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Tectonic significance of Late Cretaceous RadioIaria

from the obducted Matakaoa VoIcanics，

East Cape，NorthJsJand，New ZeaJand．

K．Bernhard SpORLIl and YoshiakiAITA2

Abstract Radiolarian faunas from severallocalitiesin the Matakaoa VoIcanics of the

Mangaroa Range，NorthIsland，New Zealandindicate Late Cretaceous（Campanian to

Maastrichtian）ages・This contrasts withLate Paleocene／Early Eocene．ages obtained
fromforaminiferaapproximately3kmhigherin the section．The radiolarlan faunas are
COSmOPOlitanandmayhavebeendepositedatmidtohighlatitude．
Anewstructuralanalysisindicatesthatthefossilsoccurinasequenceofintercalatedpi1－

lowlavas，Sediments and dolerites aboutlO km thick equlValent oflayer2B of the oce－

aniccrust・Thisgreatthicknessimpliesthattherehasbeenmuchrepetitionby shortenlng
deformation・Layerlng dips steeply；yOunglnglS generally to the north and the sequence

isaffectedbykm－SCalesteeplyplunglngfoldsassociatedwithdecollements．Structuraldeve1－

0PmentinvoIved first formation of melange，and subsequent refolding of these structures

to glVe the present dextral，Steeply plunglng folds．Itis not clear yet how another phase

Of deformation，SteePenlng and overturnlng Oflayerlngln the Matakaoa VoIcanics，re－

lates to these two tectonic events．
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lNTRODUCT10N

The present New Zealandmicro－COntinentis the
PrOduct of along history of deformation on the

margln Of Gondwana until the Early Cretaceous，

and subsequent rifting away from Gondwana

untilEarly Tertiary（Sp6rli＆Ballance1989）．In

the Late Oligocene，duringlnitiation of the present

boundary between the Pacific and Australian

Plates（Fig．1A），a number of ophiolite massifs
were obducted onto the continental crust of north－

ern New Zealand，marking the onset of movement

On the dextral AIpine Fault transform and of

Subduction atits northern end（Brothers　＆

Delaloye1982；Rait et al．1991；Malpas et al．

1992）．This resultedin rapid dextralrotation of

large parts of eastern NorthIsland from a NW－

trendingintoa NE－trending structuraltrend（East
Coast Deformed Belt）and the deformation of the

New Zealandlandmass　intoits present Z－Shape

（Lamb1988；Mummeet al．1989）．

In Northland，the obducted ophiolites arerepre－

Sented by the Tangihua VoIcanics，Which are part
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of the Northland allochthon（Sp8rli＆　Ballance

1989）．At the northern tip of the East Cape

Peninsula（Fig・1）・Mataka？aVoIcanicsdescribed
inthis paper form two promlnent maSSifs and are

part ofthe East Coast allochthon（Moore1985）．

Further small slivers of pillowlavasin the east

COaSt Of the NorthIsland，rePreSented by Red

Island and Hinemahanga Rocksin southern

Hawke’sBay（Kobe＆Pettinga1984；Moore1985；

Moore et al．1987），may be regarded as a dis－

rupted continuation of the Matakaoa VoIcanics．

They areinvoIvedin subsequent・deformation

Within the East Coast Deformed Belt（Fig．1A）．

Thereis some question whether the Rip Vol－

Canics，Tapuaeroa Valley（RVin Fig．1；Pirajno

1979；Gibson1986）also belo甲tO this group of
rocks．Pillowlavas and brecclaS are mOSt COm－

monin these bodies of voIcanics．

For reconstruction of the seafloor patterns and

Plate tectonicsimmediately prlOr tO the obduction

and for analysIS Of the subsequent tectonic his－

tory，itisimportant to have detailedinformation

On the age of the ophiolites．Brothers＆Delaloye
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Fig．1Index map and tectonic settlng Of Matakaoa VoIcanics within the New Zealand microcontinent．
1A：Relation of study area to present plate boundary and Late Oligocene allochthons．EA＝East Coast

allochthon．HB＝Hawke’s Bay．EDFB＝East Coast Deformed Belt．VMF＝Vening Meinesz Fracture Zone

lB：Regionalgeology ofMatakaoa VoIcanics．RV＝Rip VoIcanics of Tapuaeroa Valley（Pirajno1979）．

Note that part of the Tertiary and allof the Quaternary sequence onlaps onto the East Coast allochthon．



LateCretaceous Radiolaria from Matakaoa VoIcanics 117

Fig．2　Formline mapofthewesternpartofMangaroaRange（locationsec Fig．1B）andposition offossillocalir
ties．K＝Cretaceous，P＝Paleocene．A＝ZOne Of complex dextral folding，indicatlng d6collement．Note wide－

Spread overturning along northern coastline．SSS，MSS，WSS＝SOutheastern，middle and western straight section

respectively．

（1982）attempted aprogrammeofK－Arage deter－

minations，Which however produced a wide scatter，
possibly associated with deformation of the

OPhiolites．Fossilages from sedimentary rocksin－

tercalated with the pillowlavas are scarce and

widely separated．InNorthland，Brook（1989）re－

ports Late Cretaceous ages for some of the north－

ernmostTangihuaMassifs．A wellpreserved fauna
Of radiolarians at Camp Bay，Northland，indicates

alate Early to Late Paleocene age（BLryella
tetradica Zone of Hollis1993）of the Tangihua

VoIcanicsatthatlocality（Hollis＆Hanson1991）．
In the Matakaoa VoIcanics of East Cape，an

oldergroupof Cretaceous（Albian）ageswasre－
POrted from the western end，near Cape Runaway

（Strong1976），and Strong（1980）has described

goodforaminiferalfaunasofLatePaleocene／earli－
est Eocene age from the centralpartofthe north－

ern coastline（locations see Fig．2，this paper）．

Submarine voIcanic sequences at RedIsland and

Hinemahanga Rocks in southern Hawke’s Bay

have yielded foraminiferal ages of Albian age
（Moore eとα7．1987）．

In this paper，We describe Radiolaria from

the Lottin Point area which complement and re－

finetheagedeterm叫ionsofStrong（1980）and
discusstheir tectonic slgnificance．

LITHOLOGY

LithologlCaldescriptions mainly follow those of

Rutherford（1980），but have been supplemented

with observations by the authors．

lgneous rocks

Extrusiverocksconsist ofaugitebasaltand（in

thewesterPPartOftheareashowninFig・2）of
minor plaglOClase megaphyric basalt．These rock
types are mainlyln the form of pillowlavas and

pillow breccias，butinclude some　叩aSSivelavas．

The feldspar－Phyric basalts are often amygdaloidal

and are sometimes oxidized to red colours．

Foliated basaltis present SE of the tip of Cape

Runaway（Rutherford1980，Fig．2－6a）and may
represent anearly shear zone．

Intrusive rocksinclude basaltic dikes，dolerite

sills，dikes and subvoIcanic masses，gabbrointru－

Sions and　minor alknlineintrusions，Particularly
represented by the pICrite－teSCheniteTdoleriteintru－

sions southofLottinPoint（Fig3）．

Theigneous rocks have a predominantlylow，

K tholeiitic chemistry，but there are　minor alka－

line components．The rocks have been affected by

sub－SeametamOrPhism，mOStlyof zeolitefacies but

locally grading tolow－gTade greenschist facies

（Rutherford1980）・This situatfonis similar to
thatin the Tangihua voIcanlCS Of Northland
（Malpas et al．1992）．Rutherford（1980）interprets
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Fig．3　Radioiarian fossillocalities south of Lottin Point（forlocation see Fig．2）．Map based on Rutherford
（1980）．Numbers pre－fixed with“f’’are New Zealand fossilrecord numbers referenced to thel：50，000S260series

map sheet Y14．

the Matakaoa voIcanics as a product of voIcanism

at amid－OCeanic spreading centre with somelater
addition of seamount voIcanism．

Sedimentary rocks

Vari－COloured argi11aceous，tuffaceous and
Cherty rocks，and conspICuOuSlimestonelenses pre－

dominate．The argillaceous rocksinclude red
mudstone，purPle－marOOn mudstone，manganiferous

Shale，and grey－gTeen mudstone．There arelenses

and thinlayers of red，green and yellow chert．

Thelimestones are usually　micritic and pink to

greyln COlour．Some display mm－SCale pseudo－

bedding”formed by closely spaced stylolite sur－

faces which produce open kink folds associated

with carbonate veining．Rutherford（1980）inter－
PretS allof these rocks as deep sea sediments．

At threelocalitiesin the Lottin Point area and

at one on the west coast south of Cape RunaWay

localities（Rutherford1980，P．27），there are
gTey，Wellindurated moderately to poorly sorted，

fine一grained quartzo－feldspathic sandstones，POSSi－

bly derived from a cratonic source（Rutherford

1980；SeealsoFig．5，thispaper）．

Mineralisation

The Matakaoa VoIcanics contain a number of

localities with manganese or sulphide type

mineralisation（Rutherford1980；Pirajno1980）．

Overa＝distribution of rock types

In the section from Cape Runaway to Lottin

Point，Sedimentarylayersintercalated with theig－

neous rocks are commOP（Rutherford1980）・In
COntraSt tO this，the sectlOn tO the east of Lottin

Point contains only a few seams of sediments

（Gifford1970）and consists dominantly of pillow
lavas and some gabbros，With a considerable vol－

ume Of basalt／dolerite breccia at the eastern end．

STRUCTURE

Tectonic settlng

The Matakaoa VoIcanics are preservedin two

massifs，a nOrthern，E－W elongated body stretch－
1ng from Cape RunaWay tO Mataknoa Point

（Mangaroa Range of Strong1980），and a south－

ernbody，locatedsouthofHicksBay（Pukearparu
Range ofStrong1980），WhichismoreisometrlCln
plan（Fig．1）．Itislikely that the two massifs

are．part of a formerly continuous body（e・g・
PiraJnO1980），nOWSeP竺ratedbyanE－Wtrending
graben filled by CenozoIC Sediments（Wharekahika
Graben ofKingma1974）．The E－W elongation of

the northern massif represents a pre－AIpine Fault
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structuraltrend，Whichisin contrast to the perva－
sive rotation to NE－trendsin the rest of the East

Coast Deformed Belt（Lamb1988；Mumme et al．

1989）．

The massifs structurally overlie a complex as－

semblageofCretaceousandearlyTertiarysedimen－

tary rocks（Fig．1），With which they form the

East Coast Allochthon of Moore（1985）．　The

allochthonous sediments in turn overlie the

COmPlexly deformed but presumably autochthonous

gTeyWaCke basement（Torlesse of older authors，

MataRiverterrane ofAita＆Sp6rli1992）．

The fossillocalities relevant to this paper

（Figs．2，3　and　4）arein the northern massif

（MangarOa Range）・The western and eastern
terminatlOnS Of this massif seem to be purely

erosional．The northern and southern edges，how－

ever，have more structural slgnificance，the south二

ern edge probably being mostly formed bylate

extensional faults，Whereas the northern edg・e may

be parallelto a rather short，Shallow，E－W trend－
1ng and north－dipplng rOOt a Short distance off－

shoreofthepresent coast（Gillies1983）．

Largescaleinternalstructureofthenorthernmassif

Ingeneral，attitudesof pillowlayerlngandbedL

dinginintercalatedsedimentsaresteep（60O tover－

ticaland80D？Verturned，With a few400dips）・
YoungingdirectlOnS（mainlybasedonpillow struc－

tures）are to the N or NE，eVenif thelayering

is dipplng SOuth．This overall younglng tO the

north appears to be supported by the age of the

fossils（Fig．2）．The main sections of overturned

layerinざarealongthenorthcpast（Fig・2）・Itis
interestlng that such overturnlnglS also seen at

RedIsland，SOuthern Hawke’s Bay（Moore et al．

1987）・Whetherthisisofr頭Onalsignificance．or
is purely a coincidence requlreS furtherinvestlga－
tion．

We have constructed formlines（Fig．2）based
on sedimentary and pillowlavalayerlng from the

mapsofRutherford（1980）．The main strike trend

is ENE to NE，distinctly discordant to the north－
ern and southern boundaries of　the massif．　A

maJOrSWingtoNW－SEstrikesoccurs atthewest－
ern end，in the peninsulaincorporating Cape

Runaway．

The changesin strikeindicate the presence of

large scale，SteePly plunglng folds with approxi－

mately north－SOuth trending，SteeP aXial planes

（Fig・2）・Forexample，alargescalesyncline／aり－
ticlinecouplewithawavelength of about2kmlS

PreSent between Cape RunaWay and Tahurua

Point．The syncline，Whichliesin the west，has

the shape ofa chevronfold．The anticline，aS eX－

posed，isalmostisoclinal，POSSiblyrepresentlngthe

Pinched coreofaflexuralslipfold．Kink－1ike km－

scale chevron folds（an anticline－SyCline couple）

Can also be detected between the two radiolarian

fossillocalitiesm（Fig．2）．
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In severalareas，the formlines reveal maJOr

discordancesin strike trends．These probably rep－

resent shear surfaces accommodating disharmonic

movement，Where a certain amount of decollement

has taken place．The association of chevron and

isoclinalfolds with decollementsindicates an over－

allreglme Of flexural slip or parallel folding for

these steeply plunglng folds．Asymmetry of the

foldsis mostly dextral．

Within the overall formline pattern，there ap－

Pear tO be atleast three areas with patterns of

Straight，parallel formlines．A southeastern
Straight section strikes out to sea on the eastT
facingcoast south of Midway Point（SSSin Fig．
2）．Amiddlestraight section（MSSin Fig．2）in－
tersects the coast halfway between Potikirua Point

and Lottin Point．A western straight section
（WSSin Fig．2）is represented by the NW－
trendingstructure of the CapeRunaway peninsula．

Taking account of the the changesin dip

acrossthestrike（BuskcoTStruCtion，forexample
seeBadgley1959）thefollowlngthicknessesareob－
tained for the three areas of straightlayerlng：
southeastern straight section，2．9　km；middle
Straight section，3．6km；Cape Runaway，3．9km．

In two of the straight sections，thereis a ten－
dency for dips to shallow fromthe north tothe

south（verticalto400inthe Lottin Point cross sec－

tion；660　to520in the Cape Runaway section）．

In all three straight sections，there arelocal

Changes．indip（includingdip reversals）with no
changeln Strike．Thisindicatesthe presence of
folds with subhorizontal axes which，because of

theirgeometry，muStrepreSentaPhaseofdeforma－

tion different from that producing the steeply

plunglngfoldsdescribedearlier．Theformlinepat－

tern glVeS nOindication about the relative age of

the steeplyplunglngand thehorizontalfolds．

Structure at the fossillocalities

South of Lottin Point：（Figs．2and3）：The rocks

here are strike NE to ENE and are part ofthe

eastern flank of a relatively maJOr Steeply plung－

ingkink fold（see Fig．2）．If the younging from
pillowlavas can be transferred to the sedimentary

rocks，the whole sectionis overturned，With dips

ranging down to450（theinverted sequence of
basalt／chert／mudstone and sandstoneln Fig．5

may be a disrupted stratlgraphic section，COnfim－

ingthisoverturning）．InthisarPa，therearerela－

tively regular alternations of zones of highdefor－
mation with dominant sedimentary rocks and

zones dominated by erosion－reSistantlgneOuS

rocks（Fig．3）．

A typicalcontactbetweenlgneOuS and sedimen－

tary rocksis shownin Fig．5．The sedimentary

rocks show aninitial（PhaseI）disruptioninto a

meange，indicating west－OVer－eaSt Shear（in the

PreSentOrientation）followedbyeaet－OVer－WeStdex－
tralfolding（depending on whereln this sequence
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Fig・4　Western radiolarian fossillocalities（forlocation see Fig．2）．Map based on Rutherford（1980）．
Numbers prefixed with“f”are New Zealand fossilrecord numbers referenced to thel：50，000S260series map

Sheet Y14・Note dextral vergence of northern steeply plunglng fold・Strike and dip measurements were taken
from sedimentarylayerlng．Dashedlines are faults．

the steepenlng and overturnlng Of thelayers fits

in，thisis phase＿II（asindicatedin Fig．5）or

PhaseIII（see Fig．8））．Extensionalfaults（phase

IV）are thelatest structures seen at thislocality．

They are equlValent to thelarger scale cross

faults seenin Figs．3and4．

Smaller scale structures are represented by the

limestone sample shownin Fig．6．An early，SteeP

PreSSure－SOlution cleavage，Subparallelto thelarge

SCalelithologlCallayerlng，hasbeenfoldedinto dex－

tral folds，PrObably corresponding to PhaseIIin

Fig．5．Subsequent development of carbonate filled

JOlntS Parallelandpperpendicular to the axialplane

Ofthe F2folds（AB and ACjoints）indicates up－

lift and／or hydrofracturing with highfluid pres－
SureS　under approximately the same reglme Of

Shortening that produced the dextralfolds．

Western RadiolarianJocalities（Fig．4）：This area
Shows the same disruptlOn Within the alternating

Sedimentary andigneous rocks as at Lottin Point．

Relativelylarge steeply plunging folds（several
tens of metres half wavelength）Were already

fnaPPedbyRutherford（1980）・Thenorthern fold
ln Fig．4　clearly shows dextral vergence，has a

Similar axialorientation and therefore can proba－
bly be correlated with the dextral folding（phase

II）spen at Lottin Point・Late cross－faults are
PrOmnentin this section．

RAD10LARIAN FAUNAS

Material and methods

Twenty nine samples of chert，limestone and
shale were collected from two areas south and

WeSt reSPeCtively of Lottin Point（Figs．3and4）．
Radiolarians were extracted from cherts and

Shales bysoaking samplesin dilute HF acid（3to

5％）for24hours．Limestone samples were broken

intoI cm pieces and dissoIvedin diluted HCl（5

to10％）With a smallamount of hydrogen perox－

ide（10％）・Residueswere．washedovera63〃m
mesh sieve．After examinlng dried residues，Se－

lected samples were picked for study by stereo

andscannlngelectronmicroscope．Five chert sam－
Ples wereproductive．These are discussed below．

Faunas and estimated ages

In the area2km directly south of Lottin Point

（Fig．3），threechert samples collected from within

red and green argi11ite matrix associated with

Shearedigneous rocks yielded moderately wellto

POOrly－preSerVed radiolarians aslistedin Tablel．
The most diverse and abundant fauna WaS Ob＿

tained from sample LO9（New Zealand Fossil

Record Number（N．Z．F．R．N．hereafter）Y14／f
135）which was taken from a small green chert

lens15cmlong．The fauna（Platesl and2）is

Characterised by abundant nassellarians such as

AJγpん如才血£虎OC毎励ZcんoJ元とrαα町mbαわ5，かわー

tyoTT元traspp．and　77LeOCq）SOTTWul Spp．Common

SPumellarians include SbJloqphaera pusilla，
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ATTPhiq）haera pnuus，　and rare Lithome如Ius
mendosa（Platel，Figs．5，6andl）．In terms of

faunal composition，this faunais very similar to
thelate Maastrichtian assemblages from Amuri

Limestone Groupin eastern Marlborough，South
Island，New Zealand（Hollis1993）．Samples LO9

andSampleLO4（N．Z．F．R．N．Y14／f133）canbe
COrrelated withlate Campanian to Maastrichtian

Lithomelissa？hQPlitesZone of Hollis（1993）based

On the presence of L．？hqplites and the absence

Of Paleoceneindex species．Hollis’s study showed

that many Cretaceous species range to Paleocene，

makingit difficult to distinguish Late Cretaceous

from Early Paleocene assemblages．Althoughit
was earlier suggested（Aita＆Sporli，1992）that
the Lottin Point green chert may be of Early

Paleocene age，based on the presence of

Stylo箪haera goruna，Subsequent detailed study

COuld not confirm the presence of this species．

The absence of DictyoTTdtra duodeciTTWOStata，

whichispresentinsampleLO26（seebelow），indi－

CateS that the age of these samples is

Maastrichtian（upper part of ATTP加わ′n血x

tylotus ZoneofForePan1977）・
The assemblageln SamPle LO7（N．Z．F．R．N．

Y14／f134）ismeagreandoflowdiversity．Itcon－
tained ATTPh如ndax stochi，DictyoTTdtra multi－
COStata and forms ofthe　77LeOCq〕SOTnma COTTyS

group．This faunais considered to be of a very

Similar age to that describedin the previous para－
graph．

The other fossillocalitieslie　4　km west of

Lottin Point（Figs．2and4）．Two red chert sam－

Plesyieldedpoorlypreservedradiolariansoflowdi－

VerSity．Faunasin samples LO26　and LO29

（N．Z．F．R．N．Y14／f136　＆　f137），COnSist pre－

dominantly of ATTPhipy71血x stochi and Dicty0－
mitra spp．and　77LeOCqPSOmma SPp．The pres－

ence of DictyoTTdtra duodecimcostata s．S．indi－

CateS a Campanian to Early Maastrichtian age

（Foreman1977，1978）．

Overall faunal similarities between the Lottin

Point chert samples and those obtained from sili－

ceouslimestonesin Marlborough（Hollis1993）are
Striking．ATTPh如nddxlylotus Foreman has
never been recordedin assemblages of East

Cape，nOrin assemblages of thelatest Cretaceous

of Marlborough（Hollis1993），at DSDP site275
near New Zealand（Pessagno1974），Or at ODP
sites　698A and　700Bin the subantarctic South

Atlantic（Ling1991）．A slngle record of A．
tylotusin relatively highsouthernlatitude was re－
portedby Ballance et al．（1989）in a dredge sam－

ple from the Tonga Trench（420Sin pale0－

1atitude）althoughnoillustrations weregiven．It
seems that thelate Cretaceous LottinPoint faunas

may have also orlginatedin southern highlati－
tudes．Thisis compatible with the fact thatlow

latitude species such as Alieuium andIbeudo－

aulQPhacus（Empson－Morin1984）were not ob－
SerVed from the Lottin Point samples．

’Itis noteworthy that commOn CbrTuLtella

CalUbrTdca and助thrQPyramis sp．are presentin
the assemblage of sample L09．Both genera are
known as having a cosmopolitan and deep water

dwellingdistribution（Casey1971）．



122 K．B．Sp6rli＆Y．Aita

TabJel Occurrence of Late Cretaceous radiolarians from cherts within the Matakaoa VoIcanics south and west
Lottin Point，East Cape．

Sam pleS LO 4 LO 7 LO 9 LO 26 LO 29
N ew ZeaIand FossilRecord Num ber Y14／f133 Y14／f134 Y 14／f135 Y 14／f136 Y14／†137
＿LithoIo竺担S maroonchongroonchortgroonchort red chert red chert
Abundance；F：few ，R：rare，C：COm m On，A：abundant F R A R C
Preservation；P：POOr，M ：mOderate P P ・ M P P

些型thocircusel坦些些＿（Cam pbelI＆Clark） X
Am p些担ae【aPrivus（Forem an） － X
Am phisphaera sp． X ×
Lithom eSPHus m endosa （Krasheninnikov） X X ×
Phaseliform a sp． X X
Protoxiphotractus sp． × × X
SpongoSaturnalis sp． X 一

Sty10SPhaera ？pus川a Cam pberl＆Clark X X X
Sty10SPhaera sp． ×
AQ］Phipyn些XStO石打（Cam pbell＆CIark） X × X ×
Am phipyndax s匹＿－＿＿ X × X 　　　　　　　　」 X
Archaeodictyom itra sp． X X
Bathropyr竺mis sp・ ×
Calo嬰 as？sp． X
Cornute a californica C am pbeH＆CJark X
Dictyom it竺旦nd9rSOni（C寧m Pbeリ＆Ctark） × ×
Dictyom itra＿些Odec些 OStata S・S・（SquinaboI） X
Dicty9叩itra m ulticostata Zittelgro岬 X X × ×
Dictyom itra spp． X X × X X
Ectonocorys？sp． X
Lithoc至聖些j P・ X X
Lithom e jssa？aff．am azon Forem an X
Lithom e issa？heros Cam pbe11＆CIark ×
Lithom e issa？hoplites Forem an X X
Lithom e issa ？sp． X ×
Lophophaena sp．A X X
山＋ita regina （Cam pbe‖＆Clark） X
両yHocercion cf・aCineton Forem an X X ×
Neosciadiocapsa sp． ×
Schade fusslerus cf．echtus Em pson－Morin X
Schade fussIerus spp． X × X
5tChom tra asym batos Forem an X X
St6hom tra aff．m arinae （Gorbovetz） X
盲tChom tra warzigata （Em pson－M orin） ：く －

－盲tChom tra sp．B ofDum itrica X
一豆tChom tra SPP・ X × X

Theocam pe altam ontensis（Cam pbell＆CIark） 文 ×
Theocam pe cf三石nderhooi（Cam pbell＆CIark） X
Theocam pe spp． X

Theocapsom m a am phora（Cam pbell＆CIark） X

Theocapsom m a com ys Forem an group X × ×
－

×
而eoc云psom m a erdnussa （Em pson－Morin） X

Theocapsom m a spp． X X X X



LateCretaceous Radiolaria from Matakaoa VoIcanics

Fig．6　Deformation shown in a hand specimen of
red micriticlimestone，SOuth of Lottin Point（co1－
1ected near fossillocality f135，Fig．3），Shownin an
Oriented，Slabbed specimcn．A subvertica1，mm－SpaCed
pressure solution cleavage（Sl）associated with or－
thogonal carbonate veins（Vl and Vl’）has been

folded by dextral folds（F2）．S2is the axialsurface of

the F2　folds butis not developedin the form of any
Cleavage surface．Another orthogonal carbonate

Vein system andisolated S3　preSSure SOlutions surT

faces subsequently formed approximately in the
AB，ACandBC joiptoriqntatlOnOf the F2folds（se－
quence of deformatlOnSISillustratedin schematic

block diagrams at top of figure）．

DISCUSSl0N

fmpllCation of rock types

The western part ofthe Mangaroa Range con－

Sists of pillowlavas，basaltic flows，SOme dole－

rites，Withminor gabbro and swarms of dikes．
Zones of sheared sedimentary rocks are present

throughOut the area．The－VOIcanics are all consid－
ered to be of ocean floor derivation（Rutherford

1980），the majority having been generated at a

SPreadingridge，Withminor alkaline rocks attrib－
uted to seamount VOIcanism．From the rock de－

SCrlPtions，itis clearthat thelevels of oceanic

CruStrepreSentedin the Mangaroa Range must be
the uppermost twolayers（seismiclayersl and

2A，See Hussong et al．1979；White et al．1992）ノ．
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Minorlayer2B mav be represented by some of

the dolerites．Possibly，mOre Oflayer2Bis present

at theeasternendofthe Mangaroa Range．

Large scale structure

The structuralstyle ofthe Matakaoa VoIcanics
differs from that of the Tangihua VoIcanicsin

NorthlandinthattheattitudeoflayerlnglS Slgnifi－

Cantly steeper and thatlarge scale steeply plung－

lngdisharmonic folds are present．

Because of the steep dips and　the uniform

younglng direction，the formline pattern between

Cape Runaway and Midway Point（excepting the
SOutheastern straight section（SSS）withitslow
dips）canbeviewedmore？rlessasastructural

PrOfileofthesteeplyplunglngStruCtureS（Fig・2）・
Because of the absence of younglngindicators，it

is not certain whether the southeastern straight
SeCtion（SSS，Fig．2）can simply be regarded as

aportion ofsuchastructuralprofile or has to be

excluded，becauseitis the southeast flank of a

Subhorizontalanticline，rePeatlng the sequence fur－

ther to the NW by folding along this anticline

Which would have an axial trace trending NE

throughMidwayPoint（Fig．2）．
There are atleast two possibleinterpretations

Of the structural profile for the steeply plumglng

structures（Fig．7）：

The conservatiYeintepretation（Fig・7A）re一

gards thechangeln Strike between Cape RunaWay

andtherestofthemassifasthemaJOr foldstruc－

turein the area，in the form of a kink fold，With

the disharmonic steeply plunglng foldsin the north

representinggeometricadjustmentsduringthisfold－

1ng．Ifahypotheticaladditionalfoldisintroduced

2kmwestofPotikiruaPoint（Loc．M，Fig．7），tO
keepinferred thicknesses to aminimum，the　thick－

ness oflayer　2B materialinvoIvedin the whole

StruCture WOuld be aboutlO．2km（allowing for
an average dip of600）．Shortening would be only
about4．8km or11％．

In such a structuralinterpretatioIl，the Cre－

taceous radiolarian fossil localities and the

Cretaceous foramlocality wouldlie approximately

at the same structural（or even stratigraphic）

level，While the Paleocene foramlocalities would

be positioned about3kmhigher．
The radicaJinterpretation（Fig．7B）is one of

dextral shear，PrOducingimbricated shortening

StruCtureSanalogoustothrustsheets．Suchastruc－

ture would be compatible with・the tight dextral
SteePly plunglng fold at A east of Potikirua Point

in Fig．2（see also Rutherford1980）．A semi－
balanced section（Fig．7B）indicates that the

lithologlCalcolumninvoIved would be about9．4km

thick（allowingforanaveragedipof60ミ），eXClud－

lng the southeastern straight section．There are
two maJOr fault surfaces，OneJuSt eaSt Of
PotikiruaPoint and the otherjust east of Midway
Point．A　minor decollementlies near the western
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CONSERV JHVE RECONSTRUCT10N
NOTE：THESEARE
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Fig・7　Twopossible map sketch rec？nStruCtions ofthe formline patterns ofsteeply plunglng folds・Both are
semi－balanced．HypotheticalmarkerslnCludingthe fossillocalities are shown　戸一SOlid black or．with patterns
（K＝Cretaceous，P＝Paleocene）．Straightlines withdouble arrowsindicatelocatlOn Ofthickness estlmateS，thick－

nessesindicated are corrected for an average600dip・Dottedline traces outline of the Matakaoa outcrop
within the Mangaroa Masssif；reCtanglelS frame ofFig・2・（Ⅹ）－marksinB、yereuSedtoestimate shorten－

1ng・M＝locality where hypothetical fold was added to obtain estimate ofminlmalthickness・

radiolarianlocalities．Totalshorteningin this pro－
file would be about38km（or60％）．At present

it cannot be determined whether these shortening

structures were formed as dip slip west－OVer－eaSt

thrusts before tilting of the sequence to steep

dips，Or Whether they were formed as dextral

strikeslipstructuresaftersteepening（seebelow）．

Inthisreconstruction，the Paleoceneforamlo－

Calities and thelate Cretaceous radiolarianlocali－

ties would have been approximately atthe same

level beforeimbrication，While the Cretaceous

foramlocalitylayabout3kmlowerinthe section

andnowwouldbepositionedinthecoreofahang－

lng Wallanticline over a ramp・Thisimplies that

in this case，iso－ChronologlCal surfaces would be

Oblique tolithologlCallayerlng，a Situation which

COuldbeexpectedinrocksformedonamovlngOCe－

anic plate．Since the upper marker horizonin

Fig．7B would become younger tOWards the west，

the western parts of the Mangaroa massif would

have been closer to the generating spreading ridge

than the eastern parts．

Itisinterestlng tO nOte that thereis only

aboutl km difference between thicknesses esti－

matedin the two reconstructions．In the future，

it should be possible to considerably refine these

reconstructions and to establish their relative

merit，Withfurthercollection ofmiCrofossils and
StruCturalanalysIS．
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Fig8　Schematicrepresentation ofstructuralsequence at Lottin Point・”D6collement”referstolarge scale，nOW

霊監禁笥三富eS肝等霊器1：fF莞霊鴇たreSu霊芝rr芯Sl器等㍑e認慧誤認豊霊需霊指
the entire massif．
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Deformationalsequence

Structural analysIS has not progressed far

enoughto arrive at a unlque mOVQment SequenCe
for the Matakaoa VoIcanics．However，tWO POSSi－
ble sequences of events for the Lottin Point

チrea（Fig・8）cangiveanindicationofthespenar－
10S that may beinvoIved・If the overturnlngln
this areais reversed，the phaseI broken forma－

tionshearindicateseast－OVer－WeStm？Vement（Fig・
8，Nol）．Pressuresolutioncleavageslnlimestones

（seeFig・6）maybepart of the same deformチー
tion．Timing ofthe steepenlng and overturnlngln

relationto thesteeplyplunglngdextralfoldsis un－

Certain．If the overturnlng POStdates dextral fold－

lng，thelatterorlglnally represented west－0Ver－eaSt

thrusting（Fig．8A，No．3）；if overturnlng tOOk
Place earlier，the dextralfolds probably orlglnated

inadextralstrikeslipregime（Fig．8B）．
Any general emplacement model for the

Matakaoa VoIcanics would requlre SOme OVer－

thrustlngfromthe north．The only structures that

could be related to such an event would be those

belonglng tO the steepenlng and overturnlng Phase

一一（Fig．8A，No．3；Fig．8B，No．2），Since they are

the only structuresindicatlng maJOr folds with E－

W trending horizontalaxes．However，because of

thenorthwardyounglngand overturnlng along the

northern rim of the Mangaroa Massif（Fig．2），

thesenseofmov？ment（southovernorth）implied
by this geometrylS OPPOSite to what would be ex－

PeCted，unless the whole of the massifisinter＝

Preted as onegiant overturnedlimb of an even

larger south and downward facing recumbent fold

（whichisunlikely，COnSideringthelO km thickness
of the section）．Alternatively，these structures

POuldrepresentbackthrusting（ov．eraramp？）dur－

lng SOuthward emplacement．

AccordingFig．8A，thelarge folds，Which now
Plunge steeply would have origlnated as structures

with subhorizontalaxes（thrust sheetsin the radi－

Calreconstruction of Fig．7）．　According to Fig．

8B，these structures could have formedin a strike－

Slip reglme Without necesslty Of vertically stacking

large thicknesses of rocks．The model of Fig．8A

WOuldinVoIvelowanglethrustingmovements para1－

1el tothe continental margln，Whereas the model

in Fig．8Bimplies dextral strike－Slip parallel to

this margln．

At the moment thereis no way to determine
Which of the two versions of structural sequence

is more correct．However，the sequence of Fig．

8B seems fractionally morelikely，becauseit does

not requlre that a great thickness of rock has to

be stacked vertically．　Such vertical stacking

Should have caused noticeable gradients in

metamorpISm andintensity of deformation，Which

CannOt be detectedin the massif．AIso，late dex－

tral strike－Slip would be more compatible with

events taking place along the margln Of the New

Zealandmicrocontinent at that time．Such strike－

Slip could be an expression of movement on the

VeningMeineszFracturezone（Fig．1A and Sporli

＆Ballance1989），a fundamental tectonic feature

inthe development of that margln．

It should be noted that thereis actually a

third possible sequence of events．Itinvolves

SteePenlng aS the first phase，followed by

lozenglngin a sinistral strike slip reglme and

turn dextral strike－Slip shearlng．Any early

SteePenlng WOuldindicate that the Matakaoa

VoIcanics were part of a persistent strikr slip

fault zone which may have first acted as a

sinistral slip（dextral offset）transform fault on

the ocean floor and subsequently as a dextral

Strike slip fault，aSit becameincorporatedinto

the continental margln．However，thereis as yet

nodetailedinformationonwhetherparticularstruc－

turesin the Matakaoa VoIcanics were formed on

theoceanfloororlater（eitherduringorafter em－

PlacementoftheMatakaoaVoIcanics onto theconT
tinentalmargin）．

Both reconstructions of the overallgeometry of

thewesternMangaroaRange（Fig．7）arecompati－
ble with the three movement sequences discussed

above．

Signifjcance of thickness of voJcanics．

The straight sequencesin the Mangaroa Range
COrreSpOnding tolayer　2A are thick compared

WiththeO．34kmthickness of thatlayerin normal
Pacific Basin crust or thel．3　to1．5　km thickness

in the oceanic plateaux（Hussong et al．1979）．1f

we addlayer2B（dolerites）from Hussong et al．

（1979）to the comparison，theinterva12A／2B
from the Pacific Basin becomes1．2　km and that

from the plateaux　4　to　4．6　km．Thicknesses of
Matakaoa VoIcanics straight sequences then are
Of the same order of magnitude as those of the

OCeanicplateaux，but thelO km or so totalthick－

nesses for the Matakaoa VoIcanics estimated from

the reconstructions（Fig．7）are muchlarger than

any of those of the plateaux．Rather，they are

On thesame order of magnitude as geophysicales－

timates of thickness of the entire oceanic crust

（White et al．1992），Whichindicates that there
must be much tectonic repetition within the

Matakaoa VoIcanicsin addition to those that we

have describedin this paper．These repetitions

may eventually be revealed by closer sampling for
miCrofossils．
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Platel

Scanningelectronmicrographs oflatestCretaceous（Maastrichtian）radiolaria聖S
from green chert at south of Lottin Point，East Cape，New Zealand．Allspec1－
mens are from sample LO9（New Zealand FossilRecord Number Y14／f135）．

Scale bar＝100iLm Onleft upper corner applies to allother specimens without

SCalebar．Fourdigitnumberidentifies specimensinY．A．collection．

1．LithoTTWq）ilusmeTulosa（Krasheninnikov）
LO9，8603．

2．A〝軍最甲んαerαSp．
LO9，8604．

3．5秒わ印加erαSp．
LO9，8608．

4．舟0わ両地0とrαC比はSp．
LO9，8609．

5－6．ATTPh毎フhaerapriuus（Foreman）
5：LO9，8611；6：LO9，8610．

7，12．DictyoTrdtraaTuおrsoTd（Campbell＆Clark）
7：LO9，8598；12：LO9，8770，SCale bar＝100FLm．

8－9．ATTPhbyn血stochi（Campbell＆Clark）
8：LO9，8786；9：LO9，8593．

10．StichoTTdtraa町mbatosForeman
LO9，8596．

11．StichoTTdtrawarZ密ata（Empson－Morin）
LO9，8778，SCale ba＝100FLm．

13．StichoTTdtraaff．marinae（Gorbovetze）
LO9，8765，SCale bar＝100FLm．

14．StichoTTdtrasp．BofDumitrica（1973）
LO9，8734，SCale bar＝100FLm．

15－16．由icんoJ痛打αSp．
15：LO9，8762；16：LO9，8597．
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Plate2

ScanningelectronmicrographsoflatestCretaceous（Maastrichtian）radiolaria竺S
fromgreen chert at southof Lottin Point，East Cape，New Zealand．Allspec1－
mensare from sample LO9（New Zealand Fossil Record Number Y14／f135）．

Scalebar＝100FLmOnright upper corner applies to allother specimens without

SCalebar．Fourdigitnumberidentifies specimensinY．A．collection．

1．LithoTnelissa？hqplitesForeman

LO9，8789，SCale bar＝100FLm．

2．meocaTTPealtaTnOnteTWis（Campbell＆Clark）
LO9，8733．

3．Lithomelissa？herosCamPbell＆Clark

LO9，8616．

4．庇われOCOrツ8？sp．
LO9，8618．

5．meocaTTPeCf．uandbT・hooi（Campbell＆Clark）
LO9，8752．

6．meocα〝peSp．

LO9，8613．

7－8．物Ilocercioncf．aciTWtOnForeman
7：LO9，8751；8：LO9，8753．

9．meoc呼SOTTWTuXeT・Cktussa（Empson－Morin）
LO9，8743，SCalebar＝100FLm．

10．以oq′Cαぶ？sp．
LO9，8745．

11．放たα（お恥ざねru8Sp．
LO9，8749．

12．Schah拘ssleruscf．echtusEmpson－Morin
LO9，8747．

13．乃eoc呼SOTTmaT7Phora（Campbell＆Clark）

LO9，8736，SCalebar＝100pm．

14．unnamed nassellaria

LO9，8748．

15－16．刀はOC昭）80汀首相αSp．

15：LO9，8750；16：LO9，8742．
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Plate3

Scannlngelectronmicrographs ofLateCretaceousradiolarians from chert at west

Of Lottin Point，East Cape，New Zealand．All specimens are from sample LO29
（New Zealand FossilRecordNumber Y14／f137）exceptthe specimen of figure4
fromLO9（NewZealandFossilRecord Number Y14／f135）．Scalebar＝100FLm

Onleftupper corner applies to allother specimens without scale bar．Four digit

numberidentifies specimensinY．A．collection．

1－2．ATrP極め′nhxstochi（Campbell＆Clark）
1，2：LO29，8842，8845．

3．A〝pん如血sp．
LO29，8844．

4．エ（p九叩九αenαSpA．

LO9，8754，SCale bar＝100FLm．

5．Arc／氾eO（滋Cり′OJ元とrαSp．

LO29，8856．

6－7．DictyoTTdtramulticostata（Zittel）group

6：LO29，8853；7：LO29，8887．

8．DictyoTTitraandbrsoni（Campbell＆Clark）

LO29，8854．

9．段icんoJ元frαSp．

LO29，8875，SCale bar＝100iLm．

10．771eOCaTTPeallaTTu）nteTWis（Campbell＆Clark）
LO29，8884，SCale bar＝100pm．

11．放たα滋拘88Jeru8Sp．
LO29，8883，SCale bar＝100FLm．

12．5ぬたomかαSp．

LO29，8877．

13－14．かicb′OJdとrαSp．

13，14：LO29，8886，8858．
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