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THE EARTH
BENEATH OUR FEET

By Avice E. WiLsoN
Hlustrated by C. E. Johnson

The story of the earth upou which
we live is a very exciting one. Many
geologists have spent their lives study-
ing the rocks of the earth to learn the
stories they have to tell of all the
things that have happened since the
earth was formed.

In The Earth Beneath Qur Feet Miss
Wilson tells these stories in a slyle
and manner which will appeal 1o
children. The information is authen-
tic and up-to-date. It will make read-
ers of this delightful book more keenly
awarc of the wonders of the world
around them.

The first part of the book describes
how the rocks of the earth were
formed: how mountains were thrown
up; how the plains, rivers, caves and
seas of the earth were carved out; and
how all of these are always changing.

The second part describes the four
ages of the earth, showing how these
stories may be read in the rocks of
seashore, mountain and plain. The
Jast part of the book tells the stories
of the earth’s treasures: gold, copper.
tin, oil and gas, coal, iron, water and
salt.

Here 18 a book which is both enter-
taining and instructive; a book which
will stimulate in every rcader a new
intérest in the earth beneath their feet,.
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DEDICATION
TO ALL BOYS AND GIRLS

who walk and run and jump on the Earth,
this book is dedicated.

To tell you what you are walking upon,
To tell you how our Earth came to be what it is,
To tell you how it is changing now, and why,
- To tell you how very old it is,
To tell you it is not the hills but the sea that is everlasting,

WARNING

N.B.— -This book is like maple sugar. Read just a little
at one time. Take too much and you want never to
see it again. Take a small piece and you like it. You
want more.
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THE PROLOGUE

Beauty born of law!
As when a dull grey stone
Tossed by an urchin,
Winged by force,
Lightly leaps from wave to wave,
Gently dipping, bird-like, curving low,
Scatters shining drops ere it falls
Forever to oblivion.
’ ANONYMOUS

“HEey, THERE! I'll show you,” shouted Jim, slithering
down the cliff and running across the beach.

“I know why you can’t skip them,”” he added breath-
lessly, stooping to pick up a small flat grey pebble which
he threw lightly over the surface of the lake.

“Five times,” counted Betty, who stood beside Tom.

“I can beat you,” she boasted. Opening her hand she
chose a smooth flat pebble a little larger than the others
and threw it ‘underhand’. For Betty and Jim lived by
the lake and had skipped stones ever since they could
remember.

And Betty did beat Jim, by one. Her stone skipped
six times.

Tom stood watching. Tom had lived in the city. The
lake and skipping stones were new to him. He tried
again. One skip.

“You haven’t the right stones,” said Jim. “Let me
see them.”

Tom opened his hand. Stones of all shapes were
there, wet and sparkling and pretty.

1



2 THE EArTH BENEATH OUR FEET

“They’re no good,” said Jim. “You need flat grey
ones.”

“Why?” asked Tom.

“I don’t know,” said Jim. ‘“They skip better. Look
at Betty’s.”

Betty opened her hand full of flat, dull, grey stones,
and held them beside Tom's sparkling ones. The stones
looked very different side by side. Tom’s were wet,
round, and coloured. Betty’s were flat and dull but they
were the kind to skip.

“Why are stones so different?” asked Tom. Neither
Betty nor Jim could tell him.

“Dad,” asked Betty that night. “Why are stones
different?”

“I don’t know,” answered Dad. “Are they?”

“Yes,” said Jim, looking up from a book. “You have
to use grey ones to skip, and lots of others are round,
and red, or green, or white.”

“Yes, that’s true,” said Dad. “But I don’t know
why.”

A week later Tom was back at school in the city. He
had to write a composition on summer holidays, and
thought of the stones.

“Why have stones different colours?” he asked the
teacher.

‘“Have they?” answered the teacher. “‘I don’t know.”

‘““Yes, you have to use flat, grey ones to skip,” replied
Tom.

Then Friday night came. Tom, Jim and Betty, to-
gether again, forgot about the different stones until
Saturday morning. Racing down to the shore thqy
took a short cut through an old quarry, and almost ran
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into a man, with a pack on his back. He was tapping at
the rocks with a queer-shaped hammer.

Something clicked in Jim’s brain.

“Say, mister,” he asked suddenly. “Why are stones
different ?”

“Are they?” said the geologist, for such he was. He
paused to straighten his back and looked at the three.
Now, a geologist is a person who tries to find out all
he can about the Earth.

“Yes, they are,” he answered himself.

“Some are flat and some are chunky,” Jim continued.

“Yes,” admitted the geologist. “‘So they are. Did you
ever see these?” he asked, holding out a piece of the
dull grey stone which he had just chipped from the
rock. In it was a little creature turned to stone. It had
a head, a body and a tiny tail, and looked a little like
a crab.

“What is it?” asked Betty shyly, standing on one
foot.

The man handed it to her and watched her thin eager
face.

“That is a trilobite,” he answered. “There is noth-
ing quite like it living now. It was a very distant cousin
of the crab.”

“Was it alive?” asked Betty, her eyes wide with sur-
prise.

“Yes,” said the man.

“I have seen pieces of things like that,” said Jim.
The boys took it in their hands in turn.

“How did it get here?” they asked.

“That,” said the geologist, ‘‘is almost the same story
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as the reason stones are different. That little animal
was once alive in the sea.”

“Alive in the seal” they all shouted, and then were
silent.

“But, how did it get here?” asked Jim slowly.

“T will tell you,” the man replied.

The geologist took the knapsack from his back and
sat down on a granite boulder on the edge of the lime-
stone quarry. Betty and the boys sat around in front of
him. On one side of them the sun was shining on the
blue water of the lake. Above them the sky was blue,
with white floating clouds. In moist cracks between the
great layers of rock grew the green, green moss.
Around the scattered piles of loose stone at the edge
of the quarry tumbled the sweet-smelling stalky clover.
The dying blue bugloss grew up among it, faded, but
still as straight as soldiers. A brilliant mass of purple
asters shoved aside a bunch of withering grass. The
wind fitfully lifted Betty’s hair.

And this is what the geologist told them.



PART I
OUR EARTH AS WE KNOW IT

The earth is round, and like a ball
Seems swinging in the air;

Water and land upon the face

Of this round world we see;

The land is man’s safe dwelling place,
But ships sail on the sea.

“The Earth”—S. G. GoopRICH



CHAPTERI

OUR EARTH—INSIDE AND OUTSIDE

Our EARTH is a great ball, not quite round, but nearly
so, made up of continents and oceans; the continents
made up of mountains and plains. But our Earth was
not always as we know it now.

The very Earth itself tells us the story. It is written,
literally carved, on its rocks like writing on the pages
of a book. The story tells us why there are now broad
lands in some places and wide oceans in others, why and
when the mountains rose up from the plains, why rivers
are where they are, what made the waterfalls and
canyons, and many other things.

All these things did not just appear, presto, like
magic! Behind each of these common everyday things
there is a story of great happenings. Sometimes the

6
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story runs slowly, sometimes it moves at a dizzy, ter-
rifying speed.

THE INSIDE OF OUR EARTH

On the inside our Earth is hot and heavy, but wheth-
er solid or liquid, who knows? Some think one thing
and some the other. We cannot go very far into it to
find out. The deepest mine does not go down much
more than a mile. Oil wells have been drilled as deep
as three miles. But even three miles is not very far.
For the Earth is 8,000 miles through the centre, if you
could cut it like an apple through the core.

How do we know that the Earth is hot inside? Per-
haps you know some of the reasons. Hot molten lavas
come bursting out from volcanoes. Hot springs spout
out in fountains, or ooze from the Earth in many
places. There are some in Yellowstone National Park,
United States, in New Zealand, in Iceland and in many
other places in the world. And, again, the deeper men
go into mines the hotter it grows. So, no doubt about
it! The Earth is very hot inside.

How do we know that the Earth is heavy inside?
Men have instruments with which they can measure
its weight. It is too complicated to tell about here. But
it is known that the inside of the Earth is much heavier
and more dense than the outside.

THE OUTSIDE OF THE EARTH
On the outside our Earth is cold and solid, and very
uneven. Some parts are high, like the continents, and
some parts are very low, like the beds of the oceans.
Wherever you may live, look at your map. I hope
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you have one. If you have not, look inside the covers
of this book. You see, there are six continents: Eurasia
(Europe and Asia), Africa, Australia, North America,
South America, and Antarctica. Eurasia is the largest,
and Australia is the smallest. Antarctica is at the South
Pole. It is almost completely covered by a great ice
sheet or glacier, only the mountain-tops stick up above
the ice. It is not shown on our map, because no people
live there, though a number have explored it, Scott,
Amundsen and Byrd.

And then, there are the oceans—five of them: the
Pacific, Atlantic, Arctic, Antarctic and Indian oceans.
They are all joined. There is much more ocean on the
Earth than there is land. Almost three-fourths of our
Earth’s surface is ocean.

The great bays of the oceans are sometimes called
seas. The Mediterranean is one that you read much
about in history. It lies between Europe and Africa.
There is the North Sea between the British Isles and
Scandinavia, the Behring Sea between Alaska and Rus-
sia, and the Caribbean Sea between North America and
South America. There are many more. Look at your
map and see how many you can find.

Why are there continents in some places, and oceans
in others? Some men think that when the hot Earth
cooled it shrank. The outside wrinkled like the skin
on an old dried orange or apple. They think the wrin-
kles on the Earth are the higher parts or the continents,
and the lower places between the wrinkles are the ocean
beds. Others think that the continents are high because
they are made of lighter rock (and they are), and that
the oceans are low because beneath them is a heavy
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dense rock (and there is). But no one knows all
about it yet. Later I will tell you of some of
the other ways in which men explain the continents
and the oceans. First I want to tell of the surpris-
ing things we do know, about how our Earth was
made and to find how very long it has taken for our
Earth to become what it is now.



CHAPTER II

OUR EARTH’S ROCK FOUNDATION

- (There are two kinds of rock)

Dip You ever take a motor-car trip? Or, perhaps you
have gone on a train journey. Almost everywhere you
see rock sticking out from beneath the soil. Here it is
in great cliffs, there it is flat, farther on it is in the bank
of a river, or, in another place a little lies in the bed of
a brook.

There is just one kind of country where you will not
see rock, sooner or later. That is when you cross a
great plain. When you get thirsty driving over the dusty
plain, perhaps you get out at a farmhouse for a drink.
The farmer’s wife will bring you a glass of cool fresh
water from a pump. The man who made that well bored
his drill down through the soil right into the rock it-
self, until he found water. It had gathered in the cracks
of the rock. And so, even beneath the plain there is
rock. It is not seen because it is covered by soil.

The truth is rock everywhere forms the hard crust
of the Earth. It is on the surface in some places. It is
slightly covered with soil in some places. And it is deep-
ly buried in some places. But there it is.

Do you know that all the rock of the Earth belongs
to one of two great groups—rock that has been melted,
or rock that was laid in sea-bottom?

10



Our EarTH’s Rock FoUNDATION 11

MELTED ROCK

Rock melted! Yes, it is true! But it needs a terrific
heat to melt it!

Have you ever seen a volcano, or even a movie pic-
ture of one? If you have, you know what rock looks
like when it is melted. The lava, thick like molasses,
flows down the mountain-side. Lava cools quickly in the
air, and forms a glassy material, not clear like window
glass, but dark, shiny and brittle, with sharp edges
when broken. Such is lava.

But there is another story about melted rock. Some-
times, deep down in the heart of the Earth, the hot
melted rock pushes up towards the surface but cannot
reach it. There is no way open. As it works up and up,
it cools slowly, very slowly and finally, while still below
the surface it becomes solid rock. This rock cooled
slowly far below, is not smooth and shiny but is made
up of many particles or grains.

What happens if you boil toffee too long? When it
cools it is not smooth as toffee should be, but is sugary.
Grains of sugar! They are crystals—crystals of sugar.
Look at them carefully with a magnifying glass, if you
have one. All the crystals have the same colour, and
even more surprising, they all have the same shape, ex-
cept when broken.

Now the hot, thick, melted rock forms grains, too,
when cooled far down in the Earth. These grains or
crystals are minerals. In the slow cooling, silently and
mysteriously, every crystal of each mineral takes on
the same shape and the same colour. There are many
different minerals in the rock. So there are many, many
crystal shapes and colours.
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So, these slowly-cooling rocks are called the ‘crys-
talline’ rocks. They are massive, immense and very
strong. When broken they make great irregular bould-
ers. Even smaller pieces will still be irregular, all shapes
and sizes. Even the little pebbles will be uneven and
made up of various mineral crystals.

Probably the melted rock which you know best is
granite. It has several minerals: quartz, feldspar, mica,
and maybe hornblende. The quartz is whitish and oily-
looking; the feldspar is white or pink; the mica is dark
and shiny; and the hornblende is black.

Most crystals are very, very small and have several
sides. Some of them have many sides. You will need to
get your magnifying glass for this. Each tiny side
is something like a mirror. It will throw back light, like
sun shining on water. That is why pebbles from these
rocks are bright and sparkling. That is the kind of peb-
bles Tom picked up. They are beautiful, but do not
‘skip’ well.

But all melted rocks, whether they have cooled quick-
ly, or cooled slowly, are called ‘igneous’ rocks. ‘Ignis’
is the Latin word for ‘fire’. And it certainly needs fire
to melt rock!

SEA-LAID ROCK

And then there is the other kind of rock! Rock that
has been laid in sea-bottom! How do we know it was?
You will see later, when reading of the ‘Footprints of
the Sea’. In some places this sea-laid rock is limestone.
Ih some places it is sandstone, just the usual sand on
the shore cemented into rock. Or, in some places it is
shale, just the mud that has collected on the floor of
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the sea, partly hardened into a weak kind of rock. Most
sea-laid rocks are dull-looking. They may be almost
white, grey, brick red, or even almost black. They never
sparkle, except perhaps some bits of the sandstone.

Do you live near a quarry, or near a shore where
some of this flat-lying rock is on the surface? Try to
break it. Give it a strong blow with a hammer, straight
down! Pretty tough, isn't it?

Well, try the other way, from the side, horizont-
ally.

It breaks! Quite easily, in fact.

Why does it break one way more easily than the
other? Because it was laid in that way, flat on the sea
floor, layer upon layer.

Take that piece you have broken off. Break it into
smaller pieces. The edges are jagged, not round and
smooth like pebbles. But they are all flat. They would
‘skip’ on the water. Jim and Betty knew them. Try
them. When pebble edges are smooth and round, it
just means that the sharpness has been worn off by
jostling around with other pebbles.

ROCKS THAT ARE CHANGED
Sometimes both sea-laid rocks and melted rocks are
changed again. The hot melted rock in many places
has shoved and burned through the sea-laid rocks, and
burns or cooks the parts it touches. The changed rock
is called by a big name—metamorphic rock. It is really
quite simple. It just means a rock that has changed its

form. Marble is a changed limestone, that is all.
* * *
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So, there are the two great groups of rock—that
which was once melted, and breaks into irregular
bright sparkling pieces; and that which was laid in sea-
bottom and breaks into dull, flat pieces which wear into
round flat pebbles.

And remember, that the Earth’s crust everywhere is
made up of rock, though in some places the rock is cov-
ered by soil.



CHAPTER 1II

MOUNTAINS COME AND
MOUNTAINS GO

-

They crowned him long ago
On a throne of rocks, in a robe of clouds,
With a diadem of snow.

Lorp Byron

WHAT MAKES mountains? For mountains, you know,
were not always where they are now. Some mountains
are very old and some are quite young. Another strange
thing is that the oldest mountains are not the highest.
Two of the oldest mountain regions in the world are the
Highlands of Scotland and the Laurentians in Canada
which lies across North America from the Atlantic
Ocean to L.ake Winnipeg and north to Great Bear
Lake. These very old, old mountains are not nearly so

15
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high as the Rockies or the Alps. And yet the Rocky
Mountains and the Alps are really quite young—for
mountains.

How do I know? I will tell you. Or better, you can
find out for yourself, if you live near the mountains.
There is probably a quarry, on the mountain-side, some-
where near you. There nearly always is one. Go and
look at it. You will see the rock lies in layers. That, you
have learned, is because it was laid down, one layer flat
upon another, in the bottom of the sea. We must talk
more about that later. But you see, if this rock was
once sea-bottom it must have been very much lower and
not mountain-side at all. Yes, it was lower. What is true
of your mountain-side is true of all other mountains.
All the great mountain ranges of the Earth once were
not mountains at all.

WHERE ARE THE GREAT MOUNTAINS?

Where are the great mountains of the world, to-day?
Wherever you may live, look at your map. There are
mountains on all the continents and even on many
islands. In North America and South America they run
nearly north and south near the edges of the continents.
In Europe and Asia most of them run east and west.
Africa is near Europe and shaped something like North
America and South America. On the north of Africa
where it is near Europe the mountains run east and
west, too. In the rest of Africa the mountains are more
like those in North and South America. They run al-
most lengthwise, near the great oceans. The African
mountains are not so high as the Rocky Mountains and
the Andes. As to Australasia it is a little difficult to say.
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They are north and south on Australia itself, but every-
where around it there are so many drowned mountains.
All those islands are just drowned mountains, with their
tops above the ocean.

A MOUNTAIN CLIMB

Let us go for a walk up a mountain to see what it
really is! Here in the valley it is green. Beneath the
green is the soil of the fields. This path leads upward.
And there is forest beginning near the foot of the moun-
tain. We seem to be walking on woodsy-covered earth,
just as in any other walk through the forest. Don’t trip
on those boulders along the path! 1 wonder where they
came from? There is a break in the trees over there,
and here is a trail leading that way. Let us follow it
around the bend.

The trees are thinning out now, and there are bits
of cut limestone strewn along the trail. Yes, there is
the quarry, with its walls of layered rock. Well, one
thing seems certain. Here is some of the limestone that
has been laid under the sea.

Let us go back to the main path again. The trail is
getting rougher and steeper. There is less soil and more
boulders. There are side trails here and there, but let
us stick to the one we are on. 1t is narrower now, we
will have to go single file. Look! We are on the edge
of a cliff. We can see far down the valley.and over the
flat countryside. See all the farms down there! And a
town! See the smoke from that crawling train! Right
beneath our feet is a great ridge of massive rock. It is
no longer the, layered rock, but the igneous type, hard
and strong, the kind that was once melted. You can
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hardly split it even with a hammer. So, we see, our
mountain is not all made of layered rock. Crystalline
rock is part of the mountain, too.

There is much rock here, but also there are forests
on this mountain-side. 1f we did not follow the path,
we should be lost in the ‘bush’, at least on the lower
half of the mountain. In spite of the boulders and great
shoulders of rock there must be soil here, too, though
we cannot see much of it for the dead branches, moss,
dead leaves and rock. But the soil is here, caught in the
hollows between the great rocks.

So we have learned there is ordinary soil on the
mountain-side in which trees grow.

But it is getting late. We cannot climb to the top,
but we can look at the summit of our next mountain
neighbour with the field-glass. Can you see it?

What makes the mountain-top so jagged? 1t is rock,
all rock, sharp and steep. Not much soil there! It could
not stay very well on that steep slope. Rain and melt-
ing snow would wash it down. There are no trees there
either. They could not grow without the soil, and, be-
sides it is cold for trees on mountain-tops.

What, then, are mountains ? They are masses of rock
piled high, sea-laid and igneous rock. They are steep
and rough. They have soil on the lower part, and in
the soil live growing plants and trees. Mountains, then,
are like the rest of the Earth, only they stand on end,
their peaks far above the green valleys.
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FROM WHERE DID THE MOUNTAINS COME?

The hills are shadows and they flow
From form to form, and nothing stands;
They melt like mist, and solid lands,
Like clouds they shape themselves and go.

Lorp TENNYSON

Why are these rocks piled up so steeply, above the
plains? How did the sea-laid rocks ever get there?
Were these mountains once at the bottom of the sea?
They were. You saw for yourself the layers of rock on
the mountain-side in the quarry.

All the wise men who have studied the rocks puzzled
and puzzled over that question. They measured the
thickness of the layered mountain rocks. Some worked
hard at measuring and comparing the rocks of the Alps.
Some worked in the Rocky Mountains, a few in South
America, a few in Africa. They wrote about it. They
gathered together and talked about what they had
found. And this is what they thought.

When the highest layered rocks now on the moun-
tains were below, on the bottom of the ocean, then the
lowest layered rocks must have been many feet below
the water.

Imagine seas where there are now mountains! Look
at your map. The seas must have been in the broad val-
leys or troughs all up and down the continents, just
where we now have mountains! There must have been
such a trough or valley along the margins of North
America and South America, and in those other coun-
tries, too. The ocean waters must have poured into
those valleys. They must have, because to-day there,
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on the mountain-side, are the many thousands of feet
of layered rock.

It is true ! Rock was laid on sea-bottom all over these
broad valleys just as long as the ocean filled them.

“But,” you say, ‘“‘that would not look like North
America and South America, nor Europe. It would not
be the right shape!”

But it was so. All the shores have changed. You and
I would not know a map of North America then. It
was so different.

The wise men pondered. How did the mountains
rise from the sea?

“That means that the continents rose or the oceans
sank !”

“Well,” they said, ‘‘we know the solid bottom of the
ocean is really heavier than the land. So far so good!”

“Then,” they thought, ‘“the mountains have risen,
when the heavy floor of the oceans sank, and the ocean
water that had filled the former valleys drained out.”

And that, some of the wise men thought, is what
happened! The continents rose when the oceans sank.
Things happened! The Earth was shaken to its core!
The sinking floor of the ocean shoved against the edges
of the land. Those rocks shoved the rocks farther in-
land, shoved and shoved. The continents were pushed
up until the wide sea-covered valleys were raised and
the sea-water ran out again to the great oceans, leav-
ing broad stretches of young sea-laid rocks that were
weak. The ocean floor sank farther. The rocks were
crushed and shoved still farther. The new sea-laid rocks
just crumpled up. They were piled up and up, as the
margins of the continents were pushed inland. The
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rock broke. It piled up on edge. Great pieces slid over
and buried other pieces. You know, if you live near a
mountain, because you can see them, the layers piled up,
sloping or shoved over one another.

It is true that long ago the Pacific Ocean did sink.
It drowned many of the islands. Such sinking sometimes
happens now. A very few years ago a little piece of the
floor of the Pacific Ocean dropped farther down, when
the earthquake shook Long Beach, California, and
caused a great amount of damage. Long ago the At-
lantic Ocean sank, too, but not so far. It is not so deep.
The Arctic Ocean and the Indian Ocean sank, and even
the much smaller Mediterranean Sea. It did not hap-
pen all at once, as I have told you, but bit by bit.

The Strange Doings of Continents

Later another thought was born. Cut up a map of
the world. Place the continents side by side, like pieces
of a jigsaw puzzle. South America fits right under the
sheltering bulge of Africa. Move North America a little
around the North Pole and it fits against Europe and
Asia. Cut oft India and slide it down against the east
side of Africa. Place Antarctica, Australia and all the
other islands, those not too small to handle, to the
south and east of Africa and India.

They fit rather well. Think, then, of all the conti-
nents as one huge continent. In the chinks that do not
quite fit, think of shallow seas upon this one great con-
tinent.

So, it once stood, one man thought — a German,
named Wegener. Many others agree with him. Wegen-
er risked and lost his life trying to find out about this
and other questions referring to it. Wegener died dur-
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ing a Greenland winter, measuring the growth and con-
ditions of glacial ice, and the possible movement of
separation of Greenland from North America. Others
are still trying to find out whether his theory could be
true.

Wegener thought, then, that all land was once one.
Then the continents, as we now know them, floated
apart!

Continents float! Well, not exactly, certainly not in
the waters of the oceans. Then how did they ‘float’?

We know that the rocks beneath the oceans are heav-
ier than the continents. We know, too, how glaciers
move. They do not flow. They re-crystallize. The great
weight from higher up makes heat. A tiny liquid film
forms over one end of the crystal, on the side of least
pressure, and then the liquid film freezes again, but it
has moved a tiny bit along its own crystal. So each crys-
tal moves on, film by film, by the freezing and thawing
of one after another of each tiny particle of each ice
crystal, though always, the whole great mass is solid.
This sometimes is called ‘solid flow’.

So also solid rock, if crystalline, can move under
great, unequal pressure. When pressure is equal on all
sides the rock is rigid. Thus, thought Wegener, the
continents moved with their bases in a heavy dense rock
beneath, which itself was anchored in the solid core of
the Earth. So, he thought, North America and South
America moved from Europe and Africa. So, Asia and
India moved together. Antarctica moved west, and Af-
rica moved from India and Asia and all moved from
Australia, and Australia itself moved, too.

And, as the Americas moved westward in a century-
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slow ploughing through the heavy rocks below, their
western margins were wrinkled up into mountains. As
Asia, India and Africa pressed together the long line
of mountains, the Alps and Himalayas, were crushed
up between them. Northward and westward they all
moved, but some perhaps moved faster than others.

Why did they move? What would move them? The
mighty but slow force of the turning Earth. As the
Earth turns through the ages it bulges at the Equator
where the speed is greatest. So the continents would
move out towards the place of greatest speed, move
westward and northward.

Could this be so? It will take many observations and
many years to prove it right or wrong.

But that is not all! Whichever way the mountains
were formed, certainly things happened! Some of the
rock, always hot down in the heart of the Earth, melted
and welled up, pouring into the cracks, sometimes be-
neath the surface, sometimes out over the surface. Or
the molten rock belched out as terrible volcanoes. As it
cooled, the melted rock hardened or ‘froze’, like cooled
toffee. This did not happen just once, but many times.

And so, probably in one of these ways, the great
mountains of the Earth were formed. They are made
up of melted rock and of sea-laid rock.

This is the story of the younger mountains like the
Rocky Mountains, the Andes, the Alps and others.

THE VERY OLD MOUNTAINS
It is very difficult to read the story of those very
much older mountains, the Laurentians in Canada, the
Adirondacks in New York State, for instance. The Ad-
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irondacks really are a border part of the Laurentians.
These mountains are all so very old. The tops of these
old, old mountains are all worn off, so they are not so
high now as they once were. But men found that they,
too, were not always mountains, because there are lay-
ered sea-laid rocks among them: sandstone and lime-
stone and shale. It was all so long ago that the oceans
and continents may have been quite different. Scotland
is still surrounded by the ocean that may have wrinkled
up the Highlands, but some parts of North America
where those ancient mountains stand are now far in-
land. Men are still wondering. That is a question for
you to think about and work about, when you are older.
It is a big question and worth while.

MOUNTAINS MADE BY VOLCANOELS

And then there are mountains that have grown and
grown from little volcanoes to big volcanoes. There are
active volcanoes and dead ones. Active volcanoes belch
out smoke and steam, and sometimes lava. Lava is real-
ly melted rock. It pours out of an opening, called a
crater, at the saucer-shaped top of the volcano. Some-
times the lava wells up out of cracks on the sides. It
cools or !freezes’' on the outside of the volcano. First
it builds a little cone-shaped hill, then it piles more lava
on top of the cooled lava, and builds up higher and
higher. The mountain you see in so many pictures of
Japan, Fuijama, grew in that way. There is a very
beautiful mountain in Chile, Osorno, just like that, and
there are many others in the world.

Sometimes a big volcano explodes. Then things hap-
pen! Terrible things, if there are people living on its
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sides, or in the valleys! Melted rock bursts from the
sides of the volcano, and blazing gas and hot ashes are
hurled into the air, and the ash falls all around burying
everything. Some of the ash is shot high above the
Earth and carried far away on the upper currents of
air. Ash from a volcano has been carried all around
the world.

Sometimes a volcano will be quiet for years, then
there is a rumble and trembling of the Earth, and it
will burst out again, just like Vesuvius did in Italy. It
came to life in a hurry. Steam burst out and blew oft
the top of the mountain. Ashes and lava covered the
country for miles around, burying people and whole
towns.

And then there are dead volcanoes, dead for years
and years, perhaps hundreds of years, perhaps thou-
sands of years, or much more. There is volcanic ash
in a great many of the old rocks. Some rock in Wales
has shells right in the volcanic ash, showing that the
ashes fell into the sea. Mount Royal at Montreal,
Canada, is the core of an old volcano. There are old
volcanoes in Yellowstone Park, Wyoming. And the
hot geysers there show it is still hot beneath. There
were even volcanoes in the very, very old rocks of the
Laurentians, because there are old lavas there.

* * *

And then there are mountains which are not made
the same way at all. They were really plains at first.



CHAPTER IV

PLAINS COME AND PLAINS GO

Now THE MOUNTAINS stand high. Their peaks in the
clouds seize and hold our imagination. But the moun-
tains cover only a small part of the Earth. The broad
vast parts of the Earth are the plains. They cover the
greater surface of all continents. There, on the plains,
is where people live. The cities of the plains! They are
the great cities of the Earth.

In the days of old, what people sometimes call ‘the
brave days of old’, capital cities were built on moun-
tains, or in high places. Can you think why? The ene-
mies of their people could not get at them easily. But
even then the rich cities were on the plains. Why? One
reason is that they were the centres of great farming
areas. Where land is fertile, there people must live.

26
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Another reason is that some of the cities of the plains
were the centres of the great trade roads, whether trade
was carried on by camel or by ship. But trade has chang-
ed. Camels and sailing ships have given place to trains,
motor trucks, and great oil-driven ships. To-day some
of the great cities on the plains are also ports. London
is both a city of the plains and a great port. New York
and Montreal, the two greatest ports of North America,
are not cities of the plains, but Chicago is. Chicago is
also a lake and river port, but it began as a city of the
plain.

The cities of the plains are often factory centres. The
electricity used to run the factories may come from wat-
erfalls in the upland or mountain rivers, but it is cheap-
er to carry electricity to the factory than to carry goods
over mountains. So the factories are on the plains.

A plain is not always level like the surface of a pond.
It may be uneven. Some plains may have low hills.
Others have long ridges of rock. Some plains are low.
Some plains are high above sea-level.

There are many plains. In the United States there is
a plain on the east, sloping to the Atlantic Ocean, a
great plain of the Central States drained by the Mis-
sissippi River, and others in the west. In Canada there
are plains in large parts of Ontario, in the wide-spread
Prairie Provinces, and in the north country where the
cariboo range. In Europe there is the great plain of
Northern Russia. There are the desert plains of Africa,
and the veldts of South Africa. There are broad plains
in South America, such as the great wheat fields and
cattle ranges of Argentina. A large part of the centre
of Australia is a plain.
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Why are these great stretches of the Earth plains?
How did they come to be so level? Just as the moun-
tains were not always mountains so the plains were not
always plains. Plains are made by water; by running
water in rivers, by the waves of lakes and ocean; in a
few places by volcanoes pouring out lava; and in a few
places by the pushing up of great blocks of the Earth’s
crust.

RIVER-MADE PLAINS

Do you live near a river, where you can see its val-
ley? If you do not, just look at a fast little stream near
you. See how it washes its sides away, then spreads the
sand and mud along its bed. A large river does exactly
the same thing. It may take a long time, but it does it.
The rather flat part of the river valley gets wider and
wider. Sometimes, like the Mississippi and the rivers
which flow into it, the river overflows its banks and
spreads the sand and mud far and wide on the top of
the valley it forms. The Nile in Egypt does that, too,
and many other rivers. The river makes a plain grow.
Such land is very fertile, as you know if you live on a
river plain.

WAVE-MADE PLAINS

But perhaps you live by a seashore, on the California
coast, south of Monterey, or on one of the Great
Lakes. For lakes though smaller really work as hard
as the ocean. Stand up high on the cliffs and look down.

There is a narrow ribbon of shore away down there
between the cliffs and the sea. The sea beats against
those great cliffs and breaks off pieces of them. On
quieter days the tide coming in and out spreads the
stones, the sand and the mud along the strip of shore.
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The strip becomes wider, and wider, and the level
stretch with a gentle slope grows farther and farther
out under the water.

Beaches like this are very narrow plains. But after a
long, long time the wave-worn strip of beach grows
wider and wider still. It becomes not a beach but a wide
plain. The cliffs, far inland now, are hills. The rivers
coming from those hills, lend a hand. Together the
waves and the rivers have made a great, gently sloping,
almost level stretch of land between the sea and the in-
land hills. This is called a coastal plain. All this time the
ocean has been smoothing out its floor along the coast.
Finally a great plain stretches from the hills away in-
land far out under the sea, part of it on land and part
beneath the sea.

Perhaps you live in the east Atlantic States and know
some part of the great plain that slopes from the Ap-
palachian Mountains to the sea. Perhaps you live in
England where the plain slopes from the mountains of
Wales to the North Sea. Perhaps you live—Well, there
are quite a number of other places you may live and be
on such a plain. It would really take too long to name
them all.

Then something happens, not suddenly, but slowly.
The land begins to rise, up and up. The shore of the
sea moves farther and farther out. Slowly it moves.
The land still rises! The shore still moves farther out!
And there is a great plain! There are such plains now
hundreds of miles from the sea. That has happened
many times since the Earth began. How do we know?
The base of the plain is made of sea-laid rock. Perhaps
you live in Wisconsin. If so, you are living on a plain
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"which once was beneath the sea. Perhaps you live in
the Prairie Provinces of Canada. They, too, were rais-
ed from beneath the sea. It happened all along Lakes
Erie and Ontario. Parts of these plains in some places
are drowned by their lakes, but there they are, still
plains beneath the water.

PLAINS THAT BECOME MOUNTAINS

Now as soon as a great plain like this is lifted up,
immediately, the rivers get to work. They begin to
pull it down. They wear valleys here. They wear val-
leys there. Finally the valleys meet and a piece of the
high plain is left standing alone like a mountain. It real-
ly is one kind of mountain. The Catskills of New York
were made in this way. So were the Helderbergs of
New York. They are what is left of a high plain. The
‘Cotswolds and Chiltern Hills of England and quite a
number of mountains are made in that way. They are
parts of high plains not yet worn down.

HIGH PLAINS BECOME LOW PLAINS

The winds help the rivers to wear down the plains.
Hand in hand they wear the high plain away until it is
cut into sections. In the west of the United States these
small bits that are left are called ‘mesas’. They are flat
on top because they were part of a plain. ‘Mesa’ is the
Spanish word for ‘table’. In Arizona some of the In-
dians live on these flat-topped mesas.

But the rivers, helped by the winds, never stop work-
ing until the mesas, too, are quite worn down, and be-
hold! You have another plain, a low level plain this
time. It has been worn down from a high plain by the
rivers and wind.
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So the rivers work and work, wearing the land away.
They make two kinds of plains: first, in their own val-
leys by wearing down their sides and spreading the
muds and sands over the broadened valley; second, by
wearing down high plains into low plains. And the
oceans work and work, wearing down their shores, mak-
ing beaches and spreading the muds and sands over
their floors, to form a part of a larger plain if the land
rises. They just never stop working, night and day,
rivers and oceans.

The Circle

This story really goes around in a circle. The river
carries sand and mud and rock from the mountains and
spreads them along the shore. The waves break off the
edges of the shore and add sand and mud and rock to
what the rivers have brought down. The shore widens,
the floor of the sea becomes level. Then it rises into a
high plain. Then the rivers begin all over again. That
is called a ‘cycle’, which means it is repeated over and
over again like the turn of a wheel.

During the time the plain is high it is called a ‘pla-
teau’. That is the French word for a ‘high flat place’.

MOUNTAIN PLAINS

But there is another kind of high plain or plateau.
It is hard to know whether to call it a plain or a moun-
tain. You know now how mountains are made. Some-
times the force of the mountain-building movement is
so great that the crust of the Earth is twisted and pull-
ed, until it is broken up into great blocks. Two blocks
may fall, and as they fall, squeeze up another between
them. That squeezed-up block will make a great flat-
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topped plateau, too. There are a number of plateaux
formed that way in the United States, in Oregon, and
parts of Nevada and in California. Immediately the
rivers and winds get to work to wear down the edges.
By and by they look like any other mountains, but they
were not formed in exactly the same way. They were
plateaux first. (The ‘x’ at the end of ‘plateaux’ is not
a mistake, that is the way French words ending in ‘eau’
form their plural.)

LAVA PLAINS

There is still another kind of high plain or plateau,
the kind that has been made from lava. Down in South
America, in Peru, and thereabouts, there was once an
old mountain range, worn down pretty low, for moun-
tains. Farther inland the newer higher Andes were
pushed up, and many volcanoes began to awake. They
got very wide awake, indeed, and active, and poured
out lava, and poured it out. Not only did it come from
the saucer-shaped crater at the top, but the mountain:
sides burst open. Lava flowed down filling the valleys
until the old mountains nearer the coast were complete-
ly covered. Slowly the lava hardened, and now there is
a high plateau in Peru, covering the old mountains, and
nearly all made from lavas and other volcanic materi-
als. Rivers from the high plateau have cut through the
rock and revealed the old mountains buried by the later
lavas. There is another plateau like this along the Co-
lumbia River in Oregon, Idaho and Washington States.

So, besides the low plains made by the wearing down
and the levelling-off of rivers and oceans, there are
the plateaux or high plains that have been lifted up, the
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plateaux made by pushed-up blocks, and the plateaux of
lava.

So the mountains and the plains come and go.
It is not the hills that are everlasting but the sea!



CHAPTER V

THE-TWINS-THAT-ARE-EVERYWHERE

Here 1s A RIDDLE! What are the Twins-that-are-
Everywhere? They were here, there and everywhere
when your grandparents were boys and girls, and when
their grandparents were boys and girls, and many hun-
dreds of years before, almost since the Earth was made.
They are still being born, now! Who or what are they?
They are sand and mud! Did you ever hear of any
place without them ? They are twins, really twins. They
even look alike sometimes, do they not? What are they
really?

When you were very little, you made mud-pies. You
poured water on some mud and stirred it with a stick,
or perhaps you just used your hands. What is this mud
you used for your mud-pies?

Do you have a garden? If you have, get a handful
of soil. Look at it carefully. Put a little into a glass of

34
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water and see what happens. Some of it will float on
top. Skim it off. Some of it will sink quickly. Leave it in
the bottom of the glass. And the rest, just muddy water,
pour carefully into another glass. Let it stand long
enough to dry out. Something is left in the bottom of
the glass, very tiny particles.

Now you have three things. One, the part that floats
is dead roots and leaves broken up very fine. There is
really only a very little. Two, the part that sank quickly
—that is sand. Not much of it in your garden, I hope!
Too much of it is not good for your flowers. Three,
the part that made the water muddy, is clay. When it is
wet we call it mud.

SOMETHING ABOUT SAND

Let us look at the sand first. Shake it in the glass of
water. Hold the glass up to the light. The water is
clear. The sand is at the bottom. That is the first thing
we learn about sand. It is heavy, and sinks quickly to
the bottom, leaving the water clear.

Leave the sand in the water a few days, weeks, or
even months. It will not disappear. It remains the same.
That is the second thing we learn about sand. It does
not disappear or dissolve in the water.

But its colour! Look at it in the water. It is bright
and sparkling, and there are all sorts of beautiful col-
ours—white, pink, red or purple. That is the third thing
we learn about sand. It is bright and sparkling and full
of colour.

SOMETHING ABOUT CLAY

Let us look at the clay. Put some of it, not too much,
in a glass of water. Shake well. It makes the water
‘muddy’, doesn’t it? If you have good eyes you will see
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tiny specks floating around in the water. Look at it with
a magnifying glass. The particles do not float on top
like the specks of roots and leaves. They are heavier.
They float right down in the water. That, then, is the
first thing we learn about clay. It almost floats, but not
quite.

Let the glass of muddy water stand. The particles
slowly settle to the bottom. No matter how long it
stands the clay will not disappear into the water as salt
or sugar will. That is the second thing we learn about
clay. It will not disappear or dissolve in the water.

In time the water dries up. Look at the clay left in
the bottom of the glass. It is dull-looking, isn't it? Un-
less you live in New Brunswick, or Niagara, or Georgia
or some other place where the clay is a brick-red col-
our. In those places it is red because there is iron in it.
But even there it is a dull red. That is the third thing
about clay. It is dull in colour.

The twins, then, are alike in that neither of them dis-
solves in water. They differ in that sand is heavy though
bright and sparkling, and the clay almost floats, but is
a dull colour.

HOW SAND AND CLAY ARE MADE
From where did these strange everyday twins come?
For they are strange, are they not, even if they are so
very common! Yet, they were being made when the
Earth was very young. They are being made to-day.

The Streams and Rivers Make Them

I saw sand and clay being made one day. I was walk-
ing up a trail on the side of a low mountain in Quebec.
Near the path was a large stone, all rounded at the
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corners, a boulder of coarse-grained rock, broken from
the hillside. It was quite sparkling in the sunshine. In a
ring around it on the ground were coarse bits which
had flaked off. Up there, in the winter it is very cold.
Each year, when the cold autumn rains fall on the
coarse boulder, the water freezes in the cracks. The ice
loosens the outside flakes which gradually fall off. On
the ground these pieces look like coarse pebbly sand.
In the springtime the snow melts and floods down the
hill. The snow-water carries some of the coarse flakes
with it. The floods of another spring carry them to the
stream below the hill. They lie at the edge of the
stream. A thunderstorm may flood the stream. The
pebbly flakes are pushed a little farther downstream.
They bump against the bank and rest a year or two.
And so it goes, day after day, year after year.

But all this time something happens to the pebbly
flakes. They are becoming smaller and smaller. Part of
each flake disappears in the water, just like salt. And
there is salt and lime in those old rocks, and many
other things that will melt or dissolve in water. It takes
a long time, but it happens. Then the pebbly flakes fall
apart. They become smaller and smaller as they move
down the stream.

So the pebbly flakes are divided in three. First, the
salts are carried away, dissolved in the water. Second,
little particles that do not dissolve are broken off and
carried downstream, floating or almost floating in the
water; that is the clay. Third, the heavier bits that do
not dissolve are rubbed and scrubbed along the shore.
They jostle against one another, grinding off their edges
and corners. These particles are the sand.
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Almost every stream you look at is carrying mud and
sand to the sea. That is why the water looks muddy.
Such is the work of streams all over the Earth, to carry
the loose rock materials to the sea. They never rest.
The Mississippi River carries so much mud and sand to
the sea that it has built up a great delta at its mouth. So
has the Nile River, and the Mackenzie River. The
Amazon and St. Lawrence rivers carry their sand and
mud far out to sea. Their channels are deep. Their cur-
rents are strong.

The flakes I saw on the hillside that day will move
down to larger and larger streams until they reach the
Ottawa River, and then down the Ottawa for many
years to the St. Lawrence River. And then down, down
to the Atlantic Ocean. It will be a long time before
they reach the ocean, perhaps thousands of years, but
they will get there.

The Winds and the Rains Make Them

But not all of those pebbly flakes I saw that day will
get into the stream. In fact, my heavy boots tramped
some of them into the ground. Always the moisture in
the ground gets to work immediately upon the salt and
lime in such broken flakes, and they begin to change.
During summer, when there is less rain, they dry out.
Along comes a hot wind before a storm and blows them
along the side of the mountains, away from the stream.
The pieces scurry along tumbling over one another. A
rainstorm comes up and beats the flakes into the damp
ground. More of the salts, and minerals in them dis-
solve and each piece falls apart, just as in the water.
They dry out again, then again along comes the wind.
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Day after day the winds blow and blow. The coarser
heavier particles are rolled along the ground, they
bump against the rough places in their path, and stop
when the winds die. The finer particles are blown far
away. When the winds cease the finer bits lie just where
they are, far beyond the coarse heavy particles. And so,
the coarse pieces become finer, and the finer pieces be-
come still finer. And finally they are all sorted out. The
rain-water has carried the salts into the ground. The
very, very fine pieces, the clay, is blown far away. The
coarser sand is piled in dunes nearer the starting-point.
But this time the sand is not rounded by rubbing. It is
sharpened, and has edges, because when the wind hurls
sand grains, one against another, each sharp, heavy
piece just chisels off the sides of its neighbour.

So the pebbly pieces that are not carried into the
stream make sand and clay, too. The great sand dunes
of the Sahara desert, in Africa, have been formed in
this way. On the desert of Peru are great crescent dunes
of finer sand, sorted out from the coarser, heavier sand
on the floor of the desert.

The Ocean Makes Them

Sand and mud are being made in other ways. Do you
live near the ocean, or near one of the Great Lakes of
the world? I hope some of you do. The waves of the
ocean, particularly in storms, are breaking off bits of
rock which are slowly ground up. During heavy storms
the stones are hurled at the cliffs, breaking off still more
rocks. They, too, are slowly ground up, year after year.
The mineral salts are dissolved in the water, the lighter
tiny pieces float or almost float away, the heavier sand
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is dropped nearer the shore, making sandy beaches. So
the lakes and oceans are making sand and mud.
% % *

So, now we have three ways in which sand and mud
are being made right under our eyes. In each case the
Twins come first from rock. The rock is split, by frost
or waves or by the dissolving of the salts in them. The
large pieces become smaller and smaller by the further
dissolving of the salts. The parts of the rock that can-
not be dissolved are carried away by streams or wind
or waves. The Twins-that-are-Everywhere are being
made now.

SAND AND MUD MADE LONG AGO

But not all the sand and mud on the Earth has been
made recently, or when your grandfather lived, nor
even since man has lived. We must look back, before
that, far back.

If you read on, in Part 11, you will find the story of
the Great Rhythm of the Earth. Many times the sea
came up over the continents, and then went back again
to the ocean beds. As the sea came and went the rivers
changed. Every river, every ocean storm, every down-
fall of rain through all those many millions of years was
making sand and mud, all the time. They just never
stopped.

But something else was happening. At the same time
the oceans were working in another way. Each time as
the sea came up covering the sand and mud already ly-
ing on the continents it cemented some of the sand into
sandstone and some of the fine clay particles were press-
ed into shale. So, not all the sand and mud was left to
be carried by the streams or to be blown by the wind.
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So now we have it all. The sand and mud which is
being made to-day is added to that made during all the
many millions of years in the past.

Do you wonder that they are the Twins-that-are-
Everywhere, and that there is so much of them?



CHAPTER VI

RIVERS AND THEIR VALLEYS

The streams all flow into the sea
But the seas they never fill
Though the streams are flowing still.
Eccles. 1, 7. (Moffat Translation)

HAVE YOU EVER WONDERED why there are so many
rivers on the lands of the Earth? Why some are so
small and others so large? Where they begin and where
they end ? Almost every boy and girl in North America
has seen at least one little river. If you live in the coun-
try you must know a stream that flows into a river. If
you live in the mountains you know how the mountain
brooks chatter down the slopes. Even if you live in the
city probably there is a large river flowing through it
or very near it.

RIVERS NEEDED BY MAN

From the earliest time man has used the rivers. Be-
fore there were roads, rivers were the highways for
travel and trade. Before there were trains there were
boats; boats that were poled along; boats that sailed;
or boats driven by a paddle wheel. Then there were
steamboats, and finally the great steamships of to-day.
In North America canoes were first used by the Indians.
And it was along the rivers that the early discoverers in
our country explored the land.

The first white men to go down the Mississippi River
were Frenchmen from French Canada. They had to
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paddle miles westward, up the rivers flowing into the
St. Lawrence. When they could not go farther they pick-
ed up their canoes and carried them through the woods
to the next river. The French word for ‘to carry’ is
‘porter’. So the places over which they carried their
canoes became ‘portages’. Finally they found one of the
rivers which empties into the Mississippi and paddled
down it to the great ‘father of waters’.

And now we travel quickly over the country by train
or automobile, and still more quickly through the air.
But boats still travel on river and lake, and a great deal
of the merchandise of the world is still carried on boats
down the rivers to the seaports.

RIVERS RUN TO THE SEA

Have you read W ater Babies, by Charles Kingsley?
If you have not, read it. During a storm Tom saw the
eels and everything rushing past him. “Down to the
sea,” said Tom, “everything is going to the sea, and I
will go too.” And the same thing is true of all the
brooks, streams, little rivers and big rivers, too. All are
going to the sea.

Why do rivers flow to the sea? Well—because that
is their work—to carry all the waters of the Earth to
the sea. They flow to the sea because the sea is the
lowest place, and water always runs downhill. A river
along its course may twist and turn and flow in the op-
posite direction for some distance, but always it will
turn again and flow on to the sea.

“But all the water does not go to the sea,” you say.
“Water soaks into the ground, and there are swamps
and lakes.” Give it time and it, too, will get to the sea.
When rain falls, part of it soaks into the soil. But it



44 THe EArRTH BENEATH OUR FEET

does not stay there. It often moves on below the ground
and if there is an opening it will flow out again as a
spring. The spring may join a river. Swamp water, too,
may join the water hurrying to the sea. Even the water
in the lake may get to the sea. Look at your map again.
Rivers carry the water down from one lake to another
lake, and then a larger river carries it down to the sea.
See for yourself on the map. The Nipigon River car-
ries the water of Lake Nipigon to Lake Superior, the
St. Mary River carries it to Lake Huron, the St. Clair
River carries it to Lake St. Clair, the Detroit River
carries it to Lake Erie, the Niagara River carries it to
Lake Ontario, and the St. Lawrence River at last car-
ries it to the sea.

There is only one condition in which water does not
flow to the sea—that is, if it is below sea-level. Of
course it could not flow then because it would be flowing
uphill. It seems very odd but there are really places on
the continents which are lower than the sea, for ex-
ample, the water near the bottom of some of the deep
lakes. The floor of several of the Great Lakes of North
America is too deep for the water caught there to flow
up into the sea. Death Valley in California is lower
than the sea but of course there is not much water there
to flow out. When the water cannot flow out of small
seas or lakes on the land it becomes very salty. Great
Salt Lake in Utah is a very salty lake. So is the Dead
Sea in Palestine.

A RIVER IS BORN

Do you live on a farm with a little stream flowing
through it? Does the stream begin in a swamp back of
those fields, or, does it just begin in a ditch in the pas-
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ture field? It gets a little bigger on this side of the field.
Do you know why? Some of the water that soaked into
the ground on that hill over there is coming out in a
spring, not bubbling, just slowly oozing out. It gradually
makes its way down to the stream. So it makes the
stream larger.

If you live near the mountains you will have to climb
up high to find out where the rivers are born—away
up near the top, at the edge of the snow and ice. Per-
haps you can find a stream along the mountain-side
which runs not from the snow but out of a hole in the
rocks. It really started higher up in the snow but dis-
appeared into a crack, and is coming out again as a
spring.

But, you who live on a farm, where did the water
come from that began in the pasture ditch? Yes, from
the rain.

And, you who live in the mountains, where did the
snow and ice come from? From the rain and sleet.

The rain from the clouds, then, is the mother of the
streams whether they begin in a pasture field or in the
mountains. They are really born from the clouds.

THE BABY STREAM GROWS

At first our stream is just a baby stream. Out in the
pasture field it dries up when the summer sun is hot.
But it struggles on after the next rain. Let us follow it.
Within a little distance a few small springs joinit. There
is more water now. It will not dry up so quickly. Now
it passes another ditch which brings the water from
those other fields over there. It does not take long for
it to become so big that it never dries up, but flows along
the same course all the time.
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Why does it always follow in the same course? It
begins in a low-lying spot, a ditch or hollow, where some
water has collected. After heavy rain the water runs a
little faster, and hurries along picking up and carrying
along bits of sand and soil, from the bottom and along
the banks. So the stream cuts its bed deeper and wider.
The ditch is now a ravine or little valley. And the val-
ley, in turn, holds the stream within its banks.

Now the valley changes as we go along. The banks
become quite steep. They are not smooth but are cut
by deep gullies. What made the gullies? When it rained
last time the rain came down so fast that it could not
soak into the ground. It poured over the edge of the
bank, right into the stream we are following. A great
deal of sand and soil was carried down from the side.
Gullies are formed and each time it rains they get big-
ger and bigger.

And, by the way, have you noticed something more?
The stream’s bed is very much deeper than it was far-
ther back? There is more water. It is carrying along
more sand and soil from the bottom, cutting deeper into
the earth. The stream is full of pep and energy, just like
boys and girls. It hurries along, and keeps cutting away
at its banks and bed. It is a ‘young river’.

But, look here! The stream has cut right through the
soil. Here is some flat rock at the bottom. It is much
harder to cut through rock than through sand and mud,
so the water has spread out wider here. Let us go farth-
er down. Another stream, quite a large one, has come
in over there. Streams like this that come in from the
sides we call ‘tributary streams’.
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RAPIDS AND CANALS

The stream is really quite large now. I think we can
call it a river. See, the water is running swiftly and it
is quite rough. There are big rocks and boulders which
make the water dash up. This is a ‘rapid’. The water is
not deep enough to cover all the bottom. These rapids
make a lot of trouble if the river is big enough and
deep enough for boats. The boats would be dashed to
pieces on the rocks and large boulders. So men build
canals, man-made rivers, right beside the true river.
They cut them deep enough and wide enough to carry
the boats. Then they turn some of the river water into
them. Men thought of this long ago. Because in olden
days there were no automobiles, and no trains, they
learned to use the rivers. When the rivers had rapids
men had to think of some way to get past them. And
indeed almost all rivers of any size have rapids some-
where along their course.

In some places rivers turn and twist so much that
canals are built connecting two points on the river, cut-
ting off the twists and turns and shortening the route.
In other places canals are built to avoid going around a
great piece of land like a continent. One of the great
canals of the world, the Suez, connects the Mediterran-
ean Sea and the Red Sea. It was built, not to avoid
rapids but to make a shorter route from Europe to Asia,
to save going all the way around Africa. Thisis a very
important canal because most of the trade between
Europe and Asia passes through it. The canal is built
in the low places where Pharaoh’s horsemen and
chariots were drowned when they tried to capture the
fleeing Israelites.
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One of the most important canals in the western
hemisphere is the Panama Canal, built to make a short
way from the Atlantic to the Pacific Ocean. Not many
years ago ships from New York or England had to go
far down to the southern tip of South America to get
to San Francisco or anywhere on the Pacific. Between
Central America and South America there is a very
narrow strip of land, an isthmus. The mountains that
run down through North America and South America
are not very high there. On one side a few streams drain
into the Atlantic, on the other some drain into the
Pacific. And there is a large lake. So men built the Pan-
ama Canal there, using the lake and the rivers on both
sides as much as possible. Now ships go through this

canal instead of going all around South America.

A GORGE!

But let us get back to our river. We have passed the
rapids and the river is flowing more smoothly now. It
has actually cut into the rock. Cut the rock! Yes, it is
true. See! The channel is narrower now and the water
is flowing swiftly but quietly. Let us follow it down. The
water is so busy cutting down that it does not have time
to cut widely. And see! It is rolling those stones a little,
near the edge. They are regular cutting tools. Some of
them are probably scraping along the bottom, wearing it
away, cutting it deeper. After a big thunderstorm they
will go on scouring the bottom at a great rate, cutting
it very quickly. And here they certainly have cut it deep.
The river bed is down between two walls of rock. This
is a ‘gorge’. The word ‘gorge’ means ‘throat’. The river
is flowing through a narrow channel like a throat.

There are many gorges like this in the rivers of the
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world. One of the best known in North America is the
Niagara Gorge. Maybe some of you have seen it.

A CANYON

But come, let us go on. There is another river com-
ing in on that side, right through another gorge. Our
main river which we have been following is very large
now. It can do a lot of work, cutting deeper and deep-
er. We are now far down between these walls of rock.
Let us climb up to the top. We can see better from the
edge. The sides are pretty rough to climb but if we
try hard enough we can get up.

As we climb we notice that the valley is getting wider.
That means it is wider at the top than at the bottom. Be
careful of those loose pieces of rock. They may start
to roll if you step on them and you will fall. Try this
path. Here is some water trickling down. This must be
a spring. And the rock is all crumbly around the spring.
For even this water is helping to wear the rock sides
away. And a big storm will certainly carry a lot of the
loose rock down into the river. Indeed, that is the rea-
son the valley becomes wider as we climb higher. Much
broken rock is carried down the steep slopes by the
rains. And, of course, a lot just falls down of its own
accord.

The valley wall is not just straight up but rises step
by step. Just like stairs! Do you notice the softer rocks
are worn away more rapidly than the hard ones? The
harder layers hold up and form the steps. Here we are
on top! This is better. Now we can see. The river looks
like a little thread far down below. It twists and turns
in its rock-walled sides. This is no narrow throat now.
This is a great deep valley, a canyon—a great canyon.
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There are many canyons in the world. Canyons in
Europe, canyons in China, canyons in Africa, the Peace
River canyon in Canada, the Yellowstone and Columbia
canyons in the United States. But perhaps the greatest
of them all is the Grand Canyon of the Colorado.River
in Arizona. The Colorado River cuts down through al-
most every kind of rock: limestone, sandstone, shale, ig-
neous rock—a mile deep, down, down into the hard
granites away beneath. It is a very long canyon, 200
miles. And the rocks show so many beautiful colours:
red, yellow, green, grey, purple and pink. Most of these
bright colours are from iron, like the iron rust with
changing shades. )

All rivers do not have canyons, only those with swift-
ly flowing streams where their valleys are in hard rock.
They are usually formed in mountains or in high pla-
teaux, where the streams go down many feet to reach
the lowland.

A LAKE!

Have you noticed while we have been walking and
talking, that we have been gradually coming down {rom
the highland? It is not so far down to the bottom of the
canyon here. And in front of us, not far below, is a
broad plain. The river comes out of its rock-walled
canyon to the plain. And look! It is very crooked now.
It seems to wander all over the plain.

The river is slower now. It has time to spread out.
We cannot see very far because there are so many
trees. But look carefully and you will see a lake away
over there. There is very little rock now. It seems to be
covered with very fine clay or silt, called alluvium.

Let us follow the river to the lake. Look! on the
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other side of the lake over to the west, another large
river is flowing in. There are some rocky islands in the
lake. We must get around to the other side to find
where the water runs out from the lake. For this lake
is higher than the sea. The water must still flow on.

Here is the river carrying the water out. Miles away
from where it entered! I suspect men call it by a differ-
ent name here. They generally do. It is flowing on,
steady and deep. Big ships should be able to steam up
and down this river. I wonder if they do?

NOW A WATERFALL

Come on! The river is flowing faster now. And look,
it is rougher. This is almost a rapid again. The water
runs very swiftly. What is that peculiar noise? It is al-
most a roar! Nearer and nearer it comes. Louder and
louder! I wonder if there is a waterfall? See! The
smoke! No, it is not smoke. It is mist. Sure enough,
there is a big waterfall ahead. Down the water goes;
smooth and swift over the centre part, fretted along
the sides.

We will have to go down along the bank. We cannot
possibly go down over the fall. Of course, we did see
some little waterfalls farther back. There were some
from the little streams dropping over rock ledges enter-
ing the river at the rapids. And there were others in
several places, but none like this. This looks terribly
high as we look up at it. Why, it must be some hundred
feet or more, all in one great drop!

There are really many great waterfalls in the world.
Perhaps the best-known one in North America is Niaga-
ra Falls. The water plunges over a cliff in the Niagara
River, and drops 160 feet straight down. There are
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many falls with a greater drop than this. But very few
of them carry so much water. Look at your map. See
how the water from Lake Erie flows into the Niagara
River and then all of it just drops down that cliff, swirls
around the Whirlpool Rapids with terrific force, and
flows swift and deep down to Lake Ontario.

Then there is Yosemite Falls in California. It drops
from a great height, about a third of a mile. But there
is not so much water and it spreads out in a falling mist.
And then, about the greatest fall in the world is the
Victoria Falls on the Zambesi River in Africa. But not
many people have seen them. At least, very few white
people. But it may be some day they will be as well-
known as Niagara Falls.

THE VALLEY GROWS WIDE

But now our river has travelled down to a broad,
level plain. It spreads and winds. It flows slowly be-
cause its course is not so directly downhill. The sides of
its valley are far back now. But they are there. And
the river is carrying down the mud and sand from these
low far hills which it does not even touch.

“How in the world can the river do that?"” you ask.
“Can it not carry away only what is washed into it?”
Well, here the valley is so level the river is not cutting
deeply. It gradually takes a bit of its bank here, and
another bit there. And the streams that drain into it
do the same. It is making its bed wider. And as a bit
of soil is carried away its place is filled by another bit
slipping from the bank above. Farther back still more
soil moves on. Sometimes it is carried by rain, some-
times it just drops over a tiny slope when the soil be-
neath has been removed. And so the valley grows back
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and back to the distant hills. The soil fairly creeps down
to the stream, slowly, very slowly.

FLOOD PLAINS NEAR THE END OF THE JOURNEY

But we were down in the level valley of our river,
were we not? There will be cities there and farms.
When the river has passed all its gorges, canyons, and
waterfalls, if it has them, and reaches the low level part
of its valley, it flows more slowly. And then something
new is likely to happen. When the rain comes pouring
down during the rainy season the slow river cannot
carry away all the sand and mud that is carried into it.
It flows over its banks and spreads all the material over
its valley floor. This is its flood plain. It is built up by
the sand and mud which the river puts there. There
are usually people living on the flood plain. They like
to live there. The rich alluvial or river soil grows fine
crops. It is easier to build houses on the flat land. That
is why there are fine farms and great cities on the flood
plains of great rivers.

But when the floods come it is very bad. Sometimes
whole towns are flooded and people have to flee from
their homes. Houses are carried away by the swirling
waters, crops are ruined, and people are drowned. The
flood plain of a river is a pretty dangerous place when
there is a flood. If any of you live on the flood plain of
the lower part of the Mississippi River you know all
about it. Or if you live on the plain of rivers that run
into it, like the Ohio and Missouri rivers, you will know
about floods too.

PORT NEAR THE SEA

And now we are almost at the sea. There is a great

city here. It is not right at the mouth of the river, but
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a few miles upstream. Why? Because the wide mouth
of the river makes a harbour. Here ships from all over
the world might come, bearing merchandise of the east
and the west. There must be plenty of room for the
ships. If the city were at the very mouth the ships would
have to stay along the shore. It is better up the broad
bay which often forms at the mouth of a great river.
The storm waves will not keep swinging the ships
against the piers as they load and unload. New Orleans,
near the mouth of the Mississippi is such a city; so is
New York on the Hudson, London on the Thames in
England, and Buenos Aires on La Plata in South Am-
erica. London is the biggest port of them all.

LAST, THE DELTA

But we have not quite finished with our river yet,
even though it has at last flowed into the sea. When the
slow-flowing water reaches the sea it stops. In the still
water beyond the mouth of the river all the sand and
mud it has carried from its banks settle to the bottom.
Year after year they fall. After a long time they will
build up islands at its mouth. Such islands are called
the ‘delta’ of the river. Altogether they have a shape
something like the Greek letter called ‘delta’. It is the
same as our letter ‘d’ but it has a different shape.

All rivers do not have deltas, just as all rivers do not
have canyons. It depends upon how fast they flow, what
kind of country they have passed through, and what
the shore-line is like when they meet the sea. The St.
Lawrence does not have a delta. It is deep and strong,
and has not flowed through low plains. It is still deep
far out into the ocean, and so the sand and mud are
carried far out. But the Mississippi has a large delta.
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It is so large that there is a big lake on it. The Macken-
zie River has a large delta where it flows into the Arc-
tic Ocean. The Nile River in Egypt has a very famous
delta. It is the fertile Land of Goshen, and upon it the
very old city of Alexandria is built.

And so we have come to an end of our river.

WHAT IS A RIVER'S VALLEY

And now we must pause and look back. All along
you remember, springs, brooks, streams, and other little
rivers kept bringing their water into our river from
different directions. They drained the land of its water
and brought it to the river. We passed down the stream
for miles and miles. That vast piece of country that
drains into our river is its valley or its basin. Sometimes
we say the Mississippi valley and we mean all the great
expanse of the Central States. We say the St. Lawrence
River valley, and we mean all the country in the United
States and Canada that drains into it. Sometimes we*
include in that all the country, away inland, that drains
into the Great Lakes as well. For the water that runs
into the Great Lakes passes to the Atlantic through the
St. Lawrence.

And then there is the Amazon River in South Amer-
ica. Away up in Peru, only a few hundred miles from
the Pacific Ocean, I watched water flowing between the
mountains, and knew it flowed eastward for thousands
of miles, down to the Amazon, and on to the Atlantic
Ocean. It was a part of the Amazon valley. And there
is the Nile River the valley of which reached far back
"ato Africa; the Mackenzie which flows for hundreds of
miles north to the Arctic. There are many other large
rivers. Just look at your map to see some of them.



CHAPTER VII

CAVES AND CAVERNS

In Xanadu did Kubla Khan
A stately pleasure dome decree;
‘Where Alph, the sacred river, ran
Through caverns measureless to man,
Down to a sunless sea.
Kuble Khan—SaMmUEL TAvLorR COLERIDGE

A JOURNEY THROUGH A CAVE
A Cave! A magic word! The word ‘cave’ comes from
the Latin word ‘cavus’ meaning a ‘hollow place’. And
you will understand the reason, because we are going
underground into a cave to find out about it.

We must take a lantern, a shovel, and a fish net.
This is not a really modern up-to-date cave, with a
paid guide. So we must go prepared like real explorers.
And do not forget to bring a big ball of string. What
for? You will see. We will go into the cave from an
opening in the mountain-side. The string can be fasten-
ed to that rock at the opening. Firmly, for much de-
pends on it. We unwind it as we go. Now, light the lan-
tern. There are no electric lights here. Already it is
becoming dark. When we look back we see that the
opening through which we came is getting smaller and
smaller. It has become a mere speck of light. Now it
has vanished completely.

It is quite cool and dry here, not far in. And see,
there are a few bones. Animals of some kind must have
been here at one time. We have heard before that some
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animals, like bears and wolves, take shelter in caves for
a short time. In ancient times some primitive men lived
in caves before they learned to build houses. Here, not
very far from the opening where it is dry, it would be
very comfortable, never too hot, nor too cold. It would
be a good place to hide from one’s enemies. In many
caves in Spain and France, and in Africa and other
places, bones and skeletons of ancient man have been
found. These cavemen made drawings and painted pic-
tures on the stone walls. They can still be seen in many
of the caves. They show the reindeer, elephants, bison,
and other kinds of animals that early man knew.

Our cave is very black now. The lantern makes just a
small round glow of light. The darkness beyond is thick
and sounds hollow. We are going downhill here. The
space is narrower. Here is a turn. The string must be
unwound at every step, but carefully, for a sharp cor-
ner might rub through and cut it. Then we would be in
a fix. You know now why we need the string—to guide
back to the opening.

We are not the first to use a string for that purpose.
A string had been used as a guide so far back in time
that the method is part of a Greek legend. In the cen-
tre of a great Labyrinth of intricately winding passages
King Minos of Crete kept a monster, the Minotaur,
with the body of a man and the head of a bull. To the
Minotaur the king was sacrificing seven maids and
seven youths of Athens. Theseus volunteered to be one.
Now Ariadne, the daughter of Minos, loved Theseus.
She was sure he would kill the Minotaur and gave him a
ball of thread to find his way out again. Theseus killed



58 Tue EarTH BENEATH OUR FEET

the monster, found his way out by means of the thread
and took Ariadne for his bride.

But to come back to our cave! Here is a very narrow
place. It is almost filled with soft clay. This is where we
need the shovel. It is hard to dig out this passage. It is
so narrow ! Beyond it the way goes down, down into the
blackness. On and on through long passages that twist
and turn in and out, and round about. Here is another
very narrow place. Can you squeeze through? What
was that sound? Did you hear it? Like little scuttling
feet! Many small animals probably live in here. We
are invading their homes. Rats and mice, spiders, in-
sects of many kinds, and snails and many other crea-
tures would find this a fine place to live. And do not for-
get the bats, the upside-down bats, which hang head
downwards in the dark caves in the daytime. At night
they fly outside for food. Bats like darkness. They can-
not see well in the light. Animals that live in caves
become especially fitted to live in the dark. Some may
live near the openings where they can get out for food.
But others live away back in the cave all the time.

Listen to the sound of our voices! They seem differ-
ent. They have a hollow sound. Voices have that lost,
hollow sound in large empty rooms. This must be a
large room. Yes, the lantern shows the rock roof far
above us. Some caves are very high, much higher than
this one.

- In the famous Carlsbad Caverns in New Mexico one
room is 250 feet high. That is much higher than Niaga-
ra Falls.

What a weird sound is made by the echoes! It is
black as night where we are now. There is a great
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dome, almost a hill, in front of us. Let us go around it.
Everywhere the floor is very uneven, all sorts of lumps
and bumps, and pillars big and little. Careful! We may
stumble over them in the dusky light, if we are not cau-
tious. The path is slippery in places, too, because of the
water that has dripped, seeping through the sides. List-
en] the steady drip, drip, drip! Down, down we go
through lofty rooms and still more winding passages,
down into the heart of the Earth, it seems.

Around this bend there is a curtain-like mass of rock,
with fringed edges hanging in front of us. Stoop or you
will strike your head on it. The lifted lantern shows a
fairyland! Gleaming white rope-like curtains of ‘traver-
tine’ hanging from the walls! Farther over, on that
side, there is a great curtain hanging from the ceiling.
It hangs fold on fold, white and gleaming, with water
slowly dripping from the fringed edges down to the
floor. On this side the curtain almost touches a pillar
of travertine rising up from the floor. In one place
they meet and make a solid wall.

Let us break off a tiny pencil-like piece, here at the
edge. It will probably be hollow. And it is. As we turn
the light slowly the colours change with the glistening
lights and moving shadows. The silence seems to press
it upon us. What a relief to hear the dripping water in
the distance! I wonder if there is a lot more water over
there ? We shall see later.

STALACTITES HANG FROM THE ROOF

How does the water get down here? We did
not see it running in at the opening. Well, it soaks or
seeps down through cracks and crevices from all the
country round about. As it comes, bit by bit it slowly
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dissolves some of the lime in the rock through which it
passes. The lime is dissolved just the same way that the
salt 1s dissolved in the glass of water, but much more
slowly.

What happens to the water when it comes down into
the cave? Some of it dries up. It passes out of sight into
the air. And what becomes of the dissolved limestone
in it? Of course, the water cannot carry that into the
air. It is left behind, just as the salt was left in the glass
when the water dried. Men call this cave-made lime-
stone ‘travertine’. You remember we saw some of it
farther back. The word comes from a Latin word mean-
ing ‘tibertinus’ from the land of Tibur, in Italy. There
are great quarries of travertine there.

As the water dries on the roof of the cave it leaves
a small ring of travertine. Another drop slowly dries,
leaving another ring. Then another and another. A little
pencil of travertine is formed. Another drop slowly rolls
down over the pencil. Sometimes this is called ‘drip-
stone’. Each drop that dries leaves its tiny ring, one
upon the other. It goes on and on through the ages un-
til finally a long hollow icicle of travertine hangs down
from the roof. Sometimes a single one will grow longer
and longer, many feet in length. These travertine icicles,
hanging from the roof or ceiling, are called ‘stalactites’.
The word is from the Greek word ‘stalasso’ meaning
‘to drip’.

The stalactites may grow and grow, longer and fat-
ter, until they touch one another and form a broad cur-
tain, with small pencil-like icicles hanging from the bot-
tom like a fringe. Where the travertine-filled water
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drips slowly down the walls the icicles grow together in
great curtain masses like tapestries.
STALAGMITES RISE FROM THE FLOOR

Of course, not all the water dries up as it trickles
through the roof and down the stalactites. Some of it
drops to the floor. There, too, some of it dries. First a
tiny ring is formed. Then more and more rings. It
builds up slowly into pillars. Sometimes they are just
bumps, but sometimes they grow into high mounds.
They are all called ‘stalagmites’, whether big or little.
That is another word from the Greek word ‘stalasso’,
to drip. Sometimes stalagmites grow to be many feet
high. .You remember that great dome we saw in the
room a little while ago. That is a stalagmite. In the
Carlsbad Caverns there are many large stalagmites.
One is'called the Giant Dome. Another is known as the
Rock of Ages. These big stalagmites took many thous-
ands of years to grow.

As we go farther along in our cave the travertine has
collected like frozen waterfalls in some places. The wa-
ter has been flowing over the rock here. Before we
leave this fairyland let us move the lantern around slow-
ly on all sides. Take a last look at this strange and won-
derful place.

POOLS OF WATER IN THE CAVE

But let us go on. There must be still more sights to
see. We must go carefully and not slip or step in a sha-
dow. There might be a crevice or even an opening to
another room below. If they are out of range of our
lantern light we cannot see them. The string must still
be used so that we can find our way back.

Still farther down into the blackness we go. The drip-
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ping water sounds now as though it were not dripping
onto the floor, but into some more water. The tinkle of
it echoes and re-echoes. What is this reflection? Why,
sure enough ! A pool of water| How green the water is.
This must be at the bottom of the cave, for pools, and
even small lakes form in the lowest parts of caves in
some places. In some caves there are even rivers at the
bottom. In the great Mammoth Cave in Kentucky,
there are two rivers. One is called the Styx, because it
is deep and black, like the river over which Charon fer-
ried the souls of the dead to Hades. The other is Echo
River. We need not tell you how it got its name. For
you know the sound of our voices has been echoing back
and forth as we have been walking along.

BLIND FISH LIVE IN THE CAVE

Did something move in the water ? Over there ? Why,
yes! A little fish, white and tiny. Our fish net now. Why,
the fish is blind! This is not really surprising. We re-
member that animals that are born and always live in
the dark are likely to be blind like this after many gen-
erations. They never have a chance to use their eyes, so
they lose the power to see.

There are many blind fish in Mammoth Cave. They
are small, only three or four inches long, and very pale.
And very pale-coloured crayfish also live there. Ani-
mals and plants living without the sunlight usually have
very little colour. Have you seen a plant that has sprout-
ed in the dark ? The potatoes in the cellar, for instance ?
The sprouts are very pale, almost white.

Well, it is time for us to turn back. We can wind the
string as we go, and on the way we can talk about caves.
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HOW CAVES ARE MADE

What makes a cave? It did not just happen. There
is always a reason. As I said before, when the rain falls
a lot of water runs away in the streams. But much of it
sinks into the ground. Some of this water may come out
again as springs if there are any openings. Some of it
is swallowed by the plants. Of course, they could not
live and grow without the water in the ground. The
loose soil holds a great deal of water. But some of it
sinks below the soil. And there is water even in the
hard rock beneath. For if there are cracks in the rocks,
or tiny spaces between the rock grains, the water will
sink down.

The water in the ground will actually dissolve some
of the rock. You already know that. There are many
reasons to show this is true. It works very, very slowly.
It probably takes thousands of years to dissolve just a
little bit of rock. Of course, not all kinds of rock will
dissolve in water. But limestone does. You know that
now. And most caves are found in limestone. Bit by bit
the firm rock is removed as the water seeps down. Soon
small openings are formed along the cracks, and these
grow wider. In some places, where the rock is dissolved
easily, larger cavities are made. After a long time, prob-
ably thousands and thousands of years, many large
caves will be eaten out, connected by narrow passages.

In some caves the rooms, or galleries as they are
sometimes called, are made larger by the rock falling
in from the top and sides. If the whole roof falls in a
hollow may be formed at the surface of the ground. In-
deed, many caves have been found because of such a
hollow.
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Many people think that underground rivers carve
out the caves. But this does not happen very often.
Most caves are made as I have said, by the water slow-
ly dissolving the limestone. A few caves have been made
partly by rivers, and some have rivers in them now. You
remember the two in Mammoth Cave in Kentucky.

There are many more interesting things to be learned
about caves, and the life in them. But we do not have
the time to talk about them now. Here we are out
again on the mountain-side.

CAVES OF THE WORLD

There are many caves in the world. In North Amer-
ica the Carlsbad Caverns are one of the largest and
strangest groups of caves. They are away out in the
wild lands of New Mexico. Probably the Indians knew
about them long ago, but not the white man, until one
day, many years ago, a young cowboy by the name of
Jim White riding over the desert saw a dark smoke-like
column coming out of the side of a mountain. Imagine
his great surprise when he found it was a cloud of bats,
flying out of the cave, now in small groups, now in
great clouds like belching smoke. He took a Mexican
boy with him, and went in to explore. As they went in
farther and farther, the opening of the cave became a
speck of light, then disappeared entirely. They were
in complete darkness except for the light from their
lantern. They unravelled string as they went. On and
on they crept. Fairyland after fairyland appeared. It
took many hours to go through. Then they found their
way back again, by winding up the string. Now the
Government of the United States has made the Carls-
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bad Caverns a part of a National Park and everyone
who visits this part of New Mexico always goes to see
the wonders of this place.

It may be some of you live near caves and have even
been in one. Those of you who live in Kentucky know
the great Mammoth Cave of which I spoke. It is really
not just one cave, but several hundred miles of caves
connected by narrow openings. There are small lakes,
rivers, and even waterfalls in some of the caves. If you
live in Virginia of course you know about the wonderful
Luray and Endless caverns in the Shenandoah Valley.
And I dare say some of you have been lucky enough to
visit them.

There are some caves in Mexico. There are not
many in the northern United States or Canada. That
is because long ago great fields of ice, or glaciers, came
down from the north. They scoured off the mountain-
tops and covered the ground with hills of broken rock
and sand, and ground-up masses of all sorts of material.
And so the rocks of the Earth’s crust were deeply bur-
ied and protected from being worn away any more. And
except in a few cases, men have not been able to discov-
er whether caves were made in the rocks before they
were covered up with the ice-made soil.

There are the Cheddar caves in England, many
caves in France, and caves in Asia. Indeed, in most
countries there are caves.



CHAPTER VIII

THE SEA

The sea never changes and its works,
for all the talk of men, are wrapped in mystery.
Typhoon—JosepH CONRAD

LAND AND sEa! The continents and the oceans! Our
surprising Earth has these two great things. And they
are wrapped around with air. The continents divide the
oceans. But all the oceans are joined with one another
at some place.

The oceans are much broader than the lands. Indeed,
they cover three or four times as much of the Earth’s
surface as the lands. It has been said that if the lands
were cut down to the level of the oceans and all the
material dumped in, the water would spread out and
cover all to a depth of two miles.

66
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The very deepest places of the ocean are called
‘deeps’. The greatest ‘deep’ yet found is in the Pacific
Ocean near the Phillipine Islands. It is about 614 miles
deep. The highest mountain on land is Mount Everest
in the Himalaya Mountains in India. It is about 514
miles high.

How do men find out how deep the ocean is? They
cannot go down. At first sailors let out a plumb line.
Later it was a steel wire, really a piano wire with a
sinker on the end. They dropped it from the deck of the
ship. When the sinker struck bottom the line grew
slack. Then they read the number of feet on the wire
to see how far the sinker went down. Now ocean deeps
are measured by sound waves, something like radio
waves. The waves travel from an instrument on the
ship to the ocean floor and back. The instrument tells
how far they have travelled. The number is divided by
two, one for going and one for coming back. And that
tells how deep the ocean is.

FOOTPRINTS OF THE SEA

Now here is a question, a big question—Which came
first, the land or the sea? It is hard to tell because it
all happened so long ago, long before there were people
here to see.

Have you read Robinson Crusoe? When he was
alone on the desert island he saw a footprint in the
sand, and said to himself, ‘“There is somebody else
here.” For there could not be a footprint if there was
not somebody there to make it. It was not a dog’s foot-
print, nor a bird’s footprint. It was a man’s footprint.
Now the sea leaves footprints or something like them.
We can find its footprints on the land. Limestone and
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sandstone and shale, and the sea-shells in the rocks, and
even ripple-marks are footprints of the sea, all of which
we find on the continents.

What is limestone ? The crust on the bottom of your
tea-kettle is limestone. How did it get into your kettle?
It was in the water. That is what makes the water
‘hard’. It is not easy to wash your hands in hard water
because the soap does not dissolve in it very well. Fresh
rain-water has no lime in it. It is ‘soft’. It even tastes
different from the hard water.

Just so, the limestone comes from the ocean water.
But where did the ocean water get it? Turn back to the
Twins-that-are-Everywhere. You remember about that
boulder on the hillside, in the Laurentian mountains in
Canada? The pebbly, flaky bits broke up into smaller
bits because part of it disappeared just like salt in
water. Some of that which disappeared was lime. The
streams then carried the lime to the sea with the water.
So the ocean gets lime in the water from the rocks. In
time there is so much lime in the water that it cannot
hold any more. Then the lime just drops down as lime-
stone. So the great ocean tea-kettle all over the world
has left the limestones of the Earth. Some people think
that bacteria, minute organisms, make the water drop
the lime. At any rate, that is why limestone is a foot-
print of the ocean.

Of course, the sea-shells help to make limestone too.
In the first place the tiny animals within the shells got
the lime to make their shells from the ocean water.
When they died the shells dropped to the ocean floor
with the limestone.

But here is a very strange thing. Some of the very
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oldest rocks that have been found in the world are lime-
stones, the footprints of the sea. So that looks as though
the sea came first. It is a great puzzle.

How can we tell which rocks are the oldest? Men
who study them can really tell. The lowest rock is usu-
ally the oldest. It was there first. Once 1 was walking
up a country road. I turned to the right and walked
over a little hill. Down on the other side was a
low ledge of limestone rock. It was in layers, one
upon the other. And right across the layers cut a narrow
band of rock of the kind that once was melted. Now
which was the older, the limestone or the melted rock?
A long time ago there must have been a crack in the
limestone. The melted rock poured into the crack and
cooled to make hard rock. So the limestone must have
been there first. So it is the older. It is just like reading
in a book isn’t it? Only the words are different.

Now come back to the oldest rocks we know on our
Earth. They are limestones, sandstones and shales, the
footprints of the sea. They are cut through by rock
that has been melted. So the footprint rocks are the
older.

But there must have been still older rocks to make
the limestone. Men have not seen them yet but they
know they are there. So we really do not know which
is the older, the land or the sea. But at least we have
learned why we do not know. Men will find the answer
some day. That will be something for you to work on
when you are older.

WE WALK BENEATH THE SEA

What is the bottom of the ocean like? We have

wondered about it, and so have many other people. No-
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body has really ever seen the bottom of the ocean, ex-
cept divers near the shores. I wonder if you who live
inland know about divers? They are men that put on a
suit proof against water, and are let down from ships
in the shallow part of the ocean just a few hundreds of
feet or more. The ocean is deeper than that, much deep-
.er, and men know a great deal about the bottom of the
sea, even if they have not seen it.

Let us pretend to walk out on the ocean floor in our
seven-league boots. We'll go out from North America
into the Atlantic Ocean and see what there is. The ocean
bottom is not the same all over so we will walk out in
more than one place.

FROM BAFFIN ISLAND TO GREENLAND

Suppose we go away north first to Baffin Island and
try to cross to Greenland. The shores are rather high
and rugged on Baffin Island, not really mountains, but
rocky. The cliffs are pretty high in some places. It is
steep going at first, but as we get out a bit under the
water the sea-bottom is more level. Much sand and
mud have been carried out there. There are a few
scraggy seaweeds in the mud. Not many and they are
very small. The water is really too cold for most plants.
They do not like it any more than we do. Here we are
on the edge of a very steep slope, almost a cliff! Right
in front is a great drop in the bottom of the ocean. This
is not very far out either. Indeed, there is only a narrow
channel of water between Baffin Island and Greenland.
But we must get across this deep place somehow!

So, I guess the only thing for us to do is to go down.
We almost seem to be dropping, ever so far. It must be
about three miles down. There is a lot of soft mud here,
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but very few shells. Those we see are very small, as
small as snowflakes, and pointed and starred like them.
Pretty stiff going, isn’t it? Just look at this steep slope,
like a high wall of rock in front of us. We have to get
up the wall if we are ever going to get to Greenland. If
we could get down we can surely get up. So, up we go!
And here we are on top.

But we are still some distance from Greenland. On
we go. It isn't so hard walking. Now we seem to be
walking up-slope. The water is much shallower here,
and it is becoming brighter. And here we are on Green-
land. Isn’t it cold? See that big iceberg out there?
There is an ice-cap all across Greenland, except around
the shores. I think we shall not stay here very long.

That was interesting! Let us take another walk, but
farther down the coast this time. Suppose we start from
Nova Scotia.

FROM NOVA SCOTIA TO EUROPE

Look at your map so you know where we are. The
coast is rather low here so we walk out gradually under
the sea. There are level stretches of sand. It is pretty
easy walking, but we have a long way to go. Here are
fish, such numbers of them! This must be the Banks of
Newfoundland where men come to fish from all over
the Atlantic. But we must push the fish aside and go
on over the Banks. There are seaweeds here, much
larger ones than we saw farther north. The water is
still pretty cold though. And the Banks are a bit un-
even in spots.

What is this mud we are in? It is very sticky. And
here is a steep slope again, almost a cliff! Watch out!
Don’t drop over the edge. For the ocean gets very
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deep here, nearly as deep as the mountains are high.
This must be one of the ocean deeps. Down we go.
Carefully! It isn't really very hard. That is good, for
there is still a long way to go. We may see an Atlantic
cable. The bottom is a little different here. It is a soft,
gooey ooze, made up of millions and millions of the
tiniest of shells. Each shell is a cluster of little balls or
globes. Men call them ‘Globigerina’ (globe-bearing),
and they call the soft mud ‘Globigerina Ooze’. The
white cliffs of Dover are made of this Globigerina ooze
dried out. We call it chalk in school.

It is getting deeper and darker. Now the bottom
seems to be all red clay, hardly anything else. There are
a few little bright quartz-like pieces, like the snowflake
shells. It is very heavy walking, and bits of the red
clay stick to our boots. Miles and miles we go. On and
on! It is good that we are not in a big hurry.

I do believe we are beginning to come up a little. It
is not quite so pitch black. The bottom has changed
again. It is no longer the red clay but the gooey Glob-
igerina ooze again. We must be nearing the other side,
and Europe.

Ah! Here is the rocky wall-like slope on the other
side of the Atlantic, guarding Europe. Up we go! The
rock edges are very jagged. There is green mud here
and it has shiny bits of rock in it. Oh! this mud must
have come from volcanoes. There may have been great
volcanoes beneath the sea here at one time. Or maybe
the ashes from a great volcanic explosion on land fell
on the ocean and sank to the bottom.

It is lighter now. And there are some corals and sea
plants. The water is much warmer here. The shells are
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big, and they have such pretty colours. I wonder why?
Of course, it is because the Gulf Stream crosses here
and this coast is warmer than the other side of the At-
lantic from where we started. The ocean bottom seems
to be rising, and it is getting brighter and brighter. The
water above is very rough. We must have come up in
the Bay of Biscay. The water is usually pretty rough
here. There are lots of seaweeds of many kinds, and
shells, and it is not very easy walking.

Well, here we are in France! I hope you speak
French for I am hungry!

FROM NORTH CAROLINA TO AFRICA

Let us try again. This time still farther south — from
Cape Hatteras in North Carolina. Before we set out,
look at your map again. We hope you have not put it
away. Do you remember when we were talking about
Plains we spoke of the great coastal plain that stretches
from the Appalachians far out under the sea? Well,
this is it, or at least a part of it.

Now we are walking on and on. Very level ground,
isn’t it ? The water is shallow too, and there is sand and
mud. The sea-plain stretches evenly far out. The water
is very muddy. Probably there is a storm up above.
There often is in this part of the Atlantic. There seems
to be a quantity of seaweed here. Don’t get tangled in
it. This water is a little warmer than it was up north,
but it is still pretty cold. The sea plants get covered
by all this drifting sand and mud. Here is a steep
drop. The floor of the ocean has gone down again.

When we get down it will be just like the walk we
had across the great deep farther north. There will be
volcanic ash and mud, gooey Globigerina ooze and red
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clay, and then the rock wall on the other side of the
ocean. Only this time the wall will be in front of Africa.
FROM YUCATAN

Let us take just one more walk. This time from
Yucatan away at the southern part of the Gulf of Mex-
ico.

We really have not walked out far yet, but here is a
great deep again. It is deeper than the Rocky Moun-
tains are high. Let us go down quickly. It is very dark
here. Why, there is another steep up-slope, so soon!
Let us climb or float up it. For, if we can walk under
the sea remember we can float up. Up and up we go!
Here is the upper edge, like a shelf. It is just like cross-
ing between Baffin Island and Greenland. Exactly, ex-
cept that it was deeper there.

Now we seem to be going up a mountain-side under
the water. I think we had better pick up a piece of
that loose rock to look at when we are up above the
water again.

Yes, the bottom of the ocean is sloping up. It is be-
coming brighter as we get nearer the surface again. But
the walking is very rough. These prong-like things
sticking out along here are fine to hold on to, but they
scratch our hands and feet. I wonder where we are?
There is daylight above us. It is one of the islands of
the West Indies that we have reached. And there to the
north is Cuba, and on the south Jamaica. So this must
be Haiti we are climbing up. That deep place must be
what men call Bartlett Trough. This shallow water is
warm. | suppose because it is so far south.

Do you remember the prongs that scratched us so?
They are coral, and are living along the sides of the
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island. Let us look at the piece of rock we picked up.
Why, it is volcanic rock ! Then the mountain-side is part
of an old volcano beneath the sea. And this island is
really the top of that old volcano. It is a volcanic island.
There is quite a high mountain over there to the north.
That must be Mount Tina in San Domingo.

If we stay in comfort on this island we will not learn
about the bottom of the ocean. We shall have to come
back by boat some time and visit the island itself. We
have not time now. We must cross the island and go
down on the other side. It is a long way across. Now
we begin to go down. We haven’t much shallow water
this time. Here is another deep already! Down we go!
This is very deep. This must be what is called the
Nares Deep. And how far down it does go! About
six miles! Even Mount Everest is not six miles high.
So this is something to see.

Here is the wall-like slope on the other side of the
deep. This was not quite so wide as some of the other
deeps. Up we go. Here we are again on another island.
But we still must go on, if we are to find what else there
is under the sea. Down again! What, another deep! It
takes a long time and patience, because there are so
many deep channels throughout the West Indies, and
so many volcanoes with corals living on their sides.

But do not these deep channels and high blocks of
islands remind you of something? Of course they do.
On page 32 I told you about the plateaux in Oregon,
Nevada, and California. How in some places great
blocks of rock fell and pushed up other blocks between
them, forming plateaux and mountains. Just so were
formed these channels and islands. The pushed-up
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blocks have made the islands and they have volcanoes
and corals on them. The blocks that dropped down
made the deeps that we have had to cross.

But while we have been talking we have passed the
volcanic island. The ocean is getting deeper and deeper.
Here again we come to a great steep cliff-like slope
down. The bottom of the sea drops suddenly. We will
go down again to be sure we do not miss anything. It
is just the same kind of Globigerina ooze and red clay
that we saw farther north.

But it is getting darker and darker down here. We
do not want to turn back because this journey is dif-
ferent from any of the others. We have come a long
way across this ocean floor, a long way even for our
seven-league boots. Can you feel now, as you walk, that
we are climbing upward a little, again? Yes, we are.
It is becoming a little less dark. But this cannot be the
opposite coast! We have not come far enough! Up and
up we go, climbing a mountain range standing on the
floor of the mid-ocean and completely covered by the
water, even to its highest peak. It lies between Africa
and South America. If we could follow it south we
should find that it sweeps around in broad curves just
as do the coasts of the two continents. We are at the
northern part of it. For it does not continue far into
the North Atlantic. See, or feel rather, we have passed
the top of the ridge and are going down the other side
again, in the deep ocean. We still have to climb the
other shore of—what continent? What lies directly east
of Yucatan?
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THE SHELF ALONG OUR CONTINENT

Now let us think a bit about what we have seen under
the ocean. We have walked out from the coast of North
America into the Atlantic ocean in four places. At every
place, some distance out, we found a sudden drop, al-
most a cliff. From Baffin Island to the West Indies the
bottom of the sea slopes steeplv to great depths. How
strange this seems! Why is it? This great undersea cliff
extends right down past South America, though the
drop is not so steep there.

This cliff is really the edee of our continent, which
extends out under the sea. The ocean has spilled over
the edge of the continent. This part is like a shelf, and
is called the Continental Shelf. The water is shallow
here. You remember that in our walks the cliff is where
the continent ends and the deep ocean begins.

Each continent has a continental shelf like this. In
some places the shelf is only a few miles wide, but in
others it is sixty to eighty miles wide. Indeed, so much
of the northern part of Australia has been drowned by
the sea that there is almost more shelf than continent.

HEAVY ROCKS UNDER THE OCEAN DEEPS

Now we know that there are very heavy rocks under
the ocean deeps, much heavier than any on land. Why
do we think so? Well, it is a bit difficult to understand,
but let us try.

Hold a piece of wool in one hand, just one end of it.
Have someone strike the other end. You do not feel
it, do you? Hold a wooden stick. You will feel it when
the other end is struck. Now try a steel rod. When it
is struck at the other end, the whole inside of your hand
will tingle with the vibration. The knock does not travel
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along the light, soft wool. It travels a little along the
heavier, firmer wood. But it travels very fast along the
heavy, dense steel, almost like lightning.

So it is with the Earth. Men find that the vibrations
of earthquakes are carried strongly and quickly by the
rocks beneath the oceans.

LIFE BEGAN IN THE SEA

There is another very remarkable thing about the
ocean. Life began there and not on the land. How do
we know? Let me tell you.

But first, what do we mean when we say that a thing
is alive? Are stones alive? “Of course not,” you say,
“but trees are.”” What is the difference ? Do stones eat?
Do they grow? Do trees eat, and do they grow? Plant
a stone in your garden. Will it ever grow up and have
seeds that grow into other little stones? “Indeed not.”
Plant a tree in the garden. Will it grow, and have seeds,
and produce more trees? You know the answer.

Stones do not grow. They do not eat. They do not
produce more little stones, except by breaking. But trees
do eat and drink. They grow and produce other little
trees of the same kind. They are alive!

There are two great divisions of life, animal life and
plant life. Right now the very lowest kinds of plant life
live in the sea. Men call these lowly plants—algae. And
another interesting thing is that the very lowest kinds
of animals also live in the sea. These are tiny bits of
things that you can hardly see.

Now where do the highest forms of plant life live,
on land or in the water? The flowering plants with
carefully covered seeds are the highest, and they live on
land. And the very highest form of animal life! What
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is it? Why, Man! You and 1! Man lives on land. He
could not live in the water. He could not breathe. But
even if we leave man out, the very highest forms of
other animals live on land. You know that—animals
like bears, wolves, elephants, apes, and many other
kinds.

Life began in the sea. It grew and spread. It changed
and higher forms appeared. Then some plants and ani-
mals came up to the shores and learned to breathe air.
In time some did not go back to the sea. That was the
beginning of land plants and land animals. Much of this
long story of changing habits and changing life is writ-
ten upon the footprints of the sea—the limestones, and
sandstones and shales.

And we can read it.

Think of sheets of paper, a long composition which
you have written for school. There are four pages.
Each page as it is written is laid upon the one written
before it, not piled neatly but shoved over a bit because
you accidently drew your sleeve across them. Page
Four, the last you have written, is lying on top, the
only one completely uncovered. It is pushed over, and
part of Page Three shows from beneath it. Part of
Page Two is covered by Page Three but not all of it.
A piece of Page One is showing beneath Page Two.

Now the rocks, too, are piled up like this, one layer
upon another. They are pages of a composition in an-
other way. Each layer of rock is a page upon which is
printed the story. The words are the rocks themselves
and within them the seaweeds and sea-shells now turned
to stone. It is a thrilling story, but you have to pay great
attention to read and understand it.
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What do we find on these stone pages? On the last
page not quite all the shells and plants are like those
that live now, but many of them are. The leaves of the
trees look exactly like those living now.

But look at Page Three which peeps from beneath
Page Four. Only a few of the plants and animals are
like those that live now. The plants and even the ani-
mals were more simple.

Look beneath Page Three at Page Two. At the end
of Page Two there are very few land animals at all.
At the beginning of Page Two not a plant or animal on
land! There were only simple seaweeds and shells at
the time it was written. Some of the sea creatures did
not even have brains enough to move around to get
their food. They could only get what the currents of
water brought to them.

And the very old limestones at the beginning of Page
One, do not tell us anything about life. Perhaps there
was no life. Or, perhaps all signs of life were burned
out when the melted rock burst through the limestone.

But we must be sure to read the story aright.

Mr. Smith finds dark shaly rock with a little oil in
it which burns. He says “Oh, I have found coal!I” But
has he? Let us see. We must examine this rock very
carefully. What sort of footprints are in it? There are
shells in it. Let us look at the four pages of our rock
book. Compare the shells with those in the shale. These
shells in Mr. Smith’s dark oily shales are like the shells
at the very beginning of Page Two. But the great ferns
that formed coal lived much later, at the end of Page
Two. So there is no coal in the shale. The plants that
made coal had not yet appeared on the Earth when the
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oily shale rock was made. The little oil in the shale
probably camé from decayed seaweed, early shell ani-
mals or even from primitive fish.

This and many other things we can read from the
pages of the Earth.






THE INTERLUDE






THE EARTH BEGAN

The root is sharp: it cuts the soil

In easy growth and with no toil.
The eye is sharp: it pierces air

And reaches stars, unaided, bare.
One knife there is that’s sharper still
For mind cuts Time itself at will.

(Source not known)

THIs 1S SOMETHING DIFFERENT !

We have talked about what is happening to our
Earth now. You see for yourself how it is changing.

But how did our Earth begin? No one was there.
But many men have thought about it, down through the
ages.
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THOUGHTS MOUNT ON STEPS

Simple First Steps

How to get food, how to be safe from wild
animals filled the thought of the first men. Later, Man
learned to grow food, to make weapons. Then, when
he could store a little food, could feel somewhat safe,
he began to think of other things.

In time he began to think of the Earth on which he
lived, simple thoughts at first: “We did not make the
Earth so it must have been God.” Again, in time, some
men began to ask one another, “How was the Earth
made?”

Trying to find out how the Earth was made was like
chopping a flight of steps out of the mountain-side.
Each man’'s thought was a step upward.

Another Step

Once it was thought that the Earth was flat. It looks
flat. Then came a man who said it must be round. He
knew why he thought so. That is another story. We
know now that he was right.

Standing upon this new truth—that the Earth is
round—another man chopped out a higher step—the
Earth moves around the sun, not the sun around the
Earth.

And so, higher and higher steps were carved out
slowly and with great thought. Each upward climb gave
a wider view of the whole question, just as steps on the
mountain-side give a wider view of the whole valley be-
low.

These men have belonged and do belong to many
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countries. We cannot name them all here. There are
too many.

A Higher Step

Long ago, in the east in Persia, wise men studied
the stars. They found the stars are ruled by laws, not
just whirling around any old way. New stars were born.
The Earth is a star, a star that moves around the sun.
After many years the thought grew that the birth of the
Earth was like the birth of a star.

Yet Another Step

An Englishman, named Newton, watched an apple
fall to the ground. Why did it fall down, not up? Be-
cause the Earth is bigger than the apple and pulls it.
Everything pulls everything else, and the heaviest wins.
The law that makes the apple fall to the ground keeps
the planets moving around their sun. That was New-
ton’s step.

Higher Still

A Frenchman, named Laplace, stood upon Newton’s
step and chopped out another step. Laplace thought
two stars crashed together and exploded, as they would,
leaving a disc-like mass of whirling gas. As the gas
whirled, bits of it broke from the edges, forming other
centres of whirling gas. In time all cooled, more or less,
and became solid. Thus, he thought the sun and the
planets, the stars that move around it, were formed.
One of them, one of the smallest, was our Earth.

This seemed reasonable at the time Laplace lived.
But in the years that followed other new truths had
been discovered. The planets around our sun are not
moving in the form of a disc, but in a spiral, and they
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do not all whirl in the same direction. One of the moons
around Saturn whirls differently, and there are other
satellites and stars whirling in different directions, or
on different orbits, as the ‘star men’ say.

Onward

Two men in the United States, Moulton and Cham-
berlin, thought about Laplace’s explanation. They
stood upon his step and chopped out another. The great
original star made up of our sun and the planets that
now turn about it, probably sent out great bulges of gas
around its rim as our sun does now. Another star, big-
ger still, shot past it and drew after it balls of gas from
one or more of those bulges of sun-matter, drew them
right out away from the sun. But the disturbing star
sped on far away. Its power to pull grew weak, and
the central sun, too, continued to pull back. But by this
time, the central sun also was a long distance away. The
long banner of gas balls of sun-material curved around
the sun, but only the nearer parts fell back into it. The
more distant parts still turn around the sun.

Each ball cooled and became solid, drawing to itself
all the smaller pieces within its power. Thus, thought
Chamberlin and Moulton, the planets were born, and
our Earth was one of them.

As all the smaller stars or meteorites within reach
crashed into our Earth, it became hot in places even to
melting point. So, slowly the heaviest parts sank to-
wards the centre, kneading the Earth’s surface like
bread.

The main point to remember about this step is the
belief that after it first became cool and solid the Earth
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still continued to grow, sweeping up all the meteorites
in its path.

Upward

But more new truths were learned. Some of them are
hard to understand.

When the trembling of the earthquakes was measur-
ed it was found that the centre of the Earth is heavier
than the outside.

Then, the salt in the sea was calculated. If there had
been ocean from the beginning there would be more
salt in the sea than there is.

And then the great truth about radium and radium
activity was discovered. The rays it gives off, though
you cannot see them, make a great heat. Most of the
early work on radium was done by a Polish woman,
Madame Curie. She lived in Paris, and married a
Frenchman. Madame Curie’s new truth must be consid-
ered, too. Far down in the centre of our new Earth-star
the radium made great heat.

Again Another Step

Thinking of these things, two Englishmen, Jeans and
Jeffreys, stood upon Madame Curie’s step and chopped
out another step. They agreed that a passing star drew
out sun-matter, but they did not think the Earth became
solid soon, but that it was molten for a long time.

One mass of gaseous sun-matter drawn from the sun
was our future Earth. Within this mass were areas in
which the gases were more condensed—nuclei, centres
of heavier gas material. In time some of the gas even
cooled to molten matter. All around the whole mass,
like an envelope, was a vapour of lighter gases and
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steam. Picture it, then, hurtling through space, our fu-
ture Earth, a great turmoil of electric storms within it,
of lightning flashing from gas cloud to gas cloud, and
from gas cloud to the largest centre, our Earth-to-be.
The sunlight would be far outside. It could not pene-
trate where the lighter gases and steam circled the
whole whirling, flashing, boiling mass, into which fell
still other starlets.

Gradually fewer and fewer starlets were left. The
seething mass began to cool. Some minerals crystallized
here, some there. The heavy ones worked downward
into the still molten lighter minerals.

Some heavy minerals sinking in would make a basin
here and others there. As the Earth cooled the steam
became rain and fell onto it. In time the basins were
filled with acid water. But within the Earth’s centre
there still was great heat from the great weight of the
heavy minerals and from radium activity. For a time
parts of the Earth’s crust would burst forth into lavas,
heaving up. Then, in time, that too cooled. The water
was no longer steam, but was gathered into the basins
and dry land appeared. The sun for the first time could
pierce through to the surface of the new Earth.

* * *

Such are some of the thoughts men have had about
the birth of our Earth.



PART II
OUR EARTH IN THE PAST

A STORY IN STONE






INTRODUCTION

High up in the North in the land called Svithjod, there
stands a rock. It is a hundred miles high and a hundred miles
wide. Once every thousand years a little bird comes to this
rock to sharpen its beak.

When the rock has thus been worn away, then a single day
of eternity will have gone by.

The Story of Mankind—HENDRIK VAN LooN
(Courtesy Liveright Publishing Corporation, New York)

HOW THE STORY IS WRITTEN

AND Now THE EARTH tells its own story. Men can
only think how it may have been born. But it is here.
Its story after it was born is written on its own broad
surface, the rocks, the mountains, the rivers and valleys
and the plains.
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There are gaps in the story, words missing. Some of
them will be found in due time. You may find one, so
that later people may read more clearly. Parts of the
story are rubbed out. Parts of it are covered. But some
parts of it we can read—a story really and truly written
in stone.

THE GREAT RHYTHM

It is the story of a Great Rhythm, great movements
of the Earth. For the solid rock crust of the Earth ac-
tually moves. It has moved many times in the past. It
will move again. The continents rise. Mountains are
born. The continents sink. The sea steals in stretching
across the land long fingers of water which widen and
spread over its surface. The changing rhythm is like
some grand organ music, with crashing thundering
chords when mighty mountains are born. And then
come the softer notes while the waters of the Earth,
the winds and ice change its surface. As it does now,
so it did then.

The Great Rhythm was repeated and repeated and
yet in the repeating it was different each time.

It is true. It is written on the surface of our Earth—
land where now there is sea, sea where now there is
land, and even sea where now there are mountains. For
these seas left their footprints in the rocks they made.
We can find them, and use them like words to read the
story the sea has written.

LIFE IS CHANGED

But the crashing chords and the softer notes of the
Great Rhythm were not all. Quietly, silently, Life too
changed. The plants changed. The birds and the beasts
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changed. All living things, plant and animal grew from
simple to higher things.
Finally Man appeared.

THE FOUR-PAGE COMPOSITION

There are four long, long pages to this composition.
Each has its own story of the rhythm of the Earth,
each story different. The sea did not always cover all
the continents at the same time. Each page tells of new
mountains born. Each page has its own story of the
change in Life.

It is the four pages of the composition, each page as
it was written laid over the one written before it, not
piled neatly one on top of another, but spread out, as
I said before, just as though your elbow had accidental-
ly pushed the pages over. Only the last page is all un-
covered. Parts of the others show beneath one another.
Just so, lie the rocks. The oldest writing is at the bot-
tom, partly covered by the next. In the Earth’s story,
also, only the latest rock words all lie uncovered.






THE STORY






CHAPTER 1

LONG AGO—PAGE ONE

- TN
N -

)N

In the beginning God created the Heaven and the Earth.
Genesis 1, 1

PAGe ONE tells of the time long, long ago, when there
was no life on land or sea. Here the Great Rhythm
began. This was the strangest time of all, when the
great Precambrian Shield of North America was born.

RAILWAY TRACKS

Did you ever stand on a double line of railway
tracks? Right where you stand the tracks are far
apart. But look ahead, away off near the horizon the
tracks seem to run together. You know in your mind
they are just as far apart there as they are where you
stand. But they do not look it.

It is just the same in time. Think back into yesterday,
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a month ago, or a year ago. The things that happened
then seem close together now. Of course they were not.
When you look back, far back in the Earth’s story, the
things that happened seem to run together. They did
not really. There was time between them—Ilong, long
stretches of time. It is like the railway tracks. You
have to know in your mind that these things happened,
one a long time after the other.

And so the story was written on Page One so long,
long ago that, like the tracks, its happenings seem to
run together for most of the time. There were two
main parts in it, with an immensely long time in be-
tween. Each part had many happenings.

WE WATCH FROM A MOUNTAIN

Let us stand high up on a mountain top somewhere
in the Adirondacks of New York, or in the Great
Canadian Shield, for these are some of the oldest parts
of the Earth.

Around us here where we stand are high mountains.
Yes, there were high mountains here in the centre of
the continent.

GREAT CHORDS OF RHYTHM

Aged Mountains

Mighty movements of our Earth made these moun-
tains long, long ago. The rocks were shoved, twisted,
turned over, or floated on the white-hot molten rock
which welled up from below and burst out upon the
surface. For look! There are volcanoes! Great active
volcanoes, as far as we can see, belching out fire and
steam and ashes! Lava streams boil over the volcano
craters, or ooze from huge cracks in the mountain-
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sides. The bright hot lava flows down swiftly. It
changes to a glowing red, and then grows dark, but
on it rolls, becoming thicker and thicker and it flows
more and more slowly. It fills up the valleys. A wall
of hot, dark lava pushes across the rivers and plunges
hissing into the sea. Thick clouds of steam curl up
from the hot lava.

Lava Pillows

How do we know this happened, here in the middle
of the continent? How do we know there were rivers,
lakes and oceans? Because some of the lava in these
old rocks has cooled in water.

Pour some boiling toffee into water. It forms in
‘blebs’. Well, there are ‘blebs’ or ‘pillows’ of lava in
these ancient rocks. So we know there must have been
water in which the lava cooled quickly.

Gold in the Rocks

Up in Northern Ontario, there is gold in these rocks,
that were melted once but are hard and firm now.
These gold-bearing rocks lie across Northern Quebec,
Ontario and Manitoba. They have brought vast wealth
to Canada. Canada is the second or third most import-
ant gold-mining country in the world. South Africa al-
ways is first in the amount produced. In some years Can-
ada is the second, in some years the United States.

Radium

Far out on the northwest of the Canadian Shield,
near Great Bear Lake, is some of this ancient rock. It
is a very heavy dense kind of rock, black as tar, pitch-
blende, or uranium. It, too, was once molten rock, and
cut or melted its way from beneath, right through older
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rocks. In this black rock is a very precious thing—rad-
ium. Men found it here just a few years ago.

It was a very important discovery to the whole
world, because radium is used in hospitals in helping to
cure some kinds of illness. Before this discovery radium
was scarce indeed, and very expensive. Only wealthy
hospitals could afford it. There was only one place in
the world where enough of it could be mined. That is
away off in the Belgian Congo, in Africa. Look at your
map again! Now that radium has been found near
Great Bear Lake there is more of it and it is cheaper.
Even the smallest hospitals can have it now.

And still more recently from that uranium comes the
power that made possible the atomic bomb, an energy
that has possibilities greater than annihilation—making
into nothing—an energy that can open a door into the
future, to build civilization, not break it.

SOFTER NOTES

The Rhythm Changed

Again listen! Rushing water! A river hurrying head-
long to the sea! There, where its bed is steep, it runs
swiftly and tears off some of its banks. It rolls the
pieces slowly along its channel, scouring its bed deeper.
Farther on, it is slow and sluggish again. It is under-
mining its banks, dissolving out mineral salts, and mak-
ing caves. The banks will fall in when the caves beneath
become larger.

That will take a long time, you think. Oh, yes! A
very long time. Thousands and thousands of years.

But see, the river farther down has worn a very wide
valley. So the river was working here, long ago, level-
ling the high continent, just as rivers are doing now.



Lone Aco—PaGe ONE 103

Oceans Then, Too

And the oceans, wherever they were then, were tear-
ing away their shores, breaking down, grinding up, and
dissolving the rock.

And so the winds and storms, the rivers and oceans
wore off the top layers of rock. It took ages of time.
One thousand feet worn off! Two thousand feet! The
top surface became lower and lower. Now many thou-
sands of feet are gone. How many we do not know.
There is no way to measure it.

And there, we have a worn-down plain. Its planed-
off rocks show how twisted and contorted they were,
shoved this way and that long before.

A Desert!

The plain is a desert. We stand now on great wide
desert land. No birds! Wind? Yes, but not in trees.
There are no trees! No voice! No call! No buzzing of
insects| What can the sounds be?

Listen! There is a storm, with lightning, rain and
wind! See the clay and sand blowing on and on. The
rain catches some of the sand and packs it down into
the hollows. You can hear the echoes of crashing thun-
der and wind.

Over there are some high rocky hills, standing up
from the desert plain. What odd shapes they have, full
of hollows and sharp-edged rocks! No wonder there
are echoes! Why are there high rocks over there and
none here ? Because those rocks are stronger than their
neighbours. They have withstood the storms longer,
though the wind has blasted them with sand.

Listen to the wind! For miles and miles it sweeps
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over the earth, wearing down the rocks, sorting out
the sand and clay.
The rains dissolve some of the mineral salts in the
rock, washing some of it to the rivers, and to the sea.
Just the same then as now!

A LINE WHERE THERE IS NOTHING

And so the mountains are gone, worn away. Only
their roots are left. Right on top of these mountain
roots lie younger rocks, many thousands of feet of
them. And there, where they join, is only an irregular
line. The mountains that had been built up by the great
chords, the hissing lavas and wild shaking of the Earth,
these mountains were worn down, cut off by rain, wind
and frost. There is nothing there, only the irregular
line where the roots of the mountains are overlain by
later rocks.

ABOVE THE LINE

On the East

And from where did these younger rocks come?

Along the eastern part of North America, where the
Appalachian Mountains now stand was a long trough
of the sea. For the Appalachians were not yet born.
And into that trough the rivers on either side carried
sand and mud from their shores, and deposited lime.
And out of this some of the younger rocks were form-
ed, in the floor of that inlet of the sea.

An Inland Sea

And in the centre of the continent are sea-laid rocks.
There was a sea there, something like Hudson Bay, but
larger. It lay all around Lake Superior and south into
Michigan. This sea, too, laid down rocks on its floor.
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In these rocks is iron, great beds of iron ore. In Minne-
sota, Wisconsin and Michigan, men mine for iron in
these rocks laid so long ago.

A Strange New Rhythm

Something else is written on this Page One, in On-
tario. It was cold, very cold! Hard to believe, is it not,
that men can tell what the weather was like so many
millions of years ago ? But you can read it for yourself.
For here are rocks filled with boulders, ice-scratched
boulders. It was so cold there were icebergs in this in-
land sea. Where the boulder-bearing ice came from we
do not know. It may have come from land in the far
north. Or, it may have come from ice-filled valleys near
by. So much of the writing of this page is hidden by
later rocks that it is difficult to tell. But this is the very
first ice that we know about.

GREAT CHORDS AGAIN

And once this happened. A huge mass of molten rock
was slowly moving up toward the surface of the Earth.
Wherever it found a crack it pushed in. It was hot,
terribly hot. It was so hot that it melted some of the
more ancient rock above it. This made more molten
rock. It spread far and wide. When it found a weak
layer it pushed in. It pushed up and up, sometimes
along between two layers of rock, sometimes right
through a whole group of layers. It cut through or cov-
ered all that now lies beneath it. As it slowly melted its
way upward or spread in sheets between the rocks it
‘bowed up’ the Earth’s surface. As it rose higher it
cooled and slowly hardened into crystals.
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This Rock Gives Us Copper

Many metals and precious minerals are often found
in these slowly cooled rocks. And in the rocks on this
page we find a great belt of copper-bearing rocks.
These are the rocks of the Michigan copper mines. We
will talk about them later when we learn about copper.

And Nickel

North of Lake Superior, around Sudbury, Ontario,
are the greatest nickel mines of the world. Men think
that the heavy dark rock in which the nickel is found
was thrust up from below at this time.

And Silver

And still farther east in Northern Ontario, these long
tongues of melted rock pushing between other layers
and eating their way through cracks, widening them by
melting the sides, bore with them the precious silver
of the Cobalt region.

And all these riches of copper, nickel and silver, and
many other precious minerals and metals that men find
now, were thrust up from far below millions of years
ago.

AN OLD SHIELD

Did you ever see a picture of an old shield, the kind
that the knights used in the Crusades? They used them
to protect themselves. They, were made strong to with-
stand the lances and spears thrown or thrust by the
enemy. The central part, or boss of the shield, was
curved outward to cover the important part of the
knight’s body, as he held it in front of him.

In North America these old rocks of Page One form
a ‘boss’ across the northern part. It covers the continent
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from Labrador across Northern Quebec and Northern
Ontario to Lake Winnipeg, swinging north and west
to Great Bear Lake. On the south it crosses into Michi-
gan, Wisconsin and Minnesota. The Adirondacks, too,
belong to it, though they are separate from the main
part. This great area of old rocks is ‘bowed up’ like an
old shield. Like a shield too, it is very strong. It has
kept the continent steady when mighty forces on either
side were heaving up mountains. Men call this great
stretch of old strong rocks the ‘Canadian Shield’. The
rocks in the Canadian Shield belong to both the lower
and upper part of Page One.

Other continents have their shields too. There is one
in South America, in Europe, in Asia, and in Australia.
But none of them is as large as our shield in North
America. And most of them have their surfaces covered
by later rocks, so we cannot read their whole story.

Men think these strong old rocks are beneath the
surface everywhere. If we could only dig down deep
enough we would come to them.

Why do they think so? Because in places where an-
cient mountains have been worn to plains the core
beneath is always these same old rocks. In the Grand
Canyon of the Colorado, and in some other canyons,
the river has cut down through thousands and thou-
sands of feet of younger sea-laid rocks. And there, right
at the bottom, lie these strong old rocks! In some places
men have drilled wells deep down into the Earth. And
behold! The same old rocks again!

It is on the surface of the Earth in places now, but
it was not always there. All through those millions and
millions of years the winds and waves and rivers were



108 THE EarTH BENEATH OUR FEET

wearing off the rock that lay above it, thousands of feet
of rock. For when this rock was molten the surface of
the continent was high above it. But gradually the rock
above was worn away and the melted rock below, hard-
ened now, became the surface.

What a Land!

Here at the end of Page One we see this boss which
covers the northern part of North America was dry
land for millions and millions of years, as it was earlier
on Page One. It was a low land by this time, worn
down. And what a land! Still no trees! Still no ani-
mals | Still, desert, wind and water. Winds rushing over
a vast country. Water flowing swiftly or slowly to the
ocean. A wild, wild land! Thundering storms some-
times! Bright sunshine sometimes! Darkness and day-
light! The sun rising in gold or in a lowering red, pass-
ing across the sky, and setting in glory or in storm. One
day, two days, a year! One year, ten years, a hundred
years, a million years, many million years! Still, a wild
land!

ON THE WEST
Lane-way of the Sea

And during most of this time on the west of the con-
tinent a deep ocean lane lay from north to south where
the Rocky Mountains now stand.

And see the high land on both sides of it! Rain, and
storms, and rivers are levelling those highlands, just
as they always do. The sea-lane lies here for many
long years. Boulders are broken from the rocky lands
and ground up to smaller pieces. Some of them are
slowly dissolved. The sand and mud were cdrried down
in that time, millions and millions of years ago, just as
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they are now. And they were all carried out and dump-
ed into this great sea-lane, or dissolved in its water.

And the waters of the sea-lane laid beds of limestone
upon the sand and mud from the worn-down highlands.
Great thicknesses of rock were formed in the trough of
the sea-lane, a thousand feet, two thousand, thirty
thousand, sixty thousand feet!

Such an amount of rock!

This rock can be measured so we know it is thick.
It is still there. But it is no longer in a trough. In Mon-
tana, Idaho and British Columbia it is a part of the
mountain ranges. For, along with the rocks of Middle
Time, you will learn later, they were pushed up when
the Rocky Mountains were born. Farther south in Ari-
zona, as I said before, these old rocks are covered by
many feet of later rock. And there the mighty Colorado
River has cut down through them all. Some of them are
laid bare in the walls of the Grand Canyon.

LIFE AT SEA
Any Plants?

Was there seaweed in these sea-lanes on the west
and on the east? There certainly were no plants on the
wild desert land between them. There are some queer
marks on the sea-laid rocks. They do not look like any-
thing much, but still they might be some very simple
seaweed.

Any Animals?

Were there any animals? There are other queer
marks on some of these rocks which might be sponges.
Sponges are very simple animals indeed. Other forms
may have lived. It may be that they did not have shells.
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They may have been soft like jelly-fish, and may have
quite disappeared when they died.

Then there is a lot of carbon in some of the very
oldest rocks. All animals, you know, breathe out a car-
bon gas, and plants use it and give it up when they
die. The carbon in the rocks may have been left by
great numbers of simple plants and animals which lived
and died in this inland sea. The truth is, we do not know
for certain whether or not there was any life at that
long-ago time.



CHAPTERII

OLDEN TIME—PAGE TWO

There rolls the deep where grew the tree.
Oh, Earth, what changes hast thou seen!
There where the long street roars hath been
The stillness of the central sea.

Lorp TENNYSON

SoME oF THE Rocks of Page Two are covered by
Page Three but the uncovered ones tell much of the
story of Life in the sea, and the beginning of Life on
land. The rocks are very rough and uneven. The words
are cut large and deep. At its close there were many
crashing chords, with mountains rising. This is when the
Appalachians were born. Great things have happened
to make this writing.
AGAIN THE GREAT RHYTHM

Again we have the story of the continents rising and
sinking.

Listen, the sound of rushing water!
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It is the ocean pouring over the sinking land. And on
the floor of this inland sea the continent is being cover-
ed slowly with new layers of rock.

But again there is a change. The land is rising now.
The Earth is heaving. Mountains are piling up. The
Earth’s crust is tearing open. No wonder the words of
Page Two are cut large and deep.

Listen! Again! The sound of rushing water! The
inland seas are flowing back to the ocean bed.

Five times our North America sank and the ocean
came in. Each time the water covered large parts of
the continent, and great thicknesses of sea-laid rock
were built up, one layer upon another. The water cov-
ered only a small part of the land at first, and then the
continent sank, the blue sea crept farther and farther
in. Each time the continent rose again from its sea-
bath. Five times! Up and down and up the continent
slowly went. And then, a sixth time it was depressed,
but only a little, so that the shores were flooded.

WHERE WAS THE LAND?
WHERE WAS THE SEA?

At first the great central part of the continent was
land, with the winds, waves, rivers and storms wearing
off its surface. Still no animals and no plants on the
land! Still a wild, lifeless, desert land!

But in the low-lying parts along the eastern coast, in
the great trough where now stand the Appalachians,
and in the west where now the Rocky Mountains stand,
lay quiet shallow seas. At the bottom grew thick strong
weeds. They have left large twisted masses in the mud-
dy rocks which were then the sea-floor. These large
masses were made up of the simplest of weeds, just
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stems growing on muddy bottoms and waving in the
water. And among the weeds were a few lowly forms
of animal life.

But it is written on this page that the later invading
seas flooded over vast areas of the interior of the con-
tinent, especially during the second and fourth invas-
ions. The fifth time the sea was not so broad. After
this fifth invasion, so say the stone words, the great
continents of the world were mostly dry land as they
are to-day. Nearly all the sea had left North America.
Then, as now, the rivers, winds and frosts were wearing
down the high places and filling in the low places.
They were changing the whole surface of the con-
tinent. The sixth time a little of the sea flooded over the
western United States and western Canada. It was real-
ly very little compared to what there was during most
of the time of Page Two.

What the Seaweeds Grew To Be

The simple seaweeds grew more definite—clumps of
weeds about 12 inches high, growing from a centre,
spreading out, moving gently with the water. Side by
sidé they stood, over miles and miles of the flat sea-
floor. Many of them were destroyed in stormy weather.
But same were left. They were slowly covered with the
mud or the deposited limestone and there we find them,
in the rock, to-day.

And then, in time, some spores fell near shore and
learned to grow partly in the water and partly on land.

By the time of the fourth invasion of the sea, as it
is written on this Page, large fern-like plants began to
appear on parts of the land that were uncovered. They
grew and spread, wherever they had a chance.
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Coal is Made

And when all the continents were rising from the
fifth sea-bath written on this Page, there were wide
swamp lands. The ferns and other swamp plants were
tall like trees, and grew jungle-thick. Broken by storms
they floated around and sank. Some grew old and fell
where they had been growing. Others grew on top of
them, just as they do in the tropical jungles now. They
were often covered up by mud brought in by slow-flow-
ing rivers. They lay there for millions of years. What
happened to them, buried so deep? A strange thing.
They slowly changed into the coal that we use to-day.

Yes, indeed, the plants made the coal, without which
we would be pretty cold to-day, in some parts of the
world. This was the time when the great fern forests
of Pennsylvania, Nova Scotia, England and other parts
of Europe were tall, living plants, not coal at all. These
plants did not have any flowers. Our kinds of trees were
not yet born. These were more simple kinds of plants.
But they were big like trees, and there were ferns and
rushes. And flying among the trees were great insects,
dragon-flies. They were far bigger than our dragon-flies
to-day, almost as big as little birds. But, like the sea-
weed, they were much more simple, and they all died
after the time of the big swamps.

ANIMAL LIFE
Brachiopods
And then, in these sea-lanes and along the shores
lived Brachiopods. I expect most of you have never
heard of them. We do not see them now, at least not
many of them. They live in the bottom of the sea some
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distance out from shore. The living Brachiopods, the
great, great, great, many times great-grandchildren of
the Brachiopods in these early seas, are small, only
about an inch or so long. They are very simple. In the
early part of Page Two they were simple, too, like little
bumps in the mud. Each Brachiopod has two shells,
just as a clam has. But in the clam the two shells are
alike. In the Brachiopod they are unlike. We speak of
the shells as ‘valves’. They really are a little house for
the animal which lives safely within. These early Brach-
iopods could only move their shells a little from side to
side.

But each time the seas came in over the continent dur-
ing the writing of Page Two they brought Brachiopods
that had grown more important, more varied, and
many more of them.

Of course, all Brachiopods do not have the same
kind of shell. Some Brachiopods are big and some are
small. They have different markings on the outside. On
some shells there are fine lines from the beak at the
top to the edge, all around. On some shells there are
lines ringed around the beak or around the outer edge.
In some shells there are just tiny spines.

The little animal living inside had a breathing appa-
ratus. It grew inside the shell. In the early Brachiopods
the breathing ‘gills’ were very simple and fastened to
a point. Then by the time of the later invasions of the
sea there were Brachiopods having large breathing
‘gills’ fastened to rods, and later still the rods became
twisted and the much larger ‘gills’ were fastened to a
beautifully twisted rod, coiled like a spring.

The early Brachiopods, I said, could only move their
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shells a little from side to side. But in the rocks of mid-
dle Olden Time they had grown so that they could open
their shells wide when they wanted to take in water for
food or air. There are little bubbles of air in the water
that sea animals use.

The Nautilus Family Makes Its Mark

Did you ever see a pearly Nautilus? Probably not,
because there are very few living now. Very few people
have seen them except in museums.

Well, the Nautilus is really very aristocratic because
it comes from a family that lived long ago. The living
Nautilus has a distant cousin, about a forty-second cou-
sin, called the squid, which lives in the sea to-day. They
are both the great, great, great, many times great-
grandchildren of the early Nautilus Family. The squid
is the more common and the more important now. It
changed its shape and its way of living to suit the
changing seas, and its brains grew. So it became wiser.
It dropped its heavy shell. It is able to move swiftly in
the water. It throws out a smoke screen of inky water
to confuse its enemies.

But the poor Nautilus has to be very careful of it-
self. It hides down in the deep seas. It is lovely to look
at, but it is not smart. It did not change. So it still looks
like its many times great-grandmother, the early Nau-
tilus, who lived with her relations in these very seas,
and whose shell can be found in the markings in these
rocks.

Now the early Nautilus was a distant ancestor of the
Proud Ammonites of whom you will hear later. The
Nautilus was a much more simple fellow than the Am-
monite and did not put on such airs. He began with just
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one little room. When he grew too big for that, out
of the lime in the water he laid a floor over the small
end of his room and built on an addition in front. Into
it he moved. Then he built another and another. But
he built a plain floor separating his rooms. Some of the
Nautilus family, the ambitious ones, built the rooms
curving around one another. But most of them being
humble fellows, just built straight along, one room after
another in a row.

Trilobites Lived and Died

Of course there were many other animals in the sea.
But not a solitary animal living on land yet.

There were trilobites in the sea. Did you ever hear
of a living trilobite? No, you did not, because all the
trilobites that ever lived have died. Nobody has ever
seen a living trilobite. But we find their fossil shells in
the rocks, generally broken. Sometimes there is just a
head or a tail, or a part of the hard outside shell. We
know what they looked like from their shells. Trilobites
were very distant cousins of the shrimps. If you live
by the sea you know shrimps. Maybe you have eaten
shrimp salad.

At first they were simple—for trilobites. But do not
forget that the trilobite was not such a low form of
life, not even a simple one. Trilobites must have had
ancestors still earlier. We do not know those ancestors
because we have never found their shells. Perhaps they
never had shells, just soft bodies. The earliest ones we
find have shells and they trusted to their shells to save
them from their enemies.

About the middle of the time of writing Page Two
trilobites had grown and spread all over the sea-bottom
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along the shores. They seemed to think ‘‘What fine fel-
lows we are. Nothing else has such spines!” They lay
in the mud at the bottom and ate other small animals.
There was plenty of food. Later towards the end of
this time they became clumsy, lazy fellows. They had
heavy spines here and there, so they could hardly move
around to get their food.

“We do not need to worry,” they thought.

They grew and grew. They became very greedy, and
ate and ate. They grew heavy with eating. Their shells
grew heavy and their stomachs bigger. To make room
for their fat stomachs they had to give up some of the
space for their brains. But they did not care. Had they
not shells to save them, and such proud spines!

But finally there was not much food. The trilobites
were so heavy and stupid they could not get to better
feeding grounds. And so they all died, all the fancy
ones. They died for their pride. The little plain ones
lived on for a long time, right to the end of Page Two.

Other Animals

There were corals, for instance. Not many at first.
At least, we do not find many. But as line upon line
was written upon Page Two, and paragraph upon para-
graph, the corals, too, grew and spread. Towards the
end of Page Two, they even built up great coral reefs.

And there was the Clam Family and all their rela-
tions. Pelecypods we call them all. Clams, you know,
like the Brachiopods, have two shells. But unlike the
Brachiopods, both shells are alike except that one is
right and the other is left. The Clam Family, too, and
all its relations, was simple at first, but its members
grew and spread, wherever there was mud to live in.
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For the Clam Family and some of its near relatives
like mud—those that shove along the bottom in their
slow way. They, too, grew shells of different shapes,
and had different lines for ornamentation.

And then there were the coiled shells, Gastropods,
we call them. They and their living relatives have only
one shell, but it is coiled. The common snail-shell is a
great, great, many times great-grandchild. These early
ones were responsible for it all. They grew and spread.
They grew plain spires, round and round, low spires,
fat spires, thin spires. They put on fancy lines, some
round and round, some up and, down, some oblique,
some crossing others, anything that a coiled shell could
think of to make itself different and beautiful.

All this and many more lowly animals first appeared
on Page Two.

A PAUSE

Right here we must stop a moment! To talk of some-
thing else. Do you notice that all the animals of which
we have been speaking lack a backbone?

Here and now on the Earth there are two great di-
visions of animals, those without a backbone, like the
snail, the clam, the Nautilus, and those with a backbone,
like a cat, a dog, a mouse, a fish, a snake or yourself.

But on the first part of Page Two all animals as well
as plants, lived in the sea, and not a single animal had
yet developed a backbone. The honour of being the
first group to do so belongs to the Fish.

Fish Grew and Grew!

In the lower rocks of Page Two only a few bony
plates are found. But during the fourth time the sea
came up in Olden Time, fish swam all over the conti-
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nent. We know this is true because we find their bones
in the rocks. So many bones! And so many kinds of
fish! At first they were great clumsy fish with hard
bones on the outside. They did not have scales like fish
do now. We call these old fish ‘armoured fish’. They
did not have a coat of steel but they did have a coat of
good hard bone to protect them from their enemies. But
they all died. Their hard outside did not save them
after all. They were heavy fish and could not swim very
fast. They were not as smart as their neighbours. So
they did not have a chance to live very long.

Then later appeared a few fish quite like what we
find in the sea now. Their bones were inside where we
now find the bones of any proper fish. They could swim
swiftly away from their enemies or after their food.

The most daring fish that swam in the seas were the
very peculiar ‘lung fish’. They were so smart that they
learned to live in the air as well as in the water. They
had a sort of bladder they used to rise or sink in the
water. They also used it as a lung. Pretty smart for a
fish! When it got very dry and the water dried up they
just dug into the mud and lived there until the next rain
came.

THE APPALACHIANS ARE BORN AND GROW UP/!

Such were some of the creatures that lived in these
seas that spread over the continents and wrote their
story on Page Two.

But then a change came along the Atlantic coast.
There was a great pushing and shoving from the heavy
rocks beneath the great deeps of the Atlantic. North
America began to buckle up on the Eastern Canadian
coast and along the New England States. The birth of
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the Appalachians! But the Appalachians did not grow
to their full size all at once. There were long pauses.
Another great outburst of mountain building broke out
when the fourth sea of Page Two began to flood the
centre of the continent. The rocks piled up, twisted
and turned over. Higher and higher they pushed, far-
ther and farther south they spread. Until near the end
of Page Two the mighty Appalachians reached high up
to the clouds. This must have been a terrific upheaval.
A few volcanoes belched out smoke, and ashes and
flame, but not a great many. Right here on the stone
page are the ashes at the end of Page Two.

It takes mighty forces to heave up even low hills,
and thése were lofty mountains, much more lofty than
they are now.

And all this happened long before the Rocky Moun-
tains or the Andes were born.

THE SOFTER NOTES

At first, each time the continent rose from the flood
the land was a desert waste, a whole continent. No ani-
mals! No plants! During all those millions and mil-
lions of years! For it takes millions of years for a con-
tinent to rise and fall.

Then gradually another change came. When the sea
slowly flooded North America the fourth time it did not
cover all the continent, nor even as much as it had cov-
ered before, for there on the eastern part the Appal-
achians now mounted guard. Then it was that plants
began to creep up to the shore. They found the land
good. They thrived. One place they grew was in New
York State. For there, in those rocks of New York, are
ferns, some of them with stems almest as big as trees.
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By the time the fifth sea of Page Two came up the
Mississippi valley, the Appalachians were higher and
the low swampy lands were farther and farther west.
This was the time of the great coal forests of Penn-
sylvania.

ANIMALS TAKE TO THE LAND
And then the animals followed the plants. They now
had something to eat on the land.

The Frog's Cousins

Some of the first of land animals were cousins of the
frogs. Have you ever watched frogs grow? I hope
some of you live in the country near a river, lake, or
pond. If you do you probably know about frogs. They
live very queer lives. You see them hopping around
ponds catching flies to eat, or making long jumps to get
away from you.

But earlier in the summer if you look in shallow
water you will see tadpoles, great numbers of them.
They are strange-looking things, wriggling around in
the water, and getting nowhere very fast. They are
quite large at the front but are smaller toward the tail.
They are only about an inch long or less, and are dark-
coloured. Watch them every day.

One day you will see a little swelling back of the
middle. Next day it is bigger. The whole tadpole is
growing. Later, would you believe it, a frog’s leg ap-
pears behind on each side! Yes, the whole tadpole is
growing larger. Now there are two legs in front, and
the head is a frog's head. It is almost a frog, except
that it has a tail. Watch! Now the tail is smaller. It
has disappeared right into the body. There is the frog
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complete! It can swim under the water like a fish. But
it can hop on the land and breathe air.

But, from where does the tadpole come? From eggs,
a whole mass of them. They may be floating around in
quiet water or perhaps are fastened to a bit of water-
weed. From where do the eggs come? A frog, not a
tadpole, lays them. The eggs hatch into tadpoles. The
tadpoles grow into frogs. Then the frogs lay more eggs.

Frogs, then, spend the first part of their lives as tad-
poles in water breathing like fish, and the last part
breathing like land animals. Most animals that live on
the land can live only in the air and not under water.
Frogs and all other creatures that live part of their
life in water and part on land breathing air are called
‘Amphibians’. It sounds a big word, but it is two Greek
words joined together — ‘amphi’ meaning ‘both’, and
‘bios’ meaning ‘life’ or ‘living’.

And the writing in these rocks at the end of Page
Two shows that the animals which first came to live
on land were these cousins of the frogs. There were
quite a number of them. Some of them were large, much
larger than frogs. Probably as large as a very big dog,
only not so high. Some of their skeletons are found in
Texas, and some in South America. You can see some
of their fossil skeletons in museums. But many of them
we know only from their footprints in the rocks.

Where Now the Land and Where the Sea?

Let us look at the top layer of this Page. Was the
land as it is now, or was there sea over some of the
continents ? The stone words on the uppermost rocks of
Page Two show the great continents of the world were
mostly dry land as they are to-day. Nearly all the sea
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had left North America. The rivers and winds were
having a grand time wearing down what mountains
there were and building up the valleys. They were
changing the whole surface of the Earth. There was a
little of the sea flooded over the western United States
and down from the Arctic into western Canada, but
really very little compared to what there was during
most of the time of Page Three.

THE STRANGE RHYTHM
Ice, Again!

South America was dry land. But what a land! A
large part of South America, almost to the Equator,
was covered with ice. How do we know ? Because these
very top rocks of Page Two are written all over with
very thick masses of boulder hills. They are just like
the hills in Canada, New York, Scotland, and Russia,
and all places where the last ice stood—all unsorted,
higgledy-piggledy piles of great and small boulders mix-
ed up with sand and mud.

There is another way to know about the ice. There
are great gouges in the rocks beneath the boulder hills.
Just as it happened later on Page Four, the ice fields
became thicker and thicker, and so heavy that the ice on
the edges was crushed out and shoved along. The mov-
ing ice broke off rocks, little and big. The rough bould-
ers were frozen in the ice and carried down with it.
They scratched great grooves in the rock-floor over
which they were pushed. Large rocks gouged out large
grooves. Little rocks only made little scratches.

There they are. You can see them in Peru. There are
gouges small and narrow. There are gouges wide and
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deep. They slope down a hillside. Before the Spaniards
conquered Peru the great Indian Inca race lived there.
Near these gouges the Incas built a large open theatre
for games. There the warriors raced and wrestled to
make themselves strong. They used the gouges for
slides in their games. So they are worn very smooth.
Now little Indian boys slide down them and push down
other little Indian boys. And I hope little Indian girls
get some of the fun too.

Ice near the Equator! That seems very strange. We
think it is always very hot there. But, of course, even
to-day it is cold high up in the mountains. But there
were not any mountains there at that time. You remem-
ber the Andes mountains were born long after this, at
the end of Middle Time. Why was it so cold then?
Men have tried to answer that question, but no one is
really very sure of the true reason, even yet. That may
be another study for some of you when you grow up.

I hope you are looking at your map. You need it
here.

In Europe there was a great deal of land too. We
do not know much about Asia yet. That is another place
for study. Not much is known about Africa either. But
still it is known that during this time Africa, like South
America, was dry land.
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THE CHANGING RHYTHM

PaGe THREE tells of the growth and spread, and yes,
the death of the great reptiles. It, too, closed with thun-
dering chords. For then were born the Rocky Moun-
tains, the Andes and many other mountain ranges.

* * *

For a long time there was a pause! All the continents
of the world stood high above the oceans, and were
exposed to the wear and tear of wind, rain and ice.

Then, again, in time slowly a change came. For a
long time, again, even after the change began, most of
North America was high, dry and cold. Not only North
America but South America, South Africa and part of
Europe. In Europe the north was desert land but to the
south a broad sea arm stretched from the south of the
present continent to India.

126
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Along the eastern coast of North America the ranges
of the new-born mountains were being worn down. In-
land, salty lagoons were drying up, and in low spots
were trees. For it was no longer all a desert land. Far
inland, though, towards the west, high, dry and cold
was a desert of sand and mud, now to be seen in the
deep cuts of the ‘Painted Desert’ of Arizona, and the
‘Great Red Valley’ of the Black Hills. Here for long
years the desert reigned supreme. Along the western
coast two bays pressed in from the Pacific Ocean, one
reaching down from the Arctic and the other stealthily
making its way up from California. A ridge of land
stood between them.

And then the mountains on the east began to move
again, not in narrow ridges and folds as before, but
broadly the whole area rose.

On the west, too, the land began to rise again. East
of the rising land the two long bays to the north and
the south gradually sank further. Just as when you
squeeze a rubber ball it swells in places and forms hol-
lows in other places, so the two bays crept together,
forming a trough sinking first at the ends and then
throughout its length.

At this time, too, the sea covered small parts of Eng-
land. On its floor were laid rocks—sandstone, shale
and limestone—and in them were buried dead sea-
shells. In these rocks in England were the first rock-
words that men learned to read.

Learning to Read the Rocks

A man named William Smith, a surveyor, was drain-
ing swamps and laying out canals in England. He no-
ticed the shells in these rocks, which had been made
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so many millions of years before. William Smith col-
lected the curious stone shells. He studied them. He
soon found that each rock layer had different shells.

“Why,” he thought, “I will look for these rock lay-
ers in other places and see if I can tell them by the
shells.”

He looked. There were the same types of shells. He
went farther away. There they were again. The same
kinds of rock layers! The same kinds of shells!

That was a great discovery. For from these first few
fossil-words men learned to read the rocks, first a little
here, then a little there. Soon they could read whole