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QUESTION ONE: MT NGAURUHOE
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Mt Ngauruhoe is the youngest, largest, and most active
cone of the much larger Tongariro volcanic complex in
the central North Island of New Zealand.

Mt Ngauruhoe formed approximately 7000 years ago,
and is an andesitic stratovolcano.

More than 60 eruptions have been recorded since written
records began in 1839; many of these were ash eruptions,
while some have been lava flows, with the last occurring
in 1975.
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(a) Label the diagram to name the tectonic plates

. i 3 Source: www.gns.cri.nz/assets/Our-Science/Subfiles/
involved in this area of the North Island and Nm-ﬂamﬁuﬂ-kiskﬂSubﬁleolonmo-

identify the type of crust (continental or oceanic). Fact-Sheet-Ngauruhoe.pdf

Type of crust: o Type of crust:
continental oceanic
Tectonig\)late:
Tectonic plate: pQCi \C
Australian Plote
Plate

(b) Explain, in detail, how tectonic processes led to the formation of andesitic magma.

In your answer you should consider:

. the map on page 2

. the labelled diagram in part (a)

. the key tectonic processes involved at 1 and 2 on the diagram above.

The +wo tecntonic plares, pacihc and ausiiolan,
meeik ot o convesgent plate boundam\ N the
No  [Sland of New Zealand. This Means Hhat
the plates are being pushed togethex, Causing - the
more dense oceanic Plate (Pacific) 4o subduck
undex the australian plate, Subduchon of e pacific
Ploke  allows magMma Crom e mante uwndec the
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australion plate 10 rise closexr ‘o +he surface
Or CcCusx of e earhh. This creares o

oY Spotr  undemnearia fre evuss.

Pressure o e movement of  yecwionic
pl\ates can cause cfacks \n the crust Yhox
alow cagma to  seep up From  the mantle
Yo e coust, Theve, the vV\aSmox \S stoved
N noagma hambess ikl @nouwgh pressure
Builds up to cause an erughon.

The masma benearn  Mount Mgauru\hoe s\ts

alove vne &Abdud—ins Pacite P\a-\e, as shown

i Y O\‘\o\aram. Because v ig closer e the
ceusk ond further away oM ¥ne hot cove of
e eark\, ine Magma 1S able Y0 cool. As it
Nearex o the rusk, v S alsO ex{esed +o
Me mcles Paad remain hevd and  aotd that

NRES  orn Hhre N\O.SW\C« Mmaking + Yicker and

move prone fo trappng 9ases N it This forms
ondesiric Mogma due 1o the temperature ond
VISCOSHY.
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(c)

Mt Ngauruhoe is an andesitic stratovolcano.

Explain, in detail, how andesitic magma leads to the formation of a stratovolcano.
In your answer you should consider:

. the characteristics of andesitic magma

. the type of eruptive products produced by Mt Ngauruhoe

. how layering and magma composition link to the shape of Mt Ngauruhoe.

An annotated diagram may assist your answer.
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ash emprion ash begin ash forms biqaer
1o seile @g tallex Cove Shape
Jo\can o oNndesinic hardens arguad
i \ava Flow vo\Canz

M} Ngauruhee is andesitic, and has had many
ash eruprons with a few lova Flows between
1939 and 1475. These efuphons led o the

formabion of o stratovclcano. The ash ecuphons

caused by high Preasuve Ortead ek ash inte Yhe
At Wit explosive powes, Once the asw begans
to coel and  seite, & esks 0N and afbund He
volCono, oLolctmg to Hx Shape and struckure.
The lowa Flows are thaick and  Siow Moving
because of ¥he uiscosity. AndeSMc (Y\OSW\O\
NAS A medivm amount of fOCR N W Creating
o Hhickec lova flow. This Means thet the
lova. does Not Flow very Fast or fer. The
eruptions of Mt Naauruhoe that caunsed
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\ava L\ows pota reeased \onan that Flowedd
down e sideS of Yhe e Jolcano. This lava
Hhen cooled and \hayvodered and became Port
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QUESTION TWO: 2021 EAST CAPE EARTHQUAKE AND TSUNAMI

On 5 March 2021, a magnitude 7.2 earthquake at a depth of 33 km, struck
124 km east of Te Araroa, on the East Cape of the North Island.

Large parts of the East Cape and Hawkes Bay were pushed 1 cm to the
southwest.

(a)

(b)

An oblique reverse fault caused this earthquake.

Describe what a fault is AND add arrows to the diagram below ‘
to show the movement that occurred along the fault at positions
A and B.

A fault is a crack in Hwe earbh's cruyt wWheve
H+HWo techtonic plates meet and Shift.

The earthquake was reported as felt by over 52000 people from across New Zealand, but no
damage was reported.

Explain, in detail, why this earthquake was felt by so many people across the whole country, yet
no damage was reported.

In your answer you should:

. explain what is meant by the focus and epicentre of an earthquake

. describe seismic wave movement from the focus and epicentre

. explain the links between energy, seismic wave movement, and damage caused by an
earthquake.

An annotated diagram may assist your answer.

The focus of an earthguake S whece it tats
deep n e earths cvuyy, Whereas he
epitentre (S the Point égae the erusy mSM
aoove e Lcins.
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10
(c) As aresult of this earthquake, a tsunami was produced.

Explain, in detail, how this earthquake led to the formation of a tsunami.

In your answer you should:

. annotate and add arrows to the diagram below to show how the crustal movement caused
a tsunami

. explain the energy transfers involved.
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QUESTION THREE: RAOUL ISLAND

On 5 March 2021, a few hours after the East Cape earthquake in Island
New Zealand, two earthquakes occurred in the Raoul Island area,
northeast of New Zealand; the first a magnitude 7.3, and the second a

magnitude 8.1.

The magnitude 8.1 earthquake was the result of a megathrust
earthquake along the subduction zone in the Kermadec trench.

(a)

(b)

Describe a tsunami wave.
In your answer you should consider the water column.

A tsunami wWave s a strong and
unatoPpable wave caused by an <
earthguake, VolCamc ecuphon, lendislide, o
displaced warex column. ¥ occurs wven he
body, of water o disturbed by a \arge moverent
undes e Suiface mncluding e addiion of

suestan@s 1N e  watec (from efuphion or ’aﬂdshc(e).

Both earthquakes led to tsunami warnings being issued throughout the Pacific.

Explain, in detail, why this megathrust earthquake led to tsunami warnings being issued
throughout the Pacific.

In your answer you should consider:
. how tsunami travel in open ocean

. changes to the height (amplitude), wavelength, and speed of the tsunami wave as it
approached New Zealand’s coastline, and the reasons for this.

An annotated diagram may assist your answer.

Tsunoamis can be vexy unpredictable. Wnat Makes
them so olange,«ou& is that +he Hrue l’leieh# and
fovee OF the wave is nevexr visible unul it
reaches Neaxer 10 Wie 3hore, OfFten ahen 1+ S
alveady oo \ate to veact. \n Yhe opern Ocean,
thece 15 plenty of space around on the
scface and deep Ints M Water for 3easmic
Lovey 1o dMavel  discreeHy. HowWever, once
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Question Three continues
on the next page.
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(c) Raoul Island is the largest of the Kermadec Islands. The island is the summit of a mostly
submerged volcano that has two caldera craters formed after previous eruptions.

Adapted from: https:/www.geonet.org.nz/about/volcano/kermadecislands

Explain, in detail, the tsunami risk associated with a caldera eruption from a volcano like Raoul
Island in the Pacific Ocean.

In your answer you should consider:
. the stages of eruption for a typical submerged caldera volcano
. the different ways a caldera eruption can cause a tsunami.

An annotated diagram may assist your answer.

A caldexra @rmphom Fromq Volcano | e
Rooul Island could Be have an extreimedy
high Fsunami "Sle as it S Submexracd undex —
wWater. Almost 8uaran+ed Yo disPlace Hne
Woater oNnd Ccowuse a fSunani.
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Calderog are formed as a resuld of o Wians
With rlnqo\uh'c ma. These are W Hiickegh
Mogma  Hgpe (/\«314 ViSCosity cncd the wlaft
pessibility of trapped aepgs gasese These Vikanoes
have the most porntial of extremely violent
evrupPtions. A caldeva forms when o magma
chambex is empHed crnd Hre Voicano coilapses,
Cf‘eahnﬁ a ciatov.

Ko Inlorsd s Hevefove (Ckéﬁr o have
o vother violent ey o Whickhh 1wl
oPren~  include larﬁe amountt  of Mag ma el
cock to be thiowon about  in explosions.

This could create dSturbances in the ater

bv.,, qold,'na )a@e masseS  OF yock infe i+

A Bunam could also be created  (F o caldera
Was  created o Worsered by on explosion
leavfns a o(eo/rxf Whole on Hee ogan beel [fo
De Hooded With (woder cnd Nd’u(/—v‘nﬁ N

Qa /ar‘gc NOVE O e S(AerBcc_e.
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Extra space if required.
Write the question number(s) if applicable.
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Grade
score

Marker commentary

One

A4

The candidate was awarded an A4 as they labelled the crust type
or named the plates. They stated that the Pacific plate was dense,
therefore subducted, without giving what happened next, such as
melting and less dense magma rising. In part (c), the candidate
states that lava does not flow far, but does not link to magma
characteristics, required for M5. They also stated layering, which
formed the shape of the volcano.

Two

A3

The candidate was awarded an A3 as they could state that a fault
line was a crack, seismic waves travelled far from the focus. The
answer could have been enhanced by explaining where the focus
was and the associated epicentre. The candidate also stated that
energy was absorbed.

Three

A3

The candidate was awarded an A3 as they stated a tsunami was
water displacement, and the wave amplitude increased
approaching the shore, but incorrectly stated that the wave speed
increases rather than slows down, and no reference to
wavelength. The candidate also stated that a caldera is formed
when the magma chamber empties and collapses.




