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1.
Gods and Air

Il there is anvthing that seems solid and steady, it is the
earth beneath us. We move; the wind blows; the sca has
waves and tides; but the ground we stand en always
remains io place, irm and steady.

Always?

Every unce in a while in sume part of the world or
anothcr the ground suddenly rumbles and shakes. Cracks
appear io the greund. Water pipes, gas pipes, and power
lines beecak. Buildings fall down and peeple are trapped
inside and killed. Then everytihing settles down and is
quict again.

The Earth bas ““‘quaked’ (which means “shakcn™ eor
“shivered”), and we call the event an carthquake.

Sometimes an earthqGuake may take place undcr the
occan. The water shakes above it, and a leng wave is
produced. That wave travels acress the ocean and may
cventually rcach land.

Semetimes thc wavc entcrs an estuary or a harbour.
The wave piles up 1owards the land and gets higher and
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higher. By the time it 1eaches the land, it may be a very
high wall of moving watcr that crashes ashore, drowning
everyone who didn’t reach higher ground.

Such a tall wavce is often called a tido! wewe, but it has
nolhing to do with udes. A better name has bcen taken
from the Japancsc. It is now called a trurami, which means
“harbour wave”,

An earlhquake or a tsunami might only last 3 minutes.
It comes suddenly, however, and without warning, and it
could happen in places where there are many people.
Hundreds of thousands of people might dic in thosc 3
minutes. No other kind of natural disaster kills so many
people in so short a time.

1n a way, then, peeplic have always known about earth-
quakes. Thcy have been happening as long as the Earth
has existed, and anyone who has lived through an carth-
quake or tsunami never (ergets it
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What pcople did not know was the cause of the carth-
quakes,

I'n ancient times people thought earthquakes might be
the result of the anger of some god. Alter all. what else
could be strong enough to shake the ground? The Greeks
thought Poseidon, the god of thesca, was the ged of earth-
quakcs, tos. When he hiriously shesk his trident (a three-
pointed spear}, the sea starmed and the Earth quaked.
The Greeks called him Peseidon, Earth-shaker.

Some ancient people thought the world had to be held
up by somcthing or it would fa)l. @ften they imagincd it
was held up by some giantgod or by some giant animals
Every once in a while, they supposed the Earth bearer
would get weary and shilt his burden (rom onc shoulder to
another. When it did that, therc would be an earthquake.

Some people thought it was a fire god who was rcspens.
iblc. Earthquakes often teok place in regions where
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volcanocs cxisted. Volcanoes spcwed out smoke, Bames,
and floods of melted rock, so peeplc had good rcason fer
thinking there must be fire underneath.

The Hawaiians thought that the firc goddess, Pclc,
lived in the giant volcano on their island. Every time she
grew angiy and stamped her feet, she caused an earth
quake.

The Greeks 1thought that a group of rebellious giants
who were defeated by the gods were imprisoned under the
volcanocs, Whenever they sticced and tricd to break their
chains, the Earth shook.

The first person we know of who tricd to think up 2
cause for carthquakes that did not involve gods was a
Greek philosopher, Aristotle, who lived from 384 ec to
322 »c.

Aristotle believed that every kind of substance had ies
ownnatural place. The solid tarth was at the bettom and
thewatcroflthc ocean lay above it, while theair wasabeve
both the land and sca.

[fany substance was trapped in an unnatural placc, it
would uwy to return to its nawral place. Thus any solid
matter that belongs to the Earth falls to carth at once if it
is taken up into the air and released. P

In the same way, if any air was trappcd underground,
it should move upwards te get to where air belongs. Aris-
tode thought that therc were laige quantitics of air wn
hales and caves underground. When this air blew about
in an attcmpt to gct upwards, earthquakces resulted.

There was no evidence (or this, but it seemed to make
scnsc at the time, There was no bctter idca lor many
ce nturjes,
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2.
Detecting
the Waves

Earthquakes continued to take place and kill people. and
therc was nothing anyone could do about it.

On 24 January 1556, an earthquakc struck in the
province ofShensiin China and is supposed to have killed
830,800 pcoplc. That is still the worst record for eacth-
quakc deaths. @n 38 Bccember 1703, an earthquake
killed 200,900 pco plc in Tokyo, Japan, and oo 11 @ctober
1737, another killed 380,000 in Calcutta, India.

In (hase days, though, the people of western Europe,
where scicnoc was developing, paid little attention to
evenis that were far away.

Then, on I November 1755, a dizaster teek placc in
western Europe On that day, an earthquake shook the
city of Lisbon, the capital of Poriugal. and the area in the
ocean nearby.

Ncarly every house in the city was knecked down, trap-
ping thousands of pcople in the ruins. Then a tsunami
sweptinto thc harbour. A wave, 15 mctres high. crashed
over the ruins. Two more shocks jollowed and fires broke
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out. When the sea moved back and the greund stcadied
itself, 60.008 people were dead.

The earthquake was worst in Lisbon, but there was
damage ¢lsewhere in Portugal. In Morocco, south across
the Strait of Gibraltar, many thousands of pcople were
also killed. Seme shaking could be felt aver millions of
square kilometres, all over southern Europe and as far
north as Scedand.

Evctyonec in Eurepe thought abeut carthquakes afier
that time, and Aristode’s theory of air under the greund
wasn’t good enough. Scientists knew a little more about
energy and about the structure of the Earth in the 1700s,
and they were sure that therc wasn’t much air under the
ground. Even if there was, the air wouldn't have enough
encrgy o cause carthquakes.

®ne of ke sclentists who studied the structure of the
Earih was an Englishman named John Michell. He had
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neticed, as others had, that when people dug inte the
carth, the cxposcd rocks existed in layets called strata.
Sometimes these layers were flat, but sometimes they
were tilted or cuived. It was as though something had
twisted the very structure of the Earth.

[n 1760 Michell said that the twisting of the strata
might cause layers of rock to grind against ene another,
sctting up a series of shock waves that would spread out
from the place where the grinding happened. Thosewaves
would be thecarthquake.

Michell was the frst te say that an carthquake could
take place under the sea and setup a isunami. Hesaid that
that was what had happencd te Lisbhon.

He also said that if the time the earthquake was felt in
differcnt placcs was noted, prople would get an idea of
how fast the shock waves travelled. They could calculate
backwards and work out where the waves started.
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That start, thc point on the Earth’s sucface over the
place where the rocks ground together and the earthquake
staried, is thc epicentee of the earthquake.

Michell neticed, as many ancients did, that many
carthquakes took place in regions where volcanocs exis-
ted, and he knew that hcat is an important ferm of energy.
He 1hought that 1be heat of volcanoces supplicd the energy
to preduce carthquakes. There might be underground
walcr (this would be much more likely than underground
air), which would be hcated and turned inte steam by
volcanic heat. The expanding sicam would move the
recks and causec an carthquake

This was an improvement on Aristotle’s idca. But
how could scicntists'Jind out more about earthquakes?
Could the earthquake waves that Michcell 1alked about be
studied?

Naturally, it wouldn't be possible to study a large eacth-
quake right where it was happening Anyone studying
carthquakes in Lishon on | November 1755, was very
likely 1o bave been dead within 5 minutes aficr the study
of that particular carthquake began.

The earthquake waves weaken as they sprcad out
wards, and cven a giant carthquake can be studied salkly
if a scientist is 30 kilemetres away.

Then, 100, fer cvery laige and deadly earthquake, there
are many ol medium size, which just rattle the vwiindows
and dishes. There are very many more that are so small
they can hatdly be felt.

ls there any way of dctecting the litde shivers set up by
small carthquakes or by large carthquakes far away?

[v wasn’t uotil 1855, a hundred years afier the great
Lisbon carthquake, that the first such device was built,
The invencor was an {1alian scicnust, Luigi Palmier;,

Palmicti’s invention consisted of a horizontal tuhe
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turncd up at cach end and parlly filled with mcrcury.
Whenever the ground shook, the mcrcury moved from
side 1@ side. Thc strongcr the shake, the greater the move-
ment and the mere the mercury shifted into the tucned-
u pends, first en one side and then en the other.

Palmicri placcd small iron floats on the mercury in each
upturned end, and he placed a marker behind each cnd.
He could scc how high thc iron floats lificd as the mercury
moved.

This was the first seismomeier, frem Greek words mean-
ing “‘to mcasurc carthquakes’.

Palmieri's seismometer was te® sensitive, though. Ak
most anything could produce a small shaking in the in-
sttument, s® tt was hacd 1o tell whether the scismometer
was detecting a distant carihquake or a cart rumbling
along a road nearby

A better device was invented in 1888 by an English
scicntist named John Milne,

In 1875 he went 1o Tokyo, Japan, te teach geelogy and
mining at the Imperial Cellege of Enginecring. That gave
him an excellem chancc to study carthquakes, which are
vciy common in Japao. In 1880 he finally construcicd a
deviee that made it possible to study earthquakes in
dciail.

Hece's how it works.

Imagine a heavy cylinder attached by a horizontal
metal red 18 a vertical support. A wire extends [rom Lhe
cylindcr 10 the top ef the support. Where the horizomal
metal rod cennecis 10 the vertical support there is a mov-
ablc joint so that the cylindcr can swing frecly.

The wire that attaches the cylinder 10 the 1opolthesup
port keeps the cylinder from moving down, and gravity
kceps it [rom moving up. Therefere, theouly waythecylin-
der can move is lefi and right in a horizontal line [f the
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instrument is pretecied trom jehs and other disturbances,
the cylinder docsn’t move right or left eithcr. It just
remains steady

I'he support is attached to a cencrete block thatisan
chored to bedrock (the solid reck underneath the soil).

Now supposc there is an carthquake. The bedrock
shakes back and forth, and the support shakes back and
forth with it If the cylinder was attached firmly to the
suppott, it would shake back and (vrth also. It deesn't
though. ltis attached by a joint that Icts it remain loosc.
While the bedrock and the support shake, the cylinder
remains in onc place.

Next, imagine a penaunached 1@ the cylinder, a pen that
Justtouchcs a picceof paper wrapped aboutanother cylin-
der thai slewly retates. This second cylinder, a retating
drum, is also attachcd to the concrete block that is attached
to bedreck,

If the ground is perfectly steady, then, as the drum
retates, the pen marks out a straight line on the wrning
paper. [f an carthquake oucurs and the bedrock shakes,
the rotating drum shakes back and ferth, too. The pen
attached to the cylinder {which doesn’t mave) therefore
marks eut a wavy line back and ferth. The hatder the
ground and the otating drum shake back and forth, the
bigger the sweep of the ink mark.

This device is called a saismogragh, from Greek words
meaning ‘‘earthquake writing’’, because the existence
and strengthol’an carthquake is marked out in writing by
the pen.

@/ coursc, a pcn making marks on paper moves with a
ocrtain amount of friction, or rubbing. That makesithar
der to detect very tiny earth movements.

Nowadays, therclorc, insicad of ordinary papecr, thete
is photographic paper that is sensitive to light on the
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retating drums and there is a hirtle mirror oo the cylinder
A thin becam of light 1s refiected from the mirror onto the
photographic papcee A line can be developed in that way
that s more likely 10 reveal uny waves than is onc
produced by pen and ink.

John Milne set up a number efseismographs in various
places in Japan, and some clsewherce, too. By 1900 he had
13 of them operating Nowadays, there are many hun-
dreds of scismographs on cvety continent of the world,
even it Anarclica.

3.
The Inside of
the Earth

Once scicntists stacted studying seismograph records
carctully, they feund thai there were diffcrent kinds of
earthquake waves. Seme wavces causcd vibrauons across
their direction of travel, others caused vibrations along
their direction of travel Some travelled along the surface
of the Earth, and some travelled theough the body of the
Earth.

The dilferent kinds of waves uavelled au dilierent
speeds. That mcant thad dilferent kinds of waves spread
ing outwards frem an carthquake with a distant epicentre
arrived at the scismograph at dillercnt times. Scicntists
would time the appearance of one kind of wave. thenofthe
next kind, then of the next kind, and so on.

The further the epicenire the greater the time lag be-
tween one kind of wave and the ncxt. Someone at a
seismograph ceutd tcll how f(ar off the epicentre of the
carthquake was from the amount of time lag

[t wasn’tpossible Lo tell from which direction the waves
were coming, though. If the epicentre was 500 kilomelres
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away, it could be on any peint on a circle of radius 500
kilemetres centred on the scismograph.

Suppose, though, there are 3 scismegraphs in diflerent
places, lar aparct from each othec The epicentre is 800
kilometres from the first, 1,120 kilomctres fiom the
second, and 1,608 kilometres [:om the third. Ifyou draw
arcles of the proper sizce on the map with each
seismograph at the centre of one of the ¢ reles, the 3 circles
will ail cross at one peint. That point s the cpicentre.

These days prople at one seismograph can easily con
tact a | ether seismegraphs by radio. For thatreasion when
an earthquake anywhere in the world is detected on a
number of seismographs, scientists can tcll exactly where
the cpiccntre is almost at once

From the amountoftheswing of the linc back and forth,
a scismograph shows how strong the waves are at that
place. Once yeu knew hew (ar that place is from the
epicentre, you ¢an calculate how strong the waves are at
theepicentre and therefore how powerfulan earthquakeis.

In 1935, an American scientist, Charles Francis Riche
er, werked out a way el expressing the power ef earth
quakes by means of a series of numbers firom I upwards.
This is called the Rickier seale

An earthquake that is 1 en the Richter scale has the
same energy as would be produced by the explosion of t 70
grammes of TN'T. This creates waves so small that it can
enly be detected by a scismegraph. An carthquake that is
2 on the Richter scale is about 31 umes as pewerful. Each
time you move up one number. the earthquakeis 31 times
more poweiful than the number below.

By the time you reach 9 en the Richter scale, the power
of an earthquake is cqual to that of the explosion of 200
million tonnes of TN'T.

However, ne earthquake has ever been measured that
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has quite reached 9 on the Richter scale. Even 8, though,
istremendous. In 1906 the earthquake that destroyed San
Francisce is supposed to have been about 8.25 en the
Richter scale. In 1964 there was a very sirong earthquake
inAnchorage. Alaska, that registered 8.5, and some ear Lh-
quakes bave been estimated as 8.9.

Naturaily, these giant earthquakes are very rare. There
might be about a million carthquakes here and there on
the Earth every year, but most are small. Only one carth-
quakc a year, on the average, is 8 or more on the Richter
scale. Some yeais are woise than avcrage, of cotrse. In
1906, there were 7 earthquakes that were probably more
than 8.

A vary powerful rarthquake may just happen to take
place where there are very fcw pcopie and may do much
lessdamage thana weaker earthquake that bits a crowded
city. Again, a city with strong buildings may sulfer less

Richter scale
Distance recorded
Magnitude
/Class. ]
—————_—Description
oScals
I1 2 3 4 5
I TTETT 0} IITI |1T|T-|-T-|-|-T-|TTT|_ITT 1TTrFTTTET
L I
I Seismograph|Slight Movement/ |People
loldetection ~ [vibrations rocking woken
- E
L Below 53
o Not beyond 10
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than onc with flimsy structures. You can’t go entirely by
the Richter scale in Judging how dangcrous an earthquake
is or whether it s a *‘killer’* or not.

The sxrface waves sct up by earthquakes, those waves
that travel along the outside skin of the Earth, give us
use{ul information. The body wawes, which travel from a
point en the Earth’s suriace right through the bedy of the
Earth to another point on the suiface, arc even more
interesting.

The body waves wcre the first things that were ever
found to travel deep into the Earth and then back to the
surface. Perhaps they could give usinlormation about the
docp interior of the Earth, inforinatien we could getin ne
other way.

In 1909 ascientist started werk en this problem. He was
bern in Austria-Hungary, in a place now in Yugoslavia.
His name was Andrija Mohorovicié

San Francisco 1906
Anchoiage 1964

%W'T'HTFHT "I'I"IT'T'H'I'.TI"H‘I'H-.'T'

Trees sway |Walls crack |Walls fall

5359 6-69 |7.0-77
Upto 45 Upto 907 _
5,000 km| 10,000 km Warldwide
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He shewed that body waves that don't go very- deepinto
the Earth move more slowly than surface waves. The
deeper the body waves go, though, the Faster they move,
If they go doep enough they may be as [ast as suiface
waves er aven faster.

Thecreason (er this is that recks that are deep inside the
Earth arc pressed together by the weight of the rocks
above. A particular velume of dcep rock weighs more than
the same volume of rock on the surface. The deep 1ock is
“moredense’’ than the surface reck The decper the rock,
the greater the density.

Waves generally travel more rapidly threugh dense
material of the same sort,

Mohoiovicic studied the results shown by
seismegraphs further and further fcom an epicentre. He
saw that at the closer seismegraphs the body wawves ar-
rived after the suiface waves. But to reach the
scismographs lurther and further frem the cpicentre, the
body waves penctrated decper and deeper into the Earth,
moving faster and (aster. Finally. il the scismograph was
(ar eneugh away from the cpicentrc, the body waves actu
alty arrived ahead of the surface waves which travelicd
aleng the cuived surfacc of the Earth.

From the s.peed of the bedy waves sacntists ceuld cai-
culate what the density of the rocks must be at difl’'erent
distances under the Earth's sutface. The density in
creased smeothly or continuously as the depth grew
greater and greater.

At certain distances from the cpicentre, though, the
body waves arrived unexpectedly suickly. They had
penetrated to 2 depth where their spoed suddenly in-
creased more than it should have.

It seemed to Moherevicié that at a certain dcpth below
the Earth's surlace, there was a sudden shatp increase in
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density as though the waves had enrteredancwkind ofrock,
a kind considerably denser than the rock just above it

A suddcn change in properties is called a discontingity, In
honour of the discoverer, this particular discontinuity i
callcd the “Mohorovici< discentinuity-™.

The Mohorovici¢: discontinuity can be feund all areund
the Earth and is anywhere (rem 6 te 39 kilometres under
the suiface. [tis decper under the centinents than under
the oceans.

The portion of the Earth abovethe Mohorovicédiscon-
tinuity is the criait. The portien underncath it 1s the mantie.
We know about the mantle only threugh earthquake
waves, but {’om those we can work out what the rocks in
the mantle must be like. Someday, perhaps, scientists will
ke able todrill right through the crust and bring up rock
fcom the mantle in order to study it.

A German scientist, Beno Gutenberg, who later went to
the United States and becamc an American citizen,
discevered somethiing new.

[n 1913 Gutcnberg studicd earthquake waves that go
right through the Earth, passing near its centre. He was
able to show that when such waves reach a certain depth,
they can change speed and even change dircction very
shatply. There is another discentinuity about 2960
kilemetres under the Earth’s surface. T'his is called the
“Gutenberg discontinuity™.

The mande reaches ([rem the Mohorovicié discentinu-
itydown to the Gutenbergdiseontinuity. From the Guten-
beig discentinuity down to the very centre of the Earth is
the core

This mcant that the Earth has a structure that resem-
bles the structure of an cgg in some ways Thc central
coreis like the yolk of the egg. This is surrounded by the
mantle, which is like the white of the egg. Al ofitissur
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reunded by the crust, which is like the shell of the egg

The deeper we go into the Earth, thc hottct it gcts. By
the time we get to the Gutenberg discontinuity, the 1em-
peratute is about 3.1 [6°C. The mantle is solid, but it s
very hot.

The core is even heuter,

Therc arc two kinds of body waves. One kind moves
lorwards and backwards and is called a lergindinal v
The other moves lefn and right and is called a frensverse
waLe.

YWhen a lengitudinal wave rcaches thc Gutenberg
discontinuity, it changes directien but keeps on geing A
trans vecse wave, however, stops at the Gutenberg discon-
tinuity and gees no further

Scientists knew that a longitudinal wave can travel
threugh a liquid but a transverse wave cannot.

They concluded, therefore, that the Earth’s corc must
be liquid sinice it will 1101 transmit a transverse wave. Since
the core 13 liquid and vcry densc, it must be meial instcad
of rock. The mest curnmen dense mrtal is iron, so most
scientists think thau the Earth's corc is a mass of liquid
iron. tegether with a small quantity of mckcl, an ciemens
very similar to iron.

At least earthquakes have given us inforznation about
the insidc of the Earth right down to the ceatre. It is
injortnatien we might never have bren able 10 gc1 in any
other way
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Using earthquakes to get information about the inside of
the Earth still doesn't tell us swhat causes them.

People began to notice that carthquakes took placc ncar
wherc there secmed to be long cracks in the rock. There
would be long straight lines whetc the ground on one side
didn’t sccm to match the ground on the other exactly.
These lines are called fau!ts.

Thc most famous one is the “San Andreas fault” in
western California. It was along this fault that an carth-
quake destroycd San Francisco in 1906.

Aftcr an carthquake has taken place, une sidc of the
fault will have shifiiled. It may have moved {orwards as
much as 3 or § melres, or upwards by that amount, or
beth. The other side mav have moved backwards or
downwards or both ways.

This made it look as though Michell was ccrtainly: right.
Therock ononesidcofthe fault moved relative te the ruck
on the other side, and the rubbing of the two sides sct up
the shock waves and thc trembling. If therc is enough
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movement and enough rubbing, the result would be a
glant carthquake

But what causes the movement?

Once scientists rcalised how hot theinside of the Earth
was, the pogsibility arese that the Earth was eooling
down. Pcrhaps it was very hot when it was first fOimed
and has betn cooling down ever since. As the Earth
cooled, it would shrink and its crust might wrinkle,
forming mountains. That would be a very slow process,
but every once in a whilc, as the mountains formed, one
mass of reck would rub against another, setting olf an
carthquake

This theory didn't work out. In the 1890s scientists
discovered that atoms of certain heavy clemcents, such as
uranium and thorium, are breaking down little by lLitule.
Each brcakdown gives off a little heat, Not much heat is
given of” when one atom breaks down, butevery secend,
miilions and millions of atoms arc breaking down all
over the Earth. The heat all those atoms give of.” keeps
the inside of the Earth frem cooling down. This mcans
the Earth is not shrinking and wrinkling, and so this is not
the way earthquakes are caused.

Another thcoiy was proposed, as a result of the shape
of the centnents.

If you look at a map of the world, you will see that the
shape of the eastern ceast of South America resembles the
shape of the western coast of Africa. If you imagine
moving those two ceminents tegether, they would almost
it like a jigsaw puzzlc.

This was noticed as long ago as 1620 by the English
scholar, Francis Bacon.

Could it be that South America and Afitica were once
a single bodyofland? Could it be that this single body split
somehow and the two halves driftcd apart?
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This is cxactly whata German scientist, Alfred Lethar
Wegener, thought.

Jn 1912 he suggesied that many millions of years ago,
all the continents existed as a single large piece of land. He
called that onc large picce Pangaee, Irom Greek words
meaning ‘‘all Earth”’.

Pangaca spiit up, he thought, and the scparate con-
tinents slowly drified apart.

Wcgener psinted out that the continents are made up
mostly of a kind of rock callcd granite The ocean botiom
is madc up mostly of a denser kind of rock called basalt,
which alse lies under thc granite of the continents.

Objects can fleat on denser material, as wood floats on
water. Wegener said that the continents are lumps of
granite that float on a basalt layer that cneompasses the
whole world. Naturally the continents floated apari frem
onc another only very, very slowly, less than 25 centi-
metres a year, because basalt is a lot suf;cc than water

Wegener thought that the American contincnts were
still drifing wcstwards. The westernmost part, he
thought, pushed slowly through the basalt, wrinkling and
crumpling into mountain rangcs — the Rockies in North
Amcrica and the Andes in South America.

Naturally, this wrinkling and crumpling would cause
masscs of rock to rub against each other, and that would
set ofl' earthquakes.

Wegener'sidea of continental drift wasinteresting. As time
went on, scientists discovered a number of things that
mightbe cxplained byit. The natureofthe rocks indifferent
sontinentsindicated that those diff crent continents might
have once fitted together. The kinds of plants and animals
that cxisted millions of years ago madc itscem that it must
once have been easy 10 crossf,.om one contineni toanothcr,
even though thosc samc continents arc now lar apart.
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Wegener's theo y was not accepted. The trouble was
that granite ceminencs would not drift on the basalt un-
derneath. Thcy wouldn't even move a fracuion of a cen-
timeire a year. The basalt is so siif; and hard thai the
conlinents would stay in one place and never move.

For about 50 years alter ¥Vegener first talked about
conlinental dril\, therelore, sccntists paid very littde au-
ention to the ideca.
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J.
The Moving

Plates

The 1mpoitant clue came lrom the botiom of the occan.

Until the 19005, noonc knew what the ecean bottom
was like You ceuldn’t penetrate morc than a few metres
underwater to look.

Themost that ceuld be done was 10 put a weight at the
end ef a long chainanddrop it over the side ofa ship. The
chain would be lowerrd unul it hit the bottom, and in that
way the depih of the ocean at that point eould be
mcasured. [t was not easy ta do. Poople collected just a
few de pth mcasurcmems here and there

A numbcr of depths were mcasured in the Atantic
Ocean in the 1850s, for instance Atthe time, people were
irying te put a cable all the way across the botiom of the
ocean so that tclegraph messages could be seat back and
lorith between North America and Europe,

The depihs that were measured then made it seem that
the Adantic @cean wasno’tasdecpin themiddleasit wason
eithcrside. Thereseemed to be high gieund. ora™*platcau’,
in the middlc, which wasnamed ‘“I'elcgraph Plateau”.
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Wozldwide Mid-Oceanic Range

38

39




During the }irst World War a French scientist, Paul
Langc+in, worked out a way ef preducing certain kinds of
sesund waves that could travcl through water, hit solid
objccts, and bounce back. If you could detect this echo
and measure thc time 1t took the sound waves to hit the
object and return frem a particular direction, yeu could
tcll ¢the distance of the object in that divection.

I.ang exin meant his invention to bcused todctei:t enemy
submarines, butthcwarcnded beforeit was ready. After the
War the same invention (sonar) was uscd to bounce sound
waves off the ocean bottom. In this way the ecean depth
could easily be determined in many placesvery quickly.

In 1922 a German vessel, the Afet¢or. carrying the seund
wave device, or sonar, began to measure depths in the
Atlantic Ocean.

The scientists discovered that the high ground in the
middlc of the Atlantic is net a Ilat plateau but is very
uneven. Injace, by 1925 they were able toshow that there
is a huge mountain range curving down the mid-Atlantic
frem the Arciic to the Antarctic,

Inlaterycarsitwas discovered that the meuntain range
isn't in the Atlantic only. [t can bc traced around lhe
southern end of Africa and up the middle of the Indian
Ocean. It moves into the Pacific Ocean as well.

It came to be called the **Mid-Oceanic Range™.

Metheds of measuring the depths of the osean bottom
sonun:ved to be improved. A group of American scientists,
under William Maurice Ewing, made detailed measure-
ments in the 195@s,

In 1953 Ewing announced that therc is a deep canyon
running down the middle of the Mid-Oceanic Range. [t
came to be called the “Great Global Rift™,

Theriftseems to markof the Earth'scrustinto aoumber
of solid pieces called plates. Some of these plates are hugc.
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Part ol the nft runs along the rim of the Pacific Ocean.
At the west of the Pacific Occan it lellews the line of
islands east of Asia. At the nerth it follows the line of the
Aleutian Islands. On the cast it runs along the rim of
western North America. In lact, it cuts acros: the western
edge of California. The San Andreas fault is part of the
crack that surrounds the Pacifc

The Pacific Plate, then, is under most of the Pacific
Oeean. South of the Nerth Amecrican Plate is the South
American Platc, which also extends eut into the middle of
the Atlantic Ocean.

On thc other side of the rift in the middle of the Atlantic
@®cean is the Eurasian Plate in the north and the African
Platein the south. These two are separated by a crack that
runs along the Mediterrancan Sca and the Arabian Gulf
Eastof the Afltican Plateis the Australian Plate, and to the
south is the Antarctic Plate

In addition te these 8 lar ge plates there are smaller enes
here and there. An example is the Nazca Plate Just west
of Seuth America.

Thanks to scismographs, it is pessible for scicntists to
locate all the earthquakes that take place. It appears that
almost all of'them arc located on the cracks between the
plates.

lesec:ms thae the plates arc moving and rubbing against
cach other and that is causing the earthquakes.

But why should the plates be moving?

In 1962 the Amenican scientist Harry Hammond Hess
suggested that material from the mantle is moving up to
the sea mottom through the Great Global Rifn in the
middle of the Atlantic Ocean.

Itis this matenal thau Jormed the great mountain range
running down the middle of the Atlantic Ocean. As this
material furces itself upwards, it spreads out on the sea
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floor and makes it wider. That pushes the North
American Plate and the Eurasian Plate apart.

North America and Europe enr drifting apart, as
Woegener had said. This is net, however, becausc thecon
unents are floating That was Wegener's mista ke.

The centinenis are fixed firmly to the plates, but the
plates, with the continentson them, are beingforced apart.

This notion of *‘sea Heor spreading?’ was shewn to be
correct. Scientists found that thie fAoor of the Atlantic
®cean & much younger than the centinents; the closer to
the middlc, t e younger itis.

Well, then, hundreds of mi liens of years age Pangaea.
did exist. Different parts of it were on different plates,
hewever, and theie were long faulis between the plates.

Material cormng up from the mantle gradualty sprcad
these (aults and pushed portions of Pangaea away from
one another, lorming sections ol occan n between.

Maybe, hundreds of milliens of years from new, all the
ountinents will be pushed together again by the moving
plates to form a new Pangaea, and then it will break up
again, and se on.

The vaiious plates cover the whole Earth. This meaos
thal ifplates are being pushed apart in some places, plates
are being forced togcther in other places. If two plates
come togelher very slowly, they crumple where they mect
and form mountain ranges.

So, because the Alantic @cean is getuing wider, the
North American Plate pushes against the Pacific Plate,
and this pushing has made ranges of meuntains along the
westetn shore of North Amcrica.

Iftwo plates come tegether a little (aster, one plate slips
under the other. The plate thiat slips under movcs slowly
into deeper parts of the mantle and melts.

At the places where plates pull apart or push togethcr,
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velcanees form, islands arc pushed abeve the oocan sur
face, and the eccan bottem s pulled dewn te form trenattes,
which areespecial ly decp paris of thcoccan. Inlact,agreat
many things can new be understond about the Earth that
ceuldn’t be understood beforc the plates were diseovered.

The study ef the way in which the Earth’s crust bends
and wwists is called {ectonics Sciemists new talk about plase
{ectonics as the study ef the movement of the great plates
that make up the crust of the Earth.

It ts plate tecienics that has finally madc it possiblc to
understand why carthquakes 1ake place. Scientists believe
that thete aie very slew circulating currents of materialin
the Earth’s hot mantle, thathave probably staried because
ofthe Earth'srotatien. The imovingcurrentsdragtheplates
apart in some placesand push them e gether in other places,

Where the plates arc dragged apart, material lrem the
manile pushcs upwards. Where the plates arc pushed
together, there is crumpling, or the crust is lorced dewn
into the mantlc

[n the places where hot material moves up. or where
cold material crumplcs o1 moves dewn, there is movement
of rock againsi reck and carthquakes take place.

@ ceurse, carthquakcs den’t take place all the time. As
plates arc pulled apart er forced together, a sectien of rock
oh ene plateis pushed sidcways, upwards or dew nwards,
against a scctien of reck oo the ocighbeuring plate. Fric-
tien holds the rock in place, heweve.

Morc and met e pressuce is placed on the rock, theugh,
until it finally gives. @ne scciion of reck slides suddenly
against the ether and then sticks, then slides again, and so
en. Each ume it shdcs, there is an earthquak e, The lenger
it sticks in placc between slides, the greater the pressure
build-up. the mere suddcn and sharp the final mevement,
and the larger the carthquake that results.
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6.
What Do We
Do?

[n the middle 197@s thcre was news of a grcatmany carth-
quakes. @n 27 July 1976, there was an earthquake in
China that destreyed a wholc city south of the Chinese
capital, Pekiog.and killed about 650,000 peeple. This was
the worst carthquake disasicr in over 400 years. There
werce other bad earthquakes in Guatemala, Mexico, laly,
the Philippines, Romama, and Turkey.

Are things gulling werse? Are human beings deing
semcthing thatis upsciting the Earth?

I’rebably uet. I is ne werse than it has been before. [t's
Just that we notice carthquakces more nowadays.

In the twentieth centuyy we've devel eped radie and
television, se we hcar abeut disasters merc quicklv. In
1900, il there was an earthquake in a remote pait of Asia,
people in Europc or North Amcrica might not cven have
heard about it. New, we have a worldwide network el
seismographs that dc¢iect a distant carthquake at ence and
lecate it exacily. Then newspaper reperters and television
camcras scod eut the infermation avervivhere
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Ake. we have grown more intcrested in the outside
world. In 1900, cven if Americans or Europeans heard of
an earthquake in a lar distant corncer of the globg, they
wouldn’t have carcd much. New, though, many peeple
travel all over the world, and distant places don'tscem so
distant any more An earthquake far away seems impor-
tant, and we pay morc attention (o it.

tinally, the population of the Earth is nearly 3 times as
high new as it wasin 19009, and many ciues have increased
in populatien Jarmere than 3 times. In 1900, fer instance,
there were enly about 100,000 pcoplc in I.es Angcles,
USA; but nowadays thcre are nearly 3 million.

Then, te0, building s have bcoome much more elaborate
and expensive, and therc are mere of them. Think of all
the Jactories, dams, power plants, air terminals, and oil
pipetines that now cxist. Inlact, there ace many things
that have been constructed now that didn’t exist at alf at
the beginning of the ccnuy.

Thismcansthatan earthquakeofa certainsizc now and
in a cenain place can kill morc people and de much morg
damage 1oproperty than that same earthquakeof the same
size and in the same plasc would havedene in 1900.

All these reasons explain why earthquakes scemtohave
grown so much wersc in recent years, even though the
Earth isn't trembling any- more than it used to,

Is thcre anything we can do to make the danger less?

We could stay away [rom places where carthquakes are
likely. But some of those placcs arcothersvise very geod to
live in and peoplc don’t want te stay away.

If pecplc must live in carthquakc zones, buildings
should be designed so that when an carthquake comes
they can sway but not collapsc. Itis the collapse of build

ings that dees mest of the killing @fcourse, such designs .

are cxpcnsive,
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I( there is any way in which we can predict when an
earthquake is about 10 come, pcople might at leastget out
of their houses, or leave an arca altogether. Then, even il
property is destroyed, at least lives are saved.

How do you predict an earthquake?

Some changes have been rcported to take place before
an carthquake. Lhe ground might hump upwards along
a Jauly, l'ec instance.

Then, too, uny shakings begin. Recks begin to pull
apart skightly so that water sinks deeper into them. @r
water that was imprisoned beleie leaks eut and meves
upwards.

This mcans that there are changes in the watec level in
wells, er an increase in muddincss as sand and soil shake
into the watcr.

Certain gases that are usually imprisoned in reck may
leak out and bedctected. There arc changesin the way the
greund conducts small electrical currents, e¢ changes in
the natural magnetism of the rocks.

None of these changes is a certain indication that an
carthquake will come or, i1t docs, how strong it will be,
erat what time it will ceme or exactly where the epicentre
will be. Maybe as we lcarmn more and devise better insttw
menis, we can make the predictions mere accurate.

We might not even need instruments. There arc reports
that animals become very uneasy just belere an eacth-
quake Horscs suddenly begin to rear up and race abour,
degs howi, fish leap. Animals like snakes and rats, which
usually remain hidden in holes, suddenly come out into
the open. In zoos, chimpanzees become restless and spend
more time on the ground.

This may be because animals have morc acute senscs
than human beings But it's also because they hve closer
to naturc and pay more attention to small things about
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them. They can feel tiny tremblings and hecar small noises
as the rock masses get ready te slide.

In China, where carthquakes arc more common and
more damaging thanin Europe, and wherc the population
is larger, the poople are cncouraged to notice the things
about them very carelully, Any atrainge actions of animals,
any strange sounds in thic carth, any shifts in the level of
we l-water, evenany unusual flalsing ef paint. are reported.

I'he trouble 1s that it is hard to tell when these changes
mean an earthquake is coming and when they take place
for other reasons.

A horse can suddenly start running just because it's
been stung by a bee, there can be a strange noisc Irom
the ground Just because a rock has tumbled down a
mountainside, and 50 on. On the other hand, some cartb-
qQuakes can ceme so suddenly that there is hardly any
waming at all.

‘T'he Chinese report that they have been able to predict
some earthquakes. There was ene in northea stern China
on 4 February 197 5, which was 7.3 on the Richter scale,
and it was predicied. People lefi. the area and many lives
were saved. @n the other hand, the cven larger earth-
quake 0of27 July 1976, was not predicted and a whole ity
was wiprd out

Pcrhapsitisbetter not 1o take chances Assoen asthere
is atp sign that an carthquake might come, maybe cvery-
onc should leave, If there's no earthquake, they can all go
back.

But lcaving is very troubleseine. Peeple don’t want te
leave their homes Just becausc there might be an carh-
quake. Business would be upset. too, and everyone would
lese money. There is always the chance that when most
pcople leave an arca, some might stay behind and loot the
cmpty buildings. Trying te evacuate a large city might
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cause almost as much troublec and expense as a small
earthquake

If poople left an area a couple of times, went 1o a lot of
trouble, lost a lot of money, and then found out it was a
lalsc alarm, they weuld be very annoyed. Eventually,
when there was another warning, they would probably
refusc to move, and the car:hquake might really occur
that time.

The thing to do is to work to improve our prediclion
system. @noce we can actually say that an earthquake of
a particular strength will strike at a par:icular place at a
particular time, and be almost always pioved right, then
people wil lcave in a hurry.

What abeut preventing an earthquake?

Therc 1s no way human beings can stop the Earth’s
plates Green meving Nor can they stop masses of reck from
1ibbing and moving aga nst other masses of rock.

Pcrhaps, though, we can make it easier (or the rocks to
move. As pressurc begins to build up between the rocks
along a fault, they may slide along a litle, then stick, then
stide along a little, then stick, then slide along a little, and
soon. This could produce a mimber of small earthquakes
every ycar. Hundreds of such small earthquakes spread
over 50 years might shake the dishes or rattle the windows
now and then but would de no real damage.

@ r else the rocks mightslide along a liule and then stick
— and stick, and stick, and stick, and not movc at all for
50 years becausc they have stuck so hard. The pressure
builds up, and then, all at once, the rock slides in a few
minutes thedistanoc that might have beei1 spread outover
thosc 5@ ycars. That produces a giant carthquake

Maybe we can ecn#ourage the rocks to slip aleng more
casily and preduce only the small carthquakes.

Supposcdcep wells are dri-led along a rault and water is
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forced into them. The wate r might find its way between
the masses of rock and make them just a little more shp-
pery. That would encourage the small slides, and a giant
earthquake would never appcar.

Will this work? We den't knew.

Ifitis ever tried and ifitdocs work, er if seme other way
is (eund 10 make the rocks slip gradually, then perhapswe
will never again have to live in fear of earthquakes.
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