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Volcanic landforms are common features of the New Zealand environment. They 
originate by two major processes: first, by the eruption of various magmas onto the 
Earth's surface creating a wide array of landforms; and second, by largely physical, and 
to a lesser extent chemical, weathering, which progressively erodes and greatly modi

fies the original landform. 
In the first process the landforms are constructional in origin. They vary princ i

pally accord ing to the chemistry and gas content of the magmas that control the 

explosivity of an eruption and the viscos ity of lavas . Magmas are subdivided into four 
groups principally on the basis of the silica content of the erupt ive materials (Table 
3.1) . Many other properties vary with the silica content, including everything from 

the viscosity of lavas to their mineral content. For example, increasing the water con
tent of magma decreases its viscosity, so that any resulting lava will flow more readily. 
However, the gas content of the magma is of prime importance. If it is low, relatively 

quiescent extrusion of lavas will form steep-sided domes (in high-viscosity rhyolites) 
or extensive lava fields (in low-viscosity basalts). If it is high, vesicles (bubbles) will 
form just prior to or during eruption and a violent explosion results. The principal 
landforms associated with these variables are ident ified in Table 3.1. 

In the second process the constructional volcanic landforms become modified by 

erosional agents, particularly running water, glaciers, the sea and the wind. These are 
therefore destructional or erosional in origin. 

In this chapter, volcanic landforms are described according to their composition 

and subdiv ided as to whether they are constructional or erosional in origin. 

Rhyolites 

Constructional features 

The Taupo-Rotorua region is the principal rhyolitic landscape in New Zealand. The 
area is essentially a plateau formed from successive sheets of welded ignimbrite. This 
rock type is the product of huge explosive rhyolitic eruptions that produced effervescent, 
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Table 3.1 Rock-type compositions and commonly associated deposits and landforms. 

Silica percentage (Si%) 68 63 52 
Rock type RHYOLITE DACITE ANDESITE BASALT 

Lava viscosity Very high Explosive Moderate Low 

Style of eruption Highly explosive Explosive Explosive Effusive-locally 
explosive if under 
the sea or inter 
acting w ith 
groundwater 

High-gas content CALDERAS Extensive pumice STRATOVOLCANOES SCORIA CONES 
deposits and Ignimbr'ite sheets Regional pumice-fall Local ised scoria 
landforms pumice-fall and deposits. Extensive and ash deposits 

pumice-flow deposits ring plains of lahar 
deposits 

Low-gas content DOMES DOMES DOMES and LAVA SHIELD 
deposits and often of obsidian FLOWS VOLCANOES 
landforms Voluminous lava 

flows 
New Zealand Lake Taupo MtTauhar-a Mt Ruapehu Rangitoto Island 
examples Lake Rotorua Mt Taranaki/Egmont Auckland 

incandescent, gas- rich flows of ash and pumice that radiated outwards from their 
source vents. As these flows came to rest, the gases were lost to the atmosphere and 

the so lid material compacted to form an ignimbrite sheet. Welded portions of ign
imbrites usually shrink and crack as they cool, producing strong columnar jointing 
that controls landform development wherever they are exposed. Some ignimbrites are 

not welded (e.g. the las t Taupo eruption) but show similar plateau-like landforms to 
welded ignimbrites because they fill up valleys with pumice to form an upper planar 
surface , irrespective of the relief beneath. The youngest ignimbrite forms the Rangi

taiki Plains east of Lake Taupo (from the AD 186 eruptions of Taupo) . Beneath it is 
the Whakamaru Ignimbrite (erupted from Taupo 333000 years ago), which spread 
eastwards to the main ax ial ranges, westwards to form some of the prominent cliffs of 
the Western Bays of Lake Taupo, and northwards, where the sheet is exposed in cross
section by the Waikato River. 

To the north, similar ignimbrites formed the Mamaku Plateau, northwest of 

Rotorua, and the Kaingaroa Plateau, southeast of Rotorua, about 225000 years ago. 
Successively older ignimbrites are then found to emerge from beneath the younger 
sheets as one steps down from the central North Island into the Waikato. Each suc

cessively older and therefore deeper ignimbrite sheet has been subjected to longer 
time intervals of weathering and eros ion. 

Many of the ignimbrites are extremely voluminous, involving eruption of over 

1000 km3 of magma. In fact , the great bulk of the volcanic material erupted from the 
Taupo Volcanic Zone is ignimbrite and totals> 10000 km3. It is to be expected that 
when such volumes of material are erupted, a void is likely to be created at source. In 
the case of ignimbrites, major collapse of the crust occurs in the vicinity of the vent, 
usually in a c ircular or ovate pattern, to form a caldera (Figure 3.1). Caldera margins 

tend to be scallop-shaped arcs of vertical cliffs that delineate faults marking the outer 



Figure 3.1 
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limits of subsidence. The youngest calderas are best preserved, and where little subse
quent activity has occurred, the caldera has often filled with water to form some of the 

great lakes of the North Island, such as Rotorua and Taupo (Figure 3.2). Lake Taupo 
lies in a 40 km diameter caldera that has been a major source of late Quaternary 
pumiceous rhyolitic eruptions. It is a 'negative' volcano because its explosive origin 
left behind a hole or basin rather than a class ic cone edifice. Other ca lderas may 

remain comparatively active after the main explosive event and extrude more recent 
lavas, which may partially infill the structure, as has happened in the Okataina caldera 

(Figure 3.3) . O lder calderas have become buried by younger ignimbrites and are only 
revealed by ground-penetrating geophysical techniques as circular piercement struc

tures in basement rocks. 
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Cross-section of a typical New Zealand ca ldera. 
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Figure 3.2 View northeastwards across the northern part of Lake Taupo, which occupies a rhyolitic caldera that 
last erupted c. AD 186. In the foreground are the Karangahape Cliffs, formed from rhyolitic domes on the western 
shoreline. In the left distance are the northern bays, their form controlled by normal fau lted horsts and grabens to 
form headlands and bays. On the far shore is Taupo township, behind which r ises the dacitic dOme complex of 
Tauhara. (L. Homer, IGNS) 
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Figure 3.3 
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Quaternary volcanic fie lds of the North Island of New Zealand. 

Several calderas also have been formed on or adjoining islands to the north of the 
North Island. At Mayor Island, in the western Bay of Plenty, the resistant obsidian 

lavas underlying the outer flanks of the volcano have protected this, the youngest
formed caldera in New Zealand, from the sea (Figure 3.4). About 6500 years ago the 
island explosively erupted, producing localised ignimbrites and widespread airfall 
pumice, which created a steep-rimmed caldera that has been partially infilled by sub
sequent lavas. About 1000 km to the north are the Kermadecs where two islands are 
associated with major calderas. Raoul Island has a central caldera, which was last 

active in 1964, and its western flank comprises a second caldera formed 2200 years 
ago. The latter is now a submarine structure that is responsible for the broad sweeping 
beach of Denham Bay on the island 's western coastline. It last erupted in 1870, forcing 

a local family to be evacuated. About 110 km south lies Macauley Island, which rests 
alongs ide a large, 12 km diameter submarine caldera to the northwest of the island. 
Ignimbrite preserved on Macauley suggests that a 50 km3 eruption 6300 years ago 
formed this caldera. 

Where low- or non-gaseous magmas reached the surface, rhyolitic domes or short 
lava flows called coulees are formed (Figure 3.5). Their location is usually related to 
the position of major faults that provide a condu it for magma to escape. Some of these 
faults are tectonic and are related to current stretching of the crust in the Taupo Vol

canic Zone. Other fa ul ts relate to the caldera systems themselves. Rhyolitic domes are 
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Figure 3.4 View westwards of Mayor Island showing the older. outer slopes of the pre-7000-year-old volcano. 
within which is the youngest caldera formed in New Zealand. Many of the coastal exposures are cliffs of obsidian. 
The scalloped caldera rim is almost open to the sea on the eastern (near side) margin. Post-6600-year-old rhyolitic 
domes and coulees have infilled most of the caldera almost overtopping the caldera rim to the northwest (far side 
of photo). (L. Homer.IGNS) 

Figure 3.5 
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Cross-section of a rhyolitic lava dome and coulee based on exposures at Mt Tarawera. (Cole 1970) 

most frequently associated with the latter, where they may form isolated conical or 
hemispherical hills-for example, Mt Ngongotaha, near Rotorua, and Mt Maunganui, 
near Tauranga (Figure 3.6)--or overlapping clusters (e.g. in the Okataina caldera). 
Some of the youngest and thus best preserved were extruded during the 665-year-old 

(Kaharoa) eruptions at Mt Tarawera. 
In the Maroa caldera, northwest of Wairakei (Figure 3.3), at least 70 simple and 

compound rhyolite domes scatter the landscape. Their ages range between 140000 
and 20000 years, with the most recent, Puketarata, 14-15000 years ago. Further 

south, at Lake Taupo, rhyolitic magma has been extruded around the margins of the 
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Figure 3.6 View to the south showing the rhyolitic dome of The Mount, Mt Maunganui, forming the eastern 
sentinel of Tauranga Harbour. To the left is the tombolo, a low-lying accumulation of sand that joins The Mount to 
the North Island. (L. Homer, IGNS) 

Taupo caldera to form numerous domes, including Manganamu, near Tokaanu, 

Motuoapa, and Motutaiko Island. 
Occasionally the lavas may be extruded and cooled so quickly that they form 

black obsidian, or volcanic glass, such as is found in the sea cliffs on Mayor Island. 
Here, young «6500 year old) lava coulees occupy most of the central caldera (Figure 

3.4). The ground surface of these rhyolitic lavas can be deceptively rugged, owing to 
the high viscosity of the solidifying lava, which has a hard external crust. The lava 
may be subjected to convecting movements beneath, and this, combined with the vis

cous flow, fractures the lava sUlface resulting in chasms and ridges with a relief of 5-8 m. 
Associated with the rhyolitic calderas are most of New Zealand's natural geother

mal features. Here, superheated water rises convectively from a heat source provided 

by magmas at several kilometres depth to create a miscellany of unique landforms. 
Such waters form alkaline chloride springs, which have a crystal-clear to blue appear
ance and, when cool, a soapy feel. One notable example is at Waimangu, where Frying 

Pan Lake is one of the largest boiling lakes in the world. Water at 300°C has the 
capacity to dissolve 15 times more silica than it can at o°e. When these waters reach 
the surface and cool, vast quantities of silica are precipitated to form a silica terrace as 

water slowly flows away from the spring's source. Where the slope of the ground is 
sufficient, sequences of terraces may form, such as those at Orakei Korako and at 
Whakarewarewa. At the former Pink and White Terraces, destroyed in the 1886 

Tarawera eruption, water flowed down a staircase of pools to form what was one of the 
most spectacular geothermal wonders in the world. 

Where hot waters gradually fill underground chambers and an impermeable 
siliceous cap rock has formed, a geyser may 'erupt' through a conduit to the surface. 
Depending on the filling rate and the size of the chambers, a regular cycle of 'playing' 
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wi ll shoot the waters high into the air-Pohutu at Whakarewarewa being the most 

famous. Of the natural geysers present in New Zealand 150 years ago, 90% have been 

lost because of human interventions such as excessive drawdown of groundwater and 

drowning in hydro lakes. In the early years of the twentieth century the Waimangu 

(Black Water) Geyser often reached up to 460 m, the highest of any geyser in the 

world. 

When underground hot waters break down rock and release sulphur, oxidation 

occurs, producing ac id sulphate water, which reduces rock to clay. This usually forms 

muddy, colourful springs, usua lly peripheral to the more deeply sourced a lkaline chlo

ride springs. T he process is seen in the famous 'mud pools' of the Rotorua district, the 

activity of which varies marked ly depend ing upon loca l rainfall. 

Erosional landforms 

Non-welded ignimbrites are loose and unconsolidated. After an eruption they are 

li kely to remain unvegetated for several years and are thus susceptible to erosion by 

heavy ra ins. Eroded into the Taupo ignimbrite are many deep chasms or dry rills that 

originated from the immed iate post-eruption period. The radiating rills can form a 

paraso l pattern on hi lls (Cotton 1944). Underground piping (water flow) can also lead 

to tunnel formation, which may collapse and cause soil-conservation problems. Once 

a vegetative cover becomes established these deposits wi ll be stabilised, but unusually 

heavy rains have been known to tr igger major deep-seated landslides in such materi

als. This occurred in the Rotorua district in 1962 when 2580 mm of ra in, twice the 

mean annual rainfall, fell in one storm. 

Figure 3.7 View southwards showing the rhyolitic dome of Paku Hill, at t he north entrance to 
Tairua Harbour, Coromandel. Beyond is the Pauan ui sandspit, and another rhyolitic dome forms the 
headland in the distance. (L. Homer, IGNS) 
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Where ignimbrites are welded only at their centre, the unwelded surficial cover is 
rapidly removed to expose the resistant core. On the Mamaku Plateau, remnant 
stumps of welded Mamaku ignimbrite protrude as tors from a land surface that was 

stripped of surficial, unconsolidated regolith during the cold-climate episodes of the 
late Pleistocene. At the margins of the welded ignimbrite sheets, planar surfaces ter

minate at cliffs with jumbled broken columns at the toeslope. 
The massive nature of rhyolitic domes, flows, and welded ignimbrites makes them 

resistant to erosion, but where subjected to constant fluvial incision, and where they 
show columnar jointing, impressive gorges and waterfalls are formed-for example, 

the Aratiatia Rapids and the Tarawera, Waipunga, and Okere falls. 
With advanced weathering, residual portions of rhyolite domes form prominent 

features in the local landscape. Numerous examples occur on the Coromandel Penin
sula, including Paku, at the entrance to Tairua Harbour (Figure 3.7), and prominent 
thumb-shaped pinnacles near the Kopu-Hikuai Road and Neavesville. Another is 
the butte of Pohuturoa, near Atiamuri (Figure 3.8). Many rhyolites eroded by marine 

erosion form spectacular isolated islands off the east coast of Northland and the 
Coromandel Peninsula-for example, the Poor Knights, Mokohinau, and Aldermen 
groups. 

figure 3.8 View westwards of the rhyolitic dome remnant of Pohaturoa, with Atiamuri village in the 
foregl'Ound. Lake Atiamuri is visible in the right foreground, with the Waikato River valley extending off in the right 
distance towards Whakamaru. Flats in the foreground are covered with Taupo Pumice, which erupted c. 186. 
(L. Homer, IGNS) 
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Constructional features 

The best preserved and most complete dacite volcano in New Zealand is Tauhara (Fig
ure 3.2), where four domes have coalesced over their vents. The nearby cone of Maun

ganamu is also dacite. Both are dated at >30000 years old. The other major 
occurrence is Maungaongaonga, a cone northwest of Waiotapu (Figure 3.9). 

Twenty kilometres southeast of Rotorua is the hydrothermally altered dacite 
dome of Rainbow Mountain (Maungakakaramea). Here the rock has been highly 
altered to clays with various ox ide contents, which are d isplayed as a spectacular range 

of colours in the cliffs. 

Erosional landforms 

One major dacit ic eros iona l landform occurs in New Zealand. On the Coromandel 
Peninsula, remnants of a 12-million-year-o ld vo lcano have been severely eroded to 

leave the jagged pinnacles of Castle Rock (Figure 3. 10). 

Figure 3.9 View northwards across Waiotapu geothermal region to two dacitic domes. To the left is 
Maungaongonga with its breached crater towards the viewer, inside which is a small dome. To the right is Ra inbow 
Mountain, w hich is strongly hyd rothe rmally altered. The Saddle, on the skylin e to the extreme left, marks the 
upthrown side of the Paeroa fault scarp. (L. Homer, IGNS) 
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Figure 3. 10 The remnant plug of the dacite volcano Cast le Rock. Coromandel. Severe fluv ial eros ion has left 
the former vo lcano's conduit as three prismatica lly jo inted pinnacles protruding from the bush-clad r idgetop. 
(L. Homer. IGNS) 

Andesites 

Constructional features 

The most prominent andesit ic landscapes in New Zealand are centered on Tongariro 
and Egmont National Parks. Here the products of andesitic volcanism have con
structed four major stratovolcanoes. These are usually major volcanic cones rising to 

several kilometres, constructed of alternating layers of lava flows, and broken volcanic 
rock fragments (rubble) . 

To varying degrees, the contrasting lithologies of lava and rubble that make up 

andesitic stratovolcanoes fo rm a structural weakness, especially if the proportion of 
lavas is low. This can lead to instability and grav itationa l collapse of a sector of the 
cone, owing to steam explos ions, earthquake shak ing, heavy rains, or volcanic erup

tions. Such collapses can generate voluminous debris avalanches, which accelerate 
down the volcano's flanks before spreading outwards on the adjoining lowlands. As 
they decelerate they leave beh ind huge piles of shattered pieces of the former volcanic 
pile (megablocks) to form conical hi lls. Such ava lanches may be dry or wet, and, in 

the latter case, mud and boulders are deposited in a fan shape beyond the megablocks. 
A lternatively, smaller volcanic mudflows may be generated high on stratovolca

noes. These may be triggered by expulsion of water from crater lakes (e.g. Ruapehu) 

when volcanic act ivity melts ice and snow, or heavy rainstorms mobilise the loose 
material ava ilable. These flows descend via the valley systems of stratovolcanoes and, 
when they reach the surround ing lowlands, avulse thei r channels. Here, great thick-
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nesses of volcanic boulders and sand accumulate to form a circular ring plain sur
rounding the cone. All the wet flows of material from a volcano, other than normal 

streamflow, are collectively termed lahars. They may range from hyperconcentrated 
stream flows (where there is an excess of water) to debris flows and mudflows (an 
excess of sediment). The deposits of the ring plain are dominantly laharic in origin but 

may include fluvial deposits, glacial moraines, and, sometimes, buried lava flows (usu
ally from satellite vents). 

At Tongariro National Park the land suddenly rises 1500 m from Lake Rotoaira to 

Tongariro Volcano (Figure 3.11), a complex of 12 composite volcanic cones, that have 
a considerable range in age. The older lava flows on the flanks represent construction 

of the underlying base about 275000 years ago. From time to time, gravitational fail
ures on the sides of the massif led to huge landslides that transformed into lahars, 
which swept onto the surrounding lowlands. During the last glaciation the complex 

was extensively glaciated. Subsequent Holocene activity has been centred at four 
sites: North Crater, Blue Lake, Red Crater, and the Te Mari craters on the northern 

flank, which last erupted in 1896. 
On Tongadro's southern flank a second, relatively simple stratovolcano, Ngau

ruhoe, rises 1000 m (Figure 3.l2). This is a monogenetic volcano with slopes of 30° 

where all the effusions have originated from a single central vent over just the last 

Figure 3.11 View southwards of the andesitic stratovolcano ofTongariro, with Ngauruhoe and Ruapehu in the 
centre background and the smaller cone remnant of Hauhangatahi to right background. In the centre foreground 
are the Te Mari craters on the northern flank ofTongariro.last active in I 896.To the right and beyond is North 
Crater. which now occupies the site of a former sector collapse to the northwest (right) about SS 000 years ago. To 
the left is Red Crater. from which lava flows extend into Central Crater (towards viewer) and into Oturere Stream 
(to left). The active geothermal area of Ketetahi Springs with steam rising is visible on the nor'th flank of North 
Crater. (L. Homer.IGNS) 
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Figure 3.12 View eastwards of the andesitic cone of Ngauruhoe (2291 mi. Historical lava flows have formed the 
western slopes, towards the viewer, originating from the 'nested crater' of the summit region.The 1954 eruptions 
built the innermost of the crater rims. In this photo, taken in 1984, a small amount of steam is visible emanating 
from the southern part of the crater. Beyond are the two lateral moraines deposited by a former late Pleistocene 
glacier in the Waihohonu Stream. (L. Homer, IGNS) 

3000 years. Since 1839 Ngauruhoe has erupted on more than 60 occasions with dis

continuous ash emission until 1975, when eruptions ceased. During this time the 
summit-crater configuration frequently changed, leading to a series of remnant 
'nested' craters (Cotton 1944). During historical time, 15 aa (or blocky) lava flows have 

accumulated on the northwestern flanks during eruptions in 1870, 1949, and 1954. 
Ruapehu is a large (> 1 00 km3) and relatively stable volcano dominated by lava

flow accumulation. Surrounding it is an extensive adjoining ring plain extending 10 
km outwards from the base of the cone (Figure 3.13) and containing a long and 
frequent record of lahar accumulation (except to the north). Beyond the ring plain, 
lahar deposits extend down a number of major river valleys, such as the Hautapu, 

Moawhango/Rangitikei, Whangaehu and Manganuiateo/Whanganui, to reach the 
sea. Older flows remain exposed in remnant radial ridges (e.g. Pinnacle Ridge), while 
younger flows fill the valleys in between-for example, the Whakapapa. Minor (volu

metrically) satellite vents have lead to flank eruptions of lava in the north, southwest 
(Hapuawhenua lava field), and south (Rangitaua lava field). Currently the active 
crater has a temporary lake between eruptions. During eruptive episodes the lake 
waters are displaced into the Whangaehu River, where lahars have frequently 

removed rail and road bridges. Collapse of the lake wall in 1953 with no accompany
ing eruption led to the Tangiwai Disaster, when a rail bridge was destroyed and a train 
plunged into the river, with the loss of 151 lives. 

Many extinct andesitic stratovolcanoes dominate the landscape from Tongariro 
north to the Waikato. Between Lake Taupo and Tongariro are three of these major 

peaks-Kakaramea, Tihia, and Pihanga-which are aligned west-east, forming a 
barrier to drainage (Figure 3.l4). 
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Figure 3.13 View southeastwards of the andesite stratovolcano Mt Ruapehu (2797 m) from the northwest 
boundary ofTongariro National Parle In the foreground are the mounds of megablocks forming the geomorphic 
surface of the Murimotu Formation, deposited by a volcanic debris avalanche about 9500 years ago. The avalanche 
was derived from the collapse of the northwest sector of the cone (facing the observer), leaving an amphitheatre 
bounded by Pinnacle Ridge to the north (the prominent ridge with shadow on left side of cone) and which has been 
subsequently infilled by younger andesitic lava flows. (L. Homer, IGNS) 

Figure 3.14 View southwards from Lake Taupo showing the delta of the Tongariro River in the foreground, an 
area of post-186 sediment accumulation from the andesitic volcanoes to the south. Water from the Tokaanu Power 
Station enters the lake along the straight canal beyond the rivermouth. Near the power station the canal curves 
around the rhyolitic dome of Manganamu.The southern rim of the Taupo caldera is likely to be along the foot of the 
hills beyond, an alignment of extinct andesitic stratovolcanoes including Pihanga (to left),Tihia, and Kakaramea (to 
right). Further away, on the skyline, are the andesitic volcanoes ofTongariro National Park and their associated ring 
plains (to left and right). On the extreme left are the Kaimanawa Mountains, formed from the axial basement 
greywackes of the North Island. (L. Homer, IGNS) 
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Further north, in the Bay of Plenty, are three younger andesite volcanoes; Mt 

Edgecumbe, near Kawerau; Whale Island (Figure 3.15), located 10 km offshore from 
Whakatane; and the active White Island, which lies 45 km offshore. White Island is 
roughly circular with a 1 km diameter horseshoe-shaped crater open to the sea in the 

southeast (Figure 3.16). The outer slopes represent the flanks of two stratovolcanoes. 
They terminate sharply about a ring-fault system that marks a zone of landsliding into 

the crater. It was inward collapse of the northwest sector of this zone in 1914 that cre
ated a large landslide that became admixed with waters of a hot lake on the crater 
floor and flowed out of the crater entrance into the sea. The resulting deposit shows 

numerous hills of shattered megablocks across most of the crater floor. Eleven sulphur 

miners were buried by this flow. 
Egmont Volcano is distinctly separate from the major andesite field, lying 130 km 

to the west of Ruapehu. Considered to be derived from magma originating from a 
deeper part of the underlying subduction zone, Egmont lavas are unusually viscous for 

andesites. They are surpassed volumetrically by large accumulations of rubble of pyro
clastic flow and laharic origin. This has led to an unstable stratovolcano where there 
have been frequent sector collapses (Figure 3.17). In contrast to Egmont, the parasitic 

cone of Fanthams Peak has erupted more fluid basaltic andesite lavas, which have 
constructed a more stable cone on the southern flank of Egmont. At least four satellite 
vents created small lava domes to the northwest (the Dome), northeast (German 

Hill), and south (the Beehives). 

Figure 3.15 The andesitic lava domes of Whale Island, Bay of Plenty. (L. Homer; IGNS) 



Volcanic Landforms 

Figure 3.16 White Island from the east, showing the horseshoe-shaped crater and steam rising from the inner 
crater at the foot of the horseshoe. Inward collapse of the crater rim caused the 1914 debris avalanche that flowed 
across the crater floor, leaving behind the distinctive mounds of mega blocks visible to the left of the steam vents. 
(L. Homer, IGNS) 

Figure 3.17 View of the southwest flank of EgmontVolcano. Here, between Bobs Ridge to the north (left) and 
Fanthams Peak to the southeast (right), there is a missing segment of older Egmont lavas truncated by a radial fault 
along Bobs Bluff (to left).The debris avalanche that was created by this collapse reached the coastline, depositing 
boulders and mud throughout the Opunake district about 7000 years ago. Subsequent younger lavas from the main 
crater then infilled the amphitheatre to construct the upper part ofthe cone. The eastern crater rim rises to form 
the Sharks Tooth, with the summit lava dome (tholoid) immediately to the left. (L. Homer, IGNS) 
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While much of the current Egmont cone is of Holocene age, the ring plain is 10 
t imes as old and voluminous, containing the deposits from many previous pre-Egmont 

cones that collapsed in the past. Major debris-avalanche deposits are recognised, form
ing extensive mound fields of megablocks to the northeast around Inglewood (105000 
years ago ), to the east and south from Mahoe to Eltham (24000 years ago) , and to the 

west from Okato to Opunake (22000 years ago ). The latter is the largest at >7.5 km3 

and is responsible for the many individual conical hills, often with enclosed depres

sions between, found throughout coastal Taranaki. 

Erosional landforms 

To understand what happens when andesite volcanoes become extinct and erosion 
sets in, one must examine the Taranaki Volcanic Succession (Figure 3 .1 8 ). North of 

Egmont Volcano is Pouaka i, a 250000-year-old andes ite stratovolcano rising to about 
half the height of its neighbour. Erosion has removed the upper cone, and the 
youngest lava flows cap residual ridges of the fortner edifice. Fifteen kilOlnetres north 

wards is Kaitake, a 500000-year-old relict andesite stratovolcano that rises to about a 
quarter the height of Egmont. A further 20 km north-northeast lie the remnants of a 
nearly two-million-year-old stratovolcano at New Plymouth. This volcano has been 

largely removed by flu vial and marine erosion. The res istant domes of the Sugar Loaf 
Islands and a residual volcanic neck or lava sp ine forming the pinnacle of ParitutLi on 

the foreshore are all that remain. What this sequence demonstrates is the progressive 

Figure 3.18 View northwestwards of the andesitic stratovolcano of Mt Taranaki/Egmont showing the Taranaki 
Volcanic Succession. In the right distance are the Sugar Loaf Islands and Paritutu, remnants of andesitic domes and a 
lava sp ine intruded into a now-denuded stratovolcano 1.75 million years ago. Beyond EgmontVolcano (to right) 
is the extinct Kaitake Volcano, dated at 500000 years o ld , and Pouakai Volcano (between Kaitake and Egmont) 
dated at 200-250000 years o ld. The summit dome of Egmont Volcano is visible beyond the eastern crat er rim. 
Fanthams Peak parasitic cone is visib le in left foreground.The western Taranaki shore lin e is v i s ibl ~ in the distance, 
bounding the circular ring plain of debr is ava lanche and lahar deposits surrounding the Taranaki stratovolcanoes. 
(L. Homer, IGNS) 
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effects of erosion once volcan ism ceases, and that in such a moist, temperate climate 
this type of andesite stratovolcano las ts only two million years on the Earth's surface 

before it is removed by eros ion. 
Accompanying denudation of andes ite stratovolcanoes is a sequence of progres

sive aggradation (with attendant eros ion) of the assoc iated ring plain. Segments of 

each ring plain represent differing ages of volcaniclastic (broken rock fragment) accu
mulation, for which the term lahar planeze has been used (Neall 1982). Landscape 
evolution of lahar planezes in Taranaki is shown in Figure 3 .19. After prolonged ero

sion, interfluves at low elevation with a thick ash cover retain the planar surface of the 
original lahar deposit. However, at high elevations erosion removes the planar inter

fluves to produce a strongly rolling landscape. 
Elsewhere in New Zealand many examples of various erosional stages of andes ite 

volcanoes may be found. Extinct but still largely intact are the stratovolcanoes of 
Maungatautari, near Cambridge in the Waikato; and Little Barrier Island, in the Hau

raki Gulf. 
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Figure 3.19 Diagrammatic representation of progressive landscape evolution of lahar planezes in Taranaki. 
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Basalts 

Residual stratovolcanoes are common on the Coromandel Peninsula , where 
notable examples are found in the headwaters of the Kauaeranga Valley, east of 

Thames; as vestigial lava-capped peaks such as Table Mountain (nine million years 
old); and, near the northern tip of the peninsula, Sugar Loaf and The Pinnacles. 

Two classic examples of an advanced stage of stratovolcano erosion are the vo l

canic necks of Tokatoka and Maungaroho, near Dargav ille. These 20-million year-o ld 
res istant plugs of fonner vo lcanic conduits are much harder than the surrounding 

rocks and have formed class ic protruding thumb-shaped sp ines. Another example 
occurs west of Lake Taupo in the Hauhungaroa Range, form ing the peak Titiraupenga. 
Examples of 20-million-year-o ld fragmental andesites include St Pauls Dome at 

Whangaroa; the Taratara Rocks, south ofMangonui, Northland; and the jagged coast
line and cliffs between Muriwai and Piha on the western flank of the Waitakere 
Range, west of Auckland. 

Constructional features 

The youngest constructional basa ltic landscapes in New Zealand are confined to the 
north of the North Island. Here, three major Quaternary volcanic fie lds occur: 

between the Bay of Islands and Kaikohe; west of Whangarei; and around the Auck
land isthmus. The bulk of the extrusives are extensive lava flows that have built small, 

low-angle-sloping shield vo lcanoes (e.g. Whatatiri, east of Whangarei) . Rangitoto 
Island is the youngest of these shields, having las t erupted sometime between 1200 
and 400 years ago (Figure 3.20). Here, lava flowed radially from the central vent to 

build a substantial cone of pahoehoe (or ropy) lava that totals more than half (58%) 
of the volume of the Auckland Volcanic Field (7 km3) and 10 times the volume of the 
next largest volcano (One Tree Hill). The result is a symmetrical island of circular 

outline dominating the entrance to A uckland Harbour. Basalt flows are very fluid, so 
that as they have flowed away from their source they have fo llowed river valleys, often 
for many kilometres, and may partially infill or totally bury them (e .g. between 

Kaikohe and Hokianga). Another example of a young basaltic volcan ic cone occurs in 
A uckland where lava from Three Kings flowed 10 km and now extends 3 km into the 
Waitemata Harbour west of the Auckland Harbour Bridge. In some areas basa lt flows 

have blocked the drainage system, forming swamps and lakes . Lake Omapere, near 
Kaikohe, is one example, formed >60000 years ago when lava flows from Te Ahuahu 
blocked the eastward course of the Waitangi River, causing drainage to flow westwards 
to Hokianga Harbour. 

In the region between Kaikohe and the Bay of Islands more vo luminous basalt 
flows were ex truded across the landscape during the Q uaternary to form an extensive 
plateau. Overseas , extremely voluminous basaltic eruptions have originated from long 
fissures to produce exceptional vo lumes of basalt lava flows. One in Iceland erupted 

12 km3 in 1783, inundating 500 km 2 Such basalt plateaus dominate the landscape of 
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Figure 3.20 Two of the volcanoes in the Auckland Volcanic Field. In the foreground is Browns Island (Motukorea), 
a complex of lava flows and scoria cones that may have been active about 1200 years ago. Beyond is the lava shield 
volcano of Rangitoto Island with its summit scoria cone, at the entrance to Waitemata Harbour. (L. Homer, IGNS) 

the Columbia River, USA, and the area around Mumbai (Bombay), India (the 

Deccan Traps). 
Where very hot pahoehoe basalt flows cooled at the surface but continued to flow 

underground, lava caves or lava tubes may form. At least 60 are recorded from the 
Auckland district, including the Wiri Lava Cave, the longest in New Zealand at 290 m. 

When more gaseous basaltic magmas arrive at the surface, fire fountaining results 
and vesicular basalt or scoria is created. The rough angular nature of individual scoria 
fragments means that it has a high angle of rest. The resultant localised activity usu

ally builds a circular, steep-sided scoria cone with a steep-sided inner crater. North 
Head and Mt Victoria (in Devonport), Mt Eden, One Tree Hill, Mt Wellington, Man
gere Mountain, and the dimpled summit of Rangitoto Island are all scoria cones (Fig
ure 3.20). Mangatapere, Maungakaramea, and Kupenui (west of Whangarei) , Kaikohe 

Hill, Maungaturoto, Te Ahuahu, and Tauanui (near Kaikohe) are prominent North

land examples. 
Scoria cones occur scattered through the central North Island, the better known 

being in the Maroa Centre and four cones west of Taupo. The latter, known as the K
Trig Basalts, are quarried for the red scoria sold in garden centres. 

Where basaltic magmas encounter shallow sea water or groundwater, conversion 

to steam creates shallow explosion craters. These may be simply phreatic (steam) 
events that rip the former rocks apart to create a circular depression surrounded by a 
concentric ridge of pyroclastic materials called a maar. Alternatively, magma may be 
directly admixed with the steam explosion (a phreatomagmatic eruption) to result in 

deposits that show alternating scoria with extremely hydrothermally altered beds. 
Often the resultant craters are infilled with water. Several of these occur around the 
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Auckland field: examples include the Onepoto and Tank Farm craters; the Orakei and 
Panmure Basins; and Pukaki, near Auckland International Airport. At Lake Pupuke, 
the initial explosions were followed by lava that flowed eastwards to form the section 

of coastline between Milford and Takapuna. About 30 maars occur in the South 
Auckland district, the most notable being at Pukekawa and Kellyville. 

The one famous historical basaltic eruption in New Zealand was the 1886 erup
tion of Mt Tarawera, 25 km southeast of Rotorua. This volcano had previollsly erupted 
rhyolitic magmas, so it was surprising when it showed a total change in composition. 
A major fault runs NNE-SSW through the summit domes of Tarawera (Figure 3.21), 

and on 10 June 1886 sufficient tension existed along the fault for magma to rise and be 
expelled from a 7 km long fissure that reamed out the Chasm, which crosses the sum

mit domes. This is considered to be one of the most gaseous and hence explosive 
basaltic eruptions in historical time. Still preserved in the Chasm along the moun
tain's axis are exposures of the 2-10 m wide dyke up which the magma rose. Ripping 
the older rhyolite domes apart, the eruption took four hours to spread 2 km l of scoria 

across the Bay of Plenty and Urewera districts. Towards the middle and end of the 

Figure 3.21 View northeastwards along the 1886 fissure extending from Waimangu, in the foreground, to Mt 
Tarawera, on the skyline in the background. In the near foreground is South Crater, beyond which is Frying Pan 
Lake, created by eruptions in 1917. Beyond is Inferno Crater, alongside which (to the right) was the site of the 
Waimangu Geyser from 1900 to 1904.The rift then continues across Lake Rotomahana, site of the former Pink and 
White Terraces, before bisecting the 700-year-old rhyolite domes ofTarawera to form The Chasm. In the distance to 
the left is Lake Tarawera, formed by accumulation of volcanic debris from Mt Tarawera, which forced the lake to 
overflow via a rhyolitic lava flow that forms the Tarawera Falls. (L. Homer, IGNS) 

Figure 3.22 High-altitude view from the east across the basaltic shield volcanoes of Banks Peninsula. Akaroa 
Volcano is in the foreground, with its deeply dissected interior now occupied by the sea, forming Akaroa Harbour, 
which opens to the south (left). Beyond, the Lyttelton Volcano coalesces with Akaroa Volcano, its interior dissected 
and flooded by the sea to open to the north. The coastal barrier forming Lake Ellesmere is visible in left distance. 
Christchurch city and the Avon-Heathcote Estuary are visible in the right distance. Beyond are the aggradational 
terraces of the Canterbury Plains, which extend westwards to their source, the Southern Alps, on' the skyline. 
(L. Homer, IGNS) 
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eruption, magma ascended an 8 km long extension to the southwest. Here the magma 

interacted with hydrothermal fluids beneath the waters of Lake Rotomah ana. Accom
panied by an extremely violent eruption, steam clouds swept outwards in surges from 
the lake basin to deposit metres of Rotomahana mud on the surrounding countryside. 

Not only was this mud respons ible for most of the building collapses and the destruc
tion of the Pink and White Terraces, but it also caused most of the 153 deaths associ
ated with the eruption. 

Erosional landforms 

Both Banks and Otago Peninsulas are excellent examples of eroded basalt-shield vol
canoes. Banks Peninsula comprises two major shield volcanoes about 30 km in diame

ter that grew adjacent to each other between 11 and 6 million years ago. With time 
these volcanoes became deeply dissected to form steep ravines separating planar lava
capped ridges (called planezes) (Figure 3.22) that reflect the surface of the original 
structure (Cotton 1944). 

Figure 3.23 View eastwards of the dissected basaltic shield volcano at Dunedin.The arms of Otago Harbour are 
almost entirely of volcanic origin. At certain times the Otago Peninsula was an island, but recent sand accumulation 
at St Kilda has joined the peninsula to the South Island, forming the harbour, which now facrs east. The oldest 
portions of the volcano are in the vicinity of Port Chalmers and Portobello, about halfway down the harbour from 
Dunedin city. The youngest lavas form the slopes to the left, such as Mt Cargill. (L. Homer, IGNS) 

Figure 3.24 The basaltic columns of 9-million-year-old lavas at Motutu Point, eastern Coromandel Peninsula, 
form a spectacu lar resistant promontory carved by the sea. (L. Homer, IGNS) 
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The Dunedin Volcano was built between 13 and 10 million years ago and occurs 
as a 25 km diameter, 700 m high shield complex (Figure 3.23). Here, extensive fluvial 

dissection has removed most traces of the outer edifice so that no planezes remain. 
Instead, the eroded interior of the volcano and its outer remnants form the two rugged 

arms that now embrace Otago Harbour. 
Elsewhere in coastal and central Otago, earlier basaltic volcanism extending from 

21 to 16 million years ago created cones that are now in various stages of denudation. 

Examples range from Puke Tapu, a prominent hill 65 km north of Dunedin, to the low 
Conical Hill, east of Middlemarch, which is almost eroded from existence. 

Two other extinct volcanoes eroded to beyond the planeze stage occur in the 

Waikato, southwest of Hamilton. Karioi, at the southern entrance to Raglan Harbour, 
and Pirongia, 30 km to the southeast, show only the poorest remnants of their original 

surfaces. 
Fluvial incision across resistant, well- jointed basalt lavas has resulted in numerous 

waterfalls about the country, including Whangarei Falls; Wairua Falls, west of 
Whangarei; Haruru Falls, near Waitangi; the Hunua Falls, southeast of Auckland; and 
the Bridal Veil Falls, on the flank of Karioi Volcano. 

Extensive marine erosion of basaltic volcanoes is evident along the eastern coast 
of the Coromandel Peninsula. The spectacular promontory of Motutu Point near 
Whangapoua, (Figure 3.24) is dominated by its columnar-jointed basalt forms. The 

sea-eroded columns resemble the Giant's Causeway in Northern Ireland, and rise like 
organ pipes up the cliff face. Basalt flows also form the major lithology of Red Mercury 
Island, Middle Island, and Cathedral Rocks on the northern coast of Great Mercury 

Island. Offshore, vestigial remnants of basalt flows include those in Kerikeri Inlet; 
Danger Rock, off Whangaruru Harbour; Anchorite Rock, off Cape Colv ille; and the 

Mercury Islands. 
All of New Zealand's subantarctic islands are basaltic volcanoes in various stages 

of fluvial and marine dissection. The oldest landforms are in the Auckland Islands 
(25-12 million years old), and the youngest are scoria cones on the Antipodes Islands 

(less than a million years old). 

Summary 

This chapter has described four volcanic landscape groups-rhyolites, dacites, 
andesites, and basalts-with consideration of constructional and erosional landforms 
in each group. New Zealand shows a vast array of volcanic landscapes of all composi

tion types and stages of construction and erosion. The challenge of the future is to 
retain and preserve them from quarrying, urban encroachment and destruction. 

Further reading 
Clark, R .H. 1989, New Zealand from the Road: Landforms of the North Island, Heine

mann Reed, Auckland. 
Soons, J .M. & Selby, M.]. 1992, Landforms of New Zealand, Longman Paul, A uckland. 
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