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Eruption styles and voIcanic hazardin the AuckIand VoIcanic Field，

New ZeaJand

Sharon R．ALLENlandIan E．M．SMITH2

Abstract TheAucklandfieldhas beenactiveforover140，000years，duringthis timeerup－

tionshaveformed49smallvoIcanoes．Themagmaswhichhave fed thefield rangefroma1－

knlibasalttonephelinitebutthemostrecenteruptionhas beenoftransitionalto tholeiitic
basalt．Each eruptlOn hasinvoIved a new batch of magma to produce voIcanoes that are

monogeneticin character．Detailed work on the erupted deposits show that the two main

types of activity from the field have been magmatic and phreatomagmatic．The particular

type of activityin an eruptionis controlled by the water：magma ratio．In“dry’’condi－

tions，StrOmbolian and hawaiian eruptlOnS OCCur．Atlow water：magma ratios，

Phreatomagmatic eruptlOnS are dominated by pyroclastic fall whereas at high
water：magmaratios，Phreatomagmaticactivityis dominatedby base surges．Thewater re－
quired for phreatomagmatic activitylS grOund－Water Or Surface water．If wateris ex－

cludedfromtheactiveventandthemagmasupplylSSufficientforcontinuation，then activ－

1ty becomes whollymagmatic and canincludetheeffusion oflavaflows．
The available ages of Auckland’s voIcanOeS tOgether with the volume of materialpro－

ducedineach，Show a trendofincreaslngSizewithdecreaslng time．This patternisinter－

preted to mean that the Auckland voIcanic fieldis at an early stageinits evolution and

thatlargereruptions canbe anticipatedin thefuture．

Keywords：basalt，mOnOgenetic voIcano，eruPtlOnStyle，VOIcanichazard

lNTRODUCT10N

VoIcanoes were first recognised in the

Auckland regionin thelate1800’S（Heaphy1860；

Hochstetter1864；Shewsbury1892）．Subsequent

WOrk has focused on themorphology and distribu－

tion of the voIcanoes（Firth1930；Wong1946；

Searle1959，1961a，1961C，1962，1964a；Kermode
1992），their petrology（Searle1961b；Heming＆

Barnett1986），geOPhysical studies（Hochstein＆
Lawton1974；Nunns1975；Milligan1977；Roberts

1980；Rout1991；Shibuya et al．1992；Rout et al．
1993）and the hazards future eruptions may pre－

sent tothe Auckland urban area（Searle1964b；

Lauder1965；Nichol1986；Dibble et al．1985；

Latter1985；Smith＆Allen1993）．Detailed studies

On the physicalvoIcanology of the depositsinthe
field have been presented by Houghton et al．

（1991），Bryner（1991ms）andAllen（1992ms）．
The Auckland voIcanic fieldis one of three

fields of monogenetic voIcanoes whichcomprlSethe
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Aucklandintraplate voIcanic province（Smith
1989）．The field contains49small basaltic voIca－

noes within an area of about　360　km2　centred on

Auckland City（Fig．1）．Althoughthe most recent
eruptlOninthe field，that of RangltOtOIsland，OC－
curred within thelast800years thereis no clear

oralhistory or written record of voIcanic actlVlty

and anunderstanding of the type and effects of

eruptions depends on detailed studies andinterprer

tation of voIcanic deposits．Itis this geologlCal

record of past eruptions which provides the basis

for predictingthe type of eruption and associated
hazardwhichmaybeexpected whenthe Auckland
voIcanic field next becomes active．

This paperis anintegrated account of voIcanic

activityln the Auckland voIcanic field．Itis based

on publishedliterature andincorporates unpub－

lished thesis materialfrom University of Auckland

and the results of ongolng reSearCh projectsinto

the nature and orlglnS Of eruptlOnSin the field

（Smith1992）．

1Department ofGeology，Universlty Of Auckland，Private Rag92019，Auckland，New Zealand・
now at Department ofGeology，Monash University，Clayton，Victoria，Australia・
2Department ofGeology，Universlty Of Auckland，Private Bag92019，Auckland，New Zealand・
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Fig・l The Auckland voIcanic field showlng the distribution of eruptlOn CentreS．Numbers refer to voIcanic
CentreS namedin tables2and3．
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VoIcanoesin the Auckland voIcanic field have

allerupted magma within a narrow compositional

range；individual centres show rock compositions

Which range from alkalibasalt to basanite andin

SOme CaSeS tO nePhelinite or rarely from transi－

tionalbasalttoolivinetholeiite．Althoughthesedif－
ferences are slgnificantin petrologlCalterms they

Playaninslgnificant rolein determinlng the physi－
Cal eruptlOn prOCeSSeS．Two factors have been

found to beimportantin controlling the character

Of eruptlOnSin the Auckland voIcanic field．The

firstoftheseismagma／waterinteraction，thesec－

Ondis the evolution of magmatic gas．

ERUPTl0N STYLESIN THE AUCKLAND VOLCANIC

FIELD

The general model for eruptlOnSin the

Auckland voIcanic fieldis that discrete batches of

mantlederivedbasalticmagmahaveeruptedtopro－

duce each of the recognised eruptlOn CentreS；this

isimplicitinthe appellation monogenetic．The spe－

cific style of a particular eruptlOn SequenCeis de－

termined by the rate of magma supply andits gas

COntent and by the availability of external water

to the magma fragmentation surface．The ratio of

external water to magma controIs whether the

eruptionis do空Iated by‘dry’（Hawaiian to
Strombolian）or wet，（phreat0－mFgmatic）condi－
tions althoughin practice therelS a COntinuous
SPeCtrum between dry and wet end member erup－

tion tYPeS（Fig・2）・Phreatomagmatic and
magmatlCaCtivltyalternatesfromthesameventde－

Pendingon the supply ofwater．

Tablel summarises the types ofdeposits found
inthe voIcanic centres of Auckland．Most centres

show evidence of an early phreatomagmatic phase

althoughin some cases the tuff has been com－
pletelycoveredbylaterdeposits of scoria orlava．

If the eruptlOn COntinued once the water source

was depleted then dry erupt10nS PrOduced scoria

cones andinmany cases，lavaflows．In tota171％
of the voIcanoes within the Auckland voIcanic field

show evidence of phreatomagmatic activity，77％

have evidence of Hawaiian to Strombolian activity

and61％have evidence oflava flows．

Wet Erupt10nS

If significant wateris present at the eruption

Site，magma／waterinteraction（water：magma≧0・3，

Wohletz1983）resultsln Phreatom？gmatic explo－
SionswhichgenerateaverticaleruptlOnCOlumn t0－

getherwith base surges．With time，Surge and air

fall tephra deposits form a tuff ring surrounding

a broad central crater．As Table l shows，

Phreatomagmatic deposits are foundin many of

Auckland’S voIcanoes　卑nd detailed mapplng has

shownthatingeneraltheseoccurearlyintheerup－

tion sequence and have dominated the eruptive

7

I n III

Fig．2Eruption stylesin the Auckland voIcanic field．

The．upper part of the diagramillustrates the two
domlnant eruption typesin the Auckland voIcanic
field：

TypeI－erヤPtlOnS OfStrombolian．or Hawaiian activ－
ity．ExplosIVe prOCeSSeS are domlnated by rupturing

gas bubbles within the magma・The characteristic de－
positis scoria（Iin thelower part of the diagram），
which falls to form a cone．

TypeII－phreatomagmatic eruptlOnS・Explosions re－
sult frominteraction between hot magma and water．

An explosion crateris formed as the country rockis

fragmented and caught upin the eruption colurnn
along with fragmented magma．High　concentratlOn
flows of steam，fragmented rock flow out from the

vent as base surges depositlng material around the

vent to build a tuff ring．

Thelower part of the diagramis・a PIot of eruptlOn
mechanicsplotmodifiedfrom Wohletz（1983）．The effi－

Ciency of the phreatomagmatic eruptlOnis dependent

on the・Water：magma ratio．Atlow water：magma ra－
tios，the eruptionis dominated by coarse grained fall

deposits（II）・Thecl墾tSrePreSentingthephreaticcom－
ponent of the eruptlOn are dominated by blocky，

dense basalt and country rock・The clasts repres9nt－

lng the magmatic component are ragged and vesICu－

lar・As the water：magma ratlO．lnCreqSeS the effi－
ciency of phreatomagmatic exploslOnSlnCreaSeS and

graip size decreases・Base surges are formed，tranS－

監禁張悪霊Ⅵ蒜1慧慧霊二b喜怒1～躍by
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Tabfel A summary of the types of eruptive deposit exposedin the Auckland VoIcanoes T　＝　Tuff，C　＝

Scoria，L＝Lava（updated from Firth1930；Searle1959，1961a，1961C，1964a，1964b，Kermode1991）．

T

Ash Hill

Hopua
Kohuora

Onepoto

Orakei

Panmure

Pukaki

Pukekiwiriki

StHeliers

StyaksSwamp

TankFam

TC TCL

MangereLagoon HamptonPark
Waitomokia McLennan Hius

Robertson Hi11　AlbertPark

MtRichmond Domain

Green Hill

Wid Mt

Maungaはketi血e
Motukorea

MtAlbert

MtHobson

MtRoskill

MtWe11ington
OtaraHiu

PigeonMt
Puketutu

TaylorsHill

Th忙eKhgs

North Head

CraterHill

activity　untilthe water source has become de－

Pleted，the vent area sealed or the magma supply

exhausted．The details of eruptlVe Phases depend

on the particular magma：Water ratio（Sheridan＆

Wohletz1983；Wohletz＆Sheridan1983）．At high

Water：magma ratios，aCtivltyis dominated by the

PrOduction of a vertical eruption colurnn and the

development of base surges．The corresponding de－

POSits are relatively fine grained planar to cross

beddedlapilliand ash beds．Atlow water：magma

ratios，aCtivltylS dominated by phreatomagmatic

fall，Where cooled magmais ejected as blocks and

lapillifollowlng Short ballistic traJeCtOries to form

deposits of relatively coarse grained，maSSive，un－

SOrtedlapillistone and block breccia．In Auckland

Phreatomagmatic deposits are restricted to within
l to3km from the vent．

There are no wide spread airfall ash deposits

from phreatomagmatic eruptlOnSin the Auckland

voIcanic field．Thisis due to two factors；firstly，

1argevolumeS Offine materialareunlikely to have

been producedin these basaltic eruptions and sec－

Ondly suchfine materialthat was deposited would

have been rapidly dispersed bysurface erosion．

Because sealevels during past eruptionsinthe

Auckland voIcanic field werelower than at present

（Gibb1986；Chappe111975　＆1983；Chappell＆

Shackleton1986；Chappell et al．1990）and most

eruptlOnS OCCurred above sealevel，Sea Water WaS

probablynotafactorinmost ofthevoIcanicactiv－

ity．The only　knOwn voIcano toinitially erupt
below sealevel was RangltOtO．Potential sources

Ofthewaterfor phreatomagmatic activity are riv－

ers，aquifers and wet surficalsediments．The main

SOurCe Of wateris thought to have been surface

TCLT C CL

Pupuke MtCambria LitdeRangltOtO
Te Pouhaw血b Mabk肌a

MtStJohn MtEden

PurchasHill MtMangere

MtSmart

MtVictoria

OneTree Hill

Pukeiti

RangltOtO

Otuatapa

Water，aquifers within underlying PermianT
Mesozoic and Miocene sediments andin deposits
ofPlio－Pleistocene alluvium（Rout et al．1993）．

Dry Eruptl0nS

In“dry”conditions characterised by actively

VeSiculatlng magma，eruPtlOnS are Strombolian to

Hawaiianin style．Variations within this spectrum，

andinintenslty，are COntrOlled by rate of magma

SuPPly and magmatic gas content．The deposits of

this magmatic activity arelapilli tuffs together

with bomb and block breccias；COllectively，these

are commonly referred to as scoria．Scoria depos－

its are typICally wellsorted on a small scale and

form continuous vertical sequences showlng Wide

graln Size variations reflectlng Variationsinlthe

eruptionintenslty．Withtime，aCCumulationsofsco－
riaformthesteep占ided cones with welldeveloped

sumit craters which are a feature of the
Aucklandlandscape．

Lava Flows

Once dry magmatic eruptions have become es－

tablished，lavaflowsmaybecomepartofthe erup－

tion sequences．Lava flows orlglnate either aslava

effusions directlyfromavent or as rootless flows

wherehighrates ofHawaiian－type fire fountainlng
deposit hot magma fragments which recombine to

form－aflow．Flow producing vents are most com－

monly situated at the base of scoria cones but
also occur within the main crater of breached

COneS．In thislatter case breaching appears to

have occurredin response to the pressure of

magmawellingupin thecrater．

Lava flowsin the Auckland voIcanic field are
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pahoehoewithsubordinateaatype；theyshowcon－

Siderable variationinlength and thickness（Table

2）．Significantthicknesses（30－50m）of flows have
been built upin the Ellerslie area by eruptlOnS

from One Tree Hill and Mount Wellington voIca－
noes．Thelongest flowin the fieldisthe Meola

ReefflowfromThreeKingsvoIcanoandthegreat－
est single effusion oflavais the Rangitotolava
field．

MAGNITUDE OF ERUPT10NS

The volume of the deposits from eruptlVe
centresin the Auckland voIcanic field has been

used to determine the magnitude of eruptlOnS．

Table2is a compilation of data on the dimen－

Sions and volumes of scoria cones，tuff deposits
andlava flows．Volume calculations are based on

thicknessandarealextentofdepositsfromfieldin－

VeStlgations andlimited borehole data．In total

there has been O．207km30f scoria，0．459　km30f

tuffand3．505km30flava erupted．This totalvol－

ume of4．1km3equates to3Al km30f magmain

Dense Rock Equivalents（DRE）．

Thirtythreeofthe49voIcanic centres havevol－

umes（DRE）less thanO．01km3，four centres have

VOlumes between O．01－0．02km3，five centres have

VOlumes between O．02－0．05km3，Six centres have
volumes between0．05　－　0．35　km3　and one centre

（Rangitoto）has a volume of　2．02　km3．Thus，

RangltOtO rePreSentS　59％　of the total magma

eruptedin the field．A comparison of the eruptlVe

VOlumeofdepositswithtimeshowsthatthe71arg－

est eruptions have occurred within thelast20，000

years（Fig・3）・Aconsistentinterpretationofthis
trendis that the size of eruptlOnSln the Auckland

VOIcanic fieldisincreaslng．Althoughthe trend ap－
pears consistent the■reis no simple relationship to

enablepredictionofthemagnitudeofthenexterup－
tionin Auckland or to estimate whenit will

OCCur．

TIME／SPACE RELAT10NSHIPS

A9e

Many of the Auckland voIcanoes considered by

Searle（1964a）tobeintheolderage brackethave

not been dated but there are atleast approximate

agesformostoftheyounger voIcanoesin thecen－

tral part of the field．Various techniques have

been used to date the Auckland centres；radiomet－

ric，thermoluminescence，methanoldating，magnetic
declination and morphology．Few voIcanoes have

COnSistent dates fron；more than one technique
and some have not been dated at all．Each method

haslimitations．Carbon－14datinglSlimitedby two

（
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Fig．3　Relationship between volume of deposits and
time．Volume and relative age data are taken from
Tables2　and3．

factors；firstly，by the upper agelimit of about

40，000years for the available dates and secondly，

by contamination．Potassium－Argon dating（T．

Itayaunpublisheddata）hasproducedunreliabler9－
Sults because of an apparent excess radiogenlC

argon problem（MacDougall et al．1971）．
Thermolminescence dating（Wood1991ms）has
produced consistent results for several of the

younger centres and has also glVen the upper age

limit of the field．Assignlng the voIcanoes to an

age orderis difficult because of the smallnumber

Ofdates and ofinaccurate and conflicting data．A

COmpilation ofavailabledatesinproposederuption

SequenCein glVenin Table3．1tisimportant to

note that for a slgnificant number of Auckland’S

VOIcanoes thereis no firm age data and the rela－

tive time ordering of voIcanoes glVenin Table3

and usedin Fig．3is provisional．

Frequency

Of the49eruptlOnSin the Auckland field，20

have occurred within thelast20，000years and of

these，18were between20，000　andlO，000　years

ago．By comparison there were20　eruptlOnS be－

tween20，000andlOO，000years ago，and about9

eruptlOnS greater than lOO，000　years ago．

Although　these figuresindicate that there has
been a dramaticincreasein the number of erup－

tionsinrecent times，they are not detailed enough
to allow eruptlOn frequencies to be estimated．

Attempts at frequencyanalysis have been made by
earlier workers．Searle（1964b）calculated a2％

PrObability of an eruption per century uslng a

younger upPer agelimit of60，000years for the

field．Nichol（1986）estimated an8％probability
Of an eruption per century uslng an Older upper

agelimit for the voIcanoes．Latter（1985）esti一

mated an average timeintervalof8，000years be－

tween eruptions with volumeS from O．1km3　to

l km3and an averageintervalof13，500years be－

tweeneruptlOnS Ofgreater thanlkm3．

AlthoughpetrologlCalworkonAtheAucklandvol－
CanOeSindicatesthat each eruption hasinvoIved a
discrete batch of magma thereis evidence from

the Papatoetoe group of centresin the southern
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TabIe2Dimensions and volume estimates of erupted products from the Auckland VoIcanic Centres．a Cone

heightinpletreSqbovepresentsealevelfromSearle（1964a），Firth（1930）・bEstimation ofcone height above the
pre－VOIcanlC terraln（metres）．Estimates of cone and tuffheight are based on surrounding topography，OutCrOpS
and bore hole data・C Basalarea of the cone xlO4m2・Area estimates of cones，eXPlosion craters，tuff deposits

謡景品霊㌫霊r慧慧豊迄霊認eC瑞賢t霊6㌢芯9滝鋸競0冒；紆k盟ins慧；1緑昔恕C霊霊
tlmeXlO6rrP・eMethodofcalculationforscoria．conevolume（seebelow）・fTuffconehei
abovesealevel）．gTuffheightabovepre－VOIcanlCgrOund（m）fromSearle（1964a），Firth

鴨（metres

O）．h Area of the ex－

篭孔㌫慧恵慧霊慧忠霊諾霊津忠霊霊霊jt慧1詣㌔；霊悪霊0；霊悪豊慧
悪霊。霊V認諾怒註霊監霊Bwi（謡r緑tまp琵芸aS蒜芸V芸忠霊st怒rl：Zhfl＝t崇鵠
nf．q Total volume of eruptive products for each centrein Dense Rock Equivalents（DRE）．DRE are estimated
as；tuff30％，SCOria80％，andlava95％．Exceptionsto this arePupuketuffwhichhasanexceptionallyhighpercent－
age ofcog：natebasaltinthetuffring andDREis estimated as60percent andlava flows from RangltOtO Whicll
are exceptlOnally scoriaceous and are taken as85％DRE．

Methods ofcalculatingthe．volume oferuptedmaterial
l：if the area of the exploslOn Crater WaS known，tuff volume was calculated by the formula

Where r＝radius of the tuff deposits＋explosion crater

ruff叩J㈹弓¶山一【町抹・圭ペ（＝亡）】訂
radius of explosion crater

estimated height of the deposits at the centre of the

Crater by extrapolation

紀霊環競恕漂。竃悪霊a器㌢監謂蒜等票霊S
tion30％was added to allow for the magmatic content．In
Onepoto Basin by methodlis11．7Ⅹ106nf．

3：based ontheequationglVenin methodl，With the addition
POSits．

4：Wherelimited data was available，by the formula％7rr2h．
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Part Of the field that one magma batch has fed

two voIcanoes（Rout et al．1993）．Here，

palaeomagnetic measurements onlavas from both

Crater Hill and Wiri Mountain show an．anomaly
which has been correlated with an excursionin

the earth’s magnetic field about28，000　years ago

（Shibuya et al．1992）．Rout et al．（1993）Show

that the composition oflavas from these two

CentreSis comparable and consistent with their be－

longlngtOaSlnglemagmabatch．Theevidencesug－
gests that the eruption sequence began at Crater

Hilland then broke out about2km away to build

WiriMountain．Thisis animportant discovery be－
causeit shows that some Auckland voIcanoes have

developedin closely spaced sequence from slngle

magma batches whichmeans that simplefrequency

models based on available dates cannot be used．

Location

Thelocation of voIcanoesin the Auckland field

appears to be random．There has been no evidence

for structural control from geophysical studies

（Rout1991；Nunns1975；Milligan1977；Roberts

1980；Russel11976；Hochstein　＆　Lawton1974）．

None of the Auckland voIcanoes has developed on

the greywacke basement rocks upfaulted to the

east of Rangitoto and this boundaryis taken to
be the easternlimit of the field．
The maximum distance between vents of con－

SeCutive eruptions based on the predicted agesis

in the order of12　km（Rangitoto to Mt

Wellington；　Puketutu to Wiri Mountain；

Maungataketake to McLennan Hills；Panmure to
Mt Albert；and Mt Albert to North Head）．

Whether the eruptions are totally random or spa－

tially relatedis uncertain，but these distances sug一

gest that the next eruptlOn COuld occur within12

kmof Rangitoto．

DISCUSS10N

The Auckland voIcanic field has been active

for about thelast150，000years and has pilOduced

4．1km30f voIcanic material over an area of　360

km3．IndividualvoIcanoesin the field are smallby

COmparison with most voIcanoes world wide．
However the Pleistocene south　Auckland voIcanic

field（Rafferty＆Heming1979）to the south of

Auckland was active for aboutl million years and

COmprised70VoIcanoes producing approximately
20km30f voIcanic material over an area of1300

km3．The south Auckland field erupted similar

magmatypeswhich showed similar erupt10n Styles
and can be regarded as an analog for　the
Auckland field．This couldimplythatthe Auckland

voIcanic fieldis stillin an early stage of develop一

ment and that eruptlOnS Willincreasein size and

frequencyin the future．The apparent trend ofin－

creasing size ofvoIcanoes withinthefield supports

this suggestion．
Because there are no detailed accounts of vol－

Canic activltyin the Auckland field the voIcanic

recordhas to bereadin the depositsleft byerup－

tions．Detailed work on only a few ofthe centres

（Houghton et al．1991；Bryner1991ms；Allen
1992ms）hasrecognisedthreegeneraltypesoferup－

tion style controlledbyavailability of near surface

water and rate of magma supply．The hazards

fromfuturevoIcanismare directly related to these

eruption phenomena．Phreatomagmatic eruptlOnS

PrOducingpyroclasticsurgesandwetairfalldepos

its are the most hazardous．However，theindica－

tions of alargereruptlOnin the future and uncer－

taintyin thelikelylength of the present repose peT

riod mean that voIcanic activlty andits associated

hazardous effects needs to be taken seriouslyin

theCity of Auckland．
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