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ABSTRACT 

A genus, Hornibrookina, and three species, Conococcolithus panis, Hornibrookina 
teuriensis and Reticulofenestra hampdenensis, are described as new from the New 
Zealand Paleogene; an existing genus, Reticulofenestra, is redefined. Several technical 
terms are introduced and a new tentative suprageneric classification of the Cenozoic 
calcareous nannofossils offered. 

INTRODUCTION 

As the title implies, this paper continues the policy of the late H. J. 
Finlay's well known series of papers entitled "New Zealand Foraminifera: 
Key Species in Stratigraphy", its purpose being to validate some strati-
graphically useful new taxa. 

Ideally it would be desirable to fully monograph and illustrate assembiages 
locality by locality and age by age. However, this is not at present possible 
due to the biostratigraphic bias of the writer's studies. Consequently, like 
Finlay (1939, p. 504; 1947, p. 260), the writer has found it necessary 
to use these new taxa (Edwards 1971; Hornibrook & Edwards 1971) 
prior to both their validati9n and the detailed description of the assemblages 
in which they occur. 

SAMPLES, SLIDES, AND SPECIMENS 

The samples listed in this paper are registered in both the Geological 
Society of New Zealand's Fossil Record System (e.g., S68/f1028, see 
Scott 1970) and in the New Zealand Geological Survey's nannofossil 
collection system (e.g., N1138). The grid references given are based 
on the national thousand-yard grid shown on the 1: 63,360 topographic 
NZMS1 map series (e.g., S68/970135, 3rd ed. 1963). Additional 
generalised geographic and stratigraphic information is given by Edwards 
(1971) 

The slides are strew mounts, in some cases gold coated, on the under-
surfaces of coverglasses attached to individually numbered (e.g., N1138/2) 
3 in. X 1 in. glass slides by Gurrs Depex, an inert polystyrene mounting 
medium of about R.I. 1.524, and sealed by a clear nail lacquer. They were 
made up from sample residues prepared by a method similar to that of 
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Edwards (1963), the main difference being the use of only one short 
centrifuging cycle (2,000 r.p.m. for 45 seconds) allowing retention of 
almost all nannofossils larger than 1 pJD. 

Individual specimens are referred to in this paper by their "northing" 
and "easting" attachable mechanical stage and coverglass co-ordinates* 
(e.g. 112/1298 and 089/147 respectively) on a specified slide under 
Leitz Ortholux Pol microscope 663684 with the slide label lettering in 
the normal reading position when viewed from 1400 on the rotatable stage. 

TYPES AND MICROGRAPHS 

Many investigators of calcareous nannofossils have nominated micro-
graphs of transmission electron microscope images as primary types of new 
species. They have done so either on the grounds of convenience or that 
such a procedure enables a detailed description to be given and thus 
avoids the confusion that can result from the incorrect correlation of light 
microscope based species with electron microscope images. This practice 
has not been followed in this paper in the description of Reticulofenestra 
hampdenensis n.sp. because both the Botanical and Zoological Codes of 
Nomenclature specify that the types of a species must be specimens and 
because the writer is confident that, with careful observation, it is possible 
to correctly correlate between the two types of microscopic images in almost 
all cases. Consequently it is possible both to conform to the rules and to 
give a detailed description. 

The holotype and eight paratypes chosen as the primary types of each 
species proposed in this paper are deposited in the collections of the 
Micropaleontology Section, N.Z. Geological Survey, Andrews Avenue, 
Lower Hutt. They are serially registered under the prefix TN (type 
nannofossils) . A large number of paratypes have not been nominated 
because those chosen more than adequately cover the observed variation 
in the type samples. 

Because of New Zealand's great distance from the main centres of 
nannofossil research and the unavailability of primary microfossil types for 
loan from the collections of the New Zealand Geological Survey (Fleming 
1964) topotypes identified by the writer will be deposited in the British 
Museum of Natural History, London, and in the United States National 
Museum, Washington. 

The transmission photomicrographs were obtained from unshadowed and 
gold coated specimens under the writer's Ortholux Pol microscope which 
is equipped with a 200 Watt mercury vapour light source and a 
56 X 72 mm camera back attached to an extendable bellows. The bright 
field and cross-polarised images were taken using an oil immersed Berek 
N.A. 1'32 condenser at 33% to 90% of full cone, a X 100 achromatic 
N.A. 1'30 oil immersion objective, a X 25 periplan eyepiece and a bellows 

*Co-ordinate resolution = 0.1 mm; linear accuracy = ± 50 pm. Origin of coverglass 
co-ordinates is lower left hand corner of the coverglass. 
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extension of 40 cm resulting in X 5,000 negative images. The dark field 
photomicrographs were obtained under similar conditions but with an 
immersed Bicentric N.A. 1'20 condenser and a N.A. 1'05 funnel stop 
in the X 100 objective. 

The transmission electron micrographs were taken of gold paladium 
shadowed carbon replicas under a Philips EM200 at the Physics and 
Engineering Laboratory, Lower Hutt., The resultant 35 mm negatives 
which have serially allotted film and frame numbers (e.g., PEL2422/7), 
are kept in that laboratory's Electron Microscope Section. 

A complete set of X 1 (photomicrographs) and X 5 (electron micro-
graphs) normal direct prints of these negatives, some of which are 
stereocouples, is available for examination at the Micropaleontology Section 
of the N.z. Geological Survey. Only normal aspect prints were used in 
the plate-making for this paper. 

TERMINOLOGY 

The technical terms used in this paper are essentially those given in 
Farinacci (1971) but the following additional definitions are introduced 
with examples and, where applicable, comments: 
grille-fenestrate, reticulate or, occasionally, imperforate layer of thin 

segments spanning part or all of the central area and resulting from 
the extension of some or all of the surrounding segments (e.g, 
Chiasmolithus, Discolithina and Emiliana. Term replaces the "membrane" 
of authors which incorrectly implies pliability). 

imbrication-each segment or part of a segment in a cycle of overlapping 
(i.e., imbricated) segments is inclined to the right (i.e., dextral 
imbrication) or left (i.e., sinistral imbrication) when viewed from the 
centre of the most proximal plane of the cycle. 

lath-moderately thick oblong to wedge shaped segment or element. 
plug-solid or variously perforated biconcave cylinder largely filling the 

central area and formed of stacked segments (e.g., Coccolithus pelagicuJ 
and EricJonia fenestrata). 

CLASSIFICATION 

Many previous workers, notably Lohmann (1902), Kamptner (1928; 
1958) Deflandre (1952; 1966), have proposed classifications of the 
coccolithophorids. However, as Black (1968) has so ably demonstrated, 
these schemes are no longer tenable, partly because they attempt to include 
all coccolithophorids in a few finely divided families and, in the case of 
the later schemes, because they tend to ignore the wealth of paleontological 
data then becoming available. The main reasons, however, result from the 
recent elucidation of the life histories of certain coccolithophorids and the 
great advances made in understanding coccolith ultrastructure. The latter 
factor is particularly important because, when fully appreciated, it will 
allow, for the first time, the development of a detailed phylogenetic 
classification based on paleontologically observable characters. 
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The suprageneric classification, admittedly very incomplete, adopted by 
the writer for Cenozoic coccoliths and other calcareous nannofossils is given 
below. It is based on the premises that natural groupings within the cocco-
lithophorids sensu stricto are reflected (1) at suborder level, by the major 
types of coccoliths they produce (e.g., caneoliths, discoliths, placoliths, 
etc.) during the nonmotile phase of their life cycle, and (2) at the family 
level, by the types (e.g., radially imbricate, tangentially stacked, etc.), 
numbers and spacial arrangements of the segment cycles involved in the 
coccolith's construction. 

Class HAPTOPHYCEAE Christensen, 1962 
Order COCCOLITHOPHORALES Schiller, 1926* 

Group 1: cemented holococcoliths 
Family CALYPTROSPHAERACEAE Boudreaux & Hay, 1969 

Group 2: Scapholiths 
Family CALCIOSOLENIACEAE Kamptner, 1937 

Group 3: discoliths and zygoliths 
Family PONTOSPHAERACEAE Lemmermann, 1908 

ZYGODISCACEAE Hay & Mohler, 1967 
Suborder SYRACOSPHAERINEAE Boudreaux & Hay, 1969 

Family SYRACOSPHAERACEAE Lohmann, 1902 

Group 4: rhabdoliths s.s. 
Family RHABDOSPHAERACEAE Lemmermann, 1908 

Suborder COCCOLITHINEAE Kamptner, 1928 
Family COCCOLITHACEAE Poche, 1913 

HELIOLITHACEAE Hay & Mohler, 1967 
PRINSIACEAE Hay & Mohler, 1967 (Fig. 1) 

CALCAREOUS NANNOFOSSILS INCERT AE SEDIS 

NANNOSPHERES (coccospheres sensu lato): 
Group 1: Buccal opening present 

Family THORACOSPHAERADEAE Schiller, 1930** 

Group 2: Buccal opening absent 
Family BRAARUDOSPHAERACEAE Deflandre, 1947t 

GONIOLITHACEAE Deflandre, 1957t 

NANNOLITHS (coccoliths sensu lato): 
Group 1: Segments bilaterally symmetrical 
Family CERATOLITHACEAE Norris, 1965+ 

* Alternatively the aptly named order Calcocyteae Haeckel, 1894. 
**Nannospheres analogous to the statospores of Chromulina, Ochromonas and certain 
other Chrysophyceae. 

tComponent nannoliths analogous to coccoliths. 
:):Each nannolith girdles a cell covered with unmineralised plates like those on Chryso-
phyceae, Haptophyceae and Prasinophyceae cells. 
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Group 2: Segments radially symmetrical, unidirectional 
Family TRIQUETRORHABDULACEAE Lipps, 1969§ 

Group 3: Segments radially symmetrical, multidirectional 
Family DISCOASTERACEAE Tan Sin Hok, 192711 

FASCICULITHACEAE Hay & Mohler, 196711 
LITHOSTROMATIONACEAE Hag, 1965f1 
SPHENOLITHACEAE Deflandre, 195211 

Distal shield sutures Radially continuous Radially 
discontinuous 

Distal central area I Partly I Plugged plugged Open I Bridged I Open 

PLEISTOCENE • PLIOCENE 
Emiliania 

Gephrocapsa 

Reticulofenestra 
sensu emend 

OLIGOCENE 
bisecta 

-1-
EOCENE t= PALEOCENE 

FIG. I-Tentative generic relationships within the Prinsiaceae. 

NEW TAXA 

Family COCCOLITHACEAE Poche, 1913 

VOL. 16 

WORKING DEFINITION: Coccolithophorids which during the nonmotile part of their 
life cycle bear placoliths constructed of separate imbricate central, distal and proximal 
segment cycles. The central cycle forms a plug rimmed by the other cycles which, 
respectively, form distal and proximal shields. In some examples the proximal cycle 
includes an integrated floor to the central area. 

§Possibly endoskeletal. 
IIAnalogous to coccoliths. 
I[Possibly analogous to the endoskeletal silicoflagellates (Chrysophyceae). 
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TYPE GENUS: Coccolithus E. H. L. Schwarz, 1894 nom. conserv. (type species: 
Coccolithus oceanicus Schwarz, 1894 which, fide Loeblich & Tappan (1966, p. 112), 
is an isotypic junior synonym of Coccosphaera pelagica Wallich, 1877). 
REMARKS: A detailed modern biological redefinition of this family, which 
was originally proposed to include all known coccolithophorids, is badly 
needed. In the meantime the writer uses this family in the sense given above 
which is not a formal revision. Rather it is a preliminary attempt to exclude 
the Prinsiaceae, Heliolithaceae and other unrelated placolith bearing cocco-
lithophorids, such as Cyclococcolithus, known to be constructed of only two 
segment cycles. Coccolithus pelagicus (Wallich), the only living Cocco-
lithaceae species known to the writer, bears 3-cycled placoliths (see 
McIntyre & Be 1967, pl. 8) during its nonmotile phase and easily disrupted 
holococcoliths during its motile phase according to Parke & Adams (1960). 

Genus Conococcolithus Hay & Mohler, 1967 
ORIGINAL DIAGNOSIS: Circular placoliths having the form of a truncate cone. 
TYPE SPECIES: Conococcolithus minutus Hay & Mohler, 1967. 
REMARKS: The type, and, until now, only species of this poorly defined 
genus was described from the Late Paleocene Discoaster multiradiatus Zone 
sensu Hay & Mohler (1967) of Pont Labau, SW France. Hay & Mohler's 
(1967) transmission electron micrograph primary types are interpreted by 
the writer as definitely indicating the presence of at least two imbricate 
cycles of segments. The distal cycle forms a distal shield plus the rim of the 
central area; the proximal cycle forms a smaller proximal shield and 
possibly a floor to the central area (proximal views were not provided by 
Hay & Mohler 1967). A central cycle may also be present but this cannot 
be confirmed since the central areas are partly obscured by what appears 
to be replicated clay. 

Because of the above unknowns the family relationships of the type 
species, and hence of the genus Conococcolithus are uncertain. Hay & 
Mohler (1967) remarked on its resemblance to Coccolithus but placed it in 
their new Coccolithaceae subfamily Cyclococcolithoideae which the writer 
considers to have separate family rank. (This is not a formal proposal of 
a new family.) Placement in either the Coccolithaceae or the as yet 
unproposed family based on Cyclococcolithus is, in the writer's opinion, 
dependent on whether C. minuttts has a central cycle or not. Until the 
uncertainty can be resolved this genus is placed in the Coccolithaceae because 
the new species described below is an undoubted member of that family. 
It differs from species of Coccolithus and Ericsonia in having a proximal 
cycle which forms a floor to the central area as well as a proximal shield. 
If Conococcolithtts proves to be related to Cyclococcolithus then C. panis 
will have to be removed, probably to a new genus. 

Conococcolithus panis Edwards n.sp. Fig. 2-21 

1967 Coccolithus sp. B; Edwards, fig. 10, 13, table 1. 
DESCRIPTION: A robust, broadly oval placolith with three closely appressed seg-
ment cycles forming a low flaring truncate cone distally having prominent recurved 
ridges radiating from the rim of a small central depression. 
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The central cycle forms a small, oval and roughly biconcave shaped imperforate 
cylindrical plug. It is constructed of numerous minute stacked segments not individu-
ally resolvable under the light microscope. 

The distal cycle surrounds the periphery of the plug. It forms a wide flaring, 
broadly oval and peripherally thinning distal shield having a prominent central rim 
and conspicuous recurved subradial ridges. Construction is of 14 to 26, usually 20, 
subequally-spaced imbricate lath wedges, which are gently tilted and curved, and 
may be centrally truncate. The imbrication is rotational, being either dextral or 
sinistral with apposing recurved subradial sutures. 

The proximal cycle underlies the plug distal shield structures within the area 
the latter partly encloses. It forms a wide, subcircular proximal disk having a 
diameter intermediate between those of the other two cycles. Like an inverted saucer, 
this cycle can be subdivided morphologically into a central plateau or floor, and a 
surrounding tilted flange or proximal shield. Its construction is very similar to that 
of the distal cycle, the suture inclination directions being identical and the segment 
numbers almost so. The main differences are that the wedges are thinner and not 
obviously imbricate under the light microscope, and have almost straight subradial 
sutures. The wedges also differ in having a slight proximal flexure near their mid 
point. En masse this results in a distinct subcircular marking on the disk which 
corresponds to the point where the central floor passes into the proximal shield. 
Length: S-9JLm, usually 7.S JLm. 

TYPE SPECIMENS: 

Register Slide 
Status Number No. 

Holotype TN1000/l* Nl138/2 
Paratype TN1000/2* N1138/2 
Paratype TN1000/3t Nl138/2 
Paratype TN1000/4* Nl138/3 
Paratype TN1000/St Nl138/3 
Paratype TN1000/6t Nl138/3 
Paratype TN1000/7t Nl138/4 
Paratype TN1000/8* Nl138/4 
Paratype TN1000/9t Nl138/4 

*Distal cycle sinistrally imbricate. 
tDistal cycle dextrally imbricate. 

FIG. 2-37-(Opposite). 
FIG. 2-21-Conococcolithus panis Edwards n.sp. 

2-S-Holotype, TNlOOO/1, distal views. 
6--9-Paratype, TNlOOO/7, distal views. 
1D-13-Paratype, TN1000/8, distal views. 
14-17-Paratype, TN1000/9, distal views. 

Co-ordinates Length 
Stage Coverglass (JLm) 

112/1298 089/147 6·5 
114/1330 087/179 8'5 
123/1300 078/149 7 
095/1187 101/028 9 
100/1308 096/149 8 
101/1249 095/090 8 
101/1284 101/101 8 
110/1250 092/067 8 
121/1203 081/020 7-5 

18-21-Topotype, N1138/2, 086/178 (high focus), plan views of isolated proximal 
cycle, orientations approximate. 

FIG. 22-37-Hornibrookina teuriensis Edwards n.gen. n.sp. 
22-2S-Holotype, TN1001/1, distal views. 
26-29-Paratype, TN/100l/2, distal views. 
30-33-Paratype, TN100l/S, slightly oblique distal views. 
34-37-Paratype, TN 100 l/8, distal views. 

All figures X 2S00 photomicrographs taken under dark field (column A), bright 
field (column B), <;ross-polarised, long axis = 0° (column C), and cross-polarised, 
long axis = 4So (column D) conditions. 
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TYPE LoCALITY: S68/f1028, N1138, Middle Waipara River below Doctors Gorge 
section, North Canterbury. Greenish.grey, soft, glauconitic, very fine sandstone collected 
by G. Norris, November 1963, at grid reference S68/970135 (3rd ed. 1964) on 
the north bank just downstream from the bridge. 
TYPE LEVEL: Upper part of the Birch Formation, 10 ft (3 m) below its contact 
with the Waipara Greensand. Within the early Teurian (Danian) Chiasmolithus 
danicus and Globigerina pauciloculata Zones of Edwards (1971) and Jenkins (1966) 
respectively. 
REMARKS: Unlike any previously described coccolith this species exhibits 
dimorphism analogous to the dextral and sinistral coiling of trochospiral 
planktonic Foraminifera (Bolli in Funnell & Riedel 1971; Jenkins 1967). 
Of the 22 specimens examined in detail during the selection of the type 
specimens 13 (59%) have dextrally imbricate distal cycles as judged by 
their apposing sutures and extinction crosses. Although based on a small 
number of specimens, this figure suggests the distribution of the two 
morphotypes is random in the type sample. No significant differences in 
size, shape, or lath numbers were observed between dextrally and sinistrally 
imbricate specimens. No coccospheres of C. panis have yet been found. 

The holotype (Fig. 2-5), despite being smaller and having fewer distal 
cycle laths than most other specimens of C. panis in the type sample, was 
chosen because it exhibits the lath relationships characteristic of this species 
very clearly. All of the primary types are distal views, some without the 
proximal cycle which is occasionally found separate (Fig. 18-21). 

As is typical of Coccolithaceae placoliths, the distal cycle of C. pani! 
is dark or faintly illuminated under cross-polarised light whereas the 
central and proximal cycles are bright. The latter cycles have dextrogyre 
extinction crosses in specimens possessing clockwise inclined proximal cycle 
sutures and laevogyre crosses in specimens having counter-clockwise inclined 
sutures. When viewed distally under normal transmitted light an indistinct 
self-induced extinction pattern is evident in the central cycle irrespective 
of whether a proximal cycle underlies it or not. The pattern is always 
brighter than the surrounding areas and is usually represented by a cross 
or two parallel sigmoid lines. 

C. minutus, the only other species at present placed in this genus, 
definitely differs from C. panis in having a subcircular outline, straight 
radial sutures on the shields and a very faint extinction cross under crossed 
polarisers. Other possible differences (see remarks above on this genus) 
are the number of segment cycles per placolith and whether or not the 
proximal cycle forms a floor to the central area. 

The name is derived from the latin word panis, meaning biscuit. 
DISTRIBUTION: This species was first recorded by the writer (Edwards 1967) from 
samples S68/f1027 and S68/£1028 which are 5 ft (1·5 m) apart within the upper 
part of the Birch Formation at middle Waipara. It also occurs in sample N150/f1145 
from just above the basal greensand of the Teurian stratotype at Te Uri Stream. 
The stratigraphic position of this latter sample, its planktonic foraminiferal content, 
and correlation are given by Hornibrook (1972). 
KNOWN BIOSTRATIGRAPHIC RANGE: Upper part of the base Chiasmolithus danicus 
to base Globoconusa daubjergensis interval in New Zealand, datwn levels 2 and 3 
respectively of Hornibrook & Edwards (1971), i.e., a small interval within the 
Chiasmolithus danicus Zone of Edwards (1971) and the Globigerina pauciloculata 
Zone of Jenkins (1966). (Hornibrook & Edwards 1971 incorrectly show C. panis 
as ranging as high as the base Prinsius martin;; datwn level.) 
KNOWN CHRONOSTRATIGRAPHIC RANGE: Early Teurian (Danian). 
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Hornibrookina Edwards n.gen. 

DIAGNOSIS: Placoliths with three or four segment cycles forming a low, double 
flanged, elongate oval dish, having a large proximally positioned central cycle con-
structed of two parallel segment rows arranged normal to a prominent major axial 
plane of symmetry. The central cycle is enclosed by an oval wall of steeply dipping, 
imbricate laths. The wall is, in turn, distally and proximally rimmed by two narrow 
shields constructed of abutting segments. The distal shield is formed from a segment 
cycle distinct from that of the tube. 
TYPE SPECIES: Hornibrookina teuriensis Edwards n.sp. 
REMARKS: This genus is easily distinguished from all previously described 
placoliths by its uniquely constructed central cycle. Consequently its exact 
systematic position is uncertain and it may prove to belong to a new 
family. For the present it is tentatively placed in the Coccolithaceae on the 
grounds that it is a placolith with a distal shield which is dark under 
crossed polarised light. 

Despite several attempts no electron micrographs of the type species have 
been obtained. However, an electron micrograph (Fig. 82) of another, as 
yet unnamed, species of Hornibrookina present in the early Waipawan (late 
Paleocene) Discoaster mediosus Zone at Te Uri Stream has been obtained. 
Although of a corroded and damaged specimen, this figure confirms light 
microscope-based deductions that in Hornibrookina the central area, wall and 
distal shield are formed from separate segment cycles. It does not indicate 
whether the proximal shield forms a fourth cycle, as light microscopic ob-
servations suggest, or forms an integrated cycle with the tube, or less likely, 
the distal shield. The shield segments of this species are reminiscent of 
those on the tim of late Mesozoic pseudorhabdoliths such as Deflandrius 
cretaceus (Arkhangelskii) with which it is most unlikely to be closely re-
lated. 

This genus is named in honour of Dr N. de B. Hornibrook, Chief Micro-
paleontologist of the N.Z. Geological Survey, as a lasting appreciation of his 
support and guidance of the writer's studies. 
KNOWN BIOSTRATIGRAPHIC RANGE: Base Chiasmolithus danicus to base Rhomboaster 
cuspis (? = Marthaslerites bramlettei) interval in New Zealand (datum levels 2 
and 19 respectively of Hornibrook & Edwards 1971). 
KNOWN CHRONOSTRATIGRAPHIC RANGE: Early Teurian (Danian) to early Waipawan 
(late Paleocene). 

Hornibrookina teuriensis Edwards n.sp. Fig. 22-37. 

1967 Coccolithus sp. A; Edwards, fig. 14, 15, 17 and 18, table 1. 
DESCRIPTION: Elongate oval, strongly distally domed, moderately robust placoliths 
as in the generic diagnosis with a central cycle of about 20 to 30 slender segments, 
a wall having a similar number of segments and two shields having a few more 
segments. The proximal shield is slightly smaller in diameter than the distal shield 
which has slightly subradial sutures. Length: 5-lOJLm, usually about 8JLm. 
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TYPE SPECIMENS: 

Register Slide Co-ordinates Length 
Status Number No. Stage Coverglass (I'm) 

--------

Holotype TN1001/1 Nl138/6 102/1249 100/126 9 
Paratype TN1001/2 N1138/6 102/1247 100/124 6 
Paratype TN1001/3 Nl138/6 115/1184 087/061 9 
Paratype TN1001/4 N1138/5 112/1294 090/129 8 
Paratype TN1001/5 N1138/5 118/1291 084/126 8 
Paratype TN1001/6 Nl138/5 119/1289 083/124 9 
Paratype TN1001/7 Nl138/7 115/1211 085/052 6 
Paratype TN1001/8 Nl138/7 115/1225 085/066 9 
Paratype TN1001/9 Nl138/7 109/1252 091/093 7 

TYPE LOCALITY: S68/f1028, N1138, Middle Waipara River below Doctors Gorge 
section, North Canterbury. Greenish grey, soft, glauconitic, very fine sandstone collected 
by G. Norris, November 1963, at grid reference S68/970135 Ord ed. 1964) on the 
north bank just downstream from the bridge. 
TYPE LEVEL: Upper part of the Birch Foundation, 10 ft (3 m) below its contact 
with the Waipara Greensand. Within the early Teurian (Danian) Chiasmolithus 
danicus Zone of Edwards (1971) and the Globigerina pauciloculata Zone of Jenkins 
(1966). 
REMARKS: In cross-polarised light the central cycle, wall and proximal 
shield show separate extinction patterns but only the wall and the adjacent 
part of the proximal shield are conspicuous in all plan view orientations. 

The name is derived from the Teurian Stage of New Zealand which is 
named after its stratotype, Te Uri Stream, in southern Hawke's Bay. 
DISTRIBUTION: This species was first recorded by the writer (Edwards 1967) from 
the Middle Waipara River section in samples S68/flO22-f1036 within the upper 
part of the Birch Formation and the lower part of the Waipara Greensand for an 
interval of 77 ft (23 m). It also occurs in samples N150/f1144--f1147 from the 
basal 21 ft (6'5 m) of the Teurian stratotype at Te Uri Stream. Hornibrook (1972) 
gives the stratigraphic positions of these samples together with their planktonic 
foraminiferal content and correlation. 
KNOWN BIOSTRATIGRAPHIC RANGE: Base Chiasmolithus danicus to base Fascicu-
lithus tympaniformis interval of New Zealand (datum levels 2 and 9 respectively 
of Hornibrook & Edwards 1971), i.e., within the Chiasmolithus danicus and Prinsius 
martinii Zones of Edwards (1971) and the Globigerina pauciloculata Zone of Jenkins 
(1966). 
KNOWN CHRONOSTRATIGRAPHIC RANGE: Early Teurian (Danian-?Montian). 

Family PRINSIACEAE Hay & Mohler, 1967 

ORIGINAL DIAGNOSIS: Oval, subcircular or circular placoliths; interference figure 
between crossed polarisers is dextrogyre in distal view. 
WORKING DEFINITION: Coccolithophorids which during the nonmotile part of their 
life cycle bear placoliths constructed of separate imbricate distal and proximal segment 
cycles. The distal cycle forms a shield around the distal part of the proximal cycle 
which forms an integrated proximal shield, central area grille, wall and, in some cases, 
a central area bridge or plug. 
TYPE GENUS: Prinsius Hay & Mohler, 1967 (type species: Coccolithus bisulcus 
Stradner, 196 3 ) . 
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REMARKS: The working definition given above is not a formal reVlSlon. 
It is based on the probability (see below for reasons) that Prinsius is 
related, via the intermediate genus T oweius, to Reticulofenestra and hence 
to the living genera Gephyrocapsa and Emiliania (Fig. 1). If this is the 
case this family would have been better based on the much studied exaltant 
species Emiliania huxleyi (Lohmann). However, such an action is excluded 
by the clause excepting algae from the provisions of Article 58 of the 
International Code of Botanical Nomenclature. 

The oldest definite representative of this family known to the writer is 
Prinsius martinii (Perch-Nielsen) Haq (see below), which was described 
from the type area Danian. However, the family may well have a much 
longer time span for Black (1967b, p. 184) records Dictyococcites (see 
under Reticulofenestra below) as ranging from Albian to lower Miocene. 

Under cross-polarised light, well preserved Prinsiaceae placoliths can easily 
be distinguished from all other Cenozoic placoliths by the presence of two 
bright shields. They also have either a very bright tube and plug or a 
very bright tube enclosing a weakly illuminated grille. As in the Cocco-
lithaceae the plug, if present, has a prominent self-induced extinction 
pattern visible under ordinary unpolarised light conditions. However, many 
Prinsiaceae placoliths are prone to differing degrees of disintegration (cf. 
McIntyre & McIntyre in Funnell & Riedel 1971, pI. 16.2) which may 
result in specimens being characteristically found without: (1) part or all 
of the grille, which especially in large specimens may be easily damaged or 
dissolved, (2) the plug, which if originally present may occur separately, or 
(3) the distal shield. In such cases experience is necessary in making 
species identifications, whether based on electron or light microscopic 
observations. 

Genus Reticulofenestra Hay, Mohler & Wade, 1966 sensu emend 

EMENDED DIAGNOSIS: Oval to subcircular placoliths with a three armed cycle of 
integrated rhombic laths forming an imbricated, more or less inverted T-shaped, 
central area grille, proximal shield and surmounting wall structure to which is attached 
a distal cycle of L-shaped rhombic laths forming an imbricated distal shield structure. 
Except in the grille, all segments are normally joined throughout their length. A 
central area plug or bridge is not present. 
TYPE SPECIES: Reticulofel1estra caucasica Hay, Mohler & Wade, 1966 (the holotype 
is a junior subjective synonym of Coccolithus umbilicus Levin, 1965 and, less certainly, 
of Coccolithus placomorphus Kamptner, 1956). 
REMARKS: The emended diagnosis given above is, like Stradner's (in 
Stradner & Edwards 1968) earlier emendation, an attempt to characterise 
this genus in terms of its ultrastructure. It differs from Stradner's diagnosis 
in two major ways: firstly, in emphasising the integral nature of the 
segments forming the proximal shield, central area grille and wall and, 
secondly, in specifically excluding those Prinsiaceae having a plug, for 
example "Reticulofenestra" bisecta (Hay, Mohler & Wade). The criteria 
used to distinguish Reticulofmestra sensu emend from the other Prinsiaceae 
taxa accepted as distinct by the writer are given in Fig. 1. 

In the writer's opinion the following genera are, or may be, junior 
subjective synonyms of this genus: 
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Apertapeira Hay, Mohler & Wade, 1966. The type species, Apertapetra 
samodurovi Hay, Mohler & Wade 1966, is, like the type species of 
Reticulofenestra which has page priority, a synonym of C. umbilicus Levin 
1965 and, less certainly, of C. placomorphus Kamptner 1956. 

Dictyococcites Black, 1967a. Although the distal side of the type species, 
Dictyococcites danicus Black 1967, has not been described or illustrated the 
presence of an integrated proximal shield and central area grille plus the 
possible absence of a plug makes synonymy with Reticulofenestra feasible. 

Toweius Hay & Mohler, 1967. This genus essentially differs from 
Reticulofenestra only in the possession of a partial plug and since the writer 
concurs with the proposer's observation that the type species, T oweius 
craticulus Hay & Mohler 1967, is probably a forerunner of Reticulofenestra 
it follows that further work may show the separation of these two genera to 
be artificial. 

Stmdnerius Haq, 1968. In erecting this genus Haq listed the type species 
of Dictvococcites Black 1S;67 as a synonym of the type species of his new 
genus thus making Stradnerius illegitimate (fide Loeblich & Tappan 1970, 
p. 568). Furthermore he based the diagnosis on specimens referred in-
correctly in the writer's opinion, to the nominated type species, Discolithus 
dictyodus Deflandre & Fert 1954 which is the oldest undoubted member of 
Reticulofenestra sensu emend known to the writer. (For further information 
see discussion under R. hampdenensis below.) Quite apart from such con-
siderations the writer does not accept the stated basis for separation from 
Reticulofenestra as valid since some species, such as that described below, 
have central areas which are spanned by both a reticulate "membrane" and 
vertical septa. 
KNOWN BIOSTRATIGRAPHIC RANGE: Base Reticulofenestra dictyoda to top Reticulo· 
fenestra pseudoumbilica interval of New Zealand. 
KNOWN CHRONOSTRATIGRAPHIC RANGE: Late Mangaorapan (late Early Eocene) to 
mid Opoitian (Early Pliocene). 

Reticulofenestra hampdenensis Edwards n.sp. Figs 38-69. 

DESCRIPTION: 
Light micros.opic obsert'.'1tions: Oval to subcircular moderately robust placoliths 

with a large but thin, marginally spoked and centrally hubbed, central area floor 
divided along the major axial plane of symmetry, an inconspicuous wall and two 
narrow shields without obvious sutures. Length: 4-7 pm. 

Electron microscopic observ,ations: Oval to subcircular placoliths as in emended 
generic diagnosis, with two almost or exactly identically numbered cycles of 28 to 55 
strongly sinistrally imbricated segments. 

FIG. 38-43-Reticulofenestra hampdenensis Edwards n.sp. 
38-"Topotype", N1377, PEL 2422/7, distal view, X 9500. 
35>-"Topotype", N1377, PEL 2422/30, distal view, X 9500. 
40-"Topotype", N1377, PEL 2418/24, distal view, X 12325. 
41-"Topotype", N1377, PEL 2424/7, distal view, X 9500. 
42-"Topotype", N1377, PEL 2422/3, distal view, X 9500. 
43-PEL 2424/7 (Fig. 41) enlarged to demonstrate ultra-structural detail, 

X 19000. 
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The proximal cycle forms: (1) a robust, distally expanding, wall constructed of 
imbricated laths with parallel sutures; (2) a narrow, serrate rimmed, proximal shield 
having slightly to distinctly wedge-shaped imbricated laths with counterclockwise 
inclined straight sutures; and (3) a large, marginally fenestrate, centrally variably 
reticulate, central area grille. The fenestrate part of the grille results from the 
attenuated proximal extension into the central area of 50-95% of the tube-proximal 
shield segments as rods centrally having bifurcate or clavate ends plus, in many 
specimens, several similarly trending but proximally dipping struts derived from 
one or more of the laths of the distal part of the tube. Up to 70% of the grille 
consists of an elliptical reticulate framework having irregularly placed, variably 
shaped, holes along and around the major axial plane of symmetry. This pattern 
results from the random to fairly regular anastomosing of the rods forming the 
surrounding fenestrate part of the grille. 

The distal cycle consists of a narrow, serrate rimmed, distal shield having wedged 
imbricated laths with inverted square root sign (V--) shaped counterclockwise 
inclined sutures with the sinistrally pointing V immediately adjacent to the shield-
tube junction. Distally, each of the laths of this cycle has, unless substantially 
corroded, a gentle, often oifcentre, longitudinal ridge from near the tube to the 
outermost part of the serrate rim. In some specimens numerous chevron shaped, 
approximately 120 0 angled, minute ridges and furrows are also present having their 
peripherally pointing apexes at the top of the ridge and their sides parallel to the 
<;mtline of the shield. The proximal faces of the laths of this cycle, like both of 
the major faces of the proximal shield segments are more or less flat and featureless. 
Length: 3-7 p.m. 
TYPE LOCALITY. S146/734, N1377, Hampden Beach section, Northeast Otago. 
Medium grey moderately soft calcareous siltstone with minor glauconite, mica and 
pyrite collected by Miss A. A. Cameron, December 1966, from 5 ft (1' 5 m) above 
the beach level at grid reference S146/427410 (2nd ed. 1966) on the south side of 
the mouth of Park Gulch. 

TYPE SPECIMENS: 

Register Slide Co-ordinates Length 
Status Number No. Stage Coverglass (/Lm) 

Holotype TN1002/1 N1377/5 100/1216 100/073 6 
Paratype TN1002/2 N1377/5 105/1234 095/091 5 
Paratype TN1002/3 N1377/5 110/1296 090/153 4 
Paratype TN1002/4 N1377/4 100/1202 100/064 6 
Paratype TN1002/5 N1377/4 105/1209 095/071 7 
Paratype TN1002/6 N1377/4 105/1252 095/114 6 
Paratype TN1002/7* N1377/2 110/1293 091/169 7 
Paratype TN1002/8* N1377/2 112/1270 089/146 6 
Paratype TN1002/9* N1377/2 120/1303 081/179 7 

*Au coated. 

-- - --------- ._- --

FIG. 44-49-Reticulofenestra hampdenensis Edwards n.sp. 
44-"Topotype", N1377, PEL 2421/28, proximal view, plus an oblique distal 

view (note cross-section) of part of Reticulofenestra aff. dictyoda 
(Deflandre & Fert) , Stradner, X 12325. 

45-"Topotype", N1377, PEL 2421/31, proximal view, X 12325. 
46-"Topotype", N1377, PEL 2422/21, proximal view, X 18750. 
47-"Topotype", N1377, PEL 2421/24, proximal view, X 9500 
48-"Topotype", N1377, PEL 2422/26, proximal view, X 12325. 
49-"Topotype?", N1377, PEL 2422/25, proximal view, X 12325. 
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TYPE LEVEL: Lower part of the Hampden Formation, immediately above the basal 
greensand. Within the early Bortonian (Ledian?-Wemmelian?) Reticulofenestra 
hampdenensis Zone of Edwards (1971) and the Globigerapsis index index Zone of 
Jenkins (1966). 
REMARKS: The specimens illustrated in this paper aJ R. hampdenensis 
appear, at first glance to represent more than one species, but light micro-
scopic identification of many tens of thousands of specimens and, more re-
cently, close examination of numerous electron micrographs have not revealed 
criteria allowing a "natural" subdivision. The writer has, therefore, accepted 
a broad species concept which may be tested when electron micrographs of 
coccospheres become available. However, the observed variation could also 
reflect other factors such as continuous variation within a population. No 
central area plugs have been observed in this species. 

Other species of Retieulojenestra sensu emend recognised in the type sample 
of R. hampdenensis are: 
(1) R. dietyoda (Deflandre & Fert) Stradner. Similar (Fig. 70-74 and 84-
85) in size (4-6 {Lm), general proximal appearance and segment numbers 
per cycle (about 40-60) to R. hampdenensis but with a noticeably smaller 
and more irregularly constructed grille. Identification based on comparison 
with Donzacq topotypes. 
(2) R. plaemnorpha (Kamptner) Stradner (the R. umbiliea (Levin) Mar-
tini & Ritzkowski of most authors). This species (Fig. 75-81 and 86-88) 
also has a sinistrally imbricated tube but is larger (8-13 {Lm in N1377), has 
about 60 to 100 segments per cycle and a highly regular reticulate grille. 

The writer is certain that the type specimens of R. hampdenensis do not 
include specimens of these other species. 

From the details given in the latter part of the species description it can 
be deduced that the shields of R. hampdenensis are constructed of strongly 
modified rhombs which grew sub-radially by laminar accretion with the 
c-axis running diagonally between two opposing hypothetical corners. This 
may well prove to be a family characteristic since similar but not identical 
features are also observable on R. biseeta (see Stradner & Edwards 1968, 
pi. 21, recorded as R. plaeomorpha), R. dietyoda (see Fig. 84) and R. 
plaeomorpha (see Fig. 86). 

FIG. 50-81-( Opposite). 
FIG. 5O-69-Reticulofenestra hampdenensis Edwards n.sp. 

50-53-Holotype, TN1002/1, distal views. 
54-57-Paratype, TN1002/2, distal views. 
58-61-Paratype, TN1002/4, distal views. 
62-65-Paratype (Au coated), TN1002/7, distal views. 
66-69-Paratype (Au coated), TN1002/9, distal views. 

FIG. 7o-74--Reticulofenestra dictyoda (Deflandre & Fert) Stradner. Hypotype (Au 
coated), N1377/2, 101/145, distal views. 

FIG. 75-81-Reticulofenestra placomorpha (Kamptner) Stradner. 
75-77-Hypotype (Au coated), N1377/2, 091/100, distal views. 
78-81-Hypotype, N1377/1, 089/180, distal 

All figures X 2500 photomicrographs taken under dark field (column A), bright 
field (column B), cross-polarised, long axis = 0 0 (column C), and cross-polarised, 
long axis = 45 0 (column D) conditions. 
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DISTRIBUTION: In the Hampden Beach section this species occurs in sample 
S146/f734-f722 from all but the basalmost part of the c.250 ft (c.75 m) thick Hamp-
den Formation (provisional standard Bartonian) and it also occurs in the Waiareka 
Volcanic Formation and underlying unnamed mudstone (both Kaiatan) of nearby 
Lookout Bluff. Other important records, all Kaiatan in age, are from marine band 
between coal beds in the Brunner Coal Measures of Fletcher Creek, the upper 
part of the Island Sandstone and overlying basal Kaiata Mudstone of the coastal 
section south of Ten Mile Creek mouth, the lower part (as exposed) of the Kaiata 
Mudstone in the Port Elizabeth section, the upper c.2,500 ft (c.760 m) of the c.4 000 ft 
(c.1,200m) thick Kaiata Mudstone of Kaiata Creek and all but the upper 20ft (6m) 
of the 100 ft plus (30 m plus) Burnside Mudstone at Burnside Quarry. 
KNOWN BIOSTRATIGRAPHIC RANGE: Reticulofenestra hampdenensis interval of New 
Zealand (datum levels 38 and 49 of Hornibrook & Edwards 1971), i.e., within 
the Reticulofenestra hampdenensis, Discoaster distinctus. Discoaster tani nodifer, 
Reticulofenestra bisecfta, Chiasmolithtts oamaruensis and Isthmolithus recurvus Zones 
of Edwards (1971) and the Globigerapsis index index, Globorotalia inconspicua 
inconspicua and Globigerina linaperta Zones Gf Jenkins (1966). 
KNOWN CHRONOSTRATIGRAPHIC RANGE: Early (not earliest) Bortonian.(? Ledian-
Wemmelian, i.e., about late middle Eocene) to late (not latest) Kaiatan (? early 
Priabonian, i.e., mid upper Eocene). 

TAXONOMIC NOTE 

Prinsius martinii (Perch -Nielsen) Haq Fig, 83. 

1969 Ericsonia? martinii Perch-Nielsen, Neues Jahrbuch Geologie Palaontologie, 
Abhandlungen 132 (3): 324-325, pI. 2, fig. 3b, 5-7, text fig. 2. 

1972 Prinsius martinii (Perch-Nielsen) Haq, 1972, Stockholm Contributions in 
Geology 25: 18. 

REMARKS: Coccolithus bisulcus sensu Edwards (1967, fig. 3 and 6), not 
Stradner, in Gohrbandt (1963, pp. 72-73, pI. 8, fig 3-6), is here placed 
into synonymy with P. martinii. 
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FIG. 82-88-(Opposite). 
FIG. 82-Hornibrookina sp. "Specimen", N1300 (N150/fl116, Discoaster mediosus 

Zone, Te Uri Stream). PEL 2293/10, oblique distal view, X 14250. 
FIG. 83-Prinsius martinii (Perch-Nielsen) Haq "Hypotype", N1425 (N150/f1151, 

Discoaster multiradiatus Zone, Te Uri Stream), PEL 2291/29, distal view, X 9500. 
FIG. 84, 85-Reticulofenestra dictyoda (Deflandre & Fert) Stradner. 

84-PEL 2421/12 (Fig. 85) enlarged to demonstrate ultra-structural detail, 
X 19000. 

85-"Hypotype", N1377, PEL 2421/12, proximal view, X 9500. 
FIG. 86--88-Reticulofenestra placomorpha (Kamptner) Stradner. 

86-PEL 2422/18 (Fig. 88) enlarged to demonstrate ultra-structural detail 
X 11500. 

87-"Hypotype", N1377, PEL 2422/31, distal view, X 5750. 
88-"Hypotype", N1377, PEL 2422/18, proximal view, X 5750. 
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