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VOLCANIC HAZARDS IN NEW ZEALAND

R.R. DIBBLE

Victoria University of Wellington, New Zealand

INTRODUCTION

New Zealand comprises three main islands which span 1410 km, and extend NNE along the
boundary between the Pacific and Indian tectonic plates. From East Cape on the North Island to
the Kaikoura Peninsula in the South Island, the boundary is a convergent one, but the rate of con-
vergence decreases along the boundary to the SSW, as the plate motion changes progressively into
transform fault motion on the Alpine fault and Hope/Kaikoura fault (Fig. 1).

Hence the present andesitic volcanic activity due to subduction processes is confined to a NNE
trend, extending down the Tonga-Kermadec Island Arc into the North Island, and dying out before
the South Island is reached. It differs from classic island arc structure only in the straightness of
the arc, and in that the entire width of the subduction zone is under the land of the North Island,
because the accretionary wedge of sediment has filled the ocean trench. The Cenozoic basaltic
activity, on the other hand, is aligned along the old Mesozoic geosynclinal structure defined by the
North Auckland peninsula and the Triassic-Jurassic sediments of both North and South Islands.
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Fig. 1. Map of New Zealand, showing the active volcanic districts and centers, and
the tectonic plate boundaries.
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The recent basaltic activity however has been confined to the North Island.
Within the North Island, recent activity (<4 Ka BP) is mainly confined to the following areas:

Northland Volcanic District, basaltic

Auckland Volcanic District, basaltic

Mare Island rhyolitic (alkaline)
White Island, andesitic
Okataina Volcanic Center, rhyolitic

Taupo Volcanic Center, rhyolitic
Tongariro Volcanic Center, andesitic

Egmont Volcanic Center, andesitic

Many papers have been written on the activity in these regions, but in 1980, a National Civil Defence
Planning Committee on Volcanic Hazards was formed, and solicited new reports on the hazards in
each area. These were made available to Dibble and Neall (1984), and Dibble, Nairn, and Neall
(1985) who published an overview. Extended accounts have also been published by Cole and Nairn
(1975), Gregory and Watters (Eds. 1986), and Smith (Ed. 1986) and the present paper incorporates
the presently available information.

In this paper, “hazards” refer to natural events having a probability of occurrence in a given
period of time (100 years), calculated from the mean return time of similar events on the assumption
of a random poisson distribution. “Risk” is only present when something of human value is at stake.
This leads to the equation:

RISK=HAZARD x VALUE x VULNERABILITY
where vulnerability indicates the varying susceptibility of different things to destruction by the same
hazard, and is strongly dependent on mitigation planning and operations. The “values” shown in
the tables accompanying this paper were taken from the National Valuation Statistics for 1981, and
the New Zealand Official Year Book for 1980/81. Average population, stock unit numbers, and
value in Megadollar (M$) of improvements per square km were multiplied by area of hazard to get
estimates of value at risk for each eruption type and location.

ASSESSMENT OF HAZARDS BY AREA

Northland

The region has a long history of basaltic and rhyolitic volcanicity extending back to the Cretace-
ous, but in the last c2.25Ma, activity has been of basaltic and hydrothermal type. Within the Bay
of Islands—Kaikohe Volcanic Field of area 475 square km and the Whangarei Volcanic Field of
200 square km are about 30 small scoria cones, lava domes and flows, and one hydrothermal area
(Ngawha Hot Spring). About 14 cubic km of deposit have been erupted in at least 33 eruptions
(Latter 1986). The last eruption is dated (14C, Kohn, 1973) between 200 and 700 AD. The future
risk at any one place is very low.

Auckland

The Auckland Volcanic District comprises over 50 eruptive centres within a 650 square km
area which includes the Auckland Metropolitan area of population near 1 million. All past activity
has been basaltic, and two eruptive styles have been dominant: effusive-magmatic, and phreato-
magmatic. In the first type, an initially high rate of gas discharge may cause lava fountaining to
create a steep-sided cone of welded bombs or scoria, often up to 200 m high. Examples are Mount
Eden (Photo. 1) and One Tree Hill. Following this, fluid lava has often flowed from the cones
along pre-existing streams and valleys, causing total destruction in a localised area close to source,
and along the flows which have reached up to 7 km from source.

In phreato-magmatic activity, rising magma encounters water rich sediments at some depth,
resulting in a series of explosive eruptions which ream out a maar crater up to 1 km in diameter (Pho-
to. 2), and deposit a tuff ring of ejecta up to 10’s of metres thick and several kilometre radius. No
eruption of the type producing flat floored maars as in Auckland has ever been witnessed, but the
multiple layers of current bedding and graded bedding in the tuff rings suggests repeated explosive
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Photo. 1. The Scoria cone of Mount Eden. One of the many within the Auckland
‘metropolitan area. Avcrage cruption rate of the Auckland volcanic field is
0.1 cub. km deposit per ka, over the last 40ka. Photo by D.L. Homer.

Photo. 2. A maar near the northern plaza of Auckland Harbour Bridge in the
metropolitan area.

¢jections of comminuted debris to great heights, followed by lateral base surges as the densc eruption
cloud falls back. Veclocities of 100 m/s of hot stcam and entrained rocks to distances of several kilo-
metre could be expected. Few pcople would survive close to source.

Phreato-magmatic cruptions arc morc common than the present number of maars would sug-
gest, because some have been covered by scoria cones and flows from continued eruption. In both
cffusive-magmatic and phreato-magmatic activity, tidal waves could be gencrated if the eruptive
center was closc to or below sca level.

There is no clear relationship between location and age of activily in the Auckland district, but
there seem to have been six main periods of activity in the last 42 ka. The most recent eruption, of
radiocarbon date 2554 /—110 year B.P., was a lava flow at Rangitoto Island, and it is unclear wheth-
er this sequence has ended or not. Because most of Auckland’s volcanoes are considered to have been
monogenetic (one cruption cach) there is presently no sound basis on which to predict the location of
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Table 1
Auckland Volcanic Field.
Hazard Phreatic Explosion Scoria Cone Lava Flow
Type example Panmure Basin Mt. Eden Western Springs
Active area < 640 km? 640 km? 640 km?
Magnitude/Volume
Area destroyed 3-28 km? 0.4 km?  km?
Range of destruction 1-3km 0.5km 10 km
Velocity of destruction 100 m/s <1 mfs 2 km/hr
Area damaged 9-170 km? ¢. 2 km? 1.5 km?
Range of damage 2-8 km c lkm 10 km
Velocity of damage ballistic <lmfs 2 km/hr
Deposit temperature < 100°C Incandescent Incandescent
Incidence
Volume since ¢ 4km! —_—
Origin time (BP) — 40-100 kyr ooy
Number of events 19 50 > 14
Return period 2000-4000 yr 10004000 yr
Last event (BP) Rangitoto 220 yr
Probability in 100 ye 2.5-5% 2.5-9%
Value at risk
Population* 6000-100000 04000 0-3000
Property* M$ 64-3600 9-43 21-32
Stock number* low low low
Utilitics

Photo. 3. White Island volcano, 48 km offshore in the Bay of Plenty, New Zealand.
This solfataric volcano is similar to Krakatoa prior to the 1883 eruption.
A magmatic tephra eruption occurred in 1976-80. Photo by D.L., Homer.

future eruptions. With an average eruption rate of less than 0.1 cubic km per ka, the hazard is not
great, but as the summary diagram (Table 1) shows, the values and risk are considerable.
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White Island

This active volcano (Photo. 3) is situated 48 km offshore from Whakatane in the Bay of Plenty.
Solfataric activity has been recorded since the first landing was made by europeans in 1826. In
1914, a major landslide fell from the western wall of the crater, and formed a lahar which flowed
across the crater floor and into the sea, burying 11 workmen mining sulphur at the time.

Since 1967 the island has been under regular surveillance by parties from Victoria University
of Wellington and DSIR. In December 1967, a renewed eruption phase began, and in March 1977
magmatic activity in the form of lava bombs occurred for the first time in written history. The largest
observed eruption produced a column 5-6 km high, and partly destroyed the seismograph installa-
tion. By 1981, eruptions had enlarged the crater to a volume of 12 million cubic metre.

_5_
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Photo. 4 The chasm of the Tarawera basaltic fissure eruption in 1886 split the rhyolite
domes of Mt. Tarawera, which had formed only 650 years BP in the Oka-
taina Volcanic Center. Average eruption ratc in OVCG has been 6 cub.km
deposit per ka over the last 20ka.  Photo by D.L. Homer.
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Fig. 2. Cumulative volume plotted against age for tephras from (a) Okataina, and
(b) Taupo Volcanic Centers. The equations and correlation coefficients for
regression lines use all the data. The near horizontal steps in (b) use relevant
points only. After Froggatt (1982).

The early volcanic history is known in outline back to 15.5 ka BP from the study of marine cores
in the Bay of Plenty. Seven significant (>107 cub.m) ash eruptions have been found in this period
by Kohn and Glasby (1978), but the eruption rate is not well known.

White Island is uninhabited, and the volcanic hazard on the mainland is not likely to be great
unless a Krakatoan type eruption occurred which could generate large tsunamis. The crater lip is
only 23 m above sca level, and the sometimes incandescent vent reached to 300 m below sea level
during the 1977-80 cruptive period. Whereas ash deposition on the low-lying mainland coast would
be cxpensive rather than destructive to growers of high value horticultural products such as Kiwi-

fruit, a tsunami could cause great damagc along 100 km of coast line. A summary of hazards, values,
and risks for White Island is given in Table 2.

Okataina
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Fig. 3. Map of the central and eastern area of the North Island of New Zealand,
showing (heavy lines) zones of percentage risk of tephra fall exceeding 0.3 m
in any 100 year period. The fine lines are the 0.3 m isopachs for each tephra
eruption from the Okataina and Taupo Volcanic Centers, recognized as
occurring in the last 20ka.

The Okataina Volcanic Center extends from Rotorua in the west to Kawerau in the east, en-
compassing Mt. Tarawera (Photo. 4) and Lake Rotomahana, the vents of New Zealand’s largest
historic eruptions in 1886 AD. However the 1886 eruptions were small compared with those of
earlier times. Between about 50 and 250 ka BP at least 4 large rhyolitic eruptions originated from
the Okataina Center, depositing welded tuffs that individually exceeded 100 cubic km in magma
volume. Between 20 and 50 ka BP, 8 major plinian eruptions occurred, showering thick pumice ash
over the Bay of Plenty area. Within the last 20 ka, eleven eruptive episodes have been recognized,
with a total erupted magma volume of 80 cubic km.

The vents for most of these post-20 ka BP eruptions were sited within the Haroharo Caldera—a
large complex collapse structure produced by the earlier eruptions of welded tuff. All the post-20
ka BP eruptive episodes were of multiple vent type, with widely separated vents in simultaneous or
sequential eruption, spread over up to 15 km of underlying fissures. The eruptions included rhyolitic
pumice falls and pyroclastic flows which accompanied the extrusion of large lava flows and domes.
In addition, events such as scoriaceous basaltic eruptions, hydrothermal eruptions, and creation of
lahars and associated floods have all occurred. The complex stratigraphy of these deposiis and the
events they record are still being elucidated, but the overall pattern indicates that Okataina center is
one of the major risk areas in the country. Froggatt (1982) has plotted cumulative eruption volumes
against time, and shows (Fig. 2) that the 1886 eruption was 15 cubic km smaller than predicted by
the trend, and that more eruptions are possible in the near future.

There have been 19 eruptive episodes in the past 50 ka; an average of one per 2.5 ka. These
eruptions were of an intermediate size, and were of rhyolitic, dacitic/andesitic, or basaltic composi-
tion. In intermediate sized rhyolitic eruptions, complete devastation would be expected within a
10 km radius of the source, and many hundreds of square km may be buried in ash or pumice to at

_7_
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Fig. 4. "Map of Lake Taupo, and the topography and drainage pattern around it
resulting from the enormous eruptions which have originated beneath it.
Average eruption rate has been 8 cub.km per ka over the last 20ka.

least 0.3 m depth. Much death and destruction of buildings would be expected. Hydrothermal
eruptions and explosive basaltic eruptions may be locally as destructive, particularly if sited in lakes.
Rain may be expected to mobilise unconsolidated tephras into lahars, and eruptive displacement of
the many volcanic lakes could generate floods, particularly in the Tarawera River. Hot ejecta and
lightning in ash clouds could start forest fires, particularly in the large exotic forests in the region.

The long time interval (>100 ka) between the large eruptions of welded tuffs means that the
probability of occurrence in anv century is very low (<1%), but such an eruption would be cata-
strophic beyond normal belief. The wide variety of past eruptive types, sizes, and locations in the
Okataina Center makes delineation of more than two hazard zones very difficult, but statistical risk
zones of tephra fall exceeding 0.3 m have been constructed from the isopach maps (Fig. 3) of 11 such
events in the last 20 ka. In that period the volume of all erupted deposits has averaged 6 cubic km
per ka. A summary diagram for Okataina is given in Table 3.

Tanpo

Enormous rhyolitic eruptions have dominated the Taupo Volcanic Center over the past 50 ka,
and largely hidden the pre-50 ka events. More than 400 cubic km of ejecta has come from 12 erup-
tions in the last 20 ka. Large plinian eruptions of pumiceous tephra have occurred on at least 11
occasions in the last 10 ka (an average interval of 910 years), compared to 16 in the last 40 ka. The
eiecta are thought to have reached altitudes of up to 50 km, and vary from [ to 70 cubic km in volume.
They covered substantial areas of the North Island, and in one instance, over 20,000 square km was
buried by more than 1 m of tephra. The effects of such an eruption today would be the destruction
of towns, exotic forests, and farms in the region, and the hydroelectric power stations concentrated
down the Waikato River, which is fed by Lake Taupo, would be either destroyed or unusable, depriv-
ing the Auckland Province of power.

On at least 3 occasions in the last 20 ka, enormous pyroclastic flows (up to 100 cubic km) have
been violently erupted. Fluidised pumice blocks and ash have been expelled at tremendous speed
(c200 km/h) and temperatures of 200400 degre= C. Charred trees within the flow deposits up to
50 km from source, and recognisable ash deposits up to 1000 km away, testify to the magnitude of
these events. Now that the source area of these eruption is covered by Lake Taupo (Fig. 4), further
eruptions could mobilise large volumes of water on to the surrounding landscape by phreatic explo-

_9_
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Deposited Volumes Erupted from the Taupo and Okataina Volcanic Centres since 20 kyr. BP; kmd.

Fig. 5. Graph of the logarithm of number of eruptions of each volume range versus
the logarithm of the deposit volumes, in factor-of-2.15 ranges. If volume is
proportional to Magnitude, the graph is equivalent to a b-value graph, as for
earthquakes, but it shows a preferred volume of 6 cub.km, instead of a
continuously increasing number at progressively smaller volumes.

Photo. 5. Tongariro, Ngauruhoe and Ruapehu volcanoes in order of increasing distance,
as seen from the northern margin of the Tongariro Volcanic Center. Average
eruption rate is 0.7 cub.km deposit per ka over the last 10ka. Photo by D.L.
Homer.

sion and tsunami, to cause wet ash falls and lahars. This probably happened as recently as 1.8 ka
ago, when the Rotongaio Ash was deposited in the 4th phase of the Taupo eruption. This eruption
began with a survivable phreato-magmatic eruption, followed by a 6 cub.km plinian eruption, a fur-
ther 2.5 cub.km phreato-magmatic eruption, then 1.3 cub.km of Rotongaio ash, 23 cub.km of ultra-
plinian pumice, and 30 cub.km of pyroclastics emplaced at high velocity as a thin layer out to 80 km
radius. Dome building, scoriaceous basalt eruptions, and hydrothermal eruptions are also probable,
but are likely to be only locally destructive and of very minor volume compared to the spectacular
Plinian eruptions and pyroclastic flows.

The recognition of any earthquake swarms, increased heat flow, or tilting of the ground due to
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an expanding magma body would require immediate monitoring to warn of an increased probability
of eruption. Taupo ranks with the Okataina Center as areas where major disasterous eruptions
might recur in New Zealand, and all attempts to understand the activity, and monitor it here must
be considered to be a good investment. The average eruption rate of 8 cubic km per ka over the last
20 ka is higher than at Okataina, and includes larger eruptions, but Froggatt (1982) showed that the
Taupo Pumice Eruption of 120 AD was much larger than expected from past trends (Fig. 2), and so
the area may still be in a partly exhausted state. Zones of statistical chance of tephra falls exceed-
ing 0.3 m (Fig. 3) are less reliably drawn than at Okataina, because Lake Taupo obscures much of
the isopach maps, but it is clear that the greatest chances are on the east and north shores of the lake.
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Photo. 6. Egmont volcano as seen from the east. The parasitic cone on the south side
is Fanthams Peak. Average eruption rate has been 0.7 cub.km deposit per
ka over the last 10ka. Photo by V.E. Neall.

Photo. 7. Lahar mounds of the 7 cub. km Pungarehu Formation on the western flank
of Mt. Egmont, dated at ¢. 23ka BP. This deposit resulted from a massive
collapse of a former cone at the site of the present Mi. Egmont, Many
smaller lahars (18) have occurred in ths last 13ka with volumes from €.1-3
cub.km. Photo by V.E. Neall.

A summary diagram for Taupo is given in Table 4.

Data on the tephra eruptions from the Okataina and Taupo Volcanic Centers during the last 20
ka are unusually good, and all 23 eruptions exceeding 1 cubic km have been identified and meas-
ured. This gives a rare opportunity to plot a b-value graph for a homogeneous data set (Fig. 5).
Although the range of magnitude (taken as a factor of 100 change in erupted volume) is not large,
it is clear that the data do not lie on a straight line of negative slope. Rather that there is a peak
in the distribution curve at a preferred size of 6 cubic km, and thus a very much lower risk of occur-
rence of 1 cubic km eruptions than would be inferred by extrapolating from the large eruptions using
a constant negative b-value,

Tongariro
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Fig. 6. Risk zones for future ground hugging volcanic hazards at M. Egmont. A:
Stippled area is likely to be affected most severely and frequently by pyroclastic
flows, lahars, lava flows and lateral blasts from Mt Egmong crater. B: The
hatched area represents the same risk from Fanthams Peak crater. C: Diagonal
stripes are areas likely to be affected most severely and frequently by lahars and
associated floods. D: Open circles are areas likely to be affected severely by
moderate lahars and floods of intermediate frequency. E: Crosses are areas
that could be affected by unusually large, but infrequent lahars and floods. After
Neall (1982).

The three principal sources of volcanic risk - Ruapehu, Ngauruhoe, and Tongariro volcanoes
(Photo. 5) are located in Tongariro National Park. Ruapehu is a large siratovolcano of 2797 m
elevation and volume 109 cubic km. It has a single active crater filled with about 10 million cubic
m of water, having a normal temperature range of 20-40 deg.C, and a pH close to 1.2. The volcano
is the source of many large rivers in the North Island, so tha ground flowing products of past eruptions
have tended to be guided along the Tongariro, Wanganui, Rangitikei and Whangaehu Rivers to the
sea. The major hazard at Ruapehu is undoubtedly the occurrence of lahars. Their deposits are
found at Taumaranui, 25 km to the NW, and near Mangaweka, 32 km to the south.

The ejection of crater lake waters has clearly been the cause of these lahars, and the size of erup-
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The two largest since 1.8 ka BP swept the
In April 1975, about 3.3 million cubic m of

water were expelled to create lahars which flowed into the Whangaehu, Whakapapa, and Manga-

tion and volume of water ejected has governed their size.
Whangaehu River valley about 790 and 440 years ago.

On the assumption that large magnitude B-type earthquakes do not occur without

eruptions, Dibble et al. (1986) estimated from the carthquake b-value, and historical occurrences of

turuturu valleys.

lahars, that there was a 209, chance per century of a lahar sweeping the ski-fields during a weekend
skiing day. Twice since 1969 a lahar has happened at night without causing casualties, but since

1986, a large B-type earthquake has occurred under Ruapehu without causing an eruption, so the

209, is known to be an over-estimate.

Eruption of airfall ash and lapilli, pyroclastic flows and lava flows are also likely from Ruapehu.
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In 1945, fine ash from Ruapehu fell over 100 km away.

Ngauruhoe, of elevation 2290 m and volume 2 cubic km, is essentially a parasitic strato-cone of
Tongariro, constructed in the last 2.5 ka. Lava flows, hot pyroclastic avalanches and ashfalls have
been the most frequent product in historic time. The hot pyroclastic avalanches, travelling at speeds
of 20-30 m/s probably are the greatest hazard from Ngauruhoe, which is fortunately in an uninhabited
part of Tongariro National Park. However the ash eruptions have been the most common activity,
often being observed up to 200 km from the vent. Since 1839, 73 eruptive periods have occurred, an
average interval of 2 years.

Tongariro volcano of altitude 1978 m and volume about 43 cubic km, is an andesite complex
with about 12 craters. It originated about 500 ka BP, and 11 minor eruptions were reported between
1855 and 1927. It has a hot spring high on its north side with a heat discharge rate of 65 MW. A
summary diagram for the Tongariro Volcanic Center is given in Table 5.

Egmont

Mt. Egmont, 2518 m above sea level, and its parasitic cone of Fanthams Peak, 1692 m (Photo.
6), form a large 220 cubic km stratovolcano dominating Taranaki Province. In the last 100 ka,
repeated tephra eruptions, cone building, collapses, and lahars have inundated the slopes of Egmont
National Park, and have extended beyond 50 km from source. The 6 cub. km Pungarehu lahar of
age 23 ka BP (Photo. 7), and the 0.5 cub.km Opua mud flow of age 7 ka BP, are examples. In the
last 500 years, at least 9 eruptions spread hot pyroclastic flows for 15 km to the north-west, pumiceous
lapilli and ash 15 km to the east, and lahars and associated floods more than 35 km from the summit
along major river channels. A population of nearly 100,000 persons live within an 80 km radius of
Mt. Egmont.

Three major processes constitute hazards to life and property in Taranaki in the event of a fur-
ther eruption. Eruption of tephra is likely to contaminate water supplies to most communities in
Taranaki. Tephra over 50 mm thickness is likely to destroy pasture, and under 50 mm would make
forage unpalatable to dairy cows and sheep. Heavy ash accumulation would be likely to increase
respiratory distress in humans and farm animals, disrupt communications, and transport in the region.
Hazards from lahars and pyroclastic flows are likely to be more severe, because they remove or bury
all structures in their paths. Such risks can only be avoided by refraining from construction in the
highest risk areas. Latter (1984) has estimated that the greatest expected losses in an individual
eruption, spread annually, reach their maximum of about NZ$2.2 million at Mt. Taranaki. A wall
map of risk zones (Fig. 6) has been published by Neall (1982). Over the last 20 ka, the volume of
all volcanic deposits (including lahars) has averaged 1-2 cubic km per ka. A summary diagram for
Egmont is given in Table 6.

CONCLUSION

In some particularly useful work, Latter (1986) estimates the long term average annual property
and livestock losses expected in unmitigated volcanic disasters in New Zealand, as about NZ$4.4
million per year. If adequate warning enabled chattels and livestock to be saved, he estimates that
the losses for these alone could be reduced by about NZ$700,000 per year. In the long term, an
investment of this amount per year in surveillance and warning systems costs nothing, and would
pay a dividend in the saving of many lives. Thus it would provide the work force to restore damaged
areas, and to exploit some of the often overlooked advantages of volcanic activity,
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