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Abstract ÐTheWaipounamuErosionSurfaceis atime-transgressive, nearly planar, wave-cutsurface.
It is not a peneplain.Formation of the WaipounamuErosion Surface began in Late Cretaceous
time following break-upof Gondwanaland, and continueduntil earliestMiocene time, during a
60million yearperiodof widespreadtectonicquiescence,thermalsubsidenceandmarinetransgression.
Sedimentary facies and geomorphological evidence suggestthat the erosion surface may have
eventually covered the New Zealandsubcontinent(Zealandia).We canÞndno geological evidence
to indicate that land areaswere continuously presentthroughoutthe middle Cenozoic.Important
implications of this conclusionare: (1) the New Zealandsubcontinentwas largely, or entirely,
submergedand (2) New ZealandÕs presentterrestrialfaunaandßoraevolved largely from fortuitous
arrivals duringthepast22million years.Thusthemodern terrestrialbiotamay notbedescendedfrom
archaicancestorsresidingon Zealandiawhenit broke away from Gondwanalandin the Cretaceous,
sincetheterrestrialbiotawouldhavebeenextinguishedif this landmasswassubmergedin OligoceneÐ
Early Miocenetime.Weconcludethatthereis insufÞcientgeological basisfor assumingthatlandwas
continuously presentin the New Zealandregion throughOligoceneto Early Miocenetime, andwe
thereforecontemplatethealternative possibility, completesubmergenceof Zealandia.

Keywords: WaipounamuErosion Surface, peneplain, submergence, Cenozoic, Gondwanaland,
Zealandia,New Zealand.

1. Intr oduction

The WaipounamuErosion Surface (LeMasurier &
Landis,1996),a planarsurfaceof Cretaceousto Early
Miocene age, is recognized widely in New Zealand
andbeneaththesurroundingsea-bed.In many areasit
comprisesa diachronousunconformity at the baseof
CretaceousÐTertiary transgressive marine sequences;
elsewhereit isconspicuousin many modern landscapes
whereit constitutesanexhumedsurface.It is superÞ-
cially similar to the featurecommonly referred to as
theÔOtagopeneplainÕandÔCretaceouspeneplainÕ(e.g.
Cotton, 1938, 1949; Benson,1935, 1940); however,
as interpretedby LeMasurier& Landis (1996), the
WaipounamuErosionSurfaceowesits planarnatureto
marineplanation.Peneplains,in contrast,areregarded
as the extreme end-productsof terrestrial erosion
by sub-aerialweathering,mass wasting and long-
continued ßuvial processes(Davis, 1899; Press&
Siever, 1974; Boggs,1987).The peneplainis in fact
a hypotheticalgeomorphic surface,onethathasnever
beendemonstratedto form undernatural conditions
(Thornbury, 1969);it isageologicalconstruct, lacking
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bothaformativeprocessmechanismandactualisticex-
amples.In this respectit is analogousto ÔgeosynclineÕ,
another purely hypothetical geological construct.
LeMasurier& Landis(1996)arguedthattheWaipoun-
amuErosionSurfacecoveredmostof theNew Zealand
ÔcontinentalregionÕ,including muchof thesurround-
ing sea-ßoor, andextendedoversome1 000000km2.

UnliketheÔCretaceouspeneplainÕ,theWaipounamu
ErosionSurfaceis interpretedasa time-transgressive
surface,forming initially as the New Zealandmargin
(of Zealandia:Luyendyk, 1995) was submerged and
extending gradually inland during the period 85Ð
22 Ma. This began in the Cretaceouson Zealandia
(the New Zealand subcontinent),an isolated con-
tinental fragmentdrifting away from Gondwanaland,
and continuedinto the Cenozoic.The separationof
the modern continentsof Australia and Antarctica
completed the break-up of the supercontinent.As
shorelinesgradually migrated acrossZealandiadur-
ing crustal extensionand thermal subsidence,wave
erosion and other shallow marine processesalong
the encroachingshorelineßattenedareasof ÔmatureÕ
subaerialreliefand, locally, morehigh-relieflandforms
aswell. Interveningriver valleyswereßooded.Because
of tectonic and epeirogenic movements as well as
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eustaticßuctuations,theWaipounamuErosionSurface
must be regarded as being diachronous,a composite
formed during successive sea-level encroachments
andplanationepisodes.Comparable diachroneityhas
beendemonstratedat very local scalesduring Late
Cretaceousonsetof transgression/planationby Cramp-
ton,Schi¿ler& Roncaglia(2006).

New ZealandÕs biota is regardedashaving evolved
largely from plants and animals sequesteredon a
drifting fragmentof theGondwanalandsupercontinent.
In isolationfor morethan80million years,adistinctive
New Zealandbiota is envisaged as evolving, to a
greater or lesser extent, from archaic Gondwanan
stock(Fleming,1962,1979;Mildenhall,1980;Stevens,
1985;Cooper& Millener, 1993).This hypothesishas
beenpopularly referred to as ÔMoaÕs ArkÕ(Bellamy,
Spingett& Hayden,1990). In contrast,an important
corollary to the wave-planationhypothesisis that the
amountof landmassshrankdramatically from Late
Cretaceousto Early Miocenetime (85 to 22 million
years)atwhichtimemost,if notall, of theNew Zealand
region was inundated(LeMasurier& Landis, 1996).
During this time, we suggestthat the original MoaÕs
Ark (Zealandia)probably sank beneaththe seaand
lost its preciouscargo. Although previous workers,
treating the surface as a peneplain,recognized that
Palaeogene transgression reducedthe area of land
in the New Zealand region (e.g. Wellman, 1953;
Fleming,1962; Suggate,Stevens& Te Punga, 1978;
Stevens,1985; Cooper& Cooper, 1995; King et al.
1999), they neverthelessportray the region as one
of substantialland even at the time of maximum
transgression(Fig. 1). Themainargumentssupporting
the existenceof sizeable remainingland areasduring
OligoceneÐEarly Miocenetime are not clearandhave
never beenproperly discussed.They appearto depend
substantially, but tacitly, on three factors: (1) the
natureanddiversity of themodernNew Zealandßora
and fauna,(2) the fossil recordand (3) the absence
today of middle Cenozoicmarinesedimentary rocks
from inland portions of North and South islandsas
well as from central Fiordland and Stewart Island.
Interpretationsdrawn from thesestarting points may
not be soundly basedand, most worryingly, probably
suffer from circularreasoning(Waters& Craw, 2006).

We maintainthat the modern landscapecombined
with theCenozoicsedimentary recordprovideevidence
which is incompatible with theexistenceof substantial
land areasof Late OligoceneÐearliestMiocene age.
Furthermore, we argue that available data are com-
patible with completeinundationof the New Zealand
region during middle Cenozoictime. This, in turn,
impliesthatmost,if notall, of thepresent-day terrestrial
faunaandßoraof New Zealandmay beof geologically
recent origin, having evolved from colonization by
water-borne and air-borne waifs, strays and pioneers
thatarrived duringthepast22million years.Thisview
will representa paradigmshift for many biologists
who have previously laboured under an appealing

hypothesis founded on limited evidence. Here we
review andconsiderthegeologicalevidenceunderlying
thisprevailing hypothesisof anenduringlandmass.

In this paperwe discussthe WaipounamuErosion
Surfaceconcept,themeritof theterm ÔpeneplainÕ,and
whetheroneexistsin theNew Zealandregion.Wethen
discusstheevidencefor locationof palaeo-shorelines,
and the signiÞcanceof unconformities of Oligocene
age.After discussinginlandoccurrencesof Oligocene
marine rocks, we discussthe clastic componentof
Oligocenesedimentsand the distribution of shallow
marine,estuarineandterrestrialdepositsof Oligocene
age,asrecordedin thefossil record(that is, theFossil
RecordFile, a nationaldatabaseof all known fossil
localitieswithin New Zealand).Following discussion
of speciÞcareasthathave previously beeninterpreted
aspossible Oligoceneterrestrialdeposits,we discuss
examplesof long-rangedispersalof terrestrialbiota.

The period during which marine transgression
reachedits peak in the New Zealandregion ranges
fromtheEarly OligocenetoEarly Miocene.Theperiod
is well representedonshoreby marinedepositswhich
have beensubdivided into threelocal biostratigraphic
stages,the Whaingaroan,DuntroonianandWaitakian
(Cooper, 2004).The WhaingaroanandWaitakianare
readily divisible into lower and upper subunits. The
currently acceptedagesfor theboundariesbetweenthe
stagesareshown in Figure2.

Thus,agecontrolof marinedepositsfor theperiod
of marinetransgressive signiÞcanceis reasonable. In
contrast,onshorenon-marinedepositsarerarefor this
timeinterval,andpalynologicalagecontrolispoor(see
Section3.h).Constrainton theageof thefew deposits
of non-marineorigin is generally achieved using the
agesof marineunitsunderlying and/oroverlying them.

Thetiming of maximummarinetransgressionprob-
ably varies acrossthe country accordingto proximity
to structuresgeneratedor exploitedby the resurgence
of tectonic activity along the plate margin. As a
general rule, we adopt herein a Waitakian Stage
timing (latestOligoceneto earliestMiocene;c. 25Ð
22 Ma) for maximummarinetransgression,this being
substantiatedby asearchof 4602localitiesrecordedin
theNew Zealandfossilrecordsystem(seeSection3.h).

2. Waipounamu ErosionSurfaceand/or Cretaceous
Peneplain?

Historically, New ZealandÕs regional erosionsurfaces
have been considered as ÔpeneplainsÕ,senescent
landscapes formed during prolonged tectonic
quiescenceby subaerial erosion. In contrast, the
WaipounamuErosion Surfacecan be shown to have
formed as a result of coastal and shallow marine
erosion. In this section we discuss evidence for
existenceof the New Zealandpeneplain,suggesting
that this geomorphic featureis mostly attributable to
theWaipounamuErosionSurface.
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Figure1. Mapshowing localitiesreferredto in text andextentof landduringmaximumtransgressionasproposedby Fleming(1962).
We proposethatall the landareasshown by Fleming,aswell asotherauthorssuchas Stevens(1974,1985),Kamp(1986)andKing
(1998,2000),may havebeencompletely submergedduringtheOligocene.HRÐHawkdunRange,PRÐPisaRange,ML ÐMt Luxmore,
OMR ÐOld ManRange.TheNEÐSWline refersto thecross-sectionshown in Figure5.

It is important to distinguishbetweentheWaipoun-
amuErosionSurfaceandthe ÔCretaceousPeneplainÕ.
TheÔCretaceousPeneplainÕ(alsoreferredto asOtago
Peneplain) refers to a widespreadunconformity of
terrestrialorigin.It ischaracterizedby anunconformity
with weakly induratedLateCretaceoussand, gravel and
coal measuresresting upon induratedand deformed
PalaeozoicÐMesozoicigneous,sedimentary andmeta-
morphic basement.A non-marineorigin is inferred
from ßuvial and paludal featuresof the overlying
sedimentary cover. In contrast, the Waipounamu
Erosion Surface is of marine origin. It too is

extensively developeddirectly onto the PalaeozoicÐ
Mesozoicbasement,while elsewhere it constitutesa
disconformity developeduponthe scouredtop of the
non-marinestratacovering theÔCretaceousPeneplainÕ.
In areaswhere the WaipounamuErosion Surface is
developeddirectly on olderbasement,theÔCretaceous
PeneplainÕis absent.Formationby marineandlittoral
processesis inferred from marine fossils, glauconite
and sedimentary featuresin the basal sedimentary
cover. Thus the two unconformities are sub-parallel
surfaces.In many localities,theWaipounamuErosion
Surfacetruncatesthe ÔCretaceousPeneplainÕ.Where



176 C. A . L A NDI S A ND OTHERS

Figure2. The local New Zealandbiostratigraphicsubdivision
for latestEocene,OligoceneandearliestMiocenetime isbased
on marinefaunasfoundwidely acrossonshoreNew Zealand.
LocalstagesarebasedonÞrstoccurrencesof particularspecies,
andthusthetopof astageis deÞnedby thebaseof thefollowing
stage.Agevaluesare thoseof Cooper(2004).

both surfacesare present locally, the Waipounamu
Erosion Surface is always the younger. Where pre-
served, the non-marinesequencesseparatingthe two
erosionsurfacesrangefrom afew metresto morethan
500m thick (LeMasurier& Landis,1996;Harrington,
1958).

Despite their superÞcialsimilarity, both lying at
or near the baseof the Kaikoura Sequence(Carter,
1988),conceptually thesetwo surfacesareprofoundly
different.The ÔCretaceousPeneplainÕis envisagedas
theend-productof long-continuedsubaerialweathering
andßuvialerosionof theNew Zealandregion,initially
as a portion of Gondwanalandand continuing after
separationof Zealandiafrom Gondwanalandabout
85 Ma (Sutherland, 1999).The WaipounamuErosion
Surface entirely post-datesseparationof Zealandia
and representsmarine planation of the gradually
submerging, tectonically stable, Zealandiacontinent.

In theory, the ÔCretaceousPeneplainÕformed when
prolonged subaerial erosion had proceededto the
point where relief of the land surface had become
negligible. Thepoint at which sucha surfacebecomes
sufÞciently ßat to be termed a peneplainremainsa
semanticissuesincethemaximumrelief permittedon
apeneplainhasnever beenrigorously deÞned(Flemal,
1971;SummerÞeld, 1991).Theoriginal descriptionof
the term peneplain(Davis, 1889a, 1899), as well as
modern usage(Skinner& Porter, 1987;Press& Siever,
1974),acceptthatpeneplainsarelow-relief terrestrially
erodedsurfacesof regionalextent,gradedto sea-level,
which owe their minimal relief to prolongedsubaerial
weathering,mass-wastingandßuvial erosion.There-
lationshipsbetweentheÔCretaceousPeneplainÕandthe
WaipounamuErosionSurfaceareshown in Figure3.

A further problem remains: does the so-called
ÔCretaceousPeneplainÕunconformity really represent
a peneplain?DavisÕ(1889a, 1899) original use of
the term is inextricably linked to his conceptof a
ÔgeographicalcycleÕin whichpeneplainconstitutesthe
(extremeor penultimate)end-productof the erosion
cycle beginning with abrupt formation of mountains
and followed by their gradualwearingaway through
stagesknown as youth, maturity and old age. The
peneplainrepresentedthe theoreticalculmination of
theerosioncycle,aÔbase-level/lowlandÕ(Davis,1889b,
1899)landscapesenility.SinceDavisÕconceptof cyclic
landscapeevolution is nolongerregardedasvalid (e.g.
Flemal, 1971; Thornbury, 1969; SummerÞeld, 1991;
Skinner& Porter, 1987; Morisawa, 1989), it may be
necessary to reject the very existenceof peneplains
aswell. Many workers(e.g.Thornbury, 1969;Flemal,
1971)have emphasizedthatno modern-day peneplain
has been described.All peneplains(including New
ZealandÕs ÔCretaceousPeneplainÕ)are fossil surfaces.

The classicalerosionsurfaceson which the pene-
plain conceptis based(Davis, 1889a) are dissected
ancient surfaces.For example, the well-known Ap-
palachiansurfaces(e.g.HarrisburgandSchooley pene-
plains)wereregardedaslateMesozoicandearly Ceno-
zoicin age.Theirrecognitionwasbasedonconcordant
ridgecrestelevationsbut theiroriginasremnantsof old
agelandscapesof regionalextentis nolongeraccepted
by geomorphologists. Hack (1960) described the
DavisianpeneplainasÔanimaginary landscapewhich
is never actually attainedÕ.Hack(1960)maintainsthat
theDavisiansurfacesarefoundedon existing features
but thattheir originshavebeenmisinterpreted.

Despite the absenceof documentedexamplesof
peneplainsformedon Earth today, it remainspossible
that onemight have formed during the Cretaceousin
New Zealand.We will now considerevidencebearing
ontheÔCretaceousPeneplainÕhypothesis.Visually, the
most impressive featurecited as evidencelies in the
remarkably ßat natureof uplandsurfacesin southern
South Island (Fig. 4). In Central Otago,undissected
summit plateauxat 1000Ð1500m characterizemany
Neogenemountainranges.Thesesurfacesclearly pre-
date Late MioceneÐRecentfolding and faulting that
createdtheranges.Theuplandsurfacesareunderlainby
highly deformedPalaeozoicÐMesozoicgreywackeand
schistbasement,with local lensesof quartzosegravel
andsandrestingunconformably on the ÔpeneplainedÕ
basement.Agesof theselensesof cover strataare un-
known,but correlationwith similarsequencesexposed
in adjacentbasinsandon lower rangesindicatesthat
they are Cenozoicßuvial depositsoccupying channels
cut into the deformed basementprior to Neogene
folding andfaulting(Youngson,2005).

Similar quartzose sedimentsof well-constrained
Late Cretaceousage rest unconformably on meta-
morphicbasementin coastalOtago(Harrington,1958;
LeMasurier & Landis, 1996; Landis & Youngson,
1996).Thesestrataareof ßuvial origin, predominantly
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Figure 3. Spatial relationshipsbetweenthe ÔCretaceousPeneplainÕand the WaipounamuErosionSurface.Assumingan original
high-reliefmountainouslandscapein Zealandiadatingfrom middleCretaceousbreak-up(atbottom),threescenariosarepresented:(a)
theconventionalinterpretation,showing peneplanationby terrestrialprocessesfollowed by depositionof amantleof ßuvial andcoal-
measuresediments.Duringsubsequentsubsidence,transgressivemarinestrataaccumulatedaroundthecoastalperiphery of Zealandia;
(b) Cretaceouspeneplanationof Zealandiais accompaniedby depositionof non-marinesedimentin erosionalvalleys drainingthe
interior;marinetransgressiongradually inundatesthesubduedanddeeply weatheredcontinentalmargin; and(c) (theoptionpreferred
here)channel-Þllßuvial and swamp sedimentsare depositedin erosionalvalleys within the moderate-reliefZealandiacontinent.
Coastalerosionaccompanying thermal subsidenceforms extensive surfacesof marineplanationuponwhich re-workedclasticsplus
freshÞrst-cycle basement-derivedsedimentis deposited.Subsidenceandcoastalerosioncontinuedfor at least40 million years,the
resultingtransgressioneventually covering Zealandia.Thus,along thepresent-day coast,shallow marinecoarseclasticsedimentsof
LateCretaceousageÞneupwardto marl, greensandandeventually Oligocenelimestone.(Ondiagram:g Ðgreensand).
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Figure4. HawkdunRangeviewedfrom thesouthshowing thedistinctiveplanarsummitat 1500m (locationin Fig. 1). Thishigh-level
plateauis a remnantof theWaipounamuErosionSurface,erodedintoPalaeozoicÐMesozoicgreywackeduringCretaceousÐOligocene
marinetransgression.The rangehasbeenuplifted during the last Þve million years.Inferred Palaeogenemarinecover has been
removed by Neogeneßuvial andperiglacialerosionprocesses.However, a well-developedmarinetransgressive Palaeogenesequence
culminatingin limestoneandgreensandrestson greywacke basementwhereit is preserved in a fault angledepressionat Aviemoreto
thenortheast(seeFig. 7). Photo:ArnoGasteiger.

Figure5. Cross-sectionof South Islandshowing Cenozoicsequencesat key localities.TheOligocenelandas interpretedby earlier
workersis basedon absenceof Oligocenesedimentin theseareas.We suggestthat theentire region wassubmergedduring theLate
Oligoceneon the basisof planatedschist mountaintopography and transgressive sequencesexposedaroundthe periphery of the
proposedlandmass.Theline of sectionis shown in Figure1.

coarsesandand gravel, and commonly containcoal
seams.They underlie the transgressive marine se-
quence,forming discontinuouslensesrestingon the
ÔCretaceousPeneplainÕ.

Several aspectsof thesecover strataposeproblems
for thepeneplainhypothesis.First,thereisno evidence
in Central Otago for Cretaceous(or Paleocene)ter-
restrialplanationorsedimentation.Second, Cretaceous
non-marinesedimentsin coastalOtago are coarse-
grained depositsof gravel-bed rivers. They contain
little of the Þne-grainedmud that would be expected
in the old age,very low-gradient rivers meandering
acrossadeeply weatheredlandscapeof regionalextent.
However, sucha scenariois essentialto thepeneplain
hypothesis.Third, thereare no datademonstratingthe
presenceof a nearly planarßuvial surfaceunderlying

theCretaceousÐCenozoicnon-marinecover sequence.
Fourth, the presenceof intensely altered basement
underlying the cover strata,althoughcompatible with
deepweatheringof apeneplainsurface,hasnever been
demonstratedto have formed by surface processes
prior to depositionof the cover strata.For example,
in CentralOtago,Craw (1994)hasshown that intense
alterationof schistbasementconventionally ascribed
to deepweatheringof the peneplainsurfaceactually
occurred after deposition of non-marine Miocene
cover-strata.At Mountain Road in the Silver Peaks
of East Otago (Figs 5, 6), where schist basement
is also intensely altered, Landis & Youngson(1996)
have reported the presenceof intensely alteredschist
bouldersandcobbleswithin basalcover-strataresting
unconformably on basement.Alterationof theseschist
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Figure6. Stratigraphic relationsbetweenbasementandcover strataasexposedalong the eastern sideof the Silver Peaksregion,
EastOtago.An undulatingLateCretaceousterrestrialunconformity (ÔpeneplainÕ)developedon Mesozoicschist (a) is overlain by
discontinuouslensesof ßuvial sandsandgravels (b). Both of theseunits arein turn cut by a latestCretaceousÐPalaeogeneshallow
marineerosionsurface(WaipounamuErosionSurface)which hasplanedoff residualtopographicrelief on schistbasement.Overlying
transgressive marinesediments(c) comprisesandsandsilts containingÞrst-cycle schistclastsandre-workedßuvial sediment(basal)
overlainby silts containingglauconite(g) and occasionalmolluscanfossils.Photographsof this areaarepresentedby LeMasurier&
Landis(1996,p. 1457,Þg.5).

clastsis identical to alterationof underlying bedrock
schist. They are surroundedby well-sorted marine
sands,and their soft and friable condition indicates
thatthey couldnot have beentransportedany distance
by erosionprocesses.In someplacesit is possible to
confuseschist boulderswith schist basement.Since
their alterationis clearly post-depositional,it follows
that identical alteration of the identical underlying
schistalsopost-datesformationof theerosionsurface.

In our experience,unlike the WaipounamuErosion
Surface, the ÔCretaceouspeneplainÕdoesnot deÞne
a planar geomorphic feature. Surfaceswe refer to
asÔCretaceouspeneplainÕareunconformable contacts
separatingbasementfrom non-marineCretaceousÐ
Palaeogene cover strata. They are sediment-Þlled
palaeo-valleys. Most of the ÔiconicÕerosionsurfaces
of inland Otago and Canterbury lack CretaceousÐ
Palaeogenesedimentary cover. Wheretheseareprom-

inentandplanarlandscapefeatures,we interpret them
as remnantsof the WaipounamuErosion Surface
ratherthantheÔCretaceouspeneplainÕ,in view of the
precedingdiscussion.

If we acceptthat therelict planarerosionsurfacein
Canterbury andOtago(or even a large portion of it)
representstheWaipounamuErosionSurfaceandis of
marineorigin, thenthelandmassproposedby Fleming
(1962),Stevens(1985)andothersis at leastone-third
smallerthanproposed, andin our view may have been
absententirely.

3. Cenozoicpalaeo-shorelines

Published palaeogeographic maps show OligoceneÐ
Early MioceneNew Zealandasalow reliefarchipelago
(Fig. 1). The areaof land at the time of maximum
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transgressionis generally shown as being less than
today but still substantial.

Although detailed evidence for placement of
shorelineshasnot beendiscussedby previousworkers
(e.g. Fleming, 1979; Hornibrook, 1992; King et al.
1999),differentcombinationsof eight factorsappear
to have inßuencedpalaeogeographicmapreconstruc-
tions:

(a) The interpretationof Oligocenesubmarineun-
conformitiesassurfacesof subaerialerosion.

(b) Theinterpretationof themostinlandoutcropsof
OligoceneÐEarly Miocenemarine sedimentary
rock as nearproxies for palaeo-shorelineposi-
tions.

(c) Interpretation of planatedpre-Cenozoicbase-
mentrock asanexhumedCretaceouspeneplain
surfaceof subaerialorigin.

(d) Interpretation of siliciclastic detritus in Oli-
goceneand Early Miocenesedimentary rocks
as Þrst-cycle sedimentderived from adjacent
landmasses.

(e) The assumptionthat thin and locally developed
middle Cenozoic shallow marine and littoral
depositsrepresentsubstantialperiodsof time.

(f) Interpretationof evidencewhichis permissiveof
emergenceas evidencesupporting theexistence
of emergentareas.

(g) Commitment to the view that New ZealandÕs
modern terrestrialbiotahasevolved in isolation,
following Cretaceousbreak-upof Gondwana-
landandcontinuingto thepresentday.

(h) Assumptionsabout the fossil record and its
completeness.

Thesepointsarediscussedbelow.

3.a. Unconformities of Oligoceneage

Unconformities of Oligocene age are widespread
in sedimentary rocks throughoutNew Zealand(e.g.
Carter, 1988; Field & Browne, 1989; Turnbull &
Uruski, 1990;Turnbull et al. 1993;King et al. 1999).
Onedistinctive break,theMarshallParaconformity, is
recognized in sectionsthroughoutNew Zealandand
underlying thesurroundingsea-ßoor(Carter& Landis,
1972;Fulthorpeetal. 1996).Now recognizedashaving
formed during Oligoceneerosionof the sea-ßoorin
associationwith initiation of the circumpolarcurrent
andsedimentstarvationduringmaximumtransgression
(e.g. Carter, 1985), this unconformity was ascribed
by early workersto emergenceandsubaerialerosion.
For example,thepioneeringpalaeogeographicmapsof
Fleming(1962,1979)showed the EastOtagoareaas
landduring theOligocene(seeSilverpeaksto Catlins
on Fig. 1). At most localities, the Marshall Para-
conformity and related Oligocene paraconformities
markabrupt breaksseparatingfully marinesequences

above and below. Although mainly intra-Oligocene
with durationof 2 to 4 Ma, in someareas(e.g.Dunedin
andtheCanterbury Shelf)theMarshallParaconformity
separatesslopeÐbathyal Late Eocenemudstonefrom
Miocene outer shelf or deepergreensandand rep-
resentsa gap exceeding10 million years(Fulthorpe
et al. 1996). In most of North Otago and South
Canterbury, OligoceneandearliestMiocenesequences
are extremely condensed, the paraconformity itself
representingmissingOligocenetime of 2 to 3 million
years(e.g.Carter, 1985;Loutit et al. 1988).Although
thepossibilityof occasionallocal terrestrialconditions
cannotbetotally eliminated(e.g.Lewis& Bellis,1984),
the presenceof offshoremarine stratadirectly above
andbelow anunconformity cannotbeconstruedassup-
porting thehypothesisof continuousemergenceduring
the intervening period. Recognition of the Marshall
Paraconformity within marinesequencesbeneaththe
deepsea-ßooraroundNew Zealand(Carter & Landis,
1972;Carter, 2003)providesadditionalsupport for a
submarineorigin of this sameunconformity exposed
sowidely in on-landNew Zealand.

3.b. Inland occurrences

The most-inlandoccurrencesof marinestratain East
Otagoand SouthCanterbury coincideapproximately
with the position of the Oligocene shoreline as
portrayedonmapsby Wellman(1953),Fleming(1962,
1979),Stevens(1974),Kamp(1986)andmany others.
Theseworkers have drawn the shorelinesat, or only
a short distance inland from, outcropping marine
strata.However, evidenceinferred from sedimentary
facies sequences(e.g. WaltherÕs Law: Middleton,
1973) at these inland-most localities requires that
OligoceneÐEarly Miocene transgression must have
advancedfurther inland, beyond thoseoutcrops.For
example, consider the area around Lake Aviemore
(Waitaki Valley, SouthIsland; Fig. 7), just inland of
which theOligoceneshorelineis shown on numerous
palaeogeographicmaps.This region,45Ð50km inland
from the presentcoast, is well known for its rich
Cenozoicmarinemolluscanfaunas(Marwick, 1935;
seealso stratigraphic summary in Field & Browne,
1989).Correlative marinestrataoccurfrom Aviemore
to theeastcoastat Oamaru andbeneaththeadjoining
continental shelf. The Cenozoic sequenceexposed
north of AviemoreDamcommenceswith fossiliferous
and pebbly glauconitic sandsof Eoceneage resting
unconformably uponplanatedPermianÐTriassicgrey-
wacke basement(the WaipounamuErosionSurface).
These basal Cenozoic strata, ravinement deposits,
are overlain by a sequenceof increasingly offshore
transgressive marine units, culminating in 60 m of
Oligocenegreensandof outer shelf depth and 20 m
of richly fossiliferousouter shelf limestoneof Late
Oligoceneto earliestMiocene age (Marwick, 1935;
Gage,1957;T. S.Loutit, unpub. report, 1973;Field &
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Figure7. Aviemore,a mesa-like remnantof the strippedWaipounamuErosionSurface;to immediateright of the Lake Aviemore
Dam(seeFig. 1 for location).Aviemoreis themostinlandremnantof preserved Cenozoicmarinesequence.Gravelly Eocenemarine
sedimentsrestdirectly ongreywackebasement.Theseareoverlainby a transgressivemarinesequenceincludingOligocenelimestone
andgreensand.The crestof the Hawkdun Range(Fig. 4; seeHR on Fig. 1) is visible in the far distanceabout 40 kilometresaway.
Pleistocenealluvial terracesareconspicuousalongthesouthern (left) sideof thevalley. View lookingNW uptheWaitakiRiver valley.
Photo:Lloyd Homer, GNSScience.

Browne, 1989; I. McDermid, unpub. report, 1998).
Ageandthicknessof thistransgressivesequenceimply
that submarineaccommodationspacewas available
from Middle Eocenethroughall of Oligocenetime, a
periodof at least15 million years.Contemporaneous
Oligoceneterrestrialor clasticshorelinefaciesarenot
recognizedin thisarea,andif any actually existedthey
musthavelain far to thewest.Comparingthesediment
facies characteristicof maximum transgression at
Aviemore and inland Canterbury (greensand, marl,
foraminiferal limestone)with facies on present-day
passive continentalmargins elsewhere in the world,
a depositionalsetting of at least tens and probably
hundredsof kilometresfrom shoreis suggested.It can
beconcludedthatthereisnosedimentologicalevidence
for the presenceof Late OligoceneÐearliestMiocene
terrestrialenvironmentsbeingsituatedanywherenear
theAviemorelocality. Similar relationsarerecognized
widely in thefoothills of theSouthern Alps(e.g.Gage,
1970),alongthe margin of Fiordland(Turnbull et al.
1993), in the NW SouthIsland (Grindley, 1961)and
elsewhere.Thesewill bediscussedlater.

3.c. Aviemore and Silverpeaks

Also atAviemore(seeSection3.babove), adistinctive
planarerosionsurfaceis well exposedon a table-like
hill (mesa)thatisunderlainby Permiangreywacke,one
kilometrenorthof theAviemoreDam(Fig. 7).Weinfer
that this conspicuoussurfaceis not a peneplain(the
traditionalinterpretation);rather, it is theWaipounamu
Erosion Surface that has beencut by Eocenewave
planation. The conspicuously ßat top of the mesa
is an exhumed angular unconformity from which
transgressive Palaeogenemarinesedimentshave been
largely stripped by late Neogene erosion.However,
remnant lensesof cover sedimentrest directly on
the unconformity and they consist of fossiliferous

and glauconitic pebbly marine sandsof PaleoceneÐ
Eoceneage. Similarly planar, but commonly much
higher, ridges are well exposed elsewhere in the
Waitaki Valley and to the southand west in Central
Otago. For example, the Rock and Pillar, Dunstan,
Hawkdun,Old ManandPisaranges(Figs 1, 4) areall
late Cenozoicfold and fault-boundedrangesthat are
characterizedby planarsummits.Althoughstrippedof
a postulatedearlierCenozoicmarinesedimentcover,
the morphological similarity of thesehigh rangesto
theAviemoremesais striking,andcorrelationof these
surfacesis conÞdently proposed.

Planar ridge crestsare also conspicuousin East
Otago.For example,in theMountainRoadareaof the
SilverPeaks(Figs5, 6), aconspicuously ßatsurfaceis
cut into biotite schist.Previously regardedasforming
part of the exhumedCretaceouspeneplain(Benson,
1935; Mortimer, 1993; Bishop, 1994), much of the
ridgeis thinly veneeredby 1Ð3m of latestCretaceousÐ
Paleocenemarine sediment(LeMasurier & Landis,
1996;Landis& Youngson,1996)andisnow interpreted
as having beenplanatedby wave processes,not by
ßuvial erosion.This surfaceis identiÞedasan early-
formedportion of theWaipounamuErosionSurface.

Waveplanationis theonly surÞcialerosionalprocess
capable of forming regional surfaceson bedrockas
ßat as thosethat characterizethe planar landscapes
in the Aviemore region, the Silver Peaks tableland
(LeMasurier & Landis, 1996, Fig. 6), and similar
planated basementin East Otago. Despite being
degradedby Pleistoceneperiglacialprocesses(Wood,
1969; Stirling, 1990), the characteristicßat crestsof
theCentralOtagomountainranges(1000Ð1500m) are
strikingly similar to their lower-elevation correlatives
at Aviemore, Silver Peaksand elsewhere. They are
all regarded as uplifted portions of the Waipounamu
ErosionSurface.Theabsenceof marinesedimentfrom
thesemore highly uplifted exhumed planar erosion
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surfaces is attributed to late Cenozoic uplift and
associatedterrestrial erosion.Not only that, but the
absenceof erosionsurfacesfurtherto thewestcanitself
be attributed to ongoingNeogeneuplift and erosion.
Reducederosionat lower elevationshaspermittedthe
outlying marineremnantsto bepreserved.

3.d. Siliciclastic sands

Thepresenceof siliciclasticsandsin LateOligoceneÐ
Early Miocenesedimentsmay also be usedto argue
for proximity of contemporaneously erodinglandareas
consistingof basementrock (King et al. 1999). For
example,terrigenoussandswithin theLateOligoceneÐ
Early MioceneMilburnLimestoneof EastOtagomight
be taken to imply derivation from outcropsof schist
basementproximal to theareaof outcrop.Thus,maps
of Fleming (1962), Kamp (1986) and others place
the Oligocene shoreline on Haast Schist basement
only a few kilometresinland from Milburn (Fig. 1).
Petrographic study of the non-carbonatefraction of
the Milburn Limestoneis instructive in this respect.
Samplescollectedfrom a 22 m sectionexposedin the
old Milburn Lime Quarry were dissolved in dilute
hydrochloric acid and analysed in 12 grain-mount
thin-sections(CAL andS.Wilson). Insoluble residues
rangedfrom2Ð3%nearthebaseto20Ð40%highin the
section.Quartz is thedominantmineralwith glaucony
pelletsalsocommon,especially in Þne sandfractions
where they may form up to 50%. Both quartz and
glaucony tend to be well roundedand polished.The
glaucony is interpretedto bea transportedintrabasinal
constituent and is excluded from the terrigenous
siliciclasticfraction.

Onacalcite-andglaucony-freebasis,feldsparis the
only other abundantconstituent,accountingfor 13Ð
21%. Heavy minerals(hornblende,garnet, opaques)
combined with altered rock fragmentsrange from
traceamountsto 5 %. Potassicfeldspars(orthoclase
and microcline) comprise13Ð19% with NaÐCapla-
gioclaseup to 3.5%. SigniÞcantly, potassicfeldspar
and hornblende are absent from the Haast Schist
basementthroughoutOtago,whereend-memberalbite
is the sole feldspar mineral. The terrigenous sand
componentof theMilburn Limestoneis thusarkosicin
compositionandgranitic provenanceis implied. The
nearestcompatible crystallinebasementexposedtoday
is in FiordlandandStewart Island(Fig. 1).However, the
highdegreeof roundingstrongly suggestsa re-worked
sedimentsource.Eoceneshelfsedimentsin EastOtago
(e.g.GreenIslandSandstone)andcorrelative units in
theoffshoreGreatSouthBasin(Beggs,1978)arerich
in potassicfeldsparandmay suggestcontemporaneous
erosionof adistantsiliciclasticsourcearea.Regardless,
there is no evidence that adjacentschist basement
contributeddetritusto theMilburnLimestone.Potassic
feldspar and hornblende are found widely in basal
marine Cenozoicsedimentsaround the margins of

the schist.We concludethat schistbasementin East
andCentralOtagowas alreadyfully inundatedby the
transgressiveOligocenesea.

3.e. Localoccurrencesof shallow marine and estuarine
sediments

Local occurrencesof shallow marine and estuarine
sedimentshave also beentaken to provide evidence
for the location of palaeo-shorelinesin previous
palaeogeographicmaps.In itself, this may be a sound
interpretation. However, it is not valid to assume
thatexposedsedimentsactually representsustainedor
precisely datedperiodsof sedimentaccumulationor
thatthesesedimentsdid notextendfurtherinland.

A goodexampleis foundin theregionof Pomahaka
in West Otago (Fig. 1) where estuarinebeds,com-
prising mainly shelly mudstone,rest unconformably
on late PalaeozoicÐMesozoicbasement(Wood, 1956;
Isaac& Lindqvist, 1990). A generalOligoceneage
is widely accepted.It is likely that they represent
a depositionalinterval occurring at the beginning of
a prolonged regional transgressive marine episode.
Locally, Oligocene marine strata (Chatton Marine
Beds;Wood, 1956) are presentabove the Pomahaka
Beds but these late Palaeogene strata are rarely
exposed, the area being dominated by low-relief
deeply erodedMesozoicbasementmantledby Neogene
ßuvialgravel.Fluvial gravel restsunconformably upon
localizederosionremnantsof the earlier marineand
estuarinestrata.Thustheabsenceof morewidespread
middleCenozoicmarinedepositsoverlying thesebasal
transgressive stratacannotbe taken as evidencethat
marineconditionsnever extendedintothemoreuplifted
anddeeply erodedareasadjoiningPomahaka.

To the contrary, the natureandthicknessof (about
90 m) of thePomahakaandChattonformationsimply
gradual regional subsidencewith middle Cenozoic
estuarineandmarinestrataoriginally extendinginland
from Pomahaka.No mechanismthat would permit
the OligoceneÐMioceneshorelineto have remained
in the Pomahaka area during deposition of the
documentedestuarinemarinesequences(90 m thick)
can be envisaged.For example, any basin formed
by ßexure of the Otago continental crust at this
localitymusthavebeenonascalerequiringsubsidence
(andcomplimentary marginal uplift) to have extended
further inland by at least tens of kilometres. Thus
sedimentsat Pomahaka,while recordingtransgression
along the margin of an Oligocenemarinebasin,also
imply that the basin margin must have migrated
furtherinlandtopermit accommodationof theexposed
sequence.LateOligoceneandEarly Miocenelimestone
and greensand, while not exposedat Pomahakaor
directly to the north, do occur at all but one of the
namedSouthIslandlocationssurroundingPomahaka
as shown on Figure 1. It can be conÞdently inferred
thatmarineconditionscoveredtheentirearea.
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3.f. Evidencethat ispermissivebut not compelling

Evidencethat is permissive but not compellingalso
appearsto have played a major but tacit role in
postulatingsubstantialOligoceneÐEarly Mioceneland
areasin New Zealand.Examplescan be cited from
the Southern Alps, Fiordland, Catlins andcentraland
western North Island.

For example,a middle Cenozoicland areain the
region of the presentSouthern Alps is shown on all
published palaeogeographic maps.While extent and
location of this land varies from map to map it is
invariably shown to bepresentbut notaccompaniedby
evidenceor explanation.For instance,theareaaround
HaastPass(Fig. 1) is shown aslying above sea-level
continuously from the Cretaceousto the presentday
(e.g.Fleming,1962;Stevens,1985;Kamp,1986;King
et al. 1999). Since no pre-Pleistocenesedimentsare
presentin thisarea,theinferredlandmasscanneitherbe
provednordisproved.However, thisareaof postulated
Oligocenelandis alsoa region of maximumNeogene
uplift anddeeperosionalongthemodern platebound-
ary (Koons,1990).Metamorphic basementis exposed
throughouttheregionandany Cenozoiccover hasbeen
erodedaway. Marinesequencesaredocumentedfrom
areasof lesseruplift (andlesserNeogeneerosion)on
all sidesof the HaastPassarea.Typically theseare
transgressivesequencesshowing increasingly offshore
characterfrom Early Cenozoic to OligoceneÐEarly
Miocene,culminatingwith limestonesequences.We
can thereforeconÞdently assumethat transgression
proceededwell beyondall of theselimiting outcrops.It
probably coveredtheHaastPassregion aswell. Thus,
whereasthereis no geological evidenceto suggesta
persistentearlyÐmiddleCenozoiclandmassanywhere
in theHaastPassarea,all available geologicaldataare
compatible with middleCenozoicsubmergence.

3.g. TheMoaÕs Ark heritage

Thehistory of New ZealandÕsbiotahasbeenpresented
from theviewpoint of evolution of plantsandanimals
strandedon an isolatedemergent ÔraftÕfor millions
of years.This raft, a fragmentof the Gondwanaland
supercontinent,hasbeensurroundedby oceanssince
LateCretaceoustime. It is seenasan isolatednatural
laboratory carryingapreciouscargoof Mesozoicplants
and animals. In this view, evolution in responseto
changingenvironmental pressuresoperatingon the
descendantsof the original (Mesozoic) plants and
animalshasresultedin creationof the modern New
Zealandbiota.

This concept,popularizedrecently as ÔMoaÕs ArkÕ
(Bellamy, Spingett& Hayden,1990)hasgreatpublic
appealandhasbecomedeeply rootedin New ZealandÕs
national identity. It has beenbacked by many pro-
ponentsfor morethanforty years(e.g.Fleming,1962;
Wardle,1963)andis foundwidely in modern popular

scienceliterature(e.g.Wilson,2004;Stevens,McGlone
& McCulloch,1988;Flannery, 1994).Althoughasmall
degreeof long-distancedispersalfollowingGondwana-
land break-up is widely accepted(Fleming, 1979;
Mildenhall, 1980; Wardle, 1984; Stevens, McGlone
& McCulloch,1988), the distinctivenessand lack of
mobility of themodern terrestrialbiotahasresultedin
aprevailingunderstandingthatassumesthatsubstantial
terrestrialhabitatsmusthaveexistedcontinuously since
Cretaceousbreak-up,andthattheuniquebiotaof New
Zealandis aproductof ancientisolation.

However, accumulatingbiological evidencecontra-
dicts this view of the biogeographic history in New
Zealand.Pole (1993) argued, using fossil data, that
a signiÞcantproportion of New Zealandplantshave
evolved from Cenozoiccolonists.In a later paper, he
suggested(Pole, 1994; seealso Pole, 2001) that the
entireßora may have developedsincethe Oligocene.
Most molecular studieshave suggestedthat groups
foundin New Zealand, ratherthanbeingremnantsfrom
Gondwanantimes,are actually much more recentin
origin andhave colonizedacrossthesigniÞcantwater
gapsaroundNew Zealand.Examplesincludesouthern
beeches(Swensonet al. 2001; Knapp et al. 2005),
spiders (GrifÞths, Paterson& Vink, 2005), moths
(Brown, Emberson& Paterson,1999),kiwis (Cooper
et al. 1992) and various ßightlessinsects(Trewick,
2000). Only a few specieshave levels of molecular
variationthatarecompatible with aGondwananorigin,
suchas tuatara(Restet al. 2003), leiopelmatidfrogs
(Roelants& Bossuyt,2005),kauri (St¬ockler, Daniel&
Lockhart, 2002)andterrestrialgastropods(McDowall,
2004). However, ancientlineages,on their own, say
very little aboutthe palaeobiogeographicdistribution
of their ancestors;there is no easy way to tell if
such a lineagehas not colonizedrelatively recently
before going extinct at the source.Evidenceis also
accumulatingthat overseasdispersalis generally an
important factor amongSouthern Hemispherebiota
(Sanmartin & Ronquist,2004)andthat asymmetrical
colonization rates between areaswill often mimic
geological rifting scenarios(Cook & Crisp, 2005).In
this case,westerly wind-ßows andcurrentsthat make
thecolonizationof New Zealandfrom Australiamore
likely than movement in the other direction provide
a similar pattern to that expectedfrom a ÔGondwana
arkÕ.This hasled McGlone (2005) to commentthat
ratherthan Ôtheland that time forgotÕ,New Zealand
is the Ôßypaperof the PaciÞcÕ.Recently, Campbell
& Landis (2001)have suggestedthat the entireNew
Zealandterrestrial biota actually becameestablished
by accidentalcolonistssince the Oligoceneand this
view hasbeenechoedby Waters& Craw (2006).

3.h. New Zealand fossilrecord

New Zealandhas a remarkably comprehensive and
well-documentedmarine fossil record spanningthe
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last 70 million years.Cramptonet al. (2006) have
established that the fossil record for post-Eocene
molluscsis representative of 40Ð45% of the original
total molluscanfauna.In contrast,theterrestrialfossil
record is sparseand incomplete.Terrestrial animal
fossils older than Pleistoceneare particularly scarce,
andfossil plants,with notedexceptionsfrom Miocene
time, areknown mainly from pollenstudies.Only the
last22 million yearsof terrestriallife are known with
any modicumof detail.

In spite of the incompleterecord, thereremainsa
widely held belief that a substantialproportion of the
extant biota hasevolved from plantsandanimalsthat
werepresentwhenNew Zealandseparatedfrom Gond-
wanalandabout85million yearsago.Modern workers
havegenerally maintainedthecontinuousexistenceof a
diverseGondwananterrestrialbiota(Stevens,McGlone
& McCulloch, 1988; Cooper& Cooper, 1995; Lee,
Lee& Mortimer, 2001)andreferenceto ÔGondwanan
biotaÕiscommonplace.A bioticÔbottleneckÕwithin the
Oligocenewas proposedby Cooper& Cooper(1995),
and Pole (2001) consideredthe casethat the New
Zealandßora representsa completebiotic turnover
from the original Gondwanan biota. Both of these
papershave assumedthe continuousexistenceof a
landmass,thoughwith reducedareain theOligocene.

Lee,Lee& Mortimer(2001)arguedfor acontinuous
Cenozoicterrestrialßorarecordin New Zealand.They
recognizeonly oneunit thatspansthecriticalOligocene
to earliestMioceneperiod:theGoreLignite Measures.
Thesestrataare portrayed by Lee, Lee & Mortimer
(2001)tohaveaccumulatedduringtheinterval between
16and31million yearsago;nobreaksin thissequence
are discussed.Although palynological evidence for
sedimentationof theGoreLigniteMeasuresduringthis
period is well documented(Pocknall, 1990),no case
hasbeenmadefor continuousterrestrialsedimentation
(e.g. Isaac& Lindqvist, 1990) and middle Cenozoic
marinebedsarewell known in thearea(Cooper, 2004;
seealsoSection3.eabove). Ratherenigmatically, the
palaeogeographicmapsof Lee,Lee& Mortimer(2001)
show theGorearealying 100Ð200km offshoreat both
20and30million yearsago.

New Zealandpalynologists have long beenaware
of a terrestrial ßoral turnover in the vicinity of the
Oliogcene/Mioceneboundary. Thespore/pollenrange
chart of Couper(1960)shows this clearly, even within
the limits of accuratedatingat the time. Immediately
after the demiseof many Palaeogenetaxa therewas
a suddenand dramaticinßux of new Neogenetaxa,
ancestralto thepresentNew Zealandßora.Therewas
also a rapid increasein diversity as new ecological
nichesopenedup.McGlone,Mildenhall& Pole(1996)
lookedin detailat thedistributionof fossilNothofagus
pollen in the New Zealand Cenozoic. They show
a suddenchangein the types of Nothofagus pollen
in the vicinity of the Oligocene/Mioceneboundary,
speciÞcally thedemiseof Nothofagiditesmatauraensis,

N. ßemingiiand N. waipawaensisand the rise of N.
cranwelliae, N. falcatusandN. spinosus.

Recent morphological (Parrish et al. 1998) and
DNA (St¬ockler, Daniel& Lockhart, 2002)studieshave
provided evidenceconsistentwith the conifer genus
Agathis being continuously presentin New Zealand
sincetheCretaceous(I. L. Daniel,unpub. Ph.D. thesis,
Univ. Canterbury, 1989; Daniel, 2004). Although a
caseis clearly presented, it hingeson the absenceof
any extant Australianspeciesthat could have shared
a commonancestorwith living New Zealandkauri,
Agathis australis. As mentioned above, it is also
possible thatsuitable ancestralAgathismay have once
lived in Australiabut are now extinct. Furthermore,
accordingto Pole (2001)thereare no pre-Pleistocene
fossilrecordsof Agathisin New Zealandandnorecords
of similar Cenozoicaraucarianfossils youngerthan
Early Miocene.

The available Cenozoic ßoral record for New
Zealandreßectsconstantchange(Mildenhall, 1980;
Macphail,1997)with continuousarrival of immigrant
species,particularly from Australia.MostsigniÞcantis
adramaticchangein ßorafrom Oligoceneto Miocene
time with almosttotal turnover bar a few exceptions
(Couper, 1960;Mildenhall,1980;Macphail,1997).

For the purposesof this research,oneof us (JGB)
hasinterrogatedthe New ZealandFossil RecordFile.
This is a unique national electronicdatabaseof all
documentedfossil localities in the New Zealand
region. It has been operatingsince the 1950s and
is administeredby GNS Scienceand the Geological
Society of New Zealand.All data enteredfor 4602
fossil localities(asat June2006)of Oligoceneto Early
Mioceneage(the local New ZealandLandonSeries
comprisingWhaingaroan,DuntroonianandWaitakian
stages;Fig. 2) havebeenexaminedandplotted.

On the basisof this exercisewe can conÞdently
conclude that we have not overlooked any known
and available palaeontological evidenceof terrestrial
conditions on Zealandia during the time interval
relevant to this study, namely LateOligoceneto Early
Miocenetime. As expected, this exerciseestablished
the statusquo: it revealedthe palaeontological basis
(andbias) for interpretationof continuousland from
Oligoceneto Miocenetime.Onclosescrutiny, only 84
fossil localities of Late Oligoceneto Early Miocene
ageareinterpretedasterrestrialsediments(asopposed
to marine) and in all casesthe age interpretationis
expressedin termsof a largeagerangespanningmuch
of Oligoceneto Early Miocenetime. On the basisof
thisresult,weconcludethattheagecontrolaffordedby
known fossilevidencefor continuousterrestrialcondi-
tionsin Zealandia(or New Zealand)from LateOligo-
ceneto Early Miocenetime is too impreciseto permit
any deÞnitiveconÞdence.If the84fossillocalitiesmen-
tionedabove areindeedindicative of terrestrialcondi-
tions,they couldall beof laterEarly Mioceneageand
relateto uplift of New Zealand, post-datingmaximum
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ßoodingof Zealandia.Theagesof thesefossil biotas,
mainly palynomorphs,arejust too imprecise.

In thelastfew decades,twovery excitingfossilbiotas
of Early to Middle Mioceneagehave beendiscovered
in New Zealand(Lee,Lee& Mortimer, 2001;Worthy
et al. 2006a, b). Both arewithin lacustrinesequences
in Otago, South Island, and have produceddiverse
terrestrialandfreshwatervertebratefossils(Þsh,lizard,
bird, crocodile and mammal) and also plant fossils
(terrestrialandfreshwater).Both localitiesarepoorly
constrainedin terms of agebut they are likely to be
between 20 and 15 million years old. Researchon
thesesequencesand biotas is underway. However, it
is unlikely that their interpretationwill relate to our
understandingof the terrestrial history of Zealandia.
Thesefossildiscoveriesdonotin themselvesconstitute
evidenceof continuouslandor any direct relationship
betweenGondwanalandand New Zealandterrestrial
biotas.

4. Oceanicplateauanalogy

Uplift of the New Zealand landmassand eventual
formation of the Southern Alps has occurred in
associationwith oblique convergence and crustal
thickening during the last 5Ð22million years.Prior
to that, the continentalcrust was thinner(e.g.Koons,
1990)andundergoingsubsidenceandlocalrifting from
LateCretaceousthroughtoOligocenetime.Duringthat
time theNew Zealandportion of Zealandiaresembled
thepresentChathamRise,LordHoweRise,Challenger
PlateauandCampbellPlateau,characterizedby low-
relief, current-swept submarine plateaux disrupted
locally by fault scarps. Thesearesubmerged regions
of continentalcrust contiguouswith present-day New
Zealandbut which have not beenstrongly affectedby
lateCenozoicconvergenttectonics.They lie at depths
generally rangingbetween400m and2000m andare
underlainby basementterranesof greywacke, schist
andcrystallinerocksthataresimilar to thoseexposed
in present-day rising New Zealandmountainranges.
Small islands,emergent portions of theserises and
platforms, are largely Cenozoic volcanic rock, but
several include older basementveneeredwith sedi-
mentary sequencesvery similartotheLateCretaceousÐ
Miocenetransgressive sequencesthat cover the Wai-
pounamuErosion Surfaceas exposedwidely within
mainlandNew Zealand.In addition,extensiveoffshore
drilling hasrevealedLateCretaceousÐearliestMiocene
transgressive sequencesconsisting of sedimentary
unitsandunconformitiesthatcanbecorrelatedwith on-
landsuccessions(e.g.King & Thrasher, 1996).These
recordgradualdeepeningandreductionof terrigenous
sedimentinput, culminatingwith extensive Oligocene
limestone,greensandandparaconformities.

Prior to the advent of Early Miocene oblique
convergencealongthemodern plateboundary, we can
envisagethe whole of Zealandiaas one submerged

complex of thin continentalcrust. Occasionaleph-
emeralislandsappearedwith Palaeogenerifting and
shed coarseclastic detritus onto the adjoining sea-
ßoor. Islandsmay also have formed in association
with Oligocenesubmarinevolcanism. However, no
permanentor persistentlandareascanbeidentiÞed.

Following the onset of Miocene transpression
(c. 22 Ma), a fault zonedevelopedobliquely through
Zealandia,cutting acrosspre-Cenozoicbasementter-
ranes, to form the presentPaciÞcÐAustralianplate
boundary. Thinned continentalcrust underlying the
submerged plateau adjacent to the plate boundary
was thickened by thrusting and uplifted, eventually
rising above sea-level to form the Southern Alps
(Norris, Koons& Cooper, 1990). With uplift, much
of the CretaceousÐCenozoictransgressive marine
sequencewas progressively stripped, exposing the
older basementterraneswhile ßoodsof terrigenous
clasticsedimentwere beingshedfrom thesegrowing
mountainsfrom Early Miocenetimeto thepresentday.

5. Mioceneregression,erosionand sedimentation

One implication of the ÔcompleteinundationÕhypo-
thesisis that large areascovered by the Palaeogene
seawere subsequently uplifted and strippedof their
marine cover strata. Although PlioceneÐPleistocene
erosion is responsible for removing considerable
Palaeogene sediment,earlier Neogene erosion was
probably equally signiÞcant.

Incipientuplift of theSouthern AlpsÐCentralOtago
region is implied by the Early Miocenechangefrom
transgressiveandhighstandsedimentationtoregressive
sedimentationrecordedin eastern South Island.This
was accompaniedby voluminousdepositionof clastic
sedimenterodedfrom upliftedlow-grademetamorphic
rocks along the plate boundary. In coastal Otago,
regression began early in the Miocene (c. 21 Ma)
with constructionof ashallow marinesandwedge,the
OtakouGroup(Carter, 1988).Asuplift continued, this
sandwedgewas itself uplifted anddissectedprior to
theonsetof Middle Miocenevolcanismin theDunedin
area (c. 13 Ma). This regional unconformity was
recognizedby Benson(1942),whoreferredto it asthe
ÔMiocenePeneplainÕ.Later work by Coombs,White
& Hamilton (1960) demonstratedthat this Miocene
erosionsurfacehasconsiderable relief andcannotbe
regardedasapeneplain.

In CentralOtago,Miocenelacustrinesedimentation
(ManuherikiaGroup;Douglas,1986)was widespread
from about 18 to 13 Ma (Mildenhall & Pocknall,
1989).A largelake complex, extendingfrom northern
Southlandto middle Canterbury formed in a coast-
parallel zoneseparatedfrom both the PaciÞcOcean
andthenewly formingmountainsto thewest.Whether
accommodationspacefor the lacustrine sediments
was created primarily by crustal warping or by
construction of shorefacebarriers of regressive sand
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blocking drainagefrom Central Otago to the seais
unclear. It doesappearthat landscapesßanking the
Lake Manuherikiacomplex were of low relief and
thateastward-ßowing streamsformeddeltasextending
into the lake (Douglas, 1986). ManuherikiaGroup
sedimentsrestunconformably on schistbasement,and
it hasgenerally beenconsideredthatmarinetransgres-
siondidnotextendintoCentralOtago(Wellman,1953;
Fleming, 1979; Kamp, 1986; Turnbull et al. 1975).
However, stratigraphic relationsin areassurrounding
theinferredlake(discussedabove), coupledwith spec-
tacularexamplesof theexhumedplanarWaipounamu
Erosion Surface on the summits of uplifted blocks
within andsurroundingthelakecomplex (Fig. 4) argue
for total marineinundationprior to formation of the
Miocenelacustrinecomplex. In addition,detritalsand
grains of orthoclase,microcline and glauconiteare
presentin ManuherikiaGroupsediments(CAL, pers.
obs.)but absentfrom theunderlying andsurrounding
schist.Thesemineralsarecommonin thetransgressive
marinesedimentsandare interpretedto be reworked
from adjoining Cenozoicmarinecover strataduring
erosionof landaroundthelakemargins.

In summary, following the Late OligoceneÐearliest
Miocenemarinetransgressionthat crossedthe South
Island, the sea withdrew from Central Otago and
inland Canterbury early in the Miocene (c. 20 Ma)
as a result of regional warping associatedwith plate
boundary deformation. East- and southeast-ßowing
streamsystemseroded the thin blanket of slightly
older, calcareousmarine sediment(20Ð30Ma), re-
exposing and locally entrenchingmarine planated
schistbasementdirectly underlying the Waipounamu
ErosionSurface.Voluminousshorelinesedimentation
resultedin formation of lake and swamp complexes
(ManuherikiaGroup) where east-and south-ßowing
streamsreachedbaselevel betweenthenewly forming
mountains and the coast (15Ð20Ma). Continued
compressionresultedin growing basementfolds with
anticlinal ridges gradually disrupting the lacustrine
complex. This folding and associatedthrusting con-
tinues to the presentday (Norris, Koons & Cooper,
1990; Bennettet al. 2006), with further removal of
Cenozoicsedimentsand entrenchmentof rivers into
theWaipounamuErosionSurface.

6. Critical evaluation of speciÞcareasof inferr ed
middle Cenozoicland

We will now discussspeciÞcareas where middle
Cenozoicland is commonly believed to have existed:
(a) Otago and inland Canterbury, (b) Fiordland,
(c) Northwest Nelson, (d) SoutheastNelsonÐNorth
Canterbury, (e) North Islandpeninsulasand islands,
(f) the AucklandÐCoromandelregion of the North
Island, (g) putative landmassesnorth of New Zealand,
and(h) volcanicislands.

6.a. Otago and inland Canterbury

Thisis theareathatismostwidely regardedasenduring
land throughoutthe Cenozoic,from the break-upof
Gondwanalandto the presentday (Fig. 1). Portrayal
as a substantialOligocenelandmassis basedmainly
on four factors: widely preserved remnantsof the
ÔpeneplainÕsurface,absenceof Cenozoicmarinestrata,
an Oligoceneunconformity aroundthe periphery of
thearea,andtheperceived needfor Oligocenelandto
support New ZealandÕsÔGondwananÕbiota.Theseand
otherfactorsarediscussedin Section3(above). In brief,
we maintainthat (1) the visible ÔpeneplainÕremnants
were actually createdby marineprocesses,(2) middle
Cenozoicmarine strata formerly extendedinto this
areabut wereremovedby Neogeneterrestrialerosion,
(3) theOligoceneunconformity is asubmarinefeature
and(4) thereis no biological necessityfor a continu-
ously presentÔGondwananÕbiota.

6.b. TheFiordland island

A middleCenozoicislandispostulatedin theFiordland
area(Turnbull & Uruski,1990;King, 1998).Fiordland
(Fig. 1) consistsof a PalaeozoicÐMesozoiccrystalline
massif ßanked to the east and south by Cenozoic
sedimentary basinsand truncatedto the west by the
Alpine Fault. It is a region of rapid Neogeneuplift
(Ward, 1988) from which Cenozoiccover stratahave
been stripped by Pleistoceneglacial erosion. Thick
Cenozoic sedimentary sequencesof the Te Anau
andWaiaubasins(Carter, Lindqvist & Norris, 1982;
Turnbull & Uruski,1990)lie eastof themassif(Fig. 5).
They commencewith Eocene coal measuresand
shallow marine sands,passingrapidly upward into
Oligoceneturbiditesanddeep-seamudstone,followed
by LateOligoceneÐEarly Miocenelimestoneincluding
calc-turbiditesandre-depositedsandstone.Along the
western side of the basin, thinner sequenceslap
onto the Fiordland margin. Theseconsistmainly of
shelf sandstoneand limestone(Carter, Lindqvist &
Norris, 1982). Thick-beddedOligocenelimestoneis
particularly well developedandconspicuous.Although
usually resting on earlier Oligocenesandstone,the
limestoneunit locally rests directly upon Fiordland
crystalline basement.For example,near the summit
of Mt Luxmore at 1310m, a thin fossiliferous
conglomeraterestingon ultramaÞcbasementgrades
up into thick bioclasticlimestone(Leeetal. 1983).

We interpret the basal Cenozoic contact at Mt
Luxmoreasan Oligocenesurfaceof marineplanation,
the WaipounamuErosion Surface.The sameOligo-
cenebioclastic limestone,10Ð25m thick, is present
elsewherealong the eastside of Fiordland. There is
no evidencethat the presentextent of outcroprelates
to maximum extent of the sea.We concludethat a
carbonate-ßooredseamusthaveextendedmuchfurther
west,covering most(if notall) of theFiordlandmassif.
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What then, is the evidencefor a landmassin this
region during the Oligocene?Although not discussed
by previousworkers,thecasewould appearto depend
on the following: (1) absenceof any Cenozoicstrata
in central Fiordland, an area of concordantsummit
elevations interpreted as a dissectedpeneplain by
Andrew (1906),Park (1921),Benson(1935)andother
early workers; (2) the presenceof terrigenousclastic
sedimentwithin theOligocenelimestoneandpresence
of clastic sedimentoverlying the limestoneand in
correlativestratato theeast(Turnbull & Uruski,1990);
and(3) recognitionof Oligoceneshorelinefaciesalong
themargin of theFiordlandmassif(Leeetal. 1983).

Wewill discussthesethreepointsbelow.

(1) Absence of sedimentary rocks from central
Fiordland is consistentwith documentedlate
Neogene uplift and erosion. It does not ne-
cessarily have any bearingon earlier Neogene
or Palaeogenepalaeogeography. Previous inter-
pretationsof the area as a dissectedCenozoic
peneplainwerebasedonthebelief thatprolonged
subaerialandßuvial erosionwasthemostlikely
meansto producesummit concordance.

(2) Terrigenousclasticsedimentin limestoneßank-
ing theFiordlandmassif,while compatible with
terrestrialerosionfrom a residuallandmass,can
alsobeproducedby wave erosionof shoalsand
by wave andcurrent re-working of pre-existing
sandson submarinehighs. Thus, terrigenous
sandin limestone,as well as terrigenoushemi-
pelagicmud in adjacentbasinaldeposits,while
permissible as evidencefor the existenceof a
persistentresiduallandarea, is not conclusive.
A compellingargumentwould requireevidence
for Þrst-cycle origin of the sandfrom a non-
marinesourceand for continuoussupply from
that sourcethroughoutthe period of limestone
deposition.

(3) Therecognition of Oligoceneshorelinedeposits
on Mt Luxmore only tells us when the trans-
gressiveseaadvancedinlandfromthatpoint.The
thick overlying limestonesattestto transgression
proceedingmuchfurtherinto Fiordland.

Thustheavailable datado not permit a compelling
case for continuousexistence of an island in the
Fiordland area throughout middle Cenozoic time.
Conversely it is clear that Oligocenewave planation
occurred along the Fiordland margin and that trans-
gressionproceededwell beyond the presentoutcrops
of Oligocenemarinesedimentary rocks.

WidespreadPleistocenesubmarine planation of
an older sedimentary sequenceis well documented
offshoresouthwesternFiordland(Sutherland, Barnes&
Uruski, 2006). Here, on the Puysegur Banks (100Ð
150m waterdepth),themodern ßatsea-ßoortruncates
a gently dipping EoceneÐPliocenemarine clastic

sequence.Sedimenterodedfrom theßatbanksduring
eustaticlowstandswas re-depositedin deepbasins,
Puysegur Trench and SolanderTrough, ßanking the
bankson thewestandeast.

6.c. Structural high in Nor thwest Nelson

TheTablelandof NorthwestNelsonformsaremarkable
planar upland surface surroundedby ruggedmoun-
tains. It is cut onto deformed PalaeozoicÐMesozoic
basementand is widely regarded as a remnant of
stripped peneplain created by long-continuedsub-
aerialerosionduringLateCretaceousÐEarly Cenozoic
time (e.g. Cotton, 1916; Benson, 1935; Suggate,
Stevens & Te Punga, 1978; Grindley, 1961; Nathan
et al. 1986). The intra-montaneTableland erosion
surface,with an elevation of 1100m, is adjoinedby
high-relief mountainlandsat 1300Ð1800m. The two
areseparatedby reversefaultsof lateCenozoicage.Ex-
tensiveareasof planatedbasementarealsowell known
elsewherein NorthwestNelson(e.g.Bishop,1968).

In mostareastheTablelanderosionsurfaceis over-
lain directly by aveneerof LateOligoceneÐEarly Mio-
cenelimestone(TakakaLimestone).Thesecover strata
arerichly fossiliferous,deÞcientin terrigenousclastic
detritus and contain large-scalecross-stratiÞcation.
They were depositedin an offshore marine shelf
environment (Grindley, 1980) and although mostly
restingdirectly on basementrock,arelocally underlain
by thin marine sand and mud. To the south and
west,OligocenemarinemudstoneunderliestheTakaka
Limestone.AlthoughFleming(1979)regardedthearea
asbeingfully submergedby mid-Oligocenetime,both
Nathan et al. (1986) and Kamp (1986) interpreted
the Tableland region as an emergent basementhigh,
persistingasan islanduntil Middle to LateOligocene
submergence.

Nathan et al. (1986) interpreted the West Coast
region (including Northwest Nelson)as having been
Ôemergentandundergoing peneplanationÕthroughout
Paleoceneand Eocenetime with the result being a
regionally extensive ßat to gently undulatingerosion
surface. In most of the area, this was followed by
depositionof coalmeasuresandeventualsubmergence.
However, Nathanetal. (1986)notedthatcoalmeasures
are not presentin the Tableland, an area which they
regard ashaving beenan islandexperiencingintense
weatheringand ßuvial erosionuntil Late Oligocene
time,beingthelastpart of NorthwestNelsontobecome
submerged (Nathan et al. 1986). Similarly, Kamp
(1986)portrayedtheareaasanOligoceneislandwithin
theseacovering his ChallengerRift System.

Our interpretationis in broadagreementwith the
aboveworkersbut differsin thatweseenocompelling
evidence to indicate that the erosion that produced
regional ßatteningof the basementrock surface in
the West CoastÐNorthwest Nelson area was caused
by ßuvial or other subaerialprocesses.We note that
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in areassouth of the Tableland (e.g. Buller region),
where the unconformity is overlain by non-marine
strata,no planar Cenozoicerosionsurface has been
documented.In fact,Nathan(1996,p. 28) recordeda
Ôlocalreliefof upto50 mbeneaththeBullerCoalÞeldÕ.
Alteration of basementrock underlying the erosion
surfacein theNorthwestNelsonÐBullerregionhasbeen
interpretedas being due to chemicalweatheringand
cited as evidencesupporting peneplanation(Nathan
et al. 1986). Elsewhere in the South Island, similar
alterationeffectshave formedalongtheWaipounamu
ErosionSurfaceunconformity by groundwateraltera-
tion following depositionof theCenozoiccover strata.
In contrast,in areassuchas the Tablelandwherethe
unconformity surfaceisof conspicuously planarnature,
thebasalsedimentsaremarine.Weconcludethatwhile
a ÔmatureÕregional landscapeformedby CretaceousÐ
Eocenesubaerialprocesses,the planarsurfaceof the
Tablelandswas formedby marineerosionbevelling an
earlierlandscape.

6.d. TheSoutheastNelsonÐNorth Canterbury island

An OligoceneÐEarly Miocenelandmassapproximately
150 # 150km (Fig. 1) is portrayed in the Southeast
NelsonÐNorth Canterbury areaon mapsof Fleming
(1962), Stevens (1985) and others.Lying along the
southeastern side of the Alpine Fault and within the
Marlboroughfaultzone,thisisanareaof rapidtectonic
uplift anderosion(Wellman,1979).We are not aware
of any evidenceto suggestOligoceneland existed in
this region, nor are there any published discussions
justifying its existence.Theonly rocksexposedwithin
theareaof theputative islandareMesozoicgreywacke
andschist;any Oligocenecover strataor any remnant
erosionsurfacesthatmay haveoncebeenpresenthave
beenremoved by erosion during the past10 million
years.

Theclosestareasof middleCenozoicstrataarefound
in fault angledepressionsalong the ClarenceValley
(Fig. 1), 20 km southeastof the proposedlandmass.
Heremarinelimestoneandmarlof LateEocene,Oligo-
ceneandEarly Mioceneagearewell exposed.Detailed
stratigraphicandpalaeontologicalstudies(Reay, 1993)
indicatethat thesestratawere depositedat outershelf
or greaterdepths.No correlative shallow-marine or
non-marinerocks are recognized.Thus, whereaswe
cannoteliminatethepossibilitythatlandmay havebeen
continuously present,thereisnoevidencetosuggestan
Oligocenelandmassanywherewithin thisarea.

Why then has this island become part of the
established New Zealandpalaeogeographic surface?
Perhaps it is becausethe Marshall Paraconformity,
a sea-ßoorerosionsurface (Carter & Landis, 1972)
that is presentin theClarencesection,hadapparently
beeninterpretedasevidencefor subaerialerosionby
Fleming(1962;seealsoSection3.aabove), combined
with aperceived needfor landat this time(seeSection

3 above, especially pointsa,b andg). ThisÔabsenceof
evidenceÕfor Oligocenemarineconditionsin thisarea
cannotbeconstruedasÔevidenceof absenceÕ.

6.e. North Island peninsulasand islands

Two North IslandOligocenelandareas,boundingthe
North Wanganui Basin (Fig. 1) to the eastand west
have long beenpostulated.Althoughshown asislands
by Fleming(1962,1979),McQuillan (1977),Stevens
(1985)andNelson(1978),more recentworkershave
tendedto attach theseridges to a larger landmass
to the south (Kamp, 1986; King, 2000). Thus two
northward-pointing peninsulasare postulated(King
etal. 1999;Lee,Lee& Mortimer, 2001)for theperiod
20Ð30Ma. In contrast,anearly summary by Suggate,
Stevens& TePunga(1978)states:ÔLandhadprobably
disappearedby LateOligocene(Waitakian),andßaggy
argillaceouslimestoneof thatageis widespreadÕ.Thus
Suggate,Stevens& TePunga(1978)show eastern and
western ridgesin theWhaingaroanStagebut complete
immersionfor thelatestOligoceneDuntroonianStage.
Morganset al. (1999),for the WaitakianStage,show
only twosmallislandslyingeastof theWanganuiBasin
with no landto thewest.

The casefor Oligocenelandmassesin centraland
western North Islandrestsmainly on two factors:(1)
isopachmapsshowing thinning of Wanganui Basin
strata toward the west and east and (2) presence
of terrigenoussedimentof Oligoceneage in basinal
sequences.In addition, a perceived needfor middle
Cenozoicterrestrialhabitat(ÔMoaÕs ArkÕ)may be an
unacknowledgedfactor. Oligoceneisopachsconstruc-
ted by McQuillan (1977), Nelson (1978), Suggate,
Stevens& Te Punga (1978)andothersclearly demon-
stratethe existenceof a NÐS-trendingtrough (North
Wanganui Basin) thinning toward structuralhighson
eitherside.However, inferredthinningtozerothickness
and the presenceof persistentland areasis basedon
extrapolation.Althoughareasof emergencemighthave
beenarguedfrom sequencesof contemporaneousnon-
marine sedimentor even persistentsupply of local
Þrst-cycleterrigenoussedimentto theWanganuiBasin,
neitherof thesehasbeenrecognized.

Emergenceof land to the west (the HerangiHigh,
Fig. 1) is implied by terrigenousconglomeratelenses
within Oligocenelimestonealong the west side of
the North Wanganui Basin (Nelson, 1978). These
conglomerates,derived from Mesozoicsourcerocks,
compriseminor (< 1 %) but distinctive bedsscattered
through a predominantly limestone sequence.The
Oligocenelimestoneis biogenicand inferred to have
beendepositedundershelfconditions(Nelson,1978).
Westernmostoutcropsof the limestonesequenceare
commonly more than 100m thick, characterizedby
shelf fossils, and lacking in evidence for a con-
tinuously presentadjacentlandmass(e.g. terrigenous
sanddominatedsequences,terrestrial plant detritus).
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Furthermore,at many localitiesthe marinesequence,
includinglimestone,restsdirectly on erodedMesozoic
basement.Apart from a smallareaat thesoutheastern
end of this putative Oligoceneisland, the proposed
landmasslies off the westcoastof the presentNorth
Island(Fig. 1). Althoughthelocationandextentof the
islandhavenotbeendiscussed, wenotethatit coincides
approximately with achainof seamountslying parallel
to the coastline.Recentwork (e.g.King & Thrasher,
1996; Hayward et al. 2001) indicatesthat theseare
Miocenesea-ßoorvolcanoes.

An equally likely scenariowould suggesta much
smaller Oligocenesubmarineridge (Herangi High)
ßanked by carbonateseas.Brief episodesof sea-
level fall or tectonic uplift probably createdshoals
or small islands from which conglomeratesmay
have beenderived. However, thereis no evidenceto
indicatea substantialHerangiland areathat persisted
continuously throughoutLateOligoceneandintoEarly
Miocenetime.

Despitethe great predominanceof carbonate-rich
sedimentsin Late OligoceneÐearliestMiocenestrata
of theNorth WanganuiBasin,mostof theselimestones
also contain signiÞcant terrigenous mud and silt
(Nelson,1977,1978).Terrigenousmudis particularly
abundantin limestonesin thecentralpart of thebasin.
Thecleanestlimestoneformationof theTeKuiti Group
is alsotheyoungest:theearliestMiocene(Waitakian)
Otorohanga Limestone.Nelson(1977) describedthe
Otorohanga as a purelimestonein which terrigenous
sedimentseldom exceeds10% suspensiondeposit,
so there appearsto be no evidencefor an adjacent
landmassat thetimeof its deposition.

Thusa sourceof Þne-grainedterrigenoussediment
was available during much of Oligocenetime in the
Waikato area. Less clear, however, is whether this
sourcewas proximal to the basin,whetherit was of
terrestrial (subaerial)origin, and whether it existed
continuously into Early Miocene time. Reworking
of marine mud by waves, bottom cements, and
turbidity currents is well known, as is long-distance
re-distribution. Origin of the Te Kuiti Group muddy
terrigenoussedimentremainsunclear.

An OligoceneÐEarly Miocenelandmasseastof the
WanganuiBasinin theregion of presentcentralNorth
Islandhasalsobeenpostulatedby many workers.It is
shown variously asan Oligoceneislandapproximately
400km long and150km wide ßankingthe eastside
of the Wanganui Basin (Fleming, 1979) and as a
150km wide portion of a large landmassextending
continuously from Aucklandto southern South Island
(Kamp,1986).Morerecently,King (2000)andLee,Lee
& Mortimer(2001)haveportrayedasomewhatreduced
OligoceneNew Zealandland areawith a peninsula
about150km longand50 km widealongtheeastside
of theNorth WanganuiBasin.

Recognitionof thisLateOligoceneÐearliestMiocene
landmassis not basedon Þrm evidence. The area

eastof the Wanganui Basinpresently consistsof pre-
Cenozoicbasementwith Pleistocenevolcanic rocks
andcover-strata;nomiddleCenozoicstrataareknown
here.Along the western sideof the RangitotoRange
(Fig. 1), Oligocenecoalmeasures(Edbrooke,Sykes&
Pocknall,1994)restunconformably onMesozoicgrey-
wacke basement.They are overlainby laterOligocene
andEarly Miocenemarinemudstoneandsandstone.No
evidencehasbeenpresentedtoshow thattheseyounger
stratarepresentthe margin of a marine basinor that
landexistedcontinuously anywhereinthecentralNorth
Island.It is entirely possible that the seacovered this
entireareaduring Late OligoceneandEarly Miocene
timewhenlimestonewaswidely depositedthroughout
large areas of the North Island. Indeed, Suggate,
Stevens & Te Punga (1978) interpreted the areaas
inundatedby Oligoceneseas.

Thusthe casefor continuousexistenceof a central
North Island Cenozoicland areais not established.
Certainly a sourcefor siliciclastic sedimentin the Te
Kuiti Grouplimestoneisrequired,but thereisnoreason
to suggestthat this sourceexisted continuously as
ßankingsubaeriallandmassesthroughoutthe middle
Cenozoic.

6.f. TheAucklandÐCoromandel regionof theNorth Island

In theAucklandÐCoromandelPeninsularegion(Fig.1),
Neogene erosion and volcanism have removed or
buriedmuchof aninferredwidespreadearlierCenozoic
cover sequence.However, isolatedremnantsrecorda
regional transgressionbeginning in the Eoceneand
peakingin theearliestMiocene(Nelson,1978;Dix &
Nelson,2004).

Originally shown as part of a large Oligocene
island (Fleming, 1962; Fig. 1), the region around
Auckland has beenmore recently interpretedas the
distal end of a northward-pointingpeninsula(Kamp,
1986; King, 1998; seeSection6.d) and as a smaller
island or group of island ridges (Isaacet al. 1994).
Here, Early to middle Oligocenemarine sediments
were depositedon erodedgreywacke basementwithin
erosionallows andlocal graben.YoungestOligocene
andbasalMiocenesedimentsarenotrecognizedin this
areabut at somelocalities,basementisunconformably
overlainby freshwaterto shallow marinesedimentsof
basalWaitemataGroup (Early Miocene;22Ð21Ma).
Locally, thegreywacke basementshows some50 m of
topographicrelief (B. W. Hayward, pers.comm.2007).
Theserelations,plus the absenceof Late Oligocene
sediments(bothmarineandnon-marine)fromthesame
area,may be evidencefor landat this time (e.g.Isaac
etal. 1994).

However, it is alsopossible that marineconditions
existed during Late Oligocene time (DuntroonianÐ
Waitakian) but did not leave any preserved record.
Evidencefor bottom-scouringcurrentsat this time is
widespreadelsewherein theNew Zealandarea(Carter
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& Landis,1972;Fulthorpe et al. 1996),andthereare
goodexamplesof regionsbeingsubmergedthroughout
theOligoceneandEarly Miocenebut leaving little or
no surviving sedimentary record.Overlying the basal
WaitemataGroup,youngerWaitematasedimentsare
bathyalÐabyssalturbiditesthat imply rapidsubsidence
of theareabetween22 and19 Ma (Isaacet al. 1994).
Thusany original LateOligoceneÐEarly Miocene(27Ð
22 Ma) marine sequencemay be representedby a
non-depositionalhiatus(paraconformity) or havebeen
erodedaway prior to depositionof thebasalWaitemata
Groupbeds(22Ð21Ma).

Study of remnantoutliers of Oligocene strata in
theCoromandelPeninsula(directly eastof Auckland;
Fig. 1) shows a basalunconformity overlain by fan-
deltasedimentsof Early to middleOligoceneagethat
arein turn overlain by youngerOligoceneshallow mar-
inelimestone(Dix & Nelson,2004).A prominentintra-
formationalerosionsurfaceseparatesthe lower shelf
clastic sedimentand limestonefrom overlying deep-
water OligoceneÐEarly Miocene limestone (Dix &
Nelson,2004).This surface,interpretedasa sequence
boundary by Dix & Nelson(2004),separatesa highly
variable, carbonate-dominated, transgressive basal
marine sequencefrom overlying more uniform, and
slightly less steeply dipping, deep sea carbonate
sequence.Limestone-forming conditions persisted
from Late Oligocene(24 Ma) to Early Miocenetime
(21 Ma).

6.g. Putative landmassesnorth of New Zealand

Herzer (1998, 2003) and Lee, Lee & Mortimer
(2001)have proposedthat land bridgesandstepping-
stone islands existed north of New Zealandduring
the Oligocene and Early Miocene. Herzer (1998,
p. 47) maintainsthat successive uplifts of the sea-
ßoor favoured Ôone-way north-to-southÕmigration
pathways enabling speciesto colonizeNew Zealand
from the New Caledonia region. In contrast,Lee,
Lee & Mortimer (2001, p. 349) argued that the
ÔemergentNorfolk Ridgeprovided a near-continuous
land connection between New Zealand and New
CaledoniaÕ,permittingspeciesmigrationsouthtonorth
duringthis sametime.

Evidencefor middle Cenozoic land areasto the
north of New ZealandincludesÞrstly the recognition
of roundedpebbles and a shoal fauna collected in
dredgehaulsfromsubmarinehighs,andsecondly in the
recognition of extinct volcanicarcswhich were active
at that time (Mortimer et al. 1998;Herzer& Mascle,
1996;Herzer, 2003;Meffre,Crawford& Quilty, 2006).
Thus Lee, Lee & Mortimer (2001) showed several
Ôprobable to possibleÕislands and one Ôcertain to
probableÕlarge island(600 # 300km) southof New
Caledonia,while Herzer(1998;seealsoKing, 1998)
showed islandshundredsof kilometreslong andup to
80 km wide during the Oligocene.Meffre, Crawford

& Quilty (2006)have providedfurtherevidenceof an
islandlocatedin thesouthNorfolk Basin.All of these
papersregardtheseislandsasbeinglargely submerged
by LateMiocenetime.

We agree that shallow marine conditions existed
locally along the Norfolk Ridge during the middle
Cenozoicandthatsomevolcanicislandswereprobably
present.However, in the papersreferred to above, we
Þndno compellingevidencerequiringpersistentlarge
islands(landbridgesor stepping-stones)for signiÞcant
periodsof time.New Caledoniawastotally submerged
in the Eocenebut may have becomeemergent in
the Late Oligocene. The evidence for this is the
presenceof inferred laterite-derived soil detritus in
Oligocenemarinesediments(Paris,1981;P. Maurizot,
pers.comm. 2005). Nevertheless,the existenceof a
substantiveandcontinuousmiddleCenozoiclandmass
at New Caledonia,the postulatedsourceandsink for
New Zealandbiota, must be questioned.There are
neitheroffshorenor on-landdata(e.g.Aitchisonet al.
1995) to suggestthe existenceof an island at New
Caledoniaprior to Late Oligocenetime. Like New
Zealanditself, theexistenceof Oligocenelandareasto
thenorth appearsto berootedin theperceived needfor
biologicalsourcesandsinksratherthanÞrm geological
evidence.

6.h. Volcanic islands

Several occurrencesof Oligocenevolcanic rocks are
recognizedin theSouthIsland(Suggate,Stevens& Te
Punga, 1978).All describedpyroclasticand effusive
rocks of Oligocene age are submarine in origin.
However, it is possible that someof thesevolcanoes
createdhitherto unrecognized islandsthat may have
providedshort-lived refugiafor terrestrialorganisms.

7. Long distancedispersal: lessonsfrom Lor d Howe
Island and the Chatham Islands

Lord Howe Islandis theerodedremnantof anoceanic
volcano(area16 km2; high point 875m) within the
central TasmanSea.The age of volcanism is Late
Miocene, 6.3Ð6.9Ma (Jones& McDougall, 1973).
The islandis theemergenttop of a basalticseamount
surroundedon all sidesby deepsea-ßoor(1800+ m)
andtherecanbeno doubtthat it hasalways beenin a
fully oceanicsetting(McDougall, Embleton& Stone,
1981).ClosestlandareasareAustralia(580km to the
west),Norfolk Island(900km to the east)andNorth
Island, New Zealand(1000km to theSE).

In spite of its geologically recentorigin, oceanic
isolationandsmallsize,Lord Howe hasa remarkably
rich ßora,including241speciesof indigenousvascular
plants,105 of which are endemic(Green,1994).Of
the plant genera,120 are sharedwith Australia,102
with New Caledonia,75 with New Zealandand 66
with Norfolk Island(Morris & Ballance,2003).Lord
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Howe Islandis lessthan1 % aslargeasNew Zealand,
andits landsurfaceat least10 million yearsyounger.
TheLord HoweIslandbiotais remarkably diversewith
8.6 generaof endemicangiospermsperkm2, whereas
New Zealandhas0.001generaper km2 (Lee, Lee &
Mortimer, 2001). The Lord Howe fauna includesa
bat, gecko, skink and an abundanceof freshwater
andland invertebrates.Native birds,now depletedby
introducedpredators,includedaßightlessrail. Extinct
landanimalsincludeda gianthornedturtle (Morris &
Ballance,2003).

Therecanbeno doubtthattheLord Howe endemic
faunaand ßora have descendedfrom ancestorsthat
arrived by long-distancedispersalfrom neighbouring
lands during the last 6.5 million years. Similar
situations exist in many other Cenozoic volcanic
islands,such as Norfolk Island (Green,1994), Fiji
(Ryan,2000)andHawaii (Craddock,2000).Sanmartin
& Ronquist (2004) have summarizedthe relative
dispersalratesof specieson islandsin the Southern
Hemispherewhile De Queiroz(2005)hasemphasized
theÔresurrectionÕof oceanicdispersalasamechanism
in the biological literature.We regard New ZealandÕs
biota as similarly oceanic,arriving spasmodically by
long-distancedispersalfrom Early Miocene time to
the presentday (Campbell& Landis,2001;Trewick,
Paterson& Campbell,2007).

TheChathamIslands,locatedabout800kilometres
eastof mainlandNew Zealand, are an exampleof an
evenyoungeroceanicisland.Geologicalandbiological
evidenceindicatesemergenceof landabouttwomillion
years ago (Campbell et al. 2006; Paterson,et al.
2006).In this instance,thereiscertainty thattheentire
ChathamIslandsbiota (prior to the arrival of people)
is derived from long-distancedispersal,all within the
lasttwomillion years.TheChathamIslandssharesome
similaritieswith theGalapagosIslandsthatarelocated
about800kilometresfrom thecoastof SouthAmerica
andhavebeenislandsfor lessthanthreemillion years.
However, thebiodiversity of theGalapagosis greater.

8. Implications for New Zealandbiota

In view of the precedingdiscussion,it is appropriate
andtimely toconsiderimplicationsregardingtheorigin
of the modern mainland New Zealandbiota. New
Zealand, or more correctly Zealandia,has been an
isolatedlargeblock of thinnedcontinentalcrustadrift
within thesouthwestPaciÞcsinceLateCretaceoustime
andfor this reasonhasbeenregardedasagreatnatural
laboratory for studyingevolution of Gondwanaland-
derivedorganisms.

However, this approachis basedon a presumption
that a landmass persisted since Zealandia rifted
from Gondwanaland.This premisehasbeencritically
assessedabove. Thestatusquoarguesthat,until proven
otherwise,therehasalways beenland on Zealandia.
Here we explore the oppositeof this approachand

argue that, until proven otherwise, Zealandia was
totally submerged in latest Oligocene time. The
geological recordof New Zealandsupports, at least
as compellingly, the possibility that Zealandiawas
totally submerged.Notwithstandingthe imperfections
andirregularitiesof nature,it is not possible to totally
excludetheexistenceof a few small islands.

In certainrespects,themodernbiotaof New Zealand
demandsthisperspective: theideaof totalsubmergence
andhencewholesaledestructionof terrestriallife. Total
submergencemay explain thelack of native terrestrial
mammalsin New ZealandÕsbiota.Ontheotherhand, if
oneacceptsapersistentlandthroughoutCenozoictime,
thelackof mammalsin theNew Zealandbiotacreates
a conundrum that is inconsistentwith the MoaÕs Ark
scenario.Indeedan absenceof mammalsmakes the
biotaof New Zealandmoresimilar to thatof emergent
oceanicislandsthana continentallandmass(Trewick,
Paterson& Campbell,2007).

In thiscontext, thediscovery of aterrestrialmammal
fossil in Early Miocene lacustrine sedimentsnear
St Bathans,CentralOtago(Worthy et al. 2006a,b) is
very signiÞcant.Worthy et al. (2006b) record three
fragmentalbones,all tiny (< 5.0 mm in length),that
they interpretaspossibly relatingtoasinglenon-volant
speciesof primitive rodent-like mammal.The ageof
this faunais imprecisely determinedbut is considered
to be between16 and19 Ma andthereforepost-dates
maximum ßooding of Zealandia.Its presencein its
own right is consistentwith either the MoaÕs Ark
interpretation or colonization of a newly emergent
New Zealand.It is noteworthy, however, thatmammals
obviously becameextinct at some point during the
last 16 Ma, demonstratinga naturalturnover of New
ZealandÕs ßoraandfauna.

The existenceof mammalson Zealandiacannotbe
conÞrmedwithoutadditionalfossilevidence.However,
it is certain that Zealandiahad dinosaurs(Molnar,
1981;Wiffen& Molnar, 1989;Molnar& Wiffen,1994;
Molnar, Wiffen & Hayes,1998; Stilwell et al. 2006;
Fordyce,2006).It is clearly establishedthatelsewhere
in the world, dinosaursand mammalscoexisted and
were widely distributed. Globally, they were the
dominantterrestrialanimalgroups.It mightreasonably
beexpectedthatacontinentaslargeasZealandiamust
have had mammalsalong with representatives of all
otherforms of Cretaceousterrestrialbiota.This biota
would perforcebe Gondwananuntil Zealandiarifted
away from Gondwanaland.It mustthenhave evolved
over time as Zealandia becamemore remote and
distantfrom the(remnantGondwanaland)AustralianÐ
Antarcticcontinentalmass(andalsosmallerasit sank),
formingadistinctiveÔZealandianÕbiotain itsownright.

Usingthis line of thought,thequestionarises:what
happenedto thisputativeÔZealandianÕbiota?Wemight
expect to be able to recognize it, and yet it hasnot
beenrecognized.Thereare two obvious reasonsfor
non-recognition. First, it has always been assumed
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that there has beenland continuously in Zealandia,
so there has not beenany expectationof Þnding a
uniquebiota.Second, if a ÔZealandianÕbiotadid exist
as suggestedabove, it would have beensubstantially
or totally destroyed by marine inundation in latest
Oligocenetime.

This raisesa difÞculty or paradox for the ÔMoaÕs
Ark hypothesisÕwith respectto theancestry of modern
biotaon small landmasses(especially oceanicislands)
thatareremoteto largefragmentsof dispersedGond-
wanaland.Justhow easyis it to distinguishbetween
ÔGondwananÕbiota that existedon Gondwanalandin
theLateCretaceousasopposedto biotathatexistedon
dispersedfragmentsof Gondwanalandin the middle
Cenozoic?After all, if a new land areaemerged in
the SW PaciÞc in the middle Cenozoic, it would
be colonized by biota from the nearestpersistent
landmasseswhich would have a large componentof
biotathatisdirectly descendedfromGondwananstock.
Herein lies the paradox: the Ônew colonizersÕwould
appearto be Gondwanan.This potentialeffect would
leadto a conclusionthatthebiotaunderconsideration
is Gondwanan.It is only by considerationof thetiming
of divergenceobtainedfrom fossilsandDNA thatwe
candistinguishbetweenthesescenarios.An attendant
constrainton recognition of a ÔZealandianÕbiota is
the fossil record. ScientiÞcmethodology, for all its
robustness,will only considerandargueon the basis
of positive evidence; it is very uncomfortable and
understandably quietwhenforcedto considernegative
evidence.Theabsenceof fossils,for whatever reasons,
is thereforeproblematic.It isneverthelesssigniÞcantto
notethatNew Zealandlacksfossil recordsfor many of
its iconic native terrestrialanimalbiota,andfor those
thatdohaveafossilrecordsuchasthetuatara,themoas
andavarietyof otherbirds,it is surprisingly short: less
than1.5million years.

We consider it likely that most and perhapsall,
terrestrialorganismshave arrivedherein geologically
ÔrecentÕtimes,thatis,post-Oligocene.Suchchancedis-
persalisareadily acceptedexplanationfor colonization
by smallbirds,spiders,ferns,etc.It hasbeenrecently
proposedasa dominantmechanismfor establishment
of the New Zealandßora (Pole, 2001). Substantive
evidencefor atotalÔlong-distanceÕdispersalhypothesis
is minimal but should not be dismissed out of
hand.Recently, McGlone(2005)hasarguedstrongly
for transoceanicdispersal as the dominant factor
in establishing the modern Australasianbiota, and
Sanmartin & Ronquist(2004),Cook & Crisp (2005)
andDe Quieroz(2005)have arguedfor transoceanic
dispersalin abroadercontext.

If we acceptthat the WaipounamuErosionSurface
(cf. ÔCretaceousPeneplainÕ)was formed by marine
processesand that by earliest Miocene time it had
developed over (or that sea covered) all (or even
most) of the New Zealandregion, then there must
be a casefor Neogenedispersalof terrestrialbiota to

discuss.For example,themostspectacularly preserved
remnantsof the WaipounamuErosion Surfaceoccur
on the mountaintops of CentralOtago.This is also
where a major area of Oligocene land has been
inferred. Absenceof Oligocenemarinesedimentsin
this area does not mean that they never existed;
marine sedimentsmay have been depositedon the
WaipounamuErosionSurfacein Oligoceneandearliest
Miocene time and then subsequently stripped off
betweenlaterEarly Miocenetime andthepresentday.

It may bearguedthatthereshouldbesomeevidence
that the sea was there. Actually, the Ôpeneplain
remnantsÕthemselves(WaipounamuErosionSurface)
are the evidenceof marine transgression.We would
alsoarguethatwell-developedtransgressivesequences
culminatingin outershelf(or deeper)limestone,mud-
stoneandgreensand, whichoccuratmany inlandSouth
IslandlocalitiessuchasCastleHill, Fairlie, Aviemore,
Kokonga and Naseby, requirethat any shorelinethat
may haveexistedmusthavelainaconsiderabledistance
further inland at the time of maximum transgression
and it is likely that the seacovered the future site
of thepresent-day Alps. Furthermore,thewidespread
occurrence of OligoceneÐEarly Miocene limestones
in many parts of New Zealand provides evidence
that a voluminous terrigenoussedimentsupply was
simply not available. New Zealandwas substantially
inundated. If we accept this hypothesis, then we
are forced to considerthe possibility that the entire
terrestrial and freshwater faunaand ßora arrived by
chancedispersaleventsduringthelast22million years.
This would have to include southern beechspecies,
Peripatus,earthworms, land snails,frogs, freshwater
crustaceans,tuataraandmoa.

There are many examples indicating that such
extremecolonizationeventsdo indeedoccur. Volcanic
oceanicislands,like Lord Howe andmost islandsof
thePaciÞc,havereceived their largeanddiversebiotas
throughlong-distancedispersal.Life getsaround.The
terrestrial snail genusBaleahasbeenshown to have
moved around islands in the Atlantic and PaciÞc
presumably viabirds(Gittenbergeretal. 2006).Lizards
havebeenrecordedfrom numerousislandsall over the
world, andtheonly likely way thatthey couldhavegot
thereis by rafting (Censky, Hodge& Dudley, 1998).
Viable populationsof poor-ßying birds suchas rails
arealsocommonon islandsglobally (Trewick, 1997).

TheHawaiianbiotamustultimately have originated
from distant islandsand continentalareas.Fiji Þrst
appearedas an oceanicarc volcano in the middle
Cenozoic(Stratford& Rodda,2000) and now hosts
a very large indigenousfaunaincluding amphibians,
lizards, snakes and mammals that can only have
arrived by crossingthe sea.Crocodileshave arrived
in Fiji at least twice in historic times but have not
becomeestablished(Ryan,2000).Anotherexampleis
the ChathamIslands(Campbellet al. 1994), where
ongoingstudiesby theauthorsindicatethattheregion
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wassubmergedfrom LateCretaceousto LatePliocene
or Pleistocenetime with occasionalsmall volcanoes
possibly breakingthe surface.With Pleistoceneuplift
andemergence,themodern ChathamIslandterrestrial
biotahasbecomeestablishedby colonizationthrough
long-distancedispersal processes(Campbell et al.
2006; Patersonet al. 2006; Trewick, 2000). Mainly
of New Zealandorigin (some800km to the west of
theChathamIslands),theseorganismshaveevolvedto
new speciesforming a distinctive islandbiota within
thelasttwo million years.

9. Conclusions

In conclusion,althoughwecannotdisprovetheconten-
tion thatlandexistedcontinuously in theNew Zealand
region throughoutthe Cenozoic,neithercan we Þnd
evidenceto support thathypothesis.Conversely, wedo
recognizeevidencethat the New Zealandregion was
reducedtoawave-planedsubmarineplateauthatwould
haveresembledtheCampbellPlateauor ChathamRise
of today. It is true that thereare islandsrising above
the ChathamRise and CampbellPlateau,but there
is evidencethat for timesduring theOligoceneÐEarly
Mioceneeachof theseareaswasfully submerged.The
samemay well apply to mainlandNew Zealand.Late
Cenozoiccompressionassociatedwith propagationof
thePaciÞcÐAustralianplatemargin throughZealandia
thickenedthecrust,resultingin emergenceandeventu-
ally creatingmountains.Evenoneday of submergence
wouldbetoolongfor theancestorsof thebellbird, kiwi,
southern beechandtuatara.

In the absenceof compellingevidencefor marine
conditions,or marinestrata,the default position has
beentoassumethatlandexisteduntil provenotherwise.
In our view, it is now equally valid to assumethat
the entireregion was coveredby the seauntil proven
otherwise.
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