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QUESTION ONE: MT NGAURUHOE

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.

(a) Label the diagram to name the tectonic plates Seariei i hsasaiOo Bilencarsatifiie/
involved in this area of the North Island and Nm.m,ﬂ:mskysubﬁlwv;lmo&dvolm&

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

Type of crust: Type of crust:
Coninenta| Oceanic canst
canst
Tectonic plate:
Tectonic plate:
g Phailic plale
Iﬁush'alian plale

(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.

Blhe Jechonc pocess that led fo the formathon of a(}:iejhc

by e movervn? of /e[m»c pales, Inthis case by look 0’//\6

Ma onp e Jitows o ke N@awuhoe volcano. (%z
0Heconic plates was claven by convedlisn gosrenls coused by heat

or the Man fl. %Naw Zealgod sits on T bapecly o
Faikic plte cod Pushalion ploke seen in fthe (ngrm Above,
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Hs ﬁ\es E fedomc ploies Move fl\@ﬁ pac;‘/;c p)a’(: wb&m}s under

e conlinenla] Pushlan plale because i is rure ceaser. This

is becawse 1t is o conveaper) boundony ocd the plales ce Cdlw\ifg
nith each ober covsiog 1t Aie vedeceach dhecinthe fadh's pandle
This i3 all seen in The labeled diagram it 0. fs Tl Grohie
plale Coplives to subdud undec he Andaalian plate 1) canses
oot of heat sinve 35 urder Pressuce. Bcific plales aonlinues

b subdud fudhe ook 5up€(hm}m9 ol v cack wih e rix o

Wil stails b rell é/mmg rollea ek /t'vgm-) ”"S rollen ok

is the forhon of e odestic /71 i1 Yo slatooleacy M}
Nyiohoe: The andeshe riagrn s dissohied, gpses in 1F ot bubs
ard has the magra pises augh e caust e bfealb/éagl) s
ops 0the Gadb's ous) e ) 3o in 1 in the dipgon “slge. This

ama continues by (ise Thaugh Hu'u M chambec ke ol 2 uihl

I apped gases nside e MY O b o eypnd gt bezavse

he pesswe hus decensed g3 1) cises wp whl i} has @ached

e cath's swtpee 2o mqpb’owl. This is oleanic explosion

ol is o andeshe MaGria in e M Ngawohae oz s b
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(¢) 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.

Prdeslic mogrin led fo e fcrahion of o Shaloolcang by e
Chaad rishics dandeshe mogrn. Brdestic magra has g0
infecoediak leal of silica, viscosib, /erpm/wg% goo conleat:
Bccause il hos an intarmediale leye) of silica i} rpkes i} have oo
fnlecm(’dm’c’cg’ V13(05i/\/ (awing Hobe becore shicky. v\ij means Thot
?QW opises iﬂfide Jf}umagrm Were undec oot of presse
Canng) nm}o be apped M the }rappfd goses tises up oo fe
piessine decepses s hodlechyc fle dissohed apped gpses s expod
aut heaunse heardesic ragria has inlemedicke sheaand viscoslhy

mwin? il ko he shicky. The Slickiness of the riagrmr riskes i# Podlec
(oiAbe Tagped gpses o expacd aul. Pothe Dggped goses firully

6)(00&\@1 out Heif causes a\/w'ml, explosive emph'on. This is hecowse

of the chova gedsies of T Mg bo‘ng iteredioke Couses 1
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¥ he Sichy pod oy ah‘%e( vireviglen ecuphun: [his eulive
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Pmdt/ds MLC /am, nydclm}f( f/UN, ’a}w o ash Clouds. EOZhCMme/
product Tha was produced helped en . layeing of 1k Nyanhae and
(/0% apadd in e way I oas shaped. 711/%3;% Corposhon he\aco\
arr e shape of IV Nganghoe. [his is because o the aroa
of silica conken’ Aty it o have, iolemediak viscoaily rade
i Sheky. This shicky rogr, cons(d fhe b/g& euplion which coed
the roulain fo b biggjec. The shage s toired Pecause /}ngm
thatwgs wned in )ﬁm wits Moo Shiky megaing I} didn't can
Ve fac 6 cowsed e cane Shape. Compoied o 1F1) 0005 o junmy
lwa like baspllic which wionld o fdle (nmirg o Geolle
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Corpastin s Io by stape of 1 lganchse.
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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.

Dbl is a biadue or zore on o faultine. wheee Yy roerent of
ledonic plotes s 004 hows i rgved!-

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.

ﬂueovthyahf has [ofl’lfd by ”t /")OVB/’P/)} d 7/55/0()/2 plm’fg
diven by heat itk manlle. The rovemen? of fecnic Plates

(sed I cremic deosec Pacibic plate bo collide with fhe onlietial
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(¢) 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.

M Disunani is o sedes of 0em binves caysed lzf o vellical
Aisplacerien! of wbee, Jis (ausecl by this eoil %}v ﬁtgausc of e

I’W/'rn) o//e[bn/c p/a}z’s mz; Tk Jn @ " dlale callded
- ocd fhe

}%[,j,'c {/aic }0 6&4564114/} M(’/ /}\4 r)mj}alym plalcmuamg G (evpcse
fanll- This roverieal ol leconic plates cased shess 1 bwU up dlory

the fault cod 1 kfock lo ge! shik-due lo fidhan 52000 poleatial ereg).
ﬂﬁﬂwp/c’ssm Con 1NKes ba; %, n\’,(OdL 6}m/5 St ’? wnhl #‘es}r Jh
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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.

%amm»‘ 13 ASCLS 0‘ 0leoy Waves (e %

by avethep| displacrent o agleo T is e roverient of fhe L.
Calvmn }mum@ asudden Mp}.f/ o subsidence [Agwn) of
walec Gt Ihen spieading onl 10a!) olzdhins.

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.

75u(u/y,,'¢$ /wwel N O/:PO‘” JCCon 191 ﬁ‘c tnergl} 190 refea&ed ﬁam
fhy /")fgﬂl)éwj) em{)h@mhc covsiy) wgilee gl 19 e raved wp
U dawn. ﬂyij Wakec oefs Veth’m”y O’jjf)a(fd ond /}\’ﬂgﬁs 5pfmdam}

indll diedions 1nthe b of 0o gupves. Ba The waves e fpsh Maingy

&long vinve lerghhs and shod aopitudes.
Ps e fspopei's bupves opproach Mo Zealpod's coosllings fls
speed sloosdooin. Thisis heaause of We lood causing The soflooe
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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.

Tk stages ol eanp wn érm }\/ﬂwl subreqed (aldeca Volcono 13 by
‘t rMov mm} 0/ t’( amc P/m‘ﬁj gl/werﬂ:\) convedipn (ot
powsed by heat fin e ranfle. The Alccaaic, denser Faahe plate
sobducs wder e Lonoenlal, leos dense Hb}ralw plate o!
conveqgeot plate bouodhey. This covses ok bo buld wp- s e Paahe
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Extra space if required.
Write the question number(s) if applicable.
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Grade
score

Marker commentary

One

M5

The candidate was awarded an M5 as they linked the
characteristics of Andesitic magma to the formation of a steep side
cone, such as intermediate silica formed magma that flowed far
and the layering of lava and ash. In part (a) the plate and crust
were correctly labelled, and in part (b), the density of the plate was
linked to why it subducted and the subsequent melting. Even
though the candidate had explained that water was present, it was
not linked to the lowering of the melting point of the subducting
rock.

Two

M5

The candidate was awarded an M5 as they linked the focus and
epicentre to the release of energy and how energy decreases
further away from the focus. In part (c), the displacement of water
and moving in all directions, but it is not linked to the uplift of the
plate, causing the gravitational potential energy of the water to be
converted to kinetic energy.

Three

M5

The candidate was awarded an M5 as they were able to describe
that tsunami waves slowed down approaching the shore due to
friction, causing smaller wave lengths and increased amplitude.
They recognised that in the deep ocean, wave lengths increase,
low amplitude and extremely fast, but did not indicate that very
little energy is lost. In part (c), the candidate had discrete points
such as the magma chamber collapsing and the water column
moving down, but no link to how the chamber collapsed or by
explaining a phreatomagmatic eruption.




