Objectives
®  Describe a model for the
Earth's structure

®  Explain how we know about
the Earth's structure
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Early models of the structure of the

lat Earth model P
: years, people thought the Earth was flat. They base on
or many ;

their observations. del mi
Gradually, observations made people think that the flat Earth mo ght be

: the horizon
; : sink as they go over ,
wrop%. Sailors noticed that ships appear to
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Aristotle lived more than 2000 years ago. He saw that the s(}ila]dOfV\; }j)e ]tzaen}i.lanh
on the Moon is round. These observations led to a new model o as

a sphere>

t Observations from Space give
further evidence that the Earth is
a sphere.

crust

mantle
outer core

inner core

# The modern model for the structure of the Earth.

*  Ships appear to sink as they go over the horizon.

The hollow Earth mode]

About 300 years ago Edmond Halley suggested new model
of the Earth, He saiq the Earth consisted of three hollow shells

separated by air. Halley createq his model to explain some
unusual compass readings,

The modern model of the structure of the Earth

Scientists ysed many observationg and data to ¢
modern mode] of the structure of the Earth,

The mode] states that the Earth i
® asolid crust made of differe
® the Mmantle, which goes dow
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H d9 we know ahout the structure of the Earth?
Observations and data from m
understanding of the |

any scientists have
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oceans. They examined rocks lyy
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ntists studied rocks on the surf
ught to the

ace and under
- surface by volcanoes,

Shock waves ln'un carthquakes also provided evidence, In the 19304 In e
|_clmuum examined shock wave patterns. She conldn’t explain |I|.v| ' i s the
model of the time - that (he Earth’s core was the same ; II' I' J hrough,
She created a new model - that the core vty

had discovered the solid inner core

way through,
consists of two parts, Inge Lehmann

Hotter and hotter

Temperatures increase from crust 1o core. The core, 6000 km below the

surface, is very hot. It may be hotter than the surface of the Sun.

Some of the deepest mines in the world are in South Africa. They are nearly
4 km deep. At these depths the rock lemperature is about 60 °C. The air is
cooled so that miners can do their work,

t Deep South African gold mines are very hot.

\
'|| ]\p/f b 1“5 /)I}J 4 Y & YA

1 Name the layers of the Earth, starting from the inside. ot

2 Identify two pieces of evidence that suggest the Earth is spherical.
3 Outline the evidence suggesting that the Earth has a solid inner core.

Lel-warn

The Earth

Inge Lehmann discovered the

L
inner core.
" @ The Earth consists of the g

crust, mantle, outer core, and
inner core.

Temperature increases from
the crust towards the core.
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Objectives

m Describe the properties of
igneous rocks

Give examples of igneous
rocks

Explain how 1gneous rocks

formed
Link igneous rock properties

-

to their uses

"~ # The Giant’s Causeway in Northern
Ireland was formed from basalt,

ay. Where did they all come
“
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1+ Marble, a metzrg,..,
rock. ‘
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dimentary

4 Limestone, a sé

# Basalt, an igneous rock.
rock.

There are many different types of rock. Scientists classify rocks into

three groups:
e igneous rocks
e sedimentary rocks

® metamorphic rocks.

Igneous rocks
What do the structures below have in common?

~ S

# The Pakistan Monume
completed in 2007,

ntin Islamabag

Hatshepsut, is 3500 years old.

* This statue of an Egyptian
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akes much of the seabed.
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The FKarth

Properties of igneous rocks

(J\gneous rocks are hard and dm.ll)lc | The
these granite boulders on Belitung Isl;
gmmte remains.

rocks that originally surrounded
and have been worn away, but the

Most (gneous rocks are also non- “porous - water does not soak into them.
This is because there are no gaps between their interlocking ¢ lysluls.)

Using igneous rocks ®  Granite boulders on Belitung

The properties of igneous rocks explain their uses. Island, Indonesia.

» T

Quartz consists of a single
mineral, silicon dioxide.

# Basaltis hard and durable. It is used as ®*  This sculpture is made from an
railway ballast. _ igneous rock called gabbro. It

> is hard, durable, and attractive.
Minerals
A
: CSubstances that exist naturally as crystals are called mmeral}Most rocks are
a mixture of minerals. Minerals also occur on their own.

Explaining crystal size _

Basalt forms when runny liquid rock pours out of volcanoes and cools quickly,
often under the sea. As the liquid cools, crystals grow as the particles arrange
themselves in patterns. When all the particles are arranged in crystals, there is :
no liquid rock left. It has all become solid basalt. Granite is a mixture of minerals.

g : This sample includes quartz (grey
asalt’s crystals are tiny. You need a magnifying glass to see them. The crystals

; S o crystals), calcium feldspar (white
are small because the liquid rock cooled and solidified in just a few weeks. crystals), biotite (black crystals),

Granite forms when liquid rock cools underground. The cooling takes longer, and potassium feldspar (pink
so its particles have more time to arrange themselves. The crystals grow bigger. | crystals).
1 Describe the properties of a typical igneous rock. ® There are three types of rock: B

igneous, sedimentary, and

: i ? .
2 What is a mineral? metamorphic.

i different colours in a lump of granite.
3 Explain why you can often see pofg SR reous ol are hadh

4 Basalt has smaller crystals than granite. Explain why. : durable, and non-porous.

e N T e

® Igneous rocks formed from
liquid rocks.

® Rocks that cooled quickly
have small crystals.
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| Sedimentary rocks

| gedimentary rocK ?ro
" tone is a typical sedime

perties

ntary rock.
it is easier t

[Sedimentary rocks are less hard “‘1111

_———  Limes o scratch th )

i eans .
ctives ' most igneous rocks. Thism You can find out if a rock is porous b,
Objectiv | -ocks are porous. “ : )
_ ¢+ sedl tary rocks ar . is porous. If the wate,
o Describe sedmentaryrock  f1 {ost b.edm\:z?u o}r,uo _If the water soaks in, the rock is p e
. X ‘ » .
properties dropping i k is non-porous.,
. es not soak in, the roc .. ; are :
= identily nd name v do dimentary rock explains its properties. They . r.nadg of
pocosERtary RS The structure of & 5¢ 1d ther less strongly than the crystals in igneouys
: — ~ \ - toge g e
—— grains. The grains arl‘; ?;aces ietween the grains. Gases (like air) or liquids

rocks. There are sma
(like water) fill the spaces.

Identifying sedimentary r1ocks

You can identify sedimentary rocks by

doing these tests:

e Look at the rock through a hand lens
or magnifying glass. Sedimentary
rocks have separate grains with spaces
between them.

® Place a few drops of water on the rock.
Sedimentary rocks are porous, so the
water will soak in.

® Place the rock in a beaker of water. If you
see bubbles, the rock must include air
spaces. It is probably a sedimentary rock.

® Try scratching the rock. If you can
scratch it with your fingernail or an iron
nail it is quite soft. It is likely to be a
sedimentary rock.

t India Gate, in New Delhi, India, is
made of granite and sandstone.

Different sedimentary rocks

m?tenal. Its medium-sized grains are made of the mi
minerals cement the grains together.
Claystone and mudstone

Claystone and mud '
) stone have tiny graj
weight of the layers aboye them. Y grains. They were Squashed together by the

o~

* Brick making in Rwanda.

ry are
ke them hard.
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Limestone

Limestone is a useful building material. It w

as made from the remains of

living things. Billions of dead shellfish piled up on the seabed. Their shells and
skeletons broke into small pieces. Over millions of years, the sediments stuck

together to form limestone. The process is still happening in the sea around
the islands of the Bahamas.

The Earth

4+ Limestone often contains fossils.

Making sedimentary rocks - an introduction

4 Cement is made from limestone.

It takes millions of year to make sedimentary rocks. The process happens in

stages. The diagram below summarises these stages.

Y

Juoﬂlﬂw‘h\&
i weathering > transportatidn

| Sadia SN il
erosion

Lt o w'z

ow"a

deposition

) \ —
@ . PHoE AL
1 Name three sedumentary rocks. .o atorx y dﬂ‘lf(ﬂu P g

. Explain why claystone is used to make bricks, and why sand;tone is used to make

>
o
buildings. Lo»ﬁ:ﬂ 4

'“'!."41(

" @ Describe two properties of sedimentary rocks. Explain why sedimentary rocks have one

of these properties.

~ compaction or
cementation

3 Sundara has a rock. Suggest how she could find out if the rock is a sedimentary one.

mﬂhuln? Yool mentd

begin A shiek handh
sty

@ Use a hand lens and water to u .‘

identify sedimentary rocks.

® Sandstone, claystone
mudstone, and limestone are
sedimentary rocks.

® Rock uses are linked to their
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' sedimentary rock formation

Weathering
Weathering bre

maller pieces, called sedimenlq
s of clay. The sediments May Cr');]

aks up all types of rock m-lo S
e boulders or tiny piece

Objectives Sediments can be hug ks, or they may end up as part of the soil.
in new sedimentary rocks, '
: up in new sedime . ’ soad. il Blologic

® Explain hzw rocks are There are three types of weathering: physical, chemical, gical.

weathere f here are ypes
m  Explain how sediments form .

rocks I Physical weathering .

K (Physic'\l weathering is caused by the effects of changing temperature (),
I d

rocks. It makes rocks break ap_art./
One type of physical weathering is freeze-thaw weathering. It happeng Whep

water gets into rock cracks:
® On cold nights, water freezes to form ice.

® The ice pushes against the sides of the crack. The crack gets bigger.

I
|

I

'

I

I ® As the water freezes, it expands.

I

f

: ® This happens again and again. The rock breaks.
[

I

Months |ater

Water freezes
in a crack in
the rock.

~ CRASHI

t Freeze-thaw Weathering,

limestone canving was made
aboyt 1000 years ago at El Tajin
ME.XICO. Acid rain js breaking '
Up its surface by chemical
Weathering

Chemica] weathering

When rainwater fa))g On some r,

Th.is is chemical Weatherin )
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A 1 Describe two ways that a grain of rock could be transported from one place

The Earth

Biological weathering
Plants and animals break up rocks in many wavys. For ox imple
i} Aays. *Xi s

e Tree roots grow thr ock .

':nt ts grow through rock cracks to find water. As the tree grows,

its roots gradually break the rock ‘
e Lichens make chemicals whi

L—"l make d.‘“mul‘\ which break down rocks so that the lichens
can get the nutrients they need

Transportation
Weathering breaks up rock into smaller sediments, These sediments are
moved away from their original rock by transportation

Transportation can happen by gravity, or by wind, water, or ice.

£ Water carries pebbles along the t The wind carries sand grains from place # Gravity moves sediments in rock falls
river bed. to place. and landslides.

The processes of weathering and transportation together make up erosion.
Erosion is different from weathering:

® Weathering is the breakdown of rock into sediments.
® In erosion, a rock is broken into sediments, and the sediments are
moved away.

New rocks are formed!

Eventually sediments stop moving away from their original rock. They settle
in layers. This is deposition.

Then the sediments form new rocks. This happens by one of two processes:

¢ In compaction the weight of the layers above squash the sediments ‘ ‘ :
together tightly. The sediments are the grains of the new rock. & Sediments were laid down in layers
to form this sedimentary rock.

of Weathering breaks up all types
of rock to make sediments.

¢ In cementation new minerals stick the sediments together.

/. /

to another. Panly ;w77 | taefey [,
2 Explain what is meant by weathering.

3 Extension: Describe three ways in which weathering occurs.
' 7 ® New rocks are formed when

Pres 1 AN el N sediments settle and are
( squashed together, or stuck E
together by new minerals.
L= B _ e
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e Sediments can be transported
by gravity, wind, water, or ice.




4.

Objectives

rocks are made

®m  Explain how metamorphic

®  |dentify metamorphic rocks

®  Give examples of
metamorphic rocks

* Hot magma makes
rocks change,

surrounding

Metamorphic rocks

ifferent .
The same but d | these beautiful sculptures from natural rock
 tiires and feel very different.

Skilled craftspeople car
The rocks of the two scu

Iptures look

# This sculpture is made from limestone. #  This sculpture is made from marble.

Both types of rock are mainly one mineral — calcite. The table shows the

properties of the two rocks.

‘Rock Colour I R [+~

Limestone ~ White, grey, or cream. Surface often rough. Tiny rounded grains.
BT P———___ G3ps betv\(een the grains. Fossils often visible.
rMarble -~ Usually white. Often has Surface usually smooth. Interlocking, evenly

~ whirling streaks or spots of  sized crystals. N :
| . No gaps. )
Sy “_',ibrrown, red, blue, or yellow, . Y 9aps. No fossils

Marble from klim?stone

AN W
Conditions are hostile beneath your feet. Just 15 km below the Barth's surface

the temperature is 400 °C. Th
- 1he pressure at th i :
than the surface pressure, at depth s 4000 times greater

- calcite, White
mixed with the calcite, Amounts of other minerals
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The Earth

Metamorphic rocks

Marble is a metamorphic ro i
CK. i (S i '
o bt - Mel:\morphlc rocks form when heat, or high 2
p ure, or both, Change 1gneous or SCdimemmy rocksy The rocks remain

solid during the process. They do no
: . ) t get hot enougl >
happen in the Earths crast 1gh to melt. The changes

]

igneo i
All 1}% us and Sedlfnemary rocks can be changed into metamorphic rocks.
So there are many different metamorphic rocks

Recognising metamorphic rocks

Metamorphic rocks are made up of crystals. This means that:

® metamorphic rocks are not porous

® you cannot see separate grains when you look at the rock through a
hand lens.

t

. /
» AU o |

Metamorphic rocks often look squashed or stripy. Some types are made up of

thin layers.

E “l\nore examples of metamorphic rocks

Slate splits into smooth flat sheets. This means it makes good roofing tiles.

t Slate is made up of layers. # This fossil formed in mudstone. Its shape
changed when high pressures converted
the mudstone into slate.

Slate was formed from mudstone. Mudstone is a sedimentary rock. It is a mixture
of minerals. ﬁigh pressures underground squash mudstone. Water is squeezed
out. New crystals form and arrange themselves in layers. If the mudstone
contains fossils, so will the slate, but they will be squashed out of shape.

Gneiss is another metamorphic rock. It is hard, and often stripy. It is made up
of big, interlocking crystals. It was formed at high temperatures and pressures
deep within the Earth’s crust.

o) B o

1 Name three metamorphic rocks. 1177 ble, clal L, Gnadts @ Metamorphic rocks form

- hen rocks are changed
2 i hic rocks are formed. ad d
Explain how metamorphic ro by high temperatures or

B

A piece of gneiss.

’

1

3 Explain why metamorphic rocks are not porous.© ..~ - Bl . pressures.
4 Raj has a piece of rock. Suggest how he could find out whether it is sedimentary or e Metamorphic rocks have
metamorphic. ., fyfaxon L interlocking crystals.

’ ’ ® Marble, slate, and gneiss are
- b Ix e A (o N -
> bt Moy metamorphic rocks.
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The rock cycle

Erosion wears down mountains. The sediments make sedimentary rocks.

Under the Earth’s surface, high temperatures and pressures may turn
sedimentary or igneous rocks into metamorphic rocks.

Some rocks sink deep under the surface. They get hot enough to melt and
make magma. The magma is pushed upwards. Some of the magma cools and

solidifies underground. Some magma comes out of volcanoes, and solidifies
on the surface. Igneous rocks are made.

At any time, huge forces from inside the Earth may push rocks upwards to
make mountains. This is called uplift. This means that any type of rock -
sedimentary, igneous, or metamorphic - may end up on a mountain top.

igneous {
rock ‘1

metamorphic
h__ ——_—-—‘
rock ;

R e sedimentary
Lo rock

o

= e
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You may use each word once, m

not at all.
iment
igneous  metamorphic sedimentary

Scientists classify rocks in three groups. R'oclzksshal
were formed when magma cooled and solidifie
are 131W_@4rocks. Rocks formed from fragments
of rock are 52climfrocks. Rocks formed by the
a{‘tion of heat and pressure on existing rock are

N [3]

2 Copy and complete the table using the words below.

di rocks.

marble

granite

sandstone

(3]
3 This question is about the four types of rock
shown in the diagrams below.
(A) (B)
(D)
a Give the letters of two igneous rocks."‘ L (1
b Give the letter of the iineous rock that
cooled more slowly. (1]
¢ Give the letters of two porous rocks. ¢ |1 (1]
d Give the letters of two rocks that formed
when magma cooled and solidified. /, ALY [1]
e Give the letter of two rocks which could
contain fossils. (D [1]
f  Give the letters of two rocks that are made
up of crystals. A (1]
(M |

n

s LNC TULARS ITT HHL Wal) 0 a,

rock X
(sedimentary)

P ——————— mafl)'o
rock W
(sedimentgyr,

i O-‘\‘ils

V, W, X, orY)? "
Which is the youngest sedimentary rock? 0

Which is most likely to be limestone?
Explain your choice. N "
Suggest how the marble formed.

Xb

Which is most likely to be granite?
Explain your choice. 'y N
5 The photograph shows a piece of pumice.

A student investigated the

He also found oyt about pumice from secondary
sources. He wrote down the notes below,

11puti .
putiton water ang iy floated, so iy must have a

properties of pumice,

ce in’() a beak(lr ()I'“,“,(,,'

(1)
scribe two
Fpumice are

7
-

ich Note(s) refer ¢

a see
Which ;. 1€ 5o o
chis ay, obger  ENtence i Rote §
.l C() " nal.(,n
‘.)) the pay ' (0
Whlch is an

.’ Chige
ideod n'fS'c:anng.-'r

Scanned with CamScanner



» The Earth

¢ Two students investigate some rocks. They write ¢ Give the letter of the soil which remains
their results in the table below. wet for the longest time after heavy rain. (1]
d Give the letter of the soil which is most likely
to be a clay soil. [1]
—— 8 A student wants to compare the amounts of air
A e in soil samples from two fields. She uses the
Sad; .-- : apparatus below.
Sk : - etsuring She observes the lev?l of
e - cylinder water in the measuring
{, ,a Name a piece of equipment the student . eylinder af‘er.Sha];'“g the
e 9 could use to help her decide whether a rock - mixture of soil an v\liatexl‘.
is made up of crystals or grains. [1] — The lower the water level,
. . ~ —— water the greater the volume of
b Which rock is probably a _ [ air that was in the soil.
metamorphic rock? [1] / .
. A a Name the variable that
Which rock might be basalt? [1] the studsont shemges. 1)
d One of the students, Junaid, says that rock A is b Name the variable that

a sedimentary rock. The other student, Farooq, soil the student observes. [1]
says that rock A cannot be a sedimentary rock
because it contains no fossils.

Write the name of the student you think is
correct. Give a reason for your decision. [2]

¢ Suggest two variables
that the student should
keep constant. [2]

9 The diagram shows the

7 A student compares the drainage of three soil structure of the Rarth,

samples. She uses the apparatus below.
se the words below

water to label a copy of the
soil diagram.
cotton wool outer core crust
mantle inner core
,\( b Copy and complete the table below.

mantle Y

| water that has [CTRLCoeT. )
passed through
the soil 10 The statements below explain how a fossil was
formed. They are in the wrong order. Write the
The student writes her results in a table. e letters in the correct order. (4)
' a The soft parts of the body slowly break down.
Only the bones are left.

b More sand quickly buries the body.
¢ An animal dies. It falls onto sand at the bottom

of a lake.
) ) d Underground water that is rich in minerals
i il which drains water .
a Give the letter of the soil whi . seeps into the gaps in the bones. The minerals
most quickly. (1]

replace the original minerals of the skeleton.

e The sand above the bones is compressed, and
begins to form rock.
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b Give the letter of the soil from which
nutrients are removed most quickly. (1]



