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Gondwana* was a large land mass that tended to reside in the southern hemisphere 
from Cambrian times to mid-Jurassic times (around 500 million years ago to about 
160mya). It consisted, in the main, of Antarctica, Africa, South America, India, 
Australia, and New Zealand. For part of its existence, it was united with its northern 
equivalent into the supercontinent Pangeaequivalent into the supercontinent Pangea.

Through this time, Gondwana experienced a number of climate changes, due in part 
to the movement of Earth's techtonic plates which formed and ultimately broke it up.
Africa broke off first, followed by South America and India
I always thought that New Zealand broke away from Australia - they seem to be such 
a neat fit. However, New Zealand is usually cited as splitting from Antarctica. Ultimate 
separation was achieved around 82mya. Dawkins says Australia was finally sufficiently 
free of Antarctica to obviate island hopping around 55mya, although estimates vary a 
fair bit; Wikipedia suggests it was still freeing itself at 40mya.
The point about this is that New Zealand was isolated for substantially longer than 
Australia. At the time of the dinosaur-extinction K-T meteor - 65mya - New Zealand 
was already isolated, and Australia probably was not.
Two hundred million years ago the continents of Antarctica, South America, Africa, 
India and Australia were joined together as a single supercontinent known as 
Gondwana, or Gondwanaland. At this stage the area which later emerged as New 
Zealand lay between southeast Australia and west Antarctica, most of it under the sea.
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The majority of the older rocks of New Zealand were formed by sand and mud 
settling on the seabed offshore from Gondwana, with layer upon layer 
accumulating. Deep burial and plate tectonic movements compressed and shifted 
these rocks, while others were formed through igneous processes (deep crustal 
melting forming granites and volcanic rocks) associated with plate boundaries. By 
100 million years ago most of the rocks forming the ‘basement’ of ancestral New 
Zealand had been assembled on the margin of Gondwana. 
Movements from within the earth caused the break up of Gondwana. About 80 to 50 
million years ago the Tasman Sea formed as a result of new sea-floor being 
created, splitting New Zealand from Australia and Antarctica. During and following 
thi ti i b t d th t i l d t fl t l i L l ithis time erosion began to reduce the mountainous land to a flat plain. Low-lying 
swampy areas were formed, then eventually the sea covered most parts of the land 
leaving only a scattering of small islands. Limestones were formed, in which bones 
of whales and penguins were fossilised along with many other smaller sea 
creatures.
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New Zealand next experienced major geological upheaval beginning about 24 
million years ago when a new plate boundary between the Pacific and Australian y g p y
plates began to move. Earthquakes, volcanic activity and the uplift of land began 
near where the two plates collided. These processes have been particularly active 
over the last 2–3 million years forming the Southern Alps, the North Island ranges 
and volcanic zones, and shaping New Zealand as we know it today.

Pacific Plate 

Australian 
Pl tPlate

About 25 million years ago, a shift in plate movements began to wrench apart the 
largely submerged New Zealand continent, Zealandia. In the north, sections of 
ocean floor of the Pacific Plate began to sink beneath continental rocks of theocean floor of the Pacific Plate began to sink beneath continental rocks of the 
Australian Plate. Within the continent, pressure caused major cracks to develop. 
These cracks would eventually join to become New Zealand’s great Alpine Fault, 
splitting the continental mass in two. New Zealand now lay across two separate 
plates. These plates began to rotate. A sideswiping collision began, with the plates 
sliding past and running into each other. New land began to rise above the sea 
along the plate margins as colliding sections began to crumple. Volcanic activity and 
uplift increased, and substantial mountain building began about 5 million years ago.

The soft sediments deposited during this period are locally known as papa or papa 
rock. Papa rocks have been uplifted and now make up many of the hill areas of the 
North Island. These soft rocks are prone to landsliding and are easily eroded during 
downpours, especially where the native forest has been cleared from steep hillsides 
to create pasture
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Zeelandia

Zealandia is a mostly submerged microcontinent about 3,500,000 km2 (1,350,000 mi2) 
in extent, larger than India or Greenland and just under half the size of Australia. The 
7% of the continent that is above water makes up the two islands of New Zealand. 
The remaining 93% is submerged under 100 - 1000 m (328 - 3,280 ft) of shallow 
water Zealandia is also known as Tasmantis the New Zealand continent and thewater. Zealandia is also known as Tasmantis, the New Zealand continent, and the 
Zealandia continent. The entire continent juts approximately 1,000-1,500 m (3,280 -
4,900 ft) from the surrounding sea floor.
Zealandia is one of two major submerged microcontinents in the world, the other 
being the entirely submerged Kerguelen continent, located about 5,000 mi (8,040 km) 
to the east. These microcontinents were created through friction between tectonic 
plates and resulting volcanic activity. The continent of Zealandia is primarily composed 
of two parallel mountain ranges, mostly underwater. This geological makeup is unique 
among continents.g
Zealandia lies on the boundary between two tectonic plates, the Australian plate and 
the Pacific plate. In broad terms, the Australian plate is moving north while the Pacific 
plate is moving west. Interestingly, the south and north islands of New Zealand are 
located on different plates, and as a result the two islands are drifting apart from each 
other at a rate of about 4 m (13 ft) per century. Zealandia separated from its parent 
continent, the supercontinent Gondwana, about 130 and 85 million years ago. Like 
South Africa and the tip of South America (Patagonia), New Zealand contains some 
species left over from when the three were united as a supercontinent.

The oldest section of New Zealand’s landmass was formed during the Cambrian 
through to the Devonian periods, some 540 to 360 million years ago. They originally 
consisted of sediments deposited on the sea floor offshore from the parts of 
Gondwana that would later become Antarctica and Australia Volcanic activity onGondwana that would later become Antarctica and Australia. Volcanic activity on 
offshore islands also produced volcanic rocks and sediment.
The oldest sedimentary rocks in New Zealand, found in the Cobb valley, north-west 
Nelson, were deposited about 510 million years ago, during the Cambrian period. 
Their age is known from the fossils they contain, including animals called trilobites.
One of the most widespread older rocks, found throughout the western side of the 
South Island, is a greenish-grey greywacke called the Greenland Group. These 
greywackes were deposited in early Ordovician times, about 480 million years ago. 
Greenland Group sediments have been heated and metamorphosed to dark-grey 
gneiss. Rocks similar to the Greenland Group are found in other parts of former 
Gondwana, including Antarctica and eastern Australia. The Torlesse greywackes, 
which are named after the Torlesse Range of inland Canterbury, contain large
amounts of quartz and feldspar, the main minerals in granite. Detailed studies of the 
mineral grains suggest that much of the Torlesse greywacke is derived from granitic
rocks in north-east Australia
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The Lower Paleozoic rocks just discussed are confined to the western South Island; 
nothing is known of the history of the rest of New Zealand during that time. Rocks of 
later Paleozoic age are, however, more widespread, and the events of these times 
better understood. In the late Paleozoic was formed the extensive New Zealand 
Geosyncline, in which accumulated an enormous thickness of volcanic and 
sedimentary rocks that now form much of the “basement” (the foundation of old hard 
rocks) of this country. On the geological maps the rocks of the geosyncline are seen 
now to make up much of the South Island: most of the expanse of “old sedimentary 
rocks” extending from East Nelson and Marlborough through Canterbury, Otago, and 
Southland consists of them; the Haast Schists — the metamorphic rocks are shown in 
Marlborough, along the western side of the Southern Alps, and in a belt across Otago

have also been formed by metamorphism of these sediments All the “old— have also been formed by metamorphism of these sediments. All the old 
sedimentary rocks” of the North Island map were deposited in the geosyncline; they 
extend as well beneath the cover of younger sedimentary and volcanic rocks that now 
occupies much of the North Island.

Uplift of New Zealand
The land area of New Zealand is the relatively small part of the continent of Zealandia
that is rising due to plate (tectonic) movement, or being built up by aggradation. This 
map shows the estimated or measured uplift rates in different parts of the country. 
Mountain ranges are rising the fastest, in excess of 5 millimetres per year. The 
greatest rate of uplift is on the western side of the Southern Alps. A few land areas are 
slowly subsiding, but most are being filled in by sediment carried by rivers
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As the land rose, the surface layers of younger rocks such as limestones, sandstones 
and coal were fractured and folded. In the rising ranges of the Southern Alps, 
however, most of the younger rocks were eroded away, exposing the underlying 
Torlesse rocks
Large areas of the South Island including much of the Southern Alps consist ofLarge areas of the South Island, including much of the Southern Alps, consist of 
masses of drab grey sedimentary rocks known as greywacke. Their layers and the 
rare fossils they contain indicate they were once deposited on the sea floor, but most 
are now folded and broken into huge slabs that stand nearly on end, like books on a 
shelf. To the west and south, these grey rocks are transformed into schist, a rock with 
glittering minerals formed under high heat and pressure.
Cutting across the South Island is a straight boundary that is visible from space – the 
Alpine Fault. Immediately east of the fault, the greywacke and schist of the Southern 
Alps have been raised many thousands of metres. In the regions west of the fault, in p y g ,
north-west Nelson, Fiordland, and also on Stewart Island, the bedrock is quite 
different and includes much older rocks, as well as masses of granitic rock solidified 
from molten magma. Geologist Harold Wellman realised that large areas of rocks in 
north-west Nelson matched rocks in Fiordland and Otago. He proposed that these 
rocks were once continuous. A major section of the country has been wrenched apart 
and shunted over 480 kilometres along the Alpine Fault over the last 20 million years.

The mostly submerged New Zealand continent, Zealandia, sits uneasily astride two 
moving segments of the planet’s surface – the Pacific and Australian plates. In the 
North Island, the boundary between the plates lies off the East Coast along a 
depression, the Hikurangi Trough, at the edge of the continental shelf. In the 
Marlborough region, the boundary cuts diagonally across the South Island to the West 
Coast. It then continues south-westward along the great Alpine Fault, and runs back 
out to sea near Milford Sound.
The two moving plates are colliding at a glancing angle. In the process, the sunken 
New Zealand continent is crumpling to form the land that now projects above sea 
level. In the north, ocean floor at the surface of the Pacific Plate to the east plunges 
beneath the continental shelf off the eastern North Island. As it does so, it pushes up 
the overlying rocks and sediments, creating the hilly terrain of the eastern North 
I l d I th S th I l d th t l t di tl llidi l th Al i F ltIsland. In the South Island, the two plates are directly colliding along the Alpine Fault. 
This causes a much greater uplift, forming the Southern Alps.
At the same time, the country is being wrenched apart. Along the Alpine Fault in the 
South Island, the West Coast region west of the plate boundary is moving north-east 
at 2–3 metres per century, relative to the Southern Alps on the eastern side. As this 
movement continues in the future, the South Island will become more elongated.
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Rakaia River

Banks Peninsula is the main volcanic feature of the South Island. Geologically, the 
i l i th d d t f t l t t l (L tt lt f d fi t

volcanoes have been active only in the 
southern half of the South Island and in the 
northern half of the North Island. Dunedin 
and neighbouring areas of east Otago
were the sites of eruptions of basaltic and 
alkaline volcanic rocks from the Miocene 
until the late Pliocene; Dunedin stands 
upon the deeply eroded remnants of these 
volcanoes. Banks Peninsula has been 

peninsula is the eroded remnants of two large stratovolcanoes (Lyttelton formed first, 
then Akaroa). These were formed by intraplate volcanism between approximately 
eleven and eight million years ago (Miocene) on a continental crust. The peninsula 
formed as offshore islands, with the volcanoes reaching to about 1,500 m above sea 
level. Two dominant craters formed Lyttelton and Akaroa Harbours. The Canterbury 
Plains formed from the erosion of the Southern Alps (an extensive and high mountain 
range caused by the meeting of the Indo-Australian and Pacific tectonic plates) and 
from the alluvial fans created by large braided rivers, and are at their widest point 
where they meet the hilly sub-region of Banks Peninsula The northern and western

formed by the eruption of a huge, twin 
basaltic shield volcano that has had a long 
history of eruptions. These volcanoes 
attained most of their size in the 
Pleistocene and erosion has since 
breached two craters and carved them into 
enormous erosion calderas which have 
been flooded to form Lyttelton and Akaroa
H b O f th l t t t fwhere they meet the hilly sub region of Banks Peninsula. The northern and western 

flanks of the peninsula are covered with a layer of loess, a layer of rather unstable 
fine silt deposited by the föhn winds which bluster across the plains. The portion of 
crater rim lying between Lyttelton Harbour and Christchurch city is known as the Port 
Hills. 

Harbours. One of the latest centres of 
volcanic activity in the South Island was 
the Solander Islands in Foveaux Strait. 
These small islands, composed of 
hornblende-andesite lavas and 
agglomerates, are the wave-battered 
remnants of a large volcano, possibly of 
upper Pleistocene age: the nearest 
andesitic rocks of similar age are in
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Since the beginning of the Miocene, volcanoes have been active only in the southern g g , y
half of the South Island and in the northern half of the North Island. Dunedin and 
neighbouring areas of east Otago were the sites of eruptions of basaltic and alkaline 
volcanic rocks from the Miocene until the late Pliocene; Dunedin stands upon the 
deeply eroded remnants of these volcanoes. Banks Peninsula has been formed by the 
eruption of a huge, twin basaltic shield volcano that has had a long history of 
eruptions. These volcanoes attained most of their size in the Pleistocene and erosion 
has since breached two craters and carved them into enormous erosion calderas 
which have been flooded to form Lyttelton and Akaroa Harbours. One of the latest 

f S Scentres of volcanic activity in the South Island was the Solander Islands in Foveaux 
Strait. These small islands, composed of hornblende-andesite lavas and 
agglomerates, are the wave-battered remnants of a large volcano, possibly of upper 
Pleistocene age: the nearest andesitic rocks of similar age are in Taranaki, more than 
600 miles away.

-In de nacht van 3 op 4 september 2010 (lokale tijd) deed er zich in en 
om Christchurch een aardbeving voor met een kracht tussen 7,1 en 7,4 
op de schaal van Richter.
Seismologen dachten eerst dat er ca. 20 breuklijnen in het gebied 
rondom Christchurch lagen maar deze beving heeft de schattingrondom Christchurch lagen, maar deze beving heeft de schatting 
omhoog gebracht naar ca. 100 breuklijnen.
- In de middag van 22 februari 2011 was er opnieuw een aardbeving in 
en om Christchurch. Deze beving had een kracht van 6,3 op de schaal 
van Richter. De kracht was weliswaar minder dan de beving van 2010 
maar de schade vele malen groter, doordat het hypocentrum dichter 
aan de oppervlakte lag. De kathedraal van Christchurch is daarbij 
deels ingestort.
- Maandag 13 juni werd Christchuch getroffen door twee naschokken. 
Er was nu wel schade, maar er waren geen slachtoffers.

Nieuw-Zeeland krijgt zoveel schokken te verwerken omdat het op de grens van twee 
tektonische platen ligt. In het Noordoosten schuift de Pacifische plaat onder het 
Noordelijke eiland van Nieuw-Zeeland. In het Zuidwesten schuift de Australische plaat 
dan weer onder het Zuidelijke eiland. Tussen beide zones ligt de Alpine Fault, een 
grote geologische breukzone over de bergachtige ruggengraat van het Nieuw-
Zeelandse Zuidereiland.
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Vermoedelijk is de recente aardbeving het gevolg van activiteit in een tot vorig jaar 
onbekende breukzone ten oosten van de Alpine Fault. Die nieuwe breukzone kwam 
eind september aan het licht na een aardbeving onder Darfield, een stad veertig 
kilometer ten westen van Christchurch. 
De aarde beefde slechts vijf kilometer diep waardoor het energieverlies voor hetDe aarde beefde slechts vijf kilometer diep, waardoor het energieverlies voor het 
bereiken van Christchurch beperkt bleef. Daarnaast versnelde het gesteente aan 
weerszijden van de breukzone bijna drie keer zo snel als in een typische aardbeving. 
Dat maakte de beving extra gewelddadig - en aanzienlijk groter dan de kracht 
waartegen de gebouwen in Christchurch bestand zijn. 

L f th S th I l d i l di h f th S th Al i t fLarge areas of the South Island, including much of the Southern Alps, consist of 
masses of drab grey sedimentary rocks known as greywacke. Their layers and the 
rare fossils they contain indicate they were once deposited on the sea floor, but most 
are now folded and broken into huge slabs that stand nearly on end, like books on a 
shelf. To the west and south, these grey rocks are transformed into schist, a rock with 
glittering minerals formed under high heat and pressure.
Cutting across the South Island is a straight boundary that is visible from space – the 
Alpine Fault. Immediately east of the fault, the greywacke and schist of the Southern 
Alps have been raised many thousands of metres In the regions west of the fault inAlps have been raised many thousands of metres. In the regions west of the fault, in 
north-west Nelson, Fiordland, and also on Stewart Island, the bedrock is quite different 
and includes much older rocks, as well as masses of granitic rock solidified from 
molten magma. Geologist Harold Wellman realised that large areas of rocks in north-
west Nelson matched rocks in Fiordland and Otago. He proposed that these rocks 
were once continuous. A major section of the country has been wrenched apart and 
shunted over 480 kilometres along the Alpine Fault over the last 20 million years.
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One of the most widespread older rocks, found throughout the western side of the 
South Island, is a greenish-grey greywacke called the Greenland Group. These 
greywackes were deposited in early Ordovician times, about 480 million years ago.greywackes were deposited in early Ordovician times, about 480 million years ago. 
Greenland Group sediments have been heated and metamorphosed to dark-grey 
gneiss. Rocks similar to the Greenland Group are found in other parts of former 
Gondwana, including Antarctica and eastern Australia.
During the late Devonian and Carboniferous periods, the sediments were disrupted by 
movements of the earth’s plates. Sea floor movement carried them towards the 
Gondwana margin, where they were squeezed and folded to form land that eventually 
became part of Australia, Antarctica and New Zealand. Many of the sediments that 
had been deposited in the ocean were altered by heat and pressure to form 
metamorphic rocks such as schist and gneiss. The heat was sufficient in some areas 
to completely melt the rock, which recrystallised to form large masses of granite and 
diorite. These rocks today can be found along the West Coast of the South Island from 
Fiordland to Nelson. The crystalline rocks are resistant to erosion, and can form steep-
walled valleys such as those in Fiordland.

gravel and silt layers 

Takiroa Maori Rock 
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The Clay Cliffs are huge sharp pinnacles and ridges with deep narrow ravinesThe Clay Cliffs are huge sharp pinnacles and ridges with deep, narrow ravines 
separating them. The Clay Cliffs are made of layers of gravel and silt, deposited by 
rivers flowing from glaciers existing 1-2 million years ago. Compared to the nearby 
mountains, which are 250 million years old, the Clay Cliffs are relatively new. Today 
the gravel and silt layers can be seen as sloping bands as the strata have been tilted 
since their deposition 1-2 million years ago.
The landscape was created when the alpine fault right under this area had a 
massive movement. The Ostler Fault lifted the surface by 100 metres, and lay 
bare those clay cliffs Erosion did the rest of the job (At this fault line thebare those clay cliffs. Erosion did the rest of the job. (At this fault line the 
Australasian and the Pacific Plate produce a lot of fraction. It continues 
further west to Franz Josef.)

St Pauls en 
Gemeentehuis

Railway station

Ocean View & White Isl Z-Dunedin Dunedin sits on the eroded 
remains of a volcano 

Volcanoes erupted in areas now far removed from current volcanic activity. Huge p y g
basaltic volcanoes formed the Banks and Otago peninsulas. Dunedin sits on the 
eroded remains of a volcano that first exploded to life about 13 million years ago. 
Volcanic activity continued there intermittently until 10 million years ago. Banks 
Peninsula is the eroded remnants of two large volcanoes. Lyttelton volcano began to 
erupt around 12 million years ago. It was later eroded, then partially buried by lava 
flows from the larger Akaroa volcano, which started building around 9 million years 
ago. Volcanic activity at Banks Peninsula finally died out around 6 million years ago.
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Septaria

the Catlins coast the Catlins coast 

Nugget Point is one of the most iconic landforms on the Otago coast. Located at the gg g
northern end of the Catlins coast down the road from Kaka Point, this steep headland 
has a lighthouse at its tip, surrounded by rocky islets (The Nuggets). The point is 
home to many seabirds, including penguins, gannets and spoonbills, and a large 
breeding colony of fur seals.
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During the Middle Jurassic the regional environment of Curio Bay southeast SouthDuring the Middle Jurassic, the regional environment of Curio Bay, southeast South 
Island, New Zealand, was a fluvial plain marginal to volcanic uplands. Intermittent 
flashy, poorly-confined flood events buried successive conifer forests. With the 
termination of each flood, soils developed and vegetation was reestablished. In most 
cases, this developed into coniferous forest. In approximately 40 m of vertical section, 
10 fossil forest horizons can be distinguished, highlighting a type of fluvial architecture 
which is poorly documented. Flood-basin material is minimal, but a short-lived 
floodbasin lake is inferred to have developed within the interval of study. Paleocurrent
indicators suggest enclosure of the basin on more than one side. Sedimentation style 
suggests a relatively dry (less than humid but not arid) climate with seasonal rainfall.

Steeply tilted Murihiku 
beds in the Hokonui Hills, 
Southland

This aerial view shows the distinctive, steeply tilted Murihiku beds in the Hokonui Hills, 
Southland. Some of the harder beds or groups of beds, mainly sandstone or 
conglomerate, stand out clearly. Much of what you cannot see is mudstone, which is 
softer and tends to be covered in grass
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Takitimu Mountains

door Fiordland naar Milford Sound

mountains to collect the precious stone from places like Anita Bay at the head of 
Milford Sound

We’ll start by going back an incredible 400 million years, when the tops of these huge 
mountains were at the bottom of the sea, and in fact weren’t mountains at all, but as flat 
as a pancake.
To give you some idea of how long ago that was, in those days Africa lay over the south 
pole, the first tiny plants were learning to survive on land, and animal life was restricted p , y p g ,
to a few slimy blobs living in the sea. Over millions of years, more and more sediment 
and the remains of tiny plants and animals fell to the sea bed, until it was so thick that 
the lower layers were compressed into solid rock by the weight of those above.
By 50 million years ago, this whole region was mountainous and covered in primeval 
rainforest and swift rivers. But then, just as things might have started to look a bit 
familiar, it all gradually sank beneath the ocean again! More sand and mud was laid 
down on top of the submerged landscape, once again hardening into solid sandstone 
and limestone, and to this day you can still find ancient fossil seashells in the mountains.
Fi ll b t t illi lift i th th’ t h d Fi dl d b kFinally, about two million years ago, uplifts in the earth’s crust pushed Fiordland back 
above the waters again, with a new, tertiary layer of limestone and sandstone on top of 
the volcanic rocks and the older sediments.
Earthquakes and the elements shook everything around a bit and eroded much of the 
later sediments. Sandstone and limestone are softer than volcanic rock, so these 
sediments were swept from the hilltops and are mainly found in sheltered pockets and 
valleys. The volcanic rocks were exposed as rugged hills, and the odd fault line drove 
deep clefts and crinkles into the landscape.

The shaping of Fiordland is by no means over. Water, wind, rain and ice continue to 
reshape its contours. It stands to reason that there may be more glaciers to come, and 
maybe even one day this could all sink to the bottom of the sea once again! That’s not 
likely to happen for many millions of years, but make the most of it in the meantime!
All this activity has left us with a diverse range of rocks. If you’re out walking in Fiordlandy g y g
you’ll certainly come across volcanic granite, which is a hard, speckly rock that comes in 
various colours from grey to pink. Look out for basalt and andesite, which are hard, dark 
green rocks, and diorite with its shiny white speckles. When you pass through the 
Homer Tunnel you’ll see plenty of diorite giving the rock walls their magical glitter.
There’s a fair bit of white and grey marble along the coast, which was once mined, and 
you’ll see greywacke everywhere — that’s one of the sedimentary rocks that was formed 
on the old sea bed. Your average smooth, grey river pebble around here is greywacke. 
Then there’s mud stone, which is a soft, clay-like stone that unfortunately doesn’t build 
very strong mountains, and gives us the occasional landslip. But sometimes you also 
find coal seams beneath the mud stone.
Down in the valleys we also have the tertiary limestone, which tends to yield a lot of 
fossils, the remains of sea creatures that fell to the sea bed before it hardened. 
Limestone is also perfect for forming caves. The Te Anau caves were formed about 
15,000 years ago, when the much older limestone was gradually washed away as the 
glaciers melted, to leave large caverns dripping in stalactites.
Fiordland Geology’s Most Famous Product: Greenstone
But the finest and most famous rock in these parts is greenstone It’s one of the main
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But the finest and most famous rock in these parts is greenstone. It’s one of the main 
reasons that Maori used to make the hazardous trek through these mountains. The 
translucent, jade-green rock they call pounamu is abundant around the Fiordland coast, 
which is one of only a few known pounamu sites in the country.
Pounamu is an important and highly prized commodity in Maori culture, and was used to p g y p y ,
make jewellery, weapons, tools and talismans. Many of the traditional designs have 
survived and nowadays, you can see beautiful greenstone carvings in most New 
Zealand craft and tourist shops.
There’s a theory that the local Maori discovered the treasure trove of greenstone while 
they were hunting giant Moa, long ago. They soon established a way through the 
mountains to collect the precious stone from places like Anita Bay at the head of Milford 
Sound

400 mj years these huge mountains were at the bottom 
of the sea, and where as flat as a pancake
50 mj years ago, now mountainous it all gradually sank 
beneath the ocean againbeneath the ocean again
2 mj years ago, Fiordland back above the waters again, 
layer of limestone and sandstone on top of the volcanic 
rocks AND Greenstone

ijzer, magnesium (ophiolite band)
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Alpine Faults passes 
out to sea just north of 
Milford Sound

The uplifting of the Southern Alps has gradually accelerated, and today they are 
among the fastest-rising mountains in the world. Many of New Zealand’s mountain 
ranges have long straight fronts because blocks of bedrock are being pushed up 
along major faults. The highest rate of uplift is at the plate boundary, along the Alpine 
Fault. The land east of the fault is rising at average rates of 1–2 metres per century. 
The rock forming the summit of Aoraki (Mt Cook) was below sea level less than a 
million years ago. In other areas the rock is being bent, crumpled and squeezed up. 
Erosion has kept pace with uplift, however, so the mountains have rarely been much 
higher than they are now. Rivers, glaciers and gravity have, during the Quaternary 
period, carved out the entire landscape we see in the Southern Alps

In parts of South Westland the Alpine Fault is marked by a clear linear feature cuttingIn parts of South Westland the Alpine Fault is marked by a clear, linear feature cutting 
across the landscape and separating different rock types. It passes out to sea just 
north of Milford Sound, and marks the western edge of northern Fiordland.
Offshore investigations have allowed the Alpine Fault to be accurately mapped 
immediately west of Fiordland. The fault passes out to sea north of Milford Sound, and 
is a distinct linear feature on the seafloor and in seismic profiles.

Greenstone: Pounamu:
a form of green 
nephrite jadenephrite jade 

Haast schistsHaast schists
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From about 200 million to 160 million years ago, as the Western Arc, Murihiku and 
Torlesse sediments moved into the coastal collision zone, the rocks at the base of the 
sediment piles were undergoing a transformation. Pressure and heat were breakingsediment piles were undergoing a transformation. Pressure and heat were breaking 
down the sediment, and it was recrystallising to form glittering new rocks containing 
minerals such as mica and garnet. These metamorphosed rocks are known as the 
Haast schists. The mineral crystals within the different types of schist are clues to the 
temperatures and pressures where they were formed. To change Torlesse greywacke 
into the most highly metamorphosed type of Haast schist, temperatures had to reach 
over 300°C and the rocks had to be buried to a depth of more than 10 kilometres.
Today, Haast schists form the bedrock in broad areas of Otago and Southland, and 
are exposed in a narrow band along the western edge of the Southern Alps. Some 
sections of ocean floor caught in the collision were also metamorphosed, forming 
rocks that include pounamu (New Zealand jade or greenstone).

Aoraki Mt Cook Nat. Prk, Torlesse greywacke 
(light grey) with thinner layers of hardened 
mudstone known as argillite (black)

Much of New Zealand’s mountainous spine is underlain by the rocks grouped together 
as Torlesse greywacke This exposure on the side of Wakefield Ridge in Aoraki Mtas Torlesse greywacke. This exposure on the side of Wakefield Ridge in Aoraki Mt 
Cook National Park consists of thick beds of greywacke (light grey) with thinner layers 
of hardened mudstone known as argillite (black). When deposited the rocks were 
horizontal, but they were later deformed and uplifted so that they are now almost 
vertical. 
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Mt Cook

Tasman Gletsjer  

Moraines at Tasman Glacier
Although the climate has been relatively warm and stable over the last 6,000 years, 
there have been cool periods when glaciers expanded in their upper reaches. The 
most recent of these, sometimes called the ‘little ice age’, began about the 13th 
century and continued until the 1890s. Since then, warmer temperatures have caused 
the glaciers to retreat.
Tasman Glacier (foreground) has been gradually melted and thinned, and its surface 
has become covered in moraines – piles of rocks and sediment deposited by the 
glacier. A lake began to form at the front of the glacier in the mid-1980s, and the ice is 
now thin enough to break off and float away accelerating the rate of retreat Most ofnow thin enough to break off and float away, accelerating the rate of retreat. Most of 
the large glaciers in the Mt Cook area are now retreating.
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Quartzose greywacke and argillite, deposited
in earliest Ordovician time (- 490 MJ)

Banded gneiss is formed from
rocks of the Greenland Group 
that have been heated and 
metamorphosed at depth

One of the most widespread rock units on the western side of the South Island is the 
Greenland Group – a thick, uniform sequence of quartzose greywacke and argillite, 
deposited in earliest Ordovician time (about 490 million years ago). This photograph 
was taken at Seventeen Mile Bluff, on the coast north of Greymouth.

This view looks eastwards from the coastline near Charleston towards the PaparoaThis view looks eastwards, from the coastline near Charleston towards the Paparoa
Range in the background. The foreground area is banded gneiss and was formerly 
thought to be the oldest rock in New Zealand. It is now recognised that this gneiss 
(called Pecksniff Metasedimentary Gneiss) is formed from rocks of the Greenland 
Group that have been heated and metamorphosed at depth.

A single band of Oligocene limestone, about 50 metres thick, is responsible for many of 
the distinctive topographic features around Punakaiki, on the West Coast. Shown here, 
the limestone sheet slopes gently to the south. On the left side it caps the hills, and has 
been dissected to form cliffs on both sides of the Pororari River. Punakaiki township is 
squeezed between the cliffs, the sea, and the Pororari River. The limestone descends to 
sea level, and at the coast has eroded to form the distinctive Pancake Rocks 
Pancake Rocks has irregular chasms and ridges, typical of limestone country. The layersPancake Rocks has irregular chasms and ridges, typical of limestone country. The layers 
of resistant bands of limestone are separated by softer, thin, mud-rich layers. This type 
of layering, found in limestones worldwide, is called stylobedding. Although the origin of 
stylobedding has been debated, it is mostly agreed that this layering is not original 
bedding, but a secondary feature caused by compaction. Erosion by water, wind and salt 
spray near the coast has etched out the stylobedding, forming the distinctive ‘pancakes’.
As the New Zealand continent moved away from the spreading centre, its crust began to 
cool and become denser. The low-lying land began to gradually sink into the ocean 
during the early Tertiary period. By the Oligocene period, about 35 million years ago, 
less than one-third of the area of modern New Zealand remained above sea level, as 
numerous islands.
During this time, on the land still above the sea the bulk of New Zealand’s coal deposits 
accumulated, including coal now mined at Greymouth, Buller and Waikato. Offshore 
from the islands a blanket of new sediments was laid down on top of the older rocks of 
ancestral Gondwana. Sandstones and mudstones were deposited close to shore. On 
shallow sea floors far enough from land to be clear of sediment, the calcareous remains 
of marine organisms built up, forming large areas of limestones. 
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Tilted limestone bluffs at Kohaihai Bluff (2nd of 2)Tilted limestone bluffs at Kohaihai Bluff (2nd of 2)
A sheet of limestone was deposited over much of the South Island in the late 
Oligocene period, about 25 million years ago. As the land began to rise, about 10 
million years ago, much of the limestone was eroded, and only remnants are left.
This aerial photograph shows one of these remnants – a thin, resistant band of 
limestone that forms Kohaihai Bluff, north of Karamea. It is prominent because the 
softer rocks above and below have eroded. Originally horizontal, the limestone has 
been tilted up to 50° by uplift of the granite mountains (right). The same limestone 
band, lying almost horizontal, is found beneath the sea floor to the left
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Late in the cycle of mountain building, about 105 million years ago (in the Cretaceous 
period), some rock within the crust became hot enough to melt completely. The 
molten material moved upwards solidifying to form masses of granite now found inmolten material moved upwards, solidifying to form masses of granite now found in 
areas such as Abel Tasman National Park.
Cretaceous granites often cannot be distinguished from older granitic rocks by their 
appearance in outcrop. Laboratory radiometric dating of minerals is needed to 
determine the age of an igneous rock

ijzer, magnesium (ophiolite band)

-20.000jr konden we van Z naar N lopen
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The Marlborough Sounds, at the north-eastern end of the South Island, is a 
mountainous area that is now subsiding. The land is slowly sinking, and river valleys 
are becoming drowned by the sea. Because the land is sinking, either beaches have 
not formed, or they are at best very narrow

At the height of the last glaciation, about 20,000 years ago, areas of sea floor at the g g , , y g ,
shallow northern end of Cook Strait were above sea level. It would have been 
possible to walk between the North and South islands.

Greenstone: 

Te Papa Museum

Wellington Fault 
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Wellington Fault 
The Wellington Fault passes through the suburb of Thorndon, which was built before 
people knew that there was a major fault. There are now restrictions on constructing 
high-rise buildings in the area, and the Wellington City Council has plotted the location of 
the fault on its planning maps so that people buying houses or land are aware of its 
location. Premier House, the official home of the prime minister, is right beside the fault.
This view of the Wellington Fault looks north across Wellington City and the harbour, 

ith th b b f K i i th l ft f d Th f lt th d th h thwith the suburb of Karori in the left foreground. The fault passes northwards through the 
suburbs of Kelburn and Thorndon, and then forms the western edge of Wellington 
Harbour and the Hutt Valley in the distance. A stream that flows along the edge of the 
fault was dammed in two places to create reservoirs – the two lakes visible in the right 
foreground. These supplied water to Wellington for many years. Now that the fault is 
recognised as a hazard, an alternative water source has been found, and the lakes have 
become part of the Karori Wildlife reserve
This view shows the Wellington Fault, which forms a sharp edge to the Hutt Valley, with 
Petone and Lower Hutt at centre left of the photograph The eastern (nearer) side of thePetone and Lower Hutt at centre left of the photograph. The eastern (nearer) side of the 
Wellington Fault has subsided, and has been filled with gravel from the Hutt River
The faults that are considered to present the greatest earthquake hazard are those that 
move most frequently. The average frequency of movement can range from several 
hundred years to tens of thousands of years. More than 50 active faults in New Zealand 
are known to be the site of large earthquakes that occur at intervals of less than 2,000 
years

Art Deco architecture

coastline of the city was substantially 
altered by a large earthquake in 1931. 

Hot Springs
te Tarawera.

Canyon tussen Te 
Pohue en Tarawera

Waipunga Falls

Tauhura Mountain

caldera
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As the map shows, considerably larger areas of young volcanic rocks are preserved 
in the North Island: the largest expanse is the central volcanic region between 
Ruapehu and the coast of the Bay of Plenty, where lie all New Zealand's active 

l d ll th d b ili ivolcanoes and all the geysers and boiling springs.
This enormous accumulation of volcanic rocks, several thousands of cubic miles in 
volume, is a product of a very late phase of the North Island's volcanic activity — it 
began to form late in the Pliocene period. Activity began earlier in the volcanic regions 
to the north — in the Coromandel Peninsula, in North Auckland Peninsula, and in the 
islands to the east of it. The Coromandel Peninsula, Kaimai Range, and Great Barrier 
Island were the scene of eruptions of thick accumulations of andesite lava and 
agglomerate during the Miocene. Cracks in these rocks were later filled with quartz 
containing the valuable gold deposits of the Hauraki goldfield The andesite lavas andcontaining the valuable gold deposits of the Hauraki goldfield. The andesite lavas and 
agglomerates that now form the craggy hills of Whangarei Heads were erupted then 
also. Dacite lavas were erupted in eastern North Auckland in the late Miocene and 
early Pliocene. The early Pliocene saw the eruption also of a chain of rhyolitic
volcanoes off the eastern coast of North Auckland. The Poor Knights, Great Mercury, 
Mokohinau, and Aldermen Islands are the remnants of them. On the eastern side of 
Coromandel Peninsula rhyolite lavas, tuff, and ignimbrite were erupted at this time.

The latest eruptions of the northern North Island have been mainly basalt. During the 
Pliocene thick sheets of this lava spread out over hundreds of square miles of 
western North Auckland south of Hokianga Harbour: erosion has since lowered thewestern North Auckland south of Hokianga Harbour: erosion has since lowered the 
land around them so that they stand high as the Tutamoe and Waipoua plateaux. A 
chain of basalt volcanoes grew west of the Waikato basin in the Pleistocene. The 
most westerly is Mount Karioi, south of Raglan Harbour; Mount Pirongia, and two 
small volcanoes near Te Awamutu succeed it to the south-east. Mount Maungatautari, 
near Lake Karapiro, is an eroded andesite volcano of similar age. Basalt lava was 
erupted from many vents in North Auckland, Auckland City, and south Auckland in 
Pleistocene and later times: sheets of this lava built the Kerikeri plateau. The huge 
andesite cone, Mount Egmont, is one of a chain of volcanoes that grew in Taranaki in 
the Pleistocene.
The earliest of the long series of eruptions that have slowly built the central volcanic 
region of the North Island to its present plateaulike form began in the late Tertiary. 
The greatest eruptions there were in the late Pliocene and Pleistocene, when more 
than 3,000 cubic miles of ignimbrite, rhyolite lava, and pumice were poured out. The 
andesite volcanoes of Tongariro National Park grew during the Pleistocene. The 
central volcanic region continues north-eastwards to White Island, Kermadec Islands, 
Tonga, and Samoa.

Ruapehu

Ngāuruhoe

Tongariro

Tongariro volcanoes
The three southernmost volcanoes in the Taupō volcanic zone can be seen in this 
photograph – Tongariro (foreground and flat summit on left), Ngāuruhoe (centre) and 
R h ( i ht) St iki f t f thi l d t ti f lt ( iRuapehu (right). Striking features of this landscape are two active faults (running 
obliquely across the foreground), which indicate the close association between 
volcanic activity and tectonic deformation

Andesitic volcanic cones
The major active volcanoes of the North Island include Mt Taranaki (Mt Egmont), the 
peaks of Tongariro National Park (Tongariro, Ngāuruhoe, Ruapehu) and White Island. 
Eruptions began in the Taranaki area around 1.7 million years ago. The volcanoes of 
Tongariro National Park have been built largely during the last 260 000 yearsTongariro National Park have been built largely during the last 260,000 years.
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Ruapehu

Andesitic volcanic cones (-260.000 jr)
sodium-rich plagioclase and one or more
mafic minerals such as biotite, hornblende, or pyroxene.

Tongariro Ngāuruhoe

Ruapehu

NgāuruhoeNgāuruhoe
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Super-volcanoes
Th l t d t i l t l i N Z l d t h dThe largest and most violent volcanoes in New Zealand are not cone-shaped 
mountains; they are huge basin-shaped volcanic depressions known as calderas. 
New Zealand has a number of these super-volcanoes, including the Taupō, Rotorua, 
and Okataina calderas. Created by repeated catastrophic eruptions during the last 1.6 
million years, some calderas are now occupied by lakes, such as at Taupō and 
Rotorua.
During caldera eruptions, magma is blasted out largely in rapid flows of incandescent 
ash, pumice and gases. When the material comes to rest, it forms a rock known as 
ignimbrite Plateaus of ignimbrite hundreds of metres thick surround the calderas Ashignimbrite. Plateaus of ignimbrite hundreds of metres thick surround the calderas. Ash 
from their eruptions has spread for thousands of kilometres – for example, ash from 
the Taupō caldera is found in the Chatham Islands.
Most of New Zealand’s geothermal areas, such as Rotorua and Waimangu, lie within 
the calderas. Deep molten magma provides the heat that keeps the geysers, hot 
springs and mud pools bubbling.
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Emerald Terrace

Golden Fleece Terrace

Alkali-Chloride, Silica’s, Sulfa-zouten e.a. 

Ruatapu Cave

The canyon is carved into lake floor 
sediments laid down before Taupo's
Oruanui eruption 26,500 years ago.
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Artists Palette

Fumarole

Kleur vaak dor algen.
Sommige pools > 100°C kan 
vanwege Grafiet

Kleur vaak dor algen.
Sommige pools > 100°C kan 
vanwege Grafiet

Alum Cliffs Devils Bath
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Devils Bath

Zwavel kristallen

Zwavel kristallen

Pohutu Geyser
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Gebouwd op vulkanen, o.a. Mt Eden (-15.000jr)
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Auckland – a city on volcanoes
Auckland is built on a volcanic field that has been active as recently as 600 years 
ago Scattered through the city are dozens of volcanic cones The oldestago. Scattered through the city are dozens of volcanic cones. The oldest, 
Maungataketake, is about 50,000 years old, and the most recent volcano is Rangitoto
Island. The eruptions that built each cone have been short-lived, spanning perhaps 
as little as 10 years

Mt Eden (Maungawhau) is one of the most prominent volcanic cones remaining in the 
Auckland region. In the last of a number of eruptions about 15,000 years ago, three 
overlapping scoria cones became a single, huge scoria mound with a central crater. 
Lava flows extended out from the base of the mound, and in some places were moreLava flows extended out from the base of the mound, and in some places were more 
than 60 metres thick.
Maungawhau was a significant Māori pā, large enough to provide refuge for several 
hundred people.

Rangitoto Island
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Intra-plate basaltic volcanic activity has occurred around Kaikohe, the Bay of Islands, 
d Wh i i l t Mi ti S d d d f land Whangarei since late Miocene times. Sand dunes sourced from volcanoes 
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Kauri
barnsteeen


