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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 attributes at three 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 cover a 20-km range 

across the central Whanganui Basin. The descriptions were collected at 15-cm intervals 

and analysed using k-means clustering and Principal Component Analysis (PCA) to 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 and C are laterally 

continuous between all of the sections and always relate to the lowermost and upper-

most portions of the Hautawa Shellbed. In contrast, subunit B is only observed to occur 

at West Road overlying subunit A. These subunits have can also be equated to sequence 

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 cyclothem. This study is unique compared to other Whan-

ganui Basin stratigraphic research in its statistically robust approach for comparing data 

gathered at various sites along outcrop strike to better understand the preserved pale-

oenvironment. 

To support the macro-faunal investigation, census counts of foraminifera were 

conducted for samples collected from the fine-grained sediments encompassing the 

Hautawa Shellbed at each of the three sites. Together, the macrofaunal and foraminif-

eral studies reveal temporal and spatial paleoenvironmental changes within 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 highlights the Nukuma-

ruan-Mangapanian Stage boundary at 2.40 Ma includes: Zygochlamys delicatula, 

Crassostrea ingens, Phialopecten thomsoni, Phialopecten triphooki, and Mesopeplum 

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

mations to produce a paleogeographic map of the Whanganui Basin for 2.40 Ma.  

  



ACKNOWLEDGEMENTS  

4 
 

!/Ybh²[95D9a9b¢{ 

Firstly, I want to thank my supervisors Mike Hannah and James Crampton for 

their guidance throughout this project.  

A big thank you goes to my family for their unending encouragement of my stud-

ies and especially to my husband Alistair for his support and also developing a passion 

for rocks.  

Thank you to all the friendly and supportive staff of Victoria University and GNS 

Science who provided advice and inspiration for this project. In particular: Cliff Atkins, 

Tim Naish, Kyle Bland, Katie Collins, Alan Beu, and Jane Chewings. Thanks also to my 

office mates in CO421 for both our quiet times and good yarns.  

A special thank you to the land owners who made this work possible by permit-

ting us to work on their land: Charlie & Jo Duncan at Otiwhiti Station; John & Alex Platts, 

and Steph & Jordan at Colenso Station; and Andy & Brenda Collins at Matawhitia Station. 

Thank you all, again. 

 

 

  



 

5 
 

  
 

 

 

 

 

 

 

 

 

 

 

  

 

  



CONTENTS  

6 
 

/hb¢9b¢{ 
ABSTRACT ....................................................................................................................................... 2 

ACKNOWLEDGEMENTS .................................................................................................................. 4 

CONTENTS ...................................................................................................................................... 6 

FIGURES ........................................................................................................................................ 10 

TABLES  ......................................................................................................................................... 13 

A NOTE ON THE SPELLING OF WHANGANUI ............................................................................... 14 

CHAPTER ONE .............................................................................................................................. 16 

1.1 GENERAL INTRODUCTION ....................................................................................... 16 

1.1.1 Thesis structure ................................................................................................... 17 

1.2 AIMS ........................................................................................................................ 17 

1.3 GEOLOGIC SETTING ................................................................................................. 18 

1.3.1 Introduction ........................................................................................................ 18 

1.4 PALEOGEOGRAPHY ................................................................................................. 20 

1.4.1 Kuripapango Strait .............................................................................................. 20 

1.4.2 Manawatu Strait ................................................................................................. 22 

1.4.3 Implications of paleogeography .......................................................................... 22 

1.5 LITHOSTRATIGRAPHY .............................................................................................. 23 

1.5.1 The Hautawa Shellbed ........................................................................................ 23 

1.5.2 Western Whanganui Basin (McIntyre & Kamp, 1998) ........................................ 23 

1.5.3 Eastern Whanganui Basin (Naish & Kamp, 1995) ............................................... 25 

1.5.4 Summary stratigraphy Whanganui Basin ............................................................ 25 

1.5.5 Lateral correlations ............................................................................................. 25 

1.6 OTHER STRATIGRAPHIC APPROACHES .................................................................... 28 

1.6.1 Biostratigraphy .................................................................................................... 28 

1.6.2 Chronostratigraphy ............................................................................................. 29 

1.7 SEQUENCE STRATIGRAPHY ..................................................................................... 30 

1.7.1 Nomenclature ..................................................................................................... 30 

1.7.2 Whanganui Basin sequences............................................................................... 35 

1.7.3 Sequence architecture ........................................................................................ 35 

1.7.4 Implications from sequence architecture ........................................................... 36 

1.7.5 ¢ƘŜ ΨIŀǳǘŀǿŀ {ƘŜƭƭōŜŘΩ ...................................................................................... 37 



CONTENTS 

7 
 

1.8 PALEONTOLOGY....................................................................................................... 39 

1.8.1 Introduction ......................................................................................................... 39 

1.8.2 Macrofauna ......................................................................................................... 39 

1.8.3 Microfauna .......................................................................................................... 40 

1.8.4 Faunal assemblage summary .............................................................................. 41 

CHAPTER TWO ............................................................................................................................. 43 

2.1 INTRODUCTION ....................................................................................................... 43 

2.2 SECTION MEASURING .............................................................................................. 45 

2.2.1 Outcrop measurement ........................................................................................ 45 

2.2.2 Sampling of macro-fauna .................................................................................... 49 

2.3 RESEARCH SITES ....................................................................................................... 49 

2.3.1 Central Whanganui Basin ς Hautawa Shellbed ................................................... 49 

2.3.2 Eastern Margin ς Limestones proximal to Ruahine Range .................................. 56 

CHAPTER THREE ........................................................................................................................... 58 

3.1 INTRODUCTION ....................................................................................................... 58 

3.2 ANALYSIS OF MACROFAUNAL DATASET .................................................................. 58 

3.2.2 Observed faunal clusters ..................................................................................... 62 

3.3 ANALYSIS OF TAPHONOMIC DATASET ..................................................................... 66 

3.4 BIOFACIES ANALYSIS ................................................................................................ 70 

3.4.1 Constructing biofacies from clusters ................................................................... 70 

3.4.2 Using biofacies to subdivide the sections ............................................................ 72 

3.4.3 Implications at sites of subunits .......................................................................... 72 

3.3.3 Environmental interpretation of subunits ........................................................... 75 

3.3.4 Paleo-water depth of fauna ................................................................................. 75 

3.3.5 Reworking and implications ................................................................................ 78 

3.3.6 Age range of macrofauna .................................................................................... 79 

CHAPTER FOUR ............................................................................................................................ 80 

4.1 INTRODUCTION ....................................................................................................... 81 

4.2 SAMPLE PROCESSING .............................................................................................. 81 

4.2.1 Grain size ............................................................................................................. 81 

4.2.2 Foraminifera picking ............................................................................................ 83 

CHAPTER FIVE .............................................................................................................................. 85 



CONTENTS  

8 
 

5.1 INTRODUCTION ....................................................................................................... 85 

5.2 ANALYSIS OF FORAMINIFERA .................................................................................. 86 

5.2.1 Faunal assemblages ............................................................................................ 86 

5.2.2 Proxies and methods for paleo-water depth ...................................................... 92 

5.3 FORAMINIFERA RESULTS ........................................................................................ 95 

5.3.1 Paleo-water depth at central basin sites ............................................................ 95 

5.3.2 Paleo-water depth at eastern margin site .......................................................... 96 

5.3.3 Age range from microfaunal assemblage ........................................................... 96 

 99 

CHAPTER SIX ............................................................................................................................... 100 

6.1 INTRODUCTION ..................................................................................................... 100 

6.2 BASAL NUKUMARUAN CORRELATIVES ................................................................. 100 

6.2.1 Central Basin Hautawa Shellbed ....................................................................... 100 

6.2.2 Colenso Station, east of Taihape ....................................................................... 108 

6.2.3 Table Flat Shell Conglomerate; Cone Creek, east of Apiti ................................ 110 

6.3 PALEOGEOGRAPHIC RECONSTRUCTION ............................................................... 112 

6.3.1 Methodology ..................................................................................................... 112 

6.3.2 New paleogeography ........................................................................................ 115 

CHAPTER SEVEN ......................................................................................................................... 119 

7.1 SUMMARY OF WORK ............................................................................................ 119 

7.2 KEY FINDINGS ........................................................................................................ 119 

7.3 SUGGESTIONS FOR FURTHER STUDY .................................................................... 120 

REFERENCES ............................................................................................................................... 121 

APPENDIX ................................................................................................................................... 127 

A.1 GRAIN SIZE ............................................................................................................ 127 

A.2 FORAMINIFERAL SAMPLE ASSEMBLAGES ............................................................. 128 

A.3 MACROFAUNA DATA FRAMES .............................................................................. 130 

A.3.1   Faunal Assemblage ................................................................................................ 130 

A.3.2   Taphonomy ............................................................................................................ 132 

A.4 R CODE: MACROFAUNA ........................................................................................ 134 

A.4.1   Code used in R to analyse macrofaunal assemblages ........................................... 134 



CONTENTS 

9 
 

A.4.2   Comparison of mclust and kmeans partitioning .................................................... 143 

A.5 R CODE: FORAMINIFERA ........................................................................................ 147 

A.6 FORAMINIFERA WATER DEPTH ASSESSMENT ....................................................... 152 

A.6.1   Faunal Assemblage by Order .................................................................................. 152 

A.6.2   Faunal Assemblage by Genera ............................................................................... 156 

A.7 MEASURED SECTIONS ............................................................................................ 162 

 

  



FIGURES  

10 
 

CLD¦w9{ 
Figure 1.3.1: Tectonic plate boundary through New Zealand and the Zealandia 

continent. ........................................................................................................................ 18 

Figure 1.4.1: Land mass and ocean current interactions for the Late Pliocene from 

Nelson et al. (2000). Sub-Antarctic fossil localities from A. Beu, Grant-Taylor, and 

Hornibrook (1977) shown by stars. ................................................................................. 20 

Figure 1.4.2: Simplistic paleogeography for central New Zealand at the Early 

Pleistocene, from Trewick and Bland (2012). Inferred to be representing a glacial 

lowstand with the Kuripapango Strait depicted closed. ................................................. 21 

CƛƎǳǊŜ мΦпΦоΥ 5ŜǘŀƛƭŜŘ ǇŀƭŜƻƎŜƻƎǊŀǇƘȅ ŦƻǊ ǘƘŜ IŀǿƪŜΩǎ .ŀȅ ŀǘ ǘƘŜ ōŀǎŜ ƻŦ ǘƘŜ 

Nukumaruan, from Kamp, Bland & Nelson (2008). Kuripapango Strait is depicted open 

during this representative interglacial highstand. .......................................................... 21 

Figure 1.5.1: Schematic cross-section linking key horizons from Whanganui Basin to 

9ŀǎǘ /ƻŀǎǘ .ŀǎƛƴΣ ŀǎ ƛƴŎƭǳŘŜŘ ƛƴ ΨDŜƻƭƻƎȅ ƻŦ ǘƘŜ IŀǿƪŜΩǎ .ŀȅ !ǊŜŀΩ ό[ŜŜΣ Ŝǘ ŀƭΦΣ нлммύ 

ǇǳōƭƛǎƘŜŘ ŀǎ aŀǇ у ƛƴ Db{ {ŎƛŜƴŎŜΩ va!t ǎŜǊƛŜǎΦ......................................................... 27 

Figure 1.7.1: Stratal terminations and terminology from Catuneanu (2002). ................ 31 

Figure 1.7.2: Facies stacking due to transgressive and regressive sea level changes from 

Catuneanu (2002). ........................................................................................................... 31 

Figure 1.7.3: Systems tracts and their bounding surfaces relative to sea level change. 

Time passes left to right. Key in box applies to Figures 1.7.3 to 1.7.6. .......................... 32 

Figure 1.7.4: Transgressive systems tract (TST) schematic. Shoreline to the left, and 

basin to the right. Upper shows systems tract. Lower shows shellbed deposits. .......... 33 

Figure 1.7.5: Highstand systems tract (HST) schematic. Shoreline to the left, and basin 

to the right. Upper shows systems tract. Lower shows shellbed deposits. ................... 34 

Figure 1.7.6: Regressive systems tract (HST) schematic. Shoreline to the left, and basin 

to the right. Upper shows systems tract. Lower shows shellbed deposits. ................... 35 

Figure 1.7.7: Symmetric Turakina motif compared to asymmetric Rangitikei motif. .... 36 

Figure 2.1.1: Structure of Chapter 2 and Chapter 3. ....................................................... 44 

Figure 2.1.2: Comparison of exposure qualities present at West Road. ........................ 45 

Figure 2.2.1: Flow diagram of field approach to compile quantitative biostratigraphic 

data of taphonomy alongside traditional stratigraphic. ................................................. 46 

Figure 2.2.2: Taphonomic description of basal Hautawa Shellbed at Ridge Road; 

Mangamahu. JEGE_14A. ................................................................................................. 48 

Figure 2.3.1: Map of localities studied. Coordinates of sites in Table 2.3.2. .................. 52 

file:///C:/Users/Joanna/Documents/VUW/Entire%201%2011%202018%20FINAL%202.docx%23_Toc528819324
file:///C:/Users/Joanna/Documents/VUW/Entire%201%2011%202018%20FINAL%202.docx%23_Toc528819324
file:///C:/Users/Joanna/Documents/VUW/Entire%201%2011%202018%20FINAL%202.docx%23_Toc528819325
file:///C:/Users/Joanna/Documents/VUW/Entire%201%2011%202018%20FINAL%202.docx%23_Toc528819325
file:///C:/Users/Joanna/Documents/VUW/Entire%201%2011%202018%20FINAL%202.docx%23_Toc528819325
file:///C:/Users/Joanna/Documents/VUW/Entire%201%2011%202018%20FINAL%202.docx%23_Toc528819326
file:///C:/Users/Joanna/Documents/VUW/Entire%201%2011%202018%20FINAL%202.docx%23_Toc528819326
file:///C:/Users/Joanna/Documents/VUW/Entire%201%2011%202018%20FINAL%202.docx%23_Toc528819326
file:///C:/Users/Joanna/Documents/VUW/Entire%201%2011%202018%20FINAL%202.docx%23_Toc528819327
file:///C:/Users/Joanna/Documents/VUW/Entire%201%2011%202018%20FINAL%202.docx%23_Toc528819327
file:///C:/Users/Joanna/Documents/VUW/Entire%201%2011%202018%20FINAL%202.docx%23_Toc528819327
file:///C:/Users/Joanna/Documents/VUW/Entire%201%2011%202018%20FINAL%202.docx%23_Toc528819328
file:///C:/Users/Joanna/Documents/VUW/Entire%201%2011%202018%20FINAL%202.docx%23_Toc528819328
file:///C:/Users/Joanna/Documents/VUW/Entire%201%2011%202018%20FINAL%202.docx%23_Toc528819328
file:///C:/Users/Joanna/Documents/VUW/Entire%201%2011%202018%20FINAL%202.docx%23_Toc528819329
file:///C:/Users/Joanna/Documents/VUW/Entire%201%2011%202018%20FINAL%202.docx%23_Toc528819330
file:///C:/Users/Joanna/Documents/VUW/Entire%201%2011%202018%20FINAL%202.docx%23_Toc528819330
file:///C:/Users/Joanna/Documents/VUW/Entire%201%2011%202018%20FINAL%202.docx%23_Toc528819331
file:///C:/Users/Joanna/Documents/VUW/Entire%201%2011%202018%20FINAL%202.docx%23_Toc528819331
file:///C:/Users/Joanna/Documents/VUW/Entire%201%2011%202018%20FINAL%202.docx%23_Toc528819332
file:///C:/Users/Joanna/Documents/VUW/Entire%201%2011%202018%20FINAL%202.docx%23_Toc528819332
file:///C:/Users/Joanna/Documents/VUW/Entire%201%2011%202018%20FINAL%202.docx%23_Toc528819333
file:///C:/Users/Joanna/Documents/VUW/Entire%201%2011%202018%20FINAL%202.docx%23_Toc528819333
file:///C:/Users/Joanna/Documents/VUW/Entire%201%2011%202018%20FINAL%202.docx%23_Toc528819334
file:///C:/Users/Joanna/Documents/VUW/Entire%201%2011%202018%20FINAL%202.docx%23_Toc528819334
file:///C:/Users/Joanna/Documents/VUW/Entire%201%2011%202018%20FINAL%202.docx%23_Toc528819335
file:///C:/Users/Joanna/Documents/VUW/Entire%201%2011%202018%20FINAL%202.docx%23_Toc528819336
file:///C:/Users/Joanna/Documents/VUW/Entire%201%2011%202018%20FINAL%202.docx%23_Toc528819337
file:///C:/Users/Joanna/Documents/VUW/Entire%201%2011%202018%20FINAL%202.docx%23_Toc528819338
file:///C:/Users/Joanna/Documents/VUW/Entire%201%2011%202018%20FINAL%202.docx%23_Toc528819338
file:///C:/Users/Joanna/Documents/VUW/Entire%201%2011%202018%20FINAL%202.docx%23_Toc528819339
file:///C:/Users/Joanna/Documents/VUW/Entire%201%2011%202018%20FINAL%202.docx%23_Toc528819339
file:///C:/Users/Joanna/Documents/VUW/Entire%201%2011%202018%20FINAL%202.docx%23_Toc528819340


FIGURES 

11 
 

Figure 2.3.2: Photo of Ridge Road main site on Matawhitia Station. Scale = 1.5 m ...... 53 

Figure 2.3.3: Photo of Old Hautawa Road site on Otiwhiti Station. Scale = 1.5 m ......... 53 

Figure 2.3.4: Topographic map of West Road locations ................................................. 55 

Figure 2.3.5: Photo of West Road site during measuring of section A at site JEGE_14. 

Scale = 1.5 m ................................................................................................................... 56 

Figure 3.2.1: Plot produced by cascadeKM in order to exhibit how the local maximum 

ssi criterion is reached when four clusters are found within the faunal dataset. .......... 60 

Figure 3.2.2: Plot of PC1 and PC2 with all four clusters shown. 40.3% of the variation in 

the faunal dataset is accounted for by these axes. ........................................................ 62 

Figure 3.2.3: Plot of PC1 and PC3 with all four clusters shown. 37.2% of the variation in 

the faunal dataset is accounted for by these axes. ........................................................ 63 

Figure 3.2.4: Plot of PC2 and PC3 with all four clusters shown. 24.9% of the variation in 

the faunal dataset is accounted for by these axes. ........................................................ 63 

Figure 3.2.5: Bi-plot of complete faunal dataset showing clusters, samples (points), and 

genera (the variable vectors). ......................................................................................... 64 

Figure 3.3.1: Plot produced by cascadeKM in order to exhibit how the local maximum 

ssi criterion is reached when three clusters are found within the taphonomic dataset.

 ......................................................................................................................................... 67 

Figure 3.4.1: Illustration of biofacies and subunits displayed on measured section B at 

West Road.  Full section included in the Enclosure. ....................................................... 70 

Figure 3.4.2: Faunal biofacies observed and subunits compared between central basin 

sites. ................................................................................................................................ 73 

Figure 3.4.3: Water depth range chart for macrofauna in Subunit A = range of 5 to 40 

m. .................................................................................................................................... 77 

Figure 3.4.4: Water depth range chart for macrofauna in Subunit B = range of 20 to 40 

m. .................................................................................................................................... 77 

Figure 3.4.5: Water depth range chart for macrofauna in Subunit C = range of 20 to 45 

m. .................................................................................................................................... 77 

Figure 3.4.6: Age range chart of key molluscs observed in the Hautawa Shellbed 

compared to both the New Zealand Geologic Timescale and species age ranges in 

millions of years. ............................................................................................................. 80 

Figure 4.2.1: Structure of Chapter 4 and Chapter 5. ...................................................... 82 

Figure 4.2.2: Plot of relationship between % mud and depositional water depth on a 

wave graded shelf, Figure 10 from Dunbar & Barrett (2005). Based on data collected 

off the modern Manawatu coast and is fitted with a 4th order polynomial. .................. 83 

file:///C:/Users/Joanna/Documents/VUW/Entire%201%2011%202018%20FINAL%202.docx%23_Toc528819341
file:///C:/Users/Joanna/Documents/VUW/Entire%201%2011%202018%20FINAL%202.docx%23_Toc528819342
file:///C:/Users/Joanna/Documents/VUW/Entire%201%2011%202018%20FINAL%202.docx%23_Toc528819343
file:///C:/Users/Joanna/Documents/VUW/Entire%201%2011%202018%20FINAL%202.docx%23_Toc528819344
file:///C:/Users/Joanna/Documents/VUW/Entire%201%2011%202018%20FINAL%202.docx%23_Toc528819344
file:///C:/Users/Joanna/Documents/VUW/Entire%201%2011%202018%20FINAL%202.docx%23_Toc528819345
file:///C:/Users/Joanna/Documents/VUW/Entire%201%2011%202018%20FINAL%202.docx%23_Toc528819345
file:///C:/Users/Joanna/Documents/VUW/Entire%201%2011%202018%20FINAL%202.docx%23_Toc528819346
file:///C:/Users/Joanna/Documents/VUW/Entire%201%2011%202018%20FINAL%202.docx%23_Toc528819346
file:///C:/Users/Joanna/Documents/VUW/Entire%201%2011%202018%20FINAL%202.docx%23_Toc528819347
file:///C:/Users/Joanna/Documents/VUW/Entire%201%2011%202018%20FINAL%202.docx%23_Toc528819347
file:///C:/Users/Joanna/Documents/VUW/Entire%201%2011%202018%20FINAL%202.docx%23_Toc528819348
file:///C:/Users/Joanna/Documents/VUW/Entire%201%2011%202018%20FINAL%202.docx%23_Toc528819348
file:///C:/Users/Joanna/Documents/VUW/Entire%201%2011%202018%20FINAL%202.docx%23_Toc528819349
file:///C:/Users/Joanna/Documents/VUW/Entire%201%2011%202018%20FINAL%202.docx%23_Toc528819349
file:///C:/Users/Joanna/Documents/VUW/Entire%201%2011%202018%20FINAL%202.docx%23_Toc528819350
file:///C:/Users/Joanna/Documents/VUW/Entire%201%2011%202018%20FINAL%202.docx%23_Toc528819350
file:///C:/Users/Joanna/Documents/VUW/Entire%201%2011%202018%20FINAL%202.docx%23_Toc528819350
file:///C:/Users/Joanna/Documents/VUW/Entire%201%2011%202018%20FINAL%202.docx%23_Toc528819351
file:///C:/Users/Joanna/Documents/VUW/Entire%201%2011%202018%20FINAL%202.docx%23_Toc528819351
file:///C:/Users/Joanna/Documents/VUW/Entire%201%2011%202018%20FINAL%202.docx%23_Toc528819352
file:///C:/Users/Joanna/Documents/VUW/Entire%201%2011%202018%20FINAL%202.docx%23_Toc528819352
file:///C:/Users/Joanna/Documents/VUW/Entire%201%2011%202018%20FINAL%202.docx%23_Toc528819353
file:///C:/Users/Joanna/Documents/VUW/Entire%201%2011%202018%20FINAL%202.docx%23_Toc528819353
file:///C:/Users/Joanna/Documents/VUW/Entire%201%2011%202018%20FINAL%202.docx%23_Toc528819354
file:///C:/Users/Joanna/Documents/VUW/Entire%201%2011%202018%20FINAL%202.docx%23_Toc528819354
file:///C:/Users/Joanna/Documents/VUW/Entire%201%2011%202018%20FINAL%202.docx%23_Toc528819355
file:///C:/Users/Joanna/Documents/VUW/Entire%201%2011%202018%20FINAL%202.docx%23_Toc528819355
file:///C:/Users/Joanna/Documents/VUW/Entire%201%2011%202018%20FINAL%202.docx%23_Toc528819356
file:///C:/Users/Joanna/Documents/VUW/Entire%201%2011%202018%20FINAL%202.docx%23_Toc528819356
file:///C:/Users/Joanna/Documents/VUW/Entire%201%2011%202018%20FINAL%202.docx%23_Toc528819356
file:///C:/Users/Joanna/Documents/VUW/Entire%201%2011%202018%20FINAL%202.docx%23_Toc528819357
file:///C:/Users/Joanna/Documents/VUW/Entire%201%2011%202018%20FINAL%202.docx%23_Toc528819358
file:///C:/Users/Joanna/Documents/VUW/Entire%201%2011%202018%20FINAL%202.docx%23_Toc528819358
file:///C:/Users/Joanna/Documents/VUW/Entire%201%2011%202018%20FINAL%202.docx%23_Toc528819358


FIGURES  

12 
 

Figure 4.2.3: Flow diagram of sample processing to produce foraminifera picking 

appropriate dry fractions ς primarily from 63-500µm. .................................................. 84 

Figure 5.1.1: Summary of paleodepth and oceanicity based on New Zealand Neogene 

foraminiferal faunal assemblages (based on Figure 89; Hayward, 2010). Expected 

ranges for planktic percentage observed is given below each sub-region title. ............ 85 

Figure 5.2.1: Plot produced by cascadeKM in order to exhibit how the maximum ssi 

criterion is reached when three clusters are found within the foraminifera dataset. ... 88 

Figure 5.2.2: Biplot produced for samples distributed based on foraminiferal 

assemblages. ................................................................................................................... 89 

Figure 5.2.3: Juvenile brachiopods from sample 001, intra-shellbed siltstone on Old 

Hautawa Road, Otiwhiti Station. Viewed with light microscope. ................................... 90 

Figure 5.2.4: Correlation between sites using foraminiferal clusters observed and 

sediment sample positions proximal to  the Hautawa Shellbed in the central 

Whanganui Basin............................................................................................................. 91 

Figure 5.3.1: Water depth changes observed relative to basal contact (m). ................. 97 

Figure 6.1 1: Map of key formations and their modern outcrop distribution. Data from 

GNS Science QMAP series. Locations of key sites plotted. ........................................... 101 

Figure 6.3.1: Zygochlamys delicatula with geologic hammer for scale. Located by JEGE 

in conglomeratic beds in Broadlands Stream. Identification validated in the field by Dr 

Katie Collins. .................................................................................................................. 114 

Figure 6.3.2: Central New Zealand paleogeographic reconstruction of earliest 

Nukumaruan Stage. Key on opposing page. ................................................................. 116 

Figure 6.3.3: Abundant greywacke pebbles present in both Sentry Box Formation 

[upper photo, sourced from Lee et al. (2011)] and Table Flat Shell Conglomerate [lower 

photo]. ........................................................................................................................... 118 

Figure A.4.1: Bi-plot of mclust partitioning of faunal assemblage dataset into six 

clusters. Clusters 2 and 3 shown here. ......................................................................... 145 

Figure A.4.2: Bi-plot of mclust partitioning of faunal assemblage dataset into six 

cluster. Clusters 1, 4, 5, and 6 shown here. .................................................................. 145 

Figure A.4.3: Bi-plot of kmeans partitioning of faunal assemblage dataset into six 

cluster. Clusters 1 and  2 shown here. .......................................................................... 146 

Figure A.4.4: Bi-plot of kmeans partitioning of faunal assemblage dataset into six 

cluster. Clusters 2 and 4 shown here. ........................................................................... 146 

 

  

file:///C:/Users/Joanna/Documents/VUW/Entire%201%2011%202018%20FINAL%202.docx%23_Toc528819359
file:///C:/Users/Joanna/Documents/VUW/Entire%201%2011%202018%20FINAL%202.docx%23_Toc528819359
file:///C:/Users/Joanna/Documents/VUW/Entire%201%2011%202018%20FINAL%202.docx%23_Toc528819360
file:///C:/Users/Joanna/Documents/VUW/Entire%201%2011%202018%20FINAL%202.docx%23_Toc528819360
file:///C:/Users/Joanna/Documents/VUW/Entire%201%2011%202018%20FINAL%202.docx%23_Toc528819360
file:///C:/Users/Joanna/Documents/VUW/Entire%201%2011%202018%20FINAL%202.docx%23_Toc528819361
file:///C:/Users/Joanna/Documents/VUW/Entire%201%2011%202018%20FINAL%202.docx%23_Toc528819361
file:///C:/Users/Joanna/Documents/VUW/Entire%201%2011%202018%20FINAL%202.docx%23_Toc528819362
file:///C:/Users/Joanna/Documents/VUW/Entire%201%2011%202018%20FINAL%202.docx%23_Toc528819362
file:///C:/Users/Joanna/Documents/VUW/Entire%201%2011%202018%20FINAL%202.docx%23_Toc528819363
file:///C:/Users/Joanna/Documents/VUW/Entire%201%2011%202018%20FINAL%202.docx%23_Toc528819363
file:///C:/Users/Joanna/Documents/VUW/Entire%201%2011%202018%20FINAL%202.docx%23_Toc528819364
file:///C:/Users/Joanna/Documents/VUW/Entire%201%2011%202018%20FINAL%202.docx%23_Toc528819364
file:///C:/Users/Joanna/Documents/VUW/Entire%201%2011%202018%20FINAL%202.docx%23_Toc528819364
file:///C:/Users/Joanna/Documents/VUW/Entire%201%2011%202018%20FINAL%202.docx%23_Toc528819365
file:///C:/Users/Joanna/Documents/VUW/Entire%201%2011%202018%20FINAL%202.docx%23_Toc528819366
file:///C:/Users/Joanna/Documents/VUW/Entire%201%2011%202018%20FINAL%202.docx%23_Toc528819366
file:///C:/Users/Joanna/Documents/VUW/Entire%201%2011%202018%20FINAL%202.docx%23_Toc528819367
file:///C:/Users/Joanna/Documents/VUW/Entire%201%2011%202018%20FINAL%202.docx%23_Toc528819367
file:///C:/Users/Joanna/Documents/VUW/Entire%201%2011%202018%20FINAL%202.docx%23_Toc528819367
file:///C:/Users/Joanna/Documents/VUW/Entire%201%2011%202018%20FINAL%202.docx%23_Toc528819368
file:///C:/Users/Joanna/Documents/VUW/Entire%201%2011%202018%20FINAL%202.docx%23_Toc528819368
file:///C:/Users/Joanna/Documents/VUW/Entire%201%2011%202018%20FINAL%202.docx%23_Toc528819369
file:///C:/Users/Joanna/Documents/VUW/Entire%201%2011%202018%20FINAL%202.docx%23_Toc528819369
file:///C:/Users/Joanna/Documents/VUW/Entire%201%2011%202018%20FINAL%202.docx%23_Toc528819369
file:///C:/Users/Joanna/Documents/VUW/Entire%201%2011%202018%20FINAL%202.docx%23_Toc528819370
file:///C:/Users/Joanna/Documents/VUW/Entire%201%2011%202018%20FINAL%202.docx%23_Toc528819370
file:///C:/Users/Joanna/Documents/VUW/Entire%201%2011%202018%20FINAL%202.docx%23_Toc528819371
file:///C:/Users/Joanna/Documents/VUW/Entire%201%2011%202018%20FINAL%202.docx%23_Toc528819371
file:///C:/Users/Joanna/Documents/VUW/Entire%201%2011%202018%20FINAL%202.docx%23_Toc528819372
file:///C:/Users/Joanna/Documents/VUW/Entire%201%2011%202018%20FINAL%202.docx%23_Toc528819372
file:///C:/Users/Joanna/Documents/VUW/Entire%201%2011%202018%20FINAL%202.docx%23_Toc528819373
file:///C:/Users/Joanna/Documents/VUW/Entire%201%2011%202018%20FINAL%202.docx%23_Toc528819373


TABLES 

13 
 

¢!.[9{ 

Table 1.5.2: Lithostratigraphic scheme in western Whanganui Basin after McIntyre and 

Kamp (1998). ................................................................................................................... 24 

Table 1.5.2: Lithostratigraphic scheme in eastern Whanganui Basin after  Naish et al. 

(1995). ............................................................................................................................. 24 

Table 1.5.3: Modern stratigraphy of the Whanganui Basin at the Mangapanian-

Nukumaruan boundary. Formation names are left justified and named members right 

justified............................................................................................................................ 26 

Table 1.6.1: Bioevent markers situated in the Hautawa Shellbed, adapted from Table 7.1 

McIntyre (2002) pg. 233. ................................................................................................. 28 

Table 1.7.1: Abbreviations common to sequence stratigraphy...................................... 30 

Table 1.7.2: Summary of sequence stratigraphic terminology regarding shellbeds and 

their applications based on descriptions in Kondo et al. (1998). ................................... 38 

Table 2.2.1: Taphonomic attribute classification scheme after Hendy, Kamp, and Vonk 

(2006). ............................................................................................................................. 47 

Table 2.2.2: Exemplary field notes for basal Hautawa Shellbed at Ridge Road; 

Mangamahu. ................................................................................................................... 48 

Table 3.4.1: Biofacies scheme for Hautawa Shellbed built on cluster analysis of faunal 

and taphonomic datasets. .............................................................................................. 71 

Table 5.2.1: Percentages of common key foraminifera identified in samples. Bold text 

emphasising relative higher percentage values. Samples are grouped based on trends in 

observed during picking. ................................................................................................. 87 

Table 5.2.2: Results for water depth from various sources and proxies for sample 001.

 ......................................................................................................................................... 92 

Table 5.2.3: Water depths in meters from all proxies measured in all samples. ........... 95 

Table 6.2.1: Stratigraphic artitecture and sequence motif observed at key sites. ....... 104 

Table 6.3.1: Chart of key fauna known to be present in formations and the age range 

inferred.......................................................................................................................... 113 

Table A.4.1: Comparison of mclust and kmeans partitioning and the breakdown of 

number of points placed into each cluster out of the total 51 points. ........................ 144 

Table A.7.1: Summary of measured sections in enclosures. ........................................ 162 

Table A.7.2: Summary of facies abbreviations used in measured sections .................. 162 

  

file:///C:/Users/Joanna/Documents/VUW/Entire%201%2011%202018%20FINAL%202.docx%23_Toc528818356
file:///C:/Users/Joanna/Documents/VUW/Entire%201%2011%202018%20FINAL%202.docx%23_Toc528818356
file:///C:/Users/Joanna/Documents/VUW/Entire%201%2011%202018%20FINAL%202.docx%23_Toc528818357
file:///C:/Users/Joanna/Documents/VUW/Entire%201%2011%202018%20FINAL%202.docx%23_Toc528818357
file:///C:/Users/Joanna/Documents/VUW/Entire%201%2011%202018%20FINAL%202.docx%23_Toc528818358
file:///C:/Users/Joanna/Documents/VUW/Entire%201%2011%202018%20FINAL%202.docx%23_Toc528818358
file:///C:/Users/Joanna/Documents/VUW/Entire%201%2011%202018%20FINAL%202.docx%23_Toc528818358
file:///C:/Users/Joanna/Documents/VUW/Entire%201%2011%202018%20FINAL%202.docx%23_Toc528818359
file:///C:/Users/Joanna/Documents/VUW/Entire%201%2011%202018%20FINAL%202.docx%23_Toc528818359
file:///C:/Users/Joanna/Documents/VUW/Entire%201%2011%202018%20FINAL%202.docx%23_Toc528818360
file:///C:/Users/Joanna/Documents/VUW/Entire%201%2011%202018%20FINAL%202.docx%23_Toc528818361
file:///C:/Users/Joanna/Documents/VUW/Entire%201%2011%202018%20FINAL%202.docx%23_Toc528818361
file:///C:/Users/Joanna/Documents/VUW/Entire%201%2011%202018%20FINAL%202.docx%23_Toc528818362
file:///C:/Users/Joanna/Documents/VUW/Entire%201%2011%202018%20FINAL%202.docx%23_Toc528818362
file:///C:/Users/Joanna/Documents/VUW/Entire%201%2011%202018%20FINAL%202.docx%23_Toc528818363
file:///C:/Users/Joanna/Documents/VUW/Entire%201%2011%202018%20FINAL%202.docx%23_Toc528818363
file:///C:/Users/Joanna/Documents/VUW/Entire%201%2011%202018%20FINAL%202.docx%23_Toc528818364
file:///C:/Users/Joanna/Documents/VUW/Entire%201%2011%202018%20FINAL%202.docx%23_Toc528818364
file:///C:/Users/Joanna/Documents/VUW/Entire%201%2011%202018%20FINAL%202.docx%23_Toc528818365
file:///C:/Users/Joanna/Documents/VUW/Entire%201%2011%202018%20FINAL%202.docx%23_Toc528818365
file:///C:/Users/Joanna/Documents/VUW/Entire%201%2011%202018%20FINAL%202.docx%23_Toc528818365
file:///C:/Users/Joanna/Documents/VUW/Entire%201%2011%202018%20FINAL%202.docx%23_Toc528818366
file:///C:/Users/Joanna/Documents/VUW/Entire%201%2011%202018%20FINAL%202.docx%23_Toc528818366
file:///C:/Users/Joanna/Documents/VUW/Entire%201%2011%202018%20FINAL%202.docx%23_Toc528818367
file:///C:/Users/Joanna/Documents/VUW/Entire%201%2011%202018%20FINAL%202.docx%23_Toc528818368
file:///C:/Users/Joanna/Documents/VUW/Entire%201%2011%202018%20FINAL%202.docx%23_Toc528818369
file:///C:/Users/Joanna/Documents/VUW/Entire%201%2011%202018%20FINAL%202.docx%23_Toc528818369
file:///C:/Users/Joanna/Documents/VUW/Entire%201%2011%202018%20FINAL%202.docx%23_Toc528818370
file:///C:/Users/Joanna/Documents/VUW/Entire%201%2011%202018%20FINAL%202.docx%23_Toc528818370
file:///C:/Users/Joanna/Documents/VUW/Entire%201%2011%202018%20FINAL%202.docx%23_Toc528818371
file:///C:/Users/Joanna/Documents/VUW/Entire%201%2011%202018%20FINAL%202.docx%23_Toc528818372


A NOTE ON THE SPELLING OF WHANGANUI  

14 
 

! bh¢9 hb ¢I9 {t9[[LbD hC ²I!bD!b¦L 

¢ƘŜ ǎǇŜƭƭƛƴƎ ƻŦ ǎƻƳŜ aņƻǊƛ ǇƭŀŎŜ ƴŀƳŜǎ ŀƴŘ ƎŜƻƎǊŀǇƘƛŎ ŦŜŀǘǳǊŜǎ ƘŀǾŜ ŎƘŀƴƎŜŘ 

over the years. In particular, the spelling ƻŦ Ψ²ƘŀƴƎŀƴǳƛΩ ƻǊ Ψ²ŀƴƎŀƴǳƛΩ ƛǎ ŀǇǇƭƛŎŀōƭŜ ǘƻ 

ǘƘƛǎ ǘƘŜǎƛǎΦ ¢ƘŜ ǎǇŜƭƭƛƴƎ ǿƛǘƘƻǳǘ ŀƴ ΨƘΩ ƛǎ ǇǊŜǾŀƭŜƴǘ ƛƴ ǘƘŜ ƎŜƻƭƻƎƛŎ ƭƛǘŜǊŀǘǳǊŜ ŦƻǊ ǘƘŜ ǊŜπ

gion. The New Zealand Geologic Timescale 2015/1 also refers to the youngest New Zea-

ƭŀƴŘ {ŜǊƛŜǎ ŀǎ Ψ²ŀƴƎŀƴǳƛΩΦ  

As of 2012, either spelling is regarded as correct for the township as determined 

ōȅ ǘƘŜ aƛƴƛǎǘŜǊ ŦƻǊ [ŀƴŘ LƴŦƻǊƳŀǘƛƻƴΦ ¢ƘŜ aņƻǊƛ [ŀƴƎǳŀƎŜ /ƻƳƳƛǎǎƛƻƴ ǎǳǇǇƻǊǘŜŘ ǘƘŜ 

ŎƻǊǊŜŎǘƛƻƴ ǘƻ Ψ²ƘŀƴƎŀƴǳƛΩ ŀǎ ǘƘŜ ƴŀƳŜ ƛǎ ŀ ŎƻƳǇƻǳƴŘ ǿƻǊŘ ƻŦ ΨǿƘŀƴƎŀΩ όharbour) and 

ΨƴǳƛΩ όbig). To lŀŎƪ ǘƘŜ ΨƘΩ ǇǊƻŘǳŎŜǎ ŀ ǿƻǊŘ ƴƻǘ ƛƴ ǘƘŜ aņƻǊƛ ƭŜȄƛŎƻƴΦ ¢ƘŜ ǊƛǾŜǊ ƛǘǎŜƭŦ ƛǎ 

ŦƻǊƳŀƭƭȅ ŎƻƴǎƛŘŜǊŜŘ ǘƻ ōŜ Ψ²ƘŀƴƎŀƴǳƛ wƛǾŜǊΩ ōȅ [Lb½ ŀƴŘ ƛƴŎƭǳŘŜŘ ŀǎ ǎǳŎƘ ƛƴ ǘƘŜ ¢ƻǇƻрл 

map series.  

Lƴ ǘƘƛǎ ǘƘŜǎƛǎ Ψ²ƘŀƴƎŀƴǳƛΩ ƛǎ ǘƘŜǊŜŦƻǊŜ ǳǎŜŘ ƛƴ ŀƭƭ ŎŀǎŜǎΣ ŜǾŜƴ ǿƘŜƴ ǊŜŦŜǊǊƛƴƎ ǘƻ 

literature which use the prior spelling.  
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INTRODUCTION 

1.1 GENERAL INTRODUCTION 

Whanganui Basin, on the west coast of New Zealand, contains a 4 km thick sedi-

mentary sequence of Pliocene-Pleistocene age mostly shallow marine strata (Naish, 

2005). The cyclic glacio-eustatic sea level fluctuations of the Pliocene-Pleistocene are 

preserved in this far field evidence of recorded environment changes (McIntyre & Kamp, 

1998). Robust cyclostratigraphic correlation with marine isotope stages through tephro-

chronology, sequence stratigraphy, and biostratigraphy has made Whanganui Basin into 

one of the locations in the world to study shallow marine records of past sea level and 

climatic changes (Carter & Naish, 1998; Naish et al., 1998). Hence, the records preserved 

in the Whanganui Basin have featured in numerable publications on a range of topics 

including: past global climate and the magnitude of sea level fluctuations, volcanic ac-

tivity in the Taupo Volcanic Zone, and many others (Naish et al., 1995; Pillans, Chappell, 

& Naish, 1998; Sefton, 2015). 

Since the mid-twentieth century, researchers such as Charles Fleming have 

known that the arrival of the extant sub-Antarctic scallop Zygochlamys delicatula into 

the Whanganui Basin in the Hautawa Shellbed heralded a significant shift to a cooler 

paleoclimate (Fleming, 1944, 1953). Warmer fauna (e.g. Crassostrea ingens and Phi-

alopecten thomsoni) went 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 Timescale. This boundary marks a significant 

point in time ς the onset of Quaternary climate as expressed in the New Zealand geo-

logic record. 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 of the Basin against the 

Ruahine Range containing Zygochlamys delicatula has inspired further research into the 

Hautawa Shellbed (J. Lee, Bland, Townsend, & Kamp, 2011). The Hautawa Shellbed out-

crops for ca. 50 km across the basin from the Whanganui to the Rangitikei River, and it 
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provides an ideal unit to investigate for the reconstruction of lateral paleoenvironmental 

variations. High resolution paleoenvironmental investigation of the Hautawa Shellbed 

then provides useful evidence for the construction of a basal Nukumaruan paleogeo-

graphic map for the Whanganui Basin. 

1.1.1 Thesis structure  

¶ Chapter One contains details regarding the background setting for this research 

including: the geologic setting, litho- and chrono-stratigraphic framework, a re-

view of sequence stratigraphic theory and nomenclature, and key paleontologi-

cal information. 

¶ Chapter Two introduces the macro-paleontological methods applied and Chap-

ter Three discusses the results and analyses from the macro-faunal dataset.  

¶ Chapter Four presents the methods applied relating to micro-paleontology and 

Chapter Five describes the results and analyses of the micro-faunal dataset.  

¶ Chapter Six integrates macro- and micro-paleontological dataset results and dis-

cusses their significance and application.  

¶ 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: 

¶ Investigation of the stratigraphic and paleontological composition of the 

Hautawa Shellbed. 

¶ Determination of whether newly-discovered outcrops at Colenso Station, east of 

Taihape, are correlatives of the Hautawa Shellbed. 

¶ Expand knowledge of paleoenvironments of the Whanganui Basin proximal  

to the paleo-coastline at the time of the Mangapanian-Nukumaruan stage 

boundary. 
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¶ Production of a paleo-geographic reconstruction of the Whanganui Basin for the 

Mangapanian-Nukumaruan stage boundary. 

 

1.3 GEOLOGIC SETTING 

1.3.1 Introduction  

The Zealandia continent is situated across the plate boundary between the Aus- 

  

C) West to east schematic cross-section of the plate tectonic setting of the southern central North Island, 
New Zealand after Naish and Kamp (1995).Equivalent to A-!Ω ŎǊƻǎǎ-section shown in B. 

Figure 1.3.1: Tectonic plate boundary through New Zealand and the Zealandia conti-
nent. 

B) Schematic map of New Zealand tec-
tonic setting sourced from Naish and 
Kamp (1995) 

A) Map of plate boundary location 
soured from Te Ara website 
(www.teara.govt.nz). Zealandia conti-
nent shown by bathymetry which em-
phasises the continental vs oceanic 
crust. 

 

http://www.teara.govt.nz/
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tralian (also called the Australasian) and 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 which also includes New Caledonia in the north and 

the Auckland and Campbell Islands in the south (Mortimer 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 beneath the Australa-

sian Plate. Convergence between these two plates is currently at a rate of 40-mm per 

year [Fig. 1.3.1 C].  

The Whanganui Basin, on the west coast of the central North Island of New Zea-

land is a back-arc basin which has formed along the Hikurangi 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 Taranaki Boundary Fault to the west and the 

axial Ruahine Range to the east. 

During the Pliocene and Pleistocene, coupling of the tectonic plates led to back-

arc pull down due to plate flexure (Davey & Stern, 1990). 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 km thƛŎƪ ǎŜǉǳŜƴŎŜ ƛǎ ŎƻƴǎƛŘŜǊŜŘ ǘƻ ōŜ ƻƴŜ ƻŦ ǘƘŜ ǿƻǊƭŘΩǎ 

best sedimentary records and hence is an ideal place to examine how climatic influences 

are expressed within the sedimentary record (Naish & Kamp, 1995). Naish et al. (1998) 

found that the basin-fill is made up of 58 fifth and sixth-order shallow marine cycles. This 

forms a record of the past 3.6 million years, with 100,000- and 41,000-year Milan-

kovitch-paced glacio-eustatic sea-level cycles preserved. The record is astronomically 

calibrated and tuned through an integrated chronology (Naish et al., 1998), with tech-

niques such as biostratigraphy, tephrochronology, and magnetostratigraphy having 

been used extensively to correlate with the oxygen isotope curve (Naish et al., 1998). 
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1.4 PALEOGEOGRAPHY 

Since the Pliocene, the New Zealand landmass has been successively cut from 

west to east by a series of paleo-ǎŜŀǿŀȅǎ ƻǊ ΨǎǘǊŀƛǘǎΩ ώCƛƎΦ мΦпΦмϐΦ Lǘ ƛǎ ǘƘƛǎ ǎŜǊƛŜǎ ƻŦ ǎŜŀπ

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 North Islands of New Zealand. Prior to this the Manawatu and Kuripapango Straits 

connected the Whanganui and East Coast Basins. 

5ǳǊƛƴƎ ǘƘŜ tƭƛƻŎŜƴŜΣ ƳǳŎƘ ƻŦ ǘƘŜ ŎŜƴǘǊŀƭ ²ŀƛǊŀǊŀǇŀ ŀƴŘ IŀǿƪŜΩǎ .ŀȅ ǿŜǊŜ ǳƴπ

derwater in a narrow but laterally extensive marine region referred to as the Ruatani-

wha Strait [Fig. 1.4.2] (Trewick & Bland, 2012). To the east the strait was constrained by 

the rising accretionary wedge which formed a chain of islands and marine shoals 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 Kaimanawa-Kaweka Ranges are located (Browne, 

2004a). This strait is named after the small settlement of Kuripapango on the Taihape-

Napier Road. During the earliest Nukumaruan, it has been suggested that this strait was 

only open during interglacial highstands [Fig. 1.4.3] (Bland, Kamp, & Nelson, 2008). 

  

Figure 1.4.1: Land mass and ocean cur-
rent interactions for the Late Pliocene 
from Nelson et al. (2000). Sub-Antarc-
tic fossil localities from A. Beu, Grant-
Taylor, and Hornibrook (1977) shown 
by stars. 
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Figure 1.4.3Υ 5ŜǘŀƛƭŜŘ ǇŀƭŜƻƎŜƻƎǊŀǇƘȅ ŦƻǊ ǘƘŜ IŀǿƪŜΩǎ .ŀȅ ŀǘ ǘƘŜ ōŀǎŜ ƻŦ ǘƘŜ bǳƪǳπ
maruan, from Kamp, Bland & Nelson (2008). Kuripapango Strait is depicted open dur-
ing this representative interglacial highstand.   

 

Figure 1.4.2: Simplistic paleogeography for central New Zealand at the Early Pleisto-
cene, from Trewick and Bland (2012). Inferred to be representing a glacial lowstand 
with the Kuripapango Strait depicted closed. 
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1.4.2 Manawatu Strait 

The Manawatu Strait was positioned just north of the present-day 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 depths (Milner, 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 latitude of the central North Island, 

New Zealand was documented as occurring during the early Nukumaruan Stage by 

Fleming (1944) [Fig. 1.4.1]. This event was synchronous with extinctions of warm water 

genera, such as the giant oyster Crassostrea ingens and Phialopecten thomsoni, in these 

areas. Fleming (1944) considered the scallop Zygochlamys delicatula to be the most 

characteristic cold-water mollusc of this cold-water faunal group which also contains 

Tawera subsulcata and Stiracolpus symmetricus. Zygochlamys delicatula is an extant, 

sub-!ƴǘŀǊŎǘƛŎ ǎǇŜŎƛŜǎΣ ŎƻƳƳƻƴƭȅ ǊŜŦŜǊǊŜŘ ǘƻ ŀǎ ǘƘŜ ΨǉǳŜŜƴ ǎŎŀƭƭƻǇΩΦ  

The Manawatu Strait has, for much of the past half-century, been thought of  as 

the access route for southern ocean molluscan larvae into Whanganui Basin (A. Beu et 

al., 1977). Detailed work in 1998 by Orpin, Gammon, Naish, and Carter, investigated the 

significance of Zygochlamys delicatula in both ancient shellbeds and modern deposits. 

Orpin et al. (1998) argued that Zygochlamys delicatula represent times of waning glacial 

(colder-water) conditions in the Whanganui Basin, when the shelf was starved of terri-

genous sediment due to rapid shoreline transgression. They also suggest that the re-

striction of Zygochlamys delicatula to only a few, early Nukumaruan cyclothems in the 

wŀƴƎƛǘƛƪŜƛ ǎŜǉǳŜƴŎŜ ƛǎ ŘǳŜ ǘƻ άŀƴ ǳƴŦŀǾƻǳǊŀōƭŜ ŎƻƳōƛƴŀǘƛƻƴ ƻŦ ǇŀƭŀŜƻ-hydrography, in-

ŎƭǳŘƛƴƎ ŘŜǇǘƘΣ ǿŀǘŜǊ ǘŜƳǇŜǊŀǘǳǊŜ ŀƴŘ ǘǳǊōƛŘƛǘȅέ όǇƎΦ нтсύ (Orpin, Gammon, Naish, & 

Carter, 1998). As the loss of Zygochlamys delicatula from the Whanganui Basin during 

the early Nukumaruan is likely not a result of Manawatu Strait complete closure as pre-

viously suggested, the lack of Zygochlamys delicatula in the higher cyclothems of the 

Whanganui Basin is more likely due to other unfavourable conditions not lack of possible 

access from south eastern New Zealand. 
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1.5 LITHOSTRATIGRAPHY 

1.5.1 The Hautawa Shellbed 

Today in the Whanganui Basin, the lower boundary of the Nukumaruan Stage is 

thought to be indicated by the lowest occurrence in the basin of Zygochlamys delicatula 

at the base of the Hautawa Shellbed (A. Beu, 2001; R. Cooper & Agterberg, 2004; Hollis 

et al., 2010; McIntyre, 2002). The Hautawa Shellbed was first described by Superior Oil 

/ƻƳǇŀƴȅ ŀǎ ǘƘŜ ΨIŀǳǘŀǿŀ wŜŜŦ IƻǊƛȊƻƴΩ recognised along the south side of the Hautawa 

Stream valley (Feldmeyer, Jones, Firth, & Knight, 1943). Known and previously studied 

outcrops of the Hautawa Shellbed extend over 50 kilometres from the Whanganui River 

Valley eastward to the Rangitikei Valley (McIntyre, 2002).  

The lithostratigraphy of the Whanganui Basin is understood better now than 

when originally described by Fleming (1953). Today the 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 correlations as compiled by Naish 

and Kamp (1995) and McIntyre and Kamp (1998); repsectively.  

1.5.2 Western Whanganui Basin (McIntyre & Kamp, 1998)  

McIntyre & Kamp (1998) formally describe seven formations within the Okiwa 

Group in the western segment of the Whanganui Basin. Of importance 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 Sandstone) (McIntyre & Kamp, 

1998). The Hautawa Shellbed was deposited during a period 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 inner-shelf to shoreface envi-

ronment. 
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Table 1.5.2: Lithostratigraphic scheme in western Whanganui Basin after McIntyre 
and Kamp (1998). 
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Table 1.5.2: Lithostratigraphic scheme in eastern Whanganui Basin after  Naish et al. 
(1995). 
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1.5.3 Eastern Whanganui Basin (Naish & Kamp, 1995)  

Naish and Kamp (1995) describe 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 the Rangitikei after Fleming (1953). The Hautawa Shellbed forms the 

base of the Tikapu Formation in this scheme. The Tikapu Formation contains two mem-

bers which are categorised into a basal coquina and a gradationally overlying siliciclastic 

siltstone. Naish and Kamp (1995) consider that the faunal changes within the Hautawa 

Shellbed represent a progressive increase from inner to mid-shelf water depth. 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, many formations 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 Formation of Naish & Kamp (1995). Both 

the west and eastern regions express the same depositional changes associated within 

the Hautawa Shellbed and overlying sediments. Everywhere the Hautawa Shellbed rep-

resents a period of 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 east). In the western-most segment of the basin, the 

Hautawa Shellbed is inferred by McIntyre (2002) to be represented by a  

correlative formation: the Kuranui Limestone. The Kuranui Limestone, prior to the  

findings of McIntyre (2002), was thought to be equivalent to the Upokonui Sandstone 

(Fleming, 1953), which is found overlying the Hautawa Shellbed elsewhere (McIntyre & 

Kamp, 1998). Though, the Kuranui Limestone has a break in sedimentation at its base, 
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as described by Suggate (1990), and this is cause for some concern with the interpreta-

tion that the Kuranui and Hautawa Shellbed are lateral correlatives. Whether the 

Kuranui Limestone is in fact a correlative or not is outside the scope of this thesis.   

As previously mentioned, the cold-water assemblage (including Zygochlamys 

delicatula) is also found in other North Island sedimentary basins during the Nukuma-

ruan Stage. Some of the other key formations include the Sentry Box Limestone in cen-

trŀƭ ƛƴƭŀƴŘ IŀǿƪŜΩǎ .ŀȅ όwΦ /ƻƻǇŜǊ ϧ !ƎǘŜǊōŜǊƎΣ нллпύΣ and the Table Flat Shell Conglom-

erate at the western edge of the Ruahine Range. The correlations to these other for-

mations are tenuous and relies primarily on the presence of Zygochlamys delicatula as 

an indicator species. Figure 1.5.1, taken from the GNS Science QMAP publication on the 

ƎŜƻƭƻƎȅ ƻŦ IŀǿƪŜΩǎ .ŀȅΣ ǎƘƻǿ Ƙƻǿ these formations relate to each other within a sche-

matic cross-section 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 paleo-seaways across the central 

North Island (the Manawatu and Kuripapango Straits) contain poorly preserved  

Zygochlamys delicatula specimens. This suggests that both seaways were open during 
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Table 1.5.3: Modern stratigraphy of the Whanganui Basin at the Mangapanian-Nuku-
maruan boundary. Formation names are left justified and named members right justi-
fied.  
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the early Nukumaruan ς 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 between them formed by the proto-Ruahine Range.  

 

1.6 OTHER STRATIGRAPHIC APPROACHES 

1.6.1 Biostratigraphy 

As shown in Figure 1.5.1 and described above, the Hautawa Shellbed is of basal 

Nukumaruan age which is tied to the arrival of Zygochlamys delicatula into the Whanga-

nui Basin. This timing can be correlated to events elsewhere due to a number of key 

biomarkers present in the base of the Hautawa Shellbed [Table 1.6.1].  There has been 

concern that presence of Zygochlamys delicatula may be stratigraphically diachronous 

and its use as a marker is best suited to very local scales (Jenkins, 1971). Hence, using an 

assemblage of key species is important rather than a single taxon to mark a chronostrati-

graphic horizon within the Whanganui Basin.  

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

the boundary between the Mangapanian and Nukumaruan Stages in the Whanganui  

Mangapanian  
(last appearance) 

Base of the  
Hautawa Shellbed 

Nukumaruan  
(first appearance) 

  Alcithoe arabica 

Tawera subsulcata 

Phialopecten triphooki 

Zygochlamys delicatula 

Mesopeplum convexum 

Crassostrea ingens  

Phialopecten thomsoni  

Polinices (s.s.)   
 
 

Clavatoma pulchra 

Maoricardium spatiosum 

Alcithoe gatesi 

Austrofusus pagoda 

 

Table 1.6.1: Bioevent markers situated in the Hautawa Shellbed, adapted from Table 
7.1 McIntyre (2002) pg. 233.  

Orange = taxa with Mangapanian Stage (Wm) last appearance; Red = taxa considered Wm restricted/last 
appearance elsewhere but also found in in the base of the Hautawa Shellbed; Lilac = taxa with first ap-
pearance in the base of the Hautawa Shellbed and continue into the Nukumaruan Stage (Wn); Blue = 
Nukumaruan Stage first appearance taxon not recorded in the base of the Hautawa Shellbed. 
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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 are elsewhere considered to last appear in the Mangapanian Stage are found 

within the basal Hautawa Shellbed ς such as Crassostrea ingens and Phialopecten thom-

soni [red; Table 1.6.1]. The key fauna which are first observed in Whanganui Basin in the 

base of the Hautawa Shellbed (and not older units) are shown in lilac. While in contrast, 

Alcithoe arabica only 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 coastal plain, 

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 cycle (Naish et al., 1998). This means that a dominantly odd-numbered Marine 

Isotope Stage (MIS) record is preserved in the Whanganui Basin. This relates to inter-

glacial periods being recorded as odd stage numbers and glacial periods as even num-

bers. For example, the modern day inter-glacial highstand is MIS 1 while the most 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 recently, Cooper & Agterberg (2004) proposed the move from corre-

sponding to MIS 97 (as previously positioned by Naish & Kamp (1995) and 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. Today, the 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) of Zygochlamys delicatula, in the Whanganui Basin as recommended by Beu (2001) 

(Hollis et al., 2010).  
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1.7 SEQUENCE STRATIGRAPHY 

The position of 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 area (Journeaux, Kamp, & 

Naish, 1996; Naish & Kamp, 1995) and at Parikino in the Whanganui River valley (Kamp 

& McIntyre, 1998; McIntyre & Kamp, 1998). The purpose of sequence stratigraphy is to 

correlate and untangle the observed repeating sedimentary record with cyclic sea level 

changes. In the case of the Whanganui Basin cyclothems, they are dominantly glacio-

eustatic in nature.  

Table 1.7.1 outlines abbreviations common to sequence stratigraphy and used 

here. Definitions and terms are based generally on Catuneanu (2002). Due to the com-

plexities of sequence stratigraphic terminology, a summary is given before describing 

the implications and details relating to the Hautawa Shellbed outlined later in Table 

1.7.2.  

1.7.1 Nomenclature  

The idea of systems tracts has developed in order to subdivide individual se-

quences into contemporaneous depositional units which develop in different environ-

ments on the marine shelf and slope (Catuneanu, 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 retrogradational and progradational stacked facies  

 

Abbreviation Full term 

TST Transgressive systems tract 
HST Highstand systems tract 
RST Regressive systems tract 
LST Lowstand systems tract 

 
SB Sequence boundary 
RSE Regressive surface of erosion 
TSE Transgressive surface of erosion 

 

Table 1.7.1: Abbreviations common to sequence stratigraphy. 

Abbreviation Full term 

DLS Downlap surface 
LFS Local flooding surface 
MFS Maximum flooding surface 

  
OLSb Onlap shellbed 
BLSb Backlap shellbed 
DLSb Downlap shellbed 
MCSb Mid-cycle shellbed 
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Figure 1.7.2: Facies stacking due to transgressive and regressive sea level changes from 
Catuneanu (2002). 

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

Figure 1.7.1: Stratal terminations and terminology from Catuneanu (2002).  

Only onlap, downlap, and toplap are described here. Backlap of Kidwell (1991) is not shown.  








































































































































































































































































