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Table 1 Teaching 'Earth's Structure and Plate Tectonics' at KS3 and KS4.

The present distribution of the continents and oceans on the surface
of our planet is the result of the movement of slabs of lithosphere
otherWIse known as plates. This movement has been going on for
hundreds of millions of _years and is responsible for many of the
features and rocks that form the Earth. Plate movement is caused by
processes in the Earth's interior. In this book you will find a series of
activities that can be used to provide students with a basic
understanding of the Earth's structure and plate tectonic processes.

Activity El simulates the methods by which Earth scientists can
deduce the density variations within the Earth, whilst Activity E6
considers variations in the forces encountered with increa~ing depth.

The characteristics of earthquakes and the seismic waves they
produce are considered in Activities E2, E3 and E4.

One of the fundamental pieces of evidence for plate tectonics and
sea floor spreading is the }2attern of magnetic reversals in rocks from
the ocean floors. Activity E5 demonstrates how this magnetic
evidence comes to be produced, by simulating the manner in which
some plates move in relation to each other. Relative plate movement
is further considered in Activity E7.

Activity E8 studies the modern global distribution of volcanoes and
earthquakes as further evidence of plate movements, whilst
ActivIties E9 and EIO examine aspects of the geology of the British
Isles which show that plate activIty took place in tIle geological past.

Suitable 'Science of
the Earth' activities

EI: Model Earth - a simulation
of density contrasts in the
Earth's structure

E2: Earthquakes - the slinky
simulation

E3: Earthquakes - waves in the
Earth

E4: Earthquake shadow zones
E6: Rockforce - investiga ting

pressures on the rocks
benea th your feet

E5: Clues to sea floor spreading
from the magnetic ocean
floor - a simulation

EIO: Britain's changing location -
evidence from the rocks

E8: Plate tectonics - the
earthquake and volcano
evidence

E9: Drifting continents

E7: Plates in motion

Sections of EI, E2, E3, E4 & E6

geography

Geography!
Science

geography

science

science

science



In En~land and Wales the 'Earth's structure and plate tectonics'
topic IS studied at Key Stage 3 (11 - 14 year olds) in the Geography
National Curriculum and then picked up again at Key Stage 4 (14 -
16 year olds) in many GCSE Geography examination syllabuses.

In the National Science Curriculum, plate tectonic processes and
their links with rock formation, deformation and recycling are
studied at Key Stage 4. This requires a scientific approach and
understanding of a range of geological processes.

The activities in this book link best with this teaching approach as
shown in Table 1 on page ii.

The following guidance and exemplification is based upon 'The
Earth Science Component of the Science National CurrIculum at Key
Stage 4' produced oy the Earth Science Teachers' Association, 1995.

Science National Curriculum teaching points are in bold type.
Material that pupils should be taught is in normal type.
Guidance and exemplification for teachers is in italic type.

3. Waves: Seismic waves
3m. that longitudinal and transverse waves are transmitted
through the Earth, producing wave records that provide evidence
for the Earth's layered structure.

1. Understand that earthquakes produce longitudinal primary (P)
waves and transverse secondary (5) waves.
Most earthquakes occur at plate boundaries where stress has accumulated
over time: When stress is released in faulting, the rocks rebound elastically
to produce P, S and surface, (L) waves. Since these travel with different
velocities, they can be detected in turn by seismometers that are far enough
away from the earthquake's epicentre. .. ...

2. Understand that the boundary between the crust and the·
mantle (the Moho) is identified by a sudden increase in P- and S-
wave velocity.
The thickness of the oceanic crust (average 7 km) and continental crust
(average 35 km) is calculated by detecting this increase in velocity.
Where there are major mountaln ranges, continental crust may be up to 90
km thick. The crust is, however, very thin compared to the Earth's radius,
(6370 km); equivalent to a postage stamp stuck on a football.

3. Understand that at the mantle/ core boundary the P-wave
velocity decreases and S-waves are not transmitted, indicating that
the material of the outer core is liquid.
The mantle/core boundary is at 2900 km depth. Note also that changes in
P-wave velocity suggest a solid inner core at 5155 km depth.

4. Know that P-and S-wave data provide the evidence for the
lithosphere (solid outer Earth), which forms the plates of the Earth's
surface, and the asthenosphere (a ductile layer in the mantle), which
allows their movement.
The solid lithosphere (around 60 km to 100 km in thickness) comprises the
crust and a thin layer of upper mantle. The ductile asthenosphere, is able to
flow very slowly over geological time. Its presence is detected by a decrease
in P- and S-wave velocity. Slow convection currents in the mantle carry
the lithospheric plates at rates of up to 5cm per year (the rate of fingernail
growth). Plate movement, either directly or indlrectly, is responsibfe for the
major surface features of the Earth.

III



2z. how plate tectonic processes are involved in the formation,
deformation and recycling of rocks.

1. Be able to use a simplified plate tectonic model of the outer
layers of the Earth as the context for the statements that follow.
The evidence for the layered internal structure of the Earth from seismic
waves is a prerequisite. The simple model is ba:sedon (lithospheric) plates
made of crust and upper mantle ·'floating' on the mantle and moving
slowly.

2. Understand the hypothesis that one of the main processes
causing plate movement is convection currents within the upper
mantle of the Earth.
Evidence for the model is indirect, but convection currents are the most
likely mechanism for driving plate movement.

3. Understand that, at constructive plate boundaries, magma
which has been derived from the mantle rises to form new oceanic
crust.
At constructive plate boundaries magma is injected and cools to form
igneous rock that is new plate material. The texture and type ot rock formed
varies with depth and rate of cooling. Magma that has cooled slowly at
depth, forms coarse-grained gabbro; when magma reaches the sea bed it
cools rapJdly to form lavas 0t fine-grained basalt. Gabbros and basalts are
chemically Identical igneous rocks that are rich in iron and magnesium and
relatively poor in silica.



I-Z1&1
:ED-O•••1&1
>1&1
Q

<UE~'0>

>I-->-I-()CI:1&1
ZI-

zo-= ZCI:•••a.><III

~
<U>o'-'0..
.5<U
..0

a:)""'doE<U
...c:•..""'d:3ou~o::r::

o'-'ou
""'dc::~

U
)

cG)E!'30"G)
a:U

)

••cG)
••co(,)



;,c::
<U

0~
0.0

<IJ
~

l=Q
-0

-0
U

c::
E

t':l
...c:

"""
•...

0
"""

~
t':l

~
...c:

<IJ
><

...c:
V5

f-
-0t':l

<IJ
<IJ

E
...c:

E
c::<IJ

t':l
~

"""
~

"""
gf:::>

~
~O

en
<IJ

...c5
E

u
~

c::
='

<IJ
0..

~
"u

C"f
V

')

-0
0

'\
<IJ

"""
0

'\
"bi>

..8
....-t

0.0
><

~
t':l

c.:J
0

0..
In

~
~

0
-0

Z
.5

P-.
Ie

c::
c::

t':l

-
t':l

<IJ
0

Q
<IJ

...c:
t=

:'9
0..:I:

<IJ

~
c::

~
~

V
')

I-
1&1

t':l
-0

C:
c::

c::
::::a

0
EC

0
t':l

cU
-0

~
~

~
EC

<IJ
<IJ

0
V

>
'"2

~
t':l

1&1
..0

<IJ
W

C
l

en
:z:

"~
()

-0
C

""5
-0

I-
:§

t':lIe
c::

P-.
~

EC
en

::::a
<IJ

u
0:::

t':l
"""

::»
V

>
8

0
c::

:a
=-B

...c:

••••
In

0
f-

~
-.

'-'-'0
0

.2
~~

~
'e:;;

V
>

c::
c::

c::
<IJ

<IJ
<IJ

-0
<IJ

-0
<IJ

~
<IJ

...c:
<IJ

--5
f-

..0
~

~
~

.~
~

t':l
0.0

<IJ
""5

~
.5

E
u

..0
u

t':l
~

'-'-'
t':l

.-
U

0
-

-0
0..

<IJ
~

"""
~...c:

.~
<IJ

..0
~

~
•...

~
"""

'-'-'
'Vi

0
""@

c::
<U

"""
V

>
...c:

<IJ
>

<IJ
-0

0
':3

"""
"~

..0
<IJ

t=
0

E
fJ

l
t':l

ob
='

<IJ
c::

<IJ
c::

~
=-B

"""
<IJ

--5
'C

U
.t':l

~
>

'-'-'
t':l

0.0
"""

'-'-'"bi>
0

<IJ
=-B

..0
c::

<IJ
<IJ~-

'Vi
...c:

<IJ
"""

.~
~

='
f-

>
='

t':l
-0

c::
..0

~
•...

...c:
<IJ

<IJ
<IJ

..0
"""

~
u

-0
--5

t':l
0

-0
0..

<IJ
"""

<IJ
c::

t':l
...c:

0..
--5

'-'-'
='

•...
0

0
<IJ

~
<IJ

fJ
l

C
'-'-'

u
...c:--5

t':l
c::

<IJ
t':l

~
0.0

<IJ
"Vi

..0
•...

<IJ
c::

E
c::

fJ
l

<IJ
~.-

<IJ
'Vi

t':l
-0

t':l-o
V

>

='
fJ

l

E
"""

0
<IJ

<IJ
"di

~
...c:

<IJ
•...

"0
--5

•...
...c:

~
"""

•...
•...

.~
.~

<IJ
""@

t':l
...c:

0.0
"""

<e:
0..

c::
..0

t':l
l=Q

V
>

'C
0

0...
""@

t':l
='

~
<IJ

~
V

>

'-'-'
fJ

l
•...

0.0
..0

..0
0

t':l
'-'-'

<IJ
<IJ

c::
'-'-'

0
"""

E
--5

'C
0

~
-0

~
t':l

~
~<IJ

<IJ
<IJ

.~
b

E
c::

t':l
..0

t':l
t':l

0.0
-

c::
~
u

=-B
fJ

l
·C

-;;
<IJ

-0
<IJ

~
V

>
..0

--5
<IJ

U
<IJ

<IJ
...c:

0
>

<IJ
...Co

'-'-'
f-

:0
..s

--5
f-

0

N
rt1

x-0
e

M
0

C.
et:>

('t)
c..

"w
E

('t)
'<::f

0>
C

\i
~

C
U

I
et:>

L
ri

0>
Q

)
-

I'--
or-

L
O

0
.

9
C

\i
et:>or-

00

'0
00co

Q
)

E
0

>
-

co
co

0
~

'E
o

I'--
00

Q
)

•••••
e

C;;
~

00
CD

:i:::
Q

)
t

0..
coW

••••00
Q

)c
'."0

co
O

O
cQ

)
.c

_
_

.~:Ju
0

L
O

0
o.E

coEo
Q

)~
0

L
O

I'--
Q

)~
>

~
Q

)
E:5a5

0>
or-

('t)
0

.....-
CD:5

N
L

O
CD

~
••••

c
L

O
Q

)"-
('t)"

O
'E

C
o

:Ju
.);'

'0
J--

W
a:

a:
w

-
I

W
Q

)
Q3

en
J--

w
a:

w
a:

E
>

.
::>

z
J--

0
Z

0
co

~
a:

«
::>

0
z

0
z

0
:2

0

....................
...•.

-0Q
)

...s::
10

.•...
Q3

l-.
~~

0
>

0
>

~
co

~
x

--
Q

)

0
C

~
Q

)

l-.
Q

)

:::
.c

.•...
00

\.)

~
co.c

V
)

1i5
~

:J
~

U
~?-..

Q
)

~
:5

~
'0

00
~

00
'E

--
00

Q
)

0
Q

)
00

C'
C

~
~

C
l.

~
U

~
E

~
;£;

~
Q

)

E
~

:::
Q

)
ro

0
":l

.c
u

u
0

....•
J--

en
CD

....•~~l-.
:::

.~~



"So"'0c::ro.S O
J

c::o(ijenQ
)

>oEQ
)

>~

"EQ
)

EQ
)

>oE"0a.en

V
I

t';l
00..

-0
d

V
I

t::
-0

v
';

v
V

I

=
O

L)
'-'

B
t';l

;:j
v

-0
0

....c
E

t::
-0

V
I

v
v

u
;:j

>
'-'

0..
0

v
v

on
....c

v
E

....c
.•...

b.o
'0

t::
..•...

•..•...•
'C

0
.5

0
v

0..
V

I
t::

....c
V

I
V

I
t::

t';l
0

.•...
v

·2
•....

'C
-0

~
u

-0
'V

i
v

v
O

L)
>

'-'
....c

t::
0

'b.o
~

B
0

0..

'-'
-;

v
t::

'(l)
=

....c
v

v
.•...

....c
~

v
V

I
....c

.•...
-0

"""5
u

'-'~
v

;:j
0..

~
v

'0
.•...

....c
V

I
v

t::
V

I

'0
t';l

'-'
-0

~
v

v
v

t::
V

I
>

V
I

~
t';l

t';l
V

I
"""5

t::
.r::

-0
v

V
I

-0
t';l

0..
.•...

t::
tJ

u
-0

V
I

0
v

c::
"""5

0..
t';l

t';l
~

=
v

....c
0..

V
I

....c
..0

B
-0

u
-0

..•...
v

v
v

v
c::

t::
0

E
~

=
....c

'-'
v

v
.•...

v
.•...

;:j
..0

V
I

c::
>

c::
v

•..•...•
0

t';l
B

v
0

N
-0

0
-0

E
E

0
B

v
M

O
L)

t::
N

O
L)

u
N

t::
v

..•...
V

I
>

V
0

~
>

0

>-
~

c::
t';l

....c
~

0
0

'C
t';l

tJ
-;

E
t::

v
on

.•...
v

-0

I-
'-'

0..
~

..•...
•..•...•

'-'
.•...

..•...
,g

;:j
V

I
V

I
t::

0
0

;:j
;:j

-0
0

.•...
O

L)
~

t';l
'C

O
L)

0
c::

u

-
i.i:

~
-0

0..
t::

c::
~

t';l
c::

V

>
·2

O
L)

'-'
.S

t::
V

I

·2
t::

0..
,g

~
-

V
I

V
i

t';l
V

'Vi
V

I
'C

;:j
.•...

v
-0

....c
u

v
U

'-'
I-

>
t';l

.•...
v

0
>

0..
-0

v
'(l)

t';l
t::

'-'
0..

t';l
V

I
t::

'-'
(.)

~
.•...

v
O

L)
~

~
v

v
~

....c
;:j

t::
v

.•...
d..

0
v

0
v

....c
cfJ

~
v

v
v

CI:
t::

-;
....c

.•...
t::

....c
0

O
L)

....c
0

.•...
....c

O
L)

....c
0

.•...
B

u
t::

·5
-0

v
v

u
·5

.•...
~

v
1&1

v
-0

V
I

'0
~

v
,~

'0
-0

t';l
tJ

::r: ::i
Z

t';l
tJ

'i:i:
Z

t::

:z:
"'3

r./)
0..

"'3
r./)

t';l

l-
E

E
Vi

,
I

I
I

Vi
I

I
I

a l{
)

E,genQ
)

"Sc::
'E

~
.SQ

)

E1=

aC
\I

...~--_-
_-

Q
)

~ci.. Q
)

>ro~en

J!!cScoo



0
)

.S0.enQ
)

=:0
)

c:0roenQ
)

>0EQ
)

~==

~.:;•..~V
I

n~:.§V
I

l:::S~.:;V
I

~~;:,~th~.:;.•...
..s!~.§~N

')

N~~
Q

)
"0

~
'u;

.~
.9

l.J...
Q

)
"0'u;

..•...0c::
.9~u0l-o

=-B0
...c::~0~0

.:=~~"0
1"..

l-o
en

en
0

~
en

0
~

0..
u

en
...c::

-0
~

0
0

l-o
..0

::s
.5

0-0
en

u
0en

0
"'5

...c::~
0..

..•...
0

0
...c::

~
~

c::
..•...

0
0

8
"0

0

>
>

~
0

l-o
8

~
1"..

1"..
..•...

..•...
0

0
0

0
i,.;

>
>

c::
c::

~
~

D-
.9

.9
..8

s:
s:

•...
~

0
d.

r,},

::»
u

U
en

0
0

"'5
-0

-0
l-o

l-o
~

0

~
=-B

0..
~

;c
(13

(13
0

0
0

"'5
"'5

-S
0

-S
-S

..•...
8

8
.~

.~
0

'en
'en

•••
~

~
"0

0
0

(13
(13

...c::
...c::

•••
...c::

...c::
>

~
~

~
~

~
~

J5'
l-o

0
~

I&.
~

N

0
c::

...c::
.9

•...
~

..•...
U

0
0

0l-o
0

-S
"0

=-B
...c::~

..•...
>

0
b.O

0
(13

-S
c::

~
l-o
•...

0
c::

..•...
0

c;
0

0
~

~
8

c::
l-o

c::
0

.g
(13

0
u

"'5
8

(13

0..
u

u
0

0
=-B

u
en

l-o
(13

=-B
=-B

c::0
0..

..•...
0

0..
en

0
...c::

l-o

~
~

0
c::

0..
•.•...

.9
<J)

0
(13

cO
~

~
U

0
c::

c::
0

8
'C

l-o
'0

=-B
(13

0..
0..

<J)
en

0
0

0
0

...c::
...c::

...c::
...c::

.::..
~

~
~

cO
0

8
en

~
~

C
0

0
'C

en

..t::
0..

0
en

0..
eo

en
-0

<J)
c::

(13
0

0
(13

s:
l-o

...c::
~

::s
~

en
...c::

0
0

b.O
b.O

en
-0

C
'C

"'5
u

0
~

0..
vi

0
c;

(13

0
l-o

...c::
I

I

...c::
::s

~
0

0
~

U
..•...

>
>

..•...
U

0
(13

(13

Z
0

0
c::

s:
s:

0
"0

0
.9

d.
r,),

<J)

0
en

"'5
>

c;
~

~
0

-0
-0

0..

-
l-o

-0
8

0
0

~
•...

~
0

=
•.•...

c::
..•...

(13
(13

...c::
0

::s
0

"'5
"'5

~
c::

0
c

.5
8

..•...
..0

0

Z
.g

0
.9

Vi
<J)

'en
"0

l-o
~

(13

et:
u

<
u

s:
0

0
>

0
0

...c::
M

'-S
(13

l-o
en

l-o>:
~

l-o

•••
=-B

~
'-0

-
l-o

~
c::

~
..8

::s
0

•.•...
D-

o
'C

0
;.§

0..
•.••.•

0
...c::

...c::
f-<

0..
f-<

~
J5'

><
en

en

III
~

N

I-ZIII
:ED-O•••III>III
Q

c:JZ-Qet:III
II:II:III
:I:l-II:::»I&.

fAII:o:I:I-::»~III
()II:::»ofA

":';,:;



'(I).•..cCD.•..Co(,)

(I)

ECi

(I)
.•..cCDE!'5C"
CDa:

CDEi=

FioQ
:)

..0c=(1
)

>·50

d.9~CI3

E'-'
-E.5en
:.a~,.......o(1

)

Eoen

-0
t:~-

c=
o

CI3
CI3

.-
c=

(1)
~

V
)

-..c::
.1£

."
(J

)
•••••

i...~
en

(1)en-o
'-'

~
~

~.~
en

'-'
(1)

:::l
CI3

(1)
::r::

~
(1)~

:::l~
Cl.~

(1)
>

0...
..c::

en

~
<t:

>
>.

en
E

b.O
en

c=
o

CI3
~

0
c=

CI3

0
Z

~~
d..

o...u..9
cJ>

'-' ~



enII:
oZ•••::»CI:

c:JZ-QCI:III
II:
II:
III
ZIi:::»II.

•••ZIII
2a.o·..I
III
>III
Q

""'"
-o~

::3
>..

;
I

0
·S.

""2
C

J)
..0

g
""'"

ro
Q

)
>..

Q
)

ro
Q

)
ro

."
-0

--5
'"'"

..0
.,",~

,;.
Q

)

0
ro

>..
s:

.:-0
--5

.:g
""'"

."
.~

0..
0

::3

l:~~'{:
...•..•

Q
)

Q
)

Q
)

Q
)

'"'"
....l::

.'"
.~

>..
0

0
8

--5
>

'"'"
ro

."
."

."
..0

Q
)

0
ro

0
....l::

Q
)

u
..0

ro
8

s:
U

."
.~

."
:.a

0
.0

'.
-0

t::
."

Q
)

Q
)

ro
f-.

0
Q

)
ro

."
Q

)
rJ.J

'"'"
'"'"

..d
Q

)
U

."
'"'"

."
Q

)
U

'"'"
:s

--5
Q

)
""'"

::3
Q

)

""'"
u

E
Q

)
'2

ro
."

0
::3

-0
....l::

'"'"
.S

'"'"
0
.0

Q
)

...•..•
."

ro
'"'"

0
Q

)
s:

ro
~

.~
0

0..
>..

Q
)

0..
0

'"'"
Q

)
Q

)
'"'"

,,~
>..

0
u

."
S

U
N

....l::
-0

....l::
Q

)
""'"

V
)

."
Q

)
ro

,S
'0

:.a
'"'"

Q
)

Q
)

."
0

""'"
t::

"""'...c::
N

'"'"
0
.0

.~
""'"

""'"
ro

0.."",,,
0

f-.
.~

Q
)

ro
.~

."
ro

Q
)

...•...
~

-0
0..

t::
Q

)
en

...c::
."

-0
0

t::
E

."
--5

t::
.i::

>
:.a

Q
)

."
-0

""'"
8

ro
"@

--5
Q

)
ro

'"'"
Q

)
Q

)
Q

)
~

f-.
>..

--5
Q

)
'0

'"'"
0

t::
ro

u
~

""'"
>

0
..0

'"'"
s:

ro
t--..

S
....l::"

."
u

t::
0

V
)

t::
0

E
-0

""'"8
Q

)
t::

Q
)

~
V

)
Q

)
s:

""'"
0

\
Q

)

""'"
-0

s:
-0

>
..-t

U
rJ.J

::3
N

~
."

Q
)

fr~
>..

0
.;;

Q
)

en
V

)
Q

)
0

V
)

'2
Q

)
...c::

..0
8

....l::
-0

0
""'"

-0
Q

)
>

Q
)

E
V

)
0
.0

V
)

'0
ro

0..
""'"

ro
..-t

0
."

8
.~

C
0

~
N

0
8

en
~

ro
~

t::
0

V
)

u
'"'"

~
""'"

~
~

."
Q

)
....l::

;:3
""'"

V
)

Q
)

V
)

Q
)

en
0

V
)

;:3
>

:s
>

U
')

."
."

..-t
Q

)
N

8
'"'"

Q
)

s:
0

V
)

ro
'"'"

."
Q

)

~
~

,~
>

..-t
Q

)
V

)

~
t::

~
Q

)
;:3

-0
8

0
ro

=s
""'"

..0
....l::

..-t
E

ro
.".S

t::
Q

)
'0

0
0

."
s:

ro
:§

ro
ro

""'"
V

)
C

J)
--5

Q
)

""'"
ro

..0
...t:

0
\

:.a
'"'"

Q
)

""'"
Q

)
~

'"'"
t::

0
N

f-.
d..

ro
8

""'"
Q

)
-0

~
ro

."
'"'"

0
'S

'"'"
."

U
0

U
Q

)
t::

Q
)

~
ro

s:
Q

)
~

.S
u

>
8

Q
)

...c::
0

0
Q

)
...s

~
s:

E
...c::

Q
)

'"'"
...9

s:
...t:

0
\

."
ro

>
>..

C
'"'"

'"'"
Q

)
0

0
""'"

....l::
u

N
t::

Q
)

ro
""'"

;:3
ro

>
....l::

...t:
~

...•...
.S

Q
)

ro
'"'"

...c::
'0

8
ro

""'"
ro

a
""'"

0
.0

'0
."

."
V

)
0

'"'"
ro

'"'"
0

~
~

-0
.S

0
""'"

."
0

Q
)

Q
)

V
)

C
."

t::
o~

Q
)

""'"
~

Q
)

""'"
Q

)

t::
Q

)
"""'0

u
0

""'"
'"'"

0
~

--5
..0

C
J)

..0
'0

~
..-t

."
.g

-0
0
.0

0
'"'"

'"'"
0

ro
0..

>
>

-0
0

'"'"
V

)
'0

Q
)

Q
)

Q
)

t::
t::

-0
.S

ro
0

>
-0

.S
0

\
N

>..
Q

)
'"'"

..-c;
-a

-a
~

s:
~

."
;:3

t::
t::

Q
)

C
>

Q
)

Q
)

8
~

Q
)

."
o

..N
t::

8
ro

...c::
...c::

Q
)

Q
)

0
Q

)
0

>
0

>
0..

.-
u

""'"
0

'0
ro

0
.0

-0
s:

."
Q

)
~

>
::3

ro
""'"

s:
.;;

....l::
ro

....l::
Q

)

C'"
0

ro
Q

)
."

."
s..r

'"'"
0

:.a
""'"

."
Q

)
."

>
..0

..0
-0

Q
)

."
'"'"

>......l::
Q

)
;:3

Q
)

Q
)

~
d..

0
Q

)
""'"

'"'"
ro

Q
)

•••
--5

.•..
s:

-0
'"'"

""'"
u

--5
...•...

N
."

'"'"
..0

."
Q

)
U

~
s:

-0
."

."
Q

)
;:3

...•...
>

:.a
;:3

t::
Q

)
C

-a
'"'"

ro
Q

)
0

Q
)

ro....l::
-0

:.a
8

Q
)

0..
-0

'"'"
0

-0
rJ.J

en
;:3

Q
)

-
....l::

...c::
...c::

'"'"
-0

0
.0

Q
)

-0
Q

)
....l::

F-<
Q

)
Q

)
U

N
ro

0
Q

)
u

'"'"

>
0
.0

."
."

..8
t::

;:3
'"'"

t::
."

0
>

""'"
u

~
Q

)

c~
8

-0
....l::

>
u

u
;:3

~
>..

Q
)

;:3
0

C':l·c
ro

E
a.J

t::
'"'"

....l::
t::

."
ro

0
.S

0
'"'"

0
'"'"

>..
t::

s:
."

Q
)

ro
""'" .-

""'"
Q

)

~
-

0
"",,,..0

...c::
""'"

C
a

u
Q

)
ro

Q
)

Q
)

•••
'"'"

'0
..0

'0
'0

""'"
rJ.J

~
ro

-0
...•...

>..
....l::

'"'"
'"'"

--5
~

--5
Q

)
""'"

:.a
;:3

Q
)

'>
0

0
..0

""'"
d..

0
U

')
0

...c::
0

-0
0

0
..0

0
'"'"

,~
~

u
u

""'"
(.)

Q
)

~
0..-':::

~
'5h

~
-0

0
u

Q
)

Q
)

-0
...•..•

...•...
~

--5
Q

)
t

E
t::

.S
""'"

."
>

0
0
.0

'"'"
0

'"'"
-0

'"'"
>

t::
>

'C
>

0
\

Q
)

."
ro

Q
)

.S
Q

)
Q

)
t::

CI:
0

-0
ro's

ro
N

--5
;:3

..0
s:

."
""'"

""'"
Q

)
t::

ro
s:

0
Q

)

a
Q

)
Q

)
~

t::
'2

."
."

;:3
u

>
a

>
0

>
d..

s:
'"'"

...9
Q

)
ro

.S
."

.•..
t::

Q
)

8
u

Q
)

0
.0

'"'"
0

t::
ro-

."
ro

ro
0

-0
Q

)
Q

)

."
."

~
Q

)
0

--5
0

Q
)

III
c

'"'"
~

'"'"
t::

s:
."

s:
0

Q
)

-0
0

Q
)

Q
)

Q
)

'"'"
Q

)
."

Q
)

>
Q

)
0

0
ro

ro
d..

0
'\

....l::
~

::3
'"'"

...c::
""'"

....l::
u

....l::
u

....l::
..0

....l::
ro

1::
rJ.J

F-<
F-<

f-.
Q

)
f-..S

f-.
f-.

s:
Z

Q
)

~
C

J)
t--..

u
....l::

N
~

en
~

ro
'"'"

ro
-0

'"
•••

;:3
s::

~
...0

u
""'"

~
N

-.i
C

J)
-

r")
r")

r")



(;t5Q
)

-e-o.
"0CUQ

)
.c03>o

.cen:.cCQ
)

>o II

\
oS"0Q

)

~~o.:.c
"0

_
C

0

m~O~03
0

~CUQ
)

.0""'d~<I.)
..c'-<<I.)>o<I.)
..c.•...t::o<I.)
u~0..

•••• ••>-I-->-I-()C zo-= II:I-enZo::e1&1
Q~Z=1&1•••a-a--~

(;"0Q
)

0e-0
.

"0CUQ
)

.c03>o

\cQ
)

>
"0

o
~

'-
'-=

Q
)

0--~"!"cuCro::
CU.c.c
~.g~
0
.--

0
."0

0;::

enII:o:z:I-:»~III
()~..::»oen

QZ:»oII:
~~()CI:III

~Z-QCI:III
II:II:III
:z:l-II::»II.

('\..
lU"""oUlU

..t::~.~

.s

en••CCD••Co(,)



1"..CQ
)

'-'
tt==BQ

.)

..0V
l

::l
=BCI:l
'-'Q

.)

'-'ouQ
.)

-5...•...o~CI:l

·EV
l

Q
.)

""'l:j'-'ouQ
.)

'-'
""'l:jc::CI:l

Q
.)

'-'ouQ
.)

-5...•...oQ
.)

N·Vi

V
l

Q
.)

>CI:l
~c.hQ

.)

'-'Q.)
...c::~Q

.)
u~'-'::lV

l

...V
l

...c::•...'-'CI:l
~

Q
)

...c::•...
...•...o•...'-'CI:l0..

Q
)

...c::•...~c::oN~o""'l:jCI:l
...c::V

l

V
l

Q
.)

>CI:l
~

•...::l
..0'-0....-4 V

l
Q

.)

>CI:l
~

Ec.h
o-..:::V

l
Q

.)

>CI:l

~V
)

aCI:l
'-'0.0CI:l

=BQ
.)

-5...•..•o0..
o•...Q

.)

-5•...CI:l
c::~o...c::V

l

c::
.g·Vio0..

Q
.)

...c::•...•...CI:l
""'l:jQ

.)

'-''-'::luuoV
l

CI:l
...c::Q

.)

~CI:l
::l0

"
-5'-'CI:lQ

.)

'-'o
.~E-<

Q
)
c

Q
)

0
>

N
co

;:
;:

0
Cf)"g.cen

(/)
Q

)
>co;:Cf)

(/)
::lo.E

•...Q
)

Q
)

...c:
.xJ'-'o~Q

.)

~c::o-0Q
.)

V
l

o0..
V

l
c::
.gV

l
Q

)

::l0
"

Q
)

~8V
l

'-' Q)~V
l

c::
-< 1"..Q

)

'-'ouQ
.)

~.~

zo-= zca:••••a.><1&1

i\.1&1
II:
oU1&1
Zt-In-1&1
II:
1&1
Zi=••(\4

~->-~



III
en-u~III
><III
Z~III
•••= a;;u-•••IIIZ(:JC2

en
t;

1llci5
-

c
•••8
-

0
>

v
--£
•••.5
U

In

C
.~

III
~

Z~...
~

I
CDa.ctla.
oQ

)

~"a.

oN

(It
CD

E
E

Cii=

lJcCDE!oSa"CDa:

(It
••cSco()



V
'l

t::
ogrov..soEoV

'l

"""
-.8

£0935!:l
aas

Plol

II:
oZI-~~1&1
(JII:~oen

I0
•
•
....•

v
O

t::
.•....•

o·uV
)

-0~rot::
:.a"""o6S.J

~Z-QC1&1
a:a:1&1
ZI-a:~II.

t::roovoo--S..•...o

I-Z11.I
:Ea.o•••11.I
>1&1
Q

a.~~o••••••oII.



II:
o:I:~::::»~III
()II:::::»ofI)

o~u~0..
(J

')1-0
ot=t=-.soNoo;:j
C

"
(J

')

.•...
...t::0.0
f.:::

~Z-acIII
II:II:III
:I:~II:::::»u.o...t::.•... EuN..•...o...t::.•...0..
o-c:l~o.•...

-c:lt=~V
)

...t::.•...
.r;:1-0
o-c:l
.s>..u0.0
t=·c;:j
V

)

~oE

~oo...t::V
)

~
1-0

~o...t::.•...
.st=~o...t::V

)

V
)

~1-0
o-c:l
.s>..uo...t::.•...
..•...ooV

)
~..co...t::.•...

..•...o~u~
.•...

o
1-0

...t::
~

.•...~
~

.s
~

1-0
""'3

0
u

~
ca

V
)

u
@

o...t::.•...
..•...ol=Q

o...t::.•...1-0
o.•...t=~

>~->-~()CIII
:I:~

~ZIII
:IA.o•••III>III
a

.~

euooo0'"
o,..-.tC)Eooo,..-.tE

]
~

0
,..-.t

,..-.t

.~

.~

rn••cCDEe'30"CDa:

rn
tn

CD
1:

E
E

S
<

i=
coU



.•...~~~
•...

V
I

~
CO

"t:
•..•..

~
0

"0
•....

\.)
~

~
E

•....
~

~
~

•....
~

~
•....

...c
.•...

~
•..•..

~
...•

<0
~

~
:J

"
~

rn
~

~
rn

,
E

Q
)

~
0

a.
"

<.J
0

\.)
,

-0
.•...

~
..c:

,
c

~
~

a.
'•....

as
.•...

rn
~

Q
)

"<:t
'0

0
~

"0
•..•..

~
0

'0
•..•..

..c:
~

-.t::.
..c:

•..•..
a.

~
~

a
.

•..•..
Q

)

.:;
as

C
l

(5
,

~
~

~
.'

Q>
V

I
C\I

~
~

•..•..

.~
"0

~
,

_
c:

0
=

~
c.o

"
~

Q>~
~

,
~

.•..•
O

J
.§

~
•....

V
I

Q
)

C
~

~
Eo>::

\.)
.§

,
~

as
:J

~
0

~
'6gJ

\.)
C")

LO
C\I

LO
LO

0
V

I
~

~
Q

)
~

~
d

C\I
d

d
0

~
E

~
V

I
d

d
d

~
cD

T
-4

~
.•...

:J
C

\l

~
~

..2
rn

E
~

~
~

rn
~

0
Q

)
Z

~
~

.•...
a:

~
~

~
~

~
~

~V
I

~

...d0..(1
)

-0o•..c::
.g•...o0..
o•...0..
•..u(1

)
•...

:.a.5V
)

(1
)

V
)

~(1
)

•...u.5(1
)

•...::lV
)

V
)

(1)
•...

~

zo-= Z~•••D.><III

D.:»== o••••••oI&.

~c::E::l
"0uci

\.!5c::E::l
"0uC

l

II(1)
•...::lV

)
V

)
(1

)
•...0..

l.r)

c::E::l
"0uC

l~

v)c::E::l
"0uC

l

.~



•

-
l
-
l

::>a..

<Da.
a.--
ro

o
a

.

>I-->-I-U4II.t::I:I-

.9-g~a.ro
~.o
oX:

"0

o
~

o
ro

-
0

.0.0
c
"O

Q
)

~
"O

ro
o

0
o::=

a.
oX:

.~
0

-
o

en
-

"0

.o~
c

ro
Q

)
0

"000
-

0"0
::=

Q)x
;,;::

c::roc::o-0C1)
V

l
ro..0

II:o::I:I-:»~II.tUII::»oIn

QZ:»oII:
c:J~U4m c:JZ-Q4II.tII:II:II.t::I:l-II::»I&.

-;u"5ho"0Q
.)

9orJ)
rJ)

~>.•..."Vil-<Q
.)

>"2::>c:Q
.)

0..
o

(I)
.•.cCDEeoSc:rCDa:(I)

(I)
CD

"a
CD

.••
E

E
C

D
':

c
0_

0_
E

CD
.!

c:(
to-

:J-
C

(I)~
o

(1)0
(,)

c:(
c~



en'E
Q

)
Q

)
o.E

Q
)

ro·-
>

0
."0

0
Q

)
Q

)
.0

:l
en

ro
en

•.••
C\J

en
0

-Q
)

,....:
~g

w
"0

ro
.•...

c:
~

Q
)

Cii
0

~
:l

en
••

NQ
)

:l
0

C
>

O
J

"0
c:

0
.

u::
O~

t
E

'E
c:

en
Q

)
:l

ro
~

en
.0

>
.

Jg
~

Q
)

Q
)

a.
"0

£:
l:\)

~
'6

~
Q

)
.•...

en
.0

.£
~

a.
ro

~
.;::

Q
)

"0
l:\)

e-
m

en
Q

)

·E
;:;

~
"E

Ci5
Q

)
t5

.8
ro

£:
Q

)
\.)

~
~

2
::=

::
.•...

::
0

en
c:

ro
\.)

""l:j
c:

0
l-.

l:\)
0

:l
0

O
J

.•...
'?

0
...c

£;
(ij

~
V

)

0
en

c:
~

V
)

it::
c

Q
)

'E
'm

l:\)

..c:
0

0
V

)
l:\)

.•...
Q

)
Q

)
.0

\.)
0

~
.£

0
-

'c
E

l-.
~

en
ro

en
~

\.)
~

c
0

Q
)

'6
~

.::
l:\)

0
~

0
Q

)
0

~
~

0
0

en
e

r-..:
?-.

r-..:
.~.•...

~
l-.

~
\.)

l:\)~
l:\)

~
l-.

~
l-.

.•...
::

::
V

)

.~
::

.~
~

0
0

~
..t:)

~
\.)

..•..
c

'"
v

CQ
.)

-0
='

.5
0

v
C

E
-0

Q
.)

0
0

...c:
E

u
~

C
'-'-0

Q
.)

Q
.)

0
~

'"
~

'-'-0
Q

.)
'"'"

0
'"'"

C";!
0..

0..
Q

.)
Q

.)
...c:

'"
'"'"

C";!

V
u

...0
:..2

Q
.)

-0
~

~
0E

.....
E

'"'"
-0

0
='

Q
.)

0
...0

-.t:
>.

C";!
:3

'-'-0
Q

.)

0
'"

.....
0

~
Q

.)
-0

'"
'"'"

...c:
~

~
Q

.)
'"'"

~
u

.g
...c:

C";!
t::

='
~

0..
0

-0
'"

Q
.)

...c:
...0

..=:
b.O

C
0

u
='

~
:..2

Q
.)

'"
Q

.)

E
b.O

'"'"
'"'"

~
Q

.)
Q

.)

:.a
t::

...c:
'"

·cu
~

0
E

Q
.)

u
'"

..0
0..

C";!
'"

.~
-5

>.
'"'"

~
t::

b.O
t::

~
C";!

C";!
Q

.)
'"

:.a
'"

C";!
-0

Q
.)

Q
.)

0..
'"'"

E
Q

.)
'"'"

C";!
0..

0
...c:

Q
.)

Q
.)

u
u

~
'"'"

~
t::

~
...c:

V
Q

.)
:a

0
~.~

-0
'"'"

~
t::

0
Q

.)
Q

.)
0

v
E

...c:
...c:

-0
~

~
-0

'"'"
t::

"'",
0

='
C";!

0
~

E
0

Q
.)

t::
'"'"

~
Q

.)
>.

C";!
t::

'"'"
'-'-0

~
='

0
Q

.)
t::

·C
0

...c:
Q

.)
t::

>.
~

~
b.O

0
'"'"

Q
.)

C";!
'"

~
u

'"'"
0..

C
""3

0
C";!...c:

Q
.)

0..
o..u

'"
~

Q
.)

~
E

.-
'"'"

~
o...c:

0..
o

Q
.)

u~
Q

.)
Z~

'"'"

V-00
d

E
.g

'"'"='
uQ

.)
0

'"
>.

'"
'-'-0

'"
.....

0
0

E
'"'"

~
u

C";!
'"'"

Q
.)

.5
b.O

...0
C";!

C";!
Q

.)
:.a

Q
.)

:3
'"'"

~'"
='

Q
.)

'"
0

~
~

>.
0

t::
..2

.5
0

v
-0

"'",
Q

.)
-0

~
C

0
t::

E
Q

.)
Q

.)
'"

E
'"'"

Q
.)

'"'"
:.a

='
0..

0
Q

.)
Q

.)
>.

'"'"
~'"

~
Q

.)

Q
.)

C";!
'"'"

~
...c:

C";!

~
N

0
~

r'
~

a.
'"

0
~

t::
...c:

Q
.)

~
Q

.)

'"
'"'"

0..
8

='
0..

b.O

~
C";!

~
...c:

E
'-'-0

~
C";!

Q
_.

-
0

C";!
'"'"

..
,

...c:
b.O

~
~

C";!

•••
:.a

'"'"C";!
Q

.)
0..

•••
...0

C";!
·C

...c:

0
u

~
u

'"
C";!

:a
II.

Q
.)

'"'"
~

0
0

zo-!;zCI•••a.><III

'"' Q
.)

>o0..
='Q.):-gv
;

•••ZIII
:Ea.o•••III>III
Q



a:o:z::I-:::»~III
(.)a::::»oIn

<:JZ-aCI:1&1
a:a:III
:z::I-a::::»LI.

I-Z1&1
:Ea.o•••1&1
>1&1
Q>I-->-I-(.)CI:1&1
:z::I-

vi(1
)

oc::(O
J

u-0>::0

a.:::»;:o••••••oLI.

az:::»oa:<:J~(.)CI:m

UJ
UJ

1:
E

!
:i

co(.)



.~

zo-= Z~A.><III

••
(':$

c::
E

Q.)
bO

E
(':$

~
E

o
Q.)

E--S



s....:
<U

....c:o....c:u~<U8<U

·5~v•...en""'"c::<U

.5""'"c::ou•..•....oenc::
.g.u;o0..
0.0
c::

'51c::~...s::::u<U

.s<Uen
'20.0
oU<U•...

en
en

en
(1)

(1)
(1)

(1)
(1)

(1)
•...

•...
""

0.0
0.0

0.0
(1)

(1)
(1)

-0
-0

"'0

0
0

V
)

0
'\

r--..
"¢

-0
•...

-0
""

-0
•...

c::
8

c::
0

c::
0

~
~

""'"
~

""'"
C\S

~
~

0
=

V
)

=
0

=
r--..

cr
"¢

0'"
rt")

cr
en

~
en

~
en

~
(1)

(1)
(1)

(1)
(1)

(1)
-0

.s
-0

....c:
-0

....c:
=

·5
""'"

.E
""'"

.:=
•..•....

...•...
•..•....

""'"
0

0
""'"

0
~

~
~

...s::::-
....c:-

....c:
c::

::;
c::

::;
c::

""'"
(1)

(1)
(1)

='
(1)

0
(1)

0
(1)

0
:::

en
:::

lI'J

~
lI'J

""'"
-0

""'"
-0

-0
(1)

c::
(1)

c::
(1)

c::
...0

~
..c

~
...0

~
-0

...s::::
-0

...s::::
-0

....c:
c::

•....
c::

""'"
c::

""'"

=
""

=
""

=
•...

0
0

-.8
0

0
0

•..•....
c::

c::
•..•....

c::

c::~(1)

~
c::~

~
•...

""
""

(1)
~

""
0..

:.a
~

e
-0

(1)

P-.
~

~

vuc::(1)

::s0'"
(1)
en

>I-->-l-t)~1&1
ZI-

-0c::~
~en0

-0
o

0
...0

'C
•.•••••

(1)
o

0..

"'@u's..ob

Q
J

"'0::s
.t;:•..~

...s::::

-=
""'"=

•...
0

~
V

')
~

0
s::

0
0

0
C

"I

s::
.9~u..90-0

()
~lI'J
•...~(1)
;>-.

..•..0lI'J

s::
a

0
0

0
0

0
0

0
0

0
's

0
0
0

"¢
0

I.r)
C

"I
r--..

0
I.r)

0
V

)
rt")

rt")
rt")

C
"I

C
"I

~
......-t

(1)

.5•..--;u'5'00"0(1)
0
()

(I)
(I)

1:
E

!
4

co()

:9l-<

~
(1)

..a•....•...00..
~::E

cU
-;u

"'0
'60

B
0

'60
-0

c::
(1)

..9
~

"'0
0

c::
r.n

~
r.n

E
(1)

~
"'0

>.
=

=
.:=

8
.:=

r.n
•..

l-<

'2
~

(1)
;;.-

·s
..•...

'2
0

~
r.n

(1)

~
b.Q

c::
=

"'0
(1)

c::
(1)

0..

·s
~

0
0

(1)

0
c::

..a
\0

~
E-o

CI)"CI)j!!
E

Cl)O)c
E"

CI)
i=

:J.!
E

=~
!

c(
0

.-
C

:J
.:II:

l:TCI)
a:



'" eu
'"

eu
eu

~
eu

b.O
~

eu
b.O

"'0
eu

0
"'0

M
V

')
"'0

~
.,..-t

~
c::

0
"'0

0
~

•...
c::

•...
~

~
V

')
::s

~
::s

.,..-t
C

"'
0

C
"'

'"
~

'"
~

eu
eu

eu
eu

"'0
...c:

"'0
...c:

::s
•...

::s
•...

ot::
..•...

ot::
..•...

•...
0

•...
0

~
...c:

~
...c:

c::
•...

c::
•...

eu
::s

eu
::s

eu
0

eu
0

~
'"

~
'"

•...
"'0

•...
"'0

eu
c::

eu
c::

..0
~

..0
~

"'0
...c:

"'0
...c:

c::
•...

c::
•...

::s
~

::s
~

...s
0

0
0

c:: ..•...
c::

"'0°C~Os
c;

eu
"C

U
')

B
- "'0

~::s
°C

C
"'

<
~

•••Z1&1
:ED.
o•••1&1
>1&1
a



..•..•o<u0..
C

>.til
""0o.•...en<ut::oN<utn<u
-S..•...ot::
.g~u...9<u
-S<u<uen8en~~t::~<uen:::l

~0~
a>

a>
0

0
0

~
c

c
~

a>
a>

a>
::J0
-

::J
0

~
a>

0
-

c
en

a>
en

a>
~

en
a>

::J
x

c
-

o-
~

0
.-

cu
a>

~
e

~m
en

\,.)
a

c
E

.S
v:l

cu.Q
a.

a.
~

~
L

:
O)CU

~
0

§<!J
~

c
~

~
en

a>
0

2
"0

"0
"0

'00
'c

"0
c

::J
cu

~
en

0
en

.~
"0

E
ena>

~
c

E
c

~
cuen

en
cu

0
~

en
a>

0
)

u;
~

c
c

"0
a>

~
Q

)
0

'
-

c
c

_
c

cu
'--

>
en'cu

0
cu

en
u;

0
en

a>-a>
"0

E
c

c
"0

~
=

8
0

~
c

\,.)
c

cu
;:

m
~

~-m
en

~
"0

"0
;=:

0
o~E

a>
~

~
O

O
:.::i

a:
~V

)

~
\,.)

o~"0~

~~

0.0~~~
0•.••0.0

0
C

t::
CUo-

~
'E.::l

~
0

omS
~

"en
·enQ..

~;=:
en

~
~

~
~

::J....,

<U'"'::;j0.0
i.i:
.5<U

u5
:0

<U
~

t::
.

•
.

.
•

0
<u

N
-S

.g
~

til
""0

E
B=-=
en

U

>-~->-~()CI1&1
:z:~

u
oB

•...
a

t::
""0

<U
~

·0
vi

0
~

t::
...t:

en
.•

t::
.9

u;-
·C..c:

0
~

~
U

<U
""0

u
en

t::
0

""0

::;j
::;j

'"'
t::

'"'...e
<U

~
0

u
-0

...•...
'"'

<U
oB

::;j
~

a
.5

0
8::

en
;.=:

""0

'"'
<U

0.0=-=
<U

..c:
•...

t::
::;j

~
V

)
0-

..0
~

~
I

-0
~""O
a

~
en

0
0

'"'
..c:

>.
'"'

>.
~

u

'"'
'"'

b
°3

V
)

.•......e
-

en
en

0'"
:>

::;j
<U

::;j
~

""0
.•...

""0

C
""0

.5
~

.5
0.0

~
'"'

"'"@
<U

"'"@
.•...

d
~

'"'
'"'

0
s:

u
0.0

u
0

·s
0.0Os

0.. .5:0
""0

~
u5

o§
Q

)
~

<U
~

<U
"'"@

'"'
0.0

..c:
u

..c:
>.

·C
en

-0
t::

u
0

u
'"'

<U
'"'

<U
~

.•...
~

<U
Q

)
.•...

.•...
en

...c::
""0

-s
.•...

~
u

·C
~

•...
.•...

<U
.•...

ob
a

~
~

ob
.•.....c:

05
0

'"'
u5

0.0
en

0..
t::

0.0
""0

<U

~
~

t::
t::

:::l
Q

)
ob

""0
:§

t::
t::

...c::
0

:§
.-

'"'
tn

t::
t::

:§
~

.•...a:
~

:9
u

:::l
:§

·3
'"'

~
'"'

·3
~

~
'"'

°3
0.0

'"'
..0

°3
<U

-a
0

..8
0.0

~
<U

..0
..0

t::
0

°3
t::

..0
0..

t:l-.
~

...•...
'"'

s:
:::l:z:

-0
'"'

'"'
..0

J2
0

'"'
~

0
0

.>
~

...•...
..8

en
0

...•...
...•...

'"'
~

en
t::

0
~

..0
..c:

tn
<U

0
:::l

..8
a

<U
.;

.•...
""0

u
<U

'"'
...•...

~
t::

t::
0..

'"'
en

~
t::

>
C

""0

::»
<U

V
)

8
0

..8
<U

8
<U

en
'"'

U
~

0
.>

.•...
.•...

t::
°C

en
'"'

0..

~
~

en
en

t::
u

<U
<U

"'"@
8

<U
0.0

a
a

""0

.§
<U

..0
o§

en
""0

t::
a

0
en

'"'
""0

~
::;j

en
a

~
<U

U
""0

0
t::

u
0..

1&1
~

~
en

en
U

en
t::

•..•...
u

~
0o~

s:
'"'

~
'"'

()
""0

:::l
0.0

:::l
en

en:E
""0

'"'
~<..?

<U
0

t::
0

>-
t::

<U

'"'
'"'

J2
'"'

""0
~

-0
~

-s
Q

)

a:
.•...a

<U
~

<U
U

.•...
:§

Vi
t::

..•..•
'"'

0
en

~
~

~
·2

~
°2

t::
...•...

s:::»
..c:

'"'
°2

a
u

u
o~

0
U

<U
0

0
'e:;:; 0e:;:;

'"'
u

s:
en

<U
~...c::

0
~

t::
0

..0
Jd'

..0
en

en
en

""0
t::

u
en

-5
en

>
'"'

'"'
~

~
~

:a
'"'

'"'
0

~
:a

t::
<U

~
·0

til
i5

::;j
::;j

::E
::E

0
'<

~
0

U
tn

U
•......•

•......•
s:

f-

CI)E~

~Q
)

EQ
)

>oEof!cSS()



0)oe:0):J0
'

0)(/)

'00)(/)

roCD

0)oe:0):J0
'

0)(/)

.~0
-roCJ

(/)
0)

~0)Eoene:oo"0e:ro(/)
0)

~oE
a5

:§5-
3:5l
O

le
:

e
:'-

:;:;0
-

romECJ
2eucDe:o(j)

"0e:ro(/)
"0~'0(/)

Q>>.ro....J

0)e:oen"0e:ro(/)
"00)
II:

0)oe:0):J0
"

0)(/)

.~0
-roCJ

~
(/)

~
~0

m
ro

e
O

l
m

~
~

e:
e:

~
C")

O
'l

ro'w
0

<0
.0

'0
.~

r--
C")

e:

~J
'S>

E
e:

l!)
ro

0
ro

'c
e:

"E

~ :§
ro

0
-s:~·.

:2
0

E
>0)

ro
0

U5
0

0)oe:0):J0
"

0)(/)

.~

0)oe:0):J0
'

0)(/)

.~0)O
l

e:ro..coe:0)
(
/)

"
'0

0
)"'0

e:
:J

OCf)
(j)

"0e:ro(/)

..co"'rNtro:Ja

0)

eueu
O..c
o

(/)
-

"'0
o

e:
~

ro
0)

0)
>

.e:
ro

0
>-en
e:"'O
ro

e:
~m

0)~roo(/)

~0)>.
~euoo

<U•..ro.5o

<U
..0
-a:;o..cV

l

<U

JSS

<U

-5'-'-0oc::
.g<U

0..Eouc::
o

I-Z1&1
:ID.o..I
1&1
>1&1

'Q



><
0

)(
0

X
0

)
(

0

Q5rn=
rn

0:::
CD

:J
O

l«
l

"
0

-
"C

E
~~.-

rn
"0

c:
«
l

«
l

CD
••••

a.~
W

oO

1ien:JUU"c«lCD8en:JUiijECD.5Eo()

rnCD
rn

.l<:
CD

«l
o

3=:J
1ij,gg"
.2~
~-£5CD
•·'.·'.·'.o

CDc:
CD

0
c:

N
o

c:
N

0
c:

U
o

:J

~:8"0
:J

(
)

W

w~...Ja-u~a:~z«w~...J
a-U~a:~z«

•
•

•
•

oo<0 oo~ ooooC\I

:g
00

0
CO

~~~'--0~;:~

I
.~'0

w
~~

0

~
0

...J
0

~
a-

:.
V

)
..-

V
)

u
~

.'
u:

?-.
..-

(3
.t::

0

•
~

0

~
~

<0
~;§~

0

~
0

C
l..

CO
0~~

0

;:
0

0
<0

-.t:..~~~~~-i::.~~~~0-c~~C
l..

~~~V
)

~~~
0

~
0

~
CO

~~~vi'
0

~
0

0
<0

~]0;::.
0

'--
0

0
~

V
)

~
'0

.~.•...
-

~
0

0
-C

0
CU

.~
C\I

W
.•...
.~~

t ~~
00

~00~
~

~~r



c-'6>
wiii
~EgO)
a:Cii
o
c..

~.~W
u

0
2

o
U

ico.3

aa

(< <(

< oJ::UC0)

~

,
4

.1
,~

"I
«

«
..//

t
I

«(
<

/
.~

<
l

(
i

<
<

J
'\

<
J

(-
,

i
{

J
i

~
·f

«(
(

(

~,
((

0)
0

>
c

U~«0>

oJ::UC0)

~

Ero0,ro(5

0)
0

.~
~

u
-

«0>

~l-.
0~-:B.~§.•....I,..)
~.•....
~~~~~0l-.

-s:::.•....
~~~l-.

~~.~~...c?-.
'::::~V

)

~l-.
~tj

~~
V

)

-:B
"0

l-.
'::::

c
u

~
CO

iii
1!?

~0-s:::

.~
0)

0>0>
.•....

.s:g
~

-g
.!:2

.•...
0)

c
V

)
•••

CO

~
0..0)
(J)u0

~~.~~oo::t:
NcO~~l-.
~.~~



.'-.

'0C
)

co

O
~

-
Q

)

0~en
.Q

«=o::~
~oo
'"5o~

oeng,
o

co
«

~
-

Q
)

o::~
i-

.Q
-...=
Z

E
«~_

C\l

:="50::.8
W

~
a.

'0C
)

co
Z

~
«~-

c
Z

.Q
0
=

>~W
oo

e
M"5o~

0
'0

::1.g>
o

~
0::

m
W

~
u.

g
-

:::

ZE00m~0::"5
«.8
O~



CJ)
«a:

z
w

(
)

«
....J

(
)

(
)

0
a:

«
0

CD
(
)

N
(5

N
::!E

a
0

N
0

«
w

0
z

0
~

(
)

....J
W

CJ)
W

0
«

w
~

a:
w

()
::!E

0...
CJ

to::!E
It)

0
It)

'<t
•.•..

eo
C\J

It)

CJ)
0

CJ)
0

::::>
a:

>-
CJ)

0
w

a:
::::>

a:
z

0...
«

0
w

«
>-

(
)

LL
Z

(3
Z

....J
Z

W
(
)

Z
Z

«
z

«
«

a:
a:

0
U5

U5
«

Z
«

:>
a:

0
w

«
~

CJ)
~

0
a:

0
a

~
i=

«
CJ)

CD
0

CD
a:

w
a:

«
a:

a:
>

::::>
0

::!E
0

::::>
w

a:
::::>

a:
w

«
w

....J
a:

«
....J

a
~

0
....,

~
0...

0
0

U5
0

0
0

",
"

I'
.

W
..":,'

CJ
;C

t!
~

eo
co

It)
0

('I)
O

'l
O

'l
0

0
It)

'<t
0

~I
O

'l
eo

0
('I)

Ii)
•.•..

C\J
eo

...-
C\J

C\J
('I)

'<t
'<t

It)

~l
to::!E0It)

to

~
~

.,
.

00.-
"

'\1
to::!E0•.•..

~~•~

to::!E0It)
C\J

to
to

~~
~0C\I

.('1)
C\I

to::!E

••
0co

~

('I)

~
to

to
::!E

::!E
0

~
0

'<t
0

('I)
It)

('-.

'-\
I

I
I

I
I

I
I

I
I

I
I

zoeo

zoo('I)

30n
lllV

l



~
z

~
z

z
z

0

0
0

0
0

0
0

0
0

<D
U

')
~

C
')

C\J

<5
apnm

el
1ti:J0

-
W

C
"0

coQ
)

o~

Q
)

c
ro

1ti
~

"E
0g

(p
2

Q
)

a.
'6

=a
1U

E
:J

Q
)

"~
0
-

2
E

Q
)

enQ
)

]!?.c~~Q
)

:515enQ
)

"0.3~(pE<5u..

• enQ
)

coNo~oSC3.9>.Q
)

~



'" o" C•...o..s:::
o

~r~Cc
80","'"
0
'"

eo:.:::.5
.g:;
:.:::~

0..s:::
0
",

'" ""'CI;:l

e""'CIc<Il

'" ""'CICi;l

'" •...o>.;::
-0

",
c

•...
<Il

••.•
_

0c~O
""'CI

vic:u::::0
Z

Z
~

Z
N

V
'l

Z
V

'l
V

'l
V

'l

.~
0

0
0

0
tr,

~
0

0
~

.•...
0

a-
I'--

"t"
rt')

I::S
""'CI

I
a-

t
I'--

I
"t"

l"f)
I

.§
·E

z
~

~""'CI~
Z

~
~""'CI~

Z
\S

o
""'CIo

o
""'CIo

~
<Il

oco
..,.,C..,.,

o
co

..,.,c..,.,
.•...

.....l
I'--

<Ill'--
"t"<Il"t"

rt')
':'<

ll"f)
•••••

<Il•••••
.....

::::c:u~~~•..••....
c

~
0

<Il
V

)
0

.~
~

C
<Il

~
<Il

'8
.•...

<Il
t:

.~
~

•...0
~

0
8

~
<Il

~
c:u

.5
•...

0..
:.0

<Il
.•...

<Il
e

~
;:l

\..)
'0

cu
<

0
'

~
'0

~
~

::E
t.Ll

I::S

'"S~'5<>0-0c:u
l?,......
c:i
,......
l:.l.:lc:u~~.~~



a
60005000

la. Draw vertical dashed lines across the graph to show where S-wave velocity
changes suddenly.

b. Label each of the zones between the lines to show how S-wave velocity changes,
for example write, 'wave velocity decreasing'.

2. Why does the S-wave velocity drop to zero at a depth of 2900 km?
3a. In what way is the P-wave velocity plot different from the S-wave velocity plot

between the Earth's surface and 2900 km depth?
b. In what way is the P-wave velocity plot similar to the S-wave plot between the

Earth's surface and 2900 km depth?
c. Draw vertical dotted lines for the area below 2900 km to show where P-wave

velocity changes.
d. Label each of the zones between the dotted lines to show how P-wave velocity

changes, for example write 'wave velocity decreasing suddenly' or 'wave velocity
increasing gradually'.

4. Use the information provided on the graph to mark and label;
1. the crust; 2. the low velocity zone; 3. the mantle; 4. the outer core; 5. the inner
core.

s. Summarise in the spaces provided on the diagram below the properties of the
different layers. The low velocity zone is not shown and the properties of the
crust have been completed for you.

P- and S-waves pass through the
crust, so it is solid. On this diagram,
it is shown thicker than it really is,
so that it can be seen

WAVES IN THE EARTH

a a 1000 2000 3000 4000
Depth (km)

Seismic velocities plotted against depth below the Earth's surface.
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57
40 38 36 34 32 30 28 26 24 22 20 18 16 14 12

Degrees west longitude

Station North Latitude West Longitude Magnetic Field Symbol Age
Orientation (Ma = million

years)
1 58.0° 28.0° Reversed X
2 58.0° 29.0° Normal 0 10Ma
3 58.5° 29.5° Reversed X
4 58.5° 3LO° Normal 0 Present
5 59.0° 3L5° Reversed X
6 60.0° 32.0° Normal 0 10Ma
7 6LO° 33.0° Reversed X
8 60.5° 3LO° Normal 0 10Ma
9 60.0° 30.0° Reversed X
10 60.0° 29.0° Normal 0 Present
11 59.5° 28.5° Reversed X
12 59.0° 27.5° Normal 0 10Ma
13 58.5° 26.0° Reversed X
14 59.0° 25.0° Reversed X
15 60.0° 24.0° Reversed X
16 6LO° 24.5° Normal 0 10Ma
17 6LO° 25.5° Reversed X
18 6L5° 26.0° Reversed X
19 6L5° 26.5° Normal 0 Present
20 62.0° 27.5° Reversed X v.'

21 62.0° 28.5° Reversed X
22 62.0° 29.0° Normal 0 10Ma
23 62.5° 30.5° Reversed X

65
.'.

64

63
Q)
"0
.a

62 ~
~
1::
061 c:
en
Q)

~
0>60 Q)
0

59

58

MAGNETIC PATTERN EXERCISE

Note: The data has been greatly simplified for this exercise. In real surveys magnetic data is
collected continuously and plotted on graphs which show peaks and troughs of magnetic
intensity. Peaks correspond to normal magnetisation and troughs to reversed magnetisation.
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