and organic) formed on the floor of basins during the s1
multaneous precipitation of clay particles and fine organ
1 ooze (sapropel) Combustible <hales are thinly lam
nated have a dark grey or brown hue, and give off a hitu
minous odour when they are burned

Economically mportant rocks such as petrolenm and
the products of its alteration {asphalt and ozokenie) are
abo clasced as canstobioliths

It has been established that petroleum 1s a product of
the decay of plant and ammal remamns Sevcral hypothe-
s have been advanced to explam its ongn The most
probable one 15 that sapropel (putnd silt) which accumu
lates on the floor of lagoons or 1n river deltas at the expense
of ergame remains 1s 1ts sourec matersal The further
transformation of sapropel under ligh pressures and tem
peratures leads to the formation of gaseous and hquid Iy
drocarbons of which petroleum 1s composed Pressure causes
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the otl to migrate into overlying steatn where at accumu
Intes an porous rocks ( anda “sandstones some varieties of
Iimestones)  Present day oil deposits are related to the e
rochs

Pctroleum 15 a complex muxture of Liquid and gascous
hydrorarbons Outwardfy at 1s a hight oify hqud with a
specific odour Depamding on the composition the colour
vares from nearly white yellow and rd brown to dark
brown _and correspondingly  its speafic gravity vanes
from 076 to 1 0

Asphalt and o ol erite or mineral naz aro also mrxtures
of hydrocarbons and are products of the mctamorphosts of
dilferent arls (the former of naphthenc oils and the Intter of
paraffine basc oils) Outwardly they can handly be distin
gui hed from cach other both arc brown or blach compact
aggregations with a greasy lustro and a hituminous odour
Each bas a different specific gravity asphalt—1 12 ozo
Lerite—080 97

Metamorphic Rocks

Metamorplite rochs are formed 1n deep scated layers of
the Larth through the recrystallisation of magmatic and
sedsmentary rocks under the influence of lugh temperatures
and pressures and also during the interaction of thest rocks
with the hot gascs emarating from magma These processes
result 1n a metamorphosis of the primary structure and
texture of the rock and of its mineralogicil and chemreal
compositton  Metamorphosts may tahe place 1) when
mountains fold during an sntense contriction of rocks 2) when
mountains subside mto deeper zones whire they come
under the pressure of overlying beds and the influence of hugh
temperatures 3) during contact with magma

Metamorphic rocks have a holocrystalline structure and
foliated banded or fibrous tevture The ongin of these
textures 1s assoctated with the perpendicular orientation
of the long axes of the minerals to the actual pressure

The following are the widespread metamorphic rocks

Gneisses are banded and schistose rochs consisting of
quartz feldspar and mica or hornblende Biotite musco
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uite and mica gnelsses also occur Gneisses may form as s
result of the metamorphism of magmatic rocks (orthogneis
ses) or though the tramsformation of sedimentary rochs
(paragne1sscs)

Clay shales represent the 1mitial stage of the transforma-
tion of argillaceous rochs These transformations are so in
signaficant that some scientists are wnclined to classify clay
shales as sedimentary rocks Clay shales are distinguished
from the latter by a well dofined schistosity 1n parallel
to which the clay shales break easily inte blades with a
dull lustre

In contrast to other metamorphic rocks their structure
15 not holocrystalline OQutwardly they are similar to elays
and liko the latter havean carthy fracture and a dull lustre
but do not absorb water

Phylhtes represent the next stage of the tramsforma
tion of argillaceous roecks They have a holocrystalline
usually fine grained structure that cannot be distinguished
with the naked eye but which 13 mamfested 1n a deep usu-
ally siiky lustre on the surface of the fracture along the
cleavage Phyllites consist of tiny mica and quartz scales

Mica schists are formed as a result of the further meta
morphosis of argillaceous rochs They have a well defined
holoerystalline structure and a foliated texture and con
s13t of mica and quartz They are distinguished from gners
ses by the absence of feldspar Where mica predominates
the schust 1s called muscovite sclust, biotite schist and so on

In addition to the rocks cnumerated above there are
a number of other metamorphic rochs with a holocrystal-
Line structure and a foliated toxture These are umted under
the name of crystalline sclusts Depending on the predomi
nant mineral i them these rochs are known as tale schist
chlonte schist and so forth

Chlorite slate or schist 1s composed of scaly schistose
grains of chlonte with an admrcture of guartz Tale mica
ielldspar and magnetite are encountered as accessory miner

s

Tale schast 15 composed essentially of tale and has a low
hardness a high refractoriness and a greasy fec] Tale schist

1s used as a lubricating matenal and also for the manufac
ture of refractory bricks
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Hornfels are & metamorphic rock that forms durning the
contact metamorpbiesis of argillaccous and cliusive basic
rocks 1hiey are a wlute grey and sometimes pink grey
compact roch with a conchordal fracture and consist of
guartz and ampliboles with an msiymiicant admsture of
biotite muscovite apatite and ot) er minerals

Ouartzite consists wholly of recrystallised® grams of
quartz It has a holoerystalline generally fine gramned struc
ture and a massive rarcly foltated texture Pure vareties
of quartzite are wlnte or hght grey but impunties may
change the colour to a red brown crnimson ete The for-
mation of quartzite 1s due to the metamorphosis of quartz
sands sandstones and other sihiccous rocks

Jasper 1s a hard compact and bright or multicoloured
rock consisting of fine grained quartz or chaliedony Hema
tite emdote chlonte are present as mmpuritics

Marble a transformed carbonate rock, 15 a typical met-
amorphic rock It 15 mostly massise seldom shaly, and
consists of calerte gramps of more or less equal stze Quartz
hornblende pyroxene olrvine and somctimes feldspar
are prosent as impurittes and determine the colour and pat
tern Especially pure sartetis of fine-grained marble are
used 1n sculpture

Marbles coloured by various 1mpurities are used as a
valuable ornamental stone In the USSR 1t 1s quarried
cxtensively 1n the Urals hareha the Crimea the Trans
caucasus Central Asta and mapy other places  Crystalline
dolomite 15 very simular to marble but consists of dolommte
grains Lihe marble 1t 1s used as a building and ornamental
stone



T™\OGrNOUS PROCESSES

The Earth s relief 18 not permanent It changes constant-
1y as a result of the action of water wind temperature fluc
tuations and so on These changes 1n the Earth s topography
are due to external or ezogenous causes

Let us examuine the nature and results of the action of the
wind snow and ice water flowing on the Earth s surface and
migrating 1mto 1ts depths  water 1n reservolrs and ponds
and other external forces The action of these forces 1s aimed
at flattening out the Larth s surface destroying moun
tams by the gradual expo ure (denudation) of new rock
horizons and transpoiting demolished material into lower
lying arcas

ROCh WEATHERING

Weathering 15 a collective term umting the mechantcal
chemical and biological (orgamic) processes that take place
on the Darth s surface as a result of temperiture fluctua
tions the freeang of water the action of the oxygen and
carbon dioxide i the air and atmospherie preeipitation as
well as the action of organic acids 1 the sml We distin-
guish between mechamcal (physical) chemical and biolog
1cal weathering  but 1t 15 often dafficult 1f not impossible
ta draw a clear distinction between them in nature they
usually act simultaneously

Mechanical weathering Tins 1s principally due to changes
in the temperature of minerals and rochs caused by
temperature fluctuations of the air and 1n some cases by direct
heat from the sun Minerals and rocks expand when they
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are heated and contract when they ar cooled This expan
ston and coulraction 1s very neghgible but when 1t 15 con
stantly repeatcd over a period of hundreds and thousands
of years 1t ultimately mahes stself felt Under the influence
of this repeated contraction and expansion the adhesion
between tho grains 1n a rock gradually weakens the coarser
the grains the faster the adhesion between them weahens
because fine grains do not cxpand as much as coarse gramns
The colour of a roch 1s also tmportant Dark coloured miner
als and rocks aro beated faster and conscquently 1ncrease
m volume quicher than hight coloured munerals and rocks
The adhesion between the grans i a motley rock (for 1n
stance gramte which consists of black red and white mn
erals) weahens faster than 1 rocks of a uniform colour
This 1s due to the fact that grains of different colour and
composition have therr own cocfficient of expanston 10
consequence of which a supplementary stress 1s sct up be
tween them when they expand

Multicoloured coarse grained rochs offer the least restst
ance to temperature changes Day time heating after a
cold mght starts a desquamation process while cooling
causes rocks to crack In the course of centuries of alterna
tion of contraction and eapansion tiny crachs appear 1
mrneral bodies At first invisible to the eye they gradual
1y expand causing monolithic mineral or rock to disintegrate
The mechamecal disruption of a mrneral mass 1ntensifics
during sharp diurnal temperaturo changes Sharp tempera
ture changes arc observed 1n spring and autumn especrally
m regrons with a contisental climate for instance deserts
where the roch surfaco 15 heated in the day timo to 70 G
and cools down to zero at mght In deserts the changes m
the volume of minerals are particularly gieat and physical
weathering plays a very important role

Water facilitates the action of heat and cold In ramy
weather rochs become wet and thoen dry agamn this repeated
wetting and drywng weahens the adhesion begween particles
of which rochs consist Water that freezes in the fine pores
and cracks of rocks plays an even bigger rale Intense tem
perature changes are observed 1n the polar regrons and they
grve nise to what 1s known as frost weathering Water turns
into we when the temperature fails below zero 1ncreasing
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its volume by one eleventh Thus 1f during the day when
the temperature 1s above zero water fills a voud 1n some
crack 1t will tend to widen this crack when 1t freezes dunng
the mght

Enormous pressure which sometimes nses to as hgh
as thousands of halograms per square tenlimetre 15 exert-
ed by freezing water on the walls of a erack Thercfore
1 regions with considerable diurnal temperature fluctua
twons (especially from positive to negative) mechameal
weathering manifests itself 1n a very intensive manner
and leads to the formation of talus which consists of numer
cus fragments accumulating at the base and on the slopes
of a demolished chiff Taluses are astatic and difficult to
traverse On the plane surface of chiffs rochs disintegrate
through weathering and turn into continuous placers of
boulders

Atmospheric electrical phenomena also influence rocks
Lightning breaks up rocks or melts them altogether for
mstance looso sands forming fulgurites These phenomena
are however relatively rare

Chemucal Weathering The action of the vapours and
gases tn the atmosphere and of sun rays leads to chemical
changes 1n the composition of minerals and rocks Water
vapours condensed nto liquud may contamn 1n solution
various substances which increase the solubility of minerals
Moaisture enrrched with orgame acids s not only a dissolv
ent but also starts such intricate processes as hydrolysts
and oxidation

© give a clearer 1dea of chemical weathering we offer

a formula showing the decomposition reaction of feldspars
under the action of air moisture and carbon dioxide which

leads to the formation of soft haohn (lithomarge) from
solid feldspar

Na,0 A1 0, 68510 +nH 04CO =Na €0, 4810, nH,0+
+2H,0 Al Q,28:0,
Under the mflucnce of air moisture 4nd oxygen the weath

ering of sulphurous minerals of pymte for example pro

ceeds 1 much the same way, relcasing {errous sulphate
and sulphune seid

FeS, +8H,0470 =FeS0, +7H,0 +1,50,
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When anhydrous rocks are subject
to chemical weathering they some
times absorb water and develop 1nto
hydrates Similarly anhydrite turns
mlo gypsum (CaSO,+-2H,0=CaSO0,

2H O) and 1ron glance into limomte
(2Fc Oy +3H,0=2Fc O, 31,0)

These  transformations are very
widespread 1n nature

Sodium carbonate potasstum car
Fig 2+ Destruction of bonate  alkalr sulphates  colloidal
a =0T by the 1001s of solutions of silica that rapidly dissolve

2 tree m  water are alo formed during

chemical  weathering  Penetrating

mto products of weathering atmospheric water (rain

melting snow) dissolves and evacuates them into decper

layers nsoluble products of weathering (clay <and rock
waste gruss and so on) remain on the surface

Blological or Organic Weathering The presence of
micro orgamisms in the uppermost layers of the Earth s crust
ncreases the imtensity of chemical reactions Thus accord
mgtoV I Vernadshy feldspar yiclds to biological weather
g only when bacteria participate 1n the process When
water and carbon diowide are the only agents weathenng
bardly affects foldspar

Orgamsms alter rocks mechamcally and chemically
Lichens and mosses colomse the surface of rocks absorb
nutrient substances from them and thereby destroy them
The roots of plants also destroy rocks mechanically and chem
1cally (Fig 24) Moles ants and earth worms loosen rocks

A weathering crust tahes shape during all processes of
weathering  The tmmovable part of the weathering crust
from which soluble salts are washed away by precipitation
15 called elduziem Where the weathering crust is enriched
with the products of the vital activity of various organisms
and 1s partially reworhed by them 1t 1s called soi/ From
the soil plants absorb mitrogen potasswm  phosphorus
calctum suphur 1ron copper magnesium oxygen hydro
gen and other chemical compounds which they need for
their nutrition and after they wither they not only return
these substances to the so1l but also give it the substances
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that they had absorbed from the atmosphere In the process
of photosynthesis, plants turn carbon dioxide 1nte starch
collulose and other orgamc compounds, which after the
plants die pass 1nto the soil and undergo further changes—
decay, putrefaction and so forth Plant tissues turn into
new compounds that interact with muneral particles A
part of these compounds 13 accumulated 1o the s;l n the
form of humic substances which distingwish so1l from rock
and make 1t fertile The remamming compounds evaporate
or aro carried away together with water into deeper hort
zons

Soul Formation The vegetalive cover plays a prominent
role 1n the formation of sotl and therefore 1n different cli
matic and geobotanical conditions of the Earth s surface
this process proceeds 1 different ways Depending on the
type of vegetation and changes that a plant undergoes after
its death, different varieties of soil are formed But be
cause the vegetative cover 1s connected with chmatic con-
ditions the so1l varieties bear the marks of climate The
climate the vegetative cover and soils are thus interrelated

According to the late Academician Vasily Williams,
soil science or pedology must essentially be considered
a chapter of geology devoted to the study of the processes
taking place 1n the surface horizons of the lithosphere imme
diately contiguous to the atmosphere and hydrosphere
with the direct participation of the biosphere

The necessity of studying the soil as a natural historical
body was first advanced by Vasily Dokuchayev founder
of Russian geological pedelogy who said that soil should
be called the day or external horizons of rocks (no matter
which) that had been transformed naturally through the
combined action of water air and various living and dead
orgamsms  In this connection ho singled out natural sol
forming agents among which he mcluded the parent roch,
the climate the vegetation the topography and the time
(the age of the sol) The major tashs of pedology may be
formulated as follows 1) study of the origin of the parent
rock under the 1influence of external geological forces
2) study of the origin of the soil from the parent roch un-
der the mfluence of mtruding organisms It 13 apparent
that the so1l as well as the parent rock and all geological
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forces (1ncluding the orgame hingdom) are 1n a state of con
stant development The soil 1s therefore studied on the
basis of genetic and evolutionary prineiples

As we have already mentioned the Earth s surface re
cerves a mantle of sotl through complex mechanical chems
cal and biological weathering The soil s fertility 1s the
basic feature distinguishing 1t from other rocks By 1ts ort
gin so1l 1s composed of a) hard mineral particles b} organic
remamns c) a hiving population d) ground water and air
Hard particles of <01l consist of mineral and organic sub
stances the former almost always predominating

In soil the most widespread minerals are quartz feld
spar and mica Nakes caleite gypsum and ferric oxide are
found occasionally In addition there are more or less im
portant accumulations of zeohtes clay particles 1aolinite
and montmorillonite

The mincral particles 1n soil can be distinguished by
their size Therefore a characterisation of soil must 1nd:
cate 1ts mechanical composition 1 e the size of the mineral
gramns 1 1t The name of various soils depends on the con
tent of large and small particles 1n them There are thus
stony sandy silty argillaceous and other soils

In so1l erganic matter 1s usually represented by humus

which gives 1t various tints of grey brown and black De
pending on the natural conditions m which soil forms the
quantity and type of humus may be different with the
result that the colour of the <ol 1s not umform cither
Humus forms through the decomposition of the remains
of plants ammals and micro orgamisms products of their
vital actrvity are often observed mn humus As they decom
pose organic remains lose their original <hape and become
darker or brown Starch cellulose and albumns are the
first to decompose woody fibre (Lignitc) resists decompo
sition longer The muineral part of plant tissues 1s preserved
1n the humus together with the organte part

Basically humus consists of highly stable humic degrada
tion matter The type of humus cvidently depends on the
plants from which 1t forms In the podsohic oils of the
northern regions of the U S S R with their coniferous for
ests the humus has a Light hue and a high oxygen con
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tent It contains very little stable humie matter and a large
quantity of other water soluble mobilc substances

Ground water plays an important role in soil  dissolyv-
Ing nutrient substances and thus allowing them to be ab-
sorbed by the roots of plants This water may be described
as a solutionof mineral and organic substances Where miner-
al matter predominates 1o the solution the soil 1s enriched
with salts (for instance white alhalt se1ls) where the solu
tion contans a large quantity of organic matter peaty
souls result sometimes there 15 only a small amount of salts
and orgnmic material as 1s often observed 1n sandy soils

Soil air has a different composiion than the air of the
atmosphere  Complex reactions of the decomposition of
organic matter tahe place 1n the sorl increasing the carbon
dioxide content and releasing gases not contained in the
atmosphere Soil air has less oxygen than atmospheric air

Soils have a very diverse population largely consisting
of microorganisms, of which there are tens of millions 1n one
gram of so1] The largest pumber of microorganisms 13 ob-
served around the roots of plants

he composition of soils 1s constantly influenced by ch-

matic factors and processes accompanying the development
of plants Soils undergo very great changes as a result of
man s activity i ploughing and fert:hising 1t and also 1n
cultivating 1t by various other methods

Geographical Distribution of Soils Soil 1s mflu
enced most of all by climate and plants On the Earth s sur
face the climate changes from north to south the same
change 15 observed as regards vegetation Tius phenomenon
18 responstble for a certain regularsty in the change of soils

In general soils are distributed in belts according to
thechllmfmltllc zones (Fig 25)

e following main soils are distinguished 1) tundra

2) podsolic 3)g rey forest 4) chen%ozem 4 )chestnut

) BToWR souls of arid steppes 7) desert (grey or pale grey)
8) White BIKall and saline and 9) Jateritic

The climate of the Extreme North has a negative mean
annual temperature At low temperatures the air 1s very
humid and evaporation 1s therefore inconsiderable Annual
precipitation 1s low—250 300 millimetres Owing to the
negatine mean annual temperatures thers i1s a layer of
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permafrost at a depth of about half a metre and  ometimes
Jesa This layer i mpervious to water with the reeult that
precipitation collects on the urlace bogring it up

OF vegetation there aee «atne vatietics of mass {ninleer
Iichen) acid herbage (Glge  rush)  small hrubd (clou!
berry  blueberry bearlrry) dwarl inkanl wallow prow in
the ~outh of this bt Some an ndof the tunle anc dovoidof
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Fig 2 Dligram showin, tho devclopment of the soil forming
process tn tho Furopean part of the US S R (after Zakharoy)
! wasting w y of tunmus Z—accumulation of humus J— washin  awayol
P O 4—acrymulatl nofiR 0 S—leackingof CaCo, &—lea hingofLas0 7—
5 umvlation of LaCO  a—washiny, amay of NaCl & — sccumulation o
Casu  ro—rprecifltation of sojuble l!lll

sotl Becauso of tho low temperatures in tho tundra plants
Jecampase very slowly _a Tactor wlich fielps to Dutld @p
mﬁ?ﬂmﬂum aro unfasourable Ior oramic e
and the sotls thereforc contaim oy Tittle humus Mcadow
vegetation occurmfmﬂﬁ_roﬂ)_im alleys
Forst vegetalion 1s somelimes found on the tundras
southern boundary

The chimate 1s somewhat milder south of the tundra zone
where mean annual temperatures are Iow bul positive the
winters shorter and tho summers warmer Tho soil 1s thor
oughly warmed there1s no permafrost Thists the forest belt

Glactal moraine 15 the basie surfaco rock n this zone
Sand deposits products of moraine washed by glacial streams
occur 1 low Iying arcas The annual precipitation 1s 60O
millimetres some of Lhis water percolates decp 1nto the sorl
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and 1nto the rochs bencath st The basic vegetative cover con
sists of forests comferous forests (taiga) in the north and
mixed forests (comferous and leaf bearing) in tho south
A different kind of humus forms 1n the forest belt than
10 the tundra zone The reason for this 1s that the trunks
needles and leaves contain resins and tanmng matter which
are absent in herbs These are acid substances with a
small mtrogen and ash content Wood soil therefore has
a different bacterial composition than tundra soil In geobot-
any the decomposition of forest orgamic matter 1s called fun
gus decomposition after the name of a group of lower plants
which play an important role in this process Deromposi-
tion produces an acidir faintly coloured water soluble
humus and the so1l gets a yellow tint as various acids dissolve
Thanks to the relatively high humdification alkalis and
lime are washed out from soil and evacuated 1nto deeper
layers The upper so1l layer lying at a depth of about 20
centimetres from the surface gets a most thorough washing
\ When the soil profile 1s examined 1t can be seen that only
the topmost layer contains some of humus which serves as
a cemeniing material The layer beneath it, whosc whitish
hue gives 1t tho appeatance of ash, 1s called the (podsolicy
layeF T Geause nutrient substances are % asne
out of 1t Soil 1nto which substances washed from overlying
strald penctrate lies beneath the podsolic level These sub
stances act asa cementingagent and also determine the col-

our and other features of this layer This soil1s usually
pale yellow on top and the entire layer 15 divided tnto small

sharp edged polyhedrons (nuts) with depth the layer turns

reddish brown and disintegratcs mnto larger jointings, ocea-

sionally 1z the Torm of small DIOEES oF pllars o
odsolic soll and so

are on the wWhole relatively poor
but fertihisers make them as produrtive as chernozem

oul @ forest belt stretches the steppe zone This
new chimatic and geohotamic zone has an even relief and a
dry climate The long summer s hot the Winter rolatively
short and tho spring thaw sometimes begins as carly as the
end of February

Here the so1l 1sthoroughly warmed and at the same time
well aired, thanks to its porosity with the resull that plant
and antfmal remans decompose completely This produces
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largo quantities of water <oluble humus which combines
With the rron and lime n the sl thus firmly consolilating
tnat The humus «avated soil forms a laycr that some
times ruadies a depth of 100 centimetris The abundance of
humus gives the soil tts black colour hence the namo
cherno.em*

The quantity of humus 1n the sm! of the steppe belt 18
not untform everywhere In arcas adjoining forests the hu
mus content 15 smaller than 1 the open steppe The quantity
of humus gradually decrcases with depth and the soil ac
quires a hght colour

The 1ntermediate belt olmmpmwnhng 2
transition from chernozem to pod ohic soil ys o
tween_ehepnozom steppes pnd _tracts of foresl
soltc sar! A struggle gocs on in this area betweocn the forest
and the steppe  1Ins 1s due to the age old fluctuatrons from
morst to dry wlich results 1n an alternation hetween forest
and steppe vegetation Ior example 1n West Uhraine and
west of the Urals the belts of forests alternate with belts
of steppeland  lience the name—forest steppe A transition
from chernozem to pod olic sotl or vico versa 1s observed 1n
this arca

Groy_forcst sails form eitlier paturally, when the struggle
betWween the steppe and the forest tahes place under natiral
conditions t e without man s participation or as a result
of intersention by man who develops now lands cuts down
ar burns out forests tills the podsohie soil and fcrtilises 1t
The vegetative cover changes radically the forests grving
way to coercals and grasses

Grey forest lands are more generous than podsehe sotls,

but " Thcy are not as fortiiv nordoticy have sachvaluable
mﬁmﬁmﬁmﬁs’_—

“‘i‘ﬂﬁrﬁmﬁtmmmw(mmnw Soilsn
this betng_due to a sharp change 1n the chimate The annual
preciprtation 1s below 250 mxlilmclma the summer 15 long
and hot and the winter 1s severe and relatively short—The
soils  LieTe arc inadcquatcly ¥aturated wilh moisture and

the vey gdom, therciore also changes the southern
chernozem steppes with their abundance of feather-grass

* Dersved from the words chernaya zemlya which mean black earth
-~ Tr
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and sheep s fescue give way to fescue wormwood steppes and
still further semtito purcly wormwood steppes Here the
soil forming process 1s also different the soils being of a
dark_brown colour Below the chernozem zone the chest
DU S01l5 contain a shightly bigger quantity of humus and the
colour changes from darh to light chestnut

These chestnut soils are nutrient rich and quite fertilc
But because ST g Tow_precipitation farming 1s possible
only where the soil 1s nrtificially watered and other measurcs
arc_taken to accumulate and preserve moisture in 1t

c the reason
for this being that the clgnate 1s dryer and the te mperaturo
fluctuations cover a bigger Tange than In the prect ding ZotE
Wmd contain very little

umus —

Soiith of the brown soils lies a belt of desert with grey or
(pale gre?s
cle

oi1ls The mean annual precipitation does not ex

millimetres sometimes falling to as low as only a

few millimetres Very considerable soil temperature fiuc

tuations {from 85 Cin summer to —35° C in Winter) are
Ui a——

In tlus belt, the vegetative cover 1s not continuous devel
“fﬂng mainly 1n early spring and withering towards the
¢loso of the same season Grey soils contain a large quantity
of caletum carbonate and also soluble salts such as sodium
chioride sodium sulphate and maguestum sulphate The
abundance of hume and high ash substances and the low hu
Die content mahe these soils infertile Dryung up they

reak up 1nto scparate particles and are easily dispersed
Various salts carred by capillary waters sometimes
accumulate 1n Jow lying areas where ground waters are
earer the surface

Despite their native stemlity grey soils are quite fertale
When they are adequately watered They are cultivated in
the Central Astan republics of the Soviet Union where skil

ful 1reigation has turned scparate desert areas into flowering
oases

w}\@and faline so1lyform onsoluble .alt contain
g rochs 1n dry areas” with a temperate warm or hot chi-
mate " Trat 1o (hG Jow humidity and 1ntense e\aporalion
'C\a[im'nry streams of ground waler cairy the water solible

2



salts to the surface I'he more salt there 1s 1n the rock orin
the ground water that motstens the roch the more intensively
do the saline soils dovelop Frequently these soils form as a
result of excessive watering due to unshilful rrrigation

Lateritic_soils)(terra rossa) likewise form 1n areas with
Jeacessive humidity  ugh temperatures and_luxuriant vege
tation lhe abundant precipitation and high temperature
subject rocks to intensive weathering heighten the leaching
process and accelerate the decompositton of plant and animal
remains with the result that a considerable quantity of hu
mus accurnulates in the soil Latentic soils are nghly per
meable to air and water and hdvé & Targe moisture capacity
They are very Icrtile providing Iertilisers are used

Lach soil mirrors the features of the natural conditions in
which1t was formed But the Larth ssoil mantle s not stable
The climate changes with the passage of centuries and this
of course causcs changes 1n the vegetation and consequently
m the soils A cross section of abyssal rock will show how
the natural conditions and the soils have gradually changed
For example very rieh coal deposits that could only hasve
formed from luxuriant forests have been discovered on Spits
bergen which 1s one of the Earth s mest rigorous regions
with an extensive 1ce shect This shows that 1n the remote
past the chmatic and geobotanic condrtions on Spitsbergen
were entirely different from what they are today

We have already sauwd that man can nfluence the nature
of the soil On vast territories man has adapted soils for
farming subjecting them to considerable alterations This
adaptation will no doubt continue and soils will become
more fertile than ever

All rocks are subjected to weathering regardless of the
conditrons 1n which they formed As magma pencirates
into the Earth s crust 1t cools down and forms deep scated
rochs \When these rochs come to the surface with its low
pressure  low and fluctuating temperatures air gases and
moisture they adapt themselves to the new environment anl
metamorphose accordingly Under the action of weather
ing they form new muneral aggregations adjusted to the
environment on the Earth s surface

Weathering creates a stable uaste mantle wiich 1f the
products of weathering had been stationary would have
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completely enveloped the surface of continents However
external forces sct the Earth s outer shells of air and water
1 motion and these act upon the waste mantle breahing
and shifting 1t and exposing the surface of rocks that had not
becn subjected to weathering Denudation or the exposure
of rocks proceeds continuously in this manner

GEOI OGICAL ACTION OF THE WIND

The effective force of a wind depends on 1its velocity
Even air moving at a rate of a few score centimetres per
second can raise and transport fine dust A strong breeze
can throw over and move rather large grains of up to scveral
centimetres 1n diameter Gales and hurricanes whose veloct
Ly sometimes exceeds 50 metres persecond are very destruc
tive

Deflation and Corrasion The wind performs a defimte
geological function which naturally 1s not always and not
everywhero mamfested 1n equal measure There are regions
where the action of the wind 1s particularly destructive
these regions have poor orno vegetation at alland are called
semi deserts and deserts or deflation regions Abscnce
of vegetation, which fastens the soil by 1ts roots gives free
reign to the action of the wind In these regions the tempera
ture changes (attaiming a daily amplitude of up to 60° C
and an annual amplitude of up to 100° C) causing mtense
tmechamcal weathering which supplies the matemal for defla

lon

The particles blown off the Earths surface by the
wind arc transported over long distances depending on the
size of the grains

Aur carrents blow not enly 1n a horizontal plane along the
Earth s surface but also 1 a vertical plane with the result
that tho particles torn from the soil are tossed high nto the
air Dust particles are raised to heights of hundreds of metres
and sometimes as high as several hilometres fine sand 1s
blown to a height of scores of metres and coarse sand up to
eight or ten metres The material prepared by weathering
8 thas transporsed by the wind and 18 partially canved avay
from the region of deflation
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Particles l.nanonml by the wind stnhe the obstacles
in thetr path (rochs boulders and varrous structures) grooy
ing scarring and even pohshing and grinding them This
activity of the wind 1s called corrasion

The windows on the weather sule of buildings 1n decerts
are sometimes pohished tosuch o degree as to give the impres
sion of having been frosted Tlus polishing 18 done by wend
borne sand  Ancient bwildings that bave survived in van
ous places 1n Centril Asta show the effects of corrasion This
15 seen on the weather sude of these bumldings particularly
to a height of half a metre to a metre and a half and some
times to three or four metres The matertal formed by corra
sion 1s piched up by the wind and transported farther The
remoral of this loose material 1s calied deflation Corrasion
and deflatron are two inter related processes engendering
each other

The tensity of corrasion 1s not the same eiverywhere
and depends on the hardness of the rochs the size of the
grains and their arrangement in the rocks the jointing
the bedding and other factors Soft rocks wear avway quick
ly banng the hard rocks among them

Wind borne fragments are usually held in suspension at
a height of a metre or a metre and a half above ground and
this accounts for the fact that mavumum corraston 1s observed
at the base of chffs In descrts isolated boulders composed
of hortzontal beds are frequently battered into the shape of
mushrooms or tables while boulders consisting of steeply
dipprng beds are grven the shape of needles pllars obo
hisks and so forth (Figs 26 29)

Corrasion affects not only the foot of boulders and cliffs
but also the horizontal surfaces polishing them 1f they are
hard and carving out jardangs or <harp crested parallel
nidges 1n soft rock The bottom of the grooves between these
ridges 15 often filled with sand (Fig 30} Entire valleys have
been formed by wind erosion A frequent phenomenon iR
deserts whirlwinds force sand 1nto spiral motton to form
vertical comical or c¢ylhindrical hollows

Corraston also attachs lumps of rocks in the desert the
sand grinding them 1nto characteristic trihedrons

Where the hardness of vertical surfaces 1s not umform
lunulets are carved out by the continuous bombardment by
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Fig 27 Witeh s Tower Rock



sand These lunulets arc widened and deepened by the sand
to a size of tens of contimetres so that the rock surface looks
like a homreycomb (kg 31)

1f nmore or less horizontal scam 1n a rock series is softer
than the others it yields to weathening deflation and corra
sion much faster this may result in the formation of sizable
cavities—caves  These deflation caves occur 1o some of the
valleys in the Caucasus and the Crimea where the sandstone
beneath the hard Eocene limestone 1s eroded by the wind
Sorme of the caves are so big that they are used as enclosures
for livestoch

Desert varmish” 1s another very intercsting phenomenon
of desert regions Nearly all rochs contamn iron and manga
nese salts as well as moisture (the quantity may e
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very minute} The moisture
on the side of the rock fic
g the sun evaporates 1n
tensively beevuse of fthe
heat and 1ts place 15 tahen
by morsture from the decper
parts of the rock from where
1t brings with 1t discolved
won and mangancse Black
won and manganese salts
accumulate 1n this way,
goang the roch a black
crust of a thickness of one
or two mllimetres This
erast 15 harder than the
rock itself and the polish
g action of sand gtves 1t
ashiny lustre Desert var
msh onsouth facing rochsis
a typreal feature of for
example the desert and
ﬁgi‘rx;‘: regrons of Cen Fig 29 Weathering of igncous

I rochs

nregions with atemper
ate climate where almost
the entare surface 15 covered by vegetation the conditions for
deflation are much larder Grass shrubs and trees afford
the soil surface excellent protection against deflation But
1n steppe regions 1t plays an rmportant role For example
dust or black” storms have been observed 1n the south of
the European part of the USSR these storms oceurred
after a long spell of drought and deflated the soil sweeping
alayer of chernozem (10 15 centimetres and over) from the
fields Land reclamation 1n recent years has transformed this
arca making 1t almost completely safo against defation
Dust storms continue to be ebserved tn North China Sguth
Mongolia Australia and elsewhere  Sand stormg called s
mooms which are a violent dust laden win,
blow 1n Africa near vast sand deserts

Sorting nnd Bepositation Aswehs

Wyemenlioped e
materisl borne by the wind from a deflatiop area lsatl;z;s

d occasionally
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ported over a certasn distance wlich depends on the size of
the matenial and the force of tho wind amt then deposited
The smallcst particles are frequentty deposiled several hun
dred hilometris away from the deflation arca For example
dust from the hara hum and hizyl hum deserts 1n Central
Asta 1s transported eastward and deposited on the footlulls
of the Central Asiun mountains Somo authors arc tnclined
to belicve that tins mode of dust depositation plays a very

)
A
DA

Fig 30 Yardangs

1mportant role 1n the formation of the surfice mantle 1n foot
hull regions  and thus explain the onigin of loess rocks Lake
dust sand s transported by the wind but the distance it
covers 18 much shorter—not more than a few score and very
rarely a fow hundred metres Larger roch fragments aro
rolled on the ground for short distances As they strihe cach
other fragments of rock are ground and loso their original
angular form

Wind borne masses of sand sometimes form more or less
large mounds or heaps This 13 most frequently observed on
the sca coast with its well defined sandy beaches Marine
sand washed ashore by waves gradually drics and 1s blown
by tho wind For example on tho Baltic Sea coast of the
Soviet Umon whero westerly winds blow there are excel
lent beaches and the process by wlich sand 1s winnowed 1n
an casterly direction 1s quite sharply defined The winnowed
masses of sand form banks with a herght from several to 20
motres and a base width of up to a hilometre Gradually
drifting from the coast 1n an easterly direction tho sands
bury forests pastures orchards vegetable fields and even
settlements These winnowed masses of sand are called dunes

Ripples are often observed on the dunes especially on
their windward slopes As they drift a slanting lamination
forms 1n them (Fig 32) The measures to halt the migration
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Fig 31 Honeycomb weathering of Cretaceous sandstone

the Crimea

of dunes 1pcl
Plants wyth 5
¥dward sl

s and other
de planting marram grass pine;
“\V:llpdeveloged horxzon}tlal roo"t tsly:;erfr:)rrgls t(l;;
es A soil mantle with vegetal
the sanqg athPr they are frxed There are fweﬁ d&ﬁ? ;lfl gfs
troretsk and g, Naroyvsk on the coast of the

™ near Lemingrad
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Ihedeflationand
migrition of sand
with the formation
of dunes is also ob
served onthe banks
of nivers flowing tn
a more or Joss mer
1dional  direction
Fie $o Dnvertad beddin of sand dunes Along, the ¢ nivers

the (1t bank us
ally stopes guntly

during floods the rver <and 19 deposted on the bank and
when the water niecdes the sand ts cxpo ed to the wind
The we terly and south westerly winds provathng an the
European part of the U SS I “carry =and n an ea terly
and north easterly dircetion  groatly polluting the sotl on
windward slopts Ilns phenomenon s cloarly observed on
the banks of the Tspn the Mokh<ha  the Sura the Volga
the Don and other rivers

In sand descrts we distinguish sandlulls  Larkhans and
barkhan chams  1he topogriphy depends on the mitial re-
Licf the quantity of sand the climate and the foree of the wand

Isofated arncgular mounds—sandlnlls—form 1n arcas
with shrubhery hittle sand and changing winds

Lxternally deflated swnds sometimes have a uwmiquely
regular outhne On the windward side the winnowed masses
of sand hve very gently (o 12') sloping surfaces Tho lee
ward sudes are steep and have a 30 gridient anglo that 1s
characteristic of crumbling granular masses These mounds
have protruding edges due to the action of the wind Scen
from above they resemble a hall moon or a horseshoe with
gently sloping windward stdes and steep leo stdes These
mounds aro c1lled barf hans (Frg 33) and aro typical of des
ert and semu de crt regions

Ii the wimnds blow alternately in different directrons
the barkhans are rearranged and their steep slopes gradually
migrate Ieeward For mstance in the scason of westerlv
or south westerly winds all barkhans turn the ends of thetr
crescents to the cast and in the season of casterly and
north easterly winds they gradually rearrange themsclves
and turn to the west or south west
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om cach other bul
in areas wher ceveral barkhans develop alongside one
another, their pdges merge and thus

The spaces betwneed \hese chang {ndges) are depressions
with patches of clay (1ahyrs)

in additien to Darkhan chams extending perpendicy
farly to the direction of the wind there are long tamparis
extendng 1 the direetion of the wind They &l the relief

Fig 7

Solitary harkbian

with pits and rdges and wherc th - ~

diecctions they form 1mmobnc¢ r:,:K:::‘tsbl::s :l“ dilferent
basms Pyramid shaped dunes form 1 ar und deflation
winds ot nght angles cas intersected by

Ggme barkhns are 20 20 met

can only be formed where (h”;e;’;’ﬁhadh‘\e dunes they
<and There are no barkhans in ston, cquate supply of
only e de erts and tahyrs

mall, barhhon like defl
there l\o&' higher than 20 sted ma cs of sands are foun!

models of bathhane oflten 3?:0::“"‘“""‘ they are small
Tarkhans emerge when an o} 1;’31 regular shape
stands 1 the path of a “mno““da bouldcr or a bush
winnowing contintes until the «, ; mass of sand ¢
the obstacle (Fig 34) Then eang |‘; reaches the lev el rD
aide and tips of a crescent are b“ﬂfo‘l:;c% mh:he“l:;lc;apﬂ
y the
" ny



either side (Fig 35)

— §§'£ : Drifting mounds develop
if the supply of sand 135

a not sufficient to form

— barkhans  Where the
ol "_\S k — supply of sand 1s ade-
b quate barhhans grow

merge together and form
Fig 3 Formation of a hillock rows like dunes The
behnd 1 shrub (o) and tn front gaps between the bark
and bebind a rock (3) hans form chains of
kettle holes (Fig  30)
Such 15 the behaviour
of the sands of the kara hum and Kizyl kum deserts
m Central Asia of Eastern Mongolia and the Tarim Basin
of the Sahara Desert and of deserts in Arabia, Austraha
and other parts of the world
Some barkhans especially small ones dnft rapidly n
the direction of the prevailling winds Small barkbans
usvally travel 30 or 40 metres a year but mn some cases
they can travel a distance of one or two hundred metres

!l
—— Plan Section

f——
= Uooe

Fig 3> Diagram showing the directton and action of wind streams
1 the air current during the formation of barkhans

Ridgy sand advances at a much slower rate and buries
sandless steppes cultivated Gelds and villages as has
bappened 1 Turkmema Uzbelistan and hazakhstan
(Fig 37) Sands can be halted by planting vegetation
Barkhan sands occur chtefly on the margins of deserts
rarely 1n the interior The bulk of wind borne sand and
dust moves from the interior of deserts to their borders
where the larger particles settle dust 1s transported past
the boundaries of deserts to arcas with vegetatron and
ramnfall where aiter mecting winds blowing from other
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Fig 3¢ Baullan feld
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Fig 37 Vig | tion buncd by sani i tle region of Lle Aral Sea

directions the desert winds loce their force and deposit
this fine material The layer of dust grows at a rate of one
or (wo millimctres a year but 1n the cour e of thousands
of years 1t forms deposits whose thickness 15 from 10 16 20
metres and sometimes more
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Eins wind botne descrt dust gradually accumulates and
forms thick layers of yellow <oil or locss (Tig

A classical examplc 1s China where loess eovers huge
exymses and 13 di posited on dillerent by psometric surlaces
the deposits are <omettmes 400 metres thick The Gcba
Ihami and Jungar de erts are the “dust factory for locss
m North China

b5 38 Lress Bulfsontiebamkoftl S unkia 5 mdl
ergl 10 Valley

The conditions for colation or the geological activity
of winds are not unmform The most favourable arc in des
crts—equatorial descrts (Sahara Arabia Mevco and so
on} northern deserts (Aral and Caspian) the deserts 1n
China and Mongolia (Goh) and other deserts

Depending on natural conditiens deserts are divided into
clayey deserts (tahyrs) sandy deserts and stone deserts
Clayey de<erts are flat plains sandy deserts have » hummoch
and flat surface and stone descrls are regions where the
wind removes loose matertal leaving <olid rocks bare to
the continuous attack of the weather
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The<e three types of deserts are naturally linked up
m space The landscape of stone deserts consists of regions
of deflation  which give way first to regions of accumula
tion of eoltan sediments (sandy dune barkhan land cape)
and then to the marginal zones of deserts where silt and
clayey material accumulate The general facies chinges
of continental deposits 15 reflected in this spatial change
of eolian sediments

GFOJOCICAL ACTION OF FLOWIMG SURFACE
WATER

Atmospheric precipitation as ramn and snow and also
water from springs move from elevated to lower areas
performing a geological function on the way Ve distin
guish the action of surface waters not gathered into regular
channels (plane erosion or deluvial process) and the action
of surface waters flowing in regular channels in streams
and Tivers (Limear erosion or erosive process)

The deluvial process

Here water moves along the Earth s surface as down an
nclined plane—the run off takes the form of a continuous
water sheet 11 which separate streams intertace Under nat
ural conditions such a waler shect forms on upland slopes
and on the sides of ravines and niver valleys

This sheet of water 15 only a few nullimetres thich
However as 1t streams down slopis over a long period
water performs a noticealle function Its motive force 1s
equal to half the product of 1ts mass by the square of its
velocity Therefore the steeper the slope and the more
rain water that falls on 1t the greater 1s the motive force
of the streams and conseguently the stronger 1s thur
action This action conststs 1 the run off prching up and
transporting fine products of weathering and particles of
soft rochs such as clays and marls of which the slopes are

compostd These particles move down the slope and drop
into cavities
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A slope sometimes de cends evenly directly mto a water
channel 1 which ea<o all the particles washed off the slope
reach the channel where they are piched up and earried
avway But a slope usually flattens out at the bottom
where the run off veloeity drops with the recult that conrse
mtcrial 1s doeposited If the water channel 1s sufficiently
far from the foot of the slope the rain water may not reach
1t m which case all the water borne matertal 15 heaped
up at the bottom of the slope The streams of surface water
that de not gather m regular channels grrdually wash
particles of rocks aw 1y from the top of a <lope and transport
them to 1ts bottom ‘This 1s known as the deluvial proce <
and the accumulated washed away partieles are called
decrzium  Depending on the duration of this process the
deluyium deposits sometimes grow to a thichness of <everal
scores of motres

Deluvial deposits accumulate at the foot of slopes
the form of truns Morphologically the latter resemble
talus tramns The difference belween them lies 1n the way
debris 15 distributed  In deluvium the coarse graned
fraction remains on top of the slope while in talus 1t gathers
at the bottom

If the slope consists of superimposed beds the topmost
bed 1s eroded first then the sccond bed 1s exposed to weather
ing transported downhill and superimposed on the bed
that had been brought down first The products of ablatron
of the third bed are arranged still lugher in the deluvial
series Thus 1n deluvial deposits we observe the <ame
beds Iying near the water divide 1o a renached state but
arranged 1o 1nverse order

The composition of the material i deluvial deposits
their colour thickness and other features depend on the
height of slape 1ts steepness and the hardness of the rocks
The deluvial deposits on the sides of valleys composed of
uniform clayey series are of the same clayey pattern but
only rewashed In areas composed of various rochs the
deluvial deposits are not uniform

Ablation 1s facthtated 1f the slope 1s steep and not
fized by vegetation Grass protects slopes agamst detuvial
action because 1t hends 1n the directron 1 which the water
flons 1nd forms a protective coating There 1s intensive
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ablation on ploughed slopes particularly before the sown
\egetation germinates and strihes root Deluvial ablation
1s often 2 menace to farming because fertile soil 15 washed

awav

In the final analysis ablation does the job of flattemng
out any ruggedness 1o the relief the nterfluvial areas sk
gradually nnd the low arens rise at the expense of debris
brought down to the foot of slopes

Erosion

1f a hollow (rut or groove) appears on the side of a hill
1t collects many of the streams Erosion proceeds
more intensively o this hollow than elsecwhere The ong-
mnl hollow with 1ts sharply defined outlines grows longer
uphill until 1t reaches the crest of the slope It expands
m the centre while the lower part flattcns out as debris
accumulates A gully thus takes shape on a once perfectly
even slope Each section of a valley 1s subject to different
geological action erosion 1 the upper tramsportation m
the middle and depositation in the lower section The
level at the foot of a slope from which a gully grows 1
called the base lezel of erosion This will be the level of the
water basmn (river, sea) mto which the nver flows

Systems of Gullies There sometimes arices a system
of gullies running 1n more or less parallel directions from
a watershed towards a valley and cutting into 1ts slopes
frequently to a considerable depth (up to several tens of
metres) (Fig 39) Branches may appear 1o the principal
gully and grow together with 1t 1¢, as they grow thewr
apexes rise 1n the direction of the watershed and they
become deeper and wider where they join the principal
gully At the top of a gully there 1s usually a chiff from which
rain water rushes down, undermining the base of the cliif
and thus expanding the gully

The rate at which a system of gullies develops depends
on the geological pattern of the slopes of 1 watershed and
on their steepness Frequently a system of gullies gradually
chimbs to the top of a watershed cuts 1t and attachs the
opposite slope Asit develops a gully which has penetrated
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tnto an adjacent drainage system may encounter the gullies of
this slope cut 1nto them and intercept the water carried
by them Mot only gully drainage but also the river dramage
of the opposite slop. can thus be mtercepted This process
15 known s miver valley prracy

Some gullies are very long and have a complex network
of branches The growth of a gully can be easily traced
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Fu 33 Devctopment of 4 gully network dite (o the erosion of steep
yey  lopes

Separate sections and  occasionally  fairly large areas of
an interfluve can be cut up by 1 dense network of gullies
and made iraccessible and unsmtable for cultivation

Gullies develop very rapudly 1n barren foothill areas
composed of loess It e rocks

Gallies usually carry water only m the runy  <1on
or during the spring thaw and are dry 1n other seasons
As they gradually grow wider and dieper they reach a
tage where their beds (thalweg) become flat and erosion
censes The bed of 1 gully 1s at first quite steep and the
water therefore has a very great velocity as the ravine
lengthens out 1ts gradient becomes gentler and this slows
the water down and consequently 1ts force decrea es and
the gullies stop growtng
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In a temperate chimate
the slopes and bed of a gully
are covered with sod 1e
grass hushes and even trees
grow on it These gullies
are called ravines

When a decpening gully
sithes & water saturated
stratum of rack springs
appear on 1its bed, giving
rise to a continuously flow-
g stream By draming
ground waters gullies Jow
cr therr Jevel and thereby
cause enormous harm he
cause of the unfavourable
conditions they create for
the development of vege~
tation The spread of gul
lies 15 combated primaniy
by planting bushes and
trees 1n their upper reaches
and also by constructing
dams (Fig 40)

The erosion that 1s ohserved
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Fig 40 Stoppimg the spreid of
gullies with dams

1 gullies takes place

m rivers on a much bigger cale

River Systems The area over which a river flows em
plying mto a central channel 1s called ~ dramnage basin
The basins of big tivers oceupy vast aveas of hundreds of

thousands of square kilometres

The biggest dramage

basin in the Turopean part of the US S R 1s that of the
Volga which has an area of 1 380 000 square hilometres
This basin unites the big Oha and kama rivers and many
thousands of small rivers and streams that dramm into the
Volga and 1ts prmeipal tributaries

The geological action of rivers concists wmawmly 1w erod
ing Tiver beds and banks and transporting and depositing
roch waste All these aspects of acinaty are often man:
fested simultaneou ly in onc and the same area of a valley

However the most vigorous eroston 1s observed 1n the
upper reaches of 1 river where the bed gradient 1s very
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steep 10 the midch 1 section geol 1 action
chiefly of scouring tramsportation and depositation and
n the Iower course—of transportation and depositation

¥« Bed crosion 1n the upper rearties of a
mountiin stfeam

The 1ntensity of crosion transportation and depos
tation 1n one and the ame ccction of 2 rver may vary
eon wderably 1n time depunding on the quantity of water
i the river The more water there 19 1n a river the mote
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intense 1s the erosion proc
ess Given the same quan
tity of water 1n a stream
eroston depends on the rate
of flow It has been estab
lished that 1f the rate of
flow 15 doubled the water
carrylng capacity increases
G4 times while af the rate
of flow 1s tmpled 1t 1
creases 729 times

Ruzer Bed Erosion Tuv
er bed  erosion 18 mani
fested where the flow 1s

Fig 42 A waterfall erodes the suffictently fast to allow
bed of a river suspended materals to he
transported 1t is particu

larly intense where cddying currents prevail (Fig 4l1)
For example near waterfalls and rapids the whirlpools
m rivers carve out giant pot holes (¥ig 42) The hard
matenal carried by water, especially coarse sand and pebble
1s the main factor furthering the deepening and furrowing
acivity of water Clear water even i 1t flows rapudly can

not leave any noticeable trace on the surface,of bard rocks
1he rate and mag-

mtude of erosion de
pend on the compo
sition of the rocks of
which the banks con
stst Banks consisting
of laose rock such as
sands, loam clay and
zoarse gr;vel with un
emented grains (peb
bles and boulders()pare
eroded very rapdly ==
(Fig 43) Water (ats
away the foot of banks
particle by particle e soction of & 1ve
making adeepgroove  F1g 43 Cross section of a river valley

wit] 1—hard rook strata 2—soft rock strata g
b the result diments carrled by the river o
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that the overlying  buds lose  thur support and big
fragments collapse into the water, which erodes and carries
them away

Banks consisting of sandslone <chist Limestone granmite
and other hard rochs resist crosion better Where rocks
are hard the work of the wter slows down considerably
but 1n spite of this rivers cut into them 1nch by inch form
1ng enormots canyons

fateral Lroston A niser crodes ats hed n a vertiea)
directron as long as its force 1s great cnough to enable it
to remove all demohished matertal from the oniginal bed
When ariver loses its force 1t begins to deposit the matenal
transported by 1t and erosion of the bed cea es

During floods a river erodes its banls thus stewd:
ly wadening 1ts valley This 1s noticeable particulirly when
& river overflows its banks

A river s lighest water lovel 15 hnown as 1ts flood or
high water Jevel (the lowest water live 1n a niver 1s ealled
the low or normal water level) During ligh water arnver s
level occasionally rises as much as <cveral metres For
mnstance 1n the Volga 1n the vicimty of the Zhiguli Hills
flood waters rise 14 15 metres above the normal water
level In the Moskva River flood waters hasve often over
flonn the banks 1n the low lying districts of Mo cow and
this made 1t necessary to build high embankments During
floods 1 mver recaves from 30 to 100 times more water
than usual In countries with 1 more umiform climate the
quantity of water in nivers during floods 1s two or three
times greater than during the low water season while m
countries with a wet winter marked by abundant snow or
ramn the quantity of water increases 5 20 fold and some
times even more than that

One can often sec how turbulent strcams of spring water
crode banks over a distance of several kilometres and cover
several mictres of the forebank

Through lateral eroston rivers often carve twisting chan
nels for themselves attacking now one and now the other
bank A river may swerve from its origmal course wnd
for vanous reasons stirt developing a bend In small
streams such an accidental cause may be for example a
sunken tree around which transported matertal accumu
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lates, forcing thewater

to flow closer to the b

opposite  bank  In >> é‘:}) é@
large mivers a devia

tion may he caused

by a landshde § N \

A niver s course 15
frequently ch inged by
ltsqtnbutarlcs, which P &‘?c,‘a‘:‘%?'h;:dl:]{f formation
evacuate matenal to
their mouths and form
alluvial fans 1 the shape of a peninsula or 1sland between
which they flow and branch out If this material 1s abundant
and the flood waler cannot scuur 1t the river turns toward
the oppostte bank eroding 1t and thereby forming a bend
The bends in a river channel gradually become sharper
because the velocity of the water and therefore, 1ts eroding
activity are always higher near the ccooped out bank
along which the channel 1s the deepest the material carried
by ariver 1s deposited forming alluvium (Fig 44 45) along
the protruding bank where the current 1s slowcr The
eroded bank slowly retreats and forms a loop

Eroding each bank m turn the river gradually widens
its valley 1nd the region of lateral erosion can therefore
also be called a valley widening region

During low water a river flowing i <ome definite direc
tion and eroding its concave bank more than the other
builds up (on the convex bank) an embankment consisting
of the material transported by 1t This embankment subse
quently determines the river s course If during the next
flood the mver 1s unable to destroy the previous year s
dnits 11 will be forced to find & mew channel and con
sequently change 1ts course The rivir may break through
1o a new channel by way of a bend the remains of an old
channel which 1n low water have the shape of elongated
crescent shaped lakes known as oxbow lahes muay as
aresult be seen 1n a river valley During floods they mav
unite with the river s main channel

During low water a river s chaunel 1s much narrower than
s valley In times of flood water overflows the channel
and inundates the entire valley from one slope to the other
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Tho flooded arcas of a valley are called flood plains
Ono of tho reasons a river deviates from 1ts original
course 1s the formation of natural letecs They are formed
when a river bursts 1ts banks and overllows n gra s and
shrub overgrown Nood plun the flow slows down and
the transported mineral load 1s deposited along the margin
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of the channel where 1t forms large cmbanhments The
sand and sit ndges built by the water grow with each
flood Before a flood the water level in a channel protected
by embankments 1s higher than the general level of the
flood plamm and oxbow lahes As the watcr rrses during a
flood 1t tends to flow over the embankments at the lowest
point of the flood plun and develop 2 new charnel or
return to the old one The natural levee 1s eroded at the
points where the water flons over 1t

Allurial Process The work that a river does in deposii
ing sediments 1s called tho alluvial process while the
deposited <ediment 1s called alluviam  According to

144



E V Shantser the alluvium n a river valley can be divided
wto three categories channel, flood plamn and lake Flood
plain alluvium everywhere overlies channel alluvium,
because the latter covers the entire bed of the valley as a
result of the displacement of the channel downstream (due
to the absence of a concave bank—meanders) The allu
vium deposited by rivers with a different rate of flow and
eroding different rocks will obviously be different The
alluvium of some rivers consists of coarse waste and of
othem—of fine sand clay or silt  Sediment of different
size may be transporled and deposited even n various
wections of the same river or at different times of the river s
existence Duning floods when the force of the water 13
high a river transports coarse waste When a flood sub-
sides the river begins to deposit the matenal 1t carries 1n
suspension During the low water period  therefore a
river 1s nearly transparent 1o contrast to the tume of spring
floods when the water 1s very turbid

During a fiood the quantity of material carried by a
niver greatly mcreases For example when the Hwang Ho
mn China overflows 1ts banks 1t carries 400 times more sedi-
ment than during the low water period In the course of
four rainy months the Ganges 1n India empties into the
Indian Ocean 24 times more sediment than during the other
eight months of the year A part of this material floals
the water 1e 1t 13 carrted 1o suspenston the rcmainder
15 rolled along the river bed (drawn drift) When the water-
level drops a river first deposits the drawn drift and then
gradually the matenal carried 1n suspension This accounts
for the sorting out of the deposited materials which depends
on the changes in the water level and on a deceleration
of the rate of flow Insofar as the <eparate streams 1n a
niver move 1rregularly forming whirlpools and flowing
from one bank to another the alluvium is bedded haphazs
ardly In profile an alluvial cone 1s usually strautfied
unevenly {Fig 46)

When the alluvial process 1s cxamned 1t should be
borne tn mund that the mechanical composition of the allu-
vium deposited by mountain streams differs from that of
the alluvium laid down by flat land rivers As a rule the
latter carry small particles of milt and sand mountan
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rivers whose gradient 1s very steep at a definite stage of
the formation of valleys traneport gravel and pebbles in
addition to silt and sand, and during floods they sometimes
bring down rocks with a diameter of more than a metre
As they are rolled along the bed of a river these rochs rub
agunst (ach other are ground and polished acquire an
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Fig 456 Oblique stratileation of allusium

eilipsordal or spherical shape and are gradually worn down
ta pebble and then to sand Thus even big mountain rivers
laying down coarse material 1n therr upper reaches gradually
begin to deposit ever finer grains Particles of elay and silt
are sometimes transported as far as the point where a river
discharges 1ts waters into a lake or sea

Coarce waste may also be deposited 1n the Iower reaches
of a river For example during the spring 1ce dnft 1ce
flocs may carry stones far downstream and deposit them
where normally only silt and <and are deposited

Rivers carry enormous quantities of sediment to the sea
The Amu Darya for evample carres 44 854 000 cubic
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metres of sediment a year to the Aral Sea the Hwang Ho
in China transports nearly 900 000 000 cubic metres of
sediment a year Even the Rion River with its relatively
clear water carrtes 8,000,000 cubic metres of sediment a
year to the Black Sea

Besides solid rock exposures, mnto which their valleys
are cut, there are deposits of sediment—boulders, pebbles
sand—in the chanpels of even swift mountain streams But
this material only lies 1 the channels until the annual
spring flood when all or a part of 1t 1s transported to a
new place In the area where a valley widens out laterally
the material borne by the river 15 deposited on the valley
floor usually near a bulging bank

The principal area where sediment 15 deposited 1s 1n
the lower sectron of a valley where the gradient 1s gentler,
the current slow and the mver 1s unable to erode 1ts banks
except during floods Most of the fine material 15 depos
1ted here since the coarser material (gravel pebbles)
had already been deposited 1n the middle and upper reaches
of the river Rivers which do not unload sediment m
their lower reaches carry 1t to the sea or lake and form a
delta (Fig 47) A delta1s a land area at the mouth of a
niver wrested from the sea and consisting of alluvium It
usually has the shape of a triangle with the apex directed
upstream In 1ts delta a river often branches out separat
mg 1nto numerous twisting channels that change their
position during a flood When a delta 1s 1nundated the
level of the deposits 1n 1t gradually rises as new alluvium
settles Rivers lihe the Volga the Neva (in whose delta
Leningrad 1s situated) the Lena, the Danube and the
Nile have very large deltas Some rivers have dry deltas
with an arca of hundreds of square kilometres {or instance
the Sokh the Murghab and the Zeravshan These rivers
deposit clastic material as they leave mountamms The
deltas of these rivers consist of well rounded but coarse
clastic material near mountains and of fine matersal along
the edges

Many of the rivers emptying into seas and oceans have
Do deltas The river mouths Iocated tn the area of high
tides as well s 10 the zone where the sea coast 1s gradual
1y sinking have the shape of a narrow bay cutting deep
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tnland Such a bay iscalled an cstuary or liman The Dnie
per the Ob the Bug the Seine the Congo and the Ama
zon for example have ewtuarics

Stages of River Derelopment Trom the source to the
mouth the curse of a river « hed (lomgitudinal profile)
which Is steep in the upper reaches, gradually flottens

Fig 17 Delta of the Volga River

out as 1t 1s eroded by the flowing water and tends to become
the extreme base level of erosion or the prolile of cquilib
rium between erosion and accumulation 1n the river valley

In 1ts course a river often encounters rochs of unequal
hardne s The harder rochs resist eroston better and rapids
and waterfalls appear where they are exposed to the water
(Fig 48) Each of these rapds and waterfalls ts a local
base Ievel of erosion all sections of the river above this
nft rapid or waterfall build up their prolile with respect
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to this new base level,
while the river s main base
level 15 1n 1ts lower course
near the mouth The same
picture 15 observed when
a mer 1s artfically
dammed

After 1t has worhed out
its own profile of equihb
rium 1t ceases to deepen
1ts channel bed erosion
m the upper reaches gives
place to lateral erosion,
and the shape of the valley
changes from a Vitoal

In the course of ariver s
activity 1ts valley may
become very wide and filled
entirely with alluvium In
this pertod the flow loses
1ts force and bed erosion
ceases

There are three stages i
the development of a river
the youthful stage when bed erosion prevails the mature
stage, when lateral erosion develops intensively and
lastly the old stage when erosion stops Very often scpa
rate sections of a river are in different stages of development
ntensive erosion may be proceeding 1 the upper reaches at
a time when at its mouth a nver 1s already approaching
the old <tage

A mver dramage system with the accompanying changes
i the relief of the basin occupied by this system may take
many thousands of years to develop As long as the river
valleys are narrow and the spaces between them (inter
fluves) wide the level of the greater part of the interfluves
15 higher than that of the river valleys This 1s called the
youthful rehief stage As development procceds the inter
ﬂ\;vefs grow nﬁrmwer and the valleys b}fcom? mdern the
relief enters the m s S, Wi all inter!

atyney %}f‘;g‘tl?aém“ erfluves

are cut off and pnkv 1sal anadnndhs) ramam

Fig 48 Mountamn wnaterfall



the whole region shifts, as 1t were to a lower level, to the
level of the mver valleys this 1s the old stage of the relief
Becau e of the very small surface gradients and the abun
dance of alluvial deposits water ercsion comes almost
to a standstill 1 this period rmiver activity ceases and
the region becomes almost a plun or peneplain

These successive stages of relief are called the geogra
phical cycle To accomplish 1t a long pertod of geological
time 15 required 1n the course of which the action of running
water must not be disturbed by any local uphfts or subs:
dences of the Earth s crust This :deal development 1s rare
The changes 1n the Earth s crust usually lead to changes
1o the gradients of various areas and m the flow regime of
rivers

In the course of a dramnage system s development some
stages may be either accelerated or interrupted In the first
case the drainage system begins to grow old prematurdly
In the sccond the drammage system 1S rejuvenated and
the river begins to deepen 1ts channel and widen the
valley These changes may be caused either by secular oscilla
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tions of the Larth scrust or by substanhial climnatie fluctua
tions

If at a definite stage of a miver system s development
the base level of erosion gradually rises the river erosion
curve will flatten out and, conzequently the force of the
river will decrease This leads to semility On the other
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Fig o0 Cross section of river terraces

hand 1f the base level of erosion drops the region wall
begin a new geographical cycle the erosion curve will
Become steeper and cutting 1nto the flood plain the niver
may begin actively to erode the alluvium 1t had previously
deposited A fterrace orerhanging the flond plain thus begins
to grow 1n place of a terrace that had been in the flood-
plain  The same will happen 1f the source area rises
Sumilarly 1f precipitation imcreases 1 a river basin
the quantity of water in the mver will also 1ncrease 1ts
force will become greater and erosion will 1ntensify A sys-
tem of bench like terraces stretching along the channel
forms on both banks of a river 1f the base level repeatedly
drops and the area contuning the upper reaches nces
(Figs 49 51) Terraces may consist of alluvium or of bed
rocks They are called roch or eroswon terraces Mixed ter
races can also appear Alluvial terraces form when a river
does not erode alf the sediments 1t has deposiled, mixed
terraces arise when a river erodes all the alluvium 3n
us_bed and goes on to crode_the bastc channel Frosion
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terraces only appear in the carly stages of a river s develop
ment and are clongated ledges on the native slopes of
valleys

A study of terraces will clanfy the history of the devel-
opment of river valleys and of Jand eroded by rivers

Flat country rivers usually have two or four terraces
overhanging the flood plain  Mountain rivers as a rule
have as many as 18-30 terraces which nise above each other

Fig 51 Diagram showing the arrangement of sediments on terraces

f—sodimenta of a w91 shed (elu lum) 2—sedinents on slopes (delavium)
3—scdlments on a terrace ( lfuvium)

at mtervals of tens and sometimcs of hundreds of metres
Because mountain slopes are very steep, the rivers coming
down these slopes have a steeply dipping erosion curve
and tremendous force The current in mountamn streams
1s extremely turbulent and 1ts destructive force 13 very
reat
£ The streams rising i highlands usually have waterfalls
and carve out deep canyons (Fig 52) Above a waterfall a
river usually flows between low banhs and below 1t 1n deep
canyons Tributaries that join a river i 1ts lower stream
likewise Now 1n decp and narrow gorges

Waterfalls are cross ledges of hard rock in the channel
of ariver There are many of them 1n mountain streams 1n
the Caucasus Altai and Central Asia Very fuw occur 1n
large flat country rivers The biggest waterfalls 1nclude
Niagara Falls m North America (50 metres high) and the
Victona Falls on the Zambezs River 1n South Africa (133 me
tres lgh and pearly 1 600 metres wide) The erosive force
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of falling water 1s very great and that 1s why deep pits
(pot holes) are formed at the foot of a falls and the ledge
from which the water drops 15 undermined with the result
that the overhanging rock collapses and the waterfall itself
1s forced to retreat upstream {Niagara Falls, for nstance
recedes upstream at an annual rate of 0915 metres)
Below a waterfall the xiver flows through a deep canyon

Besides waterfalls rnivers have rapids, which are large
boulders or outcrops of hard bedroch covered by water onlv
during floods

Torrents In mountain regions especially where the
chmate 1s very dry and hot small rivers and streams that
are usually dry or have very little water may turn nto
powerful streams after heavy torrential ramn and cause
enormous damage Water pours down the steep mountamn
slopes at a great speed tearing away rock fragments and
layers of loose soil

Sem melted jelly like masses of snow and 1ce mixed
with mud fall from a great height slide along slopes rolling
m front of them small crushed stones Water snow mud and

Fiy 52 Canyon along the Terek Ryver



Y

W —
¢ Y eAAsS e P Y - s
- - e i, T e
Sl gl PN S 0T e > D
NI LT e_’&-ﬁ_rt’fi"ﬁd
-

RN bty o LTINS

;,-—_“-.‘«.‘\ e T e TS s Ry Reperaan 3
o = B e
{’ et i ern e - Teuuatent Sl e
ot e o . s . e =

N

Fig »3 Debris cone from a mountun valley It has the form of a ter
race truncated by a river

PSP
o ez -

Fie 5% Sediments brous!t by a mul and stonc stream



sand mix together into a continuous dark sticky mass
carrying spinning stones and boulders In this vast moving
jumble huge bloeks of stone buffet each other and colhide
with enormous force The awr 1s rent by a thunderous
roar which comes from the mountains as a danger
warning

The destructive action of atmospherie water often leads
to termble disasters These sudden mud laden violent
streams caused by heavy rain ot by melting snow 1n highland
regions are called torrents

Torrents carry to the mouth of thewr valleys enormous
quantities of poorly rounded unsorted and unstratified rock
waste called proluzium The deposits laid down by a swift-
flowing stream form huge alluial fans frequently called
dry deltas (Figs 53 54) The cities of Alma Ata Andijan
and kokand m Central Asia and several towns 1n the Can
casus are situated on alluvial fans

Mud laden torrents are combated by planting trees on
the slopes of river valleys building dams and so on

GEOLOGIC\L ACTION OF UNDERGROUND WATERS

Rocks and Their Relation to Water The rocks of which
the Earth s crust consists are not completelv <olid Each
contains pores and cavilies which act as receptacles for
mosture called underground water to distinguish 1t from
surface water The pores and cavities mtercommunicate so
that 1f there 18 a gradient_or hydrostatic head the water can
move 1n the rock from one cavity or pore to another

No two types of roch have the same capacity to let water
through therr pores Some for example pebbles gravel
sand fissured granites and cavernous Limestone have large
pores and let water through quite easily while others—
clay unfissured mar! unfissured crystalline schists and
hyaline rocks to name a few—have fine pores {micropores)
and are almost impermeable to water

A rock s ability to absorb water 1s cailed 1ts permea
biluy According to their permeability all rocks are class
fied as a) permeable rochs b) semi permeable rocks or
¢} water tight or water resisting rochs
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All p epmtic uncemented sedimentary rochs such as
pebbles gravel and sand as well as strongly fissured rochs
belong to the permeable group Argillaceous sand locss
peat and fissured marl can be considered as emi permeable
roche All hard unfissured crystalline rocks and al<o clay
a clistic uncemented rock, belong to the water resisting
group

Another 1important property of rochs 1s therr ability to
retain water

This property called morsture capacity 1s due to the
capillary and bygro copic structure of rochs according to
which they can be divided into the follewing three categories

1 Rochswith a high moisture eapacity (peat clay leam)

2 Nocks with a low moisture capacity (marl loess
argillaccous <andstone argillaceous sand)

Rocks with no moisture capaeity (1gneous and <ohd
<cdimentary rochs including fissured and loose [ragmental
rochs such as gravel and pebbles)

A roch s motsture capacity depends on the <ize of the
pores and cavities between its particles The fincr the pores
the greater 15 1ts moisture capacity and the lower 1t pcrmea
bility The explination for this 1s that the surface tension
films forming in the eapillary pores when a roch 1s <aturated
with water imprison the water partielis already in the pores
and at the same time present other watcr particles from
penetrating through the rock to the underlying strata

As an illusteation here are two examples

The voids between the pebbles in loo e cobble round

tone ¢an hold a rcdatively large quantity of water but
beeau e of the free drainage almo t all of 1t with the ex
ception of a =mall quantity that morstens the urface of
the pebble  runs off into the underlying strata That §s why

hingle and other permeable rocks have a high water yield

A diametncally diffirent picture 18 ob crved in clay
when its capillary pores are aturated with water Dry clay
with its ligh eapillary poro ity (up to 0O pcr ccnt) ab orbs
water rapidly and when itas aturated tecomes ampeorme
alle ticin ¢ of the colle al ke astance offercd to moving
water by the urface ten ton films that { «in on the boun
darte of the elayey tratum in the capillary pores That
explaies the low water y1eld of clay
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Clay's igh capillanity 1s due to the imbricated strue
ture of 1ts particles by virtue of which the pores between
these particles are shit shaped This reduces the cross sec
110m of the pores and increases the area of contact with water

The following gives an 1dea of how great the moisture
capacity of clay 1s 1t ranges from 40 to as high as 70 per
cent which means that a cubic metre of clay can absorb
and retain 0204 cubic metre of water and sometimes
even as much as 0 7 cubic metre

Origen of Ground W aters Ground waters oniginate 1o
various ways One 1s through the percolation (injiltration)
of ram or melting snow into the ground Ground waters
may also accumulate through seepage from natural (lakes
rivers) or arteficial (canals storage lakes) bodies

In some areas however the presence of ground waters
15 not due Lo percolation For example ground water oceurs
at a depth of <everal metres and sometimes several scores
of metres 1o deserts which have no precipitation throughout
the summer and where evaporation 13 very high More
often than not this water contains large quantities of miner
als and 1s not suitable for drinking Barkhans frequently
contain <mall quantiies of fresh water It 1s believed that
this fresh water owes 1ts omgin to the condensation of
vaporous mosture some of which 13 always present in the
atmosphere and 1n the air of the sotl

Air can hold only a definite quantity of moisture This
quantity depends on the temperature The higher the tem
perature of the mr the greatcr 1s the quantity of vaporous
moisture 1t can absorb At 0° C a fully saturated cubic
metre of air contains up to 4 5 grams of vaporous moisture
at 15 C 1t contains up to 42 7 grams and at 35 C up to
403 grams Usually air 1s somewhat undersaturated at
35 C desert air contains not more than half the normal
40 3 grams of vaporous moisture In other words under
saturation 1n deserts amounts to 20 grams 1 ¢ the air has
a relative humidity of 40 50 per cent On the other hand
because of the sharp difference betwecn day and mghi
temperatuns desert aw s oversaturated at might Tins
surplus moisture 1s hberated 10 the form of dew that
setiles on the ground dampening and frequently, pencirat

g 1t Some waier Which saturates the soil and recharges
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the ground watees s thus trlrased as the atr cools dunag
the night In deserts thenfore ground waters ofiginate
throttgh conden athion of the saporous nicistun in the aie
Con quently ¢ mdenestt nods another woutee of sub ueface
watere

Voleanie eruptions an feequently accompanied by the
ejcctton of watersagours Thicha given cientists grounds
for surmixing that in additicn to sarious gases the molten
ma s (magma) in the Darth contain water vapoure [t
kas beon sugiested that becau o of theie high temperature
(hundreda of deprees) encemous fre ure  and =aturation
with pa e« the hot vapours in the Forth rapidly dis ohve
minctal «ubstances They rive towards the upper layer
of the Farths & ceust i olving minecal sutstances on the
way Upon renching the cooler replon of the Farth s crust
thes sapours tuen to hot g a9 saturated water This water
cools as it moves towards the surface whete quite often it
is «till very hot and contains a larne quantity of mineral
unpurities This ts callcd magmatic or younc water Ground
waters arc to <ome extent rechargod through the dehy
deation of the watcr bearing mincrals in the 1arth s crust
Gy peum |Cad0, 21,0} for example contains 21 por cent of
water This water is hibcrated when the gyp um enters
the metamorphic zone and turns into anhydnte Mirabilie
NS0, 101,0) contains 56 per cont water I3 ja Jiborated
when mirabilite is dehydreated

Dipending upon natural condetions  the underground
waters in the differcnt regions owe their ongin to one or
several of tho abovo lactors

In practice howeser the water i cven the deepest
(two or three hilomctes) astilicial pats originated munly
through infiltration  Ihe quantily of young water and alo
water from condensation and dehydeation ts cvidently
very inconsidcrable

Infiltration and condensation watcrs are very closely
related to the motsture in the atmosphere and hydrosphere
These waters rotate constantly n one and the same cycle
As tho water of oceans =cas and other re emvoirs esapo
rates it charges clouds where 1t condenses and then falls
1n the form of rain or snow On the ground where 1t forms
streams and rivers fed by rain and melted snow and 1ce
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this water flows to reservoirs The water lost by reservoirs
1s thus continuously restored, 1e 1t goes through a defi
mte cycle Some of the water falling on the Earth s surface
evaporates, while another portion 1nfiltrates mto the
ground, where through subterrancan channels it hikewise
flows to reservowrs The latter portion of ground water
represents the subterranean branch of the gencral dramage
of atmospheric precipitation and 3s called tadose water to
distingumish 1t from young water which 15 of magmatic
origin

In some regions, owing to the climate 7580 per cent
of the annual precipitation 15 expended on the formation of
surface and ground waters while n other regions the same
amount 18 consumed by evaporation

Given the same or approximately the same climatic
conditions the quaniity of water absorbed through mnfil
tration varies from 10 to 30 per cent on different soils with
different gradients and vegetation

Moreover the quantity of rain and snow water that i
bltrates 1mto the ground depends on the permeability of
the so1l the type of vegetation the topography, the con
ditions under which rain and snow fall and under which
snow melts the position of the gradients and the season
In the mountain valleys of Central Asia for example up
to 40 45 per cent of the spring and autumn precipitation
wfiltrates 1nto the ground most of the winter precipitation
feeds the surface rum off, and the summer precipitation
evaporates

Classification of Ground Waters The conditions un
der which ground waters occur in the Farth s crust and the
quality of these waters are extraordinanly varied They
are therefore classified by the conditions under which they
occur and by their quality Let us examine ground waters
as cla sified by the conditions under which thev oceur

The prineipal clasufications are a) soil waters, b) sub
soil waters and ¢) middle or interstratal waters

Sotl waters occur at the Larth s surface They are -
fluenced by the seasonal changes of chimate 1n summer they
are heated with the result that they evaporate ntensively
in the runy sea on they saturate the soil turning it into
mud and in winter they freeze
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O— Their quality Uhendon under
SN Fore sharp rh)an”r* In fiany
Pm—” * atid eegicns the eml contamns
{:l safinn water  whrn the il
\_.“ drice thr salte crystallice and
§:_\ .t Drmanalkali fator~aftmar b
??'—T\\,,":'\,\ ey latipensmithese tve huml
SN ity the «ofl waters contun an
! T 77w abundaner ol or anic subatances
which gtve them theie yollow
Fiz o Sectlon of awell  brown colour
e ttavum F imp b en” | Sulsul waters occur at some
Nt m distance belaw the sutlace e
neath thom they hwve what e
called a watee readsting bed eon § ting of almo t dmper
meable rochs Most froquently the « areclhys clay bhurocke
monolithic limestones schistaand other rocks (Fig, 10)
Thus in cantrast to <oll watere an 1ndscation of subswil
waters o that they bave a water ecasting bod beneath them
Heeause of the moee or bt thiek layer of weterlss rok
separating from them the |aeth » wurface the o waters do
not have such a big amplitude of temperature changes ns
soil waters Where subsa)] watcrs occur at a dejthof everal
metres (with the excoption of the permafrost zonc) they
never freeze and thair tampeeature does ot how any
considerable drop on the othor hand they are not heated
so much in summcr as soll waters Ihat (s why <ubsotl
waters scem to be cool an summer and warm i winter
These waters dilfir greatly an quahity as woll Some
rochs contain vcry hittle oluble ubstanecs and the water
in them is fresh and coft (the watir 1a arcnaccous deposits
for (xample) On the other extrcme the sub o1l waters are
hard and brachish and o desert they are froquently salty
Brines [rom which common salt 15 produccd form where
ground waters percolato through rochs containing a large
quantity of halite and other cauly  oluble <ihis
The surfaco of subsotl waters 13 called the water table
The dipth at which this water table occurs rnges (rom
0 to 20 metres and over depending on the depth of the
walter resisting layer and the tlickness of the water satu
rated (water bearing) bed
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As we move from north to south we shall find a certamn
rregularity 1n the depth at which subsoil waters occur
For example in regions with excessive humidity these
waters lie very close to the surface there 15 an abundance
of subso1l waters 1n these regions and 1t 1s Iresh and contains
a large quantity of organic substances Farther south the
depth at which subsoil waters occur increases together
with the mineral content n them

Subso1l waters are observed 1n the alluvial deposits of
river valleys In these valleys they are undoubtedly fed by
river water 1n addition to precipitation and the mflow of
subsoil water from the slopes The quantity of these subsml
walers depends on the thichness and composition of the
alluvial deposits There 1s generally very hittle subsoil
water 1n the clay rich alluvial deposits of small rivers
In the valleys of the Volga the Dnieper and other big rivers
the alluvium 15 several tens of metres thick and consists
of arenaceous deposits under these conditions there 1s
an abundance of subseil water This abundance 1s linked
up with ancient glacial valleys consisting largely of quartz
sand and embracing vast expanses Onc of these 15 the valley
of the Yauza a tributary of the Moskva River The ancient
alluvial deposits of this river have for decades been yield
ing nearly 4 000 000 buchets of fresh water a day for Mos
cow

The subsoil water level varies considerably and 13 governed
by atmosphenic conditions the precipitalion regime the
surface run off regime the vegetation, and other factors

Water lying close to the surface 1s exposed to pollution
Subsoil waters have no hydrostatic head with the result
that when they are tapped they usually remain at ther
original depth

he surface conmtour of subsorl waters reproduces a

Smoothed variant of the Earth s surface relief and therefore
where the water tablc slopes they form a stream In rare
cases usually where the water resisting bed subsides there
are sections with stagnant water these sections are called
subsoi1l water basins

Subsoil water emerges to the surface in the form of gravity
springs where the water bearing bed 1s intersected by a
valley or truncated by the shore of a sea or lake The surface
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of the underground flow descends gradually in the direction
of the discharge and forms a depression surface

This surface may be inclined towards or eway from the
basin (Fig 56) In the first cace the surface waters re fed
by the ground waters and in the second—the ground waters
are fed by the surface waters

V11007 7 7

Fig 56 Depression surface
a) river fed by ground waters L} niver fed ground waters

The relation between the level of sub o1l water and that
of the rivers mainly depends on the chmate In a humid
and temperate chimate the rivers are fed by subsoil waters
while 1n regions with a dry chimate the reverse 1s observed
1e the ubsoil waters are fed by rivers It must be noted
that man greatly nfluences the relation betwecn the level
of subsoil and of surface waters

The difference between middle (interstratal) uaters and
subsoil waters 1s that they have a water resisting roof (con
fining bed) above them This prevents the surface waters
{ramn snow and river water) from 1nfiltrating down to the
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level of the middle waters (Fig 57) Conscquently, m
contrast to ground waters whose alumentation region 1s
usually Jocaled near by the alumentation region of middle
waters may sometimes be hundreds of kilomctres away

Interstratal aquafers may be tapped 1 a river valley
or a deep ravine where water will flow 1n separate Jets

Fig o7 Diagram of artesian walers
I--wnater resisting bed f—water bearlog bed

{springs) or i a continuous stream {Fig 58) Here the
underground water flows from the alimentation region to
the river valley along the inchined surface of s water~
resisting bed this 1s called descending waler In so far as
1 15 farther from the Earth s surface than ground water
s lemperature 1s more constant than the latter s In wells
reaching down to this
water the apnual tem
perature does not fluc
tuate more  than
12 C The quality of
mterstratal  descend
mg water depends on
the quantity of easily
soluble salts m the
water beanng  rock
throvghwhichthiswa
ter flows Intersirat
al waters may thus
be soft hard or salty

In <ome cases the
;;uerslru(a‘ll agmier
as po  datech dis
chatge Water accw Tig 58 Coxu';l)uplgg:smux:iﬁ;sh\ch springs
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mulates mat filling 1t up to the levelof the confining bed and
asaresult develops a hydrostatic head The magnitude of the
head depends on how much bigger the alimentation regron
of an aquifer 1s than the discharge arca of the interstratal

Fig o2 A gushing artestan well

water Ifawell cuts through the confinming bed and reaches
the interstratal water the water in this well wall rise as
far as the hydrostatic bead pernuts Where the surface
topography 1s favourable the water will rise to the surface
or ¢ven gush out

An arte 1an* well (Fig 59) 1s one where water 11 es by

* From Artesium (Artois) a regien 1o the north of France where
bead waters were studied wn detasl for the first time
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hydrostatic pre sure and an interstratal water Jevel with
a'head 1s called an artesian water bearing bed A down
varped stratification 15 the most favourable for the forma
tion of artes1an waters

The alimentation and propagation areas of interstratal
waters form artesian basins There are many of these basins
m the European part of the USSR the most developed
being the Moscow Dnieper Don and Black Sea basins

Many industrial and communal enterprises use artesian
water which, coming from deep levels 1s free from bacterta
and other orgamic pollution

A characternistic feature 15 that 1n all artesian basins
deep seated aquifers contain the saltiest water For example,
near Moscow water bearing beds in carboniferous depasits
at a depth of 300 metres yield fresh artesian water Beds
lymg 1 Devomian deposiis at a depth of 500 600 metres
yield brachish water which 1s sometimes used as mineral
water and beds occurring at a depth of 1,500 metres yield
?rme with a common salt content of 275 grams a
1tre

A number of Tactors govern the mineral content of under
ground waters and the change of this content with depth
The first 1s that in 11s path water encounters various more or
less eanly soluble mineral masses the <econd 1s that the
water s abihity to dissolve minerals depends on the tem
perature the pre sure and also the content of gases and
salts 1 1t For example a litre of water containing no
carbon dioxide can dissolve only a tenth of a gram of calcite
if this same quantity of water 1s saturated with carbon
diovade 1t will dis olve a two or three times larger quantity
of calcite Water saturated with carbon dioxide can there
fore di solve quite a large quantity of limestone s 1t per
eolates through ths roch However somo of the caleite
diseolved 1n water will be precipitated 1f the carbon dioxide
evaporates

Hot Mineral Springs Aswe have already pointed out
the temperature of underground waters depends on how
deep they lie The temperature of ground watirs occurring
close 1o the Earth s surface undergoes <casonal changes

The temperature of deep <eated waters 1s mote qv less
constant
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Water with a temperature of up to 20° C 1s called cold
of from 20 to 42° C warm and of over 42 C hot

Hot waters nise to the Earth s surface from great depths
and most frequently occur nmear volecanic foct (active or
extinct) Geysers hot springs which at regular or irregular
intervals throw a jet of hot water and steam 1nto the air
are linked up with volcanic foct

However the high temperature of a spring 15 not alw1ys
evidence of 1ts association with magmatic chambers Waters
of surface origin that reach deep levels and then rise to
the <urface again are frequently heated by the general
mcrease of temperature with depth

The temperature of hot springs 1s constant and does not
depend on the ceason But this temperature 1s not uniform
at Goryachevodsk 1n the Caucasus the temperature of the
hot springs 1s from 44 to 80 C at Pyatigorshk from 27 to
51° C at Zheleznovodsk 44 C and of the Arasan Spring
1 the Angren Basin (Tien Shan) 395 C

The depth of a spring opening can be calculated by the
geothermal gradient Springs in which the water has a
temperature of 80 C for example should rise from a
depth of at least 3 500 metres The original temperature
of this water would probably be aver 100 C because as
water rises to the surface 1t loses part of its heat to the
cooler rocks around 1t

If muneralised water 1s evaporated 1n a porcelamn cup
1t will leave a dense residue It 1s usually dried at a tem
perature of 105 110 C and expressed 1n grams or milligrams
of dense or dry residue per hitre of water

Vernadshy suggested grouping waters as follows accord
g to therr degree of mineralisation fresh water—up to
a gram of den e residue per hitre <aline water—1 50 grams
per litre and brine—over 50 grams per litre Fresh water
15 subdivided 1nto hard (0 25-1 gram of den e residue per
litre) and oft (It s than 0 25 gram of den e residue per litre)
water

Ground Waters in the Pernafrost Zon In perpetu
ally frozen ground the temperature has been negative over
a <ustmned period of many decades Permafrost oceurs 1
regions with a ubzero mean annual temperature and 19
due to the fact that the bod rocks bengath 1t freeze 1n winter
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and, with the exception of the upper part called the active
layer, do not thaw out in summer

The occurrence of ground waters 1 the permafrost zone
depends not so much on the composition of the rocks as on
the degree to which these rocks are frozen permafrost
layers are impermeable and this feads to a unique circula
tion of ground waters

N Tolstihhin has subdivided the ground waters of the
permafrost zone into the following three categories 1) super
permafrost, 2) interpermafrost and 3) infrapermafrost

Superpermafrost waters which are confined to the active
layer can be regarded as ground waters They are re
charged by precipitation, percolation of surface water
and subfeeding from the deeper aguifers

These waters depend on seasonal freering and melting
Their mineral content 1s low but they contain a large quan
uty of organie material They cannot be recommended for
drinking because organic substances decompose in them

Superpcrmafrost waters expand when they freeze and the
resullant tremendous pressure forces compliant ground to
bulge and form hydrolaccolith contaiming hummochs When
these hummocks™ burst part of the water m them pours
out and forms bodies of 1ce This deformation of the ground
has to be taken into account dumng building

Interpermatrost and infrapermafroot waters do not freeze,
this being due to the excellent permeability of the rocks
the discharge of thermal water from lower lymg levels
and their location beneath rivers and lakes These waters
bave an unchanging regime and are pure and this makes
them important as a source of supply for the Ussuri and
Transbaikal railways

Movement of Ground Waters Ground waters generally
move many times slower than surface waters, averaging
051 metre o day

Their rate of advance depends on the size of the pores 1
rocks (the rate of movement 1s faster through rocks with
large pores) the hydraulic gradient of the carrier rocks
the distance they travel and the temperature which gov
erns their viscosity In poorly permeable rocks water
takes months to travel a distance of a few hundred metres
This explams why dry years affect the discharge of springs
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Water with a temperature of up to 20° C 1s called cold
of from 20 to 42° C warm and of over 42 C hot

Hot waters nise to the Earth s surface from great depths
and most [requently occur near volcamic foer (active or
extinct) Geysers hot springs which at regular or 1rregular
intervals throw a jet of hot water and steam 1nto the air
are linked up with volcanic foct

However the high temperature of a spring 1s not always
evidence of 1ts association with magmatic chambers Waters
of surface origin that reach deep levels and then nise to
the surface agan are frequently heated by the general
wncrease of temperature with depth

The temperature of hot springs 1s constant 1nd does not
depend on the scason But this temperature 1s not umform
at Goryachevodsh m the Crucasus the temperature of the
hot springs is from 44 to 80° C at Pyatigorsk from 27 to
51 C at Zhcleznovodsk 44° C and of the Arasan Spring
in the Angren Basin (Tien Shan) 39 5° C

The depth of a spring opening can be calculated by the
geothermal gradient Springs in which the water has a
temperature of 80 C for example should rie from a
depth of at least 3 500 metres The orginal temperature
of this water would probably be over 100° C because as
water rises to the surface 1t loses part of 1ts heat to the
cooler rocls around 1t

1f mineralised water 1s evaporated mn a_porcelam cup
1t will leave a dense residue It 1s usually dried at a tem
perature of 105 110° C and expressed 1n grams or milligrams
of dense or dry residue per Irtre of water

Vernadshy suggested grouping waters as follows accord
g to their degree of minerahisation fresh water—up to
a gram of den<e residue per htre saline water—1 50 grams
per htre and brine—over 50 grams per litre Fresh water
15 subdivided 1nto bhard (0 251 gram of dense residue per
Iitre} and soft (less than 0 25 gram of dense residue per litre)
water

Ground Waters in the Permafrost Zon» In perpctu
ally frozen ground the temperature has been negative over
a sustained period of many decades Permafrost occurs 1n
regions with a subzero mean annual temperature and 15
due to the fact that the bed rocks beneath 1t frecze 1n winter
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and, with the exception of the upper part called the active
layer do not thaw out in Summer

The occurrence of ground waters in the permafrost zone
depends not so much on the composition of the rocks as on
the degree to which these rocks are frozen permafrost
layers are impermeable and this leads to a umgue circula
tion of ground waters

N Tolstikhin has subdivided the ground waters of the
permalrost zone 1nto the following three categories 1) super
permafrost 2) interpermafrost and 3) infrapermafrost

Superpermafrost waters which are confined to the active
layer can be regarded as ground waters They are re
charged by precipitation, percolation of surface water
and subfeedmg from the deeper aquifers

These waters depend on seasonal freezing and melting
Their mineral content 1s Jow but they contain a large quan
tily of organic material They cannot be recommended for
drinking because orgamic substances decompose in them

Superpermafrost waters expand when they freeze and the
resuliant tremendous pressure forces compliamt ground to
bulge and form hydrolaccolith contaiming bummocks When
these hummochs” burst part of the water in them pours
out and forms bodies of 1ce This deformation of the ground
bas to be taken into account during bwilding

Interpermafrost and infrapermafrost waters do not frecze,
this being due to the excellent permeability of the rocks
the discharge of thermal water from lower lying levels
end their location benesth rivers and lahes These waters
have an unchanging regime and are pure and this makes
them important as a source of supply for the Ussuri and
Transbaikal railways

Movement of Ground Waters Ground waters generally
move many times slower than surface waters averaging
051 metre a day
Their ratc of advanco depends on the size of the pores 1n
rocks (the rate of movement 15 faster through rocks with
large pores) the hydraulie gradient of the carrier Tocks,
the distance they travel and the temperature which gy
eris their viscosity In poorly permeable rochs wg,
,tlf;\ll\es months to travel a distance of a few hupgreg metiesr

s explains why dry years affect the discharge of sprungs
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Water with a temperature of up to 20° C 13 called cold
of from 20 to 42° C warm and of over 42°C hot

Hot waters rise to the Earth s surface from great depths
and most frequently occur near volcanic foct (active or
extinct) Geysers hot springs whick at regular or irregular
intervals throw a jet of hot water and steam 1nto the ar
are linked up with velcame foc:

However the high temperature of a spring 1s not always
evidence of 1ts association with magmatic chambers Vaters
of surface ongin that reach deep levels and then nise to
the surface again are frequently heated by the general
cerease of temperature with depth

The temperature of hot springs 1s constant and does not
depend on the scason But this temperature 1s not umiform
at Goryachevodsk in the Caucasus the temperature of the
hot springs 1s from 44 to 80° C at Pyatigorsh from 27 to
51° C at Zheleznovodsk 44 C and of the Artsan Spring
n the Angren Basin (Tien Shan) 39 5° C

The depth of a spring openng can be calculated by the
geothermal gradient Springs 1n which the water has a
temperature of 80° C for example should nse from 2
depth of at least 3 500 metres The oniginal temperature
of this water would probably be over 100° C because as
water rises to the surface 1t loses part of 1ts heat to the
cooler rocls around 1t

If mincralised water 1s evaporated m a porcelan cup
1t will leave a dense residue It 1s usually dried at 2 tem
perature of 105 110° C and expressed n grams or milligrams
of dense or dry residue per litre of water

Vernadsky suggested grouping waters as follows accord
g to therr degree of mineralisation fresh water—up to
a gram of den<e residue per litre sahine water—1 50 grams
per hitre and brine—over 50 grams per hitre Fresh water
1s subdivided 1nto hard (0 251 gram of dence residue per
Iitre) and soft (less than O 25 gram of dense residue per litre}
water

Ground Waters in the Permafrost Zon. In perpetu
ally frozen ground the temperature has been negative over
a sustained period of many decades Permafrost occurs 1n
tegions with 4 subzero mean annual temperature 2nd 1S
due to the fact that the bed rochs beneath 1t freeze 1n winter
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and with the exception of the upper part called the active
tayer, do not thaw out 1n summer

The occurrence of ground waters 1n the permafrost zone
dopends not so much on the composition of the rocks as on
the degree to which these rocks are frozen permafrost
layers are smpermeable and this leads to a umigue circula-
tion of ground waters

N Tolstibhin has subdivided the ground waters of the
permafrost zone into the following three categortes 1) super-
permafrost, 2) interpermalrost and 3) infrapermalrost

Superpermalrost waters which are confined to the active
layer can be regarded as ground waters They are re-
charged by precipitation  percolation of surface water
and subfecding from the deeper aguiiers

These waters depend on seasonal freezing and melting
Their mineral content 1s low but they contain 1 large quan
ity of organic material They cannot be recommended for
drinking because organic substances decompose 1n them

Superpermafrost waters expand when they freeze and the
resullant tremendous pressure forces comphant ground to
bulge and form hydrolaccolith contaimng hummocks When
these hummochs burst part of the water in them pours
out and forms bodies of 1ce This deformation of the ground
has to be taken into account during building

Interpermatrost and infrapermalrost waters do not freeze,
this being due to the excellent permeability of the rocks
thy discharge of thermal water from lower lying levels,
and their location beneath mvers and lakes These waters
have an unchanging regime and are pure and this makes
them important as a source of supply for the Ussur and
Transbaikal railways

Movement of Ground Waters Ground waters
move many times slower than s
051 metre a day

Their rate of advance de
rocks (the rate of movem.
large pores) the hydraul

generally
urface waters averaging

pends on the size of the pores 1n
ent 15dias(er through rocks with
1c gradien

the distance they trave! andg theete"m(;xiergﬁrgaélﬁf:hmds

erns their viscostty In poorly permeable rochs S

tahes months to travel a distance of a fow hundred choty
Thus explains why dry years aflect the dnschﬂrge of Isr;er'l;egss
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only aftee ten or tacdse monthe Despite this alow rate of
advance the waters perform a difinite and <ometimes
sery appreciable geological function as they pereolate
through roche In this respect they may be regrrded as
a roch destroyang and also a roch forming agent

The destructive actittty of ground wualers (suffosion)
mansfests ftsclf in the dissolution of roche mechanical
crosion and evacuation of eroded particles

Unlike river water ground waters are steongly charged
with mineral matter <omctimes reaching the consistency
of brine

The water solubility of munerals or rocks varies The
muinerals that dissolve easily (hundreds of grams per hitre
of water) include roch <alt <odium carbonate and sodium
sulphate That 1s why rock ealt deposits only occur in areas
where they are protected by impermeable beds (clays)

Gypsum and anhydrite are considered as medium <o
luble 1e¢ one part dissolves in 380 550 parts ol water
I imestone and dolomite do not dis<olve teadily at normal
temperature and pressure it tahes { 000 3000 parts of
water to dissolve one part of lunestone Quartz feldspar
and micn are practieally insoluble

Gases {carbon dioude oxygen  hydrogen <ulphide
methane and <o on) hhewise dissolve in water Water
becomes enriched wath carbon diovide as 1t percolates
through a humus rich vegctative layer The presence of
carbon dioxide in water tncreases the sotubthity of himestone
two or three times The organte substances in water act as
reducing agents of vartous mineral compounds

Water contamming oxjygen carbon dioxide and inerganic
and organic substances 1s thus a powerful geological factor
which 1n the cour e of time no roch can resist

The entiro range of geological phenomena linked up
with the partial disselution and erosion of rochs and the
formation of sink holes in them 1s called Aar<t® and tho
arcas where these phenomena develop are called harst
regions Gypsum and himestone aro exposed to inten ive
Larst and leaching may proceed simultancously from the

* Named alter the Rarst limestone district of the Dinaric Alps
near the Adriatic coast of Y ugoslavia
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surface and from within, where there are pores [issurcs
tracks and so forth The curface of hmestone 1s leached by
jets of streaming rain or snow water which produces a
sertes of more or less parallel furrows The-e furrows called

Z\\allo\\ holes (Fig 60), are sometimes tens of centimetres
eep

Fig 60 Swallow holes on himestone in a 1arsi region

The water streaming down the surface of limestone finds
& fissure 1 1t penetrates mto the rock through this fis
sure and carves out a kind of well or cave by dissolving the
fock This well 1s approached through a funnel like hollow
The water accumulating m this hollow called a sink
hole streams into the well

S 1t moves in the limestone water discolves the rock

In 1ts path hewing out sinhs and channcls thus giving
:;158 to subterranean streams with tributaries Some of
ese streams break through to the surface where they
E;Ve birth to harst springs Depending on the size of the
alimentation area and on the precipitation some karst
Springs have a very high output Small mills and power
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stations are sometimes built over them A single harst
spring can be used to wrrigate a land area of over a thousand
hectares

Scasonal changes of the quantity of water 1n Larst springs
are observed where the alimentation arca of a harst region 13
small After a thaw harst springs frequently yield large
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Fig 61 Diagram of a cave in which ice accumulates

quantities of water which decrease sharply 1f the summer
1s dry An example of this are the springs round Lenmgrad
1o spring they yileld several miilions of buckets of water,
and n winter the yield drops to about 40 000 buchets

The largest karst caves 1n the Soviet Union are the Chatyr
Dag caves m the Crimea the Barnukov Cave 1 Gorky
Regron the Kutaisi Caves 1n the Caucasus the Nizhne
udinsh Cave 1n Siberia the Tuya Muyun Aravan Kkarama
zar and Ugam caves m Central Asia and tho Teshik Tash
Cave near Termez

The 250 hilometre long Mammoth Cave in North America
1s the biggest harst cave tn the world It consists of pumer
ous paseages and galleries some of which are arranged 10
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several storeys the
highest being 300 me
tres A rniver flows
through the cave and
there are several
lakes

Some larst caves
are_more or less filled
with 1ce (F1g 61) Ice
fills caves that have
gradually descending
passages because of Tig 62 Section of a land hde
the cold air that accu 1—permeable beds —fmpermeapie beds
mulates 1n them Tn
winter these cavesfreeze and then i spring vapour and wat
er gets 1nto them and also freeze But because cold ar 1s
heavier than warm air there 15 no exchange and the cold
ar remains stagnant

There are 1ce filled caves near Kmibyshev The Kungur
Cave 1n the Urals merits special attention It 15 the longest
gypsum cave wm the Soviet Union and the second longest
i the world Located on the mght bank of the Silva
River near the town of hungur 1t has more than a hundred
grottoes and passages with a total length of 4 G kilome
tres In 1t there are 36 lakes mcluding 19 big ones The
biggest bas an area of 200 sguare metres The lahes
ZYZ 5sl'::nue?.res deep, and the temperature of the water 1s

harst processes are also observed 1n loess and loam and
to distinguish them from karst processes 1m limestone and
Eypsum they are called clay or small karst They are very
widespread m the hopet-Dag Mountams

Landslides and rock avalanches along the sides of rivers
lakes and seas where underground waters rise to the surface
are another mamfestation of suffosion

Landslides occur most frequently on slopes consisting of
beds of permeable and impermeable rock (Fig 62) The
surface of the impermeable bed 1s soahed and becomes
shippery with the result that under the 1nfluence of various

externil factors the beds overlying 1t break away and
slip_down

n



Landshdes may be caused by earthquakes heavy rams
that imerease the weight of the beds resting on an imper~
meable layer erosion of a slope by a river or sea and also
by mans activity (inexpert watering of orchards and
vegetable fields carcless discharge of surplus water over
loading by heavy structures and so forth) (Fig 63)

Landshides also occur among bedrocks when the follow
ing conditions obtun 1) layers and fissures sloping 1n
the same direction as the valley 2) abundant ground water
3) an impermeable bed with permeable beds above 1t In
argillaceous and arenacecous argillaceous rochs there may
be landshdes 1f the bedrocks are horizontal as well There
may be landshdes even if the rock strata have a reverse
gradient dipping deep 1nto a slope

Frequently landshdes cause changes mn the bedding of
rocks twisting 1t and miving rocks 1o form repetitiens of
the same strata on slopes

There have been cases of landshides carrying away large
portions of a river bank several kilometres long and hundreds

Fig 63 Ruver bank landslide



of Wilometres wide together with forests orchards and
buldings The enormous damage caused by such landshdes
makes 1t necessary to tahe special measurcs

One of the prinupal ways of preventing landshdes 18
to control surface waters drain undcrground waturs and
conduct esrthwork correctly

Fig 64 Stalactites and stalagmites

Constructive Artivity of Ground Waters Water be
comes mineralised as 1t dissolves mimeral masses Itstops dis
solving minerals only when 1t 15 saturated with mneral salts
f 1t 15 oversaturated, 1t has to precipitate some of these
salts Salts that are hard to dissolve are precipitated first

As water _eeps through and dissolves limestone 3t forms
caleium bicarbonate (Ca(HCO;),]1 which when the solution
evaporates and releases CO 15 readily precipitated as
aragonite The conditions obtaining 1n karst caves stimu-
Tate the precipitation of calcium bicarbonate from solutions
miiltrating 1nto these caves That s why the water trickling
down the walls of karst caves coats them with <inter and
deposits mineral matter on the ceiling and the floor These
column hike deposits are called stalactites and stalagmites
(Fig 64)
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A stalactite 15 a deposit hanging from the caling of a
cave and 1n appearance much resembling an 1cicle Drops
of water percolate through a bed of limestone evaporate
and leave behind the salt they had dissolved These drops
usually trickle down the side of a node on the ceiling where
the water dripping through the roch pores evaporates more
ntensively than elsewhere Grains of calcium carbonate
and of calute gradually accumulate m this way If the
quantity of percoliting water 1s large enough a part of
the drops fall to the floor of the cave and also evaporate
The deposit left by these drops grows upwards and 1s called
a stalagmite Respectively growing from the ceiling and
the floor the stalactites and stalagmites frequently join
to form a pillar supporting the roof of the cave A karst
cave can thus be filled and cemented The growth and fill
ing up of a harst cave 1s a very long process Thero are
caves completely filled with mineral matenal

Calcium carborate which forms fufa (traverfing) 15 fre-
quently precipitated where water saturated with carbon
dioxide breahs through to the surfsce Minerals may be
deposited 1n fissures in rochs When that happens the fissures
and voids between grains are filled with material matter
calcite for example which cements the rock

Minerals may also be deposited when therc 1s a drop 1n
the temperature of the water which dissolved them Gas
saturated water rising from a great depth where the tem
perature 1s high precipstates some of the mineral matter
10 1t when 1t reaches the cold upper layers This mmneral
matter fills and cements the fissures and pores 1n rochs

If the process by which water deposits salts goes on
for a long time all vouds become filled with cementing
mineral matter In this way for example and turns into
<andstone fissured rocks are welded and mineral veins form in
fissures Hydrothermal deposits of ore (silver lead copper
gold 1ron zinc lead and other metals) may form because
the <alts discolved in water may include metallic <alts

Stliceous sinter (geyserite) precipitated by watcr satu
rated with silicic acad 15 a widespread mineral deposited
by hot underground waters In addition to tufa and 1h
ceous nter spring waters precipitate large quantities of
brown 1ron ore (limonite) for which there 1s a big demand
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Mention must al<o be made of dendntes which are arbo
rescent deposits of ferric and manganese oxades laid on strat-
fication and cleavage planes

The water circulating in the Earth s crust thus transports
various muneral compounds from one region to another
thereby acting as an agent for the migralion of mrneral
masses

Fig 8o Section of a kanz
1—{mpermeable Jayers 2—permeable 3nd Water bearing beds 3—mouth

Practical Importance of Ground Waters A study of
ground waters 15 of importance buth to theory and practice
From time immemorial these waters have been used for
drinking and for irnigation This 15 borne out by the deep
(100 metres and over) ancient wells along the caravan routes
1o Central Asta and also by harizes which are horizontal
l{llnder(glreund gallertes carrying ground water by gravity

oW ig

Ground—thermal thermo mineral and thermo perated—
‘Waters are of great balneclogical importance Where they
contain adequate quantities of minerals they can be used
as a raw material for the production of varous salts

SNOW AND ICE AS GEOLOGICAL AGENTS

Snow and 1ce are linked up with defimte chimatic conda
tions A <now and 1ce cover can only form 1f there 1s abun
dant precipitation and 1f mo.t of 1t falls in the form of snow
To exist snow requires subzera temperatures and therefare
W can only accumulate n crastal areas with a negative
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Ihetecmenden perd o <now avalanches starts o poser
fu) eyelinic tiotion tn the air whicls uprools e move
beap ol toeke and tran ports products of weatberng
Froquently avalanches a sume e proportions of calai
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Avalanches are such n calamity that special obscrvation
posts have to be orgamised, barriers constructed 1n thewr
path or measures tahen to destroy them There 1s a special
avalanche forecasting service

To give an idea of how frequently avalanches occur we
cite S holesmik s figurcs for the Savoy Alps

1903 0+ £48 1907 0% 638
1904 0> 517 130% 09 740
19> 06 672 190} 10 B4a
1506 07 87 1911 12 530

Year after year most avalanches roll down along regular
channels

Geological Activaty of Ice

Types of Glaciers Glaciers occur 1 polar regions where
the snow line comes down to sea level or 1n ngh mountain
regions remote from the poles The arca under glaciers 1s
not conmstant varying with changes 1n the chimate At
present ten por cent of the Carth s land area 1s under gla
cier 05 per cent of the glacier area 1s 1 high mountams
and 995 per cent 1 the polar regions

Glaciers differ 1n size and the position occupied by them
depends on the relief the elevation and the precipitation
Tahing these factors into account glaciers are (lassified
into three principal types 1) mountamn (Alpine type)
2) lighland (Scandinavian type) and 3) ice caps or conti-
nental glaciers (Greenland type) 71he first and second types
occupy Y8 5 per cent of the total area under glaciers

Mountain glaciers are relatively small They lie on the
summit of mountains (stellate glaciers) occupy swallow
holes on mountain slopes {corrie and hapging glaciers) or
move down the floor of valleys (valley glaciers) Glaciers
of this type occur 1 the Caucasus the Tien Shan the
Pamurs the Altai Mountains and the Alps (Fig 68)

In the Caucasus modern glaciation occupies an arca of
197 squarc hilometres 1460 square hilometres of Lhis
arca are on Lhe northern slope  According to data provided

y 8 Solovyoy the longest glaciers in the Cautasus are
the DyLh Su (15 28 Lilometres} the haragum (14 94 kilo
metres) the Bezingt (13 61 kilometres) which lie on the
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northern slope ard the Lehzgr (13 65 kilometres), which
Lies on the southern slope In the Soviet Union the longest
glaciers are n Central Asia Fedchenko Glacier 1o the
Pamurs (77 kilometres) and Inylchek Glacier in the Tien
Shan (80 kilemetres) In Central Asta 11000 <quare kilo
metres aro under glaciers

Fig 68 Devdorak Glaeter Mount hazhek

Highland glaciers form on mountatns with flat summits
which are covered by a solid sheet of ice There are many of
these glaciers in the S andiravian Mountains There 1s 8
certatn symilarity between Lhese and cap glaciers on voleanic
cones The latter are observed on mounts Elbrus (the Cauca
sus) Milimanjaro (Africa) and Iiiyuchevshaya (hamchztha)

Continental glatiers occur 1n the polar regions where
they occupy vast arcas (in the Antarctic Greenland Spits
bergen and other regions) Conlinenial ice caps have &
<lucld shaped  urface and are scmewhat elevated in the
centre These glaciers are very thuk In its centre the
Greenland Glacicr 1s at lcast 3 C00 mctres thiek The ice
fans out [rom Lhe centre and descends to the sea as separate
thick tongues The ice breaks as i1t enters the sea and comes
to the surface 1n tho form of icebergs
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Formation of Glacters In many cases particularly 1o
mountain glaciers 1ce 1s transformed snow As a great
mass of snow aceurmnulates 1t solidifies under its own pressure
Its surface melts 1n the sun during the day and freczes at
night (even 1n summer} These alternating processes turn
the snow 1nto granular ice or neve

Neve has a different structure than smow each gramn
representing several accrcted erystals of 1ce These accreted
crystals are small 1 the upper layers but become bigger
with depth reaching a size of 100 cubic millimetres at a
depth of five or s1x metres

Neve 1s also nourished by mountain hoarfrost or glazed
frost precipitated on the windward slopes of mountamn
puaks This hoarfrost forms in the following way When
humid air comes nto contact with the frozen slopes 1t forms
a solid one or two metres thick crust which breaks away
under 1ts own weight and falls on the neve surface

In some regions neve fields arc nourished by snow ava
lanches born higher up 1n the mountains

Near the surface neve frequently alternates with snow
Lover down the snow disappears and neve alternates with
layers of sohd 1ce

Neve basins usually have a concave floor resemblmg a
flat bowl In them smow turns into meve as 1t sobidifies
and then mto glacial 1ce which 1s es.entially different from
the iee that forms on the surface of water basins The latter
has a density of 0917, glacial ice 0909 and neve from
02ta 04

Glaciers form through the accumulation of neve i the
course of many centuries and possibly mullenniums
Neve whose lower portion has turned 1nto glacial ice over-
fills the corrie and because of its plastieity moves downhill
?lll;hl\ﬁrs descending along mountain valleys emerge 1n

Wy

A néve basin 1s thus the alimentation arca of a glacier
Masses of snow continuously accumulate 1n 1t and gradually
turn into glacial ice The body of a glacier ends 1n a tongue
al the exit from the valley

Movemcnt of Glaciers Tee moves likea plastic substance

i¢ rate of movement of a glacser 15 1n general not high
from several tens of nallimetres to several tens of centime-
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tres a day rarely reaching
115 metres a day  Con
tinental glaciers travel at
a rate of up to 2040 me
tres a day ~ This rate of
movement depends on the
size of the 1ce mass and the
gradient of the floor of
the valley along winch the
glacter moves The rate of
movement of a glacier can
Fig 69 Cross section of glacial be determined by various
valleys methods The simplest 1s
foexrted viievinshoulden) 2—val, to place several large col
twice (melen 1 ted Jshen) avaliey oured stones across the
e wheh cutitsway glacial stream and to ob
serve how they move downhill together with the glacier
It has been estiblished that the centre of a glacier moves
at a higher rate than its marging
As a glacier moves down a valley it loses part of its ie
through melting and cvaporation  The lower 1t descends
the more 1ce 1s expended and 2 point can be reached where
the amount of ice melting equals the supply from above
A glauer cannot advance beyond such a pont but masses
of 1wce will continue to move
Glacial Activity * A glacier performs geological func
tions as 1t moves down a valley 1t abrades the floor of the
valley by 1ts own woight digs hettle holes with the boulders
mmprisoned 1 1ts bottom smooths out steep contours and
gives the valley through which it moves the shape of a
trough (Figs 69 70) The more roch waste a glacier carries
and the fa ter 15 1ts rate of movement the more intensive
its abrasive actistty  Gramtes and other hard rochs are
polished and all protuberances on them are smoothed out
On the other hand looser rocks are ploughed by glaciers
hence the term glactal ploughing or esaration
The malerial that breaks away after 1t 1s ploughcd up
by a glacier or that has fallen from mountain <lopes 1s trans

* The physical and georraphical study of glaciers 1s the subject of
special scince called” glaciology
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ig 70 Descending tongues (medial moralnes can be seen
on the large glacier)

ported by the glacier and deposited either along its entire
route or at 1ts terminus

The rock debris carried and deposited by glaciers 1s
callel moraine There are dafferent types of moraine lower
locate ! 1n the lower part of a glacier lateral located along
the edges of a glacier and infernal which 1s carried 1n the
body of the glaciee All these are moving types The debris
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deposited by a glacial tongue where 1t melts after having
been stationary for some time 1s called ferminal moratne
and the debris scattered 1n the ice near the glacier floor 1s
called ground moratne (Fig

Several glacial tongues frequently merge in the upper
reaches of mountain valleys When this happens the largest

k7
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Fig 71 Top view (1) and scction (1) of a glacter

2—ground moraine  —I| ter | morvine 3-—medial moralne
4—tern Inal moraine

becomes the principal tongue In some cases the principal
glacter 1s so big and so deeply cut into the valley that
the lateral glaciers supertmpose themselves on 1t When
confluent glaciers are approvimately of the same size
they merge along thetr sides The edges of each glacier carry
lateral moraine which when the two glaciers merge like
wise umte to form medial moraine

Ve can tell how many glaciers have umted by the num
ber of medial moraines plus one Thus f there are threo
parallel medial morames on the surface of a glacier 1t
chows that four glacial strcams Lal merged

Terminal moraine releases tts dnft loal which forma
longitudinal and transveral ridges At the point where tho
glacter melts the surlace internal and lower moraincs
form transver<al ridges and the medial and lateral moraines
longitudinal ridges A cup hke depression  often occupied
by a lake forms between the ridge of terminal moraine and
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the tip of the glacial tongue 1n the period when the glacier
retreats When a glacier advances 1t shifts the termina}
morawno farther down the valley, or, 1f the moraine ridge
18 very big moves over 1t

Externally, moraine 1s an unsorted mixture of varous
materials—clay sand rock debrs pebbles and sometimes
whole rock fragments (morame loam and clay)

Many of the valleys through which glaciers move are
tortuous and the floors may be flat or steep In its advance
a glacier alnays hugs the convex sule of the valley, with
the result that that 1s where the most intensive ploughing
takes place If there are rock obstacles on the iloor of a

PPN
&l
P
P

L owl
]
¢4

e

EP v

‘%

‘.‘
et

l
%

Fig 72 Ronski Glacier

valley the ice because 1t 1s brittle breaks into slabs
which form crevasses running across the valley Depending
on the stcepness of the gradient and the thuckness of the
1ce these crevasses may be very wide and deep Such sec-
tions are absolutely impassable (Fig 72) When a glacier
reaches an area with a gentler gradient the crevasses close
and tho surface becomes smoolh again

185



Fiuwvoglacial Deposits Meltingice ginesnse tostreams
which form a whole system of currents and jets beneath
the body of the glacier

A cave or grotto sometimes a very ig onc forms at the
terminus of a glacier where these streams issue  When
there 1s Little water 1n these streams it 1s possible to walk
quite far up the valley under the 1ce But powerful streams
frequently flon from under the ice partieularly n the
latter half of the summer As the temperature of the air
drops the melling process slachens Lhe strcams become
shallow and then disappear completely as winter ap
proaches

Glacaial mlls or fluvioglacial streams as they are called
erode the moraimes and at the same time sort out the
morainal material During the warm period of the ycar
these streams reach the height of Lheir power their eroding
activity proceeds very intensively and they carry quite
large debris In the loner reaches where the valley s grad
1ent decreases the glacial rills slow down their force decreases
and they bcgin to depost the coarse gramned matenal
they had captured wlile eroding the moraine and the fine
grained material 1s carried farther Glacial streams form
what are called aqueoglacial or fluvioglacial depostts
The matertal of wlich these deposits consist 1s sorted and
stratifiecd  Quite often fluvioglauial deposits are located
between two moraines—of the previous and subsequent
glaciation

Fluvioglacial deposits may consist of gravel sand
foam and clay The large arcas consisting of beds of sand
and clay deposited by strcams 1 front of a glacier arc
called outuash plains

In closed basins (glacial lakes) the melt water from gla
ciers leaves deposits consisting of thin alternating strata
of <and and clay This texture 1s due to Lhe seasonal accu
mulation of the ¢ sediments the and strata are depo ited
m spring and summer and the clay strata in winter when
the water level 1s low  These deposits are called zaried
elays amd are 0 0 o centimetres thich

Glacial topography forms as a result of the melting and
retreat of glaviers The mo b typical are eshers They are
long rarrow ridges arranged one behind the other or broad
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flat elevations Along their sides they usually have peat
filled ditches The eskers themselves consist of gravel and
<and lying 1n drstinct diagonal beds which 1s proof that
they were dcposiled by runming water

There are numcrous echers tn Finland and Sweden where
they are disposed 1n ridges running parallel to the glacial
grooves Lateral eshers frequently merge with the main
esker to form a system resembling that of a river with tnib-
wanes Uskers are 45 50 metres ligh The erests of some
are so barrow that there 1s hardlv room for a footpath

Adoance and Retreat of Glaciers A study of mountam
glaviers has revealed that thar margins are unstable They
advance and retrcat in conformity with the periodic changes
i the climate If the climate grows warmer 1ce wastage
may cxceed the supply and the glacier begins to grow shor-
ter 1e to retreat The reverse happens in a wet and cold
pertod Observations conducted during a relatively short
peniod  howed that this retrcat and advance 1s inconsider
able but in the course of decades this movement covers a
dsstance of hundreds and even thousands of metres

Changes m the 1ce mass of a neve basin resulting from
changes 1n the quantity of precipitation affect the entire
e beld The chmatic conditions 1n the region where tho
glacier descends likewise play an important role because
11 many cases the glacial tongue 1s several thousand metres
below the neve field Therefore given stable conditions m
the neve basin the glacier will retreat 1f 1ce melts inten
sively 1n the lower reaches of the valley

Moreover changes 1n the 1ce mass depend on the form and
size of the alimentation area [he posilion of the glacial
tongue 1n relation to solar heating 1s important A tongue
situated m a shady arca 15 more stable than a tongue ox-
posed to sunbight A mantle of roch materal also protects
a glacier from cxcessive melting and evaporation

Prehustoric Glaciation A study of the history of the
Earth s crust shows that there bave been epochs when
glaciation embraced cnormaus arcas Such glaciation ac
cured 1 the Proterozoic era the Carboniferous and Permian
periods and lastly the Quaternary period In the latter
period a solid sheet of 1ce covered the whale of Narthern
and Eastern Europe 1n Moscow Region it was more than
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a kilometre thick and its southern boundary passed south
of kiov

Scandinavia 1 whose mountains glaciers exist to this
day was the centre of the Quaternary glaciation in Northern
Europe It has been calculated that 2 & C drop tn the mean
annual temperature would be sufficient to cause these

Fig 73 Boulder left stranded by a glacier

glaciers to grow and occupy the whole of Northern and
Central Europe The Quaternary glaciation has left distinct
traces 1n a vast arca 1n Europe A well defined morainal
topography consisting of ndges of terminal moraines
striated boulders (erratics) sheep back rochs, eshers and
lakes can be scen in the kola Peminsula and Tinland
These are clear indications of recent glaciation Farther
south around Lemngrad halmin Vologda and Pshkov
glaciation has left traces mn the form of rounded striated
boulders some of which weigh more than a ton (Fig 73)
Quaternary moraine deposits 1n the Curopean part of the

SSR and in the adjoiming countries show how far
south the continental ice hal moved

The alternation of glacial and nterglacial periods was
due to climatic changes caused by deviations in msolation
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a3 a tesult of the regime of solar heat radiation a shift o
the sngle of the Earth s axis and other factors

Some scientists are inchined to hnk climatic changes
and the risc of glaciation with the processes taking place 1
the Earth iself Arrhemus, for in.tance constdered that
climatic changes may depend on fluctuations of the quant
1ty of carbon dioxide 1n the atmosphere He believed that
1f the quantity of carbon diovade were halved the Earth s
temperature would fall by an average of 45 C, with the
result that given sufficient precipitation the whole of
Europe would be covered by a thich sheet of 1ce

Moreover 1t 1s considered that voleamic eruptions play
a very 1mportant role in the nee of glariers 1f the quantity
of volcanic ash ejected into Lhe awr during intensive volcanic
activity 1s large enough 1t may influence solar radiation and
cause the Farth to ool

The Russian geographer Brounov adianced the opinion
that glaciation requires not only a low temperature bul also
a change 1n the humidity regime of the air In Eastern
Siberta  where the cold pole passes in the vicimitv of Ver
khoyansk colder tempcratures are regisicred than in Green
land But Greenland receives a larger quantity of precip
itation and therefore has the necessarv conditions for
the accumulation of ice masses In Verkhovansh on the
other hand there 1s very little precipitation and no perma-
nent snow cover ever forms

Epetrogenie uphifts {a 4 C drop 1n temperature per ap
proxsmately 200 metres of elevation) are another factor
stimulating glactation Sca currents also 1nfluence the
climate For example because of the Gulf Stream the
port of Murmansk 1s 1ce free all year round while the
port of Leningrad which 13 600 kilometres farther south
1s 1ce bound for five months every year

We can thus see that glatation depends not on ome but
on numerous factors

GLOLOGICAL ACTIVITY OF THE SEA
The geological a tivity of the sea follows the same pattern

as that of rvers 1ce and the wind erosion Llransportalion
grinding sertang wed dep b There are b a
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number of features mn the sea s actinaty that mahe 1t espe
aally 1mportant to Life on Larth

Winle the wind surface waters and ice transporl the
matenal croded by them down to sca level the sea ludes
this material bencath its waters Its action 1s directed at
weaning all continents and 1slands down to 1ts own level

VO

o)
\ o

Fig 7. Diagram of the vertical zones of « sea floor

hence the name abrasion This abrasive activity 1s observed
along the <horc line of all continents and islands whose
total length 1s about 200 000 kilometres Abrasion by the
sca s clearly defined 10 many large land arcas A classical
example 1s Heligoland an island in the North Sca whose
arca was reduced from 920 to 15 square kilometres 1n
900 years

Organic rocks of which there are relatively little m con
tinental deposits play an important rele among marine
ediments The accumulation of marine sediments follows
a clearly defined zonal pattern  which depends on the
bottom relief the shore hine and other factors

The sca floor descends not gradually but in steps (Fig
74) The first step 15 called the shelf or shallow water and
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stretches to a depth of 200 metrcs In some places 1t 1s
400 600 Lilometres wide and embraces 8 4 per cent of the
surface of seas and oceans Part of the foreshore lLies between
high and low tide levels and 1s called the littoral Beyond
the bordcr of the littoral 1s the pelagic zone

The shelf gives way to the deep water or bathyal zone
which 13 from 200 to 2 500 metres deep The sediments of
the upper or shallower sections of the bathyal zone can
be set 1n motion only by heavy seas or by deep sea currents

Ternigenous deposits (deposits derived from the land)
do nol rcach the abyssal zone which extends below a depth
of 2500 3 000 metres Only volcamec ash and cosmic dust
are carried to this zope

Destructive Actsvity of the Sea This artivity stems
from the work of wind waves tides and currents

Wind wares erode shores by their own pressure developed
by the surf which breaks against beaches and also by the
battcring action of roch waste which they carry 1n suspen
s1on

This rock waste intensifies the action of waves because
the stomes of varymg size the <and and other material
hurled against cliffs by waves act as powerful corrasion
agents

The most energetic geological activity by the sea 1s
observed 1n the coastal zone

The force of the surf 15 very considerable and the pressure
developed by water against the shore exceeds two or three
Kilograms per square «cntimetre along a rochy and preeip
tous coast if the waters 1 the hittoral zome arc decp
Breahers that throw masses of water and rock debris to
greal heights are possible 1n such an area There have been
cases of breaker hurled pebbles breaking the glass of light
house scarhhights at a height of more than 20 metres
abase sea lesel 4f thcre 15 an 1n shore shoal (beach) the
breakers lose much of their strihing force through friction
against the sea floor The force of waves decriases also
with depth Thar effective aclivity  therefore 1s confined
to a rulatively small depth In the open sea ripples can be
seen on water up to 200 metres deep

Waves develop their greatest force where they pound a
precipitous coast Near the coastal city of Gagra 1n the
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along coastlines exposed
to tides while where wind
waves alone are active there
aro only one notch and
one terrace

The work done by tidal
waters 1s particularly no
ticeable 1n narrow straits,
bays and mouths of rivers
they carve out canyons on
the floor of straits and
bays while 1n the mouths
of uvers they hinder the formation of delta 1slands that
turn these mouths into estuaries

Sea currents are hhewise very destructive For example
the Gulf Stream which 15 several hundred metres deep and
275 kilometres wide along the shores of Scandinavia
washes away all the fine termgenous sediments from the
floor of the shallow water and from the upper parts of the
continental slope and transports them over a distance of
thousands of kilometres

Wind waves transport bottom sediments along the nor
mal to the shore and also along the shore Sediments trans-
ported along tho normal to the shore are thrown on the shore
when oncoming waves predominate over ebb waves when
there 1s an equihibrium between these waves the same
quantity of material 1s transported shorewards as 1s carred
Away into the sea and when ebb waves predommnate over
oncoming waves scdiments are transported <eaward If
the breaking waves are oblique in relation to the shore
line sediments are transportd along the shore (Fig 80)

Coarse material 18 <orted at the same time that 1t, 13 trans
ported by waves The coarsest matenal ts left near the
shore smaller material carmed farther away and lastly
the fine t particles of clay transported the farthest Benthon
1c material §ying at depths of more than eight or ten
metres can enly be moved by violent storms

Shores arc protected aganst the crostve activity of the
sca with embankments consi.ting of conercto slabs and also
with off hore concrete bars agamst which waves break
without reaching the hore

Fig 77 A wave-cut terrace
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Fg 78 Elephant Trunk Rock Lake Baikal

Fig 79 Wonder Rock the Crimea
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Useful Actlivity of the
Sea Not alltheaetivity of
thoeen is destructive Frod
el matenal 18 deposited
along the coast and also
g over the entire <hallow
Wwater areq
Fig 0 Dingram of the movement of _The 1nwash of coarse
pebbles alons a scashore The material on gently sloping
arrow shows the wind direction  <hores frequently “lends to
I 1—transversa) wavecrest Il 1/—share the formation of off shore
Se 1T s s—paverpelin o N(pio §1) The ma
temal carried by waves to these shorcs 15 not wa hed
away These sediments grow to form a har 10-12 metres wide
Sometimes several bars are formed parallel to each other
the farthermost from the sea bang bwlt dunng siolent
storms and the nearest by weak waves
Sediments are deposited on the ca floor as well These
are classified as littoral
shaliow water and abys
sal sediments
In the httoral zone
the sediments are con Fig 81 O shoro bar
tinuously buffeted by
waves wiich roll and sort them In the immediate
vicimty of the shore the debrs 1s poorly rolled and coarse
and often consists of rock lumps and waste Farther anway
Irom the shore the sea deposits pebbles then grasel and <and
which becomes finer with distance from the  hore {Fig 82)
In the httoral zone the waste lies an inclined beds Small
particles with a diam
eter of less than
Sea level 2 1 01 millimotre are
not deposited near the
shore but are carried
1n suspension and pre
cipitated on the sea
floor at depths from

W

Fig 82 Distribution of termgeno
us
e SRS DT 20 e 200 metre,
- —gravel an e
FThedtim graven sand L 4pie wma Ve 10 1 the  shel
ayey 3and  6—clay z0m8
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Shelf deposits consist of sand clay and sometimes ooze
There 1s always organic material 1n these deposits Marine
vegetation grows abundantly 1n the shelf yone, and this makes
for a favourable environment, for marine Itfe  Tho sediments
m this zome are usually clearly stratificd obliqgue or
wrregular stratification 1s hardly ever observed The ex
ceptions are the slopes of coral reefs which dip steeply
mto the sca with the result that sedimentation proceeds
wrregularly Traces of ripples which may be described
as negative prints of waves can be seen 1n the shallowest
regions of the littoral zome These prints are varously
shaped but in contrast to sumilar wind and nver forma
tions they are always symmetrical

On the shelf a broad strip of sediments stretches along
continents and 1slands The width of this strip averages
250 kilometres, and where rivers carrying large quantities
of waste empty into the sea 1t broadens out to 600 kilo-
metres Where the shelf 15 narrow terrigenous mud 1s also
deposited on the continental shelf, provided 1t 1s not carmed
away by currents The belt of shelf deposits ends abruptly
where there are strong currents

Orgamic and chemical sediments are deposited 1n the
shelf zome in addition to sediments of purely continental
{terrigenous) ongin

The sediments deposited bevond the shallow water zome
m the bathyal and particularly, the abyssal region are
chiefly of orgamc omgin the mineral admixture in these
sediments 1s insigmificant The material for orgame sedi-
ments 15 supplied by the big and varied population of
the sea

On the sea floor there are diverse algae sea lilies sponges
bryozoans corals (1n warm waters) mollusks echinoids
and so forth

Reef building coral colontes play an important role n
the formation of orgamc sediments” Coral and algae thrive
i shallow (not more than 20 45 metres) and warm sea
water of normal salimty Coral reefs form right along the
coast of contincnts and islands and alse at considerable
distances away from them 1n the region of the shallow sea

These rcefs cease to grow during secular uplifts and
when the sea floor gradually sinks only the lower part of the
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reefs dies off Waves erode the dead portions of the reefs
turning them 1nto calcareous sand and finer calcarcous
silt

Some algae consume lime from sea water and deposit 1t
in their stalhs Beds of Limestone may form from the re
marng of such stalks Shell hmestone which 15 widespread
m ancient deposits forms from the remamns of mollusk
shells In abyssal regioms plankton remams turn into
organic ooze

Sediments of ch 1 or bioch 1 origin late
in some areas These include calcareous and sthiceous
sediments nsing from the redeposttation of hme and siliea
from the skeletal remains of orgamsms Chemical sediments
play a small role mn the open ocean They accumulate
mainly 1 coastal waters separated from the ocean by barrter
beaches (marshy lakes at the mouth of mvers lagoons,
bays and so on) through ap 1ncrease in the salt concentration
This phenomenon 1s observed 1n areas with an and climate,
the hara Bogaz Gol on the cast coast of the Caspan, for
example

Materal ejected by volcanoes (ejectamenta) plays some
role 1n the accumulation of marne sediments particularly
in abyssal regrons where hardly any terrigenous particles
occur Lastly there are cosmic dust and meteontes that
fall 1nto oceans

Beyond the belt of shelf sediments lies the zone of bathyal
sediments represented by fine terrgonous matertal—blue
red and green mu

Blue mud occurs over large areas of the ocean floor
particularly in the Atlantic Sometimes 1t occurs m the
shelf region as well In the Bay of Naples for example 1t
15 found at a depth of 15 metres This mud was brought to
tho surface from a maximum depth of 5 120 metres Owing
to an admixture of fernic oxide the topmost layers usually
have a red or brown tint but the rest of 1t 1s blue MNinety

cien per cent of this mud consists of particles of clay The
carbonato content 1n 1t sometimes 1ncreases at tho expense
of the clay particles The quantity of quartz grains is very
~mall Tahen out of the water blue mud smells of hydrogen
sulplude formed through the decomposition of orgamic
matter The hydrogen sulphide and 1ron 1n the mud give
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nse to ferrous sulphide which 1s sometimes precipitated
in the form of pynte crystals or grains

Red mud occuples an area equal to one per cent of the
area under blue mud It occurs opposite the mouth of the
Amazon m the Atlantic and opposite the mouth of the
Yangtze 1n the Pacific Its development 1s due, evidently,
to the lateritic soil washed away by these rivers It gets
its red hue from the ferme oxde m 1t Its composition
varies greatly but normally 1t contains a somewhat smaller
quantity of clay particles (up to 70 per cent) than blue mud
and there have been cases where as much as 60 per cent
of 1t bas been found to consist of carbomates It always
contamns a small quantity of quartz Like blue mud 1t
contains the remains of marne orgamisms

Green. mud or sand occurs 1n the mghest sections of the
bathyal zone at a depth of 180 2 300 metres It owes 1ts
green colour to glaucomte which forms with the partic:
pation of organic substances released by the decomposttion
of orgamisms Green mud contains a considerably smaller
quantity of clay particles than erther red or blue mud—
usually not more than 48 per cent On the other hand the
content of lime 1s rather large sometimes more than
5060 per cent Glaucomte sediments have formed i all
periods of the Earth s Iife but they occur most frequently
m Cretaceous and post Cretaceous deposits

Volcanic sand and mud are found around voleamic islands
and coastal regions with volcanic activity Materal ejected
by volcances mixes with bottom scdiments and comse-
quently 1s regarded as a polluting element 1n basie seds
ments

Coral sand and mud occur 1n regions with developed
coral structures which are either 1slands or barrter reefs
stretching for a long distance along the coast of continents
as for example the Great Barmer Reef off the east coast
of Australia Sediments of this kind are particularly abun-
dant on the floor of the tropical part of the Pacific Coral
mud consists manly of calcareous matenal and contains
an insigmficant quantity of clay particles

In the abyssal zone scdiments form chiefly
accumulation of organic matter the minera
these sediments are volcanic ash and cosmic 4,

through the
Limpurities 1n
ust Qoze tahes
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its name from the manne organisms predominant tn 1t
vz foramimicral pteropod coccolithic diatomaceons and
radiolarian ooze

Red abyssal mud occurs 1n deep parts (4 800 5 200 metres)
of the ocean Unlike the red mud of the bathyal zone 1t
occupres huge expanses which together aro almo t four
times bigger than the area occupied by blus mud The
colour of this mud varies from bright red to chocolate and
1 some arcas 1t has blue <hades It 1s delicate and plastic
when wet and hard and bmttle when dry It onginates
from the decomposition of volcanic ash which may contamn
a small quantity of terrigenons dust and the inwoluble
remains of <hells of foramimfera and other plankton In
somo parts of the ocean tho siliceous sheletal remains of
radiolarians and diatoms also play an essential part i the
composition of abyssal mud manganese nodules likewise
occur here and there

Marine sediments are heterogenous over large arcas The
bedding and hthological composition of these scdiments
and also the quantity of orgamic rmpurities in them depend
on depth the presence of currents the distance from the
shore the salimity of the water and other factors Along
rocky <hores for example the scdiments consist chiefly
of large roch fragments Seaward these fragments give way
to more or less well rounded pebbles and then to deposits of
sand mwhich quartz grains predominate Still farther away
the sand deposits are replaced by sediments of clay and silt

Each of these sediments has 1ts own lithological character
or facies The distribution of facies as deserbed above 1s a
feature of marine deposits But because of the epeirogemc
movements on the surface of the land mass expressed n
deformations of the Earth s crust a definite change of facies
1z one and the same area 15 observed 1n time When a section
of a land area sinks below sea level 1ts shore 1s flooded and
the coastal belt moves inland As a consequence the coars
est sediments gradually move in the samo direction as
the sca In the end the coarse scdiments will be slowly
covered by ever finer material (Fig 83) Tins 1s called a
transgressive series of sediments because 1t 1s evidence
that a section of the sca 1s growing deeper and  consequently
that the «ca 15 encroaching upon the land
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The reverse is observed when the sea retreats Coarse
material will move in the same direction as the sea and
cover ever finer seduments In this case the bottom layers
will consist of the finest and the top layers of the coarsest
material This series of sediments 1s called regressive

’

Fig 83 Dustribution of marine factes durmg
4 transgression of the sea

I—gravel  —sand —clay 4 limestone

Repeated deformations of the Earth s crust may be
accompamed by repeated transgressive and regressive
movements of the sea and by the superimposition of sedi
ments of one over other facies

In the long run the destructive and constructive work
of the sea changes the outlines of shores levels out the relief
of the Earth s surface through the denudation of continents
and the filling of sea troughs where sediments accumulate
This process of rock accumulation in seas and oceans began
with the beginming of time Today these rocks lie 1 thick
series and mahe up the upper part of the Earth s crust

GLOLOGICAL ACTIVITY OI LARES AND SWAMPS

Lahes Lakes are sheets of water on the surface of cont1
nents They have no direct outlet to seas The centre of
a lake 1s usually deep and po offshare vegetation can grow
there The size of a lahe ranges from less than ane square
Lilometre to such giant resersoirs as the Caspran and Aral
seas whose water area extends over tens and hundreds of
thousands of square hilometres

The hollows or basins holding lakes owe their omigin to
vartous factors There are numerous lakes whose basins
have been carved out by ancient glaciers Some of the
basins those of lahes Baihal and Issyk hul for example,
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are tectome depressions (grabens), most of which are very
decp In mountan regrons lahes frequently form as a
result of tho damming up of rvers by rock falls for exam
ple lakes Sarez and Yasluh hul in the Pamis Lahes
also occupy the craters of extinct volcanoes or harst sinhs

Lakes occupy 6 1 per cent of the Earth s land arca The
water regime and the mineral content of tho water depend
on the chmate

The following figures show the salimty of some lahes
(tn per cent)

Caspan Sea 16
Aral Sea 108
Duad Sen 2317
Lake baks 2711
Lahes Elton and Bashunchah 2842

According to their water regimes lakes are divided into
the following two groups

1 Runmng water lakes which are fed by rivers and
give thewr water to other reservoirs or rvers (for example
lakes Ladoga and Baikal}

2 Lakes without outlets These are fed by rvers but
expend water only on evaporation (the Caspian and Aral
seas—the former receives 1ts waters from the Volga the
Ural the hura the Terck and other big rivers and the
latter from the Syr Darya and the Amu Darya Lake Bal
Lhash which 1s fed by the Il Issyk Kul which s fed by
the Karaholka and other small mivers)

The geological 1mportance of runmmng water lakes and
lakes without outlets 1s extremely varied

Running water lakes receive mineral sediments traps
ported by rvers and the manner in which they are filled
depends on their size and depth Shallow lakes usually
accumulate only coarse mincral material the s1lt 1s carried
away by outflowing rivers On the other hand the water
of the rivers flowing out of big lakes 15 1r most cases ab
solutely transparent An example of this 1s the Angara
River which flows out of Lake Barkal Its waters are trans
parent in winter and summer alke Small and shallow
basins are obviously filled with detntal deposits faster
than big and deep lakes Amother point that must not bo
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overlooked 18 that sedi
ments are accumulated
faster near the mouths
of 1nflow:ng streams and
along shores

In lakes as in seas
and oceans, water masses
move 1nwaves but tides E
plav hardlv anv role
at all In some of the
big lakes a movement
of the water table caused
by a change 11 the baro
metrie pressure of the air
can pe observed m calm
weather the water table [
nises a few centimetres
along ono shoro and falls  Fig 84 Beach barrier on the shore
correspondingly  along of Lako fmandra in Rhibwny
the opposite shore These
variations 1n the surfaco level of lakes are called serches

Waves which m some lakes reach a height of thrce
or four metres play an ymportant role As in seas they
wear away shore protuberances tho abraded material 1s
transported and sorted (Fig 84) Wave abrasion 1s
also important 1n the Rybinsh Tsimlyanshoye huby-
Jhev and other manmade seas 1n tho Soviet Umion
It frequently destroys shore structures That oxplans
why the abrasion of water basin shores 1s studied so
closely

The shallow water regions of runming water lakes are
usually overgrown with rushes .edge and otlier moisture-
loving vepctation As they wither the plants fall to the
bottom of the basim and stimulate the development of
luxunant fongr A muxture of mineral and orgamic silt
called sapropel (putmd shime) thus forms on the floor of
lakes Vegetation encroaches upon an increasing area of
the water space of a lake being filled with sediments and
steadily becomung shallower so that gradually the lake
ceases to be 2 water hasin and 1ts hollow 1s completely
filled with vegetable remains—peat
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The character of the vegetation 1n a lake changes with
time and that 1s why the composition of peat varies from
bottom to top (Fig 85) At first the vegetation consists
chiefly of rushes then equiscta and sedge appear then wood
vegetation and finally moss If the rivers and underground
waters feeding a lake contain salts of wron and manganese
deposits of 1ron and manganese ore sometimes of commer
cial importance form on the floor of the lake

O e 23 B3¢ 35 s
Er =9 e Bt X2 EJv Elu

Fig R Structure of a bog formed as a result of the overgrowth
of a lake by vegetation
1—tresh water marl #—sapropel of peat 3—orgamc slime d—reeds
rushes lscta  7-sedge §—sedge willow  9—forest  0-—hypnaceae
I1—weld wignonctle sphagnum 7 —cotton erass sphagnum  I3—sphaghum
with pioe Stumps I4—moss on 8 sphagnum carpet

In lakes with no outlets evaporation increases the salt
content of the water the highest salimty being at points
farthest from the mouths of rivers Depending on the miner
al composition of the water i mflowing nvers the saturated
waters of a lake (brine) will precipitate halite (rock salt)
mirabilite glauberite sodium carbonate or other salts
Theso Iahes are 1mportant sources of raw matenal for the
chermical 1ndustry

Suamps Tracts of land saturated by atmospheric precip
1tation turn into swamps In some cases thig1s a seasonal
plicnomenon  but there also are permanent swamps
atmospheric precipttation 1s the only source of water
as for example 1n interfluvial areas which cannot be
reached by river or ground waters there 1s very little mineral
<alts in the sl Tlus gives nise to special snamp vegetation
te mos {(sphagnum polytrichacac and so forth), which
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has a very low mneral content The remains of this swamp
vegetation turn into peat with a gh calorie and low ash
content

Peatbogs form 1n miver ‘alleys as weil But there the
swamps get therr water from three sources precipitation
rvers and ground waters The salt content of these swamps
1s much lngher and the vegetation consists of rushes, scdge
and shrub. The resulting peat thercfore has a lugher ash
and smaller calorie content Iron {bog) ores otcur in these
low lymng swamps

Over a long geological period interfluvial and low lying
peatbogs develop 1nto coal deposits As a result of diagenesis
wathout the participation of oxygen, the carbon of the
plants docs mot turn imto carbon diowide as when wood
decomposes 1n the open On the contrarv, 1t accumulates
and the peat gradually is reconstructed into hgnite brown
or hard coal

MAN AS A GEOLOGICAL AGENT

Man’s geological activity proceeds in three main direc-
tions

The first 1s 1n agneulture Man ploughs up large expanses
of the Earth s surface fertilises the soil and thus consider-
ably accelerates soil forming processes In addition man
takes many measures to facilitate farming For example
1n some regions he drans the soil, 1 others he floods and
irrigates 1t The net result of this activity 1s that the proc-
esses of weathering arc further speeded up and developed

{he second 1s 1n geclogy hnked up with the tappmg of
nature s riches The development of natural resources such
as ores coal and petroleum 1s steadily expanding and
spreading to ever new areas and greater depths This wealth,
given the general name of mimerals occurs everywhere,
but its quantity and economic importance varies Some
arcas for example may have huge peat deposits lying
almost at the surface others have deposits of coal which,
m_contrast to peat Ircquently hie at great depths

To develop coal depouits man builds deep mimes pene-
tratcs many hundreds of metres mnto the bosom of the
Larth and brings toal 1o the surface through a whole system
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of shafts Big hollows form in the ground where co1l is
extracted with the result that air with sts gns morsture and
s0 on penetrates through <hafts gallerics and other pas<ages
and weathering begins where normally at would not have
occurred By bringing great quantitics of mirerals and
barren” roch to the surface of the Iarth and forming
large waste piles at the mouths of pits man changes the
appearance of the Larth 5 surface and also the conditions

5
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Fig 86 Smhking of the surface of an abandoned coal ficld

mm ats anterior This activity results in the deformation
and sipking of the surface layers overlying man made
hollows (Fig

To develop o1l and gasfields man has to dnll wells some
of which are five cr six hilometres decp By so dewng he
evidently starts a series of mew processes which otherwise
would bave proceeded very slowly or would not hase taken
place at all Surface layers may also be deformed by the
extraction of large quantities of o1l

The Earth s surface 1s changed radically through the
development of iron copper tin lead and other metal
deposits To cxtract these minerals man builds deep mipes
Thus cxploting mineral resources man bodily interferes
m tho hfe of the Earth s crust

Lastly the third direction of man s geological activity
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consists m buwilding surface and underground structures
In order to crect tall burldings big mills and factorics and
other structures man bwlds deep foundations for them
Ho penetrates still deeper 1nto the Earth when he bwilds
tunnels for subways 1n cities and also for ratlways through
mountains

Man s importance as an agent accelerating the disperston
of mineral masses that had accumulated over a period of
many hundreds of thousands of jears will he readily ap
preciated 1f the duration and scale of hus geological actinity
18 taken 1nto consideration

This activity 15 growing 1n intensity with the growth

of man’s knowledge of nature and with the development of
machines

DIAGLNESIS

The formation of scdiments may be described as an
accumulation of the products of mechamecal chemical and
orgamc decay on the floor of basins or on land Scdiments
never remain constant When wo compare sedimentary
rochs of marine or continental orgin Witk the aqueous
or terrestrial deposits that accumulate before our eyes,
we <hall notice many distingwshing features that are due
to the changes that take place after sediments are laid
These changes are caused by the physical, chemcal and
biochemical processes 1n sediments due to interaction with
the environment These changes embracing dissolution
recrystalhisation, formation of concretions coal and so
forth are collectively called diageneses

In diagencsis a very essential role 1s played by chemical
reactions and the activity of orgamsms (bacteria) Through
these processes sediments undergo substantial changes and
gradually turn into rock

Dissolution This process may embrace only the top or
the entire series of seduments on the floor of a basin Orga-
msms with easily soluble sheletons (consisting of caleium
carbonate) are dissolved partially as they sink to the sea
floor after death During hife their skeletons are protected

against dissolution by an orgame jacket, which 1s destroyed
when they die
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It has been noticed that many fresh water mollushs the
common pond edentata for example, whose shell 1s protec
ted by a chitm sheath are Likewise dissolved after death

Shells consisting of conchite substances dissolve faster
than any others <hells consisting of caleite have a greater
resistance to the dissolving action of water Remains of
marine iertchbrates able to resist dissolution best of all
for example the auditory mechantsm of fishes and <hark s
teeth are brought to the surface from the ocean floor during
deep sea 1mvestigations All other parts of the skeletons
disappear without a trace, dissolving in sea water The
stheie sheletons of orgamsms forming sithiceous sediments
take much longer to dissohve

Recrystallisation  Ope of the processes of dragenests
1s that of the recrystallisation of dissolved clements On
the floor of basins sediments contain particles of mineral
and orgamic matter As diagenesis proceeds the orgame
elements 1n a sedrment disintegrate 1nto ‘arious new com
pounds These compounds interact with the mineral ele-
ments 1 the sediment to produce new minerals while some
of the custing munerals reerystalise In this way lime
ooze for example turns into lhimestone

A silica rich rock called gaize forms when sponge spt
cules dratom shells and <o on are dissolved 1n the sediments
on the sca floor The discolved material 1s precipitated as
opal or chaleedony and cements the clastic elements of a
sediment or fills the nner cavities of orgamsms

Recrystallisation 1s sometimes a very rapid process as,
for example during the diagenceis of coral reefs whose
orgame base becomes filled with crystallme limestone
Stmtlar regencrations into <oltd limestone in which traces
of organic structure cannot always bo found are obscrved
among ruef bulding calcarcous algae Tho rapid regemer-
ation of organic deposits 1nto crystalime hmestone 1s
due mammly to the carbon dioxide DLiberated during the
decomposition of the organic matter of algae Carbon diot
tde 1ntemsively dissolves hime which after the carbon
dioxide evaporates 1s precipitated in crystalhno form

Formation of Concretions A variety of <eptarian nodules
or growths (concretions) are frequently eparated when
rocks dissolve and recrystallise The shape of these con
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cretions ranges from spherical and ellipsordal to botryoid-
al and dendritic  Frequently nodules are concentric
with the mineral shells overlapping each other They usually
form round some crystallisation centre such as a mtneral
or shell fragment

Examples of concretions are calcerous nodules i argil
laceous or marly deposits Concretions of ferrous carbonate,
barum carbonate <ilica_and phosphate of lime (phosph
ites) occur frequently The latter are a very valuable raw
material for the chemical industry particularly for the
production of fertiliser {superphosphate)

Concretions usually have hollows which are filled by
caleite quartz, pyrite or some other mineral crystals and
are called geodes

Dolomitisation 'The formation of dolomutes ts another
manife.tation of diagenesis It 1s surmsed that when the
magnesium chloride of sea water interacts with caleium
carbonate 1t turns into magnesium carbonato while the
calcium carbonate which dissolves rapidly 1s carried away
by water currents In one way or another organic processes
also contnbute to the dolomitisation of limestone

It has been found that up to 43 per cent of some fossil
shells which contained only traces of magnesium during
the hifetime of the amimal consist of dolomte This shows
that n fosstl limestone the dolomitisation cvcle takes
4 very long time

Decomposition of Sulicates Silicates decompose under
the action of sea water It has been established that at depths
of over 4 000 metres the ocean floor 13 covered with red
clay composed of the products of the decomposition of
sihicates which reach the floor as volcanic or cosmic dust

Red clay 15 composed chiefly of wron rich hydrous sili~
cates and also of substantial admixtures of othcr minerals
and remains of silicic orgamisms There 1s very httle, not
more than one per cent lme in this clay The various
nodules that octur 1n 1t are mostly mangancse oxides
which are regarded as the products of the decomposition of
volcame dust Iron 1s also found 1n manganese concretions

Role of Bacteria Orgamic substances decompose rapidly
on the sea floor particularly where bactema particapates
1 the process The molecules of organie substances consist
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of carbon oxygen hydrogen mitrogen sulphur phospho-
rus iron and <ome other elements Binary compounds,
m which water carbon dioxide hydrocarbon ammonia
hydrogen sulphide hydrogen phosphate and other el ts
play a part form when orgamic matter decomposes under
the action of bacteria These compounds dissolve easily
1 water and 1nfluence the minerals with which they come
nto contact It 1s believed that phosphorites are a product
of this decomposition

Sulphates and Sulphides Sulphates (sulphate compounds)
form 1n the sea The action of sea water transforms sulphate
salts For example under the action of carbon they turn
mnto carbon diotuude and sulphides which are sulphurous
compounds of sodium potassium calcium and magnesium
Under the action of carbon dioxide sulphides turn nto
c;rl‘))onatc compounds and precipitate hydrogen sul
phde

Sulphur and Hydrogen Sulphide Alhaline compounds
are &1 solved and carried away by sea water while calcium
carbonate 15 precipitated mn the form of a powder like
sediment Bacteria play an important role 1n this process
They also quichen the decomposition of organic substances
and” In <ome cases cause pure sulphur to be precipitated
Sulphur may thus separate from albumens and then turn
into hydrogen sulphide In lakes lagoons and seas the
water contuns a large quantity of calcrum sulphate and
through the bacteral process 1t may become emriched
with hydrogen sulplude

In this respect the Black Sea may serve as an example
It 1s a deep depression separated from the Mediterranean
by a lagh «ill (the Bosporus 1s nowhere deeper than sgveral
tens of metres) In the Bosporus there 1s a double current
fre her water flows 1nto the Mediterranean from the Black
Sea on the urface while heavier salt water flows on the
bottom 1n the rever e direction from the Mediterrancan
to the Black Sea This water cycle only embraces a thin
Inyer of water not exceeding 200 metres there 1s enough
oxigen an this layer to allow orgamie hife to flourish Deeper
there s hydrogen <ulphide whose quantity increa es with
depth This hydrogen ulphide forms through the wital
activity of bacteria developing on the floor [hat 15 why
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no organisms except sulphobacteria can live 1 the deepest
parts of the Black Sea

Lake and Bog Ores Iron accumulates and the reduction
of ferric oxide [Fe O;] 1nto ferrous oxide [FeO] 1s observed
i fresh water basins Here the leading role 1s played by
special bacteria that consume oxygen and release carbon
dioride This process 18 very widespread i nature and
leads to the accumulation of iron ores known as lahe
bog meadow and other ores

Hydrocarbons The decomposition of organic substances
may result in the formation of hydrocarbons of which the
most 1mportant are 1) methane or combustible gas which
18 often liberated from the Earth in natural conditions
2) petroleum and other ligmd hydrocarbons 3) ozocente
or mineral (fossil) wax, which 15 a mixture of solid hydro
carbons and 4) asphalt which 1s a product of petroleum
oxidation

Sapropel Orgamic ooze or sapropel 1 which a large
quantity of fresh-water algae 1s buried accumulates on the
floor of many fresh water lakes In some cases this ooze 15 a
mixture of organic and morganic substances 1n which the
former are represented by the remains of microscopic plants
and orgamisms animal debrs and so forth In the course
of diagenesis such ooze may yield many organtc compounds
Vartous orgamic products including benzine peiroleum
a?d paraffin have been obtained from sapropel 1n the labor
atory

Diagenesis 1s observed m continental deposits as well

Peat Coal Anthracite Another mamfestation of dia-
genesis 15 the transformation of plant remains into peat
and, further into brown coal hard coal and anthracite
1f plants decay 1n the air, their orgamc parts disintegrate
completely and only a small quantity of mineral {ash) sub
stances remamn On the other hand 1if they decay where no
oxygen reaches them part of the carbon combines with
oxygen and 1s liberated as marsh gas but the greatcr por
tion of 1t remains The hydrous elements are removed from
plants and the vegetable mass 15 enriched with carbon,
1e 1t coalifies

Carbon accumulation may be divided 1nto the following
stages formation of peat, brown coal hard ceal and lastly
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anthracite In wood the carbon content averages about
48-49 per cent 1n peat up to 52 per cent, 1n brown coal up
to 62 per cent 1n hard coal up to 84 per cent and in anthra
cite up to 92 per cent

Compared with peat brown coal 1s a more compact brown
black mass with an uneven earthy fracture Usually vege
table remains can be noticed 1n 1t The transitory product
between peat and brown coal 1s called ligmite and retains
the jorm and structure of wood

Hard coal 1s tough black and very dense There are
many varicties of this coal Some arc Iustreous fatty 1n
appearance burn with a smoky flame and turn 1nto coke
when burned without oxygen others have a dull lustre
and burn with a colourless flame Some coals release a
large quantity of hydrocarbon and are used for the produe
tion of coal gas others on the contrary have a verylow
gas content

Anthracite 1s very hard and has a black metallic lustre
with a greyish tnt Although 1t docs not catch alight
eastly 1t has a very high calorific capacity

Hard coal that forms 1n arcas that had once been covered
with vegetation 1s called autochthonous If the vegetable
matenal for its formation 15 brought from afar 1t 1s called
allochthonous coal

Autochthonous coal accumulates 1n vast swamp ridden
areas Allochthonous coal may 1 time form in the mouths
of the Yentser the Lena and the Ob which carry huge
masses of vegetable material that 1s subsequently buried
1 the sediments of the Arctic Ocean



ENDOGENOUS PROCESSES

In the development of the Earth s crust an mmportant
role 1s played by geological processes engendered by the
internal forces of the Earth These are called endogenous
processes and they include the intrusion of magma into
the Earth's crust and its ejection to the surface from the
mterior of the Earth tectonic movements of the Earth s
crust leading to periodic slow uphifts and subsidences of
separate reglons sharp and sometimes very violent tremors
m some parts of the Earth disturbances in the horizontal
bedding of rock series

Hy potheses are all we have to go by as regards the nature
of the internal forces causing the above processes The chief
of these hypotheses are discussed below

IGNEOUS ACTIVITY

The Earth 1s a sohid body with a definite thermodynamic
equlibrium at various depths This equilibrium was estab-
hished 1n the process of the Earth s development A dis-
turbance of this equihibrium 1n any area (1e a drop 1
pressure or a rise ip temperature) rapidly transforms the
Earth s mass 1n the affected foer from a solid to a Liquid
state Thys translormation 1s accompanid by a colossal
merease 1n volume and by the flow of the resultant white-
hot silicate mass (magma) to the weakened crustal areas
where 1t sometimes Tises to tho surface

Magma forms at great depths (over 60 halometres) where
the temperature (1,200-1 500° C and over) exceeds the melt-
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ing point of roch It i« forced to the suthiee  evidently
by hydrostatic pressure whil - because the pres ure deopre
the g9 e in the mapma an fngmently nhoaoed thtough 8
scries of explosons loading to a rapid manifestation of
1gneous activity

The termoagncous activity covers the e of proec e
linked up with the activaty of the Tarth s internat forees
and manife ted i the intrusion of magma lnto the £ arth o
crust or its cruption to the surlace with sub (quent sohdifi
cation In the first ca e we dedd with inteushve and in
the secand with effusive igneous activity or voleanian

The <ohiification of megma produccs magmatic rocks
which deponding on how they werd formed are ela <ifid
as intrusinve (aby sal) (ffussve and hypaby <l Al theee
rochs products of unifort primary magma differ from
each other by their chomical and mincralogicnl compontion

Magma 15 diffcrentiated ie «pht up into layers of
differcnt composition or specific weight through vanious
physical and chemical procc «s  the lighter elements
accumulate 1 the upper loyers and the heavier ¢lements
m the lower laycrs

It 1s bilieved that magma diffcrentiation is influcaced
by diffusion the pa «agc of electric currnts and other
proce ses

The extreme forms of duffurentiated magma are granttic
magma more than 65 per cent of which consi te of stlien
and basaltic magma 1n which the silica content 1s fess than
55 per cent Sihica rich magma 1s called persilic and magma
with a low <ilica content 1s called basic

When magma solidifics 1t 1s accompanied by the erystallt
inhon of minerals basic minerals being the first to crystal
15¢

When magma bursts through the rock mass of the I arth s
crust 1t melts and absorbs (assimilates) the rochs in ats
path and 1ts composition changes 1n the process For exam
ple after absorbing masses of cnclosing rocks sy lime
stone persilic magma loses some of 1ts acidity In other
cases after melting and absorbing quartz sandstone or any
other similar rock basic magma becomes more acidic
through an increaso 1n 1ts sihica content Minerals that do
not occur cither m the magma or n the surrounding rocks
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form at the points of contact between the mvading molten
magma and the cold rocks of the lithosphere These are
called contact or frequently, ore minerals

Intrusive Igneous Activify

Where there 1s 1ntrusive igneous activity, the magma
mvading the BEarth s crust forms magmatic bodies or
wtrusions 1 1t The size of these ntrusions and their rela
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Fig 87 Straufication of wntrusive and effusive rocks

tions with the enclosing rocks vary The following types
of intrusions are distinguished (Fig 87

Batholiths—large magmatic bodies of rrregular shape
with steeply dipping sides They are formed when magma
solidifies at considerable depths m the central parts of
folded areas The surrounding rocks are breached as 1t
were, and for that reason batholiths are not bedded in
conformity with them They are formed chielly by ac:d
rocks of the granite type (western part of the Zeravshan
Range 1n the Pamirs)

Stocks—magmatic bodies that are considerably smaller
than batheliths (less than 400 square kilometres) but with
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the same conditiont of formation shape and rock compo
nents
Taccoliths—dome like bodics with a convex sutlace and
a flat base Therr diamiter saries from hundreds ol metres
to several hilometres They dome up overlying rocks and
are concordnnt with them [leolated mountains in the
sicimty of Pyatigorsh (Mashuh  Diahtau Zheleznaya and
others) are laccolithe The «diments that had formerly
In on them have now been almost entiecly etoded 4o that
there are bare jgneous rocks on the summits of the<e moun
tains

Fussured (ntrusions lorm when magma enters rock fiseures
moving awny from large intrnadve bodies [licaures may pase
along the bedding of enclosing rochs (intrusise shects)
or cross 1t 1n various directions (discordant or tran gressive
wtrusions)  Corre pondingly the correlation betwern the
fissured tntrusions and the enclosing tock may alewo be
dafferent  Tractured mtrusive bodies are called reins As
a result of denudation the discordant rocks encloung a vein
may disintegrate while the rochs forming the fiesured
antrusions remain intact and form a wall like outlet The e
formations arc called dyles

Sheet wewns are large intrusive bodies that can be traced
over big arcens and occur between lnyers of enclosing rocks
conformably with the latter These vins can be 45 50 metres
and over thick and 150 200 hilometres long cro s vemns are
from onc to three metres thick <omctimes thicher

A study of the bedding of intrusive bodies and the laws
goverming therr distribution in space 1s important to theory
and practice because deposits of many valuable minerals
are related to them

Effusive Igneous Activity or Volcanism

Voleanic eruptions are among the most awe inspicing and
formidable phenomena 1n nature

When we speah of volcanoes wo generally say they are
active or extinet but this division 1s purcly conyentional
There have been cascs of volcanoes unexpectedly becoming
active after o dormant period of many centurics 1n the course
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of which their sides
were covered with
forests and their crat
ers became converted
mto lakes In practice
only those volcanoes
may be regarded as
extinct about whose
activity no mnforma
tion has been handed
down to us Active
volcanoes are consid
cred those which
continue to erupt or
had erupted 1 the
course of hnown his
tory In the world
today there are 476
active and more than
4000 extinct volea
noes

Mount  Vesuvius
(F1g 88) which stands
on the east side of
&‘:S ?;Ya"{onl‘;“lt’}f:e Fig 8 Erupbion of Mount Vesuvivs
regarded as extinet
There were vineyards and orchards on 1ts slopes In the year
79 A D the volcano suddenly showed signs of intensive
activity, ejecting enormous masses of lava and ash Several
thousand people perished and the cities of Pompen and Her-
culaneum situated at 1ts foot were destroyed and buried m
ash The volcano has been active ever since with fairly long
periods (of more than a century) of repose between eruptions
There has been a marked hivening up of 1its activity 1n
the past 100 150 years It last erupted violently in 3944

Another example 15 Mount Pelee on North Martimque
Island, whichk had likewise been for a long time regarded
as extinct It erupted in 1902 destroying the city of St

Pierre and hilling 1ts entire population of 29 000 with a
hurricane of hot gases
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Volcanoes continue to appear to this day  Far example
Mount Parscntin which was active for almost five yoars
appeartd 1n Mexice on Iebruary 20 1947

Volcanocs risc on land and on the floor ol oceans As
a rule ecnormous mas< es of matenal are ejected forming
huge <ubmarine or sutface structures

Tor example the submarm and surface portion of the
Hawanan type of voleano i« about 000 metres An fdea
of how fast voleamic products accumulate s given by the
eruption of the Fayal ubmarnne voleano in the Azoree
North Atlantic where in 197 a new voleantc fxlet appeared
near the Island of Fayal wn three days It grew virtually
bfore the eyes of the ewumin who watchad the eruption
its areq anercrsing by 300 square metres «very 12 hour

Externat Appearance of Volcanoes Usually volcanoes
are more or less tall (upto cveral hilometres) conical mount
ams On the summit there 1s a hollow —a bowl or crater—
through which the volcano erupts (Fig 89) A carnal called
avent funnel through which the crupted materal s« cjected
runs down 1nto the volcano from the floor of the crater One
of the world s largest voleanoes Mount hlyuches haya n
hamchatha (4850 metres) 19 a cone Mounts Vesuvius
Fupyama in Japan Mount Kibo in Africr and others are
likewise cones

The craters of many ancint voleanoes have ono or <everal
active volcanoes Theso craters called calderas have &
diameter of <cveral tens of hilometres

Eruption The force of individual eruptions 1s not alw1ys
thesame and alternations of periods of lugh and low activity
may be observed 1n each voleano The actisity of & volcano
sometimes gradually 1nerenses and then slowly fades wlile
1n othor cases a violent and sudden outburst takes place
As we have already pointed out whole centuries sometimes
pass between separate outbursts of volewmic actinity

ter a violent cruption <ome volcanoes come almost
completely to rest and barely smoho at short snterals
others smoke umnterruptedly and from time to time
throw out stones and ash and st1ll others periodically eject
a qutet flow of lava and 1n the intervals between discharges

;hen‘ craters avc filled with molten continuously moving
ava
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Fig 89tTwo viows_nl the crater of Peak Kiboy Africa



Products of Eruption Thereare sohd hguid and gase-
ous produets of eruption Thesolid productsinclude voleanic
ash sand laplli and bombs These products are, as a rule
ejected 1n the imtial period of eruption Volcanic ash con-
sists of tiny particles of a mineral mass formed through
the crushing of the rocks of which the vent funnel walls
consist and also through the dispersal of lava The size of
these particles ranges from a fraction of a millimetre to
several millimetres Particles that are of the size of sand
grains are called volcanic sand Bigger particles from one
to several centimetres are called lapilli {small stones)
The following facts show how much ash can be thrown out
by a volcano When Mount Katmai m Alaska erupted in
1912 a layer of ash more than four metres thick covered
the mmmediate vicinity while on the leeward side this
layer was ten centimetres thick over a distance of mearly
100 kilometres About 20 cubic kilometres of sohid material
was ejected by the explosion For 60 hours the entire Iocality
was enveloped mm darhness Rain from volecame clouds
poured continuously for 25 hours

Sometimes the ash 1s so fine that a gas explosion hifts
1t to an altitude of more than ten Lilometres where 1t 18
picked up by air currents and carried for a long time n
the lower layers of the stratosphere In 1883 for example
there was a tremendous eruption of Mount Krakatau 1n
the centre of the Sunda Strait This cruption threw out
such a colossal quantity of ash that 1t floated 1n the strat
osphere for more than a year causing strange sunnise and
sunset corditions

If rawn falls while ash 1s being ejected liquid mud will
rush down the slopes of the volcano causing enormous
destruction 1n the surrounding countryside

Even big preces of solid lava may be ejected by a voleano
dunng violent emissions of gas Thrown into the air to a
height of many bhundreds of metres these pleces are given
a spindle hke shape by their own rotation They retam
this <hape 1f they have had time to chill before falling on
the ground 1f not the impact flattens them out Whole
<ectsons weighing many tens of tons are sometimes torn off
the rochs around the crater of a volcano Tossed hundreds
of metres into the air they drop on the slopes of the volcano
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These pieces of lava and rock from eight to ien centime
tres to several metres 1 size are called zolcanic bombs
(Fig 90)

Gases ash lapillt and bombs are frequently ejected
untformly but 1n some cases these ejections take the form
of giant explosions that blow up the crater throwing the
whole cone of the volcano into the air and leaving a deep
hollow 1n 1ts place

Fig 90 Volcamc bombs

The ash and sand ramning down on the slopes at first are
a loose mass, which gradually becomes compact under
its own weight and the action of water unt:l 1t sohidifies
to roch called volcanic tuff The volcanic ash and sand
falling on the surface of lahes and seas sink to the bottom,
where they are buried by silt and sand The resultant rock
of volcanic and sedimentary orgin 1s called fuffite

Voleanie Gases The most tmportant of these are water
vapours which often constitute a substantial part of the
gaseous emissions The other gases include hydrogen chlo-
nine sulphur nitrogen carbon oxygen sometimes carbon
dioxide and methane and 1n many cases hydrogen chloride
hydrogen sulphide sulphur dioxide ammonia ammonium
chloride and ammonium carhonate
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Gases 1ssue not only from the crater itsell but alse from
rents on the slopes of the volcano and at 1ts foot These
smoking rents are called fumaroles The gases are liberated
as dense vapours or smoke The chemical composition of
fumaroles depends largely on the temperature which 1s
very high at the beginning of an eruption especially around
the crater and then falls at the end and after the eruption
At the beginning of an eruption fumaroles consist chiefly
of halogens (C1 F) and when the temperature drops to
100 180 C sulphur diouide begins to predominate 1n them
Fumaroles 1n which sulphur dioxide predominates are called
solfatara The next stage (1n some volcanoes) 1s one 1 which
boron (soffiom) predominates and in the last stage of 1ts
activity (moffette stage) a volcano liberates carbon dioxide

Volcanic Lera Lava 1s the molten mass ejected by vol
canoes The differenco between lava and magma 1s that 1t
degasses as 1t 1ssucs from a crater Its temperature 1s usually
1000 1 200°C

The chemical composition and physical properties of
lava vary In some cases there are large quantities of silicon
oxide {acid lava) This lava 1s very viscous and forms
blochs of molten material Lava contamning a smaller quant
1ty of silica 13 more flmd (basic Java) The most mobile
are ultra basic lavas

The lava that was ejected by Mount Pelee 1s an example
of acad viscous lava It was so dense that 1t formed a hind
of tower over the crater This tower was nearly 300 metres
high but 1t cracked and disintegrated as 1t cooled

The lava of the volcanoces on the Hawanan Islands 1s
quite different 1n composition and 1ts properties are different
too [t 1s of the basaltic type which 1s rich 1n ferruginous
and magnesial compounds and poor 1 silica It 1s so flmd
and mobile that 1t forms streams flowing down the slopes
of volcanoes and where there are benches 1t rushes down
like a waterfall to form a lava cascade (Fig 91)

Acid lavas which are lightly (pink grey) coloured are
relatively hight viscous rich 1n gases and cool slowly
Basie lavas are dark {dath grey green black) flmd and
fusible and have a low gas content

All products ejected by volcanoes tahe part in forming
the Earth s crust They account for 51 52 per cent of the
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rocks ejected to the surface The diversity of the ejected
rocks 15 due not to any diversity of the initial magma
material, as was formerly thought, but to differences 1n
the common magma s specific weight temperature the
crystallisation of the various components mn 1t and so on

Most authors agree that common magma has a basaltic
type of composition

Fig 9% A lava cascade in Hawau

At a given eruption the muneral composition of lava 1s
the same as that of 1ts solid products (voleanic ash lamil
and bombs)

The quantity of products ejected by a voleano differs with
every eruption Volcanologists consider that since the year
1500 to our day the Earth s volcanoes have ejected not le.s
than 300 cubic kilometres of loose products and 50 cubic
kilometres of lava

The structure of a volcanic cone depends on the nature
of the products ejected by the volcano A voleano that
ejects prineipally lava will have very gentle slopes even
i 1t 1S a very tall mountamn

A voleanp that bmlds 1ts cone of cooled streams of lava
and Iayers of tuff has steep sides {the angle sometimes being
as high as 3540°)

A feature of some voleanoes 1s that they erupt not only
through their craters but also through fissures o the slopes
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and at the foot These small craters are called parasitic
volcanocs and are to be seen on Mount Etna and other
volcanoes

Classification of Volcanoes By the character of therr
activity volcanoes are classified as follows

1 Hauanan Type This type occurs on the Hawanan
Islands (Mauna Loa hilauea and others) They are charac
terised by mobile lava of basic (basaltic) composition and
a quiet emssion of gases and vapours hardly any sohd
products are ejected The lava filling the craters 1s n con-
tinuous motion and boils slowly all the time It sometimes
spurts out wm fountans that mse for a few minutes to a
height of several tens of metres and then disappear After
the crater 1s filled to the brim lava flons down the sides
of the volcano The size of the lava streams which are
sometimes huge and stretch for scores of kilometres depends
on how much lava 1ssues into the crater from the depths
of the Earth These volcanoes have gently sloping sides

2 Strombolian Type This type 1s represented by the
volcano Stromboli 1n the Mediterrancan It likewise
ejects basaltic uid lava but 1n contrast to the Hawanan
voleanoes 1t hiberates large quantities of gases and casts up
bombs and ash The bombs are frequently twisted and the
lava as in the case of the Hawauan volcanoes hasa wavy
surface

3 Vesuuan Type The lava from these volcanoes con
tains a somewhat greater quantity of silica 1t 13 more
viccous and frequently corhs up the crater vent with the
result that gases and vapours accumulate deep 1n the ground
This 18 often the cause of underground tremors before an
eruption and then of a powerful explosion that throws a
great mass of ash lapilli and bombs into the air Because
the lava 1s vi cous the bombs are not twisted and when
they fall on the ground they flatten out into pancakes
The streams of lava do not spread far and when they cool
they form shapeless boulders This type mcludes the vol
canoes tn hamchatha Mount Etna 1n Sicily Vesuvius 1o
Italy and Mount Vulcano on the southernmost of the
Lipar: Islands in the Mediterrancan

4 Pelean Type This type of volcano ejects viscous

lava which hardens in the volcano vent blocking the
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passage for gases and vapours That expluns why eruptions
are accompanied by violent underground tremors and by
explosions that cast up an enormous quantity of vapours
gases ash, lapilh and bombs These volcanoes release very
hot gases (700°C and over) For that reason the clouds
of gas and ash coming down the slopes with the velocity
of an atmospheric cyclone (scorching clouds) destroy every

thing in therr path Such clouds destroyed the town of

Fig 92 Section of a maar

Saint Prerre on Martinique Island when Mount Pelee
erupted

5 Banda: Type Eruptions of these volcanoes are accom-
panied by severe tremors and explosions and the casting
up of huge quantities of gases and ash A violent explosion
sometimes blows off an entire volcano as was the case witn

andai hrakatau hatmai and other volcanoes There may
be no lava during an eruption, the reason being evidently
that the magma feeding the volcano has a very high acid
content and 15 consequently extremely viscous

G Volcamic Pipes (Diwatremes) These volcanoes form as
a result of a single violent emission of gases without the
appearance of lava They consist of an oval vent, whose
mouth or crater 1s a cup shaped hollow with gently sloping
sides and with a diameter ranging from several tens of
metres to three or four kilometres The floor of the crater
15 below the Earth s surface The craters of some of these
volcanoes are surrounded by a rampart of ejected volcamic
tuff fragments Some craters are occupted by lakes {maars)
(Fig 92) but in most cases they have been completely
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destroyed by exogenic processes and the vents {explosion
prpes) reach the surface Volcanoes of this type occur in
Germany (there are nearly 130 in Eaifel), Africa (the dia
mond bearsng prpes 1 the Kimberley Mountans) the
Soviet Union (himberley type pipes in Yakutia) Mexico
and other areas

Fissare Voicanoes The voleanoes described above have
a defimte feeding centre and are therefore called central
volcanoes In contrast to them there are fissure volcanoes
which eject gases and lava not through a central crater but
through tcctonic fissures In somo places fissures may
appear as volcanic piles fed from a common magmatic
chamber The voleanoes m Iceland are typical examples
Some of the fissures are 40 hilometres long and eject huge
masses of lava which covers large areas on cither side
Frequently along fissures there are rows of volcanic piles

Many fissure volcarces are not comical and the lava
spreads on the surface The<e lava sheets differ from the
lava streams of central volcanoes The latter are rarely
wider than a kilometre at the base of the volcano or thicker
than 100 metres they are 15-20 hilometres long and some-
times longer In contrast the lava sheets frequently occupy
enormous areas The sheets of some ancient volcanoes cover
arcas of tens and hundreds of thousands of squarc hilome
tres 1n Armema the Deccan Platcau in India 1 South
America and el<ewhere}

At present chiefly central volcanoes oceur Fissure and
areal eruptions predominated 1n distant geological epochs
when the Earth s crust was thinner

Lava pouring out to the surface forms striams sheets
and domes It hardens mto a crust which 1s a2 poor con
ductor of heat with the result that lava continues to flow
under this crust for many days after an eruption That s
why there are o many hollows in lava streams and sheets
Some of them are very big On the slopes of Mount Shasta
California for example there 15 a hollow which 1s 20 25
metres high G6-20 metres wide and more than 1 5 hilometres
long The thickne s of the roof varies from 3 to 20 metres

Inthe USSR there are hollows in lava sheets around

Lake Sevan 1o Armenia Dry hollows are often used as ¢n
clo ures for Investock
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Fissures and faults which break the rock complex 1nto
more or less regular Jointings, form on the surface of lava as
a result of asynchronous hardening Columnar and prismatic
jomtings are a featurs of bauic rocks, and hummock and
other jointings—of acid rochs

Dist ribution of Volcanoes Volcanoes are unesenly
distibuted on the Darth's surface Somecontinents Austra-
lia, for example, have no volcanoes at all In Europe if
Sicily and the 1slands adjoining 1t are not taken into con-
sideration, there 1s only ome volcino—YVesuvius which
stands 1n the Apenmines Afncahasguitea few In Asia they
are concentrated 1n hamchatha A group of apparently
extinct volcanoes 15 known 1n Manchuria In the C
Mounts Clbrus and Ararat were active at a comparatively
recent date Two big voleanoes have been discovered 1in
the Antarctic The largest number of hknown volcanoes 1s on
the Pacific scaboard of Amenca

The principal voleanic region 13 1n the Pacific 1slands
adjoining the Asian continent the Alcutian Islands the
hunt Islands Yapan the Sunda Islands the Philippines
New Guinea, and others Some of the voleanoes on these
1slands are huge structures characterised by intensive nctav-
ity In the Atlantic Ocean there are volcanoes m Ieclnd
on the Cape Verde Islands, the Canary Islands and the
Lesser Antilles

The main regrons where volcanoes occur arc thus the Pacif
fc voleamc ring the Mediterranean latitudinal belt, the
castern margin of the Atlantic and the East African mend
fonal helt

Geological data shows that all volcanoes are related te
areas of comparatively recent tectonic faults in the T'arth s
crust These fanlts usually le along the const of oceans and
<1< but many eccur deep inland as well

Votcanoesinthe U S§ S R TheSaviet Union has active
voleanoes in hamchatha and on the hunl Island: These
belong to the Pacific ring

The volcanoces in hamchatka were first described by
S hrasheninnikoy, who gave a general tden of the volcame
nature of this penineula Tarly in the tacotieth century,
the Kamchatha voleanoes were Investigated by h Bogda-
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novich 8 Konradi and V Komarov and in recent years
by A Zavantsky

The hamchatka volcanacs are arranged in three more or
less parallel rows stretching along the pemsnsula parallel
with 1ts three mountain ranges Altogether there are 160
known volcnocs 1o the pemnsula Of these 22 are nctive
and 158 have shown no signs of activity s long as man can
remember All are in the southern half of Kamchatha
the active ones being concentrated in the castern part
the northern part of the pemipsula 1s evidently, devoid
of volcanoes

Mount hlyuchevshaya (4 850 metres) 1s the biggest of
the hamchatka volcanoes It 1s tho third lighest volcamce
cone 1m the world after Mount Kilimanjaro (b 110 metres)
1 Africa and Mount Cotopaxi (5 960 metres) 1n the South
American Andes Klyuchevshaya crupts very frequently
Sometimes these are short explosions, but there have been
periods when the volcano was continuously active for
three years consecutively hlyuchevshaya s last major
eruption took place mn 1956 (Fig 93)

Next to hlyuchevshaya there are the large Mount Uthin
skaya (3 352 metres) and the somewhat smaller Mount
Krestovaya These three form a single volcanic group

South of this group 1s the active flat Mount Tolbachik
and on the shore of hronovaya Bay stand Mount hronot
shaya (3 033 metres) Great and Little Semyacink: Mount
Zhupanova (2 530 metres) Mount Avachinshaya (2 547 me
tres) and Mount horyatshaya (or Streloshnaya) On the
southernmost tip of hamchatha are mounts Viluchinskaya
Opalnaya Galigina and Yavina

Near hlyuchevskaya there 1s a voleanological station
that keeps 1t and other hamchatka volcanoes under obser
vation More information 1s avalable about Wlyuchev-
skaya than any other Kamchatka volcano It has been
lcarned that there have been about 20 major eruptions
in the past 200 years The volcano 15 active all the time
releasing a small quantity of gas and ash during periods
of relative calm From time to time 1t also ejects some
hqud lava  which 15 adding to the herght of the

cone On its peah the volcano wears a cap of eternal
e
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During periods of intensve activity klyuchevskaya some
times disgorges as much as four and a half cubic hilometres
of lava Compared with the volume of the volcano itvelf
(3 400 cubic hilometres), this quantity shows that about
700 major eruptions were required to form hlynchevshay s
present cone Available data indicate that the volcano

g v

Fig 93 Eruption of Mount Klyuchevshaya

ejects large quantities of lava once every seven or eight
years On the basis of this data 1t may be surmised that
hlyuchevshaya appeared about 5 000 years ago (providing
the character of 1ts activity has remamned unchanged n
this span of time)

Mud Volcanoes Mud voleanoes or mud cones are pseudo
volcances of exogenous origin Outwardly they are small
coptes of vol and are wid d 1n oilfields There
are mud volcanoes for example in the Taman and herch
peninsulas 1n habristan (Azerbaijan) and also in Rumama
China Italy and other countries
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They occur over faults 1n the upper layers of the LCarth's
crust and are conical elevations with 1 crater on the summit
Mud and petroleum gas often self igmting are ejected pe
riodically through the vent The size varies from a few
centimetres to hundreds of metres The cones of mud vol-
canoes consist of roch fragments cemented together by
cjected clay

This clay 15 mixed with water containung salts of sodium
chlorate sodium sulphatz borom iodine and bromine
Fairly hot 1t flows peacefully out of the crater, but from
time to time the volcano ejects a large quantity of highly
mflammable hydrocarbon gas A column of flame some
times shoots scores of metres into the air

Salses resemble mud volcanoes in size and appearance
They occur around active and recently extinct volcanoes
1¢ they arc associated with post volcamic activity Dur
ng an eruption they eject water vapours mud (a mixture
of clay and ash) hydrogen sulphide and sulphur oxide
There are salses 1n Sicily Java and other areas

Geysers and thermal and thermo mineral springs are
also assocrated with post volcanmie activity

MOVEMENT OF THE CARTH S CRUST

The Earth s crust 1s 1n constant motion through the action
of mternal forces This 15 mamfested 1n huge downwarps
and uphfts the compression of layers into folds and the
rupturing of rock strata -

These movements are due to what are called tectonmc
forces whose activity mtroduces essential changes into
the structure of the Earth s crust The activity of the
Earth s internal forces mamifests 1tself most strikingly
through earthquakes—crustal movements that can be directly
observed and studied

Earthquakes
Earthquakes are natural calamities They devastate big
arcas tahe a large toll of human lives and destroy whole
towns However the yearly number of destructive carth
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quakes rarely exceeds ten although the Earth s crust an
nually experiences several hundred thousand shocks and
seems to be continuously pulsating Most of these shocks
are very weah and can only be registered by instruments
called seismographs The science of earthquakes 15 called
se1smology

Origtnof Earthquakes Earthquakes are divided 1ato
three groups depending on the causes that produced them

1 Fall earthquahes—caused by large rock falls down
the sides of mountains or the collapse of the roofs of caves
They have an insignificant radius of action

2" Voleanic earthquakes—caused by the activity of vol-
canoes In many cases these earthquakes precede volcamic
eruptions but mest frequently they accompany them
Volcanic earthquakes are felt over an mmcomparably larger
area than earthquakes of the first group

3 Tectome ecarthquakes—accompany mountamn making
processes They are the most widespread type of earthquahe

Fall Earthquakes These carthquakes may be descrrbed
as_pscudo seismic phenomena

Volcanic Earthquakes In regions with active voleimoes
hamchatka for example violent shocks frequently precede
or accompany the eruption of volcanoes Severe earthquakes
accompanied the eruptions of Mauna Loa and Ialauea on
the Hawanan Islands A catastrophic earthquake accompa-
nied the eruption of krakatau in the Sunda Strait The
explosion and shock gave rise to an enormous tidal wave
which swept the entire population off the low lying 1slands
m the region of the volcano and wrought great destruction
n Sumatra Java and other neighbouring 1slands

Tectonic Larthquakes These earthquakes occur chiefly
m the sialic shell, at depths of up to 70 kilometres Earth-
quakes have also been registered at greater depths—800 kit
ometres 1 the Sea of Okhotsk

Tarthguakes caused by tectonic forces are concentrated
in two regions one 15 1n the belt of mountain ranges cneire-
ling the Pacific Ocean and embraces the adjoining islands
and peninsulas the other stretches eastward from the
Gulf of Mexico embraces the Mediterranean seaboard and
links up wath the Pacific earthquake belt via the Cavcasian
and Contral Asian mountamn systems Other sersmie areas
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mclude the Mid Atlantic Range and the region of the
great lakes 1n East Africa Earthquakes thus oceur 1n regions
of recent orogeny (Alpine folding) and in adjoining regions
of old orogeny that are undergoing modern (Alpine) folding
1e are i a stage in which the geological structure 1s
changing Earthquakes are much more violent m the latter
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Fig 9: Cracks formed by an earthquake

regions because of the faulted structure Moving at various
speeds i different directions these faults open the ancient
faults that had been closed by 1gneous activity and cause
new faults to appear This activ 1y 15 accompanied by
severe earthquakes such as the 11 12 pomt earthquake 1
the Gobi Altar areain 1957 For 1ts microeffect 1t was the
most violent earthquake mn history Repercussions of the
earthquahes an these regions are felt over enormous distan

ces In 1940 for example the shocks caused by an earth

quake 1n the Carpathians were felt 1n Moscow hharkoy

Voronezh hiev Lvov and other cities between Moscow
and the Carpathian Mountains These flatland earthquakes
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are rarc phenomena and never cause any noticeable destruc
tion or casualties

Earthquakes are much stronger 1n mountamn and pied-
mont regions regarded as young folded structures Severe

Fig 9o §This bouse destroyed by the 1948
in A<hkhabad was buitt of poor mq“‘::;llhqualc
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include the Mid Atlantic Range and the region of the
great lakes 1n East Africa Earthquakes thus occur in regions
of recent orogeny (Alpine folding) and 1n adjormng regions
of old orogeny that are undergoing modern (Alpine) folding
1e are mn a stage 1n which the geological structure 1s
changing Earthquakes are much more violent 1 the latter
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Fig 91 Crachs formed by an earthquake

regions becau ¢ of the faulted structure Moving at varous
apeeds in diffirent directions these faults open the ancient
faults that had been clo ed by 1gneous activity and cau e
new faults to appear This activity 18 accompanted by
cvere earthquakes  uch as the 11 12 point carthquake in
the Gobi \ltay area in 1907 For 1ts microeflcct it was the
mo t virlent earthquake in listory Repercu sions of the
earthquakes in the e regions arc filt over enormous distan

ces In 400 for example the hocks cau ed by an earth

quake in the Carpathians werc [t 1n Mo cow hharkoy

Mor nezh Riev Isov anl other cities between Mo cow
and the Carpathian \untains The ¢ Ratlind earthquakes
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15 traced on this cylinder when there are no earthquakes
and the ground does not vibrate But when there 1s atrem
or the pendulum remaimns at rest thanks to the weight

but the cylinder starts revolvingiand the point of the pen-

1
$3

Fig 95 A Golitsyn Tand a duced by at

dulum traces a wavy line on 1t The size of the waves of
this line depends on the force of the tremors The resultant
record 1s called a seismogram A vertical pendulum 1s used
for recording horizontal vibrations Vertical wvibrations
are recorded with a horizontal pendulum The true direc
tion of vibrationsis determined with both pendulums work-
ing sumultineously

The Golitsyn <cismograph 15 an improvement over all
existing instraments of 1ts hind It 13 used by <eismologieal
stations in the Soviet Union and abroad (Fig 96)
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earthquakes occur for cxample in the Tien Shan ond
Pamir mountams The city of Alma Ata was shaken by
violent carthquahes 1n 1852°and 1911 The latter earthquake
(January 4) occurred 1n the hebin River valley =omewhat
1o the south of Alma Ata It was exceptionally severe both
as regards 1ts force nd aren of propagation The under
ground shocks from this earthquahke were felt 1n an area
of more than o million =quare hilometres The shock wave
spread all over the Darth and eircled the globe three times
In somo areas so many crachs appearcd 1n the ground that
1t seumed 1t had been furrowed by a mgantic plough
(Fig 94)

The shocks from the ¢arthquakes m the footlulls of the
Pamir and Tien Shan mountains are ihewise fairly severe
In Tashkent and Samarhand for example they cause
cracks to appear 1n walls and destroy badly bt houses
There were destructive earthquahes 1n Ashkhabad 1n 1929
and 1948 (Fig 95) whose hypocentres were at a depth
of 1520 kilometres The hypocentre of the destructive
Agadir carthquake m 1960 was at a depth of five to ten
kilometres

Severe earthquakes occur almost throughout the area
covered by the two above mentioned belts (in Italy, China
Japan and other countries)

Epicentre and Hypocentre The force of carthquakes 1s
not the same at different ponts of the Earth s suriace The
point on the surface where an carthquake achieves 1ts
greatest force 1s called the cpicentre Vertically benecath
1t 15 the hypocentre the point where an carthquake org!
nates Under the influence of for example tectonte forces
powerful shocks occur 1n the hypocentre These cause un
dulatory o cillations that are transmitted vertically to
the epicentre and also horzontally along spheroidal sur
faces throughout the entire bhody of the Earth

Seismograph and Seismogram The tremors started by
these shocks are studied on the Earth s surface with 1
struments called seismographs which are a hind of pen
dulum There are a great variety of pendulum systems
I the pendulum 15 vertical a weight with a tapering pornt
1s suspended from 1t on a thin wire The point 1s set over
a eyhinder which 1s turned by clochwork A straight line
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18 traced on this cylinder when there aro mo carthquahes
and the ground does not vibrate But when there 15 atrem
or the pendulum remams at rest thanks to the weight
but the cylinder starts revolvingland the pomnt of the pen

Fig 96 A Gohtsyn and a duced by it

dulum traces a wavy line on 1t The size of the waves of
this line depends on the force of the tremors The resultant
record 1s called a seismogram A vertical pendulum 18 used
for recording homzontal vibrations Vertical wvibrations
are recorded with a horizontal pendulum The true direc
tion of vibrationsisdetermined with both pendulums work
g simultaneously

The Golitsyn seismograph 1s an 1mprovement over all
existing nstruments of its kind It 15 used by seismologrcal
stations 1n the Soviet Union and abroad (Fig 96)
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The design and operation of se1smographs have been fur
ther improved 1 the Sovict Unton in recent years The
new nstruments developed by P Mikiforov V. Donch
Lovsky D Kirnos and D Kharnn proved te be the most
sensitive and are 1n use at new sasmologienl centres m
the Sovict Umion

Fig 97 \ bowse destroyed by shock waves moving 1 differcnt
directions

Movement of the Earth s Crust During Earthquakes
By comparing seismograms 1t was found possiblo to
establich the nature of themovements arising 1n a hypocentre
Two types of vibrations have been distinguished 1) longitu
dinal or compressional and 2) trans:ersal or distortional

Longitudmal vibrations give rise Lo very fast moving
seismic waves that travel at a rate of seven or cight hilo
metres per second m resilient roch and at a somewhat Jower
rate 1n loose rocks The velocity of transversal waves 15
about half that of longitudinal waves The latter therefore

reach the epicentre first and are the first to be registered
by a sersmograph
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Surface or long waves that fan out i all directions arise
n the epicentre Though these waves move at about half
the speed of transversal waves they are much more destrue-
tnve The degree and pature of the destruction caused on
the surface of the Earth and to structures depend on the
direction of the shock wave (g 97)

Surface waves resemble the waves started by a stone
thrown 1nto a pond They give rise to undulatory deforma-
tions of the ground Deformations of this type have been
recorded when waves were passed through insufficiently
resthent bodies

Surface waves fanming out from an epicentre may race
round the Earth ¥t 1s quite obvious that the waves moving
i different directions will meet m the opposite hemisphere
The pont where they meot 15 called the antiepicentre

At present the force of an earthquake 15 determined with
the help of a 12 pont scale (Table 4) With this scale the
force of an earthquake 1s determined not only m accordance
with the shock experienced by people but alse with seismo
graph records Shocks starting vibrations with an accelera
tion of less than 2 mm/sec are not noticed by people but a
sewsmograph will record them Violent earthquahes start
vibrations with an acceleration of 5 000 mm/sec®

The tremors starting 1n a hypocentre are transmitted first
to the epicentre where the most violent shock 1s felt The
tremors spread out from the epicentre weakemng wath dis
tance If on a map we draw a line joimng places which have
suffered an equal intensity of shock we will get an sosersmal
lne (Fig 98) for example a 5 pornt or a 4 point 1soscrsmal
line These lines form closed curves and are often very irreg-
ular for earthquake damage depends on the density of rocks
(igneous cemented fissurcd loose and so forth) The curve
of an 1 Iine theref depends on the geological
structure of the region it by an earthquake

The greater the distance from the point of observation to
the epicentre the more time 1s taken by the shock wave to
reach that point By drawing a line through points affected
by an carthquake at the same time we get a closed curve
called a homosersmal line which 1n contrast to an 1sosetsmal
line 15 very regular because the velocity of a tremor 1s less
dependent on the geological structuro of a locality
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Sersmic maps are compiled on the bams of carthquake
records

Forecasting Earthquakes One of the problems of seis
mologicalinvestigationsisto make 1t possible to forecastcarth
quakes Very little progress has becn made in this dircction
although some facts indieate that a number of plenomena
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B J% lsoselsmal Hnes of the 1929 earthquako in Ashkhabad
(aflter ¢ Gorshkor)

can be accepted as heralds of an carthquahe For example
magnetic tormssometimes precede an earthquake froquently
braking out twinty four hours before an earthguahe be-
mns Morosver it s believed that an carthquahe is preceded
by aninten 1ve hiberation of gases from the craters of volca
nxe

\ttemgts have been male to use «pecial fnstruments to
fr tict anearthquake Farely good resalts have becnobtaine §
withtilteeters which measure a nsing dip on the Farth s
urface with groat accuracy At every paint an the Farth s
12{s e the dip towanls the horizan changi 4 continuously
This charg takes pla e alowly but an acceleration by ob-
srvel f. } hinoan eanthquake

Farthquake-Proof Baliding Special pulis [e carth
ek pexfbalfirabave b ndrannuptocountrmet  meof
th & e otve 2 Unty of earthquakes Italy ant Japwn
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Table 4

¥oree

w

ES

Charactéeristic

Detected only by seismologieal 1
struments

Felt only onupper floors of buldings

Felt only by a few people the shock
15 scarcely perceptibleand does not
rouse fear

Felt by most people 1n buildings and
only by some 1n basements does
not” rouse fear Causes doors and
windows to rattle floor beams to
creak and suspended objects to
swing slightly

Felt by all people 1indoors and by a
few " outdoors awakens slecpirs
rouses fear in somc people Doors
open and shut susprnded objects
swing violuntly pendulum clocks
Sll)p

Felt by all people indoors many rush
out Into the street in fear Objects
fall 1n housis plaster cracks 1n
walls slight damage 1s caused to
small buldings

Rouses general fear and pamec felt
outdoors aswell Makes people rush
out to the street Causes bells fn
beliries to mng chimney pots are
shaken off roofs some tiles fal] 1o
the ground relativcly light damage

Vibration | AcSeteration
Micro as
mreal <25
Ver; 2550
feeble
Feeble .10
Moderate 1095
Percepty 25 40
ble
Strong | 50 100
100 250
Violent
Destruc 250 00
tive
Devastat 001 600
wg

15 caused to many huildings
Rouses pame Considerable damage §
caused to builings paruallygedcs
stroys some houses No human casu
alies but some peaple are hust
Some bwildings arc completely de

stroyed many are
R T e
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Seismic disturb frequently occur on the
foor of oceans The tremors start huge waves called fsuna-
mis which rice to a height of several tons of metres and cause
great destruction ag they approach a shore and flood 1t
‘i“‘“ge tsunami was started by a seaquake 1n Sagamu Bay
apar where a section of the floor roso steeply (230 motres)
2ud another sectton sank 1o a depth of 400 metres This gave
burth t & wave of over ten metres high, which rolled shore-
ward (part of the water flowed towards the ocean
. Dunng the earthquake 1n Chile 1n 4860, the tsunawmu that
Prang up off the coast of South America rolled across the
eare Pacific Basin for distances of tens of thousands of
uiles sweeping the shores of Japan, the Hawauan Islands
the Ruri] Islands and other arcas As far away as the hunl
Slands the oncoming waves reached a height of nearly two
metres The coast of Morocco was attacked by tsunamis in
the period from the might of February 29 to March 1, 1960
uge wea wave that destroyed everything inits path struck
the town of Agadir Tsunams occur mainly 1n the Pacific
ut they also oceur tn the Atlantic and the Mediterranean

Epeirogemic Movements

Eperrogenic movements cover enormous areas of the

arth s erust They are slow and can only be detected through
any years of observation For example changes have been
noted 1n the position of coasthines with regard to the level
of the sea In one area or another these movements are some
times rhythmical 1e¢ within a certain period the coast
line mses and then gradually subsides again

Ingressions (advance of the sea into river valleys) and
tran gressions (flooding of large land areas by the sea) are
observed when a continent subsides and regressions (retreat
of the sea) occur when it mses

Vanations of a shore hine can he estabhshed on the basis
of h 1 phological geod an g
facts Hstory tells us for example that about 4 900 years
ago the shore of the Bay of Naples in the region of the town
of Pozzuoh began to subside and the sea covered a part of
the tawn In the tenth century the shore rose agan and the
fra=
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buildings that had been submerged have survived as rumns
and stand on the shore far from the edge of the water It s
believed that 1n this arca the amphitude of the shore varia
tions was about 125 metres

Other evidenco of uplifts of the shore include. swells
on flat coasts and also terraces covered with sand rounded
pebbles and remains of scashells on mountain slopes These
terraces sometimes occur at an elevation of several hundred
metres above sea level The amplitude of varation of the
Earth s crust 1n any given arca can be established by the
height of the swells and terraces above the present sea lovel
while the time when the terraces were formed can be deter
mined by the fossil fauna and flora The draining of former har
bours river deltas and miver valleys overhanging sea coasts
are also 1ndications of uplifts Some coastal areas which had
once risen Ingh above <ca level aro now submerged For ex
ample the mouth of the Congo River has been traced below
the level of the Gulf of Guinea for a distance of nearly 100
Lilometres and at a depth of more than half a kilometre
Underwater channels of the Ob Yenise: and other northern
nivers havo been traced over long distances

The marshy lakes along the coast of the Black Sea and
the absence of shallow deltas and rivers for example 1n
South Cluna despite the evacuation of huge quantities of
detritus aro also evidenco of the subsidence of coastlines

Examples of vertical variations are found 1n Scandinavia
and Italy There are striking uphits along the northern coast
of Nornay where five marine terraces bave been discovered
the hughest of thesc 15 176 metres above tho present sea level
They have been carved out on a surface polished by glaciers
but arc not polished themselves Thisshowsthey were formed
in the post glacial penod Sections of the Scandinavian
coast adjoiming the northern shore of the Gulf of Bothma
are ab present nsing at a rate of a centimetre a year Other
areas where the shore linc 1s rising includo Spitsbergen No-
vaya Zemlya Greenland Iceland Scotland and the southern
coast of the Black and Caspian scas

The reverse 1s taking place along the coast of South China
Au traha and North Africa

Slow upheavals of the Earth s crust are taking place not
only 1n the vertical but also in the horizontal plane They
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have been observed in the Alps near Lake Geneva in the
Bavarian Alps 1n North America and other areas

Tn addition to the geomorphological observations described
above the slow vamations of the Larth s crust are meas
ured with a fine degree of accuracy through repeated level-
hing Such measurements have been taken on the Cauca
sian coast of the Caspian 1n Scandinavia 1n North America
and elsewhere

Folding and Rupturing Movements

Broken and Unbroken Bedding of Rocks The rocks
of which the upper part of the Earth s crust 15 composed are
represented mainly by stratified sermes that had formed pri-
marily in water basips Inastratified formation each layer (or
stratum) 15 separated from the others by a stratification plane
The surface bounding a stratum from below 1s called the

qﬁ_a_t; the surface bounding 1t on tho top I8 called Lh’
T g series of hench of layers the roof of an underlying bed1s
at the same time the foot of the overlying bed The shortest
distance between the rooi and foot of a layer 1s called 1ts
thickness

‘When they are formed, layers of seimentary rock are
deposited on the floor of a basin horizontally or at a shght
tilt In such a semes each of the beds 1s deposited one on
top of anothcr in turn Where the conditions of sedimenta
tion are more or less constant the stratification plines will
run parallel to each other 1 e, the beds will be concordant

If series of strata lie parallel with one another and there
1s no chronological sequence between them We get a case
of stratographic unconformity For cxample Jura.sic mar
1ne rocks may lie on Devonian marine deposits whereas 1f
the bedding had been concordant the sequence would have
been Carbomferous Permian Triassic Jurassie

Stratigraphic unconformity 1s caused by oscillations of
the Earth s crust In our example the Devoman period was
followed by a rise of a submarine area of the Earth s crust
which gradually subsded 1n the Jurassic period (Table 5)

In addition to stratigraphic unconformity there 1s tecton-
1c or angular unconformity which means that roch strata
lie unconformably as a result of upheavals
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A disturbance 1n the original bedding 1s called a disloca
tion and 1s caused by the folding and rupturing movement
of the Earth s crust

Considerable dislocations are usually found 1n mountain
ous regions In the Ural Crimean Tien Shan and Caucasian

Fig 99 Fold and rupture in Mid Paleozoic limestone

mountains for example the original horizontal or shightly
tilting bedding of the rock layers has been substantially
changed the gradient 1s steeper the strata are bent 1n waves
and partially ruptured and along fractures they are dis
placed (Fig 99)

According to their nature afl disfocations are divided
into two types folded or plicated (continuous and undu
lating strata) and ruptured or disjoined (ruptured strata along
some surface and 1n some cases subscquent displacement
along the resultant fracture)

Ruptured (disjoined) Dislocations These dislocations
appear as fractures from a few millimetres to tens and even
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hundreds of kilometres long the strata along these fractures
are frequently displaced The surface dividing ruptured beds
15 called a fault crevice and 1t may be vertical or inclined
Strata may be displaced parallel to a fault crevice from bt

Fig 100 a—fault b—displacement

tom to top (reterse fault) or from top to bottom (fault)
If the layers are displaced along the horizontal plare of a
fracture they form a displacement (Fig

Systems of parallel fractures occur frequently In some
cases blocks 1mprisoned between faults arc displaced erther

Fig 10t Horst and graben

up or down This gives mise to protuberances called horsts
and to hollows called trough faults or graben (Fig 101) In
the USSR trough faults include Lake Baikal, whose floor
has subsided by more than a kilometre Iake Teletskoye
1 the Alta: Mountains and Issyk hul in Rirghizia  Some
trough faults are extremely long Lxamples are the Red Sea
and the Rhine rift valley, 1nto whick the Rhine river enters

245






and wiich lowered The
raled or upthrown part is
distinguishied by a down
hend of the strata the Jow
cred pirt  on the other
hand s dictinguichied by
an upbend  The fracture
surface ean be very <mooth
{friction planc) or strated
a fracture caused by a rup
ture moay become  filled
with roch o te (fnction
brecera or tectonic breecin)

Folded (plicative) Dis i]
locations lIn many cascs 3
Jtrata are bent in_wayes
and Ioim Jolls  Ihe size -

ofthe cloMTssariesgoeally g 143 Licments of a fault

A fold has the following ° t  R—tiowered lunb
elements (kg 103) 1) :a—d'll('ﬂué:'e"me AZfautt smptitude
—iwo more or le.s even
surfaces limiting tho fold 2)a_enrie—tho crest connecting
the hmbs 3) a fold lend—tiic lino passing through the
Inghest {mmls of the crest in the curve of n fold 4) fold
angle—the angle between the extended planes of the Tints
uprtothar intersection, 5) azlal surface—the surfaco passing
through all the layers of "the fold bend and dividing tho
fold anglo 1n two 6) fold azis—the hine along which the axial
surface of the fold intersects tho Yarth s surface The aus
of a fold may be either horzontal or dipped (Fig 106} 1f
the axis 1s dipped the fold sinks into the Tarlh s surface
m tho direction of tho dip

By their shapo and
tho arrangement of
the rock layers 1n
them folds arc divid
ed 1nto two groups
synclines and anti-
clines Tho formerhave
an merted and the
¥ig 101 Thrust latter a normal arch
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(Figs 107 108) Where the
folds are abraded along the
bends the beds 1n the core
of a synchine are younger
than n the core of an
anticline

If & fold 15 truncated by
denudatron a scction will
show concentrically conver
gent beds uf'the axis of a
fold 13 long Tho ConcCDLITS

Fig 10 Elements of a fold
a—lint 5 —curve DD —foldtend ACB
—f 14 angte CC E b —axial surface

If an antichine 1s complicated

WIIT be ellipsesyand iI it
5 short thoy w:II'be almost’
circular  Folds™ with short
axes (21 51) aro called
brachyazial folds

18 called

an antichinorium a synchne suniarly complicated 1s called

{

Fiv 17 Jo ‘swithpon Lppip~ (1 anddippin () axes



a synclinorium A fold 15 from a few centimetres to several
tens and hundreds of hilometres wide

By the position of their axial surface folds are class:
fird as follows erect or upnght—if the awal surface 1s ver
tical or nearly vertical, oblique—if the awal surface 151n

AR

AT
LA e 2

Fig 107 Folds in limestone

elined and the lhimbs dip 1n different directicns overturned
1f the axial surface 15 1nclined and the limbs dip 1n one direc-
tion only recumbent—if the amal surface 15 horizontal
(Fig 109)

Thero 15 a quaquaveral structure called a diapir fold or
fold with a diapiric core It resembles & dome ald the roeks
s core are hithologically different and older than the sur
rounding rocks A diapiric structure 15 usually due to the
formation of a gently sloping antichine when a_mobile plas
tic core conssting of rock salt for example partially
prerces and deforms the overlying layers This type of struc-
tural feature 1s widespread in o1l regions

The form and size of the folds.depend on a number of fac-
tors the petrographic compofifiSfi®ef the roeks..tha thick



ness of the layers the direc

V tion and force of the pres
sure doveloped by mount-

//\ ain making  processes The

a b most 1ntenstve folding 1s
thus observed where the
roch layer thins out The
folds 1n argillaceous and
marly rocks are usually
more regular than those 1n limestone

There 15 a flexed strata which 1s the tranaitronary form
between folded and disjoined dislocations This transition
ary form 1s called a flexure In the limbs of a flexure the rocks
are bedded horizontally While between them there s a sheer
almost vertical dip (Fig 110) Conscquently one portion of
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a

Fig 108 Synchne (a) and
anticlme (b)

Fig 109 Folds

a—erect b—ob) que —overturned d—recumbent —inverted

a layer 1s erther raised or lowered 1n relation to anothel/Thc
displacement may be so constderable that the layer breahs
at the bend and the flexure becomes a fault Flexures occur
frequently 1n plateaus These are either brachy folds or cu
polas All the above mentioned folds occur singly amidst
horizontally bedded
rochs Long  (linear)
folds develop 1n geosyn
chinal arcas  frequently

aceur 1n groups ang.are f
intricately shaped they

are grouped close togeth W
er 1o narrow  strips

hundreds of hilometres J
long (the Alps the Car

pathians  the Cordil
leras) Fig 110 A flexure
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Positionand Measurement of Beds An idea of theele
ments governing the occurrence of a bed has beenintroduced to
show 1ts position accurately 1n space These elements deter
mine the position of a bed 1n relation to 1ts dip and the four
cardinal pornts of the compass

The elements of a bed s position are the strike, the dip
and the dip angle

By stribe we mean the azimuth* of the hne of stnke
The line of strike 1s any hornzontal hine in the planc of a
stratum The dip 1s the azimuth of projection of the dip line
onahonzontal plane The dip line1s the plane passing through
thelplane of a stratum 1n the directzon of 1ts maximum
angle

From the above defimtions 1t follows that it 1s possible
to draw any number of strike and dip lines 1n a plane of a
stratum and that all the strihe lines as well as all the dip
lines will be parallel to each other The dip lines are perpen-
dicular to the strike lines

The dip angle 15 the angle a stratum 1s 1nchned from the
honizontal (Fig 111)

The elements of a bed s position are determined with a
dip compass This compass has three features that distinguish
1t from an ordimary compass

1 It 1s mounted on a rectangular support so that its
0180 (N S) diameter 1s parallel to its long sides

2 The Limb 1s graduated counter clockwise East and
West are also arranged counter clochwise the former 15 on
the left of north the latter on the right The reason for this
15 to allow the azmuth value to be determined directly
from the reading of the north end of the magnetic needle

With a dip compass tho azimuth 1s measured northward
from the direction to be determined and must therefore be
—_—

* The azimuth 13 the angle between a line directed northward and
another pissing clockwise through a given direction It 1s measured 1n
degrees (0360 ) and 15 determimed with a compass The magnetic
azumuth 1 e the angle hetween the direction towards the magnetic
pole and & given d 15 also d A that takes
into account the magnetic deviation 1 e the angle between the direc
tion o the magnetic pole and the geographic pole 1s made to obtam
the lrue azimuth An east deviation 13 one 1 which the direction
towards the magnetic pole is deviated eastward from the geographic
pole the reverse of this wil] bo a west deviation
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Position and Measurement of Beds An ideaofthecle
ments governing the occurrence of a bed hasbeen 1troduced to
<how 1ts position accurately 1n space These clements deter
mine the position of a bed 1n relation to 1ts dip and the four
cardinal pownts of the compass

The elements of a bed s position are the strike, the dip
and the dip angle

By strihe we mean the azimuth* of the line of strike
The line of strihe 15 any honzontal hine 1 the plane of a
stratum The dip 1s the azimuth of projection of the dip line
onahonizontal plane The dip lines the plane passing through
the plane of a stratum in the direction of its maximum
angle

From the above defimitions 1t follows that 1t 15 possible
to draw any number of strike and dip lines 1n a plane of a
stratum and that all the strike lines as well as all the dip
lines will be parallel to each other The dip lines are perpen-
dicular to the strike Iines

The dip angle 1s the angle a stratum 13 1nchined from the
honzontal (Fig 114)

¢ elements of a bed s position are determined with a
dip compass This compass has three features that distingmsh
1t from an ordinary compass

1 It 1s mounted on a rectangular support so that its
0180 (N S) diameter 1s parallel to its long sides

2 The himb 1s graduated counter clockwise East and
West are also arranged counter clockwise the former 1s on
the left of north the latter on tho right The reason for this
18 to allow the azzmuth value to be determined directly
from the reading of the north end of the magpetic needle

‘With a dip compass the azzmuth 1s measured northward
from the direction to be determined and must therefore be

* The azimuth 1s the angle between a line directed northward and
another passing clockwise through a given direction 1t 1s measured 1n
degrees (0 360 ) and 1s determined with a compass The magnetic
azimuth 1 e the angle between the direction towards the magretic
pole and a given direction 1s also measured A correction that takes
into account the magnetic deviation 1 e the angle between the direc
tion to the magnetic pole and the geographbic pole 1s made to obtain
the true azimoth  An east deviation 13 one in which the drrection
towards the magnetic pole 1s deviated eastward from the geography
pole the reverse of this will be & west deviaton © ©
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measured counter clockwise The zero position of the limb
13 sct 1n the direction to be determined Tlus will make the
north end of the magnetic needle stop at the point indicating
the azimuth of the looked for direction

3 A plumb s suspended from the needlo of a dip compass
The graduations of the plumb are on the bottom of the com

Fig 111 Measuring the dip and strike of a rock layer
with 2 dip compass

pass case (0 90 1n both directions) The plumb points to zero
when the compass 18 1n a vertical position

The bed strike 15 determined as follows

1 The compass 1s placed vertically with the long side
of the support on the surface of a bed the plumb hanging
down The vertical position of the plumb 1s determined by
allowing 1t to oseillate freely A position 1s selected for the
compass 1n which the plumb stands at zero 1n this position
the side resting on the rack bed will indicate the strike line

2 The compass 1s then placed 1n a homzontal position
with 1ts long side on the strihe line the magnetic needle
released and the reading of its northern tip taken This read
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ing will be the stnke (the azvmuth of the stmhe line) The
compass must be placed horizontally so that both ends of
the released magnetic needle are level with the limb

The bed dip 15 determined as follows

1 The compass 13 placed vertically with 1ts long side
on the surface of the bed, the plumb hanging freely This
side must be directed approximately down the dip of the
bed A postion must be found for the compass 1n which the
plumb will show the maximum deflection” When this post
tion 1s found the long side on which the compass rests will
comncide with the dip line

2 The compass 1s then placed on the bed surface so that
one of the long sides of the support coincides with the strike
hne and the zero on the limb or letter N 1s alligned with the
dip of the bed 1n the durection of the dip hine The short side
of the support 1s lifted shightly (without moving the compass)
and the compass 1s brought 1nto a homzontal position The
northern tip of the released magnetic line will indicate the
dql)) (the azzmuth of projection of the dip line to the horizon
ta

The dip angle 1s determined simultaneouslv with the dip
line inasmuch as the matimum deflection of the plumb shows
the looked for angle

The stnke and dip with the exception of the angle (in
degrees) are yecorded together with the pont of the angle
(NE, SE  SW or NW) Thus 1s done to check and facilitate
1ndoor analyses of data obtained 1n the field

The following 1s a sample of how the elements of the bed
posttion are recerded Stnke SW 225°, dip SBE 135° /£32°

If the measurcments are made correctly there will be a
90° dufference between the strike and dip ~If thore 18 a con
siderable (23 ) deviation from tins value the measurement
should be repeated

Periods of Orogenesls When tectonie disturbances of
the Earth s crust are studted 1t 1s very important to establish
the age of a disturbance and also the area affected byt In
some areas deposits of the same age he horizontally 1n others
they are folded In oneand the same area, deposits of differ
ent ages may be dipped at different or unconformable angles
This shows that disturbanccs do not take place everywhere or
continuously but at more orless defimte ntervals (Table 5)
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In the history of the Larth we distinguish four basic periods
of orogcnests

1 Period of Alpine folding Mesozoic (Jurassic Cretaceous)
folding—from the Tertiary period down to our dny

2 Period of Hercynwan folding Carbomiferous Permian

eriod
’ 3 Peniod of Caledonian folding Silurian period

4 Period of Pre Cambrian folding repeatedly in the
course of the Pre Cambrian period

A mountain system 1s attacked by denudation even while
1t 15 being formed That 1s why wo find the tallest peaks
(7 500 8 800 mctres) 1n young mountain systems that were
formed at the close of the Tertiary period (Alpine folding)
These mountain systems encircle the Pacific Ocean and also
stretch latitudinally from the Atlantic to the Pacific along
the southern margip of Europe and Asta (Cordilleras Andes
Caucasus Altar Pamir Himalayas)

In the mountain systems that arose at the end of the Paleo
zore period (Hercyman folding) the peaks hardly reach
1 500 2 000 metres The great height of the Tien Shan which
15 also a Hercynian system 15 due to the arched uphfts that
took place 1n the Alpine period of mountain making And
lastly mnone of tho peaks in the mountain systems dating
from the Caledoman period (the mountain systems 1n Nor-
way and Scotland) rise higher than 1 500 metres

Principal Geological Structures of the Earths
Crust The crustal movementsdescribed above lead to changes
in the structure of the Earth s crust and in the relief of the
Earth s surface The geological structures distingmished 1n
the Earth s crust are platforms geosynclines and folded
zones

Platforms are rigid and stable areas subject mainly to
relatively light oscillatory movements

There are two stages 1n tho structure of a platform the
lowcr stage or foundation consisting of thick scries of great-
1y dislocated and metamorphosed Pre Cambrian rock the
upper stage 1s several tens or hundreds of metres thick and
usually consists of horizontally bedded marine sediments
of Paleozoic  Mesozoic and Cenozoie rock The stratigraphic
unconformrty of the deposits of the upper stage shows that
there 1s eperrogenic activity in these arcas Local folding,
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manifested 1n the formation of domes and undulating folds
with gently dipping limbs sometimes occurs in the sedimen
tary cover

The foundatien of the platform 1s alternately rased and
Jowered The raised foundation blocks are called anteclises
and the lowered blochs syneclises Sections of the platform
with foundation outerops are called shields The latter are
thus the most migid portions of the platform 1n the post
Pre Cambrian period they did not subside but on the con
trary underwent positive vertical movements (uplifts)

The platforms on tho surface of tho Earth include the
Russian the Siberian, the Australian and the North African
In every platform there are shields, for example the Baltic
and Ukrainian shields in the Russian platform the Anabar
Aldan and Yemser shields 1n the Siberian platform, and the
Canadian shield 1n the Canadian platform

Folded zones form 1n geosynclinal zones and are areas of
the Earth s crust where folded heds are cxposed on the sur
face Geosyrelines are the most mobile sections of the Earth s
crust They are affected by intensive variations and there
fore have favourable conditions forthe accumulation of thick
(several thousand metres) sediments Theso sediments are
folded ruptured and greatly dislocated by the folding move-
ments of the Earth s crust During these processes magma
penetrates 1nto the sedimentary .eries through fractures
and weakened zones 1n tho crust and forms various intru
slons 1n them

The enormous pressure caused by the folding processes
and also the penetration of magma subject the rochs 1n a
geosynehine to intemsive metamorphism so that they grad
ually lose their plasticity and ability to fold Thus through
orogencsis a geosyncline s replaced by a mgid and immohile
folded system which may be descnibed as a young platform
In a geosyncline orogenesis ends with a gencral epeirogentc
uplift of the area and the newly formed folded system turns
1mto a mountain structure The destruction of mountains
by exogenous forces on the one hand and the loss of tectomc
mobthity on the other ultimately transform folded terrain
mto a platform

Tho following are ndications of a folded region

a) a thick series of sedimentary and igneous rocks

261



b} intensive folding

¢) abundance of intrusions and minerals

d) metmorplism _of rocks

The Ural Tien Shan Altw (Hercynmian structures) Cri
mean Caucasian Carpathian and Pamir (Alpine structures)
mountarn systems arc examples of folded regions formed at
different times

Big mountain systems are usually characterised by com
plex combinations of rupture and plicative dislocations and
tho most diverso folds and faults may be observed tn them
In some cases however onc form of dislocation predomt
nates \Where the disjoined form predominates we find moun
tains with a block structure, 1f fold dislocatrons predomt
nate the structuro of the mountains will be folded

Compared with tectome formations somo of which stretch
for tens and hundreds of hilometres composite {volcamc
domes barkhans dunes) and also denudation (monadnocks
formed through the geological action of wind and water)
mountuns are very small

In conclusion 1t must be noted that the tectonic processes
which formed tho world s greatest mountains have not
ended Geosynelines 1 ¢ the most mobile areas evist and
continue to develop and emerge as 13 evidenced by the re
gions of subsidence where intensive sedimentation 18 proceed
ing An example of a developing geosyncline 1s the section
of the Pacific Ocean embricing the kunl Islands Japan
the Malay Archipelago and so on An archipelagic {insular)
pattern indicates a basin accumulating sediments depossted
1nanter 1stand depressions through the ablation of material
from the 1 lanle Other indications of a deseloping geosyn
clinal basin aro the scale of tho variations mandfested by
Mlfenont signs an diffirent parts of the basin ntenstve vol
canic actinaty anlintense aismicity Al theee featurcs mam
fo t them~clves an the We t Pacilic



METAMORPHISM

By metamorphism we mean a change 1n the constitution
of sedimentary and magmatic rocks under the influence of
the 1nternal processes in the Earth's crust The principal
agents are heit directed pressure and puneumatolysis (the
processes by which minerals form with the participation of
gases and solutions released by magm1) Metamorphism al
ters not only arock sstructure and texture but also 1ts miner
al composition

Metamorphic rocks are schistose and granular, this being
due to therr recrystalhisation under great heat and fohation
under gh pressure For example during mountain bmlding
processes the rocks experiencing great directed pressure
fold crumple and wear away with the result that they be
come laminated which 15 quite different from the banding or
lamination of sedimentary roc!

The two basic forms of metamorphism are dynantic
(due to pressure) and thermal (due to heat)

Dynamie metumorphism 1s ohserved for evample, during
fold forming processes at depths where the temperature is
at least 200-300° C Thermal metamorplism usually mam
fests 1tself where primary roch comes into contact with n-
trusions (Fig 112) Another name for thermal metamorph-
1sm 18 contact metamorphism

Where contact metamorplism takes place the invading
molten magma, which requires 1 long time to chill acts on
the sedimentary scries in all directions melting 1t at the
points of direct contact and transmitting ats heat (800° C
at tho point of contact) over large arcas New minerals that
formt a contact aurcole are doscloped through the mixing
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of the minerals of the molten
magma with materinl from the
meltod sedimontary rocks The
number of these new mincrals

«
M depends on the mineral content
. of the magma <nd the sediment
. ary <eries 1t 1s wvading

’ s  Tor cvample when gramte

magma comes 1nto contact with
sedimentary quartz sand and
sandstones hardly any new mn
crals arc formed But when 1t
imades limestone series the new
minerals that form 1n the contact

) i
aurcole aro alien to both the

f;ﬁs:“f(ﬁoxans:;“‘z:ﬁ?a'r’; magma and the limestone A se
%) rocks ries of transitional zones appear
between the gramte magma and
tho Limestonc and the farther thus series 1s from the gramite
mn s the gruater 1s the number of basie rochs tepresented 1
it La tly pure limestone recrystallises and turnsinto marble
1n areas where melted hmestone does not mix with molten
magma In the Urals where granite comes 1nto contact with
olivinez the Iatter turn into hydrate rich tale and chlorito
schista
As ga s vapours and  partly  water solutions move
through fi ures 1n the colder parts of the lithosphere and
impregnate large areas of tho Farth s cru t they causo rocks
to go through a trinsformation ¢y cle hnown as preumatolytic
metamorplt m af the agents arc hot ga cs and vapours with
wut the participation of water or lydrothermal metamorph
1 maf the proce s anvolves superheted mineralised water
Heat al 5 becomes anvolsed an the proce s if under the
woght of new  « himents or as a rosult of tectonie forees o
crs of accumulating rocks gradually sub 1des into deeper
2ones of the Tarth e crut In this case therc 13 no contact
between cal! climentary  ries ar! invading magma a
~ hm ntary n scovening a large arca inks uniformly into
a ngion of inten o heat As they ink the edimentary he s
firt turn atto 1 plr ticant then po wibly teto 2 flund’ tate
1 <t nal retemerplism ps mamde te) herc
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Although at small depths the lhydrostatic pressure 1s not
very great in the Earth s crust it becomes enormous at a
depth of 10 20 hilometres On the average a rock column of
five metres (with a base area of one square centimetre) pro
duces a pressure of one atmosphere Therefore at a depth of
5 000 metres the pressure must be 1 000 atmospheres and at
a depth of 25 000 metres 5 000 atmospheres Combined with
high temperatures (up to 1 500° C) this colossal pressure
causes basic changes 1n the state of rocks making them plas
tic Reaprocally displacing each other, these rocks at the
<ame time grind each other into fine particles (this process
15 called melomtisation or grinding) A clearly defined
schistosity appears 1n roch 1ts mineral components being ar
ranged in parallel lines

As we have alrcady stated near the surface of the Earth
temperature and pressure do not play the same role as at
great, depths That 1s why the region of rock metamorphism
hinked up with the simhing of sedimentary serses into the
mtenar of the Barth, 15 divided into three zones the upper
zone or epizone (zone of superficial transformation) the mid-
dle zone or mesozone (zone of medium tramsformation)
mﬁd Ll;e bottom zone or hypozone (zone of abyssal metamor
phism’

In the epizone the temperature and pressure aro relative
Iy low The metamorphc rocks that form 1n this zone have
a clearly defined schistosity and the minerals are Jamellar
?:d scaly, their long axcs being at the normal to the acting

TCC

In the mesozone the temperature and pressure are higher
Providing tho conditions for deeper recrystallisation of sed:
mentary rocks Mechamcal disturbances 1n the form of fis
sures faults and so on are also observed The rocks develop
mg nthis zone are mica schists, amphibole schist and gneisses
The first two include feldspar 1n_addition to mica horn
blende predominates 1n the latter Crystalline schists, which
aro mctamorphosed more than any other schists frequently
occur 1n this zone

In the hypo.one the tomperature is axtremely high and tho
pressure tremendous In this zono rochs undergo very deep
reerystailisation and augite and olivine are the most wide
spread of the neoery<talh ed mincrals
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If this subsiding sedimentary scrtes 1s inyaded by magma
the above transformation sequence will be considerably al
tered In addition to the influence of pressure thero will be
phenomena engendered by contact metamorphism A de-
scription of the principal metamorphic rocks will be found 1n
the section entitled The Lithosphero”

Dynamic metamorplism which 1scalled forth by mountain
building processes 1s also hnown as dislocation metamor
phism

BRIEFLY ABOUT THI LARTH S AGE

Throughout history man has been attempting to deter
mine the Earth sage In ancient times the results of these at
tempts differed greatly In the Cast (Chuina and Japan) for
example tho world s age was given as several tens of mill
ennums and by some scholars as over 100 000 years
In the Mediterranean countries the Earth s age was deter
mined as being about 5 000y cars (before our era) This figure
was aceepted by the Chnstian world throughout the Middle

ges

All the old concepts were upset through investigations of
fossil fauna and flora Palconthologists who found changes in
numerous generations of the ammal kingdom came to
the concluston that 1t required much longer than a few hun
dred thousand years for life to develop on our planct

Attempts were mado to determuine tho timo that was tak
en by some of the processes on Earth It was surmised for
example that origminally the water in the occan was fresh
The rcason—1t derived from atmospheric précipitation which
contamns practically_no salt_at all Today ocean water 1s
quite saline averaging 3,5 grams of salt per hitre Ths salt
15 brought from land by rivers whose waters have a consider
able content of minerals Occan water evaporates and 1s
returncd to land as precipitation by virtue of which the
rivers carry huge quantities of salt to the ocean year after
year The quantity of salt annually carried by rivers can be
caleulated Moreover we hnow how much water there 1s 1
the ocean It was therefore not difficult to compute that 1t

took the ocean approvimately half a million years to reach
its present level of salimity
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Tins method of computation 1s not faultless because
&) wo do not know what the 1mtial salimity of tho ocean was
and b) wo_take no account of the phystcal and chemrcal proc
9-05%5 tdling place 1n ocean water the vital activity of organ
ishs 1n_particular  Maring dwellers build thetr skeletons
Yrom the salf in the sea, and they accumulate salt 1n their
bodies Thereis forin.tance very little 1odine 1n sea water,
yet some algac concentrate 1t so intenstvely in their bodies
that it 15 obtained on an industnal seile from their remains
The figure 500,000 years produced by such a simple arith-
metical caleulation, as the Farth s age cannot therefore be
considered accurate
In some areas we find varved clays which are so far
as we know, silty sediments deposited 1n closed reservoirs
The varved character of these deposits 1s due to the alterna-
tion of thin (s¢ veral millimetres) lay ers of silt and fine sind
1t was suggested that the layers of s1lt were deposited during
low witer scasons and the coarser matenal (sand) when 1ce
thawed precipitation increased and turbid water flowed into
lakes Each pair of layers thus represents the result of a
years s actumulation of sedsments The thickness of the layers
has been measured RKmnowing the thrckness of the entire
deposit and dividing this thickness by the thickness of a
pairoflayers we get a figurc showing the time 1t took a parfie-
ular deposit to aceumulate For some lakes the figure was
15,000 20,000 years
But this figure only concerns one of the litest periods
of the Earth s life when sediment filled reservoirs were al
ready 1n existence These Yeservoirs mppeared after the re
treat of a hiuge 1co sheet from the termtory ot Eastern Europe

We thus only have a characteristic of a very short pertod of
the Barth s hfe

A_m.d_wm_dgg‘c}_hid of determiming the Earth s abso-

Tuto age was used In recent decades following the discovery of
radium This method 1s founded on the fact that the atoms
of some unstablo elements, chiefly uranium and thorium
disintegrate continuously, forming atoms of other elements
The stablo end products of decay aro holium gas and mert
metal fead Tho hehum volatilises the lead accumulates

The age of a mineral can be computed by finding its rela
t1ve content of a radioactive element and lead or helium The
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same concerns the rock from which the mineral has been ex
tracted This holds the key to the approximate ago of the
Earth s crust

Most, geophysicists now agree that the Larth has existed
ad™ & plancy Jor 3 000G U0 million years — By this
mcﬂiufi 1t has beon established that the Larth s crust 1s
30004,000 milhon years old In addition the radio
dctive method Das Deen used to determune the duration of
various periods of the Earth s development Much has been
done 1n this field by the Sovict scientists V' Vernadsky, h
Nenadhevich and V Khlopin

The time 1t took various rocks of the Larth s crust to
form cannot always be expressed in absolute figures It 1s
more usual to determine therr relative age This relative age
15 found by dividing the Earth s hxstog% into périods of the
custenco of delinite groups of flora and Tauna Study of
fosstl fauna and Ilora showed a gradual suctdssion of forms
i time and that this successton 1s governed by a defimite
process of progressive development of orgamsms The most
primitive ofganisms occur 1n the oldest layers Many fossils
occur 1n beds deposited at defimte periods and do not reap-
pear 1n the Darth s history They are therefore called guide
fossils

By cstablishing a definite succession of organic forms
scientists have been able to distinguish the corresponding
pertods 1n the Earth s history The basic umts 1n relative

1 1 ch logy are an era b, ng a major pertod
of the Larth s existence and a pertod which 1s a part of an
era_ Initsturnthe period 1s divided snto smaller units (epochs
and ages)

Series of sediments containing organic remarns were depos
ited on tho Larth s surface or in reservoirs during each era
A series of sediments deposited during a definite cra 13 called
a group of sediments and a series deposited 1n the course of a
definite period of the Earth s hife 1s called a system

A series of successive eras 18 thus distinguished 1n the
Earth s life The oldest 1s the Archean era when no plant or
anmiml orgamsms could exist It 1s followed by the Protero
-oic ern during wlich the simple t forms of hfe appearcd
The next 1s the Paleo oic era with 1ts abundance of Jower
tyvpes of amimals and plants The Meso.owc cra the pext 1n
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Chart of Ceologrc Time Table 6

Periol (system) | Index | Dpoch {1ivision) | Index

Quaternary Q Holocene Qs
{1 000 000) Pleistocens [/}

Era {group) l Tnjex

Neogene N Pliocene f Ny
Cenozae Kz} {27 000 000) Mtacene Ny
Paleogeno Pg Ohgocene Pgs
{32 000 000) Eocene Pg
Palcocene Pgy
Cretaceous Cr Upper Cr
(70 000 000} Lower Cry
Jurassic Malm Js
Me ozoic M. | {25000 000) Dogger Ja
Laas J1
Triassic T Upper Ts
{30 000 000) Middle 7
Lower Ty
Permian Upper (Tata1) | P,
(2,000 000) Tower (Kazan)| Pi
Carbontferous [ € Ural C.
Paleozows | P2 | {55000 000) Moscow | Ca
Dinantian | €y
Devonian D Upper Ds
(55 000 000) Middle D,
Lower D1
Siluran & | Upper(Goth 8s
{120 000 000y Tan S
Lower (Ordo
vician)*
Cambrian Cm Upper Cm,
(80 000 000) Middle Cmy
Lower Cmy
Proterozote bt The subdtvisions are of local mmportance
Atchean [ a {1 500 000 000 2 000 000 000)

* Now classified as an independent period
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chronology  witnessed the evolution of highly orgamsed
ammals and plants wlnch diffcrad greatly  from present
day fwna and flory The Iitest 1s the Ceno ofe erv i which
ammals and plants developed 1nto the forms we hnow today

Wo shall not stop 1o detail the Archean and Proterozoie
eras but <hall note that the Palcozoic erq has five man pe-
niods Cambrian Stlurian Ordouician Deronian Carbonif
erous and  Permian  the Mesozoic cra has three Triassic
Jurassic and Cretaceous The Cenozoie {Neozoic) hikewise has
three Paleogene Neogene and Quaternary (Anthropogenc)

The names of the divistons of the Palcozoic era (Cambnan
Sulurian Devonian and Permian) denive from the localities
where the corrcsponding deposits contauning charactenstic
fossils wero first discovered  The Carbomfcrouns was so named
to designate the pertod of the coal measures such as the Don
cts Moscow and other basins formed by tho Iuxuriant vege
tation that appeared on the Earth for the first time

The Triassic pertod of the Mesozoic era 15 so called be
cause the Lithological composttion of tho rocks allows the
deposits to b divided nto three different formations tho
Jurassic period gets 1ts name from thoe Jura Mountains which
extend between Franceand Switzerland where the correspond
mg depostts were first described  Lastly the Cretaceous
period 1s named after chalk which was deposited 1n Iarge
quantities for tho first time 1 this period

The periods of the Cenozaic era were named after the am
mal kingdom of the era In the Paleogene we find the remmns
of vertebrates that are now extinct In the Neogene the ver
tebrates approached the form of modern mammals And
lastly the Quatcrnary (Anthropogenc) is characterised by
the appearance of man A bref description of the eras and
periods 1s given 1n Table 5

The basic age divisions (eras groups and periods systems)
are usually given 1n abbreviated form by 1ndeves of the first
Jetters of the Latin name of the given division A division
smaller than a period 15 designated with a figure written on
the right of the 1ndex of the corresponding period Thus the
index of the Carbomferous system 1s € of its lower division
C, If the diviston 1s further subdivided 1nto stages or forma
Lions the latter are designated as follows € ¢, €, and
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so forth the figures corresponding to the sequence of sedi
mentation 1e €' 1s older than C; but younger than C,

The 1ndeves of eras, periods and their diviston 1nto epochs
are given 1 Table 6

HYPOTHESLS ON THL DEVLLOPMENT
OF THE CARTH S CRUST

The approach to the problem of the formation of the
Tarth s crust has been different at dafferent times depending
on the state of knowledge

The hant Laplace nebular hypothesis of the origin of the
Earth influenced the tectonic views of geologists at the begin
ning of the mneteenth century In 1829 Ehe de Beaumont
advanced his contraction hypothesis of the formation of the
Earth s crust This hy pothesis was based on the assumption
that as the core of the Earth cooled, the hard outer crust fol
lowed swt crumpling and forming folds or mountains

It was warmly recerved by geologists and was the dominant
tectome hypothesis of the mineteenth century

Some followers of the contraction hypothesis have com
puted how much the strp of the Earth s crust now occupled
by the Alpine mountain system had contracted Albert Heim
for 1nstance gave the figure as 120 kilometres and later 1n
creased 1t several times Other scientists supggested that
this strip must originally have been more than 2 000 3 000
Lilometres wide

E Haug took the contraction theory a step further He
applied the concept of geosynchines (tectonic troughs whero
mtensive sedimentation takes place) advanced by James
Dwight Dana, Harry Fielding Red and other geologists
to cxplain some of the phenomena obscrved when moun~
tain systems are studied

His theory 1s that when continents subside, the tectonic
troughs {geosynclines) usually situated between them are
compressed from two dircctions and that this leads to the
formation of a folded zono along either side of the trough
The folds are tilted towards the continental area (platform)
adjmmng thom  For example, the Bethian Cordilleras (in
the Iberian Peminsula) the Pyrences the Alps the Carpatlir
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ans the Balkan and the Caucasian Mountains are tilted to
the north while the Atlas Mountains (in Africn) the Apen
nmncs the Dinaric Alps and the Hellenudes (in the Balkan
Peninsula) the Taurus Mountains (in Asia Minor) and the
Iran Mountains are talted to the south

These 1deas were further developed by Leopold Kober
who compiled a diagram showing the structure of all contr
nents and ocean troughs As his basic units hober used oro
gente zones or orogens 1nto which geosynchines are trans
formed and hratogenic fields or kratogens—a specific tectontc
type of stable crystallme structures (shields plates or plat
forms according to some authors) Contrary to some follow
crs of the contraction theory (Eduard Sucss for example)
who flatly disclaim the possibility that large arcas of the
Tarth s crust can be vertically uplifted Hhober attaches
great importance to these movements They are now called
(peirogemie  (continent making) or geocratie (land increas
ing) 1f they are directed upwards and thalassocratic if they
are directed downwards and arc accompamed by an advance
of tho sea

New 1deas were put forward at the close of the mincteenth
century On the one hand these ruled out tho processes of
compression and on the other supplemented and supported
the contraction theory First of all mention must bo mado of
tho 1sostasy theory {teaching onequthbrium) which was de
veloped by Clarence Edward Dutton and supported by Mar
cel Alexandre Bertrand I Lukashesvich and others Accord
g to this theory the Earth s heterogenous crust which
consists of <cctions of different muncral composttion and
conequently  of different density lies on hquid magma
These «parate ections aro thercfore submerged 1n this
magmn to various depths dependieg on their thichness
anl den ity 1n the same way as objects of various density
fimt on water The urlace of the various ecctions was ongi
milly uneven Denudation smoothed out this unescnne s
anl move ! masses of minerals from clevated to lower lyiny,
snas This cau ed a change in the lon! made the hightenad
irc1s more tuoyant ani _ubmergcd the overloidud arcns
1 per anto the magma  Fracturcs apprarcd between the
anas  tn mction Magma ro ¢ along the e fractures ant
i trate ! rocks o raang ther weight anl disturbing
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awny from Africa amd Astn ddeifte } <outh anl moved apart
Ihe prossure dircctad from th polos to the cpuator cans |
mauntatn sytoms to e Can the continonts i the Cyrns
from the Atlantic to the Pacific The ansutar ancs an the At
lante (the Antdles and Soutk Hawmitan Islan 38} anl the
Paafic (e Aleatnins the hunls Japin the Plalippines
and the Sunda Iands) anc feagments of continents that bl
igged bdimd an the course of the deft

Vo Belou ov hnted a number of con ulerations that dis
proved the drft thcory  Thus the Wegonce by pothoss takes
no atcount at all of <uch amportant tcetome Liddors oy
o allatory movements Nather does st explun the pheno-
mem of intcrmittent folding of the basaltie substeatum s
<ofter than the gramtic continent thon it and not the flont
mg contiment hould fold and of 1t 14 haplor 1t should o~
mun motionle s Further the cntire In tory of the Iarth
shows that though diffirent sn structure the ocenns and con
tinents are dentieal geotectomcally  This unity 18 excludad
by the continental drft theory Tastly the <ource of the
forces moving the conttnents s unknown neither tuddd
attraction nor centrifugal fores are sufficient to cxplun
tlus movement

An attempt to clanfy the latter problem was made by
M Bogolepoy who came forward with the 1dea that the same
laws govern the movement of gases and liquids as ¢y clones
Liquid magmn cannot remain motionless eternally VWhen
1t 15 set 10 motionat will migrate 1n accordance with the law
of cyclones and anticyclones and its movement 1s transmit
ted to the Darth s crust An evamunation of the geomorpho
logical forms of the Earth s surfice (the outlines of contt
nents and 1nsular arcs) will quickly show that in their arrange
ment there 1s a regularity that reflects the character and
forms of subcrustal cyclonic and anticyclomc moyements
But even these clanfications cannot eliminate other weak
nesses of tho continental drft theory

John Joly advanced a hypothests on the sigmficance of
radioactive processes 1n geotectomic processes It was sup
ported by A Arkhangelshy and others Lihe Wegener Joly
assumes that the continents are a stalic (granitic) mass with
a density of 27 floating on a sumatic (basaltic) bed whoso
density 1s over 30 Contiments with a thickness of up to
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35 000 metres aro submerged in the basaltic bed to a depth
0f 30 000 metres 1n the same wny as 1cebergs are submerged
n the occan The Pacific Ocean has no granitic layer while
n other oceans the layer 1s very thin The continents re
main 1mmobile as long as the basaltic bed 1s hard But the
heat from radionctive decay acts on this bed

Joly has calculated that the heat the Earth loses through
radiation 13 compensated at a certain depth by an imflow of
heat of radioactive origin while stall deeper at approxima
tely 48 000 metres the inflow of radioactive heat evceeds
the heat lost through radiation and 1t gradually accumu
lates In the course of a period of 33 to 50 million yeurs the
temperature of the basaltic bed at this depth rises to melting
point This 1ncreases the volume of the basaltic layer and
consequently that of the Earth as a whole The result 1s
that the hard crust 1s deformed and ruptured particularly
on the floor of oceans where enormous guantities of lava
1ssue The density of the basaltic bed decreases when its
volume 1ncreases and consequently the gramtic materal
submerges deeper 1n 1t and a transgression of the sea takes
place on the surface Finaily the liqmd basaltic bed 1s
st 1n motion 1n a westerly direction by the tidal forces of
the Moon and Sun and 1t carries the continents along with
1t But during this drift of continents the sections of the ba
saltic bed that had lain beneath them sink below ocean level
and gradually harden as they cool Their density 1nereases
and volume decreases The Earth s radius contracts the
crust shrinhs the continents regain their former level and
the sea retreats Mountain making processes are started along
the margin of continents under the enormous pressure of
the ocean floor and then a stago of rest longer than the con
tinental drift phase sets in Once again heat begins to bo
accumulated the basaltic bed melted and so forth

The Joly hy pothests hinks together reciprocally dependent
phenomena and divides our planet s history into revolution
ary (epochs of the movement of continents) and evolution
ary (epochs of rest) stages End forces predomnate
during the revolutionary stages and exogenous forces during
the evolutionary stages These stages form a cycle that has
repeated itself over and over again in the Instory of the Earth
The cxternal harmony and integrity of the Joly hypothesis
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have attracted many geologists to it Tseentially however
Joly s only service 1s that he drew the attention of scien
tists to radioactive deeay as a unigque source of heat

The biwue objection to the Joly hypotliens 1s that the
Larth s lustory consists not of a sumple altermition of cyents
but of an sntricato regular processof developmont progn ss
g 1n a defimte direction  Joly does not explarn all the
structural features of continents and mountain ringes s
calculations are arbitriry poorly supported by facts, and
have been disproved

A ncw radiomigration hypothests was recently formulated
by V Belousov He regards radionctivity as tho hey power
factor and assumes that the distribution of radicelements
1o the Earthis irregular and changing The suberustal heat
1ng of the rock mass by radioactive decay causes it to expand
at a certain depth and thus explains the greater dynamics of
vertical tectomes Belousov says that each geotectonic eycle
1s accompanied by the formation of gramtic intrusions
whose volume 1s very big but cannot be calculated Gramte
has a higher content of radioactive clements than any other
rock The radium content in 1t 15 three times as great asin
basalt and twice as great as 1n tho most radioactive sed:
mentary rocks That 1s why the formation of gramitic 1intru
sions 15 accompamed by a change in the distribution of ra
dioclements 1n the Earth the upper layers of the Larth s
crust are enriched with these elements and the deeper layers
correspondingly impoverished But masmuch as the intru
s1ve process eannot be reversed the migration of radioactive
clements from the Earth s ratenor to 1ts surface 1s ikewise
wrreversible  In cach tectonic cycle gramitic 1ntrusions form
i the course of a certain period of the mountain mahing
epoch The spasmodic way gramte forms 1n time and space
1s due to the irregulanty of the centrifugal mugration of
radioelements and of the corresponding thermal conditions
in the Earth The Earth s temperature grows with depth
from the surface to the lower boundary of diffusion of radio
active elements where 1t reaches its maximum The cen
trfugal migration of radioactive clements cools the inner
layers of the Earth of which the most probablo consequence
1sth he volume of matter grows smaller 1 ¢ contracts

- smodic migration of radicelements 15 evidently

276



what causes 1rregular compressions of the Larth s crust in
timo and space But the concentration of these clements
prumanily under the axial part of & geosyncline starts a frush
mflow of heat generating matter and cretes a focus of 1nten
weheating At some stage or other this must lead to ancxpan
<lon of matter and a mse of the Larth s crust directly over
the area where thermal radiation 1s greatest When masses
of atid material mse heavier material sinks and this causes
compensation downwarps accompamed by the injection of
basic intrusions to form 1n the Barth s crust Belousov thus
recogmies that thero are vertical ascending and descending
movements of the Larth s crust the former being accompa
nied by mountain making e rejects the possibility of tan
gemtal movements
It stall remains to be elutidated how much the abyssal
zone below the 70 kilometre suprazone ipfluences tecto
geme processes Another difficulty 15 that we hnow very hittle
of the state of matterin the Larth For example 1t 1s obvious
that heating must be the cause of expansion and cooling of
compression But if only the 70 kilometre surface zone ex
pands and P the p ure ck cannot en
sure the observed amplitude of crustal movementsif the proc-
¢.5 15 hmited to simple thermal expansion and compression
of matter Changes we know nothing about evidently take
place 1n the aggregato state of matter Without a knowledge
of the physical and chemical properties of abyssal matter
1t 1s impossible to make any quantitative computations
and this 1n 1ts turn makes 1t 1mpossible to formulate more
or less rehable geotectoni hypotheses
Tie time 1s now ripe to revise from the standpoint of
the latest achievements in all branches of hnowledge all
the 1deas underlying geotectonic hypotheses This alone will
make 1t possible to create a scientific and fully substantiated
geotectomie theory

GLOLOGICAL MAPS AND SECTIONS
Geological Maps These maps are one of the major results
of field work They show the geological structure of various
areas of the Carth s surfate and of the Carth as a whole A
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geological map brings out the distribution on the Barth s
surface of rock layers of difterent age petrographic compost
tion and mineral content the distrbution of underground
waters and so on
A basic geological or stratigraphic map shows the distr
butron of rock layers of different age In additton there are
hthologic maps showing the occurrence of various rochs
tectonic maps giving the structure of the Darths crust geo
morphologic maps outlining the distribution of various ele
ments of the Darth » surface relief 1n connection with the ge
ological structure of a given arca and the mstory of the relief s
transformation hydrogeological maps showing the dstrt
bution of underground waters their quality depth and so
forth and mineral maps giving the occurrence quality and
other features of minerals
\ geologieal map 15 compiled on the basis of available
topographical data A map showing the relief with contour
lines1s the most convenient The details and accuraey depend
on the scale which ts chosen 1n conformity with the scale
of the geological survey
The usual scales for a geological map are 1) areal—from
17 500 000 to 1500000 2) detailed—from 1 200000 to
150000 3) special—larger scale
A geological map contains a table of conyventional signs
(legend) which lists and explains the symbols 1n 1t
A colour scale to designate the age of rocks proposed
by A RKarpinshy  was adopted by the 1881 International
Geological Congress It gives the following colours for the
diffcrent stratum systems
0 Quaternary —light grey or ligh reen
N Neogene—light )cﬁos gkt e
Pg  Palcogene—orange
Cr Crctaceous—green
Juras ic—blue
1 Trias 1c—hight  violet
P Permian—brick red
[ Carboniferous—grey
D Desoman—brown
S Silurian—gny green
[¢] Onlovician—green brown
Cm Cambrian—wviolct
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A stratigraphical age 1ndex 1s also given 1n the colour
field of a geological map

Magmatic and metamorphic rovks irrespective of their
age are also designated by defimte colours These are red
for acid rocks green for basic rocks and pink for metamorphic
rochs

The petrographie composition of rochs 1s usually depict-
ed with hachures

There 1s a defimte order for the legend 1n a map The age
symbols are given top to boitom or left to right from young
to old These are followed by symbols dusignating magmat
1c and metamorphic rocks and by the symbols for petro
graphic varieties of rochs Then follows the explanation of
all tho signs on the map (elements of the occurrence of strata
Iines of tectomic disturbances outerops boreholes and so
on)

Certain comventions are permitted 1n a geological map
First and foremost, this concerns Quaternary rochs a thin
mantle of which covers almost the entire surface of the Earth
and conceals the underlying beds In conscquence of this 1t
1s the general practice to omut the Quaternary deposits and
show the deposits lying directly under them They are only
left for arcas where they are very thick and no reliable
data 15 avalable concerming the rochs beneith them
(the Caspian region for cxample) or for arcas where 1n
tensive sedimentation 18 proceeding rver valleys for
nstance

To understand a geological map one must be able to pic-
ture how the various layers 1n 1t harmontse with the relief
of tho given arca

If the strata Iie horizontally the colour of the main arca
<hown 1n the map will be that of the layer closest to the
surface strips of older rocks will appear only along valleys
and spots indicating younger rochs will be shown n water
shads

The boundames of the strata will run parallel to the
contour of the rchef

1f tho strata are bedded vertically the strips on the map
will run slong the stnhe Their width will correspond to
the tachoess of the stoaka

If the <trata are Ledded ab an anglo the strips on the map
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will npltec cach thetath hp tinofth lip tranh
catothe char, frm 1 etsy ur, ef et ne(hig 113)

~ o~ el T
N N - \,.,]
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Big 10 Blxi Larairs | Uoriz atal (1)
anl gntly bLgpln (1) hy o8

The ruatton Tatween the 3ountarns of th strata anf the
contours depends o the gralunt ! arcs anl the dip

angle of the strita
A= q
3
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Fig 1. Dlock digrar s
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gle) b strat In I 10 te eir 1 et v e
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Fig 114 Block diagrams
a—sync tnal fold b—antictinal folt
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If the strata are inclined 1n the direction of the area gradi
ent (but at a smaller angle than the latter) or if they dip
1 dufferent, durections, the relief contours and the boundaries
of the strata will be traced in one and the same direction
(Fig 114a, ¢) Ifthe strata are inclined at a greater angle
than the surface reltef the relief contours and the bound
arles of the strata will be curved 1n opposite directions
(Fig 114b)

On a map folds are represented by stripes repeated symme
trcally 1n relation to the central odd stripe designating the
layer 1n the centre of the fold The difference between svn

Fig 116 Block diagram of a fault mn a synchine

a—syncline before the appearance of & fault b—fault
c—abraded (ault elevation

clinal nnd anticlinal folds 1s 10 the arrangement of the layers

0 & synchine the central odd stripe represents the youngest
layer (Fig 115a) 1n an anticltne on the contrary 1t repre-
sents the oldest (Fig 115b)

When reading a map showing dislocations with a break 1n
continuity, account must be taken of the strike and dip of
tho strata and also of the surface gradient (Fig 116)

1f the strata arc bedded { bly thesr b daries
on & map will intersect and one series will give the tmpres
sion of cutling off another (Fig 117)

On a_geological map the width of a stripo representing
one and tho same layer frequently varies greatly Usually
this 1s due not to the ch an the true thiek of the
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layer wluch 1s nearly al
ways constant but to the
surhice relief and to the
dip of the layer A stripo
rcpro:cntlngndcl’imtela)cr
on a map will therefor
gine the apparent and not
truc width of the Jayer In
a gradient with umform
true thichnesses the appar
cnt thichness of 2 gently
sloping la)lcr will be grcnll
cr than that of 2 steeply
| Z3 AR AW E=J« s dipping Inyer Comversely
1f the dip angle 15 umform

Fiy 117 Unconformably bedded  the apparent thichness will
strata be greater where the dip

11 lecore —Uprer Carbonifer
3—Mid U Tb niferous  4— L wer ¢ r angle decreases (Fig 118)
b n ferous 5 —Lpper Devon an Information about the

stratigraphic  section of a
studied arca 1e¢  the petrograplic composmtion of the
laycrs tho geological sequence the thickness and ago 18
given 1n a geological or stratigraphic column (Fig 119)

Geological Section To give a clearer 1dea of the way layors
are bedded geologicil maps are usually accompamed by
geological sections (Fig 120,

Tho general principles underlying these sections are

{ A hine whose ends are designated with letters or fig
ures forexample I—Tor A—A 1sdrawnon a geological map
in a chasen direction

2 A scale 1s sclected for the scetion the scale of length
1s usually the same as the ~cale of the map while the scale
of height may be increased 1f
the strata are thin

3 The topegraphic section a, a,

1s constructed on a separate =
heet of paper 1m accordance 3, a,
with the ¢levatien  marks

along 1 sclected hine 1t must
be at once ortented 1n rclation  po g1y rrue (a) and apprent
{o the canlinal points with @) tluckuesses
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g‘lt%{)dosxgnahons at the ends (for cxample, N—F or

4 Geologienl data are witten on the topographic profile,

the boundaries Letween the various stratigraphic subdivi
sions are marked (Fig 12ib}

Geatagrent age »
Geofogical 1 € =
£ X
System | Epoch |Ingex| cotumn i_ﬁE% Brief description of rocks
f E
Quartz sand yeriow brown
Qudternor Q 85 | roqu aranalah coarse sand
predominating
Grey clay sandy clay en top
Cretaceou | Lower | ¢, o= i png nla? belows 4
e yetlow grey sand (n fower
250N e nasaes nes sem grauet gand
Caorse gravel at the base
Carom e
ferous Imnddle | ¢, [OTTrrir} wo | wate compoct time tone
I
e
am——
T
J‘Y 1JA;‘:l‘lT
e Yellow dolomite unth rare fine
#% | partings of green sh clay
25 | Yellow a d grey marl
2¢ | 7o p ok greg state clay
4 G ey compact marl
et 9 rray s dstane | g gl
- 70 75 | compact med m grar ed A toy
of semt gra s ndston wth o
pebble at the b ¢
05

50

Freg inedsadtore gey
¢ mpdct

Do k grey elay shole

Fig 119 Stratigraphic column

5 Thoe structure is detormined by comparing the outerops
of various strata If the bedding 1s folded the Iayers in tho
centre of the folds are traced first The other layers are drawn
after that hns been done 1f data 1s avarlable on elements
of the bed position and thichness of the strata the profils
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1cal scction

.0 Schematic geolo,,

Fig 1

¢ M ddle Carbontferous
€[} Lower Carbomfercus

Geological section across I-1

# & Lower Permion
¢,C9 Upper Cordomferou

\

Fig 121 Construction of a schematic grological scetion



13 constructed schematically In tho latter caso the strata
ichine 15 chosen so that the true thichness of each layer 1s
constant throughout the entire section (Fig 121 ¢)

6 A colour or hachure 15 selected for cach profile and
1s indheated 1n the legend

7 The section must be signed

An ability to read geological maps and sections helps to
form a clear picture of the geological structure of a given area,
of the types of rocks occuring 1o that arca and also of 13
geological hustory
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SUBI (T INDEN

A

Abrasion 190
Abyssal mcks 214
see Roch:

Abyssal scdnmcms 190
see Sediments
Accessory minerls 30
see Minerals

Acud lna 222
see Lavn
Acid rocks 88 91 9o
see Rocks
Active layer 167
Agate 73
Age 208
Albite 85
Alkaline rochs 9
 see Rocks
Mlocmhonous conl 212

e Coa.
Alluvul Ians 143 153
Alluvial terraces 151
see Terraces
Alluvium 145
Alpwe [olding 232 260

see Folding
Alumosilicates 80 84
Amazonite 8+
Amorphous state 55
Amphibole 82

gdules 60

ane 91 94

Angular unconformity <43
Anhydrite 79
Amsotropic o
Anorthoclases 8.4
Antechises 261
Anlhracste 107 241
Anticltnes 247
Antichnorium_ 2,8
AnlicyJones 33
Antiepicentre 237
Antigorite 83
Aphanitie s!mclurc 59
Appleton lnyer 3
Aqucoghcmf (lopcmls 186
Aragomte
Archean cry 208
see Era
Arctic Ocean 39
Arenaceous rocks 99 101
see Rocks
Argillite 103
Artesian basins 16u
Artesian well 164
Artesian water bearing bed 165
Asphalt 107 108
Atlantie Qcean 39
Mmusphere 28 29
Augite 81
Auroral displays 29
Autochtbonous’ cosl 212
gee Coa
Avalanches 177
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Average ameons rocks 5% 91 93
see Hochs

Axis of symmetry o7

Azote ol

Azunte 78

B

Bacteria spores 50
Barkban chains 130
Barkhans 130
Barysphero 22
Basalt 93
Basaltic magma 214
see Magma
Base lesel of eroston 137
Basic lava 222
see Lava
Basic magma 214

148

sce Magma
Basic mcksgngs 91 93
see Roc
Bathohiths 215
Bathal zone 191
Bauxite 106
Bean ore 75
Belt of cementation 53
Benthos 53
Bentonite 102
Bunary granite 95

¢

Calearcous algie ot
Caleite 76 103
Calderas 218
Caledonitn folding 260
Folding
Canyons 102
Cap glaciers 180
see Glaciers
Carbonaceous rocks 103
sec Tlochs
Carbonate of sodium 106
Carbonates 76
Carbontferous 270
Caustobioliths 6
Cenozoic cra 270
see I ra
Centro of symmetry 58
Chalcedony 73
Chnleopiynlo 0
Chalk "{04
Chermcal rocks 99 103
see Rocks
Chemical weathering 113
Chernozem 120
Chestnut soils 120
see Soils
Chlorite 83
Chlorite state 109
Cihate infusorian 52

eriod
10¢

B:oloilcnl weathenng 114 Cirques 177
Buosphere 28 50 53 Classification of volcanoes 224
Biotite 82 Clstic rocks 99
Biotite schist 109 see Rocks
Bivalve mollusks 51 Clay marl 103

locks Clay shales 109
Blue mud 198 Cleava,

see Mud Coal 107 211

Bog ores 75 24
Borates 106
Boulder loam 103
Boulders
Brachyaxia) folds 2,8
Breccia 100
Brines 160 20.
Brown coal 107 212
see Coal
Brown iron ore 75
Brown sotls 121
see Souls

Allochthonous 212
Autochthonaus 212
TOWIR 212

Hard 214 212
Peat 211 212

Cold pole 189

Colites G0

Colour scale 278

Combustible shales 107

Comets 16

Compact limestone 104

Compensation current 44
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Compo ation of <1 water 42
Conchoulal fewture 63
Concreltons €0 208
{ondensation 1,8
Confimng bed 102
Conglomerate 100
Contact aurcole 204
Contact metamorply m 203
ee etamorphy m
Continental gliciers {50
see ( laciers
Contriction by pothesis 271
Coquina 104
Coral mud 199
see Mud
Coral reefs 194
Corl sand 199
Coral 51
Corrasion 123 124
Corny ghaers 179
see Glacters
Corundum 79
Crater 218
Cretaceous period 270
Lrevasses 1bo
Crofesima 2
Crust of weathering o3
Cryasphere 176
Crysotile asbestos 83
Crystal adges 55
Crvstal [ices o5
Crystalline dolomute 110
Crystalline schists 109
¢ Jstalhine state o5
Crystals 57
Cyclones 33

D
Deflation 123 12, 148
Deflation caves 126
Delta 147
Deluvium 136
Dendrites 175
Denudation 111 123

Descending water 163
see Vater
Diabase 93
Diagenesis 207
Diamonds 68

9

Diapie 111 240
Diatomule 10,
Ditoms »1 .2
Diorite 01 93
Dip 251
Dip anele 201
Dip compass 201
Dip line 201
Dislocation 244
Displicement 210
Ih solution 207
Dolomite 77 104 10s
Dol mitisation 200
Dramage basin 48 179
Drwwn duft 140
BPru es G0
Dry deltas 15y
Dull lustre (o
re lulr
Dunes 1.8
Dunite 92
Dykes 216
Dyntmic  metrmorphism (63
see Mclamorplasm

1

Carthquikes 230 231
Larth s core 21
Earth 3 density 20
Cehinoderms ol
Effusive 1gncous activity 216
Effusive rocks 103 233
see Rochs
Ljctaments 193
Claviem 114
Eminent clewnage 63
Endogenous processes 213
Lolation 134
petrogenic 272
petrogenic uphft 189 261
picentre 234
1zone 265
och 268
a 208
Archean 268
Cenozoic 270
Mesozore 268
Paleozoie 268
Proterozoic 208
Erosion 137
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Erosion curve 151
Erosion terraces 151

see Terraces
Crratics 188
Eskers 186
Estuary 148
Exaration 182
Exogenous processes 111

F

Facies 200
Fall earthquahes 231
Fault crevice 245
Faults 227 216
Feldspars 95
Feldspathoid 85
Ferruginous rocks 100
see Rocks
Ferruginous tuff 106
Fine frapmental rocks 100
see Rochs
Fissured intrusions 216
Fissures 227
Flexure 2,0
Fluonte 72
Fluvioglactal deposits 18, 186
Folded (plicative}dislocations 247
Folded zones 201
Folding 260
Alpme 232 260
Caledonman 260
Hercymian 200
Pre Cambriin 260
Fornmimifera 5t
Force of gravity 19
Fracture 63
Fragmentary rovks 99
see Rocks
Fulgurites 113
Fumaroles 222
Fungal pores o0
Fluvioglacial dcposits 18
Fluvioglaclal streams 186
Fyodorov unucrsal stage 85

G

Cabbro 93
Gaizo 208

Galena 70
Geocratic 272
Geodes 60 209

Geograplireal cycle 150

Ceord 19
Geologlcal map 278
see

Geospheres 21
Geosynclimes 261

lap
Geologre time 269

Geothermal gradient 25

Geothermic degree 25
Geyserites 105 174
Geysers 166
Glaennl 1ce 181
Glicral lakes 186

see Lales

Glacial ploughing 182

»

Glacial rills 186
Glacal tongue 18.
Glaciers 181
Cap 180
Contental 180
Corrt 179
Hanging 179
Higbland 180
Mountamn 179
Stellate 179
Valley 179
Glassy structure 83
Glauconite 83
Gneisses 108
Gold 69
Grabends 202 240
Granite 90
Gramtic magma 214
see Magma
Granular clusters G0
Granular ice 181
Graphie granite 96
Graphite 63
ravel
Gravity anomaly 19
Green mud 199
see Mud
Greison 9o
Grey forest soil 120
see Soxls
Grey sorls 121
see Soils
Grotto 186
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Ground morauie 18,
see Morune

Ground waters 107 109
see_Waters

Guide fosstls 208

Gypsum 78 106
Gypsum cave 171

u

Halides 71
Halite 71
Halogen rocks 106
see Rocks
Hanging ﬁ:lacmrs 179
see Glaciers
Hard coal 21t 212
see,Con
Hematite 74
Iercyman folding 260
see Folding
High tides 193
Ihgh water 142
see \Water
Ilighland glaciers 180
see Glaciers
Ihgbly mperfcet cleavage 63
Ilionosphere 176
Holocrystalline structure 88
Homoseismal le 237
Hornblende 8t
Hornfelds 110
Horsts 240
Hot mineral springs 16,
Humus 116
Hydrocarbons 211
Ilydrogen sulphude 210
Hydrogeological maps 278
see Baps
Iydrolaccolith-containting hum
mocks 167

Iiydrosphere 28 38

Hygdrostatic pressure 214 265

Hydrothermal deposits 17..

Ilydrothermal metamorphism 264
see Metamorphism

Ilydroxides 72

Ilypabysal rocks 214
see Nocks
Hypocentre 23,

Uy pozone 26

Iceland spar 76

Igncous activity 21,

Imperfect cleavage 63

Indian Occan

Infiltration 157

Infrapermalrost waters 167
see Water

Inland sca 40
Interfluves 149
Interflavial areas 204
Internal moraine 183
se¢ Moraine
Interpermafrost waters 167
see Water
Interstratal waters 162 163
see VWater
Intrusions 215
Intrusive agneous activity 215
Intrusive racks 87 214

ocks
Intrusive sheets 216
Tomsation maxmma 31
ITonosphere 29 31
Iron oxide 100

Iron protoxude 10u
Isoclines 22

Isogon 22

Isosersmal line 237
Isostasy theory 272
Isotropic 55
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Jasper 110
h
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s1s 271
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haohnite 83 102
harnzes 175

Karst 168

Rarst caves 170

Karst regions 168
Karst swks 202

Karst springs 169 170
Katamorphic zone 53
Kenelly Heavyside layer 31
Rrasovsky ellipsoid 19
Rratogens 272

L

Labradoritite 93
Laccoliths 216
Lakes 47 143 201 211
Glacial 185
Oxbow 143
Landshdes 171
Landwaste 100
Lapidls 97 220
Lateral erosion 142
Lateral moratne 183 184
see Moramne
Lateritic_soils 122
see Soils
Lava 222
Acid 222
Basic 222
Ultra basic 222
Volcanie 222
Lepridomelano 83
Leuc:te 86
Digmite 107 212
11man $48
Lime-soda feldspars 84
Limestone 103
Tmonite 7, 174
Line of strike 231
Linear crosion 43,
Liparite 90
Lithologic maps 278

see Maps

Lithosphers 21 ,3 97

1ittoral 191

Lattoral sediments 196
see Sediments

loams 102 103

Locss 101 104

Lovss rocks 128
see Rocks
T ongitudinal vibrations 236
Low lmes 193
Lower maramne 183
see Morame
Lunulets 125

Metallic 62
Nonmetallic 62
Submetallic 62

M
Magma 213
Basaltic 21
Basic 214

Gramtic 214 204
Granite 26
Persiic 214
Magmatic rocks 87 214
see Rocl
Magmatic water 1,8
g!:lu Water
Magnesite 77
Magnetic anomalies 23

Magnetic inclination 22

Magnetic meridian 22

Magnetic storms 23 238

Magnetite 74 7%

Malachite 77

Mantle 21

Maps 277 278
Geological 278
1ydrogeological 278
Lithologic 278
Mineral 278
Sersmic 238
Tectonic 278

Marble 110

Marginal sea 40

Marine pebbles 100

Marl 104
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see Relief
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Mechimcal weathering 111
Mediim  clenage 63
Medi1]l morune 19
see Mornne
Melonitisition 260
Meridian 18
Meroplankton 53
Mesozoie cra 268
see Lra
Mesozone 260
Metallic lustre 62
sce Lustre
Metamorphism_ 263
‘ontact 263
Dynamic 263
liydrothermal 25,
Pneumataolytic 204
Regional 264
Thermal 263
Metamorpluc rocks &7 108
see Rochs
Metcorites 17
Mica 82
Mica schists 109
Microcline 8:
Mircofragmental rocks 99
see Rocks
Middle waters 162
see Water
Mineral> 86
Accessory 86
Non transparent 62
e 210
Rock formng 86
Translucent 02
Iransparent 62
Mineral hardness 64
Mineral maps 278
see Maps
Mineral wax 108
Minerahising acents 88
Mirabilite 106
Mixed terraces 15t
see Terraces
Moffette stago 222
Mohorovic 20
Moisture capacity 156
Monadnochs 149 150
Monochnic o9
Monomimeral rock 86
see Rocks
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262
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Montmonllontte 102
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183
Iateral 183 18,
lower 183
Medial 18,
Terminal 18,

Morion 73

Mountatn gliciers 179
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Coral 199

Creen 199

Red 199

Red abyssal 199

Yolconie 199
Muscovite 62
Muscovite chist 109

N
Native elements 55 63
Natrve Ehhnum 92
Nekton 53
Neogene pertod 2,0
Neotypo rocks 92
see Rocks
Nepheline 85
Nepbeline svenite 94
Neve 181
Nife 2t
Nifesima 21
Nonmotalhic lustre 62
see Lustre

Non tnnspargnt minerals 62

see Minerals

0
Obsidian glass 96
Qcean trough 41
Off shore bars 196
Old stage of rehicf 150
Relief

Olivine 80
29



Qoze 200
Opal 73
Opola 10.
Ore munerals 215
see  Ninerals
Organte weatherin, 114
Organogenic rocks 99
see Rocks
Orogenesis 261
Orogens 272
Orthoclase 8%
Orthogneisses 109
Orthorhombre 59
Outer geospheres 28
Outwash plams 186
Oxbow lakes 143
see Lakes
Oxides 72
Ozokente 107 108

P

Pacific Ocean 39
Pale grey soils 121
see " Sotls
Paleogene 270
Palcotype rocks 92
chs
Paleozoic era 268
se¢ Era
Paraguessses 109
Parasitic volcanoes 221
Peat 107 211
Peaty soils 117
see Soils
Pcbbles 100
Pegmatites 96
PcE‘élc zone 191
Percolation 147
Perfect cleavage 63
Penidotite 92
Period 268
Permafrost 166
Permeability 150
Permeable Tochs 150
ee Rocks
Persilic magma 21,
see Magma
Petroleum 07
Thosplates 79

Photosyntheyts 115
Phylhtes 109
Plagioclases 84
Plane erosion 135
Plane of symmetry 57
Plankton 53
Platforms 260
Platmum 69
Pneumatolysis 263
Pneumatolytic metamorphism 264
see Metamorphism
Podsolic_soils 116
see Soils
Polyrneral rocks 86
see Rocks
Porosity 98
Porous texture 89
Porphyrite 91 94
Porphyritic structure 88 89
Pot boles 14t 153
Powder rocks 99
see Rouks
Pre Cambrian folding 260
see Folding
Profile of C\gmhhnum 148
Proluvium 155
Proterozoic era 268
see Era
Psammitic rocks 99 101
see Rocks
Pscphtic_rocks 100
see
Pulsation 273
Puamice 96 97
Putnid silt 107
yrite
Pyroclastic rocks 97
see
Pyroxene 81
Pyroxemite 92 93

Q

Quartz 72

Quartz diorites 9
Quartz porphyry 95
Ouartzite gig
Quaternary glaciation 188
Quaternary period 270

2%



udoslirang
Tadbmigmatt nhypolher ot
Hoplds 103
Rare elewents o4
Ravines 119
Reerystallieatim 208
Red mud 19
sce Mud
Red aby<al mud 200
ree Mud
Red chy 209
Red iron ore 74
Relractory clayy 107
ftegional metamorphesm €4
see Mctimarphism
TNegressions 241
Itegressive eries of ediments .01
Rehef 149
Aature 149
Old 1.0
01d stage of 1,0
Youthful 149
Ieverso fault 2.0
River bed crosion 141
Iver drainage system 149
River pebbls 100
River valley prracy 138
livers 48
Rock crystals 72
Rock falls 202
Rock forming minerls 86
see Minerals
Roel salt 106
Rock waste 100
Rocks  fou
Abyssal 214
Acid 88 9t 9o
Alcalino 9
Arcnaceous 99 101
Average 1gncous 88 61 93
Basic 88 91 03
Binary 95
Carbonaceous 103
Chemical 99 103
Clastic 99
Effusive 103 233
Tine fragmental 100
Ferruginous 105
Fragmentary 99

29

Ital = i

Hypaty b 21%
Intrauve (alyval) 47 204
Loess

NAL AU IR a-d £
Metamorphic &7 08
Microlra~mental 92 10}
Monamlnena] ¢

Neot, 92

Or .f,f'f-mn 99 103
Pl type 92

Folymlneral b
Fowder 93 —
Fammitic 99 10t
1 sephitic to0
Fyrochstle 97
Itu tiecous 99
“.dimentary 87 97
~omi abyeal 87
Semi permeable foo
Silteeons 100
sulphate 106
Ulte basic 8% 01 92
Water resisting foo 106
Water tight 1oe

Ruby 7o

Rudaccous rochs 99

Nochs
Run off current 44

s

St sots 101

see dols
Silimty of Likes 202
Saltpetro 106
Sindhlls 130
Swnds 101
Sandstones 101
Sandy loams 102
Samidine 94
sapphre 75
Sipropel 203 211
Saprophytic bacteria
gaprophybic fung1 w0
Schist 109
Sca currents 4u 19%
Sc1 mats 51
Seaquales 2.1

0



Sccretions 60
Sedimentary rocks 87 97
see Rochs
Sediments 196
Abyssal 19
Littoral 196
Shallow water 196
Seiches 48
Seismic maps 238
see Maps
Seismogram 234
SensmoFaphs 231 234
Sersmology 231
Selenite 79 106
Serm abyssal rocks 87
see _Rocks
Semihydrate 79
Semi permeable rocks 1.5
see Rocks
Serpentine 82 8:
Shallow water seduments 198
see Sediments
Sheet veins 216
Shelf 190 191
Bhelf deposits 196 197
Shields 261
Stalic shell 231
Siderite 77
Silicates 80
Siliceous rocks 10u
see Rochs
Siliceons sinters 105 174
Sihcon 73
Simooms 127
Sk holes 468 169
karn 1ron ores 94
Small Larst 171
Snow Line 176
Soapstone 82
Soil waters 159
see Water
Soils 117
Brown 121
Chestnut. 120
Grey forest 120
Grey 121
Lateritic 122
Pale grey 121
Peaty 117
Podsolic {18
Saline 121

White alkali 117 121
Salar salt 71
Solfatara 222
Spatial lattice wu
Specific gravity 66 67
Specular 1ron 74
Sphalerite 71
Sphntery fracture 63
Stacks 192
Stalactites 10+ 173
Stalagmites 10: 173
Stellate glaciers 179

see Glaciers
Stocks 215
Startification plane 243
Stratigraphical age 1index 279
Stratographic unconformity 243
Stratosphire 29
Streak
Strike 251
Structure 87
Swallow holes 169
Swamps 204
Swash 45
Submetallic Iustre 62

see Lustre
Subsoil water basins 161
Subsotl waters 160

sce Water

139

Substratosphere 3

Suffosion
Sulphate rocks 106
see Rochs

Sulphates 78 210

Sulphides 70

210
Sulphur 68 210

Superpermafrost waters 167

see Water
Syenite 9a
Sylvite 71 72

Synclines 247
Synclinorum 249
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Synechises 261

T
Takyrs 131 134
Ta}? 82
Tale schist 109
Talus 113



Talus truns 136
Tectonie depressions 202
Tectonic earthquahes 231
Tectonic forees 200
Tectomc maps 278

see Maps
Tectosmcntes 8s
Terminal moraine 18

see Morawne
Terra rossa 122
Terraces 151

Allavial 151

Erosion 151

Mixed 1,1

Wave cut 192
Terrigenous deposits 191
Texture 87
Thalassocratic
Thalweg 18
Thermal metamorphism 263

see Metamorphism
Thermodynamic equilibrium 213
Thrust 2.6
Tides 46
Tillite 103
Taltmeters 238
Torrents 153
Trace elements v
Trachyte 94
Transgression 193 24!
Transgressive serics of sediments

200

272

Translucent minerals 62
see Minerals

Transparency 62

Transparent mimerals 62
see Minerals

Travertine 10« 174

Triassic

Trichnic 59

Trpolt 105

Troposphere 29

Trough faults 240

Tsupamis 2:1

Tula 104 174

Tuffite 221

u

Ultra basic lava 222
see Lava

Ultra basic rocks 83 91 92
see IRocks
Uneven fricture 63
Undergeound water 1,

see Water

Y

Vadose water 1,9
see Vwater
Valley glaciers 179
see Glaciers
\ur\cd ch)s 186 267
Yemn
Yent funncl 218
Volcantc ash 97 220
Voleame bomb 97 .21
Volante earthquake 231
Voleamic gas 221
Volcanie gliss 96
\oluamt I.’n] 222

e Lav
\olmmc mud 199
see Mud

Volcamc sand 87 199
Voleanic tuft 90 2.1
Voleansm 216
Volcano 218

220

W

Wastc mantle f..

Waterfall 152

Water resisting bed 160

‘Water reststing rocks 155
see Rocks

Water resisting roof 162

Water table 160 203

Vater tight rocks 155
see Racks

Water 159
Descendine 163
Ground 157 159
High 1.2
Infrapermafrost 16/
Interprrmafrost 467
Interstmtal 162 163
Magmatie 158
Mlddlc (mu‘r:tmlal) 162
Sotl 1.
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Subsorl 160

Superpermafrost 167

Underzround

Vadosu 159

Young 158 1.9
Wave-cut terrace 192

see ferraces
Weatbering 111
Weathering crust 114
White alkali soils 117 121

see Soils
\ind wave 44 191
Vvorld Ocecan 39

Yardang 12u
Young water 1.8

see Water
Youthful remel 149
see Relief

Zowc 51
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