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ABSTRACT 

The Wanganui Basin is a large south westerly fac ing embayment which contains up to 

4000 m of Plio-Pleistocene shallow marine sediment deposited during periodic glacio

eustatic sea-level fluctuations. The basin depocentre has shi fted progressively 

southward over time in response to upl ift in the no rth . 

Ten cycles recorded wi th in the late Pliocene to mid-late Pleistocene sediments exposed 

along the coast at Castl ec liff a rc correlated to lower Turak ina Valley, Whangaehu 

Valley and Rangitikei Valley. 

T he cyclic basi n fill in the study area has been inte rpreted in terms of sequence 

stratigraphy. Facies successions of the Transgress ive Systems Tract <TST) consist of 

sediment deposited within shorcfacc to innerrnost shelf environments during re lative 

sea- level ri se. In the T urakina Valley section, it was fo und that several depositional 

sequences show anomalously thick TST's. Where these thick TST's are evident, a 

relatively thin HST occurs. These anomalously thick TST's occur along the nanks of 

the Marton Anticline and may represent periods o f uplift of the anticline or a significant 

increase of sediment supply into thi s part of the basin during relative rises in sea-level. 

Type A I Shellbeds in the Turakina Valley section are particularly well represented and 

tend to be thicker compared to those at Castlecliff. The increase in thickness towards 

the east of the basin is attributed to increased sedimentation rate with closer proximity 

to the axial ranges. The fauna! assemblage of Type A 1 Shell beds in the Turakina valley 

section were found to be similar to those at Castlecliff 

Condensed Mid-cycle Shellbeds (MCS) (= Type B Shellbed) are rich in well preserved 

m situ and near situ fauna within a muddy, fine sand or si lt matri x. T he mid-cycle 

she llbeds in the Turakina Valley section are thinner than those at the Castlecliff section. 

This thinning out of the MCS towards the east of the basin is attributed to higher 
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sedimentation rates. Sediment starved conditions necessary for the development of mid

cycle shellbeds are therefore less pronounced. 

A new kind of Type B shellbed was recognised in the Turakina Valley section (Facies 

TCS-1 ) and consists of a basal shell conglomerate followed by a muddy phase with 

abundant, di verse fauna. T hi s type of shellbcd appears to succeed a period of uplift on 

the Marton Anticline or follows a period of increased sediment supply into this part of 

the basin. 

In general , the fauna! assemblage of Type B Shellbeds 111 Turakina Va lley was simi lar 

to that recorded rrom the Castlecliff secti on. The assemblage, however, was more 

diverse in the Turakma Valley section, perhaps reflecting higher sedimentation and 

subsidence rates to\\'ards the cast of the basin 

The Highstand Systems Tract (I IST) consists of a thick unit or blue-grey siltstone which 

represents the latter part of a relative sea-le,·el ri se and beginning stages of a relative 

sea-level fall. The siltstone facies that make up the HST were deposited on the inner 

and inner-middle shelf. The HST's exposed on the onland section of the Wanganui 

Basin are incomplete ly preserved. Si milarly. the Lowstand Systems Tract (LST), which 

would be made up of progressively more terrestria l facics as sea-le' el fal Is, is on ly seen 

at one site in Rangitikei Valley. Both the upper part of the HST and the LST were 

eroded away and redeposited as the next rise in sea-level occurred, forming the 

unconformity that represents the sequence boundary. 

In the depositional sequences where sedimentation wasn' t affected by uplift on the 

Marton Anticline or by a diverted sediment source, HST's are cons iderably thicker 

compared to those at Castlecliff This thickening of si ltstone units towards the east of 

the basin reflects an increasing sedimentation rate due to closer proxi mity to the axial 

ranges and increasing subsidence rate with respect to the position of the 

contemporaneous depocentre. 



IV 

CONTENTS 

Page 

J\cknO\\ lcdgmcnts ......................... ....................................................... .... .. ... ....... . 

Abstract. ... .. ........................................ ......... .. ..................................... ..... ...... . . . . . . . 11 

Contents................... .. ....... ... . ... . . .. . . ... . .. . . .. . ..... ... ... . ...... .. .. .. . . . . .. ...... ... . . ....... ..... . .. . . 1v 

List or Figures ............. ........ ........ .............. ..... .. ..... ····· ················ . ................. VII 

List of Tables......... ... .......... . .............. ............... ...... .................................. ........... x 

L ist of Plates .... xi 

CHA PTER O:\E INTRODll('TION 

I.I Objectives of T hesis . ......... ... .. ...................... ..... ................... .. .................. 1- 1 

1.2 Thesis Structure....... .......... .................................. ......... ............... ................ 1-1 

1.3 Study Area 

l .3. l Location................ ..... ................ ................ .. .... ................................... 1- 1 

1.3.1 Geological Age.. .. .. ... .. .................. ... ............................ ... .... ... ......... ..... 1-3 

1.4 Regional Geological Setting.... .. . ...... ............ ..... .. .. ... . ..... ... ..... .. .. ... .... .... ...... 1-4 

l.5 Structural Setting within the Study A rea......... ..... ................. .. .. ........... .. .. 1-7 

l .5. 1 Geomorphology .... .... .......................... .......... ......... ... .. ........... ...... ........ 1-9 

1.6 Stratigraphy...................... ................................... .. ............... .......... ........... ... 1-9 

1.6.1 Previous Work............. ......... ........... .. ...................... .. ..... ........... ..... ..... 1-9 

1.6.2 Sequence Stratigraphy. .... .... ..... ...... .......... ............... .... ................ .... ... . 1-10 

1.6.3 Pl io-Pleistocene Sea-level Fluctuations... ............. ... ................. ........... 1-11 

CHAPTER TWO STRATIGRAPHY 

PART I 

2.1.1 Continental Shelf E nvironments.. ...... .... .. .... .... .......... .............................. 2-1-1 

2.1.2 Definition and Interpretation of Sedimentary Structures.................... .. 2-1-2 



2.1.3 Introduction to Sequence Stratigraphy .............................................. . 

2. 1.4 Classification of Facies ..... 

2.1.5 Classification of SheHbeds ... 

2.L6 Pecten Zones in Pleistocene \Vanganui Basin Formations 

PARTH 

2.2.I Format of Part 11. .......................................................................... . 

2.2.2 Brief Outline of Depositional Sequence 1 in Lower Turakina Valley .. 

2.2.3 Description and Interpretation of Depositional Sequence 2 .... 

2.2.4 Description and Interpretation of Depositional Sequence 3 .. 

2.2.5 Description and Interpretation of Depositional Sequence 4 .. .. 

2.2.6 Description and Interpretation of Depositional Sequence 5 .. . 

2.2.7 Description and Interpretation of Depositiomd Sequence 6 ............. . 

2.2.8 Description and Interpretation of Depositional Sequence 7. 

2.2.9 Description and Interpretation of Depositional Sequence 8 .............. . 

2.2.10 Description and Interpretation of Depositional Sequence 9 ............. . 

2.2.11 Description and Interpretation of Depositional Sequence 10 ........... . 

CHAPTER THREE DISCUSSION 

v 

2-1-8 

2-1-12 

2-1-22 

2-1-24 

2-2-1 

2-2-3 

2-2-4 

2-2-11 

2-2-18 

2-2-24 

2-2-33 

2-2-50 

2-2-58 

2-2-75 

2-2-88 

3.1 Regional Correlation.............................................................. ... ........... ....... 3-1 

3.2 Trends in Turakina Valley................. ..................................... ................... 3-4 

3.3 Pecten Zones.............................. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-6 

3.4 Facies Classification................................................................................. . . 3-10 

3.5 Paleoenvironmental Reconstruction........................................................... 3-12 

3.6 Vokanic Marker Beds.. . . . . . . .. .. . . . . . .. . .. . . . . . . ..... . . . . . . .. . . .. . . . . . . . . . . . . . . . . . .... . . . . . . . . .. . . . . . 3-13 

3.7 Summary........................................................................................................ 3-16 

REFERENCES 



APPENDICES 

Appendix A Tephra Analysis 

Appendix B Grain Size Analysis 

Appendix C Paleocurrent Data 

Appendix D Height Data 

Appendix E Macrofauna Assemblages and Occurrence in Type A 1 and B 

Shell beds 

Map and cross-section included in back envelope 

VI 



List of Figures 

Figure 1. 1 

Figure 1.2 

Figure 1.3 

Figure 1.4 

Figure 1.5 

PART I 

Figure 2. 1. 1 

CHAPTER ONE 

Location map of study area 

Summary of Quaternary stratigraphy in Wanganui Basin over 

the last 1 Ma 

Location and geological setting of the Wanganui Basin 

Limits of depocentres of the Wanganui Basin and present 

di stribution of Pho-Pleistocene sediments 

Seismic Line 13, onshore Wanganui Basin , with a depth 

section provided y Anderton ( 1981 ) 

CHAPTER TWO 

Diagram showing tenninol0!:,1)' used to desif,mate shelf 

environments 

Figure 2.1.2 Types of sedimentary structures observed tn the Turakina 

Valley sequence 

Figure 2.1.3 Idealised diagram of a Wanganui Basin mid-Pleistocene 

depositional sequence, summarising tenninology related to 

systems tracts and their bounding surfaces 

Figure 2.1.4 Diagram shO\ving shelf environments, development of 

sequence boundaries, systems tracts and mid-cycle shellbeds, 

during a relative sea-level rise and subsequent fall 

Figure 2.1.5 Pecten zones within the onland Wanganui Basin sequence, 

from Wanganui to Rangitikei Valley 

Figure 2.1.6 Diagram showing correlation of Pecten zones m the 

Wanganui Basin 

Vil 

Page 

1-2 

1-4 

1-5 

1-6 

1-8 

2-1-1 

2-1-7 

2-1-10 

2-1-11 

2-1-25 

2-1-26 



PART II 

Figure 2.2.1 Stratigraphic summary diagram of Depositional Sequence 2 in 

Turakina Valley 

Figure 2.2.2 Rose diagram of paleocurrent data taken from the Okehu 

Shell Grit at site 522/129322 in Turakina Valley 

Figure 2.2.3 Stratigraphic summary diat,Tfam of Depositional Sequence 3 in 

Turakina Valley 

Figure 2.2.4 Rose diagrams of paleocurrent data taken from the basal 

member (Deepdem Conglomerate) of the Kaimatira Pumice 

Sand in Turakina Valley 

Figure 2.2.S Stratigraphic summary diat,Tfam of Depositional Sequence 4 in 

Turakina Valley 

Figure 2.2.6 Stratigraphic summary diagram of Depositional Sequence 5 in 

Turakina Valley 

Figure 2.2.7 Rose diat,Tfam of paleocurrent data from the Kaikokopu Shell 

Grit at site S22/072306 in Turakina Valley 

Figure 2.2.8 Stratigraphic summary diat,Tfam of Depositional Sequence 6 in 

Turakina Valley 

Figure 2.2.9 Stratigraphic summary diagram of Depositional Sequence 7 in 

Turakina Valley 

Figure 2.2.10 Stratigraphic summary diagram of Depositional Sequence 8 in 

Turakina Valley 

Figure 2.2.11 Stratigraphic summary diagram of Depositional Sequence 9 in 

Turakina Valley 

Figure 2.2.12 Stratigraphic summary diagram of Depositional Sequence 10 

in Turakina Valley 

VIII 

2-2-10 

2-2-12 

2-2-17 

2-2-20 -2-2-21 

2-2-23 

2-2-32 

2-2-37 

2-2-49 

2-2-57 

2-2-74 

2-2-87 

2-2-101 



Figure 3.1 

Figure 3.2 

Figure 3.3 

Figure 3.4 

CHAPTER THREE 

Stratigraphic summary columns from Castlecliff, Whangaehu 

Valley, Turakma Val and Rangitikei Valley, showing 

Correlation of depositional sequences across the Wanganui 

Basin 

Correlation of J)ccten zones across the Wanganui Basin 

Occurrence of common macrofauna in Type A I and Type B 

Shell beds 

CaO - FeO - 1 /3K20 plots from m1croprobe analysis of 

rhyolite glass shards from A) Wanganui 

1994) and B) Turakina Val work) 

llans ct ul, 

IX 

3-3 

3-9 

3-11 

3-15 



List of Tables 

PART I 

Table 2.1.1 

Table 2.1.2 

PART II 

CHAPTER T\\10 

Facics observed w ithin the Turakina Valley sequence (based 

on the fac ies c lassification of Abbott ( I 994 )) 

Major shcllbed types observed within the T urakina Valley 

sequence (based on the work of Abbott and Carter ( I 994) and 

Abbott ( I 994 )) 

x 

Page 

2-1-21 

2-1-23 

Table 2.2.1 Palaeontolob'Y o r the Makuhou Shell Conglomerate 1n 2-2-27 - 2-2-28 

Table 2.2.2 

Table 2.2.3 

Table 2.2.4 

Table 2.2.5 

Table 2.2.6 

Table 2.2.7 

Table 2.2.8 

Table 2.2.9 

Table 2.2.10 

Table 2.2.11 

Turakina Valley 

Palaeontolob'Y of the Ruakina Fonnation (including the basal 

Kaikokopu Shell Grit member) in Turakina Valley 

Palacontolo!,'Y of the Morgans Shel l bed in Turakina Valley 

Palaeontology of the Kupe Fonnation in Turakina Valley 

Palaeontology of the Seafield Sand in Turakina Valley 

Palaeontology of the Howie Shell bed in Turakina Valley 

Palaeontology of the Lower Castlecliff Shellbed in Turakina 

Valley 

Palaeontology of the Tainui Shell bed in Turakina Valley 

Palaeontology of the Shakespeare C liff Sand in Turakina 

Valley 

Palaeontology of the Upper Castlecliff Shellbed in Turakina 

Valley 

Palaeontology of the Karaka Siltstone in Turakina Valley 

2-2-40 - 2-2-41 

2-2-45 - 2-2-46 

2-2-53 - 2-2-54 

2-2-62 - 2-2-63 

2-2-66 - 2-2-67 

2-2-72 - 2-2-73 

2-2-82 - 2-2-83 

2-2-92 - 2-2-93 

2-2-96 

2-2-100 



List of Plates 

CHAPTER T\\/O 

PARTH 

Plate 2.2.1 

Plate 2.2.2 

Plate 2.2.3 

Lower part of the Makuhou Reserve Formation at S22/l 18324 

Upper part of the Makuhou Reserve Fonnation at S22/I 18324 

Close up of sedimentary structures the upper part of 

the Makuhou Reserve Formation at S22/l 18324 

Plate 2.2.4 Makuhou at S22/115346 

Plate 2.2.5 Lower Okehu Siltstonc/Okehu Shell 

S22!091362 

contact at 

Plate 2.2.6 Lower Okehu Siltstone/Okehu Shell Grit contact at 

Plate 2.2.7 

Plate 2.2.8 

129322 

Upper part of the Okehu I Grit at S22/J 29322 

Upper Okehu Siltstone at S22/134320 

Plate 2.2.9 Basal member (Deepdem Conglomerate) of the Kaimatira 

Pumice Sand near S22/090310 

Plate 2.2.10 Upper units the Kaimatira Pumice Sand near S22/0903 l0 

Plate 2.2. l l Pumiceous grit,. ash and pumice unit within the Kaimatira 

Pumice Sand at S22/147366 on Taurimu Road 

Plate 2.2. 12 Close - up of Plate 2.2.11 

Plate 2.2.13 Makuhou Shell Conglomerate at S22/069344 

Plate 2.2.14 Makuhou Shell Conglomerate at S22/092312 on a farm track 

Plate 2.2.15 Makuhou Shell Conglomerate at S22/095313 on a farm track 

Plate 2.2.16 Lower Westmere Siltstone/Ruakina Formation contact at 

S22/095316 

Plate 2.2.17 Lower Westmere Siltstone/Kaikokopu Shell Grit contact at 

522/089323 

Plate 2.2.18 Kaikokopu Shell Grit at S22/089323 

XI 

Between Pages ... 

2-2-6 - 2-2-7 

2-2-6 - 2-2-7 

2-2-6 2-2-7 

2-2-6 - 2-2-7 

2-2-9 - 2-2-10 

2-2-13 - 2-2-14 

2-2-13 - 2-2-14 

2-2-16 - 2-2-17 

2-2-22 - 2-2-23 

2-2-22 - 2-2-23 

2-2-22 - 2-2-23 

2-2-22 - 2-2-23 

2-2-28 - 2-2-29 

2-2-28 - 2-2-29 

2-2-28 - 2-2-29 

2-2-31 -2-2-32 

2-2-41 - 2-2-42 

2-2-41 - 2-2-42 



Plate 2.2.1 9 Lower Westmere Siltstone/Kaikokopu Shell Gri t contact at 

S22/08633 I 

Plate 2.2.20 C lose-up of the contact from Plate 2.2. 19, showing 

Anchonwsu similis preserved with in burrows 

Pla te 2.2.21 Lower Ruakina Formation (above the Kiakokopu Shell Grit) 

at S22/0693 J 8 

Plate 2.2.22 Ka ikokopu Shell Grit at S22/072306 

Plate 2.2.23 Morgans Shell bed at S22/09232 J 

Plate 2.2.24 Morgans Shell bed at S22/0833 J 6 

Plate 2.2.25 Upper Westmere Si ltstone/Kupe Fonnation contact at 

S'.22106033 1 

Plate 2.2.26 Kupe Fonnation (Tephra) at S22/0643 J 4 

Plate 2.2.27 Kupe Forn1ation at S22/06 13 l J 

Plate 2.2.28 Upper Kai-i wi Siltstone/Seafie ld Sand contact at S23/077300 

Plate 2.2.29 Lowennost muddy siltstone uni t of the Seafield Sand at 

S23/073302 

Plate 2.2.30 Lowennost shellbed of the Seafi eld Sand (j ust above the 

contact with the Upper Kai-iwi Siltstone at S22/06631 5 

Plate 2.2.31 Howi e Shellbeds at S23/082296 

Plate 2.2.32 Lower Castl ecli ff Shellbed at S23/086294 

Plate 2.2.33 Lower Castl ecliff Shell bed at S23/082296 

Plate 2.2.34 Lower Castlecliff Siltstone at S23/086294 

Plate 2.2.35 Pinnacle Sand/Tainui Shell bed contact at S22/0693 I 6 

Plate 2.2.36 Tainui Shellbed at S23/057295 

Plate 2.2.37 Pecten j acobaeus tainui from the Tainui Shellbed at 

S23/057295 

Plate 2.2.38 Tainui Shellbed/Shakespeare Cliff Siltstone contact at 

S23/057295 

Plate 2.2.39 Basal conglomerate of the Shakespeare Cliff Sand at 

523/031298 

Plate 2.2.40 Shell bed within the Shakespeare Cliff Sand at S23/031309 

XI I 

2-2-41 - 2-2-42 

2-2-41 - 2-2-42 

2-2-41 - 2-2-42 

2-2-41 - 2-2-42 

2-2-46 - 2-2-47 

2-2-46 - 2-2-47 

2-2-48 - 2-2-49 

2-2-54 - 2-2-55 

2-2-54 - 2-2-55 

2-2-63 - 2-2-64 

2-2-63 - 2-2-64 

2-2-63 - 2-2-64 

2-2-67 - 2-2-68 

2-2-73 - 2-2-74 

2-2-73 - 2-2-74 

2-2-73 - 2-2-74 

2-2-77 - 2-2-78 

2-2-83 - 2-2-84 

2-2-83 - 2-2-84 

2-2-86 - 2-2-87 

2-2-93 - 2-2-94 

2-2-93 - 2-2-94 



Plate 2.2.41 Shakespeare Cliff Sand/Upper Castlecliff Shellbed/Karaka 

Siltstone contact at S23/027294 

xm 

2-2-96 - 2-2-97 



CHAPTER ONE 

INTRODUCTION 
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1.1 Objectives of Thesis 

The ai m of thi s thesis \V~b to investi ga te the fo ci es and fac ies ~~rchitecture of 

depositional sequenc t'. s (pre\ iously ca lled ·cyc!othcms· ) represented in Castk cliffian 

aged sed iment in l<.nver Tura kina Valley, and to correlate these to the sequences at 

Castl ecliff~ Whangaehu Valley ::ind Rnngitike i Va lk) . Where prese nt , tephras '' ere used 

fo r correl;:it ion and for determining the appro , i1m1tc age of !he fo rmations. 

1.2 Thesis Structure 

Thi s thesi s is comprised •Jf three chapters. Chapter One is an in troducti on to the stud) 

area, region:J I geologic scning, and :.i lso include:, J ::i umma r:, or pre\ ious work related to 

sequence s trati graph~ . Chapter T\\O is divided into l\\ O pans. Pa rt I defines sedimentary 

shorel ine - she lr environments, sedimentary structures, fac ies classificatio n and 

sequence strati graphy. Part ll consists of a detailed description of each depositional 

sequence of Castlecliffia n age obsened in Turakina Va lley, and includes correlations 

with sequences from Castlecliff, Whangaehu Valley and Rangitikei Valley. Chapter 

Three is a di scussion of materi al presented in Chapter Two, Part IL A map and cross

secti on showing the distribution of the depositional seq uences identified in Turakina 

Valley can be fo und at the end of this thesis. Both the map and cross-section incl ude 

various terrace surfaces, the most di sti nc ti ve of \vh ich are the marine terrace surfaces 

(see section 1.5.1 ). 

1.3 Study Area 

1.3.l Location 

The study site encompasses an area mai nly to the east of Turakina River and north-east 

of Turakina to\v11ship from Bruce Road to Taurimu Road (Figure 1.1 ). The complete 

sequence of Castlecliffian aged deposits in Turakina Valley is generally not well 

exposed_ However, some particularly well exposed sections, a1though rare rn 

occurrence, did contribute much in detennining the overall stratigraphy in the study 
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area (Chapter Two, Part 11). Approximately 410 m of shallow-marine sediment, 

comprising 9 depositional sequences (2 - I 0) is described in detail Depositional 

Sequence J was not obser-Yed in the study area but is mentioned in Chapter Two, Part ll 

for the sake of completeness .. A. correlation diagram which includes four stratigraphic 

columns representing O\erall seq uences from Castlecliff to Rangitikei Valley is 

included in Chapter Three. 

1.3.2 Geological Age 

The Ne\'v· Zealand Plio-Pleistocene has been divided biostatigraphically from type 

sections in the Wanganui BJsin sequence The Castlecliff sec tion is the stratotype of the 

Castlec! iff!an Stage (Fleming, 1953 ) The Plio-Plei stocene boundary lies near the top or 

the Nuhumaruan Stnge in Nc\\ Zea l:rnd . 

Paleomagnetic data compiled by Turner and Kamp ( 1990), indicates that the 

Matuyama/.laramillo boundary (0 98 Ma) occurs along the unconformity at the base of 

the Butlers Shell Conglomerate, the Jaramillo/Matuyama boundary (0.91 Ma) is 

represented by the disconfonnity below the Okehu Shell Grit , and the 

Bruhnes/Matuyama boundary (0.78 Ma) lies at the disconformity below the Kaikokopu 

Shell Grit (Figure 1.21 . Pillans r:t al (1994), were able to confinn the position of the 

Bruhnes/Matuyama boundary proposed by Turner and Kamp (I 990), although they did 

express that caution regarding the position of the lower two reversals was 

recommended. Pillans ( 1994) placed the Matuyamu/Jaramillo boundary near the base of 

the Potaka Pumice based on a recent age of 1 Ma for the Potaka Pumice (Pillans ct al, 

1994). 

Figure 1.2 includes correlation of Castlecliffian aged sediment from Castlecliff to 

Rangitikei Valley and stratigraphic positions and updated ages of volcanic marker beds. 
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Figun.· 1.2 Summary of Qu~1tcrmry qratigraphy in Wanganui Basin O\ er the last 1 Ma 

bow11..: ~tratigraph~ and magnetic polarity time scak is that of Shackleton l'I ul ( JQQ0)) 

Sec Pi I I ans ( J 9l)-l) for Ii st n rot her contributors 

1 A Regional Geologic Setting 

Th..: \\.anganui Basin is a Pl i0-PkistocL'nL' basin b0unded to the east by the Ruahinc and 

Tararua Ranges which arc thought to haYc been uplifted predominantly during th..: 

Pkistoc..:n~· To th~ \\CSL the Wanganui Basin is separated from the South Taranaki 

Basin by th..: Pa tea - Tongaporutu High. a basement high defined by gra' ity and seismic 

data l I lunt. I q80). Tt) the north. the Plio - Pkistoccnc sediments of the hasin oftlap 



1 "/111{1/<'f" r )11" /1 11rod11ct1011 

i'rn rn ihc \linl'.cnc '!1 :11~1 P!" the northern rx1n of the Wanganui Basin . and to the south 

!he' thi n ~m d \)nbp 1.!ic '.'. '-'l~ t ' 'ed basement wcks of the \1arlbnrough Sounds 1 /\nc.krt0n. 
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Figure 1.J L\)callon and geological :-.ctting of the Wanganui Basin (Stern and Da\ey, 

!"l ie \\anganu1 lbs in !S acti \ ely subsiding behind the l-likurangi Subduction Zone due to 

L'Plli'H'll o!"the Inch' - \u <;t ralian and Pacific Plates. The are:i now occupied by the basin 

\\as largely emergent Juring the "v1ioccne. \vhen deposition was predominantly in the 

ll\)r1hem regions di" the basin . The centre or subsidence ::md deposition (the depocentre) 

mmed south during the Plio - Pkistoccne, burying the pre-existing topography ll.--igure 

IAI Subsidence in the south has been matched hy uplit't in the north, tilting about a 

~\'lltlmard migr:lling cast-\\ est trending hingeline ( Pillans, 1983 ). Anderton (I Q8 I). 

noted that the sou:lrnJrd migration of the depocentre seemed consistent \Vith the 

-;nutlrnard mo' ement of the l likurangi Suhduction Zone and considered the possibility 

that the hasin \\as a ~outhem continuation of the Taupo Graben, and therefore 

..: .'\tensional Stern d ul ! 1993) proposed a flexural do\vnwarp model. where the 

dcH\m\arping \\as caused hy shear stresses along the interface with the suhducting 

Paci tiL· Plate They argued that gra\ ity and deep reflection data did not show sufficient 

(fll'.'tal thinning to allow for extension - related subsidence. The depocentre currently 
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Page 1-6 

l) Wanganui Rv . 

2) Whangaehu Rv 

3) Turakina Rv. 

4) Rangitikei R v 

Figure lA Map of the Wanganui Basin showing approximate limits of depocentres 

and present distribution of early Pliocene, late Pliocene - early Pleistocene, and mid -

late Pleistocene sediments (After Anderton, 1981 ). 
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lies offshore of the Rangitikei Valley area. The depocentre was calculated to be moving 

at a rate of !O mm/yr by Anderton ( 1981 ) (Figure 1.4) 

Seismic retlcction data indicates that hasement is comprised or a series of faulted 

blocks (Anderton, 1981 ). The basement is overlain by appro.\irnately -lOOO m of Plio -

Pleistocene, shallow-marine sediment. Most of the sediment in the basin was derived 

from erosion of uplifted basin sedi ment to the north , \vi th increasing sedi mentary input 

from erosion of the axial greywacke ranges. E rupti ve material from the Taupo Volcanic 

Zone also contributed to the basin fill (Seward, 1974). 

1.5 Structural Setting \Vithin The Study Area 

Two prom inent structural fea tures occur within the study area The Marlon Anticline 

and Galpin Fault !Figure 1.41 \\'ere forn1ed due to defornrntion of basement rocks 

(Anderton, 1981) The basement structure of the offshore portion or the Wanganui 

Basin is known from se ismic reflection data !figure 1.51 interpreted by Anderton 

( 1981) Onshore, the only data available about depth to basement is fmm a strip of land 

along the coast and from four wells drilled in the Wanganu i region . The Stantiall-1 well 

!Figure tA) near to the Galpin Fault, \vas drilled to basement at 2080 m (Fleming, 

1953) The Marton Anticline appears to result from the monoclinal drape of Plio

Pleistocene sediments over concealed basement faults (Anderton, 1981) !Figure 1.51, 

rather than as long - wavelen!:,'1h folding due to compression over the basin . The Potaka 

Pumice (basal member of the Kaimatira Pumice Sand) serves as a good laterally 

continuous horizon along the anticline from the west of Turakina Valley (43 m asl), to 

the crest of the anticline at the top of Makuhou Road (257 m asl) (Appendix D). This 

214 m vertical rise over a west-east distance of c. 7 km mirrors the monoclinal folding 

of the base of the Castlecliffian, over the reverse basement faults of the Turakina Fault 

System (Hellstrom, 1993) (Figure 1.5(. The seismic data was taken 30 km to the south 

of Makuhou Road and the greater offset indicated by these data compared to the height 

measurements along Makuhou Road, suggests that the throw across the Turak.ina Fault 

System decreases to the north (Hellstrom, 1993 ). Hellstrom ( 1993) attributed the right 
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1.5. l Geomorphology 

A number of uplifted , planar marine terrace surfaces occur \vithin the study area but 

become increasingly dissec1ed with dislance away from the coastline. O\'t~r time, a 

combination of uplift and fluvial erosion has eroded the terraces farther inland. To the 

east of Galpin Fault, both marine terrace and allm ial terrace (formed by Rangitikci 

River) surfaces occur. These terrace surfaces are represented on the map and cross

section at the end of this thesi s. 

Streams in the study area general ly run east-\vcst, merging with the Turaki na River The 

east-west flow is attTibuted to uplift along the Marton Antic line. Where the f\·1arton 

Anticline has had most influence, nonh or Bruce Road, nonh - fac ing, near vertica l 

scarps with associated large landslides, are common These scarps were most likely 

formed by southward migration of the east-west flowing streams, caused by increased 

uplift rates towards the axial ranges. 

1.6 Stratigraphy 

1.6.1 Pre\'ious \York 

Studies of the Plio-Pleistocene sequence of the Wanganui Basin date back to the mid 

1800' s. However, the first detailed stratigraphy was compiled by Fleming ( 1953 ), as 

part of a regional geological study of the Wanganui and Waverley Survey districts . 

Fleming used the Castlecliff section as the stratotype for the Castlecliffian Stage and 

presented a complete history of previous work in the Wanganui district, prior to 1953 . 

Little has been published on the stratigraphy and sedimentology of the Wanganui Basin 

since. Most effort has been directed towards dating and chronostratigraphic correlation, 

initiated by the pa1eomabTJletic, fission-track dating, and isotopic studies of Seward 

(1974, 1976, 1978, 1979). Application of these methods, with the addition of chemical 

fingerprinting of tephra horizons, continues to be a focus of research in the Wanganui 

Basin, especially with regard to correlation with deep sea cores and international 
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oxygen isolope stages (Beu and Edwards, 1984; Kamp and Turner, 1990; Pillans cl ul, 

1994; Pillans, 1994) The only detailed scdimentological work to date was carried out hy 

Seward ( 197-1) as par1 of a basin - wid.: stud)' of the Oh·hu Group and more recently b) 

1\bbott and Carter \ i 994) anJ Abbott ( l 9L12, 1994) 111t!i application or the Sequence 

Stratigraphic Model of Caner"' uf ( 1991 ). 

L6.2 Sequence Stratigraphy 

Fleming (1953) was the llrsl lo note tl1e C)C!othemic nature <lf Plio-P!eistocene 

sediments in the Wanganui sequence. He anrihuted the cause to relatin: sea-Incl 

changes caused by tectonic processes rrhe link to glacio - cust2cy \YaS 111adc by Flen1ing 

( 1975a) soon a!icr it \\as propost:d that the Plio-Plc1s1occnc 11as charactenscd b) 

repeated g!ac1n - custatically controlled sea-lnel fluctuations (Shackk1011 and Ori.hkc, 

1973). Scdimcms m the Wanganu1 sequence wc:rc deposited during inkrglacial periods 

or high sea-level (l'ku and Edwards, 1984), in shoreline to shelf environments \\ithin a 

broad embayment 

In the United States, during the I 970's and I 980's, much work was done to come up 

with a better interpretation of basin-fill The analysis of basin-fill sed11nents was 

interpreted from seismic prollies and sedimentary cycles, delineated by unconformities, 

which were visible on seismic lines. These sedimentary cycles were tenned 

'depositional sequences' (see Chapter Two, Part I), and the study of cyclic basin-fill 

became known as "sequence stratigraphy' (Vail er uf, 1977) 

Carter et al ( 1991) applied this technique to the CastlecliIT section near Wanganui_ 

They emphasised that sequence stratigraphy can be resolved into two models. Firstly, 

the Global Sea-level Model (GSM) predicts that deposited sequences are controlled by 

global (eustatic) changes in sea-level, such that they can be correlated world-wide 

Secondly, the Sequence Stratigraphic Model (SSM) predicts the facies composition and 

sedimentary architecture developed within a depositional sequence during one complete 

cycle of relative sea-level change. Although sequence stratigraphy was initially 

developed from seismic reflection profiles, the reinterpretation of cyclic strata in 
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outcrop in tenm of the SSM was attempted fo r the Castlecliff section by Carter et ul 

( 199 1 ), Abbott and Carter ( 1994 ), and Abbott ( 1994 ). 

In this thesis, thi s tec hnique is appli ed to Plio-Pleistocene cyc li c bas in-fi ll in T urak ina 

Valley. Because units wi thin the Wanganui sequence are to a large extent latera ll y 

continuous, it has been possible to correlate depositional sequences from Cast lecliff to 

Turakina Valley and beyond to Rangitikei Valley (Abbott, 1994; Pi llans et ul, 1994) 

Cyc lic Plio-Pkistocene strata are also wd l documented in the Wairarapa and Ha \'v ke::-i 

Bay (Vella. 196~ : Beu and Edv,:ards , 1984; Haywick d ul. 1992) These areas, including 

the Wanganui distr ict, provide a good basis for applica tion of the SSM for reasons 

outlined in Carter l'f ul ( 1991 ), and included here : 

1) Rates and magnitudes of Plio-P leistocene glacio-eustatic sea-level fl uctuations, 

wh ich can be del ineated from oxygen isotope studies of deep sea cores, are almost 

certainly the dominant driving force of cyclic sedimentatio n. Thi s means that 

sedimentary qc!icity, unli ke older strata, can be mode lled with regard to an 

independentl y de rived glac io-e ustati c sea- leve l cuf\ e . 

2) Confi dence in paleoe nvironmental interpretat ion of sedimenta ry facies is hi gh, as 

most Plio-Pleistocene lithofacies and foss il fa unas have close analogues in modem Ne\\ 

Zealand shore li ne and she lf e nvironments. 

1.6.3 Plio-Pleistocene Sea-level Fluctuations 

The orbi tal fo rci ng o f climate is considered the cause of sea-level fluctuations (Hays et 

al, 1976). The Pho-Pleistocene world-wide is characterised by numerous glaciations 

resulting in glacio-eustatic sea-level fluctuations. Oxygen isotope data obtained from 

deep-sea cores reflects these climatic changes and saw-toothed sea-level curves can be 

developed to represent these data. The sea-level curve used in this thesis is that of 

Shack.1eton et al ( 1990) from Deep Sea core ODP 677 (see Figure 1.2). 
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Sixth Order (40,000 yr) cycles which reflect the changes in the Earth's obliquity, were 

evident before 0 85 Ma (Oxygen Isotope Stage 25), vv'hile fth Order ( l 00,000 yr) 

cycles, com~sponding to the Earth's orbital eccentricity, make up the curve post 0.6 Ma 

(Oxygen Isotope Stage 16) The 5th Order cycles are characterised by higher amplitude 

and lower frequency The 0.3 Ma between the 5th and 6th Order cycles is transitional 

(Williams d ul, l 988) Over the last 0.8 Ma, the sea-level curve indicates there was 

generally a rapid sea-level rise ( 1 15 m/1000 yr) lowed a slow fall m sea-level 

(l-1 5 m/lOOO yr) (Williams, 1988) 
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2. 1. I Continent:!! Shelf EnYironmcnts 

\>:1:- t :1kr:11t !!-..' ., h!(h Jc1111·> ._. 11, 1r1)111111~nt :- nn the (Onl!ncnwl :-, hei r 1 Rcad111 :;. ! l)7 ~ . 

! -~ ~ ? ncd .. rnJ ~!11~!1 . !'17" . \bht ll t :rnJ C:.irtcr. 199-L :\bbott. J9l)4 ), ha~ kd to some 

..:- 0nl°t1'l1'n " 1th rc:;~1rd w the 11.~nnrnoh'g~ used to ddinc each cm 1mnment. Such ten11s 

J:-> !'11 r\.':->lh >r\.'. b:tCh'dwr\:. !r:111 "1 t11111 .'l'llC. offshore. ncarshorc. inne rmost shelr. inner 

... iw !L ;rndd k ' hl·lr h<l'\.' a ll hl..'.rn u:--ed I\) designate continental shl'.lf1.:mm,11mcnt " lt is 

ihercli,re 11\.'C\.' S '-a~ In \.·la ril \ !lh.' tc> rm1n(1lt,gy used here before embarking lln am 

!)u\.' t1' th\.' i':1ct 1hat \ bbott · ... 1 I qq4 l \\'anganu1 fac1es class ificauon has been cl ose!~ 

!'01!1\\\ cd in 1h1 :-- thc--: 1-.. t "L'Ct1on ~ . I .+I. hi s shelf tem11nology ha:i a l:-.o been adopted. 

\ hbt'll used , uch 1crn1:-- .1:- ·shorel':lCe· and · ..;heir ·. although the tenns ·nearshore· and 

·otrc:;hN1.." \ \L' fL' :il :-u used t :\hh1)ll. ll)4-L Figure 3-7), \vh1c h appear 10 h:l\e been taken 

lrt,1n the \\nrk ,,r \l,bn11 and Carter 1199.+) 

. .\hbott ·:- :- lmre1';1cc 1..'.11\ 1ronment cncompas!-.es the foreshore and shordace em 1ronmenb 

;i :-; ~k:--n1bcJ b' ReaJ111~ 1 I Q78 l anJ R~1ned. and Singh ( I 975) !figure 2.1.1 I. 

OFFSHORE TRAN s1 ;10N 
I SHELF kUOl ZONE 

SHORE FACE 

LONGSHORE 
BAR 

FORE SHORE 

TROUGH 
(RUN"El) 

BACK SHORE DUNES 

RUNNEL 

Figun• 2.1.1 Diagram showing tcm1inology used to designate shelf l.!nvironmcnts: aftl.!r 

R~incck and Singh t 1975) and Reading ( 1978). 
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The upper limit or Ahbolt's shorefoce environment 1heref0re is the beachfront 

(including the swash 70ne) at high water level (high tide) while the lower limit is placed 

at 1he fair weather \\"1\ c base. Thus the en1ire shorefacc em1ronment is above wave 

hase The term ·nearshorc· is used in J\bbo1t ( 199.:\. e g Figure 3-7) anu in J\bhott anu 

Carter ( 199.:\) to designate a mnc which Abhon abo labelled as the innermost shelf m 

his facies class1!'icatio11 section jsee Figure 2. IA! Abbott anu Carter's ncarshorc 

environment or Abbott's mnermmt shelf environment ha1c also been called the 

transition 70!1C by Reading ( 1978) and Reineck and Singh ( \'175) The term 'nearshore' 

is also often used synonymously wilh the: krm ·shoreface· (Reineck and Singh, 1975, 

Reading. I q78) ls•·c Figure 2.1.41 

Ahbott ( \ 99.+) uses the term ·shelf· synonymousl1 with the'. term ·offshore· I Reading. 

1978; Reineck and S1n~h 197"), indicating the area on the shelf below fair weather 
~ . ~ 

wa\'C base Ile describes lhrec sub-environments within his shelf (offshore) 

environment; the innem1ost shelf, the inner shelf and the middle shelf !see Figure 

2.l.41 

2.1.2 Definition and Interpretation of Sedimentary Structures 

Many pnmary and secondary sedimentary structures were observed within sediments in 

Turakina Valley. All sedimentary structures originated from shallow marine shelf 

environments Definitions of the thickness of 'beds' and -iaminac' are included below. 

Laminae: I mm - 30 mm 

Beds: l 0 mm - l rn ' 

mm bedded I mm - I 0 mm 

cm bedded 

dm bedded 

m bedded 

10 mm - 0. l rn 

0.1 m - l m 

J m - 10 m 

(Reineck and Singh, 1975) 

(Andrews, 1982) 
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Primarv Sedimentary Structures Observed in Lower Turakina Valley: 

• Plane-parallel lamellae 

• Cross-bedding 

• Flaser, wavy, lenticular bedding and streaky lamination 

• Mass ive bedding 

• Graded bedding 

Plane-parallel lamellae: 

Parallel laminated sand is composed of hori zonta l layers, usua ll y I - 2 mm thick . 

Lamellae may be laterally continuous for up to 2 m and are generally marked b~ 

alternating layers of different grai n size, heavy minera l content, or both (Reinec k and 

Singh, 1975). The occurrence of parallel lamellae is generally restricted to fine- and 

medium-grained sand and thi s sedimentary structure is commonly deposited \\ithin the 

shoreface zone, where wave action is too severe to allow ripples and megaripples to 

form . Parallel lamellae are also commonly found within the transition zone from 

shoreface sand to offshore mud and are also found in the lower shoreface zone toward 

the inner shelf (transition zone) where bioturbation is more pervasive, texture is finer, 

allowing parallel lamellae to become the dominant sedimentary structure. 

Cross-bedding: 

• Small-scale cross-bedding: individual units are only a few mm to a maximum of 50 

mm thick (ripple bedding). 

• Large-scale cross-bedding: individual units are usually more than 50 mm thick and 

may be up to 1 - 2 m (mega-ripple bedding). 

A cross-bed can be defined as a single layer, or a single sedimentation unit consisting of 

internal laminae (foreset laminae) inclined to the principal surface of sedimentation. 

This sedimentation unit is separated from adjacent layers by a surface of erosion, non-
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deposition, or abrupt change in character (Reineck and Singh, 1975 ). There are three 

main forms of cross-bedding based on the character of the bounding surface: 

J) Planar cross-beddint', a cross-bedded unit \vhose bounding surfaces fonn more or 

Jess planar surfaces These units are generally tabular or wedge - shaped !Figure 

2.t.2a) 

a cross-bedded unit whose bounding surfaces are curved 

surfaces and the units are trough - shaped I Figure 2.1.2bl 

3) Herringbone cross-bedding is a special kind of cross-bedding where foreset laminae 

are laid dmv11 in oppnsite directions in adjacent positions. When two opposite 

dipping units are separated by a n mud layer, an environment strongly affected by 

tides is indicated (Reineck and Singh, l 975) !figure 2.1.2cl 

Small - scale cross-beds are usually generated the migratwn of ripples in a 

shallow marine shelf environment, although they can also be found within terrestrial 

environments (e.g. fluvial ). In a shelf environment, ripples are formed by the action of 

wave and tidal currents on the sediment surface. A discussion of wave and tidal currents 

can be found in Reineck and Singh ( 1975). The general tenn 'ripple-bedding' is 

proposed to include all bedding types produced as a result of the activity of ripples. It 

includes small-ripple bedding, megaripple bedding, wave-ripple bedding and rippled 

sand ]enses of lenticular and flaser bedding (Reineck and Singh, 1975). 

Flase:r, wavy, lenticular bedding and streaky lamellae: 

Flaser bedding: ripple-bedding \ivlth numerous mud fiasers is identified as flaser 

bedding. This sedimentary structure implies that both sand and mud are available and 

that periods of current activity alternate periods of calm. During current activity, 

the sand is transported and deposited as ripples, while mud is held in suspension. When 

the current pauses, the mud in suspension is deposited mainly in the troughs or may 

completely cover the ripples. At the beginning of the next cycle, ripple crests are eroded 
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a\vay and new sand is deposited in the fonn of ripples, burying and preserving ripple 

beds with mud flasers in troughs (Reineck and Singh, 1975) !Figure 2.1.2dl . 

Waw beddirn!.: mud and sand layers alternate and form continuous layers. Mud layers 

almost completely fill the troughs and make a thin cover over ripple crests so that the 

surface of the mud layer onl y slightl y follows the concavity and convexity of the 

underlying ripple surface. The ripple-bedded sand layers of wavy bedding are vertically 

discontinuous and isolated (Re ined and Singh, I 975) !Figure 2.1.2el . 

Lenticular bedding in lenticular bedding, the ripples or sand lenses are di scontinuous 

and isolated in a vertical as well as horizontal direction. Ripples are therefore produced 

in the fonn of isolated lenticular bodies on a muddy substratum. Lenticular bedding is 

produced under conditions more favourable for the deposition and preservation of mud 

than for sand. The sand supply is so small that only incomplete ripples are formed 

(Reineck and Singh, 1975) I Figure 2.1.2f and gl 

Streaky lamellae: occur within environments where mud is the dominant sediment 

deposited. Thin, discontinuous lamellae of very fine sand - coarse silt within the mud 

are known as streaky lamellae. Sand supply is almost negligible so that ripples are 

unable to form. Streaky-lamellae are attributed to stom1 activity; erosion and 

resuspension of the sea floor by waves and currents which entrain silt and sand as 

bedload and silt and clay as suspended load and which are subsequently deposited as a 

silt/mud couplet (Abbott. 1994). 

Massive bedding: 

Massive bedding generally occurs as large formations of massive blue-grey siltstone 

within the study area. Primary bedding is usually not visible although it may be present 

on a minute-scale, only detectible with the use of a microscope. Primary bedding may 

also not be visible due to bioturbation. The occurrence of massive sandstone in the 

study area is very infrequent. Absence of primary bedding structures may result from 

rapid deposition from a decelerating, heavily sediment - laden current. 
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Graded bedding: 

Graded bedding is most likely the result of changes in the hydrodynamic regime. Fining 

up sequences generally reflect a decelerating current where time is allowed for 

sediment to settle and sort. 

Secondary Sedimentarv Structures Observed in Lower Turnkina Valley: 

• Defonnation structures (load structures) 

• Bioturbation/Burrowi ng 

Deformation structures: 

In the Turakina Valley sequence, defonnation structures are most commonly found 

within dm - bedded muddy siltstone facies. These defonnatlon structures are generally 

in the fonn of large (up to 1 convolute beds which were most likely fom1ed due to 

rapid sedimentation and loading, forcing water to be expelled from underlying sediment 

[Figure 2.l.2hJ. 

Biotu rbation/Bu rrowing: 

The occurrence of bioturbation and burrowing by marme orgamsms 1s a common 

feature within the Turakina Valley sequence~ most often seen at sequence boundaries 

and within siltstone facies. 
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A PlanJ.r cross-bedding 

C Herringbone 
cross-bedding 

D Flaser bedding 

F Lenticular bedding with 
thick, connected lenses 

B Trough cross-bedding 

E Wavy bedding 

G Lenticular bedding with 
isolated lenses 

H Convolute bedding 
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Figure 1.1.:? Types n!" scdimc.!ntary structures obserYed in the Turakina Valley 

section t diagrams from Reineck and Singh, 1975). 
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2.1.3 Introduction to Sequence Stratigraphy 

Sequence stratigraphy is the studv of rock relauonships within a chronostrat1graphic 

framework of repcmn e, gcnd1cally related strma_ bounded by surfaces of erosion or 

non - deposition_ or their relative confonrnties (van Wagoner cl ul, 1988)_ The 

fundamental unit m sequence stratigraphy 1s the deposition~! sequence, defined as D 

relatively conformable succession of genetically related strata bounded by 

unconfonnities and their relative confonn111es (Mnchum er al_ 1977) Sequences are 

interpreted to form in response lo the int.eracuon between eustacv, subsidence and 

sediment supply (van Wagoner er lf/, 1988) 

Sequences are divided into systems tracts, which are packages of sediment delineated 

by their position \\1thrn a sequence __ the nature of the!!- boundrng surfaces_, strata! 

relationships of their bounding surfaces, and the pattern of mternal parasequence 

stacking and facies succession (van Wagoner er 11/_ 1988_ Posarnenteir and Vail, 1988) 

ln a complete depositional sequence, three svsterns tracts occur. transgressive (TST), 

highstand (HST) and lowstand systems tracts (LST) A muddv shellbed with a 

concentration of often well - preserved fauna is located in the mid - cycle posillon and 

is therefore referred to as the mid - cycle condensed shellbed (MCS) These systems 

tracts and associated mid - cycle shell bed, represent a sea level rise and subsequent fall. 

In the Pleistocene Wanganui Basm sequences, the lowstand systems tract (elsewhere 

composed of subaerial deposits) is not represented due to erosion (wave planation) by 

the ensuing transgression_ This wave - planed surface represents a significant 

unconformity and forms the sequence boundary at the base of each cycle_ A 

ravinement surface (Swif1, 1968 and Nummedal and Swift, 1987) fonned by 

ravmernent of the shelf as sea-level drops to its lowest point, is sometimes 

superimposed on the sequence boundary (Figure 2.1.31 _ 

Transgressive Systems Tract (TST) 

As sea - level rises, wave action scours underlying sediments forming the sequence 

boundary_ Above this sequence bounding unconformity, sediments of the TST are laid 
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down. The basal deposits of the TST typically consist of cross - bedded shell 

conglomerate (Facies HE- I, Type A I Shellbed, see section 2.1 .5), followed by 

deposition of other Heterolithic Association fac1es andJor Well - Sorted Sand 

l\ssociation facies 1Table2.l.l, Figure 2.1.3 and 2.IAI . 

Mid - cycle Condensed Shellbed (MCS) 

A mid - cycle disconform ity or unconformity generally occurs at the base of the MCS 

and is referred to as the Local Flooding Surface (LFS) (Nummedal and Swift, 1987). 

The LFS represents a period of maximum starvation caused by the landward movement 

of the depocentre and therefore rapid deepening during a sea- level rise (Vail et al, 

1984). Where the LFS is very sharp, erosion and planation of the sea floor, possibly by 

stonn or tidal currents; results in the formation of an unconformity. Following this 

unconfonnity is a mid - cycle condensed shell bed, consisting of facies of the Condensed 

Shellbed Association ITable2.l.11 -. indicative of deposition on a sediment starved inner 

shelf [Figure 2.1.3 and 2.1.41 . The MCS is interpreted to fonn within a period of 

continued transgression following deposition of facies successions of the TST (Abbott, 

1994). The MCS corresponds to a Type B Shellbed (section 2.1.5). 

Highstand Systems Tract (HST) 

A mid - cycle disconformity may occur at the base of the HST, located at the upper 

surface of the MCS and this disconformity corresponds to the Down lap Surface (DLS) 

(Vail et af, 1984). The DLS is the point which marks the influx of shore-derived fine -

grained sediment which is deposited progressively seaward on the shelf following a 

period of sediment starvation (Abbott and Carter, 1994 ). The HST consists of facies of 

the Siltstone Association (Table 2.1.1, section 2.2-4) which represent deposition on the 

inner and inner - middle shelf I Figure 2.1.3 and 2.1.41. The HST is interpreted to be 

deposited during the late part of a eustatic sea - level rise and the early part of a sea -

level fall (van Wagoner et al, 1988, Posamenteir and Vail, 1988). It has not been 

detennined exactly where to place the point of maximum flooding; tenned the 

_Maximum Flooding Surface (MFS) . It was originally placed at the top of the MCS, 
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2.tA Classification of Facics 

ln this thesis .. foc1es are dcfmed on the hasis of composllion. texture, sedimentary 

·.tructurcs. macrofoss1l contenl and amount or b1oturbat1on. Definition of facies is based 

on the classitlcat1on of Abbott and Carter ( 1994) and the specific nomenclature used is 

that of Abbott ( 1994 ). Not all the facies that Abbo\1 described at the Cas\lecliff section 

were recogmsed in Turakma Valley and some facies, although similar, did not fit well 

into Abhotfs cli1ssillcat1on !Table 2.1.11 Abbon ( 1994) descnhcs 17 1ilCles (based on 

the work of Abbott and Carter, 1994 ), which he grouped into 4 associations, based on 

the rarametcrs listed above 

The Sandstone Association is divided into two sub - assoc1at1ons, Well - sorted Sand 

and Silty Sandstone Sub - Associations. The fin: foc1cs w11h111 these sub - associations 

are generally deposited in shoreface - innem10st shelf environments. ln the Turakina 

valley sequence_ the Heternlithic Association is made ur of four fac1es, comprising 

shell conglomerate, laminated fine sand and silt and similar facies dominated by 

volcanic deposits Hetcroli1h1c deposits are interpreted 10 accumulate on a tide/storm 

dominated innermost shelf (Abbou, 1994) 

At Castlecliff the Condensed Shell bed Association is made up of 5 fac1es based largely 

on diagnostic macro fossil assemblages. ln T urakina Valley these shell beds are quite 

different in form from each other and can not so easily be distinguished by their 

macrofossil assemblages. These Type B shellbeds have therefore been divided into four 

facies based on their form or appearance. Facies of the Condensed Shell bed Association 

are generally deposited on a sediment starved inner shelf 

The Siltstone Association is divided into two sub - associations; Laminated Siltstone 

Sub - Association and Massive Siltstone Sub - Association. Three facies of the 

Siltstone Association were observed in the Turakina Valley section and these facies 

depict deposition on the inner and inner - middle shelf Abbott's facies classification, 

modified for the Turakina Valley sequence, is summarised in Table 2. l. L 
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2.1.4a Sandstone Association 

A ) Well - sorted Sand Sub - Association :-

• Facies TWS-1 

This facies, as desc ri bed by Abbott ( 1994) at Castl ecli ff (Fac ies WS-1 ) is composed of a 

cross-bedded shell conglomerate, dominated by f)aph1cs s11htrw11g11/ota. In Turakina 

Valley this facies is un fossi li fe rous and is made up of a pl anar and trough cross-bedded 

fine - medium sand e.g. Okehu Shell Grit at S221129322 (Plate 2.2.6) 

• Facies W S-1 

In Abbott ' s Castlecli ff classi fi cation , Facies WS-2 consists of well - sorted, sparsely 

fossiliferous, fi ne sand. Sedimentary structures are generall y not well expressed, 

possibly due to bioturbation, al though poorly preserved parallel lamination and 

megruipple cross - bedding may occur Mud flasers occur but are rarel y preserved. Syn

depositional drn-scale convolute structures are also a feature of thi s type of facies. 

Fauna1 assemblages are dominated by Paphies suhtriang ulata which are restricted to 

thin lags. In the Turakina Valley sequence, sedimentary structures are similar to those 

described above but are generally better preserved (e.g. Kaikokopu Shell Grit at 

S22/0693 l 8, Plate 2.2.21 and S22/072306, Plate 2.2.22). The occurrence of thin mud 

lamellae is much more prevalent compared to Facies WS-2 at Castlecliff, and probably 

indicates less turbulent conditions more suited to the preservation of tlaser to wavy 

bedded structures. Bioturbation and convolute bedding was not observed within Facies 

WS-2 in Turakina Valley but the presence of fauna was most likely due to reworking 

and concentration into shell lags by storm waves. The dominant fauna) species is 

J>aphies n. sp. The occurrence of cross-bedding within this facies probably indicates 

periodic tidal influence. Facies WS-2 is indicative of deposition on a wave - dominated 

shoreface. 
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• Facies WS-3 

At the Castlecliff section, Facies WS-3 has a higher silt content than WS-2 but is 

othenvise similar. Deposits are commonly intensely bioturbated and burrowed and 

primary bedding planes (almost exclusively parallel - lamellae) are therefore rarely 

preserved. Fauna is sparse and scat1ered and assemblages are dominated by Paphies sp, 

with Zetlwlia and/or Fd!asfer occurring as co-dominant species. Other fauna 

commonly present include estuarine bivalves such as Ausfrovenus srurchhuryi, A-1actra 

tristis, ,\pisu!a aeqilatoso, /)osinia anus and Dosinia suhrosea. Subt]dal fauna such as 

Tiostrea, Purpurocardia and Ch!amys gemmulata may also occur. In the Turakina 

Valley sequence, only one example of this facies was observed (base of the Seafield 

Sand a1 S22/066315, Plate 2.2.30) At this loca1ion, Facies WS-3 has a much higher 

fauna! content compared to the Castlecliff section, perhaps indicating a deeper, lower 

energy environment The fauna! assemblage is dominated by f)osinia sp., ;..,~vadora 

stria/a, Purpurocardia purpurata, raw era spissa, Ant isolarium egenum, ivfaoricolpus 

roseus. Other prominent species include Scalpomactm scalpel/um, Tiostrea chilen.'iis 

lutaria, and Poirieria ::elandica. A complete fauna! list is included in Table 2.2.5 

(samples f 141 and 142a). Facies WS-3 represents deposition on a wave - dominated 

shoreface, seaward of Facies WS-2 (Abbott, 1994 ). 

B ) Silty Sandstone Sub - Association :-

• Facies ZS- I 

Facies ZS-1, described by Abbott at the Castlecliff section, was not observed within the 

Turakina Valley sequence. 

~ Facies ZS-2 

At the Castlechff section Facies ZS-2 consists of very fine silty sandstone where fauna 

are generally scattered throughout the depos]t and articulated valves are common. 

Fauna! assemblages are dominated by more offshore taxa, for example Serratina, 
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Zenatia, Neilo, Antu/is , or fiostreu, Tawcra , Chlamys and A-faoricolpus, indicating 

deposition within the shoreface - shelf transition zone (Abbott, 1994 )_ In Turakina 

Valley it was difficult to di stingui sh be1\veen Facies ZS-1 and ZS-2 as described from 

the Castl ecliff section, except fo r the more commonl y scattered nature of the fauna 

vv-i thin the deposits_ The only example observed in Turakina Vall ey was the shellbed 

assoc iated with the Shakespeare C liff Sand at S'.23/03 1309 (Plate 2.2.40) The fa una! 

assemblage includes re lative abundances of Afyudom striatu, NuCitla nitidula, 

J'fr uromeris :::eolandica, f'urpurocur diu p urpuruf{J , ,\uJ/pom{Jcfru scu/pef/um, Tuweru 

.\pissu, Michrdc:nchus sung uinc:u.\ , .\) •mc:nc: sp. and Zcgulc:ru.' tenuis. Other species such 

as Curycorhulu :::elundicu, /)nsnw sp., (ion lineoluru , _--lnwldu sp., Ant/so larium 

egenwn, Neogurvlem sp., S1guputdlu nm•ue:::dundwl' and ,\'firv co/p us sp., are sub -

dominant within the assemblage (Appendix E) The presence of C/an , Antisolarium, 

A~wdoru and Scufpomuctru suggests depositi on in a sandy innern1ost shelf 

environment. A complete fauna! li st is included in Table 2.2.8 sample f 161 b ). 

2.1.4b Reterolith ic F acies Association 

• Facies HE-1 (Mactra trisris shell conglomerate) 

Facies HE-l consists of large - scale cross - bedded, pebbly, she! I conglomerate, often 

with intermittent mud drape structures which tend to be massive or more commonly 

wavy-bedded and streak--y-laminated. Mega-flaser structures within the cross-bedded 

unit, often follow bedding planes and fauna! assemblages are dominated by transported 

taxa such as Mactra tristis (estuarine) and Paphies suhtriangulata (shoreface). Facies 

HE-1 is interpreted to form on a tide/storm dominated innermost shelf (Lewis, 1979) in 

conditions where mud is readily available. Jn a muddy, inner shelf environment, 

heterolithic alteration may result from fluctuating energy conditions e.g. varying 

between storm - dominated and tide - dominated, or delta - front settings. Shell material 

is presumably derived from contemporary cliff erosion and paralic environments. 

Greywacke pebbles were probably derived from erosion of the lowstand coastal plain 

fluvial facies, or from contemporaneous fluvial input (Abbott, 1994). Cross-bedded 
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shell conglomerates most likely result from migrntion of dune-shaped bedfonns 

(megaripple structures) 

Jn the Turakma Vallev sequence_ Fac1es HL-1 was recognised as the basal member of 

several deposi11ona! sequences. The most striking nample is the Ka1kokopu Shell Grit 

al 522/089323 (Plates 2.2.17, 2.2.18) and S22'086331 (Plale 2.2.19) Fauna! 

assemblages are dominated hv /'le11rnmcns :ca/11111/rcu, !1osrrcu c/11/cn,1s /11/ana_ 

Amo/du sp, and _\fuorrcolpm roscus Co-dommm1t species include (j/_1-c1'm1'n.1 

nzotie."i'f ll ~ J > LJ/)h ies n. .~JJ. _ ! >ur;)uruclll'lill1 jJUt/JJJrulu, Jl1Joc/1!t1nzJ '.~· ge n1n1vf Llf il, llJVt't!ru 

srnss·a, (L'l!Cnfl!lU un1fi1,':.!_l!U. f'rochus r1url1tus
0 

_\)·n1enc S/1-, 7cgolcrus fc;n11s, 7..ctha/iu 

:cland1cu and the Sciphopod_ -~J1111!1s 11111w. :\ful!n11u1<-'lru n \f'- occurs as a sub

dcnninanl Specie::-;. ·rh~ f1fC~CnCC" of J)/c11rrnncrrs, f"insfri_'U, :\ ft1or1cnf[HI.\, J>urp11ru1.,'l!Tlftll 

and fowcrn an- more commonh assoctaled mth Tvpe B Shellbeds and therefore most 

likely indicate depos1t1on_1ust landward oflhe inner shelf(i e innermost shelf} 

• Facies HE-1 and HF--' 

Facies HE-2 and I !E-3 include small - scale hcterolithic structures ranging from streaky 

- laminated siltslone to ripple - cross laminated fine sand wilh mud !lasers_ Facies HE-2 

has a dominance of sand or coarse silt, while Facies HE-3 has a dominance of silt 

Sedimentary structures characteristically found withm Facies HE-2 are, !laser-bedding, 

ripple cross-lamination with !lasers and less commonly, parallel-lamination_ Sand 

horizons in this facies, commonly display symmetrical ripples and small-scale 

herringbone cross-bedding (Abbott, 1994) Symmetrical ripples most likely indicate 

wave influence_ Facies HE-3 is dominated by mud-rich structures, mainly streak-y

lamellae and lenticular-hedding, and less commonly by massive siltstone (Abbott, 

l 994 )_ Both fac1es are commonly barren of macrofossils although sparsely scattered 

burrows may be evident Like Facies HE-1, !he depositional environment is on the 

tide/stonn dominated innermost shelf 

In the Turakina Valley sequence, Facies HE-2 and HE-3 are fairly common_ The 

majority of the Kaimatira Pumice Sand is made up of these facies in Turakina Valley_ 
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This formation is well exposed 1 km up valley from the end of Morgans Road near 

S12/0903 l 0 (Platr 2.2. l 0) 

• Facies I ff--l (This 1 ~ equ!\ nlent to Abbon·s Fac ies 1 lE-5 ) 

The occurrence or Fa c ic~ llE-4 is restricted to the basal member of the Kaimatira 

Pumice Sand and h: upe Fom1at1on and is found in the same posit ion as Facies HE-1 at 

the hase or a depositi 011a l sequence. Facics HE-4 is made up dominantly of 

volcaniclastic material "hich is often trough cross-bedded (Pla te 2.2.9) lnterminent 

mud drapes are a common feature. indicating an cm iwnment ''"here tides had a strong 

influence on deposition. In Turakina Val ley .. large-scale herringbone cross-bedding was 

also obser\·ed. again suggesung tidal influence:. 

2.J.4c Condensed Shellbed Association 

Facies of the Condensed Shellbed Association correspond to the mid-cycle shellbed 

within a depositional sequence I Figure 2.1.31 . Abbon ( 1994) divided this association 

into five facies. based largely on diagnostic fossil assemblages. In the Turakina Valley 

sequence the mid cycle shcllbeds observed were classified on the basis of form 

(appearance) rather than sokly on faunal assemblages. Faunal assemblages show a high 

occurrence of Pleuromen.' ::euland1cu, l'urpurocurdw p111p 11ruta. Tuwera sp1ssu, 

Tiostrea chilem·1.\· fulllria and A·fuoncolpus roseus (Appendix E). The presence of 

Carycorbula ::c/anchca, Felaniella ::e/and1ca, Scolpomacrra scalpel/um. Ama/da sp .. 

Sigaparella novae::elundwe and Wu/Ionia incompicuu is also significant. Large, 

conspicuous species such as Tucetona, Arrina and Pecren are also commonly associated 

with this type of mid-cycle shellbed. The assemblage is indicative of deposition on a 

sediment starved inner shelf environment (Abbon, 1994) I Figure 2.1.41 and starvation 

is thought to be caused by rapid deepening as the depocentre moves landward. Like 

mid-cycle shellbeds at Castlecliff, the mid-cycle shellbeds in the Turakina Valley 

sequence consist of diverse, well preserved in situ - near situ fauna m a muddy coarse 

silt - fine silty sand matrix, where articulated pairs are common. The mid-cycle shellbed 

is also referred to as a Type B Shellbed (see section 2.1.5) !Figure 2.1.3 and 2.1.4). 
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• f acies TCS-1 

Facies TCS-1 often h<i s a pebbly shell conglomerate at its base (Plate 2.2.3 t ). The 

fauna w1thin the conglomerate are genera lly Yery abraded and the unit is interpreted to 

have been transported to a position along 1he innennost shel f or beyond, possibly 

infilling a scour channt>I. A Type B Shellbed either cwerlying the conglomerate or 

making up the shellbed generall~1 has quite a high pebbly content and the fauna are 

abundantly scat1ered through0ut the un it in a muddy, silty-sand matri \ (Plates 2.2.31, 

2.2.23 and 2.2.24). Entire fauna! li sts are included in Table 2.2.3 and 2.2.6. 

• Facies TCS-2 

Facies TCS-2 is a thin shellbed (no more than 50 cm thick) which onen has a c. I m 

burrO\ving zone associated with it . The lower contact is undulating with dm-scale relief, 

indicating an erosional surface (Plates 2.2.32 and 2.2.33). The matrix is composed of 

muddy, fine, silty sand and fauna are closely packed. Complete fauna! lists are included 

in Table 2.2.7. 

• Facies TCS-3 

This facies type is easily distinguished by its appearance. The shellbed is composed of 

two parts. The lower half of the shellbed is dominated by smaller while the upper half is 

dominated by closely packed larger fauna and the matr1x in both cases is made up of 

muddy, fine sand (Plates 2.2.35, 2.2.36 and 2.2.38). The presence of Neothy ris ·'P· 

appears to be restricted to this facies type in the upper half of the shellbed. Complete 

faunal lists are included in Table 2.2.8. 

• Facies TCS-4 

Facies TCS-4 is a Type B Shellbed consisting of abundant, diverse fauna, evenly 

distributed throughout the shell bed (Plate 2.2.41 ). The matrix is made up of a muddy, 
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fine sand. The occurrence of the bivalve Dimriel/a huttoiona appears to be restricted to 

this shellbed. A complete fauna! list is included in Table 2.2.10. 

Interpretation of these shell beds is dicussed in relnant sections in Chapter Two, Part II 

and in Chapter Three. 

2.1.4d Siltstone Association 

Facies of this association dominate the sequence in Turakina Valley. Abbott subdivided 

the Siltstone Association into two sub - associations. each consisting of two facies. Only 

three of the four Siltstone Associa ti on facies, described by Abbott from the Castlecliff 

section, were obsened in Turakina Valley 

A) Bedded Siltstone Sub - Association :-

Preservation of primary sedimentary structures in this sub - association indicates 

suppression of bioturbating organisms which may be due to high sedimentation rate and 

turbidity, combined '"1th a very fine grained substrate (Abbot1, 1994) 

• Facies BZ-1 

Facies BZ-1 \Vas not observed within the Turakina Valley sequence. 

• Facies BZ-2 

Facies BZ-2 includes cm-dm interbedded, streaky laminated and bioturbated siltstone. 

This facies is characterised by very fine - grained silt, and lignite flecks commonly 

leave brownish streaks on scraped surfaces. The presence of fauna is rare (e.g. Lower 

Okehu Si1tstone at S22/091362, Plate 2.2.5). 
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B) Massive Siltstone Sub - Association :-

This sub - association is d1stingu1shcd by its massive rather than bedded appearance and 

15 interpreted to form in an inner - middle shdf cm ironmen1 where primary bedding 

was obliterated by bioturbating organisms which possiblv rclkcts lower accumulation 

rates. 

• Facies MZ-1 

At Castlecliff racics 1vl7-1 consists or 111assih:. intensely b1oturbated, sparsely 

fossiliferous. fine .. sandy siltqonc Fauna arc grnnalh well preserved and scatlered and 

small clumps of.-ltrmu or r/l)sfn:o may be present. Other characteristic fauna include, 

,~~va£fr>rlt kttfl\t'll'ns1s·). ,:\ie1/o c111:-.:trul1s, /.cnulta ucnuH·e ..... nnd r·chrnoc11r<li111n ·'T'-- ln 

Turakina Valin only one example of Facies MZ-1 was observed at the base of the 

Karaka Siltstone (Plate 2.2.41) llere fauna are quite abundantly scattered in a fine 

sandy matrix which may account for the greater occurrence of fauna! activity compared 

to Facies MZ-l at Castlccliff A short fauna! list is included in Table 2.2.11. 

• Facies MZ-2 

Facies MZ-2 is made up of massive, sparsely fossiliferous - balTen siltstone and is 

generally finer grained than Facics MZ-1 This facies will often display cracking 

patlems when weathered which is attributed to its high clay content Flecks of lignite 

may also occur. When present, the fauna\ assemblage is dominated by sparsely scatlered 

Stiracolpus species. The Upper Westmere Siltstone in Turakina is largely made up of 

this type offacies (Plate 2.2.25) 
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Auodation and Dncripdob1 Example from Plate Interpretation 
Fades Turakina Vallev 

Massive Mi'.-:! Mas:-.t\C s1h:-.tnnc Barren to sparse!~ l(,ssihli:rous IJppcr Wcstmerc 2 2.25 hmer - middle: 
S1h,tn11<: :! 2 1K shdf 

Shakst'<.'an: l'hff 
S1llstnnc 

Silt~tonc M/- 1 M;1s,1\C lint·~st.nllh , 1lh1nnc Sparse!\ li», 1hli:n>1h KciraJ..a S1 hshll1l' :! :! 4 I lnnl·r - m1ddli: 
shell' 

l;iminnteJ ll/-2 l'm-dm 11111.:rhcJJcd sm:al.' -lan11natcd anJ b1lllUdx1t,·d I .<>II er< >1-ehu .:! 2' Inner shdf 
:'\lhston\! Rare li>Ssils Siltstone. I .c1\\ er 2 D4 

Ca,tkd1ffS1li-tonc 

ICS-1 MuJJ, . line 'linJ \\Ith uburnfant. cJ1,erse fo1111.1 e1cnh I Jpper l'u,1lc:d1ff ~ 2 .11 ScJ1mcn1 
u1'tnhu1cd throug.ho111 1hc shclllx.-d Hl\·ah c 1>11ww/lo ShellhccJ starn:cJ inner 

l111ttc11m1a h d1,lm~t11 c 1<1 th!' shdlhcd '.'X•t.• "iC\:llC111: J k shelf' 

li1r list of dnmmant fo11nn 

res-' Shellhcd J111ded mto t11 0 parts l'l<>lh of"h1ch hu1,· ,1 !;1111111 \hdll'<'d ~ 2 ~5 Scd1111cnt 
111udcJ1 . line sa nd\ m:ot11' ·n1e 1011 ~..- pan " J11m111a1,·J "' :! 2 \ (1 swned inner 
,m,dkr 1:11111.1 "Ink the upper half c11n'1'h .,r 11~11!1 · ~ ~ '~ 'hdl 
J"icl.ed larger fauna l'rc,encc of \ <'Oth.11 i; V' h 

J1sl111'..:ll\C '><.-.: ''-ct1nn 2 I 4c.: for a h,1 of du111111ant 1:11111JI 
... prc..-ch..· ... 

Condensed ll'S-~ llun ,hdll'<'d 1111h ahum~mt d11er-c launJ 111 J rnuJJ1 I "'":r C."tkd11l ~ ~ .~~ '>cJ111K·111 
Shellbcd line "It~ «•nd m;1tr1' l.1l\\l"t c..:unt4u;t unJul,1ting tn Jin- \hdlh:d ~ 2 ~ ~ ,(.If' eJ lllll<'r 

,c;,h.: . and a~ I m hurn>11 '"!! /Unc 1>ecur' hclo11 th1' ,hdt' 
c1m1:.h:I Sc,• "'"">n :! I 4e lor list''' dummJnl JaunJI 
'IX:C.:ll"' 

IC\ I 1!~1,;tl t~"'tllli.:rnu..; 1..:tm~ lnnll'fi.l h.' 111;1\ 1x· pn..· ...... ·n1 If M"t<!.111' \hdll><:d 2 ~ ~ ~ 
present. tin' c1•nglomerntc 1s "'er lam h1 a muJd1 'Iii\ 2 2 ~ .. lnncmH"l 'hell 
s<1 11J 1111h ahu11Jan1 scallcrcd li.iunu Jlll!'> fo~u:!'> tlltl~ al:-.t1 

1>e<:ur as a pcht>I~. rnucJJ~ , s ilt~ s;.1nd 1111h ahund<1111 111111 IC Shdll....:d 2 2 11 
d1\Cf:\~ fauna S..·e ,cction 2 I 4c f11r li't or dominant founal 
~11'-"'CIC!'I 

llF-4 Poorh - sorted purmct.·ou ... sml<l ''1th trough crn~s-llic.·dJin~ K:111nallrn J>111111t.A.' :! 2 ') ·1 1Jc/storm 

auJ frequent muJ drape' '\.111J donnnatcd 
inncrrnMt ~hclf 

HF-'1 Small-sc:1lc hctcrol1th1c foc1cs Jommatcd [>, mud · nch Kr111nat1ra Pwn1cc: 2 :! to T1Jclstom1 
structure,;. mmnl\ stn:<tl-) lammat1on. lcn11cular-hoddc-J Sand. I .1>\\ cr < >~chu ~ ~ 2 Jommatcd 

Hcterolithic and mas!'>t\c s1ltstun..: Rareh foss1hti:n>Us S1hstonc 2 2 29 mncm1osl >hclf 
ScaliclJ S;1nd 

llF-:: Sm;11l -,c:ilc hetcroh1h1c foc1c-; dominated h\ line sand - Kmmulm1 Punu...:c 2 2 to Tidc/st11rm 
coarse silt nch structures. main!~ llas1.T·bcddmg.. npplc S<111J. I .<mer 01.chu 2.2J JommatL'll 
cmss-lammat1on "1th llascrs, parallcl-lammatHln Rarch S1l1>tonc. I Jp1'-'r &4 inn~'llllOSl ~hcl I' 
foss1t1li..:rt,li... Okchu Silh1011e 2.2 7 

Rw1l-1rn1 Forrnatmn 2.2 21 

llE-1 I .arg.c-sc:ilc crnss-hcJdcd shell - pebble conglomcrat<· "1th Ka1k<>k<'J'U Shell (int, 2.2 17 TidcJ,1om1 
mud Jrapc' Mcga-nascr' ma~ c"1s1 along. li>rL-sct hcddmg & dominated 
plane:; Mal-uh<>U Shell 2 2 I') innermost shell' 

Conglmcrate 2.2. IJ 
Okehu Shell C int 2.2.5 

Silty ZS-2 Massive, sill\' line sandstone with abundant scattered Shakespc<trc Cliff Sand 2.2.40 Shorcfocc-shclf 
fossils. tassoct:ttcJ shcllhc.:J) lrans1t1on 

Sandstone WS-J Intensely burrowed and bioturhated. shell~. slightly stlt~ Scalicld Sand 2.2.J(I Waw:-
line sanJ tas,ociatcd, lowermost dominated 

shcllh.xl) shorcfaoc 
Well-sorted WS-2 Well-sorted !inc sand "ith para lid laminati<in. trough Ka1kok1>pu Shell Cirit. 2.2.22 Wa\·c-

cross-bedding and rare shclly lags Pmnaclc Sand 2.2J5 dominated 
shore face 

TWS-1 Large-SC<! le. planar cross-bedded fine - mcd1wn sand Okchu Shell Grit 2.2.6 T1dc/storm 
Unfossilili..-rou.' dominat<.'ll 

innermost shelf 

Table 2.1.1 Facies observed within the Turakina Valley sequence ( based on the facies 
classification of Abbott, 1994 ). 

Footnote: T infront of WS and CS facies refers to facies seen only in Turakina Valley 
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2.t.5 Classification of Shellbeds 

The nomcncla1urc used for classifica1ion of shcllheds in Turakma Valle\' is tha! of 

Abbott and Carter ( J 994 l !Table 2.1.21. A Type A I Shell bed consists dominantly of 

facies J-lE-l:. coarse sand and shell gravel with transported fauna and is ind1catiYe of 

deposition on a tide.lstonn dominated innermost shelf The fauna! assemblage in 

Turakina Valley is dommated tiy < i/1•cvrncns modest a, l'uf'/iin 11. 'f"· l'le11ronwr1' 

::eu!ontlicu, 11urpurncurtfh11111rrn1ru10, /(1/ncJ1/an1.1'.\. gennnlllutu, /(11.reru .'i'fn.'i'.\U, 1·HJ . ..-freo 

cl11/e11s1s I u!unu. . fowl,/, 1 .1p.. f.t'llt ·0111111 am !J1gua. and .\liwno il1m1 m.1c m The 

occurrence of ,\fuon111ucrro n. 'f'. is also common (.\ppentlix E). !'ur>fnn 11. 'f'. and 

.Huor1111ac1ru n 'P. seem to indicate trnnsportation from the shon:focc mca "h1le ihc 

other fauna are more ind1cat1ve of innermost - inner shelf cond1t1ons 

A Type A2 Shellbed comprises sand and silty sand facies, including m s1r11 and near 

situ fauna Jn the Turakma Valley section, the Type IQ Shellbed is no\ restricted to one 

facies type but encompasses Facies WS-2, WS-3 and ZS-2, and therefore n was not 

possible to establish a diagnostic fauna! assemblage. 

Both Type A Shellbcds indicate deposition at the beginning of a transgressive phase 

when wave and tidal currents strongly influence sedimentation. 

Type B Shellheds are made up of fine sand, and silty sand with abundant /11 s1111 and 

near situ fauna and usually occur in the mid - cycle position within a sequence This 

type of shell bed represents deposition on a sediment starved inner shelf near the time of 

maximum flooding by the sea. In the Turakina Valley sequence, the fauna] assemblages 

are dominated by the occurrence of Carycorb11Ja ::elandica. Chlamys gemmulata, 

Pecfen sp., /'fcuromens ::cafandica, /'urpurocardw purpurafa, Jawera spissa. l'lostrea 

chilensis /11/ana, Amalda sp .. A11strofi1s11s glans, Afaoricolpus mseus, S1gapa!e//a 

novac::efandiae. Trodws lmralus. Zegalerus 1em11s and Wa/ronia inconspicua 

(Appendix E). Type B Shellbeds are restricted to facies that make up the Condensed 

Shellbed Association. 
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A Type C Shellbed occurs at the seque nce boundary where a wave - planed surface is 

bored by intertidal /11 s1/11 fa una; commonly A. 11chr1111usa (/Jurneu) .rnntlts . 

Shell bed Characteristic Species Fabric M11trh .Em i.ronmcnt S~·&kms Tntcl E:..amplc~: 

Tur-.ikina 

Valle~· 

T~·pc Al L:irf-d.' f(.'. \\\)fJ..,:J 1:1u11a . :-:rn.:h a;-.: I r.111>1"•n.:J L\\i.1hc..· 'd 11J I 1J.:/,101111 1, .. 11,~c..·,,l\c..' t-: <11!-ol-PJ' ll 

/'ophu" 11 'I' \ f t1onmtwlru n "nd 'hdl d •>lll lll:Okd '-hd l <•rll 

'I'. r;/n 1nh'l"I'. /•/('lfrOlll t'l'f\ . ~fd\1.: 1 mn1..:m11h:t 

l'1111u11·0< ""'"" I aH '''"" ,1i.:1r 

I t1!oc /J/,11111' . /10\fn•a. 

\ Joc>ru. olf't" I euc. ·0111111 

. 111111/tlu 'I' ~(lll)Jl'h ttl l\ p 1L':-."-' lll 

T~·pc A2 ln1.:nid.il .ind -.. h;dlo\\ ' ll ''·lld.ol /11 '''" .Ille! I tth.: .... 11hi :11hl \,\ ,1\l• I ran ... ~n .. ·,,1, 1i..• I ~~1 ... c..· , lf :"\1..:;1 lil.·11. I 

' rM .. 'Clt>• \.iflL' .... \\ 1th l;it.:Jl.':-- I\, .... lh.'.tf \lfll ,iJI\ ,,11hl ~h1m1 11;111..-,l '-and. 

... !irn ~:1 ; 1i.::l' "h;il-<:>J"-'.lrc· 

l'li ll ..;,111J 

T~ p" B S« li l)(•Hom 'l ~...:ll..'' !11 '"" and l°llll.' .... 11h.I .llhl 'edt llll.'llt f\ lid--:hk l .11m11 '>hdllx·d 

( ·arycorhu/11 
( .,"""" '· f 1e< It'll, llL':tr \I/II '"" ,,,nd ... 1a n ed mncr '>hdlhed 

111<'11/'0lll<'rt\. l 111r1wrt1< arc ho. ,lid! 

l (J \ t '<'ro f UHll't'll l111old11. 

. l11<1ro/i1 <II<. I fllon u1/p11<. 

S1g upurella. Troe '111 '· 

l.f!guft!rlll. II alro111a 

T~·pe C .·f11cluu11a'11 1/for11e111 ''"""' '" (Jiii - ~111 ... tc.\Jlt..: 1111.:niJ:il r< ><:l- ~c.:~1ucn~t.· l«•p or I.e.)\\ Cf 

Bon11g.' plath>nll 1 .... 1unJ~n '>.'c•\lll ll'fL' 

S1lh101ic· 

Table 2.1.2: Major shellbed types distingui shed within the ten depositional sequences 

m Turakina Valley (After Abbott and Carter, 1994 and Abbott, 1994). 
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2.1.6 Pccten Zones in Pleistocene Wanganui Basin Formations 

The macrofossil !'ecren is of great importance as an index fossil worldwide and is 

commonly used for correlation purposes. In New Zealand, l'ec/en has not been found in 

deposits older than the Castlcc!Jffian Stage (mid-Pleistocene age). Across the onland 

Wanganui Basin section, !'ecten has been of great value in establishing stratiwaphic 

constraints. Fleming ( 1957) found that there were consistent zones across the bas111 of 

different subspecies of l'eclen related to progressive evolution of the species I Figure 

2.1.SJ. 

The different l'euen subspecies are restricted to particular fom1ations within the 

Pleistocene sequence and therefore aid to some extent in identification and correlation 

of formations across the basin !Figure 2.1.61. ln this thesis some minor variations to 

Fleming's work have been noted in Turakina Valley These differences arc discussed in 

detail in the relevant depositional sequence section in Part II of this chapter and in the 

discussion in Chapter Three. In Turakina Valley, the First Appearance Datum (FAD) of 

I'ecten occurs in the Ruakina Formation ( Waikopiroensis Zone of Fleming, 1957) 

which correlates with the Upper Westmere Siltstone at Castlecliff 

Caution should be exercised when using f'ecten as an index fossil as difficulties may 

occur in differentiating between some subspecies. Also, zone boundaries are time

transgressive and more than one index Pee/en may occur in the same horizon, as 

observed within the Tainui Shellbed in the Turakina Valley sequence. 
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PART II 

2.2.1 Format of Part II 

2.2.2 - 2.2.11 Formal Description and Interpretation of 
Formations that make up Depositional 

Sequences 1 - 10 
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2.2.1 Format of Part II 

This section of chapter two is made up of a detailed description of each formation 

observed within the study area and each formation is part of one of ten depositional 

sequences recot,rnised within the Plio-Pleistocene sequence. Aside from section 2.2.2 

(Depositional Sequence I which was not directly observed), each section includes the 

following information: 

I ) Location of the type section 

2) Details about where the name of the formation originated from 

3) The thickness of the formation (field measurements and altimeter readings 

(Appendix D)) 

4) A Reference ~ection (RS) for Turakina Valley 

5) Descripti ve ~ections (OS) in Turakina Valley 

6) A detailed description of the reference section and descriptive sections 

7) Description of the palaeontology where present. A li st of macro fauna is 

included at the end of each section. The occurrence of individual fauna! 

species within Type A 1 and Type B Shellbeds is included in Appendix E and 

the results are di scussed in Chapter Three. 

8) Paleocurrent data (if collected), presented as a rose diagram (s). The actual 

data can be found in Appendix C. 

9) An interpretation of the overall facies architecture 

10) Age of the formation and correlation to both the Castlecliff section and to 

Rangitikei Valley. A correlation diagram is included in Chapter Three. 

Where collected, tephra analysis data (Appendix A) and gram size analysis data 

(Appendix 8) is included in the descriptions section for each formation. The grain size 

analysis data focuses only on the dominant grain size and the degree of sorting of a 

given sand deposit, in an effort to check the accuracy of field observations. 

At the end of each section, a summary stratigraphic column of the depositional 

sequence is included. Here the abbreviation ' DS' stands for Depositional .$.equence. 
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Each Jiagram includes a representatJ\'C sketch of the fonnations wi thin a given 

deposi tllmal ">cquencc. /\ hrier description o r the units present is included and an 

interpretation of em ironment of deposition and sequence stratigraphy. All these 

su1nrnary columns together make up the representative strati!,,'Taphic column for lower 

Turakina Valky ,,·h1ch 1s presented in Chapter Three. A map and cross sec tion showing 

the di stribu tion of each depositional sequence can be found at the back of this thesis. 

Kev to svmhols used in summarv stratigraphic diagrams. 

~ Planar cross-bedding 

i.: .. :z:;:.; Trough cross-hcdding in a coarse. pebbly sand with mud drape structures 

~ Herringbone cross-bedding 

~ Cross-bedding (only foresets represented) 

~ Ripple cross- laminated/bedded fine sand 

lilii· Parallel-bedded fine sand 

. s and 

!~ Flascr and or wavy bedding 
I • • > « . • • I 

- Lenticular bedding 

Streak\· laminated siltstone 

Massive siltstone 

....:1'9,..- ' M . : 1, ,, ,, . acrolauna 
. , " ...... l. 1 

; 1Y r ~ d ! Bioturbation and burrows 

~ ~ ! C onvol utt! defonnation structures 
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2.2.2 Depositional Sequence I 

Within the study area the formation ( i.e. Butlers Shell Conglomerate) of Depositional 

Sequence I, as defined by Abbott ( 1994 ), was not observed. The sequence is present 

north of the study area past the intersection of Turakina Valley Road and Taurimu 

Road. At Grid Reference S22/ l I 5346, a cliff face be tween Makuhou Road and Taurimu 

Road, the Butlers Shell Conglomerate is most like ly obscured by s lump material. The 

Upper Maxwell Formation (Fleming, 1953) of Nukumaruan age, was clearly identified 

by characteristic non - manne sediments ( including a prominent lignite band) at Grid 

Reference 522112834 1 - 138343. a site between the above mentioned cliff face and 

Galpins Road. Other formations in the Maxwell Group also display non - marine 

sediments (Fleming, 1953) but the non - marine sediments observed at 522/128341 

were the first encountered be low a thick sequence of siltstone, presumably the Lower 

Okehu Siltstone. The Butlers Shell Conglomerate must therefore lie somewhere 

between the cliff face and site 522/ 128341 . The estimated position of Depositional 

Sequence I is included on the map and cross section in the back envelope of this thesis. 

The unconformity between the Butlers Shell Conglomerate and Upper Maxwell 

Formation is thought to represent the base of the Jaramillo Subchron (Turner and 

Kamp, 1990; Pillans et al, 1994). The work of Turner and Kamp (1990) was based on 

DSDP Site 552A of Shackleton and Hall ( 1984), who attributed an age of 0 .98 Ma to 

the base of the Jaramillo Subchron. Pillans et al ( 1994) based their interpretation on 

ODP Site 677 of Shackleton et al ( 1990) who attributed an age of 1.07 Ma to the base 

of the Jaramillo Subchron. 



Chapter Two S1rat1graphy l'art fl Page 2-2-4 

2.2.3 Depositional Sequence 2 

Makuhou Reserve Formation (New) 

Tvpe Section : Turakina Valley at S22/1l8324:. an outcrop on Makuhou Road 

beginning at the Makuhou Reserve sit,'ll and following the road eastwards to the top of 

the hill. 

Name: named by the writer after Makuhou Reserve in Turakina Valley. 

Thickness : 18 m of the fonnat1on is exposed along Makuhou Road 

Descriptive Section: S22/115346 - 116343 Cliff face exposed due to large slip 

between Makuhou Road and Taurimu 

Road. 

Descriptions 

At the type section near the Makuhou Reserve sign on Makuhou Road, the base of the 

outcrop consists of 1 m of faintly planar cross - bedded sand with mud flasers, which 

become more prominent up - section (Facies WS-2). The upper contact is fairly erosive 

with cm - scale relief Overlying the contact, approximately 18 m of intensely 

bioturbated, massive, dm-bedded and streaky-laminated muddy silt occurs (Facies HE-

3)_ Convolute defonnation structures are a common feature [Plate 2.2.1]. The 

formation becomes increasingly sandy up - section [Plate 2.2.2); the uppermost unit 

resembling heterolithic facies in that it has ripple cross-laminated coarse silt (sample S 

34, Appendix B) with burrowed flaser and wavy bedding (Facies HE-2) [Plate 2.2.3]. 

This sequence is summarised in Figure 2.2.L 

The large cliff exposure at Descriptive Section (S22/l l 5346) between Makuhou and 

Taurimu Roads, consists of up to 20 m of sediment of the Makuhou Reserve Formation. 

The lowermost 7 - 8 m is made up of laminated siltstone with occasional dm - scale 
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massive beds. Rare, coarse, shelly sand lenses (up to 50 mm thick), resembling Facies 

HE-2 occur also. Above this bedded siltstone member, approximately 5 m of chaotically 

bedded, muddy siltstone occurs (Facies HE-3 ). Large, dm-bedded, convolute 

defonnation structures are a prominent feature. Up to 2 m of laminated siltstone caps 

the outcrop I Plate 2.2.41 . 

The distribution of Depositional Sequence 2 is sho\vn on the map and cross section at 

the back of this thesis. 

Palaeontology 

Devoid of macrofossil s except for rare shelly sand lenses. 

Interpretation 

The Makuhou Reserve Formation represents the TST for Depositional Sequence 2 in 

Turakina Valley. 

Facies of the Makuhou Reserve Fonnation on Makuhou Road near the Makuhou 

Reserve sign indicate deposition on a tide - dominated innermost shelf (Facies HE-2 

and HE-3 ). This formation most likely grades gradually into the massive Lower Okehu 

Siltstone. The thick sequence of small - scale heterolithic facies is unusual for a 

Wanganui - type TST and may indicate either uplift along the upper flank of the Marton 

Anticline, where uplift balanced sea-level rise, or a major sediment source was diverted 

into this part of the basin during relative sea-level rise causing a delta to form along the 

shelf margin (see section 3.2) 

Age and Correlation 

The base of the Makuhou Reserve Formation is equivalent to Abbott and Carter's 

(1994) Mowhanua Fonnation which consists of up to 2 m of cross-bedded shell gravel 

with mud flasers at the Castlecliff section. The fonnation is renamed for the Turakina 
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sequence because of the large unit of helerolithic (TST) facies associated with it which 

has previously not been described elsewhere (see Figure 3.1). 

The Makuhou Reserve Formation 1s placed vvithm Oxygen Isotope Stage 31 by the 

writer based on the Oxygen Isotope curve from ODP Site 677 (Shackleton et al, 1990 

and Pillans, 1994) The formation is attributed an age of 1.05 - 11 based on the age of 1 

Ma for the Potaka Pumice (Pillans el al, 1994). The Makuhou Reserve Formation lies 

within the Jaramillo Subchron (Turner and Kamp, 1990) (see Figures 1.2) 
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Plate 2.2.1 Makuhou Reserve Fonnation at S22;1l8324 on Makuhou Road near 

the Makuhou Reserve sign. At the base of the outcror c l m of faintly planar 

cross-bedded sand \vith mud flascrs can be seen (Facics WS-2) A quite sharp 

contact ( ur to 0. l m above the spade handle), divides this unit from the overlying 

c. 3 m of muddy dm-bedded and streaky-laminated siltstone with frequent 

convolute deformation structures (Facics HE-3) 

Plate 2.2.2 Makuhou Reserve Fonnation at S22/118324 c. 30 rn up the road 

from the Makuhou Reserve sign on Makuhou Road. Dm-scale, massive, burrowed 

siltstone beds (Facies HE-3 ), and small-scale ripple cross-beds with wavy bedding 

(Facies HE-2) make up the middle - upper part of the Makuhou Reserve 

Fonnation. 
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Plate 2.2.3 Makuhou Reserve Formation at S22/118324. and following the road 

eastwards from the Makuhou Reserve sign on Makuhou Road. The plate shows a 

close-up of small-scale ripple cross bedd1ng with wavy bedding (Fac1cs l!E-2) 

within the middle - upper part of the Makuhou Reserve Formation (35 mm lens 

cap for scale). 

Plate 2.2.4 Makuhou Reserve Formation at S22/1l5346, a cltff face between 

Makuhou Road and Taurimu Road. The lowermost 7-8 111 consists of interbcddcd 

silt and sand, with occastonal dm-scalc, massive silt beds (Facics HE-2 and HE-

3) Overlying this unit is c. 5 m of massive - dm-bcddcd, muddy siltstone with 

frequent convolute deformation structures. A 2 111 unit consisting of small - scale 

hetcrolithic facics caps the outcrop. 
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Plate 2.2.3 

Plate 2.2.4 
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Lower Okehu Siltstone 

Type Section : Castlecliff section between the mouth of Ototoka Stream and south

east to the mouth of Kai-iwi Stream. 

Name : named by Fleming ( 1947a) for an outcrop of the formation on the coast near 

the mouth of Okchu Stream. 

Thickness : up to 12 m outcrops at two sites in Turakina Valley (this work). Abbott 

(1994) recorded a thickness of 45 m in Turakina Valley at different sites (on the 

Whangaehu side of the Turakina River) . 

Reference Section : 522/091362 - 093366 Turakina Valley Road - Taurimu Road 

intersection and down Turakina Valley 

Road just past a small bridge c. 500 m 

SW from the intersection. 

Descriptive Section : 522/129322 Upper Makuhou Road 

Descriptions 

Only 12 m of the Lower Okehu Siltstone is exposed at the reference section where it 

consists of streaky - laminated to lenticular-bedded siltstone (Facies BZ-2). Infrequent 

shelly lenses up to 50 mm thick occur throughout the exposure. The upper part of the 

formation is seen at the small bridge along Turakina Valley Road, underlying a sharp 

contact with the Okehu Shell Grit (Depositional Sequence 3) [Plate 2.2.5] . The 

formation here also consists of Facies BZ-2. 

Farther up Makuhou Road at S22/129322, approximately 3 - 4 m of the Lower Okehu 

Siltstone is exposed as a massive, blue-grey siltstone unit (Facies MZ-2) with an 

uppermost muddy layer, approximately l m thick. This muddy layer is truncated by the 

basal unit of the Okehu Shell Grit and the contact is bored (see Plate 2.2.6]. This 
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section is summarised in Figure 2.2.l and the overall distribution of Depositional 

Sequence 2 is shown on the map and cross section at the end of this thesis. 

Palaeontologv 

Shelly lenses observed within the exposed upper part of the formation arc dominated by 

the bivalve Maonnwc/ra Shells are well preserved hut mostly d1san1culated. 

Interpretation 

The Lower Okehu Siltstone consists of the HST deposits of Depositional Sequence 2 in 

the Wanganu1 Basin Plio - Pleistocene sequence. 

Facies seen at the Turakina Valley Road sites indicate deposition on the inner shelf in 

an environment where sed11nentation rates were low enough to allow the preservation of 

primary bedding. In sequence stratigraphic terms, the sharp upper contact with the 

Okehu Shell Grit at DS(S22/091362) and DS(S22/l29322) represents the sequence 

boundary between Depositional Sequence 2 and 3. 

Age and Correlation 

The Lower Okehu Siltstone is assigned to Oxygen Isotope Stage 29 (Shackleton el al 

1990) and attributed an age of c. I Ma (Abbott and Carter 1994 ). The recent fission -

track date for the Potaka Pumice (Pill ans el al 1994 ), indicates a slightly older age for 

the Lower Okehu Siltstone and the formation is placed within Oxygen Isotope Stage 31 

by the writer based on the work of Pillans (1994) (see Figure 1.2)_ The top of the 

formation marks the Matuyama/Jaramillo boundary (990 Ka, Abbott and Carter 1994; 

Pi llans, 1994 ). 

At the Castlecliff section, the Lower Okehu Siltstone consists of approximately 20 m of 

finely laminated, ripple - bedded and massive blue-grey siltstone, overlying a basal 

fossiliferous conglomerate (Fleming, 1953). Although not observed in the Turakina 

Valley (this work), the conglomerate, representing the TST for Depositional Sequence 
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2, is persistent across the basin to Rangitikei Valley (Abbott, 1994). The nature of the 

siltstone does not appear to change across the basin although the formation thickens 

from 20 m at the Castlecliff section, to 45 m in Turakina Val1ey (Abbott, 1994) and 50 

m + in Rangitikei Valley (Abbott, 1994) (See Figure 3.1 ). 
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Sequence 

Plate 2.2.5 Lower Okehu Si ltstone/Okehu Shell Grit contact at S22/091362 on 

Turakina Valley Road near a small bridge c. 500 m south-west of the intersection 

with Taurimu Road. The Lower Okehu Si ltstone here is streaky-laminated with up 

to 50 mm thick bands of shel ly material mainly composed of Maorimactru 

(Facies BZ-2). The contact with the Okehu Shell Grit is sharp with cm-scale relief 

and marks the sequence boundary between Depositional Sequence 2 and 3. Only 

the lowermost c. 0.4 m of the Okehu Shell Grit is visible in this plate and at this 

location it is made up of a pebbly shell conglomerate (Facies HE-1 ) with no 

obvious bedding structures. 
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2.2.4 Depositional Sequence 3 

Okehu Shell Grit 

Type Section : Castlecliff section between the mouth of Ototoka Stream and south-east 

to the mouth of Kai-iwi Stream. 

Name : named by Fleming ( 1953) for the shell grit layer between the Okehu Siltstone 

fonnations. 

Thickness: up to 4 min Turakina Valley. 

Reference Section: S22/09l 362 Small bridge on Turakina Valley Road c. 500 m 

south of the intersection with Taurimu Road. 

Descriptive Section : S22/129322 Upper Makuhou Road. 

Descriptions 

The Okehu Shell Grit at the reference section, consists of an unbedded, c. 0.4 m basal 

sheH/pebble conglomerate (Facies HE-1, Type A I Shell bed), overlying a laminated 

siltstone (Lower Okehu Siltstone) (see Plate 2.2.5). Approximately 1.5 m of fine -

medium, parallel-bedded sand with muddy wavy bedding and mud flasers (Facies HE-2) 

overlies the conglomerate. The outcrop then becomes obscured. 

The base of the Okehu Shell Grit on Makuhou Road at DS (S22/129322), is marked by 

a sharp lower contact showing dm-scale relief and which has a bored surface (Type C 

shellbed). Overlying this contact is a moderately well-sorted, medium sand (sample 

S35, Appendix B), which displays large-scale planar cross-bedding and is 0.8 - LO m 

thick (Facies WS-1) [Plate 2.2.6]. This basal member grades into parallel-laminated 

and planar cross-bedded, well-sorted fine sand (sample S36, Appendix B), and is 3-4 

m thick (Facies WS-2) [Plate 2.2.7). The silt component increases up-section and the 
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contact \\i th the O\erl~ing Upper Okchu Siltstone is gradational. Thi s section is 

summa ri sed 1n Figure 2.2.3 and the ove rall dist ri bution o f Depos iti o nal Seque nce 3 1s 

shO\\n on the map ;.ind cross - secti o n at the end of thi s thesis. 

Pa laeontologv 

The fossil iferous. basal conglomerate at the reference sectio n o n Turakina Valley Road. 

consists of mainly transported macrofa una A faunal collection was not made at this 

Si te. 

Paleoc urrent Data 

N = 26 

Figure 2.2.2 Rose diagram of pakocurrent data taken from the basal planar cross

bedded unit and predominantly from the overlying parallel-laminated and planar cross

bedded unit at the descriptive section on Makuhou Road (Appendix C). The data 

obtained indicates a broad unimodal current trending east and south-east, suggesting a 

longshore tidal intluence. 

Interpretation 

The Okchu Shell Grit corresponds to the TST of Depositional Sequence 3 m the 

Turakina Valley Plio - Pleistocene sequence. 
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Facies at the reference section and at the Makuhou Road section indicate deposition on 

a tide/storm dominated innermost shelf and wave-dommated shoreface (section 2.1.4a). 

Paleocurrent data from Makuhou Road indicates that a strong south-easterly flowing 

wave-induced current and perhaps also a tidal current influenced deposition. The sharp 

lower contact marks the lower sequence boundary between Depositional Sequence 2 

and 3. The upper contact is conformable with the Upper Okehu Siltstone. 

Age and Correlation 

Based on the Oxygen Isotope curve from ODP Site 6 77 of Shackleton et al ( 1990), 

Abbott and Carter ( l 994) placed the Okehu Shell Grit within Oxygen Isotope Stage 27 

and attributed an age of c. 990 Ka to the formation. The recent fission - track age of 1 

Ma for the Potaka Pumice (Pillans et al, 1994) indicates an age slightly older than 1 Ma 

for the Okehu Shell Grit The base of this formation marks the top of the Jaramillo 

Subchron (Turner and Kamp, 1990; Pillans et al, 1994 ). The Okehu Shell Grit is placed 

within Oxygen Isotope Stage 29 by the writer based on the work of P1Hans ( 1994) (see 

Figure 1.2). 

The Okehu Shell Grit thickness at the Castlecliff section varies from 0 - 8 m (Fleming, 

1953) due to infilling of the ravinement surface of the Lower Okehu Siltstone. In 

Rangitikei Valley, the formation can be correlated with a conglomerate c. 40 m below 

the base of the Potaka Formation (Abbott, 1994, Te Punga, 1952). The formation 

appears to retain its heterolithic characteristics across the basin from Castlediff to 

Rangitikei Valley (see Figure 3.1). 
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Plate 2.2.6 Lower Okehu Siltstone/Okehu Shell Grit contact at S22/l 29322 on 

upper Makuhou Road. Up to 3-4 m of the Lower Okehu Siltstone is visible at this 

outcrop where it consists of massive, blue-brrey siltstone (Facies MZ-2) with 1.5 m 

of muddy siltstone at the top of the unit (see dashed line above spade handle). The 

contact between the blue-grey siltstone and the muddy siltstone is undulating up 

to 0.5 m. The sharp, bored contact with dm-scale relief marks the sequence 

boundary between Depositional Sequence 2 and 3. Approximately 1 m of faintly, 

large-scale planar cross-bedded medium sand (Facies WS-1 ), directly overlies this 

contact. This sandy unit is overlain by deposits described in Plate 2.2.7. (spade is 

approximately 1 m in length). 

Plate 2.2.7 Uppermost Okehu SheH Grit at S22/129322 on upper Makuhou 

Road. Up to 4 m of parallel-laminated and planar cross-bedded fine sand with 

mud flasers and wavy bedding (Facies WS-2) overlies the units described in Plate 

2.2.6 (spade is approximately 1 min length). 
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Upper Okehu Siltstone -
Type Section : Castlecli ff section between the mouth of Ototoka Stream and south-east 

to the mouth of Kai-iwi stream. 

Name: name given by Fleming ( 1953) for the " Upper Okehu Silts" (Fleming, I 947a) 

at the coastal section. 

Thickness: up to 20 m exposed along Turakina Valley Road. Abbott ( I 994) reported a 

thickness of 40 111 in Turakina Valley at a site not visited by the wri ter. 

Reference Section : S22/ I 34320 Upper Makuhou Road. 

Descriptive Sections : 522/072348 Turakina Valley Road, 400m north of the 

Makuhou Road turnoff 

Descriptions 

S22/095307 Outcrop along stream bed, 2 km SE of the 

homestead, up smal I val ley from the upper end of 

Morgans Road. 

The Upper Okehu Siltstone at the reference section consists of 14 m of flaser and 

lenticular-bedded siltstone (Facies HE-2). The sand component at times displays small

scale ripple cross-lamination (Plate 2.2.8]. The formation becomes increasingly silty up 

- section (Facies HE-3) and appears unfossiliferous at this location. The unit culminates 

with at least 3 m of massive siltstone (Facies MZ-2). This section is summarised in 

Figure 2.2.3. 

At DS (S22/072348) on Turakina Valley Road between Makuhou and Taurimu Roads, 

the Upper Okehu Siltstone consists of 6 - 8 m of massive, blue-grey siltstone (Facies 

MZ-2), with a thin, 0.2 m, band of shelly material approximately 1 m below the contact 

with the Deepdem Conglomerate (Potaka Pumice member of the Kaimatira Pumice 

Sand). The upper and lower contacts were not exposed at this site. 
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The Upper Okehu Siltstone at DS (S22/095307) 2 km up valley on the farm at the end 

of Morgans Road consists of up to I 0 m of massive, blue-grey siltstone (Facies MZ-2), 

which progresses to a streaky-laminated, sparsely fossiliferous siltstone (Facies BZ-2) 

up valley. The upper contact is a sharp, wave - planed surface, overlain by the Potaka 

Pumice member (Deepdem Conglomerate) of the Kaimatira Pumice Sand. 

The overall distribution of Depositional Sequence 3 is shown on the map and cross -

section at the end of this thesis. 

Palaeontology 

A sample taken from the descriptive section at S22/072348 was dominated by Mactra? 

species. 

Interpretation 

The Upper Okehu Siltstone comprises the uppermost TST and the HST for Depositional 

Sequence 3 in the Wanganui Basin Plio - Pleistocene sequence. 

The dominantly small - scale heterolithic and siltstone facies of the Upper Okehu 

Siltstone indicate deposition on the innermost to inner - middle shelf (section 2.1.4b 

and 2.1.4d). Like Depositional Sequence 2, the TST is made up largely of small - scale 

heterolithic facies with a similar interpretation for their occurrence. In hindsight, it may 

have been best to include these facies within the Okehu Shell Grit Formation and 

rename the formation for the Turakina Valley section. 

The presence of the thin shellbed at the reference section, may suggest reworking of 

material farther up the shelf The bivalve, . Mactra, is generally associated with 

deposition in shallow water (estuarine) and therefore supports the interpretation that the 

shellbed deposits were transported into a deeper depositional environment. 
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Age and Correlation 

The Upper Okehu Siltstone is assigned to Oxygen Isotope Stage 27 and attributed an 

age of 925 Ka by Abbott and Carter ( 1994 ), based on the Oxygen Isotope curve from 

ODP Site 677 (Shackleton et al, 1990). As discussed in the previous section, the recent 

fission - track age of 1 Ma for the Potaka Pumice (Pillans et al, 1994 ), suggests an older 

age for the Upper Okehu Siltstone. Based on this new information, Pillans ( 1994) 

placed the Upper Okehu Siltstone within Oxygen Isotope Stage 29 (c. 1.2 Ma) (see 

Figure 1.2). 

At the Castlecliff section, the formation consists of 5 - 6 m of barren, massive and 

finely laminated, blue-grey siltstone and includes a basal conglomerate member, I m 

thick which overlies the Okehu Shell Grit (Fleming, 1953). Abbott and Carter ( 1994) 

describe the formation as 5 m of cm - interbedded, streaky laminated, bioturbated 

siltstone, with a basal shellbed containing Tiostrea and Dosina which appears to be 

absent in Turakina Valley. 

Facies of the siltstone member do not appear to change across the basin but the 

fonnation thickens dramatically towards Turakina Va11ey where it is up to 40 m thick 

(Abbott, 1994), although only 20 m was exposed at sites visited by the writer. Also note 

that much of the 20 m exposed is made up of small - scale heterolithic facies which 

represent the TST and should have been included as part of the Okehu Shell Grit 

Formation. In Rangitikei Valley, the formation is correlated with the siltstone unit 

directly below the Potaka Formation (Te Punga, 1952; Abbott, 1994; Pillans, 1994 ). 

The thickness of the formation in Rangitikei Valley decreases to 17 m (see Figure 3.1 ). 
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Plate 2.2.8 Lower part of the Upper Okehu Siltstone at S22/l34320 on Upper 

'v1akuhou Road. The basal 1.5 m of the outcrop (see staff) consists of small-scale 

ripple cross-bedded fine sand with frequent mud flasers and wavy-bedding (Facies 

HE-2 ). Up to 2 m of dm-scale massive bedded and streaky-laminated siltstone 

(Facies HE-3) overlies this sandy unit. The sequence appears to be fining - up. 
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2.2.5 Depositional Sequence 4 

Kaimatira Pumice Sand 

Type Section Castlecliff section from Okehu Stream to 3 km south-east of Omapu 

Stream. 

Name : derived from the name ' Kaimatera beds' given to this formation by Hutton 

(1886). The basal, pumiceous member, the Deepdem Conglomerate, was named by 

Abbott ( 1994) from Deepdem farm off Turakina Valley Road, Turakina Valley. 

Thickness c. 33 min Turakina Valley 

Reference Section S22/0903 l 0 - 094314 Newly cut farm track, 1.5 km up valley 

Descriptive Sections 

Descriptions 

from homestead at end of Morgans Road. 

S22/0923 l 2 Farm track east of S22/090310 

522/084312 Farm track running up valley from the 

farm house at the end of Morgans Road. 

522/069344 Turakina Valley Road and Makuhou Road 

intersection. 

S22/l 3 73 18 Makuhou Road and Smiths Road 

intersection. 

5221150357-156354 Upper Taurimu Road near Galpins 

Road. 

S22/ 147366 Taurimu Road. 

At the reference section, up to 5 m of coarse, strongly trough cross - bedded, poorly 

sorted, pumiceous sand with rare shelly lenses (Facies He-4), unconfonnably overlies the 

Upper Okehu Siltstone. The pumice is not very vesicular, difficult to break by hand and 
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was identified as the Potaka Pumice (sample Tl6, Appendix A) . The lower contact is 

sharp and erosive with drn-scale relief and discontinuous, massive, mud drapes up to I m 

thick are present at some locations e.g. OS (S22/0923 l 2) on a farm track just to the 

north of the reference section. Convolute deformation structures are also apparent (Plate 

2.2.9]. Approximately 28 m of unfossiliferous mainly interbedded fine sand and streaky

laminated siltstone (Facies HE-2 and HE-3) overlies the current bedded pumiceous 

member [Plate 2.2.1 O] . Where sand members are quite thick (2 - 4 m), small-scale planar 

cross beds occur and small (coarse sand - small pebble size) pumice fragments are 

present . Rare shelly lenses may also occur in these sandy members . The Kaukatea Ash 

was identified within the HE-3 facies of the Kaimatira Pumice Sand at S22/084312 on a 

farm track which begins at the farm house at the upper end of Morgans Road. The 

Kaukatea Ash here is made up of 0.3 - 0 . 7 m of fine white ash. It was not possible to 

reach the top of the outcrop and therefore a sample of the ash was not taken. The 

Kaukatea Ash was therefore identified on the basis of stratigraphic position rather then 

chemical signature. The upper contact of the Kaimatira Pumice Sand at the reference 

section is gradational over several cm. The upper contact at DS (S22/069344) is very 

sharp with little relief [see Plate 2.2.13J. These sections are summarised in Figure 2.2.5 . 

The basal, pumiceous member (the Deepdem Conglomerate) is again seen at OS 

(S22/ 13 7318) at the intersection of Makuhou Road and Smiths Road, where it displays 

large-scale herringbone and trough cross-bedding. 

The Kaimatira Pumice Sand is also exposed on Taurimu Road at S22/150357-156354 

where large-scale cross-bedding (only foresets evident) and mud drapes are a common 

feature. The lower contact was not exposed and the upper contact into fine - medium, 

well-sorted sand (sample S41, Appendix B) is gradational over at least 2 m into the 

undifferentiated Lower Kai-iwi and Westmere Siltstones. The pumice at this site was 

identified as the Potaka Pumice (samples T 31, Appendix A) and the unit is 

approximately 7 m thick. The Makuhou Shell Conglomerate is absent at this location and 

the Kaimatira Pumice sand grades into the undifferentiated Lower Kai-iwi and Westmere 

Siltstone. The occurrence of the Galpin Fault, with a vertical displacement of up to 500 

m (Hellstrom, 1993) accounts for the Kaimatira Pumice Sand being evident so far north

east of the sites off Morgans Road i.e. the formation on Taurimu Road occurs on the 
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down thrown side of the fault 

Another site on Taurirnu Road (S22/147366) again reveals the basal Kairnatira Pumice 

Sand member (Deepdem Conglomerate) Herc. c. Im of crumbly, wavy and lenticular

bedded. muddy silt is overlain bv a 20-30 mm pumiceous grit (sample T27, Appendix 

A). This grit is covered by a thick. 0.8 m white ash (sample T28, Appendix A) with 

faint laminations (not visible in photo) which is sharply overlain by a poorly - sorted 

pumiceous conglomerate (sample S46, Appendix B) (Facies HE-4) (sample T29, 

Appendix A), [Plates 2.2.11 and 2.2.121 Up to 2 m of this pumiceous conglomerate is 

exposed and the outcrop is then obscured. Samples T 27 and T 28 are chemically similar 

to the Kupe Tephra but when plotted on a ternary diagram they lie within an acceptable 

position for the Pot aka Pumice (see section 3 .6). Sample T 29 is very similar to the 

Potaka Pumice. The overall distribution of Depositional Sequence 4 is shown on the map 

and cross - section at the end of this thesis. 

Palaeontologv 

Shelly lenses found 'vithin the current bedded basal member and subsequent overlying 

sand members (Facies HE-2). are dominated by Paphies species. indicating a shallow -

water. possibly estuarine. environment of deposition 

Paleocurrent Data 

N 
N 

T T 

N = 23 N = 24 

b) 
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N 

T N 

i 

N = 47 N = 26 

c) d) 

Figure 2.2..t Rose diagrams of palcocurrent data taken from the basal member of the 

Kaimat ira Pumice Sand (Dccpdcm Conglomerate) from a) S22/0903 l 0 on the farm at 

the end of Morgans Road, b) several sites near to S22/0903 IO; c) data from a) and b) 

combined. d) 522/ 137318 on the corner of Makuhou Road and Smiths Road . Rose 

diagrams show that the current flow direction was variable overall and bimodal at each 

individual site which suggests a tidal influence (Appendix C). 

Jnterp rC't:t t io 11 

The Kaimatira Pumice Sand comprises the TST for Depositional Sequence 4 in the 

Wanganui Basin, Plio-Pleistocene sequence. The HST fo r Depositional Sequence 4 is not 

represented in Turakina Vall ey or elsewhere across the onland part of the basin. The 

eruptive event that produced the sediment deposited at this time, largely increased the 

sediment supply into the basin The increased sedimentation was balanced by subsidence 

only allowing deposition of more shallow - water. heterolithic TST facies throughout 

most of the sea-le\'el cycle. 

The Kaimatira Pumice Sand \Vas deposited after an erosional interval upon the Upper 

Okehu Siltstone This IO\\·er contact marks the lower sequence boundary for 

Depositional Sequence 4. A large volume of pumiceous material was washed down 

catchments originating near the sediment source in the Taupo Volcanic Zone. This 

material built out to form an estuarine delta at the coastline at a time of sea-level rise. 
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The presence of in situ Paphies :,p. supports this interpretation. The occurrence of 

trough cross-bedding within the basal member of this formation and the bimodal 

directions of deposition also supports a deltaic environment of deposition, Convolute 

deformation structures indicate rapid deposition and are most likely syn-depositional 

(Seward, 1974)_ The majority of the formation is made up of Facies HE-2 and HE-3. 

The unfossiliferous nature of these members may indicate that deposition was too rapid 

and/or conditions too turbulent, for fauna to thrive. Mud drapes observed within the 

basal member most likely indicate slack water periods where fine-grained material settled 

out of suspension (Reineck and Singh, 1975). 

Faint laminations observed within the fine, white ash at S22/147366 on Taurimu Road, 

and the fact that the unit is enclosed in shallow marine facies, probably indicates that the 

ash was water - transported rather t!rnn wind - transpo1ied. 

Age and Correlation 

A fission track age of l Ma has been assigned to the Potaka Pumice (Pillans et al, 1994)_ 

Abbott and Carter (1994) placed the Kaimatira Pumice Sand within Oxygen Isotope 

Stage 25 based on the Oxygen Isotope curve from ODP Site 677 (Shackleton et al, 

1990). Pilians ( 1994) placed the Matuyama/Jaramillo boundary at the base of the Potaka 

Pumice, He included the Potaka Pumice member of the Kaimatira Pumice Sand within 

Oxygen Isotope Stage 27 and the overlying HE-2 and He-3 units within Oxygen Isotope 

Stage 25 (see Figure 2.1). 

Across the basin, the formation thickens from 15 m at the Castlecliff section (Fleming, 

1953; Abbott and Carter, 1994; Abbott, 1994), to over 30 min Turakina Valley which 

may be attributed to closeness to the source of the sediment. The nature of the 

formation, however, does not appear to change greatly across the basin, The Kaimatira 

Pumice Sand is represented by the Potaka Pumice Formation in Rangitikei Valley (Te 

Punga, 1952; Abbott, 1994) and according to Abbott (1994) is c. 80 m thick (see Figure 

3.1), and this reflects the existence of a major conduit of the Potaka Pumice down the 

Rangitikei River. 
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Plate 2.2.9 Basal member (Dcepdcm Conglomerate) of the Kaimatira Pumice 

Sand at a site east of S22/0903 i 0 c. 1.5 km up stream from the farmhouse at the 

end of Morgans Road. At least 2 m of large-scale trough cross-bedded pumice 

sand (Facies HE-4) arc seen in this plate Well preserved mega-ripple structures 

arc visible in the centre of the plate. Convolute deformation structures an: evident 

at the top of the unit (spade al left edge of the photo is approximately I m in 

length). The pumice in this unit was identified as the Potaka Pumice. 

Plate 2.2.10 Kaimatira Pumice Sand al a site near to S22/090310 c. 1.5 km up 

stream from the farmhouse at the end of Morgans Road. lnterbedded silt and sand 

with flascr and lenticular bedding and streaky lamcllac evident in individual units 

(Facies l!E-2 and HE-3). These facies make up the majority of the Kaimatira 

f'umicc Sand (Alan Palmer for scale). 
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Plate 2.2.9 

Flascrs in 

/fine sand 

Convolute 
dcfom1ation 

Mega ripples 

Plate 2.2.10 
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Plate 2.2.11 and 2.2.12 Basal member of the Kaimatira Pumice Sand at 

S22/147366, along Taurimu Road. A 20 - 30 mm pumiceous grit (sample T27) 

overlies up to 2 m of lenticular and wavy-bedded muddy silt. The pumiceous gr1t 

is overlain by c. 0.8 m of fine, white ash with very faint lamellac (sample T28). 

The top of this ash is unduJating to dm-scale and is overl ain by a unit of poorly

sorted pumiceous sand (sample T29). At least 1.5 m of this unit is exposed at this 

site (staff in Plate 2.2.11 is 1.5 m long and knife in Plate 2.2. 12 is 40 cm long). 
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Plate 2.2.11 

- T 29 

T 2S 

-T27 

Plate 2.2.12 
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Descriptions . 

Pebbly shell conglom. 

·· Facics 
Type 

Intcrp..C:tatiori\ ·• '· )~e·q; · 
.:~;L:L:#:s;t:::"i:=:,:\i:;,:\? str.at 

Makuhou 
Shell 

ll1 
Cf) with discontinuous HE-1 

bedded siltstone bands 

Tide/storm 
dominated 
innermost 

shelf 

TST 
Conglomerate O 

3 

Figure 2.2.5 

Sequence Bound;iry 

Kaukatca Ash 

Tide/storm Lenticular-bedded 
and streaky-laminated 
siltstone 

HE-3 dominated 

Interbedded silt and 
fine sand with flaser and HE-2 
wavy bedding 

Pumiceous conglom. 
large-scale trough cross-
beds and massive mud HE-4 
drapes 

Sequence Boundary 

Massive blue-grey MZ-2 
siltstone 

innermost shelf 

Tide/storm 
dominated 

innermost shelf 

Inner - middle 
shelf 

TST 

TST 

HST 

Kaimatira 
Pumice Sand 

•oeepdem 
Conglomerate 

Upper Okehu 
Siltstone 

Stratigraphic summary diagram for Depositional Sequence 4 in 

T urakina Valley from site S22.'0903 10 - 094314 on a farm track c. 1.5 km up \'alley 

from the upper end of Morgans Road (See map and cross-section at the back of this 

thesi s ). 

* name given by Abbott (1994) to the basal pumiceous conglomerate of the Kaimatira 

Pumice Sand. 

t"l 
Cf) 

~ 
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2.2.6 Depositional Sequence 5 

J\ifakuhou Shell Conglomerate 

Tvpe Section : Castlccliff section from Okehu Stream to 3 km south-east of Omapu 

Stream. 

Name : proposed by Abbott ( l 994} for the shell conglomerate previously considered - . 

as the upper part of the Kaimatira Pumice Sand (Fleming. 1953) An outcrop of the 

formation on Turakina Valley Road 1ust south of the Makuhou Road tum off is the 

source of Abbon·s name 'Makuhou Shell Conglomerate·. 

Thickness up to 7 min Turakrna Valley. 

Reference Section 522/069344 Turakina Valley Road and Makuhou Road 

intersection and 400 m south of this point 

Descriptive Sections S22/0923 l 2 Newly cut farm track, 1.5 km up valley from 

Descriptions 

the homestead at the end of Morgans Road. 

522/095313 Fairly recent track 400 - 500 m up valley from 

522/092322. 

A coarse, pebbly, pumiceous, shel\y, very large-scale cross-bedded sand (Facies HE-l, 

Type A I Shellbed) represents the Makuhou Shell Conglomerate at the reference 

section. Only the foresets of the cross-beds are visible. The lower contact with a 

massive, muddy silt member of the Kaimatira Pumice Sand, is sharp with little relief 

[Plate 2.2.13]. The upper contact is gradational over 1-2 m into a laminated siltstone 

(undifferentiated Lower Kai-iwi and Westmere Siltstones). This section is summarised 

in Figure 2.2.6. 
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At DS (S22/092312) on a steep farm track 1.5 km from the end of Morgans Road, the 

formation appears as interfingering coarse, pebbly, shelly, pumiceous sand bodies 

(Facies HE-1) [Plate 2.2.14). Here the shellbed is up to 7 m thick . The lower contact is 

i:,rradational over a few centimetres. However, disrupted bedded siltstone simi lar to the 

unit beneath, continues between the shelly sand bodies. At the upper contact, the 

formation grades into a laminated, fine sand which probably represents the lower part of 

the undifferentiated Lower Kai-iwi and Westmere Siltstones. Chemical analysis of the 

pumice found within this formation indicates that it is dominantly Potaka Pumice 

(sample T40, Appendix A). The Kaukatea Ash has also previously been found within 

this formation (Abbott, 1994 ). 

A sharp wave-planed surface below the shell conglomerate is evident at DS 

(S22/095313) on a farm track c. 2 km up valley from the end of Morgans Road. The 

formation displays similar lithology and faunal assemblages to DS (S22/092312) but 

has distinct cross-bedding structures which are only visible as foresets [Plate 2.2.151. 

The overall distribution of Depositional Sequence 5 in Turakina Valley is shown on the 

map and cross - section at the end of this thes is. 

Palaeontology 

Collection Site S22/092312 (S22/ f 155) 

The fauna! assemblage is dominated by an unnamed Paphies species which has also 

been found in abundance in the formation at Kaimatira and at Kaimatira Bluff (Beu 

pers. comm., 1994) (Table 2.2.1). Fauna were most likely transported into the site of 

deposition (section 2. J .4b). 

Interpretation 

The Makuhou Shell Conglomerate forms the transgressive systems tract of Depositional 

Sequence 5 in the Turakina Valley, Pho-Pleistocene sequence. 
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facies indicate deposition within the tide/storm dominated innermost shelf (section 

2. L4b ). The graded lower contact al DS (S22/0923 I 2) on a steep farm track at the end 

of Morgans Road, indicates that no erosion took place at this site during the rise in sea

l eve!. Where a sharp contact occurs at the lower sequence boundary, the underlying 

siltstone appears more massive as opposed to laminated, and the wave-cut platform is 

better expressed. The upper contact is confonnable with the overlying sediments of the 

undifferentiated Lower Kai-iw1 and Westmere Siltstones. 

Age and Correlation 

Abbott and Carter ( 1994) assit,rned the Makuhou Shell Conglomerate to Oxygen Isotope 

Stage 23 based on the Oxygen Isotope curve from ODP Site 677 (Shackleton et al, 

1990). Seward ( l 974) reported a fission-track age of c. 570 Ka for the Kaukatea Ash 

which was dated from the equivalent formation in Rangitikei Valley. However, based 

on a recent fission-track age of 1 Ma for the Potaka Pumice (Pill ans ct al, 1994 ), it is 

reasonable to estimate an older age of c. 900 Ka for the Kaukatea Ash (Abbott and 

Carter, 1994). Pillans (1994) indicates an age of c 850 Ka for the Kaukatea Ash and 

places it within Oxygen Isotope Stage 21 (see Figure 1.2). 

The thickness of the formation increases from 1. 7 m at the Castlecl iff section (Fleming, 

1953) to 7 m in Turakina Valley but the nature of the formation is similar The 

Makuhou Shell Conglomerate is correlated with the Waitapu Shell Conglomerate in the 

Rangitikei Valley (Te Punga, 1952; Seward, 1974; Abbott, 1994; Pillans, 1994) (see 

Figure 3.1). 
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Table 2.2.1 Palaeontology of the Makuhou Shell Conglomerate in 
Turakina Valley. 

'·: '".''"'t· '·~ .: ~:~;";~'~:"':'c~FAUN:A : ~ ¥~'~ .::~ .. -,'f-1-' ""·'·;! · .. .-... •• "? _,, "'f 155·· 

Bivalvia 

Anomia trigonopsis p 
Glycymeris modesta p 
Paphies 11. sp. c 
Pleuromeris marsha//i p 
Ple11romeris zeala11dica s 
P11rp11rocardia sp. p 
P11rp11rocardia p11rp11rala f 
Ta/och/amys gemm11/a1a p 
Tcrn ·era !:.p. p 
Tiostrea chi/ensis p 
Tuceto11a laticostata p 

Gastropoda 

Ama/da ( Baryspira) m11cronata p 
Ama/da ( Gracili~pira) 110\'Qezelandiae p 
Antime/atoma h11cha11a11i p 
Alllizafra ? pisanoides p 
Aoteadri//a wa11ga1111iensis p 
Bathytoma ( Micantapex) m11rdochi p 
B11ccin11/11m sp. p 
Callistroma 1n1k11marue11sis p 
Cirsotrema zelebori p 
Crepidula · radiata · s 
Maoricolp11s roseus s 
Paracomitas protra11se1111a p 
Pelicaria sp. p 
Penion ad11st11s p 
Pervicacia tristis p 
Seila sp. p 
Stiracolpus sp. s 
Tanea sp. p 
Xymene ambiguus p 
Xymene expansus p 
Xymene pusillus s 
Zajra imedita p 
Zeacolpus vittatus p 
Zegalerus tem1is p 
Zemitrelfa ? choave p 
Zethalia zelandica p 
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Table 2.2.l continued 

Scaphopoda 

Antalis nana 

Brachiopoda 

Wa/tonia incon.'lfJicua 

Arthropoda/Cirripedia ( barnacla plate ) 

Brvozoa ( branching l ypc ) 

[Fauna identified by Alan Beu I 

p =present 

f=few 

s =several 

c= common 

a= abundant 

s 

p 

p 

s 
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Plate 2.2.13 Makuhou Shell Conglomerate at S22/069344 on Turakina Valley 

Road, c. 400 m up hill , south of the Makuhou Road turnoff. Very large-scale 

foresets within a pebbly shel l conglomerate (Facies HE-1, Type A 1 Shellbed) 

make up the Makuhou Shell Conglomerate at this location. A very sharp contact 

with a muddy si lt unit of the Kaimatira Pumice Sand can be seen to the right of 

the plate. This contact marks the sequence boundary between Depositional 

Sequence 4 and 5. 
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Plate 2.2.14 Makuhou Shell Conglomerate at S22/092312 on a fann track , c. 1.5 

km up valley from the farmhouse at the end of Morgans Road . Shelly, pebbly, 

pumiceous sand bodies are interfingered with laminated silt deposits (Facies HE-

1, Type A I Shellbed). The contact with the underl ying units of the Kaimatira 

Pumice Sand is t:,rradational over several cm. 

Plate 2.2.15 Makuhou Shell Conglomerate at S22/095313 , c. 400 m up valley 

from Plate 2.2.14. A pebbly shell conglomerate with prominent foresets makes up 

the formation at this site (Facies HE- I, Type A I Shellbed). Individual foresets 

seem to fine upwards. 
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Pla te 2.2. 14 

l m 

Plate 2.2.15 
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_Lower Kai-iwi and Westmere Siltstone (undifferentiated) 

Type Section : Castlecli ff section from Okehu Stream to 3 km south-east of Omapu 

Stream. 

Name : based on the "Kai-iwi Blue Clays'' and "Cl 8 Lower Westmere Silts" of 

Fleming ( 1947a). 

fhickness : 35 - 50 m in Turakina Valley 

Reference Section : 522/0773 19 Fann track near western boundary fence. and 

above a small stream on the farm at the end of 

Morgans Road. 

[)escriptive Sections : S22/0923 12 Newly cut, steep track, 1.5 km up valley from the 

homestead at end of Morgans Road 

>escriptions 

522/0953 16 Farm track 500 m north-east of S22/0923 I 2 

S22/072306 Steep track 2.4 km up valley from Turakina 

Valley Road on farm located between Waimutu 

and Morgans Roads. 

\pproximately 10 m of streaky laminated, blue-grey siltstone (Facies BZ-2), followed 

•y 40 m of massive, barren, blue-grey siltstone (Facies MZ-2), represents the 

:ndifferentiated Lower Kai-iwi and Westmere Siltstone at the reference section. The 

)Wer contact is not exposed. The upper contact is an undulating wave-cut platform, 

)Cally bored by Anchomasa (Barnea) simi/is (Type C Shellbed). This section is 

ummarised in Figure 2.2.6. 

\t the descriptive sections, the formation is made up of 7 - 10 m of streaky-laminated 

iltstone followed by c. 35 - 40 m of massive, barren blue-grey siltstone, terminating 
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with 2 m of muddy, brown siltstone with numerous shell imprints. The contact between 

the blue-grey siltstone and the muddy siltstone is undulating to dm-scale [Plate 2.2.16). 

The formation at DS (S22/092312) on a steep farm track, l .5 km east of the end of 

Morgans Road, has 7 m of fine, very well - sorted (sample S30, Appendix B), parallel 

laminated sand (Facies WS-2) below the streaky-laminated siltstone member which 

may make up the upper part of the Makuhou Shell Conglomerate or the basal member 

of the siltstone fonnation at this site. 

The overall distribution of Depositional Sequence 5 is shown on the map and cross -

section at the end of this thesis. 

Palaeontology 

Generally unfossiliferous. The shell impressions seen within the uppermost muddy 

siltstone unit include species such as Zethalia and ('))Leucolina which is consistent 

deposition on the inner shelf. 

Interpretation 

The undifferentiated Lower Kai-iwi and Westmere Siltstones represent the HST of 

Depositional Sequence 5 in the Wanganui Basin sequence. 

Facies indicate deposition on the inner - middle shelf (section 2.1.4d). The sharp upper 

contact marks the upper sequence boundary (wave-cut platform) for Depositional 

Sequence 5. The well - sorted sand at the base of the formation at DS (S22/092312) 

indicates deposition in a wave - dominated shoreface environment (section 2.1.4a). 

The muddy unit at the top of the formation may indicate a period of sediment 

starvation. 
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Age and Correlation 

Based on the Oxygen Isotope curve from ODP Site 677 (Shackleton et al, 1990), Abbott 

and Carter assigned the undifferentiated Lower Kai-iwi and Westmere Siltstone to the 

upper part of Oxygen Isotope Stage 21 and 23 and attributed an age of c. 800 - 830 Ka 

to the formation. Pillans (1994) placed these formation s within Oxygen Isotope Stage 

21 (see Figure 1.2). 

At the Castlecliff section, the Lower Kai - iwi Siltstone and the Lower Westmere 

Siltstone are separated by the Omapu Shellbed, Ophiomorpha Sand, and the Lower 

Westmere Shellbed (Abbott and Carter, 1994), all of which are absent in Turakina 

Valley. The MCS for Depositional Sequence 5 is therefore not represented in Turakina 

Valley indicating that sedimentation was continuous and complete sediment starvation 

never occurred 

The thickness of the formation increases markedly from the Castlecliff section to 

Turakina Valley. Fleming (1953) reported a thickness of 13 m at the Castlecliff section. 

Pillans et al (1994) indicate a thickness of 80 m for the formation in Turakina Valley, 

however height data gathered here (Appendix D), indicates a thickness of 35-50 m in 

Turakina Valley. Abbott (1994) reported a thickness of 45 min Rangitikei Valley. 

The nature of the formation , aside from thickness, does not appear to change greatly 

across the basin. The Rangitikei correlative is the siltstone unit between Waitapu Shell 

Conglomerate and the Kaikokopu Shellbed (Abbott, 1994; Pillans, 1994) (see Figure 

3.1). 
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Plate 2.2.16 Lower Kai-iwi and Westmere Siltstone at 522/095316 on a farm 

track. 2 km NE of the farmhouse at the end of Morgans Road. At the base of the 

outcrop. the massive blue-grey siltstone (Facies MZ-2) with an upper undulating 

surface is overlain by 2 m of more muddy siltstone with shell impressions (see 

dashed black line). The sharp contact above thi s unit marks the sequence 

boundary between Depositional Sequence 5 and 6. The Kaikokopu Shell Grit is 

absent at this site and the bedded siltstone unit above the sequence boundary is 

most likely another lower unit within the Ruakina Formation. 
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Descriptions 

Faintly planar cross-
bedded f. sand with mud 

Sequence Boundary 

Massive blue-grey 
siltstone 

Streaky-laminated 
siltstone 

. ·:···;. 

ross-bedded (foresets), 
pebbly shell conglomerate 
(Type A 1 Shellbed) 

Sequence Boundary 

Massive and streaky-
laminated siltstone 

Facics 
·.·Type 

WS-2 

MZ-2 

BZ-2 

HE-I 

HE-3 

. Interpretation_. . 

Wave-dominated 
shorcface 

Inner-middle 
shelf 

Tide/storm 
dominated 

innermost shelf 

Tide/storm dom. 'd 

innermost shelf 
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Seq~ .... 
Strat.:. 

TST 

HST 

TST 

TST 

.Formation 
. . . . 

Kaikokopu 
Shell Grit 

Undifferent 'd 
Lower Kai-iwi 
and Westmere 

Siltstone 

Makuhou 
Shell 

Conglomerate 

Kaimatira 
Pumice Sand 

Figure 2.2.6 Stratigraphic summary dia!:,>Tam for Depositional Sequence 5 in 

Turakina Valley from site S22."06934-t at the Turakina Valley Road/Makuhou Road 

intersection and from site S22.'077319 and S22:'0923 I 2, 1.5 km up valley from the 

upper ~nd of Morgans Road (See map and cross-section at the back of this thesis). 

\0 
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2.2.7 Depositional Sequence 6 

The fonnations comprising Depositional Sequence 6 in Turakina Valley arc somewhat 

different to those at the Castlecliff section. At the Castlecliff section. Depositional 

Sequence 6 is largely made up of the Upper Westmerc Siltstone, where the Kaikokopu 

Shell Gnt represents the basal member (Fleming, 1953, Abbott and Carter, 1994~ 

Abbott, 1994 ). The frmnations in Turakina Valley quite clearly represent the TST, MCS 

and HST of a typical Wanganui - type depositional sequence, and for the sake of 

consistency in terms of sequence stratigraphy, arc named accordingly All the units 

above the Kaikokopu Shell Grit member described rn the following text are equivalent 

to the Upper Wcstmcre Siltstone at the Castlecliff section. In Turakina Valley, the 

Kaikokopu Shell Grit forms the basal member of a formation here named the Ruakina 

Fonnation. 

Ruakina Formation (New) 

Tvpe Section : The type section for the Kaikokopu Shell Grit member of the Ruakina 

Fonnation is the Castlecliff section from Okehu Stream to 3 km south-east of Omapu 

Stream. The Ruakina Formation was described from S22/089323 - S22/092321 on a 

fann track between Morgans Road and Makuhou Road in Turakina Valley. 

Name : the Kaikokopu Shell Grit member was named from a well exposed road cutting 

of this formation on Kaikokopu Road, west of Aramoho (Fleming, 1953 ). The name 

Ruakina Formation (RF) is proposed here for the Kaikokopu Shell Grit member (KSG) 

and overlying units representing the TST. The name Ruakina is taken from the farm by 

that name at the end of Morgans Road in Turakina Valley. 

Thickness : the Kaikokopu Shell Grit member ranges between 3-7 m in Turakina valley 

and the Ruakina Fonnation as a whole, is up to 44 m (Appendix D). 

Descriptive Sections: S22/077319 Fann at the end of Morgans Road. Outcrop on 

farm track 1 km north of the homestead (KSG ). 
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S22/072306 Farm track between Morgans Road and Waimutu 

Road (KSG). 

S22/0693 18 Morgans Road; small outcrop on roadside (KSG). 

S22/08633 1 Fann track between Morgans Road and Makuhou 

Road (KSG). 

S22/0933 l4 Steep, new track on fam1 at end of Morgans Road 

(KSG). 

S22/09 1317 Bui I dozed ridge Ii ne on farm at end of Morgans 

Road (KSG). 

S22/056323 Cliff face above Turakina Rive r and off Turakina 

Valley Road, 200 m south of the Morgans Road 

turnoff (RF). 

A well exposed, complete outcrop of the Kaikokopu Shell Grit member occurs at the 

type section for the Ruakina Formation in Turakina Valley. The formation lies 

unconformably on the wave-planed surface of the Lower Kai-iwi and Westmere 

Siltstones. Here the unit is comprised of a coarse, pebbly, poorly-sorted, planar cross

bedded (foresets), sand with abundant, scattered shell s and frequent mega-flaser 

structures which follow bedding planes ( Facies HE-1 , Type A I Shellbed ). Intermittent, 

mud drapes up to 0.5 m thick also occur (Facies HE-3) [Plate 2.2.17 and 2.2.18) and 

the thickness of the formation at this location is 3-4 m. The Kaikokopu Shell Grit 

grades into heterolithic and sandstone facies which are thought to comprise the majority 

of the Ruakina Formation. This section is summarised in Figure 2.2.8. The Kaikokopu 

Shell Grit member at OS (S22/086331) is very similar to this, except that the cross 

bedding is large-scale herringbone cross-bedding [Plate 2.2.19) . Clear burrowing at the 

lower contact is evident (Type C Shellbed) [Plate 2.2.20). 

At the type section for the Ruakina Formation, at least 37 m (Appendix D) of sediment 

overlies the Kaikokopu Shell Grit member. Most of the unit is not exposed. The unit 

lying confonnably above the Kaikokopu Shell Grit member, of which up to 2 m is 

exposed, is wavy-bedded and made up of heterolith.ic facies (Facies HE-2). Farther up 
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the track at S22/09232 l, approximately 3 m of the Ruakina Formation is exposed 

below a Type B shellbed, which is referred to in this thesis as the Morgans Shellbed. 

This upper unit is a coarse silt (sample S43, Appendix B) with scattered fauna (Facies 

ZS-2) mostly concentrated in a band c. 0.3-0.4 m thick, and 2.6 m below a relatively 

sharp contact with the Morgans Shellbed (see Plate 2.2. 241 

The Kaikokopu Shell Grit member at OS (522/077319) on a farm track c. 0.75 km 

north-west of the end of Morgans Road, is a fine, faintly cross-bedded, well-sorted sand 

(Facies WS-2), approximately 7 m thick. At the base. a 0.2-0.3 m thick, pumiceous 

(T39, Appendix A) sandy shell !,'Tit occurs. The chemical signalure of this pumice as a 

whole indicates reworking of Potaka Pumice. This pumiceous grit was also observed at 

OS (S22/0693 J 8) on Morgans Road. The shell grit lies upon the wave-planed and bored 

surface of the undifferentiated Lower Kai-iw1 and Westmere Siltstone. Although not 

seen at DS (S22/0773 l 9 ), flaser and wavy-bedding appear approximately half\vay up 

the fonnation on Morgans Road f Plate 2.2.21 (. 

At OS (S22/072306) between Waimutu and Morgans Roads, the Kaikokopu Shell Grit 

is composed of a fine, planar cross-bedded, well-sorted sand (sample S25, Appendix 

B), with rare coarse-grained discontinuous shell lags (Facies WS-2). Muddy laminations 

are common and increase in occurrence as the unit grades into the overlying unit of the 

Ruakina Formation. The Kaikokopu Shell Grit is approximately 3.5 m thick at this 

location [Plate 2.2.22). 

At OS S22/0933!4 and S22/091317, 1.5 and 1.2 km (respectively), up valley from the 

end of Morgans Road, the Kaikokopu Shell Grit is made up ofc. Sm of large (l-l.5 m 

thick) discontinuous, coarse, pebbly, poorly-sorted, shelly sand bodies within a 

medium-coarse sand. Faint planar cross-bedding was observed at OS (S22/0933 I 4) at 

the top of a newly cut, steep fann track. 

Only the uppermost part of the Ruakina Formation is exposed at OS (S22/056323) at a 

cliff face above Turakina River 200 m south of the Morgans Road turnoff. At least 2 m 

of interbedded silt and sand with occasional coarser, shelly lenses is overlain by a 

fossiliferous(?) greywacke conglomerate which is approximately 1.5 m thick. Up to l m 



Chapter Two Stratigraphy Part II Page 2-2-36 

of loose, fossiliferous sand (f 154a) overlies the conglomerate. This shelly sand is 

overlain by a Type B shellbed which is most likely the Morgans Shellbed. The overall 

distribution of Depositional Sequence 6 is shown on the map and cross - section at the 

end of this thesis. 

Palaeontology 

Collection sites . S22/072306 (S22/ f 152) (KSG) 

522/093314 (522/ f 156) (KSG) 

522/09 13 17 (522/ f 157) (KSG) 

522/077319 (522/ f 158) (K5G) 

522/089323 (522/ f 159) (KSG) 

522/086331 (522/ f 160) (K5G) 

522/092321 (522/ f 1 SO) (RF) 

522/056323 (522/ f 154a) (RF) 

Fauna from samples S22/ f 158, 159 and 160 are generally abraded, diverse and often 

indicative of older strata, suggesting erosion of these older formations and transportation 

into a new environment. Fauna such as Paphies 11. sp. and Xymene expansus (Table 

2.2.2) indicate deposition in a very shallow water environment such as a sheltered sandy 

beach or a sheltered bay (Beu pers. comm., 1995) and must therefore have been 

transported into a deeper water, innermost shelf environment. 

The fauna! assemblage from sample S22/ f 150 from the shellbed in coarse silt at the top 

of the Ruakina Formation, is dominated by Tiostrea and a distinctive abraded form of 

Pecten marwicki [Table 2.2.2). A similar shellbed was found in the Upper Westmere 

Siltstone at the Castlecliff section (1.3 m above the Kaikokopu Shell Grit) and was 

named the Upper Westmere Shellbed (Abbott and Carter, 1994). In Whangaehu Valley, 

the shellbed occurs 6-10 m above the contact with the Kaikokopu Shell Grit (Beu pers. 

comm., 1995). 

Two Pecten specimens found within the shellbed at the type section for the Ruakina 

Formation resembled Pecten 11ovaezela11diae, a subspecies similar to that found in the 
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stratigraph1callv higher Waiomio Shellbcd in Rangitikei Vallev (Beu pers. comm., 

1995). The FAD of l'l'ctcn in the Turakina Valley sequence occurs at the top of the 

Ruakina Fonnation, which is equivalent to the Upper Westmerc Siltstone at Castlecliff 

The facies and fauna of the shellbcd indicate deposition in a slightly deeper - water 

environment than the Ka1kokopu Shell Gnt. 

All shell matcnal from sample s2:u f 154a is abraded and most likely long-shore 

transported The assemblage resembles a beach accumulation (Beu pers. comm., 1995) 

Paleocurrcnt Data 

N=25 

Figure 2.2. 7 Rose diagram of paleocurrent data from S22/072306 (KSG), a farm track 

between Waimutu Road and Morgans Road (Appendix C). The bimodal nature of the 

paleocurrent data taken from a planar cross-bedded sandy unit, indicates that tides 

dominantly influenced sedimentation (Reineck and Singh, 1975). The current trends 

north - west and south - cast. 

Interpretation 

The Ruakina Formation forms the TST for Depositional Sequence 6 in the Turakina 

Valley sequence. 
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Deposition of the Kaikokopu Shell Grit member followed an erosional interval where the 

undifferentiated Lower Kai-iwi and Westmere Siltstones were subjected to wave 

planation. Between tide levels, the bivalve A11chomasa (Bamea) similis bored into the 

planed surface (Type C Shellbed) (Plate 2.2.20] . A sandy shell -lag was deposited as the 

sea transgressed landward. Overall, the Kaikokopu Shell Grit member represents 

deposition on a tide and possibly storm dominated innermost shelf (section 2. l.4b), with 

fauna derived from erosion of older formations and other, contemporaneous 

environments. The bimodal nature of paleocurrent direction supports this interpretation. 

The lower contact represents the lower sequence boundary for Depositional Sequence 6. 

The thick unit o f heteroli thi c and silty sandstone facies above the Kaikokopu Shell Grit 

member may indicate either that the Marton Anticline was actively uplifting at the time 

or that a major sediment source was di verted to this part of this basin (see section 3 .2). 

The shellbed near the top of the Ruakina Formatio n most likely represents a short 

diastem, making conditions more suit able for fauna! activity. The upper, quite sharp 

contact with the Morgans Shellbed represents the Local Flooding Surface. 

Sandy facies representing the upper Ruakina Formation at S22/056323 at a cliff face 

above Turakina River, 200 m south of the Morgans Road turnoff indicate shallow -

water, probably shoreface conditions. 

Age and Correlation 

Based on the Oxygen Isotope curve from ODP Site 677 (Shackleton et al, 1990) Abbott 

and Carter ( 1994) assigned the Kaikokopu Shell Grit to the lower part of Oxygen 

Isotope Stage 19 which marks the position of the Bruhnes/Matayama boundary ( c. 780 

Ka, Abbott and Carter, 1994; Pillans, 1994) (see Figure 1.2). The overlying deposits in 

Turakina Valley which are equivalent to the lower part of the Upper Westmere Siltstone 

at Castlecliff, were also deposited during Oxygen Isotope Stage 19 (Abbott and Carter, 

1994, Pillans, 1994). Across the basin, the thickness of the Kaikokopu Shell Grit changes 

quite markedly from c. 0.15 m at Castlecliff to 7 m in Rangitikei Valley. The nature of 

the Kaikokopu 
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Shell Grit differs across the basin only regard to the matrix of the deposits and more 

pronounced sedimentary structures. The matrix of the Kaikokopu Shell Grit east of 

Wanganui is made up of a pumiceous sand. The Kaikokopu Shell Grit can be correlated 

to Rangitikei where it is called the Kaikokopu Shell bed (Abbott, 1994) (see Figure 

3.1). 

The shellbed at the top of the Ruakina Formation at the reference section is most likely 

equivalent to the Upper Westmere She11bed at the Castlecliff section (Abbott and 

Carter, 1994 ). 
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Table 2.2.2 : Palaeontology of the Ruakina Formation in Turakina Valley 

... .. =~;.··FAUNA > , · ·. 
. .. ·~ :f1SQ '. ~ usi,, . :t-1,54• ·:~ ,1-,t .156 . ·.tt51:' ,•,f:l!a · .1'f'{5;(·· ;1)1$)". #,.'•; 

Bivalv ia 

A11choma.~·a ( Ramea ) s11n1/1s p p s s 
Aulacomya sp. p 
Bassina yatei p 
r arycorhula zela11d1ca ( 

Chlamys gemm11/ata p 
Cyclomactra -~P- p 
Cyclomactra tristis p 
/)osinia zelandica p 
G~ycymeris modesta c f p p f 
A1aonmactra 11. sp. p s c s c 
Maorimactra ordinana p 
Myadora striata p 
Myadora !mbrostrata p 
Nemocardium pulchellum p f p 
Notocallista m11/tistria10 p p 
Nucula 11itidula p f 
Paphies sp. p 
Paphies 11. sp. a c s c a c 
Pecten henedictus manvicki c 
l'le11romeris zealandica s f ( s s 
P11rp11rocardia purpurorata s c p p 
Talochlamys gemmulata f f p p p 
Tawera !>pis.'iO s s s p p 
Tiostrea chilensis lutaria a f r s p p p 

Gastropoda 

Ae11eator marshalli p 
A~atha georgiana p 
Alcithoe arabica p p 
A lcithoe Ju.ms p p 
Amalda sp . p p 
Amalda (Baryspira) australis p p p s 
Amalda (Baryspira) mucronata p f p p 
Ama/da (Gracifispira) novaezea/a11dia f c s s c 
Amphibo/a crenata p 
Antimelatoma buchanani p 
Aoteadrilla wanganuiensis p p 
Austrofusus glans p p p f f 
Austromitra sp. p 
Austromitra ntbiginosa p 
B11cci1mlum sp. p p 
Bucci11u/11m caudatum p 
Buccinulum ? linea p p 
Bucci1111/um vittatum s 
Calliaslroma ? cf nukumarnensis p 
Calliastroma selectum p 



Chapter Two Stratigraphy Part II 

Table 2.2.2 cont'd 

··FAUNA:.GASTROi'ODACONT~D.··. flS~; 

( '/rsotre1na ze!ehori 
('rer>id11la ' rlu.iiata · 
[h/on1a subroslrata 
CJ!ohis1nun1 Jreu'i 
f,eucotina ambigua 
f,iracraea ! odh11eri 
Maoricofpus rost::us f 
Michrelenchus _') sanruineus 
M11rexsu! octOK011US 

Neoguraleu!;- .'Jp. 
OJ0,'J·ton1ia -~P-

f'aratrophon .)jJ. 

Peculator hedh:}·i 
Pe!icaria vermis 

Penion ·'7'-
JJervicacia trist1s 
JJh('11atoma -',/>-

}Jhenatoma novaezea/andiae 
Phenatoma rosea 
{Joirieria zelandica 
proxiuher australe 

I S'emica.<i:Yis fJ}'Tllm 

,)'tiracolpus tiff .iymmelricus 
S11racolpus sp. 
Stiracolpus _? murdochi 
S1n1thiolaria papu!osa 
Tanea zelandica 
Trochus liaratus 
Turbo smaragdus 
Xymene amhiguus 
Xymene bo1u1etti 
Xymeru: expansus 
Xymene pusillus 
Zafrasp. 
Zeacolpus vittatus 
Zega/en's .tenuis 
Zemitrella sp. 
Zethalia zelandica 

$caohoooda 

Antalis nana 

r Fauna identified by Alan Beu I 

c=common p =present 

f=few a= abundant 

flSl ·· HS41J . 056 
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Plate 2.2.19 Lower Kai-iwi and Westmere Siltstone/Kaikokopu Shell Grit 

contact at S22/08633 I on a farm track between Morgans Road and Makuhou 

Road (closer to Makuhou Road). The very sharp, bored contact marks the 

sequence boundary between Depositional Sequence 5 and 6. The Kaikokopu Shell 

Grit at this site is distinctly herringbone cross-bedded and is made up of a pebbly 

shell conglomerate (Facies HE-1 , Type A I Shellbed). 

Plate 2.2.20 Close-up of the contact between the Lower Kai-iwi/Westmere 

Siltstone and the Kaikokopu Shell Grit at S22/086331 . The intertidal bivalve 

Anchomasa (Barnea) similis is preserved within burrows (Type C Shellbed) (35 

mm lens cap for scale). 
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Piate 2.2.17 Lower Kai-i wi and Westmere Siltstone!Kaikokopu Shell Grit 

contact at S22/089323 on a farm track between Morgans Road and Makuhou 

Road. The contact between the Lower Kai-ivvi and Westmere Siltstone (lower part 

of photo) and the Kaikokopu Shell Grit is very sharp and marks the sequence 

boundary between Depositional Sequence 5 and 6. The Kaikokopu Shell Grit at 

this site is made up of large-scale planar cross-bedded pebbly shell conglomerate 

with intermittent wavy-bedded and streaky-laminated mud drapes and mega-flaser 

structures following bedding planes (Facies HE-1, Type Al Shellbed). 

Plate 2.2.18 Close-up of the uppermost Kaikokopu Shell Grit member at 

S22/089323 (Plate 2.2. 17). The strongly planar cross-bedded pebbly shell 

conglomerate of the Kaikokopu Shell Grit is overlain by a wavy-bedded unit 

(Facies HE-2) which may represent the base of a mud drape structure. An 

erosional surface which truncates the planar cross-beds is marked by a dashed 

black line. 
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Plate 2.2.19 Lower Kai-iwi and Westrnere Siltstone/Kaikokopu Shell Grit 

contact at S22/08633 l on a farm track between Morgans Road and Makuhou 

Road (closer to Makuhou Road). The very sharp, bored contact marks the 

sequence boundary between Depositional Sequence 5 and 6. The Kaikokopu Shell 

Grit at this site is distinctly herringbone cross-bedded and is made up of a pebbly 

shell conglomerate (Facies HE-1 , Type A 1 Shellbed) 

Plate 2.2.20 Close-up of the contact between the Lower Kai-iwi/Westmere 

Siltstone and the Kaikokopu Shell Grit at S22/08633 l. The intertidal bivalve 

Anclwmusu (Barnea) similis is preserved within burrows (Type C Shellbed) (35 

mm lens cap for scale). 
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Plate 2.2.21 Uppermost Kaikokopu Shell Grit at S22/069318 on Morgans Road , 

c. 300 m down valley from the fannhouse at the end of Morgans Road . Here the 

Kaikokopu Shell Grit is made up of fine sand with wavy and flaser bedding 

(Facies WS-2) (40 cm knife for scale). 

Plate 2.2.22 Kaikokopu Shell Grit at S22/072306 on a fann track between 

Waimutu Road and Morgans Road. The formation at this site consists of low

angle planar cross-bedded and parallel-laminated fine sand with rare shelly, 

coarse sand lenses (Facies WS-2). 



Plate 2.2.21 

Plate 2.2.22 
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Morgans Shellbed (New) 

Type Section : S22/092321 Farm track 1. 7 km north-east from the homestead at the 

end of Morgans Road. 

Name: named by the writer from outcrops of thi s shell bed near to Morgans Road. 

Thickness : 1-3 m 

Descriptive Sections : S22/082320 Farm track , 1.5 km N of farm house at end 

of Morgans Road 

Descriptions 

S22/083316 Outcrop on steep hillside (SE side) in first valley 

north of homestead at end of Morgans Road. 

S22/056323 Cliff face above Turakina River and off Turakina 

Valley Road, 200 m south of Morgans Road. 

The Morgans Shellbed at all locations except S22/082320, is made up of a fine silty 

sand with abundant, diverse fauna (Facies TCS-1) and is approximately 1 m thick. The 

fauna are quite evenly distributed throughout the shellbed and the shel lbed often has 

quite a high greywacke pebble content. At the type section, the shellbed lies upon the 

fossiliferous coarse silt deposit which is the uppermost unit of the Ruakina Formation. 

The contact between the two formations at the type section is quite sharp with little 

relief The upper contact also is distinct and is overlain by massive blue-grey siltstone 

(Upper Westmere Siltstone in the Turakina section) (Plate 2.2.23]. Only 0.5 m of this 

siltstone is exposed and the entire section is included in Figure 2.2.8. The lower contact 

of the Morgans Shellbed at OS (S22/083316) is erosive with dm-scale relief. A flaser

bedded sandy unit underlies the shellbed at this site. The lower 0.3 m of the shellbed is 

extremely pebbly with few scattered fauna and with an abrupt transition into a muddy 

silty sand with abundant, diverse fauna [Plate 2.2.24) . The upper contact is again quite 

sharp with very little relief. 
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At DS (S22/082320) on a fann track 1 km north of the fann house at the end of 

Morgans Road, the majority of the exposed shellbed consists of a pebbly, shell 

conglomerate which is approximately 2.8 m thick. A 0.3 m muddy sand with abundant, 

scattered fauna overlies the conglomerate (Facies TCS-1 ). The pebbly, shell 

conglomerate overlies a coarse silt with few fossil fragments. The lithology is similar to 

the uppermost unit of the Ruakina Fonnation at S22/092321, 1.1 km SW of DS 

(S22/082320). The contact is very sharp with dm-scale relief The upper contact of the 

shellbed was not exposed at this site. 

The Morgans Shellbed at DS (S22/056323) at a cliff face above Turakina River, 200 m 

SW of the Morgans Road turnoff, consists of c. l m of muddy sand with abundant 

diverse fauna. The lower contact is sharp with cm-scale relief into a fossiliferous, loose 

sand. The upper contact was not exposed at this site. 

The overall distribution of Depositional Sequence 6 is shown on the map and cross -

section at the end of this thesis. 

Palaeontology 

Collection sites : S22/082320 (S22/ f 147a & b) 

S22/0833 I 6 (S22/ f 148) 

S22/092321 

S22/056323 

(S22/ f 149) 

(S22/ f 154b) 

Several sculptured specimens of Pecten kupei were found within coHection (S22/ f 148) 

and these appeared to be concentrated into a single thin band approximately 0.2-0.3 m 

below the upper contact. One small specimen of Pecten kupei was found in collection 

(S22/ f 14 7b ). The occurrence of P. kupei places this fonnation within the Kupei Zone 

of Fleming (1957) [Figure 2.1.5 and 6). The presence of Stiracolpus waikopiroensis 

and Pelicaria resembling convexa found in collection (S22/ f 149), are two species 

which are commonly associated with the Kupe Fonnation (Beu pers. comm., 1995) 

[Table 2.2.3]. The shellbed was initially thought to represent the Kupe Formation, 
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however, it was found that the Upper Westmere Siltstone/Kupe Formation contact was 

slightly higher up in the sequence. An outcrop of this contact is clearly visible at a site 

on Turakina Valley Road (S22/06033 l) and the shellbed exposed at a cliff face south of 

this site at S22/056323 , appears to be stratigraphically below this contact with the Kupe 

Fonnation. 

Interpretation 

The Morgans Shellbed forms the MCS for Depositional Sequence 6 in Turakina Valley. 

The facies of this shellbed represent deposition on the innermost shelf - inner shelf 

where sediment becomes increasingly scarce with the landward movement of the 

depocentre. The conglomerate may represent some tide/stonn influence which 

reworked material from the innermost shelf environment (section 2.1.4c). The lower, 

quite sharp contact \vith the Ruakina Formation represents the Local Flooding Surface 

and the upper contact with the Upper Westmere Siltstone marks the Downlap Surface 

for Depositional Sequence 6. 

Age and Correlation 

Based on the Oxygen Isotope curve from ODP Site 677 (Shackleton et al, 1990) and on 

the correlations from Pillans (1994) (see Figure 1.2), the Morgans Shellbed is assigned 

to Oxygen Isotope Stage 19 and attributed an age of 760-770 Ka. The Morgans Shellbed 

can be correlated with the Upper Westmere Siltstone at Castlecliff although no Type 8 

shellbed is represented there. No direct correlation to the Rangitikei Valley sequence 

exists (see Figure 3.1 ). 
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Table 2.2.3 : Palaeontology of the Morgans SheUbed Turnkina Valley 

Bivalvia 

Atrina pecfinata zefandica p p p 
Carycorhu!a zelandica p s s 
Chfamys gemmulala p p 
Chlamys ze!andiae p p 
Cyclomac:tra om/a p 
Cvc!omacrra tristis p 
Dosinia ze/andica p p p 
Felaniella ( Zemysia) zelandica p s p 
Glylymeris modesta f p p 
Kellia cyc/adiformis f 
Leptomya retiaria p p 
Myadora striata p 
Myadora suhrostrata f 
Nemocardium pu!che/!um p p 
Notocal/ista mu!tislriata p p 
Oxyperas elongata 
Paphies n.sp. p 
Paphies australis p 
Paphies " tuatua " p 
Pecten sp. p 
Pecten kupei s 
Pleuromeris zealandcae s p c s 
Purpurocardia purpurata f f f s 
Scalpomactra scalpel/um p f 
falochlamys gemmulata p 
Talochlamys zelandiae p 
Tawera spissa s a a 
Ihracia vegrandis p 
Tiostrea chilensis lutaria p f p 
Zemysia zelandica s 

Gastropoda 

Aeneator marshalli p 
Alcithoe sp. 
Alcithoe arabica p 
Alcithoe fusus p 
Amaldasp. 
Amalda ( Baryspira) ? depressa p 
Amalda ( Baryspira) mucronata p 
Amalda ( Gracilispira) novaezelandiae p p p 
Antime/atoma buchanani p p 
Antisolarium egem1m s 
Aoteadrilla wanganuiensis p 
A ustrofusus glans 



Chapter Two Stratigraphy Part II 

Table 2.2.3 cont'd : 

i~1 ,~~tFAiJNA ~GASTROPODA CONT'D ;,, :,,'. 

Leucotina ambigua 
Liracraea odhneri 
Maoricolpus rose11s 
Michrele11ch11s sp. 
Michrele11ch11s ? sa11g 11 i11e11s 
Naticidae sp. 
Neog11rale11s sp. 
Patel/oida corticala 
Pelicaria vermis 
Potamopyrgus a11tipodarum 
Seila sp. 
Sigapatella 11ovaezela11diae 
Stiracolpus sp. 
Stiracolp11s ajf symme1ric11s 
Stnilhiolaria papulosa 
Troch11s tiara111s 
Uherel/a sp . 
Xymene plebeius 
Xymene pusillus 
Zeacolp11s villa/us 
Zega/ems tenuis 
Zemitrel/a choava 
Zetha/ia zela11dica 

Scaphopoda 

A 11/a/is 11a11a 

Echinoidea 

Pseudechinus sp. 

Brachiopoda 

Magasel/a sanguinea 
Waltonia i11co11spiG1ta 

Crustacea ( Ca l/ianassid ) 

Bn:ozoa 

l Fauna identified by Alan Beu] 

p =present 
f = few 
s =several 
c= common 
a= abundant 

Cf:.J47a · .'f 1471> ',;.JJ48" 
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Plate 2.2.23 Morgans Shellbed at 522/092321 on a farm track between Morgans 

Road and Makuhou Road. The shellbed consists of muddy fine silty sand with 

abundant, diverse fauna and high pebble content (Facies TCS-1 , Type B 

Shellbed). The upper contact is quite sharp and marks the Downlap Surface for 

Depositional Sequence 6. The Upper Westrnere Siltstone overlies the shellbed (5 

cm card for scale). 

Plate 2.2.24 Morgans Shell bed at S22/083316 on a steep, north-facing hillside c .. 

1 km north of the fannhouse at the end of Morgans Road. At this site the lower 

contact of the shell bed is sharp and erosive with dm-scaie reiief into a fine; flaser 

- bedded sand. This lower contact marks the Local Flooding Surface for 

Depositional Sequence 6. The lower c. 0.4 m of the shellbed is very pebbly with 

few shells. The upper c. 1 m consists of a muddy, fine, silty sand with abundant, 

diverse fauna and high pebble content (Facies TCS-1, Type B Shellbed). The 

outcrop exposed here is 1.5 m thick. 

. . • ... 

, ' I ,. 
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I m 

Plate 2.2.23 
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Plate 2.2.24 
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Upper Westmere Siltstone 

Type Section : Castlecli fT section from Okehu Stream to 3 km south east of Omapu 

Stream. 

~ : proposed by Fleming ( 1953) fo r hi s CL9 Upper Westmere Sil ts (1947a 

publication) The name is based on the Westmere Survey District. 

Thickness: c. 10 m in Turakina Vall ey. 

Reference Section : S22/06033 1 Turakina Vall ey Road ; 750 rn NE of Morgans 

Road. 

Descriptive Sections : S22/05 1316 Small ·caves' by Turakina Vall ey Road 

S22/0573 14 Farm between Waimutu Road and Morgans Road 

Descriptions 

Approximately 9-10 m of the Upper Westmere Si ltstone is exposed at the reference 

section and is made up of massive blue-grey si ltstone. T he si ltstone is unfoss iliferous 

and very fi ne brrained (Fac ies MZ-2). The upper contact is sharp with little relief and is 

overlain by a parallel-bedded, sandy unit thought to represent the basal member of the 

Kupe Formation at this location (Plate 2.2.25) . 

At DS (S22/051316), where two small ' caves' are seen next to Turakina Valley Road, 

the very sharp upper contact with the pumiceous grit of the Kupe Formation is exposed. 

Underlying this contact is a 2 m coarse silt unit with a 0.3-0.4 m fossiliferous band 

which represents the upper part of the Upper Westmere Siltstone. 

At DS (S22/057314) the Upper Westmere Siltstone consists of massive blue-grey 

siltstone with rare scattered fauna ( Facies MZ-2). 



Sequence _ 
Boundary 
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Plate 2.2.25 Upper Westmere Siltstone/Kupe Formation contact at S22t06033 I 

on Turakina Valley Road, c. 750 m north-east of the Morgans Road turnoff. The 

massive blue-grey Upper Westmere Siltstone (Facies MZ-2) is overlain by a 

parallel-bedded fine - medium sand which represents the Kupe Formation. The 

sharp contact (see dashed black line) marks the sequence boundary between 

Depositional Sequence 6 and 7. 
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Palaeontology -
Stiracolpus .\p. is the dominant fauna! species observed within the Upper Westmere 

Siltstone. Fauna are scanered throughout parts of the formation at most of the sites 

described. A fauna! collection was not made of the shelly band observed at the top of 

the Upper Westmere Siltstone at DS (S22/051316) 

Interpretation 

The Upper Westmere Siltstone comprises the HST for Depositional Sequence 6 in the 

Wanganui Basin, Castlecliffian sequence. 

Facies of the Upper Westmere Sil tstone indicate deposition on the inner and inner -

middle shelf (section 2. 1.4d) where at times, sedimentation rates were low enough to 

allow fauna! activity. 

Age and Correlation 

Abbott and Carter (1994) and Pillans (1994) ass igned the Upper Westmere Siltstone to 

Oxygen Isotope Stage 19 ( c. 770 Ka) based on the Oxygen Isotope curve from ODP Si te 

677 (Shackleton et al, 1990) (see Figure 1.2). 

The thickness of the formation increases from 17 mat Wanganui coast (Fleming, 1953; 

Abbott and Carter, 1994; Abbott, 1994) to c. 47 min Turakina Valley if the Ruakina 

Formation (excluding the Kaikokopu Shell Grit) and the Morgans Shellbed are also 

taken into account. However, because there is a clear distinction between these units in 

Turakina Valley, the Upper Westmere Siltstone formation was relegated to the top c. 10 

m of fossiliferous, blue-grey siltstone which overlies the Morgans Shellbed. 

The Rangitikei correlative is most likely the units between the Kaikokopu Shellbed and 

the Waiomio Formation. (Abbott, 1994) (see Figure 3.1). 
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Figure 2.2.8 Stratigraphic summary diagram for Depositional Sequence 6 in 

Turakina Valley from sites 522.1089323 - 092321 between Morgans Road and 

Makuhou Road and from site 522/064314 between Waimutu Road and Morgans Road 

(See map and cross-section at the back of this thesis) 

•The Kaikokopu Shell Grit is the basal member of the Ruakina Formation. 
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2.2.8 Depositional Sequence 7 

K upe Formation 

Type Section : Castlecliff section from Okehu Stream to 3 km south-east of Omapu 

Stream. 

Name : proposed by Fleming ( l 947a) for beds in the Wanganui coastal section which 

contai ned the first appearance of Pee/en kupei. 

Thickness : 3 - 6 min Turakina Valley 

Reference Section : 522/0643 14 Fann to SE ofTurakina Valley Road (between 

Wai mutu Road and Morgans Road). Small 

outcrop above stream bed, and across from a wel I 

marked farm track (see map at end of thesis). 

Descriptive Sections : S22/07 l 309 As for refe rence section but farther up farm 

track. 

Descriptions 

522/061311 Cliff face up eastern tributary on farm between 

Waimutu and Morgans Road. 

S22/05136 Small ' caves' by Turakina Valley Road. 

The Kupe Formation at the reference section lies unconformably upon the wave -

planed surface of the Upper Westmere Siltstone. The formation consists of 2m of fine, 

white, tephric, well - sorted sand (sample S22, Appendix B) with faint convolute 

deformation structures (Facies HE-4) [Plate 2.2.26] . The volcanic glass in this unit was 

identified as the Kupe Tephra by Pillans (Pillans pers. comm., 1994). 
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overlying this is a 50 - 100 mm pumiceous grit (sample TIO, Appendix A), which is 

faintly trough cross-bedded on a small scale and which grades into at least 5 m of fine

medium shelly sand (Facies HE-1) (S22/ f 15], Table 2.2.4). The upper contact with 

the Upper Kai-iwi Siltstone is obscured. This section is summarised in Figure 2.2.9. 

farther up the valley at DS (S22/071309), the shellbed is represented by an 

unfossiliferous clast supported, pebbly sand. This conglomerate sharply overlies the 

fine, tephric sand member. 

The Kupe Formation is again exposed in a cliff face at DS (S22/061311) on the farm 

between Waimutu Road and Morgans Road. Approximately 5 m of the formation is 

exposed here. The lowermost 2 m consists of cm - scale interbedded, wavy-bedded silt 

and medium, often small-scale planar cross - bedded, pumiceous sand (Facies HE-2). 

Pumice taken from the sand members (sample Tl 1, Appendix A) was found to be 

chemically similar to the Kaukatea Ash but also showed a close similarity to Sample 

TJO which was identified as the Kupe Tephra. However, when plotted on a ternary 

diagram (Appendix A), TU lies a position consistent with that of the Kaukatea Ash 

and is most likely a reworked product of that emptive event This pumiceous unit 

grades over 10-20 mm into a coarse, faintly trough cross-bedded, sand with abundant 

scattered fauna (Facies HE-1, Type A 1 SheHbed). Approximately 3 rn of the shellbed is 

exposed at this site (Plate 2.2.27). The lower contact with the Upper Westmere 

Siltstone and the upper contact with the Upper Kai-iwi Siltstone, are not exposed at this 

location. The lower contact was exposed at DS (S22/051316) beside two small 'caves' 

just off Turakina Valley Road and between Waimutu Road and Morgans Road. The 

contact is very sharp with little relief and is overlain by 50-100 mm of pumiceous grit 

similar to that seen at the reference section. At this site, the contact with the pumiceous 

grit represents the lower sequence boundary, whereas at the reference section, the 

pumiceous grit hes 2-3 rn above the sequence boundary. The overall distribution of 

Depositional Sequence 7 in Turakina Valley is shown on the map and cross - section at 

the end of this thesis. 

Palaeontology 

Collection Sites S22/06 l 3 l l ( S22/ f 143 ) 
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522/064314 ( S22/ f151 )(seeTable2.2.4) 

Interpretation 

The Kupe Formation fonns the TST of Depositional Sequence 7 in the Wanganui Basin, 

Pleistocene sequence. A MCS is not evident in this depositional sequence and indicates 

that complete sediment starvation never occurred. 

The Kupe Formation is represented by heterolithic fac ies in Turakina Valley indicating 

deposition on a tide/storm dominated, innermost shelf (section 2. 1.4b). The presence of 

the fine, white, tephric sand at the reference section seems to be a local feature and is 

interpreted to have been deposited in the lowennost shoreface or shoreface-shelf 

transition. Deposition of thi s member followed an eruption sourced in the Central North 

Island and the deformation structures indicate rapid deposition. 

Age and Correlation 

A fission - track age of 450 Ka was attributed to the Kupe Tephra from pumice found 

within the coeval Waiomio Shellbed in Rangitikei Valley (Seward, 1974, 1976). Based 

on the Oxygen Isotope curve from ODP Site 677 (Shackleton et al, 1990), Abbott and 

Carter ( 1994) and Pil Jans ( 1994) assigned the Kupe Formation to Oxygen Isotope Stage 

17 and attributed an age of c. 700 Ka (see Figure 1.2). 

Facies of the Kupe Formation change markedly across the basin. The individual 

members seen at the Castlecliff section (Fleming, 1953) are not evident in Whangaehu 

Valley (Woolfe, 1987) or in Turakina Valley (this work). East of Wanganui the 

fonnation seems to be increasingly represented by a shell conglomerate. The thickness 

of the formation across the basin increases slightly towards the east. Woolfe ( 1987) 

reported a thickness of 16 m on the Whangaehu!Turakina interfluve, 10 m thicker than 

on the coast. He describes the formation as "richly fossiliferous, pebbly sand and silt", 

probably similar in nature to DS (S22/0613 l 1) in an eastern tributary of the Turakina 

River between Waimutu Road and Morgans Road (see Figure 3.1). 
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Table 2.2.4: Palaeontology of the Kupe Formation in Turakina Valley 

.. FAuNA·;;.·>. :·;_ . "" . ,. fl43·' .f 151-' .~:"; : 

Bivalvia 

Carycorb11la zelandica s f 
/Josi11ia ze/andica p 
Fela11iel/a ( Zemysia) zela11dica f 
Glycymeris modes/a s f 
Umaria orie111a/is p 
Myadora stria/a p f 
Myadora .mbrostrala p 
Nemocardium p11/chel/11m p 
Notocallista multistriata p 
Paphies 1up. p 
Paphies australis p s 
Paphies ·· tuat11a " c 
Pleuromeris zea/andica s s 
P11rp11rocardia purpurala s s 
Serrati11a charloffae p 
Spisula aequilatera p 
Talochlamys xemmu/ata p 
Tawera spissa c c 
7/ostrea chilensis !tt1aria p c 
Zemysia ::.elandica c 

Gastropoda 

Alcithoe sp. 
Alcithoe arabica p p 
Alcithoe fusus p 
Ama/da ( Baryspira) mucronala p p 
Ama/da ( Gracilispira) 11ovaezelandiae p s 
Allfimelatoma b11chana11i p 
Allfisolarium egenum f f 
Bucci1111/11m sp. f 
Cominel/a sp. p 
Leucolina ambigua p s 
Maorico/pus roseus p c 
Michrelenchus sp. s 
Michre/enchus ? sanguineus f 
Neoguraleus sp. f 
Odostomia sp. p 
Pelicaria vermis p 
Penion sp. p 
Proxiuber sp. p 
Seila sp. p 
Sigapatel/a novaezelandiae p 
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Table 2.2.4 cont'd : 

·:.FAUNA" GASTROPODA CONT'D 

Stiracvlp11s sp. 
Stiracolpus c!U .\y111111l!lric11s 
Trochus tiaratus 
l fbere l/a sp. 
Xymene p/1!11ei11s 
Xyme11e p11s1//11s 
? Zafra af/. imped/la 
Zeac11ma11111s /11t11/e11111s 
Zegalerus te1111is 
Zemitrella choava 
Zethalia :ela11d1c;a 

Scaphopoda 

A ma/is 11a11a 

Brachiopoda 

Wa/1011ia i11co11sp1cua 

Baozoa 

I Fauna identified by Alan Beu l 

p = present 
f = few 
s =several 
c =common 
a= abundant 

' f l43' fl51 " 

f 
p 
p p 
p 
c c 
p 
p 
p 
s s 
f 
f fl 

p 

p 

s p 
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Plate 2.2.26 Kupe Formation (Tephra) at S22/064314; a small outcrop along an 

eastern tributary of the Turakina River, between Waimutu Road and Morgans 

Road. A fine, tephric sand (Kupe Tephra) (Facies HE-4) is sharply overlain by a 

faintly small-scale trough cross-bedded pumiceous grit (sample TIO). Spade is 

approximately 1 m in length. 

Plate 2.2.27 Kupe Formation at S22/061311 ; a cliff face up an eastern tributary 

of the Turakina River between· Waimutu Road and Morgans Road. The lower half 

of the outcrop is made up of cm-scale interbedded, wavy-bedded silt and fine 

pumiceous sand (sample Tl 1) with small-scale planar cross-beds (Facies HE-2). 

The upper half of the outcrop consists of 2.5-3 m of coarse faintly trough cross

bedded sand with abundant, scattered fauna (Facies HE-1, Type Al Shellbed). 

The outcrop is approximately 7 m thick. 
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Upper Kai-iwi Siltstone 

Type Section : Castlecliff section from Okehu Stream to 3 km south-east of Omapu 

Stream . 

Name proposed by Fleming ( 1953) for the " Kai-iwi Blue Clays " of Pa rk ( 1887). 

Thickness c. 30 min Turakina Valley. 

Reference Section : S22/0663 I 5 

Descriptions 

Outcrop on hillside across from fam1 track, 1 km 

south of Morgans Road, following an eastern 

tributary of the Turakina River. Fa rm track is 

clearl y marked on the map at the back of this 

thesis. 

Approximately 20 m of the Upper Kai-iwi Siltstone is exposed in Turakina Valley. The 

entire thi ckness extends to 30 m (Appendix D). Where exposed, the formation appears 

as a mass ive, barre n, blue-grey s iltstone (Facies MZ-2). The lower contact with the 

Kupe Formation is obscured. The upper contact with the Seafield Sand is sharp and 

undulating (cm - scale), with no sit,rn of boring by Anchomasa (Burnea) s im;/is along the 

contact. This section is summari sed in Figure 2.2.9 and the overall di stribution of 

Depositional Sequence 7 is shown on the map and cross - section at the end of thi s 

thesis. 

Palaeontology 

No macrofauna observed 
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19terpretation 

The Upper Kai-iwi Siltstone forms the HST for Depositional Sequence 7 in the 

Wanganui Basin, Pleistocene sequence. Facies indicate deposition below wave base on 

the inner - middle shelf (section 2. 1.4d). The sharp upper contact marks the upper 

sequence boundary between Depositional Sequences 7 and 8. 

Age and Correlation 

Abbott and Carter (1994) and Pillans (1994) place the Upper Kai-iwi Siltstone within 

Oxygen Isotope Stage 17 based on the Oxygen Isotope curve from ODP Site 677 

(Shackleton et al, 1990) and attributed an age of c. 680-700 Ka to the formation (see 

Figure 1.2). In Rangitikei Valley, the formation is correlated with the Reu Reu 

Formation of Abbott (1992). Pillans (1994) correlates the Upper Kai-iwi Siltstone with 

the Shell Creek Fossil Beds in Rang1tikei Valley (see Figure 3.1). 

The formation thickens quite markedly from Castlecliff where the formation is 9 m 

thick (Fleming, 1953) to Rangitikei Valley where the thickness has increased to c. 30 rn 

(Abbott, 1994). Woolfe (1987) recorded a thickness of45 min Whangaehu Valley (see 

Figure 3.1). The facies generally change very little, although, Fleming reported the 

presence of scattered fauna throughout the formation at Castlecliff 
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2.2.9 Depositional Sequence 8 

Seafield Sand 

Type Section: Castlecliff section, approximately 3 km south-east ofOmapu Stream. 

~ : name glVen by Flemi ng ( 1953) after the Seafield Trig Station near the 

Castlecli ff coastline. 

Thickness : up to 25 m in Turakina Valley 

Reference Section : S23/082296 - S23/073302 Farm track following tributary 

down valley on farm at end of 

Howie Road. 

Descriptive Sections : S23/073302 Farm track 1 .8 km down main valley at the end of 

Howie Road 

Descriptions 

S23/082296 Farm track 0.7 km down mai n valley at the end of 

Howie Road 

S23/077300 Cliff face above stream 1.5 km down main valley 

from the end of Howie Road. 

S22/066315 Hillside across from farm track between Waimutu 

Road and Morgans Road 

S22/071308 Farm track towards head of valley between 

Waimutu Road and Morgans Road 

The most complete exposure of the Seafield Sand in Turakina Valley occurs in an 

eastern tributary of the Turakina River on the farm at the end of Howie Road. Due to 

the extent of outcrop exposed, this has been designated as the reference section for the 

study area. Here the contact between the Upper Kai-iwi Siltstone and the Seafield Sand 
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is a sharp, wave-planed surface (Plate 2.2.28j, Approximately JO m of loose, brown, 

wavy-bedded, fine-medium sand unconformably overlies this contact In places, the 

sand component between mud beds becomes quite coarse, with indistinct small-scale 

planar cross beds, This sandy phase, (Facies WS-2), grades into a wavy to lcnticular

bedded and streaky-laminated siltstone (Facies l-IE-3) (Plate 2.2.29j. Approximately 3 

m of this bedded siltstone is exposed at DS (S23/073302) on the fann track c. L8 km 

down the main valley on the farm at the end of Howie Road, and was again observed at 

DS (S23/082296) up valley, on the same farm track , The total thickness of this unit 1s 

estimated to be l 5 m (Appendix D), The entire section is summarised in Figure 2.2.10, 

An outcrop of the Seafie!d Sand at DS (S22/0663 l 5) on a fann between Waimutu Road 

and Morgans Road, displays a fine sandy shellbed (Facics WS-3) containing many 

l'ecten murw1cki (sample f 141, Table 2.2.5), located LS m above the wave-planed 

surface of the Upper Kai-iwi Siltstone [Plate 2.2.30f, The shellbed resembles the Type 

A2 Shell bed of Abbott and Carter ( 1994 ), The same shell bed was again located al DS 

(S22/07l 308) up valley from DS (S22/0663 J 5) Approximately 5 m above this shellbed, 

a loose, fine-medium sand containing abundant Tawera sp1ssu occurs (Type A2 

Shellbed), (sample f 142b, Table 2.2.5) 

The overall distribution of Depositional Sequence 8 in Turakina Valley is shown on the 

map and cross - section at the end of this thesis, 

Palaeontology 

Collection sites : S22/0663 I 5 ( S22/ f 141 ) 

S22/ 071308 ( S22/ f 142a & 142b) 

The shellbed at DS (S22/0663 l 5) on a farm between Waimutu Road and Morgans 

Road, is the first recorded occurrence of a shell bed at the base of the Seafield sand. The 

shell bed contains abundant Pee/en mant:icki [Table 2.2.5), which places the base of the 

Lower Marwicki Zone at the lower contact of the Seafield Sand in Turakina Valley (see 
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Figure 3.2). Fleming (1957) placed the base of the Lower Marwicki Zone in the middle 

of the Sea field Sand (see Figure 2. 1.6). 

J oterpretation 

The Seafteld Sand fonns the TST of Depositional Sequence 8 m the Pleistocene 

Wanganui Basin sediments. 

The Seafield Sand was deposited after the Upper Kai-iwi Siltstone was wave planed by 

the ensuing transgression. The erosional unconfom1ity represents the lower sequence 

boundary for Depositional Sequence 8. 

The thick basal unit of sand directly overlying the sequence boundary indicates 

deposition in a shallow intertidal shoreface environment (section 2.1.4a). The fauna! 

assemblages of lag deposits found at DS (S22/066315 and S22/07 I 308, S22/ fl 4 1, 

f142a) on the fann between Waimutu Road and Morgans Road, suggests deposition in 

shallow water ( c . 5-10 m) on an open· coast, not far off a sandy beach. The presence of 

Purpurocardia and Tucefona sp. in sample S22/ f 142a , probably indicate a tidal 

channel was in existence near by (Beu pers. comm., 1995). The shellbed located abo\.'.e 

this (S22/ f142b), has a very shallow water fauna i.e. 90 % of sample was made up 

Tawera spissa. Deposition in a quiet environment such as a bay-mouth bar or similar is 

indicated here. The fauna! assemblage is quite unusual when compared to other 

Wanganui-type shellbeds (Beu pers. comm., 1995). The shallowing trend from one 

shellbed to the next at OS (522/071308), may indicate that uplift on the Marton 

Anticline was occurring at this point in time. An alternative interpretation may be that 

rapid sedimentation caused a decrease in accommodation resulting in deposition of 

progressively shallower water facies. A third cause of this shallowing trend may be that 

sea-level decreased for a time. 

Much of the Seafield Sand in Turakina VaJley is made up of small - scale heterolithic 

facies (Facies HE-2 and HE-3) and this is attributed to either uplift aJong the upper 
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flank of the Marton Anticline or that a major sediment source was diverted to this part 

of the basin (see section 3.2). 

Age and Correlation -

Abbott and Carter ( 1994) and PiHans ( 1994) assii:,:rned the Seafield Sand to Oxygen 

Isotope Stage J 5 (c. 610 Ka) based on the Oxygen Isotope curve from ODP Site 677 

(Shackleton el al, 1990) (see Figure 1.2). 

The basal Toms Conglomerate member of the Seafield Sand at Castlechff and in 

Rangitikei Valley (Potter, 1984) is missing in Turakina Valley, although the lower 

shellbed of the Seafield Sand in Turakina Valley at 522/066315 is correlated with the 

Toms Shellbeds. 

The formation decreases in thickness across the basin from 30 m at Castlecliff 

(Fleming, 1953) to 25 m in Turakina Valley. In Rangitikei Valley, the coeval Toms 

Conglomerate is approximately 7 m thick (Abbott, 1994) (see Figure 3.1). The basal 

facies of the formation at Castlecliff and Rangitikei Valley represent deposition on a 

tide/storm dominated innermost shelf, while the formation in Turakina Valley initially 

represents shallower deposition on a wave - dominated shoreface and then deposition 

on the innermost shelf. 
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Table 2.2.5 : Palaeontology of the Seafield Sand in the Turakina Valley 

_, .. . ··· '·;·:· 'FAUNA:<'; / .. "<Y~Z~i/t·~·t;-<d.c\· ~:-of l 4t: '' . r,i:t?a'; .'·f.1421> ~ .. --"! . • '•!o"·' 

Bivalvia 

A 11strove1111s s/11/chhuryi p 
Rarhatia 11ovaeze/a11diae p 
Carycorhula zela11dica p p 
Chlamys gemmulata c s 
Dosinia sp. s 
Dosinia ( Phacosoma) .mhrosea p f 
/ j /p totellina 11ri11ata s 
Felaniella ( Zemysia) zelandica p f 
Gari w p 
Gari hod!(ei p 
Glyl}'meris modes/a p s 
Gonimyrtea co11ci1111a s 
Kellia qdadiformis p 
Modio/arca impacta p p 
Myadora stria/a p c 
Myadora ? .mbrostrata s 
Nemocardium ( Pratulum ) pulchellum p 
Notocallista m11/tistriata s 
N11c11/a nitidula s f 
l 'aphies :;p. p 
Pecten benedictus manllicki s s 
Pleuromeris zea/andica s 
Purpurocardia purpurala s c p 
Scalpomactra scalpel/um p p s 
Tawera spissa p s sa 
Tiostrea chilensis lutaria p c p 
Tucetona laticostata p 

Gastropoda 

Alcithoe arabica p p 
Antimelatoma buchanani p p 
Amisolarium egenum p a s 
Amalda ( Baryspira) ? depressa p 
Amalda ( Baryspira) mucronata s 
Austrofusus glans s 
Buccim1/11m /inea p 
Cominel/a sp. p 
Cominella (Josepha) glandiformis p 
Glaphyrina caudata p 
Leucotina ambigua p 
Maoricolpus roseus a c f 
Michrelenchus sp. f 
Neogura/eus ? amoem1s p 
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Table 2.2.5 cont'd 

Notoacmea !>p. 
Penion cuvierianus 
Poirieria zelandica 
Stiracolpus a.ff. symetricus 
Stiracolpus cf blacki 
Tanea zelandica 
Trochus tiaratus 
Uberella denticulifera 
Xymene bonnetti 
Xymene plebeius 
Xymene pusillus 
Zeaco!pus vitlatus 
Zegalerus tem1is 
Zemitrella choava 
Zethalia zelmldica 

Crustacea, Brachyura 

Hermit crab claw 

Bryozoans ( Stick and Button-shaped ) 

( Fauna identified by Alan Beu ) 

p =present 

f=few 

s =several 

c=common 

a= abundant 

sa = super abundant 

p 
s p 

s 
p 
p 
p 

p 
p p 

p 
p 

p 
p p 

p 

p 

p 
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Plate 2.2.28 Upper Kai-iw1 Siltstone/Seafield Sand contact at S23/077300, 1 .5 

km down valley from the end of Howie Road. The sharp contact (dashed line 

along hillside) represents the sequence boundary between Depositional Sequences 

7 and 8. 

Plate 2.2.29 The lowermost silt unit of the Seafield Sand at S23/073302 on a 

farm track c. 1.5 km down valley from the end of Hmvie Road. At this site the 

siltstone is lenticular-bedded and streaky-laminated (Facies BZ-2 or HE-3) Spade 

is approximately 1 m in length. 



Plate 2.2.28 

Plate 2.2.29 
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1 Shellbed 
_J 

Burrowing 
zone 

Faint parallel 
laminations 

_ Sequence Boundary 

>late 2.2.30 Lowermost shellbed within the Seafield Sand at S2210663 l 5 on a 

.outh-facing hillside in an eastern tributary of the Turakina River between 

Naimutu Road and Morgans Road. The spade rests on the contact with the Upper 

(ai-iwi Siltstone. Above the contact, faintly parallel-laminated fine sand (Facies 

NS-3) is overlain by a shell bed of similar lithology (Type A2 Shellbed). The 

;pade is approximately l m in length. 
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Howie Shellbed (New) 

Tvpe Section : S23/082296 Farm track down main valley at the end of Howie 

Road 

Name : Named from the Howie Road section which extends down valley from the end 

of the road. 

Thickness: c. 1.5 m 

Descriptions : 

At the type section on the farm track down the main valley at the end of Howie Road, a 

conglomeratic shellbed (Facies TCS-1 ), c . 1 m thick, unconformably overlies the 

uppermost si ltstone unit of the Seafield Sand (Facies HE-3). A muddy sand with 

abundant, scattered fauna (Type B Shellbed , Facies TCS- 1 ), c . 0.5 rn , overlies the 

conglomeratic she ll bed (Plate 2.2.31] . The upper contact of the she I I bed is not exposed. 

Palaeontologv 

Collection sites : S23/082296 

S23/079300 

(S23/ f 88) 

(S23/ f 90) 

At DS (S23/082296), 0.7 km on a farm track down valley from the end of Howie Road, 

one specimen of Pecten kupei was found within the Type B Shellbed and was most 

likely reworked from the underlying Kupe Formation or Morgans Shellbed. The base of 

the Lower Marwicki Zone is placed at the lower contact of the Seafield Sand in 

Turakina Valley (see Figure 3.2) whereas Fleming (1957), placed it in the middle of the 

Seafield Sand formation (see Figure 2.1.6). 
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wterpretation 

The Howie Shellbed makes up the Mid-cycle shellbed for Depositional Sequence 8 in 

the Turakina Valley Pleistocene sequence. The pebbly part of the shellbed (section 

2.L4c) seen at OS (S23/082296) has a shallow-water assemblage. The fauna are highly 

abraded, suggesting reworking and transportation into this environment. The very 

erosive lower contact of this shellbed marks the position of the Local Flooding Surface. 

The muddy, fossiliferous, fine sand overlying this has a deeper-water fauna ( c. 20-30 

m). Generally, the assemblage resembles that of the Tainui Shellbcd and Lower 

Castlecliff Shellbed at Castlecliff However, the presence of Glaphynna and Poineria 

give the assemblage a more offshore appearance (Beu pers. comm., 1995) The nature 

of this shellbed indicates deposition on a starved inner-shelf(section 2. l 4c) 

Age and Correlation 

The Howie Shellbed is placed within Oxygen Isotope Stage 15 based on the correlations 

ofPillans (1994) using the Oxygen Isotope curve from ODP Site 677 (Shackleton et al, 

1990) (see Figure 1.2). 

The occurrence of a Type B Shellbed in this stratigraphic position appears to be 

restricted to Turakina Valley. The nature of the stratigraphy in this position in 

Rangitike1 Valley is not well known (see Figure 3.1) and a correlative shellbed may 

exist there, but has never been documented. 
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Table 2.2.6 : Palaeontology of the Howie Shellbed in the Turakina Valley 

. . .. FAUNA . < .. . 
fJSt~', ··r90 .· , : ...... .. 

Bivalvia 

( ·arycorhula ::ela11dica p s 
Glycymeris .\fJ. p 
Glycymeris modes/a s 
(io11imyrrea co11ci1111a p 
/. 11110111/a maorra p 
Myadora striata s 
T'aphies 11 . . \p. p 
Pleuromens zeala11dica p s 
P11rp11rocardia purpurata s 
/'alochlamys gemmulata s 
f011 era .\ptssa s s 
litceto11a laticostata s 
Zemy.\·1a :ela11dica p 
Ze111ysi11a [!lohus p 

Gastropoda 

A /cl/hoe arahica p 
A1111solari11m ege1111m s 
Amalda ( Bary.\pira ) v>. p 
Amalda ( Bary.\pira) m11cro1101a p 
Ataxocerithium hu11011i p 
A 11strof usus glans s 
B11cci1111/11m sp. p 
B11ccin11/11m linea p 
Cahesta11a 1ahula1a p 
Callistoma ? pellucida p 
Glaphyri11a caudata p 
f. e11coti11a ambigua p s 
Maoricolpus roseus c 
Michrele11chus ? sa11g11i11e11s c 
Microvo/111a biconica p 
Poirieria zelandica 5 

St!ila sp. p 
S1iracolp11s sp. p 
Stiracolpus 7 de/Ii s 
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Table 2.2.6 cont'd 

Stmthiolaria papu!osa 
Tanea zelandica 
Trochus tiaratus 
Xymene sp. 
Xymene bonnetti 
Zeacolpus vittatus 
Zethalia zelandica 

Brvozoans ( Stick and Button-shaped ) 

( Fauna identified by Alan Beu ) 

p =present 

f=few 

s =several 

c =common 

a= abundant 

sa =super abundant 

p 

f 

p 

p 
s 
p 

p 
p 
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( '/w171er /'1rn .\tru1tgruphy I 'ort ff 

Muddy shcllbcd Pebbly shellbcd 

Plate 2.2.31 I lo\\'le Shellbed at S23 082296 on a l'ann track c 0 7 km J()\\11 

\'~llk; rrorn the end or I IO\\le Road. The l om~r conwct. \'ISlble JUSt belO\\ the 

spade handk, I!:. u·os1' e \\1th <lm-scalc rel id and repn.:scnts the Local Flooding 

Surlace !'or Deposi tional Sequence 8. Appro .'\ imatcl: 1-1 5 tn or very pebbl: san<l 

\\'ith scattered shells O\erlies the cuntact (h1c1es TCS-1. T:pe B Shel lbcd) 1\ 

n1udd:· li ne sand wnh scattered rauna (Facics TCS- 1). c. 0 5-1 m thick, overlies 

the pebbly unit. The upper contact or thi s shcllbcd was not e.\poscd at th is si te. 

The sp:..i<le is appro.'.:irnately 1 rn in kngth. 
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Lower Castlecliff Siltstone (LCZst) and Shellbed (LCSb) 

Type Section : Castlecliff section, c. 3 km south-east of Omapu Stream. 

Name: The name ' Lower Castlecliff Siltstone' was proposed for a siltstone unit above 

the Lower Castlecliff Shell bed at Castlecliff (Abbott and Carter, 1994 ). This formation 

was not described by Fleming ( 1953). The Lower Castlecliff Shellbed was named by 

Fleming ( 1953) for the basal shellbed of the ' Antisolarium Sands' at Castlecliff 

(Fleming, 1947a). The Lower Castlecliff Shellbed strongly resembles the Upper 

Castlecliff Shell bed at Castlecliff in its lithology and fauna, and the name was chosen to 

highlight this similarity. 

Thickness : 20 - 25 m exposed in Turakina Valley. Exact thickness is unknown due to 

incomplete exposure of outcrop. The Lower Castlecliff Shellbed is 0.1 - 0.3 m in 

Turakina Valley. 

Reference Section : S23/086294 Farm track, 0.4 - 0.7 km down valley from the end 

of Howie Road. 

Descriptive Section : S23/056301 Farm track off Waimutu Road leading up to 

quarry (LCZst). 

Descriptions 

S23/082296 Small valley off farm track at the end of Howie 

Road (LCSb ). 

S23/080302 Small outcrop on hillside above farm track at the 

end of Howie Road (LC Sb). 

Approximately 5 - 7 m of the section above the Howie Shellbed is obscured. The 

overlying barren, muddy siltstone (Facies BZ-2) appears bedded on a dm-scale and is 

approximately 8 m thick. The bedded siltstone member grades into a massive, barren, 

blue-grey siltstone (Facies MZ-2) which is 5-7 m thick. 
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The Lower Castlecliff Shellbed overhes this massive and bedded siltstone unit and is a 

thin (0.1-0.3 m) muddy, fine, silty sand, with abundant, diverse fauna (Facies TCS-2, 

Type B Shellbed) at the reference section and both descriptive sections. The lower 

contact is sharp and undulating on a cm - dm scale [Plate 2.2.32]. Burrowing into the 

upper siltstone member of the Seafield Sand is extensive at both descriptive sections 

[Plate 2.2.33]. The upper contact with the Lower Castlecliff Siltstone is also sharp 

[Plate 2.2.32). 

An additional unit of the Lower Castlecliff Siltstone overlies the Lower Castlecliff 

SheHbed at the reference section i.e. the Lower Castlecliff Shellbed forms part of the 

Lower Castlecliff Siltstone. This overlying unit consist of an unfossiliferous lenticular

bedded to streaky-laminated, muddy siltstone (Facies BZ-2 or ), unconformably 

overlying the Lower Castlecliff Shellbed (Plate 2.2.32 and 2.2.34). The entire section 1s 

summarised in Figure 2.2.J 0. 

The Lower Castlecliff Siltstone is similar in appearance at its descriptive section, but 

with a more blue-grey colour. At this location only c. I.5 m of the formation is exposed 

and the upper contact with the Pinnacle Sand is obscured. Therefore, in Turakina Valley 

the upper contact of the Lower Castlechff Siltstone was nowhere observed. 

The overall distribution of Depositional Sequence 8 in Turakina Valley is shown on the 

map and cross - section at the end of this thesis. 

Palaeontology 

CoHection sites: S23/085294 (S23/ f 85) 

S23/080302 (S23/ f 89) 

The presence of Pecten marwicki (Table 2.2. 7) within the Lower Castlecliff SheUbed, 

places the formation within the Lower Marwicki Zone for the Turakina Valley section 

(see Figure 3.2 and Figure 2.1.6). 
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The exposed sections of the Lower Castlecliff Siltstone were devoid ofmacrofossils. 

Interpretation 

The Lower Castlecliff Siltstone and Shellbed represent the HST of Depositional 

Sequence 8 in the Turakina Valley sequence. 

Facies of the Lower Castlecliff Siltstone that lie below the Lower Castlecliff Shellbed 

indicate deposition on the inner shelf below storm wave base. Preservation of primary 

bedding, probably suggests a high rate of sedimentation inhibiting biological activity .. 

The Lower Castlecliff Shellbed represents a second occurrence of a MCS within 

Depositional Sequence 8 in the Turakina Valley sequence and may indicate 

sedimentation following maximum flooding when the sea level begins to fall. The 

lower contact of the shellbed appears to be an erosional surface, the hollows of which 

were infilled by fauna during a period of sediment starvation. The sharp upper contact 

marks the point at which sedimentation resumed in response to further shallowing. 

Facies of the Lower Castlecliff Siltstone which overlie the Lower Castlecliff Shellbed 

support a falling sea-level interpretation. 

Age and Correlation 

Based on the Oxygen Isotope curve from ODP Site 677 (Shackleton et al, 1990), the 

Lower Castlecliff Siltstone and Shellbed are assigned to the upper part of Oxygen 

Isotope Stage 15 (c. 500 Ka) by Abbott and Carter (1994). Pillans (1994) assigns the 

Lower Castlecliff Siltstone to the lower peak within Oxygen Isotope Stage 15 and 

correlates it with the Onepuhi Tephra in Rangitikei Valley (see Figure 1.2 and 3.1). 

Fleming ( 1953) did not describe the Lower Castlecliff Siltstone formation in the 

Castlecliff section at Wanganui. In Rangitikei Valley the formation is represented by 

shallower water facies (Abbott, 1994), probably due to closer proximity to the basin 

margm. 
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The Rangitikei correlative of the Lower Castlecliff Shellbed is .most likely the shellbed 

containing !'. marwick1 which lies stratigraphica\ly between the Toms Conglomerate 

and the Onepuhi Shcllbeds (Tc Punga 1953). Beu et al (1986), Pillans (1994) and 

Abbott ( 1994) correlate the Lower Castlecliff Shell bed with the lower Onepuhi 

Shellbed in the Rangitikei section. 

Across the basin, the Lower Castlecliff Shell bed thins from 1 m at Castlecliff, to 0.3 m 

in Turakina Valley and the shellbed retains its undulating lower surface. The fom1ation 

in Rangitikei Valley ts made up of shallower water facies (Abbott, 1994), which is 

consistent with its position nearer to the basin margin (sec Figure 3.1) 
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Table 2.2.7 

Valley 

Palaeontology of the Lower Castlecliff Shellbed in the Turakina 

.. FAUNA .. /._ . . _:,-~ ·~ . ,, 
f8S . ' ',. (89 .-· .. 

Bivalvia 

A Irina zelandica p 
Rarhatia 11ovaezela11diae p 
Cardi ta aoteana f 
Caryocorhula ::e/a11dica c p 
Chlamy s gemm11/ata c 
('h/amys ::e/a11diae p 
/Josi11ia (Kereia) Kreyi p 
/Josi11ia zelandica p 
l"/liptolelli11a 11ri11ato11ia p 
Fe/a11iella (Zemysia) zelandirn s 
Gari hodgei f 
Gari sta11geri p 
Glycymeris modes/a s 
Hiatella aretica p 
Umaria orienta/is p 
Mesopep/um co11vexum f 
Myadora ho/to11i f p 
Myadora 11ovaezela11diae f 
Myadora striata a p 
Nemocardium (Pra111/11m) p11/chelllum p p 
Notocallista m11/tyistriata s p 
N11c:11/a 11itid11/a f 
Panopea wa11ga1111ica ·smithae p 
Pecten benedictus marwicki s 
Ple11romeris marshal/i f 
Pleuromeris ::ealandica c s 
Purpurocardia p11rpurata c 
Scalpomactra scalpel/um c 
Talochlamys gemmulata p 
Tawera spissa a c 
Tiostrea chi/ensis /utaria c p 
Tucetona laticostata p 

Gastropoda 

Agatha georgina p 
Amaldasp. s 
Amalda ( Gracilispira) novaezelandiae p 
Amalda mucronata p 
Amimelatoma bucha11a11i p 
Antisolarium ege1mm c p 
Ataxocerithium sp. p 
Austrofasus glans p 
Buccinulum linea p 

I 

I 
I 
I 
I 
I 
I 
I 

I 

I 
I 

I 

I 



Chapter Two Slraligraphy /'art II Page 2-2-73 

Table 2.2.7 cont'd 

Cal/iostoma sp. p 
(~repidula costata p 
{)o/icros.wa vesca p 
t:marginu/a striatula p 
Leucatona ambiy;ua f p 
Liratilia conquisita p 
Maorico!pus· roseus c p 
Michrefenchus ~p. c 
NeoJ.,ruraleus sp. s f 
Nozeha emarginata p 
Phenatoma rosea p 
fJisinna sp. p 
Retu.5:a oruaensis p 
Seila sp. p 
Sigapl.zte/la novaezelandiae s 
Stiracolpus cf b/ack1 p 
Stiracolpus aff symn1etricu,r,.· s 
Stiracolpu.o.,· ? "''aikopiroensis p 
Struthiolaria pa1n1losa p 
Tanea ze/andica p 
Tomo1,Jeura suhalbu/a s 
'{rochus (t-:oelotrocln.1.\) tiarafus f p 
Trochus (l'horista) viridis p 
.¥ymene bonne Iii p 
Xymene plebeius c s 
XJ.:mene pusillus s 
X_vmene traversi f 
Zeacolpus vittatus r 
Ze!(aierus lenui.\· c s 

Scaphopoda 

Antalis nana f p 

Bryozoa ( Button & Stick-shaped ) s p 

Brachioooda 

Wa/tonia inconspiL'Ua f p 

Eehinoidea 

Fe/Imler zelandiae p 

[Fauna identified by Alan Beu I 

p = present f = few s = several c =common a =abundant 
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Plate 2.2.32 Lower Castlccliff Shellhcd at 523/086294 on a fam1 track c. 0.4 km 

down valley from the end of Howie Road. The shell bed consists of muddy, silty 

sand with abundant. diverse fauna (Facics TCS-2) The lower contact is 

undulating to drn-scale and represents an erosional surface. The top of the spade 

handle marks the top surface of the shellhcd and which represents the pomt at 

which sediment was again introduced into the environment of deposition in 

response to a falling sea-level. The bedded siltstone unit above the shellbed is part 

of the Lower Cas!lccliff Siltstone. 

Plate 2.2.33 Lower Castlccliff Shellhed at 523/082296 in a small valley just 

down valley from the site in Plate 2.2.32. J\t this location, intense burrowing is 

evident below the shellbed (dominant species is Afaoncolpus) into a massive 

sil!stone unit of the Lower Castlecliff Siltstone. The lower contact of the shell bed 

(just above the SP'ade handle) is undulating to dm-scalc. 
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Plate 2.2.32 
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Plate 2.2.34 Lower Castlecliff Siltstone at S23/086294 on a farm track, c. 0.4 

km down valley from the end of Howie Road. The siltstone is lenticular-bedded 

and streaky laminated (Facies BZ-2). 

m 
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.'': Descriptions 

abundant fauna 

Massive blue-grey 
sil tstone 

Dm-bedded muddy 
siltstone 

Muddy sand with 

abundant., scattered 

Facics=· · .. ·lntcqirct.:i~ion , · '' Seq =· :::LF'.o.imation 
+rype.:,;: ):\:;;:;;c:= =:i:t=:=:-;:?::;::::.,,,_, :.:;·:·str!•;: .. =·' ".:.= ::, tr:: , ·-

HE-3 Inner shelf 
BZ-2 

TCS-2 

MZ-2 

BZ-2 

Starved inner 
shelf 

Inner shelf 

HST 

MCS 

HST 

L. CastlcclifT 

Siltstone 

L. Castlccliff 

Shell bed 

L. CastleclifT 

Siltstone 

LS --------1 
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shelf Shell bed 
----i----+--------+-~ FS--1,__------1 00 

with scattered shells (f) 
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siltstone 

10 l~;::;:t::::::;:...:..:...:..:<.._ Wavy and flaser

bedded f - m sand 

Sequence Boundary 

Massive bluc-
grcy siltstone 

HE-3 Tide/storm 
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shelf 

WS-2 Wave-domin.'d 
shoreface 
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Inner - middle 

shelf 

TST 

HST 

Seafield 
Sand 

Upper 

Kai-iwi 
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Figure 2.2. 10 Stratit,'Taphic summary diagram for Depositional Sequence 8 in 

Turakina Valley from site 523/086294 - 073302 down valley from the end of Howie 

Road (See map and cross-section at the back of this thesis). 

0 
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2.2.10 Depositional Sequence 9 

Pinnacle Sand 

Type Section : Castlecl iff section, 4 km south-east of Omapu Stream. 

Name: named after a landform at Castlecliffknown as the 'Pinnacles· (Fleming, 1953). 

Thickness : 7 - 10 m in Turakina Valley. Incompleteness of exposure in Turakina 

Valley has made it difficult to determine the thickness of the Pinnacle Sand. However, 

the entire unit (22 m) is exposed in a bluff on the Whangaehu side of the Turakina 

River (S22/03631 l) but this location is inaccessible (Woolfe, 1987) 

Reference Section : S23/056301 Farm track leading to gravel quarry north of 

Waimutu Road. 

Descriptive Sections : S23/057295 Farm track following stream up valley closest to 

Waimutu Road 

Descriptions 

S22/069316 Steep hillside off Morgans Road (south side), 0.5 

km down valley from farm house at the end of 

Morgans Road. 

The Pinnacle Sand at the reference section unconfonnably overlies a bedded siltstone 

unit (Lower Castlechff Siltstone). Here the formation consists of up to I 0 m of 

unbedded, loose, brown, medium, well-sorted (sample S51, Appendix B) sand (Facies 

WS-2). The upper and lower contacts were not exposed. This section is summarised in 

Figure 2.2.11. 

At DS (S23/057295) on a farm track near the stream closest to Waimutu Road, only a 

small section of the Pinnacle Sand is exposed directly below the Tainui SheUbed. Here 
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the contact between the two formations is an abrupt transition from finely parallel

laminated, loose, brown sand to muddy shellbed. The outcrop at OS (S22/069316), a 

cliff face south of Morgans Road, also displays only the upper l m of the Pinnacle 

Sand. Here the formation is a finely parallel-laminated, well-sorted (sample S27, 

Appendix B) fine sand with some fine flaser bedding (Facies WS-2). The contact 

between the Pinnacle Sand and the Tainui Shellbed is very sharp, with wavy, cm-scale 

relief and some burrowing is evident at the contact [Plate 2.2.35] . 

The overall distribution of Depositional Sequence 9 in Turakina Valley is shown on the 

map and cross - section at the end of this thesis . 

Palaeontology 

Macrofauna not observed 

Interpretation 

The Pinnacle Sand comprises the TST of Sequence 9 in the Wanganui Basin sequence. 

The well - sorted and parallel-laminated nature of the sands of the Pinnacle Sand 

indicates deposition in a shallow shoreface environment where waves affect 

sedimentation (section 2.1.4a). The lower contact was nowhere exposed in Turakina 

Valley. The sharp upper contact represents the unconformity of the Local Flooding 

Surface for Depositional Sequence 9 in Turakina Valley. 

The sediments of the formation represent a shallowing trend eastward across the basin 

where the facies of the formation at Castlecliff indicate deposition on the inner shelf, 

whereas from Whangaehu Valley (Woolfe, 1987) to Rangitikei Valley (Potter, 1984), 

the facies indicate an intertidal shoreface environment of deposition. 
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Age and Correlation 

Abbott and Carter ( 1994) assigned the Pinnacle Sand to Oxygen Isotope Stage 13 ( c. 

480 Ka) based on the Oxygen Isotope curve from ODP Site 677 (Shackleton et al, 

1990). Pillans ( 1994) places the Pinnacle Sand within the upper part of Oxygen Isotope 

Stage 15 (see Figure 1.2). 

The thickness of the Pinnacle Sand increases from 10 m at Castlecliff (Abbott and 

Carter, 1994) to 22 m in Turakina Valley (Woolfe, 1987). The Rangitikei equivalent 

may be the sand members between the Onepuhi shell beds (Potter, 1984 ). Beu et al 

(1986) correlate the formation to the interval between the Otapatu and Onepuhi 

Shell beds. Pillans ( 1994) correlates the Pinnacle Sand to the Onepuhi Shell beds in 

Rangitikei Valley (see Figure 3.1). 
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Plate 2.2.35 Pinnacle Sand/Tainui Shellbed contact at S22/069316 along the top 

part of a steep hillside just south of Morgans Road and c. 500 m west of the 

farmhouse .at the upper end of the road. T he Pinnacle Sand has faint parallel 

laminations and fine mud flasers within a fine sand (Facies WS-2). The contact 

with the Tainui She llbed is sharp and burrowed. This lower contact marks the 

Local Flooding Surface for Depositional Sequence 9 (see dashed black li ne). The 

Tainui Shellbed is made up of two distinct parts; a lower muddy1 fine sand with 

abundant smaller fauna and an upper muddy sand with abundant larger fauna 

which is more shell - supported (Facies TCS-3, Type B Shellbed). The shellbed is 

about 1.5 m thick at this location ( 40 cm knife for scale). 
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Tainui Shellbed 

Type Section: Castlecliff section, 4.2 km south-east ofOmapu Stream. 

Name : name by Fleming (1953) given to a she11bed in the Wanganui Coast section 

which contains Pee/en tainui. 

Thickness : 1-1.5 m in Turakina Valley. 

Reference Section: S23/057295 Fann track c.2 km NE of the lower end of Waimutu 

Road. 

Descriptive Sections: S22/059319 Paddock offTurakina Valley Roadjust south of 

Morgans Road. 

Descriptions 

S22/069316 Steep hillside off Morgans Road (south side), 0.5 

km west of the farm house at the end of 

Morgans Road. 

In Turakina Valley, the Tainui Shellbed is generally a bluff-forming, fine, muddy, 

yellow-brown sand with abundant, diverse fauna. Where the shellbed is well indurated, 

large blocks have broken loose and tumbled down slopes to the valley floor e.g. DS 

(S22/059319). 

At the reference section, the shellbed overlies a loose, parallel-laminated, fine, brown 

sand which comprises the Pinnacle Sand. The contact from sand to shellbed is sharp 

and is overlain by 1 m of muddy sand containing abundant small fauna. Crude 

stratification of shells along possible bedding planes occurs in the lower regions of the 

shellbed [Plate 2.2.36]. Above this is 1 m of muddy sand with abundant, closely packed 

larger fauna (Facies TCS-3, section 2. l.4c). It was difficult to determine, from 

lithology, whether the upper and lower parts of the unit represent two separate 
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shellbeds. The only notable differences are the size of the fauna and some mmor 

differences in faunal assemblages [Table 2.2.8). Because of the obvious lithologic 

change from sand (Pinnacle Sand) to sheHbed, the unit has been classed as one sheHbed 

and named the Tainm SheHbed. The sheHbed grades rapidly over a few cm into the 

massive, muddy Shakespeare Cliff Siltstone, of which approximately 2 m is exposed at 

the reference section [see Plate 2.2.37). This section is summarised in Figure 2.2.11. 

At DS (S22/069316) on a hillside just south of Morgans Road, the Tainui Shellbed 

again consists of c. l-1.5 m of muddy sand with abundant, diverse fauna and a 

concentration of the larger shells in the upper 0.4-0.6 m of the shellbed (Facies TCS-3, 

section 2.1.4c). The contact with the underlying parallel-laminated Pinnacle Sand is 

very sharp and has slight, cm-scale relief Small burrows are evident at the contact [see 

Plate 2.2.JSj. The Tainui Shell bed grades over l 0 - 20 mm into the Shakespeare Cliff 

Siltstone. 

The overall distribution of Depositional Sequence 9 is shown on the map and cross -

section at the end of this thesis. 

Palaeontology 

Collection Sites: 523/057295 

S22/069316 

(S23/ f 84a (upper) and b (lower)) 

(S22/ f 146) 

On one field excursion to the reference section, a specimen of Pecten tainui toi was 

excavated from the lower part of the Tainui Shellbed. Many specimens of Pecten tainui 

tainui were found in the upper 0.6 m of the sheUbed where other larger shells such as 

Atrina and Tucetona also occur. Although not conclusive, it is beheved that several 

specimens of Pecten tainui toi were also found in the uppermost part of the sheUbed. A 

new Pecten subspecies was also discovered at this location. It strongly resembles P. 

jacobaeus from the Mediterranean region and it has been suggested to name this new 

Pecten subspecies P. jacobaeus tainui (Beu pers. comm., 1995) [Plate 2.2.37]. Woolfe 

( 1987) also recorded a diverse Pecten assemblage from the Tainui SheHbed in 

Whangaehu Valley. At the Castlecliff section, P. tainui toi occurs only in the top 1 m of 
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the Pinnacle Sand (Beu pers. comm., 1995). In Turakina Valley, the evidence to support 

a Toi zone in the same stratigraphic position is inconclusive. The shellbed can therefore 

be placed within the Tainui Zone (Fleming, 1957) (Figure 2.1.5 and 2.1 .6). Species such 

as Purpurocardia, Tawera and Chlamys also commonly occur within the shellbed 

(fable 2.2.8, Appendix E). 

Interpretation 

The Tainui Shellbed comprises the MCS for Depositional Sequence 9 in the Wanganui 

Basin Pleistocene sequence. 

The Tainui Shellbed was deposited unconformably upon the Pinnacle Sand where the 

contact represents the Local Flooding Surface. The shellbed is indicative of a period of 

sediment starvation on the inner shelf due to sudden deepening conditions as the 

depocentre moves landward (section 2. l.4c). The graded upper contact with the 

Shakespeare Cliff Siltstone, represents the Down lap Surface for Sequence 9 in Turakina 

Valley. 

The presence of articulated Neothyris sp. suggests deposition in shallow water (c. I 0 

m), in a subtidal, current swept, open coast environment. Sandy beach taxa such as 

Dosinia, Spisula, Paphies, Oxyperas, and estuarine Austrovenus (Table 2.2.8) were 

most likely transported into the deposition site (Beu pers. comm., 1995). 

The occurrence of crude stratification within the lower part of the shellbed at the type 

section indicates some periodic wave action may have affected sedimentation. 

Age and Correlation 

Based on the Oxygen Isotope cwve from ODP Site 677 (Shackleton et al, 1990), Abbott 

and Carter (1994) placed the Tainui Shellbed within Oxygen Isotope Stage 13 (c. 480 
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Ka). Pill ans ( 1994) placed the Tainui Shellbed within the upper part of Oxygen Isotope 

Stage J 5 (see Figure 1.2) 

Across the basin, the formation decreases in thickness from 4 m at Castleclitf to 1.5 m 

in Turakina Valley and a slight difference in facies and fauna] assemblage was noted. 

Fleming ( 1953) and Pillans (1994) correlated the Tainui Shellbed with the Onepuhi 

Shell beds in Rangitike1 Valley (see Figure 3.1 ). The shellbed was also correlated with 

the Otapatu Shellbed (Rangitikei Valley) of Potter (l 984) Facies of the shellbed in 

Rangitikei Valley represent deposition in shallower water than in Turakina Valley and 

Castlecliff 



Chap ter Two Stratigraphy Part II Page 2-2-82 

Table 2.2.8 : Palaeontolgy of the Tainui Shellbed in Turakina Valley 

;:''£:·,t~;L . '''i'·:FAtJ:N..(i;,%,~W" '?:·" ,:;,;,, "·>·1 '' ~:.;~.:f·Mi·otc.;,.; · ;:i.•c.•'NUb'~:.;~·~ ~~~~~tftl~l~f 

Bivalvia 

Atrina sp. p p 
A 11strove11us c:rassitesta p 
A 11strove1111s stutchhuryi f 
Rarhatia novaezelandiae p 
Caryocorhula zelandica f f 
Chlamys gemmulata s p p 
/Josinia (Phacosoma) maoriana p p 
Dosinia ? subrosea p s 
Fe/aniella (Zemysia) zelandica p f 
Glycymeris m<Xiesta c c p 
!_eptomya retiaria p 
U matula maoria p 
Mesophy lum convexum p 
tvfodio/11s area/atus p 
Nucula 11itid11/a f f 
Oxyperas e/011gata p 
Paphies donacina p 
Pecten jacohaeu.'i tainui p 
Pecten tainui tainui p p 
Pecten tainui toi p p p 
Pleuromeris zealandica s f 
Purpurocardia purpurata c p c 
Sca/pomactra scalpel/um s s 
Spisula aequi/atera p 
Tawera spissa c c c 
Tiostrea char/ol/ae s 
Tiostrea chilensis lutaria c f s 
Tucetona laticostata p p c 

Gastropoda 

Alcithoe arabica p 
Amalda (Baryspira) mucronata p p p 
Amalda (gracilispira) novaezelandiae p p 
Alllimelatoma buchanani p p 
Antisolarium egenum f 
Aoteadri/la wanganuiensis p 
Astrea he/iotropium p 
A ustrofi1sus glans p p 
Austromitra planata p 
Bucinulum linea s 
Comine/la e/egantula p 
Duplicana tristi.~ f f 
Glaphryrina caudata p 
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Table 2.2.8 cont'd 

··· bl!Ol>Ai~lj':ii:H· 

Maor1colpus roseus 
Michrelenchus sp. 
Microvoluta marginata 
Penion cuvieria11us 

.... 'iigapa1ella novae::e!andiae 
Stiraco/pus sp. 
Stiracolp11s blacki 
Strothiolaria papulosa 
1Ugali pliocenica 
Xyn1ene ambiguus 
Xymene Plebews 
Xymene pus/I/us 
Xymene traversi 
Zeacolpus vittarus 
Zegalen1s tenuis 
Zemitrella sulcala 
zethalia .:elandica 

Brachioooda 

Neothyns sp. 
Waltonia inconspicua 

Scaphopoda 

Antalis nana 

Coelenterata. Scleractinia 

f<labellum n1bn1m 

Bryozoans 

[ Fauna identified by Alan Beu I 

p =present 
f=few 
s =several 
c=common 
a= abundant 

"~~ ;,~~~11; ' ' 
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)st mti fication 

Plate 2.2.36 Tainui Shellbed at S23/057295 on a farm track c. 2 km up valley 

from the lower end of Waimutu Road and following the Waimutu Stream. The 

Tainui Shellbed consists of fine muddy sand with abundant, diverse fauna (Facies 

TCS-3, Type B Shellbed). The lower part of the shellbed is largely made up of 

small fauna with some faint stratification occurring. The upper part of the 

shell bed consists of mainly larger fauna jusr visible near the top of the photo. The 

shellbed is approximately l .5 m thick. 
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Plate 2.2.37 Pectenjacobaeus tainui from the Tainui Shellbed at S23/057295 on 

a farm track c. 2 km up valley from the lower end of Waimutu Road and 

following Waimutu Stream. This Pecten subspecies closely resembles a 

subspecies of Pecten from the Mediterranean (Beu pers. comm., 1995). 

Photo taken by \Vendy St George (Institute of Geological and Nuclear Sciences, 

Lower Hutt). 

:: 13 cm 
real size 
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Shakespeare Cliff Siltstone 

Type Section: Cast!ecliffsection, 5.5 km south-east ofOmapu Stream. 

Name: revised by Fleming (1953) from older New Zealand geolob>ical literature (see 

Fleming 1953, pg. 231) where the formation was referred to as the 'lower clay stratum 

at Shakespeare Cliff', or 'Shakespeare Cliff Blue Clay' by earlier writers. 

Thickness : 20 m exposed in Turakina Valley. The exact thickness is unknown due to 

poor exposure, although Woolfe (1987) recorded a thickness of 20 m for the entire 

fonnation on the Whangaehu/Turakina [ntertluve 

Reference Section : S23/048287 Farm track 1.5 km S of the lower end ofWaimutu 

Road 

Descriptive Sections: S23/057295 Farm track NE ofWaimutu Road: c. 1.5 km S of 

Turakina Valley Road. 

Descriptions 

S23/032300 Farm on river side ofTurakina Valley Road, (c. 

l km W of Bruce Road). 

The Shakespeare Cliff Siltstone at the reference section consists of c. 20 m of massive, 

barren, blue-grey siltstone (Facies MZ-2). Bioturbation is evident lower in the outcrop. 

The lower contact is not exposed, and the upper contact is sharp with dm-sca\e relief 

At DS (S23/057295), on a farm track near Waimutu Stream, only 1.5-2 m of the 

formation is exposed above the Tainui Shellbed. The lower contact displays an abrupt 

gradation from a shell - dense, muddy, silty sand to the massive, barren blue-grey 

siltstone [Plate 2.2.38}. 

The cliff exposure at DS (S22/032300) next to Turakina River, c. I km west of Bruce 

Road, shows the uppermost 7-8 m of the formation. Here the unit is also a massive, 
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barren, blue-grey siltstone (Facies MZ-2). The upper contact with the basal 

conglomerate member of the Shakespeare Cliff Sand is sharp with elm-scale relief This 

section is summarised in Figure 2.2.11. 

The overall distribution of Depositional Sequence 9 is shown on the map and cross -

section at the end of this thesis. 

Palaeontology 

Macrofauna not evident 

Interpretation 

The Shakespeare Cliff Siltstone comprises the HST of Depositional Sequence 9 in the 

Turakina Valley. 

Facies indicate deposition on the inner - middle shelf (section 2. l.4d). The abrupt 

gradation displayed in the lower contact with the Tainui Shellbed, marks the Downlap 

Surface for Depositional Sequence 9. The very sharp, erosive upper contact marks the 

sequence boundary between Depositional Sequences 9 and I 0. 

Age and Correlation 

Abbott and Carter ( 1994) placed the Shakespeare Cliff Siltstone within the upper part of 

Oxygen Isotope Stage 13 (c. 450 Ka) based on the Oxygen Isotope curve from ODP Site 

677 (Shackleton et al, 1990). Pillans ( 1994) places the Shakespeare Cliff Siltstone in 

the upper part of Oxygen Isotope Stage 15 (560 Ka) (see Figure 1.2). 

The formation thickens across the basin from c. 10 rn at Castlecliff (Fleming, 1953) to 

20 rn in Turakina Valley and the nature of the formation does not appear to change to 

any large extent across the basin. The occurrence of scattered macrofauna recorded at 

most sites from the coast to Whangaehu (Fleming, 1953; Woolfe, 1987), was not 

evident in outcrop in Turakina Valley. The reverse-grading, sandier - up nature of the 
' ,1 
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formation observed on the Whangaehu/Turakina lnterfluve (Woolfe, 1987) was not 

evident in Turakina Valley. The unit in Turakina Valley more closely resembles the 

formation at the Castlecliff section and therefore, the sandy nature of the unit on the 

Interfluve may be due to a local influx of sand into the deposition site. 

In Rangitikei Valley, the sandy unit between the Ruamahanga Conglomerate and 

Otapatu Shellbed is thought to represent the Shakespeare Cliff Siltstone (Beu el al, 

l 986; Pillans, 1994) (see Figure 3.1). The sandier nature of the formation in Rangitikei 

Valley (Potter, 1984) may indicate shallowing conditions at the basin margin, or it may 

be a local feature related to sediment source and/or supply. 
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Shakespeare 
Cliff Siltstone 

DLS 

Upper 

Lower 

Plate 2.2.38 Tainui Shellbed/Shakespeare Cliff Siltstone contact at S23/057295 

on a fann track c. 2 km up valley from the lower end of Waimutu Road and 

following the Waimutu Stream. The contact between the two fonnations is quite 

sharp and marks the Downlap S.urface for Depositional Sequence 9. The 

Shakespeare Cliff Siltstone is made up of massive b lue-grey siltstone (Facies MZ-

2) of which up to 2 mis exposed at this location. 

Tainu i 
Shell bed 
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Descriptions 

lntcrbcddcd, fossiliferous 
sand and strc.1ky-1Jminatcd 
sill 

Fosstlifcrous conglom. 
Sequence Bound:lf)' 

Massive blue-grey 
siltstone 

Bioturbation 

Fine, muddy sand with 
abundant fauna 

Fine, parallel-bedded 
sand with occasional 
mud flasers 
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Stratigraphic summary diagram for Depositional Si.:quencc 9 in 
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thesisi. 
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2.2.11 Depositional Sequence 10 

Shakespeare Cliff Sand 

Type Section : Castlechff section, 6 km south-east ofOmapu Stream. 

Name: proposed by Fleming (1953) for the 'CU 5 Zethalw - Ampludesma Sands' in 

the coastal section at Castlecliff(Fleming, l947a) 

Thickness: Basal 5 m exposed in Turakina Valley. Woolfc ( 1987) reported a thickness 

of c. 40 m from a well exposed outcrop on the Turakina side of the 

Whangaehu/Turakina lnterfluve al grid reference S22/03230 I. 

Reference Section: S23!031298 Cliff face on Whangaehu side ofTurakina River 

west of Bruce Road and Waimutu Road. 

Descriptive Sections S22/031309 Small western tributary of the Turakina River west 

Descriptions 

ofWaimutu Road. 

S23/048287 Farm track 1 km south west of the lower end of 

Waimutu Road. 

The outcrop of Shakespeare Cliff Sand at the reference section has a basal, closely -

packed, fossiliferous conglomerate (Facies HE-I) c. l m thick. Greywacke clasts are up 

to 3 cm in diameter and tend to be disc shaped. The lower contact overlying the 

Shakespeare Cliff Siltstone is sharp and erosive with dm-scale relief Approximately 4 

m of interbedded faintly streaky-laminated silt and sand (Facies HE-2 and 3) overlies 

the conglomerate [Plate 2.2.39). Almost directly above the conglomerate a fossiliferous 

unit within the siltstone occurs. The fauna are dense near the conglomerate and become 

increasingly sparse up - section. The fossiliferous bedded siltstone becomes barren 1 m 

above the conglomerate and is up to 2 m thick. This siltstone member passes rapidly 
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into 0.1-0.2 m of loose, grey, medium sand with scattered fauna which appears to be 

laterally discontinuous. Approximately 1 m of the bedded siltstone is again visible 

above the sandy Jens at which point, the stratigraphy becomes obscured. The entire 

outcrop is approximately 4 m thick and is summarised in Figure 2.2.12 . 

At OS (S22/031309) in a western tributary of the Turakina River west of Waimutu 

Road, 3 m of the Shakespeare Cliff Sand is exposed. It was not possible to determine 

where this outcrop could be placed within the overall fonnation , although, lithologically 

it does resemble the exposure at the reference section. A 0.3 m basal , closely - packed, 

fossiliferous conglomerate (Facies HE-1) also occurs at this location, although the 

greywacke pebbles range from I -2 cm in diameter. The lower contact is obscured and 

the full extent of the conglomerate is probably not represented [Plate 2.2.40). The 

conglomerate ends abruptly with cm - scale relief. Approximately 0.2-0.3 m of faintly 

laminated and bioturbated sandy silt overlies the conglomerate and grades rapidly over 

a few cm into a shellbed of similar lithology (Facies ZS-2, Type A2 Shellbed). The 

fauna] assemblage differs quite markedly from that of the reference section (sample f 

16lb, Table 2.2.9) . There is a rapid transition over 20-30 mm from shell - rich, fine, 

sandy silt into faintly laminated barren siltstone (Facies HE-3). Approximately 1.5 - 2 m 

of this siltstone member is exposed at this site. 

The Shakespeare Cliff Sand is again seen at DS (S23/048287) south of Waimutu Road. 

Here · up to 4.5 m of unfossiliferous, parallel-bedded silt and fine sand (sample S54, 

Appendix B) represents the formation (Facies WS-2). The unit appears to become 

sandier up-section. The formation unconformably overlies the massive blue-grey silt of 

the Shakespeare Cliff Siltstone. This lower contact is sharp with dm - scale relief. 

The overall distribution of Depositional Sequence 10 in Turakina Valley is shown on 

the map and cross - section at the end of this thesis. 

Palaeontology 

Collection sites : S23/031298 (S23/ f 86a) basal conglomerate 
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(S23/ f 86b) shellbed in bedded siltstone almost 

directly above conglomerate 

(S23/ f 86c) fossiliferous sandy lens within the 

siltstone member 

S22/0J1309 (S22/ f J6la) basal conglomerate 

(S22/ f 16lb) shellbed above conglomerate 

An abraded fragment of !'eclen sp. was taken from sample f 86c ITable 2.2.9). Fleming 

( 1953) placed the Shakespeare Cliff Sand within the Upper Marwicki Zone (Figure 

2.l.5and21.6) 

Interpretation 

The Shakespeare Cliff Sand represents the TST of Depositional Sequence JO in the 

Wanganui Basin Pleistocene sequence. 

Lithology and fauna! assemblages indicate deposition in shallow (5-10 m), high -

moderately high energy, water (Beu pers. comm., 1995). The fauna! assemblages off 

86a, b, and c, also represent deposition in the similar environment, although 

sedimentation concentrated larger species into the basal conglomerate. In general then, 

the facies at the reference section and OS (S22/03 l 309) represent deposition within the 

transition zone on the shelf between the shoreface and innermost shelf environments 

(section 2. l.4a and b). Facies at OS (S23/048287) indicate deposition on a wave 

dominated shoreface (section 2.1.4a). The sharp lower contact represents the lower 

sequence boundary for Depositional Sequence 10 in Turakina Valley. 

Age and Correlation 

Abbott and Carter ( 1994) assign the Shakespeare Cliff Sand to the lower part of Oxygen 

Isotope Stage I l (c. 410 Ka) based on the Oxygen Isotope curve from ODP Site 677 

(Shackleton et al, 1990). Pillans (1994) places the formation within Oxygen Isotope 

Stage 13 (510 Ka) (see Figure I.2). 
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The fonnation thickens across the basin from 12 mat Castlecliff (Fleming, 1953) t~ 35 

- 40 min Turakina Valley (Woolfo, 1987). A basal conglomerate was not evident at the 

Castlecliff section, although it was observed in Matarawa Valley, near Okoia (Fleming, 

1953) and again in Whangaehu Valley (Woolfe, 1987). The Shakespeare Cliff Sand 

correlative in Rangitikei Valley is most likely the Ruamahanga Conglomerate (Te 

Punga, 1952; Pi I I ans, 1994) (see Figure 3.1 ). 
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Table 2.2.9 : Palaeontology of Shakespeare Cliff Sand in Turakina Valley 

Bivalvia 

Austrovenus stutchhuryi p 
Carycorbula zelandica s p s 
Cuna sp. p 
? Cyclomactra ·\P- s 
Dosinia (Phacosoma) s11hrosea s 
Dosinia zelandica p s 
Gari lineolata s 
Glycymeris modes/a f f 
Leptomya retiaria p 
Limatula maoria p 
Maorimactra ordinaria p 
Modiolus areolatus p 
Myadora bolto11i s 
Myadora striata s c 
Nucula nitidula s p c 
Oxyperas elongatus p 
Panopea tt·anganuica smithae p 
Paphies australis p 
Pecten sp. p p 
Perna canaliculus p 
Pleuromeris marshalli s f f 
Pleuromeris zealandica c s c 
Purpurocardia purpura(a s p c 
Scalpomactra scalpel/um c 
Talochlamys gemmulata s p 
Tawerasp. p 
Tawera spissa p a s a 
Tiostrea chilensis p f s f 
Tucetona laticostata p p 
Zemysia zelandica f f 

Gastropoda 

Alcithoe arabica p p 
Amalda sp. s 
Amalda (Baryspira) sp. p 
A malda (Baryspira) austraiis s 
Antisolarium egem1m f f s 
Austrofusus glans p 
Buccinulum .i,p. p 
Buccinulum linea p 
Crepidula costata f 
Crepidula 'radiata' p 
Leucitona ambigua p 
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Table 2.2.9 cont'd 

fi"'AUNA- GAS1RPODA CONTD··, 1'• f8li~'' ·. f86b· ' . . ;s. ·n6c . ;.~ f 16ta. .. . ' ~16'tb' 

Uracraea odhneri p 
Michrelendws :1 sa11g11i11e11s c c c 
Micrvvoluta bic:onica p 
Neop;ura/eus .sp. s 
Notoacmea helmsi s 
Peculator hedle;·i s 
Pelicaria 11en11is p 
Pervicacia lrisris p r 
Pissina impres!iO f 
! Powe/Ii se1ia sp. s 
Sigapatella 11ovae=ela11Jiae p s 
S1iracolp11s sp. p p 
Stiraco/pus Je/li s 
Taniella pla11is111uralis p 
Troe/ms 1iara111s p f 
Xymene .'fJ. c s c 
Xymene amhiguus p 
Xyme 11e expa11s11s c 
Xymene p11sil/11s p 
Zeacolpus vi1ta111s p p s 
Zegalerus 1e1111is c p c 
Zetha/ia ze/a11dica s f f 

Scaphopoda 

Amalts 11a11a p 

Brachiopoda 

Megasella ? sanguinea p 

(Fauna identified by Alan Beu] 

p = present 

f= few 

s =several 

c=common 

a= abundant 
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Plate 2.2.39 Shakespeare Cliff Sand at S23/031298; a cliff face on the 

Whangaehu side of the Turakina River, west of Bruce Road and Waimutu Road. 

The photo shows the basal, fossiliferous greywacke conglomerate (Facies HE-1) 

and the overlying streaky-laminated siltstone (Facies HE-3). Spade is 

approximately 1 m in length. 

Plate 2.2.40 Shakespeare Cliff Sand at S23/031309 in a small western tributary 

of the Turakina River west of Waimutu Road. A basal, fossiliferous greywacke 

conglomerate (smaller clast size than in Plate 2.2.39) (Facies HE-1) is overlain by 

fine sand and a c. 1 m thick shellbed of the same lithology (Facies ZS-2, Type A2 

Shellbed). The entire outcrop is approximately 2 m thick. 
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Upper Castlecliff Shellbed 

T ype Section : Castlecli ff section, 6.5 km south-east of Omapu Stream. 

Name : Proposed by Fleming ( 1953) for the bed CU 6 in the Castl ecl iff section from an 

earlier publication (Fleming, 1947a). 

T hickness: 1.5 m in Turakina Valley. 

Reference Section: 523/027294 C liff face on the Turak ina Valley Road s ide of the 

Turak ina River near Bruce Road. 

Descriptions 

An abrupt transition from loose, grey, fossil iferous, med ium, moderately well sorted 

sand (Facies WS-2) (sa mple S 17, Appendix B), into a she ll - rich, muddy, fine sand 

(Facies TCS-4, section 2. 1.4c), marks the contact between the Shakespeare Cliff Sand 

and the Upper Castl ecliff Shellbed. The sheltbed is approximate ly 1.5 m thick. The 

upper contact was placed where the shell - dense, muddy, fi ne sand grades abruptly into 

a massive, grey, fi ne sandy si lt with scattered fauna , here designated as the lower part of 

the Karaka Si ltstone !Plate 2.2.411. This section is summari sed in F ig ure 2.2.12. 

The overall distrib ution o f Depositional Sequence l 0 is shown on the map and cross -

section at the end of this thesis. 

Palaeontology 

Coltection site: S23/027294 (S23/ f 83a) (Table 2.2.10) 
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Interpretation 

The Upper Castlecliff Shell bed represents the MCS of Depositional Sequence 10 in the 

Pleistocene, Wanganui Basin sequence. 

Facies indicate deposition on a starved inner - shelf (section 2. 1.4c). The presence of 

dominant Tawera and Myadora species, and occurrence of sandy beach taxa suggest 

deposition in a soft - bottom environment in a few metres of water in a large bay. The 

fauna display a shallower trend than Type B shellbeds at Castlecl iff; except the Putiki 

Shellbeds and unnamed units just below (Beu pers. comm. , 1995). This may have been 

caused by higher uplift rates at sites nearer to the axial ranges. The unconformity at the 

base of the shellbed represents the Local Flooding Surface for Depositional Sequence 

10. Although not cone) usive, the upper contact may represent the Dovvnlap Surface. 

Age and Correlation 

Based on the Oxygen Isotope curve of Shackleton et al ( 1990), Abbott and Carter 

( 1994) assigned the Upper Castlecliff Shellbed to Oxygen Isotope Stage 11 (c. 380 Ka). 

Pillans ( 1994) places the formation within Oxygen Isotope Stage l3 (500 Ka) (see 

Figure 1.2). 

The thickness of the shellbed across the basin, appears to decrease from 2 m at 

Castlecliff (Fleming, 1953) to 1.5 m in Turakina Valley. The lithology and abundance 

of fauna within the shell bed seems to remain constant, although the faunal assemblages 

in Turakina Valley represent a somewhat shallower environment of deposition 

compared to the Castlecliff section (Abbott, 1994 ). The Rangitikei Valley correlative is 

most likely represented by a fossiliferous, muddy sand above the Ruamahanga 

Conglomerate (Te Punga, 1952). Pillans (1994) correlates the Upper Castlecliff 

Shellbed with the Ruarnahanga Conglomerate (see Figure 3.1 ). 
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Table 2.2.10 : Palaeontology of the Upper Castlecliff Shellbed inTurakina Valley 

Austrovenu:-.· stuichhur_yi 
(..,hlan1y.'i gemmulata 

('h/an1y.'; ze/andiae 
Divariella hut10101u1 

f)osinia ( /)hocusoma) suhrosea 

J,'elatuella ( Zemysia) zelandica 
(;ari ? hodxei 
ltmotula maoria 
Myadora ,•;triata 
Nucula nitiduJa 
f)leuron1eris marshal Ii 
J)/euromeris :::.i!alandica 

J>UTfJ11T()('GTdia fJllTJJllrala 

Rudih1pes larf{illierti 
Scal1>on1ac1ra scalpelfutn 

'llnvera «ipiss.a 
Tiostrea chilensis /111aria 

f Gastropoda 

Alcithoe (/,eporen1ax) sp. 
Ama/da (Baryspira) mucronata 
Antisvlarium egenum 
Austrofusus glans 
Austromitra sp. 
c·repidula costata 
Duplicaria tristis 
Maoricolpu . ..,· roseu.\· 
Michrelenclms rofozona 
/<lotoacmea sp. 
Sigapatella novaezelandiae 
Stiracolpus sp. 
Tanea zelandica 
Xy'mene plebeius 
Xyme11e pusillus 
Zegaleros tenuis 
Zemitre!la choava 
Zelhalia zelandica 

Brrozoa 

[ Fauna identified by Alan Beu I 

p =present s =several a= abundant 
f = few c =common 

p 
s 
p 
p 
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Plate 2.2.41 Upper Castlecliff Shellbed and Karaka Siltstone at S23/027294 at a 

cliff face next to the Turakina River on the Turakina Valley Road side just west 

of Bruce Road. The sharp basal contact of the Upper Castlecliff Shellbed is 

visible approximately half way up the spade and it marks the Local Flooding 

Surface for Depositional Sequence I 0. The Upper Castlecliff Shellbed is a 

muddy, fine, silty sand with abundant, diverse fauna (Facies TCS-4, Type B 

Shellbed). The top of the shellbed may mark the Downlap Surface for this 

Sequence. Approximately 2.5 m of grey silty fine sand with abundant scattered 

fauna (Facies MZ-1) overlies the Upper Castlecliff Shellbed. This grey, 

fossiliferous unit most likely comprises the basal part of the Karaka Siltstone. A 

rapid transition into a very fine blue-grey siltstone may also represent the 

Downlap Surface. The fine blue-grey siltstone is overlain by Ohakean terrace 

gravels. 
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Karaka Siltstone 

Type Section : Castlecliff section, 7 km south-east of Omapu Stream. 

Name: given b~1 Fleming ( 1953) for the 'C U 7 Tuwera Silts· in the Castlecliff section 

(Fleming, I 947a). 

Thickness : unknown for Turakina Valley (this work ). Fleming ( 1953) reported a 

thickness of 12 - 17 m by the north portal of the Turakina railway tunnel. 

Refere nce Section : S23/027294 C liff face on Turakina Valley Road side of the 

Turakina Ri ver west of Bruce Road. 

Descriptions 

T he Karaka Siltstone at the reference section for Turakina Val ley, is a 1.5 - 2 m thi ck 

massive, grey, fi ne silty sand with abundant scattered fauna (Facies MZ -1 ). T his 

fossiliferous silty sand grades rapidly over 0. 1 m into a barren, massive, blue-grey 

si ltstone (Facies MZ-2) of unknown thickness. Only 1 m of this massive, barren 

siltstone is exposed at this location. The Karaka Siltstone at thi s s ite is sharply overlain 

by an al luvial conglomerate of Ohakean age f Plate 2.2.411 . This section is summarised 

in Figure 2.2.12. 

The overall distribution of Depositional Sequence 10 is shown on the map and cross -

section at the end of this thesis. 

Palaeontology 

Collection site S23/027294 (S23/ f 83 b) 

The highly sculptured Pecten subspecies found within the lower unit of the Karaka 

Siltstone at this site strongly resembles Pecten marwicki subspecies found in the 
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Rangitikei Valley equivalent (the Pryce Shellbed) of the Upper Castlecliff Siltstone 

(Beu pers. comm., 1995) (Table 2.2.11). The occurrence of P. marwicki in the Karaka 

Siltstone places the formation within the Upper Marwicki Zone of Fleming ( 1957) (see 

Figure 2. l.5 and 2. l.6). 

Interpretation 

The Karaka Siltstone represents the HST of Depositional Sequence 10 in the Wanganui 

Basin sequence of Pleistocene age. 

The lower contact of the Karaka Siltstone with the Upper Castlecliff Shellbed is an 

abrupt transition from a shell - rich unit to one containing scattered fauna, suggesting a 

slight hiatus marking a poorly developed Downlap Surface. Facies and fauna! 

assemblage (particularly the presence of Dosinia greyi, Table 2.2.11), indicate a 

slightly more offshore environment of deposition on the inner - shelf than that of the 

Upper Castlecliff Shellbed (Beu pers. comm., 1995). The abundance of fauna within the 

lower 2 m of the Karaka Siltstone reflects the high sand content compared to the unit 

above. It is possible that the transition within the formation from fossiliferous to barren 

conditions and decrease in grain size, marks the Downlap Surface rather than the 

contact with the Upper Castlecliff Shellbed. 

Aee and Correlation 

Abbott and Carter ( 1994) place the Karaka Siltstone within the upper part of Oxygen 

lsotope Stage 11 (c.370 ka) based on the Oxygen Isotope curve from ODP Site 677 

(Shackleton et al, 1990). Pillans (1994) places the formation within Oxygen Isotope 

Stage 13 (c. 480 Ka) (see Figure 1.2). 

The nature of the formation does not seem to greatly change across the basin except for 

a slight increase in thickness towards the east (Fleming, 1953). The occurrence of fauna 

at the base of the formation has previously not been recorded although fauna in other 

stratigraphic positions have been noted (Fleming, 1953). In the Rangitikei Valley, the 

Karaka Siltstone is coeval with sediments above the Kakariki Conglomerate (Potter, 
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1984) and represents shallower water facies than those seen between Castlecliff and 

Turakina Valley. Pillans ( 1994) correlates the Karaka Siltstone with the Pryce Shellbed 

(Potter, 1984) in the Rangitikei Valley sequence (see Figure 3.1). 
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Table 2.2.11 : Palaeontology of the Karaka Siltstone in Turakina Valley 

~< - .., FAUNA ,·1:;, - ,~ - r~83b<, . -

Bivalvia 

!Josina ze/andica p 
Dosinia ( Kereia ) grey1 p 
Pecten benemctus marwicki p 
1'11rp11rocard1a p11rp11rata p 

Gastropoda 

Alc:ithoe arabica p 
Amalda ( Baryspira / mucronata p 
Austrofusus f:lans p 
Maoncolpus ruseus p 
Zeac:o/pus vittat11s p 

N.B. Selected fauna only; i.e. no indication of relative abundance of each species. 

( Fauna identified by Alan Beu I 

p =present 
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Discussion 

In general terms the sequence architecture and facies composition along the Castlecliff 

coastline is maintained eastward across the basin at least to Rangitikei Valley. 

Variations that occur are related to sediment supply, subsidence rate, uplift, and 

geomorphology of the paleoshelf. Despite these variations, it is clear that glacio -

eustatic sea-level fluctuation was the dominant basin - wide control on sedimentation. 

3.1 Regional Correlation 

Four stratigraphic col umns constructed fro m sites across the Wanganui Basin 

(Castlecliff - Whangaehu Val ley - Turakina Val ley - Rangitikei Valley) show the 

correlation of the ten depositional sequences recognised within the late Pliocene to mid

i ate Pleistocene time frame (Figure 3.1). The section at Castlecli ff is by far the best 

known and has recently been the foc us of a study (Carter et al ( 199 1 ), Abbott and 

Carter ( 1994 ), and Abbott ( 1994 )) which applied the technique of sequence 

stratigraphy, in an effort to better interpret the cyclic basin fill of the Wanganui Basin. 

The sections at Whangaehu Valley and Rangitikei Valley are less well known and 

perhaps need to be reviewed. The Turakina Valley section has here been reviewed, 

using the facies classification developed by Abbott and Carter ( 1994) and Abbott 

( 1994 ), with sequence stratigraphic interpretations. Several attempts have been made to 

correlate formations across the basin (Fleming (1953), Pillans et al (1994) and Abbott 

( 1994 )). A similar attempt is made here with emphasis on new information regarding 

the Turakina Valley section. Information used to construct representative stratigraphic 

columns for Castlecliff, Whangaehu Valley and Rangitikei Valley was put together 

from the work of Abbott and Carter ( 1994 ), Abbott (1994 ), Woolfe ( 1987), Potter 

( 1984) and to some extent Te Punga (1953) (Figure 3.1). 

Several trends can be noted from the correlation diagrams: 

• Depositional sequences become sandier and facies more diverse up-section; 

• Formations thicken markedly towards the east of the basin; 
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• The first occurrence of Type B, mid-cycle shellbeds is in the early-mid Pleistocene 

within Depos1tonal Sequence 6; 

• Type B, mtd-cyclc shellbeds thin out or disappear completely towards the east of the 

basin. 

The first two trends can be attributed to the southward migration of the depocentre 

During the late Pliocene - early Pleistocene, the depocentre encompassed an area over 

what is now Wanganui city to Just east of Turakina Valley (see Figure 1.4) The 

deepest part of the basin therefore was lymg over Whangaehu Valley at that time which 

is indicated by the dominance of siltstone units which are in some cases up to 5 - fold 

thicker than those at Castlecliff The thickness of the siltstone units therefore, is directly 

related lo an mcreased rate of subsidence as sediment load was greatest in the 

depocentre. Furthermore, the sections cast of Castlecliff are closer to the axial ranges 

and were fed more directly by material originating from the Taupo Volcanic Zone and 

therefore sediment supply was greater in these areas, contributing to increased 

formation thicknesses. 

During the early - mid Pleistocene the depocentre continued to move in a south-west 

direction in response to uplift in the north and ea5t. The depocentre was therefore 

slowly forced away from its position over Whangaehu and Turakina Valley and 

subsidence rates decreased as sediment loading lessened away from the depocentre. In 

response to this, more shallow water faeies were deposited as the contemporaneous 

shoreline moved seaward. The Rangitikei Valley section is in general dominated by 

more shallow water facies due lo its close proximity to a major source of sediment and 

its position away from the depocentre during most of the Pho-Pleistocene (see Figure 

1.4). 

Mid-cycle shellbeds only appear in Depositional Sequence 6 and younger formations of 

Pleistocene age. Their occurrence is here believed to be in response to a change in 

magnitude of sea-level fluctuation where sediment - starved conditions are enhanced by 

a more landward position of the depocentre. This is seen in the change from 6th Order 
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( 40 000 yr cycles) to 5th Order ( I 00 000 yr cycles) with an increase in amplitude of 

cycles. 

Mid-cyc le shellbeds which are formed in response to a rapid deepening as the 

depocentre moves landward during relative sea-level rise, tend to th in out or do not 

occur at all towards the cast of the basin. This is consistent with higher sediment supply 

to these sites due to closer proximity to the uplifting axial ranges and Taupo Volcanic 

Zone. Sedimentation rate therefore decreased with distance from the ranges and 

sediment starved conditions necessary for condensed shellbed development, occurred 

mainly at the more distal Castl ecli ff section. It may be expected that with increased 

subsidence rates would come greater rates of relative sea-level ri se, thereby creating 

more ideal conditions fo r sediment starvation. However, it is more likely in this 

instance that higher sedimentation rates kept pace with sea-level rise which meant that 

the she If was rarely starved of sediment. 

3.2 Trends in Turakina Valley 

In this study, four new formations have been recognised within Turakina Valley: 

Depositional Sequence 2 (Makuhou Reserve Formation) 

A thick sequence of heterolithic facies representing the TST for Depositional Sequence 

2 has previously not been described in Turakina or elsewhere and was therefore given a 

name based on location of the best exposed outcrop near Makuhou Reserve along 

Makuhou Road. Depositional Sequence 3 shows a similar trend and in hindsight, it may 

have been best to rename the formations accordingly. 

Depositional Sequence 6 (Ruakioa Formation and Morgans Sbellbed) 

The Kaikokopu Shell Grit is the basal member of the Ruakina Formation in Turakina 

Valley. A thick unit, composed largely of small - scale heterolithic facies was identified 

overlying the Kaikokopu Shell Grit member and combined, they represent the TST for 
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Depositional Sequence 6. The newly reeob'llised unit was named the Ruakina Formation 

after the farm on which it was observed. 

The Morgans Shcllbed overlies the Ruakina Formation and represents the MCS for 

Depositional Sequence 6. Such a well formed mid-cycle shellbcd has previously not 

been described in Turakina Valley or elsewhere across the basin. The Morgans Shellbed 

is distinctive because of its basal conglomerate followed by a muddy phase and/or high 

pebble content within a muddy shellbed. 

Depositional Sequence 8 (Howie Shelibed etc.) 

Formations that make up Depositional Sequence 8 in Turakina Valley are quite 

different to those elsewhere across the basm The Seafield Sand formation which 

represents the TST for Depositional Sequence 8, is a thick sequence made up largely of 

small - scale hetcrolithic facies (Facics HE-2 and l!E-3 ). The Seafield Sand is overlain 

by the Howie Shellbed, which like the Morgans Shellbed at some locations, consists of 

a pebbly basal shell conglomerate followed by a muddy she!lbed. This shellbed has not 

been observed elsewhere in the Wanganui Basin sequences. The overlying siltstone unit 

is correlated with the Lower Castlecliff Siltstone and the name was retained for the 

Turakina Valley section. The Lower Castlecliff Shellbed lies within this siltstone 

formation In Turakina Valley and the unit of the Lower Castlecliff Siltstone which 

overlies the shellbed is made up of small - scale heterolithic facies (Facies HE-2 and 

HE-3). The shellbed and overlying facies most likely represent a period of shallowing 

either caused by a relatiw sea-level fall or uplift of the Marton Anticline. 

When comparing these four depositional sequences, it can be seen that all have an 

anomalously thick TST composed largely of small - scale heterolithic facies. This 

feature occurs only in Turakina Valley, noticeably Depositional Sequences 2 and 6, and 

therefore a possible interpretation is that this reflects uplift of the Marton Anticline. The 

rate of uplift of the anticline kept pace with the rising sea level, allowing a thick 

sequence of shallow water faeies to accumulate throughout a large part of the sea-levd 

cycle. 



Chapter Three Discus.mm Page 3-6 

The mid-cycle shellbeds within both Depositional Sequences 6 and 8 may mark the 

point at which the anticline ceased to be uplifted, initially reflected in reworking of 

pebbly innenn ost shelf facies, overlain by a muddy shellbed indicative of rapid 

deepening as sea-level continued to rise. This may also explain the very erosive lower 

contact at the base of the she ll conglomerate. 

An alternative interpretation to that of anticline upli ft is that the Rangitikei River, or 

some other major sed iment source, flipped west of the Marton Antic line introducing a 

greater sediment load into this part of the basin_ 

Further evidence that may support the interpretation of uplift along the Marton 

Anticline during the Plio-Pleistocene can be seen within the lower sandy unit of the 

Seafield Sand slightly NW of Howie Road, where a shellbed with very shallow water 

fauna overlies a shellbed with deeper water fauna. 

Another trend in the Turakina Valley section is that the Type B Shel lbeds generally 

have a more diverse and shallower water fauna! assemblage compared to the mid-cycle 

shellbeds at Castlecliff. This is attributed to higher uplift rates towards the east of the 

basin due to closer proximity to the uplifting axial ranges and greater sand content may 

account for the more diverse nature of the fauna\ assemblage. 

3.3 Pecten Zones 

A Pecten correlation diagram is included in this section (Figure 3.2) and is a 

combination of work from Fleming (1957) (see Figures 2.1.5 and 2.1.6), Potter (1984), 

Woolfe (I 987) and this thesis. In regards to the Turakina Valley section some 

differences from Fleming's work were found. Fleming based his zoning of l'ectem on 

the occurrence of only one subspecies occurring within each zone. However, the 

occurrence of more than one subspecies (e.g. Tainui Shellbed, Ruakina Formation) per 

zone as observed in both Turakina Valley (this work) and Whangaehu Valley (Woolfe, 
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1987), indicates that the evolutionary progression of the species was more complex than 

Fleming suggests. 

In the Turakina section and other sections across the basm, the base of the Upper 

Marwicki Zone was placed at the base of the Shakespeare Ch ff Sand. The narrow Toi 

Zone placed at the top of Pinnacle Sand in Castlecliff section and just below the 

Onepuhi Shellbeds in Rangitikei Valley was absent in Turakina Val . However, 

Pecten tamui and Peclen Loi were both found · the Tainui Shellbed in Turakina 

Valley and in Whangaehu Valley forming a combined Tainui/Toi Zone. This could 

equally be named the Tainui/Toi/Jacobaeus Zone m Turakina Valley due to the 

presence of a new subspecies which closely resembles the Mediterranean .1acobaeus 

subspecies (Beu pers. comm., 1995). Therefore, three subspecies representing three 

different utionary phases occur the same frame. The base of the 

zone was placed at the base of the Shel (Figure 3.2). 

The base of the Lower Marwicki Zone was positioned at the base of the Seafield Sand 

m the Turakina Valley section due to the occurrence of Pecten marwicki within a 

sheHbed located near the lower contact of this formation. At Castlecliff, base of the 

Lower Marwicki Zone lies mid way within the Seafield Sand and the upper limit of the 

zone lies near the top of the Pinnacle Sand. In Rangitikei Valley the base of the zone 

lies just above the Toms Conglomerate and the upper 

Onepuhi Shellbed (Figure 3.2). 

is near the base of the Lower 

The base of the Kupei Zone in Turakina Valley was placed at the base of the Morgans 

Shellbed in accordance with the occurrence of Pecten kupei within this formation. The 

base of the Kupei Zone at Castlechff was placed at the base of the Kupe Formation and 

in Rangitikei Valley was placed · above the Waiomio SheHbed. At Castlechff the 

upper limit of the zone is positioned mid way within the Seafield Sand and at Rangitikei 

Valley, just above the Toms Conglomerate. 

A narrow zone of Pecten man.vicki was observed just below the Morgans SheUbed 

within the uppermost Ruakina Formation and is assigned to the Waikopiroensis Zone. 
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Some abraded subspecies of Pecten found within this fonnation resembled those found 

within the Upper Westmere Siltstone at Castlecliff and other subspecies found 

resembled Pee/en novae:::.elundiae found within the Waiomio Shellbed in Rangitikei 

Valley, linking the T urakina section to both Castlecliff and Rangitikei sections. The 

occurrence of Pecten within the Ruakina Fonnation marks the FAD for the species in 

Turakina Valley. 

The FAD of Pee/en at Castlecliff occurs within the Upper Westmere Shellbed which 

lies just above the Kaikokopu Shell Grit. In Whangaehu Valley, this shellbed containing 

Pee/en li es some I 0 m above the Kaikokopu Shell Grit and at Rangitikei a coeval 

shellbed lies approximately 15 m above the Kaikokopu Shell Grit. In Turakina Valley, 

the shellbed containing the first appearance of Pee/en species, is located at least 25 m 

above the Kaikokopu Shell Grit due to the anomalously thick TST of this depositional 

sequence. 



• 
!ill . 

' 

Pl 
LJ 

~ . ' 

~ 

Chapter Three Dis cm.\ wn 

Massive sihsronc 

Mut.Jdy fine und with abundant 
fauna (TyJ>• II Shellbcd) 

Sand 

K.aralt• Siltstone 
Upper C.,1lccl1fT Shell be~ 

Shakespeare Cliff :.and 

Shakespeare ChfT S11ts1onc 
Tamu1 Shellbcd 

Pinnacle Sand 
Lower CasilcclifT S1l1.S1onc 
Lower CasuechfT ShCJ1oed 

Sulield Sand 

Upper Ka1-1wi Silu1onc 
Kupe Formauon 

Upper Westmere S11ts1one 

!Uikokopu Shell Gn1 

Cross·brdtJC'd shell conelomcrarc 
(TyJ>< Al Shcll~cd) 

\Vavy and n:ucr~lJrc.hJcd Sl nd 
(F,.ics llE-2) 

LcnticuJar.IJctlcJcd 11nd strc:iky· 
lominnicd >Iii (Facics llE-J, 117,2) 

Castlecliff 

Abbon and Caner 
(1 994) 

100 

0 

Vertical 
Scale 

metres 

Upper Marwicki Zone 

T•inui Zone 

Toi Zone 

D Tainuifroi Zone 

D Lower f\tarwicki Zone 

Page 3-9 

LJ Kupci Zone 

\\'h·angachu 
Valley 

Ab bolt ( 1994) 
Woolfe (1987) 

D \\'aikopirocnsis Zone 

Caud:uum Zone 

- - I ' pc 11 Shcllf>cJ, 

- - -

Turakina 
Va lier 

This 1hesn 

1cW. !t.'' 

- - -

Rangitikei 
Valley 

Abbon ( 199J) 
Polter ( 1984) 

Pryce Shcllbcd 

Ruamahang;:i Conglomc 

Lower Oncpuh1 Shcllbcc 

Toms Shcllbed 

F1ou cs.1 
IU1kokopu Shellbed 
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of Fleming ( 1957), Woolfe ( 1987) and Potter ( 1984). / 'ccten information in the Turakina sectior 

is from this thesis only. 
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3.4 Facies Classification 

The facies classification used in this thesis was based largely on the work of Abbott 

( 1994) in accordance with the sequence stratigraphic interpretation of Carter et al ( 1991) 

and Abbott and Caner ( 1994) for the Wanganui Basin sedimentary cycles. In general, 

most of the facies described at Castlecliff persist across the basin to Rangitikei Valley, 

although in Turakina Valley, some facies were different enough to warrant their 

renaming. This is particularly the case with the Condensed Shellbed Association in 

Turakina Valley where facies have been classified on the basis of the appearance of the 

shellbed rather than different fauna! assemblages. A list of dominant fauna) species 

showing number of shellbed samples each species occurs in, is included in Figure 3.3 

and is summarised from a complete fauna! list of all Type B Shellbed samples presented 

in Appendix E. The fauna! assemblage is similar to that presented from Castlecliff mid

cycle shellbeds but overall indicates deposition in more shallow water conditions (Beu 

pers. comm., 1995). The five most commonly occurring species in Figure 3.3 were also 

commonly noted at Castlecliff The relatively common occurrence of Amalda 

(BQl}'!!>pira) m11cro11a1a. Fe/a11iella :elandica, Glycymeris modes/a, Antisolarium 

ege1111m, Zegalerus te1111is. Myadora striata. Le11coti11a ambigua, Xymene plebeius and 

Xymene p11sil/11s (Figure 3.3) in Turakina Valley Type B Shellbeds is different to 

assemblages from Castlecliff The interpretation of this is not certain at this point. 

After traversing the Castlecliff section twice, I noted Type Al Shellbeds (Facies HE- I) 

there were thinner and not as well expressed in terms of sedimentary structures to those 

observed within the Turakina Valley section. The cause may be due to higher 

sedimentation rates than at Castlecliff, and/or to a steeper paleoshelf, where sediment 

was deposited in deeper water where tides affected sedimentation. The fauna! 

assemblages of these base of cycle shellbeds in Turakina Valley is similar to that 

described for Type A 1 Shellbeds at Castlecliff A list of common occurrence of 

individual species for Type A 1 Shellbeds in Turakina Valley is presented in Figure 3.3 

and was summarised from a complete fauna! list included in Appendix E. The diagrams 

show that many species which commonly occur in Type B Shellbeds are also present in 

the Type Al Shellbeds in Turakina Valley and may suggest that the two environments 
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3.5 Paleoenvironmental Reconstruction 

The sea-level cycles that occurred during the Plio-Pleistocene were subject to a variety 

of influences aside from glacio - eustatic forces. In the Turakina Valley sequence, these 

influences mainly originate from increases in sediment supply into the basin or uplift of 

the Marton Anticline, and shelf geomorphology at the time of deposition. These factors 

are reflected most strongly above wave base in the deposits that represent the 

transgressive systems tracts of the depositional sequences. 

The base of TST's for Depositional Sequences 2, 3, 8, 9, and I 0 are made up of facies 

that represent deposition mainly in the shoreface environment. The dominance of 

shoreface facies at the base of each of these depositional sequences suggests that the 

shelf at those times mai ntained very shallow conditions for quite an extensive distance 

down the shelf Sedimentation was more dominantly affected by longshore drift, as 

indicated by paleocurrent data from the Okehu Shell Grit (Depositional Sequence 3). 

These basal deposits are overlain by facies which represent deposition in slightly deeper 

water in the transition zone between the shoreface and innermost shelf and within the 

innermost shelf environment, in response to a ri sing sea level. 

The basal unit of TST's for Depositional Sequences 4, 5, 6 and 7 is made up of facies 

that represent deposition on the innermost shelf. This dominance of innermost shelf 

facies directly overlying the sequence boundary indicates a steeply sloping shelf where 

the shoreface zone may be very narrow or may not occur at all. Paleocurrent data from 

the Deepdem Conglomerate (Potaka Pumice) member of the Kaimatira Pumice Sand 

and from the Kaikokopu Shell Grit member of the Ruakina Formation, indicate that 

sedimentation was strongly affected by tides during these periods. 

The Kaikokopu Shell Grit was described from many locations within the study area and 

consists of facies representing deposition in both the shoreface and innermost shelf 

environments. These rapid lateral facies changes indicate that the shoreline during this 

event, and perhaps others, was more diverse than the coastline of today. The occurrence 
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of semi enclosed or open bays may have been more common during some periods 

within the Pho-Pleistocene, giving the coastline a more wavy appearance rather than the 

more or less uninterrupted curve that is evident today. 

The formation of tide - dominated deltas, represented by anomalously thick TST's in 

Depositional Sequences 2, 3, 4, 6 and 8 in the Turakina Valley section, was common 

during the Plio-Pleistocene. The formation of a delta during the deposition of the 

Kaimatira Pumice Sand (Depositional Sequence 4) is attributed to a large eruptive event 

from the Taupo Volcanic Zone which increased the sediment supply into the basin 

throughout much of the sea-level cycle. Formation of a delta (represented), during 

deposition of the TST's of Depositional Sequences 2, 3, 6 and 8 is attributed to either 

uplift of the Marton Anticline or to the diversion of a major sediment source into the 

depositional site, which allowed the accumulation of a thick unit of small - scale 

heterolithic facies during a large part of the sea-level cycle. 

3.6 Volcanic Marker Beds 

Volcanic marker beds that occur within the Pho-Pleistocene are becoming increasingly 

well dated (Pillans el ul, 1994 ). Pill ans el al ( 1994) provided an important date for the 

Potaka Pumice of c. l Ma which is older than previously documented. The Potaka 

Pumice is perhaps the most significant and easily recognisable unit in the Wanganui 

Basin sequences, indicating the occurrence of a very large eruptive event. It is seen at 

its thickest in the Rangitikei Valley indicating that the headwaters of the Rangitikei 

River were at that time also in close proximity to the Taupo Volcanic Zone. Although 

the unit is thinner in the Turakina Valley section, the pumice is reworked through 

successive formations (Makuhou Shell Conglomerate, (?) Kaikokopu Shell Grit). The 

Kupe Tephra and Kaukatea Ash were also identified in the Turakina Valley section 

where the Kaukatea Ash was also reworked as pumice in a successive formation (Kupe 

Formation). The procedure for identification of the tephras is included in Appendix A. 
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The Potaka Pumice clearly occurs within the Kaimatira Pumice Sand (Deepdem 

Conglomerate) (samples T16, T31) and was also identified within the Makuhou Shell 

Conglomerate as reworked pumice (sample T40) (Figure 3.4, Appendix A). The 

Kaimatira Pumice Sand formation on Taurimu Road is unusual in that the Potaka 

Pumice member consists of three distinct units: a basal pumice grit (sample T27), a 

central white tephra (sample T28) and an overlying pumiceous conglomerate (sample T 

29). Sample T 29 was similar in chemical composition to the Potaka Pumice but 

samples T27 and T28 were less so. However, when plotted on a ternary diagram 

samples T 27 and T 28 lie in a position consistent with that of the Potaka Pumice 

(Figure 3.4). These units are interpreted to be water transported rather than wind 

transported because of the occurrence of faint bedding structures observed in the fine, 

white tephra and underlying pumiceous grit. 

The Kaukatea Ash was seen as a discrete 0.3 - 0. 7 m ash layer within the upper 

Kaimatira Pumice Sand on the farm at the upper end of Morgans Road. The tephra was 

not sampled due to the inaccessible nature of the outcrop. However, its stratigraphic 

position within the upper unit of the Kaimatira Pumice Sand clearly indicates that it is 

the Kaukatea Ash. 

The Kupe Tephra occurs as a tephric fine sand and pumiceous grit (sample T 10) near 

the base of the Kupe Formation in Turakina Valley. Pumice taken from the basal unit of 

the Kupe Formation at another site (sample T 11) showed a stronger similarity to the 

Kaukatea Ash (Figure 3.4, Appendix A) which was most likely reworked and 

deposited as part of this unit. 

Pumice taken from the Kaikokopu Shell Grit (sample T 39) was not able to be 

identified and may be of mixed population. However, when the normalised data as a 

whole was plotted on a ternary diagram (Figure -3.4), the tephra lies within the 

acceptable range of the Potaka Pumice and may be a reworked form of this tephra. 
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3.7 Summary 

• Ten depositional sequences comprise the Plio-Pleistocene manne sequence in 

Turakina Valley. Deposition was largely controlled by glacio - eustatic changes in 

sea level. 

• Turakina Valley depositional sequences are correlated closely to those at Castlecliff, 

Whangaehu Valley and Rangitikei Valley. 

• The depositional sequences correspond to the Sequence Stratigraphic Model , in that 

sequences can be sub - divided into 3 facies successions (systems tracts) and mid

cycle shellbed, between sequence bounding surfaces. A typical sequence consists of 

transgressive, mid - cycle condensed shellbed and highstand systems tracts. The 

systems tracts are divided by two mid - cycle unconformities; the Local Flooding 

Surface and Downlap Surface. Lowstand sediments are not represented in the 

Wanganui Basin sequence due to wave planation caused by a rising sea level, with 

the exception of one occurrence in Rangitikei Valley. 

• Facies successions in the transgressive systems tract typically start with a basal cross 

- bedded shell conglomerate ( Type A 1 Shellbed ), followed by sediments deposited 

within shoreface - innermost shelf environments (Heterolithic and Sandstone 

Associations). The transgressive systems tract of the depositional sequences in 

Turakina Valley are generally thicker than those at the Castlecliff section and this is 

attributed to increased sediment supply towards the east of the basin. The greater 

sediment supply is attributed to closer proximity to sediment sources to the east 

(axial ranges) and north (Taupo Volcanic Zone). 

• Mid - cycle condensed shellbeds comprise relatively thin, transgressive successions, 

and are made up of facies of the Condensed Shellbed Association. The Mid - cycle 

Condensed Shellbed corresponds to a Type B Shellbed and is formed on the inner 

shelf when sediment supply is negligible. In Turakina Valley the Mid - cycle 
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Condensed Shellbeds were classified on the basis of appearance in terms of 

lithology, fabric and bounding surfaces. In general, the Mid - cycle shellbeds in 

Turakina Valley are thinner and contain shallower water and more diverse fauna 

than those at the Wanganui coast. This is attributed to the greater sedimentation rate 

towards the east of the basin and the sandier nature of Type B Shellbeds. 

• The mid - cycle unconformities bounding the base and top of Mid - cycle Condensed 

Shellbed successions (LFS and DLS) are both transgressive surfaces. Local Flooding 

Surfaces form by omission of terrigenous sediment and submarine erosion, at the 

distal Transgressive Systems Tract. The Dovvnlap Surface marks the point of 

reactivation of sedimentation due to an enlarging depocentre as the sea nears its 

point of maximum flooding. 

• The Highstand Systems Tracts are represented by relatively thick accumulations of 

siltstone. Successions are incomplete and truncated by the sequence - bounding 

ravinement surfaces. In Turakina Valley, the HST of depositional sequences are up 

to 5 - fold thicker than those at Castlecliff reflecting increased sediment supply and 

increased subsidence rates towards the east of the basin. 

• The identification of Peet en zones by Fleming ( 1957) has aided to some extent in 

determining the identity of Mid - cycle shellbeds in Turakina Valley. The Pecten 

subspecies appear more diverse in Turakina Valley than Fleming's initial 

interpretation, perhaps indicating a more complex zoning than previously thought. 

• Evidence of uplift of the Marton Anticline during the Pho-Pleistocene may be seen 

within at least four of the depositional sequences (2, 3, 6 and 8) in Turakina Valley. 

TST's are anomalously thick and made up largely of small - scale heterolithic facies, 

indicating that uplift balanced sea-level rise, maintaining shallow conditions. 

Deposition of these facies most likely occurred along the upper flank of the anticline 

where uplift was more pronounced. An alternative interpretation is that a major 

sediment source was diverted to this part of the basin during certain periods. In 
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response to this, the HS T's of these depositional sequences tend to be relatively thin 

compared to other depositional sequences in the Turakina Valley section and the 

other sections across the basin with the exception of the Rangitikei valley section 

which is dominated by shallow water facies for different reasons. 

• Sedimentation on the paleoshelf was subject to a variety of influences other than 

nuctuating sea-level. Shifting sediment supply and/or upl ift of the Marton Anticline 

in Turakina Valley, and the geomorphology of the shelf at the time of deposition, 

also affected sedimentation. 

• Rapid facies changes observed in the Kaikokopu Shell Grit in Turakina Valley may 

indicate that the paleocoastline during this, and possibly other events during the Plio

Pleistocene, was much more diverse than that of today. 

• Volcanic marker beds, particularly the Potaka Pumice, provide good age constraints 

for the Wanganui Basin sequence. 
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Appendix A - Tephra Analysis 

Procedure 

Small samples of airfall tephra and crushed pumice clasts (sieved to 250-63 microns 

brrain size) were separated into ma!:,.rnetic and non-magnetic fractions using the Franz 

Magnetic Separator. The sample of non-mat,rnetic minerals containing predominantly 

volcanic glass, was mounted on a slide. Once ground to an appropriate thickness, the 

slide was polished to produce a smooth surface. At least 9 glass shards from each 

sample were chemically analysed using the JEOL JXA - 733 Electron Microprobe 

housed in the Geo logy Department at Victoria Uni\'ersity, Wellington. Nine elements 

were chosen for the chemical analysis; Si02. Ti02, Al203, FeO, MgO, CaO, Na20, 

K20, Cl. A 20 micron beam diameter and 80nA beam current were used for all 

analyses. All microprobe data was normalised and compared with chemical analyses of 

other known tephras which were analysed using the same microprobe settings. 

Some samples (e.g. T 39, T 40) showed mixed populations of pumice. Like-values of 

FeO and CaO were b'Touped, meaned and again chemically compared to other, known 

tephras. Microprobe data, normalised data and similarity coefficients for each tephra 

sample are presented in this appendix. 

Known Tepbras used for comparisons 

Kupec Kupe Tephra 0.45+/- 0.009 Ma (Pillans el al 1994) 

KaukateaC Kaukatea Ash 0.57+/- 0.08 Ma (Pillans et al 1994) 

PotakaD Potaka Pumice 1.05+/- 0 .05 Ma (Pillans et al 1994) 

RewaE RewaPumice 0.74+/- 0.09 Ma (Pillans et al 1994) 

MangapipiC Mangapipi Ash 0.88+/- 0.13 Ma (Pillans el al 1994) 

PakikihuraE Pakikihura Pumice 1.63+/- 0.15 Ma (Pillans et al 1994) 

MangahouE Mangahou Ash 1.26+/- 0.17 Ma (Pillans et al 1994) 



P:l!!C . \ -:'. 

"ephr•: T 10 

lescription: pumiceOt.1s grit (Kupe Formation) 

lrid Reference: S: 522/064314 

licroprobe Data 

10 2 3 4 6 6 7 8 9 10 11 12 13 14 

.102 74.02 73.71 n .89 71 .55 72.46 72.50 73.73 n .'3 73.05 71 .12 n .96 n.30 73.63 74.15 
i02 0.16 0 .16 0 .13 0.20 0.21 0.16 0.12 0.09 0.16 0.16 0 .11 021 0 .15 0.12 
\1203 12.14 11 .93 11.12 11 .76 11 .79 11 .67 11 .60 11 .n 1226 11 .70 11.95 11 .60 11 .62 11.37 
eO 1.30 1.24 1.07 1.11 1.54 1.45 1.18 1.36 125 1.14 126 1.50 1.14 1.09 
lgO 0.17 0 .07 0 .14 0.11 0.09 0.13 0.08 0 .13 0.12 0.14 0.11 0.13 0 .09 0.10 
. .o 0.96 0 .69 0 .60 0.87 0.87 0.89 0.69 0 .83 0.99 0.73 0.65 0 .95 0 .73 o.se 
141120 3.97 3.91 3.61 3.'3 3.81 3.98 '4.00 3.73 4.10 3.61 3 .M 3.66 3.83 3.58 
.20 3.58 3 .94 3.55 4.12 3.54 3.50 3.92 3.46 3.'42 3.60 3.63 3.39 3.83 3.78 
·1 0.1'4 0 .15 0.17 0 .14 0.10 0.13 0.14 0.14 0.11 0.15 0.1'4 0.13 0.15 0.18 
otal 96."'3 95.79 93.29 93.28 94.40 94.40 95.46 93.89 95.'8 92.53 94.M SM.08 95.16 94.98 

-malised Data 
Mean 

I02 76.76 76.95 78.13 76.70 76.76 76.80 77.24 77.U 76.51 76.86 76.93 76.85 77.38 78.07 77.08 
i02 0.17 0 .17 0 .14 0.21 0.22 0.17 0.12 0.10 0.16 0.17 0 .11 022 0 .15 0.12 0.16 
1203 12.59 12.45 11 .92 12.60 12.49 12.36 12.15 12.48 12.86 12.64 12.60 12.33 12.22 11 .97 12.40 
eO 1.35 1.30 1.15 1.19 1.63 1.54 1.24 1.45 1.31 1.23 1.32 1.59 1.20 1.14 1.33 
lgO 0.18 0.08 0.15 0.12 0.09 0.13 0.09 0.14 0.13 0.15 0.11 0.14 0 .09 0.10 0.12 
aO 0.99 0 .72 0 .65 0.93 0.92 0.94 o.n 0.89 1.04 0.79 0.90 1.01 0.76 0.69 0.85 
a20 4.11 4 .08 3.87 3.67 '4.04 422 4.19 3.97 4.30 4.12 4.05 4.12 4 .03 3.76 4.04 
20 3.71 4 .11 3 .81 4.'41 3.75 3.70 '4.11 3.68 3.59 3.89 3.83 3.61 4.02 3.96 3.87 
I 0.14 0 .15 0.18 0.15 0.10 0.14 0.15 0.15 0.12 0.16 0.15 0.14 0.15 0.17 0.15 
otal 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 

imilarity Coefficients 

upeC tt.ululte..C PotakaO RewaE T11 

939 0.859 0 .869 0.841 0 .927 

'eans of normalised data were run again•t normalised data from Pillans et •I (1994) 



P:ige .\-3 

ephra: T11 

escription: pumice in sand (Kupe Formation) 

rid Reference: 5221061311 

licroprobe Data 

11 1 2 3 4 5 6 7 8 9 

i02 71 .20 72.80 73.81 71 .72 72.02 73.26 72.77 73.69 72.40 
i02 0.22 0.09 0.21 0.13 0.21 0.21 0.11 0 .10 0.12 
1203 12.72 11.47 11.61 12.46 12.32 12.20 11 .95 11.45 12.54 
~o 1.86 1.24 1.15 1.47 1.40 1.42 1.15 1.17 1.70 
gO 0 .23 0.14 0.11 0.17 0.13 0.13 0.15 0 .05 0.14 
aO 1.28 0.84 0.79 1.13 1.08 0.89 0.92 0.69 1.10 
a20 4 .35 3.72 3.64 4.37 4.24 3.91 3.88 3.21 4.51 
20 2.91 3.51 3.76 3.22 3.20 3.48 3.58 4.34 3.27 

0. 13 0.17 0.10 0.13 0.11 0.18 0.12 0.16 0.14 
>tal 94.89 93.97 95.18 94.80 94.72 95.67 94 .63 94.86 95.91 

:>rmalised Data 
Mean 

02 75.03 77.48 77.55 75.66 76.04 76.58 76.90 77.69 75.48 76.44 
02 0.23 0.09 0.22 0.14 0.23 0.22 0.11 0.10 0.13 0.17 
·203 13.41 12.20 12.20 13.15 13.00 12.76 12.63 12.07 13.08 12.77 
!O 1.96 1.32 1.20 1.55 1.48 1.48 1.21 1.23 1.77 1.45 
gO 0.24 0.14 0.12 0.18 0.13 0.13 0.16 0.06 0.14 0.16 
.JO 1.35 0.89 0.83 1.19 1.14 0.93 0.98 0.73 1.14 1.06 
120 4.58 3.96 3.82 4.61 4.48 4.09 4.10 3.38 4.71 4.26 
20 3.06 3.74 3.95 3.39 3.38 3.63 3.79 4.57 3.41 3.55 

0.13 0.18 0.10 0.14 0.12 0.19 0.13 0.17 0.15 0.13 
>tal 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 

milarity Coefficients 

Kupec •KaukateaC •potakaD •RewaE T10 

0.889 0 .928 0.813 0.905 0.927 

formalised data from Pillans et al 1994 



.-lppendn . l I e,nhru .-l11ulrs1.1 

ephra: T 16 

-escrtptlon: Pumlceous sand (Oeepdem Conglomerate member of the KalmaUra Pumice Sand) 

rid Reference: 8221092309 

.lcroprobe Data 

18 1 2 3 4 5 6 7 I 9 10 

102 74.14 74.13 73.31 75.01 75.07 74.15 75.63 75.00 75.04 75.65 
.02 0.15 0.13 0.14 0 .06 0.08 0.16 0.08 0 .07 0.07 0.11 
1203 12.05 12.18 12.20 11.73 12.47 12.03 12.19 12.71 11.83 11 .98 
!O 1.27 0.90 0.97 0 .87 1.04 0.90 0.93 1.24 0.91 0 .96 
gO 0.12 0.13 0.08 0.13 0.07 0.07 0.14 0.18 0.17 0.12 
ao 1.04 0.85 0.89 0 .68 0.75 0.66 0.80 1.13 0.70 0.81 
a20 3.60 3.67 3.52 3 .71 3.65 3.51 3.68 3.46 3.58 3.62 
20 3.64 3 .92 3.76 4.26 4.25 3.95 3.97 4.00 4.12 3.85 

0 .12 0.15 0 .15 0 .20 0.16 0.14 0.12 0.16 0.16 0.15 
>tal 96.33 96.04 95.02 96.64 97.53 95.57 97.52 97.95 96.57 97.23 

,,-mallsed Data 
Mean 

·02 76.97 77.19 77.15 77.61 76.97 77.59 77.55 76.57 77.70 77.81 77.31 
02 0.16 0.13 0 .14 0.06 0.08 0.17 0.09 0.08 0.07 0.11 0.11 
203 12.51 12.68 12.64 12.14 12.79 12.58 12.50 12.98 12.25 12.32 12.56 
!O 1.31 0.94 1.02 0 .90 1.07 0.94 0.95 1.27 0.94 0.99 1.03 
gO 0.12 0 .14 0.08 0 .13 0 .07 0.07 0.14 0.19 0.18 0.12 0.12 
aO 1.08 0.88 0 .94 0 .70 0.77 0.69 0.82 1.15 0.72 0.83 0.86 
120 3.73 3.82 3.71 3.64 3.74 3.68 3.77 3.53 3.71 3.72 3.72 
20 3.99 4.08 3.95 4 .41 4.35 4.13 4.07 4.08 4.27 3.96 4.13 
I 0.12 0.15 0.16 0 .20 0.16 0.14 0.12 0.16 0 .16 0.15 0.15 
>tal 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 

.mllarlty Coefficients 

CupeC KaukateaC PotakaD RewaE 

0.904 0.794 0.939 0 .773 

,rmallsed mean run against normalised data from Plllans et al, (1994). 



Tephra: T 27 

DescrtptJon: basal lapllll layer of alrfall tephra (Kalmatlra Pumice Sand) 

Grid Reference: $22/147366 

Mlcroprobe Data 

T27 1 2 3 4 5 6 7 a 9 10 

5102 74.97 74.37 75.44 74.86 73.53 75.50 73.88 74.46 72.97 74.71 
TI02 0.16 0.17 0.10 0.07 0.16 0.13 0.14 0.22 0.16 0.19 
Al203 11 .76 11 .76 12.23 11 .68 11 .97 11.93 11.81 11 .50 12.62 12.06 
FeO 1.10 1.03 1.12 0.91 1.14 1.17 1.26 0.97 1.87 1.04 
MgO 0.25 0.21 O.Q1 0.10 0.25 0.17 0.22 0.19 0.27 0.15 
Cao 0.93 0.94 0.73 0.69 1.02 0.94 1.06 0.86 0.98 0.98 
Na20 3 .47 3.54 3.69 3.72 3.73 3.70 2.95 3.19 3.69 3.47 
1<20 3.79 3.66 3.73 3.99 3.71 3.66 4.23 3.94 3.87 3.52 
Cl 0.14 0.12 0.13 0.14 0.13 0.12 0.11 0.12 0.08 0.16 
Total 96.56 95.79 97.16 96.15 95.63 97.32 95.66 95.45 96.52 96.28 

Normalised Cata 
Mean 

5102 n .64 n .63 n.ss n .86 76.88 n .ss n.23 78.01 75.60 n .so n .37 
TI02 0.17 0.17 0.10 0.07 0.17 0.14 0.15 0.23 0.17 0.19 0.16 
Al203 12.17 12.27 12.59 12.14 12.52 12.26 12.34 12.04 13.08 12.53 12.39 
FeO 1.14 1.08 1.15 0.95 1.19 1.20 1.32 1.02 1.94 1.08 1.21 
MgO 0.26 0.22 0.01 0.10 0.26 0.18 0.23 0.20 0.28 0.15 0.19 
cao 0 .96 0.99 0.75 0.71 1.07 0.96 1.11 0.90 1.02 1.02 0.95 
Na20 3.59 3.69 3.79 3.87 3.90 3.80 3.08 3.34 3.82 3.60 3.65 
1<20 3.93 3.82 3.84 4.15 3.88 3.76 4.42 4.13 4.01 3.66 3.96 
Cl 0.14 0.12 0.13 0.14 0.13 0.13 0.11 0.13 0.08 0.16 0.13 
Total 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 

Similarity Coefficients 

KupeC 'KaukateaC 'PotakaD 'RewaE 'MangaplplC 'PaklhlkuraE 

0.900 0.859 0.854 0.84 0 .819 0.834 

'MangahouE T 10 T 16 T29 

0.853 0.914 0.875 0.875 

·Normalised data from Plllans et al (1994). 



. 1rre11d1x . ·~ frphra .- lna~i·s 1s Page .\-b 

Tephra: T28 

Description: white ash (probably not airfall) (Kaimatira Pumice Sand) 

Grid Reference: 5221147366 

Microprobe Data 

T28 1 2 3 4 5 6 7 8 9 10 

Si02 75.51 76.63 72.27 74.08 73.55 75.19 74.67 75.00 74.21 74.57 
TI02 0.18 0.14 0.09 0.11 0.16 0.16 0.18 0.05 0.13 0.10 
Al203 11 .92 12.24 11.56 11 .88 11 .90 11 .80 11.45 11.71 11.87 11 .91 
FeO 1.29 1.39 1.08 1.14 0.88 1.23 1.10 1.14 0.93 1.04 
MgO 0.17 0.17 0.18 0.11 0.25 0.16 0.07 0.35 0.01 0.32 
Cao 0.90 0.83 0.88 0.77 0.71 0.92 1.02 0.72 0.78 0.84 
Na20 3.31 3.29 3.02 3.15 2.37 3.02 3.29 2.36 2.54 2.89 
K20 3.34 3.56 3.52 3.41 5.16 3.18 3.31 3.65 3.62 3.78 
Cl 0.25 0.24 0.25 0.26 0.14 0.25 0.27 0.24 0.20 0.29 
Total 96.88 98.48 92.86 94.91 95.11 95.90 95.36 95.22 94.28 95.74 

Normalised Data 
Mean 

Si02 77.94 77.82 77.83 78.05 77.32 78.40 78.30 78.76 78.71 77.88 78.10 
Ti02 0.19 0.14 0.09 0.12 0.17 0.17 0.19 0.06 0.14 0.10 0.14 
Al203 12.31 12.43 12.45 12.51 12.51 12.30 12.01 12.30 12.59 12.43 12.38 
FeO 1.33 1.41 1.17 1.20 0.93 1.28 1.15 1.20 0.99 1.09 1.17 
MgO 0.17 0.17 0.19 0.11 0.26 0.16 0.08 0.37 0.01 0.34 0.19 
Cao 0.93 0.85 0.95 0.81 0.74 0.96 1.07 0.76 0.83 0.87 0.88 
Na20 3.41 3.34 3.25 3.32 2.49 3.15 3.45 2.47 2.69 3.02 3.06 
K20 3.45 3.61 3.79 3.59 5.43 3.31 3.47 3.84 3.84 3.95 3.83 
Cl 0.26 0.25 0.27 0.28 0.15 0.26 0.28 0.25 0.22 0.31 0.25 
Total 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 

Similarity Coefficients 

#Kupe #Kauk. c #Polak. #Rewa T10 T16 T27 T29 T30 T31 T38 

0.897 0.821 0.859 0.802 0.886 0.875 0.945 0.874 0.866 0.868 0.846 

#Normalised data from Plllans et al (1994) 
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Tephra: T 29 

Description: rewori<ed pumice in a.and (Kaimatira Pumice Sand) 

Grid Reference: $221147366 

Microprobe Data 

T29 2 3 4 6 6 7 8 9 10 11 

Si02 75.20 74.53 73.96 74.60 74.n 75.68 74.20 76.05 74.74 74.49 74.59 
r.02 0.05 0 .18 0 .22 0 .08 0.03 0 .14 0.14 0.02 0.09 0 .18 0 .00 
Al203 11 .96 12.19 12.17 11 .71 11 .76 11 .96 12.10 11.90 11 .67 11 .62 12.03 
F.O 1.05 1.04 0 .98 0 .92 0.82 o.n 0.28 0.98 0.96 1.18 1.02 
MgO 0.10 0 .24 0 .17 0 .04 0.14 0 .29 0 .08 0.22 0.01 0 .21 0 .11 
CaO 0.61 1.06 1.02 0 .63 0.65 0 .68 0.89 0.64 0.64 0 .87 0 .72 
Na20 3.66 3.60 3 .67 3.61 3.75 3 .68 2.89 3.68 3.22 3.66 3 .70 
K20 4.33 3.n 3.60 4.23 4.03 4.30 4.42 4.39 4.69 3 .62 3 .95 
Cl 0.13 0.15 0.13 0 .10 0.14 0 .16 0.12 0.13 0.13 0 .12 0 .12 
Total 97.08 96.75 95.91 95.92 96.05 97.66 95.12 98.01 96.15 95.95 96.24 

Normalised Data 
Mean 

Si02 n . ..o n .o3 n .1 1 n .n n .ao n .so 78.00 n .60 n .73 n .f>.4 n .51 n .ss 
r.02 0 .06 0.18 0 .23 0 .08 0.03 0 .15 0 .15 0 .02 0.09 0 .18 0.00 0 .11 
Al203 12.32 12.60 12.69 12.21 12.24 12.24 12.72 12.14 12.14 12.11 12.50 12.36 
FeO 1.08 1.08 1.02 0 .96 0.85 0 .78 0 .30 1.00 0.99 1.23 1.06 0 .94 
MgO 0 .10 0.25 0 .18 0 .05 0.15 0 .30 0 .09 0 .22 0.01 0 .22 0.12 0 .15 
Cao 0 .63 1.10 1.06 0 .65 0 .68 0 .70 0 .93 0.65 0.66 0.90 0.75 0 .79 
Na20 3 .76 3.72 3 .82 3.76 3.90 3.n 3 .04 3 .75 3.35 3 .82 3.8"4 3.69 
K20 4.40 3.89 3 .75 4.41 4.20 4.40 4.65 4.47 4.88 3 .n 4.11 4.27 
Cl 0 .13 0.16 0.13 0 .10 0 .15 0 .16 0 .13 0 .13 0 .13 0 .12 0.13 0.13 
Total 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 

Similarity Coefficients 

KupeC •potakaO ·RewaE ·MangapipiC 'PakikihuraE 

0.862 0.699 o.n8 0.768 0 .835 

T 10 T 11 T30 T 31 T38 

0.761 0 .946 0 .945 0 .923 0 .907 

• Normalised data from Pitlans et al (1994). 
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Tephra: T 31 

Description: pumlceous sand (Kalmatlra Pumice S.nd) 

Grid Reference: 5221153356 

Mlcroprobe Data 

T31 1 2 3 4 5 6 7 • 9 10 

SI02 74.38 74.64 73.90 74.20 n .11 73.07 74.42 74.10 n .ss 73.26 
TI02 0.04 0.15 0.17 0.09 0.16 0.12 0.12 0.1 2 0.15 0.09 
Al203 11.75 11 .60 12.08 11 .92 12.14 11.78 12.01 11 .88 11 .07 11 .52 
FeO 0 .65 0.43 0.98 0.89 1.47 0.66 1.18 0.99 0.97 0.25 
MgO 0 .08 0.09 0.11 0.08 0.11 0.12 0.15 0.08 0.06 0.12 
cao 0 .94 0.89 0.85 0.99 1.01 0.93 0 .92 0.66 0.73 0.07 
Na20 3.63 3.55 3.46 3.22 4.25 3.62 3.63 3.n 3.21 3.51 
K20 4.09 3.87 3.86 4.66 3.58 3.57 3.85 3.70 4.74 4.80 
Cl 0.22 0.23 0.21 0.28 0.16 0.''ZT 0.30 0.26 0.31 0.28 
Total 95.79 95.44 95.63 96.32 94.99 94.74 96.56 95.50 94.40 94.48 

Nonrnallsed Data 
Mun 

SI02 n .65 78.21 n.28 n .04 75.92 n .76 n .01 n .59 76.85 n.54 nZJ 
TI02 0.04 0.16 0.18 0.09 0.17 0.13 0.12 0.12 0.16 0.09 0.13 
Al203 12.27 12.15 12.63 12.38 12.78 12.43 12.44 12.44 12.36 12.19 12.41 
FeO 0.68 0.45 1.02 0.92 1.55 0.70 1.22 1.04 1.02 0.26 0.89 
MgO 0.08 0.09 0.11 0.08 0.11 0.13 0.15 0.08 0.08 0.13 0.11 
Ca<> 0.98 0.93 0.89 1.03 1.06 0.98 0.95 0 .69 o.n 0.71 0.90 
Na20 3.79 3.n 3.62 3.34 4.47 3.82 3.76 3.89 3.40 3.71 3.75 
K20 4.27 4.05 4.04 4.83 3.n 3.n 3.98 3.87 5.02 5.08 4.'ZT 
Cl 0.23 0.24 0.22 0.29 0.17 0.28 0.31 O.'ZT 0.33 0.29 0.26 
Total 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 

Slmllartty coemclents 

' PotakaD ' RewaE 'MangaplplC ·paklklhuraE T 16 T29 T30 

0.910 o.n1 0.791 0.852 0.941 0.923 0.924 

• Normalised data from Plllans et al (1994). 
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Tephra: T 39 

Description: pumice in sandy shell grit (Kaikokopu Shell Grit) 

Grid Reference: S22/077319 

Microprobe Data 

T39 2 3 4 5 6 7 8 9 10 11 

SI02 76.32 74.65 75.09 73.24 75.41 74.91 75.64 74.17 74.54 n .25 74.37 
rt02 0 .08 0 .24 0.11 0.19 0 .13 0.21 0.24 0 .22 0 .15 0.28 0.18 
A1203 11 .88 12.49 12.55 12.38 11 .79 12.05 12.35 11 .76 12.06 12.28 11 .83 
FeO 1.12 0 .72 1.17 0.93 0.99 0.55 1.04 1.08 0.95 1.62 0 .97 
MgO 0 .07 0 .06 0 .17 0.05 0.18 0.14 0 .32 0.10 0.20 0 .23 0 .03 
Cao 0 .74 0 .58 0 .71 o.n 0 .75 1.00 0 .91 0 .95 0.69 1.00 0 .75 
Na20 3.75 3.15 3 .59 3.71 3.87 3.66 3.70 3.74 3.53 4 .35 3 .58 
K20 3.97 4.73 4.07 3.97 4.20 3 .81 3.74 3.42 4.27 3 .26 4.17 
Cl 0 .14 0.14 0.14 0.1 2 0 .11 0.10 0 .14 0 .15 0.13 0 .12 0 .15 
Total 98.08 96.76 97.60 95.35 97.43 96.42 98.07 95.58 96.50 95.39 96.03 

Normalised Data 

x l x y JI z y y x z x Mean 
Si02 n .81 n .15 76.93 76.81 n .40 n .69 n .13 n .60 n .24 75.74 n .45 n .18 
TI02 0.08 0.24 0.12 0 .20 0.14 0.21 0.24 0 .23 0 .15 0 .29 0.19 0 .19 
Al203 12.12 12.91 12.86 12.99 12.10 12.50 12.59 12.31 12.50 12.87 12.31 12.55 
FeO 1.14 0.74 1.20 0.97 1.02 0.57 1.06 1.13 0 .98 1.70 1.00 1.05 
MgO 0.07 0.06 0.18 0 .06 0.19 0.14 0.32 0 .10 0 .20 0.24 0.03 0.14 
Cao 0.76 0.60 0.73 0.80 o.n 1.03 0.92 0.99 0.71 1.05 0.79 0.83 
Na20 3.82 3.26 3.67 3.89 3.97 3.80 3.n 3 .91 3.66 4 .56 3.73 3 .82 
1<20 4.05 4.89 4.17 4.17 4.31 3.95 3.82 3.58 4.43 3.42 4.34 4.10 
Cl 0 .14 0.15 0.15 0.12 0.12 0.10 0.15 0 .16 0.13 0.13 0.16 0 .14 
Total 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 

Similarity coefficients 

KupeC ' KaukateaC 'PotakaO 'RewaE ' MangapipiC "PakikihuraE "Mangahou TIS T 10 

All 0 .883 0.857 0.872 0.833 0.839 0.806 0.762 0 .906 0 .918 
x 0.902 0.800 0.900 0.783 0.804 0.836 0.762 0.942 0 .907 
y 0.876 0.907 0.847 0 .849 0.825 0 .799 0.845 0.879 0 .891 
z 0.855 0.874 0.847 0 .820 0.810 0.782 0.814 0.866 o.8n 

T 11 T 16 T27 T 29 T30 T31 T38 T39 T39x T 39y 

All 0 .886 0 .918 0 .903 0 .908 0.921 0.896 0.892 
x 0.858 0 .943 0 .883 0.939 0.949 0.938 0.942 0.929 
y 0.891 0 .883 0.911 0 .879 0.884 0.871 0.853 0.947 0 .883 
z 0 .875 0.888 0.884 0 .892 0.888 0.878 0.851 0.943 0.883 0 .959 

·Normalised data from Pillans et al (1994). 
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Tephra: T 40 

Description: pumice In shell conglomerate (Makuhou Shell Conglomerate) 

Grid Reference: 522/092312 

Microprobe Data 

T40 2 3 4 !5 • 7 8 • 10 11 

SI02 74.14 n .95 75.06 75.68 74.32 n.91 75.46 75.89 75.63 76.34 74.97 
TI02 0.15 0.21 0.17 0 .15 0 .15 0 .10 0.15 0.19 0 .13 0 .13 0 .17 
Al203 12.06 12.79 11 .98 11 .93 11 .74 11 .74 11 .97 12.01 12.06 11 .88 11 .88 
FeO 0.90 1.93 0.91 1.17 1.14 0 .86 1.00 0.90 1.17 1.25 1.25 
MgO 0.09 0.20 1.13 0.12 0 .15 0 .11 0.19 0.18 0 .12 0 .06 0.13 
CaO 0.71 0.96 0.79 0 .82 0.94 0.79 0.85 0.73 1.01 0 .94 0 .93 
Na20 3.78 4.22 3.74 3.63 3 .59 3.49 3.56 3.67 3 .n 3.56 3 .86 
K20 3.n 3.26 3.92 4.15 3.63 4.12 3.75 4.05 3 .84 3.84 3.62 
Cl 0 .16 0 .13 0.16 0.15 0.13 0.14 0.15 0.13 0 .13 0 .14 0.13 
Tout 95.75 96.63 97.86 97.81 95.77 94.2-' 97.08 97.7.( 97.85 98.13 96.91 

Normalised Oaui 

x x y y x y x y y y Me<1n 
5102 n.43 75.49 76.70 77.37 77.61 77.36 77.73 n .ss n.29 n.79 n .35 n.25 
Ti02 0.15 0 .22 0.17 0 .16 0.15 0.11 0.15 0.19 0.13 0.13 0 .17 0.16 
Al203 12.59 13.23 12.24 12.20 12.25 12.45 12.33 12.29 12.33 12.10 12.26 12.39 
FeO 0.94 2.00 0.93 1.19 1.19 0 .91 1.03 0.92 1.20 1.27 1.29 1.17 
Mg() 0.09 0.21 1.15 0 .13 0.15 0 .11 0.20 0.18 0 .13 0 .07 0 .13 0.23 
CaO 0.74 0 .99 0.81 0 .84 0.98 0 .84 0.88 0.75 1.03 0 .96 0.96 0.89 
Na20 3.95 4.37 3.82 3 .71 3.75 3.70 3.67 3.75 3.85 3.63 3.98 3.83 
K20 3.94 3 .37 4.01 4.24 3.79 4.37 3.86 4.14 3 .92 3.91 3.73 3 .93 
Ct 0.16 0.13 0 .16 0 .15 0.14 0 .15 0.15 0.13 0.13 0 .14 0.13 0 .14 
Total 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 

Similarity Coefficients 

KupeC ' Kauk.C ' PoUlkaO ' Rewaf T 10 T 16 T27 T29 T39x T39y T "° T .Wx 

All 0 .837 0 .849 0.820 0.911 0.871 o.gsg 0 .8&4 
x 0.828 0 .766 0.815 0.754 0 .852 0 .846 0 .876 0.873 0 .867 0.849 0.903 
y 0 .945 0 .850 0.886 0.831 0 .946 0 .917 0 .943 0 .889 0.932 0 .906 0 .923 0 .851 

· Normalised daUI from Plllans et al (1994). 
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Appendix B - Grain Size Analysis 

Procedure 

Sand samples were dried and sieved mostly through l mm - 0.063 mm (0 - 4.0 phi) 

s ieves at 0.25 phi intervals. The Wentworth grade scale for grain size interpretation is 

included below. Each fract ion was we ighed and recorded in grams. For each sample, 

the weight% and cumulative weight% were calculated. A graph of phi values (0 - 4.0 

phi ) versus cumulative weight % was plotted for each sample to obtain phi values 

needed for statistical analysis. This data is included in this appendix, along with a 

stati stical summary. 

mm 
boulder 

256·-·················· · - 8 ....... ...................... .......... . 
cobble 

54 ..... .. ............. -6 .. ... .... ....................... ... . 
vary coarse pebble 

32 ..................... - 5 ...... ............. .............. . 
coarse pebble 

16····· ············· -4 ................. ······ ·· . ...... . 
medium pebble 

8 - · ················ -3 .................................... .. . 
tine pebble 

GRAVEL/ 

CONGLOMERATE 

{ 

4 ... ............ .. - 2 .......... ...... ........ . ~~-~~","l~e pebble(= Qronule) 

GRIT 2 ·············· ..... - 1 ·· ········ ·· · ····· ········· · · ...... ------::-------
very coarse sand 

I ··-······················O··········································-
coar!ia sand 

0.5 ····················· 1 ··············· ··· .. ···· ······ ··· ·· ······ 
.-SAND(STONE) 

medium sand 
0.25 ··············· 2 ············· ·························· 

fine sand 
0.125 ..... ......... 3 ............. ........ .... ........ . -

very tine sand 

0.0625 ........ .. 4 ···· ·· ············ ············· ······ ----------1 
0 .004 ............. 8 ······· ................... :ii~;···-· ------:-:-Ty_<~_STT-:-:-~) (~~~El 

Wentworth Grade Scale from Andrews (1982). 

Equations for Statistical Analysis 

Median = phi 50 % 
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Mean = phi 16 % + phi 50 % + phi 84 % 

3 

Standard Deviation = phi 84 % - phi 16 % + phi 95 % - phi 5 % 

4 6.6 

Interpretation 

Standard deviation and sorting: 

Standard deviation values Description 

< 0.355 very we! I sorted 

0.355 - 0 .5 well sorted 

0.5 - 0 .71 moderately well sorted 

0.71 - 1.0 moderately sorted 

1.0 - 2.0 poorly sorted 

2.0 - 4.0 very poorly sorted 

> 4.0 extremely poorly sorted 

Page B-2 



Sample Grid Dominant Grain Size 

Number Reference 
mm Phi 5% 

s 17 S23/027292 0.212 - 0.300 2.25 - l.75 1.00 

s 22 S22/062315 < 0.063 - 0.075 > 4.00 - 3.74 3.050 

S25 S22/072306 0.150 - 0.212 2.75 - 2.25 1.850 

S27 S22/069316 0.075 - 0.106 3.74 - 3.24 2.650 

S30 S22/092312 0.125 - 0.150 3.00 - 2.75 2.40 

S34 S22/118324 0.063 - < 0.063 < 4.00 - 4.00 3.30 

S35 S22/129322 0.355 - 0.500 1.50 - 1.00 0.625 

S36 S22/129322 0.125 - 0.180 2.75 - 2.4 7 2.050 

s 41 S22/156354 0.125-0.150 3.00 - 2.75 2.10 

S43 S22/09232 l 0.075 - 0.090 3.74 - 3.47 1.40 

S46 S22/147366 1.00 - 2.00 0 - -0.25 < O 

S51 S23/062301 0.075 - 0.106 3.74 - 3.24 2.350 

S54 S23/052287 0.106 - 0.125 3.24 - 3.00 2.20 

Cumulative Weight Percent (Phi values from graph) 

16 % 25% 50 % 75 % 84 % 

1.350 1.525 1.850 2.20 2.375 

3.550 3.750 > 4.0 > 4.0 > 4.0 

2.075 2.150 2.425 2.750 2.875 

3.075 3.150 3.40 3.725 3.875 

2.550 2.625 2.775 2.950 3.025 

3.650 3.750 > 4.0 > 4.0 > 4.0 

0.80 0.925 1.125 1.40 1.650 

2.225 2.375 2.650 2.925 3.00 

2.40 2.525 2.70 2.925 3.075 

2.30 2.825 3.50 > 4.0 > 4.0 

< O < O 1.60 2.050 2.250 

2.950 3.125 3.40 3.675 3.850 

2.60 2.750 3.025 3.325 3.50 

95 % 

2.775 

> 4.0 

3.350 

4.10 

3.30 

> 4.0 

2.70 

3.40 

3.450 

> 4.0 

3.050 

4.050 

> 4.0 

:i,. 
:g 

Cl> ::s 
i::i... 
><· 
i::I:: 

CJ 
~ 
~ -

V:l 
N 
Cl> 

:i,. 
::s 
t::i 
~ 
"' :;;· 

""O 

~ 
t:O 
I 

w 

' 



Sample Grid 
Number Reference 

s 17 S23/027292 

822 S22/062315 

S2S S22/072306 

827 S22/069316 

S30 S22/092312 

S34 S22/118324 

S3S S22/129322 

836 S22/129322 

8 41 S22/156354 

843 S22/092321 

846 S22/147366 

s 51 S23/062301 

SS4 S23/052287 

Statistical Summary 

Median Mean Std. Dev. 

1.85 1.86 0.52 

-- -- --
2.42 2.46 0.43 

3.40 3.45 0.42 

2.775 2.78 0.25 

-- -- --
1.125 1.19 0.53 

2.65 1.6 0.40 

2.70 2.70 0.37 

-- -- --
-- -- --

3.40 3.40 0.48 

-- -- --

:i:.. 
~ 
~ 
:::. 

~ 
:::x:: 

a 
~ 
~ · 

~ 
~~ 
~ 

::i:.. 
:::. 
[:) 

~ 
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~ 
G 

OJ 
I 
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Appendix C - Paleocurrent Data 

Paleocurrent data from the Okehu Shell Grit at S22/129322 

Compass 
Reading 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

A 
Dip and Direction 

(in degrees) 

1 @ 150 

1 @ 166 

6 I@ 108 

1 (ti) 125 

3 @ 132 

1 @ 302 

3 @ 157 

3 @ 145 

18 @ 146 

10 @ 165 

3 @ 157 

6 @ 180 

4 @ 169 

1 @160 

6@164 

3@187 

9@180 

1 @276 

8@150 

8@161 

B 
Dip and Direction 

(in degrees) 

1 @. 43 

12 @ 67 

1 @ 230 

1 @ 46 

1 @ 29 

2 @ 54 

2 @ 72 

1 @ 81 

19 @ 70 

9 @ 96 

5 @ 98 

3@106 

6@282 

1@86 

3@78 

1@86 

8@74 

1@194 

7@64 

6@255 

True dip and 
Direction 

(in degrees) 

2 @ 93 

12 @ 80 

8 (a) 150 

1 @ 82 

4 @ 96 

3 @ 2 

3 @ 124 

2 @ 140 

17 (ti). 114 

11 @ 132 

5@106 

6 @ 153 

9@234 

l @117 

6@138 

3@149 

9@130 

1@254 

10@110 

10@202 

Page C-1 



Appendix C Paleocurrent Data 

Lower part of formation 

21 11 @187 4@105 

22 13@ 187 15@90 

23 3@195 23@100 

24 19@15 15@ 115 

25 11@18 24@114 

26 8@ 18 12@97 

Rose Diagram 

. Degr~ L lJ'P~11 part of Lower,part -0f Combi~ed 
... > .· << formation .•• ionnation · , ··· ··· nat& : > 

0-60 

60- 120 

120-180 

180- 240 

240-300 

300-360 

1 

8 

8 

2 

1 

0 

1 

3 

2 

0 

0 

0 

2 

11 

10 

2 

1 

0 
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12@160 

20@133 

23@111 

23@58 

25@89 

13@73 
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Paleocurrent data from the Potaka Pumice (Deepdem Conglomerate) member of 

the Kaimatira Pumice Sand at S22/090310 and several sites near to this location. 

Compass 
Reading 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

A 
Dip and Direction 

(in degrees) 

B 
Dip and Direction 

(in degrees) 

Potaka Pumice at S22/090310 

4 @ 106 7 (@ 201 

13 fa) 100 23 fa) 12 

2 @ 316 15 t@ 217 

10 (@ 115 2 (al 210 

I @ 120 6 (jii 21 

1 @ 297 13 fa) 202 

10 @ 115 5 fa) 30 

3 @ 295 5 (ti> 208 

1 @ 105 14 @ 16 

11 @ 130 13 @ 35 

4 @ 123 6 (ii> 230 ,_ 
6 @ 104 21 @ 205 

11 @ 101 3 @ 210 

11 @ 310 29 @ 208 

15 @ 128 18 @ 23 

9 @ 106 6 @ 200 

11 @ 287 10 @ 17 

14 @ 76 6 @ 174 

12 @ 253 14 @ 166 

10 @ 309 5 @ 36 

2 @ 128 7 @ 225 

10@120 16 @ 40 

16 @ 122 6 @ 38 

True dip and 
Direction 

(in degrees) 

8 @ 165 

24 fa! 36 

15 @ 234 

11 @ 131 

6 @ 40 

13 @ 214 

11 @ 94 

6 @ 244 

14 @ 20 

17 @ 78 

9 @ 185 

22 @ 182 

13 @ 132 

30 @ 234 

24 @ 71 

11 @ 140 

14 @ 328 

16@104 

17 @ 204 

11 @ 332 

7 @ 201 

17@62 

16@107 
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Potaka Pumice near 822/090310 

24 16@275 15@354 19@310 

25 3@285 3@12 4@323 

26 16@208 13@ 178 19@230 

27 4@90 3@356 5@54 

28 2@259 7@355 7@328 

29 2@256 8@172 7@182 

30 10@262 24@359 25@333 

31 14@77 25@310 31@3 

32 4@156 3@111 4@148 

33 2@76 24@ 185 25@ 163 

34 21@40 3@341 22@65 

35 8@188 23@ 103 23@114 

36 12@40 18@322 19@344 

37 4@52 17@ 118 17@129 

38 5 (ii) 209 7@143 7@162 

39 11 @223 15@ 132 18@ 166 

40 15@244 15@356 23@299 

41 2@238 15@ 156 14@ 157 

42 24@237 6@165 24@244 

43 4@54 20@134 20@134 

44 9@216 21@154 21@ 147 

45 8@223 3@142 8@211 

46 11@42 13@140 17@95 

47 10@216 18@312 20@280 
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Paleocurrent data from the Potaka Pumice (Deepdem Conglomerate) member of 

the Kaimatira Pumice Sand at S22/137318. 

Compass A B True dip and 
Reading Dip and Direction Dip and Direction Direction 

(in degrees) (in degrees) (in degrees) 

3 @ 9 13 @ 100 14 @ 80 

2 10 @ 6 3 (ii} 286 3 @ 298 

3 10 fa? 190 5 @ 288 11 @ 216 

4 2 (ii} 356 2 @ 290 2 (Q). 317 

5 3 @ 343 5 @ 279 5 @ 287 

6 8 @ 173 11 @ 90 13 @ 120 

7 5 (ii). 149 14 @ 68 14 @ 79 

8 5 @ 155 11 @ 65 12 @ 88 

9 10 @ 190 9 @ 65 19 @ 128 

10 7 @ 195 8 @ 253 9 @ 235 

11 23 @ 345 14 @ 265 24 @ 324 

12 23 @ 149 25 @ 78 27 @ 117 

13 18 @ 155 5 @ 76 18 @ 151 

14 15 @ 148 5 @ 73 15 @ 142 

15 4@324 25 @ 55 25 @ 47 

16 8 @ 144 9 @ 43 13 @ 90 

17 17@ 139 6@55 17@ 127 

18 19@320 9@254 19 @ 318 

19 8@150 27@238 17 @ 229 

20 9@129 26@41 27@54 

21 5@311 11@244 11@248 

22 7@131 5@44 8@97 

23 19@314 7@238 19@308 

24 21@ 133 16@53 23@105 

25 8@305 6@33 9@340 

26 26@123 10@35 26@110 



Rose Diagrams 

0-60 

60- 120 

120- 180 

180- 240 

240-300 

300-360 

3 

6 

4 

7 

1 

2 

Appendix C Paleocurrent Data 

sites near. t~. :.: r. C~mb'~! }S22/t37.31J8 
822/090310 . . Data ,, . , . , : · 

2 

3 

8 

3 

3 

5 

5 

9 

12 

IO 

4 

7 

2 

9 

4 

3 

3 

5 
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Paleocurrent data from the Kaikokopu Shell Grit at 822/072306 

Compass A B True dip and 
Reading Dip and Direction Dip and Direction Direction 

(in degrees) (in degrees) (in degrees) 

1 9@205 11 @ 136 11 @ 164 

2 4 @ 35 9 @ 305 10 @ 326 

3 11 @ 210 14 @ 145 15 @ 166 

4 19 @ 190 12 @ 115 20 @ 173 

5 25 @ 214 8 @ 138 25 @ 212 

6 14 @ 203 25 @ 285 26 @ 268 

7 5 @ 210 18 @ 286 18 @ 285 

8 19 @ 219 30 @ 261 31 @284 

9 9 @ 223 5 @ 317 11 @254 

10 4 @ 229 6 @ 120 9 @ 169 

11 4 @ 220 2 @ 126 4 @ 190 

12 6 @ 208 20 @ 160 22@ 131 

13 18@218 10@ 144 18@206 

14 5@219 10@ 161 10@160 

15 5 @ 215 5@314 7@262 

16 6@206 1@175 9@258 

17 8@239 27@ 167 27@ 162 

18 7@282 1@335 7@256 

19 9@49 3@345 8@50 

20 7@242 9@158 10@196 

21 2@227 8@150 8@156 

22 13@221 4@300 18@232 

23 4@205 6@154 6@152 

24 13@22 2@130 15@49 

25 11@31 8@134 15@74 
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Rose Diagram 

DegJ.'.~ · .. , 822/072306 ·· · 

0-60 2 

60-120 t 

120- 180 9 

180- 240 5 

240-300 7 

300- 360 1 
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Appendix D - Height (altimeter) Data 

Grid Ref. Formation/Contact Height 
(asl) 

S22/128341 Maxwells Group (lignite band) 234.5 m 

S22/091362 Lower Okehu Siltstone 45.5 m 

S22/091362 Lower Okehu Siltstone/Okehu Shell Grit 43.5 m 

S22/ 129322 Lower Okehu Siltstone/Okehu Shell Grit 228.5 m 

S22/095307 Upper Okehu Siltstone/Potaka Pumice (KPS) 97.5 m 

S22/137318 Upper Okehu Siltstone/Potaka Pumice 257m 

S22/151355 Potaka Pumice (KPS) 261.5 m 

S22/ 147366 Potaka Pumice (ashy member) 262 m 

S22/069344 Kaimatira Pumice Sand/Makuhou Shell 85 m 

Conglomerate 

S22/092312 Makuhou Shell Conglomerate 129 m 

S22/077319 Lower Westmere Siltstone/Kaikokopu Shell Grit 107 m 

S22/093314 Lower Westmere Siltstone/Kaikokopu Shell Grit 176.5 m 

S22/095316 Lower Westmere Siltstone/Upper Westmere Siltstone 208m 

S22/089323 Lower Westmere Siltstone/Kaikokopu Shell Grit 166 m 

S22/091317 Kaikokopu Shell Grit 171.5 m 

S22/077319 Kaikokopu Shell Grit/Upper Westmere Siltstone 114 m 

S22/069318 Kaikokopu Shell Grit/Upper Westmere Siltstone 79m 

S22/083316 Morgans Shellbed/Upper Westmere Siltstone 160.5 m 

S22/092321 Morgans Shellbed/Upper Westmere Siltstone 201 m 

S22/082320 Morgans Shellbed 159m 

S22/056323 Morgans Shellbed 50.5 m 

S22/064314 Upper Westmere Siltstone/Kupe Formation 81.5 m 

S22/051316 Upper Westmere Siltstone/Kupe Formation 32 rn 

S22/061311 Kupe Formation 95.75 m 

S22/066315 Upper Kai-iwi Siltstone/Seafield Sand 127m 

S23/073302 Seafield Sand (streaky- bedded unit) 113 m 

S23/082296 Seafield Sand (interbedded silt and sand unit) 147m 
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S23/082296 Seafield Sand (mid-formation shellbeds) 149 m 

S23/086294 Seafield Sand/Lower Castlecliff Shellbed 173 m 

S23/086294 Lower Castlecliff Shellbed/Lower Castlecliff 166 m 

Siltstone 

S23/056301 Lower Castlecliff Siltstone 105 m 

S23/056301 Pinnacle Sand 110 m 

S23/057295 Pinnacle Sand/Tainui Shellbed 120 m 

S22/069316 Pinnacle Sand/Tainui Shellbed 151 m 

S23/057295 Tainui Shell bed/Shakespeare Cliff Siltstone 122 m 

S23/048287 Shakespeare Cliff Siltstone/Shakespeare Cliff Sand 99 rn 

S23/031298 Shakespeare Cliff Sand 39 m 

S23/031309 Shakespeare Cliff Sand 63 rn 

S23/027294 Upper Castlecliff Shellbed/Karaka Siltstone 22 m 
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Appendix E - Macrofauna assemblages and occurrence from Type Al and B 

Shellbeds in Turakina Valley 

Tvpe A 1 Shellhrds: Table shows the number of samples out of 7 in which individual 

species occur (M.S.C. = J\lakuhou Shell Conglomerate; p =present) . 
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Type B Shell beds: Table shows the number of samples out of 10 in which individual 

species occur (U.C.Sb. = Upper CastlelclifT Shellbed; p =present). 
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