Externally assessed

EARTH AND SPACE SCIENCE 2.5 i

Demonstrate understanding of the causes of extreme Earth events
in New Zealand

For Earth and Space Science 2.5, you are required to demonstrate understanding of extreme Earth events as
they apply to New Zealand.

This topic requires you to know the characteristics of volcanic eruptions, earthquakes and tsunamis. You are
also required to explain the causes of extreme Earth events in terms of relevant processes that occur in the
geosphere, hydrosphere, biosphere and/or atmosphere.

Unit 1 -The Earth system, geosphere and plate tectonics

New Zealand is susceptible to dramatic Earth events because of the country’s unique geology and its place in the
middle of vast oceans. Earthquakes, volcanoes and tsunamis can all bring about devastation with very little warning.

Earthquakes can occur anywhere in New Zealand, although some parts of the country, especially Northland,
experience earthquakes less frequently than other parts.

Auckland, Taranaki and the Taupo Volcanic Zone, extending from White Island to Ruapehu, are the areas that
have active or dormant volcanoes. The Taupo area also has extensive geothermal areas.

All New Zealand's long coastline is susceptible to tsunamis, which can be caused by earthquakes, underwater
volcanic eruptions, landslides into water, or submarine avalanches.

Gravity

Gravity is fundamentally important and pulls everything towards the centre of the Earth. Although it is often
taken for granted, gravity affects and is an integral part of all processes that cause extreme Earth events. For
example, anything that falls, such as ash from a volcano, sediment in an underwater avalanche, a subducting
tectonic plate, or land after an earthquake shake, falls because of gravity.

The Earth system

If we view planet Earth from space we see a beautiful blue and white

ball that has liquid water at the surface and can support life. From that

viewpoint it is easy to see that the atmosphere, land, water and living

things are all part of one big Earth system.

The Earth system can be divided into four interdependent spheres:

* The atmosphere — air that extends up from the Earth'’s surface for
about 100 kilometres. The lower part, the troposphere, has clouds and
the weather.

* The geosphere (also called the lithosphere) — the land, which includes
all minerals, rocks, sediments, and soil (the non-living components).

* The hydrosphere — contains all Earth’s solid, liquid and gaseous water, e.g. as the ocean, rivers, and glaciers.

* The biosphere — all living organisms, wherever they live.
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130 Achievement Standard 91191 (Earth and Space Science 2.5)

Atmosphere
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The four parts interact continuously. Often a change in one sphere results in a change in one or more of the
other spheres. Extreme Earth events are caused by the interaction of some or all of the atmosphere, hydrosphere,
geosphere and biosphere. Such events are a result of changes in one or more of these spheres.

Examples of the interactions of the four spheres will be explained for each of volcanoes, earthquakes and
tsunamis in the relevant following units.

Tectonic plates

The whole of Earth’s crust and lithosphere is broken into a number of tectonic plates. Many potentially
catastrophic extreme Earth events, such as earthquakes, volcanic eruptions, and tsunamis, are ultimately caused
by tectonic plate movement. Movement also shapes the surface of the Earth, forming prominent land features
such as mountain ranges and ocean basins. On the following map, the arrows show whether the plates are
moving away from, moving towards, or sliding past each other.
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Externally assessed

EARTH AND SPACE SCIENCE 2.6 % eredits

Demonstrate understanding of stars and planetary systems

For Earth and Space Science 2.6 you explore stars and planetary systems, studying the different types and
characteristics of stars and their life cycles, and the formation of planets and moons.

The main groups of stars are main sequence stars, white and black dwarfs, blue giants, red giants and
supergiants, and brown dwarfs. The Hertzsprung-Russell diagram is an essential tool that explains the
relationship between the mass, temperature, luminosity and colour of stars. Energy changes and the role of

gravity are also examined.

A planetary system is one star, together with any orbiting planets and their moons. Generalised characteristics
of planetary systems are explored using the specific characteristics of our Solar System. The stages in the
formation of planets are studied, with particular reference to how distance away from the star affects the
temperature and therefore the composition of different planets.

Moons can form in many ways. This is discussed using examples of moons from our Solar System.
Unit 1 - General introduction to stars

Characteristics of stars

A star is a massive, luminous (giving out light) ball of heated gas held together by gravity. Stars vary greatly in
size. The mass of stars is an important measurement. One solar mass is the mass of the Sun. This is written as
1M, Stars with a greater mass may be as big as 30 M. Stars with a smaller mass may be as small as

0.1 Mg,,.. The illustration shows some comparative sizes.

Jupiter < Wolf 359 < Sun < Sirius Sirius < Pollux < Arcturus < Aldebaran
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General structure of a star

A star has two main sections:

* avery hot, dense core (where nuclear fusion occurs), which keeps on contracting for most of the star’s life;
the core's temperature and density continue to increase

* an outer gaseous shell made of hydrogen and helium gas; the shell helps move heat from the core to the
surface of the star, from where energy, as heat and light, is released into space.

hot dense core

/ outer shell of gas

Nuclear fusion

A star's heat and light are generated by nuclear fusion. Nuclear fusion is a nuclear reaction in which two or
more atomic nuclei join or ‘fuse’, to form a single heavier nucleus with the release of a vast amount of energy.
(Nuclear fusion is not the same as ‘burning’, although sometimes the word ‘burning’ is used when ‘fusing’ is
what is meant.)

The main types of stars
Main sequence stars

These are the stars we commonly see in the sky. Most stars, including the Sun, are main sequence stars,
converting hydrogen to helium by nuclear fusion with the release of vast amounts of energy. They are in the most
stable part of their life cycle.

The size of main sequence stars ranges from red dwarfs to blue giants, depending on the mass of the star. Once

stars run out of hydrogen, they become another type of star.

Giants and supergiants

When stars have used all their hydrogen supply they stop being main sequence stars. The core of the star

contracts and heats up as the outer layers expand, cool and redden, forming giant and supergiant stars. There are

three types.

* Red giants: Form when Sun-sized stars run out of hydrogen.

* Supergiants: The largest known type of star — form when massive stars run out of hydrogen. They
eventually become supernovae.

* Blue giants and blue supergiants: Massive blue stars close to running out, or that have just run out, of
hydrogen. They also become supernovae.
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Surface ocean currents are also affected by'

* the Coriolis effect (the force
on moving objects caused by
the Earth's rotation), which
makes the currents in the
northern hemisphere move to
the right, and in the southern
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Deep ocean currents

Deep ocean currents, known as the ‘global conveyor belt’ carry warm and cold water around the globe, driven
by density differences in the water. Warm water is less dense and lighter than cold water. Salt water is also dense
and sinks, while fresh water is less dense and rises. A combination of temperature and salinity determines the
ocean'’s density, so this circulation is known as thermohaline circulation.

The thermohaline current travels around the planet with a force 16 times greater than all the world's rivers
combined, moving very slowly — only a few centimetres per second. It is responsible for the mixing of large
amounts of water from all the oceans, and for the distribution of heat and nutrients.

At the Earth’s poles, large volumes of dense, cold, salt water sink to the ocean floor and warm water flows in to
take its place, establishing a current. The new warm water then cools, sinks and the cycle continues.

The global conveyor belt moves heat from the equator to northern and southern regions and moves cold water
from the poles to the equator, as shown in the following diagram.
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Questions: Heat transfer in the hydrosphere

1. a. Inwhat way is water unusual on Earth?

h. How is heat energy transferred within the hydrologic cycle?

2. a. What does ‘specific heat capacity’ mean?

h. Water has a high specific heat capacity. Explain what this means in terms of the oceans’ ability to store
heat energy.

3. a. Describe the two processes that account for surface ocean currents.

b. Describe the direction of surface ocean currents around the Earth.

c. Name two other factors that affect surface ocean currents and describe their effect.

4. a. What two factors affect the density of ocean water, and how?

b. Describe the characteristics of the thermohaline current.

Explain how heat energy from the Sun relates to the flow of heat energy in the hydrosphere.
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Demonstrate understanding of physical principles related to the Earth System 233

rising air cools
and condenses

In New Zealand, rain falls on the windward
side of the mountain ranges, which is the

west coast of both islands, with very little /
rain falling on the downwind, eastern side prevailing Winds/
of the mountains.

Qair advances

rain shadow

warm moist air

Areas of high and low pressure
Because of uneven solar heating of regions
of the Earth, temperature differences

occur, which cause areas of high and

low pressure to develop. The horizontal
transport of heat by wind from the equator
to the poles is strongly influenced by the
Earth's rotation (the Coriolis effect), which
prevents the wind from flowing directly
from high-pressure to low-pressure areas,
instead causing the wind to flow around
centres of high and low pressure.

The following diagram shows how the
wind flows in the southern hemisphere; in
the northern hemisphere the wind flows in
the opposite direction.

The direction in which wind flows is influenced by the Earth’s rotation

Fronts
A front marks the boundary between two

air masses. A cold front is the leading

edge of a cold air mass. Cold fronts push T
in underneath warm air ahead of them,
forcing the warm air upwards, producing
cloud and areas of rain; the cloud band can \_/ o
be between 50 and 400 km wide. As the %

front passes, rain clears, leaving occasional
showers; air temperature drops; air pressure
rises; and the wind changes direction.

cold air

A warm front is the leading edge of a

warm air mass. As a warm front advances, /\
warm air rises over a zone of retreating cold warm air

air, making a cloud bank that rises upwards, —V
often bringing steady rain; the cloud bank
can be 500 to 1 000 km wide. As the front -\
passes over a region, rain becomes patchy cold air
but humidity (amount of moisture in the s
air) remains high; air temperatures may rise A
a little; and the wind changes direction.

warm air
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Land and sea breezes

Due to water’s high specific heat capacity Sy
compared with that of land, water in the eemTTTTTTTTTTTm=-l N */Q\*
oceans warms very slowly in comparison rising ;varm descend_ingj
with the adjacent land, so the air above air cold air

the land during the day is warmer than T T

the air above the ocean. This warmer, less el -~ sea breeze _-"

S oo —o o 2T

dense air rises due to buoyancy forces,
with the cooler, more dense air from above
the ocean moving in to take its place. The
movement is a sea breeze.

At night the land cools far more quickly
than the ocean, so air above the ocean is
warmer than above the land. The warmer
air above the ocean rises due to buoyancy,
while the cooler, more dense air above the
land is drawn towards the sea to takes it
place; this movement is a land breeze.

descendinﬁ ]

cold air rising warm

air

Questions: Weather

1. a. Define the term ‘weather’.

h. Name four processes involved in the creation of weather.

c. In which part of the atmosphere does all Earth’s weather occur?

2. a. Explain how the uneven heating of the Earth by the Sun results in weather.

h. Explain the difference between vertical heat transport and horizontal heat transport.

a. Explain the heat transport mode called ‘moist convection’.
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Achievement Standard 91187 (Earth and Space
Science 2.1)

Introduction to Earth and Space Science investigations
(page 2)
1. Meteorology, geology, environmental science, astronomy, marine
science (any three)
2. Outliers are 2.2 and 3.4
3.  Field-trip or environmental investigations have many variables that
cannot be controlled, so a single variable cannot be changed whilst
controlling the rest — as you must for a fair test.
4. a. Fairtest
b.  Fair test, because Emma is changing only one variable, the salt
concentration.
c. No. Emma needs to do at least three repeats for each of the
five salt concentrations. In addition, using only one seed per
concentration is too small a sample, because the seed might not be
viable (might not grow), so Emma needs to use at least 10 seeds at
each salt concentration.
0.998 g L' 0.954 is an outlier so is not included in the calculation
89.5 seconds 84 is an outlier so is not included in the calculation
38 °C 37.75 rounded
Fair test, because they are changing only the soil composition.
Measuring cups / beakers
The depth and diameter of the container the substrate is held in
/ the size of the weight used / shape of weight used / volume of
water (any two)

n T YN T D

Planning fair-test investigations (page 6)

1. The aim describes what you want to find out.

2. a. Acontrolled variable is a factor you keep the same.

b.  The independent variable is what you change.
c.  The dependent variable is what you measure.

3. Independent variable: angle between Sun and Earth; Dependent
variable: temperature inside the cone of black paper; Controlled
variable: use the same cone for each angle between Sun and Earth.

4. A method needs to be trialled to try to ensure the values for the
independent variable give clearly different results (i.e. the values are a
valid range), and therefore a trend can be established.

5. All other variables must be kept the same so you know any changes
in what is being measured are due only to the changing independent
variable.

6. a. Claire should not use these values because they are too close
together, so a clear trend would not be established. The numbers
might overlap when the method is repeated.

b. 0,20, 40, 60 degrees Celsius (or four other values with a
reasonable spread)

c.  These temperatures should give clearly different results when the
density is measured, so there will be no overlap between results
and a trend can be seen.
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The arrow represents where the ruler could be placed.

Start the stopwatch when the weight is placed on the soil. Stop
the stopwatch when the weight sinks to the point indicated by the
horizontal line on the weight.

Collecting data for fair-test investigations (page 9)
1. a. 32w b. 4.2m; c. 53am; d. 6.0cm
2. a. Anextreme value, different from other values collected.
b.  The value between the median and the highest value (when
values are ordered from lowest to highest)
c.  The value between the median and the lowest value (when
values are ordered from lowest to highest)
d.  The middle value (when values are ordered from lowest to
highest)
e.  The sum of all values divided by the number of values.

43 4.5
33 3.4
5.0 5.1
Si 6.2 6.0 6.2 6.0 5.9 6.0

|'h

MC 4.3 4.5 4.0 0.5 0.8
GS 33 3.4 3.2 0.2 0.3
Sa 5.1 53 5.0 0.3 0.5
Si 6.0 6.2 6.0 0.2 0.3

5. a 50 mL of water, because all the values are very different from

each other so you cannot say which is the most accurate.

h.  9.6isan outlier because it is very different from the other two values.
The upper quartile is 8.7 and lower quartile is 8.2 so the inter-quartile
range is 0.5. The mild outlier is 1.5 X 0.5 = 0.8. The value 9.6 is
greater than the upper quartile plus the mild outlier value.

¢ When the ice-cream container is filled, it might contain different
amounts of substrate each time. Finn should mark the container
to ensure it is filled to the same level for each repeat.

He needs to make sure the rate of moving the container stays the
same, e.g. two movements per second.




258 Answers

Line and bar graphs (page 12)

1. Add up all the values in the group and divide them by the number of
values there are.

b. Y axis.

There is no title, there are no units for volume, there is no description
of the distance, the labels on the volume axis are not going up in equal
amounts, there is no line of best fit (any three).

4. Averages are: marble chips, 0.6 cm; garden soil, 1.0 cm; sand, 1.9 cm;
silt, 2.5 cm.

a.  centimetres / cm

b.  Type of substrate

c.  Average distance weight sank (cm)

d.  Average distances a weight sank into different substrates

a. Xaxis;

v

Average distances a weight sank into different substrates
3.0

25

2.0

Average distance weight sank (cm)
&

1.0
0.5
0.0
Marble chips Garden soil Sand Silt
Type of substrate

Planning pattern-seeking investigations (page 15)

1. Pattern-seeking investigations are performed when variables cannot be
controlled easily / for natural events.

2. Ahypothesis describes what you think you will observe / will be the
outcome in an investigation.

3. a. Time of day and the length of the shadow.

b.  Temperature of the river and distance from where the river meets
the sea.

c.  The diameter of anemones and the diameter of rock pools, in
order to calculate the pools’ surface areas.

4.  Pattern-seeking investigations are studying nature, where
measurements are made of naturally occurring events that cannot be
controlled.

5. The day on which the measurements were made; the time of day the
measurements were made; the equipment used for measuring; the way
the measurements were taken (e.g. the pool was measured from the
edge, across the widest part).

6.  They are valid because they show a trend — when there is more rainfall
there is more sediment in the river.

Displaying data for pattern-seeking investigations

(page 17)

1. Line graph, histogram, bar chart (any two).

2. a Average depth (m) 3.2 6.2 8.1
Average speed (m/s) 2.0 3.5 5.0
Speed Slow | Medium | Fast

b.
Relationship between river depth and river speed
8.0
7.0
— 6.0
E
g 50
s
£ 4.0
oy
[=}
3.0
2.0
1.0
0.0
slow medium fast
River speed
¢ Asthe depth of the river increases, so does its speed; therefore
there is a positive correlation between the depth of the river and
its speed.
3. a. Thedata can be clearly interpreted from the table, where the

average speed is shown and the numbers can be easily compared.

b.  The volume of rainfall on the days prior to measurements could
have caused the speed of the river to increase. It might also have
changed the characteristics of the substrate, bringing more silt
down from the hills.

4. a Relationship between volume of rainfall and water clarity
(by Secchi depth)
20 8
e
15 . - \. 6
Rainfall | @ | d Secchi
(mm) depth (m)
i | N
0 . 0
2 4 6 8 10 12
mm rainfall Day —@— Secchi depth

b.  The more rainfall there was, the less clear was the water.

Questions: Interpreting data (page 19)

1. a. No'line of best fit' can be drawn.

b. C

-

3 @

SE §‘=

ke =%

E

as &

Height (cm) Time taken for weight
to sink (minutes)
2. a. There was no relationship between pH and speed of the river.

There was a positive correlation between the height from which
a ball-bearing was dropped and the diameter of the crater formed.

c.  There was an inverse relationship between the percentage of silt
in the soil and the time it took for a weight to sink in the soil.

3. a Relationship between volume of rainfall and sediment
in Notown River

12 35
10 3.0

8 25

Rainfall Sediment
(m) 6 2.0 (mL)

4 \ 1.5

2 -

0 0.5

3 6 9 12 15 18
B rainfall Day —@— sediment
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aalava 147

absorption lines 180

absorption of solar radiation 238

abyssopelagic (abyss) zone 109,
110, 212

accretionary wedge 159

adaptations, biological 83, 84,
93-4, 99-106, 109-12, 121-4

aftershocks 150

aim of an investigation 4, 14, 19,
22

air pressure 226, 233

albedo 239

Alpine Fault 63, 71, 131, 132,
152, 154, 158

andesite 55, 56

andesitic magma 135, 136, 140

angle of incidence 239, 248

animal adaptations in extreme
environments 101-2, 104-5,
109-12, 121

Antarctic hair grass 104

antifreeze physiology 106, 110

archaea adaptations in extreme
environments 91, 110, 111,
122,123, 124

assumptions 38

asteroid belt 196, 199, 204

asthenosphere 61, 64, 68, 210,
218

astronauts 116—17

astronomical unit (AU) 177

atmosphere 70, 129, 130, 143,
147, heat transfer 225-9, 232

attenuation 243

Auckland Volcanic Field 64,
137, 145-6, 166; probable
eruption sequence for new
volcano 146; types of
eruption 146-7

Australian Plate 63, 131, 132,
136, 142, 149, 151, 158, 159

average 2

bacteria adaptations in extreme
environments 91, 110, 111,
122,123,124

bar charts 16

basalt 51, 55, 62, 65

basaltic magma 135, 137, 145,
146

bathypelagic (midnight) zone 109,
212

behavioural adaptations 93, 101

bias 35-6, 38

bibliographies 27-8, 86

bioluminescence 111

biomes 212

biosphere 129, 130, 143, 160,
167, 212

biotite 51

black dwarf stars 175, 186, 187

black holes 182, 186, 188

blue giant and supergiant
stars 174

body waves 153

breezes, land and sea 234

brightness of stars 177-8

brown dwarf stars 175, 181

burial metamorphism 69
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C4 photosynthesis 99

calcareous rocks 60

calcite 51, 52, 60

calcium carbonate 51, 59, 60, 80,
122

caldera volcanoes 141-2

CAM photosynthesis 99

Canterbury Plains 68, 76

carbon sinks 121

chaperonins 123

chemosynthesis 111

Christchurch earthquake
(2011) 160

chromosphere 192

circumplanetary disk 204

classifying 43

clouds 228, 232-3; white
appearance 244

coal 48, 49,59, 70

cold desert environments 103-6

cold front 233

cold seeps 111

colour 239

comets 199, 200

compost heaps 122

conclusion to a discussion or
report 21, 23, 38

concordant investigation
results 21

conduction 217, 225

cone volcanoes 140-1

contact metamorphism 70

continental crust 61, 62, 63, 65,
68, 131, 132, 209

continental shelf 131, 132, 162,
166




284 Index

contour lines 47

controlled variables 5

convection 217, 218, 225; moist
and dry 232

convection currents 61

Cook Strait Canyon 163, 167

core of Earth 61, 210, 214; heat
transfer 218

Coriolis effect 223, 233

corona 192

corona around Sun or Moon 244

coronal mass ejections 193

correlation 1, 19

Crab Nebula 189

crepuscular rays 244

critical angle 248

crust of Earth 61, 62, 63, 65,
68, 69, 131-2, 209; heat
transfer 219

cyclopentane rings 123

Darfield earthquake (2010) 154,
159-60

data: collecting 8-9;
displaying 16;
interpreting 16, 19, 23;
presenting 9; primary 43;
secondary 35, 43; see also
information

deep-sea environment 10812

dependent variable 5

deposition 50, 70, 71, 76

deserts: cold environments 103-6;
hot environments 98-102

dextral strike-slip fault 150, 157,
158

diagenesis 70

diffuse reflection 239

discussion: of an issue 37; of
investigation results 21, 23

dome volcanoes 142

dwarf planets 196

dwarf stars 175, 181

Earth 194; energy 214-29;
structure 61; system 129-30,
209-12

earthquakes in New Zealand 129;
caused by fault and tectonic
plate movement 132, 149,
151-2, 15660, 165; caused
by volcanic activity 137,
142,147,149, 152, 166;
deep 151-2; historical 157,
158, 159; locating and
measuring 153-4;
predicting 154; shallow 152,
158

elastic potential energy 149

electrolysis 117

electromagnetic spectrum 236-7

electromagnetic wave
properties 237

emission 229

energy: elastic potential
energy 149; see also heat
energy of earth

energy budget, Earth 228-9

epicentre of an earthquake 150,
151, 153

epipelagic (sunlight) zone 109,
211-12

equipment 2

erosion 45, 49, 59, 68, 70, 73; by
water 74-6; by wind 76

evaporation 232

exoplanets 191

exosphere 210, 211

exposures, geological 44, 48

external geological processes 71

extreme environments 83—4,
122-4; tolerance and
survival 89-91; see also deep-
sea environment; deserts; peat
bogs; space

extremophiles 91

extremozymes 123

extrusive rocks 54

fair-testing investigations 1;
collecting data 8-9;
comparison with pattern-
seeking investigations 14;
planning 4-6

faults 149, 150; major
New Zealand faults 156-8

feldspar 51, 55, 73

felsic rocks 55

fieldwork 45-9

Fiordland earthquake (2003) 166,
167

fire fountain 146, 147

floods 135

focus questions 84

foliation 56, 57, 58

footnotes 86

fronts, air masses 233

frost line 199

fumeroles 142

gaseous planets 194, 195-6,
198-9, 200; moons 205

gases, volcanic 135, 141, 142,
143, 146, 147

geomorphology (landforms) 71, 77

geopreservation sites 46

geosphere 61, 129, 130, 143,
147,160, 167, 209-10; heat
transfer 217-19

geothermal areas 142

geysers 142

giant and supergiant stars 174,
175, 181, 182, 186, 188

gigantism in deep-sea species 110

glaciers 76

global warming, evaluation of
information 42

gneiss 51,57, 58, 69

graded bedding 75

granite 52, 55, 58, 69, 70

graphs 16

gravity 61, 129; in erosion 73;
microgravity of space 85, 116,
117; moons 203; orbiting
bodies 205; planets 195,
196, 198, 199, 200, 201, 204;
stars 173, 175, 176, 183,
184, 187, 188; subduction
zones 62, 136

green flash 250

greenhouse effect 227-8
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