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

OF NEW ZEALAND* 

D. GRAHAM JENKINS 

New Zealand Geological Survey, Lower Hutt 

(Received for publication 29 July 1965) 

ABSTRACT 

The stratigraphic ranges of 103 species and subspecies of planktonic Foraminifera 
have been worked out for the Teurian to Waitakian Stages (Danian to Lower Mio
cene) of New Zealand. A zonal scheme based on these ranges is given and all the 
14 zones are defined and discussed in relation to the New Zealand Stages. A corela
tion has been made with a similar set of zones already established in Trinidad, based 
on the ranges of taxa common to both areas. 

The following new Tertiary planktonic Foraminifera are described and illustrated: 
Chiloguembelina waiparaensis n. sp., Globigerina angiporoides minima n. subsp., 
Globigerina brazieri n. sp., Globigerina brevis n. sp., Globigerina labiacrassata n. sp., 
Globigerina pauciloculata n. sp., Globigerinoides inusitatus n. sp., Globorotalia aequa 
bullata n. subsp., Globorotalia australiformis n. sp., Globorotalia dolabrata n. sp., 
Globorotalia gemma n. sp., Globorotalia inconspicua aculeata n. subsp., Globorotalia 
insolita n. sp., Globorotalia munda n. sp. Pseudogloboquadrina n. gen. is described 
and the type species P. primitiva (Finlay) is redescribed and reillustrated. The evolu
tion of Globorotalia munda n. sp. into Globigerina j1l11enilis Bolli is illustrated and 
described. 

INTRODUCTION 

Previous workers-Hornibrook (1958; in Hornibrook and Schofield, 
1962), Vella (1961), Geiger (1962), and the writer (Jenkins, 1965a, in 
press)-have all produced foraminiferal zones for various parts of the 
New Zealand Tertiary sequence. In all instances the zones were informal 
units without reference to any particular type section and lacking precise 
definitions. In the present work the Teurian-Waitakian rocks are divided 
into 14 planktonic foraminiferal zones, their boundaries are defined, and 
the localities where they have been recognised are given. (Fig. 1.) 

The status of the zones is briefly discussed in terms of the American and 
International Codes on stratigraphic nomenclature and also in relation to 
the usage of the biostratigraphic zones proposed by Vella (1964). 

In the second part of the paper! eleven new species, three new subspecies, 
and one new genus are described and illustrated. 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. 

*Originally presented as an address to the N.Z. Geological Survey Centenary Staff 
Conference, Lower Hutt, August 1965. 

N.Z. J. Geol. Geophy.r. 8 : 1088-1126 
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FIG. I-Locality map. 
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The New Zealand stratigraphic occurrence and range of each taxon is 
also given, and Fig. 2 shows the New Zealand stratigraphic ranges of the 
planktonic F~raminifera that .hav~ so far been identi~ed from withi~ the 
interval Teunan Stage to Waltaklan Stage. A systematIC account and Illus
trations of all the species and subspecies recorded on the range chart is being 
prepared and will be published as a New Zealand Geological Survey 
paleontological bulletin. A complementary paper to the present one is 
being prepared for publication in a later issue of this journal and will 
describe the planktonic foraminiferal zones and new taxa from the Lower 
Miocene Otaian Stage to the Upper Pleistocene Hawera Series. 

PLANKTONIC FORAMINIFERAL ZoNES 

The following biostratigraphic zones are proposed as informal units and 
are based on the known stratigraphic ranges of planktonic Foraminifera of 
the New Zealand Tertiary rocks from type Teurian to Waitakian Stages 
and other named stratigraphic sections. In the writer's opinion the zones 
appear to r~present a continuous sequence without any major regional 
stratigraphic break between any of the units, although numerous local 
breaks have been observed. Some of the zones have been recognised only 
in one area but others are present in many parts of New Zealand. Their 
boundaries are defined by the initial appearances and extinctions of selected 
taxa, and the stratigraphic ranges and the relative positions of other plank
tonic Foraminifera within the defined zones are shown in the range chart. 
(Fig. 2.) These ranges are used within each zone as supporting criteria for 
the identification of the zones. The zonal fossils are usually common 
throughout their zone. 

The zones are described in sequential ascending order as follows: 
The Globigerina pauciloculata zone is defined by the presence of the 

zone fossil from which its takes its name. As yet Globigerina, pauciloculata 
Jenkins n. sp., has been found only in the Middle Waipara River section 
and the zone is equivalent to the lower part of the Teurian Stage. Important 
species occurring in the G. pauciloculata zone are Globigerina daubjergensiJ1 
Bronnimann, Globorotalia compressa (Plummer), Globorotalia pseudo
bul/oides (Plummer), and Chiloguembelina waiparatmsis Jenkins n. sp. 

The Globigerina triloculinoides zone is defined by the absence of 
G. pauciloculata, whose extinction marks its lower boundary, and the initial 
appearance of Globanomalina wilcoxensis (Cushman and Ponton) marks its 
upper boundary. The G. triloculinoides zone is present in the Middle Wai
para River, and the Te Uri Stream and Waipawa sections and is equivalent 
to the upper part of the Teurian Stage and lower part of the Waipawan 
Stage. 

In Trinidad, Bolli (1957a) subdivided the equivalent of the G. trito
culinoides zone into 6 planktonic zones; future work in New Zealand will 
probably enable further subdivisions to be made. 

!mportant. taxa occurring .in t~e. G. tri~oculinoides zone are Globige1'ina 
splralls BollI and GloborotalIa rem! Loebhch and Tappan and the following 
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which are limited to the zone: Globorotalia aequa aequa Cushman and Renz, 
Goborotalia pseudomenardii Bolli, 4 subspecies of Globorotalia veiascoensis 
(Cushman), Chiioguembeiina crinata (Glaessner), and Zeauvigerina teuria 
Finlay. 

The Globanomaiina wilcoxensis zone has its lower boundary defined by 
the initial appearance of G. wilcoxensis and its upper boundary by the 
initial appearance of Globorotali'a crate·r crater Finlay. The G. wilcoxensis 
zone is present in the Middle Waipara River, and the Te Uri Stream and 
Waipawa sections and is equivalent to the upper part of the Waipawan 
Stage. 

Globigerina aquiensis Loeblich and Tappan, and Globorotalia esnaensis 
(Le Roy) are limited to the G. wilcoxensis zone. Other important taxa 
occurring in the zone are Globorotalia aequa rex Marlin whose appearance 
is at the base of the zone and Globorotalia gracilis Bolli whose extinction 
coincides with the upper zonal boundary. Both Globorotalia reissi Loeblich 
and Tappan and Chiloguembelina wrlcoxensis (Cushman and Ponton) 
become extinct within the zone. 

The Globorotalia crater crater zone is defined by the presence of the zone 
fossil. The whole of the G. crater crater zone is present in the Te Uri 
Stream section, and the lower part of the zone is present in the Middle 
Waipara River and Waipawa sections and the zone is equivalent to the 
combined Mangaorapan and Heretaungan Stages. 

GloborotaliCi aequa rex Martin and Globorotalia dolabrata' Jenkins n. sp., 
become extinct in the upper part of the G. crater crater zone and Globanoma
lina wilcoxensis (Cushman and Ponton) becomes extinct in the lower part. 

The Pseudogloboquadrina primitiva zone has its lower boundary coinci
dent with the extinction of G. crater crater and its upper boundary is defined 
by the initial appearance of Globigerapsis index index (Finlay). The whole 
of the P. primitiva zone is present in the Te Uri Stream section and it 
is equivalent to all of the Porangan Stage excluding the upper part. 

Globorotalia at/stratiform is Jenkins n. sp. become extinct in the P. prim i
tiva zone, and within the zone P. primitiva is normally very abundant. 

The Globigerapsis index index zone has its lower boundary defined on 
the initial appearance of the zone fossil and its upper boundary is defined 
by the initial appearance of Chiloguembelina cubensis (Palmer). The whole 
of the G. index index zone is present at the Hampden Beach section and 
most of it, except for the uppermost part, is present in the Te Uri Stream 
section; it is equivalent to the upper part of the Porangan Stage and most 
of the Bortonian Stage except for the uppermost part. 

A number of important species make their initial appearances in the 
G. index index zone: Globif[erina linaperta Finlay, Globigerina ouachita
ensis Howe and Wallace, Globorotalia inconspicua Howe, Candeina sp., and 
Hantkenina australis Finlay, Globigerina mckamnai White and Globigerina 
soldadoensis Bronnimann become extinct in the lower part of the zone. 
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The Globorotalia inconspicua inconspicua zone has its lower boundary 
defined by the initial appearance of C. cubensis; its upper boundary is 
defined by the extinction of G. inconspicua inconspicua. The lower part of 
the G. inconspicua inconspicua zone has been recognised at the Hampden 
Beach section and Moeraki Formation and its upper part from the Port 
Elizabeth section. It is equivalent to the uppermost part of the Bortonian 
Stage and lower part of the Kaiatan Stage. 

The following taxa become extinct within the G. inconspicua inconspicua 
zone: Pseudogloboquadrina primitiva (Finlay),' Truncorotaloides collactea 
(Finlay), Zeauvigerina zealandica Finlay, and Globorotalia inconspicua acu
leata Jenkins n. subsp. Globorota'lia nana Bolli makes its initial appearance 
at about the middle part of the zone. 

Mr M. S. Srinivasan, a student at Victoria University, was the first to 
discover Zeauvigerina in post-Bortonian Stage Arnold rocks. 

The Globigerina linapt'Yta zone has its lower boundary defined by the 
extinction of G. inconspicua inconspicua and its upper boundary defined 
by the initial appearance of Globigerina brevis Jenkins n. sp. The whole of 
the G. linaperta zone is present at the Port Elizabeth section and is equivalent 
to the upper part of the Kaiatan Stage and to the Runangan Stage except 
for the uppermost part. The following species become extinct within the 
G. linaptlrta zone: Globorotalia centralis Cushman and Bermudez and 
Hantkenina alabamensis Cushman. The initial appearances of Globigerina 
ampliapertura Bolli, Globigerina praeturritilina Blow and Banner, and 
Globigerapsis semiinvolutal (Keijzer) occur in the upper part of the G. tina
perta zone. 

The Globigerina brevis zone is defined by the total range of the zone 
fossil and is present at the Port Elizabeth section. G. brevis is also common 
in the Oamaru district and has been found by the writer in rocks of the 
East Coast of the North Island. The G. brevis zone is equivalent to the 
uppermost Runangan Stage and to the lower part of the Whaingaroan Stage. 

The following become extinct in the lowermost part of G. brevis zone: 
Globanomaiina micra (Cole), Globigerapsis index (Finlay), Globigerapsis 
semiinvoluta (Keijzer). Globorotalia gemma Jenkins n. sp. makes its initial 
appearance within the zone. 

The Globigerina angiporoides angiporoides zone has its lower boundary 
defined by the extinction of G. brevis and its upper boundary by the extinc
tion of Globigerina angiporoides angiporoides Hornibrook. The lower part 
of the zone is present in the upper part of the Port Elizabeth section, and 
the upper part of the zone is present in the lower part of the Kokoamu 
Greensand at Earthquakes in the Waitaki Valley. The G. angiporoides 
angiporoides zone is equivalent to the lower-middle part of the Whainga
roan Stage. Globigerin,a ampliapertura Bolli and Globigerina praeturritilina 
Blow and Banner become extinct within the G. angiporoides angiporoide'S 
zone, and the following make their initial appearances within the zone: 
Globigerina bulloides d'Orbigny, Globigerina ciperoensis angustiumbilicata 
Bolli, Globigerina labi"acrassata Jenkins n. sp., Globorotalia munda Jenkins 
n. sp., Globorotalia opima Bolli, and Globo-rotaloides testarugosa (Jenkins). 
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The Globigerina euapertura zone has its lower boundary defined by the 
extinction of G. angiporioides angiporoides and its upper boundary defined 
by the first appearance of Globoquadrina dehiscens (Chapman, Parr, and 
Collins). The whole of the G. euapertura zone is present at Trig. Z in the 
lower part of the Otekaike Limestone and in the Otiake Stream below 
Trig. Z, in the Otekaike Limestone and Kokoamu Greensand of the Oamaru 
district (see Gage, 1957). The G. euapertura zone is also present in the 
Raglan Harbour section, where it is equivalent to the upper part of the 
Whaingaroan Stage. The Duntroonian Stage is probably equivalent to the 
upper part of the G. euapertura zone. 

The following become extinct in the lower part of the G. euapertura 
zone: Globorotalia munda Jenkins n. sp. and Chiloguembelina cubensis 
(Palmer). Globigerina ciperoensis ciperoensis Bolli, Globigerina earnesi 
Blow, Globigerina juvenilis Bolli, Globorotaiia semiver'a (Hornibrook), 
Cassigerinella, chipole-nsis (Cushman and Ponton), and Glob01'otaloides can
cellata (Pessagno) make their initial appearances within the zone. 

The Globoquadrina dehiscens zone has its lower boundary defined by the 
initial appearance of G. dehiscens, and its upper boundary defined on the 
first appearance of Globigerina woodi woodi Jenkins. The G. dehiscens zone 
is present in the Otekaike Limestone at Trig. Z, Otiake, type locality of the 
Waitakian Stage, and in Otiake Stream. In the sections exposed at these 
localities G. dehiscens is very rare in a well developed planktonic foramini
feral fauna. The G. dehiscens zone is equivalent to the lower part of the 
Waitakian Stage. 

The following taxa become extinct within the G. dehiscens zone: Globi
gerina labiacrassata Jenkins n. sp. and Globorotalia opima Bolli; Globigerina 
brazieri Jenkins n. sp. makes its initial appearance towards the upper part 
of the zone. 

The Globigerina woodi woodi zone has its lower boundary defined by the 
earliest appearance of G. woodi woodi and its upper boundary is defined on 
the first appearance of Globigerina woodi connecta Jenkins. The upper part 
of the G. wood; woodi zone is present in the Otekaike Limestone at Trig. Z, 
Otiake (type locality of the Waitakian Stage), and its: lower part is present 
in the Bluecliffs section, underlying the type locality of the Otaian Stage. 
The G. woodi woodi zone is equivalent to the middle part of the Waitakian 
Stage. The G. woodi woodi zone represents a small interval before the 
appearance of G. wood; connecta. GloboYO'taloides cancellata (Pessagno)
becomes extinct within the zone. 

The Globigerina woodi conne-cta zone has its lower boundary defined by 
the earliest appearance of G. woodi connecta and is equivalent to the upper 
part of the Waitakian Stage and the succeeding Otaian and Hutchinsonian 
Stages. The G. woodi connecta zone is present in the Bluecliffs section and 
in the North Parengarenga Harbour section. 

Only the lower part of the G. woodi connecta zone is represented in the 
range table (Fig. 2). Both Globif{erina euapertura Jenkins and Globigerina 
brazier; Jenkins n. sp. become extinct in this part of the zone. 

Geolo,gy-16 
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NATURE OF THE BIOSTRATIGRAPHIC ZONES 

The American Code of Stratigraphic Nomenclature (1961) states that a 
concurrent-range zone is "a zone defined by the overlapping ranges of 
specified taxa from one or more of which it takes its name", and the report 
of the International Subcommission on Stratigraphic Terminology (Hedberg, 
ed., 1961) also recognises zones of concurrence. The following planktonic 
foraminiferal zones described in this paper are here regarded as concurrent
range zones: G. trilolculinoides zone, G. wilcoxensis zone, P. primitiva 
zone, G. index index zone, G. inconspicua inconspicua zone, G. linaperta 
zone, G. angiporoides angipo-roides zone, G. euapertura zone, G. dehiscens 
zone, G. woodi woodi zone, and G. woodi connecta zone. 

The G. pauciloculata, G. crater crater, G. brevis zones qualify as range zones 
in the American Code and the report of the Subcommission on Stratigraphic 
Terminology. 

Vella (1964) has recently reviewed and discussed the current use of bio
stratigraphic zones based on the stratigraphic ranges of fossils. In the 
terminology proposed by Vella (1964, fig. 2), the planktonic foraminiferal 
zones in this paper fall broadly into the following categories: 
Range zone: G. pauciloculata zone, G. crater crater zone, and G. brevis 

zone. 
Successive appearance zone: G. wilcoxensis zone, G. index index zone, 

G. dehiscens zone, G. woodi woodi zone, G. woodi connecta zone. 
Gap zone: G. triloculinoides zone, G. primitiva zone, G. euapertura zone. 
Overlap zone: G. inconspicua inconspicua zone. 
Successive disappearance zone: G. linaperta zone, G. angiporoides angi

poroides zone. 

STRATIGRAPHIC CoRRELATION 

The New Zealand planktonic foraminiferal zones G. pauciloculata to 
G. woodi connecta inclusive are correlated in the range chart (Fig. 2) with 
a similar set of zones established in Trinidad by Bolli (1957a, b, c; 1960). 
The correlation is based on the stratigraphic ranges of the following taxa, 
which are present in both areas: Globif{erina daubjergensis Bronnimann, 
Globo-rotalia velascoensis (Cushman), Globorotalia rex Bolli, Globigerapsis 
index (Finlay), Globorotalia nana Bolli, Globigerapsis semiinvoluta 
(Keijzer), Globorotalia opima Bolli, and Globigerina ciperoensis ciperoensis 
Bolli. 

The equivalence of the planktonic foraminiferal zones and the New 
Zeala?d .stages is also shown in Fig. 2 and is based primarily on the 
exammatlOn of the faunas from the type and standard sections of the 
stages, the localities of which are recorded and described in the New 
Zealand Stratigraphic Lexicon (Fleming, ed., 1959). 

The stratigraphic positions of some of the major European Tertiary 
epoch and stage boundaries from the Danian to Miocene in the New 
Zealand rocks have recently been discussed by the writer (Jenkins, 1963, 
1964a, 1964b) and their positions are indicated in Fig. 2. 
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SYSTEMATIC DESCRIPTION OF NEW TAXA 

Chilogue11lhelina waiparaensis Jenkins n. sp. 
(Fig. 3, Nos. 1-6) 

DESCRIPTION OF HOLOTYPE: Test free, small, elongate, biserial, tapering 
towards the prolocular end, compressed. Chambers subglobular, 17, the first 
7 inceasing slowly in size and the last 10 increasing more rapidly in size. 
Wall calcareous, finely perforate. Sutures subparallel in side view, slightly 
depressed, distinct. Aperture terminal, oval-shaped, symmetrical, with its 
open end towards the penultimate chamber. Length 0'26 mm. 

TYPE SPECIMENS: N.Z. Geological Survey Register No. TF 1495: holo
type and 2 paratypes. 

TYPE SAMPLE: S68/770, F 11270, grid ref. 973137, Sheet S68 (edit. 
1950), Middle Waipara River, N bank in meander, down stream from 
McKay's road bridge; thin bed of slightly calcareous glauconite with patches 
of mudstone. Collected by N. de B. Hornibrook, C. A. Fleming, and D. R. 
Gregg. 

AGE OF TYPE SAMPLE: Teurian Stage (Danian). 
REMARKS: In the type population there is a large vartahon in the final 

chamber morphology. In some specimens, including the holotype (Fig. 3, 
Nos. 1, 2) the final chamber is about the same size as the penultimate, 
whereas in others, it is smaller, with a narrower aperture as in the figured 
paratype (Nos. 5, 6). 

C. waiparaensis appears to be closely related to Zeauvigerina aegyptica 
Said and Kenawy which was illustrated and described by Beckmann (1957) 
from the Paleocene rocks of Trinidad; C. waipa1'aensi's is different in that 
it lacks the necked aperture. 

The specific nam~ waiparae.nsis is d~rived ~rom Waipara where the type 
sample was located In the MIddle Walpara RIver. C. waiparaensis was first 
used by Mr N. de B. Hornibrook as a manuscript name. 

N.Z. STRATIGRAPHIC OCCURRENCE: 

1. Middle Waipara River Section: Teurian Stage (S68/575, S68/770). 
2. Te Uri Stream Section: Teurian Stage (N150/514-N150/522). 

N.Z. STRATIGRAPHIC RANGE: Teurian Stage; G. pauciloculata zone to the 
G. triloculinoides zone (Danian-Paleocene). 
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Globigerina angiporoides minima Jenkins n. subsp. 
(Fig. 7, Nos. 52-57) 

[DEC. 

DESCRIPTION OF HOLOTYPE: Test free, law trochaspiral, sinistrally cailed, 
equatarial periphery quadrilobate; axial periphery rounded. Wall calcareous, 
fairly coarsely perfarate. Chambers glabular,' about 12, arranged in just 
over 2 wharls with 5 in the first wharl, 4 in the second, and 4 in the final 
whorl, increasing maderately in size; proloculus diameter approximately 
0'02 mm. Sutures an the spiral side radial to' slightly curved, slightly 
depressed; umbilical side radial, depressed. Umbilicus, small, open. Aperture 
very law, arched, lipped, interiomarginal, umbilical to' extra-umbilical. Maxi
mum diameter 0'37 mm. 

TYPE SPECIMENS: N.Z. Gealogical Survey Register No. TF 1496: hala
type and 3 paratypes. 

TYPE SAMPLE: F 5179B, S146/531, grid ref. 439437, Sheet S146 (edit. 
1943), Hampden Beach sectian, upper blue micaceaus clays, 1! miles N af 
Kakaha Creek. Collected by J. Park. 

AGE OF TYPE SAMPLE: Bortanian Stage (Middle Eocene). 
REMARKS: G. angiporoides minima is clasely related to' G. linaperta but 

differs from it in nat possessing the compressed chambers that are distinct
tive features of Globigerina linaperta Finlay. Usually G. angiporoides 
minima is smaller than its descendant, Globigerina angiporoides angiporoides 
Hornibrook, which occurs in the Upper Eocene and Lawer Oligocene of 
New Zealand, and has a smoother wall arnamentation. 

The specimens of G. angiporoides minima from the type sample show a 
wide variation in test morphalagy, with low arched, to' almost closed aper
tures, and the final chamber in same specimens larger than the penultimate 
chamber, whereas in others it is reduced to a small thin-walled flattened bulla. 

N.Z. STRATIGRAPHIC OCCURRENCE 
1. Hampden Beach section: Parangan Stage 0) to' the Kaiatan Stage 

(S146/567 - S146/684). 
2. Moeraki Formation: Kaiatan Stage (S146/586). 

3. Kaiata Creek: Kaiatan Stage (S44/635, S44/637). 

4. Kakanui River, Kia Ora: Bartonian Stage to Kaiatan Stage (S136/629-
S136/626). 

5. Te Uri Stream section: Bortanian Stage (N150/1067, N150/1069). 

N.Z. STRATIGRAPHl~ RAN?E: Porangan Stage (?) to' the Kaiatan Stage; 
lower part of the G. mdex mdex zone to' upper part af the G. inconspicua 
inconspicua zone (Middle to' Upper Eocene). 

FIG. 3-Planktonic Foraminifera. 
l-S, Chiloguembelina waiparaensis Jenkins, n. sp. Holotype (1, 2) and paratypes 

(3, 4, 5, 6) from sample S68/770, Middle Waipara River. 
7-15, Globigerina pauciloculata Jenkins, n. sp. Holotype (7, 8, 9) and paratypes 

(10-12; 13-15) from sample S68/197, Middle Waipara River. 
All X 150 
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Globigerina brazieri Jenkins n. sp. 
(Fig. 6, Nos. 43-51) 

[DEC. 

DESCRIPTION OF HOLOTYPE: Test free, low trochospiral, sinistrally coiled, 
spiral side convex; equatorial periphery quadrilobate, axial periphery 
rounded. Wall calareous, perforate, fairly coarsely pitted. Chambers with 
spherical outline, 16 arranged in 3 whorls, with 5 in the first and second 
whorls and 4 in the third whorl, proloculus diameter about 0'01 mm; 
chambers increase rapidly in size in the final whorl. Sutures on the spiral 
and umbilical sides radial to slightly curved, depressed. Umbilicus open, 
deep. Aperture high rounded circular shaped, distinct arch with a thick 
rim, umbilical in position. Maximum diameter 0'45 mm. 

TYPE SPECIMENS: N.Z. Geological Survey Register No. TF 1497; holo
type and 6 paratypes. 

TYPE SAMPLE: Slll/602, F 15836, grid ref. 571404, Sheet SIll (edit. 
1942), Bluecliffs section. Collected by Miss 'A. Boreham and G. Scott. 

AGE OF TYPE SAMPLE: Waitakian Stage (Lower Miocene). 
REMARKS: A study of a growth series of Globigerina brazieri n. sp. in 

the type sample shows that a specimen having a 0'18 mm maximum length 
(No. 46) has a slightly extraumbilical aperture which becomes umbilical 
in position with the addition of the succeeding chambers (Nos. 46---51). At 
all stages of growth the aperture is very high-arched. 

There is a reduction in the number of chambers per whorl with the 
increase in test size, from 5 in the first whorl to the adult test with 3-3t 
chambers in the final whorl. Rare specimens have a reduced bulla-like final 
chamber similar to the illustrated paratype (No. 51). Test coiling in the 
type sample is 32 sinistral and 21 dextral specimens. Similar coiling has 
been recorded in sample SI27/663, from Trig. Z, Otiake, in which there 
are 25 sinistral and 15 dextral specimens. 

G. brazieri is distinguished from Globigerina woodi wood; Jenkins in 
possessing a higher-arched, more rounded and nearly circular-shaped aper
ture with a smoother rim. There is also a more rapid increase in the size of 
the chambers, especially in the final whorl of G. brazieri. In the Waitakian 
rocks of the Bluecliffs section, there is some indication that G. brazieri is 
related to and probably evolved from Globigerina woodi woodi Jenkins. 

Globigerina brazieri is named after Mr R. C. Brazier, palaeontological 
artist of the New Zealand Geological Survey, who has produced the fine 
drawings of Foraminifera in this paper. 

FIG. 4-Planktonic Foraminifera. 

Globigerina pallci/oclliata Jenkins, n. sp. All paratypes, from sample S68/197, 
Middle Waipara River. 

16-25, Two views each of five growth stages of G. pauciloculata variety (a). 
26-33, Two views each of five growth stages of G. pauciloculata variety (b). 
34-41, Two views each of five growth stages of G. pauciloculata variety (c). 
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N.Z. STRATIGRAPHIC OCCURRENCE: 
1. Bluec1iffs section: Waitakian Stage (S111/579-S111/603). 
2. Raglan Harbour section: Waitakian Stage (N55/550). 
3. Trig. Z, Otiake section: Waitakian Stage (S127 /663). 

N.z. STRATIGRAPHIC RANGE: Waikatian Stage; G. dehiscens zone to the 
lower part of the G. woodi connecta zone (Lower Miocene). 

42 
S. N. Reatus, photo 

FIG. ,-Planktonic Foraminifera. 

42. Sectioned specitnen of Globigerina pauciloculata Jen
kins n. sp., from sample S68/%2, Middle Waipara 
River. X 430. 

Globigerina brevis Jenkins n. sp. 
(Fig. 7, Nos. 58-63) 

DESCRIPTION OF H0It0TYPE: Test free, low trochospiral, dextrally coiled, 
equatorial periphery qu~drilobate, axial periphery rounded. Wall calcareous, 
perforate with a coarse-reticulate sub-hexagonal pattern, thickened reticulate 
ridges developed on th~ umbilical side of the anti-penultimate and penulti
mate chambers just out~ide the aperture. Chambers with spherical outline, 
13 arranged in about 3, whorls, with 5 in the! first, 4 in the second and last 
whorls; chambers of tqe final whorl increasing slowly in size; proloculus 
diameter about 0'02 mm. Sutures on the spiral side slightly curved to 
radial, slightly depressed; umbilical side sutures radial, depressed, and well 
marked. Umbilicus narrow, deep. Aperture a low arch, interiomarginal, 
umbilical. Maximum diameter 0'44 mm. 

TYPE SPECIMENS: N.Z. Geological Survey Register No. TF 1498: holo
type and 3 paratypes. 

TYPE SAMPLE: S136/694, F 9398, grid ref. 482554, Sheet S136 (edit. 
1943), Kakanui River, south bank near mouth, 2 ft 6 in. above bored surface, 
calcareous glauconitic fine-grained sandstone. Collected by M. Gage. 
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R. C. Brazier del. 

FIG. 6-Planktonic Foraminifera. 
43-51, Globigerina brazieri Jenkins, n. sp. Holotype (43-45) and 6 paratypes 

(46-51) from sample S111/602, Bluecliffs. 
46-50 illustrate a growth series. 
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AGE OF TYPE SAMPLE: lower part of Whaingaroan Stage (Lower Oligo
cene). 

REMARKS: Globigerina b·revis n. sp. is a distinctive short-ranging species 
in the New Zealand uppermost Runangan to lower Whaingaroan rocks. 

The type population exhibits a wide variation in test morphology. The 
final test chamber varies in size from larger than the penultimate to a small 
bulla-like structure that tends to obscure the primary umbilical aperture 
(Nos. 61, 62). Some specimens are thick walled with deeply incised 
umbilical sutures (No. 63). Coiling is nearly random, with 76 dextral and 
71 sinistral specimens in the type sample. 

The only other species resembling G. brevis is Globi!{,erina tripartita tap uri
ensis Blow and Banner from the Oligocene of the Lindi area, Tanganyika 
(in Eames et ai., 1962), but G. brevis differs in having a smaller test and 
a more coarsely ornamented and non-hispid wall and more deeply incised 
umbilical sutures. 

The specific name is taken from the Latin b'revis and refers to the short 
stratigraphic range. 

N.Z. STRATIGRAPHIC OCCURRENCE: 
1. Port Elizabeth section: uppermost Runangan Stage to the Whaingaroan 

Stage (S44/692 - S44/686). 
2. Everett's Quarry: Whaingaroan Stage (SI36/746, SI36/551). 
3. Table Top Hill: Whaingaroan Stage (S136/686). 
4. Kakanui River section: Whaingaroan Stage (S136/691 - SI36/694). 
5. Taylor's Quarry: Whaingaroan Stage (S136/892). 

N.Z. STRATIGRAPHIC RANGE: Uppermost Runangan Stage to lower 
Whaingaroan Stage; G. brevis zone (Upper Eocene to Lower Oligocene). 

Globigerina labiacrassata Jenkins n. sp. 
(Fig. 8, Nos. 64-71) 

1961 Globi!{,erina retieulata Stache; Hornibrook (in part), N.Z. Geol. Sf/rv. 
Pal. Bull. 34 (1) : 146, text-fig. 4, a, d, e (not b and c). 

DESCRIPTION OF HOLOTYPE: Test free, dextrally coiled, low trochospiral; 
equatorial periphery quadrilobate, axial periphery rounded. Wall calcareous, 
fairly coarsely perforate. Chambers spherical in outline, 13 in about 2t 
whorls, 5 in the first whorl, 4 in the second and last; proloculus diameter 
about 0'03 mm. Sutures on both the spiral and umbilical sides radial to 
slightly curved, depressed. Umbilicus large, open. Aperture a high arch, 
with a very thick rim, interiomarginal, umbilical. Maximum diameter 
0·50mm. 

FIG. 7-Planktonic Foraminifera. 

52-57, Globigerina angiporoides minima Jenkins, n. sub·sp. Holotype (52-54) and 
3 paratypes (55, 56, 57) from sample S146/531 Hampden Beach. 

5R-63, Globigel"ina brel!is Jenkins, n. sp. Holotype (58-60) and 3 paratypes (61, 62, 
63) from sample S136/694 Kakanui River. 
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TYPE SPECIMENS: N.Z. Geological Survey Register No. TF 1499: holo
type and 3 paratypes. 

TYPE SAMPLE: F 11447, SI27/425, Sheet S127, grid. ref.: 242932, The 
Earthquakes, Waitaki Valley, lower intensively bored greensand, mapped by 
Gage (1957, p. 80) as Kokoamu greensand. Collected by A. 1. Amies. 

AGE OF TYPE SAMPLE: Whaingaroan Stage (Oligocene). 

REMARKS: Hornibrook (1961) illustrated two specimens of Globigerina 
labiacrassata n. sp. under the name Globige1'ina reticulata Stache but he has 
since ascertained that none of the original specimens of that species remain in 
the collections of the Novara Expedition and considers that G. reticulata is 
a nomen dubium (Hornibrook, 1965). 

In the type population there is a wide range in the G. labiacrassata test 
morphology. The test wall ornamentation varies from coarse-walled to more 
finely pitted and from thin to thick walled; the latter specimens having low
arched apertures and superficially resembling Globigerina woodi connecta 
Jenkins, which occurs in the upper Waitakian-Pareora rocks: (No. 71). The 
final test chamber varies from being larger than the penultimate as in the 
holotype, to being a smaller bulla-like chamber positioned over the 
umbilicus (No. 70). There is also a variation in the thickness of the 
apertural rim, but most specimens have it as well developed as the holo
type (Nos. 64-66) with rare specimens having it much thicker as in the 
paratype (Nos. 67-69). 

Coiling of the tests is random in the type sample, with 64 dextral and 
60 sinistral specimens. 

G. labiacrassata shows a reduction in the thickness of the apertural rim 
towards the upper part of its stratigraphic range and it seems to merge into 
the Globigerina bulloides d'Orbigny population. 

The specific name labiacrassata is taken from the Latin words labia mean
ing "lips" and crassa/a meaning "thick" and refers to the thick apertural 
rim. 

N.Z. STRATIGRAPHIC OCCURRENCE: 
1. Earthquakes section: Whaingaroan-Duntroonian? Stages (SI27/422-

SI27/428; S127/548 - S127 /386). 
2. Landon Creek, North Branch section: Whaingaroan-Duntroonian? Stages 

(SI37/548, SI37/549). 
3. Kokoamu Cliff section: Whaingaroan-Duntroonian Stages to the base of 

the Waitakian Stage (SI27/505 - S127 /511). 
4. Otiake Stream section: Whaingaroan-Duntroonian Stages (SI27/399-

SI27/394). 
5. Trig. Z section, Otiake: Duntroonian-Waitakian Stages (SI27/385-

SI27/393). 

FIG. 8-Planktonic Foraminifera. 

64-71, Globigerina labiacrassata Jenkins, n. sp. Holotype (64-66) and 3 paratypes 
(67-69; 70; 71) from sample S127/425, The Earthquakes section, Waitaki 
Valley. 
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N.z. STRATIGRAPHIC RANGE: Whaingaroan to basal Waitakian Stage; 
G. angiporoides angipo.roides zone to the lower part of the G. dehiscens 
zone (Oligocene to Lower Miocene). 

Globigerina pauciloculata JEnkins n. sp. 

(Fig. 3, Nos. 7-15; Fig. 4, Nos. 16-41; Fig. 5, No. 42) 

DESCRIPTION OF HOLOTYPE: Test free, small, low trochospiral, dextrally 
coiled; equatorial periphery slightly lobate; sucures on the umbilical and spiral 
side radial to slightly curved; umbilicus and umbilical sutures covered by a 
thin layer of minutely granular test material. Wall calcareous, thin, per
forate with small hexagonal pores; smooth, except in the umbilical area 
and umbilical sutures. Chambers circular in outline and increasing slowly in 
size, 8 forming the test, 5 in the first whorl, and nearly 5 in the final 
whorl; proloculus large, diameter 0'04 mm. Maximum diameter 0'17 mm. 

TYPE SPECIMENS: N.z. Geological Survey Register No. TF 1500: holo
type and 15 paratypes. 

TYPE SAMPLE: S68/197, F 5667, grid ref. 974137, Middle Waipara 
River, 103 chains WSW of gorge, N bank, about 5-10 ft above the base 
of the Waipara Greensand. 

AGE OF TYPE SAMPLE: Lower part of Teurian Stage (Danian). 

REMARKS: Three varieties of test morphology have been distinguished 
within the type population of Globigerina pauciloculata n. sp., but they 
are extreme variants and within examined populations all the intermediate 
forms are present. 

Variety (a): (Nos. 16-25). Includes the holotype. Distinguished by its 
comparatively low-spired trochoid test with 4!-5 chambers in the final 
whorl slowly increasing in size. The aperture in juveniles is small, interio
marginal, extra-umbilical in position tending to become more umbilical 
with the addition of chambers. The largest test of this variety is 0'19 mm 
long and the maximum chamber number found in a test is 9. 

Variety (b): (Nos. 26-33). The first whorl has only 4 chambers; they 
increase rapidly in size and with the addition of further chambers form a 
comparatively low trochoid test. Aperture interiomarginal, extra-umbilical 
to umbilical in the juveniles, becoming umbilical prior to the addition of 
the final chamber. A few tests have an umbilical bulla extending along the 
umbilical sutures. Maximum test diameter observed 0'21 mm and maximum 
chamber number 8. 

Variety (c): (Nos. 34--41). Tests with 4-5 chambers in the primary 
whorl, with proloculus usually projecting beyond the surface of the first 

FIG. 9-PlanktGnic Foraminifera. 
72-80, Globigerinoides inusitatus Jenkins, n. sp. Holotype (72-74) and 2 paratypes 

(75, 77; 78-80) from sample S127/390, Trig. Z, Otiake. 
81-86, Pseudogloboquadrina primitiva (Finlay). Holotype (81-83) and paratype 

(84-86) from sample S146/531, Hampden Beach. 
All X 100 
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whorl. Final whorl with 4 chambers, the last occasionally modified as an 
umbilical bulla. The aperture tends to be umbilical throughout growth. Test 
high-spired, maximum test diameter 0'2 mm, maximum number of cham
bers 10. 

In all 3 varieties the diameter of the proloculus varies between 0'01 and 
0'06 mm, with a tendency for specimens having a small proloculus to have 
5, chambers in the first whorl and a smaller test. The inside of the first 
few chambers has small spines. 

The final chamber of adult tests varies from smaller to larger than the 
antepenultimate chamber; it is usually thinner and smoother walled and in 
many cases is broken. 'The POisition of the last chamber can vary from 
the normal next position in the final whorl to an umbilical positiOin. No 
aperture is visible after the addition of the final chamber. 

There appears to be an increase in the test-wall pore diameter from small 
in the oldest samples to much larger in the topmost sample in the Middle 
Waipara River section, in a manner similar to that described by Hofker 
(1962) in the type Danian Foraminifera. However, G. pauciloculata does 
not have any obvious close morphological affinities with other described 
planktonic Foraminifera from the Danian Stage. 

A thin section of G. pauciloculata (Fig. 5, No. 42) shows the test wall 
to be bilamellar, thus corresponding to the Q1bservations made by Reiss 
(1963) on the wall structure of Globigerina l

• Nevertheless G. pauciloculata 
at its earliest stage of development in the lowest samples seems to lack the 
characteristic Globigerina test-wall ornamentation and adult umbilical aper
ture. It is therefore regarded by the writer as a primitive Glo'bigerina. 

The initial appearance of G. pauciloculata, in sample S68/948, is about 
50 ft above the top of the beds containing Maestrichtian planktonic Fora
:ninifera in the Middle Waipara section. The rocks in the 50 ft interval 
contain no planktonic Foraminifera and only a few benthic species. 

The specific name pauciloculata is taken from the Latin paucus meaning 
"few" and loculus meaning "cell" or "chamber". 

N.Z. STRATIGRAPHIC OCCURRENCE AND RANGE: G. pauciloculata has only 
been found in the lower part of the Teurian Stage Q1f the Middle Waipara 
section; G. pauciloculata zone (S68/948 - S68/770). 

Globigerinoides inusitatus Jenkins n. sp. 

(Fig. 9, Nos. 72-80) 

DESCRIPTION OF HOLOTYPE: Test free, dextrally coiled, low trochospiral, 
equatorial periphery lobulate, axial periphery rounded. Wall calcareous, per
forate, surface finely perforate. Chambers spherical in outline, 13 forming 
the test, arranged in about 3 whorls, with 5 in the first whorl, 4 in the 
second and final whorls, the final chamber slightly depressed; proloculus 
diameter 0'02 mm. Sutures on the spiral side radial to slightly curved, 
depressed; on the umbilical side radial, depressed. Umbilicus, small, open. 
Primary aperture a very low arch, interiomarginal, umbilical; supplementary 
aperture at the base of the final chamber on the spiral side, a high arch 
with a thick rim. Maximum diameter 0'40 mm. 
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87-91, 

FIG. 10-Planktonic Foraminifera. 
Globorotalia aequa bullata Jenkins, n. subsp. Holotype (87-89) 
types (90; 91) from sample S68/199, Middle Waipara River. 
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TYPE SPECIMENS: N.Z. Geological Survey Reigster No. TF 1501: holo
type and 2 paratypes. 

TYPE SAMPLE: S127/390, F 6530, Trig. Z, Otiake (type Waitakian 
Stage). Collected by J. Marwick. 

AGE OF TYPE SAMPLE: Lower part of Waitakian Stage (Lower Mio
cene.) 

REMARKS: The finely pitted test surface and the low-arched primary aper
ture of Globigerinoides inusitatus n. sp. suggests a close affinity with Globi
gerina bulloides d'Orbigny. 

A distinguishing feature of the rare G. inusitatus is the distinctive rim 
around the supplementary aperture on the spiral side. In some specimens 
(Nos. 75-77) the supplementary aperture is much lower-arched than the 
holotype (Nos. 72-74). 

G. inusitatus occurs well below the first appearance of the Globigerinoides 
trilobus (Reuss) lineage and does not appear to be related in any way to 
it or to Globigerinoides altiaperturus Bolli and Globigerinoides primordius 
Blow and Banner. 

G. inusitatus differs from Globigerinoides parva Hornibrook in having 
a larger and a lower-spired test; the latter species appears to be related 
to Globigerina brady; Wiesner (Hornibrook, 1961). 

The specific name is taken from the Latin inusitatus meaning "unusual". 

N.Z. STRATIGRAPHIC OCCURRENCE: 
1. Trig. Z, Otiake, and Otiake Stream sections: G. inusitatus is limited to 

the Waitakian Stage (type locality). 
2. Earthquakes section: Whaingaroan (S127 /425). 
3. Bluecliffs section: Waitakian Stage (S111/601). 

N.Z. STRATIGRAPHIC RANGE: Whaingaroan to Waitakian Stage; G. euaper
tura zone to the G. dehiscens zone (Oligocene to Lower Miocene). 

Globorotalia aequa bullata Jenkins n. subsp. 

(Fig. 10, Nos. 87-91) 

1957 Globorotalia aequa Loeblich and Tappan, Bull. U.S. Nat. Mus. 215: 186, pI. 55, 
fig. 8 a-c( ?). 

DESCRIPTION OF HOLOTYPE: Test free, low trochospiral, dextrally coiled, 
unequally biconvex with the umbilical side the more strongly convex; peri
phery sharply angled with a narrow keel, having occasional short spines; 

FIG. ll-Planktonic Foraminifera. 

92-96, Globorotalia australi!ormis Jenkins, n. sp. Holotype (92-94) and 2 paratypes 
(95; 96) from sample S68/201, Middle Waipara River. 

97-103, Globorotalia gemma Jenkins, n. sp. Holotype (97-99) and 4 paratypes 
(100-103); from S136/694, Kakanui River. 
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peripheral outline lobulate. Wall calcareous, perforate, co¥ered with small 
pustules. Chambers compressed, angular, inflated, increasing rapid~y in 
size in the final whorl, with a very large normal-shaped penultImate 
chamber followed by the small convex-shaped bulla-like final chamber which 
completely obscures the aperture. Sutures on the spiral side strongly re
curved, slightly depressed; umbilical side, radial, depressed. Umbilicus small, 
shallow, open. Largest diameter 0'58 mm. 

TYPE SPECIMENS: N.Z. Geological Survey Register No. TF 1502: holo
type and 2 paratypes. 

TYPE SAMPLE: S68/199, F 5668, grid ref. 989143, from the Middle 
Waipara River section, sandy marl overlying Waipara Greensand: glauco
nitic base of marIon top of greensand, 20 chains NW of gorge, left bank. 
Collected by J. Healy. 

AGE OF TYPE SAMPLE: lower part of Waipawan Stage (Upper Paleo
cene). 

REMARKS: Goborotalia aequa butiata is a distinctive form closely related 
to Globorotalia aequa aequa Cushman and Renz but is distinguished by a 
bulla-like final chamber. A bulla is a common morphological feature amongst 
species of Globigerina, numerous genera and species having been erected to 
distinguish taxa possessing this feature (Loeblich and Tappan, 1957). 
Bullae are uncommon features in GioborO'taiia, although Morrow (1934, fide 
Ellis and Messina, 1940 et seq.) illustrated a specimen of Globorotalia 
cushmani Morrow with a bulla. Loeblich and Tappan (1957) illustrated a 
specimen of Globorotalia aequa with a bulla, which they regarded as a 
awarfed chamber, of no taxonomic significance. 

N.Z. STRATIGRAPHIC OCCURRENCE: 

1. Middle Waipara River section: lower part of Waipawan Stage (S68/773-
S68/201). 

2. Te Uri Stream section: upper part of Waipawan Stage (N150/533). 
N.Z. STRATIGRAPHIC RANGE: Waipawan Stage; G. triloculinoides zone to 

the G. wiicoxe'nsis zone (Upper Paleocene to Lower Eocene). 

Globorotalia australiformis Jenkins n. sp. 

(Fig. 11, Nos. 92-96) 

DESCRIPTION OF HOLOTYPE: Test free, sinistrally coiled, small, low 
trochospiral, biconvex, equatorial periphery quadrilobate; axial periphery 
rounded in the first 3 chambers of the final whorl, but angled with an 
incipient keel in the final chamber. Wall calcareous, finely perforate, surface 
smooth. Chambers compressed, 13 chambers in about 2!- whorls, with 
5 chambers in the first whorl and 4 in the last, increaSing fairly rapidly 
in size; proloculus diameter about 0'01 - 0'02 mm. Sutures recurved on 
spiral side and nearly radial on the umbilical side; slightly depresesd on 
both sides. Umbilicus small, open. Aperture a low arch, interiomarginal, 
extraumbilical-umbilical. Maximum diameter 0'26 mm. 

TYPE SPECIMENS: N.Z. Geological Survey Register No. TF 1503: holo
type and 2 paratypes. 
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TYPE SAMPLE: S68/201, F 5671, grid ref. 989143, Middle Waipara 
River section, sandy marl overlying Waipara Greensand 30 chains NW of 
gorge. Collected by J. Healy. 

AGE OF TYPE SAMPLE: Upper part of the Waipawan Stage (Lower 
Eocene). 

REMARKS: G. australiformis is closely related to the following Upper 
Paleocene to Lower Eocene species, from which it differs only in being 
smaller and in having 4 chambers in the final whorl: Globorotalia pseudo
menardii Bolli, Globorotalia pseudoscitula Glaessner, Globorotalia pla"lO'conica 
Subbotina, Globorota'iia haunsber~ens;s Gohrbrandt, Globorotalia elonKata 
Glaessner, Globorotalia ehrenberKi Bolli, and Globorotalia chapmani Parr. 

In the Middle Waipara River section (Wilson, 1963) and in the Te Ud 
Stream section, G. australiformis replaces Globorotalia pseudomenardii 
Bolli in the lower part of the Waipawan Stage. 

Although the coiling of the G. australiformis specimens in the type sample 
is 48 dextral and 38 sinistral, within its stratigraphic range G. austraiiformis 
does not show strong preference to a particular coiling direction. 

The specific name is taken from the Latin word australis meaning southern. 

N.Z. STRATIGRAPHIC OCCURRENCE: 
1. Middle Waipara River section: Wiapawan Stage (S68/200 - S68/568). 
2. Te Uri Stream section: lower part of Waipawan Stage to the Porangan 

Stage (N150/523 -N150/545). 
3. Waipawa section: Waipawan Stage to Mangaorapan Stage (N141/91O

N141/921 ). 
4. Hampden Beach section: Heretaungan Stage (S146/620-S146/623). 

N.Z. STRATIGRAPHIC RANGE: lower part of Waipawan Stage to the 
Porangan Stage; upper G. trilocuiinoides zone to the P. primitiva zone 
(Upper Paleocene to Lower Eocene). 

Globorotalia dolabrata Jenkins n. sp. 
(Fig. 12, Nos. 104--112) 

DESCRIPTION OF HOLOTYPE: Test free, sinistrally coiled, low trochospiral 
with a flattened spiral side and a high convex umbilical side. Equatorial peri
phery quadrilobate, axial periphery rounded in the first three chambers 
of the final whorl but acutely angled in the last chamber with the develop
ment of a keel. Wall calcareous, perforate, surface rough, covered with 
small rounded pustules. Chambers progressively more angular in the final 
whorl, more than 9 forming the test but the initial chambers obscured by 
test material; increase in chamber size is rapid in the final whorl. Sutures 
on the spiral side curved, slightly depressed; on the umbilical side radial 
to slightly curved, distinctly depressed. Umbilicus small, narrow, open. 
Aperture a very low arch, interiomarginal, extraumbilical-umbilical. Maxi
mum diameter 0'42 mm. 

TYPE SPECIMENS: N.Z. Geological Survey Register No. TF 1504: holo
type and 2 paratypes. 
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R. C. Brazier del. 

FIG. 12-Planktonic Foraminifera. 
104-112, Globorotalia dolabrata Jenkins, n. sp. Holotype (104-106) and 2 paratypes 

(107-109; 110-112) from sample S68/202, Middle Waipara River. 
All X 100 
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TYPE SAMPLE: S68/202, F 5672, grid ref. 989143, Middle Waipara River 
section, sandy marl overlying Waipara greensands, 30 chains NW of gorge, 
left bank. Collected by J. Healy. 

AGE OF TYPE SAMPLE: Upper part of Waipawan Stage (Lower Eocene). 

REMARKS: In the lower part of the stratigraphic range of Globorotalia 
dolabra:ta n. sp. in the Waipawan and lower Mangaorapan Stages, the test 
coiling is dominantly sinistral, but in the highest part of its range in the 
upper part of the Mangaorapan Stage in the Te Uri Stream and Waipawa 
sections, the coiling becomes dominantly dextral. In the Middle Waipara 
River section G. dolabra:ta has been found only in the upper part of the 
Waipawan Stage. 

G. doiabrata: resembles Globorotaiia aequa Cushman and Renz and 
Globorotalia rex Martin in having 4 chambers in the final whorl, and all 
three species occur in the Upper Paleocene - Lower Eocene rocks. G. dola
brata has the following distinguishing characters: a keel present only in the 
final chamber, a high-vaulted umbilical side, a final chamber larger than the 
penultimate chamber but not half the size of the test as in G. aequa; the 
coiling is sinistral except for the swing to dextral coiling at the top of its 
range, whereas G. aequa and G. rex are always dextrally coiled. 

The specific name is derived from the Latin dolabrata meaning "hatchet
shaped" and refers to the test shape. 

N.Z. STRATIGRAPHIC OCCURRENCE: 
1. Middle Waipara River section: upper part of Waipawan Stage (S68/201 -

S68/568). 
2. Te Uri Stream section: upper part of Waipawan Stage to lower part of 

Mangaorapan Stage (NI50/528-NI50/535). 
3. Waipawa section: upper part of Wiapawan Stage to the lower part of 

Heretaungan Stage (NI41/919 - NI41/922). 
N.Z. STRATIGRAPHIC RANGE: upper part of Waipawan Stage to lower 

part of Heretaungan Stage; G. wilcoxensis zone to the upper part of the 
G. cra'ter crater zone (Lower Eocene) . 

Globorotalia gemma Jenkins n. sp. 
(Fig. 11, Nos. 97-103) 

1953 Globigerina posteretaeea; Subbotina, Trudy, VNIGRI n.s. 76: 60, pI. 2, figs. 
16a-20c. 

1962 Globorotalia (Turborotalia) posteretaeea; Blow and Banner (in Eames et al., 
1962): 120, pI. 12, figs. G-J. 

1964 Globorotalia posteretaeea; Saito and Be, Science 145 (3633): 704, fig. 2. 

DESCRIPTION OF HOLOTYPE: Test free, small, dextrally coiled, very low 
trochospiral, equatorial periphery distinctly lobulate; axial periphery rounded. 
Wall calcareous, finely perforate, surface smooth. Chambers globular, slightly 
compressed, 10 arranged in about It whorls with 5 in the first whorl and 
5t in the last increasing slowly in size; proloculus diameter about 0·02 mm. 
Sutures on the spiral and umbilical sides slightly recurved, depressed. 
Umbilicus small, open. Aperture, very low, lipped arch, iteriomarginal, 
umbilical-extraumbilical. Maximum diameter 0"16 mm. 
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TYPE SPECIMENS: N.Z. Geological Survey Register No. TF 1505: holo
type and 4 paratypes. 

TYPE SAMPLE: F 9398, S136/694, Grid ref. 482554, Kakanui River, south 
bank near mouth, 2ft 6 in. above bored surface, calcareous glauconitic fine
grained sandstone, MacDonald Limestone. Collected by M. Gage. 

AGE OF TYPE SAMPLE: Lower part of Whaingaroan Stage (Lower Oligo
cene). 

REMARKS: Since the original description of Globigerina postcre'tacea 
Myatliuk (1950) from the Northern Carpathian Mountains it has been 
recorded from the Caucasus region by Subbotina (1953), by Blow and 
Banner (in Eames et al.} 1962) from the Lindi area of Tanganyika and by 
Saito and Be (1964) from Alabama, U.S.A. In the writer's opinion the last 
three records of G. pO'Steretaeea do not agree with! Myatliuk's original figure 
and description (Myatliuk, 1950; Ellis and Messina, 1940 et seq.) but belong 
to the new species described here under the name of Globoro1talia gemma. 

Globrota'iia gemma n. sp. differs from Globigerina posteretaeea Myatliuk 
in its more compressed test, which tends to be planispirally coiled in many 
specimens, in having 5-6 chambers in the final whorl contrasted with 4-4-1, 
and in having an extraumbilical to umbilical aperture as compared to the 
umbilical aperture of G. posteretaeea. 

In all the New Zealand populations of G. gemma examined, there is a 
wide range in variation. Most of the tests are nearly planispirally coiled as 
in the holotype; at the other extreme the final chamber tends to be nearer 
the umbilicus and out of the plane of coiling (No. 103), giving the test a 
different appearance from that of the holotype. The more usual form of 
G. gemma as exemplified by the holotype becomes more numerous and 
dominates the populations in the upper part of its stratigraphic range in the 
lower part of the Whaingaroan Stage. 

The specific name is derived from the latter gemma meaning "gem". 

N.Z. STRATIGRAPHIC OCCURRENCE: 
1. Port Elizabeth section: uppermost part of Runangan Stage to the lower 

part of Whaingaroan Stage (S44/692 - S44/686). 
2. Kakanui River sectiorl: lower part of Whaingaroan Stage (S136/590-

S136/694). 
3. Everett's Quarry sectibn, Kakanui: lower part of Whaingaroan Stage 

(S136/746, S136/551). 
4. Table Top Hill, Oamaru: lower part of Whaingaroan Stage (S136/686). 

; 

FIG. 13-Planktonic Foraminifera. 

113-118, Globorotalia insolita Jenkins, n. sp. Holotype (113-115) and 1 paratype 
(116-118) from sample S44/705, Port Elizabeth. 

119-125, Globorotalia inconspicua aculeata Jenkins, n. subsp. Holotype (119-121) 
and paratype (122-124) from sample S146/662 and paratype (125) from 
S146/531 both from Hampden Beach. 

All X 150 
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N.Z. STRATIGRAPHIC RANGE: uppermost part of Runangan Stage to lower 
part of Whaingaroan Stage; G. brevis zone (Upper Eocene - Lower Oligo
cene). 

WORLD STRATIGRAPHIC RANGE: The following micropaleontologists have 
recorded G. Kemma as G. postcretacea: Subbotina (1953) showed the range 
of G. Kemma in the Caucasus region as Upper Eocene to Oligocene. Blow 
and Banner (in Eames et al., 1962) showed its range as G. oliKo>caenica 
zone in the Lindi Jrea of Tanganyika. Saito and Be (1964) have recorded 
G. Kemma from the Oligocene Mariana formation, Alabama, U.S.A. 

Globorotalia inco1lSpicua aculeata Jenkins n. subsp. 
(Fig. 13, Nos. 119-125) 

DESCRIPTION OF HOLOTYPE: Test free, small, sinistrally coiled, low 
trochospiral, biconvex, equatorial periphery quinquelobate, axial periphery 
rounded. Wall calcareous, thin, perforate, surface spinose. Chambers in
flated, 12, arranged in 2 whorls, with 5 in the first and 5i in the second 
whorl; proloculus diameter 0·02 mm. Sutures on the spiral side radial to 
slightly recurved, depressed; radial on the umbilical side, depressed. Umbili
cus small, open. Aperture, a low arch, interiomarginal, umbilical-extra
umbilical. Maximum diameter 0·20 mm. 

TYPE SPECIMENS: N.Z. Geological Survey Register No. TF 1506: Holo
type and 2 paratypes. 

TYPE SAMPLES: Holotype and paratype (Nos. 119-124) from S146/662, 
F 5179A, grid ref. 432424, Sheet 146 (edit. 1943), Hampden Beach sec
tion; upper blue micaceous clay, 1 mile N of Kakaho Creek, 10 ft below 
uppermost exposure of clay. Collected by J. Park. 

Paratype (No. 125) from F 5179B, S146/531 (1st coIl.) , grid ref. 
439437, Hampden Beach; upper blue micaceous clays, I! miles N of Kakaho 
Creek. Collected by J. Park. 

AGE OF TYPE SAMPLES: Bortonian Stage ( Middle Eocene). 

REMARKS: Globorotalia inconspicua aculeata' n. subsp. and Globorota{ia 
inconspicua inconspicua Howe occur together in the New Zealand rocks 
and are closely related. Paratypes of G. inconspicua inconspicua Howe were 
kindly provided by Dr van den Bold of Louisiana State University for 
comparison with G. inconspicua aculeata. G. inconspicua l aculeata differs 
from G. inconspicua inconspicua in having 4i-6 chambers in the final 
whorl compared to 6-8 chambers in the latter; the test surface is spiny, with
out the thickened keel of G. inconspicua inconspicua and~ it has 5 chambers 
in the first whorl instead of 6. In both subspecies the diameter of the 
proloculus ranges from 0·01 to 0·02 mm. 

Test coiling of G. inconspicua aculeata in the type samples is: F 5179A, 
7 dextral and 35 sinistral; F 5179B, 5 dextral and 20 sinistral specimens. 
The preference for sinistral coiling is common to both subspecies and is 
maintained throughout their ranges. 

In the type and other samples there is a wide range of variation in the 
degree of development of spines on the test surface which are occasionally 
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R. C. Brazier del. 
FIG. 14-Planktonic Foraminifera. 

126-133, Globorotalia munda Jenkins, n. sp. Holotype (126-128) and 3 paratypes 
(129-131; 132; 133) from sample S127/422, Earthquakes, Waitaki Valley. 

All X 150 
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larger than the holotype spines as in the paratype from sample F 5179B 
(No. 125). 

The subspecific name is taken from the Latin aculea'tus meaning "prickly". 

N.Z. STRATIGRAPHIC OCCURRENCE: 

1. Te Uri Stream section: Bortonian Stage (NI50/1064, NI50/1067). 
2. Hampden Beach section: Bortonian Stage to Kaiatan Stage (SI46/635--

S146/678). 
3. Mudstone, Moeraki Point: Kaiatan Stage (SI46/586). 
4. Port Elizabeth section: Kaiatan Stage (S44/705, S44/704). 
5. Kaiata Creek section: Kaiatan Stage (S44/635 - S44/637). 
6. Kakanui River section, Kia Ora: Bortonian Stage (S136/628). 

N.z. STRATIGRAPHIC RANGE: Bortonian Stage to Kaiatan Stage; G. index 
index zone to the G. inconspicua inconspicua zone (Middle to Upper 
Eocene). 

Globorotalia insolita Jenkins n. sp. 

(Fig. 13, Nos. 113-118) 

DESCRIPTION OF HOLOTYPE: Test small, free, dextrally coiled, low trocho
spiral; equatorial periphery quadrilobate, axial periphery rounded. Wall 
calcareous, thin, smooth, finely perforate. Chambers ovate, compressed, 14 
arranged in just under 3 whorls with 5 in the first and second 4 in the 
final whorl. Sutures on the spiral side, curved, depressed; on the umbilical 
side, depressed, radial. Umbilicus shallow. Aperture, small but distinct 
high arch, extraumbilical. Maximum diameter 0'16 mm. 

TYPE SPECIMENS: N.Z. Geological Survey Register No. TF 1507: holo
type and 1 paratype. 

TYPE SAMPLE: S44/705, F 10458, grid ref. 756966, Sheet 44 (2nd edit. 
1957), Port Elizabeth, brown grey massive mudstone. Collected by R. P. 
Suggate. 

AGE OF TYPE SAMPLE: Kaiatan Stage (Upper Eocene). 

REMARKS: In the type sample there are 6 dextrally coiled and 4 sinistrally 
coiled specimens, and within its range it does not appear to show any coiling 
preference. Some specimens have small final chambers which tend to be 
out of the plane of coiling and nearer to the umbilicus than normal and 
with a smaller aperture as in the figured paratype (Nos. 116-118). 

G. insolita is rare but quite distinctive in the samples from the Port 
Elizabeth section. 

The specific name is derived from the Latin insolita meaning "uncom
mon". 

N.Z. STRATIGRAPHIC OCCURRENCE AND RANGE: G. insolita occurs in 
five samples from the Port Elizabeth section from the Kaiatan Stage to the 
upper part of the Runangan Stage; G. inconspicua inconspicua zone to the 
G. linaperta zone (Upper Eocene) (S44/705-S44/695). 
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Globorotalia munda Jenkins n. sp. 
(Fig. 14, Nos. 126-133; Fig. 15, Nos. 152-166) 

DESCRIPTION OF HOLOTYPE: Test free, small, low trochospiral, sinistrally 
coiled; equatorial periphery, quadrilobate, axial periphery rounded. Wall 
calcareous, finely perforate, fairly smooth with minute pustules. Chambers 
ovate, slightly compressed, 10 arranged in just under 2 whorls, proloculus 
diameter about 0'02 mm. Sutures on the spiral side curved, depressed; on 
the umbilical side, radial, depressed. Umbilicus shallow. Aperture, low 
arch with a thin lip, interiomarginal, umbilical-extraumbilical. Maximum 
diameter 0'22 mm. 

TYPE SPECIMENS: N.Z. Geological Survey Register No. TF 1508: holo
type and 8 paratypes. 

TYPE SAMPLE: S127/422, F 11444, grid ref. 242931, Sheet 127, Earth
quakes, very base of greensands. Collected by A. C. Amies. 

AGE OF TYPE SAMPLE: Whaingaroan-Duntroonian Stages (Oligocene). 

REMARKS: Globorotalia !nunda n. sp. has a short stratigraphic range, 
limited to the upper part of G.angiporo;des angiporoides zone to lower 
G. euapertura zone of the Whaingaroan-Duntroonian Stages of the Earth
quakes Marl and Kokoamu Greensand in the Waitaki Valley. Its ancestry 
is Got known but G. munda evolved directly into Globigerinal juvenilis Bolli. 
This evolutionary lineage has been observed in the closely sampled Earth
quakes Marl of Duntroon where 7 samples were collected at two-foot 
vertical intervals by the late A. C. Amies. A series of specimens from the 
7 successive samples have been illustrated to demonstrate the evolution 
of the test morphology (Nos. 134--136). 

There is a change in the position of the aperture from an extraumbilical
umbilical position in Globorotalia! mlmda to an umbilical position in Globi
gerina juvenilis (Nos. 134--166), this being a rare instance of a Globorotalia 
evolving into a Globif{erina:. After evolving into G. juvenilis. G. munda 
became extinct. 

Concomitant with the adoption of an umbilical position by the aperture 
there is also a change in the final chamber, which moves towards the 
umbilicus, increasing the height of the test spire and eventually producing 
Globigerina bradyi-like forms in the uppermost sample (No. 137). In 
sample S127/427 there is a specimen with a bulla-like final chamber in an 
umbilical position (No. 140). The writer' suggests that the first G. juvenilis 
appears in the sample S127/425 (Nos. 147-151), and that the change of 
position of the final chamber occurs first in the juveniles of G. juvenilis 
in sample S127/424 (No. 156). Transitional forms connecting the two taxa 
exist in the two samples S127/425 and S127/424. 

The same evolutionary change has also been observed in samples from 
the Earthquakes section of Gage (1957) and in the Kokoamu Cliff section, 
Waitaki Valley. 

In the type sample (S127/422) the coiling ratio of G. munda' is 57 
dextral and 43 sinistral The most variable feature in the type population 
is the final chamber, which in most specimens is slightly larger than the 
penultimate chamber. In a minority of individuals it is smaller, with a 
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corresponding reduction in the size of the aperture as in the figured para
type (No. 133). 

It should be noted that Mr Hornibrook is of the opinion that the Earth
quakes Marl and Kokoamu Greensand at the Earthquakes section contain 
a mixed Whaingaroan and Duntroonian benthonic foraminiferal fauna. 
As far as can be ascertained there does not appear to be a similar mixed 
planktonic foraminiferal fauna. 

The specific name is derived from the Latin word mundus meaning 
"neat". 

N.z. STRATIGRAPHIC OCCURRENCE 
1. "Earthquakes" section, Duntroon: Whaingaroan-Duntroonian Stages 

(S127/548 - S127/549; S127/422 - S127 /425). 
2. Kokoamu Cliff section, Waitaki Valley; Whaingaroan-Duntroonian 

Stages (S127/505, S127/509). 
3. Taylor's Quarry, Weston: Whaingaroan Stage (S136/895). 
4.0tiake Stream, Waitaki Valley: Whaingaroan-Duntroonian Stages 

(S127/399, S127/398). 

N.Z. STRATIGRAPHIC RANGE: Whaingaroan-Duntroonian Stages; G. anKi
poroides angiporoides zone to the lower part of the G. euapertura zone 
(0 ligocene ) . 

Pseudogloboquadrina Jenkins n. gen. 

TYPE SPECIES: Globoquadrina primitiva' Finlay, 1947. 

GENERIC DIAGNOSIS: Test free, trochospiral, low-spired, subquadrate; 
sutures depressed, radial on the umbilical side; curved on the spiral side, 
depressed. Wall calcareous, coarsely perforate, surface rough, ornamented 
with pustules. Chambers compressed, angular, with 3-4 in the final whorl 
giving a quadrate equatorial peripheral outline. Umbilicus small, open, deep. 
Aperture a low arch, lipped; apertural face of final chamber and inside 
umbilical area smooth; interiomarginal, umbilical-extraumbilical in position. 

FIG. 15-Planktonic Foraminifera. 

Illustrating the evolution of G. munda to G. ;ul'(!nilis in successive samples 
from the "Earthquakes" section, Waitaki Valley. 

134-137, Globigeri12a ;uvenilis Bolli from sample SI27/428. 
138-140, Globigerhla ;uvenilis Bolli from sample SI27/427. 
141-144, Globigerhla ;ul,enilis Bolli from sample SI27/426. 
145-151, Transitional Globorotalia munda Jenkins, n. sp., and Globigeri12a ;uvenilis 

Bolli from sample SI27/425. 
152-157, Globorotalia munda Jenkins, n. sp., from sample SI27/424. 
158-161, Globorotalia munda Jenkins, n. sp., from sample SI27/423. 
162-166, Globorotalia mtmda Jenkins, n. sp., paratypes from sample SI27/422. 

(Figured specimens 134-161: N.Z. Geological Survey Register No. 
TF 1435.) 
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Pseudogloboquadrina primitiva (Finlay) 
(Fig. 9, Nos. 81-86) 

[DEC. 

1940 Globorotalia n. sp. of dehiscens (C.P. & C.) line; Finlay and Marwick, Trans. 
Roy. Soc. N.Z. 70 (1): 105, 1l0. 

1946 Globorotalia n. sp. aff. dehisce1lS; Finlay, Trans. Roy. Soc N.Z. 76 (2): 241 
(list) . 

1947 Globoquadrina primitit,a Finlay, N.z. j. Sci. Tech. B28 (5): 291, pI. 8, figs. 
129-134. 

1953 Globoquadrina primitit1a; Hornibrook, N.Z. j. Sci. Tech. B34 (6): 437. 
1961 Globil;erina primitiva; Hornibrook, N.Z. Geol. Sum Pal. Bull. 34 (1): 148. 

DESCRIPTION OF HOLOTYPE: Test free, low trochospiral; equatorial peri
phery subquadrate, axial periphery rounded. Wall calcareous, perforate, sur
face covered with pustules surrounding the perforations, pustules well 
developed in the umbilical region on the outer walls of the chambers; wall 
smooth in area surrounding the aperture. Chambers, compressed angular 
with flattened sides, elongated slightly towards the umbilical end; initial 
chambers obscured by test thickening; 4 chambers in the final whorl in
creasing slowly in size. Sutures on the spiral side curved, depressed;" 
umbilical side, radial, incised, smooth. Umbilicus open, small, deep. Aper
ture a low arch, lipped, interiomarginal, umbilical to extraumbilical. Maxi
mum diameter 0'31 mm. 

TYPE SPECIMENS: N.2. Geological Survey Register No. TF 1264: holo
type and 5 paratypes. 

TYPE SAMPLE: F 5179B, SI46/531, grid ref. 439437, Sheet 146 (edit. 
1943), Hampden Beach section, upper blue micaceous clays, 1* miles N 
of Kakaho Creek. Collected by J. Park. 

AGE OF TYPE SAMPLE: Bortonian Stage (Middle Eocene). 

REMARKS: In the type sample most specimens of P. p·rimitivai have the 
final chamber larger than the penultimate, a few have it smaller, and two 
specimens have a greatly reduced thinner-walled bulla-like final chamber, 
positioned over the umbilicus. Coiling of 56 tests in the type sample is 
random, in the proportion of 27 dextral to 29 sinistral. 

In the Te Uri Stream section the first definite specimens of P. primitiva 
occur in the basal Waipawan sample (NI50/523, HU 19). Forms with a 
similar test morphology occur in older samples in the section and appear 
to be related to Globi{;erina soldadoensh Bronnimann. 

Pseudogloboquadrina new genus superficially resembles the Miocene to 
Recent genus Globoquadrina. but there is no evidence of a genetic link 
between the two genera; in New Zealand Pseudogloboquadrina primitiva 
became extinct in the lowermost part of the Kaiatan Stage (Upper Eocene) 
and Globoquadrina dehiscens (Chapman, Parr, and Collins) first appeared 
at the base of the Waitakian Stage (Lower Miocene). 

Pseudogloboquadrina differs from Globoquadrina in having a smaller 
test with strongly developed pustules on chamber walls in the umbilical 
area and in having a more tightly coiled and more compact test. The 
aperture of P. primitiva does not develop the umbilical teeth characteristic 
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of Globoquadrina, which are normally present in well preserved specimens 
of G. dehiscens. 

The coiling of P. primitivai throughout its stratigraphic range is random 
as compared to the sinistrally coiled G. dehiscens, which is its Miocene 
homeomorph (Jenkins, 1965b). 

N.z. STRATIGRAPHIC OCCURRENCE 
1. Middle Waipara River section: Waipawan Stage to Mangaorapan Stage 

(S68/568 - S68/204). 
2. Te Uri Stream section: lowermost Waipawan Stage to Bortonian Stage 

N150/523 -N150/1069). 
3. Waipawa section: Waipawan Stage to Heretaungan Stage (N141/916-· 

N141/922). 
4. Hampden Beach section: Heretaungan Stage to Bortonian Stage 

(S146/620 - S146/678). 
5. McCullough's Bridge, Waihere River: Kaiatan Stage (?), lower part of 

Tahuian Stage of Allan (1926 a, b; 1927), equivalent in part to lower 
Kaiatan of current usage (S127/552). 

N.Z. STRATIGRAPHIC RANGE: Waipawan Stage to lower part of the 
Kaiatan Stage; G. triloculinoides zone to the lower part of the G. inCO'nspicua 
inconspicua zone (Lower Eocene to Upper Eocene). 
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