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FRAGMENT OF FR®8CO FROM CRETE

Explosion
at Thera

IN EUR®PE, civilization first developed on the
islands oftlhe Aegean Sea (ec-JEE-an), which lies
between the modern nations of Greece and
Turkey.

The largest island ofthe areais Crete (KREET).
It is 3,189 square niiles in size, er as large as
Rhode Island and Welaware put together As early
as 3009 B.C.. Crete began te use metals and te
develop an important culture.

Crete may have borrowed much from nearby
lands that had an even older historv One such
land was Egypt, feur hundred miles southeast of
Crete Other lands were what is now known as
Lebanon, Syria, and lraq. sixhundred miles to the
east.

The older civiliaations were on continents, on
great tracts of land. Crete represented the first
island civilization. It was interested in the sea,
therefore, and was the first land to develop a
navy. The Cretan ships protected the land {-om
invasion, and the Cretan people lived comfart
able and peaceful lives. They built large palaces
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with indvor plumbing, created beautiful art, and
played interesting athletic games.

The Cretan ships also traded with the surround-
ing lands. With the trade, the ships carried Cretan
civilization and its way of life to other islands
nearby and even te the part of the European conr
tinent we now call Greece.

About a hundred miles north of Crete are a
greup of islands knewn as the Cyclades (SIK-

AEGEAN SEA

luh-deez). This comes Irom a Creek word mean-
ing “circle” because the chiefislauds ofthe group
are arranged in a circle, more or less. Cretan
civilization reached the Cyclades and the people
of these .small islands also grew prosperous.

The southemmost island of the Cyclades was
called Thera (THEER-uh) by the ancient Greeks,
though it is spelled Thira today. ltalians con-
trelled the Aegean Sea in the Middle Ages, and
they called the island Santorini (san-tuh-REE-
iee), a name which is still sometimes used teday.

THERA TODAY
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Thera 1s only sixty-five miles north of Crete.
Many Cretan ships came to Thera and, beginning
dbout 2000 B.C,, Thera ecame a rich, civiliaed
island and stayed so for live hundred years.

If you look at the map of Thera now, you will
see that it is shaped like a half.circle with the
opening to the west. It is only about 39 square
mil es in area, not much laiger than the island of
Manhattan.

In the opening between the top and bottom
points of the half-circle are two small islands. 1t 1s
almost as though Thera were originally a com-
plete circle, like the letter @, but somehow the
sea broke in from the west, leaving that part of the
circle in pieces. In the center of the broken O are
two tiny islands that constantly smoke as though
there were fires umder them.

Beginning in 1968 scientists, digging carefully
at cer:ain sites in Thera, found the ruins of the
ancient city that was so wealthy and civilized in
Cretan timies They Jeund beautiful puttesy and
wall paintings.

They sl so found evidence of a violert explosion
that must have taken place about 1500 B.C.

Ther, it seems, was actually a large mountain
at that time, rising up from the bottom of the Aec.
gean Sca. The top par:, which was above the sur-
face of the sea, was circular, so that the island was
then a volid O.

It was not an erdinary mountain, however,
Deep within it, there was great heat that was
sometimes pushed up and sometimes sank down.
@ccasionally in mountsins of this sort, as the heat
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CRETAN WALL PAINIING

grows more intense, the rock inside the mountain
melts. As more and more melting takes place, the
melted rock comes closer and closer to the sur-
lace. Eveatually, the heat (s n actually melt a hole
somewhere in the mouataia, and through that
hole, red-hot, liquid rock can overlJow and pour
down the mountainside.

Such molten ruck is called loce (LAHvuh).
This is fom an Italian word meaning “to wash.”
Originally, the people of the [talian city of Naples
used the word ler a downpour of rain that washid
the streets clean. It came to be applied to the
overllowing stream of melted rock becasuse it
washed the side of the mountain clean of grass
and trees.

The overflow of lava cuuld be dangerous, of
course. If there are houses and vowns on the
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slopes and at the foot of the meuntain, they can be
destroyed and people can be killed.

Sometimes, more happens than just lava ever-
flewing and pouring downward. If waser seeps
deep into the mountain, the grewing heat will
make it beil. The steam preduces more and mere
pressure, and linally it can blow out a piece of the
mount:in with great force.

This is an ¢ruptien (ee-RUP-shun) frem Latin
werds meaning “to explode.” Great recks are
hurled high 1n the air. Clouds ef ash and gas are
threw to great heights. Columns of fire arize and
lava peurs eut in great quantities.

Some meuntains el this sert are always smeking
and heating But eveiy ence in a while it gets a
little werse and the lava Jlows. Such meurntains
are net usually very dangereus, As lung as they
keep eveiflowing new and then, they are net
likely to explode. Alse, people knew that it is un-
cem lortable %o get woe clese te it, and they stay
away and remain safe.

®n the other hand, seme meuntains of this sort
are quiet for many centuries. People forget it ever
produced lava and think of it as just another
meuntain. The old lava that onee peured oot of it
makes very fertile 50il, se that plants grew on the
slepes uf th e mountain and make it leok green and
pleasant. Pcouple lind that crops grow well there,
se they establish Janns and homes on the slepes
and at the loet of the mountaiu. Pretty seon towns
grow Lp

Then, someday, the mountain begins to heat up
again, and if steam begins te fes Jarin the depth,
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O@ETRUCTION OF THERA

2. LAVA SUBGIDES
SEA WATER SEEPE iN AND EXPLODES

A BLAND COLLAPSES ON ITSEI S
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it 1s held in by a great weight of rock that ceoled
down centuries belore. The pressure builds
up=and builds up—aand builds up—

It builds up much higher than it would have if
the mountain hadn't been quiet lor so long and
hadn't developed such a thick layer of lava that
had ceonled into solid reck. Finally there's an
e¢rormous explesion.

In 1500 k.¢. the mountain on Thera exploded. It
blew up and scattered itself inte the upper air ina
vast cloud ef rocks and dust and ash. A big hole
was left where it stoed. The sea rushed inty the
hole. and the island, instead eof being a solid
round cirde of land, became a broken ring.

Everyone on the island was surelyv killed, and
ash and dust showered down on easte m Crete.

The bottom of the sea shook and that set op a
large wave. Some people call this a tidal wave,
but it has nothing to do with tides. A bet:er name
is tsunami {tsoo-NAH-mee), which is Japanese
for “harbor waves.” When such a wave, which is
quite low in the open sea, enters a harbor, al) the
water is forced into a narrow place and it becomes
very high. It can be fifty fcet high or mere and
when it crashes onte the shore, itcan drown thou-
sands of peeple.

The shores of Crete and of Greece were bat-
tered by the tsunami. Crete’s capital city of Knos-
sos (NOSS-us) was badly damaged. and the whole
island suflered a great disaster.

The people of Crete tried to carrv on after this
dreadful blow, but they ¢ould not recover, Fifty
years late1, abeut 1450 g.C., invaders fom Greece
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conquered the island, bumed its cities, and de-
stroy(d 1ts civilization. It might not have hap.
pendd, had it not been for that exploding moun-

tain on Thera.
The later Greeks had a dim memery ef that

huge eaplosien. They had a legend about a great
tleod that swept overthe land. a fleod from which
enly one ceuple escaped. This could be a tale
about the txunarni that once had struck Greece.

About 378 g.G. the Greck philesopher, Plato
(PLAY-toh), 42 7347 B.c.) wrote ol a great and
besutif ul city that was destreyed overmight by an
eathquake and sank beneath the sea. He sajd it
was far to the west, in the ocean beyend Spain,
and he called it Atlantis (at.LAN-tis) after the
name of the Atlantic Ocean, in which he had le-
cated it

For ever two thousand years. peeple have won-
dered ifthere was something to the legend. Many
peopl e actually believed that somewherebeneath
the waters of the Atlantic Ocean there was a
drowned continent that had once been a great
civilized natien.

Possibly. theugh, Plato was repeating some-
ti'ing ti'at was a memory ef an event cleser te
heme. The story may have erigingted with the
island of Thera, which had been highly civilized
but which had expleded and sunk beneath the
sea.
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Ancient
Thoughts

About
Volcanoes

THERA i$ NOY the enly case of a mountain frem
which smoke and lava issued.

There are small islands just north of the large
Mediterranean island ef Sicily (SIH-sih-lee).
They are the Lipari Islands (LIP-uh-rce), and,
like Thera, they are really meuntains made up of
cooled lava built yp from the sea hottom.

The southemmest of the Lipan Islands is
named Vulcano (veol-KAlIN.oh), and its meun
tain is always glowing and smoking. Like other
such meuntains, it has a cup-sha ped depression
near the top. Such a depression is called a crater
(KRAY.ter), from the J.atin werd for “cup.”” Some-
times lava wells up intothe crater andover the lip
to pour down the mountain slepe The last time
there was an active eruption of this sort en Meunt

Vulcano was in 1390

For sume reason the ancient Itzlian pceple, i
¢luding the early Romans, were impre ssed by this
particular island. The god of fire was important m
the early legends ef many people, and the ancient
Italians called this ged Vulcan (VUL-kan). No one
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STROMBOL! YVOLCANO IN THE LIPAR) |[SLANOS

can be sure whether the god was named for the
island with the fiery mountain on it or whether
the island was named for the god.

In lsver times the Remans decided that Vuican
was dentical with the Greek god 1lephaestus
{huh-FES-tus). the god of the forge, where he
made things out of heated metal. Hephaestu: or
Vulcan was eften pictured as laboring over a hot
fire as a smith god, forming beautifu] omaments
and tools out of gold. silver. copper. bronze and
iren.

It scemed natural to suppose that the god's
forge was located inside some hot and smoking
meeantain, perhaps the one on the island of Vul
cano. The heat and smeke were thought to come
out of the work at Vulcan's forge. When the work
grew too active and Vulcan himself perhaps got
too excited, then the fire of the forge got eut of
hand. melted the rock, and lava poured out of the
crater.

The name of Vulcan and his island became at-
tached to all meuntains of this sort. Te this day we
call them volcanoes (vei-K AY-noae).

It isn't the least bit surprising that ancient
people thou ght that supernatural beings were in-
side volcanees. The heat and lava and the ear:h-
guakes that almost always accompanied the erup-
tions could to them only be the result of godlike
power.

Even the ancient Israclites felt awed by vaol
canoes. Thus, the Bible describes how, alter the
Israelites left Egypt. they came to Mount Sinai
(SIGHnigh), where Moses obtained the Iaw
f:om God. The Bible says. “en the third day of the
morning . . . there were thunders and lightnings,
and a thick cloud upon the mount. . . . And Mount
Sinai was altogetheron a smoke . . . and the whole
meunt quaked greatly.”

We can't tell exactly where Mount Sinai was
frem the Biblical descciption, but perhaps it was a
volcanic mountain, and the eary Israelites felt
that the majesty of the Lord must dwell there

The supemmatural beings associated with vol-
canoes were net necessarily kindly gods or majes-
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tic lords ot creatien. Soemetimes they were evil
beings, awesome and frightening

The tallest and most active velcario knewn te
the ancient Greeks we.s Meunt Etna (ET-nuh) in
northeasterm Sicily. It is about {ortyfive miles
south of Meunt Vulcane and is just over two miles
high. Since the¢ days of ancient Greece Meunt
Etna has enupted about 14@ times, the lasttime in
1971.

Some ancients explained the activity of Meunt
Etna by tales of giants— monstrous creatures who
jought against Zeus and the other gods. One of
the giants was Enceladus (en-SEL-oh-dus). He
was the largest and most ferocieus of them. The
goddess Athena (uh-T1IEE-nuh) weat him down
by hurling a huge rock at him. The reck buried
him and. in so doing, {latte ned ovt into the island
of Sicily, Emweladus was forever imprisoned
under the huge weight of the island and the exact
spot under which be lay was Mount Etna. Since
he was immortai, he lived on. and when he
greaned, the meuntain mnimbled. When he stirred
himself wrathfully in his attempts te escape. the
lava ever[lJowed and earthquakes shook the
ground.

The more scientific thinkers among the ancient
Crecks didn't really suppese that there were gods
or giants under the velcanoes. They looked for
mere reasonable causes.

The philosopher Aristotle (AR-is-TQT-ul),
384322 B.C.) thought there were regiens of air
imprisoned under the crust of the ear;h. These
were hot and were censtantly attempting to find

their way out ef the depths Semetimes such air
would burst frem one underground chamber into
anether, setting up vibrations that would make
themselves felt as earthquakes. while their heat
caused lava te everllow frem a volcano

A Greck geographer, Strabo (STRAY.ch, 63
B. G-A.D. 19), agreed with Aristetle on this. He
thought the volcanoes were safety valves that let
the heat escape so that the air under the earth
would quiet down. Without the chance for such
an escape, the violent air might disrupt the earth
altogether,
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MM ETNA
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Whether there were het collections of air un-
demeath the crust might bave seemed doubtfil,
but there could be no question about there seing
heat of some sort under the earth’s crust. Unless
there was. volcanoes couldnot ee explained at all.

In fact, the sight of volcanoes made people cer-
tain that there was a very hot region under the
surface o the earth. The netien grew that below
the sutf ace there was a region of Bre, in which all
those who rebelled against the gods were
punished.

The ancient Cree ks felt that the spirits of the
dead lived in a shadowy kingdon called Hades
(HAY-deez) far to the west. near the Atlantic
Ocean. There they lived drearily, but they suf
lered no punishment. Far under the earth, how-
cver, the Greeks thought there was a place they
called Tartarus (TAHR-tur-us), where great evil-
doers were endlessly punished in various ways.

The ancient Israelites feltthe spirits of the dead
lived underground in Sheol (SHE Eole), which
was much like the Greek Hades. As time went on,
though, the later Jews became more familiar with
Grevk thought, and Sheol became more like Tar
tarus. It becane what we today call Hell,

By New Testamment tirues Hell was thought to
be like the inside of a huge volcane

Velcanees send outstreams ot lava, which glow
with heat, looking as though it is all on fire. Then,
oo, volcanoes send out clouds of gases furmed
lrom material deep underground. There 1s steam
and carben dioxide in great quantities, but these
don’t have an oder and aren't particularly notlece
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ahle. Theje is s«liur underground, hewever, amnl
it Buins and corobines with exygen to form a gas
called sulfur dioxide (SUL-fur-digh-OK-side),
which has a strong, chokiog smell.

An older name lor sulf ur is “"brimstone.” so sul-
fur dioxide is som:times referred to as “'the smell
of brimstone.”

Fer this reason brimstone is associated with
volcanoes. Thus the Bible describes the destruc-
tion of the wicked cities of Sodom and Gomorrah;
“Then the Lord rained upon Sodom and upon
Cornorrah brimstone and flre.”

It may be that the story of Sodom and Gomorsah
represcnty a dim memory of cities destroyed by a
volcanic eruption.

And because Hell is pictured as the inside of a
volcano, it came to be thought that Hell was a
place of “lire and brimstone.” For that reasen,
preachers who threaten the people in the audi
enoe with Hell if they continue to sin are said to
preach “lire and brimstone,”

1t all goes back to volcanoes.
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Great
Volcanic
Eruptions

THE ANCIENT GREEXS and Romans didn't really
understand how dangerous volcanoes roight e
They knew that Mount Etna, Meunt Vulcano, and
a lew othcars were always smoking and flashing
and bad to be watched, They did not quite realize
that an apparently harmless mountain might sud-
denly explode and that whole cities might be
wiped eut in a shost time

There was the case of Thera, of course, but that
had long been forgotten except for the legend of
Atlantis, and that legend spoke enly of an earth-
quake and not a volcano.

In the time of the early Roman Empuie, how-
ever, there was a uew and frightening example of
w hat a volcanic eruption could do.

About liftcen miles east efthe impustant city of
Naples in southem Italy, there 1s a mountain
called Vesuvius (vuh-SOO-vee-us}). It is less than
amile high, and in ancient Romao times was comr
sidered just an erdinary momtain.

The Remans knew ne writings el the past that
mentioned smoke er ashes ceming out of Vesv
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vius., The soil about it was [ertile and there were
many larms near it. On the southem slope of the
mountain were two towns: Pompeii (pom-PAY)
and Herculaneum (HUR-kyvh-LAY.nce-um).

Pompeii had been feund ed about 580 B C., and
fer nearly six hundred years it had prospered. In
the time of the carly Reman emperors many rich
Romans had villas there.

There were occasional earthquakes near Vesu-
vius to be sure, but there are earthquakes ecca
sionhally throughout the Mediterranean area
Th ere was a pretty bad one in A.D. 83, during the
time of the Emperer Nero. This shook the Roman
cities quite a bit, but the people repaired the
damage and went on as befere,

In A.B». 79 there were several more small carth-
quakes. and then, on August 24, Vesuvius ex-
ploded. Cleuds of ash, sineke. steam, and choking
gas blanketed the whole mountain, and s‘reams of
lava flowed in the direction of Pompcii and Her
culaneum. The tewnspeople, not understanding
tbe danger, remained in tewn during the first
stages of the eruption. When they decided it was
time to get away. it was teo late Perhaps twenty
thousand people died

One of those who died was a well-known
Roman writer usually known to s as Pliny
(PLIH-nee. A43. 2 379) He was on a ship in the
neabybay. Sceing Vesuvius smoking and erupt-
ing, he had lumself put en shore in order to
observe what was happening more closely, He
was overceme by the fumes and died. The event
was descnbed in a report written by Pliny®s
neph ew, Pliny the Younger (A.p, 62-113).
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THE ERUPTION OF MT. VESUVILS

Vesuvius never settled down completely after
that. It would sometimes be fairly quiet for a
coupl e of centuries, but then it would erupt again.
In 1631 there was a particularly bad eruption, the
worst since A, B, 79, and it killed about leur thou-
sand people. Since then quict perieds have rarely
lasted for longer than ten years or so.

In 1709 people began te dig through the cover
ing ol soil and ash to expose what was left of the
buildings ef Pompeii. (Herculaneum is buried toe
deeply under solid lava to be uneevered ecasily.)
What has been uncevered in Pompeii has told his
terians a great deal about how people lived in the
time of the early Roman Empire. Such informa-
tion ceuld not have been obtained in any ether
way.

The ruins of Pompeii became a popular tourist
attraction. Some of the u ncevered material was en
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THE RUNS OF POMPEN

display in New York in 1979 to mark the
nineteen-hundredth annivessary of the ejuption
of Vesuvius.

Vesuvius is the ooly active volcano on the con.
tinent of Europe, but, of course, Mount Etsa, on
the island of Sicily. is larger and more dangerous.
Mount Etna erupts fiequently, and a particularly
bad eruption in 688 destcoyed up to fourteen
towns and killed up to twenty thuusund people.

Some think that if all the eruptions of Mount
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Etnaare considered, perhaps as many as u million
people have been killed by the volciine Mount
Etna is known to be a volcano, howeter, and
eveiYone expects trouble and watche s out for it
Vesuvius, on the other hand, caught everyone
completely by surprise. It was that diamatic sur.
prise that made Vesuvius's destruction of Pompeii
and Herculaneum the most famous volcanic event
inh ancient times.

As the centinies passed, Ewmopeans leamed
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more and mere about the wordd and discovered
there were dangerous volcanoes outside their
own continent

Consider Iceland. fer instance. 1t lies five
hundred miles northwest of Scetland and is as
large as the stateof Kentucky: It is far to the north,
however—a cold land. with much ol its area cuv-
ered by ice. Despite that, it 1s alse Jull of vol-
canoes, for there seems to be a lot of heat under
the surlace.

One of the volcenoes is Laki (LAH-kee) in
south-central Iceland. ln 1783 it began te erupt.
Fer two years lava poured out ol the crater, some-
times rapidly, sometimes slowly, until {inally it
covered 220 square miles.

The iavaitselfdidn't do much damage, for there
were not very many people in the area. However,
Laki kept spewing out ash and sulfur dioxide
fumes. The ash spread fsr and wide. 1alling over
much ol the island and some eof it even reached
Scotland

The ash darkened the sky se that the crops, un-
able to get sunlight, died. The sulfiir dioxide
lumes killed three quarters of the domestic ani-
mals on the island. With crops gone and aniinals
dead, ten thousand Icelanders, onc¢ fifth of the
whole population of the 1sland. died of starvatien
or disease.

Even wormse volcanic eruptions took place in
Indonesia (IN-dohNEE-zhuh), a gnyup of laige
islands off southeasterm Asia. ®n Sumbawa
(soom-BAH-wuh). a small island east of the big
island of Java (JAV.uh). there is Mount Tambera
(TAM-buhruh). This thirteen thousand-feot-high
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VOLCANOIN ICELAND

volcano exploded on April 7, 1815, in the worst
cruption the earth had seen since Them.

The top feur thousand feet of the mountaim
were blown ol and about thirty=six cubic miles of
rock and dust were hurled into the air. The ram of
rock and dust killed twe he thousand people, and
the destructien of fannland and domestic animals
led to the death by staivation of cighty theusand
more on Sumbawa and on the¢ island ef Lombok
(LOM-bek) to its west,

Some of the huge quantity of rock and dust
blown into the air reacheda heighteImany miles
and lloated aeout in the upper air for months. The
lime articles in the upper air rellected sunlight
and allowedlessofitto reach the greun d. For that
reason the temperatures on earth were lower than

usual for a year or so.

33



In New England. for instance, 1816 was unusu-
ally cold. and there were freezing spells in every
month of that year, even July and August. It was
called the year without a summer. At the time the
people of New England didn't know that they
were having trouble because a volcano had blown
its top on the other side of the world.

An even worse explosion occurred in Indonesia
sixty-eight years later on Krakatoa (KRAK-uh-
T®Ii-uh),a small island not quite aslarge as Man-
hsttan, lying between the large islands of java
and Sumatra,

The whole island is a volcano, just as Thera
was, but Mount Krakatoa didn't seem particularly
dangerous. There had been a small eruption in
1680 and then nothing at all fer two centuries.

Then, at 18 AM, on August 27, 1883, the heat
and pressure deep within had quietly built up to
the point where the harclened lava in the voleano
could no longer hold it back—and Krakatoo ex-
ploded]

It didn't send as much rock and dust into the
sky as Mount Tambora had. but what it did send
was vent with much more force. The noise of that
explosion was unbelievably loud. It couild be
heard for thousands of miles in every direction. If
trakatoa had exploded in Kansas, everyone inthe
United States woalld have heard the noise, and so
would many people in Canada and Mexico.

Volcanic rock #nd dust fell over an area of
300,000 square miles, ari area larger than all of
‘Texas. The explosion set up a vibiation in the sea
all round the small island. and a tsunami hit the

nearby coasts of Sumatra and Java with waves of
water up to 120 feet high. As a result, 163 villages
were destroyed and nearly forty thousand people
were killed.

The smaller quantity of ash 1n the upper atmo
sphere did not cool off the earth as much as the
Tambora clouds had, but the ash stayed there for
three years before it settled. The dust made
beautiful reddish sunsets ali over the world dur-
ing those years.

The most deadly volcanic eruption in the West-
em Hemisphere in modern times took place on
the island of Martinique (malhtin-EEK), in the
Caribbean Sea. On the northwestern end of the
island is the volcanic Mount Pelée (pich-1.AY). It
hadn’t caused much trouble in the past, but in
April 1902 it began giving of’ smoke, ash, and
fumes.

It didn’t seem to get much worse, however, so
people swyed in Saint Pierre (san-PYEIR), the
capital of the island. which lay at the loot of
Mount Pelée.

Somehow people got the idea that if lava did
flow out of Mount Pelée. the shape of the mourmr
tsin was such that it would not {low into Samnt
Pierre. For this reason people from the coun-
tryside actually came into the city jor safety.

On May 7 there was an explosion not on Mount
Pelée, but on Mount Soufriere (soofreef£1iR).
This was a volcano on the island of Ssint Vincent,
one hundred miles south of Mantinique. The
Mount Soufriére eruption killed about two thou-
sand people.
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THE ERUPTION QF MT. PELEE

On Marttinique people couldn’t help but feel
relieved. They felt that whatever pressures were
disiurtbing Mount Pelée were partially taken
away by the eruption of Mount Seufriere It
seemed that Meunt Pelée weuld become quiet
now, and more people came into Saint Plerre

Mount Pelée looled everyone. At 7:58 A.M. on
May 8, 1992, less than twenty-four hours afier the
eruption of Mount Soufriere, Mount Pelée e x
ploded. toe A stream oflava slowly poured dewn
the side of the mountain.

The peeple in Saint Pierre did escape the lava,
but the explosion also produced a thick cloud of
red-hot gases and fumes. These gases peured
down the side of the mountain very quickly and
headed straight fer Szint Pierre. In three minnates
thirty eight thousand people in the city were
dead, having been burnt and peisoned by the
fiumes.

Not a single person in the city survived except
for a criminal whe was in an underground prison,
and he just barely survivi-d. He was supposed to
have been hanged that very day, but he lived and
everybody else died.

As far as American territory is concemned, there
are volcanoes in Hawaii and Alaska.

The island of Hawaii, nearly as large as Con-
necticut, is =)l one huge mountain, the largest
mountain in the world, though not the highest. Its
highest peak is Mauna Loa (MAW-nuh-L@®H-uh),
which is over two and a half miles high—the tall-
est active volcano in the world

On the eastern slope of Mauna Loa is a crater
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ST. PIERRE AF1ER THE MT. PELEE ERUPTION

named Kilauea (KEE-low-AY-uh). It is two miles
wide, the largest active crater in the world. It i<
always more or less active and lava occasionally
tiens over the top, but it doesn’t explode.
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TWQ KINOS OF VOLCANQES

STRATOVOL OANO BUILT OF LAYERS OF L AVA ANC DEBRIS

e

SHIELT vOLCAIO IN MAANA LOA BUR T OF L AYERS OF 1AVA

The lmgest eruption in American territory in
modern times came in June B12. when Mount
Katmai (katMI1GH) in southemn Alaska exploded.
Five thousand square miles surrounding the vol-
cano were covered with ash and dust, some of it
reaching the city of Kediak, one hundred miles to
the east. The city was evacuated, but, on the
whole, there were se lew People in that par: of
Alaska at that time that little real damage was
done

In the forty eight stotes outside Hlawaii and
Alagska there is almost no volcanic activity. The
only active volcances are in the Cascade mouit-
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tain range, running nerth and south through the
states of Oregon and Washington.

Fifteen of the peaks of the Cascadces are vol-
canees, though they have not been vely active in
recent years.

The highest peak of the Cascade Range is
Mount Rainier {ruh-NEER)], fiftv miles southeast
of the city of Tacema. Washington. It is twe and
three quarters miles high, and though it is a vol-
cano, it hasn’t erupted in at least two thousand
years

A hundred miles seuth eof Mount Rainier is
Mount Hoed. twe and an eighth miles high, the
tallest mountain peak in the state of Oregon. It,
too, is volcanic, but it, toe, has shewn nv signs of
activity ler a Iong time. By 1973, in fact. none of
the peaks of the Cascade Rairge had shown any
activity for sixty years.

About 135 miles north of Mount Rainier, how-
ever, is Mount Baker, which is near the Canadian
border and is just twe miles high. In March 1975
white smoke appeared over the mountain. People
first thought that it was a forest fire, but closer
examination showed that ash and fumes were i5
suing from its crater.

Nothing much happened to Meunt Baker after
that, but there was similar activity in Mount Saint
Helens in southwestern Washingten, just ferty
five miles northeast of Portland, Oregon.

Mount Saint Helens, which is not quite twe
miles high, had experienced considerable activity
between 1831 and 1854. Not many peeple lived in
the area :.t that time, so there were no detailed
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VOLCANIC PEAKS IN THE CASCADE RANGE
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accounts of what happened. and not much dam-
age had been done

Mount Saint Helens, after 1854, remained quiet
lor a century and a quarter It was a beautiful,
snow-¢overed mountain and it was not thought to
be dangerous.'

But then, in March 1880, the region around
Mount Saint Helens began to quake. There were
frequent small emthquakes, and on March 27
some steam and ash were expelled by the moun-
tain,

For about six more weeks, nothing much
seemed to happen, and it seemed the activity
would die away. as it had at Mount Baker in 1975
Bnt then, on the moming of May 18, 1940, there
were two stronger ear'hquakes and Mount Saint
Helens exploded. It wasn’t an enormous explo-
sion of the Krakatoa type. but it was the largest
seen in the ferty eight states in all of American
history,

Millions of tons of ash and ruck were sent up as
high as twelve miles into the air. Ash and dust
sifted down for five hundred miles east of the vol
cano. in some places producing dnfts thiee toleur
feet high.

The snow on Mount Saint Helens was melted
and mixed with soil and earth to prodace
mudslides that swept away houses, automobiles,
and bridges. Fortunately. most people in the area
had left during the two months in which the vol
cano had been quaking and rumbling. Even so,
more than twenty people were killed and over
enc hundred were reported missing
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THE ERUPTION OF MT. ST. HELENS MAY 18, 1980
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What's more, Mount Saint Helens continues to
crupt. and there’s a chance that its presentactivity
might continue ler years.

There can even be volcanic eruptions in places
where there is no mountain at all.

in.Mexico, two hundred miles west of Mexico
City, there was once a village named Paricutin
{pub-REE-kuh-TEEN). On Fcliuary 20, 1843
farmers were working in a vornfield three miles
lrorm the village, a comnfield that was perfectly
fla.t At 4 .M. they noticed a crack in the ground.
The crack began to widen. The ground quaked
beneath their feet and flames and smoke began to
shoot upward out of the crack.

The faimers lett in a hurry and went back to
their homes in the village. By next moming, there
was a pile of ashes, one hundred fret high, over
what had been a coinlield. More ashes and fumes
kept coming out of the pile and it kept growing
higher It was a voleano that was growing larger
and larger and came to be called Mount Paricutin.

By the end of the first year the volcano was
fifeen hundred Jeet high and had spread out to
cover the village of Paricutin, which was buried
just as Pompeii had seen but more slowly and
without loss of life. By the end of the second year
Mount Paricutin had covered a secend. larger vil-
lage, again slowly enough to allow its people to
escape

Finally, the eruption stopped in 1952, nine
years after it had bcgun. By that time, Mount
Paricutin was one and a quarter-miles high, and
vegetation had becn killed off Ior seven miles in
all directions.
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TWO MILES DOWN IN AN AFRICAN GOLD MINE

The Heat
Below
Our Feet

WiTH ALL ®UR experience with volcanoes, do we
know what cavses them?

Yes, the old theowy that there is a great deal of
heat undes the crust of the earth is still the only
way to explain volcanoes. What's more, since an-
cient times we have come to know that there is
heat down there because we can actually feel it

In dificrent places on the eaith there are deep
mines which are dug for gold, or diamonds, or
other valuable metals and gems. The deeper the
mine, the waimer itgets, and this is tnie no matter
where on earth the mine is located.

The deepest mine inthe world is in South A f
rica. It is over two miles deep and the rock walls
of the mine at that depth are 126° Fahrenheit
Peeple can't work in such deep mines unless coel
air is pumped duwn inte them.

Scientists are quite sure that the earth comw
tinues to grow hotter and hotter as the depth in-
creases. At a depth of one hundred miles under
the sufiace the temperature of the rocks is likely
tv be 200@° Fahrenheit On the surface, rock that
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hot would have melted into lava, but the rock
doesn't actually melt Because the pressure of the
miles of rock over it weighs down upon it,
sqqueezes it tightly together, and keeps it solid.

This layer of red-het rock under the earh’s
crust is called the mantle.

About eighteen hundred miles under the
earth’s crust, the rocky mantle ends. Below it is
the earth's core, which may be made up chiefly of
iron and which is so hot that it is melted to a
white-hot liquid. At the very center of the earth,
the temperature may be as high as 5.00¢ or 6,080°
Fahrenheit, and that is just about as hot as the
surface ot the sun.

There is plenty of heat under the ear:h to ex-
plain volcanoes, but where does that heat come
trom?

The answer depends on how the earth came
into being. About ity years ago many astron-
omers thought that the earth was originally part of
the sun They thought that along with the other
planets, the earth had heen torn out of the sun by
the gravitational pull of another star that had hap-
pened to pass close by,

If that were the case, it wouldn't be at all sur-
prising that the core of the earth was ashot as the
surface of the sun. Fortunately, the outside ot the
earth cooled off to pleasant temperatures so that
we, aad all other kinds of life, can live on it

However, the thought that earth was once part
of the sun didn't hold up when astrenomers
lo#ked more closely at it There were flaws in the
notien, snd astronomers linally decided that the
earth was never par; of the sun.
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Iy 1944 3 Gennan astrenomer, Carl Friedrich
ven Weizsicker (fun-VITES.sek-er, 18912). re-
turned to an older theory that had beew, thought
wrong. He corrected some of its details and im.
provedethers until astronemers came to accept it

According to this improved theory. the sun and
all the planets were Jortned at the same time eut
of s huge cloud of dust and gas. The particles of
dust and gas came together te jorm bigger parti-
cles, thenstill bigger picces, and bigger enes yet.
Firrally large pieces of matter came banging to-
gether, pulled by gravity, to ferm werlds.

Most of the pieces of matter were at the center
of the cloud, and they came together to form the
sun, which ismuc h bigg er than all the planets put
together, However, there was enough left over
along the edges of the cloud to forin the planets.

All the pieces that came together were cold.
hewever. Hlow did earth come to se se hot, then?

Well., when twe pieces smash together under
the pull of gravity, the energy of their motion
h ims into heat. As more and more p ieces cellide
to ferm a larger and larger body. more and mere
heat is lormed. Finally. by the time all the pieces
have come tegether to form a body as lage as the
carth, enough heat has been released to turn the
new planct white.hot.

Naturally, the more pieces that come together,
the hetter the world. The planet, Jupiter, which s
much larger than earth, is also much hotter in its
interior, The sun, which is largest of all, is also
hottest of all.

[f the carth was hot o begin with, but has
existed long enough [er the outside to cool down,
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FORMATION OF THE SOLAR SYSTEM

why hasn't the inside ceoled down also? Why
tsn't the: earth cool through and through?

The answer is that it takes a long time for heat
to work its way through reck Rock is an “in.
sulator’ that keeps heat f-om escaping. The ceol

30

reck en earth’s sirface is a blanket that keeps the
layers beneath waim.

Still, even though heat escapes through the
rocks of the crust very slowly, it does escape
After encugh time the earth will surely be ceol all
through.

Back in 1900 most scie ntists thought the earth
might not be more than 200 million or se years
eld. and that was not enough time for cooling
through and through.

In 1905, however, an American scientist, Ber
ttam B. Boltwood (1870-1927) showed how to
measure the age of the recks by the way a metal
named urznium broke down very slowly to lead.
This breakdewn is called racdiouctivity.

If a certain rock contains a small ameunt of
uranium and a smzll amount ef lead, both can be
measured Scientists could calcu late how leng it
would take that much uvranium to produce that
much Jead and that would tell them the age ol the
rock,

In this way, it was seen shown that the earth
was several billion years old. Eventually, scien
tists were Juite cer:ain it was over 4 billion years
old, mere than twenty timnes as old as had heen
thought earlier, That makes earth se old that its
interior shovld have had time to cool down quite
a bit That might mean there should no longer be
enough heat undergreund te send volcanoes into
great explosions—and yet volcanoes de erupt.

The answer lies again in the umnium. When

oo How MHd We Find Oiet Aboet Nuclear Power? (Walker, 1976)
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bits of uranium turn into lead. a small amount of
heat is produced. Uranium tums into lead so
slowly, however, that we don't notice the tiny
amount of heat produced by a pound of uranium,
for instance. Still, if you calculate how much heat
is produced by all the billions of tons of uranium
in the whole world as it all slowly turns into lead,
it turns out to he quite a bit.

Then, too, there are other substances that are
radioactive, in addition to uranium. If all the heat
produced by al! the radioactive substances is
added up, it tums out that the heat thatis added to
the mantle through radioactivity is about eqnal to
the heat that leaks out through the earth’s ciust
into outer space,

In other words, the ea;th is not cooling down at
all. Radioactivity keeps the interior hot. Of
wourse, little by little the uranium and other
radloactive substances are disappearing as they
tumn into lead aird other ty pes of nonradioactive
material. However, it would take many billions of
years for the radioactive substances to dwindle to
the point where the heat they produced would no
longer be impostant. That means it will be bilk
lions of years before the eaith will become too
cool to have volcanoes.

But if the earth's interior is hot everywhere,
why do volcanoes only appear in cer‘ain places on
the caith?

It must be that the crust is not quite solid
everywhere. There seem to be places where there
are wesak points in the crust: or cracks through
which the heat f:om the mantle can work its way
upward.

o2

In some places, the heat gets close enough to
the suiface to heat up the water in the soil, That
forms het yprings. Sometimes, the water is heated
o the boiling point and then the steam that foims
pushes the water sbove ithigh in the air, fknming
a geyser (GIGH-zer).

And, of course, if heat moves upward in large
enovgh guantities, a volcano fosms.

The weak spots in the earh’s crust aren't just
anywhere. Of the five hundred active volcanoes
on ear:h, nearly three hundred are to be found in
a big curve all around the borders of the Pacific
QOcean, and about eighty more are along the In
donesian islands. This curve of volecances is
sometimes called the ring of fire.

Scientists couldn’t help but notice this in the
1800s. Some thought that perhaps the moon had
once been pait ofthe earth and w hen it had come
loose it had lelt a hole that was filled by the
Pacific Ocean. All around the rim of that ocean,
they thought, were lef the scars of that separation
in the form of weak spots in the crust where vol-
canoes foimed.

This turned out to be quite wrong. Scientists
now think the moon was never part of the earth.

Suppose one marks off all the voleanoes on a
map of the earth and adds the ceater of vasious
earthquakes that have mken place. The ring of fire
shows up and also other lines and curves on the
map, The map of the ear:h seems to be divided
into a series of lurge pieces, with volcanocs and
earthquakes marking the edges.

Beginning in the 1950s scientists found much
evidence to show that the crustof the earth actu-
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PLATE BOUMDARY
.VO&CANO

TECTONIC PLATES ANO THE “"RING OF FIRE"

ally existed in the form of large plates which fitted
tightly tegether.”

These plates slowly move. Although the ruck in
earlh’s mautle is solid, it is so hot that it can very
slowly flew. like wamn wax. Scientistsi think that
there are slow circular currents of rock in the
manutle. The currents, lowing across the bottom
of the crust, drag the plates this way and that
Some plates are pulled slowly apart, some are
pushed slowly together

These motions set up weak peiuts at the joints
of the plates and through these the heat can flow
upward to form volcanoes.

Can we predict when. a volcano will become
active?

Not yet, but perhaps, as we learn more and

*See How Did We Find Our About Exrthguakes? (Walker, 1978)

54

SEA FLOOR SPAEADING AND FORMATION OF YOLCANO

more about the mevement of the plates, we will
lind eut how to make such predictions.

Can we find a way of preventing an eniption, or
perhaps encouraging a small eruption befere the
pressures inside a volcano build up enough te
cause a large one?

We certainly knew of ne way now, but there 1s
no substitute for knowledge Seme answer may
turn up as we learn more about the earth's crust.
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CRATERS ON THE MOON

]

Volcanoes

on Other
Worlds

De OTBER woRL®S have volcanoces ?

It would seem legical to suppose so. When the
solar system was first foimed, the larger bodies in
it must have been veiy hot. ®nce the oumside
began to coel down, there would bave been large
vekanic eraptions as the heat inside vccasionally
breke through the very thin, barely’ cool crust,

In some cases, though, the world may have
been small enough to cool to the point where val-
canic eruptions no longer took place. Or else,
even il the inside of the world were still hot, the
crust might have become too thick for the interior
heat to find any weak spot through swhich it might
escape.

There are places on the moon where you can
see lava flows that cover theusands of square
milks, but they all must have fermed early in the
moon’s bistory, Right now there seems te be no
sigu of any velcanic activity at all.

In late 1871, a rocket probe, Mariner 9, was
placed in owbit areund Mars. It took photographs
of Marv's surbece, and from thase photegraphs
Mars was completely mapped.
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There were craters, mountains, canyons, and
other features on Mars. In one region, there was a
series of large mountains with cruters, and these
were clearly volcanoes. The largest of these is
now called Olympus Mons (oh-LIMpus-M@®NS).

Olympus Mons is far larger than any volcane on
earth. [ts peak is about 15 miles above the average
surdace level of Mars, and its base is about 250
miles wide. It is twice as high as the volcane that
makes up the isl:ind ol Hawaii on Earth and three
times as wide. What's more, the crater of Olympus
Mans 18 40 miles wide, wuch wider than the
lasgest volcanic crater on ear:h.

As nearly as we can tell, however, Olympus
Mens and the other Martian volcanoes are extinct
They have not erupted for a very long time,

In late 1978 a rocket probe named Pioneer

MARS
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Venus was placed in orbit about the planet Venus.
The thick clouds that Jorever hang in Venus's at
mosphere prevent the surface from being seen.
Radar beams, ho wever, penetrite the clouds and
are reflected lrom the surface. By use o fradar re-
tlections, the instruments on Pioneer Venus
mapped most of the surface of Venus.

Some of the mountains shewn by radar seem to
be volcanic, One pessible volcano, named Rhea
Mons {REE-uh-MONS). spreads its base ever an
area the size of New Mexice. If it is reath- vol-
canic, it is even larger than @lympus Mons on
Mars. However, there are no signs el life in the
velcanoes of Venus either,

There didnt seem % be active volcanees any -
where in the selar system except om earth. But
then, on March 5, 1979, a rocket probe, Voyager 1,
tlew past Jupiter and studied its satellites.

OLYMPUS MONS—EXTINCT VOLCANO ON MARS
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There are four large satellites of Jupiter that are
about the size »fthe moon or larger. The one that
is closest te Jupiter is numed lo (EYEoh). It 1s
just aboutthe size of the meon and it is justalsout
as far from Jupiter as the meon is from the ear:h.

The gravitational pull ef Jupiter creates tides on
its satellites. These tides squeeze and pull at the
internai rock of the satellites and can act te heat
them up le. being closest to Jupiter, gets more of
the heating eftect than any ol the others do.

Justa few days before Voyager 1 passed Jupiter,
some astronomers suggested that Jupiter's tidal
sction might make 1o's interior hot enough to pro.
duce volcances Then Voyager 1 passed [upiter,
took pictures of lo—anid there were the vol
canoes!

Eight velcanoes were detected on lo that were
actuslly enapting. Four months later, Voyager 2,
another recket probe, passed. and six ofthose vol-
canoes were still erupting.

YOLCANOES ON 1O

60

The velcanic eruptions on lo seem to consist
largely of ash and of sulfur vapors. The whole
surface of lo is colored red, orange, and yellew’,
thanks to a sulfur coating. There are also wisps of
sultur dioxide that farms .a very thin atmosphere
for the satellite.

So there are two werlds that we know about on
w hich volcances actually erupt: Earth and Io.

Of ceurse, it is eaith’s volcances that interest us
more, for despite all our advances in scienoe, our
volcanoes are still killers andwe are still helpless
to do anything about them exceptiunaway when
they erupt

10 ORBITING JUPITER
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