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THE GLOBOROTALIA ZEALANDICA AND 
G. MIOZEA LINEAGES 

R. WALTERS 

BP Shell and Todd Petroleum Development Ltd., Gisborne* 

(Rereived for publiration, 19 March 1964) 

ABSTRACT 

The evolution of the Globorotalia zealandica Hornibrook and G. miozea Finlay 
lineages is outlined and some morphologically distinctive elements of limited strati
graphie range are distinguished as new subspecies, namely: G. zealandica incognita, 
C;. zealandica pseudomiozea, G. miozea conoidea, and G. miozea sphericomiozea. The 
material studied is mainly from the Gisborne area, on the east coast of the North 
Island of New Zealand. 

INTRODUCTION 

Most of the evidence concerning the two evolutionary lineages outlined 
below was obtained from samples collected by Mr .M. F. Ridd and by the 
author from an unnamed right-bank tributary of the Waiomoko River, 
approximately 13 miles north-east of Gisborne (Fig. 1). This stream is 
located at the eastern edge of Sheet N98/2 (mapped by Ridd, 1964) and 
exposes a fairly continuous section from the Waitakian Stage up to the 
Altonian (Fig. 2). In addition to this Waiomoko tributary section, nearly 
all the Awamoan and Altonian samples held by BP Shell and Todd Pet. 
Dev. Ltd. were re-examined, and the sequence of forms' comprising the 
G. zealandica lineage and the early part of the G. miozea lineage was found 
to be constant over most of the East Coast of the North Island (shaded 
a.reas in Fig. 1, inset). 

The boundaries between the New Zealand stages as understood in this 
paper have, for convenience, been based solely upon the following criteria: 
Base of lower Waitakian = lowest occurrence of Globoquadrina dehiscens 

" 

" upper Waitakian 

" Otaian-Hutchinsonian 
" Awamoan 

" Altonian 

" Clifdenian 

" Lillburnian-Waiauan 

" Tongaporutuan-Kapitean 

" Opoitian 

(Chapman, Parr, & 
Collins) 

Globigerina woodi 
Jenkins. 

G. woodi connecta Jenkins. 
Globigerinoides triloba 

(Reuss), 
Sphaeroidinella disjuncta 

Finlay. 
Porticulasphaera glomerosa 

(Blow), 
Orbulina .futuralis 

Bronniman. 
Bolivinita quadrilatera 

(Schwager) . 
Globorotalia in/lata 

(d'Orbigny). 

*Present address: BP Exploration Co. (Libya) Ltd., P.O. Box 263, Benghazi, Libya, 
North Africa. 
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FIG. i-Locality maps. 

The criteria for determining the lower boundaries of the Clifdenian and 
Lillburnian stages represent the most recent views of Mr N. B. de 
Hornibrook (pers. camm.) and are based on his results of a resurvey of 
the Clifden Section, Southland (to be published). 

THE Globorotalia zealandica HORNIBROOK LINEAGE 

This lineage (Fig. 5) is divisible into three components: 

(1) G. zealandica incognita subsp. nov. (Fig. 6, A-J). 
This rather compressed and coarsely punctate subspecies ranges through

out the Otaian and Hutchinsonian Stages and through the lower two-thirds 
vf the Awamoan. It bears a superficial resemblance to Globorotalia o'pima 
continuosa Blow, especially in the lower part of its range, for which reason 
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its relationship to the G. zealandica lineage has been overlooked in the past, 
probably. As yet there is no direct evidence that the G. zealandica lineage 
evolved from G. opima continuosa as has been suggested by Jenkins (1959, 
p. 117, text fig. 15) from observations of Australian material; this seems 
not unlikely, however. In the stream section examined, these two forms were 
quite distinct morphologically and their vertical distributions appeared to 
be independent (Fig. 3). 
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(2) G. zealandica pseudomiozea subsp. nov. (Fig. 6, K-T). 

At the top Df its range, G. zecdandica incognita eVDlves intO' G. zealandica 
pseudomiozea by means Df an increase in the size of the test and in the 
degree Df inflation of the ventral side, tDgether with the develDpment of a 
miozea-like secondary thickening of the test wall, especially O'n the periphery 
and Dn the ventral side Df the earlier chambers Df the last-formed whDrl 
(Fig. 6, K-o). Each chamber is fairly thin walled when first formed, but 
with the addition Df further chambers its wall becomes progressively thicker 
and glassier. When such a chamber is ultimately O'verlapped by a chamber Df 
the succeeding whDrl, the secondary thickening on the ventral side is 
resDrbed, leaving a very thin, transparent chamber wall, visible in specimens 
in which the last one or more chambers have been broken off; this feature 
is alsO' characteristic Df the G. miozea lineage. 

(3) G. zealandica zecdandica HDrnibrook (Fig. 6, u-z). 

This thin-walled fDrm first appears at the same hDrizon as G. zealandica 
pseudomiozea. In the mO're fDssiliferous samples, all mDrphDIDgical grada
tiDns are seen to occur between these twO' fDrms, which represent the end 
members of the range Df variatiDn Df a single population (Fig. 7, E-H). The 
holDtype of G. zealandica does nDt represent the very end form Df this 
range O'f variatiO'n, but instead shows some characters transitional from 
G. zeaiandica pseudomiozea, e.g., the "broadly and evenly rDunded" peri
phery (HDrnibrook, 1958b, p. 667), the "small tubercles develDped Dn the 
ventral side of the early chambers Df the last whO'rl" (loc. cit.) and the 
moderately high aperture. The specimens shown in Fig. 6, U-W, z, represent 
the extreme end form, which pDssesses a more narrDwly rDunded periphery 
and a more highly arched aperture than the hDlotype. • 

When it first appears in the Waiomoko tributary section, G. zeaiandica 
zeaiandica is less numerous than G. zealandica pseudomio,zea, but in suc
cessively higher samples the mDde. of the population shifts sO' that this 
relatiO'nship is reversed. This trend reaches its climax immediately before 
the sudden disappearance O'f the G. zealandica lineage within the IDwer 
part Df the Altonian Stage, at which level only G. zeaia!ndica zemandica is 
represented. 

The G. zealandica lineage shares with the G. miozea lineage the tendency 
to' develop a small, finely punctate, terminal chamberlet whose aperture is 
an undistinctive, low slit. This chamberlet is present in specimens at all 
stages Df growth, and appears therefore to' be resDrbed and reformed 
repeatedly with the addition of successive, "nDrmal" chambers. Some speci
mens Df the thick-walled G. zealandica pseudomiozea in which this Dbscuring 
terminal chamberlet is developed tend to resemble immature individuals of 
G. miozea Finlay. HDwever, on specimens in which the chamberlet has been 
btoken off, the highly arched, almost semicircular, septal foramen charac
teristic of the G. zealandica lineage is readily distinguished from the IDW, 
slit-like septal fDramen Df G. miozea (Figs. 6, 7, and 8). The terminal 
chamberlet Df the thin-walled G. zealandica zealandica must be excessively 
delicate since nearly every specimen bears evidence of its fDrmer presence 
but only rarely is it preserved intact. 
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The coiling ratios of the G. zealandica lineage in samples from the Waio
moko tributary sections are plotted in Fig. 4 (samples containing less than 
10 specimens being omitted). The tendency for the coiling of G. zeaiandica 
inco,!(nita to be predominantly sinistral (samples up to and including 
GMR 367) is fairly pronounced, but owing to the relatively small number 
of specimens involved, may possibly be apparent rather than real. The direc
tion of coiling is definitely random in G. zealandica pseudom;ozea and 
G. zealandica zealandica (samples above GMR 367). 
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Available records suggest that, for practical purposes, the upper strati
graphical limit of the G. zeaiandica lineage as seen in the Waiomoko tribu
tary section is fairly constant on the East Coast of the North Island and 
possibly over an even larger area. 

In the areas examined (Fig. 1), G. zealandica was seen by the author 
to range into the base of the Altonian Stage but never to overlap with the 
lower limit of G. miozea' s.s., with the sole exception of sample GRW 12, 
which contains a single specimen of the former (Fig. 3); the possibility 
of contamination cannot be ruled out when dealing with such rare 
occurrences. 

In the Oamaru district of the South Island, G. zeaiandica has been found 
only in the Awamoan (the type area for the Awamoan Stage; Hornibrook, 
1961, p. 143). 

It appears, however, that G. zeaiandica zealandica (as opposed to the 
subspecies pseudomiozea) does persist in small numbers into the upper 
Altonian at some localities; this difference in range is the chief justification 
for distinguishing these two forms subspecifically. Two such high occurences 
have been confirmed by the writer following examination of material at the 
N.Z. Geological Survey, namely: (a) Sample F 6806 (upper Altonian) 
mentioned by Hornibrook (1961, p. 143) from the top of the Mokau 
Sandstone, Taranaki (three specimens only); and (b) Sample GS 1237 
(Clifdenian) from Muddy Creek, approximately. 36 miles north of Gis
borne (three specimens only). Several Altonian occurences of G. zealandica 
have also been recorded by Hornibrook (1958b, p. 143). 

The occurrence of this species in cores between 8,950 ft and 9,100 ft in 
Midhirst No.1 Well, Taranaki, lies exactly within the uppermost Awamoan 
and lowermost Altonian, the base of the latter stage having been drawn at 
the level of the simultaneous appearance of Sphaeroidinella disjuncta and 
Globrxotalia miozea (Geiger, 1958, enclosure 5c), i.e.; it occurs at the 
same level as on the East Coast. In the Taranaki Province as a whole, how
ever, this species is said to range throughout the entire Awamoan-Altonian 
(from the base of the G. triloba subzone up to the top of the G. bisphericus 
subzone of Geiger, 1962, fig. 2). 

An occurrence of G. zealandica in a Lillburnian sample (F 5557) from 
near Cheviot has been reported by Hornibrook (1961, p. 143). The writer 
has examined the specimens in question and regards them as belonging 
to the G. miozea rather than to the G. zealandica lineage. 

THE Globorotalia m;ozea FINLAY LINEAGE 

In the Waiomoko tributary section, a form closely resembling Globoro
talia scitula praescitula Blow first appears slightly above the lowest occurrence 
of G. zealandica pseudomiozet:t and G. zealandica zealandica. This form is 
known to range from the Awamoan stage up to the Lillburnian at least on 
the East Coast. Blow has examined representatives of this form and does 
not regard them as being identical with his praesc;tula (pers. camm.); 
they are here referred to as G. d. praescitula. In addition to G. d. praesci
tula, which typically possesses four chambers in the last whorl, larger speci
mens transitional to G. miozet:t occur in the uppermost Awamoan and lower-
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most Altonian Stages (Fig. 7, A-D). These transitional forms show a tend
ency for the test wall, especially the periphery and the ventral surface of the. 
earlier chambers of the last-formed whorl, to be secondarily thickened and 
toughened, as in G. miozea; small terminal chamberlets are often present 
also. From examination of material at the N.z. Geological Survey I am 
satisfied that published records of "G. miozea small var." from Awamoan and 
even from Hutchinsonian horizons (including the type locality of the latter 
stage) all refer to this G. praescitula-like ancestor of G. miozea or to forms 
transitional between the two. 

G. miozea is distinguished from the transitional forms by its larger, more 
inflated test, usually with five chambers in the last whorl, and more strongly 
developed secondary thickening and rugosity of the ventral side (Fig. 8, 
A-E). Its first appearance in the Waiomoko tributary section does not coin
cide with the sudden disappearance of the G. zealandica lineage but occurs 
instead at a slightly higher stratigraphical level (Fig. 3). However, as this 
discrepancy is only of the order of tens of feet, it may be regarded as fairly 
insignificant for mapping purposes, the most important point being that, in 
this section and over the East Coast in general, the vertical ranges of 
G. miozea and G. zeaiandica do not overlap (apart from the exceptions 
already discussed). 

Geiger (1962, fig. 2) records G. miozea as extending down to the base 
of his G. fri/oba subzone (= Awamoan) in Taranaki. The writer does not 
know whether Geiger's concept of G. miozea includes G. cf. praescitula 
(= "G. miozea small var." of Hornibrook, 1961) or not. 

On the North Island East Coast, in general, G. miozea persists up to the 
Clifdenian Stage with little change in appearance except for a slight 
increase in size and degree of relative compression of the test. The type 
specimen of G. miozea is a fiattish, biconvex form, with a small terminal 
chamberlet, from a horizon correlatable with the Clifdenian Stage of the 
East Coast (Hornibrook, 1958a, Pl. 1, figs. 6-8). Such forms are here 
referred to as G. miozea miozea Finlay in order to distinguish them from 
later, morphologically distinct, elements of the same lineage. 

In the lower part of the Lillburnian-Waiauan, specimens are usually still 
larger and relatively more compressed, some with a distinct keel, especially 
on later chambers (Fig. 8, F-H). By an extension of this keel on to earlier 
chambers this form appears to grade morpholgogically into representatives 
of the G. cf. menard;i group. Further work is needed on this part of the 
lineage, since these specimens of G. d. menardti seem, at the same time, to 
be the descendants of a smaller G. pra'emenardii-like form which, in turn, 
apparently evolved in the Altonian from the same G. d. praescitula that 
earlier gave rise to G. miozea. 

Also occurring in the Lillburnian and Waiauan stages are fairly large 
forms possessing a fiattish dorsal side, a highly conical ventral side and a 
bluntly rounded periphery which often becomes sharper on later chambers. 
These plano-conical forms, which actually first appear in small numbers at 
the top of the underlying Clifdenian Stage, are here referred to as G. miozea 
conoidea subsp. nov. In some samples, usually the lower ones, G. miozea 
coio;dea is morphologically distinct from the much more compressed and 
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sharply keeled fQrms referred to' abO've. In other samples, hQwever, all grada
tiQns occur between the twO' fO'rms. The highly inflated juveniles O'f 
G. miozea conoidea (Fig. 8, 1) cO'ntrast sharply with the flattish juveniles O'f 
G. miozea mio'Zea. 

Higher in the Lillburnian-Waiauan, G. miozea conoidea increases in size 
and in numbers to' such an extent that it dO'minates the G. miozea popula
tiO'ns (Fig. 8, J-M). Such specimens are characteristic O'f these stages and 
have prO'ved to' be stratigraphically useful, especially in samples yielding 
pOQr faunas. 

In the TO'ngapO'rutuan-Kapitean a rather wide range of variatiO'n is seen, 
frO'm quite compressed, biconvex fQrms to' the mO're inflated, planO'-cQnvex 
conoidea fO'rms; the latter tend to' develO'P a rounded, dO'me-like ventral side 
as O'Pposed to' the distinctive cQne-like ventral side Qf typical G. miozea 
eonoidea. At these levels the lineage is best referred to' as G. mio'zed sensu 
lato since nO' particular mQrphO'IDgical type predO'minates. Near the tDP Df 
the TDngapQrutuan-Kapitean, hQwever, mO'st specimens are small, compact, 
and distinctly inflated ventrally; this fDrm is already known infO'rmally as 
G. "spherieo-miozea", an unpublished N.Z. GeO'l. Surv. manuscript name. 
On acccunt of its stratigraphical usefulness it is here distinguished as a 
subspecies which, fcr the sake cf ccntinuity, is referred to' as G. mioze~ 
spherieomiozea subsp. nO'v. (Fig. 8, N-P). 

In the topmost part cf the TQngaporutuan-Kapitean, G. mio'zea spherieo
miozea appears to' evclve intO' the fDrm usually referred to in New Zealand 
as G. infiata (d'Orbigny), an index fossil fDr the overlying Opoitian Stage. 
This transitiQn has been investigated in detail by Mr B. A. McInnes (1965). 
A transitiO'nal form, showing the beginnings Df a reduction in chamber 
number and a mcdificatiO'n O'f chamber shape, is illustrated in Fig. 8, Q-s. 

G. mio'Zea s.l. is said to' persist, in New Zealan4, up to' the Waitotaran 
Stage (Hcrnibrook, 1961). 

From the specimens Qf the WaiomDkQ tributary sectiDn, the direction 
cf cDiling is seen to' be randcmly crientated in G. d. praeseitula and in the 
transitiQnal fDrms up to', and including, the earliest G. miozea miozea 
(Fig. 4). Hcwever, G. miozea miozea then displays a sharply increasing 
preference fcr sinistral cciling, becO'ming 100% sinistral befcre the tO'P 
of the section is reached. ExaminatiO'n of numerDUS populations from the 
succeeding stages of the Miocene ShDWS that the almDst exclusive preference 
for sinistral coiling persists thrO'ughO'ut the remainder cf the G. miozea 
lineage. 

(Examination by the writer cf specimens at the N.Z. Geological Survey has 
confirmed his cpiniDn that the form known as G. "eonieo'-mio'Zea", a N.Z. 
GeO'l. Surv. manuscript name, is, in fact, a member cf the G. d. menardii 
grO'up and is apparently unrelated to' representatives O'f the G. miozea 
lineage occurring in the same beds.) 

GENERAL DISCUSSION 

The results Qf the present study indicate that over mQst of the East Coast 
cf the NO'rth Island, the Awamoan stage is fairly cDnsistently divisible into 
twO' parts cn the basis cf the G. zealandiea lineage, i.e., intO' a IDwer part 
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characterised by the presence of Globigerinoides tri/aba (with or wit~Dut 
the spDradic G. zealandica incognita) and a thinner upper part charactensed 
by G. toriloba tDgether with G. zealandiea pseudomiozea, and/Q1r G. zealandiea 
zealandiea; Globoquadrina dehiscens is always absent from this upper part 
(Fig. 3). 

FrQm a practical point Qf view, Sphaeroidinella' disjuneta is rather inade
quate as a planktDnic index fQssil for the AltQnian stage, for the fDllowing 
reaSDns: 

(1) It is usually absent from sandy beds. 
(2) Even in more argillaceous beds its horizontal and vertical distribution is 

erratic, it being absent from a large number of samples that are known, on 
field evidence, to belong to the Altonian stage. 

(3) When present in a sample, it is generally represented by few specimens only. 
(4) Near the bottom of its range, S. disiuncta is sometimes difficult to distinguish 

from occasional thick-walled specimens of Globigerina woodi connecta Jenkins. 

In consequence, it has frequently been fDund impOissible tD define the 
AwamDan-AltDnian bDundary Olver large tracts Q1f country. UnfDrtunately, 
neither the restricted vertical range Qf Globorotalia zealandica nor the strik
ing gap in the range of Globoquadrina dehiseens is of use in this cOIn text 
since both these "events" straddle the bDundary between the two stages. 

The fairly consistent occurrence Q1f S. disjuncta and Globigerinoides ruber 
recorded in Fig. 3 is to SQme extent misleading in that it results largely frQm 
the fact that all samples were subjected tD unusually intensive examinatiDn, 
involving frequent rewashing and repeated picking. Most of the rarer 
occurrences of these species were nQt detected during rDutine examination 
of the samples, but were discovered only during subsequent repickings. The 
positiQn of the base of the Altonian thus depended directly upon the intensity 
of examinatiQn of the samples, and, as it was uncertain how far this bQund
ary might eventually be lowered, the base Qf this stage in the WaiQmDkD 
River tributary section was drawn below sample GRW 154, which con
tained more than five specimens Df S. disjuneta and belDw which Dnly rare, 
single specimens were found. 

For mapping purposes it has prDved more useful to regard the base Df 
the "AltDnian" as coinciding with the IDwest occurrence of G. miozea s.s. 
since this species is fairly satisfactory in all respects in which S. disjuneta is 
inadequate, namely: 

(1) It is quite facies-tolerant and is usually present even when only a sparse fauna 
is preserved. 

(2) It is consistently present throughout its range. 
(3) It is generally found in fairly large numbers without recourse to exhaustive 

picking of residues. 
(4) It is morphologically distinctive. 

To these points may be added: 
(5) The bottom of its range is well defined by the sudden entry of fairly large 

numbers of specimens, coinciding exactly with the re-entry of well developed 
Globoquadrina dehiscens and, less exactly, with the dramatic disappearance of 
nearly all of the G. zealandica lineage. 

- The "working conception" of the Awamoan-Altonian boundary adopted 
here (Fig. 3) is applicable Olver most Qf the East CQast, provided it is borne 
in mind that the upper part Df this "Awamoan" includes some AltDnian at 
its tDP (about 200 ft in the Waiomoko River tributary section), which may 
or may not contain some S. disjuneta. 
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SYSTEMATIC DESCRIPTIONS 

Genus Globorotalia Cushman, 1927 

Globorotalia zealandica incognita Walters, subsp. nov. 

(Fig. 6, A-J) 

DESCRIPTION: Test a low trochospire consisting of 21-3 whorls of fairly 
rapidly enlarging chambers, with 4--4! (usually 4) in the last whorl; equa
torial profile suboval, equatorial periphery lobate; axial profile narrowly 
suboval, axial periphery evenly rounded, not thickened; dorsal surface of 
test gently convex, ventral side more strongly convex; wall fairly thick, 
coarsely punctate, not secondarily thickened; dorsally, chambers a little longer 
than broad, weakly inflated, separated by gently curved, subradial, slightly 
depressed sutures; chambers triangular in outline on the ventral side, mod
erately inflated, separated by gently curved, slightly depressed sutures; 
umbilicus closed; aperture a fairly low arch extending from the umbilicus 
most of the way to the periphery, bordered by a thickish lip; septal foramen 
highly arched, bordered by a narrow thickened rim; a small, finely punctate 
terminal chamberlet possessing a slit-like aperture is sometimes developed. 

REMARKS: This subspecies is distinguished from G. zealandica pseudo
miozea (into which it later evolves) by its smaller size, more rapidly 
enlarging chambers, much less inflated ventral side, more lobate equatorial 
periphery, more coarsely punctate wall, and its unthickened periphery and 
ventral surface. At the top of its range, all gradations occur between this 
subspecies and G. zealandica pseudomiozea, over a short stratigraphic 
interval. • 

It differs from G. opima continuosa Blow in that its chambers increase 
more rapidly in size, are more compressed and not so subglobular, and in 
that the aperture is a higher arch, extending further up into the apertural 
face. 

HOLOTYPE: Fig. 6 A-C; from sample GRW 147, Awamoan, in an un
named right-bank tributary of the Waiomoko River, Sheet N98/2, grid ref. 
545563, approximately 13 miles north-east of Gisborne, N.Z. Maximum 
diameter = 0'36 mm; height = 0'23 mm. Deposited with the N.Z. Geo
logical Survey, Register No. TF 1487. 

STRATIGRAPHIC RANGE: From at least as low as near the base of the 
Otaian-Hutchinsonian up to the lower two-thirds of the Awamoan Stage. 

Globorotalia zealandica pseudomiozea Walters subsp. nov. 

(Fig. 6, K-T) 

DESCRIPTION: Test a low trochospire consisting of 21-3 whorls of slowly 
enlarging chambers, with 4-5 (usually 4) in the last whorl; equatorial 
profile subcircular, equatorial periphery very faintly lobate; dorsal surface of. 
the test flat or slightly convex; ventral side inflated and almost hemispherical; 
axial periphery rounded; wall of newly formed chambers moderately thin 



@~:ii} © GJJ@""C"""', , , 

. ""';.. I OJ?;>; . ,4" 
P Q R 5 T 

@9 ,/ c.~ ,::;:. 

A 8 

0"",,,, 
~,~I~~~~~~~I 

~" 
,~' ~\' '. 

I >~:. . 
o 

FIG. 6--Members of the G. zealandica lineage. (All specimens from Waiomoko River 
tributary section.) 

A-], Globorotalia zealandica incognita Walters, subsp. nov. 
A-C, Holotype, GRW 147, Awamoan (TF 1487/1). 
D-E, GRW 147, Awamoan (TF 1487/2-3). 
F-], GMR 365, Awamoan (TF 1487/4-6). 

K-T, Globorotalia zealandica pseudomiozea Walters, subsp. nov. 
K-D, GMR 368, high Awamoan (TF 1488/4-6). 
P-R, Holotype, GRW 4 (recollected), high Awamoan (TF 1488/1). 
s, T, GRW 4 (recollected), high Awamoan (TF 1488/2-3). 

u-z, Globorotalia zealandica zealandica Hornibrook. 
u-w, z, GRW 4 (recollected), high Awamoan (FP 1401,1403). 
X-Y, GRW 156, high Awamoan (FP 1402). 
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~nd finely perforate, but older chambers show a progressive secondary 
thickening, especially on the ventral side and on the reriphery, giving a 
glassy appearance, often accompanied by a coarsening 0 the punctation, so 
that the ventral surface of the earliest chambers of the last formed whorl 
becomes quite knobbly; dorsally, chambers about twice as long as broad, 
separated by curved, rather tangential sutures which are slightly depressed 
between the weakly inflated later chambers; chambers triangular in outline 
on the domed ventral side, separated by more or less straight sutures which 
are not easily discernible near the periphery but which, towards the umbilical 
area, develop into jagged clefts in the thickened ventral wall, opening into 
the small, shallow umbilicus; aperture a low to moderately high arch, 
bordered by a thickened rim or a thick, narrow lip, situated in the middle 
of the fairly flattened terminal face of the last "normal" chamber, commonly 
obscured by the development of a small, finely punctate terminal chamberlet 
possessing a low, undistinctive, often irregular, aperture. 

REMARKS: This subspecies differs from G. zealandica zealandica Horni
brook (at the opposite end of a continuous range of variation) in bemg 
larger and more coarsely punctate, in possessing a higher, more dome-iike 
ventral side and a less lobulate periphery, and in possessing a distinctive 
thickening of the test wall, especially on the ventral side and on the 
periphery, frequently giving a somewhat glassy appearance to the ventral 
side as a whole and a knobbly surface to' the ventral surface of the earliest 
chambers of the last formed whorl. 

It differs from G. zealandica incognita subsp. nov. (its immediate ancestor), 
in being larger, in possessing a more inflated and dome-like ventral side and 
a slightly less lobulate equatorial periphery, and in exhibiting the pronounced 
development of secondary thickening of the early chambers of the last 
whorl, which is only incipiently developed in G. zt;alandica incognita. 

Some juveniles of the G. mio'zea lineage are relatively inflated and tend! 
to resemble this subspecies, especially when the obscuring terminal chamber
let is developed. The difference in shape of the septal foramen, as seen in 
broken specimens, serves to prevent any confusion between the two, however. 

HOLOTYPE: Fig. 6, P-R; from sample GMR 368, Awamoan, in an un
named, right-bank tributary of the Waiomoko River, Sheet N98/2, grid ref. 
536552, approximately 13 miles north-east of Gisborne, N.Z. Maximum 
diameter = 0'37 mm; height = 0'25 mm. Deposited with the N.Z. Geo
logical Survey, Register No. TF 1488. 

STRATIGRAPHIC RANGE: From the upper third of the Awamoan ,up into 
the base of the succeeding Altonian Stage. 

FIG. 7-Morphological gradations. (All specimens from the high Awamoan of the 
Waiomoko River tributary section.) 

A, Globorotalia cf. praescitula Blow, GRW 154 (FP 1404). 
B-D, Transitional forms between G. d. praescitula Blow and G. miozea Finlay. 

B, c, GRW 154 (FP 1405, 1406). 
D, GRW 6 (recollected (FP 1407). 

E-H, Morphological transition from G. zea'landica pseudomiozea Walters, 
subsp. nov., to G. zealandica zealandica Hornibrook, GRW 151 (FP 1408-
1411). 
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Globorotalia miozea conoidea Walters subsp. nov. 

(Fig. 8, I-M) 

[FEB. 

DESCRIPTION: Test relatively large, a low trochospire consisting of 
2-!-3 whorls of slowly enlarging chambers, with 4t-5 (usually 4·D in the 
last whorl; equatorial profile subcircular, equatorial periphery weakly lobate; 
dorsal surface of the test flat or slightly convex; ventral side highly conical 
with flat or only slightly inflated chamber surfaces; on early chambers of the 
last formed whorl, axial periphery bluntly rounded and thickened, but on 
later chambers more sharply angled, often with a narrow cord-like keel; 
wall of newly formed chambers moderately thin and finely perforate, but 
older chambers show a progressive secondary thickening, especially on the 
periphery and on the ventral surface, acompanied by a coarsening of the 
punctation so that the ventral surface of the earliest chambers of the last 
formed whorl becomes characteristically knobbly; dorsally, chambers more 
than twice as long as broad, separated by highly curved, tangential sutures 
which are sometimes slightly depressed between later chambers; chambers 
triangular in outline on the conical ventral side, separated by more or less 
straight sutures which are nQit easily discernible near the periphery but 
which, towards the umbilical area, develop into irregular grooves in the 
thickened wall; later sutures on the ventral side often sQimewhat sigmoid and 
depressed; umbilicus closed; aperture a low slit lying alQing the base of the 
apertural face, extending from the umbilical area almost to the periphery, 
sometimes obscured by a small, finely punctate, "abnormal" last chamber, 
with a low, undistinctive aperture; septal foramen a low slit along the base 
of the septal face, as in all members of the G. miozeal lineage, becoming more 
flaring at its peripheral end. 

REMARKS: This distinctive subspecies differs from G. miozea miozea Finlay 
by its much larger size, by its highly conical ventral 1>ide, and by its tendency 
to develop a definite cord-like keel, especially on later chambers. The large 
flat representatives of G. miozea that are common in the lower part of the 
Lillburnian-Waiauan are the only other members of the lineage to attain 
the same size as this subspecies, but the former (Fig. 8, F-H) are dis
tinguished by their compressed biconvex shape, and by their stronger tend
ency towards the development of a keel (leading towards G; cf. menardii) , 
although all gradations between the two are sometimes seen. 

The juveniles of this subspecies are subglobular in shape, with a very 
bluntly rounded axial periphery (Fig. 8, r). 

HOLOTYPE: Fig. 8, ]-L; from sample GMR592, Lillburnian-Waiauan, in 
Nine Fords Stream, a right-bank tributary of the Waimata River, Sheet 
N98/2, grid ref. 4125515; approximately 10 miles north of GisbQirne, N.Z. 
Maximum diameter = 0'58 mm; height = 0'47 mm. Deposited with the 
N.Z. GeolQigical Survey, Register No. TF 1489. 

STRATIGRAPHIC RANGE: First seen in the top of the Clifdenian, becoming 
commQin in the lower part of the Lillburnian-Waiauan, and dominating the 
G. miozea populations of the overlying Southland strata. The top of its 
range is not well defined, since, in the Tongaporutuan-Kapitean, this form 
gradually loses its distinctness and merges back into the G. miozea s.l. 
population by becoming smaller, less conical (and more dome-like) ventrally; 
and by regaining to some extent the bluntness of axial periphery that charac
terises the greater part of the G. miozea lineage. 
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FIG. 8-Members of the G. miozea lineage. (All specimens from samples collected in the area 
of Sheet N98/2). 

A-E, Globorotalia miozea miozea Finlay, GRW 7, Altonian (FP 1412-1414) 
F-H, G. miozea Finlay, GMR 371, low Lillburnian-Waiauan (FP 1415). 
I-M, G. miozea conoidea Walters, subsp. nov. 

I, GMR 592, Lillburnian-Waiauan (TF 1489/2). 
]-L, Holotype, GMR 592, Lillburnian-Waiauan (TF 1489/1). 
M, GMR 473, Lillburnian-Waiauan (TF 1489/3). 

N-S, G. miozea sphericomiozea Walters, subsp. nov. 

Geology,-l0 

N-P, Holotype, GRW 100, high Tongaporutuan-Kapitean (TF 1490/1). 
Q-s, GRW 100, high Tongaporutuan-Kapitean (TF 1490/2), showing characters 

transitional to G. inflata (d'Orbigny). 
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Globorotalia miozea sphericomiozea Walters, supsp. nov. 

(Fig. 8, N-S) 

DESCRIPTION: Test relatively small, a low trochospire consisting of 2-1-3 
whorls of slowly enlarging chambers, with 4-4! (usually 4) in the last 
whorl; equatorial profile subcircular, equatorial periphery faintly lobate, 
dorsal surface gently convex, ventral side inflated, subconical; axial peri
phery bluntly rounded and somewhat thickened on earlier chambers, more 
angular on later chambers; wall fairly thick, becoming secondarily thickened 
on the chambers of the last formed whorl, especially on the periphery and 
ventral side; punctation fairly fine on the later chambers, becoming coarser 
on the thickened, somewhat rugose, ventral side of the earliest chambers of 
the last whorl; dorsally, chambers about twice as long as broad, separated 
by tangential, moderately curved sutures, sometimes slightly depressed 
between later chambers but forming irregular grooves in the thickened wall 
of earlier chambers; umbilicus very narrow or closed, aperture a low slit 
along the base of the apertural face, extending from the umbilical area 
almost to the periphery; septal foramen a low slit at the base of the septal 
face, becoming slightly higher at its peripheral end; a. small, finely punctate, 
final chamberlet is often present. 

REMARKS: This stratigraphically restricted species is distinguished by its 
small, compact test and its inflated, subconical ventral side. By a reduction 
in the number of chambers in the last whorl, and an increase in length and 
degree of inflation of the chambers (Fig. 8. Q-s), this subspecies appears 
to evolve, at the top of the Tongaporutuan-Kapitean, into the form referred 
to in New Zealand as G. inflata (d'Orbigny). 

HOLOTYPE: Fig. 8, N-P; from sample GRW 100, high Tongaporutuan
Kapitean, in a left-bank tributary of the Waimata River, Sheet N98/2, 
grid ref. 420525, approximately 9 miles north of Gisborne, N.z. Maximum 
diameter = 0'32 mm; height = 0'21 mm. Deposited with the N.Z. Geo
logical Survey, Register No. TF 1490. 

STRATIGRAPHIC RANGE: From near the top of the Tongaporutuan
Kapitean up into the basal part of the Opoitian Stage. 
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