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Abstract

This thesis presents a detailed late Tertiary and early Quaternary pollen record from two

c. 40 m long sedimentary cores (the Patiki cores) from west Auckland. The cores consist

of slightly to highly carbonaceous clays, with a thick sand incursion at mid-depth. The

sediments below the sand incursion are aged through palynostratigraphy as midlate

Pliocene (Hautawan). The sediments above the sand incursion have numerous

interbedded tephras, and are aged through a combination of Isothermal Plateau Fission

Track dating, palaeomagnetism and orbital tuning to the marine oxygen isotope record as

1.0 - I .4Ma (MIS 28 - 45, Marahauan substage).

The Tertiary pollen record porhays regional vegetation assemblages of extinct

Nothofagus brassii-type species and modern-day podocarps, with local modern-day

oligotrophic mire assemblages. A cool climatic phase is indicated by a period of
dominance of an extinct member of the Proteaceae. However, the duration of this interval

cannot be determined due to a lack of numerical age control for the record.

The Quaternary pollen record consists of mostly extant pollen types. It shows multiple

compositional shifts from Nothofagus-dominated to conifer-dominated regional

vegetation, with local oligotrophic mire vegetation except for a fully aquatic phase at

mid-depth (MIS 35). The primary axis score curve of a detrended correspondence

analysis (DCA) of the pollen record was correlated to the marine isotope record, and

shows that the Nothofagus-dominated intervals correspond to cool climate stages, while

the conifer-dominated intervals correspond to warm stages. The strongest cool stage

maximum is indicated at 12 - 13 m depth (MIS 34), where the vegetation consists of
Fuscospora, Prumnopitys taxifolia and heath shrubs. The strongest warm stage maximum

is indicated at c. 9 m depth (MIS 3l) where the vegetation consists of Dacrydiun forest.



Astronomically forced climate change is an important driving force behind vegetation

composition changes portrayed in the Quatemary pollen record. The majority of warm

stage maxima inferred in the pollen record (conifer-dominated intervals) coincide with

periods of maximum obliquity, and vice versa for inferred cool stage maxima

(Nothofagus-dominated intervals). The modulating effect of eccentricity on precession is

influential on the pollen record during MIS 31 and 34. The relationship between selected

climate indicator taxa and calculated insolation values indicates that reduced seasonality

in Auckland during wann climate stages favours Agathis, Dacrydium, Phyllocladus and

Halocarpus, while increased seasonality during cool climate stages favours Nothofagus

fusca'-type, Nothofagus menziesii, and Prumnopitys taxifolia.ln both situations the trees

are probably responding to a combination of changes in mean global temperatures and

seasonality, and reacting according to their own adaptive responses to astronomically

driven climate change.

The Quaternary pollen record contains plant mixtures that do not occur in New Zealand,

today, for example Agathis australis with Nothofagus menziesii, and, Halocarpus bidwitlii

/ biformis. The climate was probably cooler than it is in Auckland today, but never as

cold as the last glacial maximum in Auckland when grasslands were present. Under more

equable climatic conditions, with less extreme glacial and interglacial cycles, populations

of comparably 'warm' and 'cool' climate taxa were probably able to shift throughout the

region and mixed to a greater extent than is currently observed. The overall vegetation

response to climate change (particularly above MIS 36) is analogous to that recorded in

northern New Zealand in the late Pleistocene, and supports a negligible change in

climatic preference of the main canopy species since the early Quaternary. The

phytosociological idiosyrchracies in the pollen record are not inconsistent with the

known tolerance limits of the taxa involvedo or with the individualistic nature of
vegetation composition.



Acknowledgements

Many people have contributed time and effort to the production of this thesis, all of
whom I wish to thank. My supervisors were Associate Professor John Ogden (School of
Geographical and Environmental Sciencesn University of Auckland, New Zealand), Dr.

Rewi Newnham (Senior Lecturer, Department of Geographical Sciences, University of
Plymouth, England) and Dr. Brent Alloway (Chief Volcanologist, lnstitute of Geological

and Nuclear Sciences, wairakei Research Centre, Taupo, New Zealand). I am very

grateful to have had their expertise and support.

Dr. Alloway, and other scientists made direct contributions of information to this thesis.

Dr. Alloway contributed major element chemistry and isothermal plateau fission-track

data used to age the cores, while Dr. Brad Pillans (Australian National University)

contributed additional palaeomagnetic data. Dallas Mildenhall (Senior palynologist,

Institute of Geological and Nuclear Sciences, Wellington) confirmed extinct

palynomorph identifications, and provided detailed records of biostratigraphically

significant pollen types. Dr. Rod Wallace (Senior technician, Department of
Anthopology, University of Auckland) identified wood fossils, while Dr. Roland Gehrels

(Lecturer, Department of Geographical Sciences, University of Plymouth, England)

systematically searched the cores for foraminifera. Dr. Robert Devoy (Senior Lecturer,

University of Cork, Ireland) examined diatom samples from the cores, and Dr. John

Leathwick (Landcare Research, Hamilton) gave unpublished Generalised Additive

Modelling data for New Zealand trees. Marine oxygen isotope data for ODP site 677 was

supplied by Dr. Tim Naish (Institute of Geological and Nuclear Sciences, Wellington).

A number of technicians gave logistical support, and taught me essential practical skills. I
would like to thank Shelley Christian (University of Auckland) and Ann and pat

(Department of Geographical Sciences, University of Plymouth, England), who taught

me how to navigate the complexities of pollen extraction. Steve Strover (Department of

lll



Chemical and Materials Engineering, University of Auckland) took me through pollen

microphotography. Peter Keen (School of Geographical and Environmental Sciences,

University of Auckland), Neville Hudson (Department of Geology, University of
Auckland) and Dave Jenkinsen (Department of Geography, University of Auckland)

assisted with the onerous task of moving and storing the Patiki cores. Vivian Ward

(Graphic Artist, School of Biological Sciences, University of Auckland) produced many

of the figures in this thesis.

Thanks to my colleagues, Drs Mark Horrocks and Anna Sandiford, Astrid van Meeuwen,

Yan-bin Deng and Rosemary Barraclough who shared their knowledge and much good

companionship with me. I wish to give a special thanks to my family and friends for their

encouragement, good food and good childcare so that I could work at home in peace.

This PhD was financially supported by a Marsden Fund research grant to Dr.s Alloway

and Newnham (UoA 609), as well as the Auckland Regional Council and School of
Geographical and Environmental Sciences.

lv



Table of Contents

Abstract
Aclcnowledgements
Table of Contents
List of Figares
List of Tables
List of abbreviations

Chapter 1 : Introduction
1.0 Thesis outline

1.0.1 Research topic
1,0.2 Aims
l'0.3 Thesis layout

1.1 Inhoductory theory
1.1.1 The Quaternary

l. 1.1.1 Quaternary research
1. 1. 1.2 Astronomical forcing
1. l. 1.3 Sub-Milankovitch climate change

1.1.2 Palynology
l.l.2.l Long pollen records
L.I.2,2 Evolutionary pressures on New Zealand species

Chapter 2: Methodology
2.0 Inhoduction
2.1 Palynology

2.1.1 The production of a pollen record
2.1.2 The interpretation of pollen records
2.1.3 The dating of pollen records
The Patiki study site
Description of methods used in this thesis
2.3.1 The collection and description of material
2.3.2 Fission-track dating and tephrochronology
2.3.3 Palaeomagnetism
2.3.4 Palynology

i
iii
v
viii
x
xi

2.2
2.3

I
I
2
3

4
4
6

8
10

t2
13

l6

2l
22
22
25
30
33

37
37
38
39
40



Chapter 3: Stratigraphy and Chronology
3.0 Introduction
3.1 Lithostratigraphy

3.1.1 Broad lithostratigraphic conformities between profiles
3.2 Biostratigraphy
3.3 Tephrochronology

3.3.1 Geochemical homogeneity of the tephras
3.3.2 Fission-trackdating
3.3.3 Palaeomagnetism
3.3.4 The downcore correlation of tephras
3.3.5 The correlation of the Patiki tephras to other New Zealand tephras

3.4 Overall synthesis

Chapter 4: Palynology of the Tertiary sediments
4.0 Introduction
4.1 Palynology

4.1.1 Superzone Gl
4.1.2 Superzone G2

4.2 Discussion
4.2.1 The pollen record below 41.5m
4.2.2 The pollen record between 41.5 and 31.0 m

4.2.2.1The correlation of the cores
4.2.2.2 lnfened vegetation history
4.2.2.3 Palaeoenvironmental interpretation

Chapter 5: Palynology of the Quaternary sediments
5.0 Inhoduction
5.1 Palynology

5.1.1 Superzone A
5.1.2 Superzone B
5.1.3 Superzone C
5.1.4 Superzone D
5.1.5 Superzone E
5.1.6 Superzone F

5.2 Discussion
5.2.1 The depositional environment
5.2.2 Main features of the pollen record
5.2.3 Taxonomic considerations
5.2.4 Broad characteristics of the wetland vegetation
5.2.5 Vegetation reconstruction

5.2.5.1 Broad classification
5.2.5 .2 Full vegetation descriptions

5l
52
55

57
60
60
64
66
66
72
80

83

84
84
87
89
89
89
89

9l
93

96
96
98
101

103

106
108

ll0
1t2
ltz
113

Lt7
119

t2l
t2l
r22
123

vi

5.2.5.2.1 Superzone A



5.2.5.2.2
s.2.5.2.3
5.2.5.2.4
5.2.5.2.s
5.2.5.2.6

Superzone B
Superzone C
Superzone D
Superzone E
Superzone F

r28
130
l3l
133

135

t37
r37
t37
138

140
140
r45

Chapter 6: Palaeoenvironmental analysis of the Quaternary pollen record
6.0 Introduction
6.1 Broadpalaeoenvironmentalimplications

6.1.1 Depositional environments and sea-level
6.1.2 Volcanic impacts
6.1.3 Fire
6.1.4 Palaeoclimatic inferences

6.2 The discrimination of warm and cool climate taxa in the Quatemary
pollen record
Orbital tuning of the pollen record I47
Harmonic analysis l5l
The relationship between the MI record and climate indicator taxa Ls4
The relationship between the pollen record and astro-climatic variables 156
Discussion 163

Chapter 7: Conclusions and recommendations
7.0 Conclusions
7.1 Recommendations for future research

References

6.3
6.4
6.5
6.6
6.7

168

172

Appendices
Appendix A List of long pollen records not included in Table l. I
Appendix B Full shatigraphic log of the Patiki cores
Appendix C Plates of biostratigraphically significant pollen taxa
Appendix D Major element glass shard geochemistry
Appendix E Palaeomagnetic data
Appendix F Raw pollen counts
Appendix G ODP Site 677 data for the period 0.95-1.43 Ma

174

r96
AI
Bl-B54
CI-C2
D I-D8
EI
Fl-Fl5
GI-G7

vll



List of Figures

Chapter I -Introduction

Ll (top) The Quaternary relative to the geological timescale
(bottom) Simplified chronological subdivision of the
New Zealand Pliocene-Pleistocene

1.2 The components of the astronomical theory of climate change
1.3 High frequency climate change events

Chapter 2-Methodology
2.1 Tauber's model of the components of pollen dispersal
2.2 The global palaeomagnetic timescale for the last 2.5 M yr
2.3 Simplified topographic map of west Auckland, showing major

Roads, waterways, trig points and the location of the patiki cores
2.4 (top) Location of stratigraphic profiles examined in a geotechnical

survey of the Patiki study area; (bottom) stratigraphic profiles of
transect A-B

2.5 Stratigraphic profiles of transect C-D
2.7 The zonation scheme used for the Patiki pollen record

Chapter 3-Stratigraphy and chronology
Relative positions of the three stratigraphic profiles at the patiki
study site

Simplified stratigraphic profiles of Patiki-l and Patiki-2
Stratigraphy of the North-Western Motorway Section (NWMS)
The stratigraphic ranges of the bioshatigraphically significant pollen
taxa in the Patiki cores
The stratigraphic positions of tephras in the Patiki cores and NWMS
Compositional ranges of the major elements, FeO vs CaO and CaO
vs K:O in tephras from the Patiki cores and NWMS
ITPFT dates of selected Patiki tephras
Age of Patiki tephras vs depth
Palaeomagnetic polarity variations in the Patiki cores and NWMS
Major element biplots showing the correlation of stratigraphically
equivalent tephras in the Patiki Road Core cores and NWMS,
Summary diagram showing the downcore correlation of tephras
in the Patiki Road Core cores and NWMS

3.12 The relative location of New zealand volcanic centres to the patiki
study site

3.13 Possible correlatives of the Patiki tephras
3.16 The chronology of the Patiki cores and NWMS

5

9

1l

27
31

34

35

36
46

5l

54
56
58

3.1

3.2
3.3
3.4

3.5
3.6

n-J.t

3.8
3.9
3.10

3.1 I

62
62-63

65
65
67
68-70

7l

73

76-79
78

vul



Chapter 4-Palynology of the Tertiary sediments
4.1 Pollen diagram of Superzone Gr
4.2 Pollen diagram of Superzone Gz
4.3 Correlation of the Patiki Road Core cores based upon a

clay-weathered tephra (AT-64) at c. 38 m depth.

Chapter 5-Palynology of the Quaternary sediments
5.1 Master pollen diagram of the Quaternary sediments in Patiki cores 97
5.2 Pollen diagram for Superzones A & B 99
5.3 Pollen diagram for Superzone C & D 105
5.4 Pollen diagram for Superzone E & F 109
5.5 The relationship between Dacrydium / Phyllocladus and Fuscospora / ll4

Nothofagus menziesii in the Quaternary pollen record
5.6 Species ordination diagram for the Quaternary pollen record 116
5.7 The distribution of species optima in relation to mean annual temperature 118

(MAT) and average July minimum temperature

Chapter 6-Palaeoenvironmental analysis of the Quaternary pollen record
6.1 Mean annual temperature ranges for the New Zealand Nothofagu,s species 143

andAgathis australis
6.2 Correlation between'warm'(top) and'cool'(bottom) climate indicator 146

taxa and the DCA Axis 1 sample scores of the Quaternary pollen record
6.3 Alignment of the ODP Site 677 MI record and the DCA axis I curve 148

of the Quaternary pollen record
6.4 Alignment of the DCA axis I record and the MI record after x-axis 150

adjusfinent of the DCA record
6.5 Harmonic analysis of the untuned DCA record 152
6.6 Harmonic analysis of the tuned DCA record 153
6.7 Therelationshipbetween'warm'and'cool'climateindicatortaxa 155

And the MI record
6.8 The relationship between the DCA axis I curve of the Quaternary 157

pollen record and the astronomical parameters
6.9 The relationship between the sums of 'warm' and 'cool' climate 159

indicator taxa and surnmer insolation at latitude 65'North
6.10 The relationship between the sums of 'warm'and'cool'climate 160

indicator taxa and surnmer insolation at latitude 65o South
6.1 1 The relationship between the sums of 'warm' and 'cool' climate 162

indicator taxa and seasonality at latitude 37o South

86
88

90

lx



List of Tables

Chapter l-Introduction
1.1 Global inventory of terrestrial pollen records covering > 200 k year intervals 14

Chapter 2-Methodology
(no tables)

Chapter 3 -Stratigraphy and chronology
3.1 National first and last appearance dates of the bioshatigraphically 59

significant taxa in this study
3.2 Physical properties of the Patiki tephras
3.3 ITPFT dates for selected Patiki tephras
3.4 Downcore corelation of the Patiki tephras
3.5 Possible correlatives of the Patiki tephras

Chapter 4-Palynology of the Tertiary sediments
(no tables)

Chapter 5-Palynology of the Quaternary sediments
5.1 Broad vegetation classification of the Quaternary pollen record l2l

Chapter 6-Palaeoenvironmental analysis of the Quaternary pollen record
6.1 Vegetation types identified in the Quaternary pollen record 145

List of abbreviations

Ma millions of years ago
Myr million years
Ka thousands of years ago
Kyr thousand years
ODP ocean drilling project
DSDP deep sea drilling project
MI marine isotope
NWMS north west motorway section
DPS dryland pollen sum
DCA dehended correspondence analysis (Decorana)
ITPFT isothermal plateau fission track aging
NZMS New Zealand map series
LA-ICP-MS laser ablation inductively coupled plasma mass spectrometry
GAM generalised additive modelling

61,

64
7l
74



HCC
SCC
NCC
FAD
LAD
CVZ
TVZ
MAT
SR
PPT
dB

highly carbonaceous clay
slightly carbonaceous clay
non-carbonaceous clav
first appearance date
last appearance date
Coromandel volcanic zone
Taupo volcanic zone
mean annual rainfall
solar radiation
precipitation
decibels

xl




