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Abstract PTheWaipounamuErosionSurfaceis atime-transgessve, 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 widespreadectonicquiescencehemalsubsidencendmarinetransgession.
Sedimentay facies and geomopholaggical evidence suggestthat the erosion surface may have
eventualy covered the New Zealandsubcontinent(Zealandia) We can bnd no geolagical evidence
to indicate that land areaswere continuous} presentthroughoutthe middle Cenozoic.Important
implications of this conclusionare: (1) the New Zealandsubcontinentwas largely, or entirel,
submegedand (2) New Zealand€presentterrestrialfaunaandRora evolved largely from fortuitous
arrivals duringthe past22 million years.Thusthemodemn terrestrialbiotamay notbedescendetfom
archaicancestorgesidingon Zealandiawhenit broke avay from Gondwanalandn the Cretaceous,
sincetheterrestrialbiotawould have beenextinguishedf thislandmassvassubmegedin Oligoceneb
Early Miocenetime. We concludethatthereisinsufcientgeolgical basisfor assuminghatlandwas
continuousy presentin the New Zealandregion throughOligoceneto Early Miocenetime, andwe
thereforecontemplatehe altemative possibility completesubmegenceof Zealandia.
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1. Intr oduction

The WaipounamuErosion Surface (LeMasurier &
Landis,1996),a planarsurfaceof Cretaceouso Early
Miocene age, is recanizedwidely in New Zealand
andbeneatithe suroundingsea-bedin mary areast
comprisesa diachronouaunconfomity at the baseof
Cretaceoustfiary transgessve marine sequences;
elsavhereitisconspicuoug mary moden landscapes
whereit constitutesan exhumedsurface.lIt is superp-
cially similar to the featurecommony referred to as
theOOtagpeneplain@nhdOCretaceopeneplain(.g.
Cotton, 1938, 1949; Benson,1935, 1940); however,
as interpreted by LeMasurier& Landis (1996), the
WaipounamuErosionSurfaceowesits planarnatureto
marineplanation.Peneplainsin contrastareregarded
as the extreme end-productsof terrestrial erosion
by sub-aerialweathering, mass wasting and long-
continued RBuvial processeqDavis, 1899; Press&
Siever, 1974; Boggs, 1987). The peneplainis in fact
a hypotheticalgeomophic surface,onethathasnever
beendemonstratedo form under natural conditions
(Thombury, 1969);it isageolgical constuct, lacking
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bothaformative processnechanisnandactualisticex-
amplesln thisrespecit is analgousto OgeosynclineO,
another purely hypothetical geolaical constuct.
LeMasurier& Landis(1996)arguedthatthe Waipoun-
amuErosionSurfacecoveredmostof theNew Zealand
OcontinentakgionOincluding muchof the suround-
ing sea-Roqgrandextendedover somel 000000 km?.
UnliketheOCretaceop@neplain@heWaipounamu
ErosionSurfaceis interpretedasa time-transgessve
surface,forming initially as the New Zealandmaigin
(of Zealandia:Luyendyk, 1995) was submeged and
extending gradualy inland during the period 85b
22 Ma. This bagan in the Cretaceouson Zealandia
(the New Zealand subcontinent),an isolated con-
tinental fragmentdrifting away from Gondwanaland
and continuedinto the Cenozoic.The separationof
the moden continentsof Australia and Antarctica
completedthe break-up of the supercontinentAs
shorelinesgradualy migrated acrossZealandiadur
ing crustal extensionand themal subsidencewave
erosion and other shallov marine processesalong
the encroachingshorelineRattenedareasof OmatureO
subaeriateliefand locally, morehigh-relieflandforms
aswell. Interveningriver valleyswere 3oodedBecause
of tectonic and epeirgenic movements as well as
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eustatid3uctuationstheWaipounamtErosionSurface
must be regarded as being diachronousa composite
formed during successie sea-l@el encroachments
and planationepisodesComparale diachroneityhas
beendemonstratedat very local scalesduring Late
Cretaceousnsebf transgession/planatioby Cramp-
ton, Schig¢ ler& Roncaglia(2006).

New Zealand€biota is regarded as having evolved
largely from plants and animals sequesteredn a
drifting fragmentf theGondwanalandupercontinent.
Inisolationfor morethan80million yearsadistinctive
New Zealandbiota is ervisagedas evolving, to a
greater or lesser extent, from archaic Gondwanan
stock(Fleming,1962,1979;Mildenhall,1980;Sterens,
1985; Cooper& Millener, 1993).This hypothesishas
beenpopulary referred to as OMoaArkO(Bellany,
Spingett& Hayden, 1990).In contrast,an important
corollary to the wave-planationhypothesisis that the
amountof landmassshrankdramaticaly from Late
Cretaceoudo Early Miocenetime (85 to 22 million
yearsyatwhichtimemost,if notall, of theNew Zealand
region was inundated(LeMasurier& Landis, 1996).
During this time, we suggesthat the original Moa®
Ark (Zealandia)probalty sank beneaththe seaand
lost its preciouscago. Although previous workers,
treating the surface as a peneplain,recanized that
Palaegene transgession reducedthe area of land
in the New Zealand region (e.g. Wellman, 1953;
Fleming, 1962; Sugaate, 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
transgession(Fig. 1). The mainargumentssuppoting
the existenceof sizealbe remainingland areasduring
OligocenebEayIMiocenetime are not clearandhave
never beenpropery discussedThey appeato depend
substantiall, but tacitly, on three factors: (1) the
natureanddiversity of the modernNew Zealandi3ora
and fauna,(2) the fossil recordand (3) the absence
todey of middle Cenozoicmarine sedimentay rocks
from inland portions of North and Southislandsas
well as from central Fiordland and Stewart Island.
Interpretationsdravn from thesestating points may
not be soundy basedand mostworryingly, probalby
suffer from circularreasoningWaters& Craw, 2006).

We maintainthat the moden landscapecombined
with theCenozoicsedimentay recordprovideevidence
whichis incompatilbe with the existenceof substantial
land areasof Late Oligocenebearliedtliocene age.
Furthemore, we argue that availabe dataare com-
patide with completeinundationof the New Zealand
region during middle Cenozoictime. This, in turn,
impliesthatmost,if notall, of thepresent-dgaterrestrial
faunaandRoraof New Zealandmay be of geolagically
recentorigin, having evolved from colonization by
waterbome and air-bome waifs, strays and pioneers
thatarrived duringthe past22 million years.This view
will representa paradigmshift for mary biologists
who have previously labouredunder an appealing
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hypothesis founded on limited evidence. Here we
review andconsidethegeol@icalevidenceunderying
this prevailing hypothesisof anenduringlandmass.

In this paperwe discussthe WaipounamuErosion
Surfaceconceptthemerit of theterm @eneplain@Gnd
whetheroneexistsin theNew Zealandregion. We then
discusghe evidencefor locationof palaeo-shorelines,
and the signibpcanceof unconfomities of Oligocene
age.After discussingnland occurencesof Oligocene
marine rocks, we discussthe clastic componentof
Oligocenesedimentsand the distribution of shallav
marine,estuarineandterestrialdepositof Oligocene
age,asrecordedn thefossil record(thatis, the Fossil
RecordFile, a nationaldatabaseof all known fossil
localities within New Zealand).Following discussion
of specibcareasthathave previously beeninterpreted
aspossitke Oligoceneterrestrial depositswe discuss
examplesof long-rangedispersabf terrestrialbiota.

The period during which marine transgession
reachedits peakin the New Zealandregion ranges
fromtheEarly Oligoceneo Early Miocene.Theperiod
is well representednshoreby marine depositswhich
have beensubdvided into threelocal biostratigaphic
stagesthe Whaingaroan,Duntroonianand Waitakian
(Cooper 2004). The Whaingaroanand Waitakianare
readily divisible into lower and upper sulunits. The
currently acceptedgedor theboundariebetweenthe
stagesareshavn in Figure 2.

Thus,agecontrol of marinedepositsfor the period
of marinetransgessve signibcances reasonale. In
contrastonshorenon-marinedepositsarerarefor this
timeinterval, andpalynologicalagecontrolis poor(see
Section3.h). Constrainton the ageof the few deposits
of non-marineorigin is generaly achieved usingthe
agesof marineunitsunderying and/oroverlying them.

Thetiming of maximummarinetransgessionprob-
aly varies acrossthe countly accordingto proximity
to structuresgeneratedr exploited by the resugence
of tectonic actvity along the plate mamgin. As a
general rule, we adopt herein a Waitakian Stage
timing (latest Oligoceneto earliestMiocene;c. 25D
22 Ma) for maximummarinetransgessionhis being
substantiatetly a searctof 4602localitiesrecordedn
theNew Zealandossilrecordsysten(seeSection3.h).

2. Waipounamu Erosion Surface and/or Cretaceous
Peneplain?

Historicall, New Zealand$regional erosionsurfaces
have been considered as Openeplains@genescent
landscapes formed during prolonged tectonic

quiescenceby subaerial erosion. In contrast, the

WaipounamuErosion Surface can be shawvn to have

formed as a result of coastaland shallav marine

erosion. In this section we discuss evidence for

existenceof the New Zealandpeneplain,suggesting
that this geomophic featureis mostly attributalle to

theWaipounamtErosionSurface.
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Figurel. Mapshawving localitiesreferredto in text and extentof landduringmaximumtransgessionasproposedy Fleming(1962).
We proposethatall thelandareasshavn by Fleming,aswell asotherauthorssuch as Stevens (1974,1985),Kamp (1986)andKing
(1998,2000),may have beencompletey submegedduringtheOligocene HR BHawkdunRange PR BPisaRange ML BMt Luxmore,
OMR BOIld ManRange The NEBSWine refersto the cross-sectioshowvn in Figureb.

It is importantto distinguishbetweenthe Waipoun-
amuErosion Surfaceandthe OCretaceoueneplainO.
The OCretaceow®neplainQalsoreferedto asOtago
Peneplain) refers to a widespreadunconfomity of
terrestrialorigin. It is characterizetly anunconfomity
with weakly indurated_ateCretaceousandgravel and
coal measuregesting upon induratedand deformed
PalaeozoicbMesozoigneous sedimentay andmeta-
morphic basementA non-marineorigin is inferred
from Ruvial and paludal featuresof the overlying
sedimentay cover. In contrast, the Waipounamu
Erosion Surface is of marine origin. It too is

extensiely developeddirectly onto the Palaeozoicb
Mesozoicbasementwhile elsavhereit constitutesa
disconfomity developeduponthe scouredtop of the
non-marinestratacovering theOCretaceoieneplainO.
In areaswhere the WaipounamuErosion Surfaceis
developeddirectly on olderbasementthe OCretaceous
Peneplain@ absentFormation by marineandlittoral
processess inferred from marine fossils, glauconite
and sedimentay featuresin the basal sedimentay
cover. Thus the two unconfomities are sub-parallel
surfaces.In mary localities,the WaipounamuErosion
Surfacetruncatesthe OCretaceouReneplainOWhere
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Epoch New Zealand aag?fpl::ge
local stage of stage (Ma)

Early Miocene Otaian 21.7

Upper Waitakian
- 238 Lower Waitakian 25.2

Oligocene
Duntroonian 27.3
Upper Whaingaroan
Lower Whaingaroan 34.3

343

Eocene

Runangan 36.0

Figure2. Thelocal New Zealandbiostratigiaphic subdiision
for latestEocene Oligoceneand earliestMiocenetimeis based
on marinefaunasfound widely acrossonshoreNew Zealand.
Local stagesarebasedon brstoccurencesf patticular species,
andthusthetop of astageis debnedy thebaseof thefollowing
stage Age valuesare thoseof Cooper(2004).

both surfacesare presentlocally, the Waipounamu
Erosion Surface is always the younger Where pre-

sered, the non-marinesequenceseparatinghe two

erosionsurfacesrangefrom afew metresto morethan

500 m thick (LeMasurier& Landis,1996;Harrington,

1958).

Despite their superbcialsimilarity, both lying at
or nearthe baseof the Kaikoura Sequence(Catter,
1988),conceptuai thesetwo surfacesare profoundly
different. The OCretaceouReneplain@ ervisagedas
theend-productf long-continuedubaerialveathering
andfRuvial erosionof theNew Zealandegion, initially
as a portion of Gondwanalandand continuing after
separationof Zealandiafrom Gondwanalandabout
85 Ma (Sutherland1999). The WaipounamuErosion
Surface entirely post-datesseparationof Zealandia
and representsmarine planation of the gradualy
submeging, tectonicaly stalde, Zealandiacontinent.

In theowy, the OCretaceoltReneplain@rmed when
prolonged subaerial erosion had proceededto the
point where relief of the land surface had become
negligible. The pointat which sucha surfacebecomes
sufbcienty Rat to be termed a peneplainremainsa
semantidssuesincethe maximumrelief pemitted on
apeneplairhasnever beenrigorousy debnedFlemal,
1971;Summerpbeldl991).The original descriptionof
the term peneplain(Davis, 188%, 1899), as well as
moden usaggSkinner& Porter, 1987;Pres® Siever,
1974),accepthatpeneplainsirelow-relieftemrestrially
erodedsurfacesof regionalextent,gradedto sea-leel,
which owe their minimal relief to prolongedsubaerial
weatheringmass-vastingand Buvial erosion.There-
lationshipsbetweentheOCretaceoleneplain@ndthe
WaipounamuErosionSurfaceareshavn in Figure 3.
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A further prodem remains: does the so-called
OCretaceolReneplain@nconfomity really represent
a peneplain?DavisO(188%, 1899) original use of
the tem is inextricaldy linked to his conceptof a
Ogegraphicalcycledn which peneplairconstitutegshe
(extreme or 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
peneplainrepresentedhe theoreticalculmination of
theerosiorcycle,a®ase-lgel/lowland@Davis, 188D,
1899)landscapsenility. SinceDavisoncepbf cyclic
landscapevolutionis nolongerregardedasvalid (e.g.
Flemal, 1971; Thombury, 1969; Summerpbeld1991;
Skinner& Porter, 1987; Morisava, 1989),it may be
necessar to reject the very existenceof peneplains
aswell. Many workers(e.g. Thombury, 1969;Flemal,
1971)have emphasizedhatno moden-day peneplain
has beendescribed.All peneplains(including New
Zealand€iTretaceoueneplainQye fossil surfaces.

The classicalerosionsurfaceson which the pene-
plain conceptis based(Davis, 188%) are dissected
ancientsurfaces.For example, the well-knowvn Ap-
palachiarsurfaceqe.g.Harrisburg andSchoolg pene-
plains)wereregardedaslateMesozoicandearly Ceno-
zoicin age.Theirrecanitionwas basedn concordant
ridgecrestelevationsbut theirorigin asremnant®f old
agelandscapesf regionalextentis nolongeraccepted
by geomopholagists. Hack (1960) described the
Davisian peneplainas Oanimaginay landscapavhich
is never actualy attainedHack (1960)maintainsthat
the Davisian surfacesarefoundedon existing features
but thattheir origins have beenmisinteipreted.

Despite the absenceof documentedexamplesof
peneplaindormed on Eaith today, it remainspossite
that one might have formed during the Cretaceousn
New Zealand We will now considerevidencebearing
ontheOCretaceot®eneplain@ypothesisVisually, the
mostimpressie featurecited as evidencelies in the
remarkaby 3at natureof uplandsurfacesin southen
Southlsland (Fig. 4). In Central Otago,undissected
summit plateauxat 1000D1500n characterizenary
NeayenemountainrangesThesesurfacesclearly pre-
date Late MiocenebRecerfblding and faulting that
createdherangesTheuplandsurfacesareunderlairoy
highly defomedPalaeozoicbMesozogreywacke and
schistbasementwith local lensesof quatzosegravel
andsandrestingunconfomably on the Openeplained®
basementAgesof theselensesof cover strataare un-
known, but correlationwith similar sequenceexposed
in adjacentbasinsandon lower rangesindicatesthat
they are Cenozoid3duvial depositccugying channels
cut into the defomed basementprior to Neagene
folding andfaulting (Youngson2005).

Similar quatzose sedimentsof well-constrained
Late Cretaceousage rest unconfomally on meta-
morphic basemenin coastalOtago(Harrington,1958;
LeMasurier & Landis, 1996; Landis & Youngson,
1996).Thesestrataareof Buvial origin, predominany
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Figure 3. Spatial relationshipsbetweenthe @retaceousPeneplainCand the WaipounamuErosion Surface. Assumingan original

high-reliefmountainousandscapén Zealandiadatingfrom middle Cretaceoudreak-up(atbottom),threescenariosre presented{a)

the conventionalintempretation shaving peneplanatiotoy terrestrialprocesse$ollowed by depositionof a mantleof Ruvial andcoal-

measureedimentsDuring subsequensubsidenceransgessve marinestrataaccumulate@roundthecoastalperiphey of Zealandia;
(b) Cretaceouspeneplanatiorof Zealandiais accompaniedy depositionof non-marinesedimentin erosionalvalleys drainingthe
interior; marinetransgessiongradualy inundateshe subduedind deepy weatheredontinentalmargin; and(c) (the optionprefered
here) channel-pllBuvial and swvamp sedimentsare depositedin erosionalvalleys within the moderate-relieZealandiacontinent.
Coastalerosionaccompaying themal subsidencéorms extensie surfacesof marineplanationuponwhich re-worked clasticsplus

freshbrst-g/cle basement-dered sediments deposited Subsidencend coastalerosioncontinuedfor at least40 million years,the
resultingtransgessioneventualy covering ZealandiaThus,along the present-dg coast,shallav marine coarseclastic sedimentof

Late Cretaceousgebne upwardto marl, greensanéndeventually Oligocenelimestone (Ondiagram: g Bgreensand).
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Figure4. HawkdunRangeviewedfrom thesouthshowing thedistinctive planarsummitat 1500 m (locationin Fig. 1). Thishigh-level
plateaus aremnanibf the WaipounamuErosionSurface erodednto PalaeozoicDMesozogreywacke during CretaceousbOligocene
marine transgession.The rangehasbeen uplifted during the last bve million years.Inferred Palae@enemarine cover has been
removed by Neagenef3uvial andperiglacialerosionprocessed-owever, a well-developedmarinetransgessve Palae@enesequence
culminatingin limestoneandgreensandestson greywacke basementvhereit is preseved in afault angle depressiorat Aviemoreto
thenortheast(seeFig. 7). Photo:Arno Gasteiger
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Figure5. Cross-sectiorof South Islandshowing Cenozoicsequencest key localities. The Oligocenelandas interpretedby earlier
workersis basedon absencef Oligocenesedimentin theseareasWe suggestthatthe entire region wassubmeged during the Late
Oligoceneon the basisof planatedschist mountaintopagraply and transgessve sequencesxposedaroundthe periphey of the

proposedandmassTheline of sectionis shownin Figurel.

coarsesandand gravel, and commony containcoal
seams.They underlie the transgessve marine se-
guence,forming discontinuoudensesrestingon the
OcCretaceotreneplainO.

Several aspectof thesecover strataposeprodems
for thepeneplairhypothesisFirst, thereisno evidence
in Central Otago for Cretaceouqor Paleocene)ter-
restrialplanationor sedimentationSecondCretaceous
non-marinesedimentsin coastal Otago are coarse-
grained depositsof gravel-bed rivers. They contain
little of the Pne-gainedmud that would be expected
in the old age, very low-gradientrivers meandering
acrossaadeepy weatheredandscapef regionalextent.
However, sucha scenarids essentiato the peneplain
hypothesisThird, thereare no datademonstratinghe
presenceof a neary planarfRuvial surfaceunderying

the CretaceousbCenozaion-marinecover sequence.
Fourth, the presenceof intensey altered basement
underying the cover strata,althoughcompatitbe with
deepweatheringpf apeneplairsurface hasnever been
demonstratedo have formed by surface processes
prior to depositionof the cover strata.For example,
in CentralOtago,Craw (1994)hasshavn thatintense
alterationof schistbasementorventionaly ascribed
to deepweatheringof the peneplainsurface actualy
occured 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 alsointensey altered Landis & Youngson(1996)
have repotted the presenceof intensey alteredschist
bouldersand cobbes within basalcover-strataresting
unconfomably on basementAlterationof theseschist
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overlain by silts containingglauconite(g) and occasionamolluscanfossils. Photagraphsof this areaare presentecy LeMasurier&

Landis(1996,p. 1457,bg.5).

clastsis identicalto alterationof underying bedrock
schist. They are suroundedby well-soted marine
sands,and their soft and friable condition indicates
thatthey could not have beentranspotedary distance
by erosionprocessesin someplacesit is possile to
confuseschistboulderswith schistbasementSince
their alterationis clearly post-depositionalit follows
that identical alteration of the identical underying
schistalsopost-dategormationof theerosionsurface.
In our experience unlike the WaipounamuErosion
Surface, the OCretaceoyseneplain@oesnot debne
a planar geomophic feature. Surfaceswe refer to
asOCretaceoymeneplain@reunconfomalie contacts
separatingbasementfrom non-marine Cretaceousb
Palaeg@ene cover strata. They are sediment-blled
palaeo-alleys. Most of the Oiconic@rosionsurfaces
of inland Otago and Canterlury lack Cretaceousb
Palaegenesedimentay cover. Wheretheseareprom-

inentandplanarlandscapdeatureswe intempretthem
as remnantsof the Waipounamu Erosion Surface
ratherthanthe OCretaceoyseneplainOn view of the
precedingdiscussion.

If we acceptthattherelict planarerosionsurfacein
Canterlury and Otago(or even a large portion of it)
representshe WaipounamuErosion Surfaceandis of
marineorigin, thenthelandmasgproposedy Fleming
(1962),Stevens(1985)andothersis at leastone-third
smallerthanproposegdandin our view may have been
absenentirely.

3. Cenozoicpalaeo-shoelines

Pubished palaegegraphic maps shav Oligoceneb
Early MioceneNew Zealandhasalow reliefarchipelago
(Fig. 1). The areaof land at the time of maximum
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transgessionis generaly shavn 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 inBuencedpalaegearaphic mapreconstuc-
tions:

(a) The interpretationof Oligocenesubmarineun-
confomities as surfacesof subaeriakrosion.

(b) Theinterpretationof themostinlandoutcropsof
OligocenebEayl Miocene marine sedimentay
rock as nearproxies for palaeo-shorelin@osi-
tions.

(c) Intempretation of planated pre-Cenozoichase-
mentrock asan exhumedCretaceoupeneplain
surfaceof subaeriabrigin.

(d) Intempretation of diliciclastic detritus in Oli-
goceneand Early Miocenesedimentay rocks
as pbrst-g/cle sedimentderived from adjacent
landmasses.

(e) Theassumptiorthatthin and locally developed
middle Cenozoic shallov marine and littoral
depositgepresensubstantialperiodsof time.

(f) Interpretationof evidencewhichis pemissive of
emegencess evidencesuppoting the existence
of emepgentareas. N

(g) Commitmentto the view that New Zealand©
moden terrestrialbiotahasevolved inisolation,
following Cretaceousbreak-upof Gondwana-
land andcontinuingto the presentday.

(h) Assumptionsabout the fossil record and its
completeness.

Thesepointsarediscussedbelow.

3.a. Unconformities of Oligoceneage

Unconfomities of Oligocene age are widespread
in sedimentay rocks throughoutNew Zealand(e.g.
Carer, 1988; Field & Browne, 1989; Turnbull &
Uruski, 1990; Turnbull etal. 1993;King etal. 1999).
Onedistinctive break,the MarshallParaconfomity, is
recanizedin sectionsthroughoutNew Zealandand
underying thesuroundingsea-RoofCarer& Landis,
1972;Fulthompeetal. 1996).Now recgynizedashaving
formed during Oligoceneerosionof the sea-Roorin
associatiorwith initiation of the circumpolarcurrent
andsedimenstawvationduringmaximumtransgession
(e.g. Carter, 1985), this unconfomity was ascribed
by early workersto emelgenceandsubaerialkerosion.
For example thepioneeringpalaegearaphicmapsof
Fleming (1962,1979)shaved the EastOtagoareaas
land during the Oligocene(seeSilverpeaksto Catlins
on Fig. 1). At most localities, the Marshall Para-
confomity and related Oligocene paraconfomities
mark abupt breaksseparatingully marinesequences
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abore and belown. Although mainly intra-Oligocene
with durationof 2to 4 Ma, in someareas(e.g.Dunedin
andtheCanterlury Shelf)theMarshallParaconfomity
separateslopebbatfal Late Eocenemudstonefrom
Miocene outer shelf or deepergreensandand rep-
resentsa gap exceeding10 million years(Fulthompe
et al. 1996). In most of North Otago and South
Canterlury, OligoceneandearliestMiocenesequences
are extremel/ condensedthe paraconfomity itself
representingnissingOligocenetime of 2 to 3 million
years(e.g.Carter, 1985;Loutit etal. 1988).Although
thepossibilityof occasionalocalterrestrialconditions
cannobetotally eliminatede.g.Lewis & Bellis,1984),
the presenceof offshoremarine stratadirectly aboe
andbelow an unconfomity cannoteconstuedassup-
porting thehypothesif continuousemegenceduring
the intervening period. Recanition of the Marshall
Paraconfomity within marinesequencedeneaththe
deepsea-RooaroundNew Zealand(Carter & Landis,
1972; Carter, 2003) provides additionalsuppot for a
submarineorigin of this sameunconfomity exposed
sowidely in on-landNew Zealand.

3.b. Inland occurrences

The most-inlandoccurencesof marinestratain East
Otagoand South Canterhlury coincide apprximately
with the position of the Oligocene shoreline as
portrayedonmapsby Wellman(1953),Fleming (1962,
1979),Stevens(1974),Kamp(1986)andmary others.
Theseworkers have dravn the shorelinesat, or only
a shot distanceinland from, outcropping marine
strata.However, evidenceinferred from sedimentay
facies sequences(e.g. Walther® Law: Middleton,
1973) at these inland-most localities requires that
OligocenebEay| Miocene transgession must have
adwancedfurther inland beyond thoseoutcrops.For
example, considerthe area around Lake Aviemore
(Waitaki Valley, Southlsland; Fig. 7), just inland of
which the Oligoceneshorelineis shavn on numerous
palaegegraphicmaps.Thisregion,45D50km inland
from the presentcoast,is well known for its rich
Cenozoicmarine molluscanfaunas(Marwick, 1935;
seealso stratigaphic summay in Field & Browne,
1989).Correlative marinestrataoccurfrom Aviemore
to the eastcoastat Oamau andbeneaththe adjoining
continental shelf. The Cenozoic sequenceexposed
north of AviemoreDamcommencesvith fossiliferous
and pebby glauconitic sandsof Eoceneage resting
unconfomally uponplanatedPermianDTiassicgrey-
wacke basemen(the WaipounamuErosion Surface).
These basal Cenozoic strata, ravinement deposits,
are overlain by a sequenceof increasingy offshore
transgessve marine units, culminating in 60 m of
Oligocenegreensandf outer shelf depthand 20 m
of richly fossiliferousouter shelf limestoneof Late
Oligoceneto earliestMiocene age (Marwick, 1935;
Gage,1957;T. S. Loutit, unpub repot, 1973;Field &
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Hawkdun Range
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Aviemore mesa

Figure 7. Aviemore,a mesa-like remnantof the stripped WaipounamuErosionSurface;to immediateright of the Lake Aviemore
Dam (seeFig. 1 for location).Aviemoreis the mostinlandremnantof preseved CenozoicmarinesequenceGravelly Eocenemarine
sedimentsestdirectly on greywacke basementTheseare overlainby atransgessve marinesequencéncludingOligocendimestone
andgreensandThe crestof the Hawkdun Range(Fig. 4; seeHR on Fig. 1) is visible in the far distanceabout40 kilometresaway.
Pleistocenelluvial terracesareconspicuousilongthesouthen (left) sideof thevalley. View looking NW up the Waitaki River valley.

Photo:Lloyd Homer GNS Science.

Browne, 1989; I. McDemid, unpub repot, 1998).
Ageandthicknesf thistransgessve sequencanply
that submarineaccommodatiorspacewas availale
from Middle Eocenethroughall of Oligocenetime, a
periodof at least15 million years.Contemporaneous
Oligoceneterrestrialor clasticshorelinefaciesarenot
recanizedin thisareaandif ary actualy existedthey
musthave lain far to thewest.Comparinghesediment
facies characteristicof maximum transgession at
Aviemore and inland Canterlury (greensand marl,
foraminiferal limestone)with facieson present-da
passve continentalmamgins elsevherein the world,
a depositionalsetting of at least tens and probalby
hundredof kilometresfrom shoreis suggestedt can
beconcludedhatthereisno sedimentolgicalevidence
for the presenceof Late Oligocenebearliestliocene
temrestrialernvironmentsbeing situatedarywherenear
the Aviemorelocality. Similar relationsarerecanized
widely inthefoothills of the Southen Alps (e.g.Gage,
1970),alongthe mawgin of Fiordland (Turnbull et al.
1993),in the NW Southlsland (Grindley, 1961) and
elsavhere.Thesewill bediscussedater.

3.c. Aviemore and Silverpeaks

Also at Aviemore(seeSection3.babowe), adistinctive
planarerosionsurfaceis well exposedon a tale-like
hill (mesa}hatis underlainby Permiangreywacke,one
kilometrenorth of the AviemoreDam(Fig. 7). Weinfer
that this conspicuoussurfaceis not a peneplain(the
traditionalinterpretation)rather it isthe Waipounamu
Erosion Surface that has beencut by Eocenewave
planation. The conspicuougl Rat top of the mesa
is an exhumed angular unconfomity from which
transgessve Palaegenemarinesedimenthave been
largely strippedby late Neayene erosion. However,
remnantlensesof cover sedimentrest directly on
the unconfomity and they consist of fossiliferous

and glauconitic pebbly marine sandsof Paleoceneb
Eoceneage. Similarly planar but commony much
higher ridges are well exposed elsevhere in the
Waitaki Valley andto the southand westin Central
Otago. For example, the Rock and Pillar, Dunstan,
Hawkdun, Old ManandPisarangeqFigs 1, 4) areall
late Cenozoicfold andfault-boundedangesthat are
characterizethy planarsummits Although strippedof
a postulatedearlier Cenozoicmarine sedimentcover,
the morpholayical similarity of thesehigh rangesto
the Aviemoremesais striking, andcorrelationof these
surfacesis conbdentt proposed.

Planarridge crestsare also conspicuousin East
Otago.For example,in the MountainRoadareaof the
Silver Peaks(Figs 5, 6), a conspicuousi Rat surfaceis
cutinto biotite schist.Previously regardedasforming
patt of the exhumedCretaceougpeneplain(Benson,
1935; Mortimer, 1993; Bishop, 1994), much of the
ridgeis thinly veneeredby 1D3m of latestCretaceousb
Paleocenemarine sediment(LeMasurier & Landis,
1996;Landis& Youngson1996)andis now interpreted
as having beenplanatedby wave processesnot by
Buvial erosion.This surfaceis identibedas an early-
formed portion of the WaipounamuErosionSurface.

Waveplanationistheonly surbciakrosionaprocess
capale of forming regional surfaceson bedrockas
Rat as thosethat characterizethe planarlandscapes
in the Aviemore region, the Silver Peaks taldeland
(LeMasurier & Landis, 1996, Fig. 6), and similar
planated basementin East Otago. Despite being
degradedby PleistocengoeriglacialprocessegWood
1969; Stirling, 1990), the characteristid3at crestsof
theCentralOtagomountainrangeg1000D150@n) are
strikingly similar to their lower-elevation correlatives
at Aviemore, Silver Peaks and elsavhere. They are
all regarded as uplifted portions of the Waipounamu
ErosionSurface. Theabsencef marinesedimenfrom
thesemore highly uplifted exhumed planar erosion
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surfaces is attributed to late Cenozoic uplift and
associatederrestrial erosion.Not only that, but the
absencef erosiorsurfacedurtherto thewestcanitself
be attributed to ongoingNeayeneuplift and erosion.
Reduceckrosionat lower elevationshaspemittedthe
outlying marineremnantgo be preseved.

3.d. Siliciclastic sands

The presencef siliciclasticsandsn Late Oligoceneb
Early Miocenesedimentamay alsobe usedto amgue
for proximity of contemporaneouskrodinglandareas
consistingof basementock (King et al. 1999). For
example terrigenoussandswithin theLateOligoceneb
Early MioceneMilb urn Limestoneof EastOtagomight
be taken to imply derivation from outcropsof schist
basemenproximal to the areaof 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).
Petragraphic study of the non-carbonatdraction of
the Milburn Limestoneis instructive in this respect.
Sample<ollectedfrom a 22 m sectionexposedin the
old Milburn Lime Quany were dissohed in dilute
hydrochloric acid and anaysed in 12 grain-mount
thin-sectiondCAL andS. Wilson). Insolube residues
rangedrom 2D 3% nearthebasdo 20D4®% highin the
section.Quaitz is thedominantmineralwith glaucory
pelletsalsocommon,especial} in Pne sandfractions
where they may form up to 50%. Both quatz and
glaucoty tendto be well roundedand polished.The
glaucoly isinterpretedto beatranspotedintrabasinal
constituentand is excluded from the terrigenous
siliciclasticfraction.
Onacalcite-andglaucoty-freebasis feldspatris the
only other abundantconstituent,accountingfor 13P
21%. Heary minerals (homblende, garnet, opaques)
combined with altered rock fragmentsrange from
trace amountsto 5%. Potassicfeldspars(orthoclase
and microcline) comprise13D1% with NabCapla-
gioclaseup to 3.5%. Signibcanty, potassicfeldspar
and homblende are absentfrom the Haast Schist
basementhroughoutOtago,whereend-membealbite
is the sole feldspar mineral. The terrigenous sand
componenbf theMilb urn Limestonds thusarkosicin
compositionand granitic provenanceis implied. The
nearestompatilbe crystallinebasemenéxposedoday
isin FiordlandandStewvart Island(Fig. 1). However, the
high degreeof roundingstrongy suggests re-worked
sedimensource Eoceneshelfsedimentsn EastOtago
(e.g.Greenlsland Sandstoneand correlative unitsin
the offshoreGreatSouthBasin(Beggs,1978)arerich
in potassideldsparandmay suggestontemporaneous
erosiornof adistantsiliciclasticsourceareaRegardless,
there is no evidence that adjacentschist basement
contributeddetritusto theMilb urn Limestone Potassic
feldspar and homhblende are found widely in basal
marine Cenozoic sedimentsaround the magins of
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the schist.We concludethat schistbasementn East
and CentralOtagowas alreadyfully inundatedby the
transgessve Oligocenesea.

3.e Localoccurrencesof shallov marine and estuarine
sediments

Local occurencesof shallov marine and estuarine
sedimentshave also beentaken to provide evidence
for the location of palaeo-shorelinesn previous
palaegeagraphicmaps.In itself, this may be a sound
interpretation. However, it is not valid to assume
thatexposedsedimentsctualy represensustainedr
precisey datedperiodsof sedimentaccumulationor
thatthesesedimentslid not extendfurtherinland.

A goodexampleis foundin theregion of Pomahaka
in West Otago (Fig. 1) where estuarinebeds,com-
prising mainly shelly mudstone,rest unconfomaly
on late PalaeozoicBDMesozolzasemen{Wood 1956;
Isaac& Lindgvist, 1990). A generalOligoceneage
is widely accepted.lt is likely that they represent
a depositionalinterval occuring at the beginning of
a prolonged regional transgessve marine episode.
Locally, Oligocene marine strata (Chatton Marine
Beds; Wood 1956) are presentabove the Pomahaka
Beds but these late Palae@ene strata are rarely
exposed the area being dominated by low-relief
deepy erodedMesozoidhasemenantlecby Neagene
RBuvialgravel. Fluvial gravel restsunconfomaldy upon
localized erosionremnantsof the earlier marine and
estuarinestrata.Thusthe absencef morewidespread
middle Cenozoianarinedepositoverlying thesebasal
transgessve stratacannotbe taken as evidencethat
marineconditionsever extendedntothemoreuplifted
anddeepy erodedareasadjoiningPomahaka.

To the contray, the natureandthicknessof (about
90 m) of the Pomahakaand Chattonformationsimply
gradual regional subsidencewith middle Cenozoic
estuarineandmarinestrataoriginally extendinginland
from Pomahaka.No mechanismthat would pemit
the OligocenebMiocenshorelineto have remained
in the Pomahaka area during deposition of the
documentedestuarinemarinesequence$90 m thick)
can be ervisaged. For example, ary basin formed
by RBexure of the Otago continental crust at this
locality musthave beenonascalerequiringsubsidence
(andcomplimentay marminal uplift) to have extended
further inland by at least tens of kilometres. Thus
sedimentst Pomahakawhile recordingtransgession
alongthe magin of an Oligocenemarinebasin,also
imply that the basin maigin must have migrated
furtherinlandto pemit accommodationf theexposed
sequencd.ateOligoceneandEarly Miocenelimestone
and greensandwhile not exposedat Pomahakaor
directy to the north, do occur at all but one of the
namedSouthlslandlocationssuroundingPomahaka
asshawvn on Figure 1. It canbe conbdenil inferred
thatmarineconditionscoveredtheentirearea.
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3.f. Evidencethat is permissive but not compelling

Evidencethat is pemissive but not compelling also
appearsto have played a major but tacit role in
postulatingsubstantiaDligocenebEayIMioceneland
areasin New Zealand.Examplescan be cited from
the Southen Alps, Fiordland Catlins and centraland
westen North Island.

For example,a middle Cenozoicland areain the
region of the presentSouthen Alps is shavn on all
pulished palaegearaphic maps. While extent and
location of this land varies from map to map it is
invariably shawvn to be presenbut notaccompanietly
evidenceor explanation.For instancethe areaaround
HaastPass(Fig. 1) is shavn aslying abwe sea-l@el
continuousy from the Cretaceoudo the presentday
(e.g.Fleming,1962;Stevens,1985;Kamp,1986;King
et al. 1999). Since no pre-Pleistocensedimentsare
presenin thisareatheinferredlandmassanneitherbe
provednor disproved. However, this areaof postulated
Oligocendandis alsoaregion of maximumNeayene
uplift anddeeperosionalongthe moden platebound-
ary (Koons,1990).Metamophic basemenis exposed
throughoutheregionandary Cenozoiccover hasbeen
erodedaway. Marine sequenceare documentedrom
areasof lesseruplift (andlesserNeayeneerosion)on
all sidesof the HaastPassarea. Typically theseare
transgessve sequenceshaving increasingy offshore
characterfrom Early Cenozoicto OligocenebEayl
Miocene, culminatingwith limestonesequencesWe
can thereforeconbdentl assumethat transgession
proceededvell beyondall of thesdimiting outcropsit
probally coveredthe HaastPassregion aswell. Thus,
whereasthereis no geolaical evidenceto suggesta
persistenearlybmiddleCenozoiclandmassarywhere
in theHaastPassareaall availade geolajical dataare
compatitbe with middle Cenozoicsubmegence.

3.9 TheMoaBArk heritage

Thehistoly of New Zealandbiotahasbeenpresented
from the viewpoint of evolution of plantsandanimals
strandedon an isolated emegent Oraft@or millions
of years.This raft, a fragmentof the Gondwanaland
supercontinenthasbeensuroundedby oceanssince
Late Cretaceousime. It is seenasanisolatednatural
laboratoy caryingapreciouscargoof Mesozoiglants
and animals.In this view, evolution in responseto
changing ervironmental pressuresoperatingon the
descendant®f the original (Mesozoic) plants and
animalshasresultedin creationof the moden New
Zealandbiota.

This concept,popularizedrecenty as Moa®ArkO
(Bellany, Spingett& Hayden,1990)hasgreatpubic
appeabndhasbecomaleepy rootedin New Zealand®
national identity. It has beenbacled by mary pro-
ponentdor morethanforty years(e.g.Fleming,1962;
Wardle, 1963)andis foundwidely in modem popular
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sciencditerature(e.g.Wilson,2004;SterensMcGlone
& McCulloch,1988;Flanney, 1994) Althoughasmall

degreeof long-distancelispersafollowing Gondwana-
land break-upis widely accepted(Fleming, 1979;
Mildenhall, 1980; Wardle, 1984; Stevens, McGlone
& McCulloch, 1988), the distinctivenessand lack of

mobility of the moden terrestrialbiotahasresultedin

aprevailing understandinthatassumethatsubstantial
terrestrialhabitatanusthave existedcontinuousy since
Cretaceoubreak-up andthattheuniquebiotaof New

Zealands a productof ancientisolation.

However, accumulatingoiological evidencecontra-
dicts this view of the biogeagraphic history in New
Zealand.Pole (1993) argued using fossil data, that
a signibcantpropotion of New Zealandplants have
evolved from Cenozoiccolonists.In a later paper he
suggestedqPole, 1994; seealso Pole, 2001) that the
entire Bora may have developedsincethe Oligocene.
Most molecular studieshave suggestedhat groups
foundin New Zealandratherthanbeingremnantgrom
Gondwanantimes, are actually much more recentin
origin andhave colonizedacrossthe signibcantwater
gapsaroundNew Zealand Exampledncludesouthen
beechegSwensonet al. 2001; Knapp et al. 2005),
spiders (Grifbths, Paterson& Vink, 2005), moths
(Brown, Emberson& Paterson,1999),kiwis (Cooper
et al. 1992) and various Rightlessinsects(Trewick,
2000). Only a few specieshave levels of molecular
variationthatarecompatitbe with aGondwananorigin,
suchastuatara(Restet al. 2003), leiopelmatidfrogs
(Roelantst Bossuyt,2005),kauri (Steckler, Daniel &
Lockhat, 2002)andterrestrialgastropodgMcDowall,
2004). However, ancientlineages,on their own, sy
very little aboutthe palaeobigeayraphic distribution
of their ancestors;there is no easyway to tell if
such a lineage has not colonizedrelatively recenty
before going extinct at the source.Evidenceis also
accumulatingthat overseasdispersalis generaly an
important factor among Southen Hemispherebiota
(Sanmatin & Ronquist,2004) andthat asymmetrical
colonization rates between areaswill often mimic
geolayical rifting scenariofCook & Crisp, 2005).In
this case westery wind-3ovs and currentsthat make
the colonizationof New Zealandfrom Australiamore
likely than movementin the other direction provide
a similar patten to that expectedfrom a OGondena
arkOThis hasled McGlone (2005) to commentthat
ratherthan Othdand that time forgotONew Zealand
is the ORypapeof the PacipcORecenty, Campbell
& Landis (2001) have suggestedhat the entire New
Zealandterrestrial biota actualy becameestatished
by accidentalcolonistssince the Oligoceneand this
view hasbeenechoedby Waters& Crav (2006).

3.h. New Zealandfossilrecord

New Zealandhas a remarkaby comprehensie and
well-documentedmarine fossil record spanningthe
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last 70 million years.Cramptonet al. (2006) have
estallished that the fossil record for post-Eocene
molluscsis representatie of 40D4%% of the original
total molluscanfauna.n contrasttheterestrialfossil
record is sparseand incomplete. Terrestrial animal
fossils older than Pleistoceneare patticularly scarce,
andfossil plants,with notedexceptionsfrom Miocene
time, areknowvn mainly from pollen studies.Only the
last22 million yearsof terrestriallife are known with
ary modicumof detail.

In spite of the incompleterecord thereremainsa
widely held belief that a substantiapropotion of the
extant biota hasevolved from plantsandanimalsthat
were presentvhenNew Zealandseparateffom Gond-
wanalandabout85 million yearsago.Modem workers
havegeneraly maintainedhecontinuousxistenceof a
diverseGondwanarterrestrialbiota(StevensMcGlone
& McCulloch, 1988; Cooper& Cooper 1995; Lee,
Lee& Mortimer, 2001)andreferenceo OGondanan
biota@s commonplaceA biotic Obottleneckdthin the
Oligocenewas proposedoy Cooper& Cooper(1995),
and Pole (2001) consideredthe casethat the New
Zealand3ora representsa complete biotic turnover
from the original Gondwanan biota. Both of these
papershave assumedhe continuousexistenceof a
landmassthoughwith reducedareain the Oligocene.

Lee,Lee& Mortimer(2001)arguedfor acontinuous
CenozoiderrestrialRorarecordin New Zealand They
recanizeonly oneunitthatspanghecritical Oligocene
to earliestMioceneperiod:the GoreLignite Measures.
Thesestrataare portrayed by Lee, Lee & Mortimer
(2001)to haveaccumulatedluringtheinterval between
16and31 million yearsago;nobreaksn thissequence
are discussed Although palynological evidence for
sedimentationf theGoreLignite Measuresluringthis
periodis well documentedPocknall, 1990), no case
hasbeenmadefor continuouderrestrialsedimentation
(e.g.Isaac& Lindqgvist, 1990) and middle Cenozoic
marinebedsarewell known in thearea(Cooper2004;
seealso Section3.e abwe). Ratherenigmatical, the
palaegegraphicmapofLee,Lee& Mortimer(2001)
shav the Gorearealying 100D20&km offshoreat both
20and30million yearsago.

New Zealandpalynologists have long beenaware
of a temestrial Roral turnover in the vicinity of the
Oliogcene/Miocendounday. The spore/pollerrange
chat of Couper(1960)shaws this clearly, even within
the limits of accuratedatingat the time. Immediatey
after the demiseof mary Palae@enetaxatherewas
a suddenand dramaticinBux of nev Neaenetaxa,
ancestrato the presentNew ZealandRora.Therewas
also a rapid increasein diversity as nev ecolggical
nichesopenedip.McGlone,Mildenhall & Pole (1996)
lookedin detailatthedistribution of fossil Nothofayus
pollen in the New Zealand Cenozoic. They shawv
a suddenchangein the types of Nothofayus pollen
in the vicinity of the Oligocene/Miocenebounday,
specibcall thedemiseof Nothofayiditesmatauaensis
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N. Bemingiiand N. waipawaensisand the rise of N.
cranwelliag, N. falcatusandN. spinosus

Recent momholaical (Parrish et al. 1998) and
DNA (Steckler, Daniel& Lockhat, 2002)studieshave
provided evidence consistentwith the conifer genus
Agathis being continuous} presentin New Zealand
sincetheCretaceougl. L. Daniel,unpub Ph.D. thesis,
Univ. Canterlury, 1989; Daniel, 2004). Although a
caseis clearly presentedit hingeson the absenceof
ary extant Australianspeciesthat could have shared
a commonancestorwith living New Zealandkauri,
Agathis austalis. As mentioned above, it is also
possilbe thatsuitalde ancestraAgathis may have once
lived in Australiabut are now extinct. Furthemore,
accordingto Pole (2001)thereare no pre-Pleistocene
fossilrecordof Agathisin New Zealandandnorecords
of similar Cenozoicaraucarianfossils youngerthan
Early Miocene.

The availade Cenozoic Roral record for New
ZealandrelRectsconstantchange(Mildenhall, 1980;
Macphail,1997)with continuousarrival of immigrant
speciespatticularly from Australia.Mostsignibcants
adramaticchangen RRorafrom Oligoceneto Miocene
time with almosttotal turnover bar a few exceptions
(Couper 1960;Mildenhall, 1980;Macphail, 1997).

For the purposesof this researchpne of us (JGB)
hasinterrogatedthe New ZealandFossil RecordFile.
This is a unique national electronic databaseof all
documentedfossil localities in the New Zealand
region. It has been operating since the 1950s and
is administerecby GNS Scienceand the Geolgical
Society of New Zealand.All dataenteredfor 4602
fossillocalities(asat June2006)of Oligoceneto Early
Miocene age (the local New ZealandLandon Series
comprisingWhaingaroan,DuntroonianandWaitakian
stagesFig. 2) have beenexaminedandplotted.

On the basisof this exercisewe can conbdent}
conclude that we have not overlooked ary known
and availabe palaeontolgical evidenceof terrestrial
conditions on Zealandia during the time interval
relevantto this study namey Late Oligoceneto Early
Miocenetime. As expected this exerciseestaltished
the statusqua: it revealedthe palaeontolgical basis
(and bias)for interpretationof continuousland from
Oligocengo Miocenetime. On closescrutiny, only 84
fossil localities of Late Oligoceneto Early Miocene
ageareinterpretedastermestrialsedimentgasopposed
to marine)and in all casesthe age interpretationis
expressedn termsof alargeagerangespanningmuch
of Oligoceneto Early Miocenetime. On the basisof
thisresult,we concludethattheagecontrolaffordedby
known fossil evidencefor continuougerrestrialcondi-
tionsin Zealandiglor New Zealand)rom Late Oligo-
ceneto Early Miocenetime is too impreciseto pemit
ary debnitveconbdencdf the84fossillocalitiesmen-
tionedabore areindeedindicative of terrestrialcondi-
tions, they couldall be of later Early Mioceneageand
relateto uplift of New Zealand post-datingnaximum
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Boodingof ZealandiaThe agesof thesefossil biotas,
mainly palynomoiphs,arejusttooimprecise.

In thelastfew decadedwo very excitingfossilbiotas
of Early to Middle Mioceneagehave beendiscovered
in New Zealand(Lee,Lee & Mortimer, 2001;Worthy
et al. 2006, b). Both arewithin lacustrinesequences
in Otago, South Island and have produceddiverse
terestrialandfreshwatervertebratefossils(bPsh lizard,
bird, crocodile and mammal)and also plant fossils
(terrestrialand freshwater). Both localities are poorly
constrainedn tems of agebut they are likely to be
between 20 and 15 million yearsold. Researchon
thesesequenceand biotasis undervay. However, it
is unlikely that their interpretationwill relateto our
understandingf the terrestrial histoly of Zealandia.
Thesdossildiscoseriesdonotin themselesconstitute
evidenceof continuoudand or ary directrelationship
between Gondvanalandand New Zealandterrestrial
biotas.

4. Oceanicplateau analogy

Uplift of the New Zealandlandmassand eventual
formation of the Southen Alps has occured in
associationwith oblique corvergence and crustal
thickening during the last 5D22million years.Prior
to that, the continentalcrust was thinner (e.g. Koons,
1990)andundegoingsubsidencandlocalrifting from
LateCretaceouthroughto Oligocendime.Duringthat
time the New Zealandportion of Zealandiaresembed
thepresentChathanRise,Lord Howe Rise,Challenger
Plateauand CampbellPlateau,characterizedy low-
relief, cument-svept submarine plateaux disrupted
locally by fault scaps. Theseare submeged regions
of continentalcrust contiguouswith present-da New
Zealandbut which have not beenstrongy affectedby
late Cenozoiccorvergenttectonics.They lie atdepths
generaly rangingbetween400m and2000m andare
underlainby basementeranesof greywacke, schist
andcrystallinerocksthataresimilar to thoseexposed
in present-dg rising New Zealandmountainranges.
Small islands,emegent portions of theserises and
platforms, are largely Cenozoic volcanic rock, but
several include older basementveneeredwith sedi-
mentay sequencegery similartotheLateCretaceousb
Miocenetransgessve sequenceshat cover the Wai-
pounamuErosion Surface as exposedwidely within
mainlandNew ZealandIn addition,extensie offshore
drilling hasrevealedLateCretaceousbearlidgiocene
transgessve sequencesconsisting of sedimentay
unitsandunconfomitiesthatcanbecorrelatedwith on-
land successionge.g.King & Thrasher1996).These
recordgradualdeepeningndreductionof terrigenous
sedimeninput, culminatingwith extensize Oligocene
limestone greensan@ndparaconfomities.

Prior to the adwent of Early Miocene ohlique
convergencealongthe moden platebounday, we can
ervisagethe whole of Zealandiaas one submeged
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comple of thin continentalcrust. Occasionaleph-
emeralislandsappearedvith Palaegenerifting and
shed coarseclastic detritus onto the adjoining sea-
Boor Islandsmay also have formed in association
with Oligocene submarinevolcanism. However, no
pemanentbr persistentandareascanbeidentibed.
Following the onset of Miocene transpression
(c. 22 Ma), a fault zonedevelopedobiquely through
Zealandiacutting acrosspre-Cenozoidasementer
ranes,to form the presentPacibcbAustraliarplate
bounday. Thinned continental crust underying the
submeged plateau adjacentto the plate bounday
was thickenedby thrusting and uplifted eventualy
rising above sea-leel to form the Southen Alps
(Norris, Koons& Cooper 1990). With uplift, much
of the CretaceousbCenozoitansgessve marine
sequencewas progressvely stripped exposing the
older basementeraneswhile Roodsof terigenous
clastic sedimentwere being shedfrom thesegrowing
mountaindrom Early Miocenetimeto thepresentay.

5. Mioceneregressionerosionand sedimentation

One implication of the Ocompleténundationypo-
thesisis that large areascovered by the Palae@ene
seawere subsequentl uplifted and strippedof their
marine cover strata. Although PliocenebPleistocene
erosion is responsite for remoing consideralke
Palaeg@ene sediment,earlier Neagene erosion was
probalty equaly signibcant.

Incipientuplift of the Southen AlpsbCentraDtago
region is implied by the Early Miocenechangefrom
transgessveandhighstandedimentatioto regressve
sedimentatiorrecordedin easten South Island. This
was accompaniedby voluminousdepositionof clastic
sedimenerodedrom uplifted low-grademetamophic
rocks along the plate bounday. In coastal Otago,
regressionbegan early in the Miocene (c. 21 Ma)
with constuctionof a shallav marinesandwedge the
Otalou Group(Carter, 1988).As uplift continuedthis
sandwedgewas itself uplifted and dissectedorior to
theonsetof Middle Miocenevolcanismin theDunedin
area (c. 13Ma). This regional unconfomity was
recanizedby Benson(1942),whoreferedto it asthe
OMiocenéeneplainfLater work by Coombs,White
& Hamilton (1960) demonstratedhat this Miocene
erosionsurfacehasconsiderale relief and cannotbe
regardedasapeneplain.

In CentralOtago,Miocenelacustrinesedimentation
(ManuherikiaGroup; Douglas,1986)was widespread
from about 18 to 13 Ma (Mildenhall & Pocknall,
1989).A largelake comple, extendingfrom northem
Southlandto middle Canterlury formedin a coast-
parallel zone separatedrom both the Pacibc Ocean
andthe newly forming mountaingo thewest.Whether
accommodationspacefor the lacustrine sediments
was created primarily by crustal warping or by
constuction of shorefice barriers of regressve sand
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blocking drainagefrom Central Otagoto the seais

unclear It doesappearthat landscapedianking the

Lake Manuherikiacomplex were of low relief and
thateastvard-Raving streamg$ormeddeltasextending
into the lake (Douglas, 1986). Manuherikia Group
sedimentsestunconfomaly on schistbasementand
it hasgeneraly beenconsideredhatmarinetransges-
siondid notextendinto CentralOtago(Wellman,1953;
Fleming, 1979; Kamp, 1986; Turnbull et al. 1975).
However, stratigaphic relationsin areassurounding
theinferredlake (discusse@bore), coupledwith spec-
tacularexamplesof the exhumedplanarWaipounamu
Erosion Surface on the summits of uplifted blocks

within andsuroundingthelake comple (Fig. 4) argue
for total marineinundationprior to formation of the

Miocenelacustrinecomple. In addition,detrital sand
grains of orthoclase,microcline and glauconiteare
presentin ManuherikiaGroupsediment§CAL, pers.
obs.)but absentfrom the underlying andsurounding
schist.Thesemineralsarecommonin thetransgessve

marinesedimentsand are interpretedto be reworked

from adjoining Cenozoicmarine cover strataduring

erosionof landaroundthe lake margins.

In summay, following the Late Oligocenebearliest
Miocenemarinetransgessionthat crossedhe South
Island the sea withdrew from Central Otago and
inland Canterlury early in the Miocene (c. 20 Ma)
as a result of regional warping associatedvith plate
bounday defommation. East- and southeast-@ing
stream systemseroded the thin blanket of slightly
older, calcareousmarine sediment(20D30Ma), re-
exposing and locally entrenchingmarine planated
schistbasementirectly underying the Waipounamu
ErosionSurface.Voluminousshorelinesedimentation
resultedin formation of lake and swamp complees
(ManuherikiaGroup) where east-and south-3eving
streamgeachedasdevel betweenthe newly forming
mountains and the coast (15D20Ma). Continued
compressiomesultedin growing basementolds with
anticlinal ridges gradualy disrupting the lacustrine
comple. This folding and associatedhrusting con-
tinuesto the presentday (Norris, Koons & Cooper
1990; Bennettet al. 2006), with further remaoval of
Cenozoicsedimentsand entrenchmenbf rivers into
theWaipounamtErosionSurface.

6. Critical evaluation of specibcareasof inferr ed
middle Cenozoicland

We will now discussspecibcareas where middle
Cenozoiclandis commony believed to have existed:
(a) Otago and inland Canterlury, (b) Fiordland
(c) Northwest Nelson, (d) SoutheastNelsonBNah
Canterlury, (e) North Island peninsulasand islands,
() the AucklandbCoromandelegion of the North
Island (g) putative landmasseaorth of New Zealand
and(h) volcanicislands.
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6.a. Otago and inland Canterbury

Thisistheareahatis mostwidely regardedasenduring
land throughoutthe Cenozoic,from the break-upof
Gondvanalandto the presentday (Fig. 1). Portrayal
as a substantialOligocenelandmasds basedmainly
on four factors: widely presewed remnantsof the
OpeneplaisOriace absencef Cenozoianarinestrata,
an Oligoceneunconfomity aroundthe periphey of
thearea,andthe perceved needfor Oligocenelandto
suppot New ZealandSiBondwanan®iota. Theseand
otherfactorsarediscusseth Sectior3 (above). In brief,
we maintainthat (1) the visible Openeplain®mnants
were actually createdby marineprocesseg2) middle
Cenozoicmarine strataformerly extendedinto this
areabut wereremoved by Neageneterrestrialerosion,
(3) the Oligoceneunconfomity is asubmaringeature
and (4) thereis no biological necessityfor a continu-
ousl presentOGondenan®iota.

6.b. TheFiordland island

A middle Cenozoidslandis postulatedn theFiordland
area(Turnbull & Uruski, 1990;King, 1998).Fiordland
(Fig. 1) consistof a PalaeozoicBbMesozouaystalline
massif Ranked to the eastand south by Cenozoic
sedimentay basinsand truncatedto the westby the
Alpine Fault. It is a region of rapid Neagene uplift
(Ward 1988) from which Cenozoiccover stratahave
beenstripped by Pleistoceneglacial erosion. Thick
Cenozoic sedimentay sequencesof the Te Anau
and Waiau basins(Carter, Lindqgvist & Norris, 1982;
Turnbull & Uruski, 1990)lie eastof themassif(Fig. 5).
They commencewith Eocene coal measuresand
shallov marine sands,passingrapidly upward into
Oligoceneturbiditesanddeep-seanudstonefollowed
by Late OligocenebEayIMiocenelimestonancluding
calc-turbiditesand re-depositedsandstoneAlong the
westen side of the basin, thinner sequencedap
onto the Fiordland magin. Theseconsistmainly of
shelf sandstoneand limestone (Catter, Lindqvist &
Norris, 1982). Thick-beddedOligocenelimestoneis
patticularly well developedandconspicuousAlthough
usualy resting on earlier Oligocene sandstonethe
limestoneunit locally restsdirectly upon Fiordland
crystalline basementFor example, nearthe summit
of Mt Luxmore a 1310m, a thin fossiliferous
conglomerateresting on ultramabcbasemengrades
up into thick bioclasticlimestone(Leeetal. 1983).
We interpret the basal Cenozoic contact at Mt
Luxmoreas an Oligocenesurfaceof marineplanation,
the WaipounamuErosion Surface. The sameQOligo-
cenebioclastic limestone,10D25m thick, is present
elsavhere along the eastside of Fiordland. Thereis
no evidencethat the presentextent of outcroprelates
to maximum extent of the sea.We concludethat a
carbonate-Rooreskamusthave extendednuchfurther
west,covering most(if notall) of the Fiordlandmassif.
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What then, is the evidencefor a landmassn this
region during the Oligocene?Although not discussed
by previousworkers,the casewould appeato depend
on the following: (1) absenceof ary 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
sedimentvithin the Oligocendimestoneandpresence
of clastic sedimentoverlying the limestoneand in
correlative stratato theeast(Turnbull & Uruski, 1990);
and(3) recanitionof Oligoceneshorelingaciesalong
themagin of the Fiordlandmassif(Leeetal. 1983).

We will discusghesethreepointsbelow.

(1) Absenceof sedimentar rocks from central
Fiordland is consistentwith documentedate
Neagene uplift and erosion. It does not ne-
cessariy have any bearingon earlier Neagene
or Palae@enepalaegearaply. Previous inter
pretationsof the area as a dissectedCenozoic
peneplairwerebasednthebeliefthatprolonged
subaeriabnd Buvial erosionwasthe mostlik ely
meango producesummit concordance.

(2) Terrigenousclasticsedimenin limestonef3ank-
ing the Fiordlandmassif,while compatitbe with
terrestrialerosionfrom aresiduallandmasscan
alsobe producedby wave erosionof shoalsand
by wave andcurrentre-working of pre-&isting
sandson submarinehighs. Thus, terrigenous
sandin limestone,as well as terrigenoushemi-
pelagicmud in adjacentbasinaldeposits,while
pemisside as evidencefor the existenceof a
persistentresidualland area, is not conclusve.
A compellingargumentwould requireevidence
for prst-gycle origin of the sandfrom a non-
marine sourceand for continuoussuppy from
that sourcethroughoutthe period of limestone
deposition.

(3) Therecaynition of Oligoceneshorelinedeposits
on Mt Luxmore only tells us when the trans-
gressveseaadwancedinlandfromthatpoint. The
thick overlying limestonesittestto transgession
proceedingnuchfurtherinto Fiordland.

Thusthe availade datado not pemit a compelling
case for continuousexistence of an island in the
Fiordland area throughout middle Cenozoic time.
Corversey it is clearthat Oligocenewave planation
occurred along the Fiordland maigin and that trans-
gressionproceededvell beyond the presentoutcrops
of Oligocenemarinesedimentay rocks.

Widespread Pleistocenesubmarine planation of
an older sedimentay sequencds well documented
offshoresouthvesten Fiordland(SutherlandBames&
Uruski, 2006). Here, on the Puysgur Banks (100D
150 m waterdepth) themoden Ratsea-3ootruncates
a genty dipping EocenebPliocenanarine clastic
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sequenceSedimenerodedfrom the Batbanksduring
eustaticlowstandswas re-depositedn deep basins,
Puysgur Trenchand SolanderTrough, Banking the
bankson thewestandeast.

6.c. Structural high in Northwest Nelson

TheTablelandof NorthwestNelsonformsaremarkake
planar upland surface suroundedby rugged moun-
tains. It is cut onto deformed PalaeozoicBMesozoic
basementand is widely regarded as a remnantof
stripped peneplain created by long-continuedsub-
aerialerosionduring Late CretaceousbEgrCenozoic
time (e.g. Cotton, 1916; Benson, 1935; Sugate,
Sterens & Te Punga, 1978; Grindley, 1961; Nathan
et al. 1986). The intra-montaneTableland erosion
surface,with an elevation of 1100m, is adjoinedby
high-relief mountainlandsat 1300©1800n. The two
areseparateby reversefaultsof lateCenozoiage Ex-
tensive area®f planatehasemenarealsowell knovn
elsavherein NorthwestNelson(e.g.Bishop,1968).

In mostareaghe Tablelanderosionsurfaceis over
lain directly by aveneerof LateOligocenebEayIMio-
cendimestong(Takakalimestone) Thesecover strata
arerichly fossiliferous debcienin terrigenousclastic
detritus and contain large-scale cross-stratibcation.
They were depositedin an offshore marine shelf
ervironment (Grindley, 1980) and although mostly
restingdirectly on basementock,arelocally underlain
by thin marine sand and mud. To the south and
west,Oligocenemarinemudstonainderlieghe Takaka
LimestoneAlthoughFleming(1979)regardedthearea
asbeingfully submegedby mid-Oligocendime, both
Nathanet al. (1986) and Kamp (1986) interpreted
the Tableland region as an emegent basementigh,
persistingasanislanduntil Middle to Late Oligocene
submegence.

Nathan et al. (1986) interpreted the West Coast
region (including Northwest Nelson) as having been
Oemegentand undegoing peneplanationfiroughout
Paleoceneand Eocenetime with the result being a
regionally extensve Ratto gently undulatingerosion
surface. In most of the area,this was followed by
depositiorof coalmeasureandeventualsubmegence.
However, Natharetal. (1986)notedthatcoalmeasures
are not presentin the Tableland an areawhich they
regard as having beenan island experiencingintense
weatheringand RBuvial erosionuntil Late Oligocene
time,beingthelastpart of NorthwestNelsonto become
submeged (Nathan et al. 1986). Similarly, Kamp
(1986)portrayedtheareaasanOligoceneslandwithin
the seacovering his ChallengeRift System.

Our interpretationis in broad agreementwith the
abore workersbut differsin thatwe seeno compelling
evidenceto indicate that the erosionthat produced
regional Batteningof the basementrock surface in
the West CoastbNdhwest Nelson areawas caused
by Ruvial or other subaerialprocessesWe note that
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in areassouth of the Tableland (e.g. Buller region),
where the unconfomity is overlain by non-marine
strata,no planar Cenozoicerosionsurface has been
documentedin fact, Nathan(1996,p. 28) recordeda
Olocalelief of upto 50 m beneatltheBuller CoalbeldO.
Alteration of basementock underying the erosion
surfacein theNorthwestNelsonbBulleregionhasbeen
interpretedas being due to chemicalweatheringand
cited as evidence suppoting peneplanationNathan
et al. 1986). Elsevherein the SouthIsland similar
alterationeffectshave formed alongthe Waipounamu
ErosionSurfaceunconfomity by groundwateraltera-
tion following depositionof the Cenozoiccover strata.
In contrast,in areassuchasthe Tableland wherethe
unconfomity surfaceis of conspicuousiplanamature,
thebasakedimentaremarine.We concludehatwhile
a nature@egional landscapdormed by Cretaceousb
Eocenesubaerialprocessesthe planarsurfaceof the
Tablelandswas formedby marineerosionbevelling an
earlierlandscape.

6.d. The SoutheastNelsonbNoth Canterbury island

An OligocenebEayIMiocenelandmasspprximately
150# 150km (Fig. 1) is portrayed in the Southeast
NelsonbNdh Canterlury areaon mapsof Fleming
(1962), Stevens (1985) and others. Lying along the
southeaster side of the Alpine Fault and within the
Marlboroughfaultzone thisis anareaof rapidtectonic
uplift anderosion(Wellman,1979).We are not avare
of ary evidenceto suggesiOligoceneland existedin
this region, nor are there any pulished discussions
justifying its existence Theonly rocksexposedwithin
theareaof theputatve islandareMesozoigreywacke
andschist;ary Oligocenecover strataor ary remnant
erosionsurfaceshatmay have oncebeenpresentave
beenremoved by erosion during the past10 million
years.

Theclosestarea®f middleCenozoicstrataarefound
in fault angle depressionslong the ClarenceValley
(Fig. 1), 20 km southeasbf the proposedandmass.
Heremarinelimestoneandmarlof LateEoceneQligo-
ceneandEarly Mioceneagearewell exposedDetailed
stratigaphicandpalaeontolgical studiegReg, 1993)
indicatethat thesestratawere depositedat outershelf
or greaterdepths.No cormelative shallov-marine or
non-marinerocks are recanized. Thus, whereaswe
cannoeliminatethepossibilitythatlandmay havebeen
continuousy presentthereisno evidenceto suggesan
Oligocendandmassarnywherewithin this area.

Why then has this island become partt of the
estalished New Zealandpalaegeayraphic surface?
Perhapsit is becausethe Marshall Paraconfomity,
a sea-Roorerosionsurface (Catter & Landis, 1972)
thatis presentin the Clarencesection,hadapparentt
beeninterpretedas evidencefor subaerialerosionby
Fleming(1962;seealsoSection3.aabwe), combined
with a perceved needfor landatthistime (seeSection
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3 abare, especial pointsa, b andg). This Oabsena
evidence@r Oligocenemarineconditionsin this area
cannotbe constuedasOeidenceof absenceO.

6.e North Island peninsulasand islands

Two North Island Oligoceneland areas poundingthe
North Wanganui Basin (Fig. 1) to the eastand west
have long beenpostulatedAlthoughshavn asislands
by Fleming(1962,1979),McQuillan (1977), Stevens
(1985) and Nelson(1978), more recentworkers have
tendedto attachtheseridgesto 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
20b30Ma. In contrastanearly summay by Sugate,
Stevensé& Te Punga (1978)statesOLandhadprobally
disappearetly LateOligocengWaitakian),andRaggy
amillaceoudimestoneof thatageis widespread@hus
Sugate,Stevens& Te Punga (1978)shav easten and
westen ridgesin the WhaingaroanStagebut complete
immersionfor thelatestOligoceneDuntroonianStage.
Morganset al. (1999),for the WaitakianStage shov
only two smallislanddying easbof theWanganuiBasin
with nolandto thewest.

The casefor Oligocenelandmasse centraland
westen North Islandrestsmainly on two factors: (1)
isopachmaps shaving thinning of Wanganui Basin
strata toward the west and east and (2) presence
of temrigenoussedimentof Oligoceneagein basinal
sequencesin addition, a perceved needfor middle
Cenozoicterrestrial habitat(OMoa@ArkO)may be an
unacknavledgedfactor. Oligoceneisopachsonstuc-
ted by McQuillan (1977), Nelson (1978), Sugaate,
Stevensé& Te Punga (1978)andothersclearly demon-
stratethe existenceof a NBS-trendingrough (North
Wanganui Basin) thinning toward structural highson
eitherside However, inferredthinningto zerothickness
andthe presencef persisteniand areasis basedon
extrapolation Althoughareasf emegencemighthave
beenarguedfrom sequencesf contemporaneouson-
marine sedimentor even persistentsuppy of local
prst-g/cleterrigenoussedimento theWanganuiBasin,
neitherof thesehasbeenrecanized.

Emegenceof land to the west (the HerangiHigh,
Fig. 1) is implied by terrigenousconglomeratdenses
within Oligocenelimestone along the west side of
the North Wanganui Basin (Nelson, 1978). These
conglomeratesgerived from Mesozoicsourcerocks,
compriseminor (< 1%) but distinctive bedsscattered
through a predominany limestone sequence.The
Oligocenelimestoneis biogenicandinferred to have
beendepositedundershelfconditions(Nelson,1978).
Westenmostoutcropsof the limestonesequenceare
commony more than 100m thick, characterizedyy
shelf fossils, and lacking in evidence for a con-
tinuousy presentadjaceniandmasge.g.terrigenous
sanddominatedsequencederrestrial plant detritus).
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Furthemore, at mary localitiesthe marinesequence,
includinglimestonerestsdirectly on erodedMesozoic
basementApart from a smallareaat the southeaster
end of this putatve Oligoceneisland the proposed
landmasdies off the westcoastof the presentNorth
Island(Fig. 1). Althoughthelocationandextentof the
islandhave notbeendiscussegdve notethatit coincides
apprximately with achainof seamountsying parallel
to the coastline.Recentwork (e.g.King & Thrasher
1996; Hayward et al. 2001) indicatesthat theseare
Miocenesea-Roorolcanoes.

An equaly likely scenariowould suggesta much
smaller Oligocene submarineridge (Herangi High)
Banled by carbonateseas.Brief episodesof sea-
level fall or tectonic uplift probally createdshoals
or small islands from which conglomeratesmay
have beenderived. However, thereis no evidenceto
indicatea substantiaHerangiland areathat persisted
continuousy throughout ateOligoceneandinto Early
Miocenetime.

Despitethe great predominanceof carbonate-rich
sedimentsn Late Oligocenebearliedtliocene strata
of theNorth WanganuiBasin,mostof thesdimestones
also contain signibcant terrigenous mud and silt
(Nelson,1977,1978).Terigenousmudis patticularly
abundantin limestonesn the centralpar of the basin.
Thecleaneslimestondormationof theTe Kuiti Group
is alsothe youngestthe earliestMiocene(Waitakian)
Otorohang Limestone.Nelson (1977) describedthe
Otorohang as a purelimestonein which terrigenous
sedimentseldom exceeds10% suspensiondeposit,
so there appearsto be no evidencefor an adjacent
landmasst thetime of its deposition.

Thusa sourceof bne-gainedterigenoussediment
was availabe 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 whetherit existed
continuousy into Early Miocene time. Reworking
of marine mud by waves, bottom cements, and
turbidity currentsis well known, as is long-distance
re-distritution. Origin of the Te Kuiti Group muddy
terrigenoussedimentemainsunclear

An OligocenebEayIMiocenelandmassastof the
WanganuiBasinin theregion of presententralNorth
Islandhasalsobeenpostulatedby mary workers.lt is
shavn variously as an Oligoceneislandapprximately
400km long and 150 km wide Rankingthe eastside
of the Wanaanui Basin (Fleming, 1979) and as a
150km wide portion of a large landmassextending
continuousy from Aucklandto southen SouthIsland
(Kamp,1986).Morerecenty, King (2000)andLee,Lee
& Mortimer(2001)haveportrayedasomevhatreduced
OligoceneNew Zealandland areawith a peninsula
about150 km longand50 km wide alongthe eastside
of the North WanganuiBasin.

Recanitionof thisLateOligocenebearliediocene
landmassis not basedon bPmm evidence. The area
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eastof the Wanganui Basinpresent} consistsof pre-
Cenozoicbasementwith Pleistocenevolcanic rocks
andcover-strata;no middle Cenozoicstrataareknown
here.Along the westen side of the RangitotoRange
(Fig. 1), Oligocenecoalmeasureg¢Edbroole, Sykes &
Pocknall,1994)restunconfomally on Mesozoigrey-
wacke basementThey are overlainby later Oligocene
andEarly MiocenemarinemudstonendsandstoneNo
evidencehasbeerpresentedo shaw thattheseyounger
stratarepresenthe magin of a marine basinor that
landexistedcontinuousy anywhereinthecentralNorth
Island.lt is entirely possilte thatthe seacovered this
entireareaduring Late Oligoceneand Early Miocene
time whenlimestonewas widely depositedhroughout
large areasof the North Island. Indeed Sugate,
Sterens & Te Punga (1978) intempretedthe areaas
inundatedby Oligoceneseas.

Thusthe casefor continuousexistenceof a central
North Island Cenozoicland areais not estafished.
Cettainly a sourcefor siliciclastic sedimentin the Te
Kuiti Grouplimestonés requiredbutthereisnoreason
to suggestthat this source existed continuous} as
Ranking subaeriallandmasseshroughoutthe middle
Cenozoic.

6.f. The AucklandbComomandelregionof the North Island

IntheAucklandbCoromandBeninsulaegion(Fig. 1),
Neagene erosion and volcanism have remorved or
buriedmuchof aninferredwidesprea@arlierCenozoic
cover sequenceHowever, isolatedremnantsrecorda
regional transgessionbeginning in the Eoceneand
peakingin the earliestMiocene(Nelson,1978;Dix &
Nelson,2004).

Originally shavn as part of a large Oligocene
island (Fleming, 1962; Fig. 1), the region around
Auckland has beenmore recenty 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 Oligocene marine sediments
were depositedbn erodedgreywacke basementvithin
erosionallows andlocal graben.YoungestOligocene
andbasaMiocenesedimentarenotrecanizedin this
areabut at somelocalities,basemenits unconfomaly
overlainby freshwaterto shallov marinesedimentsf
basalWaitemataGroup (Early Miocene;22b21Ma).
Locally, the greywacke basemenshovs some50 m of
topagraphicrelief (B. W. Hayward, pers.comm.2007).
Theserelations,plus the absenceof Late Oligocene
sedimentgbothmarineandnon-marinefromthesame
area,may be evidencefor land at this time (e.g.lsaac
etal. 1994).

However, it is also possille that marine conditions
existed during Late Oligocenetime (Duntroonianb
Waitakian) but did not leave ary presewed record.
Evidencefor bottom-scouringcurrentsat this time is
widespreacklsevherein theNew Zealandarea(Carter
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& Landis,1972;Fulthome et al. 1996),andthereare
goodexampleof regionsbeingsubmegedthroughout
the Oligoceneand Early Miocenebut leaving little or
no suwiving sedimentay record.Overlying the basal
WaitemataGroup, youngerWaitematasedimentsare
batlyalbalyssalturbiditesthatimply rapid subsidence
of theareabetween22 and 19 Ma (Isaacetal. 1994).
Thusary original Late OligocenebEayIMiocene(27D
22 Ma) marine sequencemay be representecby a
non-depositiondhiatus(paraconfomity) or have been
erodedaway prior to depositiorof the basaMWaitemata
Groupbeds(22D21Ma).

Study of remnantoutliers of Oligocene stratain
the CoromandePeninsula(directly eastof Auckland;
Fig. 1) shawvs a basalunconfomity overlain by fan-
deltasedimentf Early to middle Oligoceneagethat
arein turn overlain by youngerOligoceneshallav mar
inelimestongDix & Nelson,2004).A prominenintra-
formational erosionsurface separateshe lower shelf
clastic sedimentand limestonefrom overlying deep-
water OligoceneBEayl Miocene limestone (Dix &
Nelson,2004).This surface,interpretedasa sequence
bounday by Dix & Nelson(2004),separates highly
variable, carbonate-dominatedtransgessve basal
marine sequencdrom overlying more uniform, and
slightly less steepy dipping, deep sea carbonate
sequence.Limestone-foming conditions persisted
from Late Oligocene(24 Ma) to Early Miocenetime
(21 Ma).

6.9 Putative landmassesorth of New Zealand

Herzer (1998, 2003) and Lee, Lee & Mortimer
(2001) have proposedhatland bridgesand stepping-
stoneislands existed north of New Zealandduring
the Oligocene and Early Miocene. Herzer (1998,
p. 47) maintainsthat successie uplifts of the sea-
Roor favoured Oone-ay north-to-southOmigration
pathways enalling speciesto colonize New Zealand
from the New Caledoniaregion. In contrast, Lee,
Lee & Mortimer (2001, p. 349) amgued that the
Oemegent Norfolk Ridge provided a nearcontinuous
land connection between New Zealand and New
Caledonia@gemitting speciesnigrationsouthto north
duringthis sametime.

Evidencefor middle Cenozoicland areasto the
north of New Zealandincludesbprstly the recanition
of roundedpeblbles and a shoal faunacollectedin
dredgehaulsfrom submarindnighs,andsecondy inthe
recaynition of extinct volcanicarcswhich were active
atthattime (Mortimer et al. 1998;Herzer& Mascle,
1996;Herzer 2003;Meffre, Crawford & Quilty, 2006).
Thus Lee, Lee & Mortimer (2001) shaved several
Oprobdb to possiteOislands and one Ocdgin to
proballeOarge island (600# 300km) southof New
Caledoniawhile Herzer(1998; seealsoKing, 1998)
shaved islandshundred=f kilometreslong andup to
80 km wide during the Oligocene.Meffre, Crawford
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& Quilty (2006)have provided further evidenceof an
islandlocatedin the southNorfolk Basin.All of these
papergegardtheseslandsasbeinglargely submeged
by Late Miocenetime.

We agee that shallov marine conditions existed
locally along the Norfolk Ridge during the middle
Cenozoi@andthatsomevolcanicislandswere probalby
presentHowever, in the papersreferredto abore, we
Pndno compellingevidencerequiringpersistentarge
islands(landbridgesor stepping-stonegdr signibcant
periodsof time. New Caledoniavastotally submeged
in the Eocenebut may have becomeemeigent in
the Late Oligocene. The evidence for this is the
presenceof inferred laterite-denved soil detritusin
OligocenemarinesedimentgParis,1981;P. Maurizot,
pers.comm. 2005). Nevertheless,the existenceof a
substantie andcontinuousniddle Cenozoidandmass
at New Caledonia.the postulatedsourceandsink for
New Zealandbiota, must be questioned.There are
neitheroffshorenor on-landdata(e.g.Aitchisonetal.
1995) to suggestthe existenceof an island at New
Caledoniaprior to Late Oligocenetime. Like New
Zealandtself, theexistenceof Oligocendandareado
thenorth appearso berootedin theperceved needfor
biologicalsourcesndsinksratherthanbPm geolaical
evidence.

6.h. Volcanicislands

Several occurencesof Oligocenevolcanicrocks are
recanizedin the Southlsland(Sugate,Stevens& Te
Pung, 1978). All describedpyroclasticand effusive
rocks of Oligocene age are submarinein origin.
However, it is possilke that someof thesevolcanoes
createdhitherto unrecgnizedislandsthat may have
providedshot-lived refugiafor terrestrialorganisms.

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

Lord Howe Islandis the erodedremnantof anoceanic
volcano (areal16 km?; high point 875m) within the
central TasmanSea. The age of volcanismis Late
Miocene, 6.3D6.9Ma (Jones& McDougll, 1973).
Theislandis the emepgenttop of a basalticseamount
surroundedon all sidesby deepsea-3001(1800+ m)
andtherecanbe no doubtthatit hasalways beenin a
fully oceanicsetting(McDougall, Emhdeton & Stone,
1981).Closestland areasare Australia(580 km to the
west), Norfolk Island (900 km to the east)and North
Island New Zealand(1000km to the SE).

In spite of its geolgically recentorigin, oceanic
isolationandsmall size,Lord Howe hasa remarkaly
rich Bora,including241specieof indigenous/ascular
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 % aslarge asNew Zealand
andits land surfaceat least10 million yearsyounger
ThelLord Howe Islandbiotais remarkaly diversewith
8.6 generaof endemicangiospems perkm?, whereas
New Zealandhas0.001generaper km? (Lee, Lee &
Mortimer, 2001). The Lord Howe faunaincludesa
bat, geclo, skink and an abundanceof freshwater
andland invertebratesNative birds, now depletedby
introducedpredatorsincludeda Rightlessrail. Extinct
land animalsincludeda gianthomedturtle (Morris &
Ballance,2003).

Therecanbeno doubtthatthe Lord Howe endemic
faunaand Rora have descendedrom ancestorghat
arrived by long-distancalispersalfrom neighbouring
lands during the last 6.5 million years. Similar
situations exist in mary other Cenozoic volcanic
islands, such as Norfolk Island (Green, 1994), Fiji
(Ryan,2000)andHawaii (Craddock2000).Sanmatin
& Ronquist (2004) have summarizedthe relative
dispersalratesof specieson islandsin the Southen
Hemispheravhile De Queiroz(2005)hasemphasized
the Oresuection®f oceaniadispersabsa mechanism
in the biological literature.We regard New Zealand©
biota as similarly oceanic,arriving spasmodicajyl by
long-distancedispersalfrom Early Miocenetime to
the presentday (Campbell& Landis,2001; Trewick,
Paterson& Campbell,2007).

The Chathamislands,locatedabout800kilometres
eastof mainlandNew Zealand are an exampleof an
evenyoungeroceanidsland.Geolgyicalandbiological
evidencendicatesemegenceof landabouttwo million
years ago (Campbell et al. 2006; Paterson,et al.
2006).In thisinstancethereis cettainty thatthe entire
Chathamislandsbiota (prior to the arrival of people)
is derived from long-distancedispersalall within the
lasttwo million yearsTheChathanislandssharesome
similaritieswith the Galapagosslandsthatarelocated
about800kilometresfrom the coastof SouthAmerica
andhave beenislandsfor lessthanthreemillion years.
However, the biodiversity of the Galapagoss greater

8. Implications for New Zealand biota

In view of the precedingdiscussionjt is appropriate
andtimely to consideimplicationsregardingtheorigin
of the moden mainland New Zealandbiota. New
Zealand or more correcty Zealandia,has beenan
isolatedlarge block of thinnedcontinentalcrustadrift
within thesouthwvestPacibcsincel ateCretaceoutime
andfor thisreasorhasbeenregardedasa greatnatural
laboratoy for studying evolution of Gondwanaland-
derived organisms.

However, this approachis basedon a presumption
that a landmass persisted since Zealandia rifted
from Gondwanaland.This premisehasbeencritically
assessedbove. Thestatusguoarguesthat,until proven
otherwise,there hasalways beenland on Zealandia.
Here we explore the oppositeof this approachand
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argue that, until proven otherwise, Zealandiawas

totally submeged in latest Oligocene time. The
geolgical record of New Zealandsuppots, at least
as compellingy, the possibility that Zealandiawas

totally submeged.Notwithstandingthe imperfections
andirregularitiesof nature,it is not possilbe to totally

excludethe existenceof afew smallislands.

In cettainrespectsthemoden biotaof New Zealand
demandshisperspectie: theideaof totalsubmegence
andhencenholesalalestuctionof terrestriallife. Total
submegencemay explain the lack of native terrestrial
mammalsn New Zealand€hiota.Ontheotherhand if
oneacceptapersistentandthroughouCenozoidime,
thelack of mammalsn the New Zealandbiotacreates
a conundum thatis inconsistenwith the Moa®Ark
scenario.Indeedan absenceof mammalsmalkes the
biotaof New Zealandmoresimilarto thatof emegent
oceanidslandsthana continentalandmasgTrewick,
Paterson& Campbell,2007).

In thiscontet, thediscovery of aterrestrialmammal
fossil in Early Miocene lacustrine sedimentsnear
St Bathans CentralOtago (Worthy et al. 2006a,b) is
very signibcant.Worthy et al. (2006b) record three
fragmentalbones,all tiny (< 5.0mm in length),that
they interpretaspossilby relatingto asinglenon-wlant
speciesof primitive rodent-like mammal. The age of
this faunais imprecisey deteminedbut is considered
to be between16 and 19 Ma andthereforepost-dates
maximum Booding of Zealandia.lts presencein its
own right is consistentwith either the Moa® Ark
interpretation or colonization of a newly emegent
New Zealandlt is notewvorthy, however, thatmammals
obviously becameextinct at some point during the
last 16 Ma, demonstratinga naturalturnover of New
ZealandRoraandfauna.

The existenceof mammalson Zealandiacannotbe
conbPmedwithoutadditionalfossilevidence 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).1t is cleary estalishedthatelsevhere
in the world, dinosaursand mammalscoexisted and
were widely distributed. Globally, they were the
dominantemrestrialanimalgroups It mightreasonaly
be expectedhata continentaslargeasZealandianust
have had mammalsalong with representates of all
otherforms of Cretaceougerrestrialbiota. This biota
would perforcebe Gondwananuntil Zealandiarifted
away from GondwanalandIt mustthenhave evolved
over time as Zealandiabecamemore remote and
distantfrom the (remnantGondwanaland)Australianb
Antarcticcontinentamasgandalsosmallerasit sank),
forming adistinctive OZealandiab@®tain its ownright.

Usingthis line of thought,the questionariseswhat
happenedb this putative OZealandiam{dta?We might
expectto be ale to recanizeit, andyet it hasnot
beenrecagnized. There are two obvious reasonsfor
non-recgnition. First, it has aways been assumed
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that there has beenland continuous} in Zealandia,
so there has not beenary expectationof bnding a
uniquebiota. Secondif a OZealandiarfibta did exist

as suggestedibore, it would have beensubstantiall

or totally destrged by marine inundationin latest
Oligocenetime.

This raisesa difpculty or parada for the OMoaO
Ark hypothesis@ith respecto theancesty of moden
biotaon smalllandmassegespecialf oceanidslands)
thatareremoteto large fragmentsof dispersedsond-
wanaland.Justhow easyis it to distinguishbetween
OGondanan®iota that existed on Gondwanalandin
theLate Cretaceouasopposedo biotathatexistedon
dispersedragmentsof Gondwanalandin the middle
Cenozoic?After all, if a new land areaemeged in
the SW Pacibc in the middle Cenozoic,it would
be colonized by biota from the nearestpersistent
landmassesvhich would have a large componentof
biotathatis directly descendeftom Gondwananstock.
Herein lies the parada: the One colonizers@vould
appearto be Gondwanan.This potentialeffect would
leadto a conclusionthatthe biotaunderconsideration
is Gondwananlt is only by consideratiorof thetiming
of divergenceobtainedfrom fossilsand DNA thatwe
candistinguishbetweenthesescenariosAn attendant
constrainton recanition of a @ealandian®iota is
the fossil record. Scientipcmethodolay, for all its
robustnesswill only considerandargue on the basis
of positive evidence;it is very uncomfotade and
understanddp quietwhenforcedto considemegative
evidence Theabsencef fossils,for whatever reasons,
isthereforgroblematic.lt is neverthelessignibcanto
notethatNew Zealandacksfossil recordsfor mary of
its iconic native terrestrialanimalbiota, andfor those
thatdohave afossilrecordsuchasthetuatarathemoas
andavarietyof otherbirds, it is sumprisingly shot: less
thanl.5million years.

We considerit likely that most and perhapsall,
temrestrialorganismshave arrived herein geoldaically
Orecentiines thatis, post-OligoceneSuchchancalis-
persals areadily acceptedxplanatiorfor colonization
by smallbirds, spiders ferns, etc. It hasbeenrecenty
proposedasa dominantmechanisnfor estatishment
of the New ZealandRora (Pole, 2001). Substantve
evidencefor atotal Olong-distanceidpersahypothesis
is minimal but should not be dismissed out of
hand.Recent, McGlone (2005) hasarguedstrongy
for transoceanicdispersal as the dominant factor
in estalishing the moden Australasianbiota, and
Sanmatin & Ronquist(2004), Cook & Crisp (2005)
and De Quieroz (2005) have aguedfor transoceanic
dispersalin abroadercontext.

If we acceptthatthe WaipounamuErosion Surface
(cf. OCretaceouBeneplainOyvas 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 Neayenedispersalof terrestrial biota to
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discussFor example themostspectaculayl preseved
remnantsof the WaipounamuErosion Surface occur
on the mountaintops of Central Otago. This is also
where a major area of Oligocene land has been
inferred. Absenceof Oligocenemarine sedimentsn
this area does not mean that they never existed;
marine sedimentsmay have been depositedon the
WaipounamuerosionSurfacein Oligoceneandearliest
Miocene time and then subsequenyl stripped off
betweenlaterEarly Miocenetime andthe presentay.

It may be arguedthatthereshouldbe someevidence
that the sea was there. Actually, the Openeplain
remnants@emseles(WaipounamuErosion Surface)
are the evidenceof marine transgession.We would
alsoarguethatwell-developediransgessie sequences
culminatingin outershelf(or deeper)imestone mud-
stoneandgreensandvhichoccuratmary inlandSouth
IslandlocalitiessuchasCastleHill, Fairlie, Aviemore,
Kokonga and Nasely, requirethat ary shorelinethat
may have existedmusthavelainaconsiderale distance
further inland at the time of maximum transgession
and it is likely that the seacovered the future site
of the present-da Alps. Futhemore, the widespread
occurence of OligocenebEayl Miocene limestones
in mary parts of New Zealand provides evidence
that a voluminousterrigenoussedimentsupply was
simply not availabe. New Zealandwas substantiajl
inundated. If we accept this hypothesis, then we
are forcedto considerthe possibility that the entire
terrestrial and freshwater faunaand Rora amrived by
chancalispersabventsduringthelast22million years.
This would have to include southen beechspecies,
Peripatus, eathworms, land snalils, frogs, freshwater
crustaceandpataraandmoa.

There are mary examples indicating that such
extremecolonizationeventsdo indeedoccur Volcanic
oceanicislands,like Lord Howe and mostislandsof
thePacibc have receved theirlargeanddiversebiotas
throughlong-distancedispersalLife getsaround.The
terrestrial snail genusBaleahasbeenshavn to have
moved around islands in the Atlantic and Pacibc
presumaly viabirds(Gittenbegeretal. 2006).Lizards
have beenrecordedrom numerousslandsall overthe
world, andthe only likely way thatthey couldhave got
thereis by rafting (Censly, Hodge& Dudley, 1998).
Viable populationsof poorRying birds suchas rails
arealsocommonon islandsglobally (Trewick, 1997).

The Hawaiianbiotamustultimately have originated
from distantislands and continentalareas.Fiji brst
appearedas an oceanicarc volcano in the middle
Cenozoic(Stratford & Rodda,2000) and now hosts
a very large indigenousfaunaincluding amphibians,
lizards, snales and mammalsthat can only have
arrived by crossingthe sea.Crocodileshave arrived
in Fiji at leasttwice in historic times but have not
becomeestalished(Ryan,2000).Anotherexampleis
the Chathamislands (Campbellet al. 1994), where
ongoingstudiesby the authorsindicatethattheregion
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was submegedfrom Late Cretaceouso Late Pliocene
or Pleistocendime with occasionalsmall volcanoes
possilly breakingthe surface.With Pleistoceneuplift

andemegencethe moden Chathamislandterrestrial
biota hasbecomeestalishedby colonizationthrough
long-distancedispersal processes(Campbell et al.

2006; Patersonet al. 2006; Trewick, 2000). Mainly

of New Zealandorigin (some800km to the west of

the Chathamislands) theseorganismshave evolvedto

new speciesforming a distinctive island biota within

thelasttwo million years.

9. Conclusions

In conclusionalthoughwe cannotisprave theconten-
tion thatlandexistedcontinuousy} in the New Zealand
region throughoutthe Cenozoic,neithercanwe bnd
evidenceto suppot thathypothesisCorversey, we do
recanize evidencethat the New Zealandregion was
reducedo awave-planecgsubmaringlateactthatwould
have resemhbedthe CampbellPlateawr ChathanRise
of today. It is true that thereare islandsrising above
the ChathamRise and Campbell Plateau,but there
is evidencethatfor timesduring the OligocenebDEayl
Mioceneeachof theseareasvas fully submeged.The
samemay well appl to mainlandNew Zealand.Late
Cenozoiccompressiorassociatedvith propagtion of
the PacibcbAustraliaplate magin throughZealandia
thickenedthecrust,resultingin emegenceandeventu-
ally creatingmountainsEvenoneday of submegence
wouldbetoolongfor theancestorsf thebellbird kiwi,
southen beechandtuatara.

In the absenceof compellingevidencefor marine
conditions,or marine strata,the default position has
beeno assumehatlandexisteduntil provenotherwise.
In our view, it is nov equaly valid to assumethat
the entireregion was coveredby the seauntil proven
otherwise.
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