PALEOENVIRONMENTAL ANADFSIEIE
HAUTAWA SHELLBED, WHANGABASIN

Joanna Eveline Grace Elliott

A thesis submitted to Victoria University of Wellington in partial
fulfilment of requirements for the degree of

Master ofScience in Geology

School of Geography, Environment and Earth Sciences

Victoria University of Wellington

October2018






ABSTRACT

L. {¢cw! /¢

The Hautawa Shellbed, Whanganui Basin is described in detail to uncover lateral
variations in depositional paleoenvironment. This was achieved through the in situ doc-
umentation of the macrofaunal assemblage and its taphonomic attributebrae lo-
calities. The sites from west to east are: Ridge Road, Old Hautawa Road, and the type
section on West Road. They are all exposures on farm tracks and covémnarabge
across the central Whanganui Basin. The descriptions were collectedcat tervals
and analysed usingtkeans clustering ané&rincipal Component Analysis(PCA)}o un-
cover trends within the data set. Combining the assemblage data with the taphonomic
has allowed six major biofacies to be recognised. In turn, the arrangement of the biofa-
cies in the sections suggest three subunits: A, B, and C. Subunits A anth@€raly
continuous between all of the sections and always relate to the lowermost and upper-
most portions of the Hautaw&hellbed In contrast, subunit B is only observed to occur
at West Road overlying subunit A. These subunits have can also be equasgience
stratigraphic terminology. Subunits A and B form an onlap shellbed and subunit C a back-
lap shellbed. Hence, the Hautawa Shellbed represents deposition during the transgres-
sive systems tract of a single cyclotherhis study is unique compared ether Whan-
ganui Basin stratigraphic research in its statistically robust apprimacdomparing data
gathered at various sites along outcrop strike to better understand the preserved pale-

oenvironment.

To support the macrdaunal investigation, census cagnof foraminifera were
conducted for samples collected from tlime-grained sediments encompassing the
Hautawa Shellbed at each of the three sites. Together, the macrofaunal and foraminif-
eral studies reveal temporal and spatial paleoenvironmental changigsin the
Hautawa Shellbed. The presence of biostratigraphically important fauna within the
Hautawa Shellbed has been used to link the unit to other similar formations in both the
Whanganui and East Coast Basins. This key assemblage which highligisanea-
ruanr-Mangapanian Stage boundary at 2.40 Ma includ2ggochlamys delicatula
Crassostrea ingen®hialopecten thomsonPhialopectertriphooki, and Mesopeplum

convexum The paleoenvironmental variations observed and presented here for the
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Hautawa Shkébed have been combined with published work on other parallel for-

mations to produce a paleogeographic map of the Whanganui Basin for 2.40 Ma.
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ANOTE ON THE SPELLING OF WHANGANUI

I bh¢9 hb ¢19 {t9[[Lb

¢KS aLlSttAy3a 2F a2YS an2NR LX I+ OS yIlYS
over the years. In particular, the spelliggf W2 KI y 3l ydzA Q 2 NJ W2 | y 3
GKAA (GKSaAAaAD ¢KS alLISttAy3a gAGK2dzi 'y WKQ
gion. The New Zealand Geologic Timescale 2015/1 also refers to the youngest New Zea-
flryR {SNASA & W2 y3alydAQod

As of 2A2, either spelling is regarded as correct for the township as determined
08 0(GKS aAyAaldSNI F2NJ [FYR LYT2NXIOA2YD ¢K
O2NNBOGAZ2Y (2 W2KIy3lydAQ I a (KabowanyS A a
Wy dag)Tob O] G KS WKQ LINRPRdAzOS& | g2NR y2i4 Ay
F2NXItfte O2yAARSNBR (G2 0SS W2KIy3aAlFydzA wA@¢

map series.

Ly GKA&a (KSaAa W2KIy3IlydAQ Aa GKSNBT?2

literature which use the prior spelling.
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CHAPTER ONE

/1T 1Tt¢9w hb?O9
INTRODUCTION

1.1 GENERAL INTRODUCTION

Whanganui Basin, on the west coast of New Zeglaodtains a 4 km thick sedi-
mentary sequence of Plioceri@leistocene age mostly shallow marine stréiaish,
2005) The cyclic glacieustatic sea level fluctuations of the PlioceRkistocene are
preserved in this far field evidence of recorded environment cha(ligeintyre & Kamp,
1998) Robust cyclostratigraphic correlation with marine isotope stages through tephro-
chronology, sequence stratigraphy, apidstratigraphy has made Whanganui Basin into
one of the locations in the world to study shallow marine records of past sea level and
climatic changegCarter & Naish, 1998; Naish et al., 1988)nce, the records preserved
in the Whanganui Basimave featured in numerable publicationsn a range of topics
including: past global climate and the magnitude of sea level fluctuations, volcanic ac-
tivity in the Taupo Volcanic Zorend many othergNaish et al., 1995; Pillans, Chappell,

& Naish, 1998; Sefton, 2015)

Since the midwentieth century, researchersuch as Charles Flemitngve
known that the arrival of theextant sub-Antarctic scdbp Zygochlamys delicatul@to
the Whanganui Basin in the Hautawa Shellbed hemdla significant shift to a cooler
paleoclimate(Fleming, 1944, 1953Warmer fauna €.g. Crassostrea ingerand Phi-
alopecten thomsonwent extinct from the New Zealand region at the base of this shell-
bed. This change in faunal assemblage signifies the Mangapanian to Nukumaruan Stage
boundary in the New Zealand Geologic Timescales boundary marka significant
point in time ¢ the onset ofQuaternaryclimate as expressed in the New Zealand geo-
logic recod. This change in global systems and climate is of significant interest in con-

sideration of the modern rapid climate variability experienced today.

Recent discovery of outcrops along the far eastern edge oBdisen against the
Ruahine Range containidygochlamys delicatulaas inspired further research into the
Hautawa Shellbe@. Lee, Bland, Townsend, & Kamp, 20lHg Hautawa Shellbed out-

crops for ca. 50 km across thasin from the Whanganui to the Rangitikei Rj\aamnd t
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CHAPTER ONE

provides an ideal unit to investigate fibre reconstruction of lateral paleoenvironmental
variations. High resolution paleoenvironmental investigation of the Hautawa Shellbed
then provides useful evidence for the constructionadbasal Nukumaruan palgeo-

graphic map for the Whanganui Basin.

1.1.1 Thesis structure

1 Chapter One contains details regarding the background setting foregbesarch
including:the geologic settinglitho- and chronestratigraphic framework, a re-
view of sequencsatratigraphic theory and nomenclature, and key paleontologi-
cal information.

1 Chapter Two introduces the macpaleontological methods applied and Chap-
ter Three discusses the results and analyses from the rfacrmal dataset.

1 Chapter Four presents the methodppliedrelating to micrepaleontology and
Chapter Five describes thestdts and analyses of the micfaunal dataset.

1 Chapter Six integrates macrand micrepaleontologicatatasetresults and dis-

cusses their significance and application.

1 Chapter Seven presents a summary of this thesis, key findings, and suggestions
for further study.
1.2 AIMS

This thesis aims to investigate the varying paleoenvironments recorded in the

Hautawa Shellbed as observed at locations across the Whanganui Basin.

This has been achieved through:

1 Investigation of the stratigraphic and paleontologicamposition of the
Hautawa Shellbed

1 Determinationof whethernewly-discovered outcrops at Colenso Station, east of
Taihape, are correlatives of the Hautawa Shellbed

i Expand knowledge of paleoenvironments of the Whanganui Basin proximal
to the paleccoadline at the time of the MangapaniaNukumaruan stage

boundary

17



CHAPTER ONE

1 Production of a palegieographic reconstruction of the Whanganui Basin for the

MangganiantNukumaruan stage boundary

1.3 GEOLOGIC SETTING

1.3.1 Introduction

The Zealandia continent situated across the plate boundary between the Aus

A) Map of plate boundary location
soured from Te Ara website

( ). Zealandia conti-
nent shown by bathymetry which em:
phasises the continental vs oceanic
crust.

B) Schematic map of New Zealand
tonic setting sourced frorNaish and
Kamp (1995)

C) West to east schematic cresection of the plate tectonic setting of the southern central North Isl
New Zealand afteNaish and Kamp (199Equivalentto A Q &é&tHoa shown in B.

Taranaki Back-arc Basin Frontal Ridge Forearc Basin Subduction Hikurangi
Basin Whanganui Basin Ruahine Range East Coast Basin Complex Trough

-~ 40 mm Y0

N\ /

Figurel.3.1: Tectonic plate boundary through New Zealand andabalandia conti-
nent.
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tralian (also called the Australasiaem)d Pacific Plates [Fig. 1.3.1 A, B]. Zealandia incor-
porates 4.9 million square kilometres of continental crust, but today 94% of it is sub-
merged(Mortimer et al., 2017)Fig. 1.3.1 A]. New Zealand makes up the majority of the
emergent landmass of Zealandia whiglso includes New Caledonia in the north and
the Auckland and Campbell Islands in the saiMiortimer et al., 2017)The northern
portion of the plate boundary, north of the Alpine Fault, is the
Hikurangi Subduction Zone: where the Pacific Plate is subducted thetheaAustrah-
sianPlate. Convergence between these two plates is currently at a rate-afrd(er

year [Fig. 1.3.1 C].

The Whanganui Basion the west coast of the central North Island of New Zea-
land is a baclarc basin which has formed along thigkurangi margin [Fig. 1.3.1 C]. Di-
rectly to the east of the Whanganui Basin is the frontal ridge of the North Island, the
Ruahine Range, and to the west is the Taranaki Basin. The margins of the Whanganui
Basin in simplest terms are defined by the Tarafaundary Fault to the west and the

axial Ruahine Range to the east.

During the Pliocene and Pleistocene, coupling of the tectonic plates led te back
arc pull down due to plate flexur@®avey& Stern, 199Q)Due to the balance between
rates of sedimentary infill and basin subsidence, the eustatic sea level fluctuations of
this time are preserved in a nearly continuous record of predominantly marine strata in
the Whanganui Basin. The 4 kmiti©{ & S1j dzZSy O0S Aa O2yaARSNBR (2 ¢
best sedimentary records and hence is an ideal place to examine how climatic influences
are expressed within the sedimentary recdidiaish & Kamp, 1999\aish et al. (1998)
found that the basifill is made up of 58 fifth and sixtbrder shallow marine cycles. This
forms a record of the past 3.6 million years, witB0,000 and 41,000year Milan-
kovitch-paced glacieeustatic sedevel cycles preserved. The record is astronomnyicall
calibrated and tuned through an integrated chronolgdaish et al., 1998with tech-
niques such as biostratigraphy, tephrochronology, and magnetostratigraphy having

been used extensively to correlate with the oxygen isotope c(i¥assh et al., 1998)
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CHAPTER ONE

1.4 PALEOGEOGRAPHY

Since he Pliocene, the New Zealand landmass has been successively cut from
west to east by a seriesofpaloS | g 2a 2NJ WaiNIXAdaQ wCA3ID
ways which linked the east and west coasts of the North Island, which allowed water to
mix from the east to enter into the Whanganui Basin. The position of these straits has
migrated southward and today are represented by the Cook Strait dividing the South
and Northlslands of New Zealand. Prior to thiie Manawatu and Kuripapango Straits

connectal the Whanganuand East Coast Basins.

5dzNAy 3 GKS tfA20SySxT YdzOK 2F GKS OSyi
derwater in a narrow but laterally extensive marine region referred to as the Ruatani-
wha Strait [Fig. 1.4.2]Trrewick & Bland, 2012)o the east the strait was constrained by
the rising accretionary wedge \wdh formed a chain of islands and marsteoals by the

late Pliocene.

1.4.1 Kuripapango Strait

In the late Pliocene, the north eastern Whanganui Basin and East Coast
Basins were joined by the Kuripapango Strait which was situated where modern day
northern Ruahine and southern KaimanaWaweka Rangeare located (Browne,
2004a) This strait is named after the small settlem of Kuripapango on th&aihape
Napier Road. During the earliest Nukumaruahai$ been suggestdtiat this strait was

only open during interglacial highstands [Fig. 1.48%nd, Kamp, & Nelson, 2008)

Figurel.4.1: Land mass and ocean ¢
rent interactiondfor the Late Pliocene
from Nelson et al. (2000pubAntarc-
tic fossil localities from A. Beu, Grar
Taylor, and Hornibrook (1973hown

by stars.
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Figurel.4.2: Simplistic paleogeography for central New Zealand at
cene, from Trewick and Bland (2012). Inferred todpeesenting a gla
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the Early Ple
cial lowstand

with the Kuripapango Strait depicted closed.
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CHAPTER ONE

1.4.2 Manawatu Strait

The Manawatu Strait was positioned just north of theesentday Manawatu
Gorge, in the region of the Manawatu Saddle. Recent work has shown that while the
strait was narrow during the early Nukumaruan, it contained strong tidal currents along
with mostly upper shelf water depth@®lilner, 2017) The strait is thought to have then

became more extensive during the middle and late Nukumaruan.

1.4.3 Implications of paleogeography
The immigration of cold water fauna to the latitudé the central North Island,
New Zealand was documented as occurring during the early Nukumaruan Stage by
Fleming (1944)Hg. 1.4.1]. This event was synchronous with extinctions of warm water
genera, such as the giant oystérassostrea ingeradPhialopecten thomsonin these
areas. Fleming (1944) considered the scalygahlamys delicatulao be the most
characteristiccold-water mollusc of thiscold-water faunal group which also contains
Tawera subsulcatand Stiracolpus symmetricuZygochlamyslelicatulais an extant,
sub! YOI NODGAO &aLISOASaz O2YY2yteé NBFSNNBR (2
The Manawatu Strait has, for much of the past fwahtury, been thought of as
the access route for southern ocean molluscan larvae into Whanganui @afeu et
al., 1977) Detailed work in 1998 b®rpin, Gammon, Naish, and Carter, investigated the
significance oZygochlamyslelicatulain both ancient shellbeds andadern deposits.
Orpin et al(1998)argud that Zygochlamys delicatulepresent times of waning glacial
(colderwater) conditions in the Whanganui Basin, when the shelf was starved of terri-
genous sediment due to rapid shoreline transgression. They atggestithat the re-
striction of Zygochlamys delicatut® only a few, early Nukumaruan cyclothems in the
wlkyIAGATSA aSIdzSyO0S Aa RdzS G 2hydrdgphgzyi-F | @2 «
Of dZRAY 3 RSLIKXZ ¢ GSNI (SYUIBpl GadeNdB, NeishR& ( dzN
Carter, 1998)As the loss aZygochlamys delicatulzom the Whanganui &sin during
the early Nukumaruan is likely not a result of Manawatu Strait complete closure as pre-
viously suggested, the lack df/gochlamys delicatula the higher cyclothems of the
WhanganuBasin is more likely due to other unfavourable conditionslaok of possible

access from south eastern New Zealand.
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CHAPTER ONE

1.5 LITHOSTRATIGRAPHY

1.5.1 The Hautawa Shellbed

Todayin the Whanganui Basin, the lower boundary of the Nukumaruan Stage is
thought to be indicated by the lowest occurrence in the basidyafochlamys delicatula
at the base of the Hautawa Shellbgdl. Beu, 2001; R. Cooper & Agterberg, 2004; Hollis
et al., 2010; Mclintyre, 2002Yhe Hautawa Shellbed was first described by Superior Oil
[ 2YLI ye& & (dKS Wlrécagiideddongih® Sofith side dfdhd Hayfala
Stream valleyFeldmeyer, Jones, Firth, & Knight, 1943)own and previously studied
outcrops of the Hautawa Shellbed extend over 50 kilometres from the Whanganui River

Valley eastward to the Rangitikei Vall@jcintyre, 2002)

The lithostratigraphy of the Whanganui Basin is understood better now than
when originally described by Fleming (1953). aythe basin stratigraphy of this age is
split into two different groups: the Okiwa Group in the west, and the Rangitikei Group
in the east. Tables 1.5.1 and 1.5.2 show the historic correlatseempiled by Naish

and Kamp (1995) and Mclintyre and Kam@98), repsectively.

1.5.2 Western Whanganui BagiMcintyre & Kamp, 1998)

Mclintyre & Kamp (1998jormally describe seven formations within the Okiwa
Group in the western segment of the Whanganui Basinmpbrtance to this study, the
Hautawa Shellbed is placed in the Whariki Formation in the western Whanganui Basin.
This formation is made up of two members: a coquina member (the Hautawa Shellbed)
and a siliciclastic sandstone member (the Upokonui Sandst@vielntyre & Kamp,
1998) The Hautawa Shellbed was deposited durimgraod of progressive deepening,
likely to middle shelf. While in contrast, the sharp base of the sandstone was interpreted
as a rapid, regressive shallowing and the Upokonui has an-ghedfrto shoreface envi-

ronment.
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Tablel.5.2: Lithostratigraphic scheme in western Whanganui Basin Mtntyre
and Kamp (1998)

Fleming (1953) Ker (1973) Mcintyre and Kamp (1998)
Wickham Formation
Undifferentiated X
5 5 Shaw Formation
Q. H Q.
=3 Upokonui Sand = Hautawa Shellbed Upokonui Sandstont
Hautawa Shellbed Whariki Formation
o o Hautawa Shellbed
> =} o
o o 5 - .
o ® o | Parikino Formation
© © O]
2 TeRama Shellbed £ Te Rama Shellbed | © Caseley Conglomeraf
o _ ) o _ _ & | Tirotiro Formation
g Undifferentiated q;, Undifferentiated Parihauhau Shellbe
o o
- Parihauhau Shellbed - Parihauhau Shellbed Whakaihuwaka Formation
Te Rimu Sand Te Rimu Sand Te Rimu Sandston
Whauteihi Formation
Wilkies Shellbed
%’ - %’ Cable Siltstone = Makomako Sandstong
5 Wilkies Shellbed 5 = Moukuku F .
2 2 Wilkies Shellbed | 5 | Moukuku Formation
S Makomako Sand = S Oure Shellbed
g g Makomako Sand § - ]
& Mangaweka Mudstone 3 g | Pitangi Sandstone
[a o . 5]
Mangaweka Formation|
Mangaweka Mudstone

Tablel.5.2: Lithostratigraphic scheme in eastern Whanganui Basin aftaish et al.

(1995)
Superior Oil Company . .
of NZ (1943) Fleming (1953) Naish and Kamp (1995)
Maxwell Group - . .
5 Waipuru Sand Vinegar Hill Formation
= Waipuru Shellbed
£ S
o = Waipuru Shellbed
It Mangamako Sand (;,0 Mangaonoho Formation
8 g Mangamako Shellbed | 2 Mangamako Shellbeg
< o
o . " 5 o
Ohingaiti Sand E Ohingaiti Sand © | Orangipongo Formation
“ 2 Ohingaiti Sand
2
g S | Makohine Formation
>
8 c Tuha Sand 5 Tuha Sand Tuha Sand
O S
= =1 0] . .
3E Hautawa Reef © Hautawa Shellbed Tikapu Formation
Z3 3 Hautawa Shellbed
© =
% * Basal Nukumaruan Sand| O Te Rimu Sand Mangarere Formation
- Te Rimu San(
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1.5.3 Eastern Whanganui BagMaish & Kamp, 1995)

Naish and Kamp (1998gscribe six formations which make up the eastern stra-
tigraphy for the Whanganui Basin at this time. These formations fall into a single Group
which they name thdrangitikeiafter Fleming (193). The Hautawa Shellbed forms the
base of the Tikapu Formation this schemeThe Tikapu Formatiocontains two mem-
bers which are categorised into a basal coquina and a gradationally overlying siliciclastic
siltstone.Naish and Kamp (1996pnsider that the faunal changes within the Hautawa
Shellbed represent a progressive increase from inner teshalf water dgth. While in
the siltstone, there is successive arrivals of fauna interpreted as shallowing from mid

shelf to inner shelf.

1.5.4 Summary stratigraphy Whanganui Basin

Table 1.5.3 shows the complex nature of the stratigraphy across the basin.
Clearly, manyormations do not have lateral correlatives which extend from west to
east. In simple terms, the Whariki Formation of Mcintyre & Kamp (1998), is a lateral
continuation in the west of the lower Tikapu FormationNdish & Kamp (1995). Both
the west and eastern regions express the satapositionalchanges associated within
the Hautawa Shellbednd overlying sediments. Everywhere the Hautawa Shellbpd

resents a perioaf rapid shoreline transgression out of a marine lowstand.

1.5.5 Lateral correlations

Consideration has been repeatedly given to the major changes observed across
the Whanganui Basin (west to eash). the westeramost segment of the basin, the
Hautawa Shellbedis inferred by Mcintyre (2002) to be represented by a
correlative formation: the Kuranui Limestone. The Kuranui Limestpnier to the
findings of Mcintyre (2002), was thought to be equivalent to the Upokonui Sandstone
(Fleming, 1953), which is founderlying the Hautaw&hellbedelsewhere(Mcintyre &

Kamp, 1998)Though, the Knanui Limestone has a break in sedimentation at its base
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Tablel.5.3: Modern stratigraphy of the Whanganui Basin at the Mangapaiharku-
maruan boundary. Formation names are left justified and namechbers right justi
fied.

WesternBasin | EasternBasin Stage | Series

Wickham Formation ! g

. | Shaw Formation | Tikapu Formation =

2 | 5

5 Upokonui Sandston E

Whariki Formation | 2 E
S Hautawa Shellbed 5 Hautawa Shellbed 2 =
S G 2
o Parikino Formation | ‘T . S
g Caseley Conglomeratl é = &

= - - N ()]

I} Tirotiro Formation | S Mangarere Formation 2 §

5 Parihauhau Shellbed @ 8

. . c

§ Whakaihuwaka Formation ! g

@

Te Riml,Sandstone| g

Whauteihi Formation | TeRimu Sand| =

Wilkies Shellbe%

as described b$uggate (1990)rnd this is cause for some concern with the interpreta-
tion that the Kuranui and Hautaw&hellbedare lateral correlatives. Whether the

Kuranui Limestone is in fact a correlative or not is outside the scopesoffiibsis.

As previously mentioned, theold-water assemblage (includingygochlamys
delicatulg is also found in other North Island sedimentary basins during the Nukuma-
ruan Stage. Some of the other key formations include the Sentry Box Limestose-
k£ AyflryR Il g1SQa . I & andiheTableRRaLSdldnglom- 3G SN
erate at the western edge of the Ruahine Range. The correlations to thesefother
mationsare tenuous and relies primarily on the presenceZyigochlamys delicatulas
anindicator species. Figure 1.5.1, taken from the GNS Science QMAP publication on the
3S2t23e 27F | | ¢ {tee®rmations rElatéit&ehah otKe? within a sche-
matic crosssection of the North Island basins. The Hautawa Shellbed is interestingly
shown to fade from green to blue, representing a suggested gradational change from a

limestone into conglomerate facies.

Sediments deposited in the two youngest paksmaways across the central
North Island (the Manawatu and Kuripapango Straits) contain poorly preserved

Zygochlamys delicatulspecimens. This suggests that both seaways were open during
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Used with permis®n of KJ Blan@nd M Rattenbury; GNS Science
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the early Nukumaruai even if only during marine highstand periods. Hence, the East
Coast and Whanganui Basins were probably connected to some degree at this time, with

a chain of islands betweethem formed by the protdRuahine Range.

1.6 OTHER STRATIGRAPHIC APPROACHES

1.6.1 Biostratigraphy

As shown in Figurg.5.1and described above, the Hautawa Shellbed is of basal
Nukumaruan age which is tied to the arrivalyigochlamys delicatuiato the Whanga
nui Basin. This timing can be correlated to events elsewhere due to a number of key
biomarkers present in the basd the Hautawa Shellbed [Table 1.6.1]. There has been
concern that presence aygochlamys delicatulamay be stratigraphically diachronous
and its use as a marker is best suited to very local s¢&egins, 1971Hence, using an
assemblage of key species is important rather than a single taxon to mark a chrorostrati

graphic horizorwithin the Whanganui Basin

Table 1.6.1 shows some of the key faunal assemblage changes associated with

the boundary between the Mangapanian and Nukumar@ages in the Whanganui

Tablel.6.1: Bioevent markers situated in the Hautawa Shellbed, adapted from Ta
7.1 Mcintyre (2002) pg. 233.

Orange = taxa wittMangapanian Stage (Wm) last appearance; Red = taxa considered Wm restric!
appearance elsewhere but also found in in the base of the Hautawa Shellbed; Lilac = taxa with fir
pearance in the base of the Hautawa Shellbed and continue into the Nukam&tage (Wn); Blue =
Nukumaruan Stage first appearance taxon not recorded in the base of the Hautawa Shellbed.

Mangapanian Base of the Nukumaruan
(last appearance) HautawaShellbed (first appearance)
Alcithoe arabica

Tawera sibsulcata
Phialopecten triphooki
Zygochlamys delicatula
Mesopeplum convexum

Crassostrea ingens
Phialopecten thomsoni

Polinicegs.s.)
Clavatoma pulchra
Maoricardium spatiosum
Alcithoe gatesi
Austrofusus pagoda
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Basin and elsewhere in New Zealand. The fauna last appearing in the Mangapanian
Stage [orange; Table 1.6.1] are not seen in the Hautawa Shellbed. Some species which
generally areelsevhere consideredo last appear in the Mangapanian Stage are found
within the basal Hautawa Shellbeduch aCrassostrea ingersdPhialopectethom-
soni[red; Table 1.6.1]. The key fauna which are first observed in Whanganui Basin in the
base of the Hatawa Shellbed (and not older units) are shown in lilac. While in contrast,
Alcithoe arabicaonly occurs in strata of Nukumaruan age and younger [blue; Table
1.6.1].

1.6.2 Chronostratigraphy

The Whanganui Basin sedimentary sequence is mostly made up of cdastal p
shoreface and shelfal marine cyclothem deposits. Hence, deposition in the Whanganui
Basin occurred dominantly during the late rise, highstand and falling part of each-glacio
eustatic cyclgNaish et al., 1998)his means that a dominantly osdimbered Marine
Isotope Stage (MIS) record is preserved in the Whanganui Basin. This relates-to inter
glacial periods being recorded add stage numbers and glacial periodseagennum-
bers. For exaple, the modern day integlacial highstand is MIS 1 while tist recent

glacial period is MIS 2, and the interglacial before that is MIS 3.

The correlation of the Hautawa Shellbed with the MIS record has been debated
in the past. Most recentlyCooper& Agterberg (2004proposed the move from corre-
sponding to MIS 97 (as previously positionedNiaysh & Kamp (1998nd Kamp & Mcin-
tyre (1998)), to a new correlation with MIS 95. This relates to a change from an age of
2.46 to 2.40 Ma, respectively. Toddlye base Hautawa Shellbed is suggested to mark
the base of the Nukumaruan Stage at an age of 2.40 Ma, with the lowest occurrence
(LO) ofzygochlamys delicatulén the Whanganui Basin as recommended by Beu (2001)
(Hollis et al., 2010)

29



CHAPTER ONE

1.7 SEQUNCE STRATIGRAPHY

Thepositionof the Hautawa Shellbed within a sequence stratigraphic framework
has been repeatedly investigated in detail as part of the wider Whanganui Basin se-
quences. This work has primarily been done in Rangitikei @@anaux, Kamp, &
Naish, 1996; Naish & Kamp, 19884 at Parikino in the Whanganui River va(légmp
& Mcintyre, 1998; Mcintyre & Kamp, 1998he purpose of sequence stratigraphy is to
correlate and untangle the observed repeating sedimentary record with cyclic sea level
charges. In the case of the Whanganui Basin cyclotheéhey are dominantly glacio

eustatic in nature.

Table 1.7.1 outlines abbreviations common to sequence stratigraphy and used
here. Definitions and terms are based generallyGatuneanu (2002Due to the com-
plexities of sequence ’dtigraphic terminology, a summary is given before describing
the implications and details relating to the Hautawa Shellbed outlined lat&rable

1.7.2.

Tablel.7.1: Abbreviations common to sequence stratigraphy.

Abbreviation | Full term Abbreviation | Full term
TST Transgressive systems tract DLS Downlap surface
HST Highstand systems tract LFS Local flooding surface
RST Regressive systems tract MFS Maximum flooding surface
LST Lowstand systems tract
OLSb Onlap shellbed
SB Sequence boundary BLSb Backlap shellbed
RSE Regressive surface of erosion DLSb Downlap shellbed
TSE Transgressive surface of erosiol MCSb Mid-cycle shellbed

1.7.1 Nomenclature

The idea of systems tracts has developed in order to subdivide individual se-
guences into contemporaneous depositional units which develop in different environ-
ments on the marine shelf and slog€atureanu, 2002) The systems tract to which a
unit is assigned is based on the bounding surfaces and the position of the unit within the
sequence. A complete cyclothem contains both transgressional and regressional por-

tions which are represented by retrogtational and progradational stacked facies
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Figurel.7.2: Facies stacking due to transgressive and regressive sea level chang
Catuneanu (2002)

A) Model of a schematic shelf. B) Reterogradation oleskin stacked facies due to marine transgres
sion. C) Progradation observed in stacked facies due to marine regression.

Figurel.7.1: Stratal terminations and terminology fro@atuneanu (2002)

Only onlap, downlap, and toplap are described here. BacklKmwafell (1991)s not shown.
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