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The structure of the Earth

WORKING FROM THE CENTRE OUTWARDS

1 Core: Solid, consists of iron and nickel. Density about
13.6 g cm~, approximately five times more dense than
surface rocks.

2 Outer core: Liquid, consists largely of iron. Density about
10-12 g cm™. It is believed that the earth’s magnetic field
is generated by movements in the liquid outer core.

3 Mantle: Solid, consists of lower density material
(4-5 g cm™?) known as peridotite, a material composed of
silicate minerals. Approximately 2900 km thick, may be
divided into two subdivisions, the upper and lower
mantle.

4 Crust: Solid, divided into two different types, continental
and oceanic crust. Depth varies from 10 to 35 km, density
about 3 g cm™.

Continental crust is largely composed of granite and is
sometimes referred to as sial due to the volume of silica and
aluminium in its make up. Continental crust is less dense than

Mountains Continental shelf

Ocean deeps

Plateau

Granitic crust

.
7
’
< ’
i 4
Y

/ —

the basaltic oceanic crust (also known as sima, because of the Mountain roots Mantis
- silica and magnesium in its make up) and also considerably
| thicker. It appears that the oceanic crust plunges down
‘ beneath the continental crust; the division between the two
l layers is known as the Conrad Discontinuity.
EVIDENCE RELATING TO THE INTERNAL STRUCTURE OF THE EARTH ) ) )
. Arrival of Arrival of first
Two types of waves \ 7 first P waves S waves
produced: 1\ e l (
* surface waves from | Earthquake epicentre Surface waves A—WMWM«%M\WP—
epicentre \ Station A l —
« bod . f ' Earthquake focus Lag-time
hody waves from focus - P + S waves
body waves can be
- . . S waves cannot Station B )
divided into primary (P) enter liquid 2l P waves take 14 minutes to
[ waves and Secondary (S) outer core reach here, S waves take 25

waves

Solid inner
core

P waves travel in the Earth’s
crust at an average speed of
6.1 km/s. S waves travel at
4.1 km/s. S waves cannot
travel through liquids.

P waves

Crust
only 25-30 km thick

Depth
km
The lithosphere is a (km)
relatively inflexible -0 OCEANIC CRUST
and bouyant layer. It 6
is this layer which T
floats on the material J LITHOSPHERE
underneath and as it | |65-60 (PLATE)
moves carries the km l
continents - the .
tectonic plates - that | ~ 100
produce continental
drift ASTHENOSPHERE
' (LOW VELOCITY ZONE)

(specific gravity)
OCEAN 26

minutes. At D there are no S
waves, and the P waves
arrive much more slowly
than would be suggested by
their normal speed through
the mantle. The lack of S
waves and the slowness of P
waves suggests that the outer
core is liquid.

Station C

/
Station D/

P waves

Density

3.0

The asthenosphere
is the layer below
the lithosphere.
Seismic waves
decrease with
distance through
this region. This is
r possibly due to a
state of flux
caused by the high
temperature,

3.4
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Processes at plate margins

LANDFORMS AND PLATE TECTONICS

The lithosphere is divided into a number of large and small rigid plates. There are three types of boundary:
(i) divergent - where plates are moving apart at ocean ridges or continental rifts

(i) convergent - where plates are moving together and one plate is forced beneath another forming ocean trenches

(iii) transform or transcurrent - where plates are moving past each other and are neither constructive nor destructive

Diverging plates spread apart, splitting the crust. This is followed by the formation of new crust. They are therefore CONSTRUCTIVE.
Converging plates involve major mountain building and subduction of the crust. They are known as DESTRUCTIVE.

WHAT HAPPENS AT CONSTRUCTIVE PLATE MARGINS?

Theories of plate motions and ocean ridges

Ascending convection

\ cell beneath ridge

e e
Theory 1 - ‘ridge-push’, whereby ascending convection
cells push ridge upwards

N :
- N “%&\
- e wohs - 9 ‘

Zone of

/ 4 Slab partial
/ pull melting

Crestal mountains

Central rift valley

Abyssal plains

Basalt

Theory 2 — ‘thinning’, whereby a descending slab pulls the chamber Dykes
ocean lithosphere and stretches it. This extension causes mantle (dolerite)
isotherms to rise so that melting and volcanism can occur.
WHAT HAPPENS AT DESTRUCTIVE PLATE MARGINS?
Young fold mountains —
buckling and faulting,
/ metamorphism Approximately 150-200 km
/ - —
Deep
ocean / » |
trench \aAAndesitic volcanoes Sedimentary arc w
Sea-level /T"\ Volcanic arc ~ ‘ ‘
— . SN -
SufRieton: DENSE] - Batholiths SOUTH Remnant arc N G Subduction complex
NAZCA |+ AMERICAN - \ ~V / \
PLATE A PLATE \ ‘ | Trench  seajevel
) 700 | Bulge
Asthenosphere / ~ km £ et
Plutons: rising
bubbles of magma l

® Accretionary wedges —
sediments scraped off
descending plate
incorporated into new
continental crust — X Benioff zone —
sedimentary rocks frictional contact between
descending plate and
overlying material
—» Earthquake focus

Fold mountains

Fold mountains are formed by extreme pressure which has
folded and uplifted sedimentary rocks, often changing
them metamorphically.

Asthenosphere >
Flysch deposits of

the accretionary
prism

Approximately
80 km depth

e

Approximate angle Asthenosphere

of descent is 45

Island arcs _
Arcs of islands form on the landward side of oceanic
trenches, e.g. the Aleutian Islands.

6 Tectonics




Earthquakes

CAUSES

Earthquakes occur when normal movements of the crust are
concentrated into a single shock or a series of sudden

EARTHQUAKE DAMAGE

Tsunamis and

Type of building

| X Magnitude
shocks. Aftershocks occur later as stresses are redistributed. mudslldes m
The sequence is as follows: AN ’ ¢
I \\\‘ //,.
Rocks under stress . . . + v
[
/\i Population Factors affecting
rocks deform . . . density damage S
T '
breaking point is reached . . .| t — 7 AN
| Vs \
: Type of
) ' . Distance from epicentre round
stored energy is released 0, Time of day and depth of Focus sgdiment
SHOCKWAVES PREDICTION

Waves associated with the focus
P waves: fast/compression

= . ’ t i i
S waves: slower/distortion } ravel through the interior

Waves associated with the epicentre
Love and Rayleigh waves which travel on the surface and
cause the damage.

e Crustal movement.

e Historical evidence.

e Seismic activity.

e Minor quakes before

‘The Big One'.

e (Gas omissions from

ground.

e Changes in ‘electrical

e Change in properties of

ocean crust.

conductivity.

CASE STUDY: THE KOBE EARTHQUAKE
Details: 17th January 1995, killed over 5000 people, injured
over 30,000, and made almost 750,000 homeless.

Causes: Philippine plate is being subducted beneath the
Eurasian plate. Kobe is situated in a geographically complex
area near the northern tip of the Philippine plate.

Secondary factors: Rain and strong winds increased
landslide risk; damp, unhygienic conditions encouraged
disease; fires, broken glass, broken water pipes, and lack of
insurance meant that many lost their livelihood.

Volcano Ryukyu

Trench
C Z(/N : | D

/- v Crust

PHILIPPINE
PLATE

x Earthquake foci

0 km 400
e ]

HUMAN IMPACT
e Mining - gold-mining in the Witwatersand area of South
Africa has been blamed for frequent seismic activity

because of changed rock stress.

e Reservoirs - previously an area free from tectonic tremors,
the states of Nevada and Arizona in the USA experienced
over 100 tremors in 1937 following the construction of the
Hoover Dam and the creation of Lake Mead due to seepage.

PHILIPPINE
PLATE

Kuril-
Kamchatka
Trench
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