




Victoria University of Wellington Library




Tuatara: Volume 16, Issue 1, April 1968


The NZETC epub Edition
This is an epub version of 
     
Tuatara: Volume 16, Issue 1, April 1968
    by
     
    from the NZETC, licenced under the
     
Conditions of use 
     (http://nzetc.victoria.ac.nz/tm/scholarly/tei-NZETC-About-copyright.html).
 For more information on what this licence allows you to do with this work, please contact Library-TechnologyServices@vuw.ac.nz. 
The NZETC is a digital library based at Victoria University of Wellington, New Zealand. We publish texts of interest to a New Zealand and Pacific audience, and current strengths include historical New Zealand and Pacific Islands texts, texts in Maori and New Zealand literature. A full list of texts is available on our website (http://nzetc.victoria.ac.nz/).
Please report errors, including where you obtained this file, how you tried to access the file and details of the error. Errors, feedback and comments can be sent to Library-TechnologyServices@vuw.ac.nz.
About the electronic version


Tuatara: Volume 16, Issue 1, April 1968

Editor: 
J. W. Dawson

Creation of machine-readable version: 
Keyboarded by TechBooks, Inc.

Creation of digital images: 
Keyboarded by TechBooks, Inc.

Conversion to TEI.2-conformant markup: 
Keyboarded by TechBooks, Inc.

TEI header, validation, and MADS markup: 
Shelley Gurney

New Zealand Electronic Text Collection, 2006

Wellington, New Zealand

          
Publicly accessible

          
URL: http://nzetc.victoria.ac.nz/collections.html

          
copyright 2006, by Victoria University of Wellington

        
Extent: ca. 224 kilobytes

        


        
      

About the print version

          


              
Tuatara: Volume 16, Issue 1, April 1968
            

Editor: 
              
J. W. Dawson
            

          
            


          
          
Victoria University of Wellington, 

Wellington, New Zealand

Source copy consulted: Victoria University of Wellington Library, QH1 T883 16

        


Encoding

        
All unambiguous end-of-line hyphens have been removed and
                    the trailing part of a word has been joined to the preceding
                    line, except in the case of those words that break over a
                    page. Every effort has been made to preserve the Māori
                    macron using unicode.

        
Some keywords in the header are a local
                    Electronic Text Center scheme to aid in establishing
                    analytical groupings.

      







Victoria University of Wellington Library




Tuatara: Volume 16, Issue 1, April 1968

Contents


	

	
[covers]

	
[title page]

	
[section]

	
Contents

	
Tuatara 

p. 1



	

	
The Tertiary Climate of New Zealand Issue

	
Palaeotemperatures of the New Zealand Jurassic and Cretaceous — by 
R. N. Clayton, 
G. R. Stevens 

p. 3

	
Comments on Late Cretaceous Marine Climates in New Zealand and Adjacent Areas — by 
Peter Webb 

p. 8

	
Distribution of some Warm Water Benthic Foraminifera in the N.Z. Tertiary — by 
N. deB. Hornibrook 

p. 11

	
Corals, Coral Reefs and Paleotemperatures — by 
Donald F. Squires 

p. 16

	
Cenozoic Marine Temperatures Indicated by the Scleractinian Coral Fauna of New Zealand — by 
I. W. Keyes 

p. 21

	
The Calcareous Nannoplankton Evidence for New Zealand Tertiary Marine Climate — by 
A. R. Edwards 

p. 26

	
Planktonic Foraminiferida as Indicators of New Zealand Tertiary Paleotemperatures — by 
D. Graham Jenkins 

p. 32

	
Tertiary Temperature Curves in New Zealand and Europe — by 
Martin Schwarzbach 

p. 38

	
Oxygen Isotope Paleotemperatures from the Tertiary of New Zealand — by 
I. Devereux 

p. 41

	
Inferred Temperature Fluctuation at the Beginning of the Taranaki Epoch (Upper Miocene) — by 
P. Vella 

p. 45

	
Palaeobotanical Evidence for Changes in the Tertiary Climates of New Zealand — by 
D. R. McQueen, 
D. C. Mildenhall, 
C. J. E. Bell 

p. 49

	
Oxygen Isotope Palaeotemperature Determinations from Victoria, Australia — by 
Edmund D. Gill 

p. 56

	
Size of Fossil Animals as an Indicator of Paleotemperatures — by 
K. B. Lewis 

p. 62

	
Molluscan Evidence for Tertiary sea temperatures in New Zealand: a reconsideration — by 
A. G. Beu, 
P. A. Maxwell 

p. 68

	
Marine Climates in the Oamaru District during Late Kaiatan to Early Whaingaroan Time — by 
A. R. Edwards 

p. 75

	
General Discussion 

p. 80










Victoria University of Wellington Library




Tuatara: Volume 16, Issue 1, April 1968



Contents


	
[covers]

	
[title page]

	
[section]

	
Contents

	
Tuatara 

p. 1








Victoria University of Wellington Library




Tuatara: Volume 16, Issue 1, April 1968

[covers]



        

          

[image: Front Cover]
        

        
        

          

[image: Back Cover]
        

        
      








Victoria University of Wellington Library




Tuatara: Volume 16, Issue 1, April 1968

[title page]





        
          

            
Tuatara
          

        
        

Journal of the Biological Society


Victoria University of Wellington


New Zealand


Volume 16 
Part 1 
April 1968

      








Victoria University of Wellington Library




Tuatara: Volume 16, Issue 1, April 1968

[section]





        

Tuatara aims to stimulate and widen interest in the natural sciences in New Zealand, by publishing articles which (a), review recent advances of broad interest; or (b), give clear, illustrated, and readily understood keys to the identification of New Zealand plants and animals; or (c), relate New Zealand biological problems to a broader Pacific or Southern Hemisphere context. Authors are asked to explain any special terminology required by their topic. Address for contributions: 
Editor of Tuatara, c/o. Victoria University of Wellington, Box 196, Wellington, New Zealand. Enquiries about subscriptions or advertising should be sent to: 
Business Manager of Tuatara, c/o. Victoria University of Wellington, Box 196, Wellington, New Zealand.

        

          

            

              
	
                
Subscription $1 (N.Z.) per volume
              
              
	
                
Single copies 40c (N.Z.)
              
            

          

        

      








Victoria University of Wellington Library




Tuatara: Volume 16, Issue 1, April 1968

Contents



        

          
Contents
        

        

          
(This issue edited by 
J. W. Dawson)

        

        

          

            
The Tertiary Climate of New Zealand Issue
          

          

            

              

                
	Paleotemperatures of the New Zealand Jurassic and Cretaceous
                
	

R. N. Clayton and 

C. R. Stevens
                
	
                  
3
                
              

              

                
	Comments on Late Cretaceous Marine Climates in New Zealand and Adjacent Areas.
                
	
                  

                    
P. Webb
                  
                
                
	
                  
8
                
              

              

                
	Distribution of some Warm Water Benthic Forminifera in the N.Z. Tertiary.
                
	
                  

                    
N. Deb. Hornibrook
                  
                
                
	
                  
11
                
              

              

                
	Corals, Coral Reefs, and Paleotemperatures
                
	
                  

                    
D. F. Squires
                  
                
                
	
                  
16
                
              

              

                
	Cenozoic Marine Temperatures Indicated by the Scleractinian Coral Fauna of New Zealand.
                
	
                  

                    
I. W. Keyes
                  
                
                
	
                  
21
                
              

              

                
	The Calcareous Nannoplankton Evidence for New Zealand Tertiary Marine Climate
                
	
                  

                    
A. R. Edwards
                  
                
                
	
                  
26
                
              

              

                
	Planktonic Foraminiferida as Indicators of New Zealand Tertiary Paleotemperatures
                
	
                  

                    
D. G. Jenkins
                  
                
                
	
                  
32
                
              

              

                
	Tertiary Temperature Curves in New Zealand and Europe
                
	
                  

                    
M. Schwarzbach
                  
                
                
	
                  
38
                
              

              

                
	Oxygen Isotope Paleotemperatures from the Tertiary of New Zealand
                
	
                  

                    
I. Devereux
                  
                
                
	
                  
41
                
              

              

                
	Inferred Temperature Fluctuation at the Beginning of the Taranaki Epoch (Upper Miocene)
                
	
                  

                    
P. Vella
                  
                
                
	
                  
45
                
              

              

                
	Paleobotanical Evidence for Changes in the Tertiary Climates of N.Z.
                
	

D. R. Mcqueen, 

D. C. Mildenhall and 

C. J. E. Bell
                
	
                  
49
                
              

              

                
	Oxygen Isotope Paleotemperature Determinations from Victoria, Australia
                
	
                  

                    
E. D. Gill
                  
                
                
	
                  
56
                
              

              

                
	Size of Fossil Animals as an Indicator of Paleotemperatures.
                
	
                  

                    
K. B. Lewis
                  
                
                
	
                  
62
                
              

              

                
	Molluscan Evidence for Tertiary Sea Temperatures in New Zealand: a Reconsideration
                
	

A. G. Beu and 

P. A. Maxwell
                
	
                  
68
                
              

              

                
	Marine Climates in the Oamaru District during Late Kaiatan to Early Whaingaroan Time
                
	
                  

                    
A. R. Edwards
                  
                
                
	
                  
75
                
              

              

                
	General Discussion
                
	
                
	
                  
80
                
              

            

          

        

      








Victoria University of Wellington Library




Tuatara: Volume 16, Issue 1, April 1968

Tuatara





        

          
Tuatara
        

        
is the journal of the Biological Society, Victoria University of Wellington, New Zealand, and is published three times a year. Joint Editors: 
J. A. F. Garrick (Zoology); 
J. W. Dawson (Botany). Business Manager: 
G. W. Gibbs. Distribution: J. Braggins.

        

          

            

              
	
Volume 16
              
	
Part 1
              
	
April 1968
            

          

        

      








Victoria University of Wellington Library




Tuatara: Volume 16, Issue 1, April 1968



Contents


	
The Tertiary Climate of New Zealand Issue

	
Palaeotemperatures of the New Zealand Jurassic and Cretaceous — by 
R. N. Clayton, 
Graeme Roy Stevens 

p. 3

	
Comments on Late Cretaceous Marine Climates in New Zealand and Adjacent Areas — by 
Peter Webb 

p. 8

	
Distribution of some Warm Water Benthic Foraminifera in the N.Z. Tertiary — by 
N. deB. Hornibrook 

p. 11

	
Corals, Coral Reefs and Paleotemperatures — by 
Donald F. Squires 

p. 16

	
Cenozoic Marine Temperatures Indicated by the Scleractinian Coral Fauna of New Zealand — by 
I. W. Keyes 

p. 21

	
The Calcareous Nannoplankton Evidence for New Zealand Tertiary Marine Climate — by 
A. R. Edwards 

p. 26

	
Planktonic Foraminiferida as Indicators of New Zealand Tertiary Paleotemperatures — by 
D. Graham Jenkins 

p. 32

	
Tertiary Temperature Curves in New Zealand and Europe — by 
Martin Schwarzbach 

p. 38

	
Oxygen Isotope Paleotemperatures from the Tertiary of New Zealand — by 
I. Devereux 

p. 41

	
Inferred Temperature Fluctuation at the Beginning of the Taranaki Epoch (Upper Miocene) — by 
P. Vella 

p. 45

	
Palaeobotanical Evidence for Changes in the Tertiary Climates of New Zealand — by 
D. R. McQueen, 
D. C. Mildenhall, 
C. J. E. Bell 

p. 49

	
Oxygen Isotope Palaeotemperature Determinations from Victoria, Australia — by 
Edmund D. Gill 

p. 56

	
Size of Fossil Animals as an Indicator of Paleotemperatures — by 
K. B. Lewis 

p. 62

	
Molluscan Evidence for Tertiary sea temperatures in New Zealand: a reconsideration — by 
A. G. Beu, 
P. A. Maxwell 

p. 68

	
Marine Climates in the Oamaru District during Late Kaiatan to Early Whaingaroan Time — by 
A. R. Edwards 

p. 75

	
General Discussion 

p. 80








Victoria University of Wellington Library




Tuatara: Volume 16, Issue 1, April 1968

The Tertiary Climate of New Zealand Issue



        

          The Tertiary Climate of New Zealand Issue
        

        

          
Foreword

          

The Papers that make up this issue of Tuatara were presented at a Symposium on “The Tertiary Climate of New Zealand’ held at Victoria University, Wellington on 14 and 15 August, 1967. The Symposium was organised by the Victoria University of Wellington Geological Society.

          
The papers are published in the order in which they were presented and each is concluded with a brief summary of the discussion which followed the presentation of the paper. As the total discussion time was over eight hours only a small proportion of the discussion could be included and I take full responsibility for any errors or omissions that may have occurred during the editing. Also included is a summary of the general discussion which concluded the Symposium.

          
I would like to thank all those who took part in the Symposium especially those who prepared papers. My thanks also to the Editors of Tuatara for publishing this collection of papers which I hope will be of value to students and researchers in this fascinating field of our climatic history.

          

            

              
Ian Devereux,
            

            


            
              Symposium Chairman


(President, V.U.W. Geol. Soc., 1967)
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Palaeotemperatures of the New Zealand Jurassic and Cretaceous





        

          Palaeotemperatures of the New Zealand Jurassic and Cretaceous
        

        
By 
R. N. Clayton,


Enrico Fermi Institute for Nuclear Studies, University of Chicago,


U.S.A.

        
and 
G. R. Stevens,


N.Z. Geological Survey, Lower Hutt, New Zealand

        

          

Oxygen Isotope Palaeotemperatures obtained from New Zealand belemnites are plotted on Fig. 1. There is a gap in the New Zealand belemnite succession apparently corresponding to Upper (perhaps also Middle) Tithonian. Neocomian and Aptian (Stevens, 1967). For the purpose of this study this gap can be partially closed by indicating palaeotemperatures obtained from Australian Dimitobelid belemnites. Inclusion of these results is thought to be a valid procedure as Dimitobelidae appeared in Australia in the Aptian and were shared by New Zealand and Australia in the Albian and Cenomanian. It is therefore likely that New Zealand and Australia would have also shared the same belemnites in the Aptian, had migration routes and sedimentation conditions in New Zealand been favourable at that time.

          
Each sample point on the graph (Fig. 1) represents an analysed cross-sectional cut of a belemnite guard. The resulting determination is therefore a mean of the temperature record preserved in the guard.

          
As may be seen from the graph, there are marked differences in values obtained from individual specimens from the same stratigraphic horizon. Analyses of samples taken serially across the growth rings of individual belemnite guards have also shown considerable isotopic variation between and within individual growth layers (Clayton and Stevens, 1968, and in preparation). This variability is interpreted as indicating that some isotopic exchange has taken place in most of the specimens. Because it is difficult to determine the degree of isotopic exchange a specimen has undergone, and to correct for this in the palaeotemperatures, only the minimum values are regarded as having significance, as these represent the least exchanged carbonates. In Fig. 1 the minimum values are outlined by the shaded curve and in the interpretation of results below, the inferred temperatures discussed are based entirely on minimum values. Averaging of palaeotemperatures, such as that carried out by Bowen (1961b, fig. 2, p. 82; see Fig. 1 of this paper) to obtain a temperature curve can only be misleading, as the





[image: FIG. 1: Values for Jurassic and Cretaceous temperatures based on oxygen isotope analyses of belemnites. Analyses of Australian Dimitobelindae, published by Dorman and Gill (1959, p. 91); Lowenstam and Epstein (1954, p. 222), and Bowen (1961 a), have been included to help fill a gap in the New Zealand belemnite sequence in the Lower Cretaceous.The minimum values, representing the least exchanged carbonates, are shown by the shaded curve. The continuous curve shows the minimum values of West European belemnite palaeotemperatures determined by Lowenstam and Epstein (1954, fig. 10, p. 226). The broken curve is from Bowen (1961b, fig. 2, p. 82) and is the result of an averaging of the results then available.]

FIG. 1: Values for Jurassic and Cretaceous temperatures based on oxygen isotope analyses of belemnites. Analyses of Australian Dimitobelindae, published by Dorman and Gill (1959, p. 91); Lowenstam and Epstein (1954, p. 222), and Bowen (1961 a), have been included to help fill a gap in the New Zealand belemnite sequence in the Lower Cretaceous.


The minimum values, representing the least exchanged carbonates, are shown by the shaded curve. The continuous curve shows the minimum values of West European belemnite palaeotemperatures determined by Lowenstam and Epstein (1954, fig. 10, p. 226). The broken curve is from Bowen (1961b, fig. 2, p. 82) and is the result of an averaging of the results then available.


averaged result will undoubtedly include many determinations affected by exchange to a varying, but unknown, extent.

          
The world-wide palaeotemperature results obtained to date, while showing the existence of temperature fluctuations in the Cretaceous, reveal many anomalies, and these have not been satisfactorily resolved (Lowenstam, 1964; Voigt, 1965; Naidin et al., 1966; Berlin’ et al., 1966). Nevertheless the results agree in indicating



a period of general cooling towards the end of the Cretaceous, and the New Zealand results show a similar trend (Fig. 1). But this simple picture is apparently complicated, according to recent Russian work (Naidin et al., 1964, 1966; Teis et al., 1965) by a rise from temperatures of 11.0-13.0°C in the Lower Maastrichtian to temperatures between 13.5-15.5°C in the Upper Maastrichtian

*.

          
The present distribution of coastal seawater surface temperatures in the New Zealand region can be used as a basis for comparison with palaeotemperatures. As each minimum value on Fig. 1 represents a mean of the temperature record preserved during the life of an individual belemnite, the proper comparison is with present mean annual isotherms, not individual summer and winter isotherms. The approximate positions of the relevant mean annual isotherms have been calculated from the charts in Garner and Ridgway (1965).

          
In making these comparisons it must be recognised that the temperature patterns of Mesozoic seas were in all probability markedly different from those of the present day and that the temperatures obtained from belemnites need not necessarily reflect surface sea water temperatures but may be the temperature of deeper water.

          
New Zealand palaeotemperatures obtained by the analysis of belemnite guards can be summed up as follows:

          
Inferred temperatures for the Upper Jurassic (Heterian-Puaroan in the New Zealand stage terminology), based on specimens from Kawhia Harbour, 38°5′S. Lat., correspond approximately to mean annual seawater temperatures off Greymouth, 42°27′ S. Lat. (14.7°C), so that seawater temperatures at that time may have been slightly cooler than those of today.

          
Using the Australian results for the Albian and Aptian, the Lower Cretaceous was apparently a cooler period, with a temperature minimum in the Aptian, but with a slight improvement in the Albian. Inferred temperatures for the Aptian, based on specimens from Lake Eyre, 28° S. Lat., correspond approximately to mean annual temperatures in the region between The Snares and Stewart Island, 47°30′ S. Lat. (12.2°C). Inferred temperatures for the Albian, again based on specimens from Lake Eyre, 28° S. Lat., correspond approximately to mean annual temperatures to the south of Cape Campbell, 41°50′ S. Lat. (15°C).

          
A range of similar inferred temperatures, 10.4-14.0°C, has been recorded from the Neocomian and Aptian of Russia (Teis et al., 1957; Berlin et al., 1966).

          
As may be seen from Fig. 1, a serious discrepancy exists between the Australian temperatures and the temperature graphs of



Lowenstam and Epstein and of Bowen. Lowenstam (1964) has attempted to explain the Australian temperatures as being a result of water isolation during a climatic maximum, giving an artificially low temperature. But in the writer's opinion he has not satisfactorily disposed of the possibility that the high temperatures plotted by himself, Epstein and Bowen are due to varying degrees of isotopic exchange. Ludbrook (1966, p. 25) stated that the temperatures recorded by the Australian Aptian-Albian belemnites represent those existing at water depths in excess of 100 fathoms. This overlooks the possibility that the belemnites lived in higher levels in the sea than indicated by the sediments in which they are preserved. Also, the palaeoecology of belemnites suggest that they preferred shallow waters (Stevens, 1965). Moreover, Dorman and Gill (1959, p. 94) recorded well-defined seasonal fluctuations in the three Australian specimens used for growth-ring analyses; such fluctuations would not be expected at substantial depths below sea level.

          
The New Zealand inferred temperatures for the post-Albian Cretaceous (Urutawan-Haumurian) show a gradual increase until in the Turonian-Santonian (Arowhanan-Teratan) the lowest recorded values, based on specimens from the Wairarapa and Marlborough districts. 40°45′, 42°S Lat. respectively, correspond approximately to mean annual temperatures just south of Norfolk Island, ca. 30°S Lat. (22.0°C). In the Campanian-Maastrichtian the temperatures, based on specimens from E. Otago (Haumurian) and N. Canterbury Piripauan and Haumurian), 45°55′, 43°5′S respectively, gradually decline to reach in the Maastrichtian figures corresponding approximately to mean annual temperatures off Kaikoura, 42° 25′S Lat. (14.3′C).

        

        

          
Discussion

          
(Dr. I. Speden (N.Z. Geological Survey) presented the paper on behalf of Drs. Clayton and Stevens as both were overseas at the time of the Conference.)

          
Dr. 
P. Webb. I would like to emphasise the point that the Haumurian samples are restricted both geographically and stratigraphically and that the palaeotemperatures obtained may be of local, not regional, significance for the Haumurian.

          
Dr. 
I. Speden. Dr. Stevens is aware that the sampling is not fully representative.

          
Dr. 

C. A. Fleming. I believe Dr. Stevens’ careful sampling through individual belemnite guards is possibly the first such study anywhere in the world and his results suggest that previous results should be re-examined, especially where bulk samples have been used.

          
Dr. 
I. Speden. I would agree with Dr. Fleming and also say that Dr Stevens’ work on the various species of belemnites is also of



considerable importance. The fact is that some species show seasonal variations and some don't. These latter results may possibly tie in with some results of work by a Russian team working with squids on the Great Banks. Some squids were found to migrate up and down through the water column from season to season, evening out any temperature fluctuations.
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          Comments on Late Cretaceous Marine Climates in New Zealand and Adjacent Areas
        

        
by 
Peter Webb,


Micropaleontology Section, New Zealand Geological Survey,


Lower Hutt.

        

          

The Haumurian (=Maastrichtian) belemnite 
Dimitobelus hectori Stevens, used by Clayton and Stevens (1968) in obtaining paleotemperature data, occurs in relatively shallow inshore sites (Brighton Formation near Dunedin: Katiki Formation at Shag Point; and Laidmore Formation at Middle Waipara Gorge). This is deduced both from the sediments in which the belemnite occurs and from the accompanying foraminifera.

          
It is unlikely that the marine temperature prevailing at the time these sediments were deposited can be regarded as typical for the Haumurian sea as a whole. Foraminifera present in sediments which represent more offshore and deeper environments (e.g. Whangai Formation of southern Hawke's Bay and some Haumurian sediments in Raukumara Peninsula and Northland) include planktonic and benthonic taxa with probable warm-temperate affinities. While temperatures in the inshore areas (in which the belemnites occur) may have ranged between 14.2 and 16°C, as suggested by Clayton and Stevens, it seems probable (on microfaunal evidence) that the more offshore areas were affected by slightly warmer currents, with temperatures of up to 20°C or perhaps slightly more. This suggestion implies a moderately steep temperature gradient over a relatively short distance. Garner (1961) has shown that such gradients do occur today around the New Zealand coast. For instance, his figures 2 and 28 show section lines extending fifty to seventy miles out from and normal to the coast in which temperature elevations and depressions of between four and six degrees centigrade occur.

          
I would, then, accept the data offered by Clayton and Stevens as local data pertaining to restricted parts of the Haumurian sea. It is important to bear this point in mind when discussing New Zealand marine temperature data in relation to those from other parts of the southwestern and southeastern Pacific.

        

        

          
Late Cretaceous Marine Climates in the Southwestern and Southeastern Pacific

          
The Campanian-Maastrichtian microfaunas of this area are much less well-known than those of the northern hemisphere. It



is instructive, however, to briefly consider the available data from Peru, Chile, the Scotia Arc, Grahamland, New Zealand, the Solomon Islands, and New Guinea. All these areas lie along the Circum-Pacific orogenic belt, with Cretaceous sediments in most instances taking the form of non-calcareous elastics. Calcareous sediments occur infrequently and limestones are confined mostly to the low latitude areas.

          
Examination of the geographic distribution of certain Campanian-Maastrichtian planktonic and calcareous benthonic foraminifera suggests a strong case for paleo-latitudinal zonation in the southern hemisphere.

          
Recent Chilean publications (Martinez-Pardo, 1965; Herm, 1966) indicate Campanian-Maastrichtian microfaunal compositions almost identical with those of New Zealand. In New Zealand, uppermost Cretaceous (Haumurian) microfaunas occur as far south as 46°S lat., but in Chile comparable faunas extend as far south as 53°S lat. Microfaunas from these high latitude localities include species of 
Bolivinoides, Heterohelix, Guembelitria, Rugoglobigerina, Globigerinelloides, Hedbergella, and 
Abathomphalus. Double-keeled 
Globotruncana is absent from these areas and seems to have been confined in its distribution to the low southern latitudes, although Macfadyen (1966) reports a single questionable occurrence from the Senonian of Grahamland. Double-keeled 
Globotruncana, Pseudotextularia, and the larger foraminifera 
Pseudorbitoides and 
Orbitoides are present in the uppermost Cretaceous in New Guinea, 5°S lat. (Glaessner, 1960). Senonian double-keeled 
Globotruncana are also present in the Solomon Islands, 8°S lat. (Coleman, 1966). The genus is also present in the Campanian-Maastrichtian of Peru, 4-5°S lat. (Weiss, 1955).

          
The distribution of late Cretaceous planktonic and certain smaller and larger calcareous benthic foraminifera in the peripheral regions of the south Pacific suggest the existence of two latitudinal zones; a narrow zone just south of the present equator in which Tethyan taxa occur, and a much wider zone extending from approximately 10°S lat., to at least 53°S lat., from which the above-mentioned lower latitude taxa appear to be absent. On the basis of the available evidence the writer interprets the distribution pattern as indicating tropical to sub-tropical marine temperatures in the low latitudes and warm to cool temperate conditions in the middle and high latitudes. There is no evidence for unduly cool marine climates in the high latitudes during the late Cretaceous. Future investigations in the south Pacific might be expected to reveal sporadic occurrences of Tethyan planktonic and benthonic foraminifera in the higher latitudes, suggesting occasional southward invasion of tropical or subtropical waters into the temperate zone. To date, however, such data are lacking.

        

        


        

          
Discussion

          
(Editors Note: No time was available for formal discussion after this paper).
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Introduction

          

Attempts to Estimate past sea temperatures from paleontological evidence necessarily involve comparisons of the past distributions of organisms with the present distribution of their nearest living relatives. Some organisms such as certain types of reef building corals are known to be stenothermous within a particular range of temperature, but little information is available about the range of temperature tolerance of Pacific larger Foraminifera upon which most of the deductions from benthic Foraminifera about the New Zealand Tertiary climate have to be made.

          
However, the differences between the shallow water Foraminifera of the Central Pacific equatorial region and that of New Zealand at the present day are striking since none of the genera (
Peneroplis, Operculina, Maginopora, Sphaerogypsina, “Calcarina’, Baculogypsina, Amphistegina) characteristic of the coral reef environment of the Great Barrier Reef and Mid Pacific islands now occur in New Zealand. During the Tertiary, however, many of the Foraminifera now confined to the subtropical and tropical zones were well established in New Zealand and there is no doubt that the climate was considerably warmer than at present. But to translate these faunal differences into actual degrees of temperature is a hazardous business.

        

        

          
The Evidence of Amphistegina

          

Amphistegina does seem, however, to provide a rough basis for estimating minimum surface temperatures, judging by its present distribution.

          
This genus, which occurs in great abundance (up to 85% of the sediment) in tropical seas from the littoral down to about 175 metres, is abundant on the Great Barrier Reef, and occurs as far south as Sydney Harbour where the mean annual temperature is about 20°C (Wisely, 1959). It has been recorded from Lord Howe Island by Heron-Allen and Earland (1924), and the writer has found it abundantly in a dredging from Norfolk Island.

          


          
It is not now present in New Zealand waters, although it was generally abundant throughout the area from Upper Eocene to Upper Miocene.

          
The southern limit of the occurrence of 
Amphistegina appears significant in relation to the seasonal isotherms in the Tasman if we accept temperatures as the main control factor. According to the data provided by Garner, 1954, and Garner and Ridgway, 1965, the mean annual temperature of the surface waters immediately north of New Zealand is subject to wide fluctuations. The temperatures may drop as low as 15°C in winter and reach 22°C in summer. It may therefore be an over-simplification to accept the 20°C mean over several years, about half way between Norfolk Island and North Cape, as meaningful. For all we know it may be the lowest or highest seasonal temperatures that are really significant. It is a fact, however, that 20°C mean annual isotherm roughly corresponds to the southern limit of the distribution of 
Amphistegina in the Pacific.

          
If we are justified in drawing an analogy with the distribution of 
Amphistegina during the Tertiary we can conclude that the 20°C mean surface isotherm lay south of New Zealand from Upper Eocene time to Mid-Miocene as 
Amphistegina was present more or less continuously in the southern half of the South Island throughout that time. Allowing for a difference of 5°C between the northern and southern extremes of New Zealand the marine surface climate in the latitude of Wellington was therefore within the subtropical zone or was marginally tropical.

          
In Upper Miocene time, during the Tongaporutuan, 
Amphistegina was present along the east coast of the North Island from Wairarapa northwards, but there seems to be only one record from the Kapitean, in the East Cape area together with the warm water echinoid, 
Phyllocanthus. Lack of suitable facies in the South Island may give a misleading picture but its known distribution is suggestive of a northward withdrawal during the Upper Miocene when the 20°C mean annual surface isotherm may have lain across the South Island in Tongaporutuan time and across the lower part of the North Island during part of Kapitean time.

          

Amphistegina is generally absent throughout the Pliocene and Pleistocene in spite of apparently suitable facies, suggesting that the 20 °C mean annual isotherm moved northwards and a recent discovery of 
Amphistegina in a submerged limestone of about middle Wanganui Series age, from off North Cape, provides evidence of a late stage in its northward withdrawal.

          
A discovery of 
Amphistegina in the base of a lower Waitotaran limestone containing 
Zethalia coronata and 
Ostrea ingens at Hukanui in Hawkes Bay was made by B.P. Shell and Todd Petroleum Development Ltd., who kindly made the information and material available to the writer. Assuming that this isolated occurrence is





[image: Fig. 1: Estimates of New Zealand Tertiary temperatures in the latitude of Wellington based on the distribution of Amphistegina and other larger Foraminifera. From Arnold to Southland Series the estimated minimum temperature is based on the more or less continuous presence of Amphisfegina in Southland, allowing for a 2½°C difference for the latitude of Wellington. The estimated maximum temperature is based on the frequency and distribution of larger Foraminifera.]


Fig. 1: Estimates of New Zealand Tertiary temperatures in the latitude of Wellington based on the distribution of 
Amphistegina and other larger Foraminifera. From Arnold to Southland Series the estimated minimum temperature is based on the more or less continuous presence of 
Amphisfegina in Southland, allowing for a 2½°C difference for the latitude of Wellington. The estimated maximum temperature is based on the frequency and distribution of larger Foraminifera.


not the result of intensive and selective reworking from the underlying Miocene, it is strongly suggestive that the 20°C mean annual surface isotherm lay across the middle of the North Island at least briefly during early Waitotaran time.

        

        

          
Tertiary Warm Water Foraminiferal Assemblages

          
Tertiary assemblages of warm water Foraminifera which are now abundant in the shallow waters of the Great Barrier Reef and the mid Pacific Islands provide a rough guide to marine climates. Two extinct groups in particular, the Discocyclinidae in the Eocene, and the Lepidocyclinidae in the Oligocene and Miocene, are considered to be indicators of warm climates. They occur in great abundance in rocks of the equatorial belt, but their occurrence in New Zealand is more sporadic and they are smaller and less abundant, suggesting subtropical to only marginally tropically conditions.

          
The following is a summary of the occurrence of larger Foraminifera in the New Zealand Tertiary:

          
Mangaorapan: 
Asterocyclina abundant, and 
Sphaerogypsina (Eyre River Sand, S. Canterbury and Chatham Is.).

          
Kaiatan: 
Halkyardia, large, abundant 
Amphistegina - Astejgerina (N. Otago and Westland).

          


          
Runangan: 
Peneroplis, (Westland); 
Asterocyclina (small sp.), 
Sphaerogypsina (N. Otago). 
Amphistegina-Asterigerina large and abundant in both areas.

          
Whaingaroan: 
Operculina, Amphistegina-Asterigerina, “Calcarina’ (Southland, etc.). No Lepiodocyclinidae.

          
Duntroonian: 
“Calcarina’, Amphistegina (Southland, etc.); 
Operculina (Waikato). No Lepidocyclinidae.

          
Waitakian: 
Amphistegina (Southland, E. Coast North Island and Waikato); 
Lepidocyclina locally abundant (E. Coast North Island and King Country); 
Amphistegina infrequent and Lepidocyclinidae absent from E. Coast South Island.

          
Otaian: Lepidocyclinidae, Miogypsina and abundant 
Amphistegina, North Island.

          
Upper Otaian-Hutchinsonian: 
Amphistegina (Southland), 
Lepidocyclina, Miogypsina, Amphistegina, Heterostegina, locally abundant (Northland).

          
Awamoan: 
Amphistegina rare E. Coast South Island.

          
Altonian: 
Amphistegina, Heterostegina, Planorbulinella abundant throughout Southland and Westland. Rare 
Cycloclypeus and 
Lepidocyclina in Southland; more abundant in Nelson and N. Island.

          
Clifdenian: Abundant Lepidocyclinidae, 
Amphistegina, Cycloclypeus, Heterostegina, Planorbulinella (Westland).

          
Lilburnian: 
Lepidocyclina in Southland; unsuitable facies elsewhere.

          
Waiauan: Abundant large 
Amphistegina, Heterostegina, Cycloclypeus Operculina mbalavuensis Cole (described Fiji), 
Lepidocyclina s.l., 
Sphaerogypsina, Planorbulinella, in Northland; the same assemblage in E. Dannevirke with 
Marginopora. Amphistegina present in Southland.

          
Tongaporutuan: 
Amphistegina present locally, E. Coast North Island.

          
Kapitean: 
Amphistegina present locally, E. Cape.

          
Waitotaran: 
Amphistegina sporadic, Hawkes Bay.

          
The following factors stand out:



	1.
	Absence of Lepidocyclinidae in Whaingaroan and Duntroonian.


	2.
	Absence of many warm water Foraminifera from E. coast South Island from Waitakian to Awamoan, suggestive of a locally cool current as at present.


	3.
	Large Foraminifera well established from Otaian to Waiauan, indicating fairly continuous warm climate, probably marginally tropical in Northland.


	4.
	Absence of most larger Foraminifera above Tongaporutuan, indicating cooling.




	5.
	Larger Foraminifera being essentially shallow water organisms are pretty much restricted to particular facies. Their occurrence is sporadic and they record only the warm periods in the Tertiary.



        

        

          
Discussion

          
Mr. 
K. Lewis. 
Amphistegina is a shallow water foram and I am wondering whether it is possible that since the last ice age it has not been able to bridge the gap back to New Zealand. This would make the present distribution atypical.

          
Dr. N. deB. 
Hornibrook. There is some possibility but this is not likely. These animals seem to be able to get about very easily. Some estuarine Foraminifera for instance have a very wide distribution.

          
Dr. 

C. A. Fleming. The distribution through the islands of the Pacific suggests it can cross barriers and its absence south of Sydney confirms your interpretation.

          
Dr. 
I. Speden. Have you any comments on “change of diversity’ in the Foraminifera through the Tertiary? Some people hold that the degree of diversity of the fauna decreases as you approach the poles.

          
Dr. N. deB. 
Hornibrook. The absence of these Foraminifera at certain times means that the fauna is less diverse. As a generalisation I would say that as the Wanganui is approached the fauna becomes less diverse.
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Introduction

          

Corals are frequently utilised as indicators of fossil marine temperatures, based, sometimes erroneously, on the understanding that coral reefs (and hence reef corals) are restricted to closely defined temperature and depth conditions. Many geologists overlook the fact that there are eurythermic non-reef building corals.

          
Coral reefs are found in marine temperatures of 16-36°C (18°C is the most often cited cited lower limit of reef growth) but most active reef building occurs in the range of 23-25°C. It is often difficult to precisely define a coral reef in such a fashion that presence or absence can be clearly demonstrated. Studies of reefs of the Gulf of California showed (Squires, 1959) that within a temperature gradation 20° through 14°C polyspecific coral reefs slowly gave way to monospecific reefs which were then replaced in the near-shore ecological niche by kelp beds with no sharp boundary marking the limit of reef occurrence.

          
Hermatypic (reef-building) corals may form coral reefs composed of as many as 60 genera, and over 30 genera are found at the physiographic southern terminus of the Great Barrier Reef. A diversified hermatypic fauna which has been only partially described (cf. Wells, 1962) exists as far south as Sydney, while several species of hermatypic corals occur completely around Australia (Squires, 1966). Hermatypic corals therefore do not respond as a group to a single minimal temperature requirement. It is stated that a range of 16° through 36°C is required with an optimal range between 25° and 29°C. Growth of hermatypic corals is restricted to the upper 90 meters of the sea where light is present in sufficient quantity to permit photosynthetic activity by the obligate symbiont dinoflagellates (Zooxanthellae).

          
Non-reef building corals are called ahermatypic and lack symbiont zooxanthellae. These forms, often solitary and lacking the intratentacular budding capability of the hermatypics, range from the intertidal zone to depths of 6000 meters, existing in temperatures from —3° to 30°C. Although such ecological factors as restricted temperature ranges may exist, these have not yet been defined for most individual species.

          


          
Knowledge of deep water coral structures has developed considerably, (Teichert, 1958; Stetson, Squires and Pratt, 1962; Squires, 1964a) including the recognition of these structures as fossils (Squires, 1964b). Although absolute temperatures may not be restrictive in determining the occurrence of deep water coral structures, they are characteristically found just below the temporary thermocline in waters of relatively stable temperatures, and are associated with bottom currents.

        

        

          
Corals and Paleotemperatures

          

            
There are three general approaches which may be taken in application of coral data to problems of paleotemperature: (1) a classical comparative zoogeographic analysis; (2) application of the principle of latitudinal diversity gradients; and (3) consideration of the presence of constructions of coral origin.

          

          

            
Classical Comparative Zoogeographic Analysis

            
Comparison of modern ranges (and temperatures of occurrence) and fossil distributions is effective only when the organisms occur in sufficient diversity at a single locality to permit averaging of data, where ecological tolerances are such that assemblages are found in many types of sedimentary facies, and when modern ranges are sufficiently well known to permit detailed comparisons. When these conditions are met it is possible to draw paleogeographic conclusions with the considerable detail of Durham's (1950) classic analysis of the Californian Tertiary.

            
Corals in New Zealand have become better known in their distribution during the Tertiary, but comparative detail either from Australia. South America, or the Indo-Pacific are not of the necessary quality. Further, because of various ecological requirements, diversified faunas are not found, assemblages usually being restricted to a few species. Many facies are devoid of corals with the result that distributions are patchy. Finally, temperature data are not known for most modern species. Despite these handicaps, Mr. Keyes had attempted a general analysis of Tertiary paleotemperatures, averaging the data from New Zealand as a whole. For the present, this is the best possible analysis.

            
In the following discussion I shall attempt to refine selected points on the graph using data developed through the other two types of analysis.

          

          

            
Application of the Principle of Diversity Gradients

            
That tropical faunas and floras are composed of more diverse assemblages than their poleward counterparts has been known since Wallace (1878) wrote ‘… animal life is, on the whole, far more abundant and varied within the topics than in any other part of the



globe …’ Fischer (1960) provided data for comparative studies in a diversity analysis of corals occurring along the Great Barrier Reef. Because this study is compiled at the generic level, it is possible to make broad comparisons with fossil forms of hermatypic corals, knowing that the data thus derived gives seasonal extremes for the shore communities in the upper portion of the water column.

            
From numerous localities in Northland of Otaian or Hutchinsonian age come worn fragments of reef corals. Although the full fauna has not been collected from any single locality, the diversity is such that in all probability the full faunas did exist at all localities. Though no reef has been found, these corals are clearly derived from a nearby reef, and although now enclosed in deeper water sediments, were clearly of shallow water origin. Comparison of the ranges of the 15 genera now represented in collections with the Great Barrier Reef (Wells, 1955) suggest that a reef composed of 53 genera was probably in existence, and that seasonal temperatures of 20° to 29°C existed. This is based upon the occurrence of one particular genus 
Leptoseris known from a single specimen. If this genus is disallowed, the key form becomes 
Alveopora, and temperatures are 19° to 28°C. Thus for Northland during the Otaian, one may conclude that truly tropical conditions existed with minimum near shore temperatures of 20°C.

            
Corals not collected from Waiheke Island and Cape Rodney are assemblages of corals of a peculiar facies. The growth form of these corals is typical of that found in the 
Leptoseris zone, one of the deepest of the coral reefs. Absence of any shallow water corals-from the association must indicate some unusual environmental condition and these corals are not included in the analysis. Originally interpreted as anomalous growth in a shallow water environment (Squires, 1962), these occurrences must still be regarded as problematical.

          

          

            
Coral Constructions

            
Coral reefs have not yet been found in New Zealand. Were they, it would be possible to conclude that they were formed in temperatures above 18°C, and if well developed, probably in the range of 23-25 °C. The presence of a diversified fauna of reef corals in Northland suggests the presence of reefs, so one may conclude annual mean temperatures above 18° for the Otaian seas of that area. As has been shown, more definitive data is available from analysis of the faunal diversity.

            
How far back into the fossil record may the analogy between fossil and modern coral reefs be drawn? Unfortunately the answer is not known. Hermatypic corals of modern genera are not known before the Tertiary and as attempts to harvest remains of symbiont dinoflagellates from presumed hermatypic corals has as yet been unsuccessful, there is only the evidence of analogy. In general,



large colonies seem to be dependent upon symbionts to provide the physiological framework for extensive growth. But how big is large? Recognition of the existence of deep water coral structures both in modern and fossil seas has added a new dimension which (potentially) further complicates the picture of older coral stuctures.

            
Deep water corals usually form colonies by extratenacular budding, often resulting in fragile, arborescent colonies. Although colonies are usually widely dispersed about the sea floor, occasional accumulations of corals may form the sequential development of thickets, coppices and finally coral banks. All occurrences of these structures have the commonality that they are formed in association with current activity whether it be surging as in Norwegian fjords, cascading on the margins of continental shelves, or in association with bottom currents. In the Atlantic, where deep water coral structures are best known, they are associated with the base of the seasonal thermocline, that is, at a depth at which water takes on a stable temperature. Above this depth the structures do not grow.

            
From these evidences of coral growth, it was suggested (Squires, 1964b) that the coral thickets in the Wairarapa were formed at temperatures between 6° and 10°C and that the depth of their growth (which unfortunately must be independently determined) they were at the base of the seasonal thermocline. Differences between the temperatures derived from analysis of the planktonic Foraminifera associated with these corals and the temperatures suggested for the bottom would indicate the magnitude of the seasonal fluctuation and the significance of the thermoclinal gradient.

          

        

        

          
Summary

          
Corals are potentially among the most informative of the macro-marine benthonic organisms in determining paleotemperatures. Until ahermatypic corals are better known in both modern and fossil seas, analysis of temperatures based upon fossil occurrences of these corals must be in terms of generalisations. Study of diversity gradients, particularly in the case of hermatypic corals, can be most informative. Analysis of the kind of coral involved and of the nature of the coral construction can result in important information when reefs or banks are present. In the latter case it is possible to derive much information regarding the structure of the water column as well as suggested temperatures. Caution must be exercised in interpretation of coral structures because of the ability of both shallow and deep water corals to form accumulations of calcium carbonate.

        

        

          
Discussion

          
Dr. 

C. A. Fleming. I was interested to hear Dr Squires comments on the Rodney paleoecology. It seems as though he is holding out



for a deep water environment, but I would emphasise that the other fossils and the conglomerates and coarse breccias are hard to reconcile with a deep water environment at the base of a cliff. Dr. D. F. SQUIRES. It is possible but not probable that the growth form of the coral at Rodney could be produced if the coral had grown in a cave. The growth form is a direct reflection of the amount of light it is getting and is independent of the systematics. Mr. J. GRANT MACKIE. I would like to comment on how far back we can project our ideas of the climatic conditions necessary for the growth of these corals containing symbionts. I am rather perturbed at the extrapolations back even to the Paleozoic for Rugose and Tabulate coral reefs and even Stromatoporoid reefs. Many people have said that these reefs have the same climatic requirements as modern Scleractinian corals. I think this is unreasonable.

          
Dr. 

D. F. Squires. I would agree, that projection of the hermatypic concept beyond the Mesozoic is problematical.
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Introduction

          

In 1958, Squires published a major systematic analysis of the Cretaceous and Tertiary coral fauna of New Zealand. From his data he was able to prepare a temperature graph for the New Zealand Tertiary based on the presence of coral genera in each stage for which the present day broad temperature tolerances are known, supported by the temperature indications obtained from other fossil groups. This paper is an attempt to examine the temperature graph that the Scleractinian corals alone appear to indicate for the Cenozoic, utilising the increased published and unpublished data that has become available since 1958. In view of the limitations on space this article is a summary of evidence only with selected bibliography rather than a full documentation.

        

        

          
Method of Faunal Analysis

          
The assumption is made that the presence in the fossil record of genera now only found living in warmer waters is evidence that similar higher temperatures existed in New Zealand for the duration of the record of these genera. Present day latitudinal distribution of the fauna can be unreliable for temperature guides unless additional factors like depth and sub-surface temperatures are known. To rationalise all variable factors is difficult, but by use of records where some of these factors are known does provide a basis for classifying certain genera as warm, temperate or cold water forms. This provides the analogy with which the fossil fauna is compared and a temperature curve thus produced. The analysis of the fossil Scleractinian coral fauna is on a generic and subgeneric basis as this enables the plotting of more positive ranges than can be done with individual species. In some cases, however, it is necessary to take into account the ranges of separate species which are naturally zoned into distinct warm or cold water geographic elements for at a generic level their significance would be overlooked. All minor gaps occurring within ranges have been bridged, while major gaps have been treated as absences prior to recolonisation. Because New



Zealand fossil corals appear to show little overall provincialism in their distribution the fauna is treated as one entity without recognition of any geographic zonation. The coral faunas for certain ages (Cretaceous, Dannevirke and Wanganui Series), though poorly known due to facies and preservation problems, are nevertheless treated as representational.

        

        

          
Temperature Curve Assessment

          

            
Cretaceous:

            
Knowledge of the New Zealand Cretaceous coral fauna is poor, being derived from the presence of six ahermatypic genera. One is endemic while the others appear to be a mixture of wide-ranging forms of cold to warm water tolerances. Fleming (1962:66) interprets the Upper Cretaceous as “warm temperate, warmer than the present’, and this is used as a suitable temperature level at which to begin the temperature curve (Fig. 1).

          

          

            
Dannevirke Series:

            
The end of the Cretaceous spells the extinction of the Mesozoic coral fauna, only one genus (
Dasmosmilia) surviving into the Eocene. The recovery of the fauna during Dannevirke times appears slow, suggesting that temperatures and conditions may have been largely against any rapid reinvasion of Indo-Pacific forms. Immigrant genera include 
Lochmaeotrochus, Notocyathus (Paradeltocyathus), Balanophyllia (B.), B. (Eupsammia), indicating that temperatures were about warm temperate level. Dannevirke conditions, therefore, are interpreted as having remained largely similar to those at the end of the Cretaceous, but showed a gradual rise during the Porangan.

          

          

            
Arnold Series:

            
Bortonian time marks the major recovery of the fauna after the Cretaceous with a rapid influx of Indo-Pacific genera. Long ranging cosmopolitan forms which were to form major constituents of the Tertiary fauna appeared and warm water forms like 
Oculina, Conocyathus, Asterosmilia, some species of the 
Flabellum group and 
Balanophyllia appear to attest to warmer conditions. The presence of 
Madracis in the South Island, the earliest - known apparently hermatypic coral from the New Zealand fossil record supports at least warm temperate conditions. The apparent extinction of some genera like 
Madracis and the end of the Bortonian and others during the Kaiatan suggests that the distinct warming trend developed at the beginning of the Bortonian was not sustained for the rest of the Arnold, though overall conditions were warmer than the Dannevirke.
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Landon Series:

            
Temperatures appear to have been largely similar to those of the upper Arnold Series, and most genera that appeared during the Arnold continued. Three immigrant genera appeared during the Whaingaroan (one, 
Notocyathus (N.) being a warm water form), and four during the Duntroonian, but most forms can be regarded as temperate.

          

          

            
Pareora Series:

            
The Otaian Stage is the most significant in mid-Tertiary stratigraphy as it records the greatest number of generic incomings (23), and the greatest number of extinctions (22) in the coral fauna for any one stage. 17 Indo-Pacific genera of hermatypic corals appear in the record, including 
Porites and 
Turbinaria, which are regarded as being significant reef-building genera. These hermatypic forms are restricted to localities in the Northland Peninsula and East Cape, and all evidence suggests that these specimens are detrital material (Squires, 1962) from shallow water reef structures that lived within an estimated temperature range of 19 to 28°C (Squires, 1962a). Nearly all the genera are known to be present on the Great Barrier Reef today. Incoming ahermatypic



genera are all cool to warm temperate forms but the presence of hermatypic corals for only one Stage indicates that tropical or at very least marginal tropical conditions were achieved for the Otaian in more northern areas.

            
The decline from this highest point reached in the Tertiary appears as steep as its inclination, suggesting that this rise in the Otaian was more a temperature fluctuation rather than the crest of a curve. For the rest of the Pareora temperatures appear to have returned to a level similar to those for the end of the Landon.

          

          

            
Southland Series:

            
The Altonian appears to possibly reflect a sharp minor rise in temperature before a decreasing trend set in for the rest of the Southland Series. The warm water genus 
Cladangia and the sub-genus 
Trochocyathus (Platycyathus) appeared during this Stage as well as further records of hermatypic genera — 
Plesiastrea and 
Turbinaria from Muriwai, but all did not extend beyond it. In all six genera became extinct at the end of this Stage, and three further genera for the rest of this Series, including two long-surviving temperate forms. This suggests a marked temperature decline from the Altonian.

          

          

            
Taranaki Series:

            
Two cool water immigrant genera (
Oulangia and 
Lophelia) are known for this Series, but in the Tongaporutuan five noticeable extinctions of long-ranging genera, including several cool water cosmopolitan forms, took place, continuing the marked downward temperature trend begun in the Southland. In the Kapitean two species of long-ranging genera were extinguished.

          

          

            
Wanganui Series:

            
In the Opoitian five cool species appear for five genera previously recorded in the Tertiary record. These forms (like 
Flabellum rubrum, especially) represent the prominence of distinct cold water elements. The onset of apparently markedly cooler conditions during the Opoitian also marks the extinction of representatives of three long-ranging Tertiary genera. The end of the Waitotaran sees the further removal of four genera, including two long-ranging forms. In the Nukumaruan a cold water species that made its appearance during the Opoitian is extinguished, though the genus 
Culicia makes an appearance. In the Okehuan 
Astrangia also appears.

            
The only forms which appear to have survived the low climatic range and fluctuations of the Pleistocene are 
Flabellum rubrum and possibly 
Culcicia rubeola, for both are found as extant species. The reappearance of an abundant Recent fauna of 16 genera illustrates the rapid reinvasion of Indo-Pacific forms when temperatures rose after the end of the Pleistocene. As the Pleistocene virtually extinguished all Tertiary lineages, the Recent fauna can be regarded as a new one.

          

        

        


        

          
Discussion

          
Dr. 

D. G. Jenkins. I think the graph appears to be very low in the Pliocene.

          
Mr. 

I. W. Keyes. At that time several long ranging genera died out and it would seem that conditions deteriorated considerably. Professor P. VELLA. Did they die out at the end of the Miocene or gradually?

          
Mr. 

I. W. Keyes. A range chart of genera would show a steady decrease in numbers from late Miocene to the Wanganui Series. Dr. N. deB. HORNIBROOK. It is possible though that the temperature would not needed to have dropped to such a degree to get these changes?

          
Mr. 

I. W. Keyes. That is possible but we are losing cool-temperate to cold water forms and so a considerable drop is indicated.

          
Dr. 

D. G. Jenkins. Are they replaced with any cold water or Antarctic forms?

          
Mr. 

I. W. Keyes. Warm water species tend to die out and cold water species come in. Some of the warm water ones remain however.

          
Dr. 
I. Speden. Is the 2°C rise in the Bortonian significant?

          
Mr. 

I. W. Keyes. There is a large influx at the beginning of the Arnold of warm water forms.

          
Professor 

P. Vella. What is the method of dispersal of the corals? If they were wiped out could they easily repopulate from say Australia?

          
Dr. 

D. F. Squires. We have found recently that the larval life of the ahermatypic types are longer than previously thought and may be several days. The tropical ones are probably longer; they spawn regularly and profusely, so repopulation should not be too difficult.

          
Mr. 
K. Lewis. I am wondering if you have allowed for latitude differences in your samples? There seems to be some fairly small kinks on your curve that could be due to this cause.

          
Mr. 

I. W. Keyes. This is possible, as I have treated the country as a whole and not treated the South Island separately from the North.
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Introduction

          

New Zealand marine Cenozoic rocks commonly contain large numbers of minute, often complexly sculptured calcareous plates known to paleontologists as the calcareous nannoplankton or “coccoliths’ which once formed the external cover of the coccolithophorids, braarudosphaerids, discoasters and related planktonic organisms. Although almost all of the Tertiary species are now extinct many belonged to groups which have living representatives and it is on the temperature tolerances and preferences of the living taxa that the assessments of past marine climates given in this paper are based.

        

        

          
Reliability of Indicators Selected

          
Modern marine calcareous nannoplankton can, as a group, tolerate temperatures ranging from minus 2°C to in excess of 34°C but most species prefer temperatures above 9-13°C. However, regional or local variations in other environmental factors such as nutrient supply, salinity and turbidity are probably more important than temperatures alone in determining the actual composition of living assemblages. Since the relative importance of each of these factors can not be determined for fossil assemblages the interpretation of these in terms of past climate is fraught with difficulties.

          
The temperature and other ecological characteristics attributed to living species below are based on the investigations summarised in Bernard (1942), Hasle (1959, 1960), Martini (1961) and Norris (1961). Preliminary investigations by the writer of SW Pacific bottom sediments have confirmed that the distributional patterns given by these authors are generally valid in the New Zealand area. The occurrence of the fossil taxa was determined by the examination of 300 samples from selected sections.

          

Braarudosphaera bigelowi, a living species which prefers coastal waters having temperatures between 14 and 19°C but can tolerate temperatures as low as 8°C, and the other, now extinct, braarudosphaerids found in the New Zealand Tertiary have almost



identical stratigraphic distributions and are therefore concluded to have had similar ecological requirements to that of the only living member of this group.

          
The genus 
Cyclococcolithus is fairly consistently present in New Zealand Cenozoic strata but never approaches the frequency attained by its modern representatives which are rarely found south of the subtropical convergence according to the observations of Hasle (1960) and the writer. For the purpose of this paper its presence in fossil assemblages is considered to indicate the absence of very cold temperatures.

          
Although the ecological requirements of living 
Discolithina are not known the writer's observations suggest that it prefers temperate to tropical coastal waters. Support for this conclusion is given by the investigations of sub-fossil and fossil material by Cohen (1964), Martini (1965, p. 400) and McIntyre and Bè (1966).

          

Ericsonia ovalis sensu lato, the dominant form through most of the New Zealand Tertiary, appears to have had ecological requirements similar to that of the related late Cenozoic species 
Coccolithus pelagicus which today dominates the cold to cool temperate assemblages around southern New Zealand. According to Bernard (1942) 
C. pelagicus prefers the upper 100 meters of agitated waters having temperatures between 4 and 15°C but can tolerate temperatures as low as minus 1.5°C and as high as 26°C. However, as Hasle (1960), p. 82) has pointed out this species is unaccountably absent from Pacific and Atlantic subantarctic waters.

          
The ecological requirements of 
Helicosphaera are not well known but the published records supplemented by the writer's observations suggest that the only living species prefers warm temperate to tropical near surface oceanic waters but can occur in cool temperate and/or coastal areas. The fossil species are presumed to have had similar requirements.

          
The fossil rhabdoliths, which in part belong to the probably extinct genus 
Blackites, have specially shaped coccoliths which, like those of the related modern genus 
Rhabdosphaera, added greatly to the bouyancy of the cells they cover. Since 
Rhabdosphaera prefers the upper 200 metres of calm off-shore waters having temperatures higher than 10°C it seems reasonable to attribute similar ecological preferences to the fossil representatives of this group.

          

Scyphosphaera, a rather rare living genus having distinctive “float’ coccoliths (lopodoliths), prefers warm temperate or subtropical near-shore surface waters although it is present in SW Pacific oceanic waters (Norris, 1961 and the writer's observations) and can tolerate temperatures as low as 9 to 12°C. The fossil representatives are considered to have inhabited similar environments.

          
The stratigraphic occurrence and relative abundance, in terms of the New Zealand Series and Stages, of the above taxa are given in Table 1.
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Marine Climate

          

            
The estimated marine climate of the surface waters (0-200 metres) in the vicinity of Wellington (latitude 41°S) during Danian to Mid Miocene time is given in Fig. 1. With the exception of the Southland Series (see below) the wide geographic distribution of the sections studied made unnecessary any weighting of the averaged results for latitude.

          

          

            
Dannevirke Series (Danian to Middle Eocene):

            
Due to the almost total extinction of the calcareous nannoplankton at the base of the Teurian Stage, only the probable absence of extreme temperatures can be determined from the earliest Dannevirke assemblages. During the remainder of the Dannevirke Series the consistent occurrence of 
Cyclococcolithus, Discolithina and common 
Ericsonia ovalis sensu lato clearly indicate the general prevalence of cool temperate conditions although the distribution of the rhabdoliths suggests that a minor warming may have occurred during late Waipawan time. The total absence of the braaradosphaerids from pre-Arnold Series strata is attributed to the inability of this typically northern hemisphere group to reach the SW Pacific rather than to the absence of suitable environments in the New Zealand region.

          

          

            
Arnold Series (Middle and Upper Eocene):

            
The distinctive distribution patterns evident for 
Braarudosphaera bigelowi, Ericsonia ovalis sensu lato, the rhabdoliths (
Blackites) and other taxa (see Table 1) clearly indicate environmental changes
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Fig. 1: Estimated marine climate at latitude 41°S during Dannevirke to Southland Series time.


of an almost cyclic nature which in the writer's opinion were due to a substantial amelioration and subsequent deterioration of the climate.

          

          

            
Landon Series (Oligocene and Earliest Miocene):

            
The early Landon distribution of the selected taxa clearly continue the trends established in the late Arnold Series and appear to give good evidence for the occurrence of a climatic deterioration across the Eocene-Oligocene boundary (see also Edwards, this issue). The estimation of mid and late Landon Series climates is complicated by the sudden fluctuations in the abundance of 
Ericsonian ovalis sensu lato which are complementary to those of the extinct species 
Reticulofenestra placomorpha and by uncertainties regarding the effects of the maximum submergence of the New Zealand area during mid Tertiary time when deposition of calcareous sediments reached its culmination. However the absence of rhabdoliths and braarudosphaerids clearly implies either the absence of coastal environments or the presence of cool temperate conditions through much of the Landon Series. The upward increase in the frequency of 
Helicosphaera can be interpretated as indicating a slight warming in late Landon time.

          

          

            
Pareora Series (Early Miocene):

            
The occurrence of the selected taxa in early and mid Pareora time is almost identical to that of the late Landon Series and both are here considered as suggesting the prevalence of almost warm temperate conditions. The late Pareora differs only in the presence of rhabdoliths which may suggest the presence of a more truly



warm temperate climate in latest Pareora time. The reasons for the absence of 
Cyclococcolithus is not known.

          

          

            
Southland Series (Early to Mid-Miocene):

            
The distribution patterns of the braarudosphaerids, of 
Ericsonia ovalis sensu lato and to a lesser extent of the rhabdoliths in the Clifden section suggests that the warm temperate conditions which then prevailed in Southland may have reached their peak in the Clifdenian Stage. The presence of a warm temperate climate so far south implies that at least marginally subtropical conditions probably occurred in the vicinity of Wellington and the curve in Fig. 1 is accordingly adjusted.

          

          

            
Taranaki and Early Wanganui Series (Late Miocene and Pliocene):

            
At present insufficient is known of New Zealand late Tertiary calcareous nannoplankton assemblages to deduce their climatic implications apart from the probable absence of very cold conditions and a possible decline in temperature through the early Wanganui Series.

          

        

        

          
Discussion

          
Dr 

C. A. Fleming. Has the study of the nannoplankton occurrences been used before as a method of determining Tertiary paleoclimates? Mr. 

A. R. Edwards. As far as I know it has not. It has been used in the study of the Pleistocene in various ways including the examination of deep-sea cores from the Caribbean where the results were related to oxygen isotope measurements.

          
Mr. 

I. Devereux. Could you explain the double line you have in the Mid-Tertiary? Which line would you favour?

          
Mr. 

A. R. Edwards. The interpretation of the climate at that time is problematical because we don't know what effect the widespread submergence at that time had. The lower line is based on the absences I mentioned but if these absences were caused by the lack of coastal waters due to submergence rather than to the presence of cool waters, then the upper line would be closer to the actual climate. I wouldn't say which one I preferred.

          
Dr. 

C. A. Fleming. I would just emphasise the point that this study by Mr Edwards is a new approach to this problem of Tertiary temperatures.
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Introducing Some Assumptions

          

Before Attempting to use planktonic Forminiferida as indicators of change in Tertiary paleotemperatures, it is necessary to consider some relevant basic assumptions.

          
Studies of the present day oceans have revealed that the largest population of living planktonic Foraminiferida occur in the upper 100m. of water, although living specimens have been obtained down to 2000m. It is therefore assumed that the majority of Tertiary species lived in the upper 100m. of water.

          
Geographic distribution of the Recent 40-50 species of planktonic Foraminiferida is primarily determined by temperature and consequently plots of species distribution indicate a latitudinal belt pattern. The basic assumption of uniformitarianism asserts that the present distribution is an indication of past distribution patterns, but it should be noted that the present is possibly an interglacial and therefore the distribution patterns of biota may be abnormal when compared with the Tertiary distributions. The climate was probably less zonal in the Tertiary and it is postulated that the oceanic Tertiary model had broader latitudinal belts probably lacking the cold and very cold zones for most of the Tertiary, although the model assumed a more modern aspect in the Upper Tertiary with the decline in world temperature.

          
In the New Zealand area, Kustanowich (1963) was able to divide the region into 3 latitudinal zones based on the occurrence of planktonic Foraminiferida in Recent surface sediment samples.

          
Of the 163 species and subspecies of planktonic Foraminiferida in the New Zealand Tertiary, about 136 are totally extinct and others became locally extinct in the Upper Tertiary. The totally extinct species are classified as planktonic mainly on comparative test morphology and also on the aspect of their areal distribution.

          
In the Middle-Upper Tertiary there are a number of species which survive to the present day, but is it scientifically sound to use the knowledge of an animal's present environment to assume that it has remained in the same environment through from the Tertiary?



If such data are used, then the assumption should be noted and not forgotten.

          
There is a depth zonation of planktonic Foraminiferida in the oceans and given sufficient depth of water a bottom sediment sample will contain both warmer near surface living species as well as the deeper cold water species (see Bé and Hamlin, 1967). In the present study the vertical zonation has been taken into account in order to postulate maximum surface water temperatures, the species to be looked for and recorded are the known warmer water species.

          
Keeled Recent 
Globorotalia are characteristic of a water temperature of above 17°C and this knowledge has been used to postulate Tertiary paleotemperatures even in the Lower Tertiary where the 
Globorotalia species are extinct.

          
It has not been possible in the present study to consider such factors as diurnal and seasonal temperature variations and oceanic current direction changes in the Tertiary of the New Zealand region.

        

        

          
New Zealand Paleotemperatures

          
The majority of the world-wide Upper Cretaceous planktonic Foraminiferida became extinct at the Cretaceous-Tertiary boundary, and in New Zealand records indicate that all the species became extinct. In the areas outside New Zealand a new suite of planktonic Foraminiferida exhibit an explosive radiation as they spread and filled a marine environment lacking such animals. In New Zealand, sediments in the lowermost Teurian Stage do not contain such species and the cryptogenic species appear sporadically in the succession, By the end of the Teurian and in the Lower Waipawan, the fauna is cosmopolitan in character.

          
It is suggested that the lack of species in the lower part of the Teurian Stage indicates a cool water temperature, but it should be noted that their absence could have been due to some other controlling factor.

          
There are keeled 
Globorotalia in the upper part of the Teurian and Lower Waipawan Stages suggesting a temperature peak and the presence of the 
Globorotalia velascoensis fauna suggests tropical to subtropical conditions (Jenkins, 1966). Thereafter there may have been a slight drop in temperature followed by a temperature rise in the Mangaorapan Heretaungan Stages indicated by the 
Globorotalia crater fauna (Jenkins, 1966). From a comparison of the fauna with faunas from the Lower Eocene of the present day tropical regions it is postulated the temperature was not fully tropical.

          
In other parts of the world keeled 
Globorotalia continued into the Middle Eocene, as for example in Trinidad (Bolli, 1957). In New Zealand the large keeled 
Globorotalia became extinct at the end



of the Heretaungan Stage and did not appear again until the Lower Miocene.

          
There are indications that the New Zealand Middle-Upper Eocene faunas were not fully tropical except possibly for two short periods indicated by invasions of the exotic species of 
Hantkenina (see fig. 1).

          
At the end of the Eocene there is a reasonably well marked zone of extinction where the following species became extinct: 
Globigerapsis index, G. semiinvoluta and 
Globigerina linaperta (Jenkins, 1966). In order to explain the extinctions, a sharp drop in sea-water temperature has been indicated (fig. 1).

          
The Oligocene faunas are difficult to interpret because they closely resemble those described from the Oligocene of sub-tropical and tropical areas. The absence of such tropical species and 
Globigerina oligocaenien and 
G. tapuriensis indicates a possible sub-tropical surface water temperature.

          
The planktonic foraminiferal faunas of the Eocene to Lower Miocene suggest warmer conditions in the North Island as compared with the South Island.

          
There are some species, for example 
Globigerinoides altiaperturus and 
Globorotalia kugleri present in the Otaian Stage of the North Island indicating a possible tropical peak. Further warm peaks are postulated for the Clifdenian Stage on the presence of 
Globigerinatella insueta from the Tuki-Tuki River, and a peak in the Waiauan Stage by the presence of a large heavily keeled 
Globorotalia menardii from the East Coast of North Island.

          
By the Pareora and Southland Series, a number of modern species are present in the faunas. The lack or rarity of such Recent tropical and subtropical species as 
Globigerinoides sacculifer, Globorotalia tumida, Pulleniatina obliquiloculata and 
Candeina nitida indicate possible warm temperate conditions. The local extinctions of the tropical and subtropical species in the New Zealand area suggests a possible overall decline in temperature in the Upper Southland to Lower Wanganui Series with rare temperature peaks.

          
I have recently used changes in the coiling ratio of 
Globorotalia pachyderma to indicate changes in sea water temperature in the Upper Cenozoic rocks of New Zealand (Jenkins, 1967). In the present day seas sinistrally coiled 
G. pachyderma live in the polar and sub-polar regions, and according to Ericson (1959) sinistrally coiled populations live in water colder than the 7.2°C April surface water isotherm in the Arctic region. In a more recent publication, Bé and Hamlin (1967) recorded sinistrally coiled 
G. pachyderma living in the North Atlantic within the surface water temperature range of 8.3 - 9.4°C and dextrally coiled populations within the range 11 - 15°C.

          


          

            

[image: Fig. 1: Tentative paleotemperature changes based on New Zealand planktonic Foraminiferida (…. Maximum …. Minimum). Temperature changes based on coiling ratio changes of G. pachyderma plotted according to data published by Be and Hamlin (1967).]

                

Fig. 1: Tentative paleotemperature changes based on New Zealand planktonic Foraminiferida (…. Maximum …. Minimum). Temperature changes based on coiling ratio changes of 
G. pachyderma plotted according to data published by Be and Hamlin (1967).
              


          

          
In New Zealand, 
G. pachyderma appears for the first time in the Tongaporutuan Stage and it maintains its sinistral coiling through to the end of the Kapitean. I have preferred to interpret the sinistral coiling of the Taranaki Series as an inherited coiling preference rather than indicating cold sea water temperatures (Jenkins, 1967).

          
At the base of the Opoitian Stage there is a change to dextral coiling in 
G. pachyderm a, populations which has been taken to indicate warm water conditions. This was followed by a change to sinistral coiling in the lower Waitotoran Stage (Waipipian) indicating cooler conditions, followed by a return to dextral coiling in the Upper Waitotoran indicating warmer conditions. At the Waitotoran - Hautawan boundary there is a change to sinistral coiling suggesting a further change to cold temperatures which has been correlated with the Pliocene - Pleistocene boundary (Jenkins, 1967).

        

        

          
Discussion

          
Dr. N. deB. 
Hornibrook. I'm wondering just how far back one can take this postulate of keeled Globorotalias only living in waters above 17°C. The present species arose in the Miocene whereas the ones you discussed evolved in the Eocene. It may be quite wrong to suggest that these earlier keeled ones were temperature dependent in the same way as today.

          
Dr. 

D. G. Jenkins. I would agree that this is an assumption, but Bandy has used this hypothesis to suggest that the presence of



keeled 
Globotruncana in the Cretaceous, places a lower limit of 17°C on the water temperature.

          
Dr. 
P. Webb. Would you say a little more as to whether your Teurian/Waipawan result is based on absence or low incidence of warm water planktonic Foraminifera?

          
Dr. 

D. G. Jenkins. In the Waipara section the lower 40 feet do not have any planktonic Foraminiferida. Then they start slowly, until above the Waipara Greensand where there is a very good fauna which represent my first peak. We do not have as many species as occur in Trinidad so I postulate that the lower part of the Teurian was cool.

          
Dr. 
P. Webb. I think this lack of forams in the lower part could be a facies problem and leaching away of tests is definitely a problem.

          
Dr. 

C. A. Fleming. I wonder if Mr. Edwards would comment on the Waipara section.

          
Mr. 

A. R. Edwards. In the lower 40 feet there are no nannoplankton.

          
Dr. 

D. G. Jenkins. But benthonic Foraminiferida do occur. Therefore calcareous nannoplankton and Foraminiferida would be found if they had originally occurred there.

          
Mr. 

A. R. Edwards. The nannoplankton had a complete extinction at the end of the Cretaceous. Their occurrences in the Teurian appear to be a radical evolution giving a lot of new species. I believe this is similar to the Foraminifera.

          
Dr. 

D. G. Jenkins. This is so in most parts of the world — there is an explosive evolution but there is this lag in New Zealand which I attribute to cool temperatures.

          
Mr. 

A. R. Edwards. There is a marked difference between Europe and Trinidad in the Oligocene. There is a large difference in the nannoplankton between New Zealand and Trinidad in the Landon. Is this the case with the Foraminifera?

          
Dr. 

D. G. Jenkins. It is difficult to detect; some species are common to both areas but are rare. I have considered that it is also a temperature effect.

          
Mr. 

I. Devereux. Do your peaks in the Southland Series represent incomings of warm water species and then a sudden extinction or just gradually trailing off.

          
Dr. 

D. G. Jenkins. There are sudden extinctions superposed on the downward trend.

          
Dr. 

C. A. Fleming. You show your peaks in the Eocene as higher than in the Miocene. This is, I think, the first time this has been postulated and affects our basic concept of whether Australasia shows a different climate pattern to that of the Northern Hemisphere. Would anyone like to comment on this.

          


          
Dr. 

D. G. Jenkins. I do not have any evidence that the Otaian is truly tropical but parts of the Eocene seem to be tropical. It is difficult to directly compare the two.

          
Mr. 

A. R. Edwards. The nannoplankton suggest that the Eocene peak could be higher than the Southland peak but comparison is difficult.

          
Professor 

A. Wilson. Catastrophic extinctions have been shown to occur along the magnetic reversals. What thickness of sediment is associated with these extinctions that have been mentioned?

          
Dr. 

D. G. Jenkins. A very abrupt extinction occurs at the Eocene/Oligocene boundary, possibly over only a few inches.

          
Mr. 

I. Devereux. Professor Wellman has told me that a distinct colour change occurs in the sediments, at this time also.
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There is a Striking Difference between Tertiary temperature curves in Europe-North America on the one hand and New Zealand-Australia on the other. It is known that there has been a gradual decline in the temperature from the beginning of the Tertiary to the Pleistocene in Europe; more precisely from the Eocene to the Pleistocene, for we do not know too much about the Paleocene, or at least not enough to give a detailed climatic picture for this early part of the Tertiary.

          
The climatic curve is, of course, not a straight line; there are undulations, probably influenced more by changes in aridity than in temperature. However, the general declining trend seems to be very clear. The same can be said from North America where a curve by Durham (1950) is well known and reproduced in many papers.

          
The temperature curves for New Zealand and Australia differ from the above by a maximum in mid Tertiary time. Accepting that these curves are correct we have to explain the difference between the Northern Hemisphere and Australasia. Theoretically it can be seen in the summation of two curves. We take as proven: (1) A general trend of declining temperatures in the world (see “Tertiary Trend’ in Fig. 1), that is, we take the European-North American curves as representative ones applicable also for the Southern Hemisphere, and regard the New Zealand-Australian curves as exceptions; (2) We suppose that continental drift is another important factor for climatic changes because the latitude (broken lines in the figure) can change considerably. There are no known facts which allude to a conspicuous drift in Tertiary Europe or North America. The European-North American latitude curve is perhaps not exactly horizontal but at most only very slightly declining. The resultant curve is therefore more or less similar to the curve representing the Tertiary trend.

          
Regarding Australia, (New Zealand is not so clear because there are not so many fixed points for a long climatic curve), it seems that this continent wandered since the Paleozoic times from a position near the South Pole to the present latitude — a very long way. Drift was completed not too long ago and we have to suppose a considerable shifting in Tertiary times. Paleomagnetic observations support these deductions. Therefore the latitude curve has a different trend from the European one.
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Fig 1: Temperature curves for the Northern Hemisphere and Australasia during the Tertiary period.
              


          

          
Summing up the two curves we get the resulting curve of the figure with a maximum in the mid-Tertiary.

        

        

          
Discussion

          
Mr. I. DEVEREUX. Unpublished paleomagnetic results given at the symposium during the visit of Professor Carey, placed New Zealand at the South Pole in the Lower Cretaceous. Published results for



Australia suggest that Australia was much further south than today, prior to the Tertiary.

          
Dr. 

C. A. Fleming. I believe that many people feel that drift had largely ceased by the beginning of the Tertiary.

          
Mr. 

I. Devereux. The story of drift expounded by Dietz suggested there is no reason to think that drift has ceased at all.

          
Dr. 

D. F. Squires. The Smithsonian Institute is at present setting up an experiment to measure any drift by astro-physical methods.
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Introduction

          

The Study of past climates by the oxygen isotope method has been increasingly used over the past fifteen years. Most work has been carried out in the U.S.A., where the method was first discovered and developed by a team headed by Professor Urey at the University of Chicago. Up till now most effort has been concentrated on the Mesozoic Period and the Pleistocene with the Tertiary period, rather surprisingly, being largely ignored. A notable exception however is the work of Dorman and Gill, who have spent many years using this isotope technique on Tertiary fossil material from Victoria, Australia.

          
The isotope method has at various times come in for a fair share of criticism and some of this has been quite legitimate. This is especially so, when inadequate attention has been paid to the selection of suitable samples and to good geological correlation. The method has some fundamental weaknesses, but if sufficient care is taken, these may be avoided. To appreciate these difficulties, and to be in a position to critically examine isotope results, it is essential to understand the fundamentals on which the method is based.

          
The oxygen isotopes which are of interest are oxygen-16 and oxygen-18, usually written O
16 and O
18. Both are stable isotopes and they react in a similar fashion, e.g. they both combine with hydrogen to form water. The water made from O
16 would appear the same as that made from O
18, but the latter is more dense because the O
18 atoms are heavier than the O
16 atoms. All naturally occuring compounds that contain oxygen, contain both isotopes but the O
16 predominates. There is approximately one O
18 for every 500 O
16 atoms. In different compounds there are slightly different ratios of the O
18 to the O
16 atoms. For instance if calcite is precipitated in equilibrium with water, the ratio O
18/O
16 in the calcite is slightly more than the O
18/O
16 in the water i.e. the O
18 tends to concentrate in the calcite.

          
This leads to the two fundamentals on which the method is based. Firstly, the difference between the O
18/O
16 ratio in the calcite and the O
18/O
16 ratio in the water is constant for any defined temperature. Secondly, the difference in the ratios depends on the
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Fig. 1. Oxygen isotope paleotemperature curve for the Tertiary period of New Zealand. (Followed lines: Planktonic Foraminifera. Broken lines: Macro fossils).


temperature at which the calcite is precipitated; as the temperature rises the differences between the O
18/O
16 of the calcite and the O
18/
16 of the water decreases.

          
How are these two factors used to measure the temperature of past seas and hence deduce the pattern of ancient climates. It has been shown experimentally that organisms deposit their shells in equilibrium with the sea water in which they live. By measuring the O
18/O
16 of waters from all the World's oceans it has been found that the sea has a very constant O
18/O
16 ratio and it seems likely that this has been so for a very large part of geological time. By using this ocean water as a standard reference and measuring the O
18/O
16 ratio of a shell, we can determine the temperature of the sea water in which the animal lived. By measuring the O
18/O
16 of shells from formations of various geological ages, a picture of the temperature versus time can be built up.

          
The explanation of the fundamentals leads on to the uncertainties that can arise in using this method. To calculate the temperature of the water from the O
18/O
16 ratio of the shells, we have to assume that the animal was living in the open ocean water that is our reference material. However, if the animal was living in waters which were diluted with river water, an error is introduced into the calculations. This is because river water has a lower O
18/O
16 ratio than sea water and this will lower the O
18/O
16 ratio of the calcite in the shell. Because it is impossible to determine precisely what percentage of river water has diluted the sea water, we cannot make any correction for it. If we ignore this contamination and just apply the same formula, we get a temperature which is higher than the real temperature. Depending on the amount of contamination



it could be only a few degrees centigrade, 20°C, or even more. It cannot however be any lower because any contamination makes the result higher.

          
A very similar effect happens if after deposition some of the shell is dissolved and redeposited by ground waters. This is especially so with shells that were originally aragonite and have subsequently changed to calcite. Here the effect is the same i.e. the result obtained is too high.

          
Therefore great care must be taken to select shells that have not lived in estuarine conditions, and samples must be carefully examined for any sign of recrystalisation. Even with these precautions it is possible that fresh water contamination did occur but has not been recognised. Therefore shells from one locality may give higher results than shells from another locality of the same age. If this occurs the lower results are the most likely to be correct.

          
How is the O
18/O
16 ratio of the shells measured? The shell is ground to a powder and reacted with acid in an evacuated glass vessel. The reaction produces carbon dioxide which is put into a machine called a mass spectrometer and this measures the O
18/O
16 ratio. Although the mass spectrometer is a very sophisticated machine, the overall technique is very simple and can easily be learnt in a few days.

        

        

          
Results

          
Over the last two years I have collected a number of samples from various parts of New Zealand representing various Tertiary stages. Samples have also been provided by various people, especially the New Zealand Geological Survey, at Lower Hutt.

          
Measurements have been made on planktonic foraminifera and macro fossils from shallow water deposits. The results are summarised in the Figure which is “normalised’ to the latitude of Wellington. Major points of interest are the considerable drop just prior to the Eocene/Oligocene boundary (Upper Runangan Stage) and the rise to the Altonian Stage and subsequent fall, almost steadily, towards the Pleistocene.
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Discussion

          
Mr. 
J. Grant-Mackie. What size of sample is required for one determination.

          
Mr. 

I. Devereux. I use about 5 mg. of Foraminifera which is several hundred tests. With macro-fossils, usually 8-10 mg.

          
Dr. N. deB. 
Hornibrook. How do you tell if a sample is exchanged or altered?

          
Mr. 

I. Devereux. Firstly I would examine the material containing the fossils. It should be clean, not stained or brown, denoting percolating ground waters. The fossils should be carefully examined microscopically. They should be white or light grey, opaque not glassy, they should be hard not chalky. When ground they should give a clean white powder.

          
Mr. 
V. Neale. Would samples from near Antarctica be likely to be affected by ice water and ice-bergs melting?

          
Mr. 

I. Devereux. Yes, almost certainly.

          
Dr. 
P. Webb. Have you tried any measurements on living plankton?

          
Mr. 
Idevereux No. I have not been able to get any suitable samples, but other people have done it. I have measured some Recent molluscs.

          
Dr. N. deB. 
Horinbrook Have your results been corrected for surface temperatures?

          
Mr. 

I. Devereux. The results shown are the temperatures measured, normalised to Wellington. If the forams, are recording a temperature a little below the true surface temperature, which is likely, then the results may have to be lifted 1 or 2°C.

          
Professor 

A. Wilson. What error would you place on the results?

          
Mr. 
Idevereux The analytical error is only 0.5°C but because of the various uncertainties I think 2°C would be a more realistic figure.

          
Mr. 
K. Lewisi. I have read a paper by Dr. Wiseman of the British Museum in which he said that he got different results depending on how he prepared his sample. Could you comment on this?

          
Mr. 

I. Devereux. Some shells, especially living ones contain organic material which can contaminate the sample and so must be removed. This can be done by heating under vacuum or soaking in Janola.

          
Mr. 
J. Grant-Mackie. I am wondering if your low temperature in the Whaingaroan is supported by the presence there of fossil penguins.

          
Dr. 

C. A. Fleming. I don't think we know the climatic requirements for fossil penguins.
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Abstract

          

Extinction of orbitoidal foraminifera was followed by regional transgression and by an invasion of the foraminiferid 
Bolivinita quadrilatera in New Zealand (40°South) Indonesia (equatorial) and Japan (40°North). As the simplest hypothesis it is assumed that all three events happened in the three areas and throughout the western Pacific at the same time. The most likely cause of all three events over such a large area would be a worldwide temperature fall and rise with a minimum more than 5°C lower than late Middle Miocene temperature.

        

        

          
Introduction

          

In 1963 I postulated a glacially controlled fluctuation of sea-level to explain a sedimentary cycle (Te Aute Cyclothem) in strata classed as Upper Pliocene (Waitotaran Stage). I also suggested that waxing and waning of an Antarctic Ice cap might have caused sea-level fluctuations during the Tertiary Period. Recently Kennett (1967, p.1061) postulated a cooling in New Zealand during latest Miocene (Kapitean) time on the evidence of changes in planktonic foraminiferal faunas and the occurrence of dominantly sinistral-coiled populations of 
Globigerina (or 
Globorotalia) 
pachyderma. He drew attention to evidence of a fall in sea-level and faunal changes that happened at about the same time in other parts of the world, postulated that the fall in temperature was world-wide, and estimated it to be about equal to those of the Pleistocene glacial periods. Jenkins (1967) described changes in coiling ratios of 
Globigerina pachyderma samples from Upper Miocene to Pleistocene in New Zealand, and inferred a series of temperature fluctuations during the Pliocene Period.

        

        


        

          
Middle to Upper Miocene stratigraphy and paleontology

          
Basal Upper Miocene (Tongaporutuan) strata known as the Hurupi Formation overlie older rocks with angular unconformity along an outcrop of about 120 kilometers in Wairarapa, East Wellington. Where microfaunas have been examined the lowest 50 to 100 meters of the formation contains shallow-water foraminifera whose age could be Middle or Upper Miocene, but higher beds contain 
Bolivinita quadrilatera the first appearance of which marks the base of the Tongaporutuan Stage throughout New Zealand. The basal beds of the Hurupi Formation seem to be virtually the same age throughout its 120 meters of known outcrop. A sandstone at the base of the Waihoki Series (Ongley, 1935) which unconformably overlies Middle Miocene at Pongaroa, is probably the north-eastward continuation of the Hurupi Formation, but its age is not yet well established.

          
The Waiauan Stage which directly underlies the Tongaporutuan in New Zealand; is generally accepted as the highest part of the Middle Miocene. It is marked locally by the last appearance of orbitoid foraminifera in New Zealand, and consequently Hornibrook (in Fleming ed. 1959, p. 429) correlated it with the upper part of the f Stage (f3) of Indonesia.

          
A regional unconformity marks the base of the g Stage over large parts of Indonesia, but tends to fade out where sediments are thick (van Bemmelen, 1949, p. 88 and many tables and diagrams). The g Stage directly overlies the f Stage and is regarded as representing the Upper Miocene and part of the Pliocene. Van Bemmelen attributed the unconformity to a phase of diastrophism during the Middle Miocene Epoch. The boundary between the g Stage and underlying f Stage is paleontologically marked by the sudden and total disappearance of orbitoid foraminifera which are abundant and varied in f3, the youngest substage of the f Stage (Rutten, in van Bemmelen, 1949, p. 83-3). It is also marked by the first appearance or nearly the first appearance of 
Bolivinita quadrilatera (Finlay, 1947; Glaessner, 1959).

          
At Kakegawa in Honshu, Japan, the Upper Miocene Sagara Group rests unconformably on strata correlated with the Burdigalian Stage (Lower Miocene) of Europe, and in the Izu Peninsula nearby strata immediately older than the Sagara Group contains 
Bolivinita quadrilatera, and because it lacks orbitoid foraminifera is correlated with the g Stage of Indonesia (Sawai, 1962, p. 116).

        

        

          
Inferred temperature fluctuations between Middle and Upper Miocene, and estimate of its magnitude

          
A widespread transgression was accompanied by the invasion of 
Bolivinita quadrilatera and preceded by the extinction of orbitoid



foraminifera in each of the three regions discussed. It is most likely that the three events resulted from one basic cause or combination of causes, and the simplest assumption is that they happened simultaneously in the three regions.

          
The most likely cause of the extinction of the orbitoid foraminifera, and one which would affect the three regions simultaneously, is a world-wide drop in temperature. Japan and New Zealand straddle the 40 degrees North and 40 degrees South latitudes respectively. The late Miocene orbitoid faunas of these two countries are localised and are probably mere relicts of former more prolific orbitoid faunas. Probably they were living near the limit of their temperature tolerance and would have been extinguished by a slight temperature decrease. A much larger temperature decrease would be needed to extinguish the abundant and varied equatorial fauna of Indonesia. As a first approximation the magnitude of the decrease needed may be taken as greater than the difference between the temperature at the equator and that at the 40 degrees latitudes represented by Japan and New Zealand where we have assumed that the Middle Miocene orbitoids were at the limit of their tolerance. It was probably of the same order as the 10°C to 12°C difference in mean annual temperature of surface waters in New Zealand and Indonesia at the present day. Even if it is assumed that climatic zones were less strongly differentiated than now the estimated temperature difference can scarcely be reduced to less than half that of the present day, and we may safely assume a minimum possible difference of 5°C. A temperature drop of this magnitude or greater could be expected to cause a significant growth of a polar ice cap and hence a fall in sea-level.

          
A decline in temperature of 5°C or more is not consistent with differences in fossil faunas of the Middle Miocene and those of most of the Upper Miocene in New Zealand (Hornibrook, in Fleming ed. 1959, p. 407). Therefore it is necessary to postulate that the greater part of the large drop in temperature at the end of the Middle Miocene Epoch was temporary, and that early in the Upper Miocene Epoch temperature recovered to something approaching that of the Middle Miocene. The recovery of temperature would cause retreat of polar ice and rise of sea-level.

          
While temperature was falling all tectonically sinking land areas would remain above sea-level except those sinking faster than sea-level. On the contrary, when sea-level began to rise all sinking land areas would be flooded extremely swiftly, as was Wairarapa at the beginning of the Upper Miocene Epoch.

        

        


        

          
Conclusions

          
It is postulated that a world wide decrease in temperature greater than 5°C possibly as much as 12°C took place at the end of the Middle Miocene Epoch and directly caused the extinction of orbitoid foraminifera (and other organisms) in the western Pacific and probably also throughout the world. It is also suggested that the decrease in temperature caused glacial lowering of sea-level.

          
It is further postulated that temperature rose again during the early part of the Upper Miocene Epoch, causing a post-glacial rise of sea-level which is reflected as transgression in New Zealand, Indonesia and Japan. With the transgression characteristic Upper Miocene species including 
Bolivinita quarilatera invaded the three countries.

        

        

          
Discussion

          
Dr. N. deB. 
HORNIBROOK. I wonder if Dr. Squires could comment on any evidence in deep cores in the Pacific from say Bikini, to support this large fluctuation in temperature.

          
Dr. 

D. F. Squires. I don't think there is any such evidence. I am wondering if there has been undue emphasis on a temperature effect. Possibly a smaller change would have affected the food supply of the foraminifera; for instance the seaweed.

          
Professor 

P. Vella. The temperature change I have suggested is somewhat similar to that shown by Mr. Devereux for his drop from the Southland Series to the Lower Tongaporutuan.

          
Dr. 

C. A. Fleming. If such a large change in temperature seems unreasonable possibly some change such as proposed by Professor Wilson may be the explanation. A test for Professor Vella's hypothesis would be to closely examine a section continuous from Waiauan to Tongaporutuan.

          
Professor 

P. Vella. This may be helpful but care must be taken as tectonic movements could lead to quite erroneous conclusions.
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Abstract

          

Tertiary Climatic changes are inferred from changes in the plant micro-fossils described by Couper (1960). Critical forms are: the 
Nothofagus ‘fusca’ group for temperate conditions, the Nothofagus ‘brassi’ group for warm temperate or equivalent subtropical montane conditions, and some other forms of present day subtropical distribution.

        

        

          
The Basis of Palaeoclimatic Interpretation by Plant Fossils

          

Many Plants are sensitive climatic indicators and their fossils can give a good idea of past climates. There are several types of plant fossils but for only three has there been much published in New Zealand: leaves; spores and pollens; and fruits.

          
Leaves are variable and have few diagnostic features related to the taxonomy of living plants, so for most of the Tertiary fossil leaves it is impossible to determine them even to a generic level.

          
Taxonomic determination is more feasible for spores and pollens than for leaves, and the spores and pollens of the New Zealand Tertiary have been described in considerable detail by Couper (1960), whose work forms the basis of the palaeoclimatic interpretations in this paper.

          
The small size of spores and pollens gives them an additional advantage over leaves. Fossil spores and pollens are mostly whole, whereas fossil leaves, particularly in New Zealand, are rarely found



whole. This lack of entire leaves is largely the result of the strong deformation of most of New Zealand's Tertiary rocks.

          
Fruits can often be identified with precision, but in New Zealand they are rare, except in Quaternary deposits.

          
The usefulness of plants as climatic indicators is offset to some degree by transport before fossilization. Leaves that have been washed from mountains, where the climate is appreciably cooler, have been found in the process of being buried in lake beds some 2,000 feet lower. (McQueen, unpubl). Spores and pollens, being much smaller, are transported further and not necessarily downhill (Moar, 1967), as with leaves.

          
In interpreting past climates, greater weight must be placed on plant assemblages than on individual species. If a particular plant assemblage is restricted to a particular climatic range today, then the same climatic range is inferred for the past, if the same plant assemblage were to be found as fossils.

          
Of the forest trees of New Zealand, 
Nothofagus spp. (southern beeches) are one of the most important elements at present and have probably been equally important for most of the Tertiary. It is fortunate that the three groups within 
Nothofagus, distinguishable by their pollens, are favoured by different climates.

          

Nothofagus menziesii grows only in the cooler parts of New Zealand: at sea level in Southland and above 2,000 feet in the Wellington district. The ‘
jusca' group of three species with indistinguishable pollens, occupies a broader climatic belt than 
N. menziesii, but does not grow at sea level north of latitude 39°S. 
Nothofagus, with pollens referable to the N. ‘
fusca' and 
N. “menziesii’ groups, also grows in South America, Australia and Tasmania, in about the same climatic conditions as in New Zealand.

          

Nothofagus ‘brassi’ is used here for the pollen group representing the large-leaved species of 
Nothofagus, now extinct in New Zealand. Species of this group still grow in New Caledonia above 2-3,000 feet (Dawson, 1966) and in New Guinea above 8,000 feet (Brass, 1956). Judged by their distribution in New Caledonia and New Guinea, species of the 
N. “brassi’ group indicate a climate of constant humidity and one warmer than that occupied by the 
N. “fusca’ group.

          
Couper (1960) records pollen of the group 
N. “brassi’ for the whole length of New Zealand from the middle Eocene until the end of the Pliocene. Species of the Proteaceae were much more numerous in the New Zealand Tertiary than they are today and it may be significant that the great majority of proteaceous species are now found in areas of seasonal rainfall (South and West Australia, Cape Province and Central Africa).

          


          
Another group of plants found in New Zealand forests today, and well represented in the Tertiary, are the conifers of the family Podocarpaceae. This family has a distribution embracing that of all three 
Nothofagus groups, and can not be used with confidence in climatic interpretation, unless pollen of present-day species is found.

          
The present-day distribution of New Zealand plants is partly controlled by temperature differences related to latitude zones, and these zones probably existed during the Tertiary. One such example is 
Bombacacidites, which was common in New Zealand, north of latitude 40°S in much of the Tertiary, but is not known to the south. 
Bombacacidites is identified from its pollen (Couper, 1960) and considered to be related to 
Bombax, the kapok tree of the tropical zones.

          
It is almost certain that the distribution of several other species could be shown to be related to latitude if the unpublished lists based on pollens and spores were to be analysed with latitudinal zonation in mind.

        

        

          
Tertiary Climate

          

            
Evidence for Tertiary climate, indicated by spores and pollens, is outlined below and it should be noted that evidence of latitudinal zonation within the range of 35°-46°S, exists only for those periods where it is mentioned.

          

          

            
Dannevirke Series:

            
Two pollen species from the Dannevirke Series indicate a climate considerably warmer than at present. 
Cupanieidites is not uncommon throughout and is probably related to the living genus 
Cupania which lives in the tropical and subtropical zones, and is not known south of latitude 34°S. 
Anacolosidites, not uncommon in the early Dannevirke, but absent from the late Dannevirke, is probably related to 
Anacolosa, a tropical genus that now lives in India.

            

Nothofagus menziesii appeared in the Mata Series at the end of the Cretaceous and continued in small numbers until the end of the Tertiary and then in much larger numbers in the Pleistocene and Recent.

            
One species of the 
Nothofagus “brassi’ group was abundant at the end of the Cretaceous but the group is not known from the Dannevirke, although it reappeared immediately after in Arnold times. The place of the 
Nothofagus “brassi’ group appears to be taken by podocarps which could indicate humid, subtropical conditions.

            

Nothofagus species are particularly slowly migrating and the absence of 
N. “brassi’ groups from the Dannevirke Series is
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Fig. 1: Fluctuations in plant fossil content and inferred climates from rocks of Tertiary and early Pleistocene age in New Zealand. All records, except for the leaves in the Hautawan, are of pollen grains from Couper (1960). Climatic zones below are based on Zotov (1938).


(Black triangle represents pollen of 
Nothofagus “fusca’ group and 
N. menziesii with leaves of 
N. menziesii and 
N. solandri var. cliffortioides.).


probably due to the group having been eliminated from the New Zealand area by climatic or other reasons at the end of the Cretaceous and not having had sufficient time to migrate back.

          

          

            
Arnold Series:

            
The Arnold Series flora is well-known from both marine and non-marine sequences. In Bortonian and Kaiatan times 
Nothofagus “fusca’ group pollen is abundant in Southland. In the Waikato 
Nothofagus is absent, and podocarps are abundant, along with 
Cupanieidites and 
Dysoxylum. Thus Bortonian and Kaiatan climates appear virtually identical to those today in these two parts of New Zealand.

            
In the Runangan, the youngest stage of the Arnold Series, there is an abrupt change in 
Nothofagus from the 
“fusca’ group, which had been dominant in the lower Arnold, to the 
“brassi’ group.



It is inferred that there was a relatively sudden change to a climate much warmer than that of the present day. The presence of palm pollen 
(Rhopalostylis) is supporting evidence for warmth.

          

          

            
Landon Series:

            
A climate warmer than that of the present day persisted throughout the Landon Series and into the Otaian, the oldest stage of the Pareora Series. The flora included 
Nothofagus “brassi’ group, 
Cupanieidites, Proteaceae, rare 
Nothofagus “fusca’ group and rare podocarps, and, in the north, 
Bombacacidites.

          

          

            
Pareora Series:

            
According to Fig. 3 in Couper (1960) the 
Nothofagus “brassi’ group was dominant over the 
N. “fusca’ group from the Waitakian to Lillburnian Stages, but in the Hutchinsonian to Awamoan Stages this dominance was less pronounced than before or after, and the climatic interpretation becomes more complex. In the Awamoan, for instance, there is a rather bewildering floral combination present: an abundance of podocarps, warm climate indicators (
Bombacacidites, Cupanieidites, and 
Nothofagus “brassi’ group), and cool climate indicators (
Nothofagus “fusca’ group). It is thought that there was a subtropical flora at sea level at 45°S., and forests of 
Nothofagus “fusca’ group on inland hills. The presence of proteaceous pollen in most samples suggests seasonal rainfall.

          

          

            
Southland Series:

            
All Southland pollen and spore samples indicate warm temperate to subtropical conditions. The 
Nothofagus “brassi’ group and proteaceous pollens are consistently present and small fossil coconuts have been found in North Auckland.

          

          

            
Taranaki Series:

            
The flora includes both warm and cool climate indicators, and is, as for the Pareora Series, best explained by considering that the climate at sea level was warm temperate to subtropical and that there were hills or mountains inland. The Putangirua Conglomerate on the Wairarapa coast is extremely coarse and very local in its distribution and a good geological indicator of considerable relief at that time. It contains a typical Taranakian flora.

          

          

            
Older Part of Wanganui Series:

            
The flora of the two lower Wanganui stages, Opoitian and Waipipian, is a mixed cool and warm one similar to that of the Taranakian and is interpreted in the same way. Relief of at least 1,500 feet is shown in the Upper Rangitikei area by the top of the greywacke, beneath the Opotian—Waipipian beds,



containing a mixed 
Nothofagus “fusca’ group and 
N. “brassi’ group flora.

          

          

            
Younger Part of Wanganui Series:

            
According to Couper and Harris (1960) and Couper and McQueen (1954) there is clear evidence of a marked change from a warm climate in the Waitotaran Stage to a cold climate in the lower Nukumaruan Stage. Waitotaran floras of the North Island of New Zealand are dominated by 
Nothofagus “brassi’ group with 
Cupanieidites and Nukumaruan floras by 
Nothofagus “fusca’ group pollens, with leaves of 
N. solandri var. 
cliffortioides and 
N. menziesii, and pollen of Gramineae and Compositae abundant at localities in the South Island.

            
The Pleistocene cooling, well shown by fossil leaves from the Hautawan, removed the larged leaved 
Nothofagus of the 
N. “brassi’ group from the New Zealand flora. Dumbleton (1967) infers this removal was due to aridity of the climate at the end of the Pliocene, but there is nothing in the floras at the end of the Pleistocene which would suggest aridity. 
N. “brassi’ could probably live in North Auckland today (Fleming, 1963), but has been unable to migrate back to New Zealand.

          

        

        

          
Conclusions

          
Pollens of extinct species and particularly of groups of species indicate both the terrestrial climatic fluctuations in the New Zealand Tertiary and the relief of the land masses of those times. The present interpretation is based only on those pollen forms that have been assigned to taxa known in New Zealand and elsewhere. There remains a large proportion of pollen forms not as yet assigned at the generic, or even family level. It is to be hoped that increasing knowledge of the morphology of plants of the Pacific region will, in the future, enable even more similarities to be discovered between floras of the New Zealand Tertiary and those still surviving to the north of New Zealand.
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Discussion

          
Mr. 

I. Devereux. Your pattern of absences in the Dannevirke seems rather similar to that of Dr. Jenkins. He has postulated some



calamitous event to wipe out the foraminifera and then some delay before they repopulated. Could the same sort of explanation be held for your case?

          
Dr. 

D. R. McQueen. Possibly, but it does seem a long time delay.

          
Dr. 

C. A. Fleming. It there a complete absence of the 
“brassi’ group or just a lessening of its occurrence?

          
Dr. 

D. R. McQueen. From the published results we have examined there is a complete lack of the group.

          
Professor H. GORDON. Dr. McQueen quite rightly stressed the need to study plants as groups. There are some species that live here today that are outliers of tropical and sub-tropical families and so you would find today quite appreciable pollen from a group that is considered tropical. He also mentioned that the Proteaceae are indicative of a dry climate but there are species living in rather wet climates in Tasmania.

          
Dr. N. deB. 
Hornibrook. In the Dannevirke Series there are some very fine sediments so there was presumably very low relief. It is possible that these alpine species retreated to very small pockets until another period of mountain building began? Dr. 

D. R. McQueen. The question of relief is very important. When the two groups are “mirror images’ of each other everything seems normal but when not a change of relief is suspected.
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Method

          

Temperature is the most fundamental factor in climate; from the present point of view it is the earth functioning as a heat engine.

          
Just as in isotopic dating the main problem is to know what exactly is being dated, so in isotopic thermometry, the main problem is to know just what is being measured. To what extent is growth temperature being measured, and to what extent subsequent ionic exchange? Even where the growth temperatures of fossil organisms have been accurately determined, what is the relationship of such ambient temperatures to the climatic mean temperature of the time, which is the desideratum for a palaeotemperature curve?

          
Large numbers of assays are required to provide some kind of statistical mean, especially where shelf faunas (as against deep sea faunas) are used. For the Victorian assays, only shelf faunas were available. The use of pelagic foraminifera included with such faunas were investigated, but sufficient well -



preserved forms in sufficient places were not available to provide a Cainozoic paleotemperature curve. Chemically stable molluscan shells from the continental shelf having a long range in time were selected. A large number of assays was carried out, most of which have been published (Dorman and Gill 1959a, b, Dorman 1966, Gill and Dorman 1967).

        

        

          
Variables

          
The aim of oxygen isotope palaeotemperature projects is to establish from the assay of fossils a curve of mean temperature that represents variation in temperature against time. Before this method was available, biologic data were the chief source of temperature estimates. These could only be generalised. The isotope method provided a check from another discipline, and also a more accurate way of determining past temperatures where suitable samples for assay were available. Although even a rough approximation of temperature is useful, the isotope method seeks to refine its procedures so as to give a reliable account of the temperatures of the past. If the parameter of temperature can be defined, many inferences can be safely made from the data. However, the chief difficulty is to cope with the many variables which can cause deviation from the actual temperature. Some of these are:

          

            
1. The assay variable.
          

          
More accurate mass spectrometers built for this special purpose have done much to overcome this variable, making possible determinations within + or - 1°C, other factors being correct. However, there is still the assumption that the proportion of O
18 to O
16 has not changed significantly through the span of geologic time concerned.

          

            
2. The latitude variable.
          

          
Many past attempts at palaeotemperature estimation have failed because the data were collected over too wide a range of latitude. The assays in Victoria have been restricted to fossils from one degree of latitude in order to eliminate this variable.

          

            
3. The biology variable.
          

          
Genera and species of marine organisms vary in their times and rates of physiologic activity, i.e. the times of acceptance of the isotopes whereby the record of temperature is retained. Some organisms are active during the heat of the day (for example), and some during the cool of the night. The physiologic characteristics of a fossil cannot be determined as a rule, although a probability can be established from its living relatives. In this



connection, the assessments for recent fossils will be more accurate than those for ancient fossils, and those for living forms more accurate than those for extinct forms.

          
This variable applies particularly to intertidal or shallow water marine organisms. Pelagic or deeper shelf taxa are therefore to be preferred. However, even the most suitable pelagic fossils may record different temperatures depending on where the ocean currents take them.

          

            
4. The ecologic variable.
          

          
Some organisms live at the surface of the sea and so record marine surface temperatures. Others are benthic and so record ocean bottom temperatures. The latter have a numerically lower range, and are slower to adjust to climatic change. This variable can be countered to a certain extent by using the same genus (or the same evolutionary series of species) throughout the geologic periods studied. Better still is to assay a benthonic series, a pelagic series, and a nectonic series, and compare the results. As far as possible, this was done by Dorman and Gill (1959a).

          

            
5. The chemical exchange variable.
          

          
As any chemical exchange between the minerals of the assayed fossils and their environment, and any reconstitution (e.g. change from aragonite to calcite) alters the proportion of the isotopes, serious error may result from this variable. Calcitic fossils, being chemically and physically more stable, are therefore to be preferred, and well-preserved specimens chosen. The removal of exterior surfaces such as may have suffered exchange is also a prophylactic against this type of error. It may be assumed in all cases that some exchange has occurred, and the question is whether the amount has been significant.

          

            
6. The palaeogeography variable.
          

          
In Victoria within the degree of latitude from which fossils were selected for O
18/O
16 assay, there are three sedimentary basins — the Gippsland Basin in the east, the Port Phillip Sunkland centrally situated, and the Mt. Gambier Sunkland in the west. The first two basins are separated by the South Gippsland horst, and the second two by the Otway horst. Significant palaeotemperature differences were noted between these basins, and these may well be connected with their paleogeography — the degree to which (at a given time) they were open to the ocean, the nature of the water circulation within them, and other factors that would affect the mean temperature of a given site.

          

            
7. The chronometry variable.
          

          
In order to plot temperature against time, some satisfactory method is needed of dating the fossils whose isotope composition is



measured. As such knowledge is limited, this constitutes another variable. It can be countered to a certain extent by taking fossils from a superposed series, if such be available.

        

        

          
Results

          
From the initial oxygen isotope assays, palaeotemperature graphs were constructed (Dorman and Gill 1959a, b). Recently Dorman (1966) has published new graphs based on a more extensive series of assays and a critical re-assessment of the results. A review of work so far has been prepared (Gill and Dorman, 1967). It is instructive to compare and contrast the two sets of graphs.

          

            
1. The Ostrea Series.
          

          
This genus was chosen as an example of a bottom-living mollusc with a relatively stable calcitic shell, and a long geologic history. It has been noted that a shallow water form such as 
Ostrea manubriata is more variable in isotope temperature than species belonging to deep waters. Figure 1 shows the two oyster graphs.
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Fig. 1: Oxygen isotope palaeotemperature curves for two series of Tertiary mollusc shells from Victoria, Australia.
              


          

          
The first was a generalised curve indicating lower temperatures in the lower Cainozoic, higher temperatures in the Middle Cainozoic, and lower temperatures again in the Upper Cainozoic. The same idea is conveyed in the new graph but (a) the peak is transferred. This was expected from the other palaeotemperature graphs (
Pecten series of 
Glycymeris series) published in the original paper, (b) The peak is higher, (c) There is evidence of temperature drops at the Eocene/Oligocene boundary, and in the Upper Miocene.

          


          
The new graph, being based on a much larger series, points up the reality of variables 3 to 7 above.

          

            
2. The Pecten - Chlamys Series.
          

          
Again the same general idea of a mid-Tertiary period of relatively high temperatures is indicated, but the peak is higher.

          
A result of the larger series of determinations is that the two graphs have become much more alike. Indeed, there is no major difference. The resultant curve fits well the biological evidence. (Gill 1961 a, b). As shells are used that record the rather variable conditions of marine waters over the continental shelf, it is probably significant that with greater numbers of assays, the two curves have approached each other. When this work was commenced, only deep sea faunas had been used for oxygen isotope palaeotemperature measurements. The present work indicates the feasibility of using shelf-faunas, provided a sufficient number of determinations is made.

          
Further progress could probably be achieved by studying the depth at which the organisms lived and a series of molluscs of the same genus selected from deposits emplaced at the same depth.

        

        

          
Discussion

          
Dr. N. deB. 
Hornibrook. Could you tell us where the peaks come in the Australian stages?

          
Mr. 

I. Devereux. The figures supplied by Mr. Gill do not give any stages but I will refer to their lastest published results. The dip is in the Upper Johannian Stage, below the Janjukian Stage.

          
Dr. N. deB. 
Hornibrook. That would correspond to our Ak to Ar, certainly Upper Eocene.

          
Mr. 

I. Devereux. The high peak is in the Batesfordian and the following dip is in the Mitchellian.

          
Dr. N. deB. 
Hornibrook. The Batesfordian corresponds to the Altonian and the Mitchellian our Tongaporutuan to Kapitean.

          
Professor 

P. Vella. With the correlation the Australian and New Zealand curves are remarkably similar.

          
Dr. 
I. Speden. I would like to comment on the choice of oysters as sample material. They have drawbacks which have made them unpopular for use in this work. Firstly, they live in shallow water environments which often experience salinity fluctuations, and secondly their shells have a foliated structure which would seem susceptible to group water exchange. They also have soft patches in the shell layers and these are permeable and are often recrystallised. For these reasons people have been rather sceptical about using oysters and yet here we seem to have a very comprehensive graph.

          
Mr. 

I. Devereux. Th problem of fresh-water contamination of the sea-water can probably be overcome by widespread sampling. It seems that the shells that are originally, deposited as calcite are



more stable than those deposited as aragonite. In assemblages of shells I have examined, in the Wairarapa, the aragonite ones are quite useless but the calcitic ones have remained unaltered. However from very old samples, say Mesozic, the oysters have all exchanged with ground waters and only belemnite guards seem satisfactory.
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‘Let anyone pass slowly over the surface of the earth, especially in a north-south direction, stopping from time to time to give himself leisure to observe; he will invariably see (each) species varying little by little and more and more as he is further from his starting point.’
            

            

              

                
Lamarck. 1815.
              
            

          

          

It Has Long Been Recognised that the morphology of animals is affected by environment. Size particularly varies in many species. Mayr (1963) considers “Size is perhaps the character most universally subject to geographic variation. It varies in virtually every species of animal that has an extensive geographic range.’ In most cases geographic variation of a species can be correlated with changing climate and usually with temperature. If a close correlation between size and temperature can be demonstrated at the present, it is reasonable to suppose that the same relationship existed in the past. Therefore the size of fossil animals may often give an indication of the temperature at which they lived.

          
Species vary in size with temperatures in two basically different ways. Regional differences may be purely the response of individuals to local conditions or size may be controlled genetically, in which case the species rather than the individual has responded by “natural selection’ to its temperature environment. The result in either case can be an increased or a decrease in size with increased temperature. However, in the majority of groups studied (Ray, 1960) size is inversely proportioned to temperature, a relationship referred to as Bergmann's Rule (1847).

          
The size of individuals is affected by temperature because the rates of chemical processes and hence metabolism and growth are also affected by temperature. Laboratory experiments have shown that such diverse forms as fowl and mice (Harrison 1959) and foraminifers (protozoans) (Bradshaw 1957, 1961) raised at high temperatures are smaller than their brothers raised at lower temperatures. Although growth may be slower in the cooler conditions it is normally continued for a longer period before the animal is capable of reproduction (Bradshaw loc. cit.). In the natural environment any species reacting in this way, which had an extensive, temperature varying range, would show geographic variation according to Bergmann's Rule. In warm waters the New Zealand benthonic foraminifer 
Nonionellina flemingi (Vella) reproduces at a size and form which would be regarded as juvenile



in cooler regions; a clear inverse size/temperature relationship is apparent for the species (Lewis and Jenkins, in press). If young are transferred to another region they will grow in a form appropriate to their new rather than ancestral environment; for instance Danish sea trout raised at the appropriate temperatures produce isomorphs of Mediterranean or north Scandinavian forms (Taning, 1952). It is probable that many cold blooded animals react in this way.

          
Other cold blooded animals are larger in warmer areas, which is the opposite to Bergmann's Rule. These are typically terrestrial or shallow water species with an annual breeding cycle, for instance many molluscs. In a warmer climate growth is more rapid so the animal has reached a larger size at the start of the breeding season.

          
Geographic variation of a species can be fixed genetically by selection of suitable forms in particular areas. This means that young transferred to another area would grow like their parents and not like the native race. However they would not be well adapted to the new environment. Most warm blooded animals have a genetically controlled inverse size/temperature relationship (i.e. according to Bergmann's Rule). Good examples are the Puffin, a European seabird, (de Beer 1964) and the European Wren (Armstrong 1955). The largest Wrens from Iceland are about twice as heavy as the largest specimens from southern England. The reason is obvious when it is realised that body temperature can be regulated by the ratio of heat losing surface to heat producing volume. Surface area increases roughly as the square of the length; volume is related to the cube of the length. Therefore the largest animals have the smallest surface area per unit volume, and use a smaller proportion of their energy maintaining body temperature in cooler regions. When the temperature is near the lowest endurable by the species the largest animals (with the shortest extremities — Allen's (1877) Rule) have the best chance of survival. The local gene pool is modified in favour of larger size and so long as the group is not isolated a gradation (or cline) is produced to small size in warmer regions, where the loss of heat is an advantage.

          
Once the relationship of size to temperature has been formulated for a particular living species, or group of closely related species, the same relationship can be assumed in fossil populations. It is not surprising that mammals, which are (of course) warm blooded, were larger during the Pleistocene glaciations than animals of the same species living in the same area today. Porcupines, tapirs, and orang-utans from Sumatran cave deposits are larger than the present native races although smaller than fossil forms from China. Fragments from tigers and rhinoceros were also usually large and compared more closely with present Bengalese rather than Sumatran
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Fig. 1: Upper Tertiary and Quaternary temperature fluctuations at sea surface in the region of Wellington, based on the size of 
Nonionellina flemingi (Vella).


races. (Hooijer 1949). It is clear that the cave deposits were formed during a cool phase when climatic conditions in Sumatra were perhaps equivalent to those found at present in Bengal.

          
A more statistical approach by Lewis and Jenkins (in press) relates the mean length of Upper Miocene to Recent populations of the foraminifer (shelled protozoan) 
Nonionellina flemingi (Vella) to temperature. The relationship in the Recent is apparently non genetic and mean length of tests is an inverse exponential function of the temperature at which the animals lived. The species has been abundant in muddy shelf sediments around New Zealand since the Upper Miocene. Assuming an identical length / temperature relationship since then it is possible, from the changes of mean length with time in the same area, to elucidate the Plio-Pleistocene climate changes. Some two dozen samples, rich in 
N. flemingi from the Upper Cainozoic of the Wairarapa and Wanganui Basins were compared. All of the populations have a mean size greater than Recent samples from the same area. It is therefore suggested that all of these populations lived in water cooler than that which exists in the same latitude today. In samples from the Waipipian, Uppermost Waitoraran, Upper Okehuan and Lower Castlecliffian (Fig. 1) the mean lengths were greater than that of the present population on Campbell Island. These measurements are not comparable with Recent data and it can only be assumed that conditions during these times were cooler than they are at Campbell Island today. A cool Waipipian is in agreement with the planktonic foraminiferal evidence of Jenkins (1967). Both are at variance with the Molluscan evidence of Fleming (1953). All workers agree



on cool conditions at some stage in the Hautawan although present evidence suggests that the major cooling was immediately prior to this stage.

          
All methods of estimating paleotemperature assume a particular process has been constant with time, all require a knowledge of animal ecology and hydrology which is rarely available. The normal paleontological technique for assessing paleo-temperatures is to compare the distribution of ancient forms with the distribution of comparable Recent material. When a whole fossil fauna is compared to a Recent one this is probably the most accurate method available. An element of doubt is obviously included when conclusions must be drawn from one or two “temperature sensitive’ species, particularly when the species are no longer extant. If a fossil species is still living, its present distribution may be restricted for reasons completely unrelated to temperature; for instance shallow water or terrestrial forms which became extinct in New Zealand during the Pleistocene can not recolonise the area from Australia or the islands to the north because an expanse of deep water is an effective barrier. An extinct form can be assumed to have a temperature tolerance within that of living representatives of the species, genus or family. However, tigers, rhinoceros and elephants, all thought of as tropical groups, had large “woolly’ forms adapted to cold Pleistocene conditions. Separate races or species must have been adapted to a different environment, possibly different temperature environment.

          
An alternative method of estimating palaeotemperatures using oxygen isotopes still involves many practical difficulties including secondary addition of material, recrystalization, processing of the sample (Wiseman, 1966). Salinity as well as temperature will affect the isotope ratio (Shackleton, 1967). Interpretation must involve a knowledge of the ecology of the beast whose shell is being used.

          
Geographical variation of a species is an inevitable result of variation of environment. Steady gradation (or clines) are usually due to climatic factors particularly temperature; irregular changes to local habitat, food or predators. Obviously local effects can be superimposed on the wider climatic effects. In the case of shallow water marine animals changes of salinity will often have a drastic local effect. Bradshaw (1957, 1961) has shown that extremes of salinity as well as food supply, can have the same effect on foraminifers as reduced temperatures. However abnormal salinities will produce distinctive total faunas. If the climatic effect on a single species is being studied the number of variables must be kept to a minimum and samples from brackish and other unusual environments must be ignored.

          
The effect of sorting by currents or during fossilization has a greater effect on statistical estimates of size, than it does on



qualitative paleontological methods. With micro - organisms redeposition may also be a problem. These possibilities must be considered, particularly where the evidence from geographical variation differs from that of other methods.

          
The size of animals is often temperature controlled. Therefore a change in size of a fossil group should not be regarded as simply evolutionary but an explanation should be sought in terms of variation, particularly temperature variation, of the environment. If size is always noted extra information may be gleaned from the available fossil material.

        

        

          
Discussion

          
Dr 

D. G. Jenkins. I'd like to congratulate Mr Lewis on his work and note that he also has a cool Waipipian. I'm wondering if the macropaleontologists can confirm this.

          
Dr. 

J. Marwick. There is a difference between the Waitotaran and the Miocene but not much between the Waitotaran and the Taranaki Series. The most spectacular effect is the cooling at the end of the Waitotaran. The Waipipian seems if anything warmer than the Waitotaran.

          
Dr. 

D. G. Jenkins. It seems that we are out of step. It is possible that the Mollusca are not so sensitive to temperature changes.

          
Prof. 

P. Vella. I'm sure that is true Dr. Jenkins!

          
Mr. 
J. Grant-Mackie. Mr. Lewis mentioned that the animals in question lived in silty sediments and it is possible that if samples of fossil assemblages are not taken from similar sediments then some current action may have occurred causing preferential removal of the smaller ones.

          
Mr. 

K. B. Lewis. There is quite a lot of fine sediment in the ones I have collected but some of the samples came from the Geological Survey and they were already washed. They include some of the Waipipian samples and I don't know how much mud they had originally contained.

          
Dr. 

C. A. Fleming. There is often quite a lot of mud but there are some anomalies because the shell beds are largely of coarse elements and there is doubt as to whether they represent the true bottom conditions.

          
Dr. 
P. Suggate. I am interested in the question of salinity changes and their effects. As the cooling occurred from the Miocene onwards, at some stage ice would begin to accumulate at the poles and this would affect the salinity of the oceans. There would presumably be some threshold where the change in salinity would have some effect on the animal. This type of effect could also occur during the climatic fluctuations of the Pleistocene.

          


          
Mr. 

K. B. Lewis. Extremes of salinity do have a marked effect on the rate of growth just as temperature does. For some animals examined by other workers the salinity has to be markedly different to get much effect I don.t know in this case what salinity change would be significant.

          
Dr. 

D. F. Squires. Could you get some salinity effect by altering the position of the sub-tropical convergence?

          
Mr. 

K. B. Lewis. I think the salinity change across the convergence is fairly small — only about one part per thousand. I don't think this would be significant.

          
Dr. N. deB. 
Hornibrook. It is possible that during the Pleistocene there was much more rainfall than at present and so the river outflow would have been much greater and so affect the salinity of the inshore waters.

          
Mr. 

K. B. Lewis. It is possible I suppose. Drastically lowered salinity will produce the same effect as lowered temperature. Recent material from Manakau Harbour contained 
Nonionellina larger than those on the open shelf in the same neighbourhood. However salinity is unlikely to affect the size of 
Nonionellina without producing a distinctly brackish fauna. If large numbers of 
Ammonia are present the samples must be treated with caution.
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Abstract

          

Numbers of Indo-Pacific molluscan genera occurring in each stage of the New Zealand Tertiary are totalled in three ways: (1) genera assumed to have been present from their first to their last occurrences; (2) the actual recorded occurrences of genera; (3) genera occurring only in the North Island. These are interpreted from evidence of knowledge of the temperature ranges of genera, and of revised ages for some Northland fossil localities.

          
The temperature graph produced for the South Island suggests that marginally tropical conditions prevailed in the late Arnold Epoch, late Landon Epoch and early Southland Epoch, with slightly cooler intervening periods, and that temperatures rose gradually until the first peak and fell gradually after the last peak. A few scattered points on a graph for Northland suggest that the area was marginally tropical from at least Bortonian to Waiauan times.

        

        

          
Introduction

          
One of us (Beu, 1966) recently discussed the molluscan evidence for sea temperatures in New Zealand during the Cenozoic Era, and concluded that temperatures rose evenly through the Tertiary Period to a peak in the Otaian (Lower Miocene), then decreased gradually through the rest of the period. Temperatures at the end of the Pliocene were considered to have been only a little warmer than those of the present day.

          
Fleming (1967) in a paper presented at the 11th Pacific Science Congress. Tokyo, 1966, listed all genera of known or assumed Indo-Pacific affinities occurring in the New Zealand Cenozoic, together with their stratigraphic ranges. Criteria for recognising Indo-Pacific genera were given by Fleming (1963, 1967). Fleming 1967;





[image: Fig. 1: Numbers of Indo-Pacific molluscan genera in New Zealand Tertiary stages. Black histogram shows numbers recorded from South Island localities; cross-hatched histogram shows numbers recorded in the North Island only; uppermost (unshaded) histogram shows numbers present in each stage, assuming each genus was present from its first until its last recorded occurrence.]


Fig. 1: Numbers of Indo-Pacific molluscan genera in New Zealand Tertiary stages. Black histogram shows numbers recorded from South Island localities; cross-hatched histogram shows numbers recorded in the North Island only; uppermost (unshaded) histogram shows numbers present in each stage, assuming each genus was present from its first until its last recorded occurrence.


text-fig. 4) gave a histogram showing total numbers of Indo-Pacific molluscan genera in each stage of the New Zealand Cenozoic, assuming that genera were present continuously from their first until their last occurrences. If interpreted as a temperature graph, this resembles the one given by Beu (1966: fig. 1), reaching a maximum in the Lower Miocene.

          
Fleming and Beu assumed that the beds at Pakaurangi Point. Kaipara Harbour, were entirely of Otaian age. Recent work by Mr. G. H. Scott (pers. comm) has shown that the greater part of the Pakaurangi Point section is Hutchinsonian in age, and only the
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Fig. 2: dido-Pacific molluscan genera recorded from each stage of the New Zealand Tertiary, expressed as a percentage of the total recorded molluscan fauna.


lowest beds are late Otaian. Neither author allowed for latitudinal temperature variation over New Zealand, and both produced a generalised graph for the warmest faunas known in each stage throughout the country. Maps of isotherms given by hydrologists such as Garner and Ridgeway (1965) show that surface temperatures at Stewart Island and at North Cape differ by approximately five to eight degrees at the present day, and it seems reasonable to infer that similar latitudinal differences existed in the past. This is important in considering New Zealand Tertiary temperatures, as the richest molluscan faunas of Paleocene to Miocene age are situated in the southern half of the South Island, whereas many warm-water genera are known only from Lower Miocene localities in Northland. The writers have therefore attempted to draw separate graphs for the southern part of the South Island and for Northland.

          
Factors which were not considered by the writers in this survey include the effects of relative displacement along the alpine fault during Tertiary time, and possible temperature differences between the east and west coasts of New Zealand.

          


          

            

[image: Fig. 3: Geographic and stratigraphic distribution in the New Zealand Tertiary of 21 significant stenothermal warm-water molluscan genera. Broad line indicates occurrence in the South Island (and presumably in the North Island also); narrow line indicates occurrence in the North Island only.]


Fig. 3: Geographic and stratigraphic distribution in the New Zealand Tertiary of 21 significant stenothermal warm-water molluscan genera. Broad line indicates occurrence in the South Island (and presumably in the North Island also); narrow line indicates occurrence in the North Island only.


          

        

        

          
Methods Used in Deducing Temperatures

          
The writers had access to charts, prepared by Dr. 
C. A. Fleming for his Pacific Science Congress paper (Fleming, 1967), showing the stratigraphic ranges of all New Zealand Cenozoic molluscan genera, classified into eight biogeographic categories. A list of Indo-Pacific genera and their actual recorded occurrences in New Zealand was prepared from these, incorporating new records and some reclassifications, and taking into account the age revisions mentioned above. This gave a total of 168 genera.

          
Histograms showing numbers of Indo-Pacific genera in each stage were prepared from this list in three ways (Figure 1).



	1.
	Genera were assumed to have been present continuously from their first until their last occurrences;


	2.
	The actual recorded occurrences of all genera throughout New Zealand were totalled for each stage;


	3.
	Genera occurring only in the North Island were segregated from those in the South Island again using actual occurrences.



          


          

            

[image: Fig. 4: Sea temperatures in New Zealand during the Tertiary Period, from molluscan evidence. Lower curve shows South Island temperatures; upper curve shows temperatures in Northland.]


Fig. 4: Sea temperatures in New Zealand during the Tertiary Period, from molluscan evidence. Lower curve shows South Island temperatures; upper curve shows temperatures in Northland.


          

          
Disregarding the Dannevirke Series, for which evidence is inadequate, these histograms show:



	a.
	Total ranges: A gradual rise through the Tertiary until the Hutchinsonian, and a gradual fall through the rest of the Tertiary;


	b.
	Actual occurrences: A far less regular histogram, with marked minima in the Runangan, Kapitean and Waitotaran, and maxima in the Kaiatan, Otaian and Hutchinsonian, Tongaporutuan and Opoitan;


	c.
	Removing the North Island element, and assuming that Indo-Pacific genera occurring in the South Island were also present in the North Island: also irregular, with minima in the Runangan, Otaian and Hutchinsonian. Waitotaran, and a minor one in the Tongaporutuan and Kapitean. Maxima occur in the Kaiatan, Duntroonian and Waitakian, Awamoan, and a minor one in the Opoitian.



          
The histograms cannot be interpreted directly as temperature graphs. For example, the small number of records in the Runangan and Whaingaroan is due to the lack of knowledge of faunas of this age. Construction of a temperature graph from the histograms involves considerable re-interpretation.

          
One approach is to consider the proportion of Indo-Pacific genera in the total molluscan fauna of each stage. The writers calculated these as percentages, using actual recorded occurrences for the whole country, and plotted them as a histogram (Figure 2). This has the effect of inverting the minimum in the Runangan and maximum in the Opoitian and Waipipian. A marked maximum still remains in the Hutchinsonian, but the Otaian and Awamoan are relatively low. A gradual rise from Awamoan until Clifdenian times seems



significant, particularly as almost all records in these stages are from the South Island.

          
A second approach is to consider the changes of geographic range with time of stenothermal warm-water genera in the New Zealand Tertiary. Actual recorded occurrences of the most significant 21 of these are shown in Figure 3. Such genera were almost entirely restricted to Northland during the Pareora Epoch, and migrated south by Altonian-Clifdenian times.

        

        

          
The Temperature Graph

          
The temperature graph shown in Figure 4 was constructed from evidence of the sort outlined above. The graph shows that sea temperatures in the South Island were marginally tropical in the late Arnold Epoch, late Landon Epoch and early Southland Epoch, was slightly cooler intervening periods, and that temperatures rose gradually until the first peak and fell away gradually after the last peak. All molluscan evidence in Northland suggests that temperatures were marginally tropical from at least Bortonian to Waiauan times, although the evidence is scanty for the time prior to the Otaian and after the Awamoan.
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Discussion

          
Dr. N. deB. 
Hornibrook. In the distribution of the large Foraminiferia during the middle Tertiary there is a period in the Landon when they are practically all absent or at least very scarce. Do you have such a picture with the Mollusca — an absence of nearly all Indo-Pacific species?

          
Mr. 

P. A. Maxwell. Apart from an apparent decrease in the number of Indo-Pacific genera in the Waingaroan, which may be due to the paucity of good macrofaunas, there is really no dramatic change. The Duntroonian for instance has quite a high proportion of Indo-Pacific molluscan genera.

          
Dr. 
P. Webb. In the Paleocene have you compared the faunas to those in Victoria such as the Pebble Point faunas, and have you noticed any Paleocene affinities with places like Chile or other South Pacific areas?

          


          
Mr. P. A. MAXWELL. The Victorian Paleocene molluscan fauna is not very large as I recall but does include the bivalve 
Lahilleona also known from the New Zealand Upper Cretaceous and Wangaloan. The closely related 
Lahillia occurs in Patagonia. A possible link between New Zealand and Patagonia is the gastropod 
Zealandiella doubtfully recorded from the Wangaloan which may be the same as a South American genus 
Austrocominella but I am not sure of the stratigraphical distribution of the latter.

          
Mr. 

K. B. Lewis. Do you get any influxes of Antarctic forms during the Tertiary such as during the Waipipian. or are there just influxes and extinctions of warm water forms?

          
Mr. 

P. A. Maxwell. I would not like to say definitely that any of the Tertiary species were Antarctic forms. There are some which come in during the Pleistocene. The Waipipian has a decidedly warm water aspect so far as the Mollusca are concerned.

          
Mr. 

I. Devereux. You have some very small bumps on your curve of only two degrees. Do you think that you can detect such a change or were you being rather conservative?

          
Mr. 

P. A. Maxwell. It is very hard to decide the scale of these bumps. They could easily be larger. They are plotted more to give the position of some warming rather than the amount.

          
Dr. 

C. A. Fleming. Would you say that the end of the Tertiary was cooler than today?

          
Mr. 

P. A. Maxwell. Yes, but only a little. About the same as the South Island today, or Wellington.
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Introduction

          

The Oamaru District has long been regarded as one of the classic areas of New Zealand Tertiary geology due to the variety of lithologic types it contains and the ease with which well preserved fossils belonging to many different groups can be collected from certain horizons. This paper is an attempt to synthesize the evidence provided by these diverse fossil groups for marine climate in this particular area during the late Kaiatan (upper Eocene), Runangan (upper Eocene) and the early Whaingaroan (lower Oligocene).

          
The distribution and climatic implications of the various groups were provided by Messrs A. J. Doig (diatom occurrences only), N. de B. Hornibrook (Foraminifera), 
I. W. Keyes (scleractinian corals), 
P. A. Maxwell (Mollusca) and their generous co-operation has made this paper possible. The writer is responsible for the climatic implications suggested for the diatoms, the occurrence and implications given for the calcareous nannoplankton and for the arrangement of the data in stratigraphic order.

        

        

          
Ages of Stratigraphic Units

          
The ages adopted in this paper (somewhat modified from Gage 1957, as a result of more recent evidence to be presented elsewhere) are as follows:


	
McDonald Limestone — uppermost Runangan to early Whaingaroan.


	
Deborah Volcanic Fm — basal Whaingaroan.


	
Totara Limestone — early Runangan to basal Whaingaroan.


	
Oamaru Diatomite — early Runangan to basal Whaingaroan.


	
Waiareka Volcanic Fm — late Kaiatan.


	
(excluding Oamaru Diatomite).




        

        

          
Occurrence and Significance of Fossil Groups

          
The stratigraphic distribution and climatic implications of species and genera considered useful in estimating the local climate during the late Kaiatan, Runangan and early Whaingaroan are





[image: Table 1: Occurrence of temperature indicative fossils in the late Kaiatan to early Whaingaroan strata of the Oamaru district.]


Table 1: Occurrence of temperature indicative fossils in the late Kaiatan to early Whaingaroan strata of the Oamaru district.





given in Table 1. Brief comments on the occurrence and significance of each fossil group are given below.

          
Although scleractinian corals probably occur in every formation dealt with here the coral evidence is entirely based on selective species present in small assemblages in the Waiareka and Deborah Volcanic Formations owing to the paucity of the fauna in the other formations. The corals seem to have a preference for tuffs but this may be due to collector bias resulting from their conspicuousness or better preservation in tuffs. The absence of hermatypic (reef building) corals almost certainly indicates the absence of truly tropical conditions since shoal areas almost certainly existed during this period in what is now the coastal area.

          
The molluscan evidence for marine climate is, of necessity, based on genera selected from special assemblages associated with particular facies. For example the only molluscan evidence available for late Kaiatan climate comes from the rather unique assemblage occurring in the Waiareka Volcanic Formation at Williams’ Bluff (Lorne). Mollusca are rare in the Oamaru Diatomite and, apart from the well known early Runangan Trig M. locality, are also rare in the Totara and McDonald Limestones. The Deborah Volcanic Formation contains common Mollusca only at Everett's Quarry and Gee's Point. At first the molluscan evidence appears to indicate fairly uniform near-tropical conditions throughout the entire period. However the upward decrease in the number of genera prefering tropical or subtropical conditions plus the distribution of 
Hyalocylis, a pelagic which should be independent of depth changes, suggests that the temperature gradually declined as time passed.

          
The Foraminifera is the only group that occurs abundantly in every stratigraphic unit discussed in this paper. However even these ubiquitous microfossils are sporadic in their distribution within the Waiareka and Deborah Volcanic Formations and are represented in the former by special assemblages at Williams’ Bluff (Lorne). Forrester's Hill and Fortification Hill. Further details of the climatic implications and occurrence of 
Amphistegina are given by Hornibrook (this issue). 
Asterocyclina and 
Hantkenina became extinct within the Runangan according to Hornibrook, 1958. The absence of Lepidocyclinidae in the Whaingaroan (Hornibrook, (this issue) suggests that the marginally tropical conditions formerly prevailing did not extend into the Whaingaroan.

          
The calcareous nannoplankton are extremely abundant in the Oamaru Diatomite and are often common in certain, usually tuffaceous, horizons within the Totara and McDonald Limestones. They do not occur in the Waiareka or Deborah Volcanic Formations. The prominent upward increase in the abundance of 
Ericsonia ovalis sensu lato and the upward decrease in 
Braarudosphaera bigelowi clearly suggests gradually declining temperatures (see Edwards, this issue).

          


          
The diatoms are totally restricted to the Oamaru Diatomite where they are often abundant (especially in the lower part). The upward decrease in the abundance of 
Stephanopyxis grunowii, a close relative of 
S. turris which, according to Crosby and Wood, 1958 is a East Australian Current indicator, forms the main evidence provided by these diatoms for changing climate.

        

        

          
Conclusions

          
The evidence for marine climate provided by the planktonics suggests that subtropical conditions prevailed during the late Kaiatan and early Runangan whereas a warm temperate climate probably occurred in late Runangan to early Whaingaroan time. On the other hand the benthonic organisms strongly suggest that marginally tropical conditions occurred during late Kaiatan to early Runangan time and that subtropical conditions probably prevailed during the late Runangan and early Whaingaroan. The discrepancies between the planktonic and benthonic evidence are probably due to the different habitats they occupy.

          
The oxygen isotope estimates obtained by Devereux (this issue) for “surface’ temperatures using planktonic Foraminifera appear, as would be expected, to follow fairly closely the estimates obtained using the temperature implications of the planktonic groups. However there are serious inconsistencies between Devereux's estimates for bottom temperatures and those indicated by the benthonic groups. Although this disagreement may be due to sampling of different habitats (only one locality in common) this explanation seems unlikely since Devereux's estimate for a sample in which abundant 
Asterocyclina having tropical implications occur is 12.8° Centigrade.

        

        

          
Discussion

          
Mr. 

I. Devereux. The isotope results I gave earlier which have been cited by Mr. Edwards should possibly be clarified. The Runangan results are from planktonic foraminifera whereas the Whaingaroan results are from benthonic material because the formation contained practically no planktonic material. The difference in temperature between planktonic and benthonic material in all the formations sampled in the Oamaru area was only two to three degrees so the Whaingaroan results should be near the true surface temperature and hence suggest a marked cooling compared with the Runangan results.

          
Mr. 

A. R. Edwards. Looking at the various groups studied it seems that the planktonic organisms give a better picture than the benthonics.

          


          
Mr. 

I. Devereux. I think this could be extended to the other papers given so far. The planktonic organisms appear more sensitive to temperature change than the benthonic.

          
Dr. N. deB. 
Hornibrook. I think that Mr. Edwards has shown us the value of working in detail on one area. Especially if various people can work on different animals in the same beds and then see where the results agree or don't agree.

        

        

          
References

          
            
Crosby, L. H.; Wood, E. J. F., 1958. Studies on Australian and New Zealand Diatoms. 1 — Planktonic and Allied Species. 
Trans, roy. Soc. N.Z. 85 (4): 483-530.

            

Devereux, I., 1968. Oxygen isotope paleotemperatures from the Tertiary of New Zealand. 
Tuatara (this issue).

            

Edwards, A. R., 1968. The calcareous nannoplankton evidence for New Zealand Tertiary marine climate. 
Tuatara (this issue).

            
Gage, M., 1957. The Geology of Waitaki Subdivision. 
N.Z. geol. Surv. Bull. n.s. 55: 1-135.

            
Hornibrook, N. de B., 1958. New Zealand Upper Cretaceous and Tertiary foraminiferal zones and some overseas correlations. 
Micropaleont. 4 (1): 25-38.

            
Hornibrook, N. de B., 1968. Distribution of some warm water benthic Foraminifera in the New Zealand Tertiary. 
Tuatara (this issue).

          
        

      








Victoria University of Wellington Library




Tuatara: Volume 16, Issue 1, April 1968

General Discussion





        

          General Discussion
        

        
Dr. 

J. W. Dawson. I would like to suggest two fields of botanical research that could assist in evaluating our past climates. The first one is the study of leaf fossils. Near the tropics there is a preponderance of rain forest species with large leaves whereas in our present rain forests we have mainly small leaves. A study of the sizes of leaves at various times could give an idea of the climate variations. I haven't looked at this closely, but what leaf fossils I have seen from the New Zealand Tertiary all seem about the same size as today. The second field is the study of epiphytes — the epiphytes of our rain forests are quite different from those of the tropical lowlands. In New Caledonia the lowland forest has a range of tropical epiphyte species, but above about 2000 feet the assemblage is like New Zealand. I don't think there have been many, if any, tropical epiphytes recorded as Tertiary plant fossils in New Zealand. By and large I think this suggests that the Tertiary climate in New Zealand was never truly tropical.

        
Mr. 

I. Devereux. Would anyone like to comment on the concept of latitude variations during the Tertiary. Is everyone more or less in agreement that there were definite latitude temperature differences throughout the Tertiary?

        
Mr. 

P. A. Maxwell. The Bortonian seems to be very even throughout New Zealand. During the Otaian-Hutchnisonian there seemed to be marked differences between Northland and Canterbury/ Otago.

        
Mr. 

I. Devereux. From the evidence presented it seems that the latitude differences are more apparent in the cooler periods. In the warmer times the whole country was warm and latitude differences are harder to recognise.

        
Dr. N. deB. 
Hornibrook. The position of the Sub-Antarctic convergance could have an effect.

        
Mr. 

I. Devereux. I think we could move on to comparing the results from each paper and seeing if we can come to any agreement. Professor P. VELLA. The drop in temperature at the Eocene/ Oligocene is one of the major agreements from all the papers presented. I think we could really concentrate on this boundary in New Zealand. We have an opportunity to do something really worthwhile for world stratigraphy.

        
Dr. N. deB. 
Hornibrook. At the Pan Pacific Science Congress paleobotanical evidence was presented which suggested a cooling during the Oligocene, so it would seem that this cooling was a worldwide event.

        
Dr. 

D. G. Jenkins. I think that the most significant thing that has come out of the Conference is that you have to pick a sensitive



subject to work with. Mr. Lewis's 
flemingi is undoubtably a very sensitive animal and so are the planktonic foraminifera and nannoplankton. However the Mollusca are a broad group and tend to give a broad picture. It would seem to be a good idea to select a more sensitive group from the Mollusca. The land plants also seemed to be fairly insensitive. I think the other significant thing was the good agreement between the isotope results from New Zealand and Australia.

        
Mr. 
V. Neall. One point that has struck me during the conference is that everyone has worked from tropical affinities. There would seem to be a good field in looking at cold water affinities, especially in echinoids, crabs and brachiopods.

        
Dr. 
P. Webb. It is said that some species of animals become more ornate in the tropics. I wonder if Dr Jenkins could say if this is the case with planktonic foraminifera and if so could this be used for climate studies?

        
Dr. 

D. G. Jenkins. I believe this is the case with some molluscs but I don't know of any species of foraminifera where this occurs. Dr. N. deB. HORNIBROOK. To get away from purely biological things, there is a field that has not yet been touched in New Zealand. That is the colour of sediments and microfacies studies. I wonder if Dr. Webb could tell us what is being done in Europe in this sort of thing?

        
Dr. 
P. Webb. This is a very wide field. Formation of phosphates, glauconites, and gypsum all have some climatic inference and could be used for climate indicators.

        
Mr. 

I. Devereux. Professor Wellman has told me that on the East Coast of the North Island there is a sudden change in the colour of the sediments at the top of the Runangan.

        
Dr. 
P. Suggate. In the West Coast of the South Island there are light colours in the Runangan and much lighter again in the Landon Sediments. This is associated with increasing lime content — the Landon tends to be limestones. Presumably this factor has a climatic association.

        
Professor 

P. Vella. This is a question for the sedimentologists and unfortunately we have a lack of sedimentologists in New Zealand.

        
Mr. 

I. Devereux. I wonder if anyone has any information on experiments either in tanks or by observation of natural communities, where the effects of altering the temperature are tabulated. Do some things die out while others hang on?

        
Professor 

P. Vella. Off South America there are a lot of sea birds dying. I'm not sure whether this is caused by over-fishing or a change in the Humboldt current or some other factor. I don't know whether this is being carefully watched.

        
Dr. 

D. F. Squires. The trouble with experiments is that marine organisms seem hard enough to keep alive in tanks without trying experimenting with them. With natural environments it is difficult



to tell what are short term effects and what are long term effects and so it is difficult to know what any change means.

        
Dr. 
I. Speden. The problem of what causes animal populations to change is not a simple one. People here have been stressing temperature changes but there are other factors which are probably just as important: turbidity, oxygen concentration, salinity, competition, etc.

        
Dr. 

D. F. Squires. I'd like to comment on that. Since I was here in 1959 I have wondered why there aren't reef corals in Northland. Maybe there are but nobody has reported them. The temperatures are alright, but marginal, but there are other things working against them; isolation, turbidity, and probably seasonal temperature fluctuations.

        
Mr. 

I. Devereux. I think I might attempt to summarise the results in a broad way, say Series by Series.

        
Dannevirke Series: Not a very good record from this time with the planktonic foraminifera probably providing the most valuable information. The general feeling is that it was a little warmer than today but cooler than the following series.

        
Arnold Series: From this time on there has been very good agreement. The Arnold would seem to be markedly warmer than today, being marginally tropical over most of New Zealand and there is a strong suggestion that it may have been the warmest period of the Tertiary.

        
Landon Series: A definite cooling seems to have taken place at the beginning of this time although the extent of this cooling is not completely clear.

        
Pareora Series: A warming again after the cooler Landon, with temperatures becoming marginally tropical especially in the North Island.

        
Southland Series: A very warm period at the beginning which may be the warmest time of the Tertiary rather than the Pareora which has been accepted till now as the Tertiary temperature peak. A definite cooling appears to have set in almost from the beginning of this time.

        
Taranaki Series: Cooling probably continued through this time also.

        
Wanganui Series: The cooling of the previous times may have continued right through to the Pleistocene but there is some suggestion that the temperatures of the Pliocene were fairly uniform and about the same as today. It has been suggested though that the temperature fluctuations that are the feature of the Pleistocene may have begun in the Pliocene.

        

          
Conference closed.
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