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Stratigraphy of the Neogene marine sequence to the east

Of Dannevirke，SOuthern Hawke’s Bay，New Zealand

NoboruFUJIIl，TetsuyukiYAMAMOTO2andNobuakiNIITSUMA3

Abstract Afieldsurvey documentedthelithostratlgraPhyand sampled for biostratlgraphic，

Paleomagnetic andisotoplC analyses of sedimentary sections to the east of Dannevirke，

SouthernHawke’sBay，New Zealand．The studied marine sequence was depositedin the

forearc basin along the HikurangiTrench from thelate Miocene to thelatest Pliocene．
The marine sequenceis dividedinto Moastone，Mapiri，Mangatoro，Pukerua，Te Aute，

Okarae，Kumeroa，and Mangatarata Formationsin ascending order．The sedimentary se－
quenceis cutinto spindle shape blocks by faults with rightlateralmovements．0Ⅹygen

and carbonisotopes of foraminiferal■teStSindicate that the sedimentary environment was

Shallow，Withrelativelyhighernear－bottomthansurfaceprlmaryprOduction．Adistincttec－
tonic event occurredin thelatest Pliocene，2．2Ma，reflectedin an angular unconformity
atthe base of the Kumeroa Formation and deformation of the formationimmediately
afterits deposition．The event rearranged theforearcbasinand terminatedthe deposition
Withinit．Theeventwas associated withvoIcanicactivity．

Key words：New Zealand，SOuthern Hawke’s Bay，Neogene forearc basin，COllision，Alpine

Fault，magnetOStratigraphy，biostratlgraphy，0Ⅹygenandcarbonisotopes

lNTRODUCT10N

New Zealand，Which comprlSeS tWO mainis－

lands，is situated on the boundary between the
Indian－Australian Plate and Pacific Plate．Itis as－

SOCiated with the Kermadec Trench system to the

north，and with　the Macquarie system to the

SOuth．Theislands were part of the Gondwana

Margln，but have been an accretionary complex

SincetheTriassic（SpGrli＆Ballance1989；Aita＆

Sp8rli1992；Pettinga1982），thus they are covered
with forearc and backarc marine sediments andis－

land arc voIcanics related to subduction tectonics．

The AIpine Fault and associated faults cut them
with a northeast strike and act as a transform

Plateboundary（Fig．1）．

The Chatham Riseis colliding with the South

Island，and the HikurangiTrenchis bending west－

Ward and closやg（e・g・，Allis1986）・The co1－
1isionalprocessIS reCOrdedin the sedimentary se－

quencedepositedontheforearcbasin，andthesedi－

ments are exposed on eastern part of the North

Island as result of the collisional process．
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Southern Hawke’s Bay province provides good ex－

posures of the Neogene marine sequences of the

forearc basin（e．g．，Suggate1978）．The area be－

tween east of Takapau and east of Dannevirke

wasselectedforthisstudy（Fig．1）．The purpose

Ofthisstudyistodescribe thegeologyofthesedi－

mentary sequences and the collisional process，

based on stratlgraPhic workin the field and

biostratigraphic and paleomagneticinvestigations

on the sediments．

The studied area has been mapped by the New

Zealand GeologlCalSurvey and oil companies，and

Lillie（1953）published his stratigraphic work with

a compilation of previously published and unpub－
lished data．There was some confusion about the

Stratlgraphic position of theintercalatedlime－

StOneS，eSPeCiallythe“Te－Autelimestone’’，and Beu

et al．（1980）re－eXamined thelimestones based on
molluscan biostratigraphy．

Magneto－bio－StratlgraPhic datum planes
have been established and compiled for the

Neogene sedimentary sequences of New Zealand

and core samples from the Deep Sea Drilling

lMitsuiMining＆Smelting Co．，Ltd．，2－1－1Nihonbashi－Muromachi，Chuo－ku，Tokyo，103Japan．
2NECInformation ServiceLtd．，1－4－28Mita，Minato－ku，Tokyo，108Japan．
3Instituteof Geosciences，ShizuokaUniversity，8360ya，Shizuoka，422Japan．
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1800　g

Fig．lIndex map of the study area．

Project（Edwards1987）．This study applied

the newly established datum planes directly

to the stratlgraPhic sequence and documents

the processes of subduction and collision

quantitatively．

The authors carried out the field survey

and samplingln the Dannevirke district dur－

lng the summers ofl981－1982，1983－1984and

1985，mOre than260days，and the totalnum－

ber of thecollected samples for magneto－bio－

Stratigraphic andisotopIC Studies are126

from successive stratlgraphic sequences and

81from sporadic exposures．

Topographic maps on the scalel：25000，

Which were used for the field work，Were

drawn with enlargement of thel：63360map

from the Lands and Survey Department，

and streamlineswereretraced uslng air pho－

tographs．

STRATIGRAPHY

The Neogene marine sequence of the

forearc basinin this areais composed of

SOft massive siltstone，Sandstone，and alter－

nating sandstone and siltstone．　This se－

quence contains several sedimen－tary CyCles

andis classifiedinto eight formations based

On these cycles：the Moastone，Maplri，
Mangatoro，Pukerua，Te Aute，Okarae，

Kumeroa and Mangatarata Formations，in

ascending order（Figs．2　and　3）．Coqulna
limestone beds，Which consist mainly of

indurated shell fragments，areintercalated
in the basal part of the sedimentary cycles．

Thelimestone beds form a dip－Slope on the
topography，Whichis traced easilyin the

field．Most of the formations were depos－
ited conform－ably upon each other，but the
base of the Kumeroa Formation overlies

unconformably the other formations．The

basement of the Neogene marine sedimentsis
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“Greywacke’’and Paleogene rocks，mOStly a pre－

Neogene accretionary complex．

The sedimentary sequenceis cut by northeast－

trending faults and dividedinto spindle－Shaped

blocks．The bedding planes generally dip north－

WeStWardin thefaulted blocks，and south－eaSt dip－

Plngis developed along the western marglnin
some faulted blocks．

Inthispaper，the authorsusethepreviouslyes－

tablished stratigraphic names of Lillie（1953）as

far as possible，and use new names only for the

units which are newly distinguishedlithologlCally

（Fig．4）．

1．“Greywacke”and PaIeogene Rocks

The term“Greywacke”has been used broadly

to describe the entireindurated accretionary com－

Plex presumed to be older than Cretaceous age．

In this district，the authors use the term for the

rocks which constitute the basement．of the

Neogene marine sequence．

“Greywacke’’is exposedin six areas alongthe

eastern marglnS Of faulted blocksin this district

（Fig．2）．The“Greywacke’’consists ofill－SOrted

massive hard dark－gTey Sandstone characterized

by rusty weathering and sheared slickenside．The

rocks are easily distinguished from Neogene ma－

rine sediments which unconformably cover them．

“Greywacke”is overlain unconformably with

‘‘Paleogene”（including early Miocene）dark一grey

rocks banded with pebblesin the Mangapurakau

Stream outcrop．　Most of the“Greywacke”and

the“Paleogene rocks’’are covered unconformably

by the MapiriFormationin the north，and by the
MangatOrO Formationin the centraland southern

PartS．

“Paleogene’’dark－gTey Siltstones with occasional

glauconitic sandstoneis exposed along the eastern
margln Of this district，and the contact with the

Neogenemarinesequenceisafault（Fig．2）．

2．Moastone Formation（new name）

Type Locality：AlongthePamanukaStream，a tribu－

tary of the MangapuakaStream．
Distribution：the Moastone Formationis exposed

alongthe northeasternmargln Of this district，and

the central part along the Mangapuaka Stream
and Pamanuka Stream．

Classification：The Moastone Formationis equlVa－

lent to thelowerpart of the“MapiriFormation’’

used by Lillie（1953）．　The name Moastone

FormationwasfirstusedbyFujii（1983ms）todis－

tinguishlithologlCal faciesin the“Mapiri For一

mation”．

Lithology：The Moastone Formation consists mainly

Of smooth dark－grey Sandy siltstone．0ccasional
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round andlenticular calcareous concretions up to

3　min diameter，and molluscan shells are com－

monlycontained（Photol）．Thesurfaceoftheout－

CrOPS are uSually weathered white tolight－grey．
Near the base of the formation，maSSive

Siltstone grades downward to sandstone with hard

shellylimestone beds（50cmmaximumthickness），
thelowest ofwhich contains pebbles ofhard sand－

StOne．The formationunCOnformably rests upon

Paleogene rocks．Sand plpeS PrOJeCtinginto the

Paleogene rocks are commOnly found at thelow－

est boundary ofthelimestone．

Thickness：The formation rangesin thickness from
200　to　600　m．It thickens to the north and at－

tainsits maximum thickness at the head of

NgahapeStream．

Relation：Theformationismostlyoverlainconforma－

bly by the Mapiri Formation and uncon－formably

by the Mangatoro Formation，and covers

Paleogenerocksand“Greywacke”withbasallime－

stone beds．

3．MapiriFormation

Type Locality：Mapiri Point in the Wairoa

Subdivision（Ongley1930），nOrthern Hawke’s Bay．

Typical exposures are developed at the head of

Whatatuna Streamin the middle to eastern part
Of the study area．

Distribution：The MapiriFormation crops outin the
SOutheast of Takapau，SOutheast of the Turiri

Rangeand alongthe MangapuakaStream．
Classification：The name MapIri Formation was

given by Ongley（1930）at Mapiri Point．In the
Dannevirke Subdivision，Lillie（1953）used the term

“Mapiri’’for the rocks approximately equlValent

tothe strata of the Tongaporutuan Stage．The
“Mapiri Formation”adopted by Lillie can be di－

videdinto alower massive siltstone facies and an

upper alternation facies．The term“Mapiri’’used

inthis paperis equlValent to the upper part of
the“MapiriFormation”ofLillie（1953）．

Lithology：TheMapiriFormation consists chiefly of
an alternation of pumiceous creamy grey siltstone

and fine一grained sandstone associated with fine－

gTainedtuffbeds（Photo2）．

In the southeast of Takapau，the formationis

distributed along the west side of the“Grey－

wacke”．Laminated fine sandstone with bands of

COnglomerate ranglngln thi止ness from20cm to

lOO cm occur at basal part of the formation．

Fragments of molluscs，lenticular calcareous con－

Cretions（20cm max車umthickness），and very
COarSe一grainedglauconltlC Sandstone are also asso－

Ciated withthe basal part．These rocks rest di－
rectly on“Greywacke’’and grade upinto siltstone

alternated with fine一grained sandstone and tuff

beds．The maximum thickness ofthe sandstonein

the alternation thins northward fromlOO cm to5
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Fig・2GeologlCmaPOfNeogenesedimentarysequencetotheeastofDannevirke，SOuthernHawke，sBay，New
Zealand．Fm：formation
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⊂＝コ　silLstone

［三三］tuffaceous siltstone

Eヨ　sandsヒone

匡ヨ　calcareous sandstone
臣ヨ1imestone
E∃　sandstone－Siltstone alter。ati。。
毒筆。当日 COnglomerate

∈≡∃　9

団

ユauconitic sandstone
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Cプロ　　Calcareous concretion
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Ftt faulL

F．　FormaHob

Fig・3　Schematic cross section of Neogene sedimentary sequence to the east of Dannevirke，SOuthern Hawke，s
Bay，New Zealand．

This Paper LillieH953）

言霊よ。霊等謡器は悪銭霹a睾a監霊禁S

In the southeast of the Turiri Range，the

Mapiri Formation consists of alternatlng Sand－
StOne and siltstone，and contains white tuff beds．

The siltstone of the alternationis creamy grey

medium－grained siltstone ranglngln thickness from
20cm tolOO cm．The maximumthickness of the

sandstone of the alternationis50cm．The thick－

ness of the tuff beds ranges from5　cm to200

cm．Gradingis presentin both the sandstone and

tuff beds．

At Mangapuaka Stream，the Mapiri Formation
COnSists main］y of very fine一gTained sandstone and

Sandstone－Siltstone alternations．　Fragments of

molluscs andlenticular calcareous concretions（20

cmin maximum thickness）are contained at the

base．

Thickness：The formation thickens northward and at＿

tains a maximumthickness of800m to the south＿

east of Takapau．

Relation：The basal conglomerate of the Mapiri
Formation rests unconformably on the‘‘Grey－

WaCke’’in the southeast ofTakapau，andits basal

facies changesinto the massive dark一grey Sandy

siltstone of the Moastone Formationin the east of

the Turiri Range and along the Mangapuaka
Stream．

The Mapiri Formationis overlain uncon－

formably by the Mangatoro and Kumeroa
Formations．Angular unconformities are observed

along the Turiri Range and at the head of the
Whatauna Stream．

4．Mangatoro Formation

Type Lo¢alitY：Opoiti Survey District of Wairoa

Subdivisionin northern Hawke’s Bay．Typicalex－

POSureS are developed along　the tributary of
Mangapuaka Stream to the south of Paeroa

Mount andthe Waikopiro Stream to the south of

RangltOtO Mountin the study area．
CIassification：The name Mangatoro was first used
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byLillie（1953）intheDannevirkeSubdivisiontore－

name the OpoitiFormation as defined by Ongley
（1930）．

Distribution：Theformationis exposed，Strikingln a

northeasterly direction，along the west side of the

Mapiri Formation，Moastone Formation and

“Greywacke”．

Lithology：The Mangatoro Formation consists of

light－grey fine一grained sandstone with occasional

lenticular calcareous concretions and thinlignlte

layers（Photo3）．The base of the formationis

marked bybands of shellylimestone or she11beds

ranglngin thickness from5cm to200cm．The

basallimestone and shellbeds contain pebbles and

granules of“Greywacke’’．

Thickness：The Mangatoro Formation rangesin
thickness from　30　m to　80　min the northern

area，and a maximum thickness of500　mis at－

tainedin outcrop at the Mangapuaka Stream・in
the southern part of the study area．

Relation：The formation unconformably overlies the

Moastone Formation，MapiriFormation，“Pa－leog

ene rocks”and“Greywacke”．Discordance of bed－

ding between the Mangatoro Formation and the

Mapiri Formation canbe clearly observed at the
head of the Whatatuna Stream and the Turiri

Range．

5．Pukerua Formation（new name）

Type L∝a‖ty：Tributary of the Mangapurakau

Stream at Pukerua，TuririRange．

Classification：The Pukerua Formationis approxi－

mately equlValent to thelower part of the“Te

Aute Formation”of Lillie（1953）．The name was

defined by Fujii（1985ms）based on the pr？SenCe
Of an unconformlty andlithologlCal changeln the

middle part of the“Te Aute Formation”，Where

itis equlValent to the base of the“Te Autelime－

stone’’of Lillie（1953）．In this paper，the

Pukerua Formation and the Te Aute Formation

are used for thelower and upper parts of the

“TeAuteFormation”ofLillie（1953），reSPeCtively．

Distribution：The formationis exposed，Striking

northeast，along theeast side of the Te Aute For一

mation．

Lithology：The Pukerua Formation consists of well－

SOrted smooth light－grey maSSive　micaceous
siltstone（Photo　4）．The siltstonein rarein－

StanCeS COntains small fragments of pumice and
calcareous concretions．　The concretions are

boulder－Sized and consist oflight－grey Siltstone．
Molluscs are few．Parallellamination of a very
fine－grained sandstonelayer occurs near the basal

partoftheformation，belowwhichthesiltstonebe－

COmeSmicaceous sandy siltstone；thelatter grades
downwardinto the massive fine sandstone of the

Mangatoro Formation．The basal parallellami－
nationis developed typlCallyin the eastern part of
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Mangapurakau Stream．
Thickness：The formation has a maximum thickness

Of420matitstypelocality，Pukerua，inthenorth－

easternpart of the study area．
ReJation：The Pukerua Formation overlies conforma－

bly the Mangatoro Formation．The basallime－
StOne Of the Te Aute Formation，the“Te Aute

limestone”，COntains basalpebbles and calcareous

boulders，and rests unconformably on the Pukerua
Formation．

6．Te Aute Formation

Type L∝ality：Te Aute Hillto the northeast of the

Study area．Typical exposures within the study

area are developed along the Papaiahoea and

Waikopiro Streams．
Classification：The Te Autelimestone was first de＿

scribed by McKay（1877）for thelimestone of the
Te Aute Hills to the northeast of this district．

Lillie（1953）used“Te Aute Formation”including

Te Autelimestone beds，first mapped by McKay

（1877）within the district．Lillie（1953）mapped
the　“Te Aute Formation”to coincide with beds

COntainlng the fauna of the Waitotaran Stage，in
sofar as possible．Following Fujii（1983ms），this

PaPer divides the“Te Aute Formation”of Lillie

（1953）into alower Pukerua Formation and an

upperTeAuteFormation．Beuetal．（1980）subdi－
vided the basallimestone of the　“Te Autelime－

stone”of Lillie（1953）into the Whetakuralime－

Stone and the Te Autelimestone because of their

ages．Most of the basallimestone beds of the Te
Aute Formationin this district are WhetakuralimeT

StOne，and the Te Autelimestone of Beu et al．

（1980）is exposedin the north of the Turiri

Range．

Distribution：The formationis present mainlyln the

WeSternand southern part of this district．In the

northeastern part，Only the basallimestone crops

out beneath the Kumeroa Formation．

Lithology：The Te Aute Formation consists mainly

of calcareous sandstone（Photo5），Sandy coquina

limestone，and sandy massive siltstone．　Cal－

CareOuS Sandstone andlimestone are developedin

the basalpart．The calcareous sandstone contains

Shells，Shell fragments，and numerOuS Calcareous

COnCretions．Lenticularorplatycalcareous concre－

tions rangein thickness from　5　cm to　30　cm．

The concretions and shells partly combine to form

a sandy coquinalimestone，the Whetakuralime－
StOne，Which form a weathering－reSistant feature

inthelocallandscape（Photo6）．The base of the

limestonecontainshard sandstonepebbles and cob－

bles，and occasional boulder－Sized calcareous con－

Cretions of siltstone．The boundarylS Clear be－

tween the base and Pukerua Formation．Many

Sandpipes withlengths oflOcm to30cm protrude
into the massive siltstone of　the Pukerua For－
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mation．The Te Autelimestoneis exposedin the

northern end of the Turiri　Range，and consists

mostly of granule－Size shellfragments．Thelower

boundaryofthelimestoneis notexposed．

Calcareous sandstone grades upwardinto bio－

turbatedfossiliferousmaSSive sandy siltstone．The

uppermost part of the massive siltstone contains
round andlenticular calcareous concretions of

Siltstone which rangein thickness from20cm to
50cm．

Thickness：The total thickness of the formation

ranges from290mto820m．The basallimestone
and associated calcareous sandstoneis aboutlOO

min the north，and thins southwardin the west－

ernpartOfthisdistrict．Thebasallimestoneisab－

SentatMangapuakaStreamoutcrops．Intheeast－

ern part，Only the basallimestoneis developed，

Witha thickness of30m，Whichforms a dip slope
at Raikatea Range．

Reration：The Te Aute Formation　unCOnformably

OVerlies the Pukerua Formation and Mapiri For－

mation，andis unconformably overlain by the
Kumeroa and Okarae Formationsinthe southwest－

ern part of the studyarea．

7．0karae Formation（new name）

TypeLocalitY：Manawatu River near Okarae Road，
east of Dannevirke．

CJassification：Lillie（1953）divided the“KumerOa

Formation”intolowerandupperparts，Whichcon－

tain thelower and upper Nukumaruan faunain

the Dannevirke Subdivision．Thelower part thins
from the east ofDannevirke to the north andis ab－

sent farther north than Manaford．The upper

part rests unconformably onthelowerpart of the

“Kumeroa Formation”as well as the Te Aute，

Pukerua，Mangatoro，and Mapiri Formations．

This paper usesthe new name Okarae Formation，
proposed by Yamamoto（1985ms），for thelower

PartOfthe“KumerOaFornナation”ofLillie（1953）・

Distribution：The formationlS eXPOSed to the east

ofDannevirke，Whereithas a northeasterly strike．

Lithology：The Okarae Formation consists of

fossiliferouslight grey siltstone and fine一grained

sandstone with occasionalthin tuff beds（Photo

7）・Thesiltsto竺ismassiveandcontainsmolluscs
which are occaslOnally stratified．The base of the

formationis characterized by shell beds which

reach a maximumthickness of50cm．

Thickness：The formation thickens to the south

and the maximumthickness reaches490m．

Relation：The Okarae Formation overlies conforma－

bly the Te Aute Formation andis overlain uncon－

formably bytheKumeroa Formation．

8．Kumeroa Formation

Type Loca］ity：KumerOa Of the Tahoraiti Survey

District，tO the southwest of the study area．

Typicalexposures within the study area are deve1－

0Ped along the Manawatu River up to the

Waikopiro Stream near Kopua，and along　the

ManawatuRiver up to the Mangapuaka River．

Classification：The upper part of the“Kumeroa

Formation’’defined by Lillie（1953）rests uncon－

formably on older formations，including the hwer

part of the“KumerOa Formation”．This paper

SeParateS thelower part of the“Kumeroa For－

mation”and renamesit the Okarae Formation，

and uses the name Kumeroa Formation for the

upper part of the“Kumeroa Formation’’of Lillie

（1953）．

Distribution：This formationis distributedin the cen－

tralpart to western margln Of the faulted blocks，

and has a northeasterly orientation．Thelargest

exposureis developedin the northeastern part，

around the Turiri Range，and western margln Of

the study area．

Lithology：The Kumeroa Formation consists of

detritalcoqulnalimestone beds，fine－grained sand－

StOne，and fossiliferous bluish grey siltstone．The

base of the formationis marked bv basallime－

StOne ranglngin thickness from　4　m to　20　m

（Photo8）．The maximum thicknessis attained at

TuririRange and thins southwestward．Thelime－

stone contains wellpreserved shells of oysters and

brachiopods．The shells and matrix of sand are
indurated less than other limestones in the

KumerOa Formation．　Stratificationis not deve1－

0Pedwithinthebasallimestone．Thelower bound－

ary of　the basallimestoneis clearly separated

unCOnformably from the underlying formations，

and numerous sandpipesintrudedinto thelower

formations．The basallimestone grades upward

into fossiliferous sandy siltstone．

Light－grey fine sandstones，With a thickness
from3m tolOO m，COntain abundant shell frag－

ments and occasional lenticular concretions．

Laminations of siltstone are abundantin the fine

Sandstone．The shells and their fragments are oc－

CaSionallyindurated to form coqunalimestones，

which form the basis for topographical ridges．

The maximum thickness of theselimestonesis　30

m and changeslaterally．Two to five sheets of

limestonebedsintercalateinthelower part of the

KumerOa Formation．Thelimestone beds are dif－

ferentinlithology from the basallimestone bed．

Theselimestonesconsists ofgranule－Size shellfrag－

ments and fine－grained sandstone，and grade both

up and down to soft fine sandstone and siltstone・

Paralleland crosslamination are developed within
thelimestone bed．

Massive siltstone with a　thickness fromlO m

tolOO mis developed amonglimestonebedsin the

upper part of the formation．The color of the
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fresh rocksis bluish grey and the surface of the

OutCrOPS are uSually weathered white．The silt－

StOne COntains molluscs which are occasionally
stratified．The stratified shell beds are abundant

inthetoppartofKumerOaForpation（Photo9），
which can be used foridentificatlOn Of the bound＿

arywith the Mangatarata Formation．
Thickness：Maximum total　thicknessis　280　m to

thewest ofWaikopiroStream．
ReIation：The Kumeroa Formation overlies uncon－

formably　the Okarae，Te．Aute，Pukerua，
Mangatoro and MapiriFormatlOnS．Angular un－
conformities between the Kumeroa Formation and
basallimestone of the Te Aute Formation can be

Clearly observed along Turiri Range，the Ahiweka
Range peak RangltOtO，and southof Takapau．

The Kumeroa Formationis conformably over－
lain by the MangatarataFormationin the western

part of the study area．

9．Mangatarata Formation

Type L∝ality：Mangatarata Valley tothe north of

the study area．Typical exposures are developed

alongthe Waikol止OuStream and Manawatu River

near Kopuain this area．
Classification：The name Mangatarata was first

usedbyQuennel＆BroTn（1937）foragroupof
pumiceous silts withlignlteS and sandsinterbedded

With conglomerate，　Which occur・in the
Mangatarata Valley southeast of Waipukurau．

The name was used by Lillie（1953）in the
Dannevirke Subdivision based on thelithology．

This paper follows the definition of the Man一

gatarataFormationofLillie（1953）．

Distribution：The formationis exposed along the

SOuthwestern margln Ofthis area．

Lithology：The Mangatarata Formation consists of

bluish grey tuffaceous siltstone，fine－grained sand－

StOne，COnglomerate，Pumice tuff，andlignlte．

The tuffaceous siltstoneis whitish grey or

greenish grey and15　min maximum thickness．

Parallellamination of fine－grained sandstone and
lignltein the siltstone are developed abundantlyln

thelowerpartoftheformation．The siltstonecon－

tains pumiceof coarse sand sizein the upper part
of the formation．

The fine一grained sandstoneislO min maxi－

mumthickness，and contains round orlenticular

Pumice of coarse sand size to pebble size．Cross

lamination，rlpPle marks，and slumplng StruCtureS
are commOnin the sandstone．Parallellamination

Of tuffaceous fine siltstoneis occasionally deve1－
0Pedin the upper part of the formation．

WhitetufflayerslO cntin thickness are com－
monin the sandstone andr siltstone．Thicker tuff

layers ranglng fromlO cm to a few metersin

thickness are alsointercalatedin the formation

（PhotolO）．The abundance of tufflayersis

99

greaterin the upper part of the formation．

Pumice tuff consistlng Of pebble－Sized pumice

CrOPS Out With a　thickness of150　cmin the

Waikoukou Stream near Kopua．The thick white

tufflayer can be tracedin the field（Figs．2and
7）．

Lignite beds have a maximumthickness of70
cm．MostofthelignlteSarepreSent aS thinlami－
nations within the siltstone and sandstone．

Conglomerate with athickness of3mis ex－

posedin a branch of the Waikoukou Stream．The
COnglomerate consists of pebbles and granules of

hard dark一grey Sandstone and a matrix of very

COarSe dark－grey Sandstone．

Molluscs are rare throughOut the formation but
Shell beds areintercalatedin the basal part as

thin paralle11aminae with thicknesses of about2
cm．In the Waikoukou Stream and Manawatu

River，the base of the Mangatarata Formation can
be distinguished by a2m thick bed of tuffaceous

Siltstone containing shells overlying a non－
tuffaceous siltstone with numerous shells of the

KumerOa Formation．

Thickness：The Mangatarata Formationis mo
than450m thickinthe northern part，SOuth

Kopua．The thickness of the formationis

On the west wlng and about430m

Wlng Of the synclinal structurein

Dannevirke．
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ReIation：The Mangatarata Formation overlies con－

formably the Kumeroa Formation，OVerlapplng the

northeasterly striking Waikopiro Faults，tO the
east of Dannevirke．

STRUCTURE

Faults are abundantin this district，and the

Sedimentary sequence was cutinto spindle shape

blocks（Fig．2）．The shape of the blocks andleft

side forward echelon arrangement of the blocks

SuggeSt thatthe faults are characterized by right
lateral（clockwise）strikeslipmove㌫ent，SameaS
for the Wellington Fault and AIpine Fault（Fig．
1）．Thenamedfaultsin the geologic map（Fig．2）
weretracedandnamedbyLillie（1953）．

AssociatQd with the fault movements，the sedi一

mentary sequenceis folded．The bedding dips fall

mostly withinthe range fromlOO to400，WeSt－

ward．Eastward bedding dips are developed on

the western marglnS Of the faulted blocks along

the Rangitoto and Oruawharo Faults．The shape
Of the folding of the faulted blocks can be ob－

served with the structural contour map of the

base of the Kumeroa Formation（Fig．6）．The

dragged shapes of the baselevelindicate that the

Waikopiro，Rangitoto and Oruawharo Faults have
rightlateralmovements．The unconformity of the
KumerOa base contacts generally with thelower

horizon ofthesequenceintheeastern part anda
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higher horizonin the western part of the faulted
block（Fig．2），Whichisthesametopographicorien－
tation as the Kumeroa base．

The folding of the Mangatarata Formationis

different from thelower sequence mentioned

above，andincludes a syncline that dips eastward
as well as westward to the east of Dannevirke．

The Waikopiro Fault overlaps with the syncline

（Fig．2）．

PALEOMAGNETIC ANALYSIS

Three oriented blocks and cores were collected

from126sites（Figs．5and6）．Cubic samples

measurlng20－25mmOn a Side were cut from the
blocks with a diamond saw．Some blocks were bro－

ken during the transportation from New Zealand

toJapan．Core samples with　a diameter of　32
mmWere taken from four horizonsin the Te Aute

Formatir（MG O1－04）and the cores were cut
into sectlOnS Of30mm．The paleomagnetlSm Of

the samples was measured with a rlng－COre－tyPe

flux一gate SPinner magnetometer and demag－netized
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Fig．6　Sampling routes and points for magnetic，biostratlgraphic andisotopic studies of Neogene sedimentary se－
quence to the east of Dannevirke，SOuthern Hawke7s Bay，New Zealand．

With a current－regulated three axial alternatlng

field demagnetizer（Koyama　＆　Niitsuma1983）．

Unstable soft components of magnetization were

Cleanedwith15mT of alternatlngfield．Themag－
neticintensitiesranged fromlXlO▲8kA／m to7×

10．5　kA／m after the AF，demagnetization．The

95％confidencelimit（alpha95：Fisher1953）ofthe

directions of ma訂letization on three samples from

the same site ranged from50for samples withl

XlO‾5kA／moftheintensityto morethan400for

less thanlXlO▲7　kA／m ofintensity．　The

intenslty，inclination and declination are calculated

and showninFig，8．
Positiveinclination with sotithward declination

dominates，Which represents reversed geomagnetic

POlarity．Negativeinclinationwithnorthwarddecli－

nation of normal geomagnetic polaritylS COnCen－

tratedin themiddle part of the seque！lCe，the Te

Aute Formation．　Theinclinations have values

around theinclination for the normal and reversed

geocentricaxialdipoleof±57．80（Fig．8）．

The declinations deviate clockwise　22．3O on
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」：Sampleslorisotopic Malysis

ロ：Sample5Ior magnetic analysis

⑳：S8mplHIor maun81anaり‡is

＝：SpOlH目し‖1y collected samples

（leYels areinlerred

lrom geologic map）

鵬：unCOnIormity

－：COnIormity

Fig．7　Columnar sections and
sampling horizons for magnetlC，

biostratigraphic andisotoplC Stud－
ies of Neogene sedimentary se－

quence to the east of Dannevirke，

southern Hawke’s Bay，　New

Zealand．
Om

N．Fujii，T．Yamamoto＆N．Niitsuma
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Fig・9　Deviationsin paleomagnetic declination，reCOrdedin the Neogene sedimentary sequence to the east of
Dannevirke，SOuthern Hawke’s Bay，New Zealand．

average for both normal and reversed polarity

SamPles，With an alpha95confidencelimit ofless
than200．Thedeviationdoesnot change through－
Out the sedimentarysequence（Fig．8）or spatially

（Fig．9）．This resultindicates that the clockwise

deviation has occurred after the deposition of the

Mangatarata Formation and‾ho deviation occurred

during the deposition of the sedimentary sequence

in　this district．　The clockwise deviations of

Paleomagnetic declinations can be explained by

dragged rotation with rightlateralstrike slip mo－
tion．　Clockwise deviations have also been re＿

portedin the eastern coastal area of North

Island（Mumme et al．1989；Roberts1992）．

BJOSTRATIGRAPHY

Biostratigraphic age determinations were car－

ried out on samples from the sedimentary
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SequenCe uSing planktonic and benthic

foraminifers，　and nannofossils　（Fig．　7）．

Distribution of the key speciesiIlthis sequence
arelisted with the measured magnetic polarity of

the samples，and reported ranges of the key spe－

Cies with respect tothe magnetostratlgraPhy and

New Zealand Stages，COmPiled by Edward（1987），

are also shownin Fig．10．

Theinterval with a normal polarityin the Te

Aute Formation can clearly be correlated with the

Gauss Normal Polarlty Chronozone，abovethein－

terval with the Matuyama Reversed Polarity
Chronozone and below　the interval with the

Gilbert Reversed Polarity Chronozone．　Because

the top of the sequence stillhas reversed polarlty

（Fig．8），the deposition of the sequence termi－

nated beforethe Brunhes NormalPolarity Chrono－

ZOne．Theinterval with normal polarityin the

lower part of the Kumeroa Formationis associ－
ated with the horizon at which Globorotalia

CraSS頑）rmis coiling changes from　miⅩed toleft

COiling，and can be correlated with the Reunion

Normal Polarity Subchronozone．Based on this

COrrelation，the sequence does not reach　the

Pliocene－Pleistocene boundary，Whichislocated

JuSt above the Olduvai Normal Polarity Sub－
Chronozone．　The rate of sedimentation was ex－

tremelyhigh，mOrethan183cm／ka（1100m／0．6Ma）
for the upper part ofthe sequence（upper part of

Te Aute Formation，Okarae，Kumeroa，and

Mangatarata Formations），in　contrast toless
than63cm／ka（1700m／3Ma）for thelower part

of the sequence（middle andlower part of Te

Aute Formation，Pukerua，Mangatoro，Mapiriand
Moastone Formations）．

lSOTOPIC ANALYSIS

The carbon and oxygenisotopes of foram－

iniferal tests were measured uslng a MAT　250

mass－SPeCtrOmeter at Shizuoka University，Which

WaS developeq for ultra－Smallsamples（Wada et
αZ．1982，1984上

Notorotalia sp．（cf．pseudQfinlayi），a benthic

foraminifer and Glo砲eriTu bulloides，a Planktonic
foraminifer，COmmOnly occurrlng throughout the
sedimentarysequence，WereuSedforisotopicanaly－
ses．In the case that Notorotalia was absent，

抗ノigerinawas used．The tests ofNotorotaliaand

uノ　erina arelarge enoughto measure theiso－

topesuslngaSlngletest．Becausethecarbondiox－

ide gas evolyed from a slngle test of Globなerina

is not sufficient，3to7tests were used foriso－

topIC analysIS．　The foraminiferal tests were

sketched，then crushed with a needle and cleaned

with an ultra－SOnic bathin methyl alcoholunder

a binocularmicroscope．The crushed testin a
stainless steelthimble was reacted with saturated

pyro－Phosphoric acid at60．00℃．

Size－COrrelated variationsin carbonisotopes
have been measured for the tests of Notorotalia

that areless than480　FLmin diameter，but such

Variations have not been foundin oxygeniso－

topes．The smaller testgives alighter carboniso－
topic value；thus tests of Notorotalialarger than

480FLmWere uSed．Systematic differencesin car－

bonisotopes between Notorotalia and thigerina

Were detectable；however，nO differences were

foundin the oxygenisotopes．　On average，
Notorotalia has O．39％。　heavier carbon than

thなerina（Fujii1985ms）．The difference was
added to the carbonisotope values for thigerina，

thus makingit comparable to Notorotalia foriso－

tope stratlgraPhy．

The oxygenisotopes　∂180pDB range from　－1

to＋1％o for planktonic and from O to　＋2　％o

for benthic foraminifers（Fig．11）．The differ－
ences are consistent with the water temperature

differences andinfluences of fresh water with

lighter oxygenisotopes．The surface water was a
higher temperature than bottom water，and the
fresh water was stratified at the surface above

fully saline water，OWlng tO the differencein their

denslty．The maximum differencein the oxygen

isotope values was measuredin the Mapiri
Formation，Which corresponds to the the deepest

lithofacies of the sandstone－Siltstone alt．ernation

and the highest abundance of planktonic foram－

inifers（Fig．11）．

The carbonisotopes　813CpDB range from－2to

＋1．5％o for planktonic and from－1to＋1％o for

benthic foraminifers（Fig．11）．The benthic car－
bonisotopes are heavier than planktonic except

for the Mapiri Formation．Since the surface of
the open marine water columnis thelocation of

photosynthetic production（lighter carbonis selec－

tively taken up for usein？rganic tissue），n？r一
mally the carbonate carbonlSOtOPeS are heavler

at the surface thanin bottom water；the meas－

ured resultsindicate the reverse．The same kind

of contradiction was reported for Notorotaliain

the Pli0－Pleistocene sequence of central Hawke’s

Bay（Haywick et al．1991）．
Isotopes，foraminiferal fauna andlithology of

the basal parts of the Kumeroa Formation were

examined along the correlative three sections Al，

Bl and C from north to south（Figs．6and7）．

The planktonic foraminiferal abundanceis higher
to thenorth（Fig．12）．The benthic foraminiferal
fauna rePreSentS adeeper facies to the north，COr－

responding to the planktonic foraminiferal abun－

dance．The oxygen and carbonisotopes are heav－

ier to the north for both planktonic and benthic

foraminifers．The oxygenisotopes from benthIc
foraminifers are consistent with theidea that

there existed deeper and thus cooler water or

more pelaglC enVironments to the north，and more
neritic environments with fresh waterinfluences

upon the planktonic foraminifers to the south・
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Fig．10　Magnetic polarity and distribution chart of biostratigraphic marker species（lower）accompanied by
theirreported ranges（upper）．
Ages of magnetostratigrapyJand New Zealand Stages are based on Edward（1987）・Biostratigraphic datum

planesbyEdward（1987）arerepresentedwiththinbars at the enqofやe b車tratigraphic ranges（thickline）of
the key species・The open ends ofthe biostratlgraPhic ran
zon from the base of the Moastone Formationin meters

neticpolarity（solidcircle‥nOrmalpolarity；OpenCircle：reVer占もdpolarity；lefthalfsolidcircle‥nOrmallyinterme－

diate；righthalfsolidcircle：reVerSedlyintermediate；Fig・8）・Solidsquare‥PreSenCeOfthekeyspecies・
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The carbonisotopes are difficult to explain by

analogy with the oxygenisotopes，andindicate

that the water depthwas shallower than the typl－

Cal pelaglC Chlorophyll maximuhl ZOne，aPPrOXi－

mately40～80m，thus the bottom water was the

Site ofthe highest photosyntheticproductivlty．

TECTONICS

The studied sedimentary sequence glVeS detailed
information on the tectonic evolution of New

Zealand，eSPeCiallylthepresent status ofthe tecton－

ics and the collisional event of the Chatham Rise

along the Hikurangi　Trench．The sedimentary
facies，rate Of sedimentation，lateral changesin

the thickness and facies of the sedimentary body，
unconformities，faultingandfolding，andlateralro－
tation detected by paleomagnetism areimportant

for theinterpretation of tectonic evolution．

Thesedimentaryfaciesofthesequen？e（Figs・
2and7）shows that the forearc basin，ln Which

this sequence was deposited，WaS formed upon

Paleogene rocks and“Greywacke”in thelate

Miocene，and that the subsidence rate did not com－

PenSate for the regular supplies of sediments．

The depressions were filled with sandv turbidites

duringdepositionofthesandstone－Siltstonealterna－

tion of the MaplriFormation．Above the Mapiri

Formation，thesedimentarysequencedoes not con－

tain turbidites and the forearc basin was filled

With regularly supplied sediments andlag sedi－

ments．　The balance between the subsidence and

Sediment supplylS rePreSented by the cyclic facies

Changein the sequence．

Tufflayersindicate activities of arc voIcanism

associated with plate subduction along the

Hikurangi　Trench．Tufflayersintercalate with

the Mapiri and Mangatarata Formations，and
Small fragments of pumice are containedin the
Pukerua Formation and thin tuff bedsin the

Okarae Formation．Theintercalation of tufflay－

ersindicates two peaks of voIcanic activitiesin

theinitiating stage（MapiriFormation）and termi－

nal stage（Mangatoro Formation）of the forearc

basin．The close relation suggests that both the
formation of the forearc basin and voIcanism are

PartS Ofisland arc activities，related to plate
subduction．

Magneto－biostratigraphicinvestlgation glVeSin－
formation on the acceleration of the subsidence

rate to more than183cm／kain the upper part

Of the sequence，and　the uplift of the sequence

might be・inferred to be related with the accelera－
tion．

Three unconformitiesin the sequence are found

at the bases of the Mangatoro，Te Aute，and

Kumeroa Formations（Figs．2　and　3）．　The

unCOnforInlty at　the base of the Mangatoro

Formation represents the onlap of Neogene

forearc sediments ont0－the basement of the

forearc basin，and the unconforImty at the base

Of the Te Aute Formationis discordant onlyln

the northeastern part of the Turiri Range of the

northeastern corner of this area．　The uncon＿

formlty at the base of the Kumeroa Formationis

the most distinct unconformlty Within the se－

quence，aSitcontacts discordantly most of the se－

quence（Okarae，Te Aute，Pukerua，Mangatoro，
and Mapiri Formations）．The angular unconT
formltyindicates thatlarge scale rearrangement

OCCurredintheforearcbasinJuStbefore t卜depo－
Sition of the Kumeroa Formation，and the forearc

basin sequencemight have been eroded up to2000
m，if the sedimentary sequence was uniformly de－

POSited（Fig．7）．The magneto－biostratlgraphic
age determination suggests that erosion occurred

Within alimited time from the early Matuyama
Chronozone（from2．47Ma to2．14　Ma；Figs．8
andlO），and the duration of the erosion would

thusbeon theorder ofO．1Ma，Whichgives anex－

tremely higherosion rate of2000cm／ka．＝　2

cm／a，COmParable to the order of plate motlOn．

The shape and arrangements of faulted blocks

（Fig．2）indicate that the geology of this district

is affected directly by the transform plate bound－

ary．　Because the faults cut the Kumeroa

Formation，the fault activlty OCCurred after the

deposition of the Kumeroa Formation，the base of

whichisin unconformable contact with thelower

SequenCe．The amplitudes of the base

more thanlOOO min the faulted blocks

and the amount of erosion accompanied

e
）
e

a
r
5
th

競
W

i
t
h

unconformtylS2000m．Because the amounts of
the erosion and deformation have same order of

magnitude and same westward dipplng tOP0－

graphic orientation，aS mentioned above，the two

events can be estimated to be successive tectonic

movements．Because the WaikoplrO Fault overlaps

With the syncline of the Mangatarata Formation

（Fig．2），Which was depositedin thelast stage of

the marine sedimentary sequence，the distinctive

tectonic movements　might have happenedin the
finalstage of the forearc basin history durlng the

deposition of the Mangatarata Formation．

The estimation of the changesinthe tectonic

Situationis consistent with thelateral changesin

the depositional thickness and frequentintercala－
tion of tufflayersin the Mangatarata Formation

（Fig．7）．

SUMMARY

The Neogene marine sedimentary sequenc守　tO

the East of Dannevirke，Southern Hawke’s Bay，

New Zealand was depositedin the forearc basin

alongthe HikurangiTrench fromthelate Miocene

to thelatest Pliocene．The marine sequenceis di－

Vided，in ascending order，into the Moastone，
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Mapiri，Mangatoro，Pukerua，Te Aute，Okarae，
Kumeroa，and MangatarataFormations．

The sedimentary sequenceis cutinto spindle

Shape blocks by faults with rightlateral move－

ments，Same aS for the Wellington Fault and
AIpine Faults．

Oxygen and carbonisotopes of foraminiferal
testsindicate that the forearc sedimentary basin

WaS Shallow enoughthat maximum prlmary Pr0－
ductlVlty OCCurred near the bottom，in contrast to

Openmarine conditions．
A distinct tectonic event occurredin thelatest

Pliocene，2．2　Ma，reflected in an angular

unconformlty at the base of the Kumeroa

Formation and deformation of the formation fo1－

lowlngltS deposition．The event rearranged the

forearc basin and terminated depositionin the

forearc basin．The event was associated with vol－

Canic activlty．
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Explanation of Photographs

l：T）ark grey sandy siltstone with calcareous concretions of the Moastone Formation at the typelocality．
2：Alternation of sandstone and siltstone of the MapiriFormationin the eastern part of the study area．

3：Fine sandstone containlnglenticular calcareous concretions of the Mangatoro Formation at Manga－
Purakau Stream．

4：Well－SOrted massive siltstone of the Pukerua Formation at Mangapurakau Streamin the western part

Of the study area．

5：Calcareous sandstone of Te Aute Formation at Popoiahoea Streaminthe western part of the study

6：Dip slope of basallimestone of the Te Aute Formation south of Rangitoto．

7：Fossiliferous sandy siltstone oflthe Okarae Formationintercalating with thin tuff beds at the Maga－
toro River．

8：Basallimestone of the Kumeroa Formation，reStlng On Siltstone of the Pukerua Formation east of

Pukerua．Stratificationis developedin the upper part of thelimestone．

9：Parallellamination with fossilshellsin the top of KumerOa Formation at Waikoukou Streamin the
WeStern Part Of the study area．

10：White tuff beds of the Mangatarata Formation at Waikoukou Streamin the western part of the
Study area．
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