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1064 VOL. 10

PLANKTONIC FORAMINIFERAL ZONES AND NEW
TAXA FROM TIlE LOWER MIOCENE TO THE

PLEISTOCENE OF NEW ZEALAND*

D. GRAHAM JENKINSt

New Zealand Geological Survey, Department of Scientific and Industrial
Research, Lower Hutt

(Received for publication 1 August 1966)

ABSTRACT

The stratigraphic ranges of 80 species and subspecies of planktonic Foraminifera
from the Pareora Series (Lower Miocene) to the Hawera Series (Upper Pleistocene) of
New Zealand have been determined. A biostratigraphical zonal scheme based on these
ranges is given, and the eight zones are defined and discussed in relation to the
New Zealand Stages. A correlation is made with the planktonic foraminiferal zones
established in Trinidad, based on the stratigraphic ranges of five important species
common to both areas.

The following new planktonic Foraminifera are described and illustrated from the
New Zealand Lower to Upper Miocene rocks: Globorotalia bella, Globorotalia mayeri
nympha, Globorotalia miotumida explicationis, and Globorotalia nana pseudocon
tinuo sa.

INTRODUCTION

The writer recently described the planktonic Foraminifera and foramini
feral zones from the Teurian Stage (Paleocene) to the Waitakian Stage
(Lower Miocene) of New Zealand (Jenkins, 1966). This complementary
paper records the planktonic Foraminifera from the New Zealand Upper
Cenozoic rocks, and completes subdivision of the Cenozoic into 21 planktonic
foraminiferal zones and 11 subzones, The zones are intended to be informal,
but localities and sections in which they are found are recorded, and shown
on the locality map (Fig. 1). The stratigraphic ranges of the 80 species
and subspecies from the Lower Miocene to Pleistocene are recorded in a
range table (Fig. 2).

In the second part of the paper one new species and three new subspecies
are described and illustrated, and their stratigraphic occurrence is given.
A systematic account and illustrations of all the recorded species and sub
species is being prepared and will be published as a New Zealand Geological
Survey Paleontological Bulletin. The types of new species described in this
paper are deposited at the New Zealand Geological Survey, Lower Hutt,
under the registered numbers given in the text.

*Part of Centenary address-see Centenary Issue, 8 (6)
i-Present address: Geology Department, University of Canterbury, Ham, Christchurch.

N.Z. 11 Geol, Geophys. 10 : 1064-78
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PLANKTONIC FORAMINIFERAL ZONES

VOL. 10

The following eight zones are based on the known stratigraphic ranges
of the planktonic Foraminifera from the New Zealand Lower Miocene
Otaian Stage to Upper Pleistocene Hawera Series. The zonal boundaries are
defined by initial appearances and extinctions of selected taxa, and the
planktonic foraminiferal assemblage of each zone is given to provide sup
porting criteria for recognition of the zone. The stratigraphic ranges of the
taxa within each zone are recorded in the range table (Fig. 2). The fossils
after which the zones are named are usually common throughout their zones.
The zones are described in ascending stratigraphic order as follows:

The Globigerina woodi connecta zone has its lower boundary defined by
the initial appearance of the zone fossil and its upper boundary marked by
the initial appearance of Globigerinoides trilobus trilobus (Reuss). As
previously stated, the G. woodi connecta zone is present in the Bluecliffs and
Parengarenga Harbour sections (Jenkins, 1966a). The zone is present in the
Muddy Creek section, and the upper part is also present in the Old Rifle
Butts section and at Hutchinson's Quarry. The G. woodi connecta zone is
equivalent to the combined upper part of the Waitakian Stage, Otaian
Stage, and Hutchinsonian Stage.

The following taxa became extinct within the G, woodi connecta zone:
Globigerina ciperoensis angulisuturalis Bolli and Catapsydra'X dissimilis
(Cushman and Bermudez), and, as stated previously, Globigerina euapertura
Jenkins and Globigerina brazieri Jenkins became extinct in the lower part of
the zone (Jenkins, 1966a). Globorotalia kugleri Bolli is limited to about the
middle part of the zone. The following have their initial appearances within
the zone: Globigerina falconensis Blow, Globigerina quinqueloba Natland,
Globorotalia minutissima Bolli, Globorotalia praescitula Blow, and Globi
gerinoides altiaperturus Bolli.

The Globigerinoides trilobus trilobus zone has its lower boundary defined
by the initial appearance of the zone fossil and its upper boundary is defined
by the first appearance of Praeorbulina glomerosa curva (Blow). The whole
zone is present in the Muddy Creek section and also in Midhurst No. 1
Well, Taranaki, with its lower part also present in the Parengarenga Har
bour and Old Rifle Butts sections and its upper part in Gore Bay and
Clifden sections. The G. trilobus trilobus zone is equivalent to the combined
Awamoan and Altonian Stages.

The following taxa become extinct in the lower part of the G. trilobus
trilobus zone: Globigerina ciperoensis ciperoensis Bolli, Globigerina woodi
connecia Jenkins, and Globoquadrina tripartita (Koch). Globorotalia zea
landica incognita! Walters is limited to the lower part of the zone, and
G. zealandica zealandica Hornibrook to nearly the whole zone. The following
have their initial appearances within the zone: Globigerina foliata Bolli,
Globorotalia bella Jenkins, n.sp., Globigerinoides ruber (d'Orbigny), whereas
Globigerinoides bisphericus Todd, Globorotalia miozea Finlay, and Spbaeroi
din ella disjuncta Finlay have their initial appearances in the upper part of
the zone.

The Praeorbulina glomerosa curva zone has its lower boundary defined on
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No.4 JENKINS - PLANKTONIC FORAMINIFERAL ZONES 1067

the first appearance of the zone fossil and its upper boundary defined on the
initial appearance of Orbulina suturalis Bronniman. The zone appears to be
a very small unit compared with the other zones, and is present in the
Clifden and Muddy Creek sections and also in Midhurst No. 1 Well,
Taranaki. It is equivalent to the Clifdenian Stage.

The following taxa become extinct within this zone': Globorotalia nana
nana Bolli, Cassigerinella chipolensis (Cushman and Ponton), Globoro
taloides suteri Bolli, and Globigerinoides trilobus bisphericus Todd. Prae
orbulina glomerosa curva (Blow), Beella digitata (Brady), and Globigeri
natella insueta Cushman and Stainforth are confined to this zone. The
following have their initial appearances in the zone: Globorotalia mayeri
barisanensis Le Roy, Globorotalia praemenardii Cushman and Stainforth,
Globigerinoides obliquus Bolli, Globoquadrina langhiana Cita and Gelati,
and Praeorbulina glomerosa glomerosa (Blow).

The Orbulina suturalis zone has its lower boundary defined on the initial
appearance of the zone fossil and its upper boundary is defined on the
first appearance of Globorotalia mayeri mayeri Cushman and Ellisor. The
zone is present in the Clifden and Muddy Creek sections and in Midhurst
No.1 Well, Taranaki. The O. suturalis zone is equivalent to the lower part
of the Lillburnian Stage.

The following taxa become extinct within the zone: Globorotalia bella
Jenkins, n.sp., Globorotalia nana pseudocontinuosa Jenkins, n.subsp.,
Globorotalia nana semivera (Hornibrook), Globoquadrina langhiana Cita and
Gelati, Globoquadrina larmeui Akers, Praeorbulina glomerosa glomerosa
(Blow). The following make their initial appearances within the zone:
Globigerina woodi decoraperta Takayanagi and Saito, Globorotalia conica
Jenkins, Globorotalia panda Jenkins, Globoquadrina altispira (Cushman and
Jarvis), Orbulina universa d'Orbigny, and Praeorbulina glomerosa circularis
(Blow).

The Globorotalia mayeri mayeri zone is defined by the total range of the
zone fossil. The zone is present in the Clifden and Muddy Creek sections
and in the Midhurst No.1 Well, Taranaki. The G. mayeri mayeri zone is
equivalent to the upper part of the Lillburnian Stage and the Waiauan
Stage.

The following taxa become extinct in the G. mayeri mayeri zone: Globi
gerina woodi woodi Jenkins, Globorotalia miozea miozea Finlay, Globoro
talia obesa Bolli, Globorotalia praemenardii Cushman and Stainforth,
Globorotalia praescitula Blow, Globigerinatella (?) sp., Globoquadrina alti
spira (Cushman and Jarvis), Praeorbulina glomerosa circularis (Blow),
Sphaeroidinella disjuncta Finlay. Three taxa have been found to be limited to
the G. mayeri mayeri zone: Globorotalia fohsi Cushman and Ellisor, Globoro
talia mayeri nympha Jenkins n.subsp., and Sphaeroidinella d. grimsdalei
(Keijzer). The following have their initial appearances within the zone:
Globigerina nepenthes Todd, Globorotalia mayeri continuosa Blow, Globoro
talia menardii (Parker, Jones, and Brady), Globorotalia miotumida explica
tionis Jenkins, n.sp., Globorotalia miotumida miotumida Jenkins, Globorotalia
miozea conoidea Walters, and Globorotalia scitula (Brady).

The Globorotalia miotumida miotumida zone has its lower boundary
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1068 NZ. JOURNAL OF GEOLOGY AND GEOPHYSICS VOL.lO

defined by the extinction of Globorotalia mayeri mayeri (Cushman and
Ellisor) and its upper boundary defined by the first appearance of Globoro
talia miozea sphericomiozea Walters, or by the closely related subspecies
Globorotalia conomrozea Kennett. The zone is present in the Midhurst No. 1
Well, Gore Bay section, Mohakatino-Urenui-Tongaporutu Beds of the
Taranaki Coastal section, Palliser Bay section, and the Lake Waikaremoana
Waihoa River section. The G. miotumida miotumida zone is broadly equiva
lent to the Tongaporutuan Stage.

The following taxa become extinct within the G. miotumida miotumida
zone: Globigerina ciperoensis angustiumbilicata Bolli, Globorotalia mayeri
continuosa Blow, Globorotalia miotumida miotumida Jenkins, Globorotalia
miotumida explicationis Jenkins n.subsp., Globorotalia panda Jenkins, and
Globigerinoides apertasuturalis Jenkins. The following make their initial
appearances within the zone: Globorotalia dutertrei (d'Orbigny), Globoro
talia pachyderma, (Ehrenberg), Globigerinella aequilateralis (Brady), Globi
gerinoides sacculifer (Brady), and Sphaeroidinella seminulina (Brady).

The Globorotalia miozea sphericomiozea zone has its lower boundary
defined by the initial appearance of the zone fossil and its upper boundary
by the initial appearance of Globorotalia inflata (d'Orbigny). The presence of
Globorotalia conomiozea Kennett is here regarded as also indicating the
G. miozea spbericomiozea zone. The zone is present in Kapitea Creek and
in core holes D and F drilled in the Kumara Dome of South Westland,
Lake Waikaremoana - Waihoa River, Palliser Bay, and the Mangaruhe
River sections on the East Coast of the North Island. The G. miozea
spbericomiozea zone is here regarded as being equivalent to the Kapitean
Stage, and appears to be a relatively small unit compared with most other
zones.

At the upper boundary of the G. miozea sphericomiozea zone there is a
transition in test morphology where G. miozea spbericomiozea evolves into
G. inflata. This evolutionary lineage has recently been described by McInnes
(1965) and Walters (1965) in rocks from the east coast of the North
Island.

The Globorotalia inflata zone has its lower boundary defined by the first
appearance of the zone fossil. It has no defined upper limit and extends to
include Recent sediments. The G. inflata zone is equivalent to both the
Wanganui and Hawera Series, and has been subdivided into nine subzones
based on alternating dextrally and sinistrally coiled populations of G. pachy
derma. The G. pachyderma subzones are based on an examination of the
Palliser Bay, Makara-Mangaopari streams, Lake Waikaremoana - Waihoa
Stream, Mangaruhe River, and Wanganui coastal sections. The relative posi
tions of the subzones are indicated in Fig. 2, and a full descripiton of the
changes in coiling of G. pachyderma in the sections examined is presented
in a separate paper (]enkins, 1967).

The following taxa become extinct in the lower part of the zone: Globi
gerina apertura Cushman, Globorotalia miozea sphericomiozea Walters, and
Globigerinoides obliquus Bolli. Most other species occur sporadically within
the G. infla'ta zone and in many places in New Zealand they become locally
extinct, but a number are to be found in the present-day Pacific Ocean
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No.4 JENKINS - PLANKTONIC FORAMINIFERAL ZONES 1069

fauna (Parker, 1962; Kustanowich, 1963). It has previously been suggested
that some of the species were driven northwards out of the New Zealand
area by the changing colder waters of the late Cenozoic (Jenkins, 1964).
The species and subspecies which have survived into the Recent are indicated
by arrows on the range chart (Fig. 2).

NATURE OF THE PLANKTONIC FORAMINIFERAL ZONES

In terms of the American Code of Stratigraphic Nomenclature (1961)
the planktonic foraminiferal zones defined above are concurrent range zones.
The only zones coming within the definition of range zones are the
G. mayeri mayeri zone and the G. inflata zone. The following are successive
appearance zones (Vella, 1964, fig. 2) : G. woodi connects zone, G. trilobus
trilobus zone, P. glomerosa curva zone, O. suturalis zone, and the G. miozea
spbericomiozea zone. The G. miotumida miotumida zone qualifies as a gap
zone as illustrated by Vella (ibid.)

STRATIGRAPHIC CoRRELATION

The planktonic foraminiferal zones G. woodi connecta to G. inflata are
correlated with a sequence of planktonic foraminiferal zones subdividing
the Miocene-Pliocene (?) of the Caribbean (Bolli, 1957, 1960; Blow.
1959). The following phylogenetic events in the history of the planktonic
Foraminifera, common to both areas, have been used for the correlation:
stratigraphic range of Globorotalia kugleri Bolli, initial appearances of Prae
orbulina glomerosa curva and Orbulina suturalis, extinction of Globorotalia
mayeri mayer! Cushman and Ellisor, and extinction of Globigerina nepenthes
(Fig. 2). The lack of some and rarity of other zonal planktonic foraminiferal
species of the Caribbean area in New Zealand rocks, and also the apparent
differences in some of the stratigraphic ranges of certain taxa, e.g.,
Catapsydrax dissimilis, present problems to anyone attempting long-distance
correlations (Jenkins, 1965).

SYSTEMATIC DESCRIPTION OF NEW TAXA

Globorotalia bella Jenkins n.sp.
(Fig. 3, Nos. 1-6)

1960 Globorotalia siakensis Le Roy; Jenkins, MicropaleolZtology 6 (4): 366, PI. 5,
fig. 7a-c.

HOLOTYPE DESCRIPTION: Test free, low trochospiral, dextrally coiled,
equatorial periphery quinquelobate, axial periphery rounded. Wall calcareous,
perforate, fairly thick, slightly roughened glassy surface. Chambers spherical
ovate, inflated, increasing fairly slowly in size, 15 forming the test in about
2! whorls, 5 chambers in the final whorl; proloculus diameter 0'02 mm.
Umbilicus small, shallow. Sutures on both umbilical and spiral sides radial

Geology-I4
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1070 N.Z. JOURNAL OF GEOLOGY AND GEOPHYSICS VOL. 10

to slightly curved. Aperture a low slit with a thick lip, interiomarginal,
umbilical-extra-umbilical. Maximum diameter 0'31 mm.

TYPE SPECIMENS: N.Z. Geological Survey Register No. TF 1527: holo
type and 3 paratypes.

TYPE SAMPLE: N2/546, F 14844, grid ref.: 427420. Moderately soft,
calcareous, light blue-grey siltstone from Parengarenga Harbour, Northland.
Collected by G. and A. Scott.

AGE OF TYPE SAMPLE: Awamoan Stage: G. trilobus trilobus zone (Lower
Miocene).

REMARKS: Of the 55 specimens picked out of the type sample 32 are
dextrally coiled and 23 sinistrally coiled. The test size varies in maximum
diameter from 0'23 mm to 0'39 mm. The majority of specimens have
5 chambers in the final whorl; a few have 4l Some specimens show a
tendency for the final chambers to overlap on to the spiral side giving the
test a pseudo-bilateral symmetry as in the paratype TF 1527/2. (Fig. 3,
Nos. 4-6). G. bella is also present in two stratigraphically higher and two
stratigraphically lower Awamoan samples of the Parengarenga Harbour
section.

The slit-like aperture of G. bella easily distinguishes it from Globorotalia
nana semiuera (Hornibrook) and Globorotalia mayeri mayeri Cushman and
Ellisor, which have larger and higher-arched apertures. The 5 chambers of
the final whorl of G. bella distinguish it from Globorotalia nana pseudo
continuosa Jenkins n.subsp. and from Globorotalia nana nana Bolli, both of
which have 4 chambers in the final whorl. The species it most closely
resembles is Globorotalia mayeri barisanensis Le Roy, but G. bella is dis
tinguished from it by having nearly radial sutures and a tendency for tests
to produce nearly planispirally coiled tests.

Jenkins (1960) wrongly referred specimens of G. bella to Globorotalia
siaeensis (Le Roy), but the Lakes Entrance oil shaft specimens from south
east Australia and New Zealand specimens are easily distinguished from it
by possessing the slit-like aperture. G. siaeensis is very close in morphology
to G. nana semiuera and may prove to be synonymous with it.

The close resemblance in test morphology of G. bella and G. mayeri
barisanensis suggests a close relationship, and it is possible that the former
species is the ancestor, but the two taxa have never been observed together
in any sample, although in the Muddy Creek section from the East Coast
of the North Island there is a small overlap in their stratigraphic ranges.
Further support for this hypothesis of an evolutionary relationship comes
from the type Altonian sample S167/617 from the Clifden section where
there are 4 specimens of G. bella, with slightly recurved sutures on the

FIG. 3-Planktonic Foraminifera

1-6, Globorotalia bella Jenkins, n.sp. Holotype (1-3) and paratype (4-6) from
sample N2/546, Parengarenga Harbour section.

7-13, Globorotalia mayer] nympha Jenkins, n.subsp. Holotype (7-9) and two
para types (10-12; 13) from sample S167/671, Clifden section.

All X 100.
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1072 N.Z. JOURNAL OF GEOLOGY AND GEOPHYSICS VOL. 10

spiral side, which appear to be intermediate between the two taxa. The
specific name is taken from the Latin bella meaning pretty.

N.Z. STRATIGRAPHIC OCCURRENCES:

1. Parengarenga Harbour section: Awamoan Stage (N2/550-N2/544).

2. Midhurst No.1 Well, Taranaki, in cores between 9,040 ft and 8,078 ft:
Awamoan Stage to Altonian Stage.
3. Morere No.1, Gisborne, core 17, 1,818-1,828 ft; Awamoan-Altonian (?)
Stages.

4. Clifden section: type Altonian Stage to the lower part of the type Lill
burnian Stage (S167 /617-S167/647).

5. Muddy Creek section: Awamoan Stage to Clifdenian Stage (N80/464
N80/452).

N.Z. STRATIGRAPHIC RANGE: Awamoan Stage to the lower part of the
Lillburnian Stage; G. trilobus trilobus zone to the O. suturalis zone (Lower
to Middle Miocene).

S.E. AUSTRALIAN STRATIGRAPHIC RANGE: Jenkins (1960) recorded
G. bella as G. siakensis from the G. trilobus trilobus zone to G. bispbericus
zone in the Lower Miocene rocks of the Lakes Entrance oil shaft, Victoria,
Australia.

Globorotalia mayeri nympha Jenkins n.subsp.
(Fig. 3, Nos. 7-13)

1960 Globorotalia acostaensis Blow; Jenkins, Micropaleontology 6 (4): 35R, PI. 4,
fig. la-c.

HOLOTYPE DESCRIPTION: Test free, low trochospiral, sinistrally coiled,
flattened spiral side and convex umbilical side, equatorial periphery lobulate,
axial periphery rounded. Wall calcareous, perforate, progressively thinner
walled in the 5 chambers of the final whorl. Chambers inflated, appressed,
13 forming the test, 5 in the first and second whorls, increasing relatively
slowly in size but with a thin walled final chamber about half the size of
the antepenultimate chamber; proloculus approximately 0'01 mm in diameter.
Sutures on the spiral side radial to slightly curved, umbilical side gently
recurved, slightly depressed on both sides. Umbilicus narrow, shallow. Aper
ture a low, lipped arch, interiomarginal, umbilical-extra-umbilical. Maximum
diameter 0'24 mm.

TYPE SPECIMEN: N.Z. Geological Survey Register No. TF 1528: holotype
and 2 paratypes.

TYPE SAMPLE: S167/671, F 14166, grid ref. 784454: Clifden section, up
old meander in low bank under willow (reached by boat) where it meets
water level. "Nissen shell" bed. Collected by C. A. Fleming, B. L. Wood,
and N. de B. Hornibrook.

AGE OF TYPE SAMPLE: type Waiauan Stage; G. mayeri mayeri zone
(upper part of the Middle Miocene) .
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REMARKS: The coiling ratio of G. mayeri nympha in the type sample is
10 sinistral to 3 dextral. In this sample G. mayeri nympha is closely related
to Globorotalia mayeri continuosa Blow and Globorotalia mayeri mayeri
Cushman and Ellisor. G. mayeri nympha differs from G. mayeri continuosa
in having 5 chambers in the final whorl, as opposed to 4, and a much
lower arched aperture. G. mayeri mayeri is distinguished by having a high
arched aperture and a final chamber which is normally larger than the
penultimate chamber.

In previous publications G. mayeri nympha has been wrongly identified as
Globorotalia acostaensis Blow (Jenkins, 1960-1966b). Dr W. H. Blow has
deposited two specimens of G. acostaensis froin the Lower Pliocene of
Somaliland Republic in the foraminiferal collections of the New Zealand
Geological Survey and these specimens have been compared with G. mayeri
nympha. It is now apparent that G. acostaensis Blow is larger than G. mayeri
nympha, has more inflated chambers, and also has a larger and better
developed aperturallip.

G. mayeri nympha differs from Globorotalia pachyderma (Ehrenberg),
which first appears in the lower part of the Tongaporutuan Stage, in having
5 chambers in the final whorl, a thinner test wall, and slightly recurved
sutures as opposed to the radial sutures of G. pachyderma.

N.Z. STRATIGRAPHIC OCCURRENCES:
1. Midhurst No.1 Well, Taranaki; in two cores from 6,022 ft and 5,775 ft
in the upper part of the undifferentiated Lillburnian-Waiauan Stages.
2. Muddy Creek section: Waiauan Stage (N80/430).
3. Clifden section: type Waiauan Stage (S167 /669-S167/675).
4. Gore Bay section: undifferentiated Lillburnian-Waiauan Stages to the
Tongaporutuan Stage (S62/22-S62/24).

N.Z. STRATIGRAPHIC RANGE: Lillburnian( ?)-Waiauan Stages to Tonga
porutuan Stage; G. mayeri mayeri zone to G. miotumida miotumida zone
(Middle to Upper Miocene).

S.E. AUSTRALIAN STRATIGRAPHIC RANGE: The range of G. mayeri nympha
n.subsp., has been recorded as G. acostaensis Blow from the Miocene
G. mayeri zone to G. menardii miotumida zone of the Lakes Entrance oil
shaft, Victoria, Australia (Jenkins, 1960).

Globorotalia miotumida explicationis Jenkins n.subsp.

(Fig. 4, Nos. 14-19)

HOLOTYPE DESCRIPTION: Test free, low trochospiral, sinistrally coiled,
biconvex with the umbilical side the more convex, equatorial periphery lobu
late, axial periphery angled with a keel. Wall calcareous, perforate, umbilical
surface and keel spinose, spiral side smooth. Chambers angular with nearly
5 in the final whorl, increasing slowly in size with the final and ante
penultimate chambers of about equal size, final chamber uncoiled towards
the umbilical side with its peripheral margin not joined to first chamber
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of the final whorl; 20 chambers forming the test in 3 whorls; proloculus
0'01 rom diameter. Spiral side sutures strongly recurved, umbilical side radial
to slightly curved. Umbilicus small. Aperture a low arch, interiomarginal,
umbilical-extra-umbilicaI. Maximum diameter 0-53 mm.

TYPE SPECIMENS: N.Z. Geological Survey Register No. TF 1529: holo
type and 3 paratypes.

TYPE SAMPLE: NlOO/504, F 11070, grid ref. C 142215: Tongaporutu
River mouth and along main road immediately north of the Tongaporutu
Bridge.

AGE OF TYPE SAMPLE: Tongaporutuan Stage: G. miotumida miotumida
zone (Upper Miocene).

REMARKS: G. miotumida explicationis is closely related to G. miotumida
miotumida, but differs from it in having the uncoiled final chamber.
G. miotumida explicationis is a distinctive subspecies found in the upper part
of the Waiauan Stage and through the Tongaporutuan Stage.

Of the 48 specimens of G. miotumida explicationis in the type sample, 46
are sinistrally coiled. Some of the smaller specimens do not have the uncoiled
final chamber, but others of equal size have. The largest specimen in the
type population has a maximum diameter of 0-57 mm with the numbers of
chambers in the final whorl varying between 4 and 5. The subspecific name
is derived from the Latin explicatio meaning uncoiling, referring to the
uncoiled condition of the final chamber.

N.z. STRATIGRAPHIC OCCURRENCES:

1. Midhurst No.1 Well, Taranaki, in cores from 6,091 ft to 3,450 ft; upper
part of the undifferentiated Lillburnian-Waiauan Stages to the Tongaporu
tuan Stage.

2. Muddy Creek section: upper part of the Waiauan Stage (N80/429).

3. Taranaki Coastal section: in the Mohakatino Beds, Tongaporutu Beds,
and Urenui Beds; Waiauan Stage (?) to Tongaporutuan Stage.

N.Z. STRATIGRAPHIC RANGE: upper part of the Waiauan Stage to the
Tongaporutuan Stage; G. mayeri mayeri zone to the G. miotumida miotumida
zone (Middle to Upper Miocene).

Globorotalia nana pseudocontinuosa Jenkins n.subsp.

(Fig. 4, Nos. 20-25)

1960 Globorotalia opima Bolli supsp. continuosa; (in part) Jenkins, Micropaleon
tology, 6 (4) : 366, PI. 5, fig. 4a-c (not 5a-c).

1965 Globorotalia continuosa; Jenkins, N.z. Jl Geol. Geopbys. 8 (6): 1088-126,
listed.

FIG. 4-Planktonic Foraminifera

14-19, Globorotalia miotumida explicationis Jenkins, n.subsp, Holotype (14-16) and
paratype (17-19) from sample N100/504, Tongaporutu River mouth.

20~25, Globorotalia nana pseudo continuosa Jenkins, n.subsp. Holotype (20-22) and
paratype (23-25) from sample N2/554, Parengarenga Harbour section.

14-19, X 60; 20-25, X 100.
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HOLOTYPE DESCRIPTION: Test free, low trochospiral, dextrally coiled;
equatorial periphery quadrilobate, axial periphery rounded. Wall calcareous,
perforate, subhexagonal surface pattern. Chambers with spherical outline,
15 forming the test in nearly 3 whorls, 5 in the first and second whorls and
4 in the final whorl, increasing rapidly in size. Proloculus diameter approxi
mately 0'01 mm. Sutures on the spiral and umbilical sides radial, slightly
depressed. Umbilicus small. Aperture a relatively high, rounded arch with a
distinct rim, interiomarginal, umbilical-extra-umbilical. Maximum diameter
0'23 mm.

FIGURED SPECIMEN: N.z. Geological Survey Register No. TF 1530:
holotype and 3 paratypes.

TYPE SAMPLE: N2/554, F 14851, grid ref.: 448431. Moderately soft,
dark blue-grey, calcareous siltstone from the Parengarenga Harbour section.
Collected by G. and A. Scott.

AGE OF TYPE SAMPLE: Otaian Stage: G. woodi connecta zone (Lower
Miocene).

REMARKS: The coiling ratio of G. nana pseadocontinuosa in the type
sample is 28 dextral to 30 sinistral, and this near random coiling preference
is maintained throughout its stratigraphic range. In the type sample G. nana
pseudocontinuosa is closely related to the 2 other subspecies: Globorotalia
nana nana Bolli and Globorotalia nana semiuera (Hornibrook). It differs from
G. nana nana in having a high-arched aperture, but both subspecies have
4 chambers in the final whorl and are closely related. G. nana semiuera is
distinguished in having 5 chambers in the final whorl.

The ancestor of the group is Globorotalia nana nana which first appeared
in the upper part of the Middle Eocene in Trinidad (Bolli, 1957), and in
the lower part of the Upper Eocene (Kaiatan Stage) in New Zealand
(Jenkins, 1966a). G. nana pseudocontinuosa and G. nana semiuera evolved
from G. nana nana in the upper part of the Whaingaroan Stage (G. euaper
tura zone).

G. nana pseudocontinuosa is closely related in general test morphology
to Globorotalia mayeri continuosa Blow and the two taxa were found to be
morphologically indistinguishable in an Oligocene-Miocene marine sequence
in south-east Australia (Jenkins, 1960). It was apparent that they were
homeomorphs, the Oligocene - Lower Miocene form, now named G. nana
pseudocontinuosa, being genetically unrelated to the Middle Miocene
G. mayeri continuosa, which had evolved from Globorotalia mayeri mayeri
Cushman and Ellisor well after the extinction of G. nana pseudo continuosa
(J enkins, 1960). The same evolutionary series has been found in the New
Zealand Tertiary (Jenkins, 1966b), and G. nana pseudo continuosa is
shown to be randomly coiled, unlike G. mayeri continuosa, which is
sinistrally coiled.

N.Z. STRATIGRAPHIC OCCURRENCES:

1. Raglan Harbour section: type Whaingaroan Stage to Waitakian Stage
(N55/545-N55/550).
2. Landon Creek, North Branch section: Whaingaroan-Duntroonian Stages
(SI37/497) .
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3. Landon Creek, Water Race Flume section: Waitakian Stage (S137/513).
4. Parengarenga Harbour section: Otaian Stage to Awamoan Stage (N2/554
N2/551).
5.0tiake, Trig. Z section: type Waitakian Stage (S127 /663-S127/390).

6. Bluecliffs section: Waitakian Stage to Hutchinsonian Stage (Sl11/579
S119/482).
7. Midhurst No. 1 Well, Taranaki: core sample from 8,665 ft, Awamoan
Altonian Stages.
8. Muddy Creek section: Waitakian-Otaian Stages to Altonian Stage
(N80/486-N80/455 ).
9. Hokianga South Head section: Otaian Stage (N18/559-N18/569).

10. Hutchinson's Quarry: type Hutchinsonian Stage (S136/751-S136/821).

11. Old Rifle Butts section: Otaian Stage to Hutchinsonian Stage (S136/796
S136/794).
12. Awamoa Creek: type Awamoan Stage (S136/818).
13. Dovedale Stream section: Altonian Stage (S68/ 651).
14. Clifden section: type Altonian Stage to the lower part of the type
Lillburnian Stage (S167 /616-S167/648).

N.Z. STRATIGRAPHIC RANGE: Whaingaroan Stage to lower part of the
Lillburnian Stage; G. euapertura zone to O. suturalis zone (Oligocene to
Middle Miocene) .

S.E. AUSTRALIAN STRATIGRAPHIC RANGE: Jenkins (1960) recorded the
range of G. nana pseudocontinuosa as G. opima continuosa in a south-east
Australian sequence as pre-Globoquadrina debiscens debiscens zone (Oligo
cene) to the G. trilobus zone (Lower Miocene).

ACKNOWLEDGMENTS

The writer thanks Mr N. de B. Hornibrook for reading the original manuscript,
and Mr R. C. Brazier for his patient work and excellent drawings of the Foraminifera
specimens. Most of the rock samples used were collected by members of the New
Zealand Geological Survey, and others by University staff and students, and personnel
of exploration oil companies.

REFERENCES

AMERICAN COMMISSION ON STRATIGRAPHIC NOMENCLATURE, 1961: Code of strati
graphic nomenclature. Bull. Amer. Assoc. Petrol, "Geol. 45 (5): 645-65.

BLOW, W. H. 1959: Age, correlation and biostratigraphy of the Upper Tocuyo (San
Lorenzo) and Pozon Formations, Eastern Falcon, Venezuela. Bull. Am.
Paleont. 39 (178): 59-251.

BOLLI, H. M. 1957: Planktonic Foraminifera from the Oligocene-Miocene Cipero and
Lengua Formations of Trinidad, B.W.!. Bull. U,S. Natn. Mus. 215:
155-72.

1960: Planktonic Foraminifera as index fossils in Trinidad, West Indies
and their value for world wide stratigraphic correlation. Eel. Geol. Helv.
52 (2): 627-37.

Geology-I5

D
ow

nl
oa

de
d 

by
 [

92
.1

3.
25

.2
9]

 a
t 0

4:
55

 0
6 

A
ug

us
t 2

01
5 



1078 N.Z. JOURNAL OF GEOLOGY AND GEOPHYSICS VOL. 10

JENKINS, D. GRAHAM 1960: Planktonic Foraminifera from the Lakes Entrance oil
shaft, Victoria, Australia. Micropaleontology 6 (4): 345-71.

1964: Location of the Pliocene-Pleistocene Boundary. Contr. Cush. Found.
Foram. Res. 15 (1): 25-7.

1965: Planktonic Foraminifera and Tertiary intercontinental correlations.
Micropaleontology, 11 (3): 265-77.

1966a: Planktonic foraminiferal zones and new taxa from the Danian to
Lower Miocene of New Zealand. N.Z. Jl Geol. Geopbys. 8 (6): 1088-126.

1966b: Two lineages from the Neogene planktonic foraminifera of the
Australasian region. Congres Sur La Stratigraphie de Neogene Medi
terranean, 3rd. Berne.

1967: Recent distribution, origin, and coiling ratio changes in Globorotalia
pachyderma (Ehrenberg). Micropaleontology 13 (2): 195-203.

KUSTANOWICH, S. 1963: Distribution of planktonic foraminifera in surface sediments
of the south-west Pacific Ocean. N.Z. Jl Geol. Geopbys. 6 (4): 534-65.

McINNES, B. A. 1965: Globorotalia miozea Finlay as an ancestor of Globorotalia
inflata (d'Orbigny). N.z. [l Geol. Geoph ys. 8 (1): 104-8.

PARKER, F. 1. 1962: Planktonic foraminiferal species in Pacific sediments. Micropaleon
tology, 8 (2): 219-54.

WALTERS, R. 1965: The Globorotalia zealandica and G. miozea lineages. N.Z. JI
Geol. Geopbys. 8 (1): 109-27.

VELLA, P. 1964: Biostratigraphic units. u.z. JI Geol. Geopbys, 7 (3): 615-25.

D
ow

nl
oa

de
d 

by
 [

92
.1

3.
25

.2
9]

 a
t 0

4:
55

 0
6 

A
ug

us
t 2

01
5 




