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Globorotalia (planktic Foraminiferida) in the Late Pliocene and 
Early Pleistocene of New Zealand 

N. de B. HORNIBROOK 
New Zealand Geological Survey, DSIR 
P.O. Box 30368 
Lower Hutt 

Abstract In the East Coast Basin, Globorotalia 
crassaformis coils predominantly sinistrally in the 
Opoitian and Waipipian Stages (Early to Late 
Pliocene), dextrally in the Mangapanian and lower 
Nukumaruan (Late Pliocene and Early Pleistocene), 
and sinistrally in the upper Nukumaruan (Pleis
tocene). 

Globorotalia crassula appears as an immigrant, 
approximately at the base of the Nukumaruan, at 
about the same level as the earliest appearance of 
the subantarctic mollusc Chlamys delicatula, and 
overlaps .with the range of dextrally coiling G. 
crassaformis in the lower Nukumaruan. 

Globorotalia tosaensis and small morpho types of 
G. truncatulinoides appear in the Mangapanian, 
becoming replaced gradually by more typical G. 
truncatulinoides in the Nukumaruan. 

One new species, Globorotalia crassaconica 
(Opoitian-Waipipian), and 1 new subspecies, G. 
puncticulata puncticuloides (Mangapanian
Nukumaruan), are described. 

DSDP Site 284, 400 km west of New Zealand, has 
a similar sequence of planktic foraminifera and the 
Globorotalia crassula to dextral G. crassaformis 
overlap-zone is between 50 and 60 m subbottom, in 
an interval with a marked enrichment of 180. 

In the paleomagnetically zoned Mangaopari 
Stream section, G. crassula and Chlamys delicatula 
first appear between the Gauss normal polarity zone 
and the Olduvai normal polarity subzone. 

Keywords Pliocene; Pleistocene; marine bios
tratigraphy; East Coast Basin; DSDP Site 284; 
magnetostratigraphy; oxygen isotopes; Chlamys 
delicatula; Foraminiferida; Gephyrocapsa sinuosa; 
Neogene-Quaternary boundary; climate; new fossil 
taxa; Globorotalia crassaconica n. sp.; Globorotalia 
puncticulata puncticuloides n. subsp. 
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INTRODUCTION 

Much of New Zealand was beneath the sea during 
the Pliocene. Marine sediments accumulated around 
the margins of the South Island, but they were much 
more extensively deposited in the southern half of 
the North Island in the Wanganui and East Coast 
Basins (Fig. lA). 

Wanganui Basin is a broad depression occupied 
mainly by inner to mid-shelf sandstone and 
mudstone, containing abundant Mollusca and 
benthic foraminifera, particularly well exposed 
along the Hawera-Wanganui coast. This classic 
sequence of molluscan-rich strata has attracted 
stratigraphers for many years. Comprehensive 
mapping and biostratigraphic work firmly estab
lished the area as the standard for New Zealand 
Late Pliocene and Quaternary stages (Fleming 
1953). However, the shallow water foraminiferal 
assemblages, containing few planktic species, are of 
limited use for correlation (Collen 1972). Thus, 
direct correlation of East Coast Basin sequences, 
using foraminifera, with the type sequences of the 
stages has been uncertain. 

In the East Coast Basin, the long, northeast
trending East Coast Inland Depression (Beu et al. 
1980) flanked by the rising main axial range on its 
western side and by the East Coast Highlands on the 
east, finally became separated from the Wanganui 
Basin by about late Nukumaruan time. 

The East Coast Basin reached bathyal depths at 
its extremities in northern Hawke's Bay and 
southern Wairarapa where deep water mudstone, 
containing abundant planktic microfossils, was 
deposited. In other parts of the basin, there is 
extensive shallow water coquina limestone, sand
stone, and mudstone, often containing abundant 
Mollusca. Progressive tilting of the margins has 
exposed many excellent sequences of fossiliferous 
Pliocene strata which reach a maximum thickness of 
about 2000 m in northern Hawke's Bay (Ongley 
1930; Grindley 1960; Kingma 1962, 1965, 1971; 
Marwick 1965; Grant-Taylor & Hornibrook 1976). 

My interest in Late Pliocene planktic foraminifera 
of the East Coast Basin was stimulated by the report 
of Berggren et al. (1967) of an apparent bioseries 
grading from non-keeled Globorotalia tosaensis into 
keeled G. truncatulinoides across the Pliocene
Pleistocene boundary (Olduvai event) in North 
Atlantic deep-sea cores. A drillhole was sunk near 
Wairoa to test this bioseries, and an account of the 
planktic foraminifera was published (Hornibrook 
1976). 
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Although sequential changes in the populations of 
Globorotalia tosaensis into keeled G. trun
catulinoides was observed, they were too gradual to 
be of much use in the thick, rapidly deposited strata 
in Hawke's Bay. A more important observation was 
the existence of a short overlap of the lower part of 
the range of Globorotalia crassula and the upper 
part of the range of predominantly dextral-coiling 
populations of G. crassaformis near the boundary 
between the Mangapanian and Nukumaruan. 

To test whether the ranges of these 2 species 
maintained a consistent relationship elsewhere in 
the East Coast Basin, the foraminiferal succession in 
11 other sections was investigated. Particular 
attention was given to the time range of Chlamys 
delicatula and the order of magnetostratigraphic 
polarity reversals in the Mangaopari Stream section. 
A series of splits of cores from the Deep Sea Drilling 
Project (DSDP) Leg 29, Site 284, was then 
examined to check the ranges of these species in the 
deep sea. 

The results of this work provide an improved 
biostratigraphic basis for correlation of the Late 
Pliocene and Early Pleistocene strata of the East 
Coast Basirr with New Zealand stages and the deep
sea sequence at DSDP Site 284. New grounds for 
correlation with the geomagnetic polarity time scale 
and the record of isotopic fluctuations are also 
presented. 

PREVIOUS WORK ON PLANKTIC 
FORAMINIFERA IN THE PLIOCENE OF THE 
EAST COAST BASIN 

Finlay (1939) first recognised the biostratigraphic 
value of planktic foraminifera in the East Coast 
Basin when he used the earliest appearance of 
Globorotalia inflata (d'Orb.) (now referred to G. 
puncticulata (Deshayes)) as one of the criteria to 
define the Opoitian

J 
and he later (Finlay & Marwick 

1940, p. 125) added the first appearance of 
... "modern Globigerinidae including 
Globigerinoides rubra (d'Orb.) and G. sacculi/era 
(Brady), Globorotalia crassula C. and S. [= G. 
crassaformis (Galloway and Wissler)] and trun
catulinoides (d 'Orb. ) . " 

The first major contribution was made by Jenkins 
(1968, 1971) who published lists of species and 
illustrations of planktic foraminifera from a number 
of stratigraphic sections in the Pliocene of the East 
Coast Basin. Jenkins did not devise a workable 
zonation, however, and erected a single 
Globorotalia inflata-zone for the whole Pliocene and 
Quaternary, with several subzones based on 
reversals of coiling direction in Globorotalia 

pachyderma. Other workers do not seem to have 
found these subzones useful. 
, Jenkins (1970, table 2) indicated that a subdivi

sion of his Globorotalia inflata-zone into further 
subzones based on Globigerinoides obliquus, G. 
ruber, and the Globorotalia tosaensis-G. trun
catulinoides species complex was possible. 

The ranges of G. obliquus and G. ruberin the East 
Coast Basin are insufficiently known, however, to 
use them as zone fossils. The G. tosaensis
truncatulinoides species complex is often rare and is 
not very reliable for correlation. 

Collen & Vella (1973) published a study of 29 
species of Pliocene planktic foraminifera from the 
southern part of the North Island (Wanganui Basin 
and Wairarapa area). They did not propose a 
zonation but attempted a correlation with Blow's 
(1969) zones and with the magnetostratigraphic 
polarity zones in the Hinakura section. 

Hornibrook (1976) published an account of 21 
species of planktic foraminifera in the Wairoa 
drillhole (Fig. 2, 3) recording Pulleniatina primalis 
and Globorotalia crassula in New Zealand for the 
first time and also sequential changes in the 
direction of coiling of G. crassaformis. 

Until now there has not been a useful scheme for 
subdividing the Wanganui Series based on planktic 
foraminifera, although the planktic foraminiferal 
zonations used by Kennett (1973, p. 582) for DSDP 
Sites 207 and 207 A on the Lord Howe Rise, and by 
Jenkins (1975) for the southwest Pacific area, are 
applicable to the Pliocene deep-sea sequences in the 
New Zealand area. 

NOTES ON SELECTED SPECIES 

Globorotalia crassaformis (Galloway & Wissler) 
Fig. 4, 5, 9 

1927 Globigerina crassaformis Galloway & Wissler, 
Journal of Paleontology 1: 41, pI. 7, fig. 12 

REMARKS: There is much confusion in the pub
lished records of Globorotalia crassaformis about the 
origin and distribution of this variable taxon. 

The writer has examined 4 topotypes (Cushman 
Collection 16087) from Lomita Quarry, California. 
The adults are closely similar to the taxon identified 
as G. crassaformis in this paper, having the typical 
narrow, slit-like aperture, without a peripheral keel, 
and with 4 chambers in the final whorl giving a 
rather quadrate shape (Fig. 4a-c). Although the 
juveniles are a little more depressed than in most 
New Zealand populations in which the shape 
changes less throughout ontogeny, there seems no 
reason to doubt that they are a single species. 
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a c 

d f 

Fig. 4 a-c Globorotalia crassaformis (Galloway & Wissler), 3 views of a topotype from Lomita Quarry, California, 
Cushman Collection, National Museum of Natural History, Washington, Reg. 16087; x36. d-f Globorotalia crassula 
Cushman & Stewart, 3 views of holotype, Pliocene, Elk River, California, National Museum of Natural History, 
Washington, Reg. 12459; x 36. 

The lower part of the range of G. crassaformis in 
New Zealand is well established (Jenkins 1971; 
Collen & Vella 1973; Kennett & Watkins 1974; 
Hornibrook 1976, 1977). The unkeeled form 
appears earliest, coiling predominantly sinistrally 
near the top of the range-zope of G . puncticulata 
sphericomiozea, a little below the appearance of G. 
puncticulata puncticulata in the Mangapoike River 
sequence (Le., very near the base of the Pliocene). I 
have not found it in the Kapitean stratotype at 
Kapitea Creek, although it was selected by Finlay & 
Marwick (1947, p. 235, as '0. crassula' ) as one of 
the key species for defining the top of the Kapitean. 

The criteria for defining the Kapitean-Opoitian 
Stage boundary are not fully standardised, and the 
range of G . crassaformis has been shown variously 
as just within the uppermost Kapitean or at the 
boundary. 

No certainly ancestral species for G. crassaformis 
has yet been demonstrated in New Zealand, and it 
may have invaded the area from elsewhere, 
appearing fairly suddenly as a distinct species. 

Kennett's (1966) proposed lineage of G. conomiozea 
passing into G. crassaformis was based on a 
misidentification of G. sphericomiozea. 

The earliest appearance of G. crassaformis in the 
Mediterranean is given as Late Pliocene (Italy) by 
Colalongo (1968), Mid Pliocene (Italy) by Follador 
(1967), Piacenzian (Crete) by Zachariasse (1975), 
and upper part of the Early Pliocene by Bizon & 
Bizon (1972) who show the crassaformis "group" 
appearing at about the same level as G . 
puncticulata. 

Lamb & Beard (1972, p. 52) discuss a G. 
crassaformis bioseries with G. aemiliana (= G. 
crassula) grading upwards into G. crassacrotonensis 
(= G. crassula ?) into G. crassaformis within the 
Middle Pliocene. In New Zealand G. crassula is not 
found earlier than Late Pliocene or Early 
Pleistocene, long after G. crassaformis appeared, 
and it cannot possibly be its ancestor. 

Only specimens having the characteristic slit-like 
aperture are identified as G. crassaformis in this 
study because of the possibility of confusion with 
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Fig. 5 Globorotalia crassaformis (Galloway & Wissler), 3 dextrally coiling specimens from DSDP Site 284, core 6-4--56 
em, FP2885-7; x 105. d-f Globorotalia crassaformis, 3 dextrally coiling specimens from S27/f238, Mangaopari Stream, 
Mangapanian, FP2888-90; x 135. g-l Globorotalia crassaconica n. sp., 3 dextrally coiling paratypes, TF159112-4, 
Nl161f493 , Tahaenui, Waipipian, x 130. 

y' 
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juveniles of the triangular form of G. inflata (= G. 
triangula Theyer?) and also with G. puncticuloides 
n. sp. 

Be (1977) shows living G. crassaformis having a 
geographic distribution from the transitional cool 
faunal zone bounded by a mean annual temperature 
of 10°C to the tropical zone with a maximum 
temperature of 30°C. Eade (1973, fig. 8) shows its 
peak of abundance north of New Zealand between 
22 and 25°S lat. 

According to Be, (1977) G. crassaformis is a deep 
water species living in the upper few hundred 
metres, whose adult stages occur predominantly 
below 100 m. This could account for the presence of 
mainly small, apparently juvenile forms in the 
Pliocene of the Wanganui Basin. 

Jenkins (1971, p. 86, table 53) was the first to 
record changes in coiling directions of G. crassafor
mis in the New Zealand Pliocene. The writer has 
checked Jenkin's identifications given in his table 53 
and comments as follows: In the Palliser Bay 
Section, only 3 dextral specimens could be definitely 
confirmed in sample N165/f556* , which is of 
Waipipian age, with Cibicides molestus. The identity 
of the sinistral specimens recorded in samples 
N165/f55&-569 is not confirmed as G. crassaformis. 
In the Waitotara River section (Wanganui Basin), 
most of the sinistral specimens recorded in sample 
N130/f527 are a new subspecies of G. conomiozea; 
only 4 are undoubtedly G. crassaformis. The 21 
dextral specimens identified as G. crassaformis from 
sample N130/f528 (with Cibicides finlayi) are G. 
crassaconica. The identification of 13 sinistral 
specimens of G. crassaformis from sample 
N130/f529 in the Waipipian (underlying the type 
Mangapanian) is confirmed. 

Throughout most of the Early or Middle Pliocene 
(Opoitian and Waipipian), G. crassaformis popula
tions coil predominantly sinistrally or randomly, 
although occasional predominantly dextral popula
tions have been found. A change from sinistral to 
dextral coiling in DSDP Site 284 near to the top of 
core 3A, and back to sinistral again near the top of 
core 5, is very pronounced. A parallel change can be 
seen in the East Coast Basin (Fig. 2,3, columns 1, 
10) where the base of the zone of dextral coiling 
coincides closely with the top of the range of 
Cibicides molestus. This change is adopted here as 
marking the Waipipian-Mangapanian boundary, 
except at Mangaopari Stream, where C. molestus is 
absent in the upper Waipipian, app' ·~ntly due to an 
unsuitable environment. 

*Fossillocality number in the New Zealand Fossil Record 
File. Numbers in the NZMS 1 map series file (e.g., 
N165/f556) have been retained for ease of reference. 
Numbers in the NZMS 260 metric file are referred to as, 
for example, V22/f79. 

The Opoitian and lower Waipipian (Opoiti 
Formation, Wbakapunake limestone and overlying 
sandy mudstone) are well exposed in the Wairoa 
Syncline and also, in part, at Tahaenui, near 
Nuhaka, but the planktic fauna in the upper 
Waipipian in the Waiatai valley is sparse. 

Further south, in the Raukawa Range of Hawke's 
Bay, there is a 300 m thick sequence of muddy 
sandstone underlying Te Aute Limestone, well 
exposed at Te Onepu Road (Fig. 2, column 10). In 
the highest sample (N1411f578) containing Cibicides 
molestus, 100 m above the base, the coiling ratio of 
G. crassaformis is 20S:19D. In the next highest 
sample (V22/f79), 103 m above the base, the ratio is 
2S:15D and it remains dominantly dextral above this 
level. 

In Mangaopari Stream (Fig. 2, column 12; Fig. 3) 
G. crassaformis occurs in small numbers in the 
Lower and Middle Mangaopari Mudstone, usually 
coiling predominantly sinistrally; it becomes more 
abundant in the Upper Mangaopari Mudstone 
coiling dextrally. 

Although extremely rare in Wanganui Basin, G. 
crassaformis (1 sinistral and 4 dextral specimens) 
and G. crassula (1 juvenile) are present in sample 
S22/f4 from the upper part of the Hautawa Shellbed, 
at the base of the Nukumaruan, in the Mangawhero 
River. 

The upper limit of the zone of dextral coiling is 
fairly distinct wherever it has been observed, 
overlapping for a short interval with the lower part 
of the range of G. crassula. This overlap-zone 
contains Chlamys delicatula at Mangleton Road, 
Totara Road, Mangaopari Stream, and the Hautawa 
Shellbed, and it is correlated with the lower part of 
the Nukumaruan. Above the zone of dextral coiling, 
G. crassaformis becomes rare in the East Coast 
Basin and coils predominantly sinistrally. The 
record by Jenkins (1971, table 52) in the 
Castlecliffian has been checked but is not 
confirmed. 

Overseas, sequential coiling changes in G. 
crassaformis have been recorded by a few authors. 
Lamb & Beard (1972) show G. crassaformis as 
sinistral throughout most of its range in the 
Caribbean and Gulf of Mexico, with short intervals 
of dextral coiling in the Late Pliocene below the 
earliest typical G. truncatulinoides. Roegl (1974, p. 
746, fig. 2) in his account of the foraminifera in 
DSDP Leg 27, Site 262, in the Timor Trough, shows 
G. crassaformis coiling sinistrally in the lower part of 
Zone N21, then dextrally in the upper part, and 
returning to sinistral coiling in Zone N22 at the level 
where typical G. truncatulinoides appears. All 
specimens from the type locality at Lomita Quarry, 
California (Pleistocene) seen by the writer, are 
sinistrally coiled. 
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The reasons for these changes in coiling of G. 
crassaformis in the New Zealand Pliocene may be 
found in its present distribution. Parker (1971) 
noted that the species has 2 coiling provinces in the 
South Pacific: sinistral coiling in the central and 
western South Pacific, and dextral coiling in the 
equatorial and southeastern Pacific. 

In a study of G. crassaformis in plankton tows 
from the Southwest Pacific, north of New Zealand, 
Eade (1973) found that the predominant coiling 
direction is opposite to that of G. rruncatulinoides 
and G. pachyderma; sinistral coiling occurs north of 
28°S lat., with randomly coiling populations 
between 34 and 36°S in a rather narrow zone of 
change. Populations south of 36°S were not studied, 
so that the change to predominantly dextral coiling, 
which presumably occurs to the south, was not 
demonstrated. 

In DSDP Site 284 and 284A, G. crassaformis 
appears lowest in core 14, section 4; it maintains 
predominantly sinistral coiling for a long interval 
(Fig. 3). Two brief reversals of coiling preference 
were observed, one within core 9, section 1, where 
the coiling ratio is 60% dextral, the other in core 11, 
sections 1-3, where the ratio is 90% dextral. Within 
284A core 3, the coiling direction ratio changes 
abruptly to predominantly dextral. It remains 
dextral throughout 284 core 7 and most of core 6, 
overlapping with the lower part of the zone of G. 
crassula and then reverting to sinistral in the 
uppermost part of core 6. These sinistral popula
tions in the upper part of the hole have weak 
peripheral keels. 

The initiation of dextral coiling occurs immedi
ately below the level at which Shackleton & Kennett 
(1975) and Kennett et al. (1979) record a marked 
increase in 180, and it is also accompanied by a 
marked increase in the cool water species 
Globorotalia pachyderma. 

Predominantly sinistral coiling and random 
coiling during the Opoitian and Waipipian Stages 
suggests sea subsurface" conditions similar to the 
present subtropical zone immediately north of New 
Zealand, whereas the sudden change to a long 
interval of predominantly dextral coiling suggests 
that cooler conditions prevailed during Mangapa
nian and early Nukumaruan time. The occurrence of 
dextrally coiling populations of the G. rrun
catulinoides-tosaensis complex and G. pachyderma, 
together with dextral G. crassaformis in the lower 
part of the Wairoa drillhole, however, suggests that 
conditions in northern Hawke's Bay in the early 
Nukumaruan were similar to those immediately 
north of the Subtropical Convergence Zone at 
present. 

Sequential coiling changes in G. crassaformis in 
the Late Pliocene and Early Pleistocene promise a 
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useful means of regional correlation and may 
provide evidence for changes in sea surface 

. temperature. 
Living populations of G. crassaformis show a wide 

range of morphological variation (Kennett 1976, p. 
31). They tend to be larger and more angular, with 
an imperforate peripheral rim with increasing water 
temperature, while cooler water forms are smaller 
with a subcarinate, more rounded periphery. 

Specimens of sinistrally coiling G. crassaformis in 
plankton tows from the North Atlantic compare well 
with New Zealand Pliocene specimens. They have a 
similar slow regular rate of chamber expansion 
producing a tight, quadrate adult form with 4 
chambers in the final whorl. Some have a weak 
peripheral rim, but others have none. The aperture 
is a low slit with a weak lip, typical of G. 
crassaformis. 

The following subspecies have been proposed for 
the variants noted above: Globorotalia crassaformis 
ronda Blow, G. crassaformis oceanica Cushman and 
Bermudez, and G. crassaformis hessi Bolli and 
Premoli Silva. 

Specimens from sample N116/f567 (Waiatai 
Valley, Mangapanian) have been compared with 
specimens illustrated by Blow (1969) now deposited 
in the British Museum (Natural History) London. 
Globorotalia crassaformis oceanica is very similar to 
specimens from the Pliocene of New Zealand, but 
G. crassaformis ronda has distinctly more inflated 
chambers. 

Globorotalia crassaconica n. sp. Fig. 5,9 

DESCRIPTION: Medium size, markedly plano-convex, 
triangular and conical in cross section, chambers sharply 
angled and rising to a peak in the umbilical area, ventral 
sutures gently recurved, dorsal sutures (spiral side) 
elongate and abruptly recurved at the junction of the 
chambers, periphery with a thin keel or rim, surfaces 
densely and coarsely hispid, aperture a low slit with a thin 
lip. The predominant coiling direction is variable, but 
mostly dominantly dextral populations have been 
observed. 

DIMENSIONS: Holotype, diameter, 0.42 mm. 

TYPES: Holotype and 7 paratypes. New Zealand 
Geological Survey Register No. TF1591. 

Topotypes will be deposited with the British Museum 
(Natural History) London and the National Museum of 
Natural History, Smithsonian Institution, New York. 

TYPE LOCALITY: N116/f493, F5408 , grid ref. 
X19/152295, tuffaceous mudstone exposed on northern 
side of Wairoa-Gisborne main highway, at entrance to 
Tahaenui Station, immediately west of road bridge over 
Tahaenui River. 

AGE: Waipipian (Late Pliocene). 

RANGE: Opoitian-Waipipian (Early-Late Pliocene). 
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REMARKS: A fairly typical population is present in 
sample N106/f750 from the limestone at the base of 
Opoiti Formation in the Mangapoike River section. 
The species is present throughout the formation and 
also in the Waipipian mudstone overlying the 
Whakapunake limestone (containing the index 
Waipipian mollusc, Chlamys (Phialopecten) 
triphooki marwicki) exposed further downstream. 
Particularly good examples of G. crassaconica are in 
the mudstone overlying the Whakapunake limes
tone near Nuhaka. This species is present in DSDP 
Site 284, cores 10-12. 

A comparison with G. crassaformis from the type 
samples (N116/f493) is well shown in Fig. 9a-c, s-u. 
G. crassaconica is distinctly more angular and 
planoconical with a distinct thin peripheral keel. In 
the East Coast Basin it coils dextrally, contrasting 
with G. crassaformis which coils predominantly 
sinistrally within this time interval. 

Globorotalia crassula Cushman & Stewart 
Fig. 4, 6, 9 

1930 Globorotalia crassula Cushman & Stewart, San 
Diego Society of Natural History Transactions 6: 77, 
pI. 6, fig. 7. 

The reasons for adopting this taxon as a senior 
synonynm of G. aemiliana, G. crassacrotonensis, 
and G. crotonensis have been discussed previously 
(Hornibrook 1976). 

Specimens of G. crassula in New Zealand Late 
Pliocene vary in shape according to the amount of 
secondary calcite on the test walls, but they are 
typically quadrate and depressed. The weak 
peripheral band tends to be overgrown in specimens 
with secondary deposits. The species is character
ised by the shape of the chambers which are 
typically about twice as wide as high. The aperture is 
a low narrow slit, and a weak lip is often present. 
The cross section is variable, but it is typically more 
depressed and less quadrate than that of G. 
crassaformis, and the spiral side is markedly less 
conical than in G. hirsuta. There is a marked 
tendency for the test shape to become more conical 
in the Quaternary and Recent specimens in New 
Zealand and it is easily confused with G. 
crassaformis. The coiling direction usually 
approaches 100% sinistral. 

The holotypes of G. crassula (Cushman Collec
tion 12459) and 2 para types (12460) from the 
Pliocene of California (Fig. 4d-f) were examined. 
They very closely resemble the form identified as G. 
crassula in this study, having 4 chambers sinistrally 
coiling in the final whorl, an elongate low aperture, 

strongly recurved dorsal sutures, a weakly thickened 
peripheral band rather than a true keel, and a 
tendency towards secondary thickening of the test 
producing small tubercles. The New Zealand taxon 
seems to be conspecific with G. crassula. Popula
tions in the Pliocene and Quaternary and in Recent 
bottom sediments from the vicinity of North Cape, 
maintain sinistral coiling, in contrast to G. hirsuta 
which is predominantly dextral. 

DISTRIBUTION: Various interpretations of the 
ranges and relationships of several forms that all 
seem to belong with G. crassula are contradictory. 
The range of G. aemiliana and G. crassacrotonensis 
in the Mediterranean, the Caribbean, and Gulf of 
Mexico are summarised by Lamb & Beard (1972) 
and by Stainforth et al. (1975) and are shown as 
being restricted to the Middle Pliocene. Judging by 
their appearance below that of G. tosaensis, they 
predate G. crassula in the Late Pliocene or Early 
Pleistocene of New Zealand. 

Parker (1967, p. 177) records G. crassula in Indo
Pacific deep-sea sediments ranging from Zone N19 
upwards, being especially common in the Quater
nary. Ro~gl (1974, fig. 4, p. 755) illustrated 
specimens from DSDP Leg 27, Site 262, in the 
Timor Trough, which appear to be conspecific with 
G. crassula as G. cf. crotonensis, apparently 
evolving from G. crassaformis in the Pleistocene. 
Keller (1978) records G. crassula at DSDP Site 310 
in the central North Pacific, ranging from Early 
Pliocene to Pleistocene. Her illustrations on pI. IV, 
fig. 1, 2, of specimens from the Late Pliocene, show 
a more open umbilical area than is usual in the New 
Zealand form. Early Pliocene specimens were not 
illustrated. Jenkins (1971) included G. crassula in 
his records of G. hirsuta. 

In New Zealand, G. crassula appears suddenly 
near the base of the Nukumaruan Stage, and is 
extremely rare in the Hautawa Shellbed at 
Mangawhero River. In DSDP Site 284 it appears in 
abundance in core 6, section 3, at 52 m subbottom; 
its sudden appearance in this area is obviously due 
to an invasion from another part of the Pacific. 

Be (1977, pI. 11, fig. 3) illustrates apparently the 
same taxon, as Globorotalia crotonensis, restricted to 
the warm water region of the Indo-Pacific. Parker 
(1971) gives the latitudinal distribution of G. 
crassula as from 0 to 400 S. Previously (Parker 1962) 
she had included crassula in her group 3 of G. 
hirsuta variants, noting that typical G. hirsuta of 
groups 1 and 2 always coil dextrally. This has been 
confirmed by the writer's observations of coiling 
directions of specimens of G. crassula and G. hirsuta 
from off North Cape. G. hirsuta also has a different 
distribution from G. crassula in DSDP Site 284, 
being present only in the upper 2 m. 
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Fig. 6 Globorotalia crassula (Cushman & Stewart) . a, b, J N1l6lfS09, Nulcumaruan, Te Uhi Hill, Wairoa, FP2893-4, 
2902 ; x 13S. d, I S27/£242, Upper Mangaopari Mudstone, FP2896, 2901; x 13S. 1:, e-b DSDP Site 284, core 6-3-20 em, 
FP2895, 2897-2900; x 90. 
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Globorotalia puncticulata puncticuloides n. subsp. 
Fig. 7, 8, 9 

1973 Globorotalia miozea conoidea, G. miozea 
sphericomiozea, G. puncticulata puncticulata, G. 
puncticulata padana; Theyer, F. in: Nature Physical 
Science, Vol. 241: pp. 142-5, fig. 3, nos 5-15 (in 
part). 

1975 Globorotalia puncticulata; Kennett & Vella in: 
Initial Reports of the Deep Sea Drilling Project, Vol. 
29: table 2, p. 772, (in part). 

DESCRIPTION: Test hispid, usually compressed in 
juvenile stage, becoming progressively more inflated with 
growth, usually 4 chambers in final whorl, final chamber 
variable, usually strongly inflated and semicircular in end 
view but often compressed and reduced in size; sutural 
depressions shallow, moderately strongly recurved, 
periphery broadly rounded, lacking a distinct keel. 
Aperture opens in the plane of coiling and is moderately 
stongly arched with a distinct lip. Preferred coiling 
direction is dominantly sinistral in all populations seen. 

DIMENSIONS: Holotype, diameter 0.58 mm. 

TYPES: Holotype and· 22 paratypes, New Zealand 
Geological Survey Register TF1590. 

Topotypes will be deposited in the British Museum 
(Natural History) London, and the National Museum of 
Natural History, Smithsonian Institution, Washington. 

TYPE LOCALITY: DSDP Site 284, core 6, section 4,120 
em. 

. TYPE LEVEL: Late Pliocene or Early Pleistocene. 

REMARKS: The taxonomic treatment of popula
tions induded in Globorotalia punetieulata pune
tieuloides is a difficult problem. In the East Coast 
Basin and in DSDP Site 284, such populations 
occupy similar biostratigraphic intervals and are 
characterised by varying proportions of rather 
compressed and strongly inflated individuals. The 
more compressed forms might be regarded as a 
different species if it were not for intermediate 
forms which show a complete gradation within many 
populations. 

Comparison of populations from a neritic 
environment in the East Coast Basin (Fig. 8, 9v-dd) 
with populations from the oceanic environment in 
DSDP Site 284 (Fig. 7) is made difficult because the 
oceanic individuals are much larger and tend to 
produce more inflated adults with larger apertures. 

Globorotalia punetieulata punetieuloides is pre
sumably derived from the more typical form of G. 
punctieulata (inflated chambers in both adults and 

Fig.7 Globorotalia puncticulata puncticuloides n. subsp., DSDP Site 284, core ~120 em. a Holotype, TF1590/1; 
x 80. b-i Paratypes, TF159012-9; x 80. 
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'Ia. 8 Globorotalia puncticulata puncticuloides n. subsp. a, c, e, f, g. S27/f264 Makara River, Mangapanian; 
(155. b, d, h, I S27/f239 Mangaopari Stream, Mangapanian, FP2876-84; x 155. 
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juveniles, a very wide, highly arched aperture, 
usually lacking a distinct lip) which occupies a lower 
biostratigraphic interval. 

Theyer (1973a, fig. 3, nos 5-15; 1973b) identified 
similar populations from the Tasman Sea as 
Globorotalia miozea conoidea, G. miozea 
sphericomiozea, G. puncticulata puncticulata, and 
G. puncticulata padana from a normally polarised 
interval which he identified as Gauss. Watkins et al. 
(1973) argued, however, that the paleomagnetic 
data were unreliable and that a simple Brunhes
Matuyama stratigraphy was a likely alternative. 
They commented that these forms fall within the 
normal variation of Early-Middle Pleistocene 
subantarctic G. puncticulata populations. Kennett 
(pers. comm.) has confirmed that populations from 
DSDP Site 284 were included in the records of G. 
puncticulata by Kennett & Vella (1975). 

Because of the differences in typical populations 
of G. puncticulata and their different biostratig
raphic range, it is proposed that G. puncticuloides 
populations be given the taxonomic status of a 
subspecies of G. puncticulata. 

G. puncticuloides is separable from G. crassula by 
greater. inflation of the chambers without a broad 
triangular shape, and also by having an arched 
aperture with a more distinct lip. G. crassaformis is 
distinguished by having a narrow slit-like aperture, a 
more quadrate shape, and different ratios of 
dextrally and sinistrally coiling individuals. 

Globorotalio tosaensis Takayanagi & Saito, and 
G. truncatulinoides (d'Orb,) Fig. 9 

1839 Rotalina truncatulinoides d'Orbigny, in Barker
Webb and Berthelot, Hist. Nat. des lies Canaries 
2(2); 132, pI. 2, fig. 25-27. 

1962 Globorotalia tosaensis Takayanagi & Saito, Tohoku 
University Science Repons, Sendai, Japan, Ser. 
2(Geology), Special Volume No.5; 81-2, pI. 28, fig. 
11, 12. 

An account of the intergrading populations 
containing morphotypes of these 2 forms in the 
Wairoa drillhole has been given previously (Homib
rook 1976). Collections made from surface sections 
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have yielded more information about the earliest 
populations in the Waiatai and Waihua valley 
sections in particular. 

Bathyal mudstones at the lowest level at which 
typical Globorotalia tosaensis was found in the 
Waiatai valley also yielded occasional angular 
truncatulinoides-like morphotypes with a weak 
peripheral band or keel (cf., Fig. 9g-i.) These 
angular truncatulinoides-like forms gradually pre
dominate over inflated G. tosaensis morphotypes 
through an 800 m thick sequence of tuffaceous 
mudstone and some redeposited sandstone. Popula
tions near the top of the sequence (Fig. 9d-f) 
approach typical G. truncatulinoides although they 
are separable from Recent specimens which are 
distinctly more plano-convex, more umbilicate, 
more strongly keeled, and larger. The concept of 
"typical" G. truncatulinoides is not a very 
satisfactory one on which to base the Pliocene
Quaternary boundary in this area. 

In the Waihua valley section, the earliest 
truncatulinoides-like forms are smaller and more 
depressed than in the Waiatai section (Fig. 9j-l) but 
this may be due in part to shallower water. 

Blow's (1969) separation of "early" G. trun
catulinoides forms as a different taxon which he 
called G. tosaensis tenuitheca has some merit, but 
the distinction is difficult to apply in practice. 
Records of G. truncatulinoides from the Opoitian by 
Homibrook (1958) and Jenkins (1971) are based on 
misidentifications. I now consider the record of G. 
tosaensis from sample N1l6/f527 in the upper 
Waipipian (Homibrook 1976, p. 87) to be a 
misidentification of G. crassaconica n. sp. 

Since the first records of G. tosaensis (Homibrook 
1976) I have found the species at a number of 
additional localities mostly in the Mangapanian, 
above the range-zone of Cibicides molestus. In the 
Raukawa Range section (Fig. 2, column 10) the first 
appearance of G. tosaensis coincides with the 
extinction level of C. molestus, which is adopted as 
the Waipipian-Mangapanian boundary. G. tosaensis 
probably evolved from G. crassaformis which it 
often closely resembles except for having 5 
chambers instead of 4 in the final whorl. 

Fig.9 (opposite) ~ Globorotalia crassaconica n. sp., holotype, TFIS9111, N1l6/f493, Tahaenui, Waipipian. d-f 
Globorotalia truncatulinoides (d'Orb.), fairly typical specimen, FP2903 , NllS/f62S, Waihua River mouth, 
Nukumaruan. g-i Globorotalia truncatulinoides, early morphotype, FP2904, NI16/fS20, Whakaki, Mangapanian. j-J 
Globorotalia truncatulinoides, small early morphotypes, juveniles, FP290S--6, W19/f9, Waihua Valley, Man
gapanian. m--o Globorotalia tosaensis Takayanagi & Saito, FP2907, N116/fS20, Whakaki, Mangapanian. p--r 
Globorotalia crassaformis (Galloway & Wissler), dextrally coiling, FP289 1 , N1l6/fS34, Waiatai Valley, Mangapa
nian. s-u Globorotalia crassaformis, sinistrally coiling, FP2892, N1l6/f493, Tahaenui, Waipipian. v-dd Globorotalia 
puncticulata puncticuloides n. subsp.; v, FP2871; w, x, FP2872; y, Z, fl'2873; aa--cc, FP2874; dd, FP287S; S27/f239, 
Mangaopari Stream, Mangapanian. ee--gg Globorotalia crassula Cushman & Stewart, FP2903, NIIS/f648, Wairoa 
drillhole site, Nukumaruan. All figures x 36. 
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STRATIGRAPmC COLUMNS (Fig. 2, 3) 

The occurrence of foraminiferal and molluscan 
species that are most pertinent to the correlation of 
the Mangapanian and Nukumaruan Stages in the 
East Coast Basin is shown on the 12 columns in Fig. 
2 and 3. The columns have been simplified so that 
they can be shown on a single diagram and the 
distribution of the important key fossils can be 
compared. Only the critical highest or lowest 
occurrences of most of the Mollusca are shown and, 
except for Chlamys delicatula, their full ranges are 
not shown. Detailed columns at a larger scale, 
showing sample positions, are held at the New 
Zealand Geological Survey, Lower Hutt. Fossil 
localities (e.g., N116/f493; W19/f9) are registered in 
the New Zealand Fossil Record File. 

The following notes fill out details of each column 
and of the biostratigraphy which could not be 
incorporated in the figures. 

Columns 1-8, Hawke's Bay 

Between T,angoio and Wairoa, the strike of the 
Pliocene and Early Quaternary beds is roughly 
parallel to the Hawke Bay coast, exposing a 
complete Opoitian-Nukumaruan sequence dipping 
progressively more gently towards the coast. North 
of Wairoa the beds bend southwards in the Wairoa 
Syncline in which is the type area for the Opoitian. 

In a marked marine regression during the 
Mangapanian, beds of shallow marine greywacke 
conglomerate accumulated along the shoreline, 
much as the beach gravels brought down by Mohaka 
River have formed along the coast at present. These 
conglomerate beds, containing Mangapanian Mol
lusca, form prominent dip slopes traceable for 50 km 
from the Napier-Taupo highway northeastwards as 
far as the Willow Flat Road (Fig. 1C). They wedge 
out north of Kotemaori, passing laterally into 
sandstone and mudstone. Marine sandstone and 
mudstone containing Nukumaruan Mollusca, over
lying the conglomerate, are evidence that the sea 
transgressed over the area during the early 
Nukumaruan. 

In a local deep part of the basin, near Wairoa, 
beds of mudstone and redeposited sandstone occupy 
an interval about 300 m thick (Fig. 2, column 12). 
They are mainly non-calcareous and contain 
Radiolaria. Bathyal foraminifera occur in a few 
calcareous beds. 

Column 1. Waiatai valley (Fig. 1, 2, 3) 
East of Wairoa where the strike of the Pliocene 
strata bends southwards into Hawke Bay, an 870 m 
thick sequence of beds dipping southwest at 5-6° is 
exposed in the northern slopes of the Waiatai valley 

between Trig. P and Te Uhi Hill, a distance of 
nearly 9 km. The thickness is difficult to measure 
accurately and the total figure is an estimate based 
on a 5° dip. 

In the steep slopes below Trig. P is 190 m of 
poorly bedded silty sandstone containing small 
numbers of planktic foraminifera, including 
Globorotalia puncticulata, which increase in abund
ance upsection. Benthic foraminifera include 
Notorotalia kingmai. Cibicides molestus, the highest 
occurrence of which is adopted in this section as the 
principal benthic foraminiferal marker for the top of 
the Waipipian, is only in the lower half of the 
sandstone. Globorotalia crassaformis populations, 
coiling predominantly dextrally, are in the topmost 
30 m. 

Above the poorly bedded sandstone, the lithology 
changes to a 210 m thick tuffaceous, carbonaceous 
mudstone containing occasional beds of sandstone, 
some of which show graded bedding. Planktic 
foraminifera are much more abundant in these beds 
and the typically deep water Notorotalia profunda 
replaces N. kingmai, apparently in response to a 
rapid deepening of the basin. Near the base of the 
mudstone, in sample N116/f534 from opposite 
Waiatai Station (grid. ref. X19/006273) , 
Globorotalia puncticulata puncticuloides n. subsp. 
replaces G. puncticulata puncticulata. 

A typical population of G. tosaensis was found, 
with 1 small specimen showing more of the angular 
shape of G. truncatulinoides, but lacking a distinct 
peripheral keel. Similar small individuals, consi
dered here to be variants of G. tosaensis 
populations, but showing some of the angular shape 
of G .. truncatulinoides, have been recorded previ
ously (Hornibrook 1976, p. 87, text fig. 2, 4, 5) from 
sample N116/f520 from the upper 10 m of this 
mudstone exposed in the cliffs beside the main 
highway south of Whakaki (Fig. 9g-i), together with 
Discoaster broweri. Large, thick-walled populations 
of Globorotalia crassaformis, coiling almost 100% 
dextrally, are common throughout. 

Next in succession, with its base at grid ref. 
X19/999354, is a 290 m thick sequence of mainly 
alternating, thin, graded bedded, mainly non
calcareous sandstone and mudstone which was 
deposited during a short period of rapid sedimenta
tion in a local deep part of the basin. About 70 m 
above the base, at grid ref. X19/987350, is a 15-20 m 
thick calcareous mudstone containing abundant 
planktic foraminifera (sample N116/f567); these 
include typical Globorotalia tosaensis and early G. 
truncatulinoides morpho types in a proportion of 4 to 
1, and also abundant dextrally coiling G. crassafor
mis and large specimens of the typically bathyal 
species Bolivinita quadrilatera (Schwager) var. 
grant-taylori Vella. 
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In higher calcareous mudstone exposed in the 
bottom of the valley below Trig. Kohitane (grid ref. 
X19/978342, sample XI9/f9) abundant Globorotalia 
crassula was found, the lowest recorded occurrence 
in this section, accompanied by a species of the 
typically bathyal genus Osangularia. Two specimens 
of Pulleniatina obliqueloculata Parker & Jones were 
found in sample NI16/f568 from the top few metres 
of the alternating beds. Radiolaria are present. 

Overlying the regularly alternating sandstone and 
mudstone unit is a 220 m thick calcareous tuffaceous 
mudstone. The contact between the 2 sets of beds is 
gradational and is well exposed at grid ref. 
XI9/964344 where occasional beds of sandstone 
occur in the lower part of the calcareous mudstone. 
Sample XI9/f18, collected from 15 m above the base 
of the mudstone, contains 15 specimens of 
Globorotalia crassafonnis, all coiling dextrally, 
together with abundant G. crassula and G. 
tosaensis. The thickness of the zone of overlap of 
Globorotalia crassula and dextrally coiling G. 
crassafonnis is estimated to be 180 m, compared to 
13.5 m in the Wairoa drillhole. The difference may 
be due either to an incomplete record in the 
drillhole . or to very rapid deposition in the 
alternating, graded-bedded sequence. 

Sample XI9/f19, 30 m higher, has a similar fauna, 
but without G. crassafonnis, and as this species was 
not found in samples from higher in the sequence, 
the top of its local range in this section and in the 
Wairoa drillhole is adopted as the principal datum 
for correlating the 2 sequences. 

Column 2. Wairoa drillhole (Fig. 1, 2) 
(Hornibrook 1976) 
A drillhole located on the southern side of Wairoa 
River, 1.5 km west ofWairoa (grid ref. WI9/896313) 
was put down in July 1972 to explore the extent of 
the overlapping zones of Globorotalia tosaensis and 
G. truncatulinoides in the hope of establishing the 
position of the Pliocene-Pleistocene boundary in an 
undisputed stratigraphic sequence. The hole went 
though 307 m of tuffaceous mudstone and sandstone 
which became sandier towards the base. An 
additional 180 m of similar beds is exposed above 
the top of the drillhole in the neighbouring hills, 
below Trig. Wairoa. 

The principal results were: 

1. Intergrading populations with morphotypes of 
G. tosaensis and G. truncatulinoides were found 
throughout the sequence. 

2. Globorotalia crassafonnis, coiling dextrally, was 
present in the basal 96 m. 

3. Globorotalia crassula was present in the upper 
210 m. 

4. Both G. crassafonnis and G. crassula occurred 
together in an overlap-zone 13.5 m thick. 
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·(Hornibrook & Grant-Taylor 1973; Hornibrook 
1976). 

5. There were reversals of predominant coiling 
direction in Globorotalia tosaensis and G. 
truncatulinoides populations, and Globorotalia 
menardii and Globigerinoides conglobatus were 
in some intervals. (This is suggestive of 
alternations of cool and warm water.) 

6. Rare Discoaster broweri occurs throughout the 
sequence. 

7. Gephyrocapsa spp. are present throughout the 
sequence, but no G. sinuosa was identified. 

The Nukumaruan-Waitotaran (Mangapanian) 
boundary, which was adopted as the Pliocene
Pleistocene boundary, was tentatively placed at the 
level of the highest occurrence of dextral G. 
crassafonnis in the drillhole. I would now place the 
underlying dextral G. crassafonnis-G. crassula 
overlap-zone within the lower Nukumaruan. 

Column 3. Cricklewood Road and the 
Waihua valley (Fig. 1, 2) 
These 2 adjoining sequences are combined in Fig. 3, 
column 3. In the Waihua valley, at the junction of 
Ngamahanga Stream and Waihua River, medium 
grey sandstone containing abundant Mollusca was 
dated as Waitotaran by Marwick (1965). The 
benthic foraminifer Notorotalia kingmai is abun
dant. Very small angular juveniles of Globorotalia 
truncatulinoides morphotypes are extremely rare. A 
small population of Globorotalia crassafonnis coils 
predominantly dextrally. 

Overlying this sandstone (separated by a short 
obscured interval) above a Late Pleistocene terrace 
in the southern slopes of the valley of Ngamahanga 
Stream (grid ref. W19n45318) is a 15 m thick, 
weathered, dark brown, cross-bedded, soft sand
stone which is the shallowest part of the sequence. 
This is probably a correlative of the brown 
sandstone below the marine conglomerate of 
Mangapanian age and it forms prominent scarps 
from the Willow Flat Road southwards to the 
Napier-Taupo highway (Fig. IC). 

Next is a 10 m thick weathered mudstone 
containing Notorotalia kingmai, dextrally coiling 
Globorotalia crassafonnis (samples WI9/f7, 10), and 
occasional small specimens of G. tosaensis. 

Beds of sand alternate with beds of mudstone 
(grid ref. W19n52320), which together form the 
next ctistinctive unit about 60 m thick. This is a 
useful marker unit striking northeastwards and it is 
visible in the scarps between the Waihau valley and 
Cricklewood Road where it crops out in the vicinity 
of Kiakia She~p Station (grid ref. WI9/802356). A 
Notorotalia species abundant in these beds is 
intermediate in morphology between N. kingmai, 
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with strongly tangential sutures, and N. zelandica, 
with fairly consistent radial sutures on the spiral 
side. Sample X19/f13 from about the middle of the 
regularly bedded unit yielded 30 dextral and 2 
sinistral specimens of Globorotalia crassaformis, as 
well as G. inflata, G. puncticulata puncticuloides n. 
subsp., and very small juvenile angular morphoty
pes of G. truncatulinoides. Mildenhall (in Beu et al. 
1977, pp. 244-5) recorded palynomorphs from 
within the uppermost 20 m of these beds (sample 
N115/f565) which he considered indicated Hauta
wan age. 

Overlying the well bedded unit is a long sequence 
of tuffaceous mudstone of uncertain thickness which 
is poorly exposed, and slumped, in the Waihua 
valley. A single specimen of Globorotalia crassula 
was found in sample N115/f596 (grid ref. 
W191765312) a few metres above its base. This 
mudstone is also well exposed in the slopes on either 
side of the valley of Huramua Stream, beside the 
lower part of Cricklewood Road. A 5 m thick zone 
of overlap between Globorotalia crassula and 
dextrally coiling G. crassaformis was located near its 
base on the southern side of the road (grid ref. 
W19/834342 , samples N115/f660, 661) and also in 
the slopes on the northern side of the valley (grid 
ref. W19/853351 , sample N115/f568). 

The tuffaceous mudstone contains planktic 
foraminifera including Globorotalia crassula and G. 
puncticulata puncticuloides n. subsp., increasing in 
abundance upsection. One specimen of Globorotalia 
crassaformis, coiling sinistrally, was found near the 
middle of this unit in sample N115/f552. 
Globorotalia truncatulinoides becomes more abun
dant and more typical in the upper part of the 
mudstone; popUlations at the highest exposures in 
the coastal cliffs at the mouth of Waihua River 
approach most nearly to the living form, although 
they differ from it in being less conical, less angular, 
less strongly keeled, and in lacking a distinct 
umbilicus. Globorotalia crassaformis is rare at this 
level and of the 8 specimens found, 7 coil sinistrally. 

The Nukumaruan gasteropod, Pelicaria convexa 
Marwick was identified by Marwick (1965, p. 11) 
from near the top of these beds exposed in the main 
highway above the railway tunnel at grid ref. 
W19/819287. 

Column 4. Mohaka River (Fig. 1, 2) 
In the deeply entrenched lower reaches of Mohaka 
River is a thick sequence of mudstone and sandstone 
dipping southeast at 3-5°. A generalised column and 
notes on the foraminifera are given in Hornibrook & 
Grant-Taylor (1973, p. 28 and table 1, pp. A7-A9). 

The lowest part of the section examined 3 km 
upstream from the road bridge, consists of 40 m of 

tuffaceous sandstone containing an early transitional 
form of Notorotalia zelandica which appears to be a 
little more advanced than the populations in the well 
bedded unit in the Waihua valley sequence (column 
3). 

Downstream from the road bridge is a 300 m thick 
sequence of sandy mudstone containing plentiful 
Mollusca. In the coastal cliffs, the highest beds in 
the sequence are thin-bedded, graded sandstone and 
mudstone about 50 m thick. The well known 
exposure in these beds, in the coastal cliffs on the 
northern side of Te Awe Awe Stream, shows 
evidence of subaqueous sliding. The beds appear to 
have formed as flows filling channels. 

The principal importance of this section is that it 
probably all lies stratigraphically above both the 
well bedded sandstone and mudstone unit in the 
Waihua valley and the Mangapanian greywacke 
conglomerate in the Willow Flat Road, but it also 
underlies most of the beds in the Devils Elbow 
succession. 

Following a general shallowing trend southwards, 
Mollusca are more common in this section than they 
are in the Waihua valley, and planktic foraminifera 
are less abundant. Globorotalia crassula is present in 
small numbers in the sandy mudstone, as well as 
dextrally coiling G. truncatulinoides morphotypes 
and rare sinistrally coiling G. crassaformis. 

Column 5. Willow Flat and Tamaharau Roads 
(Fig. 1, 2) 
From Willow Flat where the Mohaka River has cut a 
deep gorge in Opoitian limestone, the Willow Flat 
Road runs southeast to join the main Napier
Wairoa highway, traversing a thick sequence of 
Opoitian, Waipipian, and Mangapanian mudstone 
and sandstone. Tamaharau Road (shown as 
Kakariki Road on the road sign) runs parallel to 
Willow Flat Road for a short distance, 1 km to the 
east. 

The highest part of the mudstone, although 
almost without planktic foraminifera, contains 
plentiful Notorotalia kingmai, but it lacks Cibicides 
molestus which occurs lower in the sequence, and it 
is therefore correlated with the Mangapanian. 

The overlying beds are of principal interest to the 
present study. A 120 m thick, soft, brown, 
weathered, non-calcareous sandstone at Willow Flat 
Road (grid ref. W19/572304) is overlain by 6 m of 
thin beds of greywacke conglomerate with interbed
ded brown sandstone and carbonaceous lenses. 
These conglomerate beds thicken southwards 
forming prominent continuous dip slopes for about 
50 km. 

Mildenhall (in Beu et al. 1977, p. 245) has 
suggested a Hautawan age, based on the palynoflora 
from the carbonaceous lenses, for the conglomerate 
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at Willow Flat Road, but Mollusca (Polinices etc.) 
collected subsequently from sandstone between the 
conglomerate beds at Matahorua Road further to 
the south (column 6) are considered to be of 
Mangapanian age (Beu pers. comm.). 

The conglomerate beds are overlain by tuffaceous 
brown sandstone containing very few fossils, 
followed by mudstone which contains the Nukuma
ruan index species Struthiolaria frazeri in Waikari 
Gorge. Planktic foraminifera are very scarce in 
these shallow water beds which were laid down 
during the Mangapanian regression and the early 
Nukumaruan transgression which followed. Mol
lusca provide the main evidence for their age. 

Column 6. Waikoau and Darkies Spur (Fig. 1, 2) 
Darkies Spur is at the western edge of a 350 m high 
plateau. It overlooks Waikoau which is situated in a 
depression, eroded in soft sandstone, overlying 
prominent dip slopes of greywacke conglomerate. 
This conglomerate extends from the Willow Flat 
Road southwards through Waikoau to the Napier
Taupo highway. At Waikoau and Matahorua Road 
it forms 3 beds ranging in thickness from 7 to 15 m. 
The beds are separated by concretionary sandstone 
with marine Mollusca of Mangapanian age 
(Polinices and a species of Struthiolaria ancestral to 
S. frazeri; (Beu pers. comm.)) and are underlain by 
thick, soft, brown, massive, weathered sandstone 
with sparse Mollusca. 

Next is a 100 m thick sandy mudstone containing 
typical Notorotalia zelandica and very rare 
Globorotalia crassaformis (1 sinistral specimen 
found). This mudstone (Petane Formation) is 
correlated with the mudstone at Aropoanui Bridge, 
forming the base of the Devils Elbow sequence 
(column 7). It is overlain by 65 m of greywacke 
conglomerate and shelly sandstone and mudstone. 

At a higher stratigraphic level above the road 
(Fig. 2, column 6) Darkies Spur is capped by a 
sequence of conglomeratic limestones. 

Part of the Darkies Spur sequence is included 
here principally to show the stratigraphic relation
ships of the Mangapanian conglomerate to the 
sequence at Devils Elbow where the biostratigraphy 
has been studied in more detail. 

Column 7. Devils Elbow (Fig. 1, 2) 
The main Wairoa-Napier highway ascends the steep 
southern face of the valley of Aropaoanui River, 
exposing a 225 m thick sequence of beds, obscured 
in parts by slumping. Mollusca are exceptionally 
abundant and are continually weathering out of the 
banks on the roadside. The section was measured 
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and collected in detail and a generalised colUmn, 
together with lists of Mollusca and foraminifera, is 
given in Hornibrook & Grant-Taylor (1973, p. 34, 
A10-A22). Additional samples have since been 
collected (Edwards pers. comm.) to fill in the minor 
gaps in previous sampling. Foraminifera are mainly 
shallow water benthic species, not particularly 
diagnostic of age, and planktic foraminifera are 
generally sparse. 

A 15 m thick fine sandy mudstone (Petane 
Formation) at Aropaoanui Bridge, containing the 
Nukumaruan molluscs Struthiolaria frazeri Hutton 
and Pelicaria convexa Marwick and sparse planktic 
foraminifera, passes upwards into a 45 m thick shelly 
sandstone exposed at Devils Elbow. Next is a 40 m 
thick sandy mudstone from which Beu (in 
Hornibrook & Grant-Taylor 1973) has identified 
Mollusca indicating a depth of deposition of 10-20 
m. Overlying this mudstone is a 15 m thick cross
bedded calcareous shelly sandstone with a mollus
can and barnacle assemblage indicating deposition 
in an active wave zone, probably shallower than 10 
m. 

Next follows a 20 m thick muddy sandstone with 
plentiful Mollusca in the lowest 3 m, indicating a 
marked increase in depth of deposition of about 50 
m. Edwards (1976 and pers. comm.) has identified 
the first appearance of the coccolithophorid 
Gephyrocapsa sinuosa in the middle of this unit. 

Above the mudstone is the lowest of 3 shallow 
water limestones which form prominent beds visible 
in the upper slopes of the valley. The lowest 
limestone is composed of 10 m of laminated 
sandstone with abundant Mollusca and cemented 
basal shellbeds. It is overlain by 20 m of blue-grey 
sandy mudstone with abundant Mollusca including 
several genera not recorded from less than 60-80 m 
depth, indicating another sudden increase in water 
depth. 4 specimens of Globorotalia crassaformis, 3 of 
which coil sinistrally, were found here in sample 
Nl24/f579. 

Above an overlying 8 m thick obscured interval is 
the second prominent limestone, composed of 
conglomeratic shelly sandstone with a sandy beach 
type of Mollusca suggesting deposition in 1-2 m 
depth. 

Next is a 10 m thick cross-bedded sandstone 
followed by a 10 m thick conglomeratic fossiliferous 
limestone (with Patro and Maoricrypta radiata) 
completing the top cycle, and the remaining 10 m 
consists of pumiceous sandy conglomeratic mud
stone. 

The uppermost part of the sequence is still 
considered to be of Nukumaruan age (Beu in 
Hornibrook & Grant-Taylor 1972, p. A21). 
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Column 8. Scinde Island (Napier Hill) and the 
Onekawa drillhole (Kingma 1971, fig. 63) (Fig. 1,2) 
100 m of sandy, well bedded limestone, formed 
mainly of aragonitic shells, is exposed in Bluff Hill. 
At Milton Road, in the lower part of the limestone, 
is a shellbed containing Struthiolaria (Pelicaria) 
convexa fossa Marwick and Chlamys (Phialopecten) 
triphooki triphooki (Zittel) which together indicate 
an early Nukumaruan age (Beu, in Hornibrook & 
Grant-Taylor 1973). Planktic foraminifera, although 
not abundant, include Globorotalia crassula, G. 
crassaformis (4 dextral and 1 (?)sinistral) and small 
morphotypes of G. truncatulinoides. 

A drillhole put down in 1978 by Geophysics 
Division, DSIR, at Onekawa (grid ref. V211436815) 
intersected a sequence of beds below the Scinde 
Island Limestone which is interpreted by Grant
Taylor (pers. comm.) as 30 m of mudstone underlain 
by 30 m of cross-bedded sandy, barnacle-plate and 
mollusc-rich coquina limestone, grading down into 
10 m of muddy sandstone. The lower limestone, 
which yielded specimens of Globorotalia crassula 
and plentiful dextrally coiling G. crassaformis, and 
also G. puncticulata puncticuloides, has not been 
identified iIi surface outcrops. 

Column 9. Mangleton Road (Fig. 1, 2) 
A detailed account of the section exposed in 
Jumped-up Stream in the downfaulted Whakarara 
depression, has been given by Beu et al. (1977). At 
this locality, over 20 m of fine muddy sandstone 
containing shallow water bivalves is overlain by a 20 
m thick cross-bedded coquina limestone containing 
Chlamys delicatula Hutton and claws of the 
subantarctic crab Jacquinotia edwardsii (Jacquinot). 
This is followed by 20 m of muddy fine sandstone 
containing bathyal types of gasteropods. 

The basal sandstone yielded Globorotalia tosaen
sis and small atypical morphotypes of G. trun
catulinoides with a few dextrally coiling specimens of 
G. crassaformis. Specimens of G. puncticulata 
puncticuloides n. subsp. are recorded by Beu et al. 
(1977, table 2) as G. cf. puncticulata. The limestone 
and overlying muddy sandstone yielded numerous 
planktic foraminifera including Globorotalia cras
sula, G. crassaformis, coiling predominantly dext
rally, and G. puncticulata puncticuloides n. subsp., 
recorded by Beu et al. (1977, table 2) as G. cf. 
sphericomiozea. Also present were small morphoty
pes of G. truncatulinoides. 

The Mollusca Struthiolaria (Pelicaria) acuminata 
acuminata Marwick and S. (P) acuminata manga
oparia Vella occur in the topmost bed of the 
limestone and overlying muddy sandstone. Samples 
from the limestone contain rich palynomorph 
assemblages with Hautawan indicators (Mildenball 
in Beu et al. 1977, p. 244). 

Column 10. Raukawa Range (Fig. 1, 2) 
(composite column, adapted from Kingma (1971, 
fig. 47). 
The Raukawa Range is capped by westward dipping 
Te Aute coquina limestone formed mainly of worn, 
disaggregated barnacle plates and containing the 
Mollusca Chlamys (Phitilopecten) triphooki triphooki 
(Zittel) and Crassostrea ingens (Zittel). 

Beneath the limestone is a 300 m thick sequence 
of sandy mudstone well exposed in Te Onepu Road. 
At Hickeys Stream, where an unconformable 
contact with Late Cretaceous Whangai argillite is 
exposed (grid ref. V22/15441O) the basal bed is a 3 m 
thick limestone containing the Waipipian index 
fossil Chlamys (Phialopecten) triphooki marwicki 
Beu. 

The sequence of foraminifera through the 300 m 
of sandy mudstone is very useful for calibrating the 
extinction level of Cibicides molestus with the level 
at which Globorotalia crassaformis undergoes a 
change from random or predominantly sinistral, to 
predominantly dextral coiling. Cibicides molestus is 
common throughout the lower part of the sandy 
mudstone but it abruptly disappears 100 m above 
the base, and is last seen in sample N1411f578. 

Globorotalia crassaformis is not common in the 
interval with C. molestus and small populations of 
from 1 to 39 specimens examined are either 
sinistrally or randomly coiled. Sample N1411f578 
contains 20 sinistral and 19 dextral specimens and 
also a few specimens of G. tosaensis. Sample 
V221f79, 3 m higher, contains 2 sinistral and 15 
dextral specimens of G. crassaformis, and sample 
V221f80, 10 m above f578, contains 2 sinistral and 35 
dextral specimens. The change to predominantly 
dextral coiling in G. crassaformis and the lowest 
appearance of G. tosaensis are very closely 
calibrated with the extinction level of Cibicides 
molestus. 

The benthic foraminiferal assemblage changes 
little throughout the sandy mudstone until it 
assumes a sandier and more shallow water character 
immediately beneath Te Aute Limestone. The 
extinction of Cibicides molestus in this uniform 
lithological sequence;; is difficult to account for. It 
was presumably due to the environmental factors 
that caused the changes in the planktic fauna at the 
same time. Notorotalia kingmai is present through
out almost the whole of this sandy mudstone, and 
Globorotalia puncticulata puncticulata, common in 
the lower half, was last seen 275 m above the base. 

Plentiful planktic foraminifera including 
Globorotalia puncticulata puncticuloides n. subsp. 
and dextrally coiling G. crassaformis are present in a 
fine sandy bed exposed in Te Aute Limestone in the 
old abandoned lime quarry at Pakipaki (grid ref. 
V211346607). The only clear sedimentary contact 
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between Te Aute Limestone and overlying beds in 
the Raukawa Range, observed by the writer, is in 
the Pakipaki lime quarry where 10 m of sandy 
mudstone containing abundant Globorotalia cras
sula and dextrally coiling G. crassaformis rest on the 
limestone with a sharp contact (sample V211f7, grid 
ref. V211349601). 

Column 11. Totara Road, Kumeroa (Fig. 1, 2) 
(Lillie 1953, pp. 53-55, 62, fig. 14, and sheet of 
stratigraphic columns at end) 
Dipping westwards off the Mesozoic greywacke 
basement of the Waewaepa Range is a sequence of 
mainly fine sandstone and shell beds with some thin 
shelly limestones well exposed along Totara Road. 
Only the upper part of the sequence is shown in 
column 11. The lower part of the section, composed 
of 30 m of shelly conglomerate overlain by 100-150 
m of sandy mudstone, was included by Lillie (1953) 
in his Mangaotoro Formation, for which a 
Kapitean-Opoitian age was adopted. Next in 
sequence is about 1200 m of mainly sandstone and 
mudstone included in Lillie's Te Aute Formation. A 
30 m thick coquina limestone containing the 
Waipipian index mollusc Chlamys (Phialopecten) 
triphooki marwicki Beu is present in the lower one
third of Te Aute Formation. At Totara Road, an 
erosional unconformity accounts for the absence of 
most of the upper part of Te Aute Formation, and 
Waipipian limestone (collection N150/fl200, 
GS11391, Beu pers. comm.) crops out in close 
proximity to the base of the sequence shown in 
column 11. 

The lower Kumeroa Formation consists of a 15 m 
thick shelly detrital limestone containing Chlamys 
delicatula and a bed of Pelicaria acuminata, overlain 
by 100 m of sandy mudstone at the top of which is a 
rich shell bed containing C. delicatula and Pelicaria 
convexa replacing P. acuminata. About 10 m of 
siltstone overlies the shellbed. 

Matrix from Pelicaria acuminata at the base of 
Kumeroa Formation (N150/f389, GS2651) yielded 
sparse planktic foraminifera including 12 specimens 
of Globorotalia crassaformis, all coiling dextrally, 
and G. puncticulata puncticuloides n. subsp. From 
the base of the 100 m sandy mudstone, sample 
1'24/fl yielded several specimens of Globorotalia 
crassula and 9 specimens of G. crassaformis, all 
coiling dextrally. The coccolithophorid Gephy
rocapsa sinuosa was identified from sample 1'24/f3 
(Edwards pers. comm.) 30 m below the top 
shellbed. Planktic foraminifera are very rare in this 
sequence and only a single (dextral) specimen of G. 
crassaformis was found in sample T24/f5, 0.5 m 
below the top shellbed. 

Sample 1'24/f7, from a layer of double-valved 
Chlamys delicatula 2 m above the top shellbed, 
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contains 7 sinistral specimens and 1 dextral 
specimen of Globorotalia crassaformis. In 1'24/f8, 
from 7 m above the shellbed, the proportion of 
sinistral to dextral specimens is 25S:6D. 

Column 12. Mangaopari Stream. (Fig. 2, 3, 11) 
Mangaopari Stream, with its tributary Bell Creek, 
and also Makara River, has exposed an excellent 
sequence of marine strata of Tongaporutuan
Nukumaruan age in the western limb of the 
Mangaopari Anticline. This sequence has been 
described in detail by Vella & Briggs (1971). Using 
Vella's detailed biostratigraphic work, they divided 
the sequence into 8 biozones based on a 
combination of benthic and planktic foraminifera 
and Mollusca, principally the gasteropod genus 
Pelicaria. Jenkins (1971, table 62, column 30) 
divided the section into 6 subzones based on changes 
in direction of coiling of Globorotalia pachyderma. 
Kennett et al. (1971) undertook a paleomagnetic 
study of the section, and this was the first successful 
attempt in New Zealand to establish a magnetos
tratigraphic zonation of Cenozoic sedimentary 
strata. Their results, while subject to uncertainties, 
have established the Mangaopari section as an 
important local standard. Oxygen isotope studies 
have also been carried out (Devereux et al. 1970). 

The top of Bells Creek Mudstone, at the base of 
the section, yielded a fairly typical population of 
Globorotalia miozea conoidea Walters, indicating a 
Tongaporutuan age. 

Our samples of Clay Creek Limestone and 
Makara Greensand came from a slump scar on the 
hillside above Bells Creek (grid ref. S27/173835) 
where 8 m of glauconitic sandstone, resting 
unconformably on the Bells Creek Mudstone, were 
found not to be clearly divisible into 2 formations 
(Edwards pers. comm.). The lower 4 m of the 
glauconitic beds yielded fairly numerous planktic 
foraminifera including populations of Globorotalia 
conomiozea, whereas a sample from 0.1 m below the 
gradational top of these beds, contained G. 
puncticulata without G. conomiozea. I correlate the 
lower part of the glauconitic beds with lower 
Kapitean, and the upper part, lacking typical 
populations of the upper Kapitean species, G. 
sphericomiozea, with Opoitian. The glauconitic beds 
are highly condensed and the sequence is possibly 
incomplete. 

Overlying the glauconitic beds is the 400 m thick 
Mangaopari Mudstone containing the 31 m thick 
Bridge Sandstone Member near its base. Vella & 
Briggs (1971) have divided this mudstone into 3 
parts separated by concretionary bands. The Lower 
Mangaopari Mudstone is a massive blue-grey 
bathyal mudstone lacking macrofossils; it grades up 
into the Middle Mangaopari Mudstone consisting of 
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similar beds, but contammg scattered bathyal 
Mollusca. The Upper Mangaopari Mudstone is 
increasingly sandy with neritic Mollusca becoming 
more abundant upsection. 

Morphotypes of Globorotalia infiata appear 
earliest at PM26 (Fig. 2) in the Lower Mangaopari 
Mudstone. Judging by the earliest appearance of 
similar morphotypes in the upper part of the 
Opoitian in the type area, and in the lower part of 
core 9 in DSDP Site 284, this level is high in the 
Opoitian and tends to support other evidence that 
there is an incomplete Opoitian section within the 
underlying glauconitic beds. 

Cibicides finlayi Gibson, which becomes extinct at 
about the top of the Opoitian, is present up to the 
level of PM32, and Cibicides molestus Hornibrook, 
which is usually found throughout the Waipipian, 
has a locally short range, not extending above 
PM35. Globorotalia crassaformis is not common in 
the Lower Mangaopari Mudstone, but it shows a 
preference for sinistral coiling which changes to 
dextral at the level of PM42 where G. puncticulata 
puncticuloides n. subsp. appears. At PM43, a large 
population of 50 specimens all coil dextrally. 
Globorotalia crassula appears earliest at PM51 in the 
Upper Mangaopari Mudstone accompanied by 
Globorotalia tosaensis which is so rare in this 
sequence that little reliance can be placed on it. 

Pelicaria mangaoparia is in the Upper Manga
opari Mudstone, and a thin bed of Chlamys 
delicatula occurs 0.1 m below the top. 

In the overlying 46 m thick Greycliffs Formation, 
composed mainly of sandstone with beds of 
Chlamys delicatula and also Pelicaria mangaoparia, 
Globorotalia crassaformis continues to coil predo
minantly dextrally, but it was not found above 
PM58, the level at which planktic foraminifera 
became scarce. Globorotalia crassaformis is more 
abundant in the lower part of this formation in the 
nearby Makara River where 35 specimens picked 
out of 1 sample all coil dextrally. Pelicaria rugosa 
appears at PM57. 

Small, atypical morphotypes of Globorotalia 
truncatulinoides were found in the upper part of 
Greycliffs Formation, and 1 large fairly typical 
specimen was found higher up at the level of PM17. 
Pelicaria acuminata appears 10 m below the top of 
Greycliffs Formation, whereas it is in the middle of 
the formation in Makara Stream (Vella & Briggs 
1971, p. 268). 

The overlying Pukenui Limestone is a composite 
formation consisting of basal sandstone and 
shellbeds containing Chlamys delicatula and claws 
of the subantarctic crab Jacquinotia edwardsii. It is 
overlain by a muddy sandstone containing the 
coccolithophorid Gephyrocapsa sinuosa (Edwards 
1976) at PM60, followed by a 25 m thick sandy 

coquina limestone containing Chlamys delicatula at 
its base, and finally an 18 m sandstone. 

DSDP Leg 29, Site 284, 284A(Fig. 1,3,11) 
Site 284 was drilled on the Challenger Plateau 
located at 400 30.48'S; 167°40.81'E, in a water depth 
of 1078 m. Coring intervals 2, 4, and 8 produced no 
recovery, and hole 284A was spudded to resample 
these intervals as 284A cores 1, 2, and 3, referred to 
in the text as lA, 2A, and 3A. 

An almost uninterrupted sequence of nannofossil
rich foraminiferal ooze, almost lacking in detrital 
minerals, was recovered, ranging in age from 
Holocene to Late Miocene (Tongaporutuan). 

This site provides the most complete and 
uninterrupted sequence of deep-sea calcareous 
biogenic sediments and the fullest record of 
narmofossils and foraminifera in the Late Neogene 
in the New Zealand area. Siliceous microfossils are 
absent. 

The interval of particular interest for the present 
study is covered by cores 1-9 and 1A-3A in which 
the following events have been observed: 

1. Morphotypes of Globorotalia infiata appear 
earliest in the lower part of core 9. 

2. Globorotalia crassaformis changes its preferred 
coiling direction from sinistral to dextral in the 
upper part of core 3A at 68 m subbottom. 

3. and 4. Globorotalia puncticulata punc
ticuloides n. subsp. and G. tosaensis appear in 
core 7, section 6, at 64 m subbottom. 

5. Globorotalia crassula appears in abundance in 
the middle of core 6 at 51 m subbottom. 

6. Globorotalia crassaformis reverts to predomin
antly sinistral coiling in the upper part of core 
6, ending a short interval of overlap between 
dextrally coiling populations and G. crassula. 

7. Gephyrocapsa sinuosa appears near the base of 
core 5 at 45 m subbottom (Edwards pers. 
comm.). 

8. Globorotalia truncatulinoides populations, 
including 1-2 fairly typical specimens, appear, 
coiling dextrally, in the uppermost section of 
core 5, at 38 m subbottom. 

9. Globorotalia crassaformis disappears at about 
the middle of core 1, at about 5 m subbottom. 

10 Typical G. hirsuta appears within the upper 
part of core 1 at 2 m subbottom. 

In addition to the immediate drilling reports by 
Jenkins (1975), Kennett & Vella (1975) published 
the results of a comprehensive study of the 
foraminifera of Site 284 and postulated several 
episodes of severe cooling. One of these cooling 
episodes, identified principally by an increase in the 
frequency of Globorotalia pachyderma, is accom
panied by a marked enrichment of 180 in analyses of 
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Uvigerina peregrina and of several species of 
planktic foraminifera (Shackleton & Kennett 1975, 
fig. 2; Kennett et al. 1979, fig. 2) between 60 and 50 . 
m subbottom. These authors consider that this 
isotopic change clearly represents the accumulation 
of Northern Hemisphere ice. This interval was 
correlated by Kennett et al. (1979) with the 
Waipipian Stage, essentially by matching the 180 
curves and presumed episodes of cooling between 
Site 284 and the Mangaopari Stream section. 

Kennett and Vella did not record Globorotalia 
tosaensis. Had they done so they would have been 
obliged to include the interval between 64 m (core 7, 
section 6) and 37 m subbottom (core 5, section 1) in 
the DSDP Site 207 Globorotalia tosaensis-zone, 
correlated with the Mangapanian Stage in their table 
1. 

Globorotalia tosaensis is very rare at Site 284, but 
its lowest appearance level, near that of dextral G. 
crassaformis, matches its range in the East Coast 
Basin. Globorotalia truncatulinoides appears rather 
suddenly without the tenuitheca forms that precede 
it in the East Coast Basin, and its late appearance, 
above the first appearance level of Gephyrocapsa 
sinuosa, makes its correlative value suspect. 

BIOEVENTS AND STAGE CORRELA nONS 
ADOPTED 

Figure 10 summarises the ranges of selected species 
of Mollusca and foraminifera and also the 
coccolithophorid, Gephyrocapsa sinuosa, in the 
Pliocene and Early Pleistocene of the East Coast 
Basin. 

The following planktic foraminiferal bioevents 
have provided the most useful datum levels. 

Adopted Stage 
1. Earliest appearance of middle Kapitean 

Globorotalia sphericomiozea. 
2. Earliest appearance of G. basal Opoitian 

crassaformis (predominantly 
sinistral, unkeeled). 

3. Earliest appearance of G. lower Opoitian 
crassaconica n. sp. 

4. Earliest appearance of G. lower Opoitian 
margaritae. 

5. Earliest appearance of G. basal Mangapanian 
crassaformis (predominantly 
dextral). 

6. Earliest appearance of the G. basal Mangapanian 
tosaensis-truncatulinoides 
complex. 

7. Earliest appearance of G. basal :-.Iukumaruan 
crassula. 

8. Latest appearance of G. lower Nukumaruan 
crassaformis (predominantly 
dextral). 

Other bioevents which have not been located as 
accurately are: the earliest appearance levels of G. 
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inflata (upper Opoitian), "typical" G. trun
catulinoides (lower Nukumaruan), and the extinc
tion levels of the G. miozea conoidea lineage 
(Opoitian), G. punc(iculata sensu stricto (Mangapa
nian), G. margaritae (lower Waipipian), G. tumida 
(Waipipian), Globigerina nepenthes (upper Opoi
tian), and Globigerinoides obliquus (Mangapanian or 
Nukumaruan). 

The zone of overlap between dextrally coiling G. 
crassaformis and G. crassula has proved a very 
useful correlation unit in the lower part of the lower 
Nukumaruan. 

The following benthic foraminiferal bioevents 
have also proved useful. 

1. Extinction level of Cibicides finlayi. This seems 
consistent within outer shelf to bathyal facies. 

2. Extinction level of Cibicides molestus. This 
seems consistent in bathyal to mid-shelf facies 
and is about at the same level as the highest 
Mesopeplum crawfordi (Mollusca). It is at the 
same level as the first appearance of 
Globorotalia tosaensis and dextral G. crassafor
mis in the Raukawa Range section (Fig. 2, 
column 10). 

3. Latest occurrence of Notorotalia kingmai (or N. 
pliozea which appears to be a shallow water 
variant of N. kingmai). Forms intermediate 
between N. kingmai and N. zelandica are 
abundant below the lowest appearance of 
Globorotalia crassula in the Waihua valley 
section. 

4. Earliest occurrence of Notorotalia zelandica. 
Intermediate forms between N. kingmai and N. 
zelandica make the earliest appearance level of 
the species indefinite. Fairly typical N. 
zelandica appears at about the same level as 
Globorotalia crassula. 

The earliest appearance level of the coc
colithophorid Geophyrocapsa sensu stricto (= G. 
sinuosa) in the upper Nukumaruan Waipuru 
shellbeds in Rangitikei River, is a reliable datum 
according to Edwards (1976 and pers. comm.) 
permitting correlation between Wanganui Basin and 
the East Coast Basin (Fig. 2, 3). 

The criteria are now good enough to erect several 
formal planktic foraminiferal zones for the Wan
ganui Series although I can see limited use for them 
in addition to the stages so long as the molluscan and 
microfossil biostratigraphy continue to be closely 
integrated. However, as there already is a fairly 
detailed planktic foraminiferal zonation for the New 
Zealand Neogene (Jenkins 1968, 1970) which is 
unsatisfactory for the Wanganui Series, the 
following informal zones are suggested: 

1. Sinistral Globorotalia crassaformis-zone (Opoi
tian and Waipipian); for the interval with 
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NEW ZEALAND STAGES Fig. 10 Ranges of some selected 
microfossils and Mollusca in the 
East Coast Basin, Correlation 
with the time scale is approximate 
and is based on the following 
criteria: (1) The Kapitean is 
considered to include Polarity 
Epoch 5 and the lower part of the 
Gilbert Epoch (Hornibrook in 
Grindley et at 1977, Loutit & 
Kennett 1979), (2) In the Man
gaopari section the base of the 
Waipipian is placed a short dis
tance above the level adopted as 
the base of the Gauss (3,41 m.y., 
McDougall 1978). (3) The top of 
the Waipipian is placed above the 
top of the Gauss (2,47 m.y.) (4) 
The base of the Nukumaruan is 
placed in the Upper Mangaopari 
Mudstone below the Olduvai (1,91 
m.y.). (5) In Wanganui Basin, 
the Ohingaiti Ash, near the 
middle of the Nukumaruan (base 
of the Marahauan) is dated by the 
fission track method as 1.50 
m.y. (6) The base of the Castlec
liffian is dated as 1, 06 m. y . by 
Seward (1974), and as 1,2 m.y. by 
Boellstorf & Te Punga (1977). An 
approximate age of 1,0 m,y. is 
adopted, 

BLOW'S ZONES 

My 

PLANKTIC FORAMINIFERA 

1 Globorotalia margaritae 

2 G. miozea conoidea lineage 

G. conomiozea 

4 G. puncticulata sphericomiozea 

G. puncticulata puncticulata 

G. inflata 

7 G. puncticulata puncticuloides n.subsp. 

8 G. crassaformis 

9 G crassaconica n sp 

lOG. tosaensis 

11 G truncatulinoides small morphotype 

12 G truncatulinoides fairly typical 

13 Pulleniatina primalis dextral 

14 P.obliqueloculata 

15 Globorotalia crassula 

BENTHIC FORAMINIFERA 

16 Cibicides finlayi 

17 C. molestus 

18 Notorotalia kingmai-pliozea 

19 N. zelandica 
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The equivalence of Blow's 
planktic foraminiferal zones, 
which are based mainly on the 
equatorial fauna and have limited 
application in the cool subtropical 
Southwest Pacific, is based on the 
ranges he gives for species com
mon to both regions (Blow 1969). 
Blow's range for Globorotalia 
puncticulata beginning in Zone 
N19 suggests partial equivalence 
of this zone with Opoitian and of 
NI8 with Kapitean. Globorotalia 
tosaensis, appearing in N2I, fol
lowed by G, truncatulinoides in 
N22, indicates partial equivalence 
with Mangapanian and Nulruma
ruan, 

24 Phialopecten triphooki angleyi 

25 P. triphooki marwicki 

26 P. triphooki triphooki 

27 Crassostrea Ingens 

28 Polinices 

29 Maoricardium 

30 Chlamys delicatula 

31 Pelicaria mangaoparia 

32 P. acuminata 

33 P. rugosa 

34 P. convexa 

35 P. convexa fossa 

36 Struthiolaria frazeri 
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predominantly sinistral or random populations 
of unkeeled G, crassaformis, 

2. Dextral Globorotalia crassaformis-zone; for the 
interval between the lowest appearance of 
consistent predominantly dextrally coiling 
unkeeled G, crassaformis and the lowest 
appearance of G. crassula (Mangapanian). 
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3. Globorotalia crassula to dextral Globorotalia 
crassaformis concurrent range-zone (lower part 
of lower Nukumaruan). 

4, Globorotalia crassula-zone; for the interval 
above(3) (upper part of lower Nukumaruan
Recent). 
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SERIES STAGES SUBSTAGES EPOCHS 
Fig. 11 Classification of New 
Zealand Late Miocene, Pliocene, 
and Early Pleistocene series, 
stages, and substages adopted in 
this paper. 

Castleeliffian f'NC 

Pleistocene 
Nukumaruan f'NN) 

upper Ma~:)an 

lower Hautawan f'Nh) 
Wanganui Mangapanian 

Waitotaran f'Nw) (Wm) L 

Pliocene I 
Waipipian f'Np 

I--
Opoitian f'No) 

E 

Kapitean (Tk) 

Taranaki 
L Miocene 

Tongaporutuan (Tt 

Stage divisions adopted in this paper (Fig. 10, 11), 
are as follows. 

Kapitean Stage: The biostratigraphy of the Kapi
tean is the subject for a separate study. The stage 
has been identified by the presence of Globorotalia 
conomiozea and G. sphericomiozea and the mollusc 
Sectipecten wollastoni in Hawke's Bay. 

Opoitian Stage: The earliest appearance levels of 
Globorotalia puncticulata puncticulata (= 
"Globorotalia infiata" of Finlay 1939) and G. 
crassaformis (= "G. crassula Cushman & Stewart" 
of Finlay & Marwick 1947, p. 239) have been 
adopted as indicators of basal Opoitian. 

Globorotalia margaritae and Globigerina 
nepenthes occur rather rarely and their ranges have 
not been detennined accurately in the East Coast 
Basin. An undescribed species of Globorotalia 
(depressed, 4 chambers in final whorl), considered 
to be an end member of the G. miozea conoidea 
lineage, is present. Globorotalia crassaformis occurs 
commonly, coiling predominantly sinistrally or 
randomly, often accompanied by G. crassaconica n. 
sp. which coils predominantly dextrally. 
Globorotalia species of the G. menardii-tumida 
group occur sporadically in northern Hawke's Bay. 
Populations of typical moderately compressed 4-
chambered Globorotalia puncticulata thoughout the 
Opoitian include a number of more inflated, 3, 
chambered individuals which have been identified as 
G. infiata in the upper Opoitian. 

Cibicides finlayi becomes extinct near the top of 
the Opoitian in outer shelf and bathyal facies. The 
key Opoitian mollusc, Chlamys (Phialopecten) 
triphooki ongleyi Marwick, is locally abundant in 
limestones of the Te Aute facies (Beu 1978). 

Waipipian Stage: The planktic foraminifera differ 
little from those of the Opoitian, and Mollusca 

provide the best criteria for separating the 2 stages. 
The base of the Waipipian coincides with the base of 
the Whakapunake limestone (top of the Opoitian by 
original definition) in the Mangapoike River. This 
limestone is one of many sheets of coquina which 
crop out extensively in Hawke's Bay, containing the 
Waipipian index mollusc Chlamys (Phialopecten) 
triphooki marwicki Beu (Beu et aI. 1980). 

I have identified Globorotalia margaritae in a 
mudstone interbedded with the Whakapunake 
limestone on Mahia Peninsula (locality N116/f546). 
Globorotalia tumida occurs in northern Hawke's 
Bay, in Waipipian mudstone overlying the limes
tone. Globorotalia puncticulata is often abundant. 
Notorotalia kingmai is abundant in shelf facies. 

The benthic species Cibicides molestus is common 
in bathyal to mid-shelf facies and its latest 
appearance level is accepted as a significant 
extinction event affecting a species that had been 
present continuously since the Eocene (Collen 
1972). Its low extinction level in Mangaopari Stream 
is anomalous and is possibly related to an unusually 
fine muddy facies in the Waipipian. It is difficult to 
relate the extinction level of C. molestus closely with 
that of the key Waipipian mollusc Mesopeplum 
crawfordi, but the species usually accompanies M. 
crawfordi in mid-shelf facies. 

A species of Hyalinea close to Hyalinea balthica 
(Schroeter), considered to be a cool water species 
and a marker for the base of the Pleistocene in the 
Mediterranean, occurs at several localities in the 
Waipipian in Hawke's Bay and also in Wanganui 
Basin (Collen 1974). 

Mangapanian Stage: In Hawke's Bay, Chlamys 
(Phialopecten) triphooki triphooki (Zittel), which IS 

the key molluscan subspecies for the Mangapanian 
to basal Nukumaruan interval, is in a number of 
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limestone sheets of the Te Aute facies, which consist 
of shallow water barnacle-rich coquina usually 
containing very few planktic foraminifera (Beu et al. 
1980). At Pakipaki, a diverse planktic fauna 
containing dextrally coiling Globorotalia erassafor
mis, but lacking G. erassula, is present in a sandy 
bed in the limestone which contains Mangapanian 
Mollusca (Beu et al. 1980). In other sections 
examined, the Waipipian is overlain by sandstone or 
mudstone lacking age diagnostic Mollusca other 
than Peliearia. 

In Hawke's Bay, Globorotalia crassaformis 
changes its preferred direction of coiling from 
sinistral to dextral immediately above the extinction 
level of Cibicides molestus (Fig. 2, columns 1, 10). 
Globorotalia tosaensis and rare forms resembling G. 
truneatulinoides and also G. punetieulata pune
tieuloides n. subsp. appear at this level. 

Slides of foraminiferal samples collected at 3-m 
intervals along the Rangitikei valley between 
Halcombe and Taihape (Feldmeyer et al. 1943) 
were examined to check the distribution of Cibicides 
molestus and Globorotalia crassaformis in the 
Wanganui Basin. C. molestus suddenly becomes 
extinct 45 m above the base of the Mangaweka 
Mudstone, in a uniform lithological sequence. 
Collen (1972) records its extinction at about the 
same level. Globorotalia erassaformis is present in 
small numbers (1-7 specimens). Almost every 
specimen seen from the mudstone between Utiku 
Sandstone and the conglomeratic limestone, below 
the Mangaweka Mudstone, coils sinistrally. The 
proportion of dextral specimens increases upsection 
in the lower part of the Mangaweka Mudstone and is 
100% at the level of extinction of C. molestus. 

Globorotalia puncticulata puncticulata common in 
the Waipipian, has been tentatively identified in the 
lower Mangapanian. Thus the early Mangapanian 
was a time of changes in the foraminiferal fauna 
which were presumably caused by critical environ
mental changes. These changes are marked by 
extinction of benthic and planktic species and the 
appearance of several planktic species and changes 
in coiling direction of G. crassaformis. 

Nukumaruan Stage: The earliest appearance of 
Globorotalia crassula, both in the East Coast Basin 
and in DSDP Site 284, is an event which seems to be 
due to a sudden immigration of a species from 
another water mass. In Hawke's Bay (Fig. 2, column 
9, 11) this event coincides with the northwards 
migration of the cold water mollusc Chlamys 
delicatula (Hutton). At Mangaopari Stream (Fig. 2, 
column 12; Fig. 3) G. crassula appears in the Upper 
Mangaopari Mudstone, 90 m below the lowest C. 
delicatula at the base of the Greycliffs Formation, 
within the zone of Peliearia mangaoparia Vella. This 
interval has been correlated with the Mangapanian 

by Vella (1953), Neef (1970), and Vella & Briggs 
(1971). In view of the very localised distribution of 
the various members of the Pelicaria bioseries, 
however, the validity of this correlation remains to 
be tested. The earliest appearance level of G. 
cra.<sula is adopted as a datum level in Fig. 2 because 
it seems to be the most useful regional criterion for 
defining the boundary between Mangapanian and 
Nukumaruan. 

Many samples from the Hautawa Shellbed in the 
Wanganui Basin were examined to check the 
presence of G. crassaformis and G. crassula at the 
base of the Nukumaruan Stage in its type area. Both 
species are extremely rare and were identified with 
certainty only in sample S22/f4 from the top of this 
shellbed in the Mangawhero River (grid ref. 
S22/061537). The sample contains G. erassula (1 
juvenile), G. crassaformis (1 sinistral and 4 dextral 
specimens), G. tosaensis, G. puncticuloides, and G. 
infiata. The zone of overlap between the ranges of 
Globorotalia crassula and dextral G. crassaformis is 
therefore correlated with the lower part of the lower 
Nukumaruan. 

Notorotalia zelandica is abundant in its typical 
form in the Nukumaruan, but transitional forms 
with N. kingmai mean that a lower limit for its range 
cannot be given accurately. 

Determining the level at which "typical" popula
tions of Globorotalia truncatulinoides first appear in 
the East Coast Basin is difficult (Hornibrook 1976) 
and the G. tosaensis-truncatulinoides bioseries is too 
gradational over too great a thickness of beds to be 
locally very useful for correlation. 

The earliest appearance level of the coc
colithophorid Gephyrocapsa sensu stricto (G. 
sinuosa) is taken as about mid Nukumaruan 
(Edwards 1976). 

The species of Mollusca which are accepted as 
indicating Nukumaruan age are: Pelicaria rugosa, P. 
convexa fossa, Struthiolaria frazeri, and Chlamys 
delicatula. 

Chlamys delieatula advanced northwards in 2 
separate migrations, the first to the middle of 
Hawke's Bay and to Wanganui, and the second only 
as far north as southern Hawke's Bay. Therefore, 
the Hautawan Substage, proposed by Fleming 
(1953, 1959) essentially for the period of time 
occupied by the northward advance of Chlamys 
delicatula has not been used in this paper. 

CORRELATION OF EVENTS IN DSDP SITE 284 
AND EAST COAST BASIN 

Four aspects of Late Neogene geological history are 
now well documented in New Zealand or in DSDP 
Site 284: (1) The sequential distribution of several 
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species of planktic calcareous microfossils; (2) the 
marked northward migration of the subantarctic 
mollusc Chlamys delicatula and crab Jacquinotia 
edwardsii; (3) the oxygen and carbon isotope 
record; and (4) the geomagnetic polarity in the 
Mangaopari section. 

Correlation of the sequence in the East Coast 
Basin with that of DSDP Site 284 so as to integrate 
these 4 separate lines of evidence is of potential 
interest beyond the southwest Pacific area (Homib
rook 1980). 

The marked enrichment of 180 between 60 and 50 
m in DSDP Site 284 which Shackleton & Kennett 
(1975, p. 804) considered "clearly represents the 
accumulation of Northern Hemisphere ice" is within 
the Globorotalia crassula to dextral G. crassaformis 
concurrent range-zone within which the earliest 
Chlamys delicatula appears in the Mangaopari 
section, in the lower part of the lower Nukumaruan. 
There is a good correlation between the most 
marked cooling in this interval, indicated by the 
isotopic curve, and the onset of the marked marine 
cooling in the New Zealand Nukumaruan Stage, 
evidenced by the northward migration of species of 
subantarctic invertebrates into the southern half of 
the North Island. 

The oxygen isotope curve suggests many addi
tional minor fluctuations in temperature during the 
Neogene with a more marked cooling in the interval 
in DSDP Site 284 here correlated with the 
Waipipian, probably the lower part of the stage 
judging by the lowest appearance level of 
Globorotalia inflata. 

The identity of the upper part (PM30-40) of the 
substantial normally polarised interval in Manga
opari Mudstone correlated by Kennett et al. (1971) 
with the Gauss Epoch seems fairly well substanti
ated and accepted. 

A revised age for the top of the Gauss is given by 
McDougall (1978) as 2.47 m.y. (using KlAr decay 
constants recommended by Steiger & Jaegar). The 
correlation of the short normal intervals in the basal 
part of Mangaopari Mudstone (PM23-26) is 
uncertain and they may be either Gilbert or Gauss 
polarity zones. 

The next youngest substantial normally polarised 
interval in the geomagnetic polarity scale is 
variously identified as Olduvai or Gilsa. I follow 
McDougall (1978) who correlated it with Olduvai 
with a revised KlAr age of 1.91-1.75 m.y. 

Kennett et al. (1971) showed 3 minor normally 
polarised intervals of uncertain identity in the Upper 
Mangaopari Mudstone and lower part of Greycliffs 
Formation, followed by a substantial normal 
interval on the upper Greycliffs Formation and the 
Pukenui Limestone, which they identified as Gilsa. 
This correlation is supported by the presence in the 
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limestone of the coccolithophorid, Gephyrocapsa 
sinuosa, which appears earliest within the "Olduvai
Gilsa" in deep-sea sediments (Edwards 1976). 

Assuming a constant rate of sedimentation in the 
Upper Mangaopari Mudstone and lower Greycliffs 
Formation, I calculate an age of 2.2 m.y. for the 
base of the Nukumaruan. However, this is possibly 
not a valid assumption as the Greycliffs Formation is 
a sandy shoaling facies and was probably deposited 
more rapidly than the Mangaopari Mudstone and I 
have therefore adopted an approximate age of 2.0 
m.y. for the base of the Nukumaruan (Fig. 10). It 
follows that the cold interval in the lower 
Nukumaruan marked by the presence of Chlamys 
delicatula began approximately 2 m.y. ago, before 
the Olduvai normal event. 

Mukhina (1979) has deduced a similar climatic 
sequence from diatom assemblages in deep-sea 
cores in the Southeast Pacific where floras in the 
Gauss are subtropical in character, followed by 
subantarctic floras in the lower Matuyama and more 
temperate floras in the upper Matuyama. 

Typical Globorotalia truncatulinoides, widely used 
as a key fossil for the Pleistocene and reported 
appearing just below the base of the Olduvai in the 
deep sea (Haq et al. 1977) appears at the base of the 
Olduvai in the Mangaopari Stream section also (Fig. 
3). Its first appearance in the Mediterranean is 
considered by some workers to be later than in the 
deep sea, and its value for correlation with the type 
area for the Pliocene-Pleistocene boundary in 
Calabria is doubtful. 

The location of the Pliocene-Pleistocene bound
ary in New Zealand strata is uncertain because of 
difficulties in correlating with the type area. 
Furthermore, a new boundary stratotype in the 
Vrica section has been proposed. 

Edwards et al. (1981) have reviewed the evidence 
for correlation with Vrica and concluded that by 
choosing different criteria (onset of climatic cooling, 
magnetostratigraphy, radiometric dating, and cal
careous nannoplankton) it is possible to support 
correlations with (1) the base of the Nukumaruan, 
(2) within the lower Nukumaruan, and (3) about 
mid Nukumaruan. They concluded that the 
Pliocene-Pleistocene boundary should continue to 
be placed at the base of the Nukumaruan Stage in 
New Zealand until correlation with Vrica can be 
made with greater certainty. 
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