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SUMMARY

The book provides a new overview of the Cenozoic molluscan fauna of New Zealand, including a large
number of previously unrecorded taxa, in a much fuller synthesis than anything attempted previously.
Four introductory chapters review the history of the description of the fauna, introduce molluscan
paleoecology, tabulate the time ranges of the most biostratigraphically useful taxa (both genera and species),
and provide an illustrated glossary. :

Most of the book is taken up with an extensive new description of the fauna, arranged in 12 chapters,
subdivided by age— from Early Paleocene to mid-late Pleistocene. In these 12 chapters, 550 species are
described in detail, with discussions of related taxa and of their utility in biostratigraphy and paleoecology;
all are illustrated in 49 plates of 720 new drawings by Ron Brazier. Chapter 17 introduces the huge topic
of “micromolluscs”, describing 43 genera as examples of New Zealand’s extensive fauna of molluscs with
shells less than 10 mm across, and illustrates all 43 genera in eight plates of new scanning electron
micrographs. The faunal description is followed by (1) an extensively updated checklist of all Cenozoic
Mollusca recorded from New Zealand (about 3200 species), and (2) a comprehensive bibliography of about
1060 publications on New Zealand Ceiozoic Mollusca.

Three species are renamed because of homonymy. Six genus-group names and 85 species-group names
are synonymised with earlier names, and 216 species are listed in new combinations (nof including those
resulting from changes in the rank of genus-group names).
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DEDICATION

SIR CHARLES ALEXANDER FLEMING, KBE, FRS

Charles Fleming —some field snapshots.

Top Left: Charles (left) at Castlecliff, Wanganui, with Jack Marwick
(centre) and Baden Powell, March 1945, during field work for Wanganui
bulletin (photo: A.C. Beck).

Top right: With a newly collected Castlecliffian fossil Pecten
novaezelandiae at the mouth of Ohinekoao Stream, Matata, Bay of
Plenty, March 1984 (photo: B.W. Hayward).

Bottom left: At the “fossil forest” c. 800 m upstream from the mouth
of Waitotara River, west of Wanganui, February 1957 (see Fleming 1957,
N.Z. Journal Sci. Technol. B38, p. 726; the stumps are dated at 1000

The relatively advanced state of knowledge of the New
Zealand Cenozoic molluscan fauna is due to devoted
study by many scientists over almost 125 years. Chief

years old by C14) (photo: N. de B. Hornibrook).

Bottom centre: A camp breakfast on Urupukapuka Island, Bay of
Islands, on an Offshore Islands Research Group trip, January 1980
(photo: B.W. Hayward).

Bottom right: At the Earthquakes, Duntroon, Waitaki Valley, 1947;
bored disconformity between Whaingaroan Earthquakes Marl and
Duntroonian Kokoamu Greensand (the “Marshall paraconformity”) at
knee height. (photo: J. Marwick).

among these were six people whose life work advanced
the subject very greatly. The first was Frederick Wollaston
Hutton (1836-1905), the early describer of many of the



more common species. The next was Henry Suter
(1841-1918), who described further species and pointed
out the relationships and status of many of Hutton’s
species. It was not until foraminiferal biostratigraphy
enabled the unravelling of Cenozoic stratigraphy and until
the distinctiveness of many New Zealand Mollusca was
demonstrated by John Marwick (1891-1978), Harold
John Finlay (1901-1951) and Arthur William Baden
Powell (1901-1987) that the diversity and complex
relationships of the fauna were realised; the approach to
a modern taxonomy had begun. ;

To Charles Fleming, the sixth of these major students
of the fauna, fell the role of modern synthesiser who
began the job of reinterpreting the fauna in terms of
modern evolutionary biology, as well as filling an
important role in making others aware of the way the
molluscan fauna fits in with changes in geography and
in the rest of the biota. Charles was our mentor in
Cenozoic Mollusca for more than 20 years. His great
interest in the early history of the science, his intense
interest in the evolution, ecology and biogeography of
New Zealand Mollusca (as well as of so many other
groups), and his ever-bubbling enthusiasm for new ideas
were always a great inspiration. Other important
contributions to the present book, rather more in the

background, were his most generous acquisition of many
rare early books on Mollusca for the Geological Survey
library (making accurate taxonomic studies much easier,
as well as greatly helping the compilation of our
bibliography), his preparation of the inspirational
predecessor to this book (Fleming 1966b) and, above all,
his very influential, long-continued patronage of broad,
liberal, taxonomy-based paleontology in the New Zealand
Geological Survey. .

This book was well advanced when Charles died
suddenly on 11 September 1987, two days after his 71st
birthday, and after the publication of his Geological
Survey Paleontological Bulletin on New Zealand
Mesozoic Trigoniacea. He had been as pleased as we were
to see (earlier in the year) the completed plates of Ron
Brazier’s beautiful drawings and to know we intended to
dedicate this book to him. It is a most fitting tribute to
the leading synthesiser of the history of the New Zealand
biota that we dedicate this book to Charles Fleming. For
more information on Charles’ life and work, see the
historical introduction (below), and the obituary by
Hornibrook et al. (1988).

Alan Beu
Phillip Maxwell



CHAPTER 1.

Fossil shells that lived during the Cenozoic Era (roughly
the last 66 million years) are widespread and abundant
in most lowland areas of New Zealand, their enclosing
sedimentary rocks having been eroded off most
mountainous areas during the relatively recent uplift of
the mountains. The larger fossils can be collected easily
at most localities with a geological hammer, an ordinary
hammer and screwdriver or chisel or even, in many
Pleistocene rocks (deposited during the last 1.6 million
years), picked out with a pocket knife or fingers. Smaller
shells can be collected by sieving shelly matrix, preferably
under running water, although most require a microscope
for adequate identification (see the section on
“micromolluscs”, below). If they are extracted carefully
from the rock, most specimens should be complete
enough to be compared with the shells found now on New
Zealand beaches, living on intertidal rocks, or dredged
on the continental shelf. Such a comparison illustrates
several interesting aspects of fossil shells:

(1) the vast majority of fossil species are not the same
as living species, and not all living species are known
fossil. A long history (nearly 125 years) of study of
fossil molluscs in New Zealand has demonstrated
that, as everywhere else overseas, fossils become
more and more different from the living fauna and
flora as we go back in geological time. This is one
of the many lines of evidence for evolution. It also
leads to the use of fossils in biostratigraphy — dating
of rocks by the different suites of fossils they contain
(see section on “molluscan biostratigraphy,” below).

(2) Most geological units (one bed of rock, or a single
small lens within a bed) contain fossils that, by
comparison with modern shells, we can tell lived
in some particular environment, for example a few
metres of water off a sandy ocean beach, or in
80-100 m of water on the continental shelf well away
from land. A few formations (mostly beach
deposits) contain shells from a mixture of
environments. The determination of the
environments in which fossils lived, one aspect of
the study of paleoecology (paleoenvironmental
analysis), is very useful for understanding the
situations in which rocks were deposited, an
important aspect of geological history (see section
on “molluscan paleoecology”, below).

(3) Perhaps the most valuable in the long term is the
light all these studies cast on the different influences
(evolution, dispersal, and extinction) that have
produced the modern New Zealand molluscan
fauna.

Fossils -are particularly common in the main Cenozoic
basins of New Zealand: Taranaki— Wanganui, the North
Island east coast from East Cape to Palliser Bay, the
South Island east coast and southern lowlands from
Marlborough to Te Waewae Bay, the South Island west
coast, and the Chatham Islands. Smaller areas of
fossiliferous Cenozoic rocks occur in many other areas,
too, particularly in Northland and Auckland.

This book attempts to provide an introduction to and
overview of the New Zealand Cenozoic molluscan fauna
for all who are interested, from amateur natural

INTRODUCTION

historians to field geologists and advanced students of
paleontology. The only previous similar book,
“Marwick’s illustrations of New Zealand shells” (Fleming
1966b), is out of print, and was illustrated with the
drawings that Dr John Marwick used in his many
scientific papers between 1923 and 1965. As Marwick
described many uncommon species from remote areas,
and only in some monographic revisions (of Glycymeris,
Struthiolariidae, Naticidae, Volutidae, Veneridae,
Pectinidae, Notocallista, Cardiidae and - Turritellidae)
illustrated species that had been named by earlier authors,
the illustrations in Fleming (1966b) do not include most
of the common Cenozoic Mollusca that collectors will
recognise at most of the classical fossil localities. This
book sets out, then, to convey more of the general nature
of the New Zealand molluscan fauna than the earlier
book could.

_ The great strength of this book is the 49 plates of more
than 730 beautiful, scientifically accurate drawings by
Ron Brazier, paleontological artist in New Zealand
Geological Survey. Ron commenced the drawings in July
1975, and continued work on them between other projects
(occupying about two thirds of Ron’s time) for nearly 12
years, until March 1987. They were drawn on “stipple
board” (card with a reticulate or dimpled surface), using
a wall projector (“epidiascope”) for larger specimens and
a camera lucida for smaller ones. Details were then drawn
in carefully with a pale pencil, using a microscope for
accurate examination of sculpture of at least half the
specimens, before finishing with a heavy black EE pencil.
To make the drawings more useful, we have included a
description of each illustrated species, with comparisons
with many of the other listed but unillustrated species.
We have also included a rather full illustrated glossary,
so that the descriptions can be understood by readers not
familiar with the special terms used for Mollusca. The
550 species selected for illustration (nearly half with more
than one view) are noteworthy for their abundance,
biostratigraphic utility, biogeographic or evolutionary
significance, or previously unrecognised occurrence in the
fauna. Some were included because they are spectacular,
attractive members of the fauna, even though in some
cases they are relatively uncommon fossils. In most cases,
the descriptions are followed by notes on the
biostratigraphic and/or paleoecological usefulness of
each species, as we are sure this will increase the value
of the text to many readers. We have illustrated the
holotype or a paratype of the species wherever it was
available, unless a more complete specimen characterised
the species more fully. To compile the descriptive text we
have had, in many cases, to revise previously accepted
taxonomic ideas quite substantially. This part of the book
represents a digestion of our accumulated knowledge of
the New Zealand fauna, and we hope it will prove to be
an important aspect of the book.

We have also included a checklist of all the Mollusca
recorded as Cenozoic fossils in New Zealand, updated
as fully as possible from that included by Fleming
(1966b). The list takes account of all the changes in
molluscan classification proposed between 1965 and
mid-1988, as well as our own conclusions on the
relationships and generic or specific synonymies of many
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taxa. The bibliography included is also fuller than that
included by Fleming (1966b) as, not only have we listed
many papers published outside New Zealand that affect
the names of New Zealand fossils, but also we have tried
to make it more complete by including all those pre-1851
references that Fleming (1966b) excluded, as being
accessible in Sherborn’s “Index Animalium”. “Index
Animalium” is available in only a few large libraries, and
we felt inclusion of the early references would be helpful.

Fleming (1966b) noted that the only earlier list of
Cenozoic Mollusca, Suter’s (1918) “Alphabetical List”,
contained 799 species, whereas Fleming’s included 2915
species and subspecies. Whereas the actual number of
listed species and subspecies has increased only slightly,
to 3139, we have synonymised numerous names in this
work, and we do not include in our list the terrestrial
pulmonate gastropods recorded as fossils, although these
were included by Fleming (1966b); Dr F.M. Climo
(National Museum) has informed us that the names of
pulmonate snails are in too great a state of flux to be listed
meaningfully at present. Also, our studies of undescribed
(mostly Miocene and Paleogene) faunas demonstrate that
an appreciable percentage of the fauna remains
undescribed. We estimate the total known Cenozoic
molluscan fauna of New Zealand to be between 4000 and
5000 species. This relatively high diversity is attributable
to the large variety of depositional environments
represented in the rocks deposited during most of
Cenozoic time in New Zealand, as a consequence of New
Zealand’s position astride the Indian-Australian/Pacific
plate boundary. Two periods that seem to be at least mild

exceptions to the general rule of high molluscan diversity
are (1) the Late Paleocene to early Middle Eocene period,
and (2) the Whaingaroan Stage (Early-mid Oligocene).
A relatively few faunules of Late Paleocene. to early
Middle Eocene age are now known in New Zealand, but
the poor record of Mollusca for this period seems to be
a feature of the circum-Pacific region.

Accumulation of knowledge of this large fauna, its
paleoecological and biostratigraphical implications, and
its relevance to understanding the origins of the New
Zealand modern fauna, have been the work of many
scientists over nearly 125 years. The history of the
description of the fauna has been reviewed by Fleming
(1965) and the present state of knowledge has been
reviewed by Maxwell (1983); a summary of the history
of the description of the fauna is presented below. The
major workers who advanced the science to its present
level were F. W. Hutton, H. Suter, P. Marshall, R.
Murdoch, H. J. Finlay, C. R. Laws, A. W. B. Powell,
J. Marwick, R. K. Dell and C. A. Fleming. All students
of New Zealand Cenozoic geology are indebted to these
patient, careful earlier workers for their long-continued
enthusiasm for purely scientific, unglamorous research,
and their excitement at the simple discovery of new shells
and new ideas on origins and biogeography. Their work
gradually led to the sorting out of dissimilar faunas in
different biogeographic regions within New Zealand into
a single stratigraphic sequence, allowing an ever more
complete biostratigraphic framework for the

‘comprehension of faunal and geological history.

Although Mollusca and Brachiopoda were the obvious,



.abundant fossils that formed the basis of early studies

of New Zealand Cenozoic geology, the determination of
-the relative ages of many (particularly Eocene to Miocene)
faunas was not possible before the advent of H. J.
.Finlay’s fundamental papers on New Zealand
foraminiferal biostratigraphy. Readers are particularly
recommended the two classical benchmark papers
combining Finlay’s foraminiferal biostratigraphy and
‘Marwick’s molluscan biostratigraphy (Finlay and
Marwick 1940, 1947) in which the sequence of New
Zealand stages and their faunas was clarified to such an
extent that it has served as a standard (with only relatively
minor changes) ever since.

In the introductions, below, to each age period, we
have included maps showing the general location of the
main localities of that age. We have carefully not included
detailed information on most localities, although some
(such as the internationally important Castlecliff section,
west of Wanganui) are so richly diverse and so well known
that suppressing their whereabouts would be pointless,
and in any case inexhaustible material lies there for all
to collect. The conservation of some of the older localities
and some as yet undescribed is important, and collectors
are urged to collect specimens carefully, and to leave
much for those who will follow. Amateur collectors who
find fossils they cannot identify, or particularly
spectacular examples of some of the shells in this book,
are urged to show them to staff in university geology
departments or DSIR (particularly Geological Survey
branches in Auckland, Rotorua, Nelson, Christchurch
and Dunedin, or the authors of this book, in Lower
Hutt). Freedom with information and generosity with
scientifically valuable specimens will ensure a good
relationship with scientists in this field, leading to a
corresponding freedom with information to collectors on
good localities and faunas, and in general to the kind of
promotion of our science that is beneficial to all who are
genuinely interested.

General subjects such as the composition of the
Phylum Mollusca and full descriptions of New Zealand
living shells (and all ‘those common Pliocene and
Pleistocene fossils that also occur in the living fauna) are
covered by other books, notably Powell’s (1979) “New
Zealand Mollusca”. ' We have concentrated here on an
overview of the New Zealand Cenozoic molluscan fauna,
the provision of a checklist and bibliography for access
to all the taxa (more than 80% of the fauna) we don’t
have room to illustrate, and an illustrated glossary.

‘A SUMMARY OF THE ORIGINS OF
NEW ZEALAND’S CENOZOIC
MOLLUSCAN FAUNA

The highly diverse and unusual present-day molluscan
fauna of New Zealand has developed gradually
throughout Late Cretaceous and Cenozoic time (the last
100 m.y.), partly from an original Gondwanan fauna, but
largely through the immigration of genera from
elsewhere, and their subsequent evolution in New
Zealand. The Cenozoic fossil record demonstrates that
many other molluscan genera reached New Zealand, but
became extinct in the region and so do not appear in the
modern fauna. The long-continued, and still continuing,
processes of immigration, evolution and extinction have

produced a long series of distinct faunas throughout
Cenozoic time. Most distinct faunas correspond, at least
in part, to recognised stages or groups of stages. Figs.
1 and 2 are tables of the stage and series divisions of
Cenozoic time recognised in New Zealand, with their
equivalent European divisions (recognised as the
international standard sequence of divisions), their
approximate absolute ages in years, and their abbreviated
symbols. The symbols down the right-hand columns of
Figs. 1 and 2 are used in the checklist and range charts
(Figs. 5-8), to indicate the time ranges of each species.

We must emphasise that the plates were arranged and
the text compiled using as a time-scale Stevens’ (1981)
Geological Society of NZ wall chart, with amendments
from A.R. Edwards (NZGS; pers. comm.) and Beu et
al. (1987). Figs 1 and 2 follow the latest NZGS time scale
compiled for the Cretaceous-Cenozoic Project (Edwards
et al. 1988).

Fleming (1963) has discussed the biogeographic
elements in our fauna, and has provided (Fleming 1962c,
1975, 1679) very readable accounts of the origins of much
of the present fauna and flora. Some Cenozoic Mollusca
are thought to be survivors from Cretaceous or earlier
faunas of Gondwana (the paleoaustral element; includes
Neilo, perhaps Cucullaea, Pinna, Isognomon, Acesta,
Limatula, Zenatia, Panopea, and Crepidula, probably
most or all archaeogastropods (as very few of these have
planktonic larvae), the Struthiolariidae, but probably
relatively few other molluscs), and in our opinion it is
likely that a considerable proportion of the Cenozoic and
Recent molluscan fauna of New Zealand arrived here as
planktonic larvae in ocean currents. There are clearly
problems with assuming this origin for taxa that have a
demonstrated brief larval life, insufficiently long for the
genus or species to have crossed oceans, and the lack of
preservation of shallow-water rocks that were deposited
during early Cenozoic time (Paleocene to early Middle
Eocene) has certainly masked a more diverse early fauna
or very early arrivals for which there is no evidence.
Nevertheless, many Cenozoic Mollusca appear to have
arrived as larvae from nearby areas of the Pacific and
from eastern Australia, still a source of larvae in the case
of such modern trans-Tasman Sea species as Semicassis
pyrum, Cabestana spengleri, Agnewia tritoniformis, Sassia
parkinsonia, Argobuccinum pustulosum tumidum, Tonna
cerevisina, and many others. Apparent influxes of warm-
water taxa were particularly prominent during the Otaian
and Altonian stages, leading up to and during the late
Early Miocene-early Middle Miocene thermal maximum.
From latest Miocene time onwards, the inception of West
Antarctic glaciation and consequent enhancement of the
circulation of cold water around Antarctica in the circum-
polar current have brought to our shores a significant
cool-water, circum-subantarctic faunal element, called by
Fleming (1963) the neoaustral element, which includes
many molluscs that are very familiar in the modern fauna,
such as Mytilus edulis, Aulacomya ater, Tiostrea chilensis,
Chlamys patagonica, Argobuccinum pustulosum,
Semicassis pyrum, and many -others.

We see then, a mixture of origins for the New Zealand
molluscan fauna. There were three main periods when long-
ranging, mid-Cenozoic to late Cenozoic or Recent genera
seem to have arrived here (remembering again the proviso
about the rarity of preservation of shallow-water facies):
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(1) Bortonian (late Middle Eocene);

(2) Duntroonian (Oligocene); and

(3) Kapitean (latest Miocene) to the present day, a
smaller Neoaustral element.

A further period during the Early Miocene (Otaian and
Altonian stages) saw the apparent influx of a large
number of genera from warmer areas, but the subsequent
progressive extinction of this warm-water element has
been one of the most obvious features of our Late
Miocene to Pleistocene faunal history. The Neogene
history of the New Zealand molluscan fauna has
therefore, involved the interplay of three factors:

(1) The gradual step-wise extinction of warm-water
taxa (Beu 1987b);

(2) the evolution of many long lineages, culmmatmg
in characteristic Pliocene or Pleistocene to living
species of the New Zealand region, such as
Struthiolaria papulosa, Zeacolpus vittatus and
Austrofusus glans (many of these taxa expanded and

contracted their ranges as temperatures rose and fell
during the Cenozoic); and

(3) the dispersal of many taxa to New Zealand as
planktonic larvae in ocean currents.

The relatively complete Neogene fossil record makes it
certain that frequent arrival as widely dispersed
planktonic larvae has been a significant factor in New
Zealand marine molluscan biogeography. That it

continues to be at present is shown by the recent sudden

appearance and dramatic blooming in New Zealand of
Crassostrea gigas (Thunberg) (although this edible oyster
was possibly introduced accidentally by man) and Limaria
orientalis. These two bivalve species were not recorded
in the New Zealand modern fauna before - about
1968-1970, although L. orientalis appears to have
expanded and contracted its larval range, and so appeared
on and disappeared from the local scene, many times
throughout Duntroonian and Neogene time (Beu 1977¢).
Many marine invertebrates have long-lived planktonic
larvae, which they have evolved as a dispersive phase in
their life cycles (to be distinguished from the adult
reproductive phase), and it seems hardly surprising that
arrival as larvae should be a marked biogeographic factor
in an oceanic archipelago such as New Zealand.

DESCRIPTION OF THE NEW ZEALAND
CENOZOIC MOLLUSCAN FAUNA:
A BRIEF HISTORY

The history of the description of the New Zealand
Cenozoic molluscan fauna has been described in some

detail, with copies of many early illustrations of fossils,

by Fleming (1965). This short account is based on
Fleming’s longer -one.

The description of the Cenozoic molluscan fauna is
inextricably bound up with that of the Recent fauna, as
so many scientists have worked in both fields, and as so
many species still living around New Zealand occur fossil
in Pliocene and Pleistocene rocks. Quite a number of
extant species are known fossil in Miocene rocks, and a
very few even in late Paleogene or earliest Miocene rocks
(Duntroonian-Waitakian: Chlamys cf. gemmulata,
Anomia trigonopsis, Limaria orientalis, Dosinia lambata,
Cleidothaerus albidus, and possibly Mesopeplum burnetti

(= convexum?) and Acesta levitesta; interestingly, all are
bivalves; perhaps all are examples of the lack of criteria
making taxonomic discrimination difficult). Fleming
(1965) included quite a detailed history of the early
description of the living molluscan fauna of New
Zealand, but we will concentrate here largely on the
history of the Cenozoic fossils. It is sufficient to mention
that a few living species that occur fossil were named in
the first work recognised in nomenclature as a valid
zoological publication (Linné 1758) and a few other
species (most probably originating from Cook’s voyages)
found their way into other well-known early zoological
works (eg, Martyn 1784; Lightfoot 1786; Gmelin 1791;
Ro6ding 1798; Lamarck 1816, 1819, 1822). More frequent
exploration and the colonisation of New Zealand
gradually led to more and more modern molluscs from
New Zealand being named in Europe. From the 1840s
on, colonisation and the exploration of the interior of
New Zealand began to bring to light the fossil shells we
now realise are so widespread. The earliest. Igcm‘d of
which we are aware of fossils from New Zealand (other
than moas) is by the German explorer-geographer Ernst
Dieffenbach (1841) who, in an account of a visit to the
Chatham Islands, recorded the presence of fossils. He
described in some detail a stratigraphic sequence on the -
north coast of Chatham Island, clearly that along the
beach to the east of Tioriori. Part of his descnptlon reads

“the lowermost of the horizontal strata 1s, for about
a mile [1.6 km], a dark green friable sand [Tutuiri
Greensand; Teurian-Waipawan, Paleocene] Over this,
about 3 feet [one metre] above the level of the sea,
there is a horizontal bed, from % a foot to a foot
[15-30 cm] thick, of broken rdecomposed shells of the
nautilus and oyster tribe”.

He goes on to describe a complex alternatlon of TlOl‘lOl'l
Greensand with Tumaio Limestone (Campbell et al.

1988), apparently not exposed during this.century, and
the overlying thick deposit of peat. The “oyster” is clearly
Pycnodonte . (Notostrea) tarda which is abundant at
Tioriori, but nautiloids have not been recollected here.
Other fossils collected in New Zealand by Dieffénbach,
and by Dr Andrew Sinclair, a medical doctor interested
in botany and shells, were reported on by J. E. Gray
(Keeper of Zoology, British Museum (Natural History))
in his survey of the Mollusca known from New Zealand
(Gray 1843, p. 258; p. 296). These included an interesting
record of turritellids in a conglomerate, collected by
Sinclair at Parengarenga Harbour in the far north of the
North Island, a remote locality that has only come to the
attention of paleontologists again during the last 30 years.
Other material included: a- variety..of species from the
Kapitean exposures: near-East. Cape; oysters, a

" brachiopod, a spatangoid-echinoid; and (presumbly)
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Lentipecten hochstetteri from Kawhia and Whaingaroa,
south-west Auckland; and “Gryphaea” (presumably the
Pycnodonte tarda collected by Dieffenbach) from the
Chatham Islands.

The next early report was by Gldeon Mantell (1850)
(well-known English author-of “Fossils of the South
Downs”, etc.) who reported identifications by Gray and
by the neontologist Lovell Reeve of fossil shells sent by
his son Walter Mantell; a New Zealand Company colotist
and later member of the New Zealand parllament



Mantell’s paper (1850) included the first illustrations of
New Zealand fossils (Fleming 1965, fig. 6): Zeacolpus
vittatus and Stiracolpus delli from Wanganui, and
Dentalium centenniale from Hampden Beach, Otago.
The detailed bibliography of New Zealand
paleontology by Thomson (1913, p. 51-75; covering
1841-1912) lists several minor papers mentioning New
Zealand fossils between 1845 and 1863. The highlight of
New Zealand Cenozoic molluscan paleontology before
New Zealand residents began systematic study, though,
was the monograph by Zittel (1864) of the collections
made by Ferdinand von Hochstetter during the visit of
the “Novara”, published lavishly in the “Novara”
Expedition reports, with seven large quarto lithographic
plates of Cenozoic Mollusca and echinoids. Common,
well known species named by Zittel (1864) include
Athlopecten athleta, Lentipecten hochstetteri,
Phialopecten triphooki, Crenostrea wuellerstorfi,
Eucrassatella -ampla, Pelicaria canaliculata, and
Cirsotrema lyratum. The collections were made mainly
at Whaingaroa Harbour, south-west Auckland
(Duntroonian-Waitakian), Awatere Valley, Marlborough
(Kapitean-Waipipian), and The Cliffs, Nelson
(Whaingaroan). This excellent work marks the beginning
of the scientific study of New Zealand Cenozoic molluscs,
nearly 125 years ago. Fleming (1959¢) published extracts
from Sir David Monro’s diary about Hochstetter’s visit
to Nelson, with useful accounts of people who were the
source of Hochstetter’s fossils, and consequently of
Zittel’s species names {(e.g., Robinson; Fleming 1959¢,
p. 958, footnote). ,
Hochstetter’s regional geological surveys,.carried out
during and after the “Novara” Expedition visit, for the
provincial governments of Auckland and Nelson, that
broyght to light the fossils reported on by Zittel (1864),
showed the value of geological exploration of New
Zealand for the discovery of coal and other economic
minerals needed by the young country. With the discovery
of gold in Otago, geological interest became intense,
culminating in the national government establishing the
Colonial Museum and Geological Survey Department in
1865, with its first director Dr (later Sir James) Hector.
(This first scientific establishment in New Zealand later
gave rise to many of the existing government scientific
organisations: Geological Survey, Chemistry Division and
Geophysics Division in DSIR, and the National Museum).
Hector early realised the importance of determining the
ages of New Zealand rocks by the development of a local
biostratigraphy based on New Zealand fossils, and soon
employed Alexander McKay (a Scottish former
stonemason) as a fossil collector, and later as the most
valuable and insightful of New Zealand’s early geologists.
Hector also'employed a draughtsman, John Buchanan,
who began illustrating the burgeoning fossil collections
(some examples were published by Fleming 1965, fig. 8),
but Hector’s plans to publish on fossils were soon
swamped in other work. Only the four drawings in the
“Outline of New Zealand geology” (Hector 1886) ever saw
the light of day (Fleming 1965, fig. 9). These species are
now known as Chama huttoni, Hedecardium brunneri,
Struthiolaria spinosa, and Echinophoria pollens (Finlay)
(Hector’s name Cassis muricata being preoccupied).
Buchanan’s two large foolscap folios of drawings are still
held in the Geological Survey library. :

Hector’s next project on natural history was much more
fruitful. In 1870 he employed Frederick Wollaston
Hutton, a retired British Army Captain with training in
geology, initially as a geologist but later to study New
Zealand fossil and living Mollusca. Hutton published his
two most important works in 1873, the “Catalogue of
marine Mollusca” (Hutton 1873a) and the “Catalogue of
Tertiary Mollusca and Echinodermata” (Hutton 1873b).
These fundamental works, though brief, not illustrated
(except for one plate in the “Catalogue of marine
Mollusca”) and plagued by homonyms and incorrect
usages of overseas names that saw many of Hutton’s
names changed subsequently, form the foundation of the
local study of Cenozoic and living Mollusca.

Boreham (1965) provided a valuable modern
interpretation and reillustration of Hutton’s (1873b)
Cenozoic bivalve types, but a similar study is still needed
for many of his gastropods. In 1873 Hutton left the
Geological Survey (presumably because of difficulties with
the autocratic Hector) to work as provincial geologist in
Otago and curator of the Otago Museum, and later
Canterbury Museum, where he devoted a long career
(until his death in 1905) to the study of New Zealand
zoology and paleontology. He described many of the
more common Cenozoic Mollusca in his main works
(Hutton 1873b, 1877b, 1885a, 1886a, 1893) and in several
shorter papers, and will always be remembered as the
founder of New Zealand Cenozoic molluscan
paleontology.

The early collections dating from Dieffenbach’s day and
later presentations by New Zealand residents, as well as
the purchase of collections, brought a useful collection
of New Zealand Cenozoic Mollusca together in the British
Museum (Natural History). Harris (1897) described the
collections of Australasian Cenozoic Mollusca in a
valuable, detailed monograph, with accurate illustrations,
far ahead of anything being produced in New Zealand
at the time. This was, though, the last significant overseas
contribution to New Zealand Cenozoic molluscan studies.

The reorganisation of the Geological Survey under
J. M. Bell in 1905 led to renewed realisation of the
importance of a local biostratigraphy. The brilliant
J. Allan Thomson, newly returned from Britain where
he was New Zealand’s first Rhodes Scholar, was
appointed as the first official paleontologist in 1911. He
proceeded to prepare, in NZGS Paleontological Bulletin
1, a very useful overview of the state of New Zealand
paleontology at that time, with a list of fossil localities
and a bibliography (Thomson 1913). He soon realised the
importance of Mollusca being studied by a taxonomist
with more specialised knowledge than his own. Thomson
moved on to become director of the Colonial (later
Dominion, now National) Museum, where he published
a series of very important works on brachiopods. Apart
from these, he realised relatively little of his potential
because of years of struggle against tuberculosis, and an

-early death.
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Henry Suter was a Swiss amateur malacologist who
emigrated to the goldfields of Preservation Inlet and later
took up land in the infamous “40-mile bush” in northern
Wairarapa. He maintained his interest in Mollusca in his
adopted land, publishing a series of small papers on land
and marine Mollusca. After about 20 years here, he was
commissioned by the government to write a “Manual of



the New Zealand Mollusca” (Suter 1913), the single most
important work ever published on our Mollusca. This
enormous task (considering the scarcity of library
resources then, so far from northern hemisphere centres
of learning) was accomplished magnificently, and this
magnum opus is a lasting monument to Suter’s knowledge
and perseverance. It had an enormous, unforseen
influence on New Zealand and Australian molluscan
taxonomy for the next 40 years, as it built on the most
recent works of the northern hemisphere “giants” of the
subject such as W. H. Dall, H. A. Pilsbry and E. A.
Smith, and therefore suddenly projected New Zealand
taxonomy to the highest levels then reached. Landmark
papers (Iredale 1915; Finlay 1926¢) that, in turn, built
upon Suter’s “Manual” to update the nomenclature and
name many distinctive new genera and species, brought
the subject up to date and formed an excellent basis for
the work carried out during the middle part of this
century.

These three works on Recent Mollusca had, of course,
an equally profound affect on Cenozoic Mollusca.
Following completion of his “Manual”, Suter was
employed by the Geological Survey to study Cenozoic
Mollusca, and produced four of the early NZGS
Paleontological Bulletins (Suter 1914, 1915, 1917, 1921),
along with several smaller papers on Cenozoic Mollusca.
However, the work on fossils did not produce the
revolution that his “Manual” did — his eye-sight began to
fail in his later years, his identifications became suspect,
and the value of his later work tapered off.

Meanwhile, the two leading New Zealand molluscan
paleontologists of the early half of the 20th century were
at Otago University College, and in 1923 both began to
publish, building strongly on Suter’s and -earlier
paleontologists’ foundations. Harold John Finlay was a
crippled (probably by polio) but brilliant, incisive-minded
molluscan enthusiast. His early training in geology under
Patrick Marshall, who insisted (following 19th century
views of a stable globe) on the long isolation of New
Zealand from other land-masses, convinced Finlay that
most apparent similarities of New Zealand molluscs to
overseas ones resulted from convergence. He proceeded
to propose local generic names for most of our Cenozoic
Mollusca. Perhaps the worst aspect of this insistence on
long isolation (reflected in such Finlayan generic names
as Insolentia and Incilaster) was his influence on the
Australian malacologist Tom Iredale. Correspondence
preserved in NZGS Micropaleontology Section shows that
Iredale and Finlay corresponded frequently during
Iredale’s early years at the Australian Museum, Sydney.

Initially - they - planned to coauthor the “further
commentary” on Suter’s “Manual” (Finlay 1926¢) but
after delays by Iredale, Finlay completed it and published
it himself (this explains the somewhat enigmatic title, “A
further commentary on New Zealand molluscan
systematics”; it was “further” to Iredale’s (1915) earlier
paper). They undoubtedly influenced each other a good
deal, and it is hard now to say who was more to blame
for their increasingly idiosyncratic, isolationist taxonomy,
but certainly their tendency to “name everything” as an
apparently endemic genus in Australia and New Zealand
has taken much of the subsequent years to eradicate, and
has led to outright (and often unjustified) dismissal of
Finlay and Iredale generic names by some northern
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hemisphere taxonomists. Nevertheless, Finlay’s influence
on New Zealand Cenozoic molluscan taxonomy was
profound, and over-all for the good; in particular, his
naming of large numbers of species from the classical
South Island localities (particularly in Oamaru district
and at Clifden) greatly advanced knowledge of the fauna.

Finlay’s greatest interest towards the end of his
molluscan career was the enormous family Turridae, but
this work was to see fruition only with the sale of his
collection and notes to Auckland Museum, and its
completion by A. W. B. Powell (1942). The “great
depression” of the 1930s saw Finlay jobless, so at Jack
Marwick’s suggestion he gave up Mollusca for
Foraminifera, and was initially employed by oil
companies but later (from 1937) by the Geological
Survey. There he turned his vast energy, speed of
working, and enthusiasm to become the leading “foram”
worker for 15 years, single-handedly revolutionising the
biostratigraphy of the huge, complex sequences of
Cenozoic mudstone that make up so much of New
Zealand, some of which are potentially valuable sources
of oil. Few people can have had such brilliant careers in
two different fields, yet died so young (in 1951, aged 50).
A very interesting account of Finlay’s early work and his
relationship with Marwick was published by Hornibrook
1971). :

The other leading molluscan paleontologist coeval with
Finlay was John (Jack) Marwick, a quieter but perhaps
a steadier type, a Maheno (near Oamaru) boy who
became interested in fossils at secondary school. The
dedication of Maoricolpus horni is instructive (Marwick
1971, p. 44): S ‘ o

“dedicated to Aubrey Horn who, ‘as a schoolboy at
Waitaki Boys’ High School, as early as 1904 was the
first, to the writer’s knowledge, to collect Mollusca
from the Target Gully shellbed as fossils and not
merely as fowl grit for which the pit was formerly
exploited. From him the writer learned the rudiments
of molluscan classification and first heard the word
Turritella.” C ' o

He was fortunate, also, in the headmaster of Waitaki
Boys’ High School, Dr J. R. Don, commemorated also
in Maoricolpus doni (Marwick 1971, p. 44), who taught
him geology, an unusual secondary school topic in those
days. Marwick went on to become the major student of
New Zealand Cenozoic Mollusca. He was employed as
a paleontologist in the Geological Survey (after war
service) from 1920 to 1952, and is still talked of very
fondly as a person of calm, patient, wise intellect, a
steadying influence on all. His clear comprehension of
realistic taxonomic discriminating characters in many
groups that were formerly little-understood (eg., hinges
of Veneridae) allowed him to make great advances with
monographs of groups (Glycymeris, Struthiolariidae,
Naticidae, Volutidae, Veneridae, Notocallista, Cardiidae,
Turritellidae), interspersed with faunal descriptions
(Hawke’s Bay Nukumaruan, Lorne, North Taranaki,
Chatham Islands, Chatton, Gisborne district, Otahuhu
well, Wairoa district). All these led to his naming of most
of the more common species at most fossil localities (other
than at Oamaru and Clifden, named by Finlay), apart
from those relatively few named earlier by Hutton. A
valuable contribution in Marwick’s work, ‘apart from
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making the fauna known, is his interest in the
evolutionary relationships of taxa—an evolutionary
perspective that led to far more appreciation of faunal
history than could be obtained from Finlay’s somewhat
bald descriptions. One  of Marwick’s major
accomplishments, for the future of New Zealand
paleontology, was to have Finlay employed by the
Geological Survey. The great highlights of Cenozoic
paleontology during this century have resulted from the
joint work of Finlay and Marwick: the Wangaloa
monograph (1937), and the biostratigraphic subdivision
of Cenozoic rocks into a local stage scheme, using Finlay’s
forams and Marwick’s mollnscs (1940, 1947). As a
monument to a leading scientist, Fleming (1966b)
gathered Marwick’s many scieﬁtiﬁc drawings of Cenozoic
Mollusca in taxonomic order, in a very useful faunal
catalogue that was the foré-runner to the present work.

Other, less frequently publishing scientists were
working before and during the Finlay and Marwick
period. Patrick Marshall made major contributions in an
amazing variety of fields of geology, and from 1915 to
1923 published a number of papers on Cenozoic
Mollusca, bridging the period between Suter and Finlay
and Marwick. It is probably no coincidence that he ceased
publishing on Cenozoic Mollusca when Finlay and
Marwick started to publish. He brought to light the
diverse faunules at Hampden Beach, Otago, at
Wangaloa, and at Pakaurangi Point, Kaipara, and later
combined with Wanganui amateur malacologist Robert
Murdoch to describe a number of new species from near
Wanganui, bringing to light the distinctive fauna of the
Waipipi shellbeds.

Arthur William Baden Powell, at first an amateur but
later for many years conchologist at the Auckland
Institute and Museum, 'was the major student of the living
molluscan fauna during this century, and his large
overview book (Powell 1979) stands as a monument to

“a lifelong career. He published several important faunal
monographs on Cenozoic fossil Mollusca, notably those
on Kaawa Creek (Bartrum and Powell 1928), the Waiheke
Island faunules (Powell and Bartrum 1929; Powell 1938a)
and the Haweran Te Piki bed (Powell 1934). His major
contribution, however, was to the study of New Zealand
and world Turridae. He brought this huge, complex,
previously chaotic group (he stated there are 10,000
named species) from a taxonomi¢ nightmare to being
reasonably well understood. For a fuller appreciation of
Powell’s contributions to New Zealand natural history,
see the obituary by Dell (1988). )

Teachers’ Training College and Auckland University
paleontologist Charles Reed Laws made his mark (as
noted in the section below on “micromolluscs”) by being
the first paleontologist systematically tq process bulk rock
samples for small Cenozoic Mollusca. His earlier papers
were on the more usual “large” Mollusca, but he soon
began to study the full size range in faunules such as those
at Pakaurangi Point, Kaawa Creek, and Hokianga. His
lasting monument is the series of papers (Laws 19374a-d,
1938, 1939b, 1940c, 1941a) monographing the
taxonomically “difficult” family Pyramidellidae.

The last -paleontologist important in the history of
description of New Zealand Cenozoic Mollusca was
Charles Alexander Fleming (later Sir Charles; see also the
dedication). After coast-watching at the Auckland Islands

(the “Cape Expedition”, a war-time code name) for a year
in 1942, Fleming mapped Wanganui ironsand deposits
as a war-time economic project. He subsequently worked
in Dannevirke Subdivision, then being mapped by Arnold
Lillie, resulting in the most major scientific idea of his
career —the realisation of the taxonomic identity and
consequent paleoclimatic significance of Chlamys
patagonica delicatula (published as “Molluscan evidence
of Pliocene climatic change in New Zealand;” Fleming
1944). His interest in the Wanganui coastal sequence was
high, following a visit there as a boy with Baden Powell
in 1930, because of his interest in mapping the Chlamys
patagonica delicatula zone more widely, because of his
general interest in Plio-Pleistocene climatic and ecological
changes, and because of his previous ironsand work, so
he spent the later 1940s carrying out a geological study
of Wanganui basin (Fleming 1953). This detailed
stratigraphic subdivision, mapping, and paleoecological
analysis is by far the most important work to date on new
Zealand Plio-Pleistocene -stratigraphy and fossils,
clarifying for the first time the stratigraphy of the classical
Wanganui sequence that had been the source of so very
many molluscs since the days of Hutton. These two
seminal works have together led on to all the subsequent
recognition of the stratigraphic complexity, faunal and
climatic changes, and glacio-eustatic sea-level changes
that characterise New Zealand marine Plio-Pleistocene
rocks; their implications are still being realised. In
Cenozoic molluscan taxonomy, Fleming’s major
monograph was that of Pecfen at Wanganui (Fleming
1957) (he made significant contributions also to Devonian
and Mesozoic molluscan paleontology). Other significant
papers on Cenozoic Mollusca were those on Dannevirke
district (1943), Cenozoic cephalopods (1945), Pahi,
Northland (1950a), Te Waewae Bay (1955a), Mytilidae
(1959a), Bassina (1962a), Galeodea (Galeoocorys) (1966a),
“Marwick’s illustrations” (1966b), the Clifden section
(with Hornibrook and Wood, 1969), and Limatula (1978).
However, he will be remembered most as an “ideas man”,
a synthesiser; he was the leading New Zealander to adopt
the ideas of G.G. Simpson and Ernst Mayr on allopatric
speciation and population taxonomy, providing a strongly
evolutionary and paleobiological context for Cenozoic
Mollusca (as well as birds and other groups). Probably
his most important contribution to paleontology was to
make all-in the field aware of taking into account the
biogeographic origins and history of the New Zealand
biota, as he interpreted them in his biogeographic surveys
(Fleming 1962c, 1975, 1979). These were conceived
unashamedly from a historical perspective, “a
paleontologist’s approach”, and one that proved
extremely fruitful and serves as a model for other
accounts of the biotic history of a region. Fleming’s
contributions to paleontology were many and broad; they
will be a lasting basis for future work.

Fleming was also a deeply committed conservationist,
and his interest in birds, molluscs, fossils of many groups,
cicadas and conservation lasted all his life; he was perhaps
the last of New Zealand’s “complete naturalists”.

Work continues by the present generation (among
others B. A. Marshall, W. F. Ponder, and the authors
of this book) to make knowledge of our fauna ever more
complete. Fleming (1965) called the early third of this
century (when large numbers of species were named by
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Finlay, Laws, Marshall, Marwick, Murdoch, and Powell)
the “golden age” of New Zealand Cenozoic Mollusca, and
if sheer numbers are important it was so. But the present
generation strives, not to name large numbers of species,
but to improve classification through precision in
taxonomy, and so to arrive at a more complete and
detailed knowledge of the fauna that will improve its
applications to studies of evolution, biogeography, faunal
history, paleoecology and biostratigraphy.

Authorship: The dedication, chapters 1, 3, 4 and 12-16,
the bibliography, and drafting are wholly or primarily
by A. G. Beu, chapters 2, 5 11, 17 and 18 by P. A.
Maxwell.

CONVENTIONS ADOPTED

Authorship of taxonomic names

As the authorship and date of all names for fossil species
can be found from the checklist, these have been omitted
everywhere in the text. The exceptions are extra-New
Zealand species and those Recent species with no known
fossil record, for which the author’s name has been
included.

Ages of some formations

In order to record time ranges forithe species in our
Cenozoic molluscan checklist, we have had to make
somewhat arbitrary decisions about the ages of a few
formations that are not well dated, or whose age has been
debated. Some other formations have been redated in
recent years. Significant ages adopted are:

(1) Red Bluff Tuff, Chatham Islands: at base of
sequence, near Pukekio, south of Pt. Weeding,
Chatham Island, is early Teurian (Early Paleocene);
elsewhere, mid-late Teurian- or Waipawan at
different localities, including on Pitt Island (Middle
Paleocene to Early Eocene) (see Campbell et al.
1988 for revised ages of all Chatham Islands
Cenozoic formations).
Upper reaches, South Branch, Waihao River
sequence, basal part of section near “Pentland Hills”
station: Mangaorapan.
(3) Otaio Gorge fauna (Marwick 1960): Porangan.
(4) Waiareka Tuff, Lorne: the block of green tuffaceous
conglomerate near the former Lorne railway
station, inland from Oamaru, source of molluscs
from “Lorne”, appears to have fallen from the top
of the high bluff behind and is probably from high
in the Waiareka Volcanic Formation. Its age is
possibly Runangan rather than the usually accepted
Kaiatan; we have adopted a late Kaiatan age.

2

(5) Coastal sequence east of Te Araroa, East Cape:

there has been considerable (unpublished) debate
in recent years about the age of this sequence, which
has a diverse, warm-water molluscan faunule; for
some time, Globorotalia biostratigraphy seemed to
point to a latest Tongaporutuan rather than
Kapitean age. The question has been concluded to
not be resolved by foraminifera (G. H. Scott,
NZGS, pers.comm.) and we adopt a Kapitean age
because of the occurrence of the classical Kapitean
index molluscs Sectipecten wollastoni and
Austrofusus coerulescens.
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(6) Whenuataru Tuff, Pitt Island: previeusly regarded
as Opoitian; now known to be Waipipian.at most
localities, ranging up to Mangapania at:a, few
localities. 2830 G0 vz

(7) Castlecliffian - Haweran boundalygc_fwll :
et al. (1987), this stage boundary is-pow: adopted
at the top of Putiki Shellbed, at. Bgtl;l@r, Wanganui
(top of the range of Pecten benedictus:marwicki);
consequently, Landguard Formation at Wanganui
and the Mingaroa shellbed in the Rangitikei River
sequence are now dated as Haweran.

(8) Te Piki, Cape Runaway: this young deposit with
an extremely diverse fauna (Powell 1934; Grant-
Mackie and Chapman-Smith 1971) has previously
been regarded as late Castlecliffian, and correlated
with the Landguard Formation (which, however,
is now regarded as early Haweran) at Wanganui.
New evidence from tephrostratigraphy, calcareous
nannoplankton, and terrace stratigraphy has shown
that its age is mid-Haweran, about 200,000 years
(oxygen isotope stage 7) (A. R. Edwards, NZGS
pers.comm.).

Collection and locality numbers

The only two abbreviations that need explanation are
collection and locality numbers for the described
specimens: ~

GS numbers: New Zealand Geological Survey
macrofossil collection numbers.

W23/£286 (etc.): locality numibers in the National
Fossil Record (Geological Society of New Zealand); the
first half is the sheet number in N.Z. Map Series 260(1:50
000), the second half is the individual locality number
within that sheet

Dates of pubhcatmn , :
Finlay’s (1926¢) major publication on New Zealand
molluscan taxonomy, “A further commentary on New
Zealand molluscan systematics”, has consistently been
dated as 1927 by recent New Zealand authors, no doubt
partly because of the acceptance of 1927 as its date of
publlcatlon by the ICZN in Oplmon 479 (International
Commission on Zoological Nomenclature 1958, p. 373,
for the genus-group name Venustas Finlay). Although the
volume this paper appeared in was published on 10 March
1927, reprints and the subscript to the title in the
published volume state clearly that reprints were “issued
separately, December 23 1926”. Under the present (1985)
Code of Zoological Nomenclature, this paper was clearly
published in 1926, and we can see no reason not to accept
1926 as its date of publication. The one possible
nomenclatural change resulting from the change of date
concerns Maurea Oliver, 1926 vs. Venustas Finlay, 1926,
but this case is in fact not affected as the Commission
(1958, p. 363) accepted the date of publication of Maurea
Oliver as 20 Decemiber 1926.
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CHAPTER 2. MOLLUSCAN PALEOECOLOGY

Ecology is the study of the relationship organisms have
with the physical environment and with each other.
Paleoecology attempts ‘to infer such relationships for
fossils on the basis of -their similarity (taxonomic or
morphological) to extant organisms, from evidence for
behaviour (e.g. predation), from the manner of their
preservation, and from sedimentological evidence (e.g.
whether they lived on a hard or soft substrate).
Paleoecology should therefore, have both physical (i.e.
non-biological) and biological components, but in
practice most of what is called paleoecology deals with
attempts to infer the physical paleoenvironment, a subject
of considerable interest to geologists. This type of
study-—-which may have no -paleontological input
whatsoever —is best described as “paleoenvironmental
analysis”. ) :

PALEOENVIRONMENTAL ANALYSIS

Because of the high stratigraphic resolution that can be
obtained from microfossils (chiefly foraminifera and
coccoliths), molluscs have been relatively little-used in
recent years for dating New Zealand Cenozoic rocks
(except in the Late Miocene to Pleistocene). However,
they- have - proved particularly useful for
paleoenvironmental analysis. They have a marked
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advantage over all other readily fossilisable invertebrate
groups in having representatives in a wide range of
terrestrial environments as well as in aquatic habitats, the
latter ranging from fresh water through brackish water
to virtually the whole of the marine realm. Because many
molluscs are relatively large it is often possible for a
paleontologist to give an “on-the-spot” assessment of the
paleoenvironment rather than have to wait for laboratory
preparation of the rock sample.

The reliability of paleoenvironmental analyses depends
to a very large degree on the supposition that extinct
species had similar ecological requirements to closely
related or morphologically similar extant forms. This is
not necessarily completely true as there is plenty of
evidence to indicate that many groups of organisms have
either changed considerably in their ecological preferences
through time, or have become restricted to a small part
of their former habitat. Nonetheless, it seems unlikely
that all of the species in a diverse Cenozoic fossil
assemblage will have had a significantly different habitat
from their living relatives, so for maximum reliability
paleoenvironmental analyses should be based on as many
taxa as possible. In general, fossil molluscs can be ranked
as follows in decreasing order of reliability for
paleoecological interpretation.



1. Species that are still extant. The majority of
molluscs in Pleistocene faunules fall in this
category, but they become progressively less
numerous with increasing age. Only a few
Paleogene molluscs that ‘are morphologically
indistinguishable from extant species are known
from New Zealand.

. Species that are extinct but have congeners in the
modern New Zealand fauna. Many, possibly the
majority, of New Zealand Cenozoic molluscs are
of this type. Some extant genera are richly speciose,
with representatives in a  wide range of
environments, so it is necessary in such cases to
compare the fossil species with what appears to be
the most closely related living form. This invariably
introduces some “noise” . into - paleoecological
interpretation.

. ‘Species belonging in genus-group taxa that are
extinct in New Zealand, but survive elsewhere.
Many of the warm-water groups recorded from the
Cenozoic in New Zealand belong in this category.

. Species in genus-group taxa not known to be part
of the modern fauna anywhere. Many of the extinct
groups recorded in the New Zealand Cenozoic
fauna were probably endemic to the New Zealand
region, but others are more widely distributed. The
only way in which taxa in this category can be used
for paleoecological analysis is by noting their
association with taxa of known  ecological
preferences.

In the following section we discuss the most important
physical factors known to influence the distribution of
molluscs, and give some examples from the New Zealand
fauna.

AUTECOLOGICAL APPROACHES

1. Salinity

With relatively few exceptions the New Zealand Cenozoic
molluscan record is one of aquatic species. Although a
considerable number of species of land-snails have been
recorded from late Pleistocene or Holocene sediments
(particularly cave deposits), there are very few older
records of the group. The most notable are from
Pakaurangi Point, Northland (Otaian) (Climo and
Maxwell, in prep.) and from the Upper Waipara River,
North Canterbury (probably early Wanganui Series). The
few species recorded constitute only a minute fraction of
the total terrestrial molluscan fauna that must have
existed in New Zealand during the Cenozoic.

a. Fresh-water

Fresh-water sediments of Cenozoic age are of restricted
extent in New Zealand and those that are preserved seem
to have been deposited under acidic conditions or have
undergone post-depositional leaching, so molluscs are
rarely present. The only widespread molluscs are bivalves
of the family Unionidae (“fresh-water mussels”). Other
constituents of the modern New Zealand fresh-water
fauna (i.e., Sphaeriidae, Hydrobiidae, Thiaridae,
Lymnaeidae, Planorbidae, Physidae, Latiidae and
Ancylidae (see Winterbourn 1973 for a concise summary))
are either unknown or are very rare in pre-Holocene beds.
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Where they are recorded they are typically associated with
estuarine or shallow-water marine molluscs, eg. the
occurrences of the very widespread hydrobiid
Potamopyrgus antipodarum in some Castlecliffian and
Haweran faunules.

The best-known non-marine molluscan assemblages are
from the Pomahaka Formation, Otago (Duntroonian ?)
(see below). Most of the molluscs recorded from this unit
were probably brackish-water, but others including
hydrobriids, Melanoides? n.sp., Planorbis? sp. and
Nerztopltca" pomahakaensis are more hkely to have lived
in fresh water. v

b. Brackish-water and estuarine facies

Because of the influx of fresh water and because
circulation is relatively restricted, estuaries exhibit a
considerable range in salinity, with fresh or brackish
water at the head and water of normal or near-normal
marine salinity at the mouth. Molluscan faunules of
probable estuarine facies are recorded sporadically in the
New Zealand cenozoic from Duntroonian onwards, but
“pure” brackish-water assemblages (ie. without an
admixture of molluscs from other environments) are
much rarer than those that are inferred to have lived in
the lower reaches of estuaries where salinity was
appreciably higher. One of the most characteristic
molluscs in the modern brackish-water fauna is
Melanopsis trifasciata (also in fresh water according to
Winterbourn (1973, p. 153))~this is common at Kaiti
Hill, Gisborne (Haweran) where it occurs with another
brackish-water species, the mussel Xenostrobus securis
and with very abundant Anadara trapezia, an estuarine
species now extinct in New Zealand (see below).
Melanopsis (Stilospirula?) pomahaka is locally abundant
in the Pomahaka Formation (Duntroonian?) and may
have been an environmental analogue of M, trifasciata.

The middle and lower reaches of estuaries, particularly
intertidal mud flats, support a more diverse but
nonetheless rather restricted - molluscan fauna that
includes species of Nucula, Solemya, Atrina, Cyclomactra,
Macomona, Austrovenus, Notoacmea, Micrelenchus,
Pisinna, Zeacumantus, Cominella, Xymene and
Amphibola. Some of these genera also have
representatives in shallow-water marine facies, and all -
have a fossil record; particularly in the late Cenozoic—
Austrovenus is first recorded from the Waitakian
(Brydone, Mataura River), and may have ecologically
replaced Hinemoana acuminata, which is abundant in
some Pomahaka Formation assemblages. Several taxa
that are extinct, or are no longer living in the New
Zealand region, were probably -also estuary-dwellers —
these include Crassostrea, Eumarcia, Barytellina,
Batillona, Batillaria, Zefallacia, Taxonia and Pomahakia.
The highly distinctive species Struthiolaria tuberculata (Pl.
20 ¢,d) may have been restricted to an estuarine habitat —
it is known definitely only from the Enys Formation
(Altonian), Castle Hill Basin, Canterbury where it occurs
locally in large numbers, associated with Eumarcia and
Batillaria.

¢. Normal salmtty

The vast majority of New Zealand Cenozoic benthlc
molluscs seem to have lived in waters of normal salinity



and their distributional patterns are related primarily to
factors such as substrate type, water depth and
temperature. However, the greater diversity and
abundance of planktonic species (particularly thecosome
pteropods) in oceanic waters compared with in-shore
waters probably reflects the normally somewhat lower
salinity of the in-shore habitat.

2. Substrate

The nature of the substrate has a profound effect on
benthic biotas, including molluscs —the faunule living on
a rocky bottom differs greatly from that inhabiting soft
silt in otherwise similar conditions. There is in fact
considerable evidence to indicate that the larvae of many
marine invertebrates actively select suitable substrates
before settling and metamorphosing. For sediment
substrates the coarseness and grain-size distribution are
obvious properties that affect molluscan distribution; not
only do they determine whether the substrate is firm or
soft, but they also influence the quantity of nutrients
trapped in the sediment. The general decrease in sediment
size with increasing distance from shore at least partly
accounts for the increase in the diversity and abundance
of deposit-feeders with depth, as more nutrients are
absorbed by silt and mud than by sand.

Biogenic substrates typically support very different
faunules from surrounding sediments. The very rich
fauna associated with coral reefs is an obvious and
spectacular example, but other substrates (e.g. sea-grass,
kelp, oyster-beds, water-logged wood and deep-sea coral
thickets) are far more relevant to the New Zealand
situation: Plant material usually decays without leaving
direct evidence of its existence once it is buried, but the
associated molluscs may be preserved, producing an
assemblage that differs markedly from those living
nearby:.

a. Rocky-bottom substrates

Although rocky bottoms are most characteristic of very
shallow waters, including the intertidal zone, they also
occur down to the greatest depths and far from land, for
example on the summits and flanks of volcanic sea-
mounts, on canyon walls, etc. There is considerable irony
in the fact that although the ecology of rocky shores has
been studied in much greater detail than that of virtually
any other marine environment, this facies is one of the
most poorly represented in the fossil record. The modern
New Zealand rocky shore and subtidal fauna includes
mussels (Mytilus, Aulacomya, Modiolus, Perna), oysters
(Ostrea, Tiostrea, Saccostrea), Haliotis, limpets (Cellana,
Pateljoida, Notoacmea, Siphonaria, etc.), trochids
(Diloma, Trochus, Melagraphia), turbinids (Turbo,
Cookia), Nerita (Melanerita), Nodilittorina, muricids
(Thais, Lepsiella, Haustrum, Neothais) and many chitons,
all of which have a poor fossil record. A small rocky shore
. faunule from Mt Luxmore, Fiordland (probably
Duntroonian or Waitakian) includes Haliotis, Cookia,
Trochus (Thorista), Barbatia and Trichomya (Lee et al.
1983); other faunules of similar facies are recorded from
Kawau Island (Otaian) (Powell 1938a, p. 376), from
Castle Hill Basin (Duntroonian or Waitakian) and from
Mason River, North Canterbury (also Duntroonian or-
Waitakian). '
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Infaunal molluscs in the rocky shore zone are mostly
restricted to rock-borers (e.g. Zelithophaga, Barnea
(Anchomasa) and Pholadidea among the modern fauna,
Lithophaga and Parapholas as fossils) or nestlers (e.g.
Hiatella, Irus, Leptomya, Kellia and Risellopsis), but some
burrowing bivalves (e.g. Tucetona, Dosinia, Megacardita
and Eucrassatella) associated with fossil rocky shore
faunules probably lived in subtidal gravel close by; at
present Pseudarcopagia disculus and Protothaca
crassicosta seem to live only in gravel on rocky shores.

Deeper-water rocky or firm-bottom assemblages are
much more widely distributed than those of rocky shore
facies in the New Zealand Cenozoic, and are recorded
from volcanogenic rocks in the Oamaru district (e.g.
Lorne, Bridge Point, Gees’ Point), Waihao River, South
Canterbury (Kapua Tuff), Castle Hill Basin (the “Fan-
coral bed”), Muriwai, Auckland and Chatham Islands
(Red Bluff Tuff). Some of these assemblages are probably
of shallow-water (inner or middle shelf) origin (e.g. the
“Fan-coral bed”) but others probably lived at bathyal
depths (e.g. the faunule from Muriwai described by
Powell 1935). The assemblages typical of volcanogenic
substrates vary greatly in composition but usually include
representatives from at least some of the following
groups— Arcacea (e.g. Arca, Acar, Quadrilatera),
Pectinidae and Propeamussiidae (Chlamys, Serripecten,
Eburneopecten, Propeamussium, Parvamussium),
Limidae (Lima, Limatula, Limea, Acesta), Spondylus,
Mytilidae (Modiolus, Amygdalum, Septifer),
Glycymerididae, Carditidae, Verticordiidae,
Pleurotomariidae, Trochidae (Calliostoma, Conominolia,
Spectamen, Calliotropis), Turbinidae (Bolma, Astraea);
Cassidae (Galeodea, Echinophoria), Ranellidae,
Xenophora, Triviidae (Trivia, Willungia), Cypraeidae and
Epitoniidae. Epifaunal species predominate —some of the
above taxa (e.g., Carditidae, Verticordiidae, Xenophora)
are more characteristic of soft substrates, whereas
infaunal molluscs, (e.g., protobranchs, venerids, tellinids,
mactrids and scaphopods) are absent or rare.

b. Level-bottom substrates.

The term “level-bottom” is preferred to “soft-bottom” for
sands, silts and muds, for some of the latter may produce
a relatively firm substrate.

The sediments included in this category vary greatly
not only in size-grade and degree of sorting, but in
stability, cohesiveness, nutrient availability and oxygen
content, and it is difficult to give a concise account of
the molluscan assemblages they support. In many cases
it may be the non-preserved component of the original
biota that has determined the diversity and abundance
of some groups of molluscs, e.g. certain species of
polychaetes that form the diet of most turrid gastropods.

Sedimentological factors such as overall size-grade and
sorting influence infaunal and epifaunal molluscs alike.
The nutrient content of sediments typically increases with
decrease in size-grade, so deposit-feeding taxa are usually
more diverse and abundant in silt and mud than in sand.
Many epifaunal bivalves are, however, prevented from
inhabiting fine-grained substrates by their lack of a means
of cleaning the gills and mantle cavity. (A decrease in size-
grade is of course typically-correlated with an increase
in depth, showing how difficult it can be to disentangle



the different factors that influence benthic molluscan
distribution).

Cohesiveness —which depends on biogenic material
content as well as mineralogy—is also of obvious
importance. Large epifaunal molluscs, particularly
-gastropods, generally avoid “soupy” substrates unless they
are specially adapted for such a mode of life (e.g. have
a thin shell or some method of distributing their weight
over a wide area). Semi-infaunal molluscs such as naticids
or olivids which plow through the upper part of the
sediment are much less affected, but Yochelson et al.
(1983) have shown that predation by naticids on
scaphopods (which are infaunal) is markedly less frequent
in mud than in sand. They attribute this to the greater
difficulty that naticids have in moving through sticky mud
compared with sand.

Few molluscs can cope- with living in or on an
intermittently or perpetually shifting substrate such as an
open sandy beach. Those that do are either rapidly
burrowing infaunal species, or ones that can disinter
themselves quickly. Modern New Zealand sandy beaches
support relatively few but often numerically abundant
bivalves from the families Mesodesmatidae (Paphies),
Tellinidae (Peronaea, Tellinota, Rexithaerus),
Psammobiidae (Gari), Mactridae (Mactra, Spisula,
Resania), Veneridae (Dosinia) and Myochamidae
(Myadora). All have at least some of the characters that
facilitate rapid burrowing in bivalves, i.e. an antero-
posteriorly elongate shell, a thin shell, a laterally
compressed shell, sculpture of low relief or completely
lacking, and a well defined posterior area (see Stanley
1970, an essential reference for anyone interested in the
relationships between shell form and habitat in bivalve
molluscs).

A well oxygenated environment is essential for most
molluscs, and only a few species (mostly in the bivalve
families Solemyidae, Lucinidae and Thyasiridae) can live
in completely anoxic conditions through utilisation of
sulphide-oxidising bacteria in their gut (see Reid and
Brand 1986). Most marine sediments are oxygenated in
the upper few centimeters and are strongly reducing
beneath this zone. Many oxygen-requiring bivalves can
nonetheless live in this anoxic zone so long as their
siphons extend into oxygenated waters. Anoxic bottom
conditions—which can exist beneath fully oxygenated
surface waters—seem to have been widespread in New
Zealand during the Paleocene when there was slow marine
transgression over land of mostly low relief, and during
the Late Eocene when a considerable thickness (up to
900 m) of grey or brown siltstone (Kaiata Formation)
with very few macroinvertebrates accumulated in the
Paparoa Trough in Westland and Nelson.

¢. Biogenic substrates.

Some of the most diverse molluscan assemblages are those
living on or in biogenic substrates such as other mollusc
shells, bryozoans, corals, sponges, algae and wood. For
some molluscs, this type of substrate serves merely as
shelter or to provide a suitable place for attachment (e.g.
many oysters and anomiids) or to bore into (e.g.
Pholadidea thomsoni in oyster shells at Anthony Bay,
Coromandel (Otaian), or Lithophaga and Gastrochaena
in the coral Madracis dodecachora Squires, 1958 in the

South Branch, Waihao River (Mangaorapan)). For others
the substrate is food as well as haven — cerithiopsids live
on (or in) sponges, epitoniids feed on coelenterates
(mainly corals and anemones), and teredinid bivalves
infest wood. The presence of such molluscs in fossil
assemblages is usually the only evidence that these
substrates were originally present. Local concentrations
of teredinid tubes with or without associated wood are
not uncommonly found fossil —much rarer are the other
molluscs known to be associated with water-logged wood,
e.g. the limpet Pectinodonta, represented in the New
Zealand Cenozoic by four known species, one of which
has been found associated with carbonised wood
(Marshall 1985). Other, more “exotic” substrates for deep-
sea molluscs- include squid-beaks, stone-crab carapaces,
decaying kelp hold-fasts, and bone (Marshall 1983c, 1985;
Hickman 1983). Molluscs associated with these particular
substrates have not yet been found fossil in New Zealand,
but there is a probable record of a Late Eocene species
of the limpet genus Addisonia from Lorne, North Otago.
At least some (and probably all) extant species of
Addisonia live inside empty shark egg-cases (McLean
1985). Other small limpets of the family Lepetellidae,
which live only on and in the narrow, horny tubes of the
bathyal polychaete Hyalonoecia, occur quite commonly
at some localities in the “Modiolus limestone” pods
(Lillburnian) in the Gisborne district, suggesting that the
limestone formed as deep-sea biogenic accumulations.
Parasitic molluscs, particularly eulimids and
pyramidellids, are present in many fossil assemblages and
may give important clues as to the former presence of
host organisms that are rarely, if ever preserved.

The biota living on a biogenic substrate is often much
more diverse and qualitatively distinct: from that
inhabiting the surrounding area. Beu (1967a, p. 119-120)
showed that the Pliocene molluscan faunule associated
with the deep-water coral thicket at Palliser Bay differs
radically from those in the immediately underlying and,
overlying siltstone. Some of the molluscs in the thicket
were probably attached to the coral itself (e.g. Limatula,
Ctenoides, Pododesmus (Monia), Emarginula and Tugali),
but others seem to have lived on the sand trapped by the
thicket. D

3. Depth

The depth of deposition of a sediment is of considerable
interest to geologists and as a consequence paleontologists
are often called upon to provide paleobathymetric data,
usually to the exclusion of other relevant ecological factors.
In New Zealand, the use of molluscs to infer “paleodepth”
seems to date from Marshall (1915, p. 380) who concluded
that the faunule from the famous Target Gully Sheltbed
at Oamaru (Altonian) “appears to be characteristic of a
depth of about 40 fathoms” (about 70 m).
Paleobathymetric determinations, of course, rest on the
assumption that the extinct species had similar depth
ranges to their living relatives. This is not necessarily
true —the only extant New Zealand species of Scaphander

-~ is restricted to the upper bathyal zone (Dell 1956¢, p. 143),
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but at least some of the fossil species lived in much
shallower waters, including the inner shelf zone.
Paleodepth determinations should, therefore, be based
on as many taxa as possible.



A considerable number of physical properties are
correlated with an increase in water depth, i.e. increase
in hydrostatic pressure, decrease in bottom temperature,
decrease in availability of sunlight, and decrease in mean
sediment grain-size. The effects of these factors may be
difficult, if not impossible, to distinguish, and anomalies
(e.g. the presence of a relatively coarse substrate in deep
water) may lead to problems in interpreting the associated
biota. Nonetheless, there are well established patterns in
the distribution of molluscs that give important clues to
the probable depth of deposition of a fossil assemblage.

a. Large molluscs, particularly those with thick shells,
are characteristic of the shelf environment. Some
species of the typically bathyal limid genus Acesta
reach a large size, and certain deep-water
gastropods (e.g. Fusitriton, some buccinids, some
turrids) may be of comparable size to their shallow-
water relatives, but they usually have a relatively
thin shell, and are extremely sparsely distributed,
and are more subject to dissolution than they are
in shallower water. The presence in an assemblage

- of large specimens of Glycymerididae, Limopsis,

Cucullaea, Crassatellidae, Carditidae, Veneridae,

Mactridae, Turbinidae, Turritellidae or Naticidae

is good evidence for a shallow-water environment.

The following taxa typically have their greatest

abundance or species-diversity on the modern New

Zealand shelf, although most also have

representatives in deeper waters— Arcidae,

Glycymerididae, Ostreidae, Anomiidae, Pectinidae,

Limidae, Mesodesmatidae, Tellinidae,

Psammobiidae, Mactridae, Hiatellidae,

Myochamidae, Lottiidae, Turbinidae, Trochidae,

Turritellidae, Struthiolariidae, Calyptraeidae,

Cassidae, Ranellidae, Muricidae, Columbellidae,

Cominella, Buccinulum, Penion, Amalda, Alcithoe,

Pyramidellidae and Polyplacophora. All have a fair

to good fossil record in New Zealand. In addition,

many taxa that are extinct (at least in the New

Zealand region) seem primarily to have been shelf-

dwellers, e.g. Cucullaea (sensu lato), Limopsis

(sensu lato) (particularly the larger species), Pinna,

“Isognomon”, Crenostrea, Miltha, “Cyclocardia”,

- Megacardita, Glyptoactis (Fasciculicardia),
Eucrassatella, Spissatella, Maoricardium,
Hedecardium (sensu lato), Nemocardium
(Varicardium), Solecurtus, Pyrazus, Magnatica
(sensu lato), Paracominia, Nassicola, Zelandiella,
Clifdenia, Morum (Oniscidia), Mauira, Austrotoma,
Maorivetia and Scalptia.

. With increasing water depth there is an increase in
the diversity of protobranch bivalves (nuculids,
nuculanaceans and solemyids) and of many
Anomalodesmata (particularly the septibranchs
Cuspidariidae, Poromyidae and Verticordiidae),

~but a decrease in pteriomorph (except
Propeamusiidae) and heterodont diversity.
Archacogastropods (particularly scissurellids,
skeneids, liotiids (on bryozoan and sponge
substrates), seguenziids and some groups of limpets)

‘and the neogastropod familes Turridae and

Cancellariidae increase in importance with depth,
whereas mesogastropods (except for naticids)
generally decline.
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Dell (1956¢) was the first to present a systematic survey
of the New Zealand Recent “archibenthal” (upper
bathyal) molluscan fauna on a regional scale and his work
has formed the basis of several paleoecological studies
on Neogene deep-water faunules (Beu 1967a, 1969, 1970c,
1979; Maxwell 1988a). Continuing work by B.A.
Marshall (National Museum of New Zealand) has greatly
augmented our knowledge of New Zealand deep-sea
molluscs, and will ultimately lead to considerable
refinement in paleobathymetric interpretation. Dell
(1956¢, p.189) showed that there is no abrupt change in
the composition of modern molluscan faunas at the shelf-
slope break, and identified a “transition zone” from c.
180—220 m. (The depth of the break is traditionally taken
as being about 180m but it varies greatly —some workers
have chosen a depth of 150m which corresponds to the
average value for the base of the euphotic zone, i.e. the
depth to which sunlight usable for photosynthesis
penetrates). Some typical shelf species penetrate even
deeper than 220 m, but they form a minor part of the
bathyal fauna. ,

The studies on the Recent bathyal fauna, and those
mentioned above on Neogene faunules have identified a
large number of taxa that are restricted to, or are most
common or most speciose in the bathyal zone. Those
recorded fossil include Brevinucula, Linucula,
Deminucula, Zealeda, Austrotindaria, -Pseudotindaria,
Minormalletia, Bathyarca, Pectunculina,
Propeamussiidae, Acesta, Bartrumia, Pholadomya,
Procardia, Euciroa (and probably most other
verticordiids), Cuspidaria, Pleurotomariidae,
Pectinodonta, Cocculinidae, Pseudococculinidae,
Calliotropis, Seguenziidae, Thungia, Falsilunatia, Uberella
(cicatrix group), Galeodea sensu stricto (not uncommon
in shelf assemblages prior to Late Miocene), G.
(Galeoocorys), Sassia (kampyla group), Aeneator (Ellicea),
Nassaria (Microfusus), “Pleia”, Pakaurangia, Exilia,
Microvoluta (“Vexillitra” group), Volutomitra, Hiwia,
Iredalina, Mauithoe, Marshallena, Comitas, Cosmasyrinx,
Gemmula, Paracomitas (Macrosinus), Splendrillia
(Hauturua), Bathytoma, Eubela, Mioawateria, Thatcheria,
Oamaruia (Zeadmete), Waipaoa, Ringicula (Ringiculina),
Waikura and Striocadulus. Many of these taxa are
apparently extinct in the New Zealand region.

Most of the bathyal assemblages recorded from the
New Zealand Cenozoic seem to have lived in the upper
part of the zone (c. 200-800m), and there are very few
records of molluscs (other than specimens probably
redeposited from much shallower waters) from
significantly deeper-water sediments. The small Altonian
faunule recorded by Hayward (1979) from the Waitakere
Range near Auckland includes the arcid genus Bentharca
(originally identified as a species of Notogrammatodon),
which is consistent with the depositional depth of
1000—2000m inferred on the basis of the associated
foraminifera (Hayward 1979). The type species of
Bentharca, B. asperula (Dall, 1881) has a recorded depth
range of 430—3005m (Knudsen 1970, p. 75) but most
records are from below 2000m. Sedimentological evidence
indicates that the flysch from which the deep-water limpet
Pectinodonta waitemata Marshall, 1985 was collected,
was deposited at about 1600m (Ballance 1974). There can
be little doubt that other fossil lower bathyal molluscs
await discovery—as Marshall (1985, p. 277) suggests,



particular attention should be paid to any wood remains
in deep-water sediments.

4. Temperature

Temperature is probably the most important single
physical factor affecting the distribution of molluscs, and
analysis of fossil assemblages can therefore, give valuable
information on past climatic changes. At the present day
the most important temperature gradients are latitudinal
and bathymetric, although the simple patterns that might
be predicted on the basis of these factors alone are upset
by local surface current systems and by the upwelling of
cold bottom water in some areas. Ewven in New
Zealand — which has a latitudinal span of 12.5° Lat.—
there is a marked difference between the molluscan faunas
at opposite ends of the country, and there is evidence that
this gradient has existed in the past as well.

There is abundant evidence — not only from molluscs
but also from other fossil groups and from oxygen isotope
measurements —to show that there have been major
changes in sea temperatures in the New Zealand region
during the Cenozoic. The gradual northwards drift of
New Zealand following the breakup of Gondwana
probably accounts for some of the overall warming that
occurred from Early Paleocene to about early Middle
Miocene, but superimposed on this are important
temperature excursions, some of which probably relate
to global events, others to more localised changes in
oceanic current patterns in the south-west Pacific.
Although the general picture is reasonably well known
there are many details to fill in and studies on the
distribution of Cenozoic molluscs will no doubt
contribute to our understanding of these climatic changes.

In general, it has proved much easier to identify
molluscs of probable warm-water affinity in the New
Zealand Cenozoic fauna than those indicative of cooler
conditions. The following taxa have extant representatives
in warm (subtropical) waters, but are extinct in the New
Zealand region or survive only in the northern part of
the country-—Sarepta, Arca, Quadrilatera, Anadara,
Glycymeris (sensu stricto), Limopsis, Cucullaea (sensu
lato), Septifer, Trichomya, Lithophaga, Amygdalum,
Pinna, Pteriidae, Isognomon, “Hinnites”, Spondylus,
Plicatula, Dimyidae, Patro, Ctenoides, Miltha, Chama,
Eucrassatella, Maoricardium, Trachycardium (sensu lato),
Lutraria, Tellinella, Solecurtus, Proxichione, Placamen,
Costacallista, Pitar (Hyphantosoma), Tapes,
Gastrochaena, Parapholas, Clavagella, Perotrochus,
Scutellastra, Bolma, Guildfordia (sensu stricto), Liotina,
Bembicium, Pyrazus, Triforis (sensu lato), Aclis,
Korovina, Hipponix, Cheilea, Lachryma, Cypraeidae,
Ovulidae, Eunaticina, Neverita, Polinices (sensu stricto),
Rimella, Echinopkoria, Linatella, Eudolium, Ficus,
Colubraria, Mitrella, Retizafra, Pakaurangia, Chicoreus
(Siratus), Rugotyphis, Typhis, Typhina, Coralliophilinae,
Morum (Oniscidia), . Lyria, Conidae, Marshallena,
Cochlespira, Gemmula, Inquisitor, Bathytoma (sensu
stricto), Cordieria, Microdrillia, Anacithara, Eubela,
Thatcheria, Scalptia, Discotectonica, Granosolarium,
Pseudomalaxis, Fimbriatella and Cryptoplax. Nearly all
of these taxa were present in the southern part of the
South Island at some time or other during the Cenozoic.
In addition there are numerous extinct taxa, most of them

apparently endemic to New Zealand, that disappeared at
various times during the Late Miocene to Pleistocene.
Some of these may have been warm-water taxa that
became extinct as the result of late Cenozoic cooling —
they include Glycymerita (sensu lato), Phialopecten,
Sectipecten, Serripecten, Lentipecten, Pteromyrtea,
Spissatella, Nemocardium (Varicardium),“Isognomon”
(n.gen.), Barytellina, Bartrumia, Kuia, Marama (sensu
stricto), Dosinia (Raina), Eumarcia (Atamarcia),
Conominolia, Sarmaturbo, Guildfordia (Opelle), Taxonia,
Zefallacia, Pareora, Struthiolaria (Callusaria),
“Hespererato”, Magnatica (sensu stricto), Taniella,
Polinices (Polinella), Semicassis (Kahua), Sassia
(Haurokoa), Austrofusus (Neocola), Nassicola,
Zelandiella, Falsicolus, Exilia, Clifdenia, Amalda
(Spinaspira), Lamprodomina, Mauira, Spinomelon,
Metamelon, Zeacuminia, Austrotoma, Zemacies,
Mauidrillia, Etremopsis, Neoguraleus (Fusiguraleus),
Rugobela, Notacirsa, Evelynella, Tibersyrnola and
Waikura.

The distribution of warm-water molluscs in the New
Zealand Cenozoic indicates particularly warm conditions
(subtropical but probably not fully tropical) during the
Late Paleocene and Early Eocene (late Teurian—
Mangaorapan), late Middle Eocene (Bortonian), Late
Eocene (Kaiatan and Runangan), Early and Middle
Miocene (Otaian-Clifdenian), and early and middle
Pliocene (Opoitian and Waipipian).

Reliable evidence for the presence of cool-water
molluscs is confined to the late Pliocene and Pleistocene.
The species Aulacomya ater maoriana, Chlamys
patagonica delicatula, Stiracolpus symmetricus, Cominella
nassoides and Argobuccinum pustulosum all extended
much further north than their modern range during cold
periods at this time. The distributional history of Chlamys
patagonica delicatula has been discussed in detail by Beu
(1985a)—at the present day it is abundant only around
the southern part of the South Island and islands to the
south of New Zealand, but during the Nukumaruan it
occurred abundantly as far north as the present area of
inland Hawke’s Bay (see below)

Cool-water molluscs have proved much harder to
identify in pre-Late Miocene assemblages. Laternula
synthetica Marwick from the Otahuhu brewery well
(Waipipian) is very similar (if not identical) to the extant
circumantarctic species L. elliptica (King and Broderip,
1831) (Mrs Solene Morrjs (British Museum (Natural
History), pers. comm.), but the associated faunule
includes species of Acar, Patro, Divarilima, Lutraria,
Eumarcia, Maoricardium, Hipponix, Polinices and
Bedeva, which indicate at least warm-temperate
conditions. However, Aulacomya cf. ater maoriana is also
recorded from Otahuhu so some mixing of cold and
warm-water faunules may have taken place in this part
of New Zealand. Although Laws (1950, p. 6-8) listed
molluscs from two discrete beds in the well, there is no
obvious difference between them in temperature regime.

Some of the distinctive molluscs in the Wangaloan
fauna may have been species preferring cool conditions.
A substantial fraction of the genus-group taxa recorded
from the Wangaloan is not known from younger beds
in New Zealand, and although this may partly reflect our
poor knowledge of the molluscan fauna that existed in

‘the period between the Wangaloan and the Bortonian,
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it may also record the extinction of cool-water taxa as
New Zealand moved into warmer climes. On the other
hand, some characteristic Wangaloan taxa (i.e. Lahillia,
Perissodonta and Taioma) persisted until the Late Eocene
on Seymour Island, Antarctic Peninsula (which has
remained in a high latitudinal position throughout the
Cenozoic), and Lahillia is present in the Miocene of
southern South America (Zinsmeister 1979, p.353). One
genus in the Wangaloan fauna, Perissodonta, is restricted
to the subantarctic islands of Kerguelan and South
Georgia at the present day; the only other New Zealand
record is in the poorly dated Otaio Gorge faunule, here
rather arbitrarily assigned a Porangan age. However, the
Wangaloan fauna includes Electroma, Cucullaea, Miltha,
Polinices, and Priscoficus, and the Otaio Gorge
assemblage contains Costacallista, Polinices, Propesinum,
Priscoficus and Athleta, so there is no unambiguous
evidence to suggest that conditions were particularly cool
at either time.

Indirect evidence for cool periods during the Cenozoic
is provided by the extinction of molluscs known or
assumed to have been warm-water forms. One
particularly notable group of extinctions occured at or
near the end of the Bortonian Stage, when such taxa as
Cubitostrea, Costacallista, Priscoficus, Fascioplex and
Speightia disappeared from the fossil record. Even more
dramatic extinctions (possibly because they are better-
documented) occurred at various times in the late
Neogene from Waiauan onwards and are correlated with
major negative temperature excursions indicated by
oxygen isotope measurements (Beu 1987b). Evidence
from microfossils and from oxygen isotope studies
strongly suggest that there was a globally significant drop
in~ bottom -temperature at the Eocene—Oligocene
(Runangan — Whaingaroan) boundary - this should have
had a major effect on benthic molluscan faunas, but
unfortunately New Zealand molluscs from the critical
period are so far very poorly known.

B. SYNECOLOGICAL APPROACHES

The methods of paleoenvironmental interpretation
described above have one thing in common —they are
essentially autecological, i.e. they are based on the known
or inferred ecological requirements of individual taxa,
typically genera or subgenera. The two methods discussed
below are synecological in that they involve the response
of groups of molluscs (and by implication other
organisms) to environmental factors. One of them,
dependent on the concept of discrete bottom
communities, has been widely used in paleoenvironmental
studies in New Zealand, but the other (“taxonomic
structure analysis”) is relatively little known. Both have
a potentially serious drawback (one that also applies in
auteécological analyses)—the composition of a fossil
assemblage almost invariably differs markedly from the
original biota that lived there, either because of mixing
of - assemblages or because various processes, both
biological and physical, ensure that the major component
of the biota escapes preservation. The study of these
modifying processes (taphonomy) is becoming increasingly
more important in paleontology because of the realisation
that they introduce severe biases into paleoecological (and
therefore, evolutionary) interpretations.

Mixing of assemblages is most prevalent in shallow-
water environments where physical processes such as
wave action (particularly during storms) and bottom
currents can transport shells far from their original
habitat, and may concentrate them in shell-banks along
with specimens from radically different biotopes. Fossil
assemblages from shallow-water facies not infrequently
contain a mixture of brackish-water (or even fresh-water)
and shallow marine species. For example, the small fresh-

. water gastropod Potamopyrgus antipodarum is nearly

22

ubiquitous in Pleistocene shallow marine faunules. Shells
from deeper water may also be introduced into shallow-
water sediments through the action of large predators
(particularly fish) or by hermit crabs. These processes may
also move shallow-water molluscs into significantly deeper
waters, but less common though very rapid processes such
as turbidity currents or submarine slumps are generally
more effective and may transport shells from the shelf
into a bathyal or even an abyssal environment. Examples
of such radical reworking are most common in areas
where tectonic activity has been strong during
sedimentation and where deposition has been particularly
rapid, e.g. along much of the East Coast of the North
Island, particularly in the Middle Miocene “Tutamoe
conglomerate” facies of the Gisborne district.

The loss of soft-bodied organisms (in all except a few
very unusual situations) is another obvious source of bias
in paleoecology, but the effects of predators and
scavengers on shelled organisms are also important, for
they may not only remove prey from the habitat area,
but also destroy them in the process. Taphonomic:
processes clearly - complicate paleoecological
interpretations and all the paleontologist can do is to try
to estimate to what extent they have modified the
assemblage being studied.

1. Bottom community analysis

In the early part of this century the Danish biologist C.J.
Petersen introduced the concept of “bottom
communities”, recurring associations of benthic
organisms usually dominated by one or two species, that
could be recognised over wide areas of the sea-floor, and
in many different parts of the world, albeit with some
minor geographic variation in species composition.
Physical factors such as salinity, substrate, water depth
and current action were all thought to determine the
nature of the particular community that existed in a given
area. Powell (1937) carried out a survey of Auckland and
Manukau Harbours and identified five distinct bottom
“formations”, some of which could be subdivided into
two or more “associations”. In most of these associations
molluscs predominated among the “dominant” and “sub-
dominant” species. Powell also noted that some of these
communities could be recognised in the Pleistocene
Wanganui section (Powell 1937, p. 399; 1939, p. 610),
but it was Fleming (1953) who applied bottom community
analyses to the entire Pliocene and Pleistocene section
exposed between Waverley Beach and Wanganui.

In recent years considerable doubt has been placed on
the whole idea of discrete bottom communities, as
detailed numerical analysis has shown that they grade
smoothly into one another. Rather than discrete entities,
the “communities” seem primarily to be fortuitous



associations of species of similar ecological requirements.
As Barnes and Hughes (1982, p.101) comment —“cach
local area of sediment supports an assemblage of species
which differs in minor, and sometimes major, respects
from all other such local areas, in part for historical
reasons, in part as a result of biogeographical processes,
in part because of ecological interactions in situ, and in’
part as a consequence of minor differences in the
environment. Each local area therefore, supports its own
community at any one time, and a limited number of
stereotyped ‘communities’ do not occur in the sea, except
in very broad terms”. This of course does not necessarily
invalidate paleoenvironmental conclusions based on the
.identification of fossil associations resembling modern
“communities”, but it seems unlikely that these can be
recognised much earlier than the Pleistocene. However,
a very broadly defined recurring association of molluscs
seems to have been characteristic of shallow-water (inner
shelf) sands throughout most of the Cenozoic in New
Zealand; this includes representatives from at least some
of the following taxa— Glycymerididae (Glycymeris,
Glycymerita, Tucetona), Cucullaea, Limopsis (large
species), Pectinidae (large species, particularly of
Lentipecten, Serripecten, Sectipecten, Pecten and
Phialopecten), Cardiidae (Hedecardium (sensu lato),
Maoricardium, Nemocardium (Varicardium)), Divaricella,
Veneridae (Dosinia (sensu lato), Eumarcia (Atamarcia),
Turia, Tawera, Kuia, Bassina), Téllinidae (Peronaea,
Tellinota), Mactridae (Scalpomactra, Lutraria, Spisula
(sensu lato), Resania), Gari, Panopea, Turritellidae
(Zeacolpus (Leptocolpus), Tropicolpus, Amplicolpus,
most of them large to very large), Pareora, Naticidae
(Polinices (sensu stricto), Tanea, Magnatica (sensu lato),
Buccinidae (Austrofusus, Nassicola, Cominella,
Zelandiella), Austrotoma and Dentaliidae (particularly
large species of the Fissidentalium solidum group). The
variation between individual faunules is so great however,
that it would be very difficult to identify dominant or sub-
dominant taxa that could be used to characterise a long-
lived “bottom community”.

2. Taxonomic structure analysis

Hickman (1974, 1984) pointed out the difficulties inherent
in paleobathymetric analysis based on the known or
inferred depth-ranges of individual taxa, i.e. changes in
the ecological requirements of some taxa with time, and
the problem of how to interpret the ecology of extinct
taxa. As an alternative approach she introduced the
concept of “taxonomic structure analysis”, which is based
on the observation that the relative proportions of major
groups of bivalves and gastropods (calculated on the basis
of the number of species rather than of individual
specimens) are markedly different in the shelf, bathyal
and abyssal zones in the modern fauna (Fig. 3). The
major groups chosen by Hickman are protobranchs,
pteriomorphs, heterodonts and septibranchs (here
changed to the wider group Anomalodesmata) for
bivalves, and archaeogastropods, mesogastropods,
neogastropods and opisthobranchs (shelled species only)
for gastropods.

Hickman claimed that taxonomic structure analysis is
relatively - insensitive to the problems that beset
autecological analysis, but application of her technique
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to some well-studied New Zealand Cenozoic faunules has
given inconsistent results (Fig. 3). A detailed critique of
taxonomic structure analysis was given by Maxwell
(1988a) —the following discussion briefly outlines the
major problems of the technique.

a. Collection Failure: Small molluscs may not be
represented in a collection either because they have been
overlooked (although this possibility is minimised if bulk
samples are collected) or because they have been removed
prior to burial (e.g. by current action) or by post-
depositional solution. Very small molluscs (size range one
to three mm) are not uniformly distributed among the
major groups — gastropods of this size are predominantly
archaeogastropods (e.g. Scissurellidae, Skeneidae) or
mesogastropods (Rissoacea)~so their removal from a
faunule may significantly alter its taxonomic structure.

b. Substratal Effects: The nature of the substrate may
have a profound effect on taxonomic structure. The
faunule from the coral thicket at Palliser Bay described
by Beu (1967a) not only differs qualitatively from faunules
from the surrounding siltstone, but has significantly
higher proportions of pteriomorphs and mesogastropods
and lower proportions of heterodonts and neogastropods
than the latter (Maxwell 1988a, p.23).

As another example of the importance of substratal
effects it is only necessary to point out that protobranchs
and heterodonts, by virtue of their infaunal habitat, are
far less common on hard substrates than on
unconsolidated sediment. Only those species that are
capable of boring into rock or are nestlers or crevice-
dwellers will be represented. Pteriomorphs, on the other
hand, will usually be over-represented on hard bottoms
because many of them require a firm and stable substrate.

¢. Sampling Errors: A faunule collected from a typical
fossil locality is unlikely to be truly representative of the
total fauna that lived in the general geographic area at
that time, even within a reasonably restricted depth range.
The bathyal assemblages from the Chatham Rise
documented by Dell (1956¢) differ from one another not
only in species composition (as Dell noted) but also in
taxonomic structure (Maxwell 1988a, p.24-25). Some of
this variation may result from collection failure or from
down-slope transport of dead shells, as Dell failed to
distinguish between living specimens and empty shells,
but it is probably largely a reflection of the patchy
distribution of many deep-sea molluscs. It is obviously
desirable to base taxonomic structure analyses on
collections made from as many localities spread over a
wide area as possible, and from comparable lithologies.

d. Geographic Variation: Hickman (1974) claimed that
taxonomic structures of faunas from a given depth zone
were essentially similar in different parts of the world,
but this is not borne out by a comparison of upper bathyal
faunas from Sagami Bay, Japan (30°48’-36°19’ N) and
from the Chatham Rise, New Zealand (43°14’-44°35’ S)
(Maxwell 1988a, p.25, table 8). The disparity is probably
at least partly a reflection of differences in bottom
temperatures (c. 3-9°C) between the two areas.

e. Temporal Variations: An underlying assumption of the
taxonomic structure approach is that the structures of
faunas from the major depth zones have changed
relatively little with time. That this is not necessarily true
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is shown by Hickman’s own study on the molluscan fauna
from the Late Eocene—Early Oligocene Keasey
Formation of Oregon (Hickman 1974). The generic
composition of this fauna (which is based on numerous
collections from a large geographic area) indicates a
bathyal depositional environment; the taxonomic
structure of the gastropod fauna is in reasonable
agreement with that of the modern bathyal fauna, but
the bivalve fauna differs in its much higher protobranch
diversity and lower proportion of anomalodesmatans.
Hickman suggested that there has been a relatively recent
increase in the diversity of true septibranchs (i.e.
Poromyidae, Verticordiidae, Cuspidariidae). This is
borne out by the admittedly sparse data provided by the
New Zealand fossil record (Maxwell 1988a, p.25-26).

To summarise —taxonomic structure analysis is an
interesting alternative to the traditional autecological
approach to determining paleobathymetry, but it requires
considerable refinement before it can be used with any
confidence. It is probably of most use for interpreting
Neogene faunas, and has limited appllcablllty to
Paleogene or older assemblages.

TROPHIC RELATIONSHIPS OF
FOSSIL MOLLUSCS

Although neoecologists pay due attention to the relationship
between organisms and their physical environment, they
are at least as interested in the relationships betfween
organisms (usually expressed as a trophic web) in an eco-
system. The fossilisation process inevitably destroys most
of the potentially useful information that neoecologists
take for granted, but paleoecologists whose interests range
beyond paleoenvironmental assessment should make the
attempt to apply trophic analysis to fossil assemblages.
However, despite the wealth of suitable subjects for study
there have been remarkably few attempts to carry out such
analyses on New Zealand Cenozoic molluscan assemblages
(Hayward 1976a; Maxwell 1988a).

Trophic analysis requires information on (a) the
feeding habits of the organisms in an ecosystem and (b)
the energy pathways between the organisms (i.e. knowing
which is the consumer and which is the food).

Ecologists studying modern ecosystems expend a lot
of time and effort in trying to quantify the energy flow
between organisms (much more difficult in the marine
environment than on land!), but paleoecologists are
usually restricted to qualitative interpretations, because
biomasses of fossils cannot accurately be calculated. (See
Stanton et al. 1981, for an attempt to calculate biomasses
of fossil molluscs on the basis of their shell volumes and,
by inference, their biovolumes).

Inferences about the feeding habits of foss1l molluscs

are inevitably based on what is known about their closest

extant relatives. For some groups there is surprisingly little
reliable evidence of this kind and others have proven to
be typically heterogeneous, so there will always be some
uncertainty about assigning an extinct species to a
particular trophic type. However, a considerable amount
of information is available, and much of it has been
usefully summarised in tabular form by Stanton and
Nelson (1980, table 1) and by Taylor et al. (1980, table
1). The majority of molluscs fall into one or other of five
feeding types.
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1. Deposit-feeders (detritivores)

These obtain particulate food from the substrate (usually
the sediment) either by swallowing it in bulk and digesting
any organic material that may be present (non-selective
deposit-feeding) or by utilising some physical property
of the food such as size or density to remove it
preferentially (selective deposit-feeding). Food may
consist of living or dead microorganisms (e.g. bacteria,
diatoms, foraminifera), comminuted remains of larger
organisms, fecal pellets or organic material adsorbed on
clay particles. Deposit feeders may be epifaunal or
infaunal and may obtain their food from the sediment-
water interface or from various depths within the
sediment. Deposit feeding is best known in the bivalve
superfamilies Nuculacea, Nuculanacea and Tellinacea
(although some tellinids may also be suspension-feeders)
and in the Scaphopoda, and is common in gastropods
from the Trochacea and Rissoacea, in Struthiolaria, and
among opisthobranchs. It is also reported in some species
belonging to predominantly carnivorous groups.

2. Suspension-feeders

These feed on colloidal or dissolved organic matter, or
on swimming or floating organisms. Some species exploit
a narrow zone immediately above the sediment-water
interface and consequently include in their diet
resuspended detritus, but others sample the water mass
an appreciable distance above the substrate.

The majority of extant bivalves are suspension feeders,
as are many mesogastropods (e.g. Calyptraeacea,
Xenophora, Capulus, some turritellids (Allmon 1988)).
Suspension-feeding is rare in the Archaeogastropoda
(although the normal mode in Trochidae Umboniinae)
and is represented in the opisthobranchs by the thecosome
pteropods. It is most common in shallow-water
assemblages and decreases in frequency with increasing
water depth. Most species are benthonic (epifaunal or
infaunal), but the thecosome pteropods are planktonic.

3. Herbivores

This is a taxonomically diverse group that includes species
that scrape micro-algae off the substrate (and therefore
could also be classed as deposit-feeders) and those that
browse on larger algae. Herbivores are well represented
among the archaeogastropods (e.g. Haliotidae,
Patellacea, many Trochacea, Neritidae), mesogastropods
(Cerithiacea, many Rissoacea), -opisthobranchs and
pulmonates. Because of their reliance on plant material,
marine herbivores are restri¢ted to shallow waters where
sunlight useful for photosynthesis can penetrate to the
sea-bottom (typically less than 150 m). In deep waters
water-logged wood may serve as a substrate for some
gastropods but these seem for the most part to feed on
associated bacteria rather than on the wood itself.
Bivalves of the Teredinidae (“ship worms”), however, are
able to digest wood.

4. Carnivores

This large category can be conveniently divided into three
groups — grazers, predators and scavengers. Members of
the first group have obvious analogies with herbivorous
grazers, and include fissurellids, cerithiopsids, triphorids
and some cypraeids (which live on sponges) and almost



all architectonicids and epitoniids (on coelenterates).
Predators consume whole live prey and as a rule actively
seek out their food, although sedentary species such as
the septibranch bivalves presumably have some way of
attracting prey. Scavengers of course, feed on carrion or
moribund animals. In practice it may be impossible to
tell if an extinct species was an active predator or a
scavenger.

Carnivory has evolved in all extant molluscan groups
except—as far as we know—Monoplacophora, but
among the groups with a good fossil record, it is best
known in the Gastropoda, particularly the
Neogastropoda, most of which are predators on molluscs
or other invertebrates. The following list includes the
most important shell-bearing, carnivorous marine
molluscs and their chief food source (information on
predatory gastropods taken largely from Taylor et al.
1980, table 1). This list disguises the fact that many groups
are dietarily more heterogeneous than it suggests—e.g.
although nassariids are listed as primarily carrion-feeders,
at least one extant species is known to be a deposit-feeder
(Paine 1963).

Bivalvia
Propeamussiidae — small crustaceans (mostly copepods
and ostracods).
“Septibranchs” (Verticordiidae, Poromyidae,
Cuspidariidae) — polychaetes, small crustaceans.

Gastropoda

Archaeogastropoda :
Pleurotomariidae — sponges, carrion
Fissurellidae —sponges
Calliostomatinae — coelenterates, carrion, sponges

Mesogastropoda
Cerithiopsidae/Triphoridae — sponges
Epitoniidae — coelenterates
Janthinidae —siphonophores
Triviidae — ascidians
Naticidae — gastropods, bivalves, scaphopods
Cypraeacea — coelenterates, sponges
Ranellidae - bivalves, ascidians, echinoderms, carrion
Ficidae —echinoids
Cassidae — echinoids
‘Tonnidae — holothurians

Neogastropoda
Buccinidae — bivalves, polychaetes, carrion
Nassariidae —carrion
Fasciolariidae —bivalves, gastropods, polychaetes
Melongenidae — bivalves, gastropods
Columbellidae — polychaetes, small crustaceans,
carrion
Turbinellidae — polychaetes
Muricidae —bivalves, gastropods, cirripedes, corals
Mitridae — sipunculids
Marginellidae — bivalves
Harpidae —decapod crustaceans -
Olividae — bivalves, gastropods, carrion
Volutidae —bivalves, gastropods
Conidae —gastropods, polychaetes, fish
Terebridae — polychaetes
Turridae— polychaetes
Cancellariidae — gastropods, skates
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Opisthobranchia
Acteonacea — polychaetes, small crustaceans
Philinacea —bivalves, polychaetes
Bullacea —bivalves, gastropods
Architectonicacea— coelenterates

Scaphopoda —relatively little is known about their diet,
but at least some species eat small bivalves in addition
to foraminifera.

Polyplacophora—most shallow-water species seem to be
herbivores, but a few graze sponges, and predation on
amphipods has been observed for the North American
species Placiphorella velata Dall, 1879 (McLean 1962). A
modern, undescribed species of Placiphorella is recorded
from deep water around New Zealand, and may have a
similar habit.

Cephalopoda —species of Nautilus, the only surviving
genus of the Nautiloidea, feed on decapod crustaceans,
including fresh moults.

5. Parasites

Endoparasitism (the more extreme form of parasitism in
which the parasite is wholly internal and typically greatly
simplified) is rare in the Mollusca, and no examples are
known from New Zealand. By contrast, ectoparasitism
(in which the parasite is largely or wholly external) is
characteristic of two widespread gastropod families
(Eulimidae and Pyramidellidae) and occurs in other,
predominantly carnivorous, families (e.g. Epitoniidae).
(The distinction between carnivory and parasitism is of
course rather subtle). Eulimids are parasitic solely on
echinoderms (echinoids, asteroids, ophiuroids,
holothurians), but pyramidellids have a much wider
variety of hosts, including bivalves, gastropods, chitons
and polychaetes —some species seem to be host-specific,
but others are relatively promiscuous in this respect.
Eulimids have rather featureless shells and are difficult
to classify, but pyramidellids are far more diverse in shape
and sculpture and have received a considerable amount
of attention from paleontologists; both families are well-
represented in the New Zealand Cenozoic fauna.

Commensalism (which in some cases may represent an
intermediate stage in the evolution of parasitism) is not
uncommon in the Bivalvia. It is particularly characteristic
of the Galeommatacea, some members of which live in
sediment close to the host or in burrows formed by the
host, or on the host itself. Hosts include other bivalves,
echinoderms and polychaetes. Another form of
commensalism is the association of micro-organisms with
certain bivalves —this is best known for the “giant clams”
(Tridacna spp.), which harbour algae (zooxanthellae) in
their mantle and gills; a similar association is recorded
for the cardiids Fragum and Corculum. More recently it
has become apparent that some bivalves have a symbiotic
relationship with sulphide-oxidising bacteria that allows
them to live in anoxic conditions. This association was
first noticed in bivalves living near deep-sea thermal vents
(Vesicomyidae) and has now been recognised in members
of the Solemyidae (some species of which are gutless),
Mytilidae, Lucinidae and Thyasiridae (see summary by
Reid and Brand 1986).

It should be emphasised that the feeding categories
given here are not hard-and-fast if only because the first



two are descriptions of the way in which food is obtained,
rather than the kind of food taken. Some molluscs fall
into two categories, e.g., thecosome pteropods are both
suspension feeders and herbivores and the common mud-
snail Amphibola crenata is a herbivorous deposit feeder.
Gastropods and scaphopods which devour foraminifera
could be classed as deposit-feeders or as carnivores,
although there is a tendency to restrict the latter term to
species which devour metazoans. There are also some
molluscs which undergo a change in dietary preferences
during ontogeny.

Evidence of predation on molluscs

Molluscs are themselves preyed on by a wide variety of
organisms, some of which conveniently leave evidence of
their activities on the shell. Others leave no such evidence,
or crush the shell into unrecognisable fragments during
feeding. Two kinds of shell damage, drill-holes and shell-
fracture, provide useful information on the nature and
frequency of predation, and have received a considerable
amount of attention from paleobiologists in recent years.

Drill-holes in molluscan shells can usually be attributed
to predation by members of either the Naticidae or the
Muricidae, although some holes may be produced by
cassids or by octopods (see Boucot 1981; Carter 1968;
Carricker and Yochelson 1968; Sohl 1969, for reviews of
the subject). Naticid and muricid holes are “counter-sunk”
(i.e. have a bevelled upper margin) but. whereas the
former are strongly concave (parabolic) below, muricid
holes are more nearly cylindrical; this distinction
unfortunately falls down in thin shells. Detailed studies
on naticid predation on modern and fossil assemblages
show that (a) drill-holes are often present in certain
preferred areas of the shell rather than randomly
distributed, and (b) there is a considerable degree of prey
selection (i.e. some species suffer heavier predation than
others). Prey selection is determined partly by size, with
“cost-effectiveness” (i.e. the energy obtained from
consumption of the prey versus that expended in drilling)
being the over-riding factor (Kitchell et al. 1981), but it
seems likely that a low frequency of naticid predation on
some species (e.g. of opisthobranchs) may be attributable
to effective escape behaviour or to an unpleasant taste
(see Maxwell 1988a, p. 31-32). It should also be pointed
out that naticids do not always need to drill through the
shell to get at their prey; for example, they can attack
gastropods through the aperture. '

Predation by decapod crustaceans not only helps keep
numbers of molluscs down, but according to the work
of G. Vermeij and his colleagues (Vermeij 1977, 1978;
Vermeij et al. 1980) it has had a significant effect on the
evolution of marine gastropods. Modern decapods attack
gastropods either by nipping off the apex (“decollators™)

or by breaking back the outer lip (“lip-peelers”). Such.

attacks are not always fatal, and gastropods are often able
to recover and recommence shell growth, leaving
distinctive scars (usually marked by interruption or off-
setting of sculptural elements) as evidence of predation.
Recognition of these growth-hiatuses can give useful
information on the frequency of decapod predation in
fossil assemblages, although some shell-breakage in high-
energy environments could conceivably result from non-
biological processes. A study of eight species of
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gastropods from an upper bathyal assemblage at Karoro
Quarry, Greymouth (Waiauan) showed that seven had
shell-repair frequencies in the range 60-80% (some shells
had two or more scars); the predator was probably the
giant- crab Tumidocarcinus giganteus Glaessner, 1960
(Maxwell 1988a, p.33-34). Decapods also attack bivalves,
either by crushing the shell or by nipping at the margins.
Traces left by the latter process may be difficult to
distinguish from those produced by fish.

Starfish are important predators on molluscs (see
Carter 1968, p 43-49 for a review of bivalve predation)
but they usually leave little or no evidence of their
activities on their prey. Complete or reasonably complete
starfish are only very rarely found fossil in New Zealand,
and isolated skeletal elements are usually the only direct
evidence for their presence in a fossil assemblage: Some
eulimids are parasitic on asteroids, but fossil species of
the family are difficult to identify confidently, and it is
usually impossible to come to firm conclusions about their
probable hosts.

Many species of fish feed on molluscs (see Boucot 1981,
table 4.18 for a lengthy list); some crush or break shells,
others dissolve shells in their gut, and some excrete the
shells entire. The presence of ray teeth (e.g. Myliobatus)
in a fossil assemblage is good evidence for fish predation,
but in most faunules the only evidence for the presence
of fish is teleost otoliths, which are often difficult for the
non-specialist to identify with any confidence. Other
vertebrates, including seals, whales and birds, may also
feed on molluscs, but their remains are much rarer than
those of fish. ,

Trophic web reconstruction

Construction of a trophic web for a fossil ecosystem
depends ultimately on how well studied- the fossil
assemblage is, which usually means paying attention to
any representatives of non-meolluscan groups that may
be present, as molluscs occupy only the primary consumer
and low-level carnivore levels: On the other hand, the
presence of certain groups of molluscs may give valuable
information on the non-preserved components of ‘the
original biota. Trophic reconstructions can be shown
visually in a number of ways—the example given here
(Fig. 4) adopts a hierarchial classification of trophic
levels, but some ecologists prefer to present their
conclusions in a non-hierarchial flow diagram, or even
as a cartoon. :

The account given here of molluscan paleoecology
includes only some of the more obvious aspects of this
fascinating branch of paleontology.

Many other topics that come into the domain of
paleoecology deserve attention but have been little-studied
in New Zealand —these include functional morphology
{(particularly the relationship of shell form to habitat—
see Stanley 1970 for a classic study on bivalves), skeletal
mineralogy, population structure (e.g. as a guide to
reproductive “strategy”), diversity changes and their
causes (e.g. the effects of changes in temperature or sea-
levels) and paleobiogeography (paticularly the relative
importance of dispersal and vicariance).- For anyone
interested in paleoecology we recommend :two :very
different works on the subject — Boucot (1981) and Dodd



Shark
{isurus)
Teleost
r Fish
T C\ Naticidse P\ 9 Fe T
2 W :
w [ N
S " ; 'S { X
F3 Camivorous. Notacirsa Turridse, . Gther T <
E B‘wlhlu -, . . 8
© Fucivos) Exifia (Tonnace: f i by
Coelenterates _J L fb ] l
l \. 4/& \
e r S D
. N Suspension-feeding Deposit-feeding i [
Z'§ Benthopelagic Benthic Potvchaet Moluscs Moliuscs | gohinod ST
£S5 Zooptenkton Foraminitera Notocorbuls, etc, P & ! g3
E g _ i 7 Microvoluta, etc.} lL 3_2
S I j J J “
______ | R
[
E § ‘ I C. g v
Ed g3
£9 Phytoplankton and other | a®
& o i Detritus 3 <
J

Figure 4 Partial reconstructed food-web for the Waiauan (late Middle Miocene) bathyal ecosystem represented by the faunule in the Stillwater
Mudstone at Karoro, Greymouth (Maxwell 1988a, fig. 3), showing the more important inferred pathways between different trophic levels. Groups
for which there is no direct fossil evidence are enclosed by dashed lines. The diagram is greatly simplified for the sake of clarity; teleost fish
probably preyed on most molluscan groups present and on other organisms, and all groups contributed to the detritus, both in the form of
fecal material and as decay products after death, with bacteria playing a vital part in the break-down of both detritus sources.

and Stanton (1981), as well as papers published in such
journals as Lethaia, Paleobiology and Paleogeography,
Paleoclimatology, Paleocology. Barnes and Hughes (1982)
give a concise account of modern marine ecology, and

Morton and Miller’s book “The New Zealand Seashore”
(1968) is quite indispensabe for anyone attempting to
interpret New Zealand Cenozoic shallow-water
assemblages. ‘

| CHAPTER 3. MOLLUSCAN BIOSTRATIGRAPHY

One of the major roles of molluscan paleontology is the
determination of  the relative ages of rocks by
biostratigraphy (stratigraphic ordering of the sequence
of different life forms). Biostratigraphic sequences for the
Cenozoic marine rocks of New Zealand have been pieced
together for many different biological groups over more
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than 120 years of geological research. As well as
Mollusca, they are available in Foraminifera (both
benthonic and planktonic), Ostracoda, calcareous
nannofossils, pollen and spores, and dinoflagellates, and
some research is being carried out on Radiolaria. During
the last several decades much unravelling of New



Zealand’s complexly deformed sequences, and of such
complications as the existence of parallel but distinct
warm-water and temperate biotas of Early Miocene age,
has been enabled by the co-operation of paleontologists
working together on different groups, particularly on
Mollusca, Foraminifera and calcareous nannofossils. As
noted in the introduction, Mollusca are much the most
diverse of Cenozoic fossil groups in New Zealand, and
are of some use for biostratigraphy wherever they occur
as fossils; but they are much more diverse in shallow-
water, near-shore facies and cannot provide a working
biostratigraphy for the vast sequences of off-shore
mudstone that are so characteristic of much of New
Zealand (although the development of a biostratigraphy
based on the planktonic gastropods grouped as
“pteropods” holds some hope for a contribution from
Mollusca to a biostratigraphy of deep-water facies in due
course). For most practical biostratigraphy throughout
the majority of the Cenozoic in New Zealand, the
abundance of Foraminifera (particularly planktonic ones)
makes them the pre-eminent group for biostratigraphy —a
good population of each of many different species can
be obtained easily by wet-seiving a sample of most
mudstone units.

The major period when Mollusca continue to be at least
as useful as Foraminifera for biostratigraphy is Pliocene
and Pleistocene time. During this time (Opoitian to
present), the number and frequency of extinction and
evolutionary events decreased in Foraminifera
(particularly after early Nukumaruan time), compared
with earlier Cenozoic time, but increased sharply in
Mollusca (no doubt partly because near-shore facies, with
diverse Mollusca, are much better represented in
progressively younger rocks than in older ones).
Evolutionary sequences in rapidly evolving lineages of
Mollusca, particularly in Phialopecten (Family Pectinidae)
and the several lineages of Pelicaria (Struthiolariidae) and
Stiracolpus (Turritellidae) together provide a fine
subdivision of almost all near-shore to “shelf” facies of
Pliocene to early Pleistocene age. Indeed, it is these three
families, together with Austrofusus and other closely
related Buccinidae, which provide the most useful
molluscan biostratigraphic guides throughout Cenozoic
rocks.

Mention of the usefulness in biostratigraphy of
evolutionary lineages of Mollusca introduces the topic of
the different approaches to biostratigraphy. There are
several different ways of compiling the time ranges of
individual species (all of which are listed in our checklist)
to arrive at useful biostratigraphic information. A glance
at the main approaches in use for practical
biostratigraphy will clarify the methodology used.

1. Time ranges of genera

The number of genus-group taxa of New Zealand
Cenozoic Mollusca is so great (about 890 are included
in our checklist, and perhaps another 200 are known to
us but not recorded) that time ranges of genera are very
useful in biostratigraphy. Combining first appearances
and last appearances of groups of genera into a table to
show the sequence of apparent arrivals and apparent
extinctions through Cenozoic time (Figure 5) gives a clear
appreciation of the way in which Cenozoic ages can be
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determined from the ranges of genera. Not all genus-
group taxa recorded from New Zealand have been
included in Figure 5, but only those 410 taxa we consider
to be of most use in biostratigraphy. Figure 6 is a table
of the time ranges of these 410 genus-group taxa arranged
in taxonomic order (i.e. the same order as in the
checklist). Positions of individual taxa can be found in
this taxonomically arranged table from the index.

An example of the usage of generic ranges is provided
by the Kapitean-Opoitian boundary (approximately
equivalent to the Miocene-Pliocene boundary). This
boundary is readily recognisable by the use of Mollusca
in “shelf” facies because it is marked by the permanent
disappearance from the fauna of at least central and
southern New Zealand (rocks of this age are not known
in Northland) of many common, well known, middle
Cenozoic genera such as Aturia, Cucullaea, Lentipecten,
Kuia, Notocorbula, and large species of Conus and
Cypraea. In a similar way, significant proportions of the
generic composition of the molluscan fauna became
extinct and newly appeared at most Neogene stage
boundaries. In particular, marked extinctions of groups
of genera allow easy recognition of the Pliocene stage
boundaries and the Nukumaruan-Castlecliffian boundary
in shallow facies (Beu 1987b).

2. Time ranges of species

A similar but still more finely subd1v1ded blostratlgraphy
to that compiled for genera can be derived for time ranges
of individual species. All species in our checklist have
their known time ranges listed, but different species clearly
differ in their biostratigraphic usefulness because of
differing ecological tolerances, commonness or rarity,
tested reliability, etc. We consider that the reliability of
all molluscan biostratigraphy based on individual species
before Duntroonian (Late Oligocene) time is low, because
so few faunules have been described from most pre-
Duntroonian stages and, indeed, the known faunal
diversity is low for many Paleogene stages because of
unsuitable facies (especially Teurian to Porangan, and
Whaingaroan). The only apparent exception is the
Bortonian Stage, widely represented by shallow facies in
eastern Otago and in Northland, and characterised by
several apparently restricted, common, rather exotic-
looking species such as Duplipecten waihaoensis (P1.5d),
Monalaria concinna (Pl.6a,b), Athleta necopinata (P1.6q)
and Speightia spinosa (P1.6s). However, the very poor
knowledge of Porangan molluscan faunas, and the
consequent possibility that no Bortonian species were
originally restricted to that stage, makes the recognition
of even Bortonian faunas of low reliability.

The continuous record of shallow-water faunas with
diverse Mollusca begins in New Zealand with the onset
of Duntroonian time, so we have compiled a detailed
table (Figure 7) of the first and last appearances of species,
in sequential order of stages, from Duntroonian time until
present. Again, very far from all recorded species are
included in Figure 7, as many are rare species known from
only one or a few localities, and many others belong in
taxonomically “difficult” groups and so have poorly
known time ranges. The compilation of Figure 7 thus
represents a distillation of our experience in Ohgocene
and Neogene biostratigraphy.



FIRST AND LAST APPEARANCES OF MAIN CENOZOIC GENERIC GROUPS

STAGES

CRETACEOUS
WANGALOAN
TEURIAN
WAIPAWAN

MANGAORAPAN
" HERETAUNGAN
PORANGAN
BORTONIAN
KAIATAN
RUNANGAN
WHAINGAROAN
DUNTROONIAN
WAITAKIAN
OTAIAN
ALTONIAN
CLIFDENIAN
LILLBURNIAN
WAIAUAN
TONGAPORUTUAN
KAPITEAN
OPOITIAN

WAIPIPIAN
MANGAPANIAN
HAWERAN
RECENT

TAXA

NUKUMARUAN
CASTLECLIFFIAN

Lahillia, Conchothyra (1) 1
Pinna {2) 2
Isognomon (s.s.) (3) 3
Neilo, Acesta, Limatula (s.l.), Zenatia, Panopea, Crepidula (4) 4

Ledina, Spineilo, Cucullona, Marwickia, Dosinobia, Leptocolpus,
Taioma, Heteroterma, Tudiclana, Fyfea, Campylacrum, Ongleya, 5 bt
Tornatellaea, Prisaphander (5)

Priscoficus (6)
Superstes (7)
Eoturris (8)

Spelaenacca, Marshallaria (9) 9
Tubena (10)
Exilia, Wangaloa (11) 1
Inquisitor, Cylichnania (12) 12
Bolma (13) 13
Glycymerita, Miltha, Polinella, Nassicola, Zemacies {14} 14
Conominolia (15) 15
Limopsis (s.i.), Pteromyrtea (16) 16

Ennucula, Purpurocardia, Pratulum, Globisinum, Polinices, Penion,
Acteon, Odostomia, Spiratella, Antalis (17)

Aturia (18) 8
Emarginula, Anatoma, Sassia (19) 19
Crenostrea {(20) 20
Glyptoactis (21) . 21
Serripecten (22) 22
Falsicolus (23) i ' 23
Ctenoides (24) 24
Arca (25) o 25
Ostrea, Chtamys {s.l.), Caryocorbula, Cypraea (s.l.), Teremelon,

Volutomitra (s.l.) (26)
Plicatula (27) 27 e
Triploca (28) o 28
Cordieria (29) : 29
Quadrilatera  (30) 30
Notolimopsis, Archierato (31) 31
Septifer, Spondylus, Lachryma, Cochlespira (s.l.}, Fimbriatella (32) 32
Pareora {33) : 33
Gemmula, Inglisefla (34) 34
Eucrassatella (35) 35
Chama, Zeacuminia (36) 36

26

Varinucula, Yoldiella, Acar, Pleuromeris, Hiatella, Haliotis, Brookula
{s.1.), Rissoina, Zeacolpus, Sigapatella, Coluzea, Gracilispira, 37
Anapepta, Ringiculina, Syrnola {37)

Cubitostrea, Monalaria, Fascioplex, Athleta (38) 38
Hedecardium, Spirocolpus (39) 39
Amplicolpus (40) 40
Insolentia (41) : : ) a1
Niso, Rugobela (42) 42
Turia (43) 4a
Cucullaea (Latiarca) (44) 44
Taniella (45) X 5
Gonimyrtea, Oxyperas, Gari, Kereia (46) 46
Tellinella, Speightia, Eocithara (47) 47 o
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Figure Sa-c First and last appearances of the main Cenozoic molluscan genera. (Individual time ranges of these 410 genus-group taxa are shown
in taxonomic order in Fig. 6). [Note: because of late corrections, numbers (89) and (120) have been deleted; Ostrea in number (26) is a combination
of taxa now included in Ostrea (sensu lato) (Waipawan, Opoitian) and Tiostrea (Kapitean to Recent)].




STAGES

TAXA .

CRETACEOUS
WANGALOAN
TEURIAN
WAIPAWAN
MANGAQGRAPAN
HERETAUNGAN
PORANGAN
BORTONIAN
KAIATAN
RUNANGAN
WHAINGAROCAN

Duplipecten, Dicroloma, Carinacca (48)

Hyalocylis {49)

Waihaoia, Fusiaphera (50)

Borsonia, Tatara {51)

Callistotapes (52)

Typhis (53)

Pseudoportlandia, Magnatica, Mauira, Marshallena (s.s.) (54)
Lentipecten, Kuia, Hina (55)

Pseudotindaria (566)

Turehua (57)

Nucula, Jupiteria, Saccella, Parvamussium, Anomia, Divalucina,
Scalpomactra, Peronaea, Austrodosinia, Offadesma, Eulima (s.l.),
Tanea, Friginatica, Galeodea (s.s.}, Austrofusus, Poirieria,
Prototyphis, Volvarinella, Conus (s.l.), Bonellitia {s.1.),
Granosolarium, Cirsotrema (s.s.), Eulimelia, Turbonilla,
Strioturbonilla, Dentalium (58)

Neverita (59)

Lirasyrinx (60)

Ficus, Microdrillia (6 1)

Hinnites, Varicardium, Willungia, Conilithes, Notacirsa {62)
Spissatella (63)

Haurokoa, Proximitra, Alocospira (64}

Cheilea, ‘Hespererato’ (65)

‘‘Marshallena’” {n.gen.) {66)

Marama (67)

Ledella, Tucetona, Mesopeplum, Calliostoma, Lissotestella, Astraea,
Argalista, Linemera, Xenophora, Trivia, Liratilia, Xymene, Pterynotus|
Peculator, Puposyrnola, Tenuiactaeon ,Fissidentalium (68)

Janupecten (69)

Lima, Cellana (70)

Pododesmus (71)

Propeamussium {72}

Neocola, Zelandiella (73)

Atamarcia (74)

Hinemoana, Neritoplica, Pomahakia, Batillona (75)
Athlopecten, Proxichione, Guildfordia (76)
Megacardita, Pyrazus {77)

"‘Cyclocardia’, Procominula, Costosyrnola {78)
Titanocardium, Clifdenia, Oniscidia (79)
Solecurtus, Fossacallista, Metamelon, Tomopleura, Etremopsis,
Anacithara (80)

Tropicolpus, Echinophoria (81)

Notocorbula (82)

Myrtea, Callusaria, Mauidritlia, Evelynella (83)
Zefallacia, Spinomelon, Austrotoma, Scalptia (84)
Maoricardium {85)

Glycymeris (s.s.), Raina, Ringicula (86)
Fusigurateus (87)

Linucula, Limaria, Neolepton, Tellinota, Dosina, Bassina, Dosinia
(Asa), Myadora, Micrelenchus, Spectamen, Thoristella, Scrobs,
Struthiolaria, Josepha, Zemitrella, Murexsul, Maoritomella, Scrinium,
Neoguraleus, Oamaruia, Zeadmete, Scaphander, Retusa, Agatha,
Terelimella (88)
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DUNTROONIAN
WAITAKIAN
OTAIAN
ALTONIAN
CLIFDENIAN
LILLBURNIAN

WAIAUAN
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OPOITIAN
WAIPIPIAN
MANGAPANIAN
NUKUMARUAN
CASTLECLIFFIAN
HAWERAN
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STAGES

TEURIAN
WAIPAWAN
MANGAORAPAN
HERETAUNGAN
PORANGAN
BORTONIAN
KAIATAN
RUNANGAN
WHAINGAROAN
DUNTROONIAN
WAITAKIAN
OTAIAN
ALTONIAN
CLIFDENIAN
LILLBURNIAN
WAIAUAN
TONGAPORUTUAN

TAXA

CRETACEOUS
WANGALOAN

KAPITEAN
OPOITIAN
WAIPIPIAN
MANGAPANIAN
NUKUMARUAN
CASTLECLIFFIAN
HAWERAN
RECENT

Paracominia (90)
Austroclavus, Vexithara (91)
Trichomya, Sarmaturbo, Hirtotyphis, Bathytoma {92) 92

-1

Cosa, Austrovenus, Cleidothaerus, Tugali, Dardanula, Merelina,

Pisinna, Maoricolpus, Cabestana, Buccinulum, Eucominia, Leporemax : 93
Pervicacia, Mitrolumna (93)

S —

Siratus, Nebularia (94)
Opella, Rugotyphis, Vaginella (95)
Spinaspira, Eubela (96)

Bartrumia, Hyphantosoma, Hima, Hiwia (97)

Lutraria, thungia (98)

2888888

Mioawateria (99)

Melliteryx, Perna, Cardita, Paphies, Serratina, Tawera, Crosseola,
Herpetopoma, Powellisetia, Haurakia, Ranelfa, Architectonica (s.i.), 100

Chemnitzia, Cavolinia (100)

Maorivetia (101) 1Io1 oo
Rohea (102) 102

Clavagella, Lyria (103} ) ’ . 103
Cosmasyrinx (104) - ) 104

Borehamia {105) 105

Manaia, Eumarcia, Waikura, Striocadulus (106) 106

Tibersyrnola (107) 107

Maorimactra, 'Ataxocerithium, Uberella, Galeoocorys, Cominella (s.s.)!
Glaphyrina, Austromitra, Microvoluta, Aoteadrillia, Micantapex, 108

Phenatoma, Linopyrga (108)

Thatcheria {(109) - . 1|oe
Macrosinus (110} 110

Gemmaterebra (111) : 111

“Isognomon’” {n.gen.), Lamprodomina (112) 112

Sectipecten {113) - 113

Kaweka (114} t1a
Antizafra (116) : 115
Xenostrobus, Striacallista, Pelicaria, Ellicea, Antiguraleus, I

Awateria {116)
Ovicardium (117) ,
Phialopecten, Patro, Kahua, Hartungia (118) 1
Monia, Atrina, Aeneator (119) 1

116

Mylitella, Gomphina, Notirus, Antisolarium, Zethalia, Stiracolpus,
Taranis {121) ’

Bedeva, Kaparachlamys (122)

Barytellina {123)

Aulacomya, Phacosoma, Liracraea (124)

Talabrica, Ruditapes, Paratrophon, lredalina, Evalea (125)
Paracomitas (126) - :
Melagraphia, ~ Nodilittorina , Uttleya, Philippia, Haloginella
Antimelatoma (127)

Anadara {128)

Pecten, Protothaca, Monoplex (129)

Capulus, Eunaticina |(130)

Mytilus, Cantharidella, Argobuccinum, Fusitriton, Bulla, -
Ophicardelus|{131)
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TIME RANGES OF MAIN CENOZOIC GENERIC GROUPS

STAGES

CRETACEOUS
WANGALOAN
TEURIAN
WAIPAWAN
MANGAORAPAN
HERET AUNGAN
PORANGAN
BORTONIAN
KAIATAN
RUNANGAN
WHAINGAROAN
DUNTROONIAN
WAITAKIAN
OTAIAN
ALTONIAN
CLIFDENIAN
LILLBURNIAN
WAIAUAN
TONGAPORUTUAN
KAPITEAN
OPOITIAN
WAIPIPIAN
MANGAPANIAN
NUKUMARUAN
CASTLECLIFFIAN
HAWERAN
RECENT

TAXA

CLASS BIVALVIA
Family Nuculidae
Ennucula (1) 1
Linucula (2) 2
Nucula (3) - 3
Varinucula (4) - |4
Family Nuculanidae
Jupiteria {5) . 5
Ledelia (6) ) 6
Ledina (7) 7 -t
Pseudoportiandia {8) 8
Saccella (9)
Yoldielia (10) 10
Family Neilonellidae
Pseudotindaria {11) 1
Family Malletiidae
Neilo (12) 12
Spineilo (13) 13 —J
Family Arcidae
Arca (14) 14
Acar {15) 15
Anadara (16) 16
Quadrilatera {17) 17
Family Cucullaeidae
Cucullaea {Cucullona) {18) 18 —{
Cucullaea {Latiarca) {19) 19
Family Limopsidae
Limopsis (s.l.) (20) 20
Notolimopsis (21) 21
Family Philobryidae
Cosa (22) 22
Family Glycymerididae
Glycymeris {23) 23
Glycymerita (24) 24
Manaia (25) 25
Tucetona (26) 26
Family Mytilidae :
Aulacomya (27) . 27
Mytilus (28) - 28
Perna (29) 29
Septifer (30) 30
Trichomya (31} 31
Xenostrobus (32) 32|
Family Pinnidae
Pinna (33) 33
Atrina (34) 34
Family Isognomonidae X :
Isognomon (35) 35
“Isognomon’’ {n. gen.) (36) 36
Family Pectinidae
Athlopecten {37) 37
Chiamys {s.l.) (38) 38
Duplipecten {39}
Hinnites (40) 40
Janupecten (41) 41 .
Kaparachlamys (42) 42 foveed
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Figure 6a-j Time ranges of the 410 Cenozoic molluscan genus-group taxa used to compile Fig. 5, in taxonomic order (their position can be
found alphabetically from the index). [Note: Heteroterma (252),| Tudiclana (253) and Fyfea (255) have been transferred to Family Turbinellidae
in the text and checklist; Ostrea (65) is a combination of taxa now included in Ostrea (sensu lato) (Waipawan, Opoitian) and Tiostrea
(Kapitean-Recent)]. .
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TAXA

STAGES

Lentipecten (43)
Mesopeplum (44)
Borehamia (45)
Pecten (46)
Phialopecten (47)
Sectipecten {48)
Serripecten (49)
Family Propeamussiidae
Parvamussium {50)
Propeamussium (51)
Family Spondylidae
Spondylus (52)
Family Plicatulidae
Plicatula (53)
Family Anomiidae
~ Anomia (54)
Patro (55}
Pododesmus (56)
Monia {57)
“Family Limidae
Lima (58)
Acesta (59)
Ctenoides (60)
Limaria (61)
Limatula (s.l.) (62)
Family Gryphaeidae
Crenostrea (63)
Family Ostreidae
Cubitostrea (64)
Ostrea (65)
Crassostrea (66)
Family Lucinidae
Divalucina (67)
Miltha (68)
Myrtea (69)
Gonimyrtea (70)
Pteromyrtea {7 1)
Family Chamidae
Chama (72)
Family Erycinidae
Melliteryx (73)
Myllitella (74)
Family Neoleptonidae
* Neolepton (75)
Family Carditidae
Cardita (76)
“*Cyclocardia”” (77)
Glyptoactis (78)
Megacardita (79)
Pleuromeris (80)
Purpurocardia (81)
Family Crassatellidae
Eucrassatelia (82)
Spissatella (83)
Talabrica {84)

Fig. 6b

CRETACEQUS
WANGALOAN
TEURIAN
WAIPAWAN
MANGAORAPAN
HERET AUNGAN
PORANGAN
BORTONIAN
KAIATAN
RUNANGAN
WHAINGAROAN
DUNTROONIAN
WAITAKIAN
OTAIAN
ALTONIAN
CLIFDENIAN
LILLBURNIAN
WAIAUAN
TONGAPORUTUAN
KAPITEAN
OPOITIAN
WAIPIPIAN
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NUKUMARUAN
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RECENT
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STAGES

CRETACEOUS
WANGALOAN
TEURIAN
WAIPAWAN
MANGAQORAPAN
HERETAUNGAN
PORANGAN
BORTONIAN
KAIATAN
RUNANGAN
WHAINGAROAN
DUNTROONIAN
WAITAKIAN
OTAIAN
ALTONIAN
CLIFDENIAN
LILLBURNIAN
WAIAUAN
TONGAPORUTUAN

TAXA

KAPITEAN
QPOITIAN
WAIPIPIAN
MANGAPANIAN
NUKUMARUAN
CASTLECLIFFIAN
HAWERAN
RECENT

Family Cardiidae 7
Maoricardium (85) 85

Pratulum (86) a
Varicardium (87) 87

Hedecardium (88) 88
Titanocardium (89) 89
Ovicardium (90)
Family Lahillidae
Lahillia (91) 91
Family Mactridae
Maorimactra (92) 92

Oxyperas (93) ) 93
Scalpomactra (94) 94

Spisulona (95)
Lutraria (96) ) 96

Zenatia (97) a7

Family Mesodesmatidae
Paphies (98) 98

Family Tellinidae
Barytellina (99)
Peronaea {100) 00

Serratina (101) 01

Tellinella (102) 102 fumend

Bartrumia (103) 03
Tellinota {104) 104

Family Psammobiidae
Gari (s.L) (105) 105

Family Solecurtidae
Solecurtus {106) 06
Family Veneridae |

Dosina (107) 107
Kuia (108) 108

Marama (109) ' 09

Hina {110) ’ 110
Proxichione (111) 111

Austrovenus {112) I 112
Bassina (113) 113

Hinemoana (114) 114

Tawera (115) I 15
Turia (116) 16

\
Dosinia (Asa) {(117) 117

Austrodosinia {118) : 118

Kereia (119) 19|
Dosinobia (120) 120 —
Phacosoma {121)
Raina (122) 122

Hyphantosoma (123) 123

Fossacallista (124) 124)
Striacallista {125) 125
Rohea (126) ' 26
Eumarcia (127) 127

Atamarcia (128) 28]

Callistotapes (129)
Marwickia (130) 1
Gomphina (131)
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STAGES

CRETACEOUS
WANGALOAN
TEURIAN
WAIPAWAN
MANGAORAPAN
HERETAUNGAN
PORANGAN
BORTONIAN
KAIATAN
RUNANGAN
WHAINGAROAN
DUNTROONIAN
WAITAKIAN

TAXA

OTAIAN
ALTONIAN
CLIFDENIAN
LILLBURNIAN

WAIAUAN
TONGAPORUTUAN
KAPITEAN
OPOITIAN
WAIPIPIAN
MANGAPANIAN
NUKUMARUAN
CASTLECLIFFIAN
HAWERAN
RECENT

Ruditapes (132)

Protothaca (133)

Notirus (134)
Family Corbulidae

Caryocorbula {135) 135

Notocorbula (136) 136
Family Hiatellidae i
Hiatella {137) 37

Panopea (138) 138

Family Periplomatidae

Offadesma (139) 139
Family Myochamidae

Myadora {140} 140!
Family Cleidothaeridae
Cleidothaerus {141) | o1et

Family Clavagellidae

CLASS GASTROPGCDA
Family Haliotidae
"Haliotis (s.l.) (143) 143

Clavagella {142) 142

Family Scissurellidae
Anatoma (144) 144

Family Fissurellidae
Emarginula {145) 145L

Tugali (146) 146
Family Nacellidae
Cellana {147) 147!

Family Trochidae
Calliostoma (148) 148

Herpetopoma (149)

Cantharidelia (150)
“Micrelenchus {151) 151

Melagraphia (152)
Spectamen (153} 163

Thoristella (154) 15
Antisolarium (155) '
Conominolia (156) 156

Zethalia (157)

Family Turbinidae
Astraea (158) 158

Opelia (159} 59}

Guildfordia (160) 160

Bolma (161) 161
Sarmaturbo {162) 162|

Argalista {163) 63

Family Skeneidae
Brookula {s.l.) {164)

Crosseola (165) ’ 165
Lissotestelia (166) 166

Family Neritidae
Neritoplica (167) , 167—

Family Littorinidae
Nodilittorina (168)
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STAGES

CRETACEOUS
WANGALOAN
TEURIAN
WAIPAWAN
MANGAORAPAN
HERETAUNGAN
PORANGAN
BORTONIAN
KAIATAN
RUNANGAN
WHAINGAROAN
DUNTROONIAN
WAITAKIAN

TAXA

OTAIAN
ALTONIAN
CLIFDENIAN
LILLBURNIAN
WAIAUAN
TONGAPORUTUAN
KAPITEAN
OPOITIAN
WAIPIPIAN
MANGAPANIAN
NUKUMARUAN
CASTLECLIFFIAN
HAWERAN
RECENT

Family Rissoidae
Linemera {169) 6

thungia (170)
Merelina (17 1) 7
Powellisetia (172}
Haurakia (173)

Rissoina (174) 174

Family Barleeidae

Scrobs (175) 175
Pisinna (176) 17

Family Eatoniellidae
Dardanula {177) 177

Family Cerithiidae
Ataxocerithium (178)
‘Zefallacia (179) 179

Family Pareoridae

Pareora (180) 180
Batillona (181) 181 et

Family Turritellidae

Maoricolpus (182) 82

Spirocolpus (183) 183 1

Tropicolpus (184) I 184

Amplicolpus {185) 185]

Zeacolpus (186) B 186
Stiracolpus (187)
Leptocoipus (188) 188

Family Eulimidae
Eulima (s.l.} (189) 189!

Niso (190) 190
Family Aporrhaidae
Dicroloma (191) 191

Family Struthiolariidae
Conchothyra (192) 192
Monalaria (193) 193
Struthiolaria (194) 194

Callusaria {195) J95}—1?
Pelicaria (196)

Family Calyptraeidae

Cheilea (197) 197
Crepidula(198) 198 puamd co|eefentoe]ec]ecfes]oc]eo]ee

Sigapatella (199) 199

Family Capulidae
Capulus (200)

Family Xenophoridae
Xenophora (201) 201

Family Triviidae

Archierato (202) 202
“‘Hespererato” (203) 203

Lachryma (204) ' 204 }
Willungia (205) 205

Trivia (206) 206

Family Cypraeidae

Cypraea (s.l.) (207) 207
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Family Naticidae
Globisinum (208) 208
Carinacca {209) 2:09
Magnatica (210) 210
Spelaenacca (211) 211 !
Tanea {212) 212
Taniella (213) 213
Neverita (214} 214
Friginatica (215) ’ 215
Polinices (216) 216
Polinella (217) 217

Uberella (218)
Eunaticina (219)

Family Cassidae

Galeodea (s.s.) (220) 220
Galeoocorys (221)
Echinophoria (222)
Semicassis (223)
Kahua (224)

Family Ranellidae
Argobuccinum (225)
Fusitriton (226)
Ranella {(227)
Cabestana (228)
Monoplex. (229}

Sassia (230) 230

Haurokoa (231) 231
Family Ficidae ’

Ficus (232) 232
. Priscoficus (233) 233

Family Buccinidae
Aeneator (234)
Ellicea {235)

. Buccinulum (236) °

Austrofusus (237) : 237
Neocola (238) )
Cominella (s.s.) (239)
Euceminia (240}
Josepha (241)
Procominula (242)
Paracominia (243}
Nassicola (244) 244

Penion (245) . 245

Zelandiella (246)
Pomahakia (247}

Family Nassariidae
Hima (248)
Family Fasciolariidae

Falsicolus (249} 249
Glaphyrina {250) '
Family Taiomidae(?)
Taioma {251) 251 |t
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Family Tudiclidae
Heteroterma {252)
Tudiclana (253)

Family Melonginidae
Fascioplex (254)
Fyfea (255)

Family Columbellidae
Antizafra (256)
Liratilia (257)
Zemitrella {258)

Family Turbinellidae
Coluzea (259)
Exilia (260)

Family Muricidae
Siratus (261)
Murexsul (262)
Poirieria (263)
Prototyphis (264)
Rugotyphis (265)
Typhis (266)
Hirtotyphis (267)
Pterynotus (268)
Bedeva (269)
Paratrophon (270)
Terefundus (271)
Uttleya (272)
Xymene (273)

Family Mitridae
Clifdenia (274)
Nebularia {275)

Family Costellariidae
Austromitra (276)

Family Volutomitridae
Microvoluta (277)
Peculator (s.l.) (278)
Proximitra (279)
Volutomitra (s.l.) {280)

Family Marginellidae
Hiwia (281)
Volvarinella {282)
Haloginella (283)

Family Harpidae
Eocithara (284)
Oniscidia (285)

Family Olividae
Alocospira (286)
Baryspira {287)
Gracilispira (288)
Spinaspira (289)
Lamprodomina (290)

Family Volutidae
Athieta (291)
Lyria (292)
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Alcithoe (293)
Leporemax (294}
Spinomelon (295)
Iredalina (296)
Mauira (297)
Metamelon (298)
Teremelon (299)
Waihaoia {300)

Family Conidae
Conilithes (301)
Conus (s.l.} (302)

Family Terebridae
Pervicacia {303}
Gemmaterebra (304)
Zeacuminia {305)
Kaweka (306)

Family Speightiidae
Speightia (307)

Family Turridae
Austrotoma (308)
Marshallaria (309}
Notogenota (310)
Marshatlena {s.s.) (311)
“‘Marshallena’” {n.gen.) (312)
Cochlespira (s.l.} (313)
Comitas {314)
Campylacrum (315)
Antimetatoma (316)
Cosmasyrinx {317)
Gemmula (318)

- Insolentia {319)

Paracomitas (320) -
Macrosinus (321)
Parasyrinx (322)
Lirasyrinx (323)
Zemacies {324)
Eoturris (325)
Austroclavus (326)
Splendrillia (327)
Inquisitor (328)

" Aoteadriltia (329)

*Awateria (330)
Bathytoma (331)
Micantapex (332)
Borsonia (333)

- Cordieria (334)

. Mauidriliia (335)
Microdrillia (336)
Phenatoma (337)
Tomopleura (338)
Maoritomella (339).
Mitrolumna (340)
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Vexithara (342)
Etremopsis (343)
Anacithara (344)
Antiguraleus (345) -
Liracraea (346)
Neoguraleus (347)
Fusiguraleus (348)
Eubela (349)
Mioawateria (350)
-Rugobela (35 1)
Taranis (352)
Thatcheria (353)

Family Cancellariidae
Anapepta (354)
Fusiaphera (355)
Inglisella (356)
Maorivetia (357)
Oamaruia (358)
Zeadmete (359)
Scalptia (s.1.) (360)
Tatara (361)
Turehua (362)
Boneliitia {s.l.) (363)

Family Architectonicidae
Architectonica (s.l.) {364}
Granosolarium (365)
Philippia (366)

Wangaloa (367)

Family Mathildidae
Fimbriatella (368)
Tubena (369)

Family Epitoniidae
Cirsotrema (s.s.) {370)
Notacirsa (37 1)

Family Janthinidae
Hartungia (372)

Family Acteonidae
Acteon (373)
Tenuiactaeon{374)
Ongleya {375}
Tornatellaea (376)
Triploca (377)

Family Ringiculidae
Ringicula (378)
Ringiculina (379)
Superstes (380}

376

3

8

353

§-§-8

372

[ 1

378

Mw]

Dt
Dw

Dm

Dh

Dp
Ab

Ak

Ar
Lwh
Ld
Lw

Po

Pl

Sc
Si
Sw

Tt

Tk
Wo

Wp
wm

Wn
Wci.

Wq

Fig. 6i

41



STAGES

TAXA

CRETACEQUS
WANGALOAN

TEURIAN
WAIPAWAN
MANGAORAPAN

HERET AUNGAN

PORANGAN
BORTONIAN

KAIATAN
RUNANGAN
WHAINGAROAN

DUNTROONIAN

WAITAKIAN
OTAIAN
ALTONIAN

CLIFDENIAN
LILLBURNIAN

WAIAUAN
TONGAPORUTUAN

KAPITEAN

OPOITIAN
WAIPIFIAN
MANGAPANIAN

NUKUMARUAN
CASTLECLIFFIAN

HAWERAN
RECENT

Family Cylichnidae
Cylichnania (381)
Priscaphander (382)
Scapiander (383)

Family Bullidae
Bulla (384)

Family Retusidae
Retusa (385)

Family' Pyramidellidae
Agatha (386)
Costosyrnola (387)
Evalea (388)
Evelynella (389)
Linopyrga (390)
Odostomia (391)
Puposyrnola (392)
Syrnola (393)
Tibersyrnola (394)
Waikura (395)
Chemnitzia (396}
Eulimella {397)
Strioturbonilla (398)
Turbonilla (399)
Terelimella (400)

Family Cavoliniidae
Cavolinia (401)
Hyalocylis (402)

Family Cuvierinidae
Vaginella (403)

Family Spiratellidae
Spiratella (404)

Family Ellobiidae
Ophicardelus (405)

CLASS SCAPHOPODA
Family Dentaliidae
Antalis (406)
Dentalium {407)
Fissidentalium (408}
Family Siphonodentaliidae
Striocadulus (409)

CLASS CEPHALOPODA
Family Aturiidae
Aturia (410)
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OLIGOCENE (DUNTROONIAN) TO PLEISTOCENE FIRST AND LAST APPEARANCES OF SPECIES
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Zeacolpus wharekuriensis (1) 1

Chlamys chathamensis, Janupecten subteres, ~‘Cyclocardia’’ christiei, Megacardita
ponderosa, Spissatella subobesa, Maoricardium strangi, Hedecardium olssoni, H.
waitakiense, Oxyperas leda, Tapes parki, Tropicolpus brycei, T. chattonensis, T.
harringtoni, T. (Amplicolpus) healyi, Austrofusus precursor, Cominella 2 -
(Procominula} praecox, C. propinqua, Falsicolus allani, Coluzea maoria, Amalda
(Alocospira) electa, Austrotoma inaequabilis, Lirasyrinx anomala, “*Scalptia’” christiei

2)
Neilo sinangula, Athlopecten athleta, Lentipecten hochstetteri (sensu stricto),
Serripecten n. sp. aff. hutchinsoni, Crenostrea wuellerstorfi, Flemingostrea wollastoni, 3

Globisinum crassiliratum, Sassia minima, Parasyrinx subalta (3)

Magnatica planispira, Sassia maoria, Amalda (Baryspira) robusta, Comitas fusiformis (4}

Limopsis catenata, Nemocardium (Varicardium) patulum (5)

O nn b

Eucrassatella ampla, Bassina speighti, Friginatica vaughani (6)

Notocorbula humerosa (7)
Poirieria primigena (8)
Crepidula radiata (9)
Dosinia (Asa) lambata (10) hc

0w ~N

Lima paleata, Cirsotrema lyratum (11) 11

Cucullaea worthingtoni, “'Cyclocardia’” marama, Dosina uttleyi, Maoricolpus doni,
Tropicolpus hornibrooki, T. mackelleri, Zeacolpus flemingi, Z. greggi, Austrofusus
affiliatus, Cominella (Procominula} denselirata, Amalda (Alocospira) cuppedia,
Austrotoma eximia, Eoturris uttleyi (12)

Tropicolpus gittosinus, Zeacolpus woodhouseae, Austrofusus (Neocola) apudalpha, 13
Austrotoma finlayi (13)

Limopsis zealandica, Pododesmus incisurus, Kuia vellicata, Globisinum miocaenicum, !4
Metamelon inermis, Spinomelon benitens, Teremelon tumidior (14)

Limatula suteri, Cleidothaerus albidus (15) ' 15
Gegania (Tubena) olssoni (16) 16

Parapholas aucklandica, Sarmaturbo superbus, Tropicolpus tetleyi; Struthiolaria lawsi,
S. (Callusaria) otaioica, Cominella (Procominula) pulchra, Penion finlayi, Zeacuminia 17 =
biplex, Austrotoma lawsi, Zemacies lividorupis, Bathytoma hokianga, Cavolinia pycna (17)

Neilo awamoana, Cucullaea australis, Pinna distans, Spissatella trailli, Guildfordia
(Opella) subfimbriata, Tropicolpus (Amplicolpus) cavershamensis, Zeacolpus lawsi,
Chicoreus (Siratus) komiticus, Austrofusus {Neocola) flexuosus, Nassarius {Hima)
separabilis, Falsicolus corrugata, F. kaiparaensis, Coluzea dentata, Proximitra 18
rutidolomum, Amalda (Spinaspira) spinigera, Alcithoe turrita, Spinomelon parki, Conus
armoricus, Zeacuminia fluctuosa, Austrotoma excavata, Bathytoma bartrumi, B. haasti,
Vaginella torpedo, “‘Lornia’’ marwicki (18)

Spondylus aucklandicus, Echinophoria pollens, Sassia zealta (19} ?9
Glyptoactis (Fasciculicardia) subintermedia, Oniscidia finlayi {20) ‘20
Septifer torquatus, Lima colorata, Notocorbula inerrans (21) 21 .
Ledella pakaurangiensis, Serripecten hutchinsoni, Maoricolpus ongleyi, Hiwia I j
amplificata {22) ' 22 ‘3
; -
EERG B AEEEEEEEHE
1

Figure 7a-d First and last appearances of the main biostratigraphically useful species of Duntroonian (Late Oligocene) to Haweran (late Pleistocene)
Mollusca.
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Lentipecten n. sp. aff. hochstetteri, Aturia cubaensis (23)
Crepidula monoxyla (24)

Trichomya huttoni, “'Hinnites" trailli, Dosinia (Austrodosinia) magna, Eumarcia
pareoraensis, E. (Atamarcia) curta, Tropicolpus abscisus, Zeacolpus awamoaensis,
Crepidula densistria, Galeodea apodemetes, Cirsotrema caelicola, Austrofusus
spiniferus, A. {Neocola) alpha, A. beta, A. n. sp. aff. apudalpha{Oamaru), Cominella
{Procominuls) pukeuriensis, Nassicola finlayi, Penion marwicki, Falsicolus n. sp.
(Parengarenga), Nassarius (Hima) socialis, Proximitra apicalis, Amalda (Alocospira)
hebera, Alcithoe (Leporemax) bathgatei, A. lepida, A. scopi, Spinomelon henryi, S.
mira, S. speighti, Conilithes wollastoni, Gemmula n. sp. (Clifden, Parengarenga),
Austrotoma minor, A. nervosa, A. n. sp. (Clifden, Parengarenga), Bathytoman . sp.
(Parengarenga), Parasyrinx alta, Inquisitor awamoaensis. |. n. sp. (Parengarenga),
Maorivetia brevirostris, Gegania (Tubena) viola (25)

Glycymerita robusta, Spissatella clifdenensis, Coluzea kiosk, Alcithoe (Leporemax)
_phymatias, Austrotoma clifdenica, A. n. sp. aff. echinata (Karamea), Zemacies elatior (26)

Maoricardium gudexi, Solecurtus bensoni, Dosina firmocosta, Clavagella oamarutica,
Xenophora flemingi, Austrofusus magnificus, Falsicolus inurbana, Clifdenia turneri,
‘Metamelon clifdenensis, Bathytoma finlayi (27)

Purpurocardia berscrupulosa, Dosinia (Raina) bensoni, Maoricolpus horni, Zeacolpus
pukeuriensis, Struthiolaria calcar, S. (Callusaria) spinosa, Amalda (Spinaspira) stortha (28)

Bartrumia tenuiplicata, Tropicolpus milleri (29)

Glycymerita (Manaia) huttoni, Cypraea (Notadusta) clifdenensis {30)
Pareora striolata (31) .

Polinices (Polinella) obstructus (32)

Leptochiton inquinatus, Nucinella maoriana , Offadesma angasi (33)

Trachycardium (Regozara) delectabile, Galeodea n. sp. {Clifden), Conus n. sp.
(Karamea) (34)

Struthiolaria n. sp. (Wairarapa), Austrotoma echinata, Zemacies simulacrum (35)

Varinucula crepida, Yoldiella stimulea, Cucullaea ponderosa, Pododesmus
paucicostatus, Taniella mima, Zeacolpus willetti, Etremopsis erecta, Leucosyrinx climoi (36)

Struthiolaria (Callusafia) callosa, Sassia pahaoaensis, Austrofusus {(Neocola) gamma,
Cominella hendersoni (37)

Glycymerita rangatira (38)
Hedecardium (Titanocardium) marwicki, Cosmasyrinx latior (39)

Saccella andrewi, ""Hinnites'* marwicki, Zeacolpus fyfei, Austrofusus (Neocola)
demissus, Nassicola contracta, Austrotoma gemmulata (40)

Polinices intracrassus, Penion crawfordi, Zelandiella calcarata, Mauira washburnei (41)
Resania elongata (42) ) '

Gemmaterebra bicorona (43)

Maoricardium spatiosum (44)
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(Polinella) scalptus, Zelandiella fatua, Falsicolus tangituensis, Zeacuminia orycta (A7)
Kuia macdowelli, Austrofusus valedictus (48)

Polinices propeovatus, Sassia (Haurokoa) woodi, Mioawateria personata (49)
Neojanacus perplexus (50)

Sectipecten grangei, Marama hurupiensis, Zeacolpus- taranakiensis, Struthiolaria
praenuntia, Pelicaria nana, Austrofusus cliftonensis, Amalda

(Baryspira) tirangiensis, Alcithoe hurupiensis, Mauithoe strongi, Austrotoma
hurupiensis, Dentalium otamaringaense (51)

Cucullaea hamptoni, Conus hendersoni (62)
“Ennucula’’ otamaringaensis (53)
Nemocardium (Pratulum) quinarium (54}
Crassostrea ingens (55)

Cabestana tabulata {56)

Sectipecten wollastoni, Phialopecten tolagaensis, Notocallista (Striacallista) kapitea,
Struthiolaria nexa, Pelicaria lacera, Aeneator huttoni, Austrofusus coerulescens,
Comitas kennetti (57) ’

Mesopeplum (Borehamia) toaense, Struthiolaria (Callusaria) obesa/arthritica, Semicassis
(Kahua) kaawaensis (58)

Nemocardium (Pratulum) finlayi, Eucrassatella marshalli, Maorimactra chrydaea,
Zeacolpus kanieriensis, Hartungia typica, Antalis pareoraensis (59)

Patro undatus, Trachycardium (Ovicardium) rossi, Marama murdochi, Eumarcia
(Atamarcia) benhami, Sassia pusulosa (60)

Chiamys gemmulata, Atrina pectinata zelandica, Tiostrea chilensis |utaria,
Dosinia {Kereia} greyi (61)

Phialopecten ongleyi, Zethalia russelli, Zeacolpus opoitius opoitius, Stiracolpus
kaawaensis, S. procellosus, Struthiolaria illepida, Pelicaria parva, Austrofusus {Neocola)
ngatuturaensis {62)

Pelicaria canaliculata, “‘Marshallena’* decens/impar (63)

Polinices waipipiensis, Semicassis (Kahua) fibrata, Austrofusus pagoda, Clavatoma
pulchra, Zeacuminia murdochi (64)

Pteromyrtea dispar, Stiracolpus huttoni (65)
Perna canaliculus, Maoricolpus roseus, Zeacolpus vittatus (66)

Phialopecten marwicki, Kaparachlamys hectori, Mesopeplum (Borehamia) crawfordi,
Dosina n. sp. (Waipipi), Calliostoma hawera, C. waiparaense, Struthiolaria errata,
Pelicaria incrassata, P. zelandiae, Zemacies prendrevillei, Austrotoma ampla (67)

Glycymeris waipipiensis, Bassina katherinae, Zethalia coronata, Zeacolpus opoitius
takapauensis, Austrofusus pliocenicus, Coluzea spectabilis (68)
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“Isognomon’’ zealandicum, Lamprodomina neozelanica (45) 5
Zealeda crassicostata, Mesopeplum (Borehamia) n. sp. (N. Canterbury), Sectipecten
diffluxus, Zeacolpus nisseni, Mauithoe insignis, Austrotoma obsoleta, Comitas gagei, 46 =
C. nana, Nassarius (Hima} karoroensis {46)
Glycymerita (Manaia) hurupiensis, Struthiolaria n. sp. small (N. Canterbury), Polinices 47
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Glycymerita (Manaia) manaiaensis, Mactra (Mactrona) mula, Eumarcia plana, Lutraria
solida, Zeacuminia planitas (69}

Taniella planisuturalis (70)

Arca cottoni, Xenostrobus huttoni (71)

Barytellina crassidens (72)

Aulacomya ater maoriana, Bassina yatei yatei (73)

Stiracolpus propagoda, Struthiolaria n. sp. aff. frazeri (N. Hawke's Bay) (74)
Pelicaria clarki (75)

Pelicaria marima (76)

Pelicaria acuminata (77)

Phialopecten triphooki, Pelicaria n. sp. aff. zelandiae (Wanganui, Hawke's Bay) (78)
Hartungia chavani (79)

Sectipecten mariae, Tawera subsulcata, Bassina parva, Semicassis (Kahua)
litliei/marwicki, Aeneator imperator, Alcithoe (Leporemax) brevis, Aoteadrillia alpha (80)

Nemocardium (Pratulum) pulchellum, Stiracolpus symmetricus, Struthiolaria papulosa,
Xymene ambiguus, Iredalula striata, Iredalina mirabilis, Alcithoe arabica (81)

Glycymeris shrimptoni, Talabrica senecta, Spisula (Spisulona) crassitesta, Taxonia
suteri, Stiracolpus vellai, Struthiolaria frazeri, Austrofusus taitae, A. cottoni/marshalli,
Cominella excoriata, C. (Eucominia) hamiltoni, Antizafra pisanopsis, A. cancellaria,
Eulima christyi, Serrata kirki, Amalda (Baryspira) opima, Paracomitas protransenna,
Aoteadriliia finlayi, Splendrillia aequistriata, Antiguraleus abnormis (82)

Pelicaria rugosa (83)
Pelicaria convexa (84)
Pelicaria fossa, Amalda (Baryspira) mucronata erica, Amalda (Baryspira) olsoni (85)

Panopea wanganuiéa, Tugali pliocenica, Cominella (Eucominia) elegantula, Trivia
zealandica, Stiracolpus waikopiroensis/uttleyi, Xymene expansus, Aeneator marshalli
marshalli, Antimelatoma buchanani (86}

Chlamys patagonica delicatula, Lima zealandica, Dosina zelandica, Zethalia zelandica,
Austrofusus chathamensis, Cominella nassoides otakauica, Coluzea spiralis, Glaphyrina
plicata (87)

Tenuiactaeon ambiguus (88)

Notobotula molina, Pecten kupei, P. benedictus marwicki, Stiracolpus robinae, S.
shepherdi, Opalia n. sp. (Castlecliff), Xymene bonneti, Aeneator delicatulus,
Buccinulum caudatum, Paracomitas gemmmea, Cryptoconchus marwicki (89)

Anadara trapezia, Pecten tainui (90)

Pecten novaezelandiae, Protothaca crassicosta, "Parilimya’’ neozelanica,

Trochus (Thorista} viridis, Turbo smaragdus, Crepidula costata, Stiracolpus blacki, S.
delli, Pelicaria vermis, Austrofusus glans, Murexsul octogonus, Alcithoe (Leporemax)
fusus, Phenatoma rosea, P. novaezelandiae, Aoteadrillia wanganuiensis (S1)

Stiracolpus vigilax, Capulus uncinatus, Eunaticina linnaeana , Agnewia kempae (92)

Mytilus edulis aoteanus, Irus (Notopaphia) elegans, Pseudarcopagia disculus,
Cantharidella tessellata, Argobuccinum pustulosum tumidum, Sassia parkinsonia, Tugali
elegans, Scutus antipodes, Ophicardelus costellaris, Bulla quoyi, etc. (93)
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LINEAGES IN SOME MAJOR BIOSTRATIGRAPHICALLY USEFUL FAMILIES

STAGES

TEURIAN
WAIPAWAN
MANGAORAPAN
HERETAUNGAN
PORANGAN
BORTONIAN
KAIATAN
RUNANGAN
WHAINGAROAN
WAITAKIAN
OTAIAN
ALTONIAN
CLIFDENIAN
LILLBURNIAN
WAIAUAN
TONGAPORUTUAN
KAPITEAN
OPOITIAN
WAIPIPIAN
MANGAPANIAN

TAXA

CRETACEQUS

WANGALOAN
DUNTROONIAN
NUKUMARUAN

RECENT

CASTLECLIFFIAN
HAWERAN

FAMILY PECTINIDAE

Duplipecten waihaoensis {1) 1
parki {2) 2| =+~

""Hinnites” sp. (Waitaki Valley) (3) 3 F
trailli (4)
marwicki (5)

Athlopecten athleta (6) 6

Serripecten tiorioriensis (7) 8
tahuianus (8)
enfieldensis (9) 10 H
venosus (10) "
n. sp. (S. Oamaru) (11) » 12
n. sp. (Chatton, Otekaike) (12) 3
hutchinsoni (13)

o |

Janupecten uttleyi (14) 15
subteres (15)

Lentipecten n. sp. (Waihao) (16) . 17
hochstetteri (17) 18
n. sp. aff. hochstetteri {18)

Mesopeplum (Borehamia) n. sp. (N. Canterbury) (19) 19
n. sp. (Te Waewae Bay) (20) 20
toaense (21) ' |2
n. sp. (Hawke’s Bay) (22) ; 22
crawfordi (23) 2
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Sectipecten diffluxus (24) : 24
grangei (25) : 25 F
wollastoni (26) 2
allani (27) 2

- mariae (28) ) 28
Kaparachlamys hectori (29) 29 =

Phialopecten tolagaensis {30) .30
ongleyi (31} 31
marwicki (32) 32 |t
triphooki (33) 33 =+

Chiamys chathamensis (34) 1 34 =
gemmulata (35) 35

seymouri (36} 36 -t
n. sp. (Pitt Island) (37) 37 b~
patagonica delicatula (38) : 38

Pecten kupei {(39) . X . 39
benedictus marwicki (40) . 40
novaezelandiae (41) 41
tainui (42) 42

i — —— R n
MHREREEEERHEBEEEEBBEEEYS

Wc

Figure 8a-d Examples of evolutionary lineages in the main biostratigraphically useful families of New Zealand Cenozoic Mollusca.
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TAXA

STAGES

CRETACEOUS
WANGALOAN

TEURIAN
WAIPAWAN

MANGAORAPAN
HERETAUNGAN

PORANGAN
BORTONIAN
KAIATAN
RUNANGAN

WHAINGAROAN

DUNTROONIAN
WAITAKIAN

OTAIAN
ALTONIAN

CLIFDENIAN
LILLBURNIAN
WAIAUAN
TONGAPORUTUAN

KAPITEAN

OPOITIAN
WAIPIPIAN

MANGAPANIAN
NUKUMARUAN

CASTLECLIFFIAN
HAWERAN
RECENT

FAMILY TURRITELLIDAE

Spirocolpus waihaoensis (43)
tophinus (44)
n. sp. {(Waitaki Valley) {45)

wellmani (47)
ruakiwiensis (48)
healyi (49)
gittosinus (50)
cavershamensis (51)

Tropicolpus (Tropicolpus) brycei {(52)
. chattonensis (53)

harringtoni (54)

mackelleri (55)

" hornibrooki (56)

tetleyi (57)

abscisus (58)

milleri (59)

Zeacolpus (Zeacolpus) gagei (61}
lornensis (62)
wharekuriensis (63)
flemingi (64)

. greggi (65)
woodhouseae (66}
awamoaensis (67)
willetti (68)
nisseni {(69)
taranakiensis (70)
kanieriensis (7 1)
opoitius opoitius (72)
opoitius takapauensis (73)
vittatus (74)
lawsi (75)
pukeuriensis (76)

fyfei (77)

Tropicolpus (Amplicolpus) matauensis (46)

Zeacolpus (Leptocolpus} semiconcavus (60)
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TAXA

STAGES

CRETACEQUS
WANGALOAN

. TEURIAN
WAIPAWAN

MANGAORAPAN
HERETAUNGAN

PORANGAN

BORTONIAN
KAIATAN

__RUNANGAN

WHAINGAROAN
DUNTROONIAN
WAITAKIAN
OTAIAN
ALTONIAN

CLIFDENIAN
LILLBURNIAN

WAIAUAN
TONGAPORUTUAN

KAPITEAN

OPOITIAN

WAIPIPIAN
MANGAPANIAN
CASTLECLIFFIAN

NUKUMARUAN

HAWERAN
RECENT

Stiracolpus huttoni huttoni (78)

huttoni, Wn form (79)
huttoni ohopeus (80)
kaawaensis (81)
procellosus (82)
propagoda (83)
quennelli (84)
symmetricus (85)
vellai (86)
waikopiroensis/uttleyi (87)
blacki (88)

delli (89)

robinae (90)
shepherdi (91)

vigilax (92)

Maoricolpus doni {93)

horni (94)
roseus (95)
ongleyi (96)

Gazameda grindleyi (97)

FAMILY STRUTHIOLARIIDAE

Monalaria concinna (98)

n. sp. (Wairarapa) (100)

n. sp. (N. Canterbury) (101)
praenuntia (102) )
nexa {103)

cincta (104)
cingulata/dolorosa (105}
illepida (106)

errata (107)

Struthiolaria (Struthiolaria) calcar (99)

n. sp. aff. frazeri (Hawke's Bay) (108)

frazeri (109)
papulosa (110}

tuberculata (112)
spinosa (113)

callosa (114)
obesa/arthritica (115)

Struthiolaria (Callusaria) otaioica (111)
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STAGES

CRETACEOUS
WANGALOAN
TEURIAN
WAIPAWAN
MANGAORAPAN
HERETAUNGAN
PORANGAN
BORTONIAN
KAIATAN
RUNANGAN
WHAINGAROAN
DUNTROONIAN
WAITAKIAN
OTAIAN
ALTONIAN
CLIFDENIAN
LILLBURNIAN
WAIAUAN
TONGAPORUTUAN
KAPITEAN
OPOITIAN
WAIPIPIAN
MANGAPANIAN

TAXA

NUKUMARUAN
CASTLECLIFFIAN
HAWERAN
RECENT

Pelicaria nana (116) ] 11
lacera (117) 1
parva (118) 118
canaliculata (119) 119
incrassata (120} 120
zelandiae (12 1) 121 e
n. sp. aff. zelandiae (Wanganui) (122) 122 =
clarki (123) : 123
marima (124) 124 |=
acuminata (125) 125]
rugosa (126) 126
convexa (127) 127
fossa (128) ' 128

. ]

FAMILY BUCCINIDAE

Austrofusus (Austrofusus) acuticostatus (130) 130 ™
) n. sp. (McCulloch’s Bridge) (131) 131
. bicarinatus (132) 132 |
precursor (133) 133 P
affiliatus (134) 134 =t
spiniferus {135) 135
magnificus (136) 136
valedictus (137) 137
cliftonensis (138) 138
coerulescens (139) : 139

vermis (129) ( 129

pagoda (140) 140
taitae (141) ‘ 141
marshalli/cottoni (142) ) ) 142
glans {(143) 1
allani (144) : 144 T

conoideus {145) : 145

STT

pliocenicus (146) 146

Austrofusus (Neocola) zitteli {147) 147 [
flexuosus (148) 148
alpha (149) 149 -
beta (150) 150 | =
gamma/marwicki (15 1) 1
ngatuturaensis (152) 152 [~
apudalpha (153) 163
n. sp. aff. apudalpha (Oamaru) (154) 154 =
demissus (156) 155

Cominella (Procominula) praecox (156) 156 [~
propinqua {(157) 157 =
denselirata (158) i 158 =
pulchra (159) 1
pukeuriensis (160) 160 =
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3. Evolutionary lineages

As noted above, particularly fine subdivision of Pliocene
and Pleistocene time is possible because frequent
oceanographic changes and, in New Zealand, rapid
tectonic (and hence paleogeographic) changes caused
frequent evolutionary changes in some molluscan genera,
most notably Phialopecten (Pectinidae), Pelicaria
(Struthiolariidae) and Stiracolpus (Turritellidae). These
changes in sequences of evolving species (lineages) provide
the most reliable of biostratigraphic data, because (1) the
changes are much more likely to be coeval from area to
area (basin to basin or, in the case of Pelicaria, in which
different lineages occurred in some of the different
sedimentary basins, one part of a basin to another) than
are those caused by the extinction or appearance of a
species or genus, which may have been caused in turn by
external factors such as progressive temperature change
(and so, for example, a species might become extinct
earlier in the south of New Zealand than in the north);
and (2) being able to compare the ancestral species with
its descendant provides a much more reliable datum than
one based on presence and absence data. Obviously,
much of the testing of presence and absence data (such
as appearances and extinctions of genera or species) is
concerned with the possibility that the event may have
been caused by a local facies change rather than a real
extinction or appearance. The continual refinement of
biostratigraphy therefore, involves two distinct lines of
research: (a) taxonomic refinement of evolutionary
lineages (in other words, trying to understand which are
the real, reliable species, what is merely phenotypic
variation of a single species, and so which changes are
really evolutionary), and (b) continual re-evaluation of
the timing of appearances and extinctions in different
parts of the country, both by comparison of molluscan
data with each other, and by comparison with other
(particularly planktonic) fossil groups. A good example
is discussed briefly below (in the section on Nukumaruan
faunas, under Pelicaria fossa and P. convexa) of an
apparent evolutionary lineage in late Pliocene-early
Pleistocene rocks of Hawke’s Bay that proved to be the
result of facies changes rather than evolution.
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Phialopecten, Pelicaria and Stiracolpus are but three
examples of the many groups of evolutionary lineages of
Mollusca displayed in New Zealand Cenozoic rocks. The
many evolutionary changes seen in Mollusca allow a very
reliable biostratigraphy of shallow-water marine rocks as,
besides the advantages mentioned above, most
evolutionary changes in New Zealand Mollusca are rapid,
conforming to the punctuation/stasis model, as is
expected in the normal mode of allopatric speciation.
Examples of evolutionary lineages in-  Pectinidae,
Turritellidae, Struthiolariidae and Buccinidae (the most
biostratigraphically useful families) are shown in the
fourth time-range table (Figure 8).

Some of the most important lineages (because they
have proved reliable in biostratigraphy) are illustrated,
at least in part, il our plates. Some major examples of
confirmed first-order biostratigraphic reliability are (1)
Cucullaea (Latiarca) waihaoensis-worthingtoni
(P1.10e,j) — australis-ponderosa-hamptoni (Porangan?-
Kapitean; distinctions between some supposed taxa
uncertain); (2) Phialopecten tolagaensis-ongleyi-marwicki-
triphooki (P1.33; Kapitean-early Nukumaruan); (3)
Sectipecten diffluxus-grangei-wollastoni-allani (P1.28,
P1.33; Waiauan-Mangapanian); (4) Zeacolpus
pukeuriensis-willetti-nisseni-taranakiensis (P1.20, P1.29;
Altonian-Tongaporutuan, merely one example of a plexus
of Zeacolpus lineages and of many in the Turritellidae);
(5) Pelicaria canaliculata-clarki-marima-acuminata (P1.36, .
PL.42; Waipipian-early Nukumaruan, but again merely
an example from a plexus of lineages); (6) Struthiolaria
(Callusaria) otaioica-spinosa-callosa-obesa (P1.20, P1.29,
P1.36; Otaian-Opoitian); (7) Hartungia typica-chavani
(P1.37; Kapitean-early Nukumaruan, a world-wide lineage
of planktonic gastropods); (8) Austrofusus (Neocola)
alpha-beta-gamma-marwicki-ngatuturaensis (P1.25, P1.37;
Altonian-Opoitian; the most useful of several lineages in
Austrofusus and related Buccinidae); and (9) Parasyrinx
subalta-n.sp.-alta (P1.15, P1.22; Duntroonian-Altonian;
one of many useful lineages in the huge family Turridae).

A larger time-range table demonstrating these and
many other lineages of Cenozoic Mollusca (Beu and
Maxwell in Hoskins 1982, table 11) has been significantly
modified and corrected in the compilation of Figures 5-8.



CHAPTER 4.

GLOSSARY OF TERMS APPLIED TO MOLLUSCA

Definitions have been adapted largely from the “Treatise
on Invertebrate Paleontology”. Symbols: B =term applies
to bivalves, G=gastropods, N =nautiloids,
P =Polyplacophora (chitons), S = scaphopods.

Abapertural (G)—away from fhe aperture (in the
direction of whorl coiling) (opposite: adapertural).

abaipical (G)—away from the apex (equivalent to anterior
in high-spired taxa) (opposite: adapical).

adapertural (G) —towards the aperture (in the direction
of whorl coiling) (opposite: abapertural).

adapical (G) —towards the apex (equivalent to posterior
in high-spired taxa) (opposite: abapical).

adductor muscle (B)—a muscle joining and closing the
two valves, working in opposition to the ligament; two
present in most bivalves (said to be dimyarian) but only
onein some (monomyarian); attached to a depressed
(or, in a few taxa, elevated) area in each valve called
an adductor muscle scar.

alate — winged (see wing).

anal sinus (G)—notch, slot or embayment in the outer

lip, typically at or above the periphery, to allow

excretion of waste products. Its position and shape are

- of considerable taxonomic significance in some groups,
‘particularly the Turridae (see turrid sinus).

angulation (G)—a ridge (usually spiral) between two
meeting surfaces; commonly at the shoulder (ie.
abapical margin of the sutural ramp) and/or a
- peribasal angulation.

anterior —in the direction in which the living animal moves.

anterior lateral tooth (B) —a lateral hinge tooth in front
of the beak.

anterior tubules (B)—in Clavagellidae, tubules around the
- anterior end of the sac, for passage of water.

anterior valve (P)—the head valve; the anteriormost of
eight valves (or plates) in a chiton shell, commonly
semicircular.

anterodorsal margin (B)—the dorsal margin in front of
the beak.

aperture (G, N)—the single, large opening through which
the head-foot is extruded.

aperture (S)—anterior orifice or aperture; the broader,
anterior end of a scaphopod shell, through which the
foot and captacula (feeding “tentacles™) are extruded
(see apex). In Dentaloida the shell is widest at the
aperture, but in most Gadiloida it is widest some
distance behind the aperture.

apex (G)—the tip, or summit, of the spire, bearing a
protoconch in most taxa; the summit of cap-shaped
taxa (“limpets”).

apex (S)—the posterior orifice or aperture; the narrow,
posterior end of the scaphopod tube (see aperture). A
simple opening in some species, but modified by slits,
slots or notches in others. Some species have a
narrower, short tube (terminal pipe) protruding
beyond the apex.
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GLOSSARIES

apophysis (B)— a long, narrow, usually curved, ligament-
support structure in the centre of the hinge (protruding
into the central cavity of articulated shells) in some
edentulous bivalves, notably Pholadidae.

articulamentum (P)—the inner, relatively hard, dense,
semiporcellaneous shell layer of chiton valves,
extended beyond the tegmentum (which see) to form
the insertion plates and sutural laminae (sometimes
now subdivided into two layers, the articulamentum
(sensu stricto), the outer (more dorsal) of the two, and
the hypostracum, the inner (more ventral) of the two).

auricle (B)—ear; an anterior or posterior area adjacent
to the dorsal margin, marked off from the disc by a
hollow, groove, ridge or slight angulation (most
commonly in Pectinacea).

auricular crus (B) —in Pectinacea, a low ridge, nodule or
flat-surfaced, elevated area on the shell interior, near
the base of the auricle, where valve internal surfaces
meet (plural, crura).

axial (G)—of sculpture, parallel or nearly parallel to the
axis of coiling. The more general term for the common
sculpture crossing the spiral sculpture of gastropods
nearly at right angles, although the special term
“collabral sculpture” is preferable when applicable
(although nearly all axial sculpture is collabral, ie.,
parallel to the outer lip, non-collabral axial sculpture,
when the axial sculpture crosses the growth lines at a
low angle, occurs in a few taxa of Buccinacea and
Trochacea, in all Cancellariidae Plesiotritoninae, and
probably in a few other taxa).

axis (G)—an imaginary line through the shell apex, about
~ which the shell is coiled.

basal cord (G)~—any spiral cord on the base; sometimes
used in the sense for which “peribasal cord” is preferred
here.

basal fasciolar band (G)—see fasciolar bands.

basal groove (G)—in Olividae Ancillinae, a deep narrow
groove separating the fasciolar bands from the
columellar lip.

base (G)—differently defined in different groups; in
conispiral shells, that part of the surface abapical (and,
in many taxa, anterior) to the extension of the suture
around the last whorl; in limpets, the aperture, or
apertural side; in Cypraeacea and Lamellariacea
(“cowries”), the flattened apertural side.

beak (B)—the proximal portion of the umbo; a nose-like,
usually protruding angle, along or above the hinge,
where the growth of the valve commenced; the point
of maximum curvature.

body chamber (N)—the large, non-septate final portion
of a cephalopod shell, occupied by the body of the
animal.

body whorl (G) —the last whorl (commonly used in older
descriptions, but now replaced by “last whorl”).

broad band (G)—in Olividae Ancillinae, the broad, spiral

band around the mid-whorl area, posterior to the
depressed band and anterior to the spire callus.



bucciniform (G)—shaped as in Buccinum, ie., with
moderately tall spire, short last whorl, moderately and
evenly inflated whorls, and only a short but (in most)
widely open siphonal canal.

byssal fasciole (B)—in Pectinacea, the trace of the former
byssal notch positions, extending from the beak to the
present byssal notch.

byssal foramen (B)—an opening in the right valve of
Anomiidae for the passage of the calcified byssus (also
for passage of the conchiolin byssus in Pulvinites).

byssal gape (B)—an opening between the shell margins
for passage of the byssus.

byssal notch (B)—an indentation in the valve margin
below the right auricle of many Pectinacea and
Pteriacea for passage of the byssus.

byssus (B)—a bundle of hair-like conchiolin strands for
attachment of the shell to various hard substrates;
secreted by a gland at the base of the foot. In
Anomiidae, cemented into a single calcified rod or pad.

callum (B)—a secondary calcareous anterior structure in
some Pholadidae, closing the pedal gape in adults.

callus (G) —sshelly substance composing the inductura, in
the parietal region, or extending over the inner lip, over
the base, into the umbilicus, or (in many Olividae
Ancillinae) over the spire.

camera (N)—chamber; the space enclosed between two
adjacent septa.

campanulate (G)—in Turritellidae, a whorl profile with
a rounded, protruding angle below the upper suture,
a more strongly protruding, strongly angled ridge
above the lower suture, and a concave zone between
the two ridges.

Camptonectes microsculpture (B)—in Pectinacea,
external sculpture of fine to very fine “radial” striae
or lirae, remaining normal to the valve margins at all
stages of growth, and therefore curved outward
distally, and diverging distally from a near-central
radial line on the disc.

canal (G)—a narrow, semitubular extension of the
aperture; an anterior (siphonal) canal is present in most
higher gastropods, and a posterior (anal) one in some,
particularly in Bursidae.

cancellate —sculptured with intersecting spiral and axial
(in gastropods) or radial and commarginal (in bivalves)
costae, costellae, cords or threads.

cardinal area (B)—a flat or slightly concave, commonly
triangular surface between the beak and the hinge
margin in some bivalves (mainly Pterioida), partly or
wholly bearing the external ligament.

cardinal crura (B)—narrow ridges or teeth (low, straight
and simple in most taxa) radiating from the apex of
the ligamental pit in some Pectinacea (singular: crus).

cardinal tooth (B)—a hinge tooth radiating from beneath
the beak.

carina—a prominent ridge or keel.

central area (P)—part of the upper surface of the
tegmentum on intermediate valves, on either side of the
jugum, marked off from the pleural (= lateral) areas
by a ridge, and/or by bearing distinctive sculpture.
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cerithiiform (G)—shaped as in Cerithium, i.e., with tall
spire, small aperture, and short, twisted 31phonal
canal.

chamber (N)—see camera.

chevron groove (B)—a V-shaped groove (angled below
the beak) on the cardinal area, in which the external
ligament is attached.

chomata (B)—in “oysters” (Gryphaeidae and Ostreidae),
small tubercles or radial ridges on the margins (meeting
faces) of the valves, present below the hinge on both
anterior and posterior margins of most oysters, and
around the entire margin of a few; also known as
anachomata on the right valve, and catachomata on
the left valve. Particularly large, prominent chomata
in some species of Pycnodonte are known as
pycnodonteine lath chomata.

chondrophore (B)—a resilifer that projects below the
margin of the hinge.

circumumbilical (G)—bordering the umbilicus. Seme
gastropods have- a strongly differentiated
circumumbilical ridge or cord.

clathrate (G)—net-like sculpture produced by the
intersection of spiral and orthocline elements (ie.;
more-or-less at right angles to each other; in practice,
frequently used as synonymous with reticulate, which
see).

coeloconoid (G)—applied to gastropod spires of
approximately conical form but with a concave outline
(see cyrtoconoid).

collabral (G)—parallel to the outer lip, ie., the more
precise term for “axial” sculpture, which in most cases
is not truly axial. In the great majority of gastropods,
“axial” sculpture, although prosocline, orthocline, or
opisthocliné, remains collabral; but in a few taxa,
axial” sculpture is non-collabral, and crosses the
growth lines at a low angle (see “axial”).
columella (G) —the pillar forming the axis of coiled shells;

commonly used for the exposed portion, below the
parietal area of the inner lip.

columellar teeth (G)—in Cypraeacea and Lamellarxacea
(“cowries”), the narrow, closely spaced, transverse
ridges on the inner lip.

cominelliform (G)—shaped as in Cominella; sxmllar to
bucciniform, but more truncate anteriorly.

commarginal (B)— sculpture parallel to the valve margins,
ie., the preferred term for “concentric” sculpture.

commissure (B) —the line of meeting of the two valves
of a single bivalve shell.

compressed —somewhat flattened.

conchiolin — proteinaceous material composing the
periostracum, the ligament, the byssus, most opercula,
and the organic matrix of the calcareous shell.

conispiral (G)— coiled so that the spire projects as a cone
or conoid.

convexity (B)—the degree of inflation.

convolute (G,N)—with the last whorl. completely
enveloping and enclosing the earlier whorls; as
involute, but lacking umbilici.

cord (B)—a spiral ridge or costa.



costa—a spiral, axial, radial or commarginal ridge;
usually used for the radial ridges of bivalves and the
axial ridges of gastropods (diminutive, costella).

crenulate (B)—with the inner ventral margin bearing
alternate ridges and notches.

crus (B)—plural, crura; see cardinal crura. -

ctenolium (B)—in Pectinacea, a comb-like row of small
teeth along the lower edge of the byssal notch or
fasciole.

cyrtoconoid (G)—applied to gastropod spires of
approximately conical form but with a convex outline
(see coeloconoid).

decollate (G)—losing the early spire whorls (deliberately;
restricted to a few groups of tall conispiral shells).

decussate (G)—net-like sculpture produced by the
intersection of prosocline and opisthocline elements
(ie., “diagonally” clathrate or reticulate); the usual
protoconch sculpture in the turrid subfamily
Daphnellinae and in some Cerithiopsidae.

dentition (B)—a collective term for the hinge teeth and
sockets.

depressed (G)—with a low or flat spire.

depressed band (G) —also known as an ancillid band; in
Olividae Ancillinae, a relatively narrow spiral band just
anterior to the mid-whorl and immediately anterior to
the broad band, depressed below the rest of the whorl
surface, and usually distinctively coloured; generated
in many taxa by a small denticle low on the outer lip.

deviated (G)— of the protoconch, with its coiling axis at

a distinct angle to that of the teleconch; of the

_ columella, bent or curved away from its expected,
nearly straight course.

dextral (G)—right-handed; ie., with the aperture on the
observer’s right, or coiling clockwise when viewed from
the spire-apex (actually to be determined from both
shell and anatomy; a few hyperstrophic dextral
gastropods are known in which, with the aperture to
the observer’s right, the spire protrudes downwards)
(opposite: sinistral).

diameter (G)—the distance between two planes parallel
to and just touching the sides of conispiral shells
(parallel to the coiling axis).

disc (B)—in Pectinacea, the main area of the valve, ie.,
not including the auricles.

dissoconch (B)—the shell formed after the embryonic
stage (the embryonic shell is the prodissoconch).

distal —the last-formed part of the shell.

divaricate (B)—sculpture of lines or ridges with a marked
angle, arranged so the lines or ridges diverge from a
(commonly central or subcentral) line radiating from
the beak (eg., in Divaricella and Ctenoides).

dorsal —towards the back (dorsum) as the living animal
moves (opposite of ventral); in bivalves, the margin
bearing the hinge.

dorsal face (S)—normally the concave face of a
scaphopod shell; in some species of Cadulus the dorsal

face is somewhat convex although less so than the
ventral face.

ear —see auricle.
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edentulous (B)— without hinge teeth.

embryonic shell —the shell formed before emergence from
the egg, and in some taxa, during planktonic larval
life (in gastropods, the protoconch; in bivalves, the
prodissoconch).

entire (B)— of the pallial line: without a pallial sinus (=
integripalliate).

equilateral (B) —with the parts of the shell anterior and
posterior to the beak approximately equal in length.

equivalve (B) — with the two valves of the same shape and
size (opposite: inequivalve).

escutcheon (B)—a differentiated posterodorsal area
margining the external ligament, typically lozenge-
shaped in articulated shells, marked off by a ridge in
many taxa, but merely by a sculptural difference in
some, and not differentiated at all in a few.

evolute (G,N)—coiled with the whorls not in contact
(gastropods) or just touching, producing very wide
umbilici (cephalopods).

fasciolar bands (G) —in Olividae Ancillinae, narrow, flat-
surfaced bands around the fasciole, anterior to the
depressed band and posterior to the basal groove; in
many taxa, divided into three (to varying degrees of
clarity) by low ridges between them: the top fasciolar
band is the posteriormost (anterior to the depressed
band), the mid fasciolar band is central, and the basal
fasciolar band is the anteriormost (just posterior to the
basal groove).

fasciole (G) —an anterior (abapical) spiral band or zone,
demarcated by a margining ridge and/or by lamellose
sculpture, generated by the siphonal notch of
siphonostomatous gastropods.

flank (B)—the median part of the surface of the valve;
limited posteriorly by an umbonal-ventral ridge or by
a sculptural difference in some taxa.

fold (B,G)— (1) of sculpture, a prominent axial costa (in
gastropods), radial costa or commarginal ridge (in
bivalves, eg., radial folds of Pectinidae), affecting the
whole thickness of the shell; (2) on the gastropod
columella, a plait or plica, a spiral ridge to aid
attachment of the columellar muscle.

foot —of gastropods and chitons, the large muscle mass
on which the animal moves; of bivalves, wedge-shaped
and used for burrowing in most, but reduced to a small
mantle-cleaning and/or byssus-secreting structure in
many Pterioida; of scaphopods, a narrow burrowing
organ similar to that of burrowing bivalves; of
cephalopods, subdivided into the arms.

fossette (B)—a shallow socket or ligamental hollow; used
also of a triangular resilifer in the cardinal area, e.g.,
in Limopsis.

fossula (G)—in Cypraeacea and  Lamellariacea
(“cowries”), a shallow depression or groove on the
anterior part of the inner lip, just inside the aperture,
margined internally by a low ridge.

frustate (G)—in Turritellidae, a whorl profile in which
each whorl is flat-sided apart from a prominently
projecting basal angle, ie., each whorl tapers regularly
inward from the basal angle to the upper suture.



funicle (G)—a spirally coiled ridge extending into the
umbilicus from the inner lip, as in many Naticidae;
particularly used for the outer (apertural) face of the
ridge.

fusiform (G)—shaped as in “Fusus”. (ie., Fusinus),
narrowly spindle-shaped, with a tall spire and a long
siphonal canal.

gape (B)—an opening remaining between the two valve
margins of a closed, articulated shell (commonly for
the passage of the byssus, foot or siphons).

girdle (P)—a flexible muscular integument, surrounding
the valves, and in which they are embedded; the girdle
may be smooth (“leathery”) or bearing a variety of
spicules or scales.

gradate (G)—of the spire; regularly stepped.

granulate — sculptured with many small granules, nodules
or beads.

growth line angle (G)—in Turritellidae, the growth line
angle, “a”, is the angle between the axis of coiling (ie.,
a truly axial imaginary line on the whorl surface) and
a line subtended by a growth line (commonly
prosocline; see diagram in Fig. 9h).

growth lines—surface sculpture, commonly not
prominent, generated during shell secretion, and so
parallel to the outer lip (in gastropods) or to the valve
margins (in bivalves).

head valve (P)—see anterior valve.

height — of bivalves, the distance between the extremities
of the ventral and dorsal margins, in the plane of the
commissure; of gastropods, the distance between two
planes perpendicular to the coiling axis and just
touching the adapical and abapical ends (except in
Cypraeacea and Lamellariacea (“cowries”), where it
is used for what would be termed the “minimum
diameter” in other gastropods —the distance between
two planes parallel to and just touching the base and
dorsum, ie., between the extremities of the apertural
and abapertural sides).

heterodont (B)—with distinctly different cardinal and
lateral teeth; hence also used for the taxonomic group
with such a hinge, “heterodonts”, ie., the Subclass
Heterodonta.

heterostrophic (G)—of the protoconch, coiled in the
opposite sense to the teleoconch; the normal situation
in Architectonicidae, Mathildidae, Pyramidellidae,
and many other opisthobranchs (see orthostrophic).

hinge (B) —structures of the dorsal region (including the
ligament, resilifer or chondrophore, hinge teeth and
sockets, and lithodesma), mostly near the beak, that
articulate the dorsal margins of the two valves of one
shell.

hinge axis (B)—an imaginary straight line about which
the two valves of one shell are hinged. 7

hinge plate (B)—an internal platform below the beak,
parallel to the plane of the commissure, bearing the
hinge teeth and sockets, chondrophore, lithodesma,
etc.

hinge tooth (B)—a structure in the hinge (one of several
in most bivalves), a narrow ridge of shelly material
received in a socket in the opposite valve, serving to
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articulate the two valves of one shell and prevent them
from rotating with respect to one another.
hyperstrophic (G)—coiled sinistrally (i.e., with the
aperture on the left, in conventional spire-up
orientation) but with dextral anatomy (or vice versa).

hypoplax (B)—in some Pholadidae, an elongate accessory
plate covering the posterior part of the dorsal margin.

imbricate—a general term to describe overlapping
sculptural elements in both gastropods and bivalves
(eg., the overlapping scale-like commarginal ridges of
some Acar species); in gastropods of the Turritellidae,
a whorl profile in which a strongly protruding basal
cord is situated immediately above the suture, cutting
in sharply (horizontally) to the suture, and each whorl
tapers reasonably regularly from the protruding cord
towards the upper suture.

impressed (B, G) — of bivalve muscle scars, excavated so
the positions of former muscle attachments are clearly
visible on empty shells (also of the pallial line-and
sinus); of gastropod sutures, clearly marked by a spiral
groove, ie., both adjoining whorl surfaces are turned
inwards adaxially.

inductura (G)—a smooth shell layer, commonly extending
from the inner (left) side of the aperture over the
parietal region, columellar lip, and (in some taxa) the
umbilicus and some or zll of the exterior surface.

inequivalve (B)—having the two valves unequal in size,
shape, and/or inflation (opposite: equivalve).

inflated — swollen, or strongly convex.

inner lip (G)—the adaxial (left) margin of the aperture,
extending from the suture to the base of the columella;
consists of the parietal region (lip) and colunvellar lip.

insertion plate (P)—a marginal extension - of ' the
articulamentum of the anterior (head) and posterior
(tail) valves and of the sides of the intermediate valves,
embedded in the girdle; absent or very narrow in
primitive chitons (Lepidopleuridae and Hanleyidae,
among Cenozoic-Recent taxa) but well developed in
all higher chitons.

integripalliate (B)—without a pallial sinus (= entire).

intermediate valve (P) —valves 2-7; the series of six similar
valves between the anterior and posterior valves of one
chiton; in most chitons, each intermediate valve is
markedly wider than it is long, with insertion plates
and one or a few slits on each side, and with two
sutural laminae on the front edge.

intervariceal tube (G)—in Muricidae Typhinae, a tubular
spine on the whorl surface (commonly on the shoulder
angle) between two varices.

intritacalx (G;B?)—a calcareous,  chalky-looking
(although firm, not particularly soft) outer layer on
the surface of some gastropod teleoconchs, apparently
replacmg or deposited on the periostracum and, in
most, ﬁnely and intricately sculptured; present in some
Muricidae, 'Bursidae, Cancellariidae, Turritellidae, and
Epitoniidae (genera related to Opalia). A similar chalky
outer layer (although not regularly sculptured) on some
Pectinidae "(notably Adamussium colbecki (Smith),
Recent, Anta,rctlca) appears to be analagous to the
gastropod intritacalx.



involute (G,N)—in gastropods, coiled so the last whorl
envelopes all earlier ones, and the height of the
aperture corresponds to that of the shell, but with parts
of the earlier whorls visible in umbilici (see convolute);
usually used of planispiral shells. In nautiloids, with
whorls overlapping well, so that umbilici are narrow.

jugal angle (P)—the dorsal angle between the flat surfaces
of the two sides (halves) of an intermediate valve.

jugal area (P)—the relatively narrow dorsal (median) area
of intermediate (and some posterior) valves adjacent
to the jugum, in some chitons sculptured differently
from the rest of the tegementum (= dorsal area;
“jugum” is also used sometimes in this sense).

jugal sinus (P) — an anterior embayment between the two
sutural laminae of one intermediate or posterior valve
(= sutural sinus, anterior sinus).

jugum (P)—the longitudinal median dorsal ridge of
intermediate (and some posterior) valves; when
present, may be rounded or sharply angled, and may
be differently sculptured from the rest of the
tegmentum (also commonly used in the sense of jugal
area).

labial teeth (G)—in Cyraeacea and ' Lamellariacea
(“cowries”), the narrow, closely spaced, transverse
ridges on the interior margin of the outer lip.

labral teeth (G)—in Cypraeacea and Lamellariacea
(“cowries”), sometimes used of the narrow, closely
spaced, transverse ridges on the columellar lip
(“columellar teeth” is less likely to be confused with
“labial teeth”). :

lachrymiform (G)—tear-drop shaped, e.g., the aperture
shape of bullomorph opisthobranch shells.

lamella — a thin plate (eg., a thin hinge tooth, in bivalves)
or a thin, well raised sculptural ridge; commonly used
of narrow commarginal sculpture in bivalves, and of
narrow axial sculpture in gastropods, eg., Trophon.

last whorl (G)—in coiled shells, the last-formed (distal)
whorl or volution (preferred here to the inaccurate
term-“body whorl”, previously used in this sense).

lateral area (P)— part of the dorsal surface (one on each
side) of the tegmentum of intermediate and some
posterior (tail) valves, triangular in shape, lying
between the more anterior pleural (central) area and
the posterior margin, subdivided into two by the
jugum, radially sculptured in most chitons, marked off
from the pleural area by a diagonal ridge and by a
different direction of sculpture (which is longitudinal
on pleural areas of most chitons).

lateral lobe (N)—an adapical (abapertural) inflection,
curve or undulation of the suture line, showing on
whorl sides (between any possible ventral and dorsal
lobes). .

lateral saddle (N)—an adapertural (abapical) inflection,
curve or undulation of the suture line on whorl sides,
ie., curved in the opposite direction to a lateral lobe
(both a lateral lobe and a lateral saddle are present in
the suture line of the most common Cenozoic
nautiloid, Aturia).

lateral tooth (B)—a hinge tooth, commonly parallel or
subparallel to the dorsal valve margin, located some
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distance from the beak; ie., not radiating from beneath
the beak; anterior or posterior to the cardinal teeth.

lateropleural area (P)—of Acanthochitonidae, the
undivided lateral and pleural areas (which see),
sculptured similarly and so not readily distinguished
as in most other chitons (although subdivided by a low
diagonal ridge in some species).

left (G) — the side of the shell closest to the left side of
the extruded head-foot of the moving animal; the left
side of the shell in conventional orientation, with spire
upward and aperture facing the observer.

left valve (B)—the valve lying on the left when the shell
is oriented with the anterior facing away from the
observer, the plane of the commissure vertical, and the
hinge uppermost; of Pectinacea, the valve without the
byssal notch; of oysters, the attached (lower) valve.

length (B, S)—of bivalves, the distance between the
anterior and posterior extremities of the shell, parallel
to the plane of the commissure; of scaphopods, the
shortest distance between the apex and the aperture.

ligament (B)—an elastic horny structure or structures
joining the two valves of one shell dorsally, acting as
a spring to open the valves when the adductor muscles
relax; in many taxa, subdivided into the internal
ligament (= resilium) and external ligament.

ligamental groove (B)—a narrow, usually antero-
posteriorly elongate groove in the cardinal area, in
which the ligament is attached; shallowly chevron-
shaped in many taxa (= chevron groove).

ligamental nymph (B)—a ridge below the attachment
groove of the external ligament in some bivalves in
which the ligament is posterior to the beak, especially
in heterodonts; particularly thick, long, high, and
square-ended in many Cardiidae.

ligamental pit (B)—a relatively broad depression in the
hinge or cardinal area for the attachment of the
ligament.

linguliform (G)-—tongue-shaped.

lira (G)—a very low, narrow, raised ridge on the shell
surface or within the outer lip.

lithodesma (B) —a small calcareous plate reinforcing the
internal ligament in some genera, usually edentulous
(ie., in Anomalodesmata).

lobe (N)—of the suture line, any inflection, curve or
undulation with its apex directed adapically
(abaperturally) (see saddle).

longitudinal (S)—parallel to the long axis of the shell.
Many Dentaliidae have longitudinal sculpture of costae
or costellae that extend the length of the shell, but in
others the longitudinal sculpture extends only a short
distance from the apex.

lunule (B) — a depression or distinctively sculptured area
anterior to the beaks in many bivalves, commonly
cordate (heart-shaped) in an articulated shell.

mamillate (G) — of protoconchs, nipple-shaped, ie., with
a pointed apex, weakly inflated whorls, and a very
weakly impressed suture.

mantle— the integument surrounding the visceral mass of
all molluscs, and secreting the shell.



mesoplax (B)—a transversely elongated accessory plate
lying across the umbonal region of some Pholadidae.

metaplax (B) —a long narrow accessory plate covering the
postero-dorsal gape in some Pholadidae.

mid-fasciolar band (G)—see fasciolar bands.

mucro (P)—on some posterior (tail) valves, a projecting
point at the posterior end of the jugum, at the junction
of the diagonal ridges separating the pleural and
posterior areas, varying greatly from taxon to taxon
in position and prominence; on some intermediate
valves, a posterior point projecting beyond the valve
margin at the end of the jugum.

mucronate (P)—bearing a mucro.

multispiral (G)—of protoconchs, with relatively
numerous whorls.

multivincular (B)—of hinges, having several to many
ligamental pits or grooves.

muscle scar (B)—an impression (or raised area, less
commonly) on the interior of the shell where a muscle
was formerly attached.

myophoric ridge (B)—a ridge on the valve interior,
formed as the growth track of an elevated adductor
muscle scar (eg., common in Glycymerididae and
Arcidae).

myostracum (B)—the areas of the shell secreted at the
attachments of the adductor muscles.

mytiliform (B) —shaped as in Mytilus, with an anteriorly
terminal umbo.

nacreous— “pearly”; shell structure consisting of thin
leaves of aragonite parallel to the inner surface of the
shell, exhibiting a characteristic pearly lustre.

naticiform (G)-—shaped as in Natica; with a low spire,
capacious last whorl, and no siphonal canal or notch.

neck (G)—the distal (lower, abapical, anterior) part of
siphonostomatous shells, beginning where the outline
of the left side changes from convex to concave.

nepioconch (B)—an early-formed part of the dissoconch,
separated from the later part by a pronounced
discontinuity.

nucleus (G)—the first whorl of the protoconch (not
recommended); the earliest-formed part of the shell
(outdated, = protoconch); the subcentral, marginal or
terminal, earliest-formed point of the operculum.

nymph (B)-—see ligamental nymph.

oblique (B)—most elongate (extended) in neither the
antero-posterior nor the dorso-ventral directions, but
intermediate to these.

oblique sculpture (B)—external sculpture crossing the
expected directions of commarginal and radial
sculpture, and terminating at an angle to the valve
margin (oblique sculpture may also divaricate, as in
Divaricella and Solecurtus).

operculum (G) —a calcareous or conchiolin structure on
the dorsal surface of the foot, wholly or partly closing
the aperture when the animal is retracted.

opisthocline (G)— of sculpture or of outer lip, inclined
forwards from the upper suture. Less common than
prosocline or orthocline (opposite: prosocline).
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opisthocyrt (G)—of sculpture or of outer lip, arched
(curved) with the apex of the arch directed backwards
(abaperturally) (opposite: prosocyrt).

opisthodetic (B) —of the external hgament ‘posterior to
the beak. ‘

opisthogyrous (B)—of the beaks, curved or pomtmg
towards the posterior (normal in Nuculacea, but
uncommon in other bivalves) (opposite: prosogyrous).

ornament — sculpture; the relief pattern on the surface of
many shells.

orthocline (G)—of sculpture or of outer lip, at right
angles to the sutures (see opisthocline, prosocline).

orthogyrous (B) —of beaks, straight, ie., pointing directly
at the opposite beak (See opisthogyrous, prosogyrous).

orthostrophic (G)—coiled in the normal manner; not
heterostrophic. )

outer lip (G)—the abaxial (right) margin of the aperture,

~ from the suture to the base of the columella, or to the
base of the siphonal canal in siphonostomatous taxa.

pagodiform (G)—shaped like a pagoda, i.e., with a tall,
strongly stepped (or gradate) spire.

pallet (B)—in Teredinidae, a small calcareous siphonal
structure (two in each living animal) closing the bormg
when the siphons are retracted.

pallial line (B)—a line or narrow band on the interior of
the valve, usually near and parallel to the margin,
marking the line of attachment of the mantle.

pallial sinus (B)—an embayment in the pallial lme to
accommodate the siphons.

parietal callus (G)—in Olividae Ancillinae, a callus
(inductura) on the parietal lip, with a clearly defined
abapertural (left) margin, confluent posteriorly with
the spire callus.

parietal callus pad (G)—in some Turridae, a parletal
tubercle swollen and extended to form the adaxial edge
of the marked anal sinus.

parietal region (G)—the basal surface of the previous
whorl (“paries” = wall), protruding ‘into the aperture
at the upper left (in conventional orientation, with
spire up and aperture facing the observer), forming
a marked swelling above the columellar lip.
parietal ridge (G)—a spiral ridge on the upper parietal
region, in most neogastropods and higher
mesogastropods margining a posterior (anal) sinus or
shallow canal at the top (adapical end) of the aperture.
parietal tubercle (G)—a short, rounded, prominent
parietal ridge; very prominent and of taxonomic
' significance where it is raised into the parietal callus
pad of some Turridae.

patelliform (G)—limpet-shaped, ie., a very short,
uncoiled, widely open cone.

paucispiral (G)—of protoconchs, with relatwely few
whorls.

pedal —relating to the foot.

pedal gape (B)—an opening between the margms of the
two valves of a closed, articulated shell, for passage
~of the foot (common in deep-burrowing taxa).

pedal retractor muscle (B)—a muscle serving to withdraw



the foot, commonly leaving a marked (although small)
scar near (usually above) the anterior adductor muscle
scar. (A pedal protractor muscle scar is present less
commonly).

peribasal (G)—of a cord, or angulation; a spiral
sculptural element extending around the edge of the
base; eg., in Turbinellidae Columbariinae, a marked
cord or angulation appearing out of the suture of the
previous whorl. ‘

periostracum — the conchiolin outer layer of molluscan
shells, upon which the calcareous layers are deposited;
commonly a thin brown, yellow or greenish sheet,
peeling easily from dry, empty shells, but thick,
prominent and pilose (“hairy”) or lamellose in some
gastropods (particularly Ranellidae).

periphery (G)—the outermost (widest) part of the
gastropod shell; the angled or rounded zone around
the last whorl, determining the diameter.

peristome (G,N)—the lips of the aperture; in gastropods,
commonly used in Muricidae for a continuous, raised
(usually reflected) apertural rim.

phragmocone (N)—the chambered (camerate) part of the
shell.

plait (G)—a fold or plica on the columella aiding
attachment of the columellar muscle.

planispiral (G)— coiled in a flat plane, ie., with a slightly
sunken spire, equal to the umbilicus.

pleural area (P)—the lateral slopes of the tegementum,
not including the jugal area and lateral areas, on
intermediate valves and some posterior valves;
commonly longitudinally sculptured, and marked off
from the lateral areas by a diagonal ridge, as well as
by a sculptural difference (also known as the central
area which, however, is too easily confused with the
jugal area, and should not be used).

plica (G)—(1) a fold or plait on the columella, aiding
attachment of the columellar muscle; (2) a prominent
axial costa, or fold, affecting the whole thickness of
the shell wall.

posterior —opposite to the direction in which the living
animal moves.

posterior area (B,P)- in bivalves, a posterior part of the
shell marked off from the rest in some way, usually
either by an umbonal-ventral ridge, or by having
distinctive sculpture (eg., in Cardiidae); in chitons, the
area around the posterior end of the tegmentum of the
posterior (tail) valve, where present sculptured as on
the lateral areas of intermediate valves and the anterior
area of the anterior (head) valve.

posterior lateral tooth (B)—a lateral tooth behind the
beak.

posterior ridge (B)—an umbonal-ventral ridge marking
off a posterior area.

posterior siphonal groove (G)— in Olividae Ancillinae, a
shallow groove in the spire callus extending adapically
from the adapical end of the aperture.

posterior siphonal tube (B)—in Clavagellidae, the

secondary shelly tube extending posteriorly from the
sac, enclosing the siphons.
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posterior valve (P)—~the tail valve; the posteriormost
(eighth) valve or plate of a chiton shell; commonly
approximately semicircular, but variously modified in .
some taxa.

posterodorsal margin (B) —that part of the dorsal margin
of the valve lying behind the beak. ‘

prismatic (B)—a shell structure consisting of small calcitic
prisms, breaking into fibrous rods perpendicular to the
valve surface; the normal shell structure in the outer
layer of the Pterioida, and this layer is therefore very
fragile and commony not preserved in Cenozoic
fossils.

prodissoconch (B)—the embryonic shell of bivalves.

prosocline (G)—of sculpture or of outer lip, inclined
backwards from the upper suture (opposite:
opisthocline).

prosocyrt (G)—of sculpture or of outer lip, arched
(curved) with the apex of the arch directed forwards
(adaperturally) (opposite: opisthocyrt).

prosodetic (B)— of the external ligament, anterior to the
beak.

prosogyrous (B)—of the beaks, curved (or pointing)
towards the anterior, the condition in most bivalves
other than Nuculacea (opposite: opisthogyrous).

protoconch (G)—the embryonic shell of gastropods (also
of shelled cephalopods); in gastropods, the rest of the
shell (the post-embryonic shell) is termed the
teleoconch.

protoplax (B)— a flat, spearhead-shaped accessory plate
(divided longitudinally into two in some taxa) covering
the anterodorsal margin in most Pholadidae; protects
the anterior adductor muscle, which is external and
attached to the strongly reflected anterodorsal valve
margins in Pholadidae.

provinculum (B)—in Pectinacea, a narrow, vertically
striated area on either side of the ligamental pit; also
used for the central area of the larval hinge in other
bivalves.

proximal —the first-formed part of the shell.

pseudumbilicus (G)—a depression or cavity in the base
of the iast whorl only, commonly a shallow groove
alongside the columellar lip or siphonal canal; as
distinct from a true umbilicus, which affects all (or
most) whorls. Commonly called a “false umbilicus”.

punctate —sculpture of shallow pits, as in many shelled
bullomorph opisthobranchs, and in some species of
the bivalve genus Melliteryx.

punctum —a shallow pit (plural: punctae).

pupiform (G)—shaped as in Pupa, i.e., with tall spire,
convex outlines, and a blunt, rounded apex.

pyriform (G)— pear-shaped.

Quenstedt muscle (B)—a small muscle of unknown
function represented by a scar below the ligament in
oysters. ’

radial (B)— of sculpture, radiating from the umbonal area
towards the ventral margin.

radial aperture (G)—an aperture which is coplanar with

“'the coiling axis, ie., perpendicular to the direction of
coiling. Uncommon in Cenozoic or extant molluscs,



other than in Architectonicidae where it is ubiquitous
(see tangential aperture).

radula (G,N,P,S)—the tooth-like or (collectlvely) rasp-
like, hardened, chitinous structures with which
molluscs (other than-bivalves) rasp, pierce, grasp, bite,
gather, or “sting” (in Conus) their food; the radular
teeth are attached to a flexible membrane on the floor
of the buccal cavity. In gastropods, the number and
shape of the radular teeth is of primary importance
in classification.

ramp (G)—see sutural ramp.

recurved (G) — of the siphonal canal, with the distal end
bent away from the observer, in conventional spire-
up, aperture-facing orientation.

resilial (B)—pertaining to the resilium.

resilifer (B)—a pit or hollow in the hinge bearing the
internal ligament (or resilium); if protruding below the
hinge plate, it is known as a chondrophore.

resilium (B)—the internal ligament.

reticulate (G)—net-like sculpture produced by the
intersection of spiral and prosocline or opisthocline
elements, ie., not at right angles to each other (cf.
clathrate sculpture, in which the elements intersect at
right angles).

right (G)—opposite of left (which see).

right valve (B) —the valve lying on the right when the shell
is oriented with the anterior end facing away from the
observer, the plane of the commissure vertical, and the
hinge uppermost; of Pectinacea, the valve with the
byssal notch and fasciole; of oysters, the free (upper)
valve.

rostrate (B)—with a pointed, beak-like extremity (usually
the posterior end, reflecting elongate siphons).

sac (B)—in Clavagellidae, the subspherical to irregular,
inflated anterior region of the secondary shell enclosing
the visceral mass and incorporating the shell valves (or,
in some taxa, having one or both valves enclosed
inside); the anterior tubules permit passage of water
through the anterior end of the sac, and the posterior
siphonal tube protects the siphons as they extend
‘behind the sac.

saddle (N)—of the suture line, any inflection, curve or
undulation with its apex directed adaperturally
(abapically).

scales (P)—small, flattened, calcareous structures
ornamenting the girdle of many living chitons.

sculpture — ornament; the relief pattern on the surface of
many shells.

selenizone (G) — a spiral band of crescentic growth lines
or threads, formed as the trace of a narrow notch or
slit in the outer lip that allows passage of the anal
current in Pleurotomariacea and related primitive
gastropods.

septum (B,G,N)—in nautiloids, a partition dividing the
phragmocone into chambers (camerae) and attached
to the inside of the wall of the shell, perforated by the
siphuncle (plural, septa); when the shell is removed,
the junction of septa with the shell wall forms the
suture lines. In gastropods, unperforated septa are
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formed near the apex of some tall-spired taxa to close
off the shell after (or to allow for future) damage to
the apical area. In bivalves, unperforated septa are
formed by some Teredinidae to close off portions of
the secondary shell tube.

shagreen microsculpture (B)—in Pectinacea, fine external
sculpture of a screenlike .or rasplike pattern of
intersecting raised lamellae; the lamellae are neither
radial nor strictly commarginal, but intersect
diagonally at a low angle. Sometimes forms small,
closely spaced, ventrally hollow scales.

shelf (G)—a horizontal sutural ramp.

shoulder (G)—an angulation near or above mid-height
on the whorls, delimiting the sutural ramp (formerly
used also for the ramp).

sinistral (G)—the opposite of dextral.

sinupalliate (B)—having a pallial sinus (see
integripalliate).

sinus (G)—any embayment in the outer lip, forming a
corresponding undulation in growth lines; commonly
used for the anal sinus of Turridae, but similar (if
shallower) posterior sinuses occur in many other
neogastropods, and a shallow, more anterior one (the
stromboid notch) occurs also in some taxa (again,
mainly Turridae).

siphon (B,G)—in bivalves, a tubehke extension of the
mantle to allow passage of the exhalent and/or
inhalent currents (commonly two in each individual,
but they are fused in some taxa); in gastropods, a
tubular or semitubular fold in the mantle of
neogastropods and higher mesogastropods, for
passage of the inhalent water current; taxa with a
siphon are recognisable by having an anterior siphonal
canal in the shell (a short posterior or anal siphon is
present in a few gastropods, notably Bursidae). .

siphonal canal (G)—a semitubular (less commonly
tubular) or spout-like extension of the abapical
(anterior) area of the aperture, to enclose the siphon;
gastropods having one can’ be described  as
siphonostomatous.

siphonal notch (G)—a notch in the abapical (anterior)
apertural margin to accommodate the siphon;
commonly at the abapical end of the siphonal canal
(but some taxa have a notch, but no canal), generates
the fasciole.

siphonoplax (B)—a tubular secondary calcareous or
conchiolin structure forming a posterior extension of
the shell in most Pholadidae; protects the siphons.

siphonostomatous (G)—having a siphonal canal.

siphuncle (N)—a long, slender tube extending through
all chambers (camerae) of the phragmocone to. the
protoconch, consisting of soft and shelly portions,
perforating the septa, and allowing access to the
chambers for gaseous exchange (so forming, with the
chambers, a flotation mechanism).

slit (G,P,S)— of gastropods, a narrow, parallel-sided slot
in the outer lip of some archaeogastropods (in the
Pleurotomariidae and Scissurellidae, among Cenozoic-
Recent taxa), in some taxa extending abaperturally for
a quarter whorl or more; its track on the whorl surface



is the selenizone (which see). In chitons, a marginal
slit in the insertion plate, subdividing it into teeth;
commonly several (five to eight or more) in the
terminal valves and one in each side of each
intermediate valve, but many more in some taxa. Of
scaphopods, a narrow slit in the shell margin at the
apical end, quite deep and prominent in some taxa (eg.,
Fissidentalium).

socket (B)—a groove in the hinge, accepting a matching
tooth in the hinge of the opposite valve.

spicules (P)—long, narrow, spine-like, siliceous,
calcareous or conchiolin structures ornamenting the
girdle of some chitons; siliceous ones are almost
ubiquitous in Acanthochitonidae.

spiral (G)— of sculpture, passing continuously around the
outer surface of the whorls, almost parallel to the
suture (also used loosely for “a spiral cord”, but to be
avoided).

spiral cord (G)—a raised sculptural element following a
spiral course, ie., almost parallel to the suture (finer
elements are spiral thread, spiral lira, etc.).

spire angle (G)—the angle between the outer edges
(periphery) of the whorls, in the plane of the coiling
axis.

spire callus (G)—in Olividae Ancillinae, the (commonly
thick) smooth or spirally grooved callus covering the
spire and, in many taxa, hiding the sutures and

- protoconch; commonly confluent with the parietal
callus.

spdut (G) —a rudimentary siphonal canal.
stria— a very narrow, shallow groove.

strombiform (G)—shaped as in Strombus, ie., roughly
biconic-fusiform, but with an expanded outer lip.

stromboid notch (G) —in Turridae, a shallow, commonly
relatively wide inflection or undulation in the abapical
area of the outer lip, adapical to its termination,
producing a shallow notch similar to that allowing
passage of the right optical tentacle in Strombus.

subsutural (G)—immediately abapical to (below) the
suture; commonly used of a spiral raised cord, the
subsutural fold. -

subsutural fold (G)—a low to prominent spiral swelling

. immediately abapical to (below) the suture, ie., around

the top of ‘the sutural ramp (commonly present in
-Turridae).

subulate (G)—awl-shaped; slender and tapering to a
point, with convex outlines.

suprasutural (G)—immediately adapical to (above) the
-suture; commonly used of spiral sculptural elements.

sutural lamina (P)—a thin, plate-like anterior extension
of the articulamentum (one present on each side of the
anterior margin of valves 2-8) underlying the posterior
margin of the immediately anterior valve, embedded
in the girdle, and allowing enrolling of the animal (the
two sutural laminae of one valve are separated by the
jugal sinus).

sutural ramp (G)—an outward-sloping, flattened or
weakly concave to convex spiral surface area
immediately abapical to (below) the suture of many
gastropods, delimited by the shoulder angle.

suture (G,N)—of gastropods, the continuous spiral line
on the shell surface where the whorls join; of
nautiloids, the line where a septum joins the outer shell
wall. Although a coiled gastropod shell has only one
suture, for purposes of description a distinction is
made between the upper and lower sutures of one
whorl.

taenioid muscle (B)—in Parilimyidae (Anomalodesmata),
a single long, narrow tape-like muscle in each valve,
retracting the siphons, and forming a single small
subcentral scar in each valve (important for
distinguishing Parilimyidae from Pholadomyidae).

tail valve (P)—the posterior valve.

tangential aperture (G)—one which is oblique to the
coiling axis and tangential to the surface of the last
whorl; the normal condition in Cenozoic and living
gastropods (contrast “radial aperture”).

taxodont (B) — with numerous short, similar hinge teeth,
some or all of them transverse to the hinge margin.

teeth (B,P)—of bivalves, hinge structures (received in
corresponding sockets in the opposite valve) along the
dorsal margin of the valve (see also hinge teeth); of
chitons, the segments of insertion plates between the
slits; of all molluscs except bivalves (which lack a
radula) used also for individual radular elements.

tegmentum (P) —the outer, porous, sculptured layer of
chiton valves; the part of chiton valves exposed outside
the girdle of the living animal.

teleoconch (G)—the post-larval gastropod shell, ie., the
shell excluding the protoconch.

telescoped (G) —in Turritellidae, a whorl profile in which
a wide, prominent, rounded zone below the upper
suture is the most prominent sculptural feature, and
whorls are flat-sided below that; ie., looking as though
each whorl has been pushed inside the one below.

terminal pipe (S) —a short, narrow tube protruding from
the apex of some scaphopods.

terminal ridge’ (G)—in Cypraeacea and Lamellariacea
(“cowries”), a low, narrow, slightly oblique ridge at
the base (anterior end) of the inner lip.

tessellate (B, G)—sculpture or colour pattern of
contiguous polygonal areas, resembling a tile mosaic.

tesserae (B, G)—the tile-like, flattened, polygonal
sculptural elements produced by tessellate sculpture.

thread —a very fine, raised sculptural element.
top fasciolar band (G)—see fasciolar bands.

transposed hinge (B)—a condition occurring
uncommonly in some “lower” heterodont families, in
which the hinges are mirror images of that expected
in the species, ie., the “right” hinge is found in the left
valve, and vice versa.

transverse (S)—perpendicular to the long axis of the
- scaphopod shell. Definite transverse sculpture is
uncommon in scaphopods, but many taxa have
transverse ridges, lines or constrictions formed by
pauses in growth.
trema (G)—an orifice in the outer shell wall of Haliotidae

and some Scissurellidae, for passage of the exhalent
water current (plural, tremata).



trigonal —three-cornered (roughly triangular), commonly
used of bivalve shell outlines.

trochiform (G)—shaped as in Trochus, ie., with a
moderately tall, flat-sided spire and a flat, or nearly
flat, base.

truncate — with the curvature of the outline terminated
by a straight line (eg., of the bivalve pallial sinus); or
of the gastropod spire, shortened (ie., decollate).

tubercle —a moderately prominent rounded elevation on
the shell surface.

turbiniform (G)—shaped as in Turbo, ie., with a broadly
conical spire, evenly rounded whorls, and a convex
base.

turriculate (G)—with an acutely conical spire in which
whorls are numerous and more-or-less flat-sided.

turrid sinus (G)—sometimes used loosely to refer to the
anal sinus (or posterior (adapical) apertural sinus)
characteristic of Turridae.

umbilicate (G,N)—having an umbilicus.

umbilicus (G,N)—a cavity or depression formed around
the coiling axis by the adaxial faces of whorls that do
not coalesce to form a solid columella; in the centre
of the base in gastropods in which it is present, and
one present on each side of many nautiloids.

umbo (B) —the region of the valve surrounding the point
of maximum curvature, or beak; situated along the
dorsal margin, and near its centre in many bivalves
(umbo denotes a wider or more generalised area than
the beak) (plural, umbones).

umbonal angle (B) —in Pectinacea, the angle between the
anterodorsal and posterodorsal margins, below the
auricles.

umbonal cavity (B)—a hollow beneath (inside) the umbo
(behind the hinge plate) of many bivalves.

umbonal-ventral groove (B)—in some Pholadidae, a
shallow, somewhat diagonal groove extending from
the umbo to the ventral margin, separating distinctly
sculptured anterior and posterior areas.

umbonal-ventral ridge (B) —any radial ridge or angulation
extending from the umbo towards the ventral margin;
commonly marking off a posterior area of the shell
surface (also known simply as an umbonal ridge).

umboniiform (G)—shaped as in Umbonium, ie., with
very low conic spire and weakly convex base, lensoid
in cross-section.

valve —-one of the calcareous parts of a molluscan shell
(one in all gastropods, cephalopods (if present at all)
and scaphopods, two in bivalves, eight in chitons).

varicate (G)-—bearing a varix or varices.

variceal spine (G)—a spine on a varix; common in
Muricidae.

variceal tube (G) —in Muricidae Typhinae, a tubular spine
on a varix (present on the shoulder angle of all varices
of most taxa).

varix (G)—an elevated axial sculptural element more
prominent than axial costae, and commonly more
widely spaced than costae; formed as a thickened outer
apertural lip, and so evidence of eplsodes of shell
growth followed by pauses.
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ventral —the direction opposite to dorsal, ie., towards the
lower side (venter) of the living animal when it moves;
equivalent to the apertural side in most conispiral
gastropods, and to the aperture (or base) in limpets;
the margin opposite the hinge in bivalves; the outer,
narrow, strongly curved area of the shell wall in
nautiloids.

ventral face (S)—normally the convex face of a
scaphopod shell; in some species of Cadulus both faces
are convex, but the ventral face is the more convex.

ventral lobe (N)—a lobe (see above) situated on the
ventral area (the outermost, narrowly curved part of
the shell) of a nautiloid.

vesicular deposits (B)—soft, chalky, cellular deposits in
the otherwise more solid lamellar calcite shell,
diagnostic of Gryphaeidae Pycnodonteinae.

whorl (G,N)—one complete coil of a spiral shell.

wing (B,G)—in bivalves, an area below the hinge-line
~ demarcated from the rest of the shell surface by a ridge
or hollow, or by sculptural differences, elongated
anteriorly (if an anterior wing) or posteriorly, larger
and commonly less clearly demarcated than an auricle
(ear). In gastropods, a more-or-less flattened expansion
of the outer lip (eg., in some Strombacea).

xenomorphic (B,G)— pertaining to xenomorphism.

xenomorphism, xenomorphic sculpture (B,G)—sculpture
on the shell surface that is not normally present in that
taxon, but reflects the sculpture of other shells to which
the mollusc is attached; not uncommon on the free
(upper) valve of oysters and Anomiidae, in Bivalvia
(notably in specimens of Anomia attached to
Pectinidae); in gastropods, represented by sulci in the
shell margin, and the prominent ribs generated by the
sulci, in some Capulidae that live attached to coarsely
sculptured substrates such as the shells of Pectinidae.

ILLUSTRATED GLOSSARY OF TERMS USED FOR
PARTS OF MOLLUSCAN SHELLS

The labelled drawings on the following 13 pages
(Figure 9) use specific New Zealand examples, from the
plates in this book, to illustrate the specialised terms that
have been developed to describe precisely and
unambiguously the parts of molluscan shells.

Many of the included terms apply very widely (e.g.,
hinge, umbo, pallial line in Bivalvia; suture, spire, last
whorl in Gastropoda) and we have identified these parts
on several illustrations, to clarify their application. The
description of shell shapes limited to particular families
(e.g. cowry shells, Family Cypraeidae), the development
of specialised notations for describing sculpture in a few
families (notably the spiral cords of Turritellidae) and the
description  of highly specialised shells adapted to
particular environments (e.g. the rock-boring Pholadidae,
with the example of Pholadidea suteri) have necessitated
the development of special terminologies, and we have
included examples illustrating most of the more
commonly used specialised terminologies that have been
applied to New Zealand and Cenozoic Mollusca. All
terms are defined more precisely in the accompanymg
descriptive glossary. - : ,



CLASS POLYPLACOPHORA
FAMILY ACANTHOCHITONIDAE : Acanthochitona (Notoplax) mariae, dorsal view of 3 of the 8

plates (or valves); only 1 of the 6 similar intermediate plates is shown.

ANTERIOR

slit (5 around anterior plate of all
Acanthochitonidae; different numbers
in other chitons)

insertion plate

articulamentum (smooth, dense,
inner layer)

ANTERIOR (HEAD)
PLATE, i

PLATE 1 (VALVE 1)

tegmentum (sculptured, porous,
outer layer; bears 5 radial costae

in all Acanthochitona (Notoplax) species) jugal sinus,
anterior sinus

INTERMEDIATE PLATE,
PLATES 2-7
(VALVES 2-7)

sutural lamina

jugum, jugal area

N lateral sl (1 in each side of all
intermediate plates of most chitons,
but more in some groups,
notably Callochitonidae)

pleural (central) area

lateral area

posterior mucro (a protruding beak, /
present on posterior and intermediate
plates of only some chitons)

LEFT RIGHT

jugal sinus,
anterior sinus

sutural lamina

jugum, jugal area ———

mucro

POSTERIOR (TAIL) PLATE,
PLATE 8 (VALVE 8)

latero—pleural area
of tegmentum

(inner margin of posterior end has several slits in most chitons, 5 in most Acanthochitonidae)

POSTERIOR

Figure 9(a-m) Illustrated glossary of the terms commonly applied to parts of molluscan shells.
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CLASS BIVALVIA

chondrophore (projecting resilifer)

many similar hinge teeth
(taxodont hinge)

ANTERIOR

anterior adductor muscle scar

crenulate margin

FAMILY NUCULIDAE: Varinucula sagittata, interior of right. valve

DORSAL

pallial line (entire, or integripalliate, i.e without sinus)

VENTRAL

umbo (opisthogyrate in all Nuculacea, i.e., directed
posteriorly, and nearer posterior than anterior,
unlike most other bivalves)

/

POSTERIOR

posterior adductor muscle scar

many similar hinge teeth
{taxodont hinge)

ANTERIOR /

anterior adductor
muscle scar

pallial sinus

pallial line smooth margin

FAMILY MALLETIIDAE : Neilo awamoana, right valve

DORSAL

posterior adductor muscle scar

POSTERIOR

i ANTERIOR|

commarginal lamellae

posterior area

VENTRAL
FAMILY GLYCYMERIDIDAE: Glycymeris shrimptoni, left valve
DORSAL
ligamental grooves

umbo

(ligamental chevrons)

many similar
hinge teeth
{taxodont hinge)

POSTERIOR

posterior adductor
muscle scar

crenulate margin —

VENTRAL

Fig. 9

anterior adductor muscle scar

pallial line {entire)

POSTERIOR

weak radial grooves
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FAMILY ARCIDAE : Barbatia novaezelandiae, interior of left valve
DORSAL

many similar hinge teeth (taxodont hinge)

umbo .
anterior adductor muscle scar

posterior adductor muscle scar

POSTERIOR ANTERIOR

pallial line crenulate margin

fentire) VENTRAL

FAMILY PECTINIDAE : Chlamys gemmulata, exterior of both valves

left valve DORSAL right valve

umbo anterior ear (auricle)

/

anterior ear (auricle)
{no byssal notch) i .
posterior ear (auricle)

N, —

byssal fasciole

byssal notch (ctenolium is

a row of small comb-like
ANTERIOR POSTERIOR teeth along lower edge
of byssal notch)
ANTERIOR
radial riblets (costellae)
VENTRAL disc
FAMILY ISOGNOMONIDAE (BAKEVELLIDAE ?) : “Isognomon’’ zealandicum, interior of right valve
DORSAL ligamental pit (4; a multivincular hinge)
anterior ear (auricle)
hinge plate
byssal gape e
POSTERIOR

ANTERIOR

>~ adductor muscle scar

paliial line (a line
of disconnected small
muscle scars)

VENTRAL

Fig. 9¢




FAMILY ANOMIIDAE : Anomia trigonopsis, interior of left valve
DORSAL

- scars of divided byssal

calcitic outer shell layer retractor muscle

POSTERIOR ANTERIOR

adductor muscle scar

central white aragonitic layer

Pododesmus jncisurus, interior
of right valve

ligamental crura )
calcified byssal plug

ANTERIOR POSTERIOR

adductor muscle scar
central white
aragonitic layer

Patro undatus, exterior of right (attached) valve of
/ an articulated pair

I U S 4

e €dge of left-valve

calcified byssal plug protruding through
deep byssal notch in right valve

ANTERIOR POSTERIOR

VENTRAL

FAMILY GRYPHAEIDAE : Crenostrea wuellerstorffi (an ‘oyster’’), interior of right (upper) valve
DORSAL

ligamental pit

pycnodontine lath chomata

adductor muscle scar

ANTERIOR POSTERIOR

chomata (around
entire shell margin)
chalky vesicular deposit

VENTRAL

Fig. 9d
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FAMILY LUCINIDAE: Miltha neozelanica, interior of left valve
DORSAL

escutcheon cardinal hinge teeth

ligamental groove lunule

ligamental nyinph

posterior adductor muscle scar =

POSTERIOR ANTERIOR

dimpled or rugose interior anterior adductor-muscle scar

~—~

pallial line (entire) smooth margin

VENTRAL

FAMILY CARDIIDAE : Nemocardium (Varicardium) patulum, interior and exterior of right valve

DORSAL

cardinal teeth nymph plate

s UMbO

posterior lateral teeth

anterior lateral teeth and socket

and socket

anterior posterior adductor ANTERIOR
adductor muscle scar
muscle scar
POSTERIOR
ANTERIOR
posterior area flank
pallial line (entire) , :

crenulate margin

VENTRAL

FAMILY MACTRIDAE : Mactra (Mactrona) mula, interior of left valve
DORSAL

resilifer
bifid (divided) cardinal tooth

posterior lateral tooth

anterior lateral tooth

ANTERIOR

anterior adductor muscle scar

POSTERIOR

posterior adductor muscle scar

. pallial line
pallial sinus

smooth margin/

Fig. 9¢
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FAMILY TELLINIDAE : Barytellina crassidens, interior and exterior of right valve
cardinal tooth : DORSAL

posterior flexure (characteristic

anterior lateral tooth of most Tellinidae)

posterior lateral tooth

anterior adductor
muscle scar

posterior adductor
muscle scar

ANTERIOR POSTERIOR ANTERIOR

pallial sinus (very large;
ventral margin confluent with pallial line)

smooth margin

VENTRAL

FAMILY VENERIDAE : Austrovenus crassitesta, interior and exterior of left valve
DORSAL

escutcheon

cardinal teeth

ligamental nymph radial costae

anterior adductor
muscle scar

posterior lunule
adductor
muscle scar
POSTERIOR |
ANTERIOR X POSTERIOR
pallial sinus

/ pallial line commarginal lamelae

crenulate margin

VENTRAL

FAMILY PHOLADIDAE : Pholadidea suteri, exterior of right valve and dorsal view of exterior of

articulated shell
DORSAL ANTERIOR

__dorsal area
(covered by
mesoplax)

reflected antero-dorsal margin

posterior area (commarginal
/ (bears anterior adductor muscie)

sculpture only)

w= anterior area

LEFT
RIGHT
POSTERIOR ' ANTERIOR
N callum ~ posterior area
umbonal-ventral groove anterior area (commarginal
and radial sculpture) posterior
\ (siphonal) gape
VENTRAL ) - POSTERIOR

Fig. 9f

67



FAMILY CLAVAGELLIDAE : Clavagella oamarutica, exterior of left side
DORSAL

sheli (left valve) embedded in tube (in Clavagella,

anterior tubule: : :
ules right valve is free inside tube)

ANTERIOR

posterior siphonal tube

VENTRAL

CLASS GASTROPODA
FAMILY PLEUROTOMARIIDAE : Perotrochus allani, apertural view

ADAPICAL END

suture

spiral lirae )
spire

selenizone (spiral trace

of notch in outer lip)
RIGHT SIDE
LEFT SIDE.

outer lip
peribasal angle
aperture
base

umbilicus

ABAPICAL END

columella (inner lip)

FAMILY HALIOTIDAE : Haliotis n.sp.,Cookson Volcanics (Oligocene) , dorsal and left lateral views

axial costa

DORSAL

spiral cord

row of tremata (singular: trema) VENTRAL

Fig. 9g

68




FAMILY TURRITELLIDAE : (1) diagram of notation of spiral cords, from Marwick (1957.fig.1).
Primary cords are denoted A,B,C,D, secondary cords are denoted r,s,t,etc., and tertiary threads

r1,r2,etc. The diagram also shows a growth line,and the growth line angle,a
r

(2) terms used for whorl profiles (from Marwick 197 1,fig.1)

o A g gH g

Convex Subquadrate Flat-sided Frustate Imbricate Concave Keeled Telescoped Campanulate

FAMILY CYPRAEIDAE : Cypraea (Notocypraea) clifdenensis, dorsal and ventral views
POSTERIOR

- anal (posterior} canal

» labial tqeth (outer lip)

| |

columellar teeth

dorsum {inner lip)

base aperture

RIGHT LEFT RIGHT
. : fossula
terminal ridge

siphonal (anterior) canal

ANTERIOR

FAMILY ARCHITECTONICIDAE : Wahgaloa ngaparaensis, dorsal and ventral views
prétoconch protrudes down into umbilicus in all Architectonicidae

low, almost flat spire

protoconch heterostrophic —
initial whorl immersed
in Architectonicidae

umbilicus

aperture

DORSAL VENTRAL

Fig. 9h
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FAMILY NATICIDAE : Tanea zelandica, ventral (apertural) view

. spire
columella (inner lip) .,
umbilicus = parietal callus
horl
funicular ridge -operculum last who
funicle marginal grooves
of operculum
FAMILY EPITONIDAE : Cirsotrema lyrata, ventral (apertural) view
spire
axial costa
spiral cords =
varix
last whorl
basal cord =" "V
aperture
thickened outer lip (terminal varix)
FAMILY RANELLIDAE : Sassia (Sassia) parkinsonia, ventral (apertural) view
protoconch
spire
varices,
parietal tubercle -
teleoconch anal {posterior) canal
last whorl

inner lip outer lip
pseudumbilicus

{pseudumbilical chink) siphonal (anterior) canal

Fig. 9
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FAMILY MURICIDAE : Murexsul octogonus, ventral (apertural) view

axial ridge (varix}

spiral cord .
e SPINES

thickened outer lip (terminal varix)
fasciole (very prominent;,

a row of former siphonal
canals)

tube between varices
pseudumbilicus (pseudumbilical chink)

siphonal (anterior) canal |
. variceal spine
e varix

(tubular spine

aperture with continuous peristome on terminal varix)

abapertural face of varix

/ siphonal canal
previous siphonal canal (closed, tubular)

FAMILY OLIVIDAE : Amalda (Baryspira} mucronata, ventral (apertural} view

spire callus (hides sutures)

posterior siphonal groove

broad band parietal callus

Lamprodomina neozelanica, ventral (apertural)
view

depressed {ancillid) band
top fasciolar band
mid fasciolar band

basal fasciolar band narrowly channelled suture

basal groove

columella, with weak plaits

siphonal (anterior) notch sutural channel

continuous with

posterior siphonal
groove

S

“spiral”’ mid-whorl groove ="

fasciolar bands (weakly developed) ~— outer lip

siphonal (anterior) notch

/

Fig. 9§
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protoconch
{mamiliate) (
sutural ramp
peripheral carina, /
with nodules aperture
teleoconch outer lip

siphonal (anterior) canal

- spire

last whorl

protoconch
{dome-shaped)

varix

teleoconch axial costa i i .
outer lip (terminal varix),

spiral cord with interior ridges

“columellar plaits

inner lip

siphonal (anterior) notch

FAMILY VOLUTIDAE : Mauira biconica, ventral (apertural) view

sutural ramp

peripheral (shoulder) SpiNes umm ¢
aperture

edge of inner fip outer lip

fasciolar ri i
olar ridge = columellar plaits

fasciole

siphonal (anterior) notch

Fig. 9%k
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FAMILY TURRIDAE : Phenatoma rosea, right lateral view

spire
VENTRAL DORSAL
anal (posterior) sinus, “‘turrid sinus”’
outer lip —
s e  — — - —— St— g—— o— — ——  — — — o— — — — — — — —— e—
Paracomitas protransenna, ventral (apertural) view
suture
LEFT SIDE sutural ramp RIGHT SIDE
anal sinus visible in growth lines on sutural ramp
Y~ smooth peripheral cord (carina)
stromboid notch visible in growth lines on base = outer lip
siphonal (anterior) canal
Austroclavus tenuispiralis, ventral (apertural) view
LEFT SIDE RIGHT SIDE

anal sinus visible in
growth lines on sutural ramp parietal callus pad

shoulder angle emm—— anal (posterior) sinus, ‘turrid sinus’’

fine spiral lirae
outer lip

inner lip

siphonal (anterior) canal

Fig. 91
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CLASS SCAPHOPODA
FAMILY DENTALIIDAE : Fissidentalium cf. solidum, lateral view

DORSAL

anterior aperture - posterior aperture

weakly curved outline \

ANTERIOR POSTERIOR

transverse constriction longitudinal costae

VENTRAL

CLASS CEPHALOPODA

FAMILY ATURIIDAE : Aturia cubaensis, left lateral view of incomplete phragmocone. (The outer shell
is missing, revealing the sutures between the internal septa [ singular,septum; the septa separate the

chambers ] and the outer shell; the non-septate body chamber also is missing.Strictly speaking,the
shell is upside down)

VENTRAL

one chamber

suture

aperture

lateral fobe

POSTERIOR ANTERIOR

lateral saddle umbilicus

DORSAL
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THE NEW ZEALAND CENOZOIC MOLLUSCAN FAUNA

CHAPTER 5. PALEOCENE FAUNAS
(“WANGALOAN”, EARLY TEURIAN STAGE): PLATES 1, 2

INTRODUCTION

Although marine rocks of Paleocene age (Teurian Stage)
are quite widespread in New Zealand, and are at least
locally well exposed, they are relatively thin and are for
the most part devoid of identifiable macrofossils of any
kind. The absence or rarity of molluscs in particular may
result partly from leaching during diagenesis, but it is
more likely to reflect the sedimentary regime that seems
to have existed during much of the Paleocene in New
Zealand. Sedimentological evidence suggests that New
Zealand at this time was low-lying and bordered by
shallow, mostly poorly oxygenated seas (Hornibrook in
Fleming 1959b, p. 397). In Northland and along much
of the east coast from near Gisborne south to North
Canterbury, in northeast Otago, and in the Great South
Basin, Paleocene rocks typically consist of glauconitic or
siliceous sandstone, siltstone or mudstone (“shales”) often
of dark brown colour and with a distinctive “sulphur”
(actually jarosite) efflorescence on weathered surfaces.
Except for a moderately diverse faunule from Kaiwhata
Stream, eastern Wairarapa (see below), very few
Paleocene molluscs have been recorded from these areas.
One noteworthy occurrence is of an unusually large
thyasirid bivalve (Conchocele sp.) from Wimbledon,
southern Hawke’s Bay —it is probably significant that at
least some extant thyasirids harbour symbiotic sulphide-
oxidising bacteria enabling them to live in anoxic
environments (Reid and Brand 1986). A deeper-water
lithofacies is represented in the lower part of the Amuri
Limestone (and associated flint beds) in eastern
Wairarapa and Marlborough, but to our knowledge, no
Paleocene molluscs have yet been recorded from this unit.

From mid-Canterbury to south-east Otago, most
Paleocene sediments are of shallow-water facies and
comprise sandstone and conglomerate with locally
developed shell-beds, in places closely associated with coal
measures. Early Paleocene (Danian) molluscan faunules
occur at Wangaloa (near Kaitangata) and at Boulder Hill
(near Dunedin); smaller assemblages of similar or possibly
somewhat younger age are recorded from the Kauru
Formation in North Otago and lower Waihao Valley,
South Canterbury, and from the Broken River
Formation, Castle Hill Basin.

The third important area where Paleocene and Early
Eocene rocks are exposed is in the Chatham Islands, where
the Takatika Grit, Tutuiri Greenland, Red Bluff Tuff and
Matanginui Limestone are partly or wholly of Teurian or
Waipawan age (Campbell et al. 1988). Several Paleocene
molluscs were described by Marwick (1928) from Tioriori
and “Waikaripi”, both on Chatham Island; subsequent
collections, particularly from Pitt Island, have shown that
many more species are present. The Chathams faunules are
strikingly different from those on mainland New Zealand
and seem to have lived in deeper-water, more oceanic
conditions, They are also for the most part significantly
younger than the well known Wangaloa and Boulder Hill
faunules, and are discussed in the next chapter.
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In some sections Paleocene sediments constitute the
basal part of a transgressive sequence and rest directly
and with marked angular discordance on Torlesse
Supergroup “greywacke” or on Haast Schist; in others
they disconformably overlie Late Cretaceous beds, the
contact being marked by a sharp change in lithology, by
phosphorite nodules or by intense bioturbation
(“burrowing”). Although precise microfossil control is
usually lacking, it seems likely that in most shallow-water
sequences there is an important hiatus between Paleocene
and Late Cretaceous rocks. No sections are known where
Late Cretaceous (Haumurian) and Early Paleocene
molluscan faunules occur in sequence.

NORTH ISLAND

km

SOUTH ISLAND

Early Paleocene localities:

. Kaiwhata Stream

. Broken River

. Lower Waihao River

. Five Forks Bridge - Raupo Creek
. Boulder Hill

D O~ WD -

. Wangaloa

Figure 10 The main molluscan fossil localities of “Wangaloan” (Early
Paleocene) age.



Early Paleocene faunas

Our knowledge of the Early Paleocene molluscan fauna
is based almost entirely on two faunules from east Otago
(Fig. 10). One of these is from quartz sandstone and
conglomerate with cemented fossiliferous lenses
(Wangaloa Formation) exposed in the coastal section
between Mitchell Rocks (or Point) and Measly Beach near
Wangaloa, north of the mouth of the Clutha River.
Although it was first collected in 1869, its importance was
not recognised until the early part of the 20th century
when Patrick Marshall described the faunule and
concluded that it must be considerably older than any
other New Zealand Tertiary assemblage known at that
time (Marshall 1916a, b; 1917). In the following year
Morgan (in Chapman 1918, p.  40) introduced the
Wangaloan as a stage of the Kaitangatan “Group” and
correlated it with the Eocene.

In 1920 H.E. Fyfe discovered a richly fossiliferous lens
overlying quartz sandstone and conglomerate on the
north flank of Boulder Hill, near Dunedin. The molluscan
faunule from this locality has many species in common
with that from Wangaloa, but is considerably more
diverse and much better preserved. In a classic
monograph, Finlay and Marwick (1937) concluded that
the Wangaloa and Boulder Hill faunules are of similar
age, and described the combined fauna in considerable
detail. From a comparison of the fauna with overseas
faunas, and on the basis of its mixed Cretaceous-Tertiary
aspect, they correlated the Wangaloan with the Danian,
at that time considered to be latest Cretaceous. Finlay
and Marwick (1940, p. 81, 105; 1947, p. 220) continued
to regard the Wangaloan as the topmost Cretaceous stage
in their landmark papers on the subdivision of the New
Zealand Late Cretaceous and Tertiary, and in the second
of these papers placed it between the newly proposed
Teurian (then thought to be Senonian) and Waipawan
(Paleocene) Stages.

Hornibrook and Harrington (1957) were unable to
obtain microfossils from the Wangaloan stratotype or
from the fossiliferous beds at Boulder Hill, but on
stratigraphic grounds showed that the Wangaloan must
be equivalent to part of the Teurian Stage (which was
based on foraminifera). They therefore advocated
removal of the Wangaloan from the local stage scheme,
a.view. later supported by Webb (1973a, b) on the basis
of detailed sampling of relevant sections in east Otago.
Webb’s work indicates that the Wangaloan is equivalent,
at least in part, to the lower part of the Teurian. By the
time this work was done the Danian was generally
regarded as basal Tertiary rather than latest Cretaceous,
mainly because of the absence of typical Cretaceous taxa
(e.g. ammonites, belemnites, Inoceramus and trigoniids),
and the Cretaceous — Tertiary boundary in New Zealand
was placed between the Haumurian and Teurian Stages
(Hornibrook 1962). Although the name Wangaloan has
hardly been used in the last 30 years (but see Fleming
1966b, p. 9) we retain it here for the distinctive shallow-
water molluscan faunules of Wangaloa and Boulder Hill
(and their possible correlatives), mainly because of its
convenience, but also because its precise relationship to
the very long Teurian Stage (c. eight million years) has
yet to be demonstrated. We do not, however, advocate
its reintroduction into the standard system of local stages.
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The combined Wangaloa and Boulder Hill molluscan
faunules comprise 77 genus-group taxa, several of which
include two or more nominal species, although a
thorough revision would probably reduce the number of
species recognised (see comments under Pseudofax
ordinarius, below). The differences between the two
faunules are relatively minor and are probably
attributable to differences in depositional environments.
The Wangaloan stratotype (the “Mitchell Point facies”
of the Wangaloa Formation) includes locally abundant
Ophiomorpha burrows, teredinid-bored wood and
sedimentary structures indicating an in-shore environment
with frequent storm deposition (Lindqvist 1986). The
fossiliferous unit at Boulder Hill, by contrast, seems to
have accumulated in quieter conditions, although the
presence of large glycymeridids, Cucullaea and venerids
indicates an inner or mid-shelf rather than a significantly
deeper-water environment.

Composition of the Wangaloan fauna

The Wangaloan molluscan fauna is highly distinctive,
mainly because of the presence of a considerable number
of genus-group taxa not otherwise recorded from New
Zealand. This distinctiveness, however, may be more
apparent than real, and may merely reflect our poor
knowledge of Middle Paleocene to Early Eocene shallow-
water molluscan faunas (see next chapter). The following
taxa are known only from the Wangaloan (at least in New
Zealand) but it seems likely that some range higher—
Ledina, Spineilo, Cucullona, Dosinobia, Marwickia,
Leptocolpus, Spirogalerus, Amauropsona, Tudiclana,
Taioma, Microfulgur, Fyfea, Heteroterma, Campylacrum,
Ongleya and Priscaphander, as well as several rarer forms.
A few taxa, including Cucullastis, Lahillia, Conchothyra
and Struthioptera - all of which are known from the New
Zealand Late Cretaceous—are last recorded from the
Wangaloan.  Taxa which appear at this time include
Limopsis (sensu lato), Electroma, Miltha, Pratulum,
Conominolia, Colposigma, Polinices, Polinella,
Globisinum, Perissodonta, Galeodea (sensu lato), Exilia,
Priscoficus, Penion, Nassicola, Pseudofax, Marshallaria,
Tholitoma, Zemacies, Wangaloa, Acteon and
Cylichnania.

From a global perspective the Wangaloan molluscan
fauna is of considerable importance for it is one of the
few of Paleocene age recorded from the circum-Pacific.
The very rich assemblages from the Simi Hills, California
(Zinsmeister 1983 a,b) were thought to be Late Paleocene
but are now considered to be Early Paleocene (Saul 1983)
(i.e. of similar age to the Wangaloan fauna). For the most
part the Californian fauna bears little similarity to the
Wangaloan fauna, but it does include probable species
of Glycymerita (otherwise recorded only from Late
Cretaceous to Pliocene in New Zealand), Heteroterma,
and the widely distributed genus Priscoficus.

The small faunule from Pebble Point, Victoria is
Middle Paleocene (Darragh 1985, p. 99) and the even
smaller faunule from Rivernook Beach, Victoria is Late
Paleocene (Darragh 1985, p. 99-100). The former faunule
includes the biogeographically important genus Lahillia,
but otherwise has litle similarity to the Wangaloan
faunules. Paleocene faunas from other parts of the world
also have little in common with those from New Zealand



except for the presence of some widely distributed,
probably cosmopolitan taxa (e.g. Limopsis, Miltha,
Panopea, Polinices, Priscoficus, Exilia and Tornatellaea).

More important from a biogeographic viewpoint is the
presence in the Wangaloan fauna of many taxa that are
either endemic to the New Zealand region or are shared
with other former parts of Gondwana. At least some of
the latter group were already present around the shores
of Gondwana during the Late Cretaceous and constitute
what Fleming (1963) termed the “paleoaustral” element
in the Wangaloan fauna. Zinsmeister (1979) introduced
the Weddellian Province for the shallow-water, cool-
temperate region that included south-east Australia, New
Zealand, West Antarctica and southern South America
from latest Cretaceous time into the Eocene. He identified
Lahilliidae, Struthioptera, Struthiolariidae and
Taiomidae—all of which are represented in the
Wangaloan — as being particularly important (Zinsmeister
1979; 1982, text fig. 6), but the biogeographic significance
of the Taiomidae is uncertain in view of the presence of
possible Taioma in the Middle Paleocene of Greenland
(see below). The other taxa, however, are known only
from former components of the Weddellian Province.
Zinsmeister (1982, table 1) classed 47 of the genus-group
taxa in the Wangaloan fauna as “paleoaustral”, but many
of them have not as yet been recorded from outside the
New Zealand region and would therefore be more
appropriately regarded as endemic—these include
Cucullona, Cucullastis, Pteromyrtea, Dosinobia,
Marwickia, Spelaenacca, Conchothyra, Microfulgur,
Fyfea, Nassicola, Pseudofax, Campylacrum and
Wangaloa. '

Climate

New Zealand occupied a high latitudinal position during
the Early Paleocene (Stevens 1985, p.76) but apart from
Perissodonta there is nothing in the Wangaloan fauna that

_indicates particularly cool conditions. Beu (1966)
suggested that subtropical conditions prevailed on the
basis of the presence of such taxa as Cucullaea, Pteriidae,
Miltha, Polinices and Ficidae, but the evidence for warm
waters is not as strong as it is in the Late Paleocene (see
next chapter).

Other possible occurrences of Wangaloan Mollusca

Several molluscan faunules of possible Wangaloan age
“have been discovered since Finlay and Marwick’s
monograph was published. The most important of these
are from the Kauru Formation, which was proposed by
Gage (1957, p. 25-28) for sandstone and siltstone with
associated conglomerate at the base of the Tertiary
sequence in inland North Otago, and was extended into
South Canterbury by Field and Browne (1986, p. 13-14).
Some faunules, particularly those from the Kakanui River
near Five Forks Bridge, and from the lower Waihao
River, include such characteristic taxa as Spineilo,
Lahillia, Leptocolpus, Amauropsona, Tudiclana, Fyfea,
Microfulgur and Heteroterma, and are probably
Wangaloan. Others, however, (e.g. Raupo Creek) lack
such  taxa but include several (e.g. Serripecten,
Hedecardium, Spirocolpus, Zeacolpus (sensu stricto),
Sigapatella (sensu stricto) and Eoturris) not recorded from
the Wangaloan (Fleming in Gage 1957, p. 28)—these
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faunules are probably significantly younger than Early
Paleocene.

Further north, in the Castle Hill Basin, shellbeds with
abundant oysters in the Broken River Formation (Gage
1970, p. 513-514; Field and Browne 1986, p. 11-13) have
long been thought to be Late Cretaceous on the supposed
presence of Inoceramus and Conchothyra parasitica
(Hutton). Recent palynological studies have shown that
the oyster beds are Teurian, and it is now known that
the alleged Inoceramus is a new species of Isognomon
(Crampton 1988). The Conchothyra is much less strongly
callused than typical C. parasitica, and more closely
resembles the Wangaloan species C. australis (see below).
A small collection from a tributary in the upper reaches
of Broken River includes Zeacolpus (Leptocolpus)
semiconcavus and possible Dosinobia (Scott in Gage 1970,
p. 538) and is probably Wangaloan.

A float boulder from Kaiwhata Stream, east
Wairarapa, is apparently derived from low in the Tertiary
sequence, and contains abundant but poorly preserved
molluscs dominated by a small nuculanid (probably a
species of Jupiteria). The presence of Ongleya (otherwise
known only by the type species, O. tholispira, from
Wangaloa) and of possible Tudiclana is weak evidence
for a Wangaloan age, but the Galeodea and the
Priscoficus in the faunule differ from their Wangaloan
congeners and possibly indicate a significantly younger
age.

REPRESENTATIVE EARLY PALEOCENE
MOLLUSCA

Pl. 1b. Spineilo elongata (Marshall, 1917) [Malletia
elongata Marshall 1917, p. 458; Neilo elongata; N.
(Spineilo) elongata). Type species of Spineilo Finlay and
Marwick, 1937 (Malletiidae).

Size moderate for family (length 25-30 mm), elongate-ovate; anterior
end rounded, posterior end produced, pointed; escutcheon lanceolate,
slightly concave. Commarginal sculpture of fine, bevelled ridges; no
radial sculpture. Hinge long, taxodont with numerous chevron-sectioned
teeth, anterior and posterior series narrowing and meeting under beaks;
no resilifer but dorsal margin of posterior series shallowly excavated
over part of its length to accommodate external ligament. Adductor
muscle scars small, subequal; pallial sinus moderately deep, rounded.
Margins smooth.

Wangaloan, Wangaloa Formation, Wangaloa (type);
Boulder Hill; lower Waihao River, South Canterbury
(moderately common at all localities).

Spineilo elongata differs from species of Neilo (e.g. N.
awamoana, P1.16a, c¢) in its much more elongate shape
and in its pointed rather than truncate posterior end. Puri
(in Moore 1969, p. N235) synonymised Spineilo with
Nuculana Link, 1807, but the absence of a resilifer and
the presence of an external ligamental groove indicate that
S. elongata is related to Neilo rather than to the
Nuculanidae. Spineilo may be represented in the Late
Cretaceous of Quiriquina, Chile by the species recorded
as “Malletia pencana Phil. sp.” by Wilckens (1904, p. 230,
pl. 19, fig. 6) (Marshall 1917, p. 459; Finlay and Marwick
1937, p. 17), although this does not seem to be conspecific
with Neilo pencana (Philippi, 1887) which looks like a
typical Neilo (Stinnesbeck 1986, p.166, pl.1, fig.12-14).

Figured specimen (Pl. 1b): holotype, Wangaloa,
Wangaloan (Otago University Geology Department) x 2.



Pl. 1 1, m. Cucullaea (Cucullona) inarata Finlay and
Marwick, 1937 [p. 18]. Type species of Cucullona Finlay
and Marwick, 1937 (Cucullaeidae).

Moderately large for family (length 65-90 mm), robust, rounded-oblong,
strongly inflated, subequilateral; umbones large, rounded. A well
developed radial sulcus running from umbones to upper part of posterior
margin. Exterior smooth except for growth ridges and almost totally
submerged radial elements that become accentuated by weathering.
Hinge heavy, with 4 prominent, long, subhorizontal, transversely
grooved- teeth at each end, median part with numerous irregular
denticles. Adductor muscle scars large, posterior scar with prominent
myophoric ridge. Internal margin strongly crenulate.

Wangaloan, Boulder Hill (type); Wangaloa (rather
uncommon at both localities). Readily distinguished from
other New Zealand species of Cucullaea by its almost
completely submerged radial elements.

Figured specimen (Pl. 11, m): paratype, GS10195,
144/£8486, Boulder Hill, Wangaloan (TM4123, NZGS)
x 1.

Pl. 1 a, c. Cucullaea (Cucullastis) barbara Finlay and
Marwick, 1937 [p. 20-21]. Type species of Cucullastis
Finlay and Marwick, 1937 (Cucullacidae).

Moderately large for family (length 60-73 mm), subquadrate, strongly
inflated, with a broad, shallow depression running radially across middle
of disc, forming a shallow sinus in middle of ventral margin. Umbones
very high. Left valve with about 35 narrow, rounded radial costae on
anterior and middle parts of shell, well preserved specimens with
numerous very fine radial threads as well. Posterior area almost smooth
except for radial-threads and growth ridges. Right valve with about 50
relatively broad, flat-topped radial costae, each with a narrow median
groove and rendered finely scaly by growth lines. Hinge relatively
narrow, with rather few (3 or 4), long, subhorizontal, striated teeth at
each end. Adductor muscle scars large, posterior scar with prominent
myophori¢ ridge. Inner margin crenulate.

Wangaloan, Boulder Hill (type); Wangaloa (rather
uncommon at both localities).

Cucullaea barbara differs markedly from C. inarata (see
above) in ifs more elongate shape, its medially concave
ventral margin and its narrower hinge: and, most
importantly, in having definite radial sculpture. Younger
New Zealand species of Cucullaea (which were assigned
to the subgenus Latiarca by Boreham (1965, p. 8, 13))
have less prominent umbones and have radial sculpture
of broad, flattened costae in both valves, though these
are more subdued in the left valve than in the right.

Figured specimen (Pl. la, c): paratype, Boulder Hill,
Wangaloan (Auckland Institute and Museum) x 1.

Plate 1 Early Paleocene (“Wangaloan”) Mollusca (1).

PL. 1 e, h. Glycymerita (Glycymerita) concava (Marshall,
1917) [Glycymeris concava Marshall 1917, p. 459;
Glycymeris (Glycymerita) concaval. Type species of
Glycymerita Finlay and Marwick, 1937 (Glycymerididae:
Glycymeridinae).

Moderately large for family (length 50-60 mm), subquadrate, strongly
inflated, robust. Umbones prominent, posterodorsal margin longer than
anterodorsal margin; anterior margin gently convex, ventral margin
strongly convex, posterior margin distinctly truncate. Radial sculpture
of about 45 costae, those near anterior and posterior ends narrow and
rounded, others flattened with sharply defined margins. Well preserved
shells with numerous fine, submerged threads as well. Hinge highly

variable, some specimens with long, almost horizontal teeth, others with
short, steeply inclined teeth. Ventral margin strongly crenulate.

Wangaloan, Wangaloa Formation, Wangaloa (type);
Boulder Hill (common at both localities); ? Kakanui
River.

Glycymerita concava is readily distinguished from
younger species of Glycymerita by its very well-defined,
square-cut radial costae. Glycymerita is usually classed
as a subgenus of Glycymeris, but it includes a group that
has been distinct from Glycymeris since Late Cretaceous
time, and its morphology differs sufficiently from that of
Glycymeris (in having a subquadrate rather than a
subcircular shell, and in its relatively prominent radial
sculpture) to warrant generic rank in this conservative
family.

Glycymerita ranges from Late Cretaceous (G. selwynensis
(Woods, 1917)) to Waipipian in New Zealand, and is also
recorded from Europe and California (Newell in Moore
1969, p. 267). The Neogene New Zealand species are
typically of large size (e.g. G. rangatira , P1. 28g, h). All
records of the genus are from shallow-water (inner or
middle shelf) assemblages.

Figured specimens (Pl. le, h): GS10195, 144/{8486,
Boulder Hill, Wangaloan (NZGS) x 1.5.

PL. 1 f, i. Purpurocardia (?) fyfei (Finlay and Marwick,
1937). [Venericardia fyfei Finlay and Marwick 1937, p.
26; V. (Purpurocardia) fyfeil (Carditidae:
Venericardiinae).

Size moderate for family (length 40-50 mm), robust, suboval, strongly
inequilateral. Lunule small, bounded in front by a deep groove;
escutcheon narrow, bounded below by a narrow rib. Posterior area
slightly concave. Radial sculpture of about 26 very prominent costae,
narrow and tuberculate when young, tubercles decreasing in strength
during growth. Anterior and posterior costae remaining relatively narrow

a,c. Cucullaea (Cucullastis) barbara Finlay and Marwick, x 1.
b. Spineilo elongata (Marshall), x 2.

d,g. Marwickia parthiana (Marwick), x 1.

e,h. Glycymerita (Glycymerita) concava (Marshall), x 1.5.

. Purpurocardia(?) fyfei (Finlay and Marwick), x 1.

k. Lahillia neozelanica Marshall and Murdoch, x 1.

I,m. Cucullaea (Cucullona) inarata Finlay and Marwick, x 1.
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throughout growth, others becoming broader with very narrow
interspaces. Commarginal sculpture other than costal tubercles consisting
of prominent growth lines and ridges. Left hinge with prominent
triangular anterior cardinal and narrow, high, arched posterior cardinal
tooth. Right hinge with very weak anterior cardinal and a large triangular
median cardinal. Adductor muscle scars large, ovate, impressed; pallial
line distant from ventral margin. Ventral margin strongly crenulate.
Wangaloan, Boulder Hill (type) (common); Wangaloa
(moderately common).

The affinities of this carditid are uncertain, although in
shape and sculpture it is similar to some species of
Purpurocardia, a taxon otherwise known no earlier than
Waitakian. Shape in itself, however, is not a reliable
indication of relationship in the Venericardiinae, as there
is evidence to suggest that elongate species have arisen
repeatedly from more equilateral forms in the subfamily.

Figured specimen (P1. 1f, i): GS10195, 144/8486, Boulder
Hill, Wangaloan (NZGS) x 1.

Pl 1 j, k. Lahillia neozelanica Marshall and Murdoch,
1923b [p. 130; “Mactra crassa Hutton?” (not of Hutton,
1885)]. Type species of Lahilleona Finlay and Marwick,
1937 (as a subgenus of Lahillia), now regarded as
inseparable from Lahillia Cossmann, 1889 (Zinsmeister
1984, p. 1515) (Lahilliidae).

Moderately large for superfamily (height 50-80 mm), rather thick-shelled
dorsally, particularly in hinge region, but otherwise relatively thin-
shelled; subequilateral with high, broad umbones. Posterior area not
differentiated; lunule long, rather narrow; no escutcheon. Sculpture of
growth lines and ridges only, but weak subsurface radial elements visible
on some weathered shells. Hinge heavy, left valve with a prominent,
high, triangular anterior cardinal and a feeble posterior cardinal tooth;
right valve with a stout median cardinal and a subobsolete anterior
cardinal. Both valves with a prominent posterior lateral tooth, but no
anterior laterals. Nymph-plate very prominent, projecting above
posterodorsal margin and separated from it by a deep ligamental groove.
Adductor muscle scars moderately large, impressed dorsally. Pallial sinus
shallow, rounded. Inner margins smooth.

Wangaloan, Wangaloa Formation, Wangaloa (type);
Boulder Hill (rather uncommon but conspicuous at both
localities).

Specimens of Lakillia from certain Late Cretaceous
localities (i.e. Middle Waipara; Haumuri Bluff; Shag
Point) were identified by Finlay and Marwick (1937, p.
32-33) as L. aff. neozelanica. If these should prove to be
conspecific with the Paleocene species, L. neozelanica
would be the only bivalve known to have survived from
Late Cretaceous into the early Cenozoic in New Zealand.

Lahillia is of considerable biogeographic interest, as it is
known only from southern South America (Late
Cretaceous-Late Miocene), Seymour Island (Late
Cretaceous-Early Oligocene), New Zealand (Late
Cretaceous-Early Paleocene) and Australia (Middle
Paleocene) (Zinsmeister 1982, text fig. 6). It is one of the
most characteristic faunal elements in the Weddellian
Province, proposed by Zinsmeister (1979) for Late
Cretaceous-early Paleogene shallow-water marine
assemblages in eastern Gondwana.

Figured specimens (P1. 1j): GS10195, 144/18486, Boulder
Hill; (Pl. 1k): GS1494, M46/f9500, Wangaloa,
Wangaloan (NZGS) x 1.

Pl. 1d, g. Marwickia parthiana (Marwick, 1927) [Finlaya
Dparthiana Marwick 1927, p. 596]. Type species of Finlaya
Marwick, 1927 (not of Theobald, 1903)=Marwickia
Finlay, 1930 (Veneridae: Pitarinae).

80

Size moderate for family (length 35-45 mm), well inflated. Lunule large,
concave, not bounded by groove; escuicheon narrow, not sunken.
Exterior smooth except for commarginal grooves which are absent from
middle of shell. Left hinge with a lamellar anterior cardinal, a very broad
triangular median cardinal, a narrow posterior cardinal which is joined
to nymph, and a strong anterior lateral tooth separated from dorsal
margin by a groove. Right hinge with a small anterior cardinal, a
narrowly triangular median cardinal and a curved, grooved posterior
cardinal tooth; anterior lateral pit well separated from cardinals,
posterior lateral tooth prominent, separated from margin by deep
groove. Nymphs somewhat rugose. Pallial sinus moderately deep,
truncate, slightly ascending. Internal margin smooth.

Wangaloan, Boulder Hill (type) (uncommon); Wangaloa
(common).

Marwickia parthiana is readily distinguished from other
New Zealand venerids by the presence of a posterior
lateral tooth in the right valve. Marwickia is monotypic,
but may be closely related to the Northern Hemisphere
genus Dosiniopsis Conrad, 1864  (Paleocene-Eocene)
which also has a right posterior lateral tooth and a rugose

nymph.
Figured specimen (Pl. 1d, g): holotype, Boulder Hill,
Wangaloan (Auckland Institute and Museum) x 1.

PL. 2 a. Conominolia conica (Marshall, 1917) [Heliacus
conicus Marshall 1917, p. 453]. Type species of
Conominolia Finlay, 1926 (Trochidae: Solariellinae).

Rather small for family (height 7-10 mm), turbiniform, widely
umbilicate. Protoconch small, apparently smooth, of a little more than
1 whorl. Teleoconch of 5-5.5 whorls, spire whorls biangulate, upper
(adapical) angulation descending during growth. Last whorl with
additional angulation on periphery (exposed on penultimate whorl of
some shells). Sutural shelf moderately wide, horizontal on early whorls,
sloping on later ones. Spiral sculpture on spire of 2 narrow cords marking
angulations, with considerably finer threads between and on sutural
shelf. Base with additional cord marking peribasal angulation, and 8-10
fine, closely spaced cords between it and umbilicus. On well preserved
shells spirals are finely beaded by the numerous, closely spaced growth
lines. No other axial sculpture. Umbilicus with 7-10 fine cords within.
Aperture subcircular.

Wangaloan, Wangaloa Formation, Wangaloa (type);
Boulder Hill (common at both localities).

The Whaingaroan species C. sulcatina (P1. 91) has more
evenly convex whorls, a narrower sutural shelf, crisper
spiral cords, stronger basal spirals and much weaker axial
sculpture than C. conica. Several other trochids ranging
in age from Duntroonian to Mangapanian or
Nukumaruan have been assigned to Conominolia, but
these are much smaller and have less strongly convex
whorls and fewer umbilical spirals than either C. conica
or C. sulcatina. Most records of the genus are from
shallow-water (inner shelf) sandstone or shellbeds.

Figured specimen (P1. 2a): GS10195, 144/18486, Boulder
Hill, Wangaloan (NZGS) x 3.

PL 2 b. Zeacolpus (Leptocolpus) semiconcavus (Suter,
1911) [Turritella semiconcava Suter 1911, p. 595]. Type
species of Leptocolpus Finlay and Marwick, 1937
(Turritellidae).

Moderately large for family (height 70-90 mm), attenuate. Protoconch
not known. Early teleoconch whorls sharply angled medially by spiral
B, A and C remaining very weak until about 5th whorl when A increases
in strength, B shifts to a more abapical position, secondary spirals appear
and whorls become  biangulate. During growth B decreases in
dominance, C and secondaries increase in strength and whorls become
flat-sided or gently concave. Adult whorls with about 9 subequal cords
and-a few weaker ones, particularly adapically. Base with about 10
additional spirals, those at and just below periphery stronger than those



below. Outer lip with broadly arcuate, rather shallow sinus, both limbs
almost straight, the adapical limb extending further forward than the
abapical one. .

Wangaloan, Wangaloa Formation, Wangaloa (type);
Boulder Hill; Kakanui valley; lower Waihao River; Castle
Hill Basin.

Zeacolpus semiconcavus is one of the most common
molluscs at Wangaloa, Boulder Hill and Waihao River.
It is distinguished from superficially similar, younger
species of Zeacolpus (e.g. Z. pukeuriensis, P1. 20a) by its
much shallower sinus with a markedly less strongly
opisthocline abapical limb. Z. semiconcavus is the oldest
known member of the genus, and its relationship to the
deeper-sinused species (which are first recorded from beds
of probable Early Eocene age in the upper Waihao River)
is uncertain.

Figured specimen (P1. 2b): GS10195, 144/£8486, Boulder
Hill, Wangaloan (NZGS) x 1.

Pl 2 ¢, d. Sigapatella (Spirogalerus) lamellaria (Finlay
and Marwick, 1937) [Spirogalerus lamellaria Finlay and
Marwick 1937, p. 46]. Type species of Spirogalerus Finlay
and Marwick, 1937 (Calyptraeidae).

Size moderate for family (height 20-30 mm), crepiduloid. Protoconch

eroded in all known specimens; teleoconch of 3-4 whorls; spire low,

strongly exsert. Suture strongly impressed, descending rapidly on last

~ whorl. No sculpture apart from rather sinuous growth lines. Aperture

very large, elongate-ovate with a prominent concave septum well within,

forming a shallow depression (“false umbilicus”) at junction with upper
wall.

Wangaloan, Boulder Hill (type) (common).

Sigapatella (Spirogalerus) lamellaria differs from typical
species of Sigapatella in having a very strongly exsert spire
and an elongate-ovate rather than a subcircular aperture.
Although Finlay and Marwick gave Spirogalerus generic
rank, the differences between it and Sigapatella (sensu
stricto) are rather minor and do not warrant more than
subgeneric differentiation. Finlay and Marwick (1937, p.
46) and Boshier (1960, p. 390, fig. 3) considered S.
lamellaria to be the probable ancestor of Sigapatella (sensu
stricto), which is first recorded from beds of probable
Early Eocene age in the upper Waihao River.

Figured specimen (Pl. 2¢, d): holotype, Boulder Hill,
Wangaloan (Auckland Institute and Museum) x 1.5.

Pl. 2 e. Drepanocheilus (Tulochilus) bensoni Finlay and
Marwick, 1937 [p. 63]. Type species of Tulochilus Finlay
and Marwick, 1937 (Aporrhaidae).

Small for family (height ¢. 11 mm). Protoconch unknown; teleoconch
whorls angled below middle on spire, last whorl with prominent peribasal
keel emerging from suture and stopping abruptly at base of wing. Axial
sculpture on early whorls of narrow, low costae reaching from lower
suture almost to upper suture and slightly thickened on angulation, but
restricted to peripheral tubercles on later whorls; about 16 per whorl.
Spiral sculpture on spire of fine threads; last whorl with cord marking
peribasal keel, and about 4 cords with interstitial threads on base.
Columella slightly concave, inner lip callused; outer lip with a broad,
thin wing spreading adapically as far as upper suture. A narrow groove
running from upper angulation to extremity of wing.

Wangaloan, Boulder Hill (type)(rare).

Drepanochilus bensoni is one of the very few Cenozoic
aporrhaids recorded from New Zealand. Most members
of the family are of Mesozoic age, but extant species
occur in the Northern Hemisphere. All are characterised
by having lateral extensions to the outer lip, and are
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among the most bizarre gastropods known. Tulochilus
differs from Drepanocheilus (sensu stricto) in having
angled rather than convex spire whorls, in having the
outer lip extending further up the spire and in having a
less strongly produced columella.

Figured specimen (Pl. 2e): holotype, Boulder Hill,
Wangaloan (Auckland Institute and Museum) x 5.

Pl. 2 g, h. Conchothyra australis (Marshall, 1916)
[Pugnellus australis Marshall 1916b, p. 120]
(Struthiolariidae).

Size moderate for family (height 40-50 mm). Protoconch not known;
teleoconch of about 5 whorls, strongly shouldered near middle on spire,
last whorl with 2 additional, less pronounced angulations or keels. Axial
sculpture of prominent nodules on shoulder angulation, only slightly
extended abapically on last whorl where they probably number about
20 (uncertain because of obscuring callus). Lower keels with more
numerous but much weaker nodules or swellings. Spiral sculpture, other
than cinguli marking the lower keels, consisting of fine threads over
surface not covered by callus. Aperture rather narrow because of callus,
broader adapically and constricted abapically. Columella short,
apparently straight, but obscured by callus in adult shells. Apertural
callus very prominent, smooth, thickest just below lowest keel where
it forms a large swelling, extending well up spire (to apex in some shells),
forming a broad, flat varix on the strongly sinuous outer lip.

Wangaloan, Wangaloa Formation, Wangaloa (type)
(common); Boulder Hill; Broken River (?).

Finlay and Marwick (1937, p. 65) described C. expedita
from Boulder Hill (type locality) and Wangaloa,
differentiating it from C. australis on what seem to be
minor differences in callus and sculptural characters; it
is unlikely to be distinct. C. parasitica Hutton, 1877
(Haumurian (Late Cretaceous),Waipara River; Selwyn
Rapids) has callus extending over the back of the shell
and completely covering it in adult shells.

Conchothyra is the oldest known member of the
Struthiolariidae, a family which is well represented in New
Zealand (particularly in the Neogene and modern faunas)
and is also present in Australia, the subantarctic islands,
Seymour Island and Patagonia. The precise relationship
of Conchothyra to the younger members of the family
is uncertain, but it is probably significant that
Struthiolaria calcar (P1. 20g, h) and other early species
of Struthiolaria have a very similar sculptural plan to C.
australis. They differ, however, in having a less extensive
callus, a straighter outer lip, and a right-deflected,
concave columella.

Figured specimen (Pl. 2g, h): GS1494, M46/f9500,
Wangaloa, Wangaloan (NZGS) x 1.

PL 2 j, k. Polinices (Polinella) finlayi (Marwick, 1924)
[Uber finlayi Marwick 1924d, p. 565; Polinella finlayi]
(Naticidae: Poliniceinae).

Size moderate for genus (height 25-45 mm), ovate or globose, spire low,
pointed. Protoconch not distinguishable from teleoconch in available
material, about 6 whorls in all, last strongly convex, capacious. No
sculpture apart from growth lines. Aperture semicircular, inner lip
almost straight except for shallow excavation near adapical end in most
specimens. Inner-lip callus relatively narrow for genus, typically parallel-
sided over most of its length, lacking definite transverse grooves, filling
umbilicus completely in some shells, but leaving a shallow depression
or groove in others. Quter lip slightly sinuous, strongly prosocline,
inclined at about 35° from shell axis.

Wangaloan, Boulder Hill (type); Wangaloa (common at
both localities).



Polinices (Polinella) finlayi differs from younger species
of Polinices (Polinella) in having a much more strongly
inclined outer lip and in lacking transverse grooves on
the inner-lip callus. Except for a possible occurrence in
the Late Cretaceous Quiriquina fauna of Chile, Polinella
appears to be endemic to New Zealand, where it ranges
from Wangaloan to Waipipian. Polinella is generally
regarded as a subgenus of Polinices, differing from typical
species of that taxon in having a much more restricted
callus and, in most species, transverse grooves on the
callus. Polinella seems to have been bathymetrically more
tolerant than Polinices (sensu stricto); the two taxa occur
together in some shallow-water (inner or middle shelf)
assemblages, but species of Polinella are more
characteristic of outer shelf or upper bathyal sediments.

Figured specimen (Pl. 2j, k): GS10195, 144/f8486,
Boulder Hill, Wangaloan (NZGS) x 1.5.

Pl 2 i. Lunatia fyfei Marwick, 1924) [Uber (Euspira)
Jyfei Marwick 1924d, p. 569) (Naticidae: Poliniceinae).

Moderately large for family (height 38-55 mm), globose or ovate.
Protoconch not known; teleoconch whorls convex, last whorl very large;
sutures strongly impressed. No sculpture apart from growth lines.
Aperture large, ovate; outer lip almost straight, strongly prosocline.
Parietal callus thin; umbilicus open, moderately large, without funicle
or callus.

Wangaloan, Boulder Hill (tvpe); Wangaloa (rare at both
localities).

Lunatia fyfei is distinguished from other New Zealand
naticids by its combination of large size, its strongly
prosocline outer lip, its strongly impressed suture and its
absence of an umbilical callus or funicle. L. lateaperta,
also from Boulder Hill (type) and Wangaloa, supposedly
differs from L. fyfei in its smaller size, higher spire and
wider umbilicus, but it is unlikely to be distinct. The only
other New Zealand record of the genus is a doubtful one
from Hampden Beach (Bortonian). Lunatia is long-
ranging (Cenomanian-Recent) and is recorded from most
parts of the world.

Figured specimen (Pi. 2i): holotype, Boulder Hill,
Wangaloan (Auckland Institute and Museum) x 1.

PL. 2f. Globisinum spirale (Marshall, 1917) [Ampullina
spiralis Marshall 1917, p. 452] (Naticidae: Globisininae).

Size moderate for family (height 22-45 mm), ovate, spire relatively high
for genus. Protoconch not distinguishable from teleoconch in available
material; last whorl capacious, with a very narrow umbilicus. Sculpture
of spiral grooves and low, narrow, flat-topped cords. Inner lip slightly
sinuous, parietal callus very thin; outer lip only moderately prosocline
(c. 20° to vertical).

Wangaloan, Wangaloa Formation, Wangaloa (type);
Boulder Hill (uncommon at both localities).

Globisinum spirale is distinguished from younger
members of the genus by its relatively elevated spire, by
its relatively prominent spiral sculpture and by its very
narrow umbilicus. G. miocaenicum (Waitakian-Altonian)
is lower-spired and more finely sculptured and has a
better-defined umbilicus, G. crassiliratum (Pl. 15h) is
much smaller, has distinctly impressed sutures and is more
widely umbilicate, and G. drewi (Pl. 47t) is larger, lower-
spired, more weakly sculptured and is non-umbilicate.
G. elegans (Bortonian-Kaiatan) differs markedly from all
the above in having very weak spiral sculpture (obsolete
in some shells) and a wide umbilicus. With the exception
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of G. elegans, species of Globisinum are readily
distinguished from other New Zealand naticids by having
a globose or ovate shell and relatively distinct spiral
sculpture, and in being narrowly umbilicate or non-
umbilicate. Spiral sculpture is also present in species of
Sinum, Eunaticina and Propesinum, as well as Polinices
propeovatus (Pl. 291) and a few other New Zealand
naticids, but these differ markedly from species of
Globisinum in shell form and in umbilical and sutural
characters. The unusual radula of G. drewi (Powell
1933a, fig. 19) is additional evidence for the
distinctiveness of the genus and is the basis of Powell’s
proposal that it be placed in a separate subfamily. Dell
(1956a, p. 46) suggested that Globisinum is closely related
to Bulbus Brown, 1839 (= Acrybia H. and A. Adams,
1853) from the Arctic and North Atlantic.

Globisinum drewi ranges from mid-shelf to upper slope,
and most of the fossil species seem to have occurred at
similar depths, but G. spirale may have penetrated into
shallower waters, to judge by its occurrence at Wangaloa.

Figured specimen (Pl. 2f): holotype, Wangaloa,
Wangaloan (Otago University Geology Department) x
1.5.

Pl. 21, s. Galeodea (Taieria) allani (Finlay and Marwick,
1937) [Taieria allani Finlay and Marwick 1937, p. 68].
Type species of Taieria Finlay and Marwick, 1937
(Cassidae: Cassinae).

Rather small for genus (height 30-40 mm), broadly fusiform. Protoconch
not known; teleoconch whorls angled somewhat below middle on spire,
last whorl inflated, with a moderately long, twisted neck. Axial sculpture
of rounded tubercles on shoulder angle, 14-16 per whorl. Spiral sculpture
of rather sharp threads (c.40 on last whorl), one noticeably stronger
than the others forming a narrow cingulum on periphery of last whorl,
and another, slightly weaker one a short distance below. Aperture
pyriform, siphonal canal moderately long, unnotched. Inner-lip callus
smooth, moderately thick over columella, but not projecting. Outer
lip thin, edge finely crenulate.

Wangaloan, Boulder Hill (type) (rare). A small cassid
(height about 30 mm) from the Red Bluff Tuff,
Tarawhenua Peninsula, Pitt Island (Teurian) is very
similar to G. (Taieria) allani, but has fewer and stronger
shoulder tubercles (10 on last whorl); it may be conspecific
in view of the considerable variation in sculpture noted
in other cassids.

Taieria is a monotypic taxon so far recorded only from
the early Cenozoic of New Zealand. Although it was
proposed as a genus, the type species is very similar in
most respects to typical species of Galeodea (sensu
stricto), differing chiefly in having a relatively restricted
columellar callus and an unthickened outer lip. These
differences are relatively minor and we accordingly
relegate Tuieria to subgeneric rank under Galeodea.

Figured specimen (Pl. 2l, s): holotype, Boulder Hill,
Wangaloan (Auckland Institute and Museum) x 1.5.

Pl. 2 w. Priscoficus obtusa (Marshall, 1917) [Perissolax
obtusa Marshall 1917, p. 454; Proficus obtusus}. Type
species of Proficus Finlay and Marwick, 1937, here
synonymised with Priscoficus Conrad, 1866 (Ficidae).

Moderately large for family (available specimens 41-47 mm high,
complete specimens probably at least 65 mm). Protoconch not known.
Spire low, dome-shaped; teleoconch whorls strongly clasping, so that
the sutural ramp extends up to shoulder angle of previous whorl. Last
whorl very large, with 3 prominent keels, middle one on the periphery



and slightly closer to abapical than to adapical one, interspaces concave;
base gently excavated below lowest keel. Sutural ramp becoming wider
and steeper on later part of last whorl, so causing keels to descend near
outer lip. Axial sculpture, apart from growth lines and ill-defined folds,
of prominent rounded nodules on keels, 20-25 on adapical row, those
on lower keels not consistently corresponding to those on adapical row
in position or number. Spiral sculpture of numerous low, narrow threads
with moderately wide interspaces, over whole surface. Aperture large,
polygonal, contracted anteriorly to gradually narrowed siphonal canal
of unknown length; columella gently twisted to left near middle,
otherwise almost straight. Inner lip with thin callus wash over columella
and parietal nodules. Outer lip thin, polygonal, smooth within, “sagging”
because of widening sutural ramp.

Wangaloan, Wangaloa Formation, Wangaloa (type);
Boulder Hill (uncommon at both localities).

Finlay and Marwick (1937, p. 75) proposed the genus
Proficus for this species, distinguishing it from Priscoficus
on the basis of its “sagging” aperture and supposedly
broad and short siphonal canal. The former character
(more marked on the figured specimen than on other
shells) is regarded as a specific character of little
taxonomic significance. The siphonal canal appears very
short on the figured shell but is severely broken; another,
larger shell from Boulder Hill has a notably longer and
narrower canal, like that in typical species of Priscoficus.
P. obtusa is the oldest known member of the genus; the
only older ficid is Protopirula capensis Rennie, 1931 from
the Late Cretaceous of South Africa (Wenz 1941, p.
1079).

Figured specimen (Pl. 2w): GS10195, 144/f8486, Boulder
Hill, Wangaloan (hypotype of Finlay and Marwick, 1937,
pl. 10, fig. 1, 2) (NZGS) x 1.

Pl. 2 t. Pseudofax ordinarius (Marshall, 1917) [Phos
ordinarius Marshall 1917, p. 456; P. conicus Marshall
1917, p. 456; Pseudofax ordinarius ordinarius; P.
ordinarius conicus]. Type species of Pseudofax Finlay and
Marwick, 1937 (Buccinidae).

Small for family (height 10-20 mm), elongate-ovate. Protoconch broadly
conical, of about 3 convex whotls, too worn in available material to
tell if sculpture originally present. Teleoconch whorls 5-6 in adult, evenly
convex or obtusely angled near middle on spire; base of last whorl
excavated, with short neck. Axial sculpture of low, rounded, orthocline,
slightly opisthocyrt costae, ¢. 14-20 on penultimate whorl, not extending
onto base of last whorl. Spiral sculpture of narrow, low cords of variable
number and spacing, over-riding axial costae with little or no change.
Aperture ovate, inner lip moderately callused, with a weak ridge
margining a short, open, notched siphonal canal. Fasciole well
developed, margined above by a narrow ridge. Outer lip thin, lirate
within.

Wangaloan, Wangaloa Formation, Wangaloa (type
locality of both nominal species); Boulder Hill (common
at both localities).

Pseudofax ordinarius is a highly variable species, some
specimens resembling the figured one in having a slender
shell, distinctly angled teleoconch whorls and relatively
prominent axial sculpture; others (“conicus”type) having
a stumpier habit with convex whorls and subdued axial
sculpture and looking rather like a nassariid. Finlay and
Marwick (1937, p. 80) recognised the variation in this
species but retained Marshall’s names (as subspecies) for
the extreme morphotypes. They are synonymised here in
keeping with contemporary taxonomic ideas.

Pseudofax is a rather generalised buccinid of the
Cominella-Fax type. It is similar in general appearance
to Fax Iredale, 1925 (Recent, Australia) but differs in
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having a broadly conical rather than a cylindrical
protoconch. The genus is also recorded from faunules of
probable late Dannevirke Series age (Heretaungan or
Porangan?) i.e. Castle Hill Shaft, Kaitangata; “Island
Sandstone”, Waihao River (Finlay and Marwick 1937,
p. 107, 120) and Otaio Gorge (Marwick 1960, p. 22) but
has not been reported from Bortonian assemblages.

Figured specimen (P1. 2t): GS10195, 144/{8486, Boulder
Hill, Wangaloan (hypotype of Finlay and Marwick 1937,
pl. 9, fig. 16) (NZGS) x 3.

Pl. 2 u, v. Fyfea lirata Finlay and Marwick, 1937 [p. 74].
Type species of Fyfea Finlay and Marwick, 1937
(Turbinellidae: Vasinae?).

Very small for family (height 9-12 mm), broadly ovate. Protoconch
described as “conoid-papillate”. Teleoconch of 4-5 whorls, those on spire
flat to slightly convex; last whorl with rounded periphery, base strongly
excavated with a short, curved neck. Axial sculpture (apart from growth
lines) normally absent, but some shells with weak nodules or costae
on early whorls, persisting onto last whorl of a few specimens. Spiral
sculpture of narrow cords with interspaces similar in width to cords
or somewhat wider, about 30 on last whorl. Aperture pyriform with
short siphonal canal; inner lip thickly but narrowly callused in adults,
smooth except for a low fold at top of siphonal canal. Outer lip thin,
gently sinuous.

Wangaloan, Boulder Hill (type) (common); Wangaloa
(rare).

Fyfea is known only from the Paleocene of New Zealand.
A second species, F. tuberculata , was described from
Wangaloa—it differs from F. lirata in having fewer but
stronger spiral cords, particularly on the base of the last
whorl, and prominent peripheral nodules. The available
material suggests that it is a distinct taxon rather than
a variant of F. lirata.

Figured specimen (Pl. 2u, v): holotype, Boulder Hill,
Wangaloan (Auckland Institute and Museum) x 4.

PL. 2 q, r. Microfulgur longirostris (Marshall, 1917)
[Latirus (Mazzalina) longirostris Marshall 1917, p. 455;
Tudicula sulcata Marshall 1917, p. 455]. Type species of
Microfulgur Finlay and Marwick, 1937 (Turbinellidae:
Vasinae?).

Small for family (height 15-25 mm), pyriform, spire low, conical.
Protoconch of 2 whorls, described as “conoid-papillate”. Teleoconch
whorls strongly clasping, reaching up to periphery of previous whorl;
sutural ramp steep, slightly concave. Last whorl with rounded periphery,
strongly excavated below to form long, curved neck. Axial sculpture
of growth lines only; spiral sculpture of narrow, sharp cords which are
much stronger on periphery than above or below. Aperture pyriform,
columelia gently convex with weak fold at top of the long, open siphonal
canal. Inner lip moderately thickly callused over columella, thinly in
parietal region. Outer lip thin, with weak sinus on ramp, gently convex
and subvertical below.

Wangaloan, Wangaloa Formation, Wangaloa (type);
Boulder Hill (uncommon at both localities).

Microfulgur longirostris is superficially similar to Fyfea
lirata but is somewhat larger and more elongate, and has
a much longer siphonal canal. Microfulgur is known
definitely only by the type species but Ponder (1970)
described a Recent species, Microfulgur(?) carinatus ,
from 730 m off the Otago coast. Its generic assignment
is very doubtful.

Figured specimen (Pl. 2q, r): GS10195, 144/f8486,
Boulder Hill, Wangaloan (hypotype of Finlay and
Marwick, 1937, pl. 9, fig. 7) (NZGS) x 3.



PL 2 m. Tudiclana simulator Finlay and Marwick, 1937
[p. 70]. Type species of Tudiclana Finlay and Marwick,
1937 (Turbinellidae: Vasinae?).

Rather small for family (height 20-35 mm), pyriform, spire low.
Protoconch apparently small, mamillate. Teleoconch whorls shouldered
at or below middle on spire, sutural ramp almost flat. Last whorl with
3 or 4 prominent subequal keels, periphery broadly angled, strongly
excavated below to form long, straight neck. Axial sculpture of small,
rather sharp tubercles on keels and subdued collabral costae or ridges
between keels. Tubercles much more prominent on 2 adapical keels than
below; 20-25 on penultimate whorl. Spiral sculpture of narrow cords
on keels and numerous much finer threads, some with even finer
interstitial threads, over whole teleoconch surface. Aperture pyriform
with a moderately long, open siphonal canal; columella almost straight
with a low fold not visible from in front, above inception of canal. Inner
lip thinly and narrowly callused; outer lip with a shallowly arcuate sinus
on ramp, slightly convex and opisthocline below.

Wangaloan, Boulder Hill (type) (common); Wangaloa
(very rare).

Tudiclana simulator is readily distinguished from
Microfulgur longirostris by its lower spire, its tuberculate
sculpture and its almost straight columella. Tudiclana is
apparently closely related to Tudicla Roding, 1798, a
genus that is first recorded from the Late Cretaceous and
is represented in the modern fauna by a single species
from the Bay of Bengal (Abbott 1959). It differs from
Tudicla in its smaller size, having tuberculate sculpture,
an unarmoured outer lip and a much weaker columellar
fold, and in lacking a parietal plait. Rosenberg and Petit
(1987, p. 58-60) discussed the confusion over Tudicla
Roding, 1798, Tudicula H. and A. Adams, 1864, and the
senior homonym Tudicula Ryckholt, 1862, provided the
new name Tudivasum for Tudicula H. and A. Adams
(preoccupied), and placed both Tudicla and Tudivasum
in the Turbinellidae Vasinae (following Abbott 1959).
Rosenberg and Petit (1987, p. 60) listed Tudicula sulcata

Plate 2 Early Paleocene (“Wangaloan) Mollusca (2).

Marshall, 1917 (= Microfulgur longirostris) among
species incorrectly assigned to Tudicula. Perissitys
Stewart, 1927, which is based on a Late Cretaceous
species from California, is close to Tudiclana in sculpture
but has two prominent folds or pseudofolds on the
columella; it has recently been placed in its own family,
Perissityidae (Popenoe and Saul 1987), but by the criteria
of Rosenberg and Petit (1987) belongs in Turbinellidae
Vasinae. The family position of Fyfea, Microfulgur,
Tudiclana, Taioma and Heteroterma is unclear, and we
have tentatively left Taioma in Taiomidae, and refer the
others tentatively to Turbinellidae Vasinae.

Figured specimen (Pl. 2m): GS1494, M46/f9500,
Wangaloa, Wangaloan (NZGS) x 1.5.

Pl. 2 p. Heteroterma zelandica Marshall, 1917 [p. 453]
(Turbinellidae: Vasinae?).

Size moderate for family (height 30-65 mm), pyriform; spire low,
conical. Protoconch not known. Teleoconch whorls probably 6-8 in
largest shells, sirongly clasping, reaching up to periphery of previous
whorl; sutural ramp concave. Last whorl with prominent peripheral
angulation and weaker basal angulation, below which it is strongly
excavated and contracted to a long, straight neck. Axial sculpture of
short, slightly prosocline, rounded costae (15-18 on last whorl) extending
from periphery to somewhat below basal angulation; sutural ramp with
a subsutural row of low, rounded nodules, otherwise devoid of axial
sculpture apart from growth lines. Spiral sculpture of narrow cords and
threads which are noticeably stronger on whorl sides than on ramp or
neck. Aperture pyriform, columella long, almost straight except for
weak twist at inception of short, unnotched siphonal canal. Inner lip
moderately and narrowly callused over columella, thinly callused in
parietal region. Outer lip thin, with a broad shallowly arcuate sinus
on ramp, slightly convex and almost vertical below.

Wangaloan, Wangaloa Formation Wangaloa (type) (not
uncommon); Boulder Hill (common). Also doubtfully
recorded from Red Bluff Tuff, Pukekio, Chatham Island
(Teurian).

a. Conominolia conica (Marshall), x 3.

b. Zeacolpus (Leptocolpus) semiconcavus (Suter), x 1.

c,d. Sigapatella (Spirogalerus) lamellaria (Finlay and Marwick), x 1.5.
e. .- Drepanocheilus (Tulochilus) bensoni Finlay and Marwick, x 5.
f. Globisinum spirale (Marshall), x 1.5.

g,h.. Conchothyra australis (Marshall), x 1.

i. Lunatia fyfei (Marwick), x 1.

jsk. Polinices (Polinella) finlayi (Marwick), x 1.5.

1,s. Galeodea (Taieria) allani (Finlay and Marwick), x 1.5.

m. ; " Tudiclana simulator Finlay and Marwick, x 1.5.

n,o. - Taioma tricarinata Finlay and Marwick, x 1.5.

p. Heteroterma zelandica Marshall, x 1.

q,r. Microfulgur longirostris (Marshall), x 3.

t. Pseudofax ordinarius (Marshall), x 3.

u,v. Fyfea Iyrata Finlay and Marwick, x 4.

w. Priscoficus obtusa (Marshall), x 1.

X. Ongleya tholispira Finlay and Marwick, x 3.

y. Priscaphander cingulatus (Marshall), x 3.
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Heteroterma is of uncertain affinity and has been included
in the Turridae by some workers, but it has recently been
assigned to the Tudiclidae by Zinsmeister (1983, p. 1298),
and tentatively to the Perissityidae by Popenoe and Saul
(1987, p.12). The type species, H. trochoidea Gabb, 1869,
is from the Paleocene of California; other species are
recorded from the Californian Paleocene, and possibly
from the Late Cretaceous of Patagonia.

Figured specimen (Pl. 2p): GS10195, 144/f8486, Boulder
Hill, Wangaloan (hypotype of Finlay and Marwick 1937,
pl. 10, fig. 10) (NZGS) x 1.

PL 2 n, o. Taioma tricarinata Finlay and Marwick, 1937
[p. 72]. Type species of Taioma Finlay and Marwick, 1937
(Taiomidae?).

Moderately large for superfamily (height 25-50 mmy), broadly fusiform,
spire strongly gradate. Protoconch not known. Teleoconch of 6-7
whorls, strongly shouldered near or below middle on spire, last whorl
with 2 additional, less prominent keels, upper one emerging from suture,
sutural ramp flat or slightly concave. Last whorl strongly excavated with
short, curved neck. Axial sculpture of prominent nodules on shoulder
angulation (16-18 per whorl) and much less well defined ones on lower
keels. Spiral sculpture of subequal threads over whole surface. Aperture
pyriform, columella twisted to left medially to form moderately long,
unnotched siphonal canal. Inner lip smooth, thinly callused; outer lip
thin, with broadly arcuate sinus on ramp, its apex much closer to suture
than to periphery.

Wangaloan, Boulder Hill (type) (rather uncommon);
Wangaloa (rare).

Taioma is of uncertain affinity and was placed by Finlay
and Marwick in its own family as it seems to combine
characters of several muricacean families. T. fricarinata
is the only known New Zealand species, but the genus
is recorded from the Late Eocene of Seymour Island
(Zinsmeister 1982, table 3) and pdssibly also from the
Paleocene of Greenland (specimen figured by Kollmann
and Peel (1983, fig. 220) as “Clinura sp. 1”; also cast in
NZGS, presented by A. Rosenkrantz).

Figured specimen (Pl. 2n, o): holotype, Boulder Hill,
Wangaloan (Auckland Institute and Museum) x 1.5.

PL. 2 x. Ongleya tholispira Finlay and Marwick, 1937 [p.
91]. Type species of Ongleya Finlay and Marwick, 1937
(Acteonidae).

Moderately large for family (height ¢. 14 mm), broadly ovate.
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Protoconch heterostrophic, initial whorl small. Teleoconch of about
4 strongly convex whorls, last whorl very large, oval, with small
pseudumbilicus. Sculpture of numerous strong spiral cords (c. 40 on
last whorl) separated by deep, wide grooves that form regular pits where
intersected by axial costellae. Aperture large, columella rather short
with 2 distant, high plaits. Outer lip thin, not denticulate, strongly
prosocline except near suture.

Wangaloan, Wangaloa Formation, Wangaloa (type)
(rare).

Ongleya is monotypic, but is closely related to
Tornatelloea Conrad, 1860—which also occurs at
Wangaloa and Boulder Hill —differing from it in having
a domed rather than a conic spire, and a strongly
prosocline rather than an opisthocline outer lip.

Figured specimen (Pl. 2x): paratype, GS1494,
M46/f9500, Wangaloa, Wangaloan (TM5748, NZGS) x
3.

Pl. 2 y. Priscaphander cingulatus (Marshall, 1917)
[Haminea cingulata Marshall 1917, p. 458]. Type species
of Priscaphander Finlay and Marwick, 1937
(Cylichnidae).

Moderately large for family (height 15-25 mm), oval, involute; apex
non-umbilicate, covered by extension of parietal callus. Spiral sculpture
of narrow, low, flat-topped or slightly convex cords separated by grooves
of variable width. Axial sculpture of numerous, closely spaced costellae
which are more obvious on cords than in grooves, and apparently
become obsolete on the later part of the last whorl. Aperture large,
constricted adapically; outer lip convex, thin, adapical end protruding
above apex. Inner lip callus thin and laterally restricted except adapically
where it spreads over apex and abapically where it covers the slightly
convex columella.

Wangaloan, Wangaloa Formation, Wangaloa (type);
Boulder Hill (common at both localities).

Priscaphander cingulatus is distinguished from species of
Scaphander—a genus with several representatives in the
New Zealand Cenozoic—by its oval shape, non-
umbilicate apex and less concave columelia. The genus
is known definitely only by the type species, but Finlay
and Marwick (1937, p.92) noted the similarity of P.
cingulatus to certain Eocene species from the Paris Basin
and Louisiana.

Figured specimen (Pl. 2y): GS10195, 144/f8486, Boulder
Hill, Wangaloan (NZGS) x 3.



CHAPTER 6. LATE PALEOCENE-EARLY EOCENE FAUNAS
(TEURIAN-MANGAORAPAN STAGES): PLATES 3, 4

INTRODUCTION

Relatively little is known of the molluscan faunas that
must have existed in the New Zealand region during the
long period (at least 18 million years) between the Early
Paleocene (Wangaloan) and the late Middle Eocene
(Bortonian). It seems likely that some shallow-water

assemblages from North Otago and South Canterbury —
particularly from the Kauru Formation (see previous
chapter)—are of this age, but the lack of associated
diagnostic microfossils has so far prevented reliable
assignment of these faunules to any of the local stages.
On the other hand, well dated rocks of Middle Paleocene
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Figure 11 The main molluscan fossil localities of Teurian to Mangaorapan (Late Paleocene to Early Eocene) age.
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to Early Eocene age typically lack molluscs entirely, or
have only low-diversity faunules. The only reliably dated,
~ moderately diverse faunules known at the present time
are those from the Chatham Islands (mid-Teurian to
Waipawan), and one from White’s Creek, North
Canterbury (Mangaorapan) (Fig. 11).

Chatham Islands

Rocks of Paleocene to Early Eocene age make up the bulk
of the marine Tertiary sequence on the Chathams Islands,
although this was not realised until quite recently. In
particular, the thickest unit—the Red Bluff Tuff—was
long thought to be much younger, of Middle to Late
Eocene, or even Oligocene age. Four formations, the
Takatika Grit, Red Bluff Tuff, Tutuiri Greensand and
Matanginui Limestone are partly or wholly Paleocene,
and molluscs have been collected from all except the first
of these. The most diverse faunules are from the Red Bluff
Tuff.

Red Bluff Tuff is particularly thick and well exposed
in the coastal section between Pukekio and Point
Weeding near Waitangi, Chatham Island. The type
locality of the distinctive oyster Pycnodonte (Notostrea)
tarda is probably from somewhere in this section, not—as
thought by Marwick (1928, p. 462)—from the Tutuiri
-.Greensand at Tioriori. Molluscs from the base of the
section at Pukekio are poorly preserved but include
pectens (particularly Chlamys mercuria), Acesta spp., P.
tarda, two species of pleurotomariids (Perotrochus cf.
-dllani and Chelotia (?) n.sp.), Heteroterma(?) sp., and two

species of nautiloids (Aturia sp. and Eutrephoceras cf.

allani). The presence of possible Heteroterma indicates

weak correlation with the Early Paleocene Wangaloan

" faunules of mainland New Zealand. Better-preserved
molluscs are present higher in the section, near the radio
station —this-is the type locality for nine species of
bivalves and gastropods described by Marwick (1928) and
for -the nautiloid Eutrephoceras allani. The faunule
includes abundant pectens (especially Chlamys mercuria
and Eburneopecten n.sp.), Hormomya(?) willetsi,

" Glyptoactis nuntia, Caryocorbula tophina and
Perotrochus allani (all illustrated here). .

‘The most diverse faunules from the Red Bluff Tuff,
however, are from two localities on Pitt Island, one from
the west side of the neck of Tarawhenua Peninsula
(“Rocky Side”) (mid-late Teurian), the other from east
of Flowerpot Harbour near “The Bluff” homestead
(probably early Waipawan). These faunules (which differ
considerably in composition;, probably because of
disparate depositional environments) include species of

" Quadrilatera, Spondylus, Ctenoides, Acesta, Haliris,
Emarginula, Anatoma, Bathybembix(?), Pareora,
Cypraceidae, Ranellidae, Personidae, Teremelon, Turridae
and Epitoniidae. For many taxa this is their earliest New
Zealand occurrence. Thé cypraeids include Cypraea
(Zoila) n.sp. (see below) and Bernaya chathamensis -the
latter species was described from “Flowerpot Harbour”
and was thought to be from the Whenuataru Tuff
(Pliocene) (Cernohorsky 1971a, p. 117-118) but the
holotype is filled with typical Red Bluff Tuff matrix
(Maxwell in Campbell et al. in prep.). The record of
Teremelon is of considerable interest as it is the earliest
undoubted volute so far known from the New Zealand

region, and futhermore is assigned to a still extant
genus — Paleopsephaea neozelanica (Wangaloan, Boulder
Hill) is almost certainly a turbinellid.

Except for the possible Heteroterma from Pukekio, and
a specimen of a Galeodea similar to G. (Taieria) allani
(Wangaloan, Boulder Hill) from Rocky Side, there is very
little in common at the generic level between the Red Bluff
Tuff faunules and those from Wangaloa or Boulder Hill.
The Chathams faunules are for the most part significantly
younger than the Wangaloan assemblages, but most of
the disparity probably arises from environmental
differences. The Red Bluff Tuff faunules inhabited a hard-
ground. substrate on the summits or flanks of volcanic
sea-mounts in an oceanic environment, probably in
moderately deep waters (i.e. at outer shelf or bathyal
depths). The Wangaloan faunules, by contrast, have an
inner shelf, soft-bottom aspect reflected in the
considerable number of infaunal taxa (e.g. most of the
bivalves). The considerable number of warm-water taxa
in the Red Bluff Tuff (e.g. Arca, Quadrilatera, Spondylus,
Ctenoides, Perotrochus and Cypraeacea (five species))
suggests subtropical conditions, despite the inferred high
latitudinal position of the Chathams during the Paleocene
and Early Eocene.

Molluscan faunules from the Tutuiri Greensand and
Matanginui Limestone are less diverse than those from
the Red Bluff Tuff. The Tutuiri Greensand, which is
confined to the northern part of Chatham Island, is
noteworthy as the source of the first Tertiary molluscs
to be recorded from New Zealand (Dieffenbach 1841;
Gray in Dieffenbach 1843, p. 296). One of these is

. Pycnodonte tarda , which occurs here in great profusion.

Marwick (1928) described four other species from a
locality usually known as “Tioriori” although it is actually

‘800 m to the north-east of Tioriori—these are Serripecten
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tiorioriensis (the oldest known species of this important
genus), Eburneopecten(?) imperfectus, Crenostrea cannoni
and Cirsotrema (Tioria) youngi. ,
Molluscs have been collected from the lower part of
the Matanginui Limestone (early Waipawan) at a few
localities. A pleurotomariid (apparently distinct from
Perotrochus allani) is present at the base of the unit at
Flowerpot Harbour, associated with Spondylus sp. and
teredinid tubes. Spondylus also occurs in the lower part
of the limestone at the mouth of Waipapa Creek,
Chatham Island, with Serripecten cf. tiorioriensis, Acesta
(Plicacesta) sp. (the oldest record of the subgenus),
Pycnodonte tarda and Crenostrea cf. cannoni.

White’s Creek, North Canterbury

The only well dated Early Eocene molluscan faunule so
far recorded from New Zealand is from the View Hill
Volcanics in White’s Creek, a tributary of the Eyre River,
near Oxford, North Canterbury. The local development
of these volcanics (tuff and agglomerate associated with
basalt) in shallow waters evidently allowed the
establishment of a rich macrofauna; elsewhere, Early
Eocene sediments consist largely of bathyal siltstone and
mudstone (locally bentonitic) or micritic limestone
(Amuri Limestone), which would have provided far less
suitable substrates for molluscs. The only previously
recorded mollusc from White’s Creek is a species of the
harpid Eocithara (Rehder 1973, p. 231), but recent



collections, particularly from a bed with abundant
specimens of the orbitoid foraminifer Asterocyclina
speighti (Chapman), have brought to light a diverse
though rather - poorly preserved assemblage. Taxa
represented in the faunule include Arca, Quadrilatera,
Mpytilidae (including Septifer), Spondylus, Haliotis (sensu
lato), Rissoina, Pareora, Cerithiopsidae (very diverse),
Triphoridae, Cypraea (sensu lato), Eratoinae, Sassia,
Architectonicidae and Pyramidellidae. Besides these
benthic molluscs, the faunule includes a few thecosome
pteropods, one of which closely resembles Spiratella
(Altaspiratella) bearnensis (Curry, 1981), originally
described from the Ypresian of southern France, and now
known from other Early Eocene localities in France and
England (A.W. Janssen, Rijskmuseum van Geologie en
Mineralogie, pers. comm.). The presence of such taxa as
Quadrilatera, Septifer, Spondylus, Cypraea and Eocithara
indicate that conditions were at least as warm as during
the Late Paleocene.

Upper Waihao River, South Canterbury

Rich well preserved molluscan faunules have been
collected from shellbeds (here assigned to the Kauru
- Formation) in the upper reaches of the South Branch,
‘Waihao River near “Pentland Hills”. Some of these are
probably Bortonian (Middle Eocene), but others, from
the lower part of the marine Tertiary sequence, are
significantly older and may be Early Eocene or even
Paleocene. One well preserved faunule, from near the
base of the sequence, includes Propeleda, Acar,
Spondylus, Plicatula (only New Zealand record of the
genus), Lithophaga (drilling into large colonial coral),
Eucrassatella australis, Gastrochaena, Rissoina,
Spirocolpus, = Strebloceras, Triphoridae, Ringiculina,
Dischides and chitons. A more diverse assemblage, from
higher in the section, has Austrotindaria, Quadrilatera,
Limopsis, Notolimopsis, Dimya, Chama, Divaricella
(sensu lato), Caryocorbula, Costacallista aff. hectori,
Liotina turua (type locality), Teinostoma, Circulus,
Triforis, Sigapatella, Gemmula, Cochlespira (sensu lato),
Acteon and Pyramidellidae. No age-diagnostic
" microfossils have been obtained from these beds, but
- pteropods from the younger assemblage include Spiratella
(Altaspiratella) n.sp. aff. bearnensis and other species
indicating a probable Early Eocene age. These faunules
are here rather arbitarily correlated with the
Mangaorapan Stage.

Too little is yet known about Late Paleocene or Early
Eocene molluscan faunas in New Zealand to say much
about biogeographic affinities, but the considerable
number of apparently warm-water taxa suggest a
northern (Indo-Pacific or Tethyan) influence. On the
other hand, there seem to be relatively few genus-group
taxa that can be confidently identified as being endemic
to New Zealand or to New Zealand and south-east
Australia. )

REPRESENTATIVE MIDDLE AND LATE
PALEOCENE AND EARLY EOCENE MOLLUSCA

PL 4 a, d. Acar n. sp. (Arcidae: Arcinae).

Very small'fqr family (length 6-7.5 mm), subtrapezoidal, strongly
inequilateral, umbones broad and low, beaks prosogyrous, at about
anterior quarter of length. Anterior margin convex, ventral margin
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almost straight or somewhat sinuous, posterior margin truncate, dorsal
margin long and straight. Posterior area very well defined, concave;
umbonal ridge strong. Commarginal sculpture of prominent, low,
imbricate, frill-like ridges of variable strength and spacing; and fine
growth ridges. Radial sculpture on flanks of 15-23 narrow, low costae
of variable spacing, crenulating the commarginal ridges or forming
semitubular spines at their intersections. Posterior area with costae
similar to those on flanks but more closely spaced, some apparently
truly radial (i.e. arising from beak) but others diverging from umbonal
ridge, all densely spinose. Hinge long and narrow, thinnest and
edentulous for a short distance immediately behind beaks, teeth narrow,
finely transversely grooved, radiating from a point well below hinge.
Cardinal area very narrow, ligament opisthodetic. Adductor muscle scars
prominent, anterior scar circular, posterior scar ovate, both slightly but
distinctly raised above interior of shell. Anterior and posterior margins
internally crenulate.

Mangaorapan?, Kauru Formation, South Branch,
Waihao River near “Pentland Hills”, South Canterbury
(not uncommon).

The new species is similar to Acar sociella (Brookes, 1926)
(Recent, northern New Zealand) in size and shape but
has more prominent commarginal sculpture and better-
developed spines. This is the oldest known New Zealand
member of Acar, a genus that occurs sporadically in
shallow-water assemblages up to the present day, and lives
now under intertidal boulders on rocky shores, as well
as byssally attached to boulders in deep water. Acar is
characterised by its relatively small size, coarse
commarginal and radial sculpture, very slender
opisthodetic ligament, and raised adductor muscle scars.
Most modern records are from tropical or subtropical
regions.

Figured specimen (Pl. 4a, d): GS9957, J40/f6608, South
Branch, Waihao River near “Pentland Hills”,
Mangaorapan? (NZGS) x 8.

Pl. 3 e. Hormomya (?) willetsi (Marwick, 1928) [Myfilus
(Aulacomya) willetsi Marwick 1928, p. 444-445;
Aulacomya willetsi; Septifer willetsi] (Mytilidae:
Mytilinae).

Small for family (height 9-17 mm), mytiliform. Dorsal margin long,
straight, weakly alate. Shell strongly inflated medially, with moderately
well defined dorsal and ventral areas. Radial sculpture of low, rounded
costae medially; dorsal and ventral areas with similar but somewhat
divergent costae, some of which are radial, others branching off the
main ribs. Commarginal sculpture of fine costellae in intercostal spaces,
and growth ridges. Internal features not known, but umbonal septum
apparently absent.

Waipawan (?), Red Bluff Tuff, sea-cliffs near radio
station, Waitangi, Chatham Island (type) (common).

The affinities of this little mytilid are uncertain, but its
overall size, shape and sculpture, and its association with
warm-water molluscs, makes assignment to the cool-water
genus Aulacomya unlikely. It is superficially similar to
some species of Septifer (see below) but no trace of an
umbonal septum—the diagnostic character of that
genus — could be observed in any of the available material,
possibly because of the rather poor preservation of most
specimens. It is here tentatively included in Hormomya,
species of which resemble Septifer, but lack a septum.

Figured specimen (Pl. 3e): holotype, GS10191, CH/f104,
sea-cliffs near Waitangi radio station, Chatham Island,
Waipawan (?) (TM4180, NZGS) x 3.

Pl. 4 h. Eburneopecten (1) n. sp. (Pectinidae).
Small for family (height 12-22 mm), higher than long, left valve



apparently somewhat more inflated than right. Anterior ears
considerably larger than posterior ears, dorsal margins colinear; byssal
notch moderately deep, fasciole depressed, ctenolium apparently absent.
Disc with relatively prominent “Camptonectes” sculpture of divergent,
discontinuous and rather irregular grooves, typically absent from
proximal and central areas on larger shells. Radial sculpture of very
low, flattened costellae, typically appearing at 3-4 mm from umbo, but
not obvious on figured specimen until about 18 mm, seemingly
divaricating distally because of intersecting “Camptonectes” grooves.
Radial costellae on ears considerably more prominent than those on
disc. Commarginal sculpture of very fine threads.

Waipawan (?), Red Bluff Tuff, sea-cliffs near radio
station, Waitangi, Chatham Islands, not uncommon.

The new species is readily differentiated from most other
New Zealand pectens by its small size, by its relatively
prominent “Camptonectes” sculpture, and by having
weak radial sculpture on the disc but more prominent
radials on the ears. Eburneopecten(?) imperfectus
(Marwick, 1928) (Waipawan, Tioriori, Chatham Island)
is larger than the undescribed species (height of holotype,
the only known specimen, 27 mm), is more circular in
shape, has relatively strong radial sculpture on the left
valve but only feeble striae on the right, and has smooth
ears. Neither species seems to be closely related to any
other known New Zealand pecten, and they are
tentatively referred to Eburneopecten Conrad, 1865,
which has been recorded previously from the Eocene and
Oligocene of North America and Europe.

Figured specimen (Pl. 4h): GS12139, CH/f104A, sea-
cliffs near Waitangi radio station, Chatham Isiand,
Waipawan (2) (NZGS) x 2.

Pl 4 e, f. Chlamys (sensu lato) mercuria Marwick, 1928
[p 457] (Pectinidae).

Small for genus (height 12-20 mm), higher than long, apical angle acute,
right valve more inflated than left. Anterior ears considerably larger
than posterior ones, dorsal margins colinear; byssal notch well defined.
Radial sculpture on disc of 22-24 prominent convex or subtriangular-
sectioned costae. Surface apparently originally covered with rasp-like
(“shagreen”) microsculpture of diagonally intersecting lamellae
producing a cellular pattern, but preserved only in intercostal spaces
in most specimens. Anterior ears with a few weak radial costae.

Teurian-Waipawan, sea-cliffs near radio station, Waitangi
(type) (common); Pukekio, Chatham Island (common);
Tarawhenua Peninsula, Pitt Island (rare). All localities
in the Red Bluff Tuff, Chatham Islands. This distinctive
little pecten is readily distinguished from other New
Zealand species of Chlamys by its small size, acute apical
angle, very unequal ears, simple radial sculpture (i.e.
without secondary costae) and rasp-like microsculpture.

Figured specimen (Pl. 4e, f): GS12169, CH/{477,
Pukekio, near Waitangi, Chatham Island, Teurian
(NZGS) x 3 and x 16.5.

Pl. 4 b. Serripecten tiorioriensis Marwick, 1928 [p. 458]
(Pectinidae).

Small for genus (height 30-40 mm), known definitely only by the right
valve, but left valve possibly represented by specimen from Pitt Island
that is less inflated than right valve. Dorsal margins of right valve weakly
divergent, finely serrate, those of putative left valve colinear. Radial
sculpture on right valve of 37-38 narrow, rather low costae with
somewhat broader interspaces, almost smooth over most of their length
but becoming weakly scaly and developing a narrow, scaly costella in
interspaces distally. Anterior ear with 4 or 5, posterior ear with 6 narrow,
scaly radial costae. Presumed left valve with about 38 costae, more
subdued than on right valve and becoming obsolete towards dorsal
margins. Commarginal sculpture of growth lines and ridges.
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Late Teurian-Waipawan(?); Tutuiri Greensand, Tioriori,
Chatham Island (type); Matanginui Limestone, mouth
of Waipapa Stream, Chatham Island; ? Tarawhenua
Peninsula, Pitt Island (uncommon at all localities).

Serripecten tiorioriensis is the oldest known member of
the genus and is differentiated from younger species by
its small size and its relatively simple radial sculpture,
particularly the nearly smooth nature of the costae and
the late appearance of secondary costellae. Serripecten
(which is also present in the Cenozoic of southern
Australia) ranges up to Tongaporutuan in New Zealand
and is one of the most characteristic pecten genera in
shallow-water sediments, particularly in greensand and
limestone. Only five species have been described to date,
but several additional species are known, mostly from the
Late Eocene and Early Oligocene (see below).

Figured specimen (Pl. 4b): topotype, GS12140,
CH/f254A, Tioriori, Chatham Island, late Teurian(?)
(NZGS) x 1.5.

Pl 4 ¢, g. Spondylus n. sp. (Spondylidae).

Rather small for genus (height 35 mm), known only by the little-inflated,
unattached left valve. Ears subequal, small. Radial sculpture of about
30 narrow, finely spinose costae, some with smooth or weakly spinose
or scaly costellae in between, in places as strong as primary costae.
Commarginal sculpture of very fine growth lines. Cardinal area very
narrow; resilifer narrowly triangular, separated from prominent sockets
on either side by narrow ridges. Crura large, upturned, adjacent to
sockets. Adductor muscle scar large, subcircular. Internal margin finely
crenulate.

Mangaorapan (?), Kauru Formation, South Branch,
Waihao River near “Pentland Hills” in shell-rich
greensand with abundant corals (not common).

The new species is very similar to Spondylus aucklandicus
(Otaian-Clifdenian, Northland, Westland and Southland)
but has relatively stronger secondary radial costae.
Spondylus is generally regarded as an indicator of warm-
water (subtropical or tropical) conditions, although S.
tenellus Reeve, 1856 lives today in Tasmania and other
parts of southern Australia, and S. sparsispinosus Dall,
Bartsch and Rehder, 1938 (=S. erectospinus Habe, 1973)
lives in deep water off northern New Zealand. The genus
is recorded from the Late Cretaceous in New Zealand,
but for a long time it was thought that the only Cenozoic
occurrences were of Early Miocene age. More recent work
has steadily increased its stratigraphic range, and it is now
known to have been present from at least Late Paleocene
(late Teurian or Waipawan, Chatham Islands) to Late
Miocene (Waiauan, Waikuku Beach, North Cape). The
record is very sporadic but the fact that the species
illustrated here is very similar to the Early Miocene S.
aucklandicus suggests that Spondylus has been present
continuously in the New Zealand region from at least
Early Eocene to Middle Miocene. The alternative
possibility, that the scattered occurrences of Spondylus
all represent independent, short-lived dispersals, seems
less likely.

Figured specimen (Pl. 4c, g): GS11650, J40/f6612,
Waihao River, near “Pentland Hills”, Mangaorapan ?
(NZGS) x 1.5.

Pl. 3 4, g. Plicatula n. sp. (Plicatulidae).

Size moderate for genus (height 25-35 mm), subtrigonal, known only
by the thick, lamellar-shelled right valve. Sculpture of irregular, spinose



radial costae, mostly abraded from available specimens. Hinge
prominent, cardinal area very small, noted only on young, less-abraded
shells. Resilifer narrowly tubular, bounded by and largely covered by
low, divergent ridges. Crura prominent, rather narrow but high,
transversely grooved, separated from resilifer by prominent sockets.
Adductor muscle scar large, sub-circular, in posterior position. Internal
margin irregularly crenulate.

Same locality as Spondylus n. sp. (above) (moderately
common, but rather poorly preserved). This is the only
species of Plicatula so far recorded from New Zealand.
The genus is confined to the tropics at the present day
but it seems to have had a more cosmopolitan distribution
in the past.

Figured specimen (Pl. 3d, g): GS11650, J40/f6612,
Waihao River, near “Pentland Hills”, Mangaorapan ?
(NZGS) x 1.5.

PL 3 i. Acesta n. sp. (Limidae).

Small for genus (height 70 mm), ovate-trigonal, strongly inequilateral
and oblique, little inflated. Anterior area narrow, lanceolate, strongly
depressed. Posterior ear moderately large, triangular; anterior ear very
small, not visible in external lateral view. Posterior and anterior margins
long, straight, steeply sloping, merging smoothly with strongly convex
ventral margin. Commarginal sculpture of fine growth lines and stronger
growth ridges. Radial sculpture of narrow, low, rounded, wavy costae
of uneven spacing over most of exterior, including ears and anterior
area. Cardinal area narrow, triangular, resilifer narrowly triangular,
strongly oblique, directed posteriorly.

Late Teurian, Red Bluff Tuff, Tarawhenua Peninsula, Pitt
Island, Chatham Islands (rare).

The new species is apparently most closely related to A.
imitata (Waitakian, Waipara River) but is much smaller
and less strongly inflated, and has stronger radial
sculpture at a similar stage of growth. Only three nominal
species of Acesta have been described from New
Zealand — A. imitata , which has narrow but definite
radial costae over most if not all of the exterior; A. regia
(Whaingaroan?, Seal Rock, Woodpecker Bay, Southwest
Nelson) with definite radial costae near the anterior and
posterior margins but only grooves medially; and A.
levitesta (Waitakian, Milburn Quarry, Otago;
widespread), which is almost smooth except for a few
weak ribs or grooves near the margins. All are large
(height 150-210 mm) and thin-shelled and are rarely
collected in anything like a complete condition, so the
range of variation and limits of these nominal species are
poorly known. In New Zealand the genus is recorded
fossil from Haumurian (Late Cretaceous) to
Mangapanian, and Recent from the bathyal zone (see Beu
1973b, p. 315-316 for details of occurrences). The modern
species is very similar to A. levitesta. Most overseas
records of the genus are bathyal but one extant species
is recorded as shallow as 29 m (Vokes 1963). New Zealand
fossil occurrences are mainly from limestone, marl and
greensand inferred to have been deposited in moderately
deep, offshore waters.

Figured specimen (P1. 3i);: GS12173, CH/f478, Red Bluff

Tuff, neck of Taruwhenua Peninsula, Pitt Island, Teurian
(NZGS) x 1.5.

Pl 3 b, c. Pycnodonte (Notostrea) tarda (Hutton, 1873)
[Gryphaea tarda Hutton 1873b, p. 35; Notostrea tarda;
Ostrea (Notostrea) tarda} (Gryphaeidae: Pycnodonteinae).

Small for genus (height 35-60 mm), gryphaeiform, strongly inequivalve
with left (lower) valve highly inflated and incurved, right valve flat or
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concave. Some shells subequilateral, others strongly oblique. Left valve
with shallow posterior radial sulcus. Attachment area absent or very
small, confined to apex. Shell with vesicular structure typical of
Pycnodonteinae. No sculpture apart from growth lines and ridges.
Ligamental area small with relatively large resilifer; left valve with
narrow commissural shelf well within shell to take margins of right valve.
Chomata restricted to area near hinge, weakly developed in some shells,
absent from others. Adductor muscle scar subcircular, situated much
closer to hinge than to ventral margin.

Teurian-Waipawan, “Chatham Island” (type — probably
from Red Bluff Tuff in the Pukekio-Point Weeding
section near Waitangi); Tutuiri Greensand, Tioriori,
north Chatham coast where it is very abundant
(mistakenly thought to be the type locality by Marwick
(1928, p. 462)) — also several other localities in Red Bluff
Tuff and Matanginui Limestone, Chatham Islands. Not
yet recorded from mainland New Zealand.

P. (Notostrea) tarda differs from the poorly known P.
(Notostrea) subdentata (Pl. 9b, f)—the type species of the
subgenus—in its larger size, more strongly inflated and
incurved left valve and much weaker chomata. The shape
is strongly reminiscent of the Late Triassic to Late
Jurassic genus Gryphaea Lamarck, 1801, but the presence
of vesicular shell material in P. (Notostrea) tarda indicates
affinities with Pycnodonteinae rather than Gryphaeinae.
Stenzel (1971, p. N1094, N1168) considered Notostrea to
be “valueless” and of uncertain taxonomic position. It is
here classed as a subgenus of Pycnodonte, differing from
that taxon primarily in its elongate rather than subcircular
outline, in having a very short hinge and in having the
left valve umbo projecting well above the dorsal margin.

P. (Notostrea) lubra Finlay (in Marwick 1928, p.432; new
name for Gryphaea tarda “Hutton” of Tate, not of
Hutton) is a southern Australian Middle or Late Eocene
species closely resembling P. (N) tarda. Although
described from the Great Australian Bight, P. lubra is
best known in a thin greensand bed between the two
Eocene molluscan assemblages in mudstone at Browns
Creek, Johanna, west of Cape Otway, Victoria, recorded
by Darragh (1985, p.100). To our knowledge, these three
are the only species referable to P. (Notostrea).

P. (Notostrea) tarda has a very small attachment area or
lacks one entirely, suggesting that it lay free on the sea-
floor during most of its life.

Figured specimen (Pl. 3b, ¢): GS1177, CH/f3, Tioriori,
Chatham Islands, late Teurian ? (hypotype of Marwick
1928, figs. 93-96) (TM2931, NZGS) x 1.

Pl 3 a, f. Crenostrea cannoni (Marwick, 1928) [Ostrea
cannoni Marwick 1928, p. 462] (Gryphaeidae:
Pycnodonteinae).

Rather small for genus (height 132 mm), subtrigonal, known definitely
only by the thick-shelled but only slightly inflated left valve. Umbo
subtriangular, projecting strongly above hinge. Shell apparently
composed of alternating lamellar and vesicular calcite. Attachment area
large. Sculpture highly irregular, of puckers and welts; some suggestion
of radial folds. Ligamental area large, triangular, with prominent central
resilifer. Chomata very weakly developed, adjacent to ligamental area.
Adductor muscle scar suboval, slightly posterior to middle of valve.

Late Teurian-Waipawan, Tutuiri Greensand, Tioriori,
north Chatham coast (rare); ? Matanginui Limestone,
mouth of Waipapa Stream, Chatham.

Crenostrea cannoni is the oldest known member of the
genus, differing from C. wuellerstorfi (Pl. 12a, b) in its



more equilateral shape, much larger ligamental area and
smaller adductor muscle scar, and in having almost
obsolete chomata. Crenostrea was long thought to be
endemic to New Zealand, but a species of probable
Oligocene age has been described from Costa Rica
(Woodring 1976).

Figured specimen (Pl. 3a, f): holotype, GS1177, CH/f3,
Tioriori, Chatham Island, late Teurian ? (TM4286,
NZGS) x 0.67.

Pl 3 j. Glyptoactis (Fasciculicardia ?) nuntia (Marwick,
1928). [Venericardia nuntia Marwick 1928, p. 466; V.
(Fasciculicardia) nuntia) (Carditidae: Venericardiinae).

Small for genus (length 13-17 mm), of rounded outline, posterior end
only weakly truncate. Posterior area slightly concave. Lunule small,
pouting. Radial sculpture of about 25 prominent costae of triangular
section, those on flanks nearly smooth-crested with very broad intercostal
spaces, those on posterior area and near anterior end prominently
tuberculate and somewhat more closely spaced. Commarginal sculpture
of numerous, closely spaced, very fine threads in intercostal spaces. Right
hinge with anterior cardinal almost obsolete, fused to lunule, median
cardinal very prominent, broadly triangular. Left hinge imperfectly
known but having a long, narrow posterior cardinal and, presumably,
a small, triangular anterior cardinal.

Waipawan (?), Red Bluff Tuff, sea-cliffs near radio
station, Waitangi, Chatham Islands (type) (uncommon).

Glyptoactis nuntia is distinguished from other New
Zealand venericardiines by its small size, its rounded
outline and its broadly triangular, widely separated radial
costae that are almost smooth-crested on the flanks.
Although it was referred to Fasciculicardia by Maxwell
(1969, p. 173), none of the available specimens of this
species have the tripartite costae characteristic of
Fasciculicardia and other subgenera of Glyptoactis.
However, in most other respects it is similar to G.
(Fasciculicardia) acanthodes (Pl. 5g, h) and is considered
to be consubgeneric. The absence of tripartite ribbing in
G. nuntia may be related to its relatively small size.

Figured specimen (P1. 3j): holotype, GS10191, CH/f104,
near Waitangi radio station, Chatham Island, Waipawan
(?) (TM4319, NZGS) x 3.

PL. 3 k, 1. Costacallista hectori (Finlay and Marwick,
1937) [Notocallista hectori Finlay and Marwick 1937, p.
101} (Veneridae: Pitarinae).

Rather small for family (length 12-25 mm), ovate, moderately inflated.

Lunule small, scarcely impressed; no escutcheon. Commarginal sculpture
of prominent rounded costae, interspaces typically similar in width to
costae, or wider. Left hinge with prominent anterior lateral tooth parallel
to lunular margin, a thin, vertical anterior cardinal, a triangular median
cardinal and a horizontal, lamellar posterior cardinal tooth. Right hinge
with deep anterior lateral socket bounded by low lateral teeth, parallel
narrow anterior and median cardinals, and a thin, bifid posterior cardinal
tooth. Pallial sinus moderately deep, rounded, slightly ascending. Inner
margins smooth.

Dannevirke Series, probably about Mangaorapan-
Porangan, Castle Hill Shaft, Kaitangata (type); Kauru
Formation, Otaio Gorge; South Branch, Waihao River
near “Pentland Hills” (common). The type material
consists of badly decorticated shells imbedded in very
hard matrix, and is rather less elongate than the Otaio
Gorge or Waihao specimens, which suggests that the
latter material may not be conspecific.

The type species of Costacallista is a relatively large
Recent Indo-Pacific species, C. erycina (Linné, 1758), but
in New Zealand the genus is not known later than
Bortonian.

Figured specimens (Pl. 3k, I): GS9957, J40/6608, South
Branch, Waijhao River near “Pentland Hills”,
Mangaorapan ? (NZGS) x 2.

PL. 3 h. Caryocorbula tophina (Marwick, 1928) [Corbula
tophina Marwick 1928, p. 473] (Corbulidae).

Rather small for genus (length 6.5-8.5 mm), inequivalve, right valve
somewhat higher than left but apparently only very slightly longer.
Umbones very prominent, broadly rounded; umbonal ridge sharp in
both valves forming well defined posterior areas. Sculpture of low,
rounded commarginal ridges, typically missing over much of shell
because of abrasion, similar in nature on both flanks and posterior areas.
Hinge imperfectly known, right valve with a tubercular, tooth-like
chondrophore some distance behind beak, fitting into corresponding
socket on left valve. Other internal features unknown.

Waipawan (?), Red Bluff Tuff, seacliffs near radio
station, Waitangi, Chatham Island (type) (uncommon).

Caryocorbula tophina is distinguished from other named
New Zealand corbulids by its small size, its subequivalve
shape, its prominent umbones and sharp umbonal ridges,
and by having commarginal sculpture on the posterior
area similar to that on the flanks. C. nitens (Otaian—
Altonian, Pakaurangi Point, Northland) is closest, but
is smaller and more elongate, and has less prominent
umbones and finer commarginal sculpture. Corbulids are
quite well represented in the New Zealand Cenozoic

Plate 3 Middle Paleocene-Early Eocene' (Teurian-Mangaorapan) Mollusca (1).

a,f. Crenostrea cannoni (Marwick), x 0.67.

b,c. Pycnodonte (Notostrea) tarda (Hutton), x 1.

d,g. Plicatula n.sp., x 1.5.

e. Hormomya(?) willetsi (Marwick), x 3.

h. Caryocorbula tophina (Marwick), x 4.

i. Acesta n.sp., x 1.5.

j- Glyptoactis (Fasciculicardia) nuntia (Marwick), x 3.
kL Costacallista hectori (Finlay and Marwick), x 2.
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fauna, but only one species, Caryocorbula zelandica
(Opoitian-Recent), is still extant. This has a recorded
depth range of 0-90 m (Powell 1979, p. 428), but some
fossil species of Caryocorbula seem to have extended
down into deeper waters (c. 200 m).

Figured specimen (P1. 3h): holotype, GS10191, CH/f104,
near Waitangi radio station, Chatham Island, Waipawan
((TM4771, NZGS) x 4.

Pl 4 i. Perotrochus allani Marwick, 1928 [p. 474-475]
(Pleurotomariidae).

Size moderate for genus (height 60 mm), trochiform. Protoconch not
known; teleoconch of about 8 whorls, those on spire lightly convex to
obtusely angled; last whorl prominently subangled, base lightly convex
with a shallow central depression but no true umbilicus. Spiral sculpture
of fine threads above selenizone and somewhat coarser ones below, 5
and 8 respectively on penultimate whorl. Adapical spirals on early whorls
finely nodulose, otherwise smooth. Base with numerous additional fine
spiral lirae becoming obsolete adaxially. Aperture rhomboidal, columella
oblique, slightly arcuate, strongly twisted near adapical end. Quter lip
with narrow slit near middle, apparently extending back only 0.1 whorl
or so of circumference. ’

Teurian-Waipawan (?), Red Bluff Tuff, sea-cliffs near
radio station, Waitangi, Chatham Island (type) (rare);
base of Pukekio-Point Weeding section, Chatham Island
(rare).

Pleurotomariids are very rare in the New Zealand
Cenozoic, and only two other species have been described
to date. P. marwicki Fleming, 1970 (Altonian, Tarakohe
Quarry, Takaka) is larger than P. allani, has a less
rounded profile and has more numerous, more prominent
spiral cords. P. masoni Maxwell, 1978 (Duntroonian,
Hakataramea Valley) is also much larger than P. allani,
is more depressed than P. allani or P. marwicki, and has
much weaker basal spiral sculpture. Extant species of
Perotrochus (and its relative Entemnotrochus) are eagerly
sought-after by collectors; most are from tropical or
subtropical regions and from moderately deep waters
(typically outer shelf or upper bathyal zones), although
two species live in deep water in the New Caledonia-
Kermadec Islands area, and one extends as far south as
Betty Guyot, Three Kings Rise, off northern New Zealand
(Bouchet and Métivier 1982).

Figured specimen (Pl. 4i): holotype, GS10191, CH/f104,
near Waitangi radio station, Chatham Island, Waipawan
(?) (TM4905, NZGS) x 1.

Pl. 4 0. Bathybembix (?) n. sp. (Trochidae: Margaritinae).

Size moderate for family (height 28 mm), turbiniform, spire elevated.
Protoconch not known; teleoconch of about 6 whorls, those on spire
biangulate, the adapical angulation near middle of whorl, the other
somewhat less prominent and close to lower suture. Last whorl with
2 additional, much weaker angulations on base. Spiral sculpture of 2
narrow cords marking keels on spire whorls with another, much weaker
one appearing between abapical keel and lower suture on penultimate
whorl, emerging on base as the upper basal angulation, accompanied
by 2 even weaker cords below. Axial sculpture on early whorls of narrow,
strongly prosocline costellae that form small, sharp tubercles at
intersections with spiral keels. On later whorls costellae becoming
obsolete except for short ridges on upper part of ramp, but tubercles
remaining prominent on keels, those on lower keel smaller and more
numerous than those above. Basal angulations only feebly nodulose.
Aperture circular, prosocline, peristome discontinuous, outer lip reflected
to form narrow varix, 1 or 2 varices persisting at earlier stages of growth.

Teurian-Waipawan (?), Red Bluff Tuff, Tarawhenua
Peninsula, Pitt Island (uncommon); Pt Weeding,
Chatham Island (uncommon).

This distinctive species is only doubtfully referred to
Bathybembix, as typical members. of the genus do not
have a reflected outer lip or varix. A reflected outer lip
is present in the type species of Turcicula Dall, 1881 but
this is distinguished from the Chathams species by having
vermiculate background sculpture. Bathybembix itself is
a deep- and cool-water genus at the present day (Hickman
1980, p. 16), so its presumed occurrence with distinctly
warm-water molluscs in the Red Bluff Tuff would be
somewhat anomalous.

Figured specimen (Pl. 40): neck of Tarawhenua
Peninsula, Pitt Island, Teurian (Otago University
Geology Department) x 1.5.

Pl. 4 1, m. Liotina turua Maxwell, 1978 [p. 32-33]
(Liotiidae).

Size moderate for genus (diameter c¢. 7 mm), depressed turbiniform,
apex flattened. Protoconch of about 1.2 smooth whorls. Teleoconch
whorls 3.5, early whorls depressed, later ones moderately elevated. A
prominent keel appearing adapically at an early stage of growth, forming
a broad subhorizontal shelf, then gradually descending to near middle

Plate 4 Middle Paleocene-Early Eocene (Teurian-Mangaorapan) Mollusca (2).

a,d. Acar n.sp., x 8. :
b Serripecten tiorioriensis Marwick, x 1.5.

c,8. Spondylus n.sp., x 1.5.

e,f. Chlamys mercuria Marwick, x 3; and sculpture enlarged, x 16.5.
h. Eburneopecten n.sp., x 2.

i. Perotrochus allani Marwick, x 1.

j.k. Cypraea (Zoila) n.sp., x 1.5.

I,m. Liotina turua Maxwell, x 5.

n. Cirsotrema (Tioria) youngi Marwick, x 2.

0. Bathybembix n.sp., x 1.5.
p- Kotakaia simplex Beu, x 2.
q Sassia (Sassia) n.sp. A, x 1.5.
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of whorl, accompanied by a second keel between it and upper suture.
A prominent peribasal keel and 2 somewhat weaker ones appearing on
last whorl. Spiral sculpture, apart from cords marking the keels on later
whorls, of 1 or 2 cords within umbilicus, and much finer threads between
keels. Axial sculpture on early whorls of narrow, prosocline costae which
bifurcate adapically; on later whorls of very prominent, broadly
triangular costae which extend into umbilicus; 12-13 on penultimate
whorl, 8-9 on last whorl. Between costae are numerous lamellae which
initially diverge from sides of costae, but later become parallel to them,
and are reticulated by spiral threads. Aperture circular, nacreous within;
peristome continuous, outer lip with heavy rounded varix. Umbilicus
narrower in adults than in juveniles, margin serrated by axial costae.

Mangaorapan ?, Kauru Formation, South Branch,
Waihao River, near “Pentland Hills”, associated with
Spondylus u. sp., Plicatula n. sp. and Costacallista hectori
(see above).

Liotina turua is the only species of this characteristically
warm-, shallow-water genus known from New Zealand,
although the related genus Munditia Finlay, 1926 is
represented in Neogene and modern faunas by several
species.

Figured specimen (Pl.- 4, m): holotype, GS9957,
J40/£6608, Waihao River, Mangaorapan ? (TM5470,
NZGS) x 5.

Pl. 4 j, k. Cypraea (Zoila) n. sp. (Cypraeidae).

Size moderate for family (height 45-53 mm), slender, constricted
anteriorly. Protoconch not distinguishable from rest of shell, apical
whorls forming a narrowly conical spire fused to and scarcely protruding
beyond the posterior prolongation of the inner lip. No sculpture.
Aperture narrow, inner and outer lips almost parallel except near anterior
end where they diverge somewhat above the narrow siphonal channel.
Posterior end of inner lip a sharp, curved ridge fused to spire. Denticles
on inner and outer lips rather weak, absent from posterior third or so.
Columella with well developed fossula near anterior end, flat or slightly
convex above.

Waipawan (?), Red Bluff Tuff, coast northeast of
Flowerpot Harbour, Pitt Island, Chathams, associated

with warm-water molluscs including Spondylus, Ctenoides
and another cypraeid.

Cypraecacea are typically tropical or subtropical in
distribution at the present day, and have a very patchy
fossil record in New Zealand. At least four species (the
oldest recorded from the New Zealand region) occur in
the Red Bluff Tuff on Pitt Island, confirming evidence
from other fossil groups that the Late Paleocene was one
of the warmest periods in the New Zealand Cenozoic.
Cypraea (Zoila) n. sp. is the oldest known species of the
subgenus, differing from the type species C. friendi Gray,
1831 (Recent, southern Western Australia to South
Australia) in its smaller size, more slender shell, narrower
spire and more constricted anterior end, and in lacking
a ventral callus pad. Other fossil records of Zoila are from
the Late Miocene of southeast Australia and from the
Late Miocene-Pleistocene of India and the Indo-Malay
Archipelago (Wilson and McComb 1967).

Figured specimen (Pl. 4j, k): GS12159, CH/f471, coastal
cliffs near The Bluff, Pitt Island, Walpawan (7) (NZGS)
x 1.5.

PL. 4 n. Cirsotrema (Tioria) youngi Marwick, 1928 [p.
484]. Type species of Tioria Marwick, 1928 (Epitoniidae).

Size moderate for family (height ¢. 25 mm). Protoconch not known;
teleoconch of 6 or 7 whorls, shouldered at about 0.8 whorl height on
spire; last whorl with prominent basal disc. Axial sculpture of prominent,
slightly prosocline lamellae, reaching from suture to suture on spire,
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produced into small triangular spines on shoulder angle, and reaching
across base to fasciole. On base, crests of lamellae are folded over
towards aperture. Penultimate whorl with 21-28 lamellae. No definite
varices. Spiral sculpture of very fine grooves with low, flattened
interspaces, between axial lamellae and extending onto their back
(abapertural) sides.. Umbilicus narrow, apparently almost entirely closed
in adult. Aperture circular, peristome continuous, outer lip with a small
spine at shoulder angle and another at junction with fasciole.

Late Teurian (?), Tutuiri Greensand, Tioriori, north
Chatham Island (type) (rare).. :

Cirsotrema youngi is the only gastropod recorded from
this unit, probably because —unlike most gastropods— .
it has a calcitic rather than an aragonitic shell and so has
escaped diagenetic solution. Most other New Zealand
species of Cirsotrema have a similar mode of occurrence.
Tioria differs from typical Cirsofrema mainly in lacking
distinct varices, in having the crests of the basal lamellae
turned over and in having the fasciole separated from the
inner lip. Although two additional species have been
referred to Cirsotrema (Tioria), viz. C. (Tioria) marshalli
(Bortonian, Hampden) and C. (Tioria) forresti Dell, 1956
(Recent, Hawke’s Bay), neither seems to be closely related
to C. youngi, and C. forresti may be a synonym of C.
zelebori (pers.comm. B.A. Marshall, National Museum).

Figured specimen (Pl. 4n): holotype, GS1177, CH/f3,
coast north of Tioriori, Chatham Island, late Teurian ?
(TM6847, NZGS) x 2.

Pl. 4 q. Sassia (Sassia) n. sp. A (Ranellidae: Cymatiinae).

Shell 26-32 mm high (large for such an early species of the subgenus),
relatively tall and narrow, with low, narrow varices at each 0.67 whorl
down whole teleoconch, spire about equal in height to aperture and
canal, whorls almost evenly rounded, and a moderately long, open
siphonal canal directed weakly to left (incomplete in all material).
Sculpture of simple, even, moderately prominent, cancellate spiral cords
and axial costae, forming low nodules at their intersections, the sutural
ramp and sculptural interspaces bearing several low, indistinct spiral
cords and many fine growth ridges. Aperture oval; interior of outer
lip weakly reflected over terminal varix, 6 nodules (the uppermost the
largest) on inner edge, and with a shallow posterior sinus at the top;
inner lip bearing 2 low parietal ridges, a nodule on centre of columella,
and a row of 3 low, slightly oblique nodules on base of columella.
Protoconch incomplete on available material, small, turbiniform, of
at least 2.5 smooth, inflated whorls.

Teurian, Red Bluff Tuff, “Rocky Side” Bay, neck of
Tarawhenua Peninsula, Pitt Island, Chatham Islands;
moderately common.

This new species is a simply sculptured, typical but
relatively large, early (“primitive”) species of Sassia
(Sassia), resembling such European Paleocene species as
S. faxensis (Ravn), but differing in its larger size, taller
spire, and longer anterior canal (7ritonium fenestratum
Ravn 1902, p. 22, pl. 2, fig. 7, 8, not of G. Vincent, 1878;
renamed Triton faxense by Ravn 1933, p. 58, pl. 6, fig.
7a, b, 16a, b). Very few of the many Cretaceous species
previously referred to “Triton” (or other early generic
names in Ranellidae) really belong in this family, and the
few that do are all simple, primitive Sassia species closely
resembling S. faxensis and the Pitt Island Paleocene
species (Beu 1988, p. 86, 87). The sole exception we are
aware of is Distorsio praegranosa (Cottreau), discussed
below. The fossil record therefore shows that only Sassia
(among true Ranellidae) occurs in Cretaceous rocks,
appearing first during the Turonian Stage, and all
Cenozoic and living Ranellidae have apparently
descended from Sassia.




A similar but shorter and wider shell with a more
excavated abapertural variceal face is present in NZGS
collections from the View Hill Volcanics, White’s Creek,
Eyre River, Canterbury (Mangaorapan). Primitive Sassia
species were probably widespread in New Zealand on
volcanic hard-ground substrates during Paleocene and
Eocene time. S.decagonia (Bortonian) has more angled
whorls and much sparser sculpture, and the other new
species described below (Pl. 7 t; McCulloch’s Bridge,
South Canterbury; Kaiatan) has more angled whorls and
much more complex apertural armature than the
Paleocene and Early Eocene species.

Figured specimen (Pl. 4q): GS12173, CH/{478, neck of
Tarawhenua Peninsula, Pitt Island, Teurian (NZGS) x 1.5.

PL. 4 p. Kotakaia simplex Beu, 1988 [p. 92]. Type species
of Kotakaia Beu, 1988 (Personidae).

Small for family (16-18 mm high; probably originally 22 mm high),
with evenly rounded whorls, simple spiral sculpture, low wide varices
every 0.67 whorl down teleoconch, and a heavily but simply armed
aperture. Protoconch not seen. Sculpture of low, widely spaced spiral
cords, 5 on spire whorls and about 12 on last whorl and neck, with
several more very weak ones on siphonal canal; the better-preserved
specimens have all spiral interspaces filled by a low, wide secondary
cord; no axial sculpture visible, other than varices. Aperture elongate-
oval, strongly constricted by heavy armature. Outer lip thick, protruding
well beyond terminal varix, tapering rapidly to a thin edge, bearing 4
large, narrowly rounded ridges inside. Inner lip smooth except for a
single high, narrow parietal ridge, forming (with uppermost ridge inside
outer lip) a strongly constricted posterior sinus at top of aperture; and
a row of 3 (or, in one specimen, 4) ridges on base of columella. Basal
columellar ridges situated on a raised callus ridge protruding strongly
into aperture, decreasing markedly in prominence as they descend left
edge of short, straight, widely open, left-directed siphonal canal. All
apertural ridges long, truly spiral features extending well inside aperture.
Outer (left) edge of inner lip thick and well raised above previous whorl.

Teurian, Red Bluff Tuff, “Rocky Side” bay, neck of
Tarawhenua Peninsula, Pitt Island, Chatham Islands,

uncommon; sympatric with Sassia n. sp. A (above) in a
volcanic hard-ground environment.

This simply shaped, undistorted, simply sculptured, but
heavily armed little shell is one of the most curious
Personidae to come to light so far. It could have been
a contender for the ancestor of the Personidae, had
Cottreau (1922, p. 66, pl. 9, fig. 4-7) not described, in
Eutritonium praegranosum, a Madagascan Campanian
(Late Cretaceous) species of Distorsio (sensu stricto), to
judge from the relatively large size (34 x 20.5 mm), strong
coiling distortion, and coarsely cancellate sculpture
evident on Cottreaw’s internal moulds. An interesting
connotation of this Campanian Distorsio species is that
Distorsio and Sassia (see above) are both now recognised
in Late Cretaceous rocks, so Personidae apparently
evolved independently of the Ranellidae, and Beu (1988)
recognised Personidae as a separate family of Tonnacea.

The genus Personopsis Beu, 1988 (= Personella, not of
Conrad) differs from Distorsio in its smaller size, and in
having the basal columellar ridges situated directly on the
columella, not protruding into the aperture on a raised
ridge as in Distorsio. Kotakaia simplex, with its strongly
protruding basal columellar ridge, is clearly related more
closely to Distorsio than to Personopsis, but its small size,
regular coiling, and simple sculpture make the genus
Kotakaia necessary for the Pitt Island species. The earliest
undoubted Personopsis appears to be Eutritonium rutoti
Vincent, 1930 (see particularly Krach 1963, p. 102, pl.
23, fig. 6) from the Montian (early Middle Paleocene,
about the same age as or a little older than the Pitt Island
fossils) of Europe; all other Personopsis are from Eocene
to Pliocene rocks. Therefore, contrary to earlier
assumptions (e.g., Pilsbry 1922, p. 357), Personopsis was
not involved in the ancestry of Distorsio.

Figured specimen (Pl. 4p): Holotype, GS12173, CH/f478,
neck of Tarawhenua Peninsula, Pitt Island, Teurian
(TM6785, NZGS) x 2.

CHAPTER 7. MIDDLE EOCENE FAUNAS
(PORANGAN AND BORTONIAN STAGES): PLATES §, 6

INTRODUCTION (Figure 12)

Far more is known about the molluscan fauna that existed
in New Zealand during the Middle Eocene than about
those from any other comparable period in the Paleocene
or Eocene. The reasons for this seem to lie in the
paleogeographic history of New Zealand during the
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Paleogene. In a benchmark paper, Wilson (1956)
presented evidence for marine transgression onto the
South Island, commencing in the Late Cretaceous and
culminating in a period of maximum submergence in the
Oligocene. He envisaged the transgression as having been
essentially steady, although he did not rule out the



NORTH ISLAND

SOUTH ISLAND

Middle Eocene localities:
Pahi
. Ten Mile Creek
. Obuha River - Raincliff Stream
. Kakahu
. Pareora Gorge
. Otaio Gorge
. Upper Waihao River
Waihao Downs

. Black Point, Borton's

© ® N O A WwN =

. Hampden Beach
11.

-
(=]

Castle Hill Shaft, Kaitangata

Figure 12 The main molluscan fossil localities of Porangan and
Bortonian (Middle Eocene) age.

possiblity of “minor regressions”. Subsequent detailed
studies of relevant sections on the east coast of the South
Island have shown that the Paleogene sequence is
interrupted by several hiatuses, some of them of local
extent, others sufficiently widespread to be regarded as
regional. One of the latter separates Middle Eocene rocks
(typically Bortonian, but in places late Porangan) from
significantly older beds (at most places Mangaorapan or
Heretaungan where reliably dated) and has been
recognised at various places on the east coast from North
Canterbury to Dunedin district, in Westland, and on
Chatham Island. Evidence for a substantial break in
deposition (accompanied at least locally by erosion of part
of the Dannevirke sequence) comes from micropaleont-
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ology, and from sedimentology (e.g. abrupt or rapid
lithological changes, particularly marked by an increase
in terrigenous material; an intensely burrowed contact
zone; presence of phosphorite nodules; and reworking
of microfossils). This well-marked hiatus may be
attributable to an alleged rapid drop in sea-level at the
Early-Middle Eocene boundary (c. 49.5 myr B.P.)
suggested by Vail and Hardenbol (1979) (see also Haq
et al. 1987) (but note that this boundary has a date of
52.5 my on the CCP timescale), itself possibly related to
a fall in sea-temperatures at about this time (Shackelton
and Kennett 1975). Loutit and Kennett (1981, p. 53)
correlated this fall in sea-level with the Heretaungan-
Porangan boundary in New Zealand, although the Early-
Middle Eocene boundary in New Zealand is now placed
at the Mangaorapan-Heretaungan boundary in the CCP
timescale (Edwards et al. 1988).

Irrespective of the ultimate cause of this hiatus, it seems
likely that the shore-line retreated seawards for a time
(perhaps for a few hundred thousand years), then
gradually advanced again as the transgression resumed.
Over much of North Otago and South Canterbury the
rocks laid down during the early phase of this
transgression consist of shallow-water sandstone
(typically glauconitic) with common molluscs. Except for
a limited area of limestone in south Westland (Nathan
1977, p.642) coeval beds on the West Coast of the South
Island consist of coal measures (upper part of Brunner
Coal Measures) and overlying sandstone (Island
Sandstone), the latter unit containing small molluscan
faunules at a few localities. No Middle Eocene molluscs
have been recorded from the East Coast between mid-
Canterbury and Gisborne district where sediments of this
age are of deeper-water facies, typically mudstone (locally
bentonitic), marl or limestone. Middle Eocene rocks in
Northland include greensand, mudstone and limestone.
A moderately diverse molluscan faunule is recorded from
Pahi, Kaipara Harbour, but faunules from elsewhere in
Northland are much smaller and poorly preserved.

Pre-Bortonian faunules

In their classic monograph on the Wangaloan molluscs,
Finlay and Marwick (1937, p. 95-111) also described a
much smaller, poorly preserved faunule (or more
probably, faunules), which they termed the “Matau
Fauna”, from Castle Hill Shaft, Kaitangata, east Otago.
They concluded that this faunule is considerably younger
than Wangaloan, and assigned it a Bortonian age,
although they allowed the possibility that it could be
substantially older. This assemblage received little further
attention until Marwick (1960) described a much better
localised and generally better-preserved faunule from the
Kauru Formation downstream from Otaio Gorge, South
Canterbury. Because of its stratigraphic position, and the
presence of Colposigma, Perissodonta and Pseudofax
(none of which are known from the Bortonian), and on
the basis of differences between Otaio Gorge species and
Bortonian congeners, Marwick concluded that it is
significantly older than Bortonian, probably of late
Dannevirke Series age. He correlated it tentatively with
the Matau faunule and with one from the so-called
“Island Sandstone” in the lower Waihao Valley.

The Otaio Gorge fanule contains 33 species, including



Cucullaea waihoaensis, Cubitostrea aff. gudexi,
Eucrassatella af. australis, Glyptoactis afi. bartrumi,
Oxyperas flemingi, Costacallista hectori, Hedecardium
collinsi, Colposigma gairi, Monalaria gracilis filata,
Perissodonta mortoni, Pseudofax cf. filius and Athleta
lata. There is no microfossil evidence for the age of this
assemblage, but the presence of Cubitostrea suggests that
it is no older than Middle Eocene, for this cosmopolitan
genus is not known before the Lutetian (Stenzel 1971,
p. N1142). The Early-Middle Eocene boundary in New
Zealand 1is currently placed at the Mangaorapan-
Heretaungan boundary (Edwards et al. 1988), so the
Otaio Gorge faunule could be Heretaungan or Porangan
(assuming that it is pre-Bortonian) (Maxwell in Fordyce
et al. 1985, p. 13). It is here arbitrarily assigned a
Porangan age.

There is even less internal evidence for the age of the
Matau or lower Waihao faunules, although both contain
the buccinid genus Pseudofax, which is only known prior
to the Bortonian. In addition, the former assemblage
includes Costacallista hectori and Athleta lata. For
convenience, these three faunules are assumed to be of
about the same age.

Bortonian faunules

North Otago— South Canterbury

Bortonian molluscs have been collected from a
considerable number of localities in the North Otago-
South Canterbury area, the most important being Black
Point (Bortonian stratotype), Hampden Beach, upper
Waihao River, Waihao Downs, Pareora River, Kakahu,
Opuha River and Raincliff Stream. These faunules come
from a wide range of biotopes and collectively give a good
idea of the molluscan fauna that lived in the region at
that time.

The shallowest assemblage is from the upper reaches
of the South Branch, Waihao River and is dominated
both numerically and taxonomically by bivalves. The
following species are characteristic — Nucula (Nucula)
n.sp., Glycymerita subglobosa, Lentipecten n.sp.,
Cubitostrea gudexi, Miltha n.sp. aff. neozelanica |,
Divaricella (Divalucina) aff. huttoniana (differing from
Recent shells only in their smaller size), Eucrassatella
australis, Lutetia n.sp. (only New Zealand record),
Hedecardium cf. brunneri, Scalpomactra n.sp., Peronaea
n.sp., Tellinella n.sp., Dosinia (Kereia) mackayi, Placamen
n.sp., Callistotapes n.sp., Thraciopsis n.sp., Zeacolpus
gagei and Monalaria concinna. This assemblage, which
probably represents a mixture of biotopes, seems to have
accumulated in very shallow waters, possibly just below
low tide. Several elements, including Glycymerita,
Cubitostrea, Eucrassatella, Hedecardium and Dosinia, are
also present in somewhat deeper-water assemblages,
associated with volutes and turrids (e.g. Black Point,
Kakahu, Raincliff Stream).

Faunules from the Waihao Greensand at Waihao
Downs and Pareora River are representative of a deeper-
water environment. They lack most of the shallow-water
bivalve taxa and are dominated by gastropods,
particularly mesogastropods and neogastropods, and
probably lived at mid-shelf depths. They include Limopsis
campa, Cucullaea waihaoensis, Duplipecten waihaoensis,
Glyptoactis acanthodes, Carinacca allani, Friginatica

prisca, Galeodea modesta, Sassia decagonia, Austrofusus
acuticostatus, Fascioplex spp., Mauira biconica, Athleta
necopinata, Zemacies spp., Insolentia sertula and
Speightia spinosa.

The diverse faunule from the Hampden Formation at
the mouth of Kakaho Stream, Hampden Beach,
originally described by Marshall (1919), seems to be of
even deeper-water facies, probably equivalent to the outer
shelf or upper slope. It includes many unusual species,
but most specimens unfortunately are either crushed or
are inclined to “explode” during storage, probably
because of the oxidation of sulphide minerals. The
following species are among the 100 or so recorded from
Hampden — Pseudoportlandia solenelloides, Bathyarca
bellatula, Notolimopsis hampdenensis, Duplipecten parki,
Kurinuia areolata, Spirocolpus rudis, Carinacca allani,
“Uberella” haasti, Cirsotrema kuriense, Monalaria
concinna, Dicroloma zelandica, Exilia hampdenensis,
Ancillina kakano, Conus pseudarmoricus, Marshallena
neozelanica, Gemmula spp., Zemacies marginalis,
Turehua dubia, and Superstes marshalli. The three species
of verticordiids described from Hampden (including
Kurinuia areolata) were originally assigned to Trigonia,
but as in most parts of the world (except Australia and
New Guinea) the Trigoniidae are not known to have
survived the Cretaceous in New Zealand.

Westland

Except for a small area in South Westland, marine Middle
Eocene sediments on the west Coast of the South Island
are restricted to the southern portion of a prominent
physiographic and tectonic feature known as the Paparoa
Trough, which stretches from near Ross to north of
Westport (Nathan et al. 1986, p. 31-32). Paleontological
evidence shows that the Middle-Late Eocene transgression
took place in a roughly south-north direction along the
axis of the Trough, rather than more-or-less normal to
the present coastline as was the case on the east coast
(Suggate 1950; Nathan et al. 1986, p. 34). The basal
marine unit is a near-shore, shallow-water, massive
calcareous sandstone (Island Sandstone) overlying
Brunner Coal Measures. Macrofossils are locally common
but of low diversity; Monalaria cf. concinna occurs at Ten
Mile Creek, north of Greymouth, accompanied by an
elongate tellinid that seems to be conspecific with
Tellinella n.sp. from South Canterbury Bortonian
localities. Another characteristic Middle Eocene species,
Cubitostrea cf. gudexi, occurs in fine conglomerate at
Nine Mile Bluff.

Northland

Although molluscan faunules of possible Bortonian age
have been recorded from several localities in Northland
(Hay 1960, p. 39-40) most are very poorly preserved and
of low diversity. The faunule from Pahi, Kaipara
Harbour, described by Fleming (1950) is by far the most
diverse recorded to date, although the preservation leaves
much to be desired. It includes Saccella semiteres,
Pseudotindaria(?) ferrari, Limopsis cf. campa, Cubitostrea
gudexi, Glyptoactis bartrumi, Monalaria concinna,
Eocypraea novaezealandiae, Tatara pahiensis, Notogenota
Dpahiensis and Speightia spinosa. The presence of
Cubitostrea, Monalaria and Speightia indicates correlation
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of this shallow-water assemblage with Bortonian faunules
from North Otago and South Canterbury.

Composition of the Bortonian molluscan fauna

The Bortonian marine molluscan fauna is one of the most
distinctive in the New Zealand Cenozoic (Fleming 1962c,
p. 72) largely because of the presence of several distinctive
genus-group taxa that are apparently restricted to the
stage or are last recorded from it. In addition, many
Bortonian species are quite distinct from their congeners
from younger or older faunas. The following taxa are
known only from the Bortonian, although some were
probably present earlier but have not been recorded
because of the restricted nature of known pre-Bortonian
faunules — Lutetia, Tellinella (younger species previously
assigned here belong in Serratina), Dosinia (Kakahuia),
Thraciopsis, Keilostoma, Rimella, Fascioplex and
Speightia. Taxa last known from the Bortonian include
Cubitostrea, Costacallista, Propesinum, Monalaria,
Priscoficus and Athleta. Among the numerous taxa that
are first recorded from the Bortonian are Saccella,
Pseudoportlandia, Sarepta, Duplipecten, Lentipecten,
Placamen, Callistotapes, Kuia, Spisula, Peronaea,
Offadesma, Carinacca, Tanea, Magnatica (sensu stricto),
Dicroloma, Poirieria, Mitridae, Conidae and Tatara.
Much of the distinctiveness.of the Bortonian fauna
results from the apparent failure of many genus-group
taxa to survive info the succeeding Kaiatan Stage.
Stratigraphic resolution is not good enough to tell if these
taxa became extinct in a step-wise fashion, or if they died
out more-or-less synchronously. However, the
disappearance of several taxa of known or presumed
warm-water affinity (e.g. Tellinella, Costacallista, Rimella,
Priscoficus and Athleta) suggest a drop in sea-
temperatures at or near the end of the Bortonian. Loutit
and Kennett (1981, p. 53) correlate the Bortonian -
Kaiatan boundary with a postulated fall in sea-level at
about 39.5 Ma in the Vail timescale (but note that this
boundary is now dated at 42.5 m.y.; Edwards et al. 1988),
but in the Waihao district possible evidence for such a
fall (i.e. the so-called “phosphatic” band at McCulloch’s
Bridge) occurs some distance below the stage boundary.
The Bortonian molluscan fauna includes a moderately
large number of taxa (most of them extinct) that seem
to be endemic to New Zealand (e.g. Notolimopsis,
Duplipecten, Scalpomactra, Kuia, Dosinia (Kakahuia),
Turia, Tropicolpus (Amplicolpus), Zeacolpus, Monalaria,
Magnatica (sensu stricto), Austrofusus, Falsicolus,
Fascioplex, Mauira, Zeacuminia, Eoturris, Tatara and
Superstes), as well as some that also occur in the Eocene
of south-east Australia (e.g. Poroleda, Hedecardium,
Marama (Hina), Pareora, Spirocolpus, Friginatica,
Archierato, Amalda (Gracilispira) and Rugobela). These
are matched, if not outnumbered, by taxa with a very
wide, probably cosmopolitan distribution (e.g. Ennucula,
Nucula, Lamellinucula, Saccella, Jupiteria, Sarepta,
Limopsis, Anomia, Limea, Pycnodonte, Cubitostrea,
Miltha, Moerella, Peronaea, Caryocorbula, Tanea,
Thracia, Asthenothaerus, Cerithiella, Niso, Galeodea,
Sassia, Volvarinella, Cirsotrema and Turbonilla) or that
are largely restricted to subtropical or tropical regions at
the present day (e.g. Pteria, Tellinella, Placamen,
Costacallista, Rimella, Cypraeidae, Ovulidae, Typhis,

Conidae, Marshallena, Gemmula, Fusiaphera and
Granosolarium). In addition there are several extinct taxa
with congeners in the Northern Hemisphere, particularly
Europe and North America, e.g. Lutetia, Keilostoma,
Carinacca, Priscoficus, Exilia, Ancillina, Eocithara and
Turehua. Other taxa are of less obvious biogeographic
significance, e.g. Speightia , which is closely related to
Clinuropsis from the Paleocene of Belgium and Zaire, and
to Andicula from the Early Eocene of Peru (Powell 1966,
p. 25). :

The appearance of numerous taxa in the Middle Eocene
(mostly in the Bortonian) may be evidence of a massive
influx of molluscs into the New Zealand region at this
time, or may merely reflect the paucity of suitable
lithofacies in most sequences of Dannevirke Series rocks.
In all probability, both factors have contributed to the
relatively sudden increase in diversity in the Middle
Eocene. The considerable number of warm-water taxa
in the Bortonian indicates subtropical conditions, and it
may be that the resumption of marine transgression in
the Middle Eocene was associated with a rise in sea
temperatures at this time.

REPRESENTATIVE MIDDLE EOCENE MOLLUSCA

Pl. 5 a, b. Pseudoportlandia solenelloides (Marshall,
1919) [Sarepta solenelloides Marshall 1919, p. 233;
Nuculana (Pseudoportlandia) solenelloides] (Nuculanidae:
Nuculaninae).

Moderately large for family (length 20-27 mm), relatively thick-shelled.
Lunule very narrow, lanceolate; escutcheon much broader but weakly
differentiated. Commarginal sculpture of linear grooves with broad flat
interspaces proximally, rest of shell smooth except for growth ridges.
Hinge relatively heavy, anterior series with 17-22, posterior series with
15-19 teeth of chevron cross-section, separated by a deep triangular
resilifer. Anterior adductor muscle scar much larger than posterior scar;
pallial line with a weak, triangular sinus.

Bortonian, Hampden Formation, Hampden Beach,
North Otago (type) (common).

Pseudoportlandia tahuia (Kaiatan, McCulloch’s Bridge)
differs from P. solenelloides by being smaller (maximum
length 21 mm), having more steeply descending dorsal
margins and having a narrower, more rounded posterior
end. Zinsmeister (1984, p. 1504) suggested that P.
solenelloides and P. tahuia require a new genus, but until
such time as the numerous nuculanid genus-group taxa
are thoroughly revised, these species are retained in
Pseudoportlandia Woodring, 1924, which is based on a
Pliocene Jamaican species [P. clara (Guppy, 1873)].
Pseudoportlandia was long thought to be restricted to the
Arnold Series in New Zealand, but it is now considered
to include two or three Neogene species as well (Maxwell
1988a, p. 39). :

Figured specimen (Pl. 5a, b): holotype, Hampden Beach,
North Otago, Bortonian (TM4117, NZGS) x 2.

Pl. 5 d. Duplipecten waihaoensis (Suter, 1917) [Pecten
(Pseudamusium) [sic] waihaoensis Suter 1917, p. 69;
Lentipecten (Duplipecten) waihaoensis]. Type species of
Duplipecten Marwick, 1928 (Pectinidae).

Size moderate for family (height 50-60 mm), right valve more inflated
than left; anterior and posterior gapes well developed. Ears prominent,
those on left valve having colinear dorsal margins, and separated from
disc by shallow grooves; those on right valve with divergent dorsal
margins (finely serrate on well preserved shells) and separated from disc
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by broad channels which dip below dorsal margins of disc distally. Byssal
notch well developed; no ctenolium. Sculpture on right valve of fine
growth lines and faint radial striae; left valve with growth lines and
weak radial striae in some shells, others with 12-14 broad, low, flattened
costae becoming obsolete distally; interspaces as broad as costae, some
with a weak radial cord appearing during growth,

Bortonian, Waihao Greensand, South Branch, Waihao
River near Waihao Downs (type) (locally common).

Pectens conforming to the above diagnosis (i.e. including
individuals with well developed radial costae in the left
valve) are present in the middle part of the Waihao
Greensand in the Waihao Downs section. Higher in the
section, particularly in a pecten-rich bed near the top of
the Bortonian, occur pectens identical in most respects
to D, waihaoensis but having the left valve devoid of
radial sculpture other than weak striae. These are assigned
to D. parki , which is recorded from several Bortonian
and Kaiatan localities in North Otago (type locality,
Hampden Beach), South Canterbury, Westland and
Chatham Island. Although originally assigned to
Lentipecten (sensu stricto), D. parki is very similar to D.
waihaoensis and the two species probably have an
ancestor-descendant relationship, with D. parki replacing
the latter species in the late Bortonian. Duplipecten was
originally classed as a subgenus of Lentipecten, but the
type species differ in a number of important shell
characters that indicate they are not closely related. Loss
of radial sculpture has occurred in many groups of
pectens and is not in itself a reliable guide to phyletic
relationships in the family.

Figured specimen (Pl. 5d): GS9886, J40/f8823,
abandoned railway cutting, Waihao Downs, Bortonian
(NZGS) x 1.

PL. 5 ¢, e. Cubitostrea gudexi (Suter, 1917) [Ostrea gudexi
Suter 1917, p. 71; Lopha gudexi; Lopha pahiensis Finlay
1928b, p. 266] (Ostreidae: Ostreinae).

Size moderate for family (height 20-70 mm), shape highly variable and
irregular, but typically inequilateral, oblique. Strongly inequivalve, left
(lower) valve markedly inflated, some shells with rather obscure
crescentic keel defining a posterior area; attachment area moderately
large. Right valve typically slightly convex or almost flat, but largest
specimens with pronounced submedian sulcus distally. Sculpture highly
discrepant, right valve smooth except for growth ridges; left valve with
prominent, irregular, bifurcating and intercalating radial costae crossed
by growth ridges, typically from 7-20 costae in small or medium-sized
shells (20-40 mm high) but over 25 in largest specimens (55 mm).
Ligamental area small, chomata short, rather inconspicuous, confined
to proximal region. Adductor muscle scar lachrymiform, posterior to
middle of valve. Inner margins of right valve smooth, those of left valve
coarsely crenulate.

Porangan (?), Bortonian; Waihao Greensand, Kakahu,
Bortonian (type of O. gudexi); Pahi Greensand, Pahi,
Northland, Bortonian (type of L. pahiensis); not
uncommon at several localities with shallow-water
assemblages in Northland, Westland, North Otago and
South Canterbury.

Cubitostrea gudexi is distinguished from other New
Zealand oysters primarily by its strongly discrepant
sculpture. The genus seems to have been very widespread
during the Eocene, and is recorded from Europe, India,
North America and Patagonia. Although it is not known
after the Bortonian in New Zealand, Cubitostrea persisted
until the Oligocene in Europe (Stenzel 1971, p. N1142).

Figured specimens (Pl. 5c, €): GS9959, J40/f6610, South

Branch, Waihao River near “Pentland Hills”, Bortonian
(NZGS) x 1.

Pl. 51, i. Eucrassatella australis (Hutton, 1873) [Astarte
australis Hutton 1873b, p. 25; Spissatella australis;
Crassatellites tripliciter Laws 1935b, p. 23]
(Crassatellidae).

Moderately large for family (length 50-80 mm), robust, subtrigonal;
dorsal margins steeply descending, almost straight, anterior and ventral
margins convex, posterior margin rounded-truncate. Umbonal ridge
rounded, more strongly defined proximally than distally, demarcating
a relatively narrow, somewhat flattened or slightly concave posterior
area. Lunule and escutcheon prominent, strongly impressed.
Commarginal sculpture of low, rounded costae on umbones, extending
up to 15 mm or so from beaks, remainder of shell with growth lines
and grooves. Some individuals with weak radial costellae near ventral
margin, otherwise devoid of radial sculpture. Hinge plate prominent,
triangular; left valve with narrow, transversely grooved, anterior cardinal
tooth separated from lunule by shallow groove, an equally narrow
median cardinal tooth and a short, low posterior cardinal tooth that
barely diverges from escutcheonal margin; posterior lateral tooth a low
ridge on ventral edge of hinge plate, separated from escutcheonal margin
by broad, shallow groove which accommodates right escutcheonal
margin. Right valve with narrow anterior cardinal tooth largely fused
to lunular margin, and a prominent though narrow median cardinal
tooth; anterior lateral a low short swelling on ventral margin of hinge
plate with a shallow socket above to take distal end of left lunule.
Resilifer large, triangular, not extending to ventral margin of hinge plate.
Adductor muscle scars subequal, strongly impressed; pedal retractor
scar subcircular, strongly impressed, on underside of anterior end of
hinge plate. Ventral shell margins smooth or finely crenulate.

Mangaorapan?; Porangan?; Bortonian-Kaiatan; Waihao
Greensand, Kakahu, Bortonian (type locality of A.
australis); Waihao Downs, Bortonian (type locality of C.
tripliciter); South Branch, Waihao River near “Pentland
Hills”; Otaio Gorge; McCulloch’s Bridge. Not uncommon
in shallow-water, sandy bottom assemblages.

Eucrassatella australis differs from E. ampla (Pl. 12d, €)
in its much smaller size, its more equilateral, subtrigonal
shape and in the presence of marginal crenulations in
some individuals. Some specimens of E. marshalli
(Kapitean-Waipipian) approach E. australis in shape, but
they differ in having a smaller, less well-defined lunule,
a much wider and deeper groove separating the left
anterior cardinal from the lunule, a resilifer that extends
to the ventral margin of the hinge plate, and in lacking
marginal crenulations entirely. E. australis has long been
assigned to Spissatella Finlay, 1926, but it is closer in size,
shape and sculptural characters to typical species of
Eucrassatella. Large specimens of E. australis are
characteristic of shallow-water (inner or middle shelf)
assemblages; small shells (less than 20 mm long) occur
in deeper-water facies (e.g. at McCulloch’s Bridge).

Figured specimen (PL. 5f, i): GS9959, J40/f6610, South
Branch, Waihao River near “Pentland Hills”, Bortonian)
(NZGS) x 1.

Pl. 5 g, h. Glyptoactis (Fasciculicardia) acanthodes
(Suter, 1917) [Venericardia acanthodes Suter 1917, p.
72-73; V. (Fasciculicardia) acanthodes] (Carditidae:
Venericardiinae).

Size moderate for family (length 25-37 mm), ovate-subquadrate,
posterior end only weakly truncate; posterior area weakly defined.
Lunule small, strongly pouting. Radial sculpture of 21-24 prominent
costae with broadly triangular-sectioned bases and elevated crests, those
on flanks with much wider interspaces than those on posterior area or
near anterior end. Medial costae flanked by much weaker ridges
producing the tripartite (or “fasciculate”) sculpture characteristic of the
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genus. All costae with laterally compressed nodules or tubercles on crests
producing a distinctly serrate profile, those on posterior area (except
for second and third costae from posterodorsal margin) much less
prominent than on rest of shell. Commarginal sculpture of fine wrinkle-
like ridges and numerous very fine threadlets between costae. Left valve
with a very small tubercular anterior lateral tooth at end of lunular
groove, small triangular anterior cardinal tooth and long, curved
posterior cardinal; right valve with short, narrow anterior cardinal tooth
fused to lunule and a prominent, broadly curved-triangular median
cardinal tooth. Distal end of left lunule produced into small tubercular
lateral tooth fitting into socket on right valve.

Bortonian, Waihao Greensand, Waihao Downs (type)
(common); Hampden Beach (rare).

G. (Fasciculicardia) subintermedia (P1. 23g) is similar to
G. acanthodes in general appearance, but grows to a much
larger size, has more numerous radial costae (28-31) and
has a broader left anterior cardinal tooth which is almost
fused to the lunule rather than separated by a definite
socket. G. healyi (Bortonian, Pahi, Kaipara Harbour) is
similar in age to G. acanthodes but has more numerous
(30-33), more closely spaced radial costae with much more
pronounced secondary costellae. The presence of
tripartite costae in these species (and in G. benhami (Pl.
9c, d)) sets them apart from other New Zealand
venericardiines and suggests closer relationship to
Glyptoactis Stewart, 1930 than to Venericardia Lamarck,
1801, which has simple costae. Chavan (in Moore 1969,
p. N556) separated Glyptoactis and its relatives from
Venericardia at the subfamilial level, but this radical
classification is not followed here. The distribution of
Glyptoactis (Fasciculicardia) in the New Zealand Cenozoic
suggests it was a warm-water group (see discussion on
G. subintermedia).

Figured specimen (Pl. S5g, h): GS1988, J40/{8457,
abandoned railway cutting, South Branch, Waihao River
near Waihao Downs, Bortonian (NZGS) x 1.5.

Pl. 5, o. qucamen n. sp. (Veneridae: Chioninae)

Small for family (length 7-10 mm), subtrigonal, not greatly inflated.
Lunule large, impressed, lamellose; escutcheon well defined, particularly
in left valve. Commarginal sculpture of very prominent, distant ridges
that apparently do not bend back towards umbones. Interspaces broadly
concave, weathered surfaces showing fine subsurface radial costellae.
Left hinge with thin anterior cardinal tooth, ¢ narrowly triangular, bifid
median cardinal tooth, and a thin posterior cardinal tooth. Right hinge
with slightly curved, thin anterior cardinal tooth, a narrowly triangular

bifid median cardinal tooth and a narrow, bifid posterior cardinal tooth.
Pallial sinus shallow, rounded. Ventral margin finely crenulate.

Bortonian, South Branch, Waihao River near “Pentland
Hills” (not uncommon); Raincliff Stream (uncommon).

P. morgani (Duntroonian, Castle Hill Basin), the only
described New Zealand species, is larger than the new
species and has more prominent commarginal costae with
recurved crests. Other records of the genus are from
Pakaurangi Point, Northland (Otaian-Altonian) and
Weka Pass, Canterbury (Altonian). The type species, P.
placidum (Philippi, 1844), occurs in southern Australia,
including Tasmania, but most extant species are from the
Indo-Pacific region.

Figured specimen (P1. 5n, 0): GS9959, J40/f6610, South
Branch, Waihao River near “Pentland Hills”, Bortonian
(NZGS) x 3.

Pl 5 k, m. Dosinia (Kereia) mackayi Marwick, 1927 [p.
589-590] (Veneridae: Dosiniinae).

Small for genus (height 20-30 mm), subcircular, moderately inflated.

“Lunule small, pouting; escutcheon better developed in left than in right

valve. Sculpture of closely spaced, fine lamellae, abraded from many
specimens. Left hinge with a small anterior lateral tooth, well separated
from cardinals, a lamellar anterior cardinal tooth, a narrowly triangular,
weakly bifid median cardinal tooth (with posterior portion more
prominent) and a long, lamellar posterior cardinal tooth. Right hinge
with an anterior socket, narrowly triangular anterior and median cardinal
teeth (the latter somewhat the larger in most specimens) and a strongly
bifid, triangular posterior cardinal tooth. Pallial sinus triangular,
strongly ascending.

Bortonian, Waihao Greensand, Black Point, Bortons
(type) (uncommon); South Branch, Waihao River, near
“Pentland Hills” (common).

Dosinia mackayi is distinguished from younger species of
the subgenus by its small size and its closely spaced
commarginal sculpture. Dosinia (sensu lato) is first
recorded from the Wangaloan in New Zealand and is well
represented in shallow-water faunules throughout the
Cenozoic, but is not known in the Northern Hemisphere
prior to the Oligocene. Taken at face value this suggests
that it originated in the Southern Hemisphere and only
much later made its way (possibly via South America)
to the Northern Hemisphere, the opposite situation to the
boreocentric scenario usually proposed for molluscan
dispersal.

Plate 5 Middle Eocene (Porangan-Bortonian) Mollusca (1).

a,b.
€. Cubitostrea gudexi (Suter), x 1.
d Duplipecten waihaoensis (Suter), x 1.

Pseudoportlandia solenelloides (Marshall), X 2.

f,i. Eucrassatella australis (Hutton), x 1.

g,h. Glyptoactis (Fasciculicardia) acanthodes (Suter), x 1.5.
3,1 Tellinella n.sp., x 2.

k,m. Dosinia (Kereia) mackayi Marwick, x 2.

n,o. Placamen n.sp., x 3.

p. Kurinuia areolata (Marshall), x 3.
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Figured specimen (P1. 5k, m): GS9959, J40/f6610, South
Branch, Waihao River, near “Pentland Hills”, Bortonian
(NZGS) x 2.

PLS5j, L Tellin;'lla n. sp. (Tellinidae: Tellininae).

Rather small for family (length 15-25 mm), very elongate, beaks
posterior to middle, left valve more inflated than right. Anterodorsal
margin long, straight; posterodorsal margin much shorter, junction with
backwards-sloping posterior end obtusely angled. Anterior margin
narrowly convex, ventral margin broadly convex except for slight
concavity near posterior end, accentuating the short, right-twisted
rostrum formed at junction with posterior margin. Umbonal ridge well
marked, defining a narrow posterior area; left valve with additional
weaker ridge running to middle of posterior margin. Sculpture
discrepant, considerably more prominent in right valve, particularly over
distal half of shell, consisting of narrow, low commarginal ridges. Hinge
very narrow, left valve with low anterior and posterior laterals scarcely
differentiated from shell margin, a narrowly triangular, bifid median
cardinal tooth and a very thin posterior cardinal tooth. Right valve with
long, narrow anterior and posterior lateral teeth separated from margins
by narrow sockets, a narrow anterior cardinal tooth and a narrowly
triangular, bifid posterior cardinal tooth. Pallial sinus extending to near
middle of shell, rounded, ventral limb only partly confluent with pallial
line.

Bortonian, South Branch, Waihao River near “Pentland
Hills”; Opihi River, South Canterbury; Kakahu; Ten Mile
Creck, Westland. Moderately common at the first
locality, less so at the others.

This new species is readily distinguished from other New
Zealand tellinids by its rather small size, its very elongate
shape, its narrowly rostrate posterior end and its
markedly discrepant sculpture. Several other New
Zealand tellinids have been assigned to the warm-water
genus Tellinella, but they differ in shape, pallial and
muscle characters from typical members of the genus and
are here included in Serratina. The species described here
is the only local species that can be assigned to Tellinella
with any confidence.

‘Figured specimens (Pl. 5j, 1): GS9959, J40/f6610, South
Branch, Waihao River near “Pentland Hills”, Bortonian
(NZGS) x 2.

PL. 5 p. Kurinuia areolata (Marshall, 1919) [Trigonia
areolata Marshall 1919, p. 234]. Type species of Kurinuia
Marwick, 1942 (Verticordiidae).

Size moderate for family (length 15-20 mm), ovate, strongly inflated,
interior nacreous; beaks markedly prosogyrous. Lunule small, deeply
impressed; posterior area well differentiated. Radial sculpture of 15-16
prominent rounded costae with interspaces similar in width to or
distinctly narrower than costae, on flanks and anterior end. Costae
smooth or with fine commarginal ridges anteriorly. Posterior area with
a prominent radial costa near dorsal margin and a much narrower costa
(or groove on some shells) anteriorly; remainder sculptured with closely
spaced commarginal ridges. Internal features poorly known; right valve
with a prominent triangular cardinal tooth and a strong posterior lateral
tooth. Ventral margin coarsely crenulate.

Bortonian, Hampden Formation, Hampden Beach (type)
(rare).

This distinctive bivalve was originally described as a
species of Trigonia, probably because of the nacreous
interior and the strongly differentiated posterior area.
This would have been an exceptionally interesting
occurrence if this assignment was correct, as the only
other post-Cretaceous records of the family are from
Australia and New Guinea (see Darragh 1986 for a
review). However, K. areolata lacks the characteristic
trigoniid dentition and is prosogyrous rather than

orthogyrous or opisthogyrous. Two other species of
“Trigonia” were described from Hampden—T.
neozelanica and T. densicostata —but both are now
referred to the Verticordiidae.

Figured specimen (Pl. 5p): holotype, Hampden Beach,
North Otago, Bortonian (TM4795, NZGS) x 3.

Pl. 6 f. Keilostoma malingi Marwick, 1942 [p. 273]
(Diastomatidae ?).

Size moderate for family (height 10-13 mm), turriculate, spire elevated.
Protoconch mamillate, of about 1 smooth whorl. Teleoconch whorls
8-9, early ones convex, later ones almost straight-sided; periphery of
last whorl rounded. Sculpture commencing on about 4th whorl,
consisting of imbricated (or terraced) spiral ridges stepped on adapical
edge, 5-7 on spire whorls, 10-11 on last whorl. No axial sculpture.
Aperture constricted posteriorly, broadly and shallowly excavated
anteriorly. Inner lip callused, outer lip with a broad, low, flattened varix.

Bortonian, Opuha River (type); Raincliff Stream, South
Canterbury (not uncommon at both localities).

Although long placed in the Rissoidae or Rissoinidae,
Keilostoma has been provisionally referred to the
Diastomatidae by Ponder (1985, p. 104). The genus
ranges from Late Cretaceous to Oligocene and has a wide
geographic distribution. K. malingi is very similar to the
type species, K. turricula (Bruguiere, 1792) from the
Lutetian of the Paris Basin. It is the only known New
Zealand gastropod with well developed terraced (or
ratchet) sculpture, a character that apparently aids
burrowing in soft sediments (Signor 1983).

Figured specimen (Pl. 6f): GS13813, J38/f56, Raincliff
Stream, South Canterbury, Bortonian (NZGS) x 4.

Pl. 6 g. Dicroloma (sensu lato) zelandica Marshall, 1919
[p. 228-229] (Aporrhaidae).

Size moderate for family (height ¢.30 mm), basically elongate-ovate but
adults greatly modified in shape by apertural processes. Protoconch
mamillate with apex somewhat flattened, of 4 smooth, strongly convex
whorls. Teleoconch of 5-6 whorls, strongly and evenly convex at first,
developing a weak median angulation on 5th whorl; last whorl increasing
sharply in diameter, with sharply defined median and peribasal keels.
Axial sculpture commencing as weak, almost straight, strongly
prosocline threads, followed by strongly opisthocyrt costellae reaching
from suture to suture on spire but stopping at peribasal angulation on
last whorl of subadult shells, and becoming obsolete on last or
penultimate whorl of adults. Spiral sculpture commencing as 7 or 8 fine,
rounded cords with interstitial threads appearing during growth, one
cord becoming stronger than others on 5th whorl at median angulation,
and another relatively strong cord at peribasal angulation on subadult
shells; base of last whorl with about 8 low cords with some interstitial
threads, upper 4 or so stronger than others. Aperture moderately large,
columella vertical, almost straight, probably very short in subadult shells,
but produced anteriorly in adults to form a long, narrow, slightly curved
siphonal canal. Inner lip with callus smear in young shells, moderately
callused in adults; outer lip probably thin with a broad, deep arcuate
sinus posteriorly in immature shells, but in adults considerably thickened
and bearing 2 very prominent digitations corresponding to. keels.
Posterior digitation directed away from and slightly behind aperture,
anterior digitation directed forwards; each of similar length to siphonal
canal and bearing a shallow longitudinal groove along its inner face.

‘Bortonian-Kaiatan; Bortonian, Hampden Beach (type);

McCulloch’s Bridge; Kapua Tuff, Waihao River. Not
uncommon in the lower part of the Hampden Formation
at Hampden Beach, but very difficult to collect; relatively
common in the Kapua Tuff but no specimen known with

‘a complete outer lip.

Dicroloma zelandica is one of the most unusual and
interesting of all New Zealand Eocene gastropods, for
all other known records of the genus are from the
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Mesozoic, particularly from the Jurassic. However, apart
from its apertural characters, D. zelandica is not
particularly like the type species, D. lorieri (Orbigny,
1847) (mid-Jurassic, France), which lacks definite axial
sculpture, but has broadly V-shaped growth lines.
Nonetheless, it seems that D. zelandica represents a relict
group that persisted in the New Zealand region until at
least the Late Eocene, long after the genus had become
extinct elsewhere.

Figured specimen (Pl. 6g): Hampden Beach, Bortonian
(NZGS —specimen figured by Marshall and Murdoch
1920, pl. 7, fig. 13) x 1.5.

PL 6 a, b. Monalaria concinna (Suter, 1917) [Struthiolaria
tuberculata concinna Suter 1917, p. 9]. Type species of
Monalaria Marwick, 1924 (Struthiolariidae).

Rather small for family (height 30-40 mm). Protoconch not known;
teleoconch of 5-6 whorls, first 3 or so whorls strongly convex, later ones
shouldered at about 0.6 whorl height on spire, last whorl excavated,
with 2 (or in some shells, 3) narrow keels on base. Axial sculpture absent
from early whorls (apart from fine growth lines), appearing on 3rd or
4th whorl as opisthocline, strongly opisthocyrt costae, reaching almost
from suture to suture at first but eventually becoming restricted to
shoulder angle where they form prominent, well spaced, sharp tubercles;
10-11 on last whorl. Basal keels with much weaker, more numerous
tubercles. Adult shells typically with 1 or 2 previous varices retained
on later whorls. Spiral sculpture commencing as 6-8 fine threads, which
become relatively prominent on 3rd or 4th whorl. Interstitial threads
appearing at about this stage, gradually increasing in strength while
primaries decrease, so that last whorl is covered with numerous fine
subequal threads. Aperture ovate, inner lip with moderately thick callus
which does not obscure the straight, subvertical columella. Outer lip
similar to that of Conchothyra australis (P1. 2g, h), i.e. almost straight
from suture to shoulder angle and strongly convex below, with a broad,
shallow anterior canal. Outer lip callus-development variable, apparently
stronger in specimens from shallow-water facies than from deep-water
ones.

Bortonian, Waihao Greensand, Waihao Downs (type)
and recorded from numerous localities in North Otago,
South and mid Canterbury, Westland and Northland.
Moderately common in shallow-water, sandy bottom
assemblages, rarer in deeper-water faunules (e.g.
Hampden Beach).

Monalaria concinna is one of the most distinctive Middle
Eocene molluscs from New Zealand, and is readily
distinguished from other struthiolariids by its mid-spire
sculpture of strongly opisthocyrt costae and relatively
strong spiral cords, its axial sculpture of sharp tubercles
on later whorls, and its strongly sinuous outer lip. A
second species of Monalaria, currently subdivided into
two “subspecies”, has been described. M. gracilis gracilis
(Dannevirke Series ?, Kaitangata) is smaller and more
slender than M. concinna and has smaller, more closely
spaced tubercles on the shoulder angle. M. gracilis filata
(Porangan ?, Otaio Gorge) is more like M. concinna in
shape but has apertural callus developing at a much
smaller size (i.e. at about 15 mm).

Figured specimen (Pl. 6a, b): GS5502, J38/f6601, Opuha
River, South Canterbury, below gorge, Bortonian
(NZGS) x 1.5.

Pl. 6 h. Carinacca allani (Marwick, 1924) [Natica
(Carinacca) allani Marwick 1924d, p. 554-555] (Naticidae:
Naticinae).

Size moderate for family (height 13-28 mm), ovate, spire about 0.25

height of shell, outline almost straight. Protoconch depressed, of about
3.5 smooth whorls. Teleoconch whorls gently convex, sutures only lightly

impressed. Axial sculpture of growth lines only; spiral sculpture of very
weak striae, most obvious just below suture. Inner lip almost straight,
parietal callus thick with short entering ridge adapically, spreading down
to coalesce with broad, low funicle near middle of lip. Outer lip strongly
prosocline, inclined at about 25° from vertical. Umbilicus broad,
bordered by a prominent ridge with a rounded outer edge and a sharp
inner margin.

Bortonian-Kaiatan; Bortonian, Waihao Greensand,
Waihao Downs (type); Kakahu; Bortons; Hampden
Beach; Pareora River; McCulloch’s Bridge. Common at
type locality, uncommon to rare elsewhere.

Carinacca allani is very similar to C. waihaoensis (P1. 8c),
but is rather less globose and has a more elevated spire
and a narrower umbilicus. The two forms overlap
somewhat in stratigraphic range and possibly represent
members of a gradually evolving lineage.

Carinacca is a relatively distinctive naticid genus
characterised by the presence of a prominent
circumumbilical ridge. It is recorded only from the
Bortonian and Kaiatan in New Zealand, and is also
present in the Middle Eocene of California (Marincovich
1977, p. 393).

Figured specimen (Pl. 6h): GS11148, J40/f8858, South
Branch, Waihao River near Waihao Downs. Bortonian
(NZGS) x 2.

Pl. 6 d, e. Propesinum fornicatum (Suter, 1917) [Sinum
JSornicatum Suter, 1917, p. 11; Sigaretotrema fornicatum,
S. insociale Marwick 1960, p. 20] (Naticidae:
Poliniceinae).

Rather small for family (height 9-16 mm); auriform, spire low, subconical.
Protoconch subplanorboid, of about 3 smooth whorls. Teleoconch of
1-1.5 rapidly increasing whorls; spire whorls convex, last whorl with well
rounded periphery, base concave, narrowly umbilicate. Sutures scarcely
impressed. Axial sculpture of growth lines, spiral sculpture of narrow,
rounded or flat-topped cords with interstitial threads, interrupted by
growth lines, more prominent on spire than on base. Aperture ovate,
very large, strongly prosocline, outer lip inclined at about 30° to vertical;
basal lip shallowly excavated. Parietal callus narrow, moderately thick;
inner lip reflected over upper part of umbilicus.

Mangaorapan?; Porangan? —Bortonian; Bortonian,
Maerewhenua River, North Otago (type of S.
Sfornicatum); Otaio Gorge (type of S. insociale); Kakahu;
South Branch Waihao River near “Pentland Hills”.
Rather rare at all localities.

Propesinum fornicatum is superficially similar to
Eunaticina linnaeana (P1. 47s) but differs in having a much
lower spire, a slightly lower protoconch, a scarcely
impressed suture, more rapidly expanding teleoconch
whorls, a narrower umbilicus and a much more oblique
aperture. S. insociale allegedly differs from P. fornicatum
in having a less oblique aperture, but the holotype of S.
insociale (the only known specimen) is a small, poorly
preserved specimen that seems to have the outer lip as
oblique as typical specimens of P, fornicatum. Although
long referred to Sigaretotrema, this species has little
resemblance to the type species, S. michaudi (Michelotti,
1847) (Miocene, Europe), which has a globular, high-
spired shell with a moderately oblique aperture. It is,
however, very similar to the type species of Propesinum
Iredale, 1924, P. umbilicatum (Quoy and Gaimard, 1832)
(Recent, Tasmania) and is considered to be congeneric.
Propesinum was synonymised with Sigaretrotrema by
Finlay and Marwick (1937, p. 55) but we consider them
to be distinct taxa.
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Figured specimen (Pl. 6d, €): holotype, Maerewhenua
River, near Livingstone, North Otago, Bortonian
(TM6854, NZGS) x 2.

Pl. 6 1. Galeodea (Galeodea) modesta (Suter, 1917)
[Galeodes modesta Suter 1917, p. 19-20] (Cassidae:
Cassinae).

Size moderate for genus (height 32-45 mm), ovate, spire about 0.25
height. Protoconch broadly conical, of about 4 smooth, convex whorls.
Teleoconch whorls 4-5, prominently shouldered near middle on spire;
last whorl with 3 or 4 additional, less prominent keels and a strongly
twisted neck. Axial sculpture of prominent nodules or tubercles on
shoulder angle, somewhat weaker ones on keel immediately below and
much weaker ones on other keels; 10-12 per whorl on shoulder angle,
those on lower keels typically more numerous and not corresponding
to those above. Spiral sculpture of numerous fine threads, somewhat
stronger on lower part of base and on neck than elsewhere. Aperture
elongate-ovate, constricted at both ends, siphonal canal narrow, bent
to left and away from aperture. Quter lip slightly inclined to vertical,
with a prominent, flattened varix, inner edge with 13-15 short lirae. Inner
lip heavily callused, projecting freely over columella, bearing 1 or 2
narrow lirae adapically and numerous short, irregular wrinkles below.

Bortonian, Waihao Greensand, Kakahu (type); Waihao
Downs. Rare at both localities.

Galeodea modesta is readily distinguished from G.
apodemetes (P1. 20q) by its finer spiral sculpture and by
its heavily “armoured” aperture. Another Bortonian
species, G. geniculosa (Hampden Beach), also has an
armoured aperture but has considerably coarser spiral
sculpture; however, it may not be a distinct species in view
of the considerable variation noted in living cassids. An
undescribed species from the Slip Point Siltstone, Clifden
(Clifdenian) is most similar to G. modesta, differing
mainly in having a protoconch of only 1.5 whorls, finer
shoulder tubercles and a less prominently armoured
aperture.

Figured specimen (Pl. 61): GS9886, J40/18823,
abandoned railway cutting, Waihao Downs, Bortonian
(NZGS) x 1.5.

PL. 6 j. Priscoficus alectodens Marwick, 1942 [p. 275]
(Ficidae).

Size moderate for family (height 35-60 mm), pyriform, spire about 0.25
height. Protoconch apparently dome-shaped, of about 2.5 smooth
whorls. Teleoconch of about 4 whorls, sharply shouldered above middle
on spire; last whorl with 2 additional prominent keels, gradually
contracted below to. long, almost straight neck. Axial sculpture
commencing as fine costellae reaching virtually from suture to suture
but later becoming restricted to small, sharp tubercles on keels, those
on shoulder keel stronger and less numerous than those below. Tubercles
becoming less numerous on later whorls, ¢.13-15 on shoulder keel of
last whorl. Spiral sculpture of narrow, low cords with some interstitial
threads. Aperture pyriform, constricted anteriorly to form siphonal
canal. Inner lip with thin callus smear, outer lip thin, angled by keels.

Bortonian, Hampden Formation, Hampden Beach
(type); Kakahu; Black Pt, Bortons; Ngapara; Pareora
River. Rare at all localities.

Priscoficus allani Marwick, 1960 (Porangan?, Otaio
Gorge) was based on juvenile shells but seems to be very
similar to P. alectodens and may not be distinct. P. obtusa
(P1.2w) has clasping teleoconch whorls (i.e. the shoulder
angle is obscured by the sutural ramp of the succeeding
whorl) and has coarser tubercular sculpture and a more
capacious aperture than P. alectodens.

Priscoficus differs from Ficus in having prominently
keeled rather than evenly convex teleoconch whorls, and
prominent nodular or tubercular sculpture in contrast to
the predominantly spiral sculpture (and in some species
fine axial sculpture) typical of the latter genus. Priscoficus
is not known after the Bortonian in New Zealand, it is
also recorded from Paleocene to Early Eocene in Europe
and North America.

Plate 6 Middle Eocene (Porangan-Bortonian) Mollusca (2).

b. Monalaria concinna (Suter), x 1.5.

op

Propesinum fornicatum (Suter), x 2.
Keilostoma malingi Marwick, x 4.

o
®

.

Carinacca allani (Marwick), x 2.
Falsicolus bensoni (Allan), x 1.5,
Priscoficus alectodens Marwick, x 1.5.
Mauira biconica (Suter), x 1.

B pe

B

Waihaoia thomsoni Marwick, x 1.5,
Fascioplex liraecostata (Suter), x 1.5.

°

B

Athleta necopinata Suter, x 1.5.
Insolentia (?) sertula (Suter), x 1.5.
Speightia spinosa (Suter), x 1.
Gemmula reticulata (Marshall), x 3.

S oo

Cirsotrema (Cirsotrema) kuriense Marwick, x 2.

Dicroloma (sensu lato) zelandica Marshall, x 1.5.

Galeodea (Galeodea) modesta (Suter), x 1.5.
Austrofusus (Austrofusus) acuticostatus (Suter), x 2.

Eocithara (Marwickara) waihaoensis Laws, x 2.
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Figured specimen (Pl. 6j): GS11150, J39/f7686, Pareora
River near Mt Horrible, Bortonian (NZGS) x 1.5.

PL. 6 m. Austrofusus (Austrofusus) acuticostatus (Suter,
1917) [Siphonalia nodosa acuticostata Suter 1917, p. 81]
(Buccinidae).

Rather small for genus (height 25-30 mm), broadly fusiform, spire half
height. Protoconch conical, of about 4 whorls, last 0.5 whorl with
narrow opisthocyrt costellae. Teleoconch whorls 6 or 7, angled medially
on spire, last whorl with well developed peribasal angulation, strongly
excavated below with a short, curved neck. Axial sculpture of prominent
rounded costae, slightly tubercular at angulations, reaching from lower
suture to upper part of sutural ramp on spire whorls, dying out rapidly
on upper part of base; 11 or 12 on penultimate whorl. Spiral sculpture
of numerous narrow cords with interstitial secondary and tertiary
threads, finely crenulated by growth lines. Aperture ovate, with narrow
siphonal canal sharply bent to left; outer lip somewhat thickened
internally, bearing about -15 -narrow lirae within.

Bortonian, Waihao Greensand, Waihao Downs (type)
(uncommon).

Austrofusus acuticostatus has also been recorded from
McCulloch’s Bridge (Kaiatan) but the species occurring
there is distinct, differing in its larger size, less slender
shape, more strongly angled teleoconch whorls and
coarser spiral sculpture. Except for a doubtful record
from the Waipawan of Chatham Island, this is the oldest
known species of Austrofusus, an endemic genus that
includes numerous species, many of them highly
distinctive and having short stratigraphic ranges. A.
acuticostatus differs from younger species in its relatively
small size, slender shape, fine spiral sculpture and
somewhat thickened, distinctly lirate outer lip.

Figured specimen (Pl. 6m): GS11216, J40/f068, South
Branch Waihao River, near Waihao Downs, Bortonian
(NZGS) x 2.

Pl. 6 i. Falsicolus bensoni (Allan, 1926) [Fusinus bensoni
Allan 1926, p. 339-340] (Fasciolariidae).

Size moderate for genus (height 50-70 mm), fusiform, spire about half
total height. Protoconch not known but probably conical, of about 3
whorls. Teleoconch of 7-8 whorls, typically sharply angled medially on
spire but angulation becoming obsolete on last whorl of some shells;
sutural ramp flat or slightly concave. Last whorl strongly excavated with
long, straight or somewhat twisted neck. Axial sculpture of rounded
orthocline costae with concave interspaces of similar or greater width,
reaching from suture to suture on earliest whorls but quickly becoming
obsolete on upper part of ramp on later whorls and on some shells
becoming restricted to rather sharp peripheral tubercles on last whorl
or s0; 9-11 on penultimate whorl. Some shells with axial sculpture—
other than growth lines—absent from last whorl. Spiral sculpture
commencing as a narrow peripheral cord with 1 or 2 of similar strength
between it and lower suture, and fine threads on sutural ramp, some
of which become as prominent as the primaries on later whorls. Threads
also present between primaries on later whorls. Last whorl with 15-18
additional narrow cords, some with interstitial threads, on base and
neck. Aperture pyriform, with a long, almost straight siphonal canal;
columella almost straight except for blunt twist near top of canal. Inner
lip with thin callus smear; outer lip thin, finely lirate within.

Bortonian,
(uncommon).

Falsicolus alta may be the same as this species, but the
available material (Bortonian, Hampden Beach) is too
poorly preserved to compare satisfactorily with Waihao
shells. F. solida (Kaiatan, McCulloch’s Bridge, Westland
and Nelson) is similar in size and overall shape but has
evenly convex or only feebly angled teleoconch whorls,
so that axial costae do not become tubercular on later
whorls.

Waihao Greensand, Waihao Downs

Falsicolus is an endemic genus which is first recorded from
the Red Bluff Tuff on Pitt Island (Waipawan) and ranges
as high as Kapitean. Typical species of the genus have
strongly angled teleoconch whorls with prominent conical
or vertically compressed peripheral tubercles but others,
including F. alta and F. solida have axial sculpture of
rounded costae, occasionally tubercular on the periphery
but not as prominently so as in the former group. Still
others [F. gemmata (Pl. 25t) and F. ectypa ] have distinct
gemmate sculpture produced by the intersection of axial
and spiral elements. Such sculptural heterogeneity
suggests that the genus should be subdivided into at least
three subgenera. Falsicolus is extinct but the fossil
occurrences indicate that it ranged from about mid-shelf
to upper bathyal depths.

Figured specimen (Pl. 6i): GS11216, J40/f068, South
Branch, Waihao River, near Waihao Downs, Bortonian
(NZGS) x 1.5.

PL. 6 o. Fascioplex liraecostata (Suter, 1917) [Galeodes
(Pugilina) liraecostata Suter 1917, p. 19; ?Rapana
neozelanica Suter 1917, p. 38-39]. Type species of
Fascioplex Marwick, 1934 ‘(Melongenidae).

Small for family (height 25-35 mm), biconic, spire low, about 0.25 total
height. Protoconch not known. Teleoconch of about 5 strongly clasping
whorls in which the sutural ramp extends up to, or slightly below the
peripheral keel of the previous whorl. Last whorl with a very prominent
peripheral keel and 3-5 well spaced keels of similar or somewhat lesser
strength below. Axial sculpture of prominent triangular scale-like spines
which are open adaperturally, confined to keels, those on peripheral
keel stronger than those below and turned upwards on many specimens;
10 or 11 on penultimate whorl. Last half whorl or so with a subsutural
row of very short, closely spaced triangular scales. Spiral sculpture other
than keels of numerous threads over whole surface. Aperture ovate with
a short, constricted siphonal canal; inner lip thinly callused, outer lip
thin, with short internal grooves at positions of keels. Columella concave
adapically, twisted to left at inception of siphonal canal; bearing 2 thin,
closely spaced plaits on twist. Fasciole prominent, scaly, with a well
defined pseudumbilicus between it and inner lip.

Bortonian, Waihao Greensand, Kakahu (type of G.
liraecostata); “Waihao River” (type of R. neozelanica);
South Branch, Waihao River near Waihao Downs; Black
Point, Bortons; Pareora River. Moderately common to
uncommon at listed localities.

The relationship of this species to the other two nominal
species of Fascioplex, i.e. F. neozelanica (Kakahu) and
F. browni (Waihao Downs) remains to be determined.
The holotype of F. neozelanica is badly worn, but
specimens attributed to this species by Marwick (1934)
are similar to F. liraecostata in shape and axial sculpture
but lack keels on the base and neck and have a much less
prominent fasciole (and consequently a less obvious
pseudumbilicus). Nonetheless, it seems probable that the
two “species” grade into one another and are not worth
separating. F. browni is known only by the holotype,
which differs from typical specimens of F. liraecostata in
having a much higher spire, axial sculpture of lamellar
growth ridges (in addition to peripheral spines) and at
least seven prominent spiral cords on base and neck.
These differences suggest that F. browni is a distinct
species.

Fascioplex is an endemic genus, so far recorded only from
the Bortonian, but it resembles (in miniature) Melongena
species in the Cenozoic and living faunas of south-eastern
USA.
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Figured specimen (Pl. 60): hypotype of Marwick (1934,
pl. 1, fig. 9), locality uncertain but probably Waihao
Downs, Bortonian (NZGS) x 1.5.

Pl. 6 p. Eocithara Warwiékara) waihaoensis Laws, 1935b
[p. 29]. Type species of Marwickara Laws, 1935
(Harpidae).

Small for family (height 23 mm), elongate-ovate, spire 0.4 total height.
Protoconch not definitely known. Teleoconch of 4 convex, weakly
shouldered whorls, last whorl with a short neck; sutures impressed. Axial
sculpture of narrow, sharp-crested costae with broad interspaces,
opisthocyrt on spire, sinuous on last whorl, reaching across base; 20
on penultimate whorl. Spiral sculpture of fine cords between costae,
intersected by growth lines. Aperture ovate, columella twisted to left
at inception of short, open, shallowly notched siphonal canal. Inner
lip narrowly but rather thickly callused, bearing a weak V-shaped parietal
denticle. Outer lip sinuous with bevelled varix, weakly denticulate within.
Fasciole moderately prominent, rounded.

Bortonian, Waihao Greensand, Waihao Downs, i.e. from
South Branch, Waihao River (type) (very rare).

No other species of Eocithara have been described from
New Zealand, but an as yet unnamed harpid from White’s
Creek, North Canterbury (Mangaorapan) probably
belongs here; it differs from E. waihaoensis in its larger
size (height 30 mm), lower spire, stronger spiral sculpture,
and more prominent fasciole (Rehder 1973, p. 231).
Another possible member of the genus is the very poorly
preserved specimen from Gisborne district (Duntroonian)
that was originally identified as Morum (Oniscidia) sp.
(Marwick 1931, p. 13, pl. 10, fig. 185; Fleming 1966b,
pl. 113, fig. 1381). Until recently these were the only New
Zealand species thought to belong in the typically warm-
water family Harpidae but it is now known that the genus
Morum, long considered to be a cassid, is a harpid
(Hughes 1986). Morum is represented in the Oligocene
to Middle Miocene of New Zealand by at least three
species of the subgenus Oniscidia (see below).

Figured specimen (Pl. 6 p): holotype, Waihao Downs,
South Canterbury, Bortonian (AMTM265, Auckland
Institute and Museum) x 2.

Pl. 6 q. Athleta necopinata Suter, 1917 [p. 40; Plejona
necopinata; Notoplejona necopinata). Type species of
Notoplejona Marwick, 1926, synonymised with Athleta
Conrad, 1853 by Darragh (1971, p.166-167) (Volutidae:
Athletinae).

‘Small for family (height 30-50 mm), broadly fusiform, spire moderately
elevated, about 0.3 total height. Protoconch small, narrowly dome-
shaped, of about 3 whorls, last whorl with axial costellae. Teleoconch
whorls 5 or 6, convex at first then developing a narrow sutural shelf;
last whorl elongate, gently convex, gradually contracted. Axial sculpture
commencing as narrow costae reaching from suture to suture, soon
developing laterally compressed triangular tubercles on shoulder angle
and some distance below (just above suture on spire whorls), costae
eventually becoming obsolete in between so that later whorls typically
have 2 rows of tubercles without definite interconnecting costae; 8-10
on last whorl. Spiral sculpture of weak threads on spire whorls, more
prominent on last whorl, where they consist of low, rounded or flat-
topped cords with narrow interspaces, obsolete near middle of whorl
on some shells. Aperture rather narrow, anterior end deeply notched,
posterior end with shallow sinus. Inner lip heavily callused, some shells
with a triangular spur near middle of outer margin of callus; columella
almost straight, padded near middle on mature shells and bearing §
or 6 weak plaits, the anterior one somewhat stronger than the others.
Outer lip reflected, with prominent varix, its outer edge crudely nodulose,
inner edge finely crenulate. Fasciole ridge-margined.

Bortonian, Waihao Greensand, Waihao Downs (type);
Kakahu; Black Point, Bortons; Kakanui River; Pareora

River. Moderately common to uncommon at listed
localities.

Athleta necopinate is the most elaborately sculptured New
Zealand volute and is unlikely to be confused with
anything else except perhaps the poorly known A. lata,
which was described from Castle Hill Shaft, Kaitangata
(Porangan?) and later recorded from Otaio Gorge
(Marwick 1960, p. 23). A. lata seems to differ from A.
necopinata in having a lower spire and finer spiral
sculpture and in lacking a definite sutural shelf.

Athleta is recorded from Europe, North America, Africa,
Asia and Australia and has a stratigraphic range of Late
Cretaceous to Recent (Darragh 1971, p. 168), but in New
Zealand it is not known after the Bortonian.

Figured specimen (Pl. 6q) : GS11150, J39/f7686, Pareora
River near Mt Horrible, Bortonian (NZGS) x 1.5.

Pl. 6 k. Mauira biconica (Suter, 1917) [Galeodes biconica
Suter 1917, p. 18-19; Fulgoraria (Alcithoe) biconica Suter
1917, p. 39-40; Mauia biconica;, Mauia curvispina
Marwick 1926a, p. 273; Mauira curvispina] (Volutidae:
Zidoninae).

Size moderate for family (height 70-80 mm), broadly biconic, spire
0.25-0.4 total height. Protoconch mamillate, of about 2 whorls with
apical spike. Teleoconch whorls sharply angled, but angulation on spire
whorls of most shells obscured by sutural ramp of succeeding whorl.
Sutural ramp flat or slightly convex; sides of last whorl straight or gently
convex, contracted gradually. Axial sculpture on early whorls of narrow
costae with sharp tubercles at angulation, later whorls with prominent
peripheral tubercles that are scarcely prolonged abapically and vary in
length and curvature; 8 or 9 on last whorl. Spiral sculpture of numerous
very fine threads preserved on only a few shells. Aperture capacious,
columella almost straight with 4 prominent subequal plaits; inner lip
thinly callused, outer lip probably slightly reflected. Siphonal notch deep,
oblique; fasciole prominent, raised, ridge-margined.

Bortonian, Waihao Greensand, Kakahu (type of G.
biconica); “Waihao River”, probably Waihao Downs
(type of F. biconica); Waihao Downs (type of M.
curvisping); Hampden Formation, Hampden Beach;
Pareora River. Moderately common to uncommon at
listed localities.

Apart from its larger size, the type of M. curvispina differs
from that of M. biconica (which is not adult) only in
having a slightly more convex last whorl and longer, more
strongly curved spines, differences that are not in
themselves sufficient to discriminate species in the
Volutidae. The relationship of M. biconica to other
nominal Bortonian species of Mauira is less clear,
however. M. waihaoensis (also from Waihao Downs) was
based on a shell with a relatively tall spire in which the
peripheral angulation is clear of the succeeding whorl,
and is very similar, if not identical to M. angusta
(Kakahu). Future work will probably show that M.
angusta and M. waihaoensis are additional synonyms of
M. biconica. M. maoriana (also from Kakahu, and the
type species of Mauira) seems to be a distinct, rather
bizarre species in which the tubercles are in a more
anterior position so that on the last whorl they emerge
from the aperture.

Mauira is an endemic genus which is first recorded from
the “Matau” faunule of Castle Hill Shaft, Kaitangata
(Porangan?) and is represented in many shallow-water
Bortonian faunules, but then disappears from the fossil
record, only to apparently reappear in the Altonian.
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Figured specimen (Pl. 6k): GS11148, J40/£8858, South
Branch, Waihao River near Waihao Downs, Bortonian
(NZGS) x 1.

Pl. 6 n. Waihaoia thomsoni Marwick, 1926a [p. 277]
(Volutidae: Zidoninae).

Size moderate for genus (height 52-62 mm), narrowly fusiform, spire
0.4 total height. Protoconch not known. Teleoconch of about 6 or 7
whorls, early whorls convex, later whorls broadly shouldered near
middle, angulation increasing in prominence for 2 or 3 whorls then
gradually weakening, becoming obsolete on last whorl of some shells;
last whorl elongate, broadly excavated with a short, slightly curved neck.
Axial sculpture commencing as narrowly rounded costae with much
broader interspaces, 8-9 per whorl, reaching from suture to suture,
becoming thickened at shoulder angulation on later whorls, in some
shells reduced to peripheral nodules on last whorl, in others becoming
obsolete on last whorl. Spiral sculpture of very numerous, exceedingly
fine striae, retained only on unabraded parts of shell. Aperture narrow,
elongate; columella gently convex, bearing 4 or 5 narrow, well spaced
plaits. Siphonal notch shallow, fasciole low, rounded. Quter lip thin.

Bortonian, Waihao Greensand, Waihao Downs,
probably South Branch, Waihao River (type); Pareora
River (uncommon). Distinguished from W. allani (Pl. 8p)
by its more slender shell and in having the axial costae
changing into peripheral nodules or becoming obsolete
on the last whorl.

Figured specimen (Pl. 6n): GS5467, J39/f7508, Pareora
River, near Evan’s Crossing, Bortonian (NZGS) x 1.5.

PL. 6 t. Gemmula reticulata (Marshall, 1919) [Turris
reticulatus Marshall 1919, p. 231] (Turridae: Turrinae).

Rather small for subfamily (height ¢. 25 mm), fusiform, spire about
0.6 total height. Protoconch not known, but probably conical with axial
costae on the last 2 or 3 whorls. Teleoconch of 7-8 whorls, strongly
angled at about 0.4 whorl height on spire, sutural ramp steep, concave
with a low subsutural swelling; last whorl with weak peribasal
subangulation, excavated below, probably with moderately long neck.
Axial sculpture of prominent rounded or subrectangular peripheral
nodules and much weaker, low nodules just below suture corresponding
to those on periphery but set forwards; 12-16 nodules on penultimate
whorl; other axial sculpture of growth lines. Spiral sculpture of narrow
cords or threads, typically rather subdued, but in the figured specimen
1 cord between periphery and lower suture much more prominent than
others. Aperture broken in available specimens, but presumably
pyriform with a moderately long, unnotched siphonal canal; inner lip
distinctly impressed posteriorly; outer lip apparently thin, smooth within;
anal sinus deep, narrowly U-shaped, apex on peripheral keel.

Bortonian, Hampden Formation, Hampden Beach (type)
(uncommon).

Gemmula reticulata is distinguished from other New
Zealand species of Gemmula by having the peripheral keel
angled rather than rounded or flattened, by its relatively
coarse peripheral tubercles, by its relatively fine spiral
sculpture and by the absence of internal lirae on the outer
lip. '

Figured specimen (Pl. 6t): Hampden Beach, Bortonian
(NZGS, ex Marshall and Murdoch Colln.) x 3.

PL. 6 r. Insolentia (?) sertula (Suter, 1917) [Surcula sertula
Suter 1917, p. 53] (Turridae: Turrinae).

Size moderate for family (height 23-50 mm), fusiform, spire about half
total height. Protoconch not known. Teleoconch of about 9 whorls,
weakly shouldered near middle on spire, sutural ramp steep, slightly
concave with low subsutural fold; last whorl broadly excavated,
contracted to moderately long neck. Axial sculpture on early whorls
of very short, low, rounded costae reaching from middle of ramp to
lower suture; on later whorls costae charging gradually into low, broad,
rounded nodules on shoulder and eventually becoming obsolete; 8 or
9 per whorl. Spiral sculpture subdued, consisting of a narrow cord on

lower edge of subsutural fold, another on shoulder angle and 8-10 of
similar strength on base and neck of last whorl; also background
sculpture of very numerous, exceedingly fine threadlets over shell surface.
Aperture narrowly pyriform, columella almost straight, oblique. Inner
lip smooth, slightly impressed adapically; outer lip thin with a rather
shallow anal sinus, its apex rounded and near middle of ramp.

Porangan?; Bortonian, Waihao Greensand, Waihao
Downs (type) (not uncommon); Hampden Beach;
Pareora River; Otaio Gorge (2).

This species is somewhat doubtfully referred to Insolentia
because its anal sinus is broader and less symmetrical than
in typical species of the genus. It superficially resembles
some species of Comitas but differs in having a much
shallower sinus.

Figured specimen (P1. 6r): South Branch, Waihao River,
near Waihao Downs, Bortonian (NZGS, ex C.R. Laws
Colln.) x 1.5.

Pl. 6 s. Speightia spinosa (Suter, 1917) [Euthriofusus
spinosus Suter 1917, p. 24]. Type species of Speightia
Finlay, 1926 (Speightiidae).

Moderately large (height 55-90 mm), broadly biconic, spire about 0.4-0.5
total height. Protoconch not known. Teleoconch of 7 or 8 whorls,
sharply keeled a short distance above suture on spire; last whorl with
rounded peribasal subangulation, broadly excavated below; neck
moderately long, slightly curved. Axial sculpture of prominent, vertically
compressed, rounded tubercles on peripheral keel; 9-11 per whorl. Spiral
sculpture of subdued cords and threads below keel. Aperture pyriform;
columella straight or slightly concave adapically, twisted to left at
inception of moderately long siphonal canal. Inner lip moderately thickly
callused with a narrow entering ridge near adapical end. Outer lip thin,
smooth within, with a moderately broad, shallow anal sinus on ramp,
its apex much closer to keel than to suture.

Bortonian, Waihao Greensand, Waihao River (type)—
probably South Branch near Waihao Downs; Hampden
Beach; Black Point, Bortons; Parcora River. Not
uncommon at most localities. '

Speightia is a monotypic genus so far known only from
Bortonian faunules of offshore facies, but it is apparently
closely related to Clinuropsis Vincent, 1913 (Paleocene,
Belgium, Zaire) and Andicula Olsson, 1929 (Early
Eocene, Peru). Powell (1942) proposed the family
Speightiidae for these three genera and placed it near the
Turridae, although the relationship may not be as close
as is implied. Species included in the family superficially
resemble some buccinids, e.g. Penion, but speightiids are
readily distinguished by their relatively pronounced anal
sinus.

Figured specimen (Pl. 6s): paratype, GS480, J40/{8372,
Waihao River, probably South Branch near Waihao
Downs, Bortonian (TM5753, NZGS) x 1.

PL. 6 c. Cirsotrema kuriense Marwick, 1942 [p. 275, as
kuriensis Y(Epitoniidae).

Size moderate for genus (height 25-30 mm), spire elevated. Protoconch
not known. Teleoconch whorls strongly convex, sutures obscured by
lateral extensions of costae; last whorl with well defined basal disc. Axial
sculpture of prominent prosocline costae reaching from suture to suture
on spire and across basal disc to fasciole on last whorl. Costae narrow
with much wider interspaces on early whorls, but becoming relatively
much broader with narrow interspaces on later whorls; costae composed
of numerous lamellae fused together, rounded on crests, abapertural -
face slightly concave. Varices at irregular intervals, scarcely
distinguishable from other costae on later whorls; 9-11 costae (including
varices) per whorl. Spiral sculpture of 5 or 6 low, flattish cords on spire
whorls, considerably more prominent on costal crests than in interspaces,
and very fine interstitial threads. Last whorl with additional strong cord
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marking edge of basal disc, and fine threads between costae on base.
Aperture subcircular, heavily variced, basal lip truncate. Fasciole well
marked.

Bortonian, Hampden Formation, Hampden Beach
(uncommon). Probably most closely related to C.
caelicola (Altonian, Kakanui) but much smaller, having

more closely spaced axial costae at a similar stage of
growth and having more prominent spiral cords on the
axial costae.

Figured specimen (Pl. 6¢): holotype, Hampden Beach,
North Otago, Bortonian (TM6852, NZGS) x 2.

CHAPTER 8. LATE EOCENE FAUNAS
(KAIATAN AND RUNANGAN STAGES): PLATES 7, 8.

INTRODUCTION (Figure 13)

In contrast to the Middle Eocene molluscan faunules
described in the previous chapter, those of Late Eocene
age (Kaiatan and Runangan Stages) come from a rather
limited range of facies. Except for a possible component
of the Lorne faunule (see below), no significant shallow-
water assemblages are known, and our knowledge of the
fauna is based almost entirely on relatively deep-water
faunules. The marine transgression that had
recommenced in the early Middle Eocene continued
throughout the Late Eocene (albeit with a probable short-
lived stillstand or reversal in the late Bortonian), with the
result that most sediments deposited during this period
are fine-grained (mudstone, marl and limestone) and of
deep-water facies, and contain few if any
macroinvertebrates. An additional problem is that the
thickest and most widespread Late Eocene rock unit, the
Kaiata Formation, was deposited under partly anoxic
conditions so with a few exceptions molluscan faunules
in it are sparse and of low diversity.

The regional depositional pattern was complicated in
the Oamaru district by local volcanism that produced
seamounts or mounds (Waiareka Volcanic Formation),
with associated bryozoan limestone (Totara Limestone)
or Oamaru Diatomite. Virtually all we know about
Runangan molluscs is based on collections from these
three units, particularly the Waiareka Volcanic
Formation.

Westland and Nelson

The Paparoa Trough continued to subside during the Late
Eocene and was joined by smaller subsiding basins near
Reefton, Murchison and Nelson, so that by the end of
the Eocene, the West Coast was reduced to “an
archipelago of low-lying islands” separated by moderately

deep seas of restricted circulation (Nathan et al. 1986,
p. 31, 63). Carbonaceous, calcareous sandtone (Island
Sandstone) was deposited in places (e.g. in the Punakaiki-
Fox River area), but the most widespread unit is the
Kaiata Formation, which consists primarily of dark
brown, massive or faintly bedded, calcareous,
carbonaceous mudstone (Kaiata Mudstone Member)
attaining a thickness of 2000 m in the deepest parts of
the Paparoa Trough, and about 1000 m in the other
basins. A thick clastic wedge of coarse sandstone and
conglomerate (Omotumotu Member), interbedded with
Kaiata Mudstone on the east side of the Paparoa Trough,
was formed during rapid, fault-controlled uplift along
the margin of the basin.

The best outcrop of Kaiata Formation is in the sea-
cliffs and shore platform from Point Elizabeth, north to
Rapahoe Beach, near Greymouth. This section includes
the hypostratotype of the the Kaiatan Stage, and the
holostratotype of the Runangan Stage. Molluscs are
typically very sparse, but a pocket from high in the
Kaiatan part of the section contained a moderately
diverse, well-preserved faunule including
Pseudoportlandia n.sp., Procardia cf. dolicha, Uberella
n.sp. aff. cicatrix, “Uberella” haasti, Exilia cf. waihaoensis,
Falsicolus solida, Austrofusus bicarinatus, Amalda
(Gracilispira) n.sp., Ancillus n.sp., Volutomitra
(Waimatea) inconspicua, Eoturris cf. complicata,
Zemacies cf. marginalis, Tholitoma n.sp, Microdrillia
n.sp. and Cordieria cf. rudis. This is very similar to the
McCulloch’s Bridge faunule (see below) except for the
presence of a few genera (e.g. Procardia, Tholitoma and
Microdrillia) not recorded from the Waihao locality. The
similarity of the two faunules suggests similar
depositional environments, i.e. outer shelf or upper
bathyal zones, a conclusion consistent with microfossil
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Figure 13 The main molluscan fossil localities of Kaiatan and Runangan
(Late Eocene) age.

evidence (Hoskins in Nathan 1974, p. 16). Some of these
species are also present in a less diverse faunule from
Meirose, Buller River, between the Reefton and
Murchison Basins. Faunules from Kaiata Formation
elsewhere in these basins are of low diversity, and most
are dominated by the turritellid Spirocolpus cf.
waihaoensis. :

In the Nelson City area the Braemar Formation is the
Iocal equivalent of the Kaiata Formation (Nathan et al.
1986, p. 33). It has yielded a few small molluscan
faunules, the richest being a probable Kaiatan one from
Bishopdale quarry with Pinna aff. distans, Polinices
(Polinella) cf. esdailei, Exilia cf. waihaoensis, Falsicolus
cf. solida and Waihaoia sp. A very small collection from
an excavation for Nelson Public Hospital is noteworthy
for including the earliest known “Hinnites” from New
Zealand (Vella 1962, p. 155). -

The only determinable mollusc recorded from the

Omotumotu Member is a limpet closely resembling the
extant intertidal rock-dweller Cellana strigilis. 1ts presence
in the Kaiata Formation implies emplacement by some
mass-flow process, and suggests that a careful
examination of outcrops of Omotumotu Member for
other shallow water molluscs would be profitable.
Molluscan faunules from the Island Sandstone at
Perpendicular Point near Punakaiki, and at Woodpecker
Bay, mouth of Fox Fiver, consist of calcitic species, e.g.
Serripecten n.sp., Janupecten cf. uttleyi, Pinna sp. and
Cirsotrema sp., and evidently lived in a much shallower
environment than those from the Kaiata Formation.

Waihao River, South Canterbury

By far the most diverse molluscan faunule yet recorded
from the New Zealand Eocene is from a thin bed (about
two metres thick) at the top of the Waihao Greensand
near McCulloch’s Bridge, Waihao River. This locality has
long been known and is the source of numerous species
described by most of the leading workers on New Zealand
Cenozoic molluscs. The recorded faunule from this bed
of glauconitic sandstone, which is only a few metres
above the Bortonian-Kaiatan boundary, totals more than
200 species, including Saccella semiteres,
Pseudoportiandia tahuia, Limopsis waihaoensis,
Notolimopsis hampdenensis, Parvamussium n.spp.,
Caestocorbula n.sp., Spirocolpus waihaoensis, Zeacolpus
lornensis, Pareora subiaevis, Polinices (Polinella) esdailei,
Carinacca waihaoensis, Friginatica suturalis, “Uberella”
haasti, Neverita pontis, Sassia cyphoides, Cirsotrema
n.sp., Exilia waihaoensis, Falsicolus solida, Austrofusus
n.sp., Latirulus n.sp., Poirieria denticulifera, Amalda
(Gracilispira) morgani, Ancillus n.sp., Volutomitra
(Waimatea) inconspicua, Peculator (Parvimitra)
plicatellus, Waihaoia allani, Conilithes tahuensis,
Marshallena neozelanica, Marshallaria spiralis, Eoturris
complicata, Gemmula spp., Cochlespira (Tahiusyrinx)
maora, Cordieria rudis, Zeacuminia tahuia and Wangaloa
ngaparaensis. This assemblage has some similarity —
particularly at the genus-group level —to the Bortonian
one from Hampden Beach, probably partly because of
its low position in the Kaiatan, but also as a result of a
similarity in depositional environment; it differs, however,
in the absence of several important Bortonian taxa, e.g.
Monalaria, Fascioplex and Speightia, all of which occur
at Hampden.

The McCulloch’s Bridge assemblage indicates
deposition in quiet, moderately deep waters (outer shelf
or upper slope) and under warm conditions, possibly
equivalent to those prevailing in northern New South
Wales at the present day (Maxwell in prep.).

The Ashley Mudstone, which overlies the Waihao
Greensand at McCulloch’s Bridge and elsewhere in South
Canterbury, typically contains only sparse, poorly
preserved molluscs, but a moderately diverse, well
preserved faunule has been collected from a thin bed of
pyroclastics (Kapua Tuff) in the upper part of the unit,
upstream from the bridge. This faunule, which is from
near the top of the Kaiatan in this section, has some
species in common with the McCulloch’s Bridge faunule,
but for the most part it is very different because of the
much firmer substrate afforded by the tuff, and because
it . probably lived in considerably deeper waters.
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Characteristic species include Ennucula n.sp.,
Parathyasira n.sp., Spectamen n.sp., Calliotropis n.sp.,
Spirocolpus waihaoensis, Zeacolpus lornensis, “Uberella”
haasti, Dicroloma zelandica, Austrofusus bicarinatus,
Amalda (Alocospira) n.sp., Waihaoia allani, Parasyrinx
(Lirasyrinx) n.sp., Cordieria rudis, Superstes marshalli,
Spiratella spp., and Gadilina n.sp. The relative abundance
of archaeogastropods (particularly Spectamen n.sp.) and
of the aporrhaid Dicroloma zelandica give this assemblage
a very distinctive aspect.

North Otago :

The Late Eocene is represented in North Otago by four
rock units, Raki Siltstone (equivalent to the Ashley
Mudstone), Waiareka Volcanic Formation (probably
several discrete accumulations of volcanogenic rocks
rather than a single, laterally continuous unit), Oamaru
Diatomite and Totara Limestone. Most of the molluscs
recorded from this region are from the Waiareka Volcanic
Formation or from tuffaceous beds within the Totara
Limestone. A few small faunules have been collected
from the Oamaru Diatomite (e.g. the type material of the
bivalve Dimya westonensis Maxwell) (Maxwell in Edwards
in prep.), and an oyster is recorded from the Raki
Siltstone (Gage 1957, p. 33). The richest faunule (over
100 species) is from a highly distinctive, green tuffaceous
agglomerate at the foot of Williams’® Bluff, between
Weston and Ngapara, a locality long known as “Lorne”
after the former nearby railway station (Marwick 1926b).
This faunule, which is from a large block fallen from very
near the top of the Waiareka Volcanic Formation, has
long been thought to be Kaiatan, but a Runangan age
is likely (A.R. Edwards, pers. comm.); in either case, it
is considerably younger than the early Kaiatan
McCulloch’s Bridge faunule. We have accepted a late
Kaiatan age for the purposes of lists and range charts.
The Lorne assemblage apparently owes its diversity to
mixing of several different biotopes—it includes a
siphonariid limpet (indicative of an intertidal habitat) and
a Bolma similar to the extant mid-bathyal species B.
recens (Dell). An origin as a mass debris flow is consistent
with the unusual lithology —basalt clasts ranging in size
from pebbles to boulders, in a bright green tuffaceous
mudstone matrix.

The Lorne faunule has several species in common with
McCulloch’s Bridge, but for the most part it is strikingly
different and is dominated by epifaunal species preferring
a firm or hard substrate. Protobranchs, naticids, olivids
and turrids—all of which are well represented at the
Waihao locality—are rare or absent at Lorne.
Characteristic species include Quadrilatera januaria,
Notogrammatodon inexpectatus, Tucetona lornensis,
Chlamys n.sp., Serripecten enfieldensis, Limatula trulla,
Anatoma n.sp., Emarginula n.sp., Astraea n.sp., Bolma
aff. marshalli, Spirocolpus tophinus, Zeacolpus lornensis,
Pareora sublaevis, Sigapatella vertex, Lachryma vulcania,
Trivia pinguior, Xenophora n.sp., Sassia cyphoides, S.
(Haurokoa) marwicki, Falsicolus obruta, Volutomitra
(Waimatea) inconspicua, Rugobela humerosa and Tatara
revoluta. Pteropods are: exceptionally common and
diverse (at least eight species) and include Lornia limata,
Spiratella spp., Clio n.sp. and Hyalocylis annulata.

A less diverse assemblage—unequivocally of Runangan

age—is recorded from the Waiareka Volcanic Formation
at Bridge Point, near Kakanui, about 17 km south of
Lorne. This is the type locality of Cardilona bensoni
Marwick (referred to the verticordiid genus Pecchiolia by
Maxwell (1978)) and possibly of Serripecten venosus
(Hutton); other molluscs from Bridge Point include Lima
n.sp., Nemocardium (Pratulum) semitectum, Marama
(Hina) n.sp. aff. tumida, Danilia neozelanica, Zeacolpus
lornensis, Rugobela humerosa and Aturia sp.

The only other diverse Runangan faunule from North
Otago is from a thin tuffaceous bed in Totara Limestone
near the summit of Trig M, Totara, about halfway
between Lorne and Bridge Point. Molluscs from this
locality are mostly fragile and of small size (less than 15
mm) and appear to have lived in quieter and deeper waters
than those from Bridge Point. The faunule includes
Quadrilatera januaria, Limopsis waihaoensis, Calliotropis
Sfenestrata, Calliobasis eos, Danilia neozelanica, Argalista
proimpervia, A. leniumbilicata, Spirocolpus tophinus,
Zeacolpus lornensis, Polinices (Polinella) esdailei,
Lachryma vulcania, Trivia pinguior, Rugobela humerosa,
Cordieria cf. rudis and Tatara flemingi.

Composition of the Late Eocene molluscan fauna

The Late Eocene molluscan fauna differs from the Middle
Eocene fauna mainly in lacking several distinctive genus-
group taxa that are either restricted to the Bortonian or
are last recorded from that stage (e.g. Cubitostrea,
Tellinella, Costacallista, Keilostoma, Monalaria,
Priscoficus, Athleta and Speightia). Not all of these
absences can be explained away by the lack of suitable
shallow-water molluscan faunules in the Late Eocene, as
at least some taxa (Monalaria, Priscoficus and Speightia)
are present in the deep-water Hampden Beach faunule,
which is environmentally comparable with the one from
McCulloch’s Bridge. The most important absence,
however, is of the family Struthiolariidae, which is
represented in the Bortonian by the widespread, depth-
tolerant Monalaria concinna, but then disappears from
the record only to reappear (as Struthiolaria) in the
Whaingaroan. This may mean that the family became
restricted to shallow or very deep waters during the Late
Eocene, or that Struthiolaria evolved outside the New
Zealand region and came here with many other putative
Oligocene arrivals. In either case it seems very unlikely
that Struthiolaria evolved from Monalaria; derivation
from Conchothyra or a related taxon seems more
probable.

Relatively few taxa seem to be restricted to the Kaiatan
or Runangan (considered together here because of the
uncertain age of Lorne and because undoubted Runangan
faunules are relatively sparse), e.g. Isolimea, Erycina
(Hemilepton), Pecchiolia, Eoscobinella, Tahudrillia,
Plesiocerithium (sensu lato), Kapuatriton, Elodiamea and
Fustiagria (sensu stricto). It would, however, be unwise
to place much reliance on any of these taxa for
biostratigraphic indicators.

The following taxa are first recorded from the Late
Eocene, mostly from the early Kaiatan (i.e. at
McCulloch’s Bridge): Lima, Parathyasira, Condylocuna,
Spissatella, Spectamen, Calliotropis, Calliostoma,
Calliobasis, Argalista, Astraea, Linemera, Attenuata,
Cheilea, Xenophora, Trivia (sensu lato), Ficus, Sassia
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(Haurokoa), Xymene, Colubraria, Peculator (Parvimitra),
Amalda (Alocospira), Orthosurcula, Parasyrinx
(Lirasyrinx), Tenuiacteon, Clio, Philine and Gadilina.

Taxa last recorded from the Late Eocene include
Duplipecten, Caestocorbula, Carinacca, Ancillus,
Cochlespira (Tahusyrinx), Tholitoma, Cordieria, Triploca
and Superstes. -

The Late Eocene fauna includes much the same mixture
of widespread, warm-water, Australasian and endemic
taxa as that of the Middle Eocene. The Australasian
element (more specifically, the New Zealand — southeast
Australian element) is particularly marked, undoubtedly
because faunas of similar age are recorded from both
areas for the first time since the Middle Paleocene.
According to Darragh (1985, fig. 6) about 28% of the
south-east Australian Late Eocene. fauna has New
Zealand affinities. This similarity exists not only at the
genus-group level, but extends to the species level. Two
species of gastropods, Pseudomalaxis asculpturatus and
Rugobela humerosa, originally described from the Late
Eocene of New Zealand, have been recorded from south-
east Australia (Buonaiuto 1975; Long 1981, p.46). Other
New Zealand species, e.g. Quadrilatera januaria, Pareora
sublaevis and Triploca waihaoensis are very similar to their
coeval Australian congeners. Further work will probably
increase the number of species known to be common to
both areas.

The presence of such taxa as Arca, Quadrilatera,
Spondylus, Bolma, Cheilea, Ficus, Colubraria, Gemmula,
Cochlespira, Marshallena and Cordieria indicates a
subtropical climate for southern New Zealand during the
Late Eocene.

REPRESENTATIVE LATE EOCENE MOLLUSCA

Pl. 7 a, b. Quadrilatera januaria (Marwick, 1926)
[Fossularca januaria Marwick 1926b, p. 310-311; Arcopsis
Januaria} (Noetiidae).

Rather small for family (length 7-18 mm), subrectangular, strongly
inflated, posterior area not clearly differentiated. Sculpture highly
discrepant, left valve with about 35 narrow, beaded costellae, interspaces
with finer, beaded secondary (and even tertiary) costellae crossed by
numerous fine growth lines and, at irregular intervals, interrupted by
much stronger growth ridges. Right valve with fine, low, closely spaced
commarginal ridges crossed by very numerous radial costellae,
apparently forming minute tubercles at intersections, but appearing
almost smooth in some shells because of abrasion. Cardinal area long,
narrow, with a shallow, triangular, vertically striate ligament pit below
beaks. Hinge teeth short, appearing to radiate from near middle of shell,
extending most of length of hinge. Margins smooth.
Kaiatan-Whaingaroan; Kaiatan (?), Waiareka Volcanic
Formation, Lorne (type); Trig M, Totara; Bridge Point,
Kakanui; Deborah Volcanic Formation, Gee’s Point,
Kakanui. Rare at Gee’s Point, moderately common at
other localities.

Quadrilatera januaria is readily distinguished from other
New Zealand arcoid bivalves by its small size, its rounded
ends, its discrepant sculpture, its small, triangular
ligament pit and its smooth internal margins. This is the
only New Zealand species of this typically warm-water
genus and of the Family Noetiidae to have been described
to date, but other species are known from the Early
‘Eocene of North and South Canterbury.

Arcoids of this type have long been referred to either
Fossularca Cossmann, 1887 or to Arcopsis Koenen, 1885,

but Ward and Blackwelder (1987, p. 136) have recently
drawn attention to Deshayes’ (1860, in 1856-1860, p. 866)
much earlier but hitherto overlooked name Quadrilatera
for this group. Neave (1940, p. 1) cited Sandberger, 1863
as the author of Quadrilatera, as did Vokes (1980, p. 18)
who suggested that it is possibly a synonym of Fossularca
and should probably be regarded as a “nomen oblitum”.
(Nomina oblita, i.e. forgotten names, are no longer
rejected under the current International Code of
Zoological Nomenclature).

Figured specimen (Pl. 7a, b): GS9481, J41/18025, Lorne,
Kaiatan (NZGS) x 3.

Pl. 7 ¢, d. Limopsis waihaoensis Allan, 1926 [p. 346]
(Limopsidae).

Small for genus (height 7-11 mm), oval, slightly oblique, thin-shelled.
Dorsal margins straight, subequal, or posterior one slightly the longer,
sloping gently from small umbo. Anterior and ventral margins convex,
junction with slightly convex posterior margin rounded or obtusely
subangled. Commarginal sculpture of weak grooves and ridges. Radial
sculpture also weak, strongest near posterior end, of indistinct threads
that are typically visible only where they weakly crenulate the
commarginal ridges. Exterior with an overall polished appearance. Hinge
narrow, assymetrical, arched or subangled behind beak, 5 or 6 teeth
in both anterior and posterior series. Cardinal area long, narrow, with
fine longitudinal ridges; resilifer small, triangular. Anterior adductor
muscle scar ovate, at lower end of hinge; myophoric ridge weakly to
strongly developed. Posterior scar twice as large, ovate to subquadrate.
Inner margins sharply bevelled, smooth.

Kaiatan-Runangan; Kaiatan, Waihao Greensand,
McCulloch’s Bridge (type); Totara Limestone, Trig M,
Totara; Oamaru Diatomite. Abundant at McCulloch’s
Bridge, uncommon at other localities.

L. waihaoensis is easily distinguished from most New
Zealand species of Limopsis by its small size and its feeble
sculpture. L. propeinvalida (Otaian, Pakaurangi Point,
Northland) and L. invalida (Waipipian, Pitt Island) are
very similar, however, and are distinguished only by
minor shape and sculptural differences. All three species
are from moderately deep-water (outer shelf or upper
slope) assemblages.

Figured specimen (Pl. 7c¢, d): GS9508, J40/f8803,
McCulloch’s Bridge, Kaiatan (NZGS) x 6.

Pl. 7 g, h. Tucetona lornensis (Marwick, 1923)
[Glycymeris lornensis Marwick 1923, p. 66-67; G.
(Grandaxinea) lornensis]) (Glycymerididae:
Melaxinaeinae).

Rather small for genus (height 35-45 mm), ovate, subequilateral,
posterior area slightly depressed. Radial sculpture of 34-38 prominent
rounded or somewhat flattened costae with narrow interspaces, those
on posterior area slightly weaker than on flanks. Commarginal sculpture
of numerous fine growth ridges discernible only on early part of well
preserved shells, and somewhat stronger ridges at later stages of growth.
Cardinal area highly variable in size, ligamental chevrons fine and rather
closely spaced; hinge teeth strongly inclined. Inner margin strongly
crenulate. :

Kaiatan-Whaingaroan; Kaiatan, Waiareka Volcanic
Formation, Lorne (type); Trig M, Totara; Deborah

Volecanic Formation, Gee’s Point, Kakanui; Cookson
Volcanics, Lottery River, North Canterbury(?).

Tucetona lornensis is distinguished from younger species
of Tucetona by its considerably smaller size and its
relatively narrow intercostal spaces. Tucetona occurs
widely in the Indo-West Pacific region and is represented
in the modern New Zealand fauna by T. laticostata
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(Tongaporutuan ? — Recent), which lives in coarse sand
and gravel down to 75 m (Powell 1979, p. 365). Fossil
occurrences indicate that this preference for a firm or hard
substrate is characteristic of the genus. New Zealand
species have usually been referred to Grandaxinea Iredale,
1931, but this is now regarded as a synonym of Tucetona
Iredale, 1931 (Matsukuma 1980; 1986, p. 81); Tucetona
is treated by Matsukuma as a full genus in Subfamily
Melaxinaeinae.

Figured specimens (Pl. 7g, h): GS9481, J41/f8025 and
GS831, J41/18467, Lorne, Kaiatan (NZGS) x 1.5.

Pl 7 i. Serripecten venosus (Hutton, 1873) [Pecten
venosum Hutton, 1873b, p. 30; Chlamys venosal
(Pectinidae).

Small for genus (height 35-40 mm), right valve more inflated than left.
Ears prominent, dorsal margins on right valve serrate, divergent, byssal
notch well developed; dorsal margins on left valve colinear. Radial
sculpture on disc of right valve of 10-13 prominent convex primary costae
commencing at or near apex, those near dorsal margins scaly at an early
stage of growth, others remaining smooth until 25-30 mm from apex
when they become sparsely scaly. From 1-3 finely scaly secondary
costellae appearing between costae at 20-25 mm from apex, and “tertiary”
ones at a somewhat later stage, some of them arising from flanks of
primary costae. Radial sculpture on left valve more variable than on
right, some shells with primary costae remaining very prominent
throughout growth; in others becoming narrower and of lower relief
and even subdividing, and eventually becoming similar in strength to
interstitial costellae, so there may be 85 or so subequal scaly costae
distally. Ears of both valves with 5 or 6 fine, scaly radial costae.

Runangan, “Oamaru” (type), possibly from Waiareka
Volcanic Formation, Bridge Point, Kakanui where it is
common; Trig M, Totara; Teschemaker’s Quarry.

Serripecten venosus belongs to a complex and poorly
understood group of pectens of Late Eocene to Early
Oligocene age, particularly well represented in the
limestones and associated tuffs of North Otago. It is easily
distinguished from the other species, most of which are
undescribed, by having relatively few prominent primary
costae that remain smooth throughout most of their
growth.

Figured specimen (Pl. 7i): GS11214, J42/f126, Bridge
Point, Kakanui, Runangan (NZGS) x 1.

PL 7 j, k. Caestocorbula n. sp. (Corbulidae).

Size moderate for family (length 10-12 mm), trigonal, subequilateral,
strongly inflated, markedly inequivalve, right valve considerably the
larger, overlapping along ventral and posterior margins. Right valve
with typical corbulid “duplex” shell, inner layer considerably smaller
than outer layer, line of concrescence well marked on interior. Umbones
very prominent, with large nepioconch (a protruding early growth stage)
rajsed above rest of valve. Anterodorsal margin descending steeply,
almost straight, posterodorsal margin less steep, somewhat concave;
posterior end narrow, truncate. Umbonal ridge rounded, posterior area
slightly concave. Sculpture of prominent, rounded commarginal costae
with narrower interspaces, widest somewhat behind middle, narrowing
towards either end and weakening on posterior area. Left valve
subelliptical, nepioconch large, projecting, sculptured with irregularly
spaced commarginal costae, remainder of valve with weak growth ridges
and 1 or 2 narrow radial ridges. Some articulated shells retaining a small,
subquadrate siphonal plate lodged in space between posterior ends of
left and right valves. Hinge of right valve with a peg-like cardinal tooth
immediately beneath beak and a sunken triangular resilifer behind. Left
valve with a deep triangular socket to take right cardinal and a
projecting, triangular chondrophore behind. Adductor muscle scars
relatively large, subcircular; pallial line with shallow, arcuate sinus.

Bortonian-Kaiatan, Pahi Greensand, Pahi; Waihao
Greensand, McCulloch’s Bridge (common).

The new species is superficially very similar to the
widespread Notocorbula humerosa (Duntroonian-
Kapitean) but differs in being more elongate antero-
posteriorly, in having a more distinctly rostrate posterior
end, in having a larger resilifer in the right valve and,
most importantly, in the presence of a siphonal plate. It
is on the basis of this last character that this species is
referred to Caestocorbula Vincent, 1910 rather than to
Notocorbula Iredale, 1930 (Vokes 1944). Caestocorbula
is not known to have survived the Eocene, but strong
circumstantial evidence suggests that it gave rise to
Notocorbula through loss of the siphonal plate.

Figured specimen (Pl. 7j, k): GS9508, J40/f8803,
McCulloch’s Bridge, Kaiatan (NZGS) x 4.

Pl. 7 e, . Pecchiolia bensoni (Marwick, 1943) [Cardilona
bensoni Marwick 1943, p. 186). Type species of Cardilona
Marwick, 1943, a synonym of Pecchiolia Savi and
Meneghini, 1850 (Verticordiidae).

Moderately large for family (length 30 mm), cordate, véry strongly
inflated, posterior margin slightly alate dorsally. Umbones very
prominent, prosogyrous, strongly incurved, projecting beyond anterior
margin. Lunule triangular, slightly convex, bounded by a deep groove.
Radial sculpture of about 36 low, rounded costae with narrow
interspaces; commarginal sculpture of weak growth ridges. Hinge of
right valve with prominent chondrophore, otherwise edentulous. Left
valve not known. Other internal features unknown.

Runangan, Waiareka Volcanic Formation, Bridge Point,
Kakanui (type) (rare). Also doubtfully recorded from the
“Isis bed”, All Day Bay, Kakanui (Waitakian).

Although still poorly known, Pecchiolia bensoni is
unlikely to be confused with any other New Zealand
bivalve. Marwick (1943, p. 185-186) proposed Cardilona
as a genus of the obscure family Cardiliidae, but C.
bensoni is so similar to species of the verticordiid genus
Pecchiolia that there can be little doubt that this is where
it belongs (Maxwell 1978, p. 28). The main difference
between P. bensoni and other species of the genus is that
the latter have more tightly coiled umbones that effectively
obscure the lunule. Pecchiolia ranges from at least Late
Eocene to Pliocene in Europe, and is also recorded from
the Late Eocene of Wilmington, North Carolina (P.
dalliana Harris in van Winkle and Harris 1919, p.16, pl.2,
fig.7).

Figured specimen (Pl. 7e, f): holotype, GS2141,
J42/£6437, Bridge Point, Kakanui, Runangan (TM4716,
NZGS) x 1.

PL. 7 n. Cellana n. sp. (Nacellidae).

Size moderate for genus (length 50 mm), apex moderately elevated,
corroded on only example, situated at about 0.3 anterior-posterior
distance. Radial sculpture of 25 simple, rounded costae, strongest
posteriorly and weakening towards front. No secondary radials.
Commarginal sculpture of growth lines and ridges. Internal features
not known.

Runangan, Omotumotu Member (Kaiata Formation),
Leah Creek, Westland.

This limpet is included to demonstrate the fortuitous
nature of much fossil preservation. Extant species of
Cellana are intertidal rock-dwellers and the genus
therefore has a very poor fossil record. The Leah Creek
specimen is the oldest recorded from New Zealand, the
next oldest being C. taberna Powell, 1973 from Curiosity
Shop, Rakaia River (Waitakian). Its preservation
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apparently is the result of mass debris-flow of shallow-
water sediments into a deeper-water environment.

Cellana is primarily an Indo-Pacific genus at the present
day, but its distribution extends southwards to New
Zealand and the subantarctic islands (Powell 1973;
Lindberg and Hickman 1986). The Runangan species is
remarkably similar to the southernmost living species, C.
strigilis (Hombron and Jacquinot, 1841), which has been
subdivided into several subspecies by Powell (1955; 1973).

It differs from these mainly in having no secondary:

costae, but as only one specimen has been collected, its
range of variation is unknown.

Figured specimen (Pl. 7n): GS12418, J32/f31, Leah
Creek, Westland, Runangan (NZGS) x 3.

PL. 7 m. Calliostoma (sensu lato) waiareka (Laws, 1935)
[Maurea (Mucrinops) waiareka Laws 1935¢, p. 32]
(Trochidae: Calliostomatinae).

Small for genus (height 10-13 mm), trochiform, spire conic, flat-sided,
0.6 total height. Protoconch not known, presumably like other species,
of little more than 1 whorl. Teleoconch of about 7 flat-sided whorls
with a very indistinct suture; last whorl with strongly angled periphery,
base weakly convex. Spiral sculpture apparently commencing as 2 weak
threads on abapical part of whorl, additional spirals appearing during
growth, penultimate whorl with 5 narrow, well spaced, low cords, the
2 abapical pairs with a single interstitial thread, the lower of which
becoming almost as strong as the cords on last whorl. All spirals
distinctly beaded, except for fine thread appearing between 2nd and
3rd cords (counting from adapical end) on last whorl. Base with 3 weak
threads near periphery and 8-10 nodulose cords between them and
aperture, most of them stronger than cords cn whorl sides. Aperture
subquadrate, columella oblique, slightly concave.

Kaiatan, Waiareka Volcanic Formation, Lorne (type)
(uncommon).

Calliostoma waiareka is similar to C. acutangulum
(Duntroonian, Castle Hill Basin) in shape but has a much
less distinct suture, and lacks definite radial sculpture on
the base. The regularly conic shape, flat-sided whorls, and
weakly defined suture, and the absence of definite axial
sculpture set it apart from other mid-Cenozoic species,

Plate 7 Late Eocene (Kaiatan-Runangan) Mollusca (1).

but like them it is distinguished from most of the late
Cenozoic calliostomatines by its relatively small size. This
is the oldest definite member of the genus to have been
named from New Zealand but an underscribed species
is present in the View Hill Volcanics at White’s Creek,
North Canterbury (Mangaorapan) (B.A. Marshall, pers.
comm.). Although most New Zealand members of the
subfamily are currently assigned to Maurea or Fautor,
the relationships of these taxa to Calliostoma needs
clarification, and pending the completion of a revision
of Calliostomatinae currently being carried out by B.A.
Marshall (National Museum of New Zealand) we have
assigned nearly all of them to Calliostoma (sensu lato).

Figured specimen (Pl. 7m): GS9481, J41/£8025, Lorne,
Kaiatan (NZGS) x 3.

Pl 7 1. Spirocolpus waihaoensis (Marwick, 1924)
[Turritella waihaoensis Marwick 1924e, p. 328]. Type
species of Spirocolpus Finlay, 1926 (Turritellidae).

Size moderate for family (height 25-35 mm), turriculate, spire moderately
elevated. Protoconch small, narrowly conical, of about 3 smooth, convex
whorls. Teleoconch of up to at least 14 whotls, early ones flat-sided
or gently convex, later whorls becoming biangulate because of
development of strong keels. Base of last whorl almost flat, peribasal
angle only weakly marked by spiral cord. Primary cord C starting at
beginning of teleoconch, B appearing almost immediately after; A
appearing after 2 or 3 whorls. B and C subequal for a short time, A
remaining weak, but A and C becoming dominant and similar in strength
while B scarcely increases. D rather weak. Secondary spiral sculpture
highly variable, almost completely absent from some shells (which
consequently have a polished appearance), consisting of humerous fine
threads in others. A few weak spirals on base. B finely beaded on early
whorls of some shells, beading only exceptionally persisting onto adult
whorls. Aperture quadrate, outer lip with deep tongue-shaped sinus,
its apex above middle of whorl, abapical limb steeper than adapical
limb, otherwise almost symmetrical.

Bortonian-Kaiatan; Waihao Greensand, McCulloch’s
Bridge, Kaiatan (type); Kakahu; Waihao Downs; Pareora
River. Abundant at McCulloch’s Bridge, uncommon at
other listed localities. '

Spirocolpus —possibly S. waihaoensis—is locally very

a,b. Quadrilatera januaria (Marwick), x 3.

c,d. Limopsis waihaoensis Allan, x 6.

e,f. Pecchiolia bensoni (Marwick), x 1.

g,h. Tucetona lornensis (Marwick), x 1.5.

i. Serripecten venosus (Hutton), x 1.

j.k. Caestocorbula n.sp., x 4. '

1. Spirocolpus waihaoensis (Marwick), x 1.5.
m. Calliostoma (sensu lato) waiareka (Laws), x 3.
n. Cellana n.sp., x 1. «
0,p. Trivia pinguior Marwick, x 3.

q,r. Wangaloa ngaparaensis (Suter), x 3.

s. Eulima (sensu lato) waihaoensis Allan, x 3.
t. Sassia (Sassia) n.sp. B, x 2.

u. Sassia (Haurokoa) marwicki (Finlay), x 1.5.
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abundant in Kaiata Formation mudstone in the Reefton
and Murchison Basins on the west coast of the South
Island. Spirocolpus tophinus (Kaiatan-Duntroonian) is
very similar to S. waihaoensis, apparently differing only
in having spiral B much weaker (obsolete in most shells)
and secondary spiral sculpture consistently almost
completely absent. These differences are very slight and
the two “species” are probably not worth separating. S.
rudis (Bortonian, Hampden) has highly variable sculpture
but in many specimens A is much weaker than B and C
and all primaries are distinctly beaded on early whorls
and in a few specimens, even on the later whorls. In
addition, S. rudis seems to have been much smaller than
S. waihaoensis, the largest specimens seen being only 25
mm or so in height. The poorly known S. carsoni (late
Dannevirke Series?) has three prominent, narrow, beaded
keels throughout growth.

Spirocolpus ranges from at least late Dannevirke Series
to Waitakian in New Zealand, and is represented in the
Late Eocene of South Australia by S. aldingae (Tate,
1882). The main diagnostic character of the genus is the
deep, almost symmetrical sinus; the Australian genus
Colpospira Donald, 1900 has a similarly deep sinus but
the early development of spiral sculpture is different from
that of Spirocolpus.

Figured specimen (Pl. 71): GS9508, J40/f8803,
McCulloch’s Bridge, Kaiatan (NZGS) x 1.5.

Pl 7 s. Eulima (sensu lato) waihaoensis Allan, 1926 [p.
339; Strombiformis waihaoensis] (Eulimidae).

Rather large for family (height 15-20 mm), subulate, spire elevated.
Protoconch narrowly conical, scarcely distinguishable from teleoconch,
of about 3 smooth whorls. Teleoconch of up to 14 gently convex or
flat-sided whorls, sutures not very distinct; last whorl contracted rather
rapidly, base almost flat, periphery rounded. No sculpture apart from
weak growth lines and, at irregular intervals, labial scars. Aperture ovate,
constricted adapically; columella gently concave. Outer lip thin,
opisthocline, feebly concave on adapical half.

Kaiatan-Runangan; Kaiatan, Waihao Greensand,
McCulloch’s Bridge (type) (uncommon); Totara
Limestone, Trig M, Totara (rare).

Eulimids have relatively featureless shells and fossil
species are difficult to assign to the numerous genus-group
taxa that have been proposed in the family largely on the
basis of anatomical characters. E. waihaoensis is one of
the largest species recorded from New Zealand; E.
otaioensis (Otaian, Bluecliffs, South Canterbury) is about
the same size but has more strongly convex whorls and
more distinct sutures. :

Figured specimen (Pl. 7s): GS9508, J40/f8803,
McCulloch’s Bridge, Kaiatan (NZGS) x 3.

PL. 7 o, p. Trivia pinguior Marwick, 1926b [p. 314; Pusula
(Ellatrivia) pinguior; Fossatrivia pinguior; Ellatrivia
pinguior] (Triviidae: Triviinae).

Rather small for family (height 6-7.5 mm), ovate, spire visible as a low
swelling, dorsum with a weak median longitudinal sulcus. Transverse
sculpture of about 20 narrow costae, well developed on some shells,
almost obsolete (particularly on dorsum) on others. Some costae
continuous across dorsum, others appearing. towards margins by
bifurcation or intercalation. Aperture rather narrow, gently curved, inner
and outer lips almost parallel, their margins denticulated by transverse
ribs. Inner lip ridge-like adapically and abapically. Columella traversed
by transverse costae, gently convex except for slightly concave fossula
at abapical end.

Kajatan-Runangan, Waiareka Volcanic Formation,
Lorne (type); McCulloch’s Bridge (?); Trig M, Totara.
Rather uncommon at listed localities.

Trivia kaiparaensis (Otaian, Pakaurangi Point,
Northland) is very similar to T. pinguior but has weak
intercostal axial costellae on the dorsum near the outer
lip. Both species are sufficiently similar to the type species
of Trivia (T. monacha (Costa, 1778); Recent, Europe) to
make assignment to other genera unwarranted. Triviines
occur rather sporadically throughout the New Zealand
Cenozoic from at least Kaiatan onwards, and their
presence in a faunule is probably indicative of at least
warm-temperate conditions. (The sole extant New
Zealand species, T. merces , is confined to the northern
half of the North Island). Although long considered as
being closely related to the superficially similar
Cypraeidae (“cowries”), the Triviidae are now regarded
as belonging in the Lamellariacea rather than the
Cypraeacea, i.e. the similarity between the two groups
is the result of convergence.

Figured specimen (Pl. 70, p): GS9481, J41/18025, Lorne,
Kaiatan (NZGS) x 3.

Pl. 8 c. Carinacca waihaoensis (Suter, 1917) [Ampullina
waihaoensis Suter 1917, p. 11-12; Natica (Carinacca)
waihaoensis]. Type species of Carinacca Marwick, 1924
(Naticidae: Naticinae).

Size moderate for family (height 15-20 mm), globose or broadly ovate,
spire 0.2-0.3 total height. Protoconch large, depressed dome-shaped,
of about 3 smooth whorls. Teleoconch whorls about 2, evenly convex
except for an ill-defined sulcus below suture. Last whorl capacious,
broadly umbilicate. Spiral sculpture of very fine threads or striae, present
only on well-preserved shells, most prominent on last whorl including
circumumbilical ridge and within umbilicus. Umbilicus bounded by a
prominent, rounded ridge with sharply stepped inner edge. Aperture
large, semilunular; inner lip almost straight, moderately thickened in
parietal region, narrow adjacent to umbilicus except for weak thickening
medially by low funicle. Outer lip strongly prosocline, inclined at about
40° from vertical.

Bortonian-Kaiatan, Waihao Greensand, McCulloch’s
Bridge (type) (common); Hampden Formation, Hampden
Beach (uncommon). Very similar to its probable ancestor
C. allani (Pl. 6h), but more globose, lower-spired and
more broadly umbilicate, and having weakly sulcate
teleoconch whorls.

Figured specimen (Pl. 8c): GS9508, J40/f8803,
McCulloch’s Bridge, Kaiatan (NZGS) x 2.

Pl. 8 e. Friginatica suturalis (Hutton, 1877) [Lunatia
suturalis Hutton 1877b, p. 597; Natica suturalis;
Ampullina (Megatylotus) suturalis; Sulconacca suturalis)
(Naticidae: Poliniceinae).

- Rather small for family (height 8 —17 mm), globose, spire about 0.3

total height. Apex corroded in all known specimens, protoconch
probably paucispiral and incompletely calcified. Teleoconch whorls
about 4, sharply shouldered, with a narrow sutural shelf on early whorls,
a concave sutural channel on later whorls. Outer edge of channel sharply
defined. Last whorl globose, umbilicate. Spiral sculpture of ill-defined
threads, strongest in sutural channel and umbilicus. Axial sculpture of
weak growth lines. Umbilicus moderately large, bounded on outer edge
by a shallow sulcus running from base of aperture, margined on inner
edge by a low, rounded ridge. Aperture semilunular; inner lip oblique,
almost straight, parietal callus rather thin, not spreading over umbilicus.
Outer lip prosocline, inclined at about 20° to vertical.

Kaiatan, “Waihao” (type)— probably Waihao Greensand,

McCulloch’s Bridge where this is one of the most common
molluscs; Kapua Tuff, Waihao River.
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The various New Zealand species assigned to Friginatica
(= Sulconacca Marwick, 1924) are very similar to one
another, and because of considerable intraspecific
variation in such characters as spire height, width of
sutural channel and strength of circumumbilical sulcus,
they are difficult to identify confidently. In particular, it
is uncertain if F. prisca (Bortonian, Waihao Downs) is
really distinct from F. suturalis, although topotypes of
the former species are typically less globose and have a
deeper, broader and more sharply margined sutural
channel than McCulloch’s Bridge shells. F. priscg and F.
suturalis both have the outer lip retracted at the sutural
channel so that it meets the suture almost at right
angles—this character distinguishes them from the
widespread F. vaughani (Duntroonian-Tongaporutuan)
in which the outer lip crosses the sutural channel at about
45°, turning into the suture only at the last moment.

Friginatica is most characteristic of middle to outer shelf
or upper bathyal assemblages from Bortonian to Recent
in New Zealand. The type species is a Recent form from
south-eastern Australia.

Figured specimen (Pl. 8e¢): GS9508, J40/f3803,
McCulloch’s Bridge, Kaiatan (NZGS) x 2.

PL. 8 d. Neverita pontis Marwick, 1924) [Uber (Neverita)
pontis Marwick 1924d, p. 571; Polinices (Neverita) pontis}
(Naticidae: Poliniceinae).

Size moderate for family (height 10-14 mm), ovate, spire about 0.4 total
height. Protoconch planorboid, of about 2 smooth whorls. Teleoconch
of up to 3.5 whorls, spire whorls gently convex, last whorl strongly
convex except for shallowly concave zone just below suture. Suture flush,
descending more steeply on last third of last whorl. No sculpture apart
from weak growth lines. Aperture semilunular, strongly prosocline; inner
lip almost straight, parietal callus moderately thick, continuous with
prominent tongue-like pad that nearly fills umbilicus in young shells
but leaves a narrow hole in largest specimens. Outer lip strongly
prosocline, inclined at about 45° to vertical, almost straight.

Kaiatan, Waihao Greensand, McCulloch’s Bridge (type)
(uncommon).

This is the only New Zealand record of this typically
warm-water genus. It may be distinguished from Polinices
(Polinella) esdailei (see below) by its smaller protoconch,
its less widely spreading umbilical callus and its more
strongly prosocline outer lip. Taniella notocenica (P1. 20f)
has a marked gap between the umbilical callus (or funicle)
and the parietal callus, and also has a less strongly
prosocline outer lip.

Figured specimen (Pl. 8d): GS9508, J40/f8803,
McCulloch’s Bridge, Kaiatan (NZGS) x 2.

Pl. 8 a. Polinices (Polinella) esdailei (Marwick, 1924)
[Uber esdailei Marwick 1924d, p. 567] (Naticidae:
Poliniceinae).

Size moderate for family (height 15-25 mm), globose or ovate (probably
sexually dimorphic), spire up to 0.3 total height. Protoconch depressed
dome-shaped, of about 3 smooth whorls. Teleoconch of up to 2.5
whorls, spire whorls convex, last whorl weakly concave below suture,
otherwise strongly convex. No sculpture apart from growth lines.
Aperture’ semilunular; inner lip almost straight, parietal callus
moderately heavy, spreading anteriorly to fill or nearly fill umbilicus.
Umbilical callus not projecting on outer margin, but flush or distinctly
concave, bearing a distinct horizontal groove near middle, some shells
with a low, rounded but rather irregular ridge above. Outer lip almost
straight, inclined at about 20° to vertical.

Kaiatan-Runangan; Waiareka Volcanic Formation,
Lorne, Kaiatan (?) (probable type locality); McCulloch’s

Bridge; Kapua Tuff, Waihao River; Trig M, Totara.
Moderately common at McCulloch’s Bridge, less so at
other localities.

Polinices (Polinella) esdailei is rather similar to P.
(Polinella) modestus (Altonian, North Otago) but differs
in having callus barely filling the umbilicus (rather than
projecting as in the latter species), and in having a shorter
but wider transverse groove on the umbilical calius.

Figured specimen (Pl. 8a): GS9508, J40/f8803,
McCulloch’s Bridge, Kaiatan (NZGS) x 2.

Pl. 8 b. “Uberella” haasti (Marwick, 1924) [Natica
(Carinacca) haasti Marwick 1924d, p. 554; Friginatica
haasti; Sulconacca haasti] (Naticidae: Poliniceinae?).

Size moderate for family (height 7-13 mm), globose, spire 0.2-0.3 total
height. Apex corroded in all known specimens, protoconch probably
paucispiral and incompletely calcified. Teleoconch whorls turned in
towards suture adapically, forming a narrow sutural shelf that becomes
depressed below the rounded shoulder on later whorls. Sutures deeply
impressed rather than channeled. Last whor! strongly convex, with a
moderately wide umbilicus bordered by a heavy ridge that is somewhat
concave in young shells but gently convex in adults. Outer edge of
circumbilical ridge sharply defined and steep in young shells, more
rounded in adults; inner edge rounded. Sculpture of weak growth lines
and fine spiral threads. Aperture semilunular; inner lip almost straight,
thickened abapically where circumumbilical ridge impinges. Parietal
callus moderately thick, narrowing quickly below. Outer lip inclined
at about 30° to vertical, straight except where it is feebly retracted to
suture.

Bortonian-Kaiatan; Waihao Greensand, McCulloch’s
Bridge, Kaiatan (type); Kapua Tuff, Waihao River;
Hampden Formation, Hampden Beach; Point Elizabeth
Beach, Westland. Moderately common at McCulloch’s
Bridge, uncommon at other localities.

This distinctive naticid seems to combine characters of
both Carinacca and Friginatica, but the similarities are
mostly superficial, and it probably requires a new genus.
The circumumbilical ridge is rather like that present in
species of Carinacca, but is less rounded in section and
lacks the steep step on the inner edge. U. haasti also differs
from species of Carinacca in having what was probably
a paucispiral, incompletely calcified protoconch and in
having deeply impressed rather than adpressed sutures.
F. suturalis seems to have had a similar kind of
protoconch to U. haasti, but it differs in having sharply
channeled rather than deeply impressed sutures, and a
sulcus rather than a ridge bordering the umbilicus. U.
haasti is only provisionally assigned to Uberella, however,
as the type species, U. vitrea (Castlecliffian — Recent, New
Zealand) is ovate rather than globose, has adpressed
sutures, evenly convex teleoconch whorls and a narrow
umbilicus, lacks spiral sculpture and an umbilical ridge,
and does not have the base of the inner lip thickened.
U. haasti seems to be most closely related to “Uberella”
acerva (Otaian, Bluecliffs, South Canterbury), differing
mainly in having a prominent ridge rather than a faint
swelling bordering the umbilicus. Both species seem to
have been confined to moderately deep waters (i.e. outer
shelf or upper slope depth).

Figured specimen (PI. 8b): GS11,200, J40/£8853, Kapua
Tuff, Waihao River, Kaiatan (NZGS) x 2.
Pl. 7 t. Sassia (Sassia) n. sp. B (Ranellidae: Cymatiinae).

Size moderate for subgenus (height 30-33 mm), tall and rather narrow,
spire half total height. Protoconch small, dome-shaped, of 2.5 smooth
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whorls. Teleoconch whorls strongly angled a little above middle on spire,
last whorl broadly excavated with a moderately long, slightly twisted
neck. Axial sculpture of high, narrowly rounded, closely spaced costae,
and at intervals of 0.67 whorl, prominent, narrow, rounded varices down
whole teleoconch. Costae reaching across base of last whorl. Spiral
sculpture of prominent, fairly wide, round-topped, well spaced cords,
2 on sutural ramp, 2 or 3 on sides of spire whorls, and 10 more on
base and neck of last whorl, with narrow threads in interspaces. Cords
forming prominent, narrow nodules where they cross axial costae and
varices. Aperture oval; siphonal canal moderately long, slightly twisted
dorsally. Inner lip narrowly and thinly callused with a minute
pseudumbilicus between its abapical end and canal, a large parietal ridge
and several transverse ridges and nodules on mid-lower columella. Outer
lip weakly flared over terminal varix, with raised outer rim and 6
prominent, narrow nodules on its inner edge.

Kaiatan, Waihao Greensand, McCulloch’s Bridge
(uncommon).

This coarsely sculptured species represents a very different
species group from those of most other New Zealand
Sassia, and has no known younger relatives. The group
of S. maoria (Pl. 200) and S. parkinsonia (Pl. 48f) is
represented at McCulloch’s Bridge (and other Kaiatan and
Runangan localities) by S. cyphoides , a weakly sculptured
species in which spiral cords are the dominant sculpture.
The groups of S. zealta (Pl. 241), S. (Haurokoa) woodi
(P1. 30b) and S. clifdenensis (Pl. 24n) are also all
represented at McCulloch’s Bridge, mostly by unnamed
species. (but see S. (Haurokoa) marwicki, below). The
unnamed species described here more nearly resembles
some of the European fossil Sassia species and the living
S. apenninica group than other New Zealand fossil species
but it has the same smooth, dome-shaped protoconch as
most other Sassia species, including the New Zealand
species placed by Finlay in Austrosassia, rather than the
coarsely cancellate protoconch of the S. apenninica group.

Figured specimen (Pl. 7t): GS9508, J40/f8803,
McCulloch’s Bridge, Kaiatan (NZGS) x 2.

Pl. 7 u. Sassia (Haurokoa) marwicki (Finlay, 1924)

[Cymatium “marwicki Finlay 1924b, p. 456; C..

sculpturatum Finlay 1924b, p. 458; Austrosassia reticulata
(in part) of Finlay 1931a, p. 10 (not Streptosiphon
reticulatum Suter, 1917 (Trichotropidae)); Mayena
sculpturata;, Austrosassia marwicki] (Ranellidae:
Cymatiinae).

.Small (height 25-35 mm), tall and very narrow for subgenus, more like
typical Sassig in shape than are all later consubgeners. Protoconch
relatively large (2.5-3 mm in diameter), turbiniform, of about 3 smooth
whorls (complete specimens not known). Teleoconch whorls evenly
convex and little-inflated on spire, last whorl tapering rapidly to a narrow
neck. Axial sculpture of many low, narrow, closely spaced costae with
fine threads in interspaces, and prominent, narrow varices at each 0.67
whorl down whole teleoconch. Spiral sculpture of prominent, narrow,
widely spaced cords, 3 on spire whorls and 7 on sides of last whorl,
with several finer ones on sutural ramp and on neck and canal, as well
as fine threads in between cords. Cords forming prominent rounded
nodules at intersections with. costae (but not on varices), so main
sculptural effect is rows of small, evenly spaced nodules; interspaces
finely reticulate. Aperture oval with a short, straight siphonal canal
without obvious fasciole. Inner lip narrow, thinly callused in parietal
area but with thick, raised edge over lower columella; 1 large parietal
ridge and 5 ridges on lower columellar area. Outer lip narrowly flared
‘over terminal varix, with well raised rim, bearing 8 small ridges on inner
edge. '

Kaiatan; Waihao Greensand, McCulloch’s Bridge (type

of C. marwicki); Waiareka Volcanic Formation, Lorne
(type of C. sculpturatum).

The relatively large protoconch, the straight inner lip with

araised rim, the flaring of the outer lip over the terminal
varix and, in particular, the sculpture of rows of small
rounded nodules indicate that S. marwicki is closely
related (and possibly ancestral) to S. woodi (P1. 30b), and
is the earliest species we are aware of in the subgenus S.
(Haurokoa). Its narrow shape and turbiniform
protoconch indicate an origin from Sassia (sensu stricto),
apparently in the Australasian region, during the
Paleocene or Eocene. The holotype of C. marwicki is a
small but nicely preserved shell which is still the only
specimen known to have been collected from McCulloch’s
Bridge. The holotype and seven paratypes of C.
sculpturatum were reputedly from “Kakanui Beach (tuffs
below limestone)” (i.e. from the Deborah Volcanic
Formation (Whaingaroan) near Everett’s Quarry or Gee’s
Point), but Maxwell (1968) showed that they (and several
other species described by Finlay) are almost certainly
from the green tuff (Waiareka Volcanic Formation) at
Lorne, near Oamaru. Ranellids closely similar to the types
of C. sculpturatum are not uncommon at Lorne and as
we cannot satisfactorily distinguish them from the
holotype of C. marwicki we, as first revisers, select the
name C. marwicki to apply to the two nominal species
C. marwicki and C. sculpturatum named by Finlay
(1924b).

The most nearly similar species is a small, narrow, still
more finely sculptured, unnamed one occurring in Late
Eocene rocks west of Cape Otway, Victoria, Australia.
The subgenus Sassia (Haurokoa) is, to our knowledge,
limited to Eocene to basal Pliocene rocks of New Zealand
and south-eastern Australia.

Figured specimen (Pl. 7u): GS9481, J41/£8025, Lorne,
Kaiatan (NZGS) x 1.5.

Pl. 8 s. Exilia waihaoensis Suter, 1917 [Exilia waihaoensis
Suter 1917, p.25; Zexilia waihaoensis; Z. tenuilirata Laws
1935b, p. 26; Z. submarginata Laws 1935b, p.26]. Type
species of Zexilia Finlay, 1927, a synonym of Exilia
Conrad, 1860 (Maxwell 1988a, p. 53) (Turbinellidae:
Ptychatractinae?).

Size moderate for genus (height 25-40 mm), narrowly fasiform, spire
about half total height. Protoconch narrowly dome-shaped, of about
3 whorls with weak, arcuate riblets on last 0.25 whorl. Teleoconch of
up to 9.5 whorls, spire whorls lightly convex or flat-sided, some shells
with weak subsutural swelling; last whorl contracted gradually, with
a’long, straight, slender neck. Axial sculpture of narrow, rounded, gently
flexuous costae, reaching from suture to suture on spire whorls, dying
out on base of last whorl; 12-20 on penultimate whorl. Spiral sculpture
highly variable, some shells with prominent, strap-like lirae, others with
much weaker, rounded cords with narrow, even linear interspaces; 5-10
on spire whorls, numerous additional spirals of variable strength on
base and neck. Adapical spiral often stronger than others, situated on
subsutural swelling and weakly nodulated at intersections with axial
costae. Other cords crossing costae without change except for slight
thickening. Aperture elongate-pyriform; siphonal canal long, slender;
columella straight or with a weak twist above middle. Inner lip slightly
impressed adapically, thinly callused below; outer lip thin, flexuous with
a broad, shallowly arcuate sinus on upper third.

Bortonian-Kaiatan; Waihao Greensand, McCulloch’s
Bridge, Waihao River, Kaiatan (type locality of all three
nominal species); Waihao Downs; Kapua Tuff, Waihao
River; Kaiata Formation, Point Elizabeth Beach,
Westland. Not uncommon at McCulloch’s Bridge, rare
at other localities.

Exilia waihaoensis differs from younger New Zealand
species of Exilia in its relatively large size and prominent
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axial sculpture, and by having a dome-shaped protoconch
of about three whorls rather than a mamillate one of
about 1.5 whorls. E. waihaoensis is highly variable, and
we consider it to include Zexilia tenuilirata and Z.
submarginata; it may also include E. crassicostata
(probably Kaiatan, Waihao River) and Zexilia
hampdenensis (Bortonian, Hampden Beach).

Exilia ranges from Wangaloan to Waiauan in New
Zealand; elsewhere it is recorded from Late Cretaceous
to Miocene (Bentson 1940). Most New Zealand
occutrences are from mid-outer-shelf or upper bathyal
assemblages. Although long considered to belong in the
Fasciolariidae, Exilia is more likely to have been a
turbinellid (Maxwell 1988a, p. 53).

Figured specimen (Pl. 8s): GS9508, J40/{8803,
McCulloch’s Bridge, Kaiatan (NZGS) x 3.

PL. 8 g. Poirieria denticulifera Maxwell, 1971 [p. 773-774]
(Muricidae: Muricinae).

Rather small for genus (height 17-22 mm), biconic, spire about 0.3 total
height. Protoconch narrowly conical, of about 4 lightly convex whorls.
Teleoconch of 4.5-5 whorls, bluntly shouldered near middle on spire,
last whorl contracted to moderately long neck. Axial sculpture of 5 or
6 thin, low varices on each whorl, folded into prominent, open triangular
spines on shoulder; varices on last whorl bearing a much smaller
triangular spine near junction of base and neck. Spiral sculpture of weak
threads on base of last whorl. Aperture pyriform, constricted abapically
to form a moderately long, straight siphonal canal. Inner lip thinly
callused, smooth; outer lip slightly flared, with 5 weak denticles within.
Fasciole prominent, with a small pseudumbilicus between it and canal.

Bortonian-Kaiatan, Whaingaroan?; Kaiatan, Waihao
Greensand, McCulloch’s Bridge (type); Waihao Downs;
Kakanui (?). Rare at all localities.

Poirieria denticulifera is distinguished from other New
Zealand species of the genus primarily by its denticulate
outer lip and secondarily by its small size and the presence
of but one spine on each varix in addition to the
peripheral spine. P. parva Maxwell, 1971 (Otaian-
Altonian, Northland) is similar in size to P. denticulifera
but apart from having a smooth outer lip, it differs in
having three or four small accessory spines on each varix.

Poirieria is first recorded from the Bortonjan in New
Zealand, and seems to have been present in the Northern
Hemisphere during the Paleocene and Early Eocene
(Maxwell 1971, p. 764; Vokes 1971b, p. 37). The genus
is a relatively “primitive” and conservative member of the
Muricinae that presumably was once widespread, but it
is now restricted to the New Zealand region and
Argentina. New Zealand occurrences were reviewed by
Maxwell (1971).

Figured specimen (Pl. 8g): holotype, GS9508, J40/f8803,
McCulloch’s Bridge, Kaiatan (TM4927, NZGS) x 3.

PL. 8 j. Peculator (Parvimitra) plicatellus (Marshall and
Murdoch, 1923) [Vexillum plicatellum Marshall and
Murdoch 1923a, p. 123; Proximitra (?) plicatellum;
Parvimitra plicatellum; Parvimitra subplicatellum Finlay
1930b, p. 64-65; Parvimitra allani Finlay 1930b, p. 65-66;
Conomitra plicatella) (Volutomitridae).

Rather small for family (height 6-8.5 mm), biconic to broadly fusiform;
spire of variable elevation but always less than half total height.
Protoconch relatively large, of a little more than 1 smooth whorl.
Teleoconch of 4-4.5 whorls, spire whorls moderately convex, often
weakly shouldered near middle; last whorl contracted gradually, weakly
excavated. Axial sculpture highly variable, in some shells consisting of

prominent costae reaching from suture to suture on spire whorls, and
persisting onto last whorl; in others costae becoming obsolete on 2nd
or 3rd whorl; 15-24 costae on penultimate whorl. Spiral sculpture also
variable but always present, ranging from subobsolete threads restricted
to base and neck to moderately strong cords present over whole of
teleoconch. Aperture narrowly pyriform, columella almost straight,
typically bearing 4 narrow plaits, adapical one often weaker than the
one below, abapical one much weaker than others and absent from a
few specimens. Outer lip thin, smooth within, gently flexuous.

Kaiatan, Waihao Greensand, McCulloch’s Bridge (type
locality of all three nominal species).

Peculator (Parvimitra) pukeuriensis (Pl. 21p) is very
similar to P. plicatellus, but differs in being thicker-shelled
and in having more distinctly shouldered teleoconch
whorls and, in most specimens, weaker spiral sculpture.
Cernohorsky (1970a, p. 111) referred this species (but not
P. pukeuriensis) to the Northern Hemisphere genus
Conomitra Conrad, 1865, but it is not particularly like
the type species of Conomitra and is in fact so close to
P. pukeuriensis as to make assignment to a different genus
unwarranted.

Figured specimen (Pl. 8j): GS9508, J40/f8803,
McCulloch’s Bridge, Kaiatan (NZGS) x 6.

PL. 8 i. Volutomitra (Waimatea) inconspicua (Hutton,
1885) [Mitra inconspicua Hutton 1885b, p. 326; Vexillum
apicicostatum Suter 1917, p. 27; Conomitra inconspicua;
C. apicicostatum; Waimatea inconspicua; W.
apicicostatum). Type species of Waimatea Finlay, 1926
(Volutomitridae).

Size moderate for family (height 16-23 mm), fusiform, spire about 0.4
total height. Protoconch small, dome-shaped, of about 1.5 smooth
whorls. Teleoconch of up to 6.5 whorls, typically turned in towards
suture to form narrow sutural shelf, last whorl contracted gradually
to a moderately long neck. Axial sculpture when present, confined to
first 2 or 3 whorls of most specimens but persisting onto 4th whor! of
a few specimens, consisting of narrow costae with interspaces of similar
width. Spiral sculpture on spire whorls of fine threads or striae, last
whorl with up to 15 weak cords or threads on neck. Rest of shell typically
smooth and polished. Aperture elongate, rather narrow; columella
straight or gently convex, bearing 4 (in a few specimens 5) narrow plaits,
the abapical one considerably weaker than others. Outer lip thin, gently
sinuous, smooth within.

Kaiatan, Waihao Greensand, McCulloch’s Bridge
(probable type locality of both M. inconspicua and V.
apicicostatum); Kapua Tuff, Waihao River; Lorne; Point
Elizabeth Beach, Westland; Melrose, Buller River.
Common at McCulloch’s Bridge, uncommon at other
localities.

Volutomitra (Waimatea) amplexa (Bortonian, Waihao
Downs and Pareora River) is smaller (height 8-10 mm),
more slender and somewhat higher-spired than V.
inconspicua. V. banksi (Pl. 27k) is very similar to V.
inconspicua in overall appearance, but is much larger
(height 27-55 mm) and has a larger protoconch. We
follow Cernohorsky (1981, p. 1000) in classing Waimatea
as a subgenus of Volutomitra, but the differences between
these taxa are very slight and probably do not justify even
subgeneric separation.

The fossil New Zealand species of Volutomitra (sensu
lato) seem to have lived at much the same depth as V.
banksi (i.e. in the outer shelf or upper bathyal zones).
Figured specimen (Pl. 8i): GS9508, J40/f8803,
McCulloch’s Bridge, Kaiatan (NZGS) x 2.

Pl. 8 f. Amalda (Gracilispira) morgani (Allan, 1926)
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[Ancilla morgani Allan 1926, p. 342-343; Baryspira
morgani; B. (Gracilispira) morgani] (Olividae: Ancillinae).
Size moderate for genus (height 15-26 mm), ovate, spire conical,
somewhat less than half total height. Protoconch mamillate, apparently
of about 1.5 whorls, but normally covered by spire callus. Teleoconch
of about 4 or 5 whorls, spire whorls weakly concave to gently convex,
covered by spire callus; last whorl evenly convex. No sculpture apart
from growth lines. Spire callus not very thick, spreading down over
upper part of last whorl, a wide uncallused area between it and the
anterior callus. Depressed band (immediately above anterior callus) well
defined, relatively broad. Parietal callus moderately thick, outer edge
straight or gently convex from top of columella to bottom of spire callus,
then bending around back of shell to eventually blend with spire callus.
Aperture elongate-ovate, with moderately deep U-shaped siphonal
notch; columella short, subvertical, bearing 4-7 narrow, rather irregular
ridges which extend outside the aperture.

Bortonian-Runangan; Kaiatan, Waihao Greensand,
McCulloch’s Bridge (type); Waihao Downs; Tokarahi,
North Otago; Trig M, Totara, North Otago. Very
common at McCulloch’s Bridge, rare at other localities.

Amalda morgani differs from other members of the
subgenus Gracilispira in having a relatively broad
depressed band and a parietal callus in which the outer
edge is straight or gently convex rather than sigmoidal.
The poorly known A. (Gracilispira) allani (Porangan?,
Otaio Gorge) resembles A. morgani in having a broad
depressed band, but it seems to have been taller-spired
(spire more than half total height).

Plate 8 Late Eocene (Kaiatan-Runangan) Mollusca (2).

- “Uberella” haasti (Marwick), x 2.
Carinacca waihaoensis (Suter), x 2.
Neverita pontis (Marwick), x 2.
Friginatica suturalis (Hutton), x 2.

Poirieria denticulifera Maxwell, x 3.
Fusiaphera marshalli (Allan), x 5.

Tatara revoluta (Finlay), x 1.5.
Zemacies marginalis (Marshall), x 1.5.
Cordieria rudis (Hutton), x 3.

BrrTrpFRmoe o

Amalda (Gracilispira) morgani (Allan), x 2.

Figured specimen (Pl. 8f): GS9508, J40/f8803,
McCulloch’s Bridge, Kaiatan (NZGS) x 2.

Pl. 8 p. Waihaoia allani Marwick, 1926a [p. 275]. Type
species of Waihaoia Marwick, 1926 (Volutidae: Zidoninae).
Size moderate for genus (height 45-50 mm), fusiform, spire 0.4 total
height. Protoconch of about 3.whorls when complete, but large, bulbous
initial whorl missing from most specimens, leaving an apical spike.
Teleoconch of 5-6 whorls; early whorls convex, later ones weakly
shouldered near middle on spire; last whorl weakly excavated. Axial
sculpture of narrow costae reaching from suture to suture on spire,
though weakening somewhat on ramp, and extending about halfway
across base of last whorl, slightly tubercular on shoulder angle on some
shells; 13-17 on penultimate whorl. Spiral sculpture of very fine wavy
striae, retained only on well preserved shells. Aperture elongate; siphonal
notch shallow, fasciole rounded, weakly developed. Columella padded
centrally, bearing 5 plaits, the abapical one the weakest. Inner lip thinly
callused; outer lip slightly thickened, weakly convex.

Kaiatan, Waihao Greensand, McCulloch’s Bridge (type);
Kapua Tuff, Waihao River. Rather uncommon at both
localities. The poorly known Runangan species W.
Jormosa (Trig M, Totara) may be a synonym.

Waihaoia allani is distinguished from W. suteri
(Bortonian(?), Waihao Forks) by its less strongly
shouldered teleoconch whorls and by having five rather
than four columellar plaits. W. thomsoni (Pl. 6n) has a
more slender shell with axial costae changing into
tubercles or becoming obsolete on later whotls.

Polinices (Polinella) esdailei (Marwick), x 2.

Volutomitra (Waimatea) inconspicua (Hutton), x 2.
Peculator (Parvimitra) plicatellus (Marshall and Murdoch), x 6.

n. Eoturris complicata (Suter), x 2.

o,t. Conus (senu lato) trigonicus Tomlin, x 2.

p-. Waihaoia allani Marwick, x 1.5.

q- Cochlespira (Tahusyrinx) maora (Marshall and Murdoch), x 3.
r. - Gemmula bimarginata (Suter), x 3.

s. Exilia waihaoensis Suter, x 3.

u. Hpyalocylis annulata (Tate), x 3.

v. Marshallena neozelanica (Suter), x 2.

w. Notogenota finlayi Powell, x 1.5.

X. Marshallaria spiralis (Allan), x 2,

Y. Zeacuminia tahuia Finlay, x 3.

Z. Superstes marshalli Finlay and Marwick, x 5.

aa. Triploca waihaoensis Marshall and Murdoch, x 6.
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Figured specimen (Pl. 8p): GS9508, J40/f8803,
McCulloch’s Bridge, Kaiatan (NZGS) x 1.5.

Pl 8 o, t. Conus (sensu lato) trigonicus Tomlin, 1937
[Conus (Lithoconus) triangularis Finlay 1924b, p.479 (not
Conus berghausi Michelotti var. triangularis Sacco, 1894);
Conus trigonicus Tomlin 1937, p.206 (new name for C.
triangularis Finlay, preoccupied)] (Conidae).

Rather small for family (height 16-25 mm), conical, spire flat or very
depressed. Protoconch not known. Teleoconch of about 6 whorls,
periphery sharply angled, sides of last whorl straight or slightly concave.
Sculpture of low, narrow-spiral cords present over whole surface in some
shells, but absent from parts of the last whorl on others. Aperture
narrow, inner and outer lips parallel.

Kaiatan; type supposedly from “tuffs below the
limestone”, Kakanui, but almost certainly from the
Waiareka Volcanic Formation, Lorne, where this species
occurs rarely (Maxwell 1968).

Conus trigonicus is readily distinguished from other New
Zealand cones by its very depressed or even flat spire, its
relatively broad shape and its relatively prominent spiral
sculpture. C. abruptus (Otaian-Altonian, Pakaurangi)
also-has a very depressed spire, but it is more slender than
C. ftrigonicus and has far less prominent and less
ubiquitous spiral sculpture. As Finlay (1924b, p. 479)
pointed out, C. trigonicus seems to be most closely related
to C. dennanti Tate, 1892 (mid-Cenozoic, Victoria).

Cone shells are among the most characteristic molluscs
of present-day tropical or subtropical seas, although a
few species are present in cooler waters (e.g. Victoria;
northern New Zealand). The earliest definite New Zealand
record of the family is from the Bortonian (Hampden
Beach); at least three species are known from the Kaiatan
and Runangan, but there are very few records from the
Landon Series (see Pl. 15k, n). Cones are relatively
common and diverse from Otaian to Clifdenian and
rather less so from Lillburnian to Kapitean. Thereafter
the family almost completely disappears from the fossil
record, probably because of late Cenozoic cooling.

Figured specimen (P1. 80, t): holotype, probably from
Lorne, near Oamaru, Kaiatan (AMTM 201, Auckland
Institute and Museum) x 2. :

PL. 8 y. Zeacuminia tahuia Finlay, 1930 [Terebra sulcata
Marshall 1919, p.232 (not Terebra swainsoni var. sulcata
Pease, 1868); Zeacuminia tahuia Finlay 1930a, p.47 (new
name for Terebra sulcata Marshall, preoccupied)]. Type
species of Zeacuminia Finlay, 1930 (Terebridae).

Size moderate for genus (height 20-32 mm), spire elevated. Protoconch
conical, of about 5 strongly convex whorls, last whorl with a fine supra-
sutural thread and narrow, arcuate costellae, remainder smooth.
Teleoconch of up to 13 weakly to moderately convex whorls, most
specimens with a broad, shallow sulcus adapically; last whorl contracted
rapidly with a short, twisted neck. Axial sculpture of narrow, sharp-
crested opisthocyrt costae with broad concave interspaces, reaching from
suture to suture on spire but dying out on periphery or upper part of
base of last whorl; 13-17 on penultimate whorl. Spiral sculpture of very
fine grooves and threads, usually absent because of abrasion. Aperture
small, ovate; columella twisted to left at inception of short, shallowly
notched siphonal canal. Inner lip impressed, outer lip thin, concave.
Fasciole prominent, ridge-margined.

Bortonian-Kaiatan; Bortonian, Hampden Formation,
Hampden Beach (type) (rare); Waihao Greensand,
McCulloch’s Bridge (common); Kapua Tuff, Waihao
River (rare).

Zeacuminia tahuia is distinguished from other New
Zealand terebrids by its slender shape, its narrow, sharp-
crested axial costae and its very weak spiral sculpture.
Z. tahuia is the earliest known species of Zeacuminia, a
genus to which most New Zealand terebrids have been
assigned, even though it is not too clear just how it differs
from other axially costate members of the family. The
genus as a whole seems to have been bathymetrically
tolerant, with some species living in very shallow waters
and others in outer shelf or upper bathyal habitats.

Figured specimen (Pl. 8y): GS9508, J40/f8803,
McCulloch’s Bridge, Kaiatan (NZGS) x 3.

Pl. 8 x. Marshallaria spiralis (Allan, 1926) [Verconella
spiralis Allan 1926, p. 340; Marshallena spiralis]. Type
species of Marshallaria Finlay and Marwick, 1937
(Turridae: Pseudotominae).

Size moderate for subfamily (height 20-25 mm), broadly fusiform,
spire 0.4-0.5 total height. Protoconch conical, of about 4.5 moderately
convex whorls, last 1.25-1.5 whorls with prominent spiral cords,
crossed on last 0.25-0.5 whorl by narrow axial costellae, remainder
smooth. Teleoconch of up to 4.5 whorls, bluntly shouldered near middle
on spire, sutural ramp almost flat or somewhat concave because of
subsutural fold; last whorl contracted gradually, broadly excavated.
Axial sculpture of rounded or subtriangular costae reaching from near
middle of sutural ramp to lower suture on spire whorls, fading out on
upper part of base of last whorl; 12-16 on penultimate whorl. Spiral
sculpture highly variable, commencing as 6-9 narrow, rather flattened
cords, those (4 or 5) on whorl sides stronger than those on ramp. Spirals
remaining constant in number during growth on some shells, but
typically joined by secondary spirals on ramp and between primaries,
some eventually rivalling primaries in strength, Last whorl with 14-16
additional cords, some with interstitial threads, on base and neck. Spirals
crossing axial costae with little or no thickening, but finely crenulated
by growth lines. Aperture subrectangular, columella smooth with a
gentle twist to left at inception of short, unnotched siphonal canal. Outer
lip thin, edge weakly crenulate, with a broadly arcuate, shallow anal
sinus on ramp.

Kaiatan; Waihao Greensand, McCulloch’s Bridge (type)
(not uncommon); Kapua Tuff, Waihao River (rare).

Marshallaria senilis (Bortonian, Hampden Beach) is
very similar to M. spiralis and may be conspecific, but
the few specimens that we have seen from Hampden
have more rounded teleoconch whorls and more
prominently crenulate teleoconch spirals than
McCulloch’s Bridge shells. M. serotina (Bortonian,
Waihao Downs) is also similar to M. spiralis, but is
considerably larger (height about 35 mm) and has more
numerous, finer spiral cords.

Marshallaria superficially resembles Austrotoma but the
latter taxon differs in having a prominent siphonal notch
and a ridge-margined fasciole, Marshallaria seems to be
much closer to the Northern Hemisphere genus
Pseudotoma Bellardi, 1875, differing from it only in
relatively minor characters. All three taxa, as well as
Marshallena, Notogenota and several other Australasian
taxa, belong in the subfamily Pseudotominae, which on
conchological grounds at least has some claim to being
the most primitive subfamily in the Turridae. Marshallaria
has a recorded range of Wangaloan to Altonian in New
Zealand. We are not aware of any undoubted occurrences
outside New Zealand. The relatively few records suggest
that it favoured moderately deep waters (mid shelf to
upper bathyal zones).

Figured specimen (Pl. 8x): GS9480, J40/f8801,
McCulloch’s Bridge, Kaiatan (NZGS) x.2.
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Pl. 8 v. Marshallena neozelanica (Suter, 1917) [Daphnella
(Raphitoma) neozelanica Suter 1917, p. 60; Belophos
incertus Marshall 1919, p. 229]. Type species of
Marshallena Finlay in Allan, 1926 (Turridae:
Pseudotominae). :

Size moderate for subfamily (height 18-25 mm), fusiform, spire about
0.4 total height. Protoconch conical, of about 5 convex whorls, last
0.25 whorl with distant, narrow axial costellae and very weak spirals,
remainder smooth. Teleoconch of up to 4.5 whorls, shouldered a little
above middle on spire; last whorl contracted gradually, broadly
excavated, with a moderately long, narrow neck. Axial sculpture of
narrow, sharp-crested costae reaching from suture to suture on spire
and across base onto upper part of neck on last whorl; widely spaced
on spire whorls, but more crowded and less distinct on last half-whorl;
20-27 on penultimate whorl. Spiral sculpture of low, narrow cords, the
strongest on shoulder angle, those on whorl sides stronger than those
on ramp and all less prominent than axial costae. Cord on shoulder
angle weakly tuberculate at intersections with costae, other spirals
crossing axials unchanged. Well preserved shells with a slightly glazed
overall appearance. Aperture pyriform, with a moderately long, slightly
curved, narrow, unnotched siphonal canal. Inner lip distinctly impressed;
outer lip thin with a shallowly arcuate sinus.on ramp.

Bortonian-Kaiatan; Bortonian?, “Teaneraki” (type
locality of D. neozelanica -probably lower Waihao River);
Bortonian, Hampden Formation, Hampden Beach (type
locality of B. incertus) (rare); Waihao Greensand,
McCulloch’s Bridge (moderately common).

Marshallena neozelanica is distinguished from other New
Zealand turrids by its almost smooth conical protoconch,
its moderately long siphonal canal, its fine spiral sculpture
and its very shallow anal sinus. Although several other
New Zealand turrids have been assigned to Marshallena,
most belong in other as yet unnamed genera, and only
M. curtata (Pl. 27r) is considered to be congeneric with
M. neozelanica. 1t differs from M. neozelanica in being
less elongate, having more strongly shouldered teleoconch
whorls and having more prominent axial sculpture.

Marshallena seems to be extinct in the New Zealand
region, but it is represented in the modern Indo-Pacific
fauna by several species from mid-shelf to bathyal
habitats (Powell 1969). The few New Zealand records of
the genus are from outer-shelf or upper bathyal
assemblages.

Figured specimen (Pl. 8v): GS9508, J40/f8803,
McCulloch’s Bridge, Kaiatan (NZGS) x 2.

Pl. 8 w. Notogenota finlayi Powell, 1942 [p. 79]
(Turridae: Pseudotominae).

Rather large for subfamily (height 30-50 mm), elongate-biconic, spire
0.4 total height. Protoconch broadly conical, of about 5 smooth whorls.
Teleoconch of 5-6 whorls, prominently shouldered at or above middle
on spire, sutural ramp concave; last whorl contracted gradually, only
weakly excavated. Axial sculpture of numerous, rather irregular, narrow,
strongly opisthocline costae reaching from suture to suture on spire and
about half the length of the last whorl, becoming more widely spaced
and weaker on last whorl. Spiral sculpture on spire whorls very weak,
of numerous closely spaced threads, somewhat stronger on whorl sides
than on ramp; last whorl with more prominent, but still rather subdued,
flat-topped cords, some with interstitial threads, over lower part of base
and neck. Aperture elongate, subrectangular, siphonal canal barely
differentiated, unnotched. Outer lip thin, anal sinus broadly and
shallowly arcuate, occupying sutural ramp.

Kaiatan, Waihao Greensand, McCulloch’s Bridge (type)
(uncommon).
Notogenota goniodes (Bortonian ?, Waihao River) is very

sinilar, but has a steeper, less strongly concave sutural
ramp and has axial sculpture becoming obsolete at an

earlier stage of growth. The very poorly known species
N. pahiensis (Bortonian, Pahi) seems to resemble N.
goniodes in having axial sculpture restricted to early
whorls.

Notogenota is known only from the Bortonian and
Kaiatan in New Zealand. It is, however, very similar to
the Northern Hemisphere Paleogene genus Surculites
Conrad, 1865 and may not be distinct.

Figured specimen (Pl. 8w): GS9508, J40/f8803,
McCulloch’s Bridge, Kaiatan (NZGS) x 1.5.

Pl. 8 q. Cochlespira (Tahusyrinx) maora (Marshall and
Murdoch, 1923) [Columbarium maorum Marshall and
Murdoch 1923a, p. 127; Vesanula maorum; Parasyrinx
Sfinlayi Allan 1926, p. 344; Tahusyrinx finlayi]. Type
species (as P. finlayi) of Tahusyrinx Powell, 1942
(Turridae: Turrinae).

Rather small for subfamily (height 15-26 mm), fusiform-pagodiform,
spire about half total height. Protoconch conical, of about 4 or 5 whorls,
last 2 whorls keeled above middle, last whorl with very small, sharp
peripheral tubercles, other whorls smooth. Teleoconch of up to 7 whorls,
sharply and prominently keeled near middle on spire; last whorl with
much less prominent peribasal keel, contracted gradually below,
shallowly excavated, with a long, slender neck. Axial sculpture of small,
sharply triangular serrations on peripheral keel, short, narrow ridges
bordering upper suture and, particularly evident on last whorl, numerous
growth lines. Spiral sculpture commencing on about 2nd whorl as a
narrow suprasutural cord, joined on 4th or 5th whorl by a similar though
weaker cord between it and peripheral keel; sutural ramp smooth except
for occasional weak threads. Suprasutural cord emerging on last whorl
as peribasal keel, accompanied by up to 20 somewhat weaker cords,
some with interstitial threads, on base and neck. All spirals on last whorl
(and to some extent on earlier whorls) gemmulated by growth lines.
Aperture narrowly pyriform, with a moderately long, narrow siphonal
canal. Outer lip thin, with a deep U-shaped anal sinus, its apex near
middle of sutural ramp.

Kaiatan; “Pukeuri” (type locality of C. maorum — actually
from McCulloch’s Bridge (Maxwell 1966, p. 455));
Waihao Greensand, McCulloch’s Bridge (type locality of
P. finlayi) (uncommon).

Cochlespira maora is the only species of Cochlespira
(sensu lato) to have been described from New Zealand,
although other species are known from the upper Waihao
River (Mangaorapan), Greymouth (Clifdenian and
Waiauan) and Parengarenga Harbour (Altonian). Recent
species of Cochlespira are recorded only from tropical or
subtropical regions and mostly at bathyal depths,
although there are a few records from the outer shelf
(Powell 1969, p. 396-404).

Figured specimen (Pl. 8q): GS9508, J40/f8803,
McCulloch’s Bridge, Kaiatan (NZGS) x 3.

Pl. 8 n. Eoturris complicata (Suter, 1917) [Turris
complicatus Suter 1917, p. 45; T. neglectus Suter 1917,
p. 46; Surcula mordax Suter 1917, p. 51; Turris insensus
Finlay 1924a, p. 103 (invalid name change for T.
neglectus); Gemmula complicata;, Insolentia mordax;
Eoturris neglectus). Type species of Eoturris Finlay and
Marwick, 1937 (Turridae: Turrinae).

Size moderate for subfamily (height 25-45 mm), fusiform, spire 0.6 total
height. Protoconch narrowly conical, of 5 strongly convex whorls, last
0.25-0.5 whorl with distant, arcuate axial costellae, remainder smooth.
Teleoconch of up to 10 whorls, obtusely and often weakly shouldered
at a position varying from near mid-whorl height to just above suture
on spire whorls; last whorl excavated with a moderately long, narrow
neck. Sutural ramp steep, concave, most shells with well developed
subsutural fold. Axial sculpture rather variable, typically of moderately
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strong, rounded nodules largely confined to shoulder but somewhat
extended abapically, matched by a row of weaker nodules on subsutural
fold; other shells with more numerous and much weaker peripheral
nodules but lacking subsutural nodules entirely; extreme range 12-18
nodules on penultimate whorl. Spiral sculpture more variable, some
shells lacking it entirely except for a few weak grooves on base and neck,
others having 2 or 3 strong cords on sides of spire whorls but none on
ramp, and others with 4 or 5 narrow cords on sides and up to 12 on
ramp. Sculpture on base and neck tending to match that on spire.
Aperture pyriform, columella weakly twisted at inception of moderately
long, unnotched siphonal canal. Inner lip smooth, slightly impressed
adapically; outer lip thin, with a deep U-shaped anal sinus, its apex
slightly but consistently above shoulder.

Bortonian-Kaiatan; Waihao Greensand, McCulloch’s
Bridge, Kaiatan (type locality of T. complicatus and
probably of S. mordax) (common); Bortonian?,
“Teaneraki” (type locality of T. neglectus - probably lower
Waihao Valley); Hampden Formation, Hampden Beach
(rare).

Eoturris complicata differs from E. uttleyi (Pl. 15t) in
having more distinctly shouldered teleoconch whorls and
nodular rather than comma-shaped axial sculpture. Turris
neglectus has hitherto been regarded as a distinct taxon,
but the holotype does not differ significantly from some
topotypes of Eoturris complicata. As first revisers we
choose the name Eoturris complicata for the species
named Turris complicatus and T. neglectus by Suter
(1917).

Eoturris seems to have been an endemic genus and has
a recorded range of Porangan (?)to Waitakian. Although
superficially similar to Comitas, it differs in having a
narrower anal sinus with its apex much closer to the
periphery than in Comitas.

Figured specimen (Pl. 8n): GS9508, J40/f8803,
McCulloch’s Bridge, Kaiatan (NZGS) x 2.

PlL. 8 r. Gemmula bimarginata (Suter, 1917) [Turris
bimarginatus Suter 1917, p. 44-45] (Turridae: Turrinae).

Rather small for subfamily (height 12-18 mm), narrowly fusiform, spire
0.6 total height. Protoconch conical, of about 5 strongly convex whorls,
last 2.5 whorls with narrow, opisthocyrt costellae, remainder smooth.
Teleoconch of 6-7 whorls, spire whorls with a prominent though not
greatly projecting peripheral band at or near middle; sutural ramp
strongly concave, with a prominent subsutural fold; last whorl with a
prominent peribasal keel, excavated below with a moderately long,
narrow neck. Axial sculpture confined to peripheral band, of rounded
gemmules of squarish outline, with interspaces of similar width; 13-18
on penultimate whorl. Spiral sculpture consisting of a cord on subsutural
fold, 3 narrow threads of variable strength on peripheral band, and
an almost submerged suprasutural cord; most shells with a few fine
threads on ramp, some with an additional cord about halfway between
periphery and lower suture. Suprasutural cord emerging on last whorl
as peribasal keel, accompanied by a somewhat weaker one on base,
and up to 18 weak cords on base and neck. Aperture elongate-pyriform,
with a moderately long, unnotched siphonal canal. Inner lip impressed
adapically; outer lip thin, smooth within, anal sinus deep, narrowly U-
shaped, apex on peripheral band.

Kaiatan; “Teaneraki” (type— probably lower Waihao

Valley); Waihao Greensand, McCulloch’s Bridge (not
uncommon). :

The sympatric species Gemmula duplex is similar in size,
but has a narrower, less strongly sculptured protoconch,
a narrower peripheral band and a row of gemmules rather
than a spiral cord bordering the upper suture. G.
bimarginata differs from G. waihaoensis (also
McCulloch’s Bridge) in its smaller size and more rounded
peripheral gemmules, by the absence of subsutural

collabral ridges and in having two prominent basal spiral
cords. ‘

Gemmula is first recorded from about Mangaorapan in
New Zealand and seems to have become extinct in the
North Otago-South Canterbury region during or after the
Waitakian, although elsewhere it survived until the
Opoitian. Recent species are widely distributed in tropical
or subtropical waters, mostly at mid-shelf to bathyal
depths, although a few species occur shallower than 20
m (Powell 1964, p. 243-275).

Figured specimen (Pl. 8r): GS9508, J40/f8803,
McCulloch’s Bridge, Kaiatan (NZGS) x 3.

Pl. 8 . Zemacies marginalis (Marshall, 1919) [Surcula

‘marginalis Marshall 1919, p. 231-232; S. equispiralis

Marshall 1919, p. 232; S. hampdenensis Marshall and
Murdoch 1920, p. 134] (Turridae: Turrinae).

Moderately large for subfamily (height 40-80 mm), fusiform, spire half
total height. Protoconch narrowly conical, of about 4 smooth whorls.
Teleoconch of 7 or 8 whorls, obtusely angled somewhat above middle
on spire; sutural ramp slightly concave, with a weak subsutural swelling;
last whorl weakly excavated, tapering to a moderately long neck. Axial
sculpture consisting of narrow, strongly opisthocline costae reaching
from shoulder to lower suture on early whorls, but becoming restricted
to peripheral nodules on later whorls (12-15 on penultimate whorl),
eventually becorning obsolete on largest shells. Spiral sculpture consisting
of a single narrow cord on subsutural swelling, a few weak threads
between it and shoulder, and rather subdued, low, rounded cords below
shoulder. Aperture narrow, with a moderately long, narrow siphonal
canal. Inner lip only thinly glazed; outer lip thin with a deep, tongue-
shaped anal sinus, its apex near middle of ramp.

Bortonian-Kaiatan; Bortonian, Hampden Formation,
Hampden Beach (type locality of all three nominal
species); Waihao Greensand, McCulloch’s Bridge.
Uncommon at both localities.

Zemacies elatior (Pl. 26i) resembles Z. marginalis in
having a narrow cord near the upper suture, but differs
in having finer spiral sculpture, and axial sculpture of
short, opisthocline ridges extending a short distance below
the periphery (confined to early whorls on many shells).

Zemacies has a recorded range of Wangaloan to
Waipipian in New Zealand (although there are no records
from the Taranaki Series), and is also present in the mid-
Cenozoic of Victoria, Australia. The genus seems to have
had a mid-shelf to upper bathyal habitat.

Figured specimen (Pl. 81): GS9480, J40/f8801,
McCulloch’s Bridge, Kaiatan (NZGS) x 1.5.

Pl. 8 m. Cordieria rudis (Hutton, 1885) [Clathurella rudis
Hutton 1885b, p. 328; Mangilia (Clathurella) rudis;
Borsonia rudis; Cordieria haasti Finlay 1930b, p. 83; C.
verrucosa Finlay 1930b, p. 83-84] (Turridae:
Mitromorphinae).

Size moderate for subfamily (height 10-17 mm), ovate, spire highly
variable, 0.4-0.7 total height. Protoconch mamillate, of about 1.5
smooth whorls. Teleoconch of 5-6 whorls, weakly shouldered at or
somewhat above middle on spire; sutural ramp slightly concave, with
a low subsutural fold; last whorl shallowly excavated, with a short, in
many specimens ill-defined, neck. Axial sculpture of prominent rounded
costae with concave interspaces, subobsolete on ramp and usually
weakening before reaching lower suture, dying out on upper part of
base of last whorl, and in many shells becoming obsolete on last half-
whorl; 7-11 costae on penultimate whorl. Spiral sculpture highly variable,
in some shells consisting of a few narrow, rather subdued cords on sides
of spire whorls, joined by somewhat finer cords on base and neck, in
other shells restricted to subobsolete peripheral threads. Aperture
elongate-pyriform, with a rather poorly defined, short, unnotched
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siphonal canal. Columella gently convex with 2 narrow plaits, one some-
what above middle, other (usually slightly stronger) near adapical end.
Inner lip thinly glazed, flush; outer lip thin, weakly lirate well within aper-
ture on some shells, with a shallow, arcuate anal sinus just below suture.
Kaiatan; “Waiho” [sic] (type locality of C. rudis—
probably McCulloch’s Bridge); Waihao Greensand,
McCulloch’s Bridge (type locality of C. haasti and C.
verrucosa) (very common); Kapua Tuff, Waihao River
(moderately common).

This little turrid is one of the most abundant molluscs
at McCulloch’s Bridge and is also one of the most
variable. Finlay (1930b, p. 83-84) segregated C. haasti and
C. verrucosa on the basis of alleged differences in shape,
coarseness of spiral sculpture and number of axial costae
per whorl, but study of large samples shows that these
differences are not constant and that the various
morphotypes grade into one another (Maxwell, in prep.).
Finlay (1930b, p. 84) also recognised another species of
Cordieria, C. huttoni, from McCulloch’s Bridge; this does
seem to be a distinct taxon differing from C. rudis in its
smaller size (maximum height 11 mm), more slender shell,
less prominent and less nodular axial sculpture, more
prominent spiral sculpture and weaker columellar plaits.

Cordieria occurs widely in the European Cenozoic and
is also recorded from the Eocene of North America and
Australia (Powell 1966, p. 59, 60; Long 1981, p. 32-34).
A Recent species occurs at depths of 140-190 m in the
Caribbean (Powell 1966, p. 59). Apart from the two
McCulloch’s Bridge species, New Zealand records of the
genus are from the upper Waihao River (Mangaorapan ?)
and Trig M, Totara (Runangan).

Figured specimen (Pl. 8m): GS9508, J40/f8803,
McCulloch’s Bridge, Kaiatan (NZGS) x 3.

Pl. 8 h. Fusiaphera marshalli (Allan, 1926) [Uxia (?)
marshalli Allan 1926, p. 342; Unitas marshalli]
(Cancellariidae: Cancellariinae).

Size moderate for family (height 10-19 mm), broadly fusiform, spire
0.5-0.6 total height. Protoconch depressed dome-shaped, of 3.5 whorls,
apex almost flat, last 0.25 whorl with weak axial costellae and
subobsolete spirals, remainder smooth. Teleoconch of 5-6 whorls,
markedly convex on spire; last whorl strongly excavated, with a short
neck..Sutures impressed at first, narrowly canaliculate on later whorls.
Axial sculpture of very prominent rounded prosocline costae reaching
from suture to suture on spire, and extending across base but not onto
neck of last whorl; 10-12 costae on last whorl; varices at irregular
intervals. Spiral sculpture commencing as 3 narrow, rounded subequal
cords, a fourth appearing out of lower suture during growth, and 4
or 5 additional cords appearing on last whorl; narrow, flattened threads
also appearing between cords and elsewhere on later whorls. Cords
crossing axial costae and varices with only slight thickening. Aperture
ovate, columella almost straight, twisted to left abapically to form very
short, unnotched siphonal canal, bearing 3 oblique plaits, the lowest
one reduced to a low tubercle on largest specimen seen. Inner lip
moderately thickly callused over columella, thinly in parietal area. Outer
lip with a moderately heavy varix externally and 7 narrow lirae within.

Kaiatan, Waihao Greensand, McCulloch’s Bridge (type)
(rare).

Fusiaphera  naroniformis (Altonian, Oamaru) has a
protoconch of only one whorl, distinctly shouldered
teleoconch whorls, a less strongly impressed suture, and
less prominent spiral sculpture. Both species were
originally referred to Uxia Jousseaume, 1887 (now known
by its replacément name Unitas Palmer, 1947) but they
have more in common with the widespread warm-water
genus Fusiaphera Habe, 1951.

Figured specimen (Pl. 8h): GS9508, J40/f8803,
McCulloch’s Bridge, Kaiatan (NZGS) x 5.

Pl. 8 k. Tatara revoluta (Finlay, 1924) [Cymatium
revolutum Finlay 1924b, p. 456; Semitriton revolutum]
(Cancellariidae: Cancellariinae).

Moderately large for family (height 30-45 mm), broadly fusiform, spire
0.4 total height. Protoconch dome-shaped, of 1.5 smooth whorls, apex
flattened. Teleoconch whorls convex on spire; last whorl long, broadly
excavated, with moderately long, thick neck. Axial sculpture of narrow,
low costae reaching from suture to suture on spire and across base of
last whorl; low varices present down much or all of spire, but indistinct
towards apex. Spiral sculpture of numerous, narrow, rather widely
spaced, rounded cords similar in strength to axial costae; interspaces
with fine, low threads cancellated by fine growth ridges. Intersections
of spiral cords with axial costae nodulose. Aperture narrow, with a short,
straight, widely open, unnotched siphonal canal; no obvious fasciole.
Inner lip spread as a moderately wide caltus pad with a thickened edge,
bearing 3 prominent, narrow columellar plaits medially, and many
narrow spiral ridges (most of them corresponding to spiral cords on
base and neck) over whole callus. Outer lip wide, strongly thickened,
inner face almost flat, with 14 prominent, narrow ridges.

Kaiatan (- Whaingaroan?); “Kakanui Beach (tuffs below
the limestone)” (type —almost certainly from Waiareka
Volcanic Formation, Lorne (Kaiatan), where this species
is not uncommon (see comments under Sassia (Haurokoa)
marwicki, above); ? Kakanui, top of McDonald
Limestone (Whaingaroan).

Tatara pahiensis (Bortonian, Pahi), the type species of
Tatara Fleming, 1950, is known only by the holotype; it
is larger and less slender than T. revoluta, has coarsely
cancellate teleoconch sculpture lacking the finely reticulate
interstitial sculpture of the latter species, has a very wide
outer lip bearing 11 transverse ridges, and has four low,
wide columellar plaits. T. flemingi (Pl. 9k) is similar to
T. revoluta but is shorter and wider, has weaker axial
sculpture but stronger secondary spiral sculpture, has a
more laterally sinuous aperture (inclined at 20° to
vertical), has a wider outer lip bearing 18-20 low,
transverse ridges and has only two prominent (and a
weaker third) columellar plaits. 7. transenna (Suter, 1917)
(Waitakian, “Isis” bed, Campbell’s Beach, Kakanui) is a
rather poorly known, relatively stumpy, low-spired,
coarsely cancellate species; it has been interpreted in a
very broad sense by Beu and Maxwell (1987) to include
all of the younger Tatara records, although probably
more than one species is involved. These include
fragmentary specimens with beautiful reticulate
microsculpture from Parengarenga Harbour (Altonian),
and poorly preserved moulds from the Stillwater
Mudstone at Greymouth (Clifdenian).

Tatara has traditionally been regarded as a member of
the Ranellidae, but Beu and Maxwell (1987) have shown
that it is a cancellariid closely similar to Semitriton
Cossmann, 1903. The genus is endemic to New Zealand,
and includes both shallow-water species (e.g. T. pahiensis
and possibly T. revoluta) and deeper-water forms (7.
flemingi and T. transenna), mostly from “hard-ground”
facies.

Figured specimen (Pl. 8k): GS9481, J41/f8025, Lorne,
inland from Oamaru, Kaiatan (TMS5145, NZGS) x 1.5.

Pl. 7 q, r. Wangaloa ngaparaensis (Suter, 1917) [Architec-
tonica ngaparaensis Suter 1917, p.14] (Architectonicidae).

Size moderate for family (diameter 8-12.5 mm), lenticular, spire very
depressed but not flat. Protoconch heterostrophic, initial whorl
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immersed. Teleoconch of about 4 whorls that are flat or gently convex
dorsally; last whorl sharply keeled, base moderately convex, with a wide,
perspective umbilicus. Spiral sculpture consisting primarily of a narrow,
finely beaded cord immediately above suture, becoming peripheral keel
on last whorl, where it is joined by a narrow, smooth or feebly
gemmulate cord a short distance below. A row of small gemmules,
without a connecting thread on most specimens, below suture on some
shells. Remainder of shell with weak or subobsolete threads. Axial
sculpture, apart from gemmules margining suture, of growth lines which
weakly gemmulate dorsal spiral threads on some shells. Umbilical border
strongly crenulated by 24-30 axial folds. Umbilicus with a crenulated
cord within in most specimens, ending somewhat above middle of inner
lip, but cord absent from a few specimens. Aperture subquadrate.

Kaiatan; “concretions with fossils overlying coal beds,
Ngapara” (type—almost certainly from the Waihao
Greensand, McCulloch’s Bridge where it is not
uncommon (see Maxwell 1966, p. 451)); Kapua Tuff,
Waihao River.

Wangaloa plana (Wangaloan, Wangaloa and Boulder
Hill), the type species of the genus, has a less acute
periphery and has much coarser sculpture (of short ridges
rather than gemmules) margining the lower suture. Both
species are readily distinguished from other New Zealand
architectonicids by the relatively weakly developed spiral
sculpture, and by the very depressed spire.

Figured specimen (Pl. 7q, r): GS9508, J40/{8803,
McCulloch’s Bridge, Kaiatan (NZGS) x 3.

Pl. 8 aa. Triploca waihaoensis Marshall and Murdoch,
1923a [p. 128] (Acteonidae).

Size moderate for family (height ¢.10. mm), ovate, spire a little more
than half total height. Protoconch of about 2 smooth whorls, initial
whorl depressed. Teleoconch of 5 whorls, those on spire gently convex
with a narrow sutural shelf; last whorl large, evenly convex with a small
pseudumbilicus. Spiral sculpture of fine grooves with broad, flat
interspaces, 6-7 on penultimate whorl, an additional 16 on base of last
whorl. Axial sculpture of very fine growth lines restricted to grooves.
Aperture ovate, columella short, subvertical with 3 strong, rather sharp
plaits, the adapical one the strongest. Inner lip thinly callused; outer
lip apparently thin, opisthocline, with shallow spiral grooves within.

Kaijatan, Waihao Greensand, McCulloch’s Bridge (type)
(rare).

Triploca waihaoensis is distinguished from other New
Zealand acteonids by its relatively tall spire and, most
importantly, by the presence of three columellar plaits.
T. waihaoensis is very similar to the type species, T. ligata
Tate, 1894 (Late Eocene, South Australia) and may be
conspecific. The only other New Zealand record of the
genus is from the Mangaorapan of White’s Creek, North
Canterbury.

Figured specimen (Pl. 8aa):; McCulloch’s Bridge, Kaiatan
(Canterbury Museum) x 6.

Pl. 8 z. Superstes marshalli Finlay and Marwick, 1937
[Avellana tertiaria Marshall 1916b, p.121 (not of Vincent
1884); Superstes marshalli Finlay and Marwick 1937,
p.109, p.120 (new name for Avellana tertiaria Marshall,
preoccupied); Gilbertia tertiaria]l (Ringiculidae).

Moderately large for family (height 7-9 mm), ovate, spire low, dome-
shaped, 0.2-0.3 total height. Protoconch depressed dome-shaped of
about 2 smooth whorls. Teleoconch of about 3 whorls, moderately
convex on spire, with impressed sutures; last whorl large, strongly
inflated. Sculpture of narrow spiral grooves with broad, flat interspaces,
typically constricted at regular intervals to form punctate sculpture of
shallow, oval pits; 20-27 grooves on last whorl. Aperture pyriform,
strongly constricted posteriorly; columella concave, bearing 2 strong
plaits, a vertical one bordering the shallow siphonal notch and a nearly
horizontal one near adapical end. A third strong plait on lower part

of parietal region. Inner lip prominently callused, with a heavy, rounded
ridge running along its edge from top of columella almost to adapical
end of aperture. Some shells with a very short ridge or tubercle above
parietal plait and within aperture. Outer lip slightly prosocline, thickened
externally by broad, rather low varix, padded within, bearing 2 strong
denticles on abapical half (interspace smooth or with up to 3 weak
denticles), and up to 10 weaker ones above.

Bortonian-Kaiatan; Bortonian, Hampden (type); Waihao
Greensand, McCulloch’s Bridge (rare); Kapua Tuff,
Waihao River (common).

Superstes phoenix (Kaiatan, Lorne), the type species of
Superstes Finlay and Marwick, 1937, is very similar but
differs in having a prominent vertical ridge rather than
a very short ridge or tubercle in the parietal area.

Superstes is an endemic genus, apparently closely related
to Gilbertina Morlet, 1888, occurring in the Paleocene
to Miocene of the Northern Hemisphere, but differing in
having a much less strongly prosocline outer lip, and a
distinct siphonal notch. Both genera differ from Ringicula
(Pl. 56i,)) in their larger size and more globose, lower-
spired shell and in having a prosocline rather than an
opisthocline outer lip. Their closest relationship seems to
be with Late Cretaceous taxa such as Avellana Orbigny,
1843 and Eriptycha Meck, 1876.

Figured specimen (Pl. 8z): GS11,200, J40/f8853, Kapua
Tuff, Waihao River, Kaiatan (NZGS) x 5.

Pl. 8 u. Hpyalocylis annulata (Tate, 1887) [Styliola
annulata Tate 1887b, p.195; Clio annulata; Clio rangiana
(Tate, 1887) (not of Tate)] (Cavoliniidae: Creseinae).

Rather large for family (length 15-35 mm), thin-shelled, tubular, of
circular cross-section, slowly tapering, straight or gently curved. Apical
details not known. Teleoconch sculpture of narrow, low ridges with
wider interspaces, not quite perpendicular to axis of tube.

Bortonian-Runangan; Middle-Late Eocene, Aldinga, South
Auwustralia (type); Waihao Greensand, Black Point, Bortons;
Waiareka Volcanic Formation, Lorne; Kapua Tuff, Waihao
River; Trig M, Totara; Bridge Point, Kakanui.
Although this rather nondescript fossil superficially.
resembles some scaphopods (e.g. species of Fustiaria) it
differs radically in having a very thin shell and except for its
much larger size, it is very similar to the extant thecosome
pteropod Hyalocylis striata (Rang, 1828). At most of the
localities listed above it is associated with undoubted ptero-
pods, particularly species of Spiratella, and there can be
little doubt that it too is a thecosome. H. striata sheds the
carly part of the shell, leaving a curved septum in the re-
maining portion, and it seems very likely that H. annulata
had a similar habit, although none of the available
specimens are sufficiently well preserved to be certain.

H. annulata is very similar to certain pteropods of Late
Eocene and Oligocene age from Europe, Syria and USSR
(e.g. H. maxima (Ludwig, 1864), H. cretacea
(Blanckenhorn, 1890) and Praehyalocylis chivensis
Korobkov and Makarova, 1962), and in view of the wide
distribution of most modern thecosomes it is not unlikely
that all of these names apply to a single widespread
species. Although the genus-group name Praehyalocylis
Korobkov and Marakova, 1962 is available for these
outsize species, there are no convincing criteria by which
it can be differentiated from Hyalocylis.

Figured specimen (Pl. 8u): GS3869, J41/{8539, Lorne,
inland from Oamaru, Kaiatan (NZGS) x 3.
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CHAPTER 9. EARLY —MIDDLE OLIGOCENE FAUNA
(WHAINGAROAN STAGE): PLATE 9

INTRODUCTION (Figure 14)

NORTH ISLAND

SOUTH ISLAND

Earty-middle Oligocene localities
and Pomabhaka fauna:

" 1. Whangape lake
2. Nelson
3. Porter River
4. Gee’s Point - Everett's Quarry

5. Pomahaka

Figure 14 The main molluscan fossil localities of Whaingaroan (Early-
mid Oliogocene) age, and location of the Pomahaka faunule (Pl. 9;
described in the following chapter).

By the mid-Oligocene much of present-day New Zealand
was submerged, and what land remained (mostly central
North and South Islands) was low-lying and supplying
relatively little terrigenous material to the surrounding seas.
Over much of the country Early and middle Oligocene
(Whaingaroan) rocks are marl or limestone, typically
containing few, if any molluscs. Those that do occur are
calcitic species, e.g. Janupecten polemicus, J. uttleyi, Acesta
spp. and Cirsotrema lyratum. Most of what we know about
Whaingaroan molluscs, however, is based on collections
from rocks with a higher terrigenous content (particularly
from south-west Auckland and Nelson) or from volcano-
genic sediments (mostly from North Otago). These
faunules are rather restricted and give only a limited picture
of the Whaingaroan molluscan fauna.

Another factor that makes it difficult to make
generalisations about the Whaingaroan is the exceptional
length of the stage - about nine million years, i.e., two
to three times the length of most other local Cenozoic
stages. Micropaleontologists subdivide the stage into
lower and upper (or early and late) Whaingaroan, but
molluscan faunas are too poorly known to tell if a similar
subdivision is warranted for them. Whaingaroan faunules
from North Otago are from the lower Whaingaroan, and
are mostly from a hard-ground habitat, but the faunule
from The Cliffs, Nelson, which is from high in the stage,
is from a shallow-water, sandy bottom facies, so the
faunules are not directly comparable. However, in view
of the considerable length of time involved it seems
probable that early and late Whaingaroan faunas differed
significantly at the species level, if not in generic
composition.

South-west Auckland

The name-bearer of the Whaingaroan Stage is at
Waitetuna Estuary, Raglan (= Whaingaroa) Harbour;
here and elsewhere in south-west Auckland and in North
Taranaki Whaingaroan sediments are relatively thick, and
constitute the middle part of the Te Kuiti Group (Kear
and Schofield 1959, 1978). They include sandstone (in
places directly overlying Eocene coal-measures), siltstone
and limestone, but despite their apparently suitable
lithology and shallow-water nature they contain relatively
few molluscs, possibly because some of the lower units
accumulated under anoxic conditions (Kear and Schofield
1978, p. 66). Hutton (1873b, p. 1, 18, 32) described a
scaphopod and two bivalves (including the widespread
species Propeamussium zitteli) from Whaingaroa Siltstone
at Lake Whangape, and Marwick (1924d, p. 562; 1927,
p. 628) described Polinices waipaensis and the distinctive
thick-shelled venerid Eumarcia (Atamarcia) crassa from
the same unit near Karamu. Other molluscs recorded
from Whaingaroan beds in the Kawhia-Te Kuiti area
include species of shallow-water genera such as Cucullaea,
Chiamys, Janupecten, Spissatella, “Cyclocardia”, Dosinia,
Panopea, Zefallacia, Sigapatella, Crepidula and
Austrofusus, but specimens are typically poorly preserved
and rarely identifiable to species level.

Nelson

The locality known as “The Cliffs” on the foreshore near
Port Nelson has some claim to fame as being the source
of several of the first fossil molluscs to be formally
described from New Zealand. Material collected by F.
Manse in the early 19th century was given to the famous
shell-collector Hugh Cuming and was briefly discussed
by Forbes (in Mantell 1850, p. 343). Zittel (1864) recorded
seven species (three of them described as new) in a
collection made by Ferdinand von Hochstetter in 1859,
and subsequent workers described an additional three
species from this locality.

Molluscs from The Cliffs are poorly preserved and
occur in lenticular conglomeratic bodies in a sequence of
alternating sandstone and mudstone (Magazine Point
Formation). According to Lewis (1980) the conglomerates
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are debris-flow deposits (possibly storm-generated)
emplaced in a relatively shallow-water (shelf)
environment, although there is some evidence that at least
part of the unit accumulated in significantly deeper (i.e.
bathyal) conditions. The molluscan faunule itself has a
distinctly shallow-water (inner shelf) aspect, and was
listed by Vella (1962), although his identifications are
rather more precise than the material warrants. Besides
the six species described from The Cliffs (i.e. Limopsis
zitteli, Neilo funiculata, Austrofusus (Neocola) zitteli,
Zelandiella robinsoni, Austrotoma gracilicostata and
Dentalium mantelli) the faunule includes species of
Glycymerita, Cucullaea (Latiarca), Spondylus,
“Cyclocardia”, Megacardita, Dosinia, Haliotis, Polinices,
Magnatica (Spelaenacca), Tanea, Sigapatella, Crepidula,
Echinophoria, Falsicolus, Austrofusus (Austrofusus),
Ficus, Amalda (Baryspira), Austrotoma and Zeacuminia.

North Otago

The best-preserved Whaingaroan molluscan faunules are
from the Deborah Volcanic Formation and McDonald
Limestone (particularly the former unit) near Kakanui,
North Otago. The two most important localities are at
Gee’s Point where the dominant lithology is fine
conglomerate/breccia, and a tuff bed in the cliff below
Everett’s Quarry (long disused). The faunule from the
former locality includes Quadrilatera januaria, Tucetona
lornensis, Glyptoactis benhami, “Cyclocardia® n.sp.,
Spissatella n.sp., Diplodonta (Zemysina) n.sp.,
Caryocorbula n.sp., Spectamen n.sp., Astraea n.sp.,
Spirocolpus tophinus and Tatara flemingi. The Everett’s
Quarry faunule apparently lived in quieter and deeper
conditions and includes Serripecten n.spp, Notochlamys
n.sp., -Glyptoactis benhami, “Verticordia” n.sp.,
Conominolia sulcatina, Calliotropis aff. fenestratus,
Bolma marshalli, Zeacolpus wharekuriensis, Cypraea sp.
and Austrofusus n.sp.
Faunules from the McDonald Limestone are much
sparser than those from the volcanics —the best is from
_ the right bank of the Kakanui River near its mouth, where
occur Notochlamys n.sp., Serripecten n.sp. (distinct from
either of the Everett’s Quarry species), Cirsotrema lyratum
and C. gagei. Also noteworthy are rare specimens of a
giant nautiloid (Aturia sp.) from the McDonald
Limestone, probably from McDonald’s Quarry. The huge
nautiloid, more than 50 cm in diameter, recorded from
“Wharekuri” in the Waitaki valley (Hamilton 1903; now
in Otago Museum) is probably of similar age.

Composition of the Early Oligocene molluscan fauna

No molluscan genera are known to be restricted to the
Whaingaroan, and only one (Quadrilatera) is last recorded
from the stage, although it is possible that some taxa last
reported from the Late Eocene survived into the Early
Oligocene. Genus-group taxa that are first recorded from
the Whaingaroan (mosly from the later part of the stage)
include Glycymeris, Propeamussium, Megacardita,
Notocallista (Fossacallista), Eumarcia (Atamarcia), Tugali,
Zefallacia, Crepidula, Struthiolaria, Echinophoria,
Zelandiella (doubtfully in Wangaloan), Austrofusus
{Neocola) and Austiotoma. It seems likely that many
molluscan genera that are first known from the
Duntroonian (see next chapter) were already present

during the Whaingaroan, but this must remain
conjectural until such time as Whaingaroan faunules
become much better known.

There is ample evidence from oxygen isotope studies
for a relatively rapid decrease in bottom-water
temperatures at the FEocene-Oligocene boundary,
followed by a more gradual increase thereafter
(Shackelton and Kennett 1975; Keigwin 1980). This
change is thought to signal the development of the
psychrosphere, the oceanic system existing at the present
day in which there is a clear distinction between cool
bottom waters and significantly warmer surface waters.
Before this time bottom and surface waters were at much
the same temperature. In his pioneering study on New
Zealand Cenozoic paleotemperatures, Devereaux (1967)
postulated a fall in temperature of about 9°C across the
Runangan-Whaingaroan boundary, but his conclusions
have been criticised by Burns and Nelson (1981). Their
work on sequences at Point Elizabeth and Cape Foulwind
on the West Coast indicates a gradual decrease of about
3°C through the Runangan, a slight warming at the
Runangan — Whaingaroan boundary, and a relatively
rapid drop of about 2°C in the basal Whaingaroan. They
advocate a change from warm temperate to cool
temperate conditions during this period, followed by a
rise back to warm temperate conditions later in the
Whaingaroan.

The molluscan evidence unfortunately does not provide
any clear-cut evidence for such temperature changes,
although Beu and Maxwell (1968, fig. 2) showed that there
was a significant decrease in the proportion of “Indo-
Pacific” molluscs (expressed as a percentage of the total
recorded fauna) from Runangan to Whaingaroan.
However, the early Whaingaroan faunules from North
Otago include such warm-water taxa as Arca,
Quadrilatera, Bolma, Cypraea (sensu lato) and Conus
(sensu lato) and do not seem to be of obviously cooler-
water aspect than Runangan faunules from the same area.
Of course these faunules may pre-date or post-date the
short-lived temperature minimum, or they may have lived
in anomalously warm conditions, perhaps caused by
locally enhanced insolation on the crest or flanks of a
volcanic sea-mount. The presence of Spondylus, Polinices
and Ficus in The Cliffs faunule suggests that warm
conditions also prevailed during the late Whaingaroan.

REPRESENTATIVE EARLY AND MID-OLIGOCENE
MOLLUSCA

PL. 10 £. Janupecten uttleyi (Marwick, 1924) [Pecten
uttleyi Marwick 1924e, p. 325; Serripecten (Janupecten)
uttleyi]l. Type species of Janupecten Marwick, 1928
(Pectinidae).

Size moderate for family (height 55-60 mm), left valve more inflated
than right. Ears subequal, separated from disc by narrow channels, these
much more marked in right than in left valve, and more prominent
posteriorly than anteriorly. Byssal notch decp, fasciole narrow;
ctenolium apparently absent. Dorsal margins of left valve ears colinear,
smooth, those of right valve divergent, serrate. Radial sculpture on right
valve appearing at about 20 mm from umbo, of about 50-60 low,
flattened or convex costae, scaly in some specimens but almost smooth
in most shells; interspaces typically somewhat wider than costae. Ears
with 4 or 5 similar costae. Other sculpture of growth lines and
“Camptonectes” microsculpture. Radial sculpture in left valve highly
variable, almost obsolete in some shells, in others consisting of subdued
costae similar to those on right valve but appearing distally. Other
“sculpture of very fine radial striae and fine growth lines.
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Runangan?, Whaingaroan; Whaingaroan, lower part of
Wharekuri Greensand, “Fishing Rock”, Waitaki River
near Wharekuri (type) (common); ?Woodpecker Bay,
North Westland (some specimens with radial costellae
between costae on right valve, but otherwise similar to
topotypes).

The discrepant sculpture and the presence of aural
channels in both valves effectively distinguish Janupecten
uttleyi from nearly all other New Zealand pectens. J.
polemicus (Whaingaroan, south-west Auckland) is most
similar, but has less well developed channels (particularly
in the left valve) and has radial rays with little or no
surface expression in the right valve. J. subteres
(Duntroonian, North Otago) resembles J. polemicus in
aural channel development but has right valve radial
costae present only distally (only near the dorsal margins
in some shells). Duplipecten waihaoensis (Pl. 5d) and D.
parki have aural channels in the right valve only, and have
the right valve more inflated than the left, the opposite
situation to that in Janupecten.

Figured specimen (Pl. 10f): GS486, 140/{6467, Fishing
Rock, Wharekuri, Waitaki Valley, Whaingaroan (NZGS)
x 1. [Please note: this illustration is out of sequence.]

PL. 9 a. Serripecten n. sp. (Pectinidae).

Rather small for genus (height 35-40 mm), right valve somewhat more
inflated than left. Dorsal margins of left valve colinear, those of right
valve divergent, slightly serrate; byssal notch deep. Proximal 10-12 mm
of both valves smooth except for commarginal striae and
“Camptonectes” sculpture, remainder with 41-44 narrow, rounded to
squarish primary costae which become scaly distally. Scaly secondary
costellac appearing between costac and near dorsal margins, about
halfway across disc. Ears with fine scaly costellae. Hinge with broad
resilifer, prominent cardinal crurae and well developed provinculum.

Whaingaroan, Deborah Volcanic Formation, Everett’s
Quarry, Kakanui (common).

The new species resembles S. tiorioriensis (Pl. 4b) in its
small size and relatively simple sculpture, but has more
numerous radial costae and has secondary costellae
appearing at a much earlier stage of growth. S.
enfieldensis (Kaiatan-Runangan, North Otago) has less
numerous costae (26-29), which commence much closer
to the beaks (c. 5 mm).

Figured specimen (Pl. 9a): GS9535, J42/f6031, beach
below Everett’s Quarry, Kakanui, Whaingaroan (NZGS)
x 1.5.

PL. 9 g. Notochlamys n. sp. (Pectinidae)

Small for family (height 17-24 mm), left valve weakly inflated, right
valve slightly more inflated. Some specimens bent in towards commissure
distally, producing a humped profile. Ears unequal, particularly in right
valve; byssal notch well developed, moderately wide, ctenolium present.
Radial sculpture in both valves commencing near beaks as 11 or 12
narrow, well spaced costae that gquickly become broad plicae (i.e. involve
whole thickness of shell}, those on left valve developing 2 (or rarely
3) longitudinal grooves so that distally they consist of 3 (or 4) narrow,
subequal, scaly costae and are typically of reduced relief. Secondary
costae, also scaly, developing by intercalation at 6-11 mm from beak,
and tertiary costellae at a later stage, either by intercalation or by
branching off sides of plicae. Plicae on right valve developing 1 (or less
commonly 2) deep longitudinal grooves, the resulting costae remaining
rounded ‘and smooth apart from weak growth lines. Secondary and
tertiary radials similar in character to plicae. Ears with 4 or 5 narrow
radial costae. Both valves with “Camptonectes” microsculpture on disc
and ears, in most specimens much better developed on left than on right
valve, and in places (particularly on lateral margins) producing
microcellular (“shagreen”) sculpture where intersected by fine growth
ridges.

Whaingaroan, McDonald Limestone, Kakanui River,
near mouth (uncommon); Deborah Volcanic Formation,
Everett’s Quarry, Kakanui (moderately common); tuffs
below limestone, All Day Bay, Kakanui (rare).

Although this distinctive little pecten superficially
resembles some species of Mesopeplum it differs in having
distinct “Camptonectes” (and locally shagreen)
microsculpture and a relatively broad byssal notch.
Mesopeplum lacks “Camptonectes” or shagreen
microsculpture but has numerous fine, closely spaced
commarginal ridges extending over the whole disc and
ears, and has a very narrow byssal notch (apparently
becoming obsolete in the adult of the Australian Recent
type species, M. caroli Iredale, 1929). The Kakanui species
is here referred to Notochlamys, proposed by Cotton in
1930 for Australian Mesopeplum-like shells with shagreen
sculpture, and although Notochlamys is usually regarded
as a synonym of Mesopeplum we contend that these taxa
are worth separating. Mesopeplum is represented by
several species in New Zealand, but the only other local
record of Notochlamys we are aware of is from the
Mohakatino Formation (Lillburnian) near Mokau, North
Taranaki.

Figured specimen (Pl. 9g): GS14431, J42/f6573A, right
bank, Kakanui River near mouth, Whaingaroan (NZGS)
X 2.

Pl. 9 b, f. Pycnodonte (Notostrea) subdentata (Hutton,
1873) [Ostrea subdentata Huiton 1873b, p. 48; O.
(Eostrea) subdentata; Notostrea subdentata; Ostrea
(Notostrea) subdentata). Type species of Notostrea Finlay,
1928 (Gryphaeidae: Pycnodonteinae).

Small for genus (height 25 mm), ovate-trigonal, known definitely only
by the moderately inflated lower (left) valve. Attachment area small,
no sculpture apart from irregular growth ridges and welts. Ligamental
area rather small, with a relatively large, shallow resilifer. Commissural
shelf narrow, bearing distinct chomata. Adductor muscle scar small,
subcircular, much closer to hinge than to ventral margin.

Whaingaroan, “Broken River (Lower beds)” (type—
probably from marls below limestone (Coleridge
Formation), lower gorge of Porter River, Castle Hill
Basin). Not definitely recorded elsewhere, but possibly
present in Cobden Limestone, Greymouth
(Whaingaroan?) and in marls of similar age in Te Kuiti
district.

Pycnodonte subdentata differs from P. (Notostrea) tarda
(Pl. 3b, ¢) in its smaller size, its less inflated left valve,
and its much stronger chomata. Although no unequivocal
evidence for vesicular shell layers—the diagnostic
character of the Pycnodonteinae, and present in P. tarda
- could be discerned in the available material, the
similarity of P. subdentata to P. tarda in shell shape and
in the shape and position of the adductor muscle scar
indicates that these species are closely related.

Figured specimen (Pl. 9b, f): holotype, probably from
lower gorge, Porter River, Castle Hill Basin, Canterbury,
Whaingaroan (TM2856, NZGS) x 1.5.

Pl. 9 ¢, d. Glyptoactis (Fasciculicardia) benhami
(Thomson, 1908) [Cardita benhami Thomson 1908, p.
102-103; Venericardia benhami; V. (Fasciculicardia)
benhami] (Carditidae: Venericardiinae).

Small for genus (length 25-30 mm), subquadrate, beaks situated at
about 0.2 anterior-posterior distance; strongly inflated; posterior area
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slightly concave. Lunule small, pouting. Radial sculpture of 28-31
prominent, narrow, strongly nodulose costae that are noticeably weaker
in middle of posterior area than elsewhere. Some costae, particularly
on posterior part of flanks and on posterior area, with a low ridge on
each side. Commarginal sculpture of nodules and scales on costal
crests, and numerous very fine ridges and wrinkles in between. Left hinge
with a small, tubercular anterior lateral tooth at end of lunular
groove, a broadly triangular anterior cardinal and a long, narrow,
slightly curved posterior cardinal tooth. Right hinge with small anterior
lateral socket and a curved, excavated median cardinal tooth. Ligament
groove narrow, bounded by a thin ridge along margin of sunken
escutcheon.

Whaingaroan; Deborah Volcanic Formation, Everett’s
Quarry, Kakanui (type) (common); Gee’s Point, Kakanui
(rare).

Glyptoactis benhami is distinguished from G. acanthodes
(PL. 5g, h) and G. subintermedia (P1. 23g) by its relatively

small size, its less rounded outline and its more closely

spaced, less obviously tripartite radial costae. The number
of costae is similar to that in G.subintermedia; G.
acanthodes, by contrast, has only 21-24 costae.

Figured specimen (P1. 9¢, d): GS9535, J42/16031, beach
below Everett’s Quarry, Kakanui, Whaingaroan (NZGS)
X 2.

PL 9 h, i. Procardia dolicha (Suter, 1917) [Cardium
(Fragum) dolichum Suter 1917, p. 76; C. (Fragum)
maorinum Suter 1917, p. 77] (Parilimyidae).

Size moderate for family (length 35-55 mm), thin-shelled, inner layer
nacreous; broadly trigonal, anterior area very well defined by umbonal
ridge, somewhat concave. Lunule prominent, strongly impressed;
escutcheon long, narrow, slightly concave. Radial sculpture confined
to flanks, of 25-28 narrow, subequal, rather wavy costae. Commarginal
sculpture of growth lines and ridges, noticeably stronger on anterior
area than elsewhere. Nymphs short, slightly projecting above dorsal
margins; internal characters not known.

Runangan-Altonian; Whaingaroan or Duntroonian,
Cobden Limestone, Cobden or Greymouth (type locality
of C. dolichum); Whaingaroan, Magazine Point

Formation, The Cliffs, Nelson (type locality of C.
maorinum); Waiareka Volcanic Formation, Maheno;
Tarakohe Marl, Tarakohe Quarry; Otekaike Limestone,
Frenchman’s Gully, Pareora; Maramarua Opencast Mine.

This is the most widespread and hence best-known New
Zealand pholadomyacean, and is readily distinguished
from other members of the superfamily by its trigonal
shape, its strongly differentiated anterior area and its fine
radial sculpture. Most records are of deformed,
articulated specimens from moderately deep-water (upper
bathyal) sediments.

Procardia is very similar to Panacca Dall, 1903 (syn.
Aporema Dall, 1903), but differs in having a distinct
lunule. The genus is otherwise known only from Late
Jurassic to Late Cretaceous (Cox in Moore 1969, p.
N830), so its presence in the mid-Cenozoic of New
Zealand suggests that it persisted here longer than
elsewhere.

Figured specimen (Pl. 9h, i): GS1286, N25/f8498,
Tarakohe Quarry, Takaka, Altonian (hypotype of
Marwick 1944, pl. 37, fig. 31) (TM4785, NZGS) x 1.

PL. 9 1. Conominolia sulcatina (Suter, 1917) [Solariella
sulcatina Suter 1917, p. 5] (Trochidae: Solariellinae).

Size moderate for family (height 10-12 mm), turbiniform, spire 0.6 total
height. Protoconch small, of slightly more than 1 smooth whorl.
Teleoconch whorls 6, strongly convex except for a narrow, well-defined
sutural shelf; last whorl widely umbilicate. Axial sculpture of weak
costellae on sutural shelf of early whorls, obsolete on last 2 or 3 whorls.
Spiral sculpture of thin, rather crisp, subequal cords, some with
interstitial threads, 1 marking edge of shelf finely beaded by axial
costellae on early whorls; 7-9 cords on penultimate whorl. Base of last

. whotl with 7 or 8 additional cords similar in strength to those above,

one on edge of umbilicus somewhat stronger than others. Umbilicus
with about 7 cords within, slightly weaker than those on base, and finely
beaded in some shells. Aperture circular.

Whaingaroan, Deborah Volcanic Formation, Everett’s
Quarry, Kakanui (type) (moderately common).

Plate 9 Early-middle Oligocene (Whaingaroan) Mollusca and Pomahaka faunule.

a. Serripecten n.sp., x 1.5.

b,f. Pycnodonte (Notostrea) subdentata (Hutton), x 1.5.
c,d. Glyptoactis (Fasciculicardia) benhami (Thomson), x 2.
e,j. Bolma (Ormastralium) marshalli (Thomson), x 1.5.
g. Notochlamys n.sp., x 2.

h,i. Procardia dolicha (Suter), x 1.

k. - - Tatara flemingi Beu and Maxwell, x 1.5.

L Conominolia sulcatina (Suter), x 3.

m. - Cirsotrema (Cirsotrema) gagei Maxwell, x 1.5.
n,0,p. . Hinemoana acuminata (Hutton), x 1.5,

q. Neritoplica(?) pomahakaensis (Finlay), x 3. _

r. Melanopsis (Stilospirula ?) pomahaka (Hutton), x 3.
s,t. Batillona amara Finlay, x 8.

u. Batillaria(?) pomahakensis Harris, x 1.5.

v,W. Pomahakia aberrans Finlay, x 2.
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Conominolia sulcatina differs from C. conica.(Pl. 2a) in
having a narrower sutural shelf, crisper spiral sculpture
but much weaker axial sculpture, and stronger basal spiral
sculpture.

Figured specimen (Pl. 91): GS9535, J42/f6031, beach
below Everett’s Quarry, Kakanui, Whaingaroan (NZGS)
X 3.

PL. 9 e, j. Bolma (Ormastralium) marshalli (Thomson,
1908) {Turbo marshalli Thomson 1908, p. 103; Incilaster
marshalli]. Type species of Incilaster Finlay, 1926, here
synonymised with Ormastralium Sacco, 1896 (Turbinidae:
Turbininae). '

Size moderate for genus (height up to 30 mm), trochiform, spire conic,
stepped, 0.6 total height. Protoconch not clearly differentiated in
available material; teleoconch of about 5 or 6 whorls, apex flat, later
whorls with a well marked sutural shelf at or somewhat below suture
and a prominent keel close to lower suture (fused to succeeding whorl
in some shells). Last whorl with a prominent peribasal keel and an almost
flat base with a large, central,flat callus pad extending more than half
diameter of shell. Sculpture of short triangular spines on peripheral keel
(about 12 per whorl) and several closely spaced rows of small rounded
or rather sharp nodules, largest on edge of sutural shelf, alternating
in strength on whorl sides, but nodules more even on base. Aperture
strongly prosocline, outer lip lightly flared on large specimens.
Operculum thick, weakly convex, with weakly pustulose sculpture.

Whaingaroan, Deborah Volcanic Formation, Everett’s
Quarry, Kakanui (type) (moderately common).

Specimens from the Waiareka Volcanic Formation at
Lorne (Kaiatan) have a more marked sutural channel,
flatter whorl sides, a slightly taller spire, more evenly
granulose sculpture and shorter peripheral spines than
Kakanui specimens of Bolma marshalli, and probably
represent an unnamed but closely related species. Other
poorly known, unnamed species of the subgenus are
recorded from the Kauru Formation, North Otago
(Teurian ?), the Greymouth area (Clifdenian) and the
shore platform east of Te Araroa; East Cape (Kapitean).
Beu and Ponder (1979) referred Bolma species to two
informal “species groups”, but previous authors had
regarded these as different subgenera (or genera), and
in our opinion they are worth recognising at the
subgeneric level. Typical Bolma (= Oobolma Sacco,
1896 and Galeoastraea Habe, 1958) reaches a markedly
larger size and has more rugose sculpture and, in many
species, much larger peripheral spines than the smaller,
more or less evenly granulose species of B.
(Ormastralium). Beu and Ponder (1979) pointed out that
B. marshalli is closely similar to the species group of
B. guttata (A. Adams, 1863), which is now widely
distributed in the Indo-West Pacific province, from South
Africa to the Kermadec Islands and Japan. One member
of this group, B. (Ormastralium) recens (Dell, 1967), is
recorded from depths of about 350-700 m between New
Zealand and the Kermadec Islands and on the Norfolk
Ridge. : :

Figured specimen (Pl. 9¢, j): GS9535, J42/16031, beach
below Everett’s. Quarry, Kakanui, Whaingaroan
(TM5421, NZGS —specimen figured by Beu and Ponder
1979, fig. 11a-c) x 1.5.

PL. 9 m. Cirsotrema (Cirsotrema) gagei Maxwell, 1978
[p. 36-37] (Epitoniidae).

Size moderate for genus (height probably about 65 mm), high-spired.
Apical whorls missirig from only known specimen, 5.5 strongly convex
whorls remaining; last whorl with a well defined basal disc. Sutures
obscured by fusion of axial costae with suprasutural cord and costae
on previous whorl. Axial sculpture of slightly prosocline, blade-like
costae, each composed of several (typically about 6) thin lamellae fused
together, reaching from suture to suture on spire, and extending across
base of last whorl to aperture. Very prominent, rounded varices,
narrowing posteriorly and composed of very numerous fused lamellae,
at irregular intervals; 16 costae and varices on penultimate whorl. Spiral
sculpture, apart from a suprasutural cord that emerges on last whorl
as peribasal keel, consisting of very fine, weakly impressed grooves and
occasional low, broad, subdued cords between axial costae; about 5
on last whorl. Aperture oval, peristome complete, varix prominent;
fasciole, if present, hidden by inner lip.

Whaingaroan, McDonald Limestone, Kakanui River,
near mouth (type).

This highly distinctive species differs from “typical” New
Zealand members of Cirsotrema, e.g. C. lyratum (Pl. 14])
and C. kuriense (Pl. 6¢), in having very thin axial costae
and very feeble spiral sculpture. C. (Tioria) youngi (P1.
4n) also has thin costae and weak spiral sculpture, but
it lacks definite varices, and has a distinct fasciolar ridge.
C. gagei occurs with C. Iyratum at Kakanui River.

Figured specimen (Pl. 9m): holotype, GS3892, J42/16573,
right bank, Kakanui River near mouth, Whaingaroan
(TM5472, NZGS) x 1.5.

Pl. 9 k. Tatara flemingi Beu and Maxwell, 1987 [p.53]
(Cancellariidae: Cancellariinae).

Size moderate for family (height 35 mm), very similar to T. revoluta
(P1. 8k) but smaller, a little wider, with a shorter spire, finer sculpture
caused by weaker axial costae and the presence of a prominent secondary
spiral cord in each interspace, a similar but slightly flatter, laterally
sinuous outer lip inclined at 20° to the coiling axis, and with more
numerous transverse ridges on outer lip (18-20 compared with 14 in
T. revoluta), only 2 rather than 3 prominent columellar plaits, and
weaker varices than 7. revoluta.

Runangan-Whaingaroan; Whaingaroan, Deborah
volcanic Formation, Gee’s Point, Kakanui (type); tuffs
below limestone, Everett’s Quarry, Kakanui; Totara
Limestone, Trig M, Totara. Rare at all localities.

Except for a doubtful Whaingaroan occurrence, the
similar but more coarsely sculptured species Tafara
revoluta is recorded only from late Kaiatan tuffs at Lorne.
Other taxa are distinguished and the family relationship
discussed under T. revoluta, above.

Figured specimen (P1. 9k): holotype, GS1982, J42/16493,
Gee’s Point, Kakanui, Whaingaroan (TM5149, NZGS)
x 1.5.
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CHAPTER 10. LATE OLIGOCENE AND EARLIEST MIOCENE FAUNAS
(DUNTROONIAN AND WAITAKIAN STAGES): PLATES 9-15.

INTRODUCTION (Figure 15)

NORTH ISLAND
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Late Oligocene—-earliest Miocene localities:
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Figure 15 The main molluscan fossil localities of Duntroonian and
Waitakian (Late Oligocene and earliest Miocene) age.

The greatest recorded increase in molluscan diversity
during the Cenozoic period in New Zealand commenced
during Duntroonian time and continued through the
succeeding Waitakian, Otaian, Altonian and Clifdenian
stages. This increase may well have started earlier and
possibly merely results from our much greater knowledge
of Duntroonian faunules compared with those of
Whaingaroan age (see Chapter 9), but the fact remains
that from this time onward the New Zealand molluscan
fauna assumed an increasingly “modern” aspect. From
the point of view of a molluscan worker the Paleogene-
Neogene boundary in New Zealand would be more
appropriately placed at the base of the Duntroonian Stage
rather than at the base of the Waitakian (where the
Oligocene-Miocene boundary is currently placed).

Our knowledge of the stratigraphic distributions of
Late Oligocene and Early Miocene Mollusca is too
imprecise at present to decide whether the diversity
increase during this period is gradual or punctuated, so
any subdivision of the time involved must be rather
arbitrary. However, the Duntroonian and Waitakian
faunas are sufficiently similar to each other to justify
considering them togsther, particularly as the best-known
localities occur in much the same geographic areas (i.e.
Southland, and North Otago— South Canterbury).

The Late Cretaceous-Paleogene marine transgression
seems to have reached its acme during Duntroonian or
Waitakian times and, as a result, sedimentary rocks of
this age are widespread, particularly in the South Island
and central North Island. Most of the west coast of the
South Island is thought to have been submerged (Nathan
et al. 1986, p.38), and in Central Otago marine
Duntroonian or Waitakian sandstone occurs as far west
as Naseby and St. Bathans, indicating that seas spread
further inland in this area than at any other time during
the Cenozoic. In Southland, seas penetrated at least as
far north as Lake Wakatipu (and probably across what
is now the Alpine Fault into Westland and Nelson),
westwards to an area west of Lake Te Anau, and
eastwards to the Gore district. In most areas
Duntroonian-Waitakian rocks comprise calcareous
sandstone (locally very glauconitic) and limestone, and
in most places are of limited thickness (100 m or less),
but in parts of Southland they include siltstone and
sandstone with a total thickness of the order of 1000 m.
In the upper Tengawai River, South Canterbury, the
Waitakian Stage is represented by not only limestone, but
also an overlying massive siltstone closely resembling the
Mt. Harris Formation at Bluecliffs, in turn overlain by
cross-bedded sand. The depositional pattern is also
complicated in parts of North Canterbury by the
accumulation at this time of large piles of volcanogenic
rocks (e.g. Cookson Volcanics).

The “Marshall Paraconformity”

Hutton (1877a, p.43-44) drew attention to what he
thought was an unconformable contact between the Weka
Pass Limestone (now known to be of Duntroonian and
Waitakian age) and the underlying Amuri Limestone
(Whaingaroan) in the Waipara district, North
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Canterbury. He noted that the base of the Weka Pass
Limestone in this area is a greensand containing pebbles
of Amuri Limestone, which penetrates fissures at the top
of the Amuri Limestone. He concluded that the Amuri
Limestone had become lithified and “water-worn” before
the Weka Pass Limestone was deposited. Because of the
importance of the Cretaceous-Cenozoic sequence in the
Waipara district to the development of ideas on New
Zealand stratigraphy, most of the leading local geologists
felt obliged to comment on the nature of this contact (see
summary in Thomson 1920, p.328-334). Except for
Morgan (1915, 1916) and Park (1912), all discounted
Hutton’s views. Marshall (1916a, p.95; 1916b, p.104), in
particular, claimed that the two units are petrographically
rather similar, and that the differences that do exist could
be attributed to shallowing and an increase in bottom-
current activity. (Such processes might be reasonably
expected to produce an unconformity, but Marshall was
adamant that none exists).

Interest in the problem died away almost completely
for about 40 years following the publication of
Thomson’s (1920) study of the geology of the Waipara
district, in which he reaffirmed the prevailing view that
the contact between the limestone beds is conformable.
(Thomson unfortunately confused matters by concluding
that the contact represents the -Cretaceous-Cenozoic
boundary?!). In the meantime, however, Allan (1938a) had

-proposed the Duntroonian Stage on the basis of a
distinctive brachiopod assemblage (the “Liothyrella
landonensis fauna”), which was first described from
localities in North Otago and South Canterbury
(Thomson 1926), and later recognised in the Mt. Somers
area and Rakaia River in Mid Canterbury and in the
Waipara district, North Canterbury. Allan proposed as
the Duntroonian stratotype a thin bed of glauconitic
limestone with a “rubbly” basal layer, exposed in the
north branch of Landon Creek, North Otago. Here, as
in many other parts of North Otago and South
Canterbury, this unit (Kokoamu Greensand) rests on an
irregular, well burrowed and locally phosphatised surface

at the top of a bryozoan limestone (McDonald Limestone)

or marl (Earthquakes Marl).

Foraminiferal studies by H. J. Finlay and later by N.
de B. Hornibrook proved of great value in dating the
relevant rock units when the north-east Otago (Gage
1957) and Waipara districts (Wilson 1963) were mapped
during the 1940s and 50s. They confirmed that the
Kokoamu Greensand and Weka Pass Limestone are

Duntroonian at the base in most sections, and that the -

top of the underlying unit is Whaingaroan in most
sections. Gage (1957, table 2, p.18) concluded that there
had been a “short halt in sedimentation” with corrosion,
burrowing and, in places, phosphatisation of the substrate
prior to deposition of the Kokoamu Greensand.
(Hornibrook (1966) later described relevant sections in
Landon Creek in some detail). Wilson (1963, p.35-38)
redescribed the contact between the Weka Pass and
Amuri limestone in the Waipara district, and concluded
that although there is clear evidence for a break in
deposition, the time missing is short, and the break was
possibly caused by “sudden” regression brought about “by
earth movements in the Alpine region”. Andrews (1963)
included the Weka Pass Limestone in his Omihi
Formation, proposed for glauconitic sandstone,

glauconitic limestone and calcareous tuff of Duntroonian
and Waitakian age in North Canterbury. He considered
the formation to be a regressive unit, at most places
disconformably overlying Amuri Limestone (which he
thought accumulated at the time of maximum marine .
transgression) or older units. Maxwell (1964) pointed out
that in the Kaiwara district, North Canterbury, the Amuri
Limestone is very discontinuous laterally (as it is in some
other parts of North Canterbury) and that the Omihi
Formation varies considerably in thickness and lithology.

He noted that the Omihi Formation is similar in age and
lithology to the Kokoamu Greensand (and its South
Canterbury correlative, the Squires Greensand) and that
there is evidence for a hiatus between these and their
underlying units, and suggested that their deposition had
been preceded by a period of gentle folding and erosion.

By the late 1960s it was clear to some geologists, at
least, that there is evidence for a widespread mid-
Oligocene unconformity, not necessarily of great time
significance, over much of the east coast of the South
Island. Carter and Landis (1972) pointed out that an
unconformity of similar age had been identified in deep-
sea cores from the southwest Pacific, and accordingly
proposed the name “Marshall Paraconformity” for this
and its correlative in land-based sections. Their paper has
engendered a considerable amount of discussion, and
although it is now generally accepted that there is evidence
for a regionally significant mid-Oligocene unconformity
representing a hiatus of at least one million years duration
(Jenkins 1987, p.178)—at least in the South Island —its
cause is uncertain. Carter and Landis (1972) suggested
that it resulted from an increase in bottom-current
velocity caused by the final separation of Australia from
Antarctica; Loutit and Kennett (1981), however, ascribed
it to a major (400 m) fall in sea-level at about 29.0 Ma,
postulated by Vail and Hardenbol (1979) (see also Haq
et al. 1987). Even if it is accepted that the sea-level fall
has been greatly over-estimated, the latter explanation
(which was favoured by Nathan et al. 1986, p.44) is
difficult to reconcile with the observation that beds above
the unconformity seem to have accumulated during the
period of maximum marine transgression in New Zealand
(Carter 1985, p.364). Furthermore, there is a serious
problem in matching the unconformity with the drop in
sea-level in the light of the refined biostratigraphy now
available (Hornibrook 1987, p.184).

The relevance of the mid-Oligocene unconformity to
the present discussion is that it immediately pre-dates the
dramatic increase in recorded molluscan diversity
mentioned above. This may be fortuitous, but it is
certainly plausible to relate an apparent “invasion” of the
New Zealand region by a host of molluscs (many of them
of warm-water affinities) to either a profound
rearrangement of oceanic current patterns in the
southwest Pacific, or a major fall in sea-level followed
by a renewed transgression (possibly reflecting an increase
in sea temperature). The similarity of the mid-Oligocene
to the mid-Eocene unconformity has already been
mentioned above—in- both instances the hiatus was
followed by a significant increase in recorded molluscan
diversity. Of course, the evidence for gentle folding in
North Canterbury and for Oligocene volcanism in parts
of the east coast of the South Island (Schofield 1951)
suggests that matters were more complicated than either
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explanation would indicate. However, although we accept
the existence of a regionally important mid-Oligocene
unconformity or hiatus, we must agree with Gage (1988)
that the name chosen for it by Carter and Landis (1972)
is singularly inapt in view of Marshall’s clear opposition
to the idea that any kind of unconformity is present.

Duntroonian Faunas

North Otago-South Canterbury

Over much of North Otago and South Canterbury the
Duntroonian Stage is represented by a thin calcareous
greensand (Kokoamu Greensand) and the lower part of
the overlying Otekaike Limestone. Although brachiopods
are locally very common in the Kokoamu Greensand,
molluscs are much rarer and consist solely of calcitic
species such as Lentipecten hochstetteri, Janupecten
subteres, Chlamys spp., teredinid tubes, and Cirsotrema
lyratum, suggesting that aragonitic shells have been
removed during diagenesis. However, much richer
assemblages occur in a thicker, less calcareous,
glauconitic sandstone (Wharekuri Greensand) in the
Waitaki River between the Aviemore and Waitaki
hydroelectric dams. The lower part of the Wharekuri
Greensand (with Janupecten uttleyi) is Whaingaroan, but
the upper (and most richly fossiliferous) part is
Duntroonian (possibly Waitakian at the top). The locality
on the north (Canterbury) side of the river long known
to geologists as “Wharekuri” is now submerged beneath
Lake Waitaki, but good collections can still be made from
the low cliffs at the head of the lake. The richest faunule,
from near the middle of the section, has a deeper-water
aspect than those from the Chatton Formation (see
below) and probably lived at mid-shelf depths.
Characteristic species include Neilo sinangula, Cucullaea
attenuata, Glycymeris waitakiensis, Limopsis catenata,
Notolimopsis caelata, Chlamys chathamensis,
Parvamussium paradoxum, Pododesmus maxwelli,
Spissatella subobesa, “Cyclocardia” aff. awamoensis,
Megacardita ponderosa, Hedecardium waitakiense, Tapes
parki, Notocallista tecta, Panopea worthingtoni,
Zeacolpus wharekuriensis, Gazameda grindleyi,
Xenophora prognata (giant specimens up to 120 mm in
diameter), Struthiolaria n.sp., Magnatica planispira,
Sassia minima, Typhis adventus, Morum (Oniscidia) n.sp.,
Penion n.sp., Austrofusus praecursor, Cominella
(Procominula) propinqua, Falsicolus allani, Amalda
(Baryspira) pristina, Waihaoia nodulifera, Spinomelon sp.,
Comitas fusiformis, Borsonia mitromorphoides, and
Fissidentalium n.sp. aff. solidum.

Molluscs are generally uncommon in the lower
(Duntroonian) part of the Otekaike Limestone, but a rich
assemblage has been collected from this horizon from the
matrix of a mysticete whale skeleton at Sister’s Creek,
Hakataramea Valley. One of the most characteristic
species in this faunule is the distinctive turbinid
Guildfordia n.sp., which is far less common at other
Otekaike Limestone localities. The presence of the
pleurotomariid Perotrochus masoni, as well as of many
other genera, indicates a moderately deep-water (outer
shelf or upper bathyal) depositional environment.

Southland
Sedimentary rocks of Landon Series age are widespread

in Southland and western Otago, and locally attain great
thicknesses. Rich molluscan faunules, mostly of
Duntroonian age, are recorded from sandstone (Chatton
Formation) associated with Gore Lignite Measures in the
eastern part of the province (“platform area” of Wood,
in Suggate et al. 1978, p.521), and a deeper-water faunule
occurs further to the west, near Orepuki. The best-known
shallow-water assemblage is from Shell Gully, Chatton
(Marwick 1929) and includes Nucula vestigia, Saccella
probellula, Glycymerita thomsoni, Limopsis parma,
Crenostrea wuellerstorfi, Flemingostrea wollastoni,
Dosinia (Austrodosinia) sodalis, Turia chattonensis,
Hedecardium olssoni, Maoricardium strangi,
“Cyclocardia” christiei, Megacardita ponderosa, Myrtea
staminifera, Gonimyrtea bucculenta, Spissatella poroleda,
Salaputium animula, Mpyadora delta, Conominolia
vixincisa, Spirocolpus tophinus, Tropicolpus chattonensis,
Pyrazus sutherlandi, Magnatica (Spelaenacca) sutherlandi,
Austrofusus praecursor, Cominella (Josepha) chattonensis,
Austrotoma inaequabilis, Scalptia(?) christiei, Ringicula
castigata and Acanthochitona ashbyi.

Many of these species are present also in somewhat
deeper-water assemblages at Waikaia and Wendon
Valley, northwest of Chatton.

A small faunule from the coast near Orepuki represents
a much deeper-water facies than those from eastern
Southland, and includes Myrteq aff. staminifera, Uberella
aff. cicatrix, Gemmula longwoodensis, Cryptodaphne
semilirata and Waipaoa(?) aff. grata. By contrast, the
faunule from Mt. Luxmore, eastern Fiordland, recorded
by Lee et al. (1983) is from a rocky shore environment,
a habitat rarely preserved fossil before the late
Pleistocene —it includes species of Barbatia,
Trichomya(?), Codakia, Haliotis, Cookia, and Trochus
(Thorista) and is probably Duntroonian, although a
Waitakian age is possible.

The Pomahaka faunule

The vast majority of the molluscs recorded from New
Zealand Cenozoic rocks are marine, and only a few
named species (most from the late Cenozoic) are from
terrestrial or freshwater habitats. The most important
non-marine faunules recorded are from the Pomahaka
Formation (formerly Pomahaka Estuarine Bed; Wood
1956), a sequence of interbedded mudstone, lignite and
sandstone exposed in Pomahaka River and its tributary
Waikoikoi Stream. Although not precisely dated, the
Pomahaka Formation is generally thought a correlative
of the Chatton Formation (Wood 1956, p.86; Pocknall
1982, p.282) and therefore probably of Duntroonian age,
but a late Whaingaroan age cannot be ruled out. The
unusual molluscan faunules from this formation have
been known for well over a century, and most of the more
obvious species were described by Hutton (1873b). Recent
recollections include several hitherto unrecorded species
and underscore the importance of the provision by the
Pomahaka Formation of a “window” on the otherwise
almost entirely unknown pre-Pleistocene non-marine
fauna of New Zealand.

Assemblages from the Pomahaka Formation vary
considerably in composition, with certain species (e.g.
Batillona amara) occurring in great profusion— often to
the almost complete exclusion of other taxa—in some thin
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beds, but quite absent from other parts of the formation.
Some species inhabited fresh water, others probably
brackish water or estuaries. The combined fauna includes
Barbatia n.sp. (a very distinctive, modioliform species),
Crassostrea(?) sp., Hinemoana acuminata, Neritoplica (?)
pomahakaensis, Potamopyrgus(?) n.sp., Batillona amara,
Batillaria pomahakensis, Melanopsis (Stilospirula)
pomahaka, Melanoides n.sp., Pomahakia aberrans, and
Planorbis n.sp. One species, the neritid Neritoplica(?)
pomahakaensis, was deleted from the New Zealand fauna
by Finlay (1926¢c, p. 374) because it was considered to
be a foreign shell introduced into the original collection
by accident, but many additional specimens (some with
colour pattern preserved) have been collected recently.

North Canterbury

In parts of North Canterbury, particularly in the Castle
Hill (= Trelissick) Basin and in the Lottery River —Mason
River area, the upper Landon Series is represented by
extensive marine volcanogenic sediments, which locally
contain diverse hard-bottom molluscan faunules. Those
from Castle Hill Basin (Thomas Formation) are reasonably
well known (Boreham, in Gage 1970) and are of
Duntroonian age, whereas the others (from the Cookson
Volcanics) are less well known and not precisely dated.

The most important localities in the Thomas Formation
are Broken River Gorge, Coleridge Creek, Whitewater
Creek and the “Fan coral bed” at the junction of Porter
and Thomas Rivers. The last is the source of several
species described by Hutton (1873b) and Suter (1917);
among the molluscs occurring here are Glycymeris
trelissickensis, Serripecten n.sp., Chlamys chathamensis,
Lima paleata, Limatula arcis, Musculus elongatus, Septifer
n.sp., Hedecardium subcordatum, Nemocardium
(Varicardium) serum, Oxyperas (Pseudoxyperas) leda,
Placamen morgani, Caryocorbula n.sp., Calliostoma
n.sp., Micrelenchus n.sp., Zetela praetextilis (and a variety
of other Trochidae and Turbinidae), and Willungia fracta.

A faunule from the top of the Cookson Volcanics near
“The Whaleback”, Mason River, may serve as an example
of a molluscan assemblage from this unit. It includes the
following species, indicating a shallow water, firm or
rocky substrate: Limopsis sp., Mesopeplum sp.,
“Hinnites” sp., Modiolus sp., Spissatella cf. poroleda,
Placamen cf. morgani, Irus (Notopaphia?) n.sp., Haliotis
(Notohaliotis) n.sp., Xenophora sp., and Haustrum(?)
n.sp. This faunule has not been precisely dated and could
be Waitakian rather than Duntroonian.

South-West Auckland

The upper part of the Te Kuiti Group, which consists of
limestone and calcareous sandstone and siltstone, is of
Duntroonian to Waitakian age. Molluscan assemblages
are generally of low diversity, but those from Okoko (on
the Kawhia-Pirongia Road) and from near Otorohanga
are richer (although poorly preserved) and include
Limopsis sp., Cucullaea sp., Lentipecten hochstetteri,
Divaricella sp., Hedecardium cf. waitakiense, Marama(?)
sp., Tapes parki, Panopea cf. worthingtoni, Cirsotrema
lyratum, Magnatica sp., Struthiolaria cf. calcar, and
Echinophoria sp. These shallow-water faunules are similar
to—although less diverse than—those from the
Wharekuri Greensand in Waitaki Valley.

A locality on the coast north of Raglan Harbour,
probably in the Duntroonian sandstone that has been
mapped here as Aotea Sandstone (not the lower
Whaingaroan Aotea Sandstone of the type locality at
Whaingaroa Harbour), is notable as being the type
locality of the widely recorded bivalves Crenostrea
wuellerstorfi and Lentipecten hochstetteri.

Composition of the Duntroonian molluscan fauna

Except for a few non-marine taxa present in the
Pomahaka faunules (e.g., Hinemoana, Neritoplica(?),
Batillona and Pomahakia), the only genus-group taxa
apparently restricted to the Duntroonian Stage are
Musculus, Zirlona and Gazameda. Three others,
Athlopecten, Proxichione and Guildfordia (sensu stricto)
are known only from the Duntroonian and Waitakian
Stages. In contrast, the taxa first recorded from the
Duntroonian are numerous, and include Linucula,
Mpyrtea, Genaxinus, Neolepton, Benthocardiella,
Salaputium, Maoricardium, Hedecardium
(Titanocardium), Tellinota, Solecurtus, Dosina, Bassina,
Dosinia (Asa), D. (Raina), Tapes, Notocorbula, Myadora,
Hunkydora, Clavagella, Puncturella, Micrelenchus,
Thoristella, Pterolabrella, Pyrazus, Oniscidia, Cominella
(Josepha), C. (Procominula), Zemitrella, Murexsul,
Spinomelon, Metamelon, Comitas, Parasyrinx (sensu
stricto), Mauidrillia, Etremopsis, Neoguraleus
(Fusiguraleus), and Oamaruia (sensu lato). Many of these
taxa are endemic to New Zealand or occur also in
southern Australia—some of the latter (e.g., Dosina,
Salaputium, Comitas, Mauidrillia, and Oamaruia sensu
lato) are recorded earlier (Late Eocene) in Australia than
in New Zealand. Other taxa (e.g., Solecurtus, Tapes,
Mpyadora, Clavagella and Oniscidia) have warm-water
(presumably Tethyan) affinities.

This dramatic increase in molluscan diversity during
the Duntroonian may signal a massive and relatively rapid
influx of molluscs into the New Zealand region at this
time, but it is equally likely that it reflects the much
greater variety of molluscan faunules recorded from this
stage compared with the preceding Whaingaroan. The
shallow-water assemblage from The Cliffs, Nelson, of
upper Whaingaroan age (see previous chapter) closely
resembles Duntroonian faunules of similar facies,
suggesting that many of the taxa first recorded from
Duntroonian rocks could eventually be discovered in late
Whaingaroan rocks. Although it is tempting to invoke
large-scale dispersal of Mollusca to New Zealand during
the Duntroonian, possibly caused by important changes
in oceanic circulation (e.g. initiation of the circum-
Antarctic current), the available evidence is far from
conclusive.

Waitakian Faunas

North Otago— South Canterbury

The type locality of the Waitakian Stage is at Trig. Z,
Otiake, in the Waitaki Valley, where about 60 m of
Otekaike Limestone is exposed. The lower part of the
limestone (Maerewhenua Member) is Duntroonian, and
is almost devoid. of molluscs, but rich Waitakian
assemblages occur in a glauconitic shellbed at the base
of the overlying Miller Member and, more importantly,
in the Waitoura Marl at the top of the formation. The
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latter faunule includes Varinucula aff. sagittata, Cucullaea
worthingtoni, Limopsis aff. zealandica, Notolimopsis
bulchra, Lentipecten hochstetteri, Flemingostrea
wollastoni, Spissatella n.sp. aff. trailli, Divaricella
(Divalucina) huttoniana, Kuia vellicata, Dosina uttleyi,
Notocallista watti, Zenatia n.sp. aff. acinaces,
Notocorbula n.sp. aff. humerosa, Zeacolpus flemingi,
Tropicolpus (Amplicolpus) gittosinus, Cirsotrema lyratum,
Magnatica planispira, Friginatica vaughani, “Uberella” aff.
acerva, Globisinum crassiliratum, Poirieria primigena,
Austrofusus daffiliatus, A. (Neocola) apudalpha, Cominella
(Procominula} denselirata, Exilia dalli, Amalda
(Alocospira) cuppedia, Parasyrinx subalta, Eoturris uttleyi,
Austrotoma finlayi, Rugobela semilaevigata, and
Fissidentalium n.sp. aff. solidum. A very similar
assemblage is present in the upper part of the limestone
at Campbell Park (formerly Otekaike Special) School,
Otekaike Valley, Faunules from Brother’s Stream and
Sister’s Creek, Hakataramea Valley, are also similar but
have more common turrids and smaller specimens of
Cucullaea, and probably lived at greater depths than those
in Waitaki Valley.

A deeper-water assemblage (outer shelf or upper
bathyal) is present in blue-grey siltstone (Mount Harris
Formation) in the upper Tengawai River near Trap Creek.
This faunule has greater similarity to Otaian assemblages
from Bluecliffs and Pareora River (see succeeding Early
Miocene chapter) than do other Waitakian assemblages,
and includes Limopsis aff. zealandica (most smaller than
Trig. Z specimens), Spissatella n.sp., Notocorbula n.sp.
aff. humerosa, Zeacolpus greggi, Z. aff. woodhouseae,
Maoricolpus doni, Xymene n.sp., Austrofusus affiliatus,
Cominella (Procominula) n.sp., Exilia dalli, Eumitra aff,
nitens, Proximitra aff. partinoda, Spinomelon sp.,
Comitas fusiformis, Bathytoma aff. hokianga, Zeacuminia
aff. biplex, and Turehua lividorupis. The Tengawai River
sequence shallows upwards, and the topmost marine unit
is a Waitakian cross-bedded shelly sandstone containing
Glycymeris sp., Anomia trigonopsis, Mesopeplum
burnetti, Oxyperas (Pseudoxyperas) exensis, Magnatica
Dlanispira, and Parasyrinx subalta.

Southland

Most faunules from the Chatton Formation are
Duntroonian (see above), but a very diverse one from the
Mataura River near Brydone is Waitakian in age.
Chitons, rissoacean gastropods and limpets are common,
and indicate a very shallow-water environment, although
probably not close to a rocky shore. Characteristic species
are “Isognomon” n.sp.? aff. zealandicus, Athlopecten
athleta, “Hinnites” sp., Cosa n.sp., Miltha neozelanica,
Gonimyrtea aff. bucculenta, Divaricella huttoniana,
Eucrassatella ampla, Hedecardium (Titanocardium) aff.
greyi, Maoricardium aff. strangi, Bassina speighti,
Austrovenus n.sp., Notocorbula n.sp. aff. humerosa,
Cleidothaerus albidus, Emarginula n.sp., Rimula n.sp.,
Cosmetalepas () n.sp., Puncturella n.sp., Notoacmea
n.sp., Atalacmea(?) n.sp., Cantharidus n.sp., Thoristella
n.sp., Sarmaturbo n.sp., Rissoina n.sp., Merelina spp.,
Pisinna spp., Eatoniella (Dardanula) n.sp., Tropicolpus
(Tropicolpus) mackellari, T. (Amplicolpus) gittosinus,
Cabestana tetleyi, Paracominia n.sp., Austrofusus
affiliatus, Penion n.sp., and Austrotoma cf. finlayi.

Composition of the Waitakian molluscan fauna

Duntroonian and Waitakian molluscan faunules are
generally very similar to one another, but there are several
species that seem to be useful for distinguishing between
them. In the following list, the first-named species in each
pair is not known after Duntroonian time, whereas the
second is not recorded before Waitakian time (it should
be noted, however, that these species pairs do not
necessarily have an ancestor-descendant relationship):
Cucullaea attenuata, C. worthingtoni; Notolimopsis
caelata, N. pulchra; Pododesmus maxwelli, P. incisurus;
“Cyclocardia® christiei, “C.” marama; Spissatella subobesa,
S. n.sp.,; Dosina n.sp., D. uttleyi; Notocallista tecta, N.
watti; Tropicolpus chattonensis, T. mackellari; Zeacolpus
wharekuriensis, Z. flemingi; Austrofusus praecursor, A.
affiliatus; Cominella (Procominula) propingua, C.
denselirata; Amalda (Alocospira) electa, A. cuppedia;
Austrotoma inaequabilis, A. finlayi; Scrinium
callimorphum, S. blandiatum.

With the possible exception of Rimula, Cosmetalepas
() and other “limpets” at Brydone, Mataura River, none
of the numerous genus-group taxa recorded from the
Waitakian Stage seem to be restricted to the stage, but
a considerable number are first known from assemblages
of this age, i.e. Philobrya, Cosa, Trichomya, Melliteryx,
Mpyllita (Zemyllita), Austrovenus, Euchelus
(Herpetopoma), Sarmaturbo, Merelina, Onoba
(Ovirissoa), Pusillina (Haurakia), Amphithalamus
(Notoscrobs), Pisinna, Eatoniella (Dardanula),
Bembicium, Orbitestella, Naricava, Maoricolpus,
Cabestana, Buccinulum, Cominella (Eucominia),
Egotistica, Paracominia, Mitrella, Typhis (Hirtotyphis),
Eumitra, Alcithoe (Leporemax), Austroclavus,
Bathytoma, Mitrolumna, Neoguraleus (sensu stricto),
Maoridaphne, and Brooksena. Genera last recorded in the
Waitakian are Athlopecten, Proxichione, Guildfordia
(sensu stricto), Spirocolpus, and Eoturris.

Climate

The presence of such genera as Arca, Solecurtus, Tapes,
Clavagella, Perotrochus, Guildfordia (sensu stricto),
Pyrazus, Ficus, Oniscidia and Gemmula in Duntroonian
and/or Waitakian faunules in the central and southern
South Island indicates that conditions were significantly
warmer (warm-temperate or subtropical) than those
prevailing at the present day.

REPRESENTATIVE LATE OLIGOCENE AND
EARLIEST MIOCENE MOLLUSCA

Pomahaka faunule: Plate 9

Pl. 9 n,o,p. Hinemoana acuminata (Hutton, 1873)
[Chione accuminata Hutton 1873b, p. 21; C. (Hinemoana)
acuminatal. Type species of Hinemoana Marwick, 1927
(Veneridae: Chioninae).

Rather small for family (length 20-30 mm), ovate-trigonal, moderately
inflated. Lunule not strongly differentiated, bounded by weak groove;
escutcheon broad and flattened in left valve, scarcely defined on right.
Commarginal sculpture of very fine, crowded, low, weakly frilled ridges;
no definite radial sculpture, but subsurface radial elements revealed by
weathering on some shells. Left hinge with short, narrowly triangular
anterior cardinal tooth, a subrectangular, grooved median cardinal
tooth, and a moderately long posterior cardinal tooth that is largely
fused to nymph. Right hinge with a very short, thin anterior cardinal
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tooth, a stout, grooved median cardinal tooth and a rather short,
grooved posterior cardinal tooth; posterior lateral tooth distant, well
developed, bounded above by groove to take projecting margin of left
escutcheon. Pallial sinus very short, angular. Inner margins finely
crenulate.

Duntroonian(?), Pomahaka Formation, Pomahaka River
(type); Waikoikoi Stream. Locally abundant.

Hinemoana acuminata resembles Austrovenus stutchburyi
and other Austrovenus species in cardinal dentition and
in the very short, angular pallial sinus, but differs in
lacking definite radial sculpture and in having a distinct
right posterior lateral tooth. This is the only known
species of the genus. Austrovenus is first recorded from
the Waitakian (Mataura River, near Brydone) and may
have ecologically replaced Hinemoana.

Figured specimens:(Pl. 90, p), lectotype (TM2889,
NZGS); (Pl. 9n), possible syntype, GS329, G45/f8491,
both from Pomahaka River, Duntroonian? (NZGS) x
1.5. '

PL. 9 q. Neritoplica (?) pomahakaensis (Finlay, 1924)
[Neritella nitida Hutton 1873b, p. 15; Nerita nitida; Nerita
pomahakaensis Finlay 1924a, p. 100 (new name for Nerita
nitida (Hutton), a secondary homonym of N. nitida
Donovan, 1804); “Theodoxus sp.” (rejected as not a New
Zealand species; Finlay 1926¢c, p. 374)] (Neritidae:
Neritinae).

Rather small for family (height 8-10' mm), globose, spire depressed,
corroded on most specimens. Protoconch smooth, cap-shaped.
Teleoconch of 2-2.5 whorls, slightly flattened or weakly concave
adapically, convex below; last whorl very capacious. No sculpture apart
from growth lines and weak spiral striac. Some shells with well developed
colour pattern of narrow dark brown or grey zig-zag stripes on paler
background; other shells unicoloured. Aperture large, ovate; inner lip
oblique, almost straight, produced laterally to form a moderately wide,
thin septum, bearing a single low fold near adapical end, otherwise
smooth. Septum callus not. particularly thick, strongly depressed
abapically. Outer lip thin, prosocline, inclined at about 20° from
vertical. Operculum ovate; outer face smooth, pancispiral, with
subterminal nucleus; inner face with curved apophysis emerging opposite
nucleus.

Duntroonian(?), Pomahaka Formation, Pomahaka
(type). Absent from most collections from the unit, but
not uncommon at one locality.

This species was expunged from the New Zealand fauna
by Finlay (1926c, p. 374) who considered the type
specimen—which is badly damaged—to be a Recent
Pacific Theodoxus. Finlay was particularly impressed by
the retention of a colour pattern, even though such
patterns are preserved on a number of European fossil
neritids. Until recently only the holotype was known, but
in 1978, Dr M.J. Isaac (New Zealand Geological Survey)
collected a considerable number of specimens from
submerged outcrops in the Pomahaka River, downstream
from Oyster Creek. N. pomahakaensis is therefore
reinstated as a bona fide New Zealand species.

Because of its rather “generalised” neritid shell characters,
N. pomahakaensis is of uncertain affinities, but
assignment to “Neritella Gray, 1848” (= Neritina
Lamarck, 1816) or Nerita Linné, 1758 can be ruled out.
Theodoxus Montfort, 1810 (sensu stricto) also seems an
unlikely location, but there is some similarity to certain
extant Pacific species usually assigned to subgenera of
Theodoxus or of Clithon Montfort, 1810, although all
seem to differ from N. pomahakaensis in columellar or

opercular characters. It is here referred tentatively to
Neritoplica Oppenheim, 1892 because of its great
similarity (including colour pattern) to the French
Paleocene fresh-water species N. subornata (Orbigny,
1850), which was placed in Neritoplica by Wenz (1929,
p.2895). Suter (1914, p. 13) referred this species to Nerita,
and Finlay (1924a, p. 100) provided the replacement name
Nerita pomahakaensis because of the prior Nerita nitida
Donovan, 1804. We ‘are obliged to retain Finlay’s
replacement name under ICZN Article 59(b).

Neritids have a very poor fossil record in New Zealand,
one that is far worse than the haliotids. The only other
records we are aware of are N. (Melanerita) melanotragus
from Kaawa Creek (Opoitian) (Laws 1936b, p. 105) and
two undescribed species from Parengarenga Harbour
(Otaian) (Wakefield 1976).

Figured specimen (P1. 9q): GS13416, G45/f61, Pomahaka
River, 500 m downstream from Oyster Creek,
Duntroonian? (NZGS) x 3.

Pl. 9 u. Batillaria (?) pomahakensis Harris, 1897
[Cerithium rugatum Hutton, 1873b, p. 11 (not of
Carpenter, 1865, nor of Deshayes, 1864); Batillaria
pomahakensis Harris 1897, p.229 (new name for
Cerithium rugatum Hutton, preoccupied); Batillona
pomahakensis] (Potamididae).

Size moderate for family (height 30-65 mm), cerithiiform, spire elevated.
Protoconch not known; teleoconch of up to at least 12 whorls, larger
specimens often severely corroded. Early whorls biangulate, one
angulation at or slightly above middle on spire, the other less prominent,
about halfway between upper angle and lower suture; on later whorls
lower angulation decreasing in prominence, whorls becoming strongly
medially angled. Last whorl with weak peribasal angulation and another
of similar strength on upper part of strongly convex base. Axial sculpture
of narrow, well spaced costae reaching from suture to suture and slightly
tubercular at intersections with whorl angulations on early whorls, but
tending to become restricted to peripheral tubercles on later whorls; -
9-11 axials on penultimate whorl. Spiral sculpture consisting of narrow
cords marking whorl angulations, those on base slightly nodulose, and
fine threads on ramp and base and between cords. Aperture ovate;
columella twisted to left anteriorly to form very short siphonal canal,
concave above. Inner lip callused; outer lip thin, broadly concave from
suture to lower basal angulation, straight below.

Duntroonian(?), Pomahaka Formation, Pomahaka River
(type); Waikoikoi Stream.

Batillaria(?) pomahakensis differs from most New Zealand
cerithiaceans in its relatively large size, its strongly
medially angled teleoconch whorls and its prominent axial
sculpture. B. hectori (Altonian, Porter River, Castle Hill
Basin) is similar but has more prominent axial nodules
and stronger basal cords. Both species were assigned to
Batillona Finlay, 1927 by Finlay (1927b, p. 496) but they
are not congeneric (or even confamilial) with the type
species B. amara (see below). Their affinities are
uncertain, but they are here provisionally placed in
Batillaria.

Figured specimen (P1. 9u): GS329, G45/18491, Pomahaka
River, Duntroonian? (NZGS) x 1.5.

Pl. 9 s,t. Batillona amara Finlay, 1927 [Turritella ornata
Hutton 1873b, p.13 (not of d’Orbigny, 1843, nor of
Michelotti, 1847); Batillona amara Finlay 1927b, p.496
(new name for Turritella ornata Hutton, preoccupied);
Epitonium (Acirsa) ornatum). Type species of Batillona
Finlay, 1927 (Pareoridae?).
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Rather small for family (height c. 10 mm), turriculate, protoconch not
known, early teleoconch whorls missing from most shells. Teleoconch
whorls strongly biangulate at about 0.3 and 0.7 whorl height; last whorl
with well defined peribasal keel, base almost flat. Axial sculpture, apart
from opisthocyrt growth lines, of weak opisthocline costae connecting
prominent nodules on the whorl angles, costae becoming obsolete and
nodules becoming more crowded and comma-shaped on the last whorl
of some shells. Spiral sculpture of narrow, low cords on shoulder angles,
becoming obsolete on later whorls of large shells; a thin ridge marking
the peribasal angle. Aperture incompletely preserved on all specimens
. examined, but apparently subcircular, without a definite siphonal canal;
columella concave, inner lip bounded by a narrow ridge that enters
aperture. Outer lip apparently thin with a deep rounded sinus posteriorly,
its apex slightly above posterior keel, strongly opisthocline below to
peribasal keel, and prosocyrt (convex) on base.

Duntroonian(?), Pomahaka Formation, Pomahaka River
(type), locally very abundant.

The affinities of this little gastropod are uncertain;
although long included in the Potamididae, the absence
of a definite siphonal canal and the shape of the outer
lip rule out assignment to that family. The apertural
characters, particularly the deep anal sinus and prosocyrt
basal lip, and the thin columellar ridge suggest a
provisional location in the Pareoridae near Pareora (see
PL. 55¢,f,g), although the strongly biangulate whorls and
the presence of axial sculpture sets it apart from other
members of the family. Hutton’s original description of
this species as a Turritella was probably not too far off
the mark.

Figured specimens (Pl. 9s, t): GS329, G45/f8491,
Pomahaka River, Duntroonian? (NZGS) x 8.

PL. 9 r. Melanopsis (Stilospirula?) pomahaka (Hutton,
1873) [Ancillaria (Amalda?) pomahaka Hutton 1873b, p.
6-7; Zemelanopsis pomahaka) (Thiaridae).

Size moderate for family (height 15-40 mm), elongate-ovate, spire about
0.3-0.4 total height. Protoconch not clearly marked off from teleoconch,
apparently mamillate, of about 1.5 whorls with a bulbous initial whorl.
Teleoconch of 10-13, possibly more, whorls, first 9 or so increasing only
slowly in diameter and flat-sided or feebly convex, so that apical whorls
(where preserved) are narrowly conical; later whorls increasing quickly
in size and becoming distinctly concave posteriorly and strongly convex
below. No sculpture apart from weak growth lines and feeble spiral
striae, shell somewhat polished. Aperture ovate, constricted posteriorly
by heavy, triangular parietal callus pad alongside which runs a narrow
groove. Columella short, strongly concave except for leftward twist at
anterior end, defining a short, unnotched siphonal spout; young shells
with narrow, oblique plait near posterior end, but absent from adult
shells. Inner lip narrowly but quite thickly callused below parietal pad.
Outer lip thin, straight and vertical from suture to near base of parietal
pad, strongly convex below to base where it bends back to siphonal
spout.

Duntroonian(?), Pomahaka Formation, Pomahaka River
(type); Waikoikoi Stream. Locally very common.

Melanopsis pomahaka is superficially very similar to M.
trifasciata (Opoitian-Recent) but differing in having a very
slender rather than a broadly conic, blunt apex, and in
having the outer lip strongly convex below the parietal
pad rather than prosocline and straight or weakly
concave. In these respects M. pomahaka is very similar
to M. proboscidea Deshayes, 1862 (Eocene, France), the
type species of Stilospirula Rovereto, 1899, and is here
tentatively considered to be consubgeneric. Stilospirula
is otherwise known only from the Eocene and Oligocene
of Europe.

Figured specimen (P1. 9r): GS13416, G45/f61, Pomahaka
River, 500 m downstream from Oyster Creek,
Duntroonian? (NZGS) x 3.

Pl. 9 v,w. Pomahakia aberrans Finlay, 1927 [Fusus
plicatilis Hutton, 1873b, p. 3 (not Fusus plicatilis Bean
MS, in synonymy of Clavatula turricula (Montfort) in
Wood 1848, p.62); Pomahakia aberrans Finlay 1927b,
p.507 (new name for Fusus plicatilis Hutton,
preoccupied)). Type species of Pomahakia Finlay, 1927
(Buccinidae?).

Rather small for family (height 18-25 mm), bucciniform, spire 0.4 total
height. Protoconch mamillate, of 1.5 strongly convex, smooth whorls
with bulbous initial whorl. Teleoconch of 5-6 whorls shouldered
somewhat above middle on spire, shoulder becoming rounded on last
whorl of some shells but remaining angled on others; last whorl with
evenly rounded periphery or weak basal subangulation. Axial sculpture,
apart from growth lines, commencing as narrow, opisthocyrt costae
reaching from suture to suture, but becoming obsolete on ramp and
more widely spaced during growth, reduced to peripheral nodules on
last whorl, or becoming obsolete on last few whorls; 11-12 per whorl.
Spiral sculpture on spire of very subdued, narrow, rounded cords and
threads, last whorl with much more prominent but nonetheless subdued,
rounded or flattened cords. Shell with distinctly glazed appearance.
Aperture ovate with a short, shallowly notched siphonal canal; fasciole
rounded, not prominent. Inner lip moderately callused, outer lip thin
with a broad, shallow sinus with its apex on shoulder angulation.

Duntroonian(?), Pomahaka Formation, Pomahaka River
(type); Waikoikoi Stream. Uncommon.

Pomahakia is a monotypic genus of uncertain affinity but
probably referable to the Buccinidae. P. aberrans is
superficially similar to some species of Austrofusus, but
differs in having a mamillate rather than a conical
protoconch, and in having a shallow but distinct sinus
in the outer lip. It may represent an offshoot from
Austrofusus or a related group which became adapted to
a brackish-water habitat. The glazed exterior suggests that
Pomahakia aberrans had a reasonably thick periostracum
when alive. A few species of tropical Pacific fresh-water
shells with heavy brown periostraca (in the genera Clea
A. Adams, 1855 and Anentome Cossmann, 1901) have
siphonal canals and are now referred to the Buccinidae,
although they were previously referred to the Thiaridae,
and this suggests an alternative position for Pomahakia.

Finlay (1927b, p. 507) considered that Fusus plicatilis
Hutton is preoccupied by “Fusus plicatilis Bean MS”,
published as a synonym of Clavatula turricula (Montfort)
by Wood (1848, p. 62). Contrary to common sense, we
are unfortunately obliged to use Finlay’s replacement
name as the relevant article (11e) of the International
Code of Zoological Nomenclature (1985 ed.) states that
a name published in synonymy is to be regarded as
available if prior to 1961 it has been treated as a senior
homonym.

Figured specimens (Pl. 9v, w): GS13416, G45/161,
Pomahaka River, 500 m downstream from Oyster Creek,
Duntroonian? (NZGS) x 2.

Other Duntroonian-Waitakian Mollusca: Plates 10-15

Pl. 10 b. Acanthochitona (Notoplax) ashbyi (Laws, 1932)
[Loboplax ashbyi Laws 1932, p. 184; Notoplax ashbyi]
(Acanthochitonidae).

Shell small (holotype, a median valve, 3.5 mm long x 5.5 mm wide;
anterior valve 3.3 x 4.7 mm; posterior valve (figured) 2.2 x 3.7 mm),
similar to A. (Notoplax) mariae (Pl. 44a, d, h) and the large living 4.
(Notoplax) violacea (Quoy and Gaimard, 1835), but differing in its more
steeply arched back (Laws (1932, p. 184) recorded that the holotype
has a jugal angle of 90°) and in having very large, flattened granules
on the tegmentum. Laws’ description and figure of median valve are
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of one much like that of A. mariae, with roughly triangular tegmentum
and without a ridge between lateral and pleural areas. Anterior valve
incomplete in the only known specimen (missing tegmentum), with 5
slits, 5 prominent radial ridges, and a deeply lobate tegmental margin.
Posterior valve with 7 deep slits and several shorter ones, a short, wide,
oval tegmentum (as in many modern A. mariae), jugum not well
differentiated from latero-pleural areas, and a low mucro at posterior
0.6 of tegmentum length.

Duntroonian, Chatton Formation, Shell Gully, Chatton
(type), uncommon in washings.

Acanthochitona ashbyi evidently lived in a similar
environment to that of A. mariae today, i.e. in the
intertidal zone, or more commonly, in the shallow
subtidal zone, on hard substrates or on boulders and
shells in soft substrates.

Figured specimen (Pl. 10b): GS9806, F45/f9668, Shell
Gully, Chatton, Duntroonian (NZGS) x 16.5.

Pl. 10, e, j. Cucullaea (Latiarca) worthingtoni Hutton,
1873b [p. 27] (Cucullacidae).

Large for genus (length 80-110 mm), thick-shelled, oblong or somewhat
oblique, strongly inflated, left valve larger than right, overlapping along
ventral margin. Umbones prominent, situated near middle of dorsal
margin. Posterior area flattened, with an indistinct sulcus near middle.
Sculpture discrepant, left valve with broad, low, flattened costae with
linear interspaces over middle of shell, becoming much narrower and
more crowded towards anterior end, and very subdued on posterior
part of flank and towards ventral margin. Numerous fine threads but
no costae on posterior area. Right valve with similar but more prominent
costae than on left valve, also becoming weaker and more crowded
anteriorly but extending further posteriorly, onto anterior part of
posterior area, and remaining strong right to ventral margin; interspaces
wider than on left valve, particularly anteriorly. On both valves some
costae bear a narrow median groove, and all are crossed by numerous,
fine growth lines, those on right valve interrupted by intercostal grooves.
Hinge very prominent, ends with 3-6 subhorizontal, straight or slightly
curved, transversely striate teeth, remainder with numerous small,
iregular vertical or sloping striate teeth. Cardinal area large, triangular,
with 6-8 incised, rather irregular chevron-shaped grooves; some well
preserved shells with ligament material partly retained. Adductor muscle
scars large, typically differently preserved from rest of shell, posterior
scar with pronounced myophoric ridge. Ventral margin strongly
denticulate except on some very large shells where the margins become
thick and grow in towards each other; denticulations also absent from
posterior margin and dorsal part of anterior margin.

Waitakian; “Waitaki” (type— probably from Otekaike
Limestone, Waitaki Valley); Otekaike Limestone, Trig
Z, Otiake; Campbell ‘Park School, Otekaike.

Hutton (1873b, p. 27-28) described two other large mid-

Tertiary species of Cucullaea, C. attenuata (Duntroonian
?, Lake Wakatipu) and C. ponderosa (Lillburnian?,
Korakonui, East Wellington), which were distinguished
from C. worthingtoni on the basis of shape differences.
Boreham (1965, p. 8-13) carried out a biometric study
of Cucullaea from Wharekuri (Duntroonian) (assigned
to C. attenuata), Trig Z, Otiake (C. worthingtoni) and
Cucullaea Point, Clifden (Lillburnian) (C. ponderosa) and
found that although there is considerable overlap between -
the three samples, scatter diagrams of hinge length vs shell
height could be used to discriminate between them.
Specimens assigned to C. attenuata are relatively elongate
(and oblique) and have a long hinge-line, whereas those
included in C. ponderosa are considerably higher relative
to length and have a relatively short hinge. C.
worthingtoni falls between these two species in shape and
in hinge development. It should be emphasised, however,
that the differences between these taxa are statistical in
nature and as a consequence, individuals may not always
be readily assignable to species (see Boreham 1965, p.
8-13, for a detailed discussion).

The status of other New Zealand species of Cucullaea
(Latiarca) is more doubtful. C. australis (Altonian, White
Rock River) was based on a juvenile shell, but according
to Boreham (1965, p. 11) some specimens of Cucullaca
from Altonian localities in North Otago and South
Canterbury fall within the range of variation of C.
worthingtoni, others within that of C. ponderosa, so C.
australis should probably be synonymised with one or the
other of these species. C. waihaoensis (? Porangan,
Bortonian-Kaiatan) seems to be similar in shape to C.
attenuata (Boreham 1965, p. 11) but the largest known
specimens (length 70-80 mm) do not begin to approach
the latter species in size, so it is probably best regarded
as a distinct species. C. hamptoni (Tongaporutuan-
Kapitean) is similar in shape to C. ponderosa and
although most specimens are smaller than typical adult
C. ponderosa and it allegedly differs in sculptural details,
it is probably not distinct.

The subgenus Cucullaea (Latiarca), which is based on an
Eocene species from Maryland, USA, was present in New
Zealand from at least late Dannevirke Series until the end
of “lower” Kapitean time (end of the Globorotalia
conomiozea zone), and was a characteristic member of

Plate 10 Late Oligocene-earliest Miocene (Duntroonian-Waitakian) Mollusca (1).

a. ‘Chlamys (sensu lato) chathamensis (Hutton), x 1.5.

b. Acanthochitona (Notoplax) ashbyi (Laws), x 16.5.

c,d. Lentipecten hochstetteri (Zittel), x 1.

e,j. Cucullaea (Latiarca) worthingtoni Hutton, x 1.

f. Janupecten uttleyi (Marwick), x 1. [Note: out of sequence; described in chapter on Early-mid
Oligocene (Whaingaroan) Mollusca].

g,i. “Cyclocardia” christiei (Marwick), x 1.

h. Bassina speighti (Suter), x 1.
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most shallow-water (shelf) assemblages during this
period. Rarer (and considerably smaller) specimens occur
in deeper-water (upper bathyal) faunules. The subgenus
C. (Cucullastis) Finlay and Marwick, 1937 is superficially
similar to C. (Latiarca), but the type species, C.
(Cucullastis) barbara (Pl. 1a, c), has a broad, shallow
median sulcus, which forms a shallow sinus in the middle
of the ventral margin, and has more markedly discrepant
radial sculpture. This consists of broad, flat-topped costae
in the right valve (i.e. like C. (Latiarca) species) and
narrow, rounded costae and fine threads on the anterior
and middle portions of the left valve.

Figured specimen (Pl. 10e, j): GS1473, 140/f9519, Trig
Z, Otiake, Waitakian (TM2850, NZGS, specimen
illustrated by Boreham 1965, pl.2, fig. 1,4) x 1.

Janupecten uttleyi (Marwick) (P1. 10 f) is described in the
preceeding chapter.

PL. 11 b. Athlopecten athleta (Zittel, 1864) [Pecten athleta
Zittel 1864, p. 49; Pecten (Patinopecten) marshalli Suter
1913b, p.295; Athlopecten marshalli]. Type spec1es of
Athlopecten Marwick, 1928 (Pectinidae).

Large for family (helght 100-180 mm), robust, moderately to strongly
inflated, apparently equivalve. Ears large, the anterior ones somewhat
the larger, those on left valve separated from disc by deep channels;
posterior ear on right valve with similar channel, anterior ear with deep,
broad byssal notch in young shells, notch apparently shallower and less
prominent in adults; ctenolium prominent in young shells, absent from
adults. Radial sculpture on disc of 10 or 11 prominent costae, those
on left valve remaining simple and convex throughout growth, though
joined by secondary costae in some shells; those on right valve more
flattened and subdivided by a longitudinal groove, which may arise near
the beak or at some distance from it, and may divide the costae
subequally or very unequally; secondary costae arising in interspaces
during--growth. Ears with prominent radial costae. Commarginal
sculpture of imbricate, lamellar growth ridges, locally prominent,
particularly on ears. Well preserved shells with “shagreen” microsculpture
on disc and ears. Resilifer large, distinctly oblique, directed postero-
ventrally, bounded by narrow ridges.

Duntroonnan—Wa;taklan; Takaka Limestone, Motupipi,
Northwest Nelson, Waitakian (type locality of P. athleta);
Muddy Terrace, Waikaia, Southland, Duntroonian (type
locality of P. marshalli); and from numerous localities
in North and South Islands, mostly from limestone,
greensand and calcareous sandstone.

This distinctive and spectacular pecten has no known
close relatives in the New Zealand fauna nor, as far as
can be judged from available literature, elsewhere. Apart
from its large size (greater than any other New Zealand
Cenozoic pecten), it is distinguished by its deep subaural
channels, by having relatively few primary radial costae,
by its rather coarsely lamellar commarginal sculpture and
by the shagreen microsculpture, and in having an oblique
resilifer bordered by tooth-like ridges. Pecten marshalli
was not compared with A. athleta by its author, but apart
from the relatively small size of the holotype (height 115
mm), it does not differ significantly from younger
(Waitakian rather than Duntroonian) specimens, and is
here regarded as a synonym of Athlopecten athleta.

Figured specimen (Pl. 11b): GS990, R14/f6012, coastal
section between Gibson and Carter’s beaches, near

Whaingaroa Harbour South-west Auckland, Waitakian
(NZGS) x 0.67.

Pl. 10 a. Chlamys (sensu lato) chathamensis (Hutton,

1873) [Pecten chathamensis Hutton 1873b, p. 29;
Cyclopecten compitum Marwick 1929, p. 909; Chlamys
compitum] (Pectinidae).

Size moderate for genus (height 25-40 mm), considerably higher than
long, only moderately inflated. Ears very unequal, anterior ears much
the larger, dorsal margins colinear but markedly oblique to axis of
symmetry of disc. Byssal notch deep and wide, fasciole very prominent,
sunken; ctenolium present. Radial sculpture on disc similar in both
valves, of 20-27 (mean 22) prominent, simple,rather wide, scaly costae
or plicae of rounded or subtriangular cross-section. Interspaces without
secondary costellae, sculptured by growth lines and “Camptonectes”
striae, more prominent towards ends than in middle of disc. Ears with
about 4 narrow, scaly costellae.

Duntroonian; “Broken River” (type locality of P.
chathamensis probably from the “Fan coral bed”, Thomas
Formation, junction of Porter and Thomas Rivers, Castle
Hill Basin); Chatton Formation, Shell Gully, Chatton
(type locality of C. compitum); Wharekuri Greensand,
Waitaki River, opposite Wharekuri. Common only at the
last locality. Despite the name this species is not known
from the Chatham Islands, although it is a reasonable
assumption that Hutton probably intended the type to
be from there (Boreham 1965, p. 21).

Chlamys  williamsoni (Whaingaroan, ~soi1th-west
Auckland) is similar to C. chathamensis but has more
numerous radial costae (24-27, mean 26) (Boreham 1965,
p. 22).

Figured specimen (Pl. 10a): GS1341, 140/f6492, Waitaki
River, opposite Wharekuri, Duntroonian (NZGS) x 1.5.

PL 10 ¢,d. Lentipecten hochstetteri (Zittel, 1864) [Pecten
hochstetteri Zittel 1864, p. 50; Pseudamussium (Pecten)
huttoni Park 1905, p. 485; Pecten (Camptonectes) huttoni].
Type species of Lentipecten Marwick, 1928 (Pectinidae).

Moderately large for family (height 55-75 mm), left valve more inflated
than right, articulated specimens with well marked gape at each end,
at and below ears. Ears subequal, separated from disc by shallow
grooves; dorsal margins of left ears smooth, colinear, those of right
valve slightly divergent, weakly serrate in some shells. Byssal notch
shallow, fasciole flat or slightly convex. Both valves smooth except for
weak growth lines and exceedingly fine radial striae. Cardinal crura well
developed; auricular crura strongly tubercular distally. Adductor muscle
scar much larger and situated in a more ventral position in left valve
than in right.

Duntroonian-Kapitean; “Aotea Sandstone” (not the lower
Whaingaroan Aotea Sandstone of the type locality), coast
north of Whaingaroa (Raglan) Harbour, Duntroonian
(type locality of both P. hochstetteri and P. huttoni) and
from numerous localities in a wide range of lithofacies.

Lentipecten hochstetteri is one of the most widely recorded
of all New Zealand Cenozoic molluscs and is readily
distinguished from nearly all other local pectens by having -
both valves smooth (except for very weak growth lines
and radial striae). Duplipecten parki-(late Bortonian-
Kaiatan) also has both valves smooth, but differs in
having the right valve more inflated than the left (i.e. the
opposite of L. hochstetteri) and in having deep channels
separating the right valve ears from the disc.

The description given above is based on a broad,
traditional concept of Lentipecten hochstetteri, i.e. one
that includes all post-Whaingaroan pectens with both
valves smooth, but there is some evidence to suggest that
two species, possibly with quite different antecedents, are
involved. The type locality of L. hochstetteri
unfortunately has not been relocated (Fleming in
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Hochstetter 1959, p. 78, footnote 3) but as far as can be
judged from the original illustration (Zittel 1864, pl. 11,
fig. 5a) and a plaster replica in the Geological Survey,
the type specimen is relatively broad (about as long as
it is high) and has an ill-defined, presumably flat byssal
fasciole. In these respects it closely resembles pectens
from the Kokoamu Greensand in the vicinity of
Duntroon, North Otago (Duntroonian). The right valve
ears on Kokoamu Greensand specimens have finely
serrate dorsal margins and some retain very faint traces
of radial sculpture, but the type of L. hochstetteri does
not seem to be well enough preserved to show if these
characters are present. Olson and Fleming (in Gage 1957,
p- 49) noted the similarity of Kokoamu specimens to L.
hochstetteri, but because of the serrate and radially
sculptured ears referred them to Janupecten subteres ,
even though they lack the weak radial sculpture on the
disc characteristic of the latter species.

Pectens from the “Curiosity Shop”, Rakaia River
(Waitakian)—including the specimen figured here—
closely resemble the Kokoamu shells but have much
weaker serrations on the ears. Post-Waitakian
Lentipecten-like shells, however, are noticeably higher
than they are long, have almost smooth dorsal margins
to the ears, and have a distinctly convex byssal fasciole.
Very similar shells, apparently differing only in minor
details, occur in a Bortonian shellbed in the upper Waihao
River, South Canterbury, which suggests that the smooth
Neogene pecten is not descended from L. hochstetteri but
has a quite independent origin in the upper Waihao River
species or a related Eocene species. However, because of
uncertainties about the age and characters of the type
specimen, L. hochstetteri is here interpreted in a broad
sense.

Figured specimen (Pl. 10c, d): GS311, K36/f7499,
“Curiosity Shop”, Rakaia River, Canterbury, Waitakian
(NZGS) x 1.

Pl. 12 a,b. Crenostrea wuellerstorfi (Zittel, 1864) [Ostrea
wuellerstorfi Zittel 1864, p. 54; O. (Crenostrea)
wuellerstorfi; Gigantostrea wuellerstorfi; Pycnodonte
(Crenostrea) wuellerstorfi]. Type species of Crenostrea
Marwick, 1931 (Gryphaeidae: Pycnodonteinae).

Moderately large for genus (height 100-160 mm), subequilateral to
strongly oblique, left valve only moderately inflated, right valve
considerably flatter. Shell composed of lamellar and vesicular layers.
Sculpture mostly of irregular puckers and welts but also some more
or less regular radial costae. Ligamental area rather small, not strongly
projecting, with a broad, oblique resilifer. Chomata well developed,
long and prominent, extending well down anterior and posterior
margins, and all around margin on some specimens. Adductor muscle
scar large, subcircular, behind middle of shell.

Duntroonian-Waitakian; “Aotea Sandstone” (not the
lower Whaingaroan Aotea Sandstone of the type
locality), coast north of Whaingaroa (Raglan) Harbour,
Southwest Auckland, Duntroonian (type); Chatton
Formation, Shell Gully, Chatton.

Although this species has been recorded from numerous
localities in the past, many of the records probably pertain
to other species, not all of them assignable to the
Pycnodonteinae, let alone to Crenostrea. Some at least
of the “giant” oysters in the Landon Series belong in the
Ostreidae rather than the Gryphaeidae, probably in
Flemingostrea (see below). As with most other oysters the

distinctions between taxa are not always well defined, and
as a consequence the group as a whole has been shunned
by most paleontologists. C. wuellerstorfi is here restricted
to species with a relatively small ligamental area that does
not project strongly above the dorsal margin, with
prominent chomata and with a large adductor muscle
scar. The Paleocene species C. cannoni (Pl. 3a, f) is more
equilateral in shape, has a much larger and more strongly
projecting ligamental area, much weaker chomata and
a smaller adductor muscle scar than C. wuellerstorfi. C.
gittosina (Otaian, Waiheke Island) seems to be very
similar to C. wuellerstorfi and may not be distinct.

Figured specimen (Pl. 12a, b): GS9806, F45/19668, Shell
Gully, Chatton, Duntroonian (NZGS) x 0.67.

Pl. 11 g.i. Flemingostrea wollastoni (Finlay, 1927) [Ostrea
incurva Hutton 1873b, p.35 (not of Nilsson, 1827); Ostrea
wollastoni Finlay 1927b, p.528 (new name for O. incurva
Hutton, preoccupied); O. (Gigantostrea) wollastoni]
{Ostreidae: Ostreinae).

Large for family (height 140-160 mm), thick-shelled, owvate,
subequilateral. No vesicular shell-layers. Left valve more inflated than
right but shell-cavity not deep and not extending under umbo. Ventral
margin broadly and deeply folded, some shells with shallow sulcus on
left valve running from umbo to posterior end of fold. Attachment area
rather small. Sculpture on left valve of imbricated growth ridges, some
shells with irregular radial corrugations as well; right valve with more
regular and more numerous growth ridges. Ligamental area moderately:
large with a very broad resilifer. Chomata absent. Adductor muscle
scar large, reniform, dorsal margin concave, strongly inclined to interior
of shell on left valve, less so on right valve, situated posterior to middle
of shell.

Duntroonian-Waitakian; “Oamaru” (type—probably
from Kokoamu Greensand or Gee Greensand, North
Otago); Otekaike Limestone, Campbell Park School,
Otekaike Valley; Trig Z, Otiake; Chatton Formation,
Shell Gully, Chatton; Waikaia, Southland. Many of the
records of “giant” oysters from the Landon Series are
probably of this or a related species, but most specimens
are articulated or poorly preserved or both and are not
confidently assignable to genera.

This species has long been included in Gigantostrea (=
Pycnodonte), but the reniform (rather than circular or
subcircular) adductor muscle scar, and the absence of
vesicular shell material indicate assignment to the
Ostreidae. It is particularly similar to Ostrea hemiglobosa
Romanovskiy, 1884 (Eocene; USSR and Afghanistan),
the type species of Solidostrea Vyalov, 1948, which has
been somewhat doubtfully synonymised with
Flemingostrea Vredenburg, 1916 by Stenzel (in Moore
1971, p. N1150, 1153).

Ostrea suteri Thering (1907, p.94) may be an earlier name
for this oyster. The type material of O. suteri is allegedly
from “Westport”, but the sole specimen we are aware of
in New Zealand collections that has been identified as O.
suteri (in NZGS, from H. Suter’s collection, labelled “O.
suteri Thering” in Suter’s handwriting) bears the locality
“Kahurangi, southwest Nelson” (Duntroonian or
Waitakian). As we are not aware of any possible locality
for such an oyster near Westport, the type locality seems
likely to be Kahurangi Point. The specimen in Suter’s
collection is articulated and partly enclosed in matrix, and
we cannot be sure it is conspecific with F. wollastoni. The
question can be resolved only by comparison of good
material from the two type localities. :
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Figured specimen (Pl. 11g, i): holotype, “Oamaru” (age
uncertain, probably Duntroonian or Waitakian)
(TM2854, NZGS) x 0.67.

Pl. 11 a. Spissatella subobesa (Marshall and Murdoch,
1919) [Crassatellites subobesus Marshall and Murdoch
1919, p. 257] (Crassatellidae).

Rather large for genus (length 43-65 mm), relatively elongate
(tength/height ratio 1.48-1.70), moderately inflated; posterior area
concave, differéntiated by well-defined umbonal ridge. Lunule well
developed on each valve, deeply impressed; escutcheon prominent and
deeply impressed on right valve, much narrower and more subdued on
left valve. Commarginal sculpture on flanks of low, narrowly rounded
ridges, 21-24 per cm at 1 cm from apex, in some specimens weakening
distally; ridges much finer and more numerous and tending to be
subobsolete on posterior area. Left hinge with narrow anterior lateral
tooth formed by end of lunule, thin anterior and median cardinals, and
a posterior cardinal tooth which is scarcely distinguishable from
escutcheon margin; posterior lateral socket well defined. Resilifer deeply
impressed, reaching almost to hinge margin. Right anterior cardinal
tooth coalescent with edge of lunule, median cardinal narrowly
triangular. Posterior lateral tooth finely transversely striate, coalescent
with escutcheon. Adductor muscle scars oval, subequal. Internal margins
smooth.

Duntroonian; Wharekuri Greensand, Waitaki River,
opposite Wharekuri (type); head of Lake Waitaki
(common).

Spissatella subobesa is distinguished from S. trailli (P1.
18 i,k) by its larger size, its typically more elongate shell
and its considerably finer commarginal sculpture. Some
individuals approach topotypes of S. #railli in shape but
may be distinguished by the finer sculpture, particularly
on the umbones. S. acculta (Duntroonian, Wharekuri)
is much less elongate and less strongly inflated than S.
subobesa, has a less well defined umbonal ridge and a
slightly convex rather than a straight or slightly concave
posterodorsal margin.- The two Wharekuri species
apparently do not occur together in the Wharekuri
Greensand and presumably were ecologically segregated.
Yet another Duntroonian species, S. poroleda (Shell
Gully, Chatton),is more like S. subobesa in overall shape,
but is less strongly inflated, has a more strongly convex
ventral margin, and has a sharp rather than a rounded
umbonal ridge.

Figured specimen (P1. 11a); GS10837, 140/f001, head of
Lake Waitaki, Duntroonian (NZGS) x 1.25.

Pl. 12 d,e. Eiscrassatella ampla (Zittel, 1864) [Crassatella

ampla Zittel 1864, p. 46; C. attenuata Hutton 1873b, p.
24; Crassatellites attenuatus; Eucrassatella attenuata)
(Crassatellidae).

Large for genus (length 80-150 mm), thick-shelled, subtrigonal to oblong,
length/height ratio 1.1-1.5, some shells almost equilateral, others
strongly inequilateral. Posterior end truncate, posterior area flattened
or slightly concave; umbonal ridge not well defined. Lunule large,
strongly impressed; escutcheon well defined in right valve, transversely
striate in well preserved shells, narrower and more obscure in left valve.
Well preserved shells with rounded commarginal ridges on proximal
few mm of umbones, remainder smooth except for growth lines. Hinge
heavy, varying considerably in width, dominated by a deeply impressed
triangular resilifer extending almost to ventral edge. Left valve with
a low, finely rugose anterior lateral tooth, a thick anterior cardinal,
a narrower median cardinal, and a prominent posterior lateral with a
finely rugose socket above. Right valve with a shallow anterior lateral
socket, a short anterior cardinal tooth, which is largely fused to lunule,
and a heavy, triangular median cardinal; posterior lateral tooth formed
by inner edge of escutcheon. Adductor muscle scars large, strongly
impressed. Inner margins smooth.

Duntroonian-Tongaporutuan; Cape Rodney, Auckland,
Otaian (type locality of C. ampla); “Broken River” (type
locality of C. attenuata, i.e. probably basai shellbed, Enys
Formation, junction of Porter and Thomas River, Castle

Hill Basin, Altonian), and numerous localities in North
and South Islands.

Eucrassatella ampla differs from E. aqustralis (P1. 5f, i) in
its much larger size, its more weakly defined left
escutcheon and in invariably having smooth internal
margins. E. marshalli (Kapitean-Waipipian) is much
smaller and has a less strongly impressed left escutcheon
than E. ampla.

Eucrassatella apparently became extinct in New Zealand
during the late Pliocene, but the extant Australian species
are primarily inner-shelf dwellers that only rarely extend
into deeper waters. E. ampla seems to have had a similar
habitat.

Figured specimen (Pl. 12d, e): GS3600, F46/f8492,
Mataura River, near Brydone, Southland, Waitakian
(NZGS) x 0.67.

PL 10 g,i. “Cyclocardia” christiei (Marwick, 1929)
[Venericardia christiei Marwick 1929, p. 910; V.
(Megacardita) christiei; V. (Cyclocardia) christiei]
(Carditidae: Venericardiinae).

Moderately large for family (height 45-65 mm), robust, ovate, generally

higher than long, with beaks close to anterior end. Posterior end only
weakly truncate. Lunule very narrow, strongly impressed, sloping

Plate 11 Late Oligocene-earliést Miocene (Duntroonian-Waitakian) Mollusca (2).

a. Spissatella subobesa (Marshall and Murdoch), x 1.25.
b. Athlopecten athleta (Zittel), x 0.67.

c,e Dosinia (Austrodosinia) sodalis Marwick, x 1.

d,f Kuia vellicata (Hutton), x 1.5.

g,i Flemingostrea wollastoni (Finlay), x 0.67.

h. Teredinidae, unidentified tube, x 1.
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backwards under beak; escutcheon narrow, almost vertical. Radial
sculpture of 22-24 prominent costae, typically sharply defined and
somewhat flattened on top on proximal half, but lower, less distinct
and more rounded distally. Costae on umbones bearing small tubercles
on their crests, but soon becoming smooth or bearing only fine growth
lines. Left hinge with a narrow, backward-directed anterior cardinal
tooth and a long, arched posterior cardinal. Right valve with a low
anterior cardinal tooth confluent with lunular margin, a broadly
triangular, arched median cardinal, and a thm, grooved posterior
cardinal joined to nymph.

Duntroonian; Chatton Formation, Shell Gully, Chatton
(type) (abundant); Wendon Valley, Southland
(abundant);? Waiwiri Beach, Southwest Auckland (very
large shells up to 85 mm in height, with sculpture
becoming obsolete distally).

“Cyclocardia” christiei is similar to “Cyclocardia”
awamoensis (P1. 17h, i) but is much larger, thicker-shelled
and more oblique, and has more prominent radial costae.
“Cyclocardia® marama (Waitakian, North Otago and
South Canterbury) is smaller and more circular than “C.”
christiei, and has weaker radial sculpture and a nearly
vertical lunular margin. Although these species were
referred to Cyclocardia Conrad, 1867 by Maxwell (1969,
p. 172) their resemblance to the type species of that genus
is almost certainly fortuitous, and they are probably
derived from a New Zealand Eocene species of
Glyptoactis (Fasciculicardia).

Figured specimen (Pl. 10g, i): GS9806, F45/19668, Shell
Gully, Chatton, Duntroonian (NZGS) x 1.

Pl. 12 i,j. Megacardita ponderosa (Suter, 1913)
[Venericardia ponderosa Suter 1913b, p. 296; V.
(Megacardita) ponderosa; V. caelebs Marwick 1929, p.
911; . V. (Megacardita) caelebs] (Carditidae:
Venericardiinae).

Large for family (length 65-85 mm), subelliptical, beaks close to anterior
end. Posterior area rather narrow, shallowly concave. Lunule relatively
small, smooth, strongly pouting. Radial sculpture of 26-29 prominent
costae of variable shape and spacing, in some specimens squarish-
sectioned with relatively broad interspaces (as wide as costae in some
shells), on others rounded or broadly triangular with narrow interspaces.
Anterior ribs finely scabrous (particularly proximally), others smooth
or with fine growth lines. Costae on middle part of posterior area
considerably weaker than. elsewhere. Hinge heavy, left valve with
prominent triangular anterior cardinal tooth, widely separated from
a long, narrow, slightly curved posterior cardinal. Right hinge with
anterior cardinal fused to lunule, and a very broad, somewhat excavated
median cardinal.

Duntroonian; Chatton Formation, Muddy Terrace,
Waikaia, Southland (type locality of V. ponderosa); Shell
Gully, Chatton (type locality of V. caelebs) (rare);
Wendon Valley, moderately common; Wharekuri
Greensand, Wharekuri (rare). V. caelebs was based on
an immature specimen only 30 mm long. Adult topotypes
are considered to fall within the limits of vanatlon of M.
ponderosa.

Megacardita includes relatively large, elongate
venericardiines with anteriorly placed beaks. The only
other New Zealand species of the genus—which also
occurs in the mid-Cenozoic of Europe and Africa—is M.
squadronensis (Otaian, Waiheke and Kawau Islands); this
differs from M. ponderosa in having flattened ribs with
narrow interspaces.

Figured specimen (Pl. 12i, j): Shell Gully, Chatton,
Duntroonian (NZGS, ex C.R. Laws Colln) x 1.

PlL. 13 d,e. Hedecardium (Hedecardium) waitakiense

(Suter, 1907) [Cardium (Trachycardium) waitakiense Suter
1907a, p. 209). Type species of Hedecardium Marwick,
1944 (Cardiidae: Protocardiinae).

Size moderate for family (height 60-70 mm), rather thin-shelled,
subquadrate, strongly inflated. Posterior area well defined; junction of
posterior and posterodorsal margins sharply angled in right valve, more
rounded in left. Lunule only weakly differentiated. Radial sculpture on
“main” part of shell (i.e. other than posterior area) of 40-48 flat-topped
or narrowly rounded costae, interspaces wider than costae on adult.
Commarginal sculpture of fine growth ridges in intercostal spaces.
Posterior area glossy, with 14-16 subdued, rounded costae that become
obsolete towards dorsal margin. Hinge narrow, almost straight, both
valves with prominent, pointed anterior and posterior lateral teeth. Left
cardinal teeth separate, anterior tooth peg-like, posterior one much
smaller. Right cardinals fused dorsally, anterior one the smaller.
Adductor muscle scars oval, subequal. Ventral margin crenulate,
posterior margin less prominently than elsewhere.

Duntroonian; Wharekuri Greensand, Waitaki River,
opposite Wharekuri (type); head of Lake Waitaki;
Wendon Valley; Otorochanga; Okoko.

Hedecardium olssoni (Duntroonian, Shell Gully, Chatton)
is probably conspecific with H. waitakiense—it differs
only in having fewer (37) radial costae on the main part
of the shell, and in having costae of triangular rather than
rounded or flattened cross-section.

Hedecardium is an endemic genus first recorded from beds
of probable Porangan age (H. collinsi ; Otaio Gorge,
Pareora Gorge) and is probably derived from a Paleocene
or Early Eocene species of Nemocardium (sensu lato). The
Eocene species are similar in shape and sculpture to H.
waitakiense, but are much smaller; H. collinsi is only 21
mm long and H. brunneri (Bortonian-Kaiatan,
widespread) is 35-50 mm in length.

Hedecardium (sensu stricto) is not known after the
Waitakian, but the subgenus H. (Titanocardium) persisted
until the Waiauan or Tongaporutuan (see P1. 19d, e). The
genus seems to have been confined to shallow waters
(inner or middle shelf).

Figured specimen (Pl. 13d, e): GS10837, 140/f001, head
of Lake Waitaki, Duntroonian (NZGS) x 1.

PL 11 ¢,e. Dosinia (Austrodosinia) sodalis Marwick, 1929
[D. (Raina) sodalis Marwick 1929 p.913] (Veneridae:
Dosiniinae).

Size moderate for genus (length 50-60 mm), subcircular, moderately
inflated, posterior area slightly concave, posterior end weakly truncate.
Lunule small, pouting; escutcheon very well defined, particularly in left
valve. Commarginal sculpture of thin, well spaced, erect ridges elevated
into prominent lamellae posteriorly and near anterodorsal margin,
extending across right escutcheon but stopping abruptly at edge of left
escutcheon. Left hinge with a small anterior lateral tooth, a thin anterior
cardinal, a narrowly triangular median cardinal, and a thin, grooved
posterior cardinal. Right hinge with a shallow anterior lateral socket,
a very short anterior cardinal tooth, a narrowly triangular median
cardinal and a narrow, bifid posterior cardinal. Pallial sinus moderately
deep, triangular, horizontal.

Duntroonian, Chatton Formation, Shell Gully, Chatton
(type) (not uncommon).

Although Dosinia sodalis was originally assigned to the
subgenus Dosinia (Raina), the nature of the sculpture
(raised into lamellae near the escutcheon), the narrow
right posterior cardinal tooth and the horizontal pallial
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sinus indicate a location in Austrodosinia. It differs from
D. (Austrodosinia) anus (Nukumaruan-Recent) in being
more strongly inflated and inhaving coarser sculpture, a
more sharply defined escutcheon (particularly in the right
valve) and a much smaller left anterior lateral tooth.

Figured specimen (pl. 11c, €): GS9806, F45/f9668, Shell
Gully, Chatton, Duntroonian (NZGS) x 1.

PLl. 10 h. Bassina speighti (Suter, 1913) [Chione
(Liprophora) speighti Suter, 1913b, p. 296] (Veneridae:
Chioninae).

Size moderate for family (length 40-60 mm), broadly ovate, posteriorly
truncate, moderately inflated, strongly inequilateral. Two well marked
umbonal ridges, one running to posteroventral angle, thus defining a
posterior area, the other ending posterior to middle of ventral margin.
Anterodorsal margin short, almost straight; posterodorsal margin long,
convex; ventral margin obtusely angled. Lunule narrow, but strongly
differentiated, broader in right valve than in left. Escutcheon broader
and more sharply defined in left than in right valve. Commarginal
sculpture of distant, thin lamellae, well preserved shells with crests turned
over towards umbones and produced into short triangular spines where
they cross the umbonal ridges; interspaces with fine growth lines. Left
hinge with a narrow anterior cardinal tooth, a triangular, bifid median
cardinal and a narrow, almost horizontal posterior cardinal. Right hinge
with a narrow interior cardinal tooth, a narrowly triangular, bifid median
cardinal and an equally narrow, weakly bifid posterior cardinal. Pallial
sinus moderately deep, triangular. Internal margins finely and weakly
crenulate, appearing smooth in many specimens.

Duntroonian-Tongaporutuan; Double Corner Shellbeds,
Lower Waipara Gorge, Waiauan (type) and numerous
localities in both North and South Islands (Fleming 1962,
p. 238).

Bassina yatei (Opoitian-Recent) is similar in size to B.
speighti but lacks the submedian umbonal ridge and
consequently has an evenly convex rather than an
obtusely angled ventral margin, although a faint ridge
does occur in a few individuals. B. southlandica
(Opoitian, Te Waewae Bay, Southland) and B. lawsi
(Opoitian, Kaawa Creek) also lack the submedian ridge
and differ from B. yatei in their smaller size and in outline.
B. parva (Mangapanian-Nukumaruan; Pl. 39, h) and B.
katherinae (Waipipian, Otahuhu) retain the submedian
ridge (presumably a primitive character for the genus) but
differ from B. speighti in their much smaller size and in
having more closely spaced commarginal lamellae. B.
macclurgi (Nukumaruan, Chatham Island) differs little
from B. yatei; a recently collected left valve lacks the
anterior lateral tooth by which Marwick (1928)
differentiated the genus Bassinaria for B. macclurgi, and
we regard Bassinaria as a synonym of Bassina.

Bassina speighti seems to be a good example of
“morphological stasis”; during its relatively long period
of existence (c. 20 million years) it does not seem to have
undergone any significant change in such external features
as shape or structure, although it must be admitted that
internal characters, particularly those of the hinge and
pallial sinus, are known for only a few specimens. No
other species of Bassina are known from New Zealand
during this period, but no fewer than three taxa, B. yatei,
B. lawsi and B. southlandica, are recorded from the
Opoitian and a fourth, B. katherinae is present in the
Waipipian. As with many other New Zealand molluscan
genera, speciation seems to have taken place during the
Kapitean or earliest Opoitian, probably in response to the
marked climatic and eustatic changes during this terminal
Miocene to early Pliocene period (see Fleming 1962a).

The extant B. yatei inhabits sandy substrates in shallow
waters (less than about 40 m), mostly off sandy ocean
beaches. B. speighti probably had a similar habitat.

Figures specimen (pl. 10h): GS9805, F44/19501, Coal
Brook Station, Wendon Valley, Southland, Duntroonian
(NZGS) x 1.

Pl. 13 a,b. Tapes (sensu lato) parki (Marshall and
Murdoch, 1921) [Miltha parki Marshall and Murdoch
1921a, p. 79] (Veneridae: Tapetinae).,

Moderately large for family (length 65-90 mm), ovate, moderately
inflated; posterior area well defined. Lunule small, impressed; escutcheon
broad, strongly differentiated. Sculpture of closely spaced, thin, low
commarginal ridges crossed by numerous radial costellae similar in
strength to, or slightly coarser than ridges, producing a finely reticulate
effect. Left hinge with a narrow anterior cardinal tooth, a bifid,
triangular median cardinal and a thin posterior cardinal. Right hinge
unknown. Pallial sinus moderately deep, horizontal, apex rounded.
Internal margins smooth.

Duntroonian; “Aotea” Sandstone?, Okoko-Kawhia
Road, Southwest Auckland (type); Wharekuri
Greensand, head of Lake Waitaki; Chatton Formation,
Wendon Valley, Southland; ? Shell Gully, Chatton.
Moderately common at type locality, uncommon at other
localities.

The type material and available topotypes of Tapes parki
are poorly preserved steinkerns retaining traces of
external sculpture and may not be conspecific with the
South Island specimens. Tapes parki differs from typical
species of the genus in having relativley prominent radial
sculpture. Another, related species occurs in the Gee
Greensand (Altonian) at Target Gully, Oamaru, differing
from T. parki in its smaller and more elongate shell.

Figured specimen (pl. 13a, b): GS9514, 140/f6678, head
of Lake Waitaki, Duntroonian (NZGS) x 1.

Pl. 13 h,k. Notocallista (Fossacallista) watti Marwick,
1938 [p. 75] (Veneridae: Pitarinae).

Size moderate for genus (length 20-32 mm) suboval, moderately inflated.
Lunule scarcely impressed, bounded by narrow groove; escutcheon not
differentiated. Sculpture of numerous closely spaced very fine
commarginal grooves, surface shining. Left hinge with a prominent,
high anterior lateral tooth, a lamellar anterior cardinal, a short,
triangular median cardinal and a very thin posterior cardinal. Right
valve with a deep anterior lateral socket bounded sbove and below by
a short, think tooth; anterior and median cardinals short, narrow, closely
spaced, subparallel; posterior cardinal narrow, grooved. Ligament
deeply sunken. Pedal retractor muscle scar confluent with anterior
adductor scar. Pallial sinus rather short, rounded, ascending. Internal
margins smooth.

Waitakian; Otekaike Limestone, Trig Z, Otiake, Waitaki
Valley (type); Campbell Park School, Otekaike, Waitaki
Valley; Sister’s Creek, Hakataramea Valley; Brother’s
Stream, Hakataramea Valley. Moderately to very
common at these localities.

Notocallista (Fossacallista) parki (Otaian-Lillburnian) —
the type species of Fossacallista Marwick, 1938 —is very
similar, but is considerably smaller (length 18-23 mm) and
somewhat more coarsely sculptured than N. watti.
Fossacallista differs from Notocallista (sensu stricto) and
from N. (Striacallista) in having a rounded rather than
a truncate pallial sinus, a deeply sunken ligament, and
the pedal retractor scar muscle scar confluent with the
anterior adductor scar rather than separate.

N. (Fossacallista) ranges from Duntroonian to Lillburnian
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in New Zealand, and is also recorded from the Late
Eocene to Middle Miocene of southern Australia and
Tasmania (Marwick 1938, p. 74-78).

Figured specimen (PI. 13h, k): holotype, Trig Z, Otiake,
Waitakian (TM4578, NZGS) x 1.5.

Pl. 11 d,f. Kuia vellicata (Hutton, 1873) [Chione vellicata
Hutton 1873b, p. 21; C. meridionalis (“Sowerby”) (not
of Sowerby, 1846); Cytherea (Circomphalus) chariessa
Suter 1917, p. 74]. Type species of Kuia Marwick, 1927
(Veneridae: Venerinae).

Size moderate for subfamily (length 25-40 mm), suboval, moderately
inflated. Lunule prominent, bounded by groove; escutcheon broad, more
clearly differentiated in left than in right valve. Commarginal sculpture
of thin lamellae of variable spacing, not persisting onto Ilunule or
escutcheon. No radial sculpture, but subsurface radial elements visible
on worn shells. Left hinge with a prominent anterior lateral tooth, a
triangular anterior cardinal and a thin, slightly curved posterior cardinal
partly fused to nymph. Right hinge with a deep anterior socket, a short,
lamellar anterior cardinal tooth, a narrow median cardinal, and a very
broad, deeply divided posterior cardinal. Pallial sinus moderately deep,
acutely triangular, horizontal or somewhat ascending. Internal margins
finely crenulate.

Waitakian-Altonian; Mount Harris Formation, Awamoa,
South Oamaru, Altonian (type locality of C. vellicata);
Otekaike Limestone, Trig Z, Otiake, Waitakian (type
locality of C. chariessa), and numerous localities in North
Otago and South- Canterbury. A juvenile shell from
McCulloch’s Bridge, Waihao River differs in only minor
details from typical specimens, so the range may extend
back to the Kaiatan.

Kuia vellicata is the most widely recorded venerid in mid-
Cernozoic beds in the North Otago-South Canterbury
area, and occurs in a wide range of lithofacies. It is
particularly common at some localities (e.g. Trig Z and
Target Gully Shellbed). The only other species of the
genus so far described, K. macdowelli (P1. 29f) is larger
and has commarginal lamellae restricted to the early part
of the shell, the remainder having grooves with broad,
smooth interspaces.

Figured specimen (P1. 11d, f): GS9516, 140/f6675, Trig
Z, Otiake, Waitakian (NZGS) x 1.5.

PlL. 12 g,h. Oxyperas (Pseudoxyperas) leda (Finlay, 1924)
{Mactra attenuata Hutton 1873b, p.18 (not of Deshayes
in Reeve, 1854); Mactra leda Finlay 1924a, p. 106 (new
name for M. attenuata Hutton, preoccupled),
Longimactra ledal (Mactridae: Mactrinae).

Rather large for family (length 60-95 mm), elongate-ovate, beaks

subcentral, anterior end narrowly rounded, posterior end broader.
Posterior weakly differentiated. No sculpture apart from subdued
commarginal ridges and grooves. Right hinge with a prominent, lateral
socket at each end, bounded below by a prominent, finely transversely
grooved tooth and above by a much weaker tooth scarcely differentiated
from shell margin; cardinal portion with 2 divergent lamellar teeth
anterior to an oblique, triangular resilifer. Left hinge imperfectly known,
but having a prominent lateral tooth at each end, and a short, narrow
anterior cardinal; median cardinals missing in available shells. Other
internal features not known, but pallial sinus presumably moderately
deep, tongue-shaped.

Duntroonian; “Broken River (lower beds)” (type) i.c.
probably the “Fan coral bed”, Thomas Formation,
junction of Porter and Thomas Rivers, Castle Hill Basin,
the only locality where this species is known definitely to
occur.

Oxyperas leda differs from O. elongata (Nukumaruan-
Recent) in its more elongate and more equilateral shell,
and in having a more strongly convex ventral margin and
longer, more prominently striate lateral teeth. O.
(Pseudoxyperas) exensis (Waitakian, Tengawai River) is
less elongate than O. leda, and has a more strongly
concave anterodorsal margin and a broader hinge. O.
(Pseudoxyperas) komakoensis (Waipipian 7;
Mangapanian-Nukumaruan) is similar to O.elongata, but
has much more prominent commarginal sculpture.

The subgenus O. (Pseudoxyperas) has a sporadic record
in New Zealand from about Porangan (Otaio Gorge) to
Recent. The extant species O. elongata occurs in shallow
waters down to about 75 m.

Figured specimens (PL. 12g): hypotype of Maxwell (1978,
fig. 3) (TM 5464, NZGS); (Pl. 12h) lectotype (TM2897,
NZGS), both from junction of Porter and Thomas
Rivers, Castle Hill Basin, Duntroonian, x 1.5 and x 1
respectively.

Pl. 13 c. Notocorbula n. sp. (?) (Corbulidae).

Large for genus (height 12-18 mm), trigonal, strongly inflated, strongly
inequivalve, right valve much the larger. Escutcheon on right valve only,
large and deeply impressed. Posterior area on right valve narrow with
a shallow median furrow. Sculpture on right valve of prominent,
rounded commarginal costae of variable spacing, weakly sinuous on
flanks on some shells; considerably weaker and more numerous (mainly
as a result of bifurcation) on posterior area. Commarginal sculpture
on left valve, apart from growth lines, absent or confined to small area
on umbo; radial sculpture of a few feeble ridges. Right hinge with a
large peg-like anterior cardinal tooth and a deeply impressed resilifer
behind. Left hinge with a prominent, narrowly triangular chondrophore
divided in 2 by a longitudinal ridge, and a deep socket behind
chondrophore to take the right cardinal tooth. Adductor muscle scars
large, subequal, anterior scar ovate, posterior one circular, pallial sinus
very shallow.

Plate 12 Late Oligocene-earliest Miocene (Duntroonian-Waitakian) Mollusca (3).

a,b Crenostrea wuellerstorfi (Zittel), x 0.67.

c,f Myadora delta Marwick, x 4.

d,e Eucrassatella ampla (Zittel), x 0.67.

g,h Oxyperas (Pseudoxyperas) leda (Finlay), x 1.5(g) and x 1(h).
1, Megacardita ponderosa (Suter), x 1.
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Waitakian; Chatton Formation, Brydone, Mataura
River; Otekaike Limestone, Trig Z, Otiake; Campbell
Park School, Otekaike; Brother’s Stream and Sister’s
Creek, Hakataramea; Mount Harris Formation, upper
Tengawai River.

The new (?) species is very similar to the widespread
Notocorbula humerosa (Duntroonian-Kapitean) but is
much larger, has a more prominent radial furrow on the
posterior area, and has a larger and more strongly
impressed escutcheon. N, Aumerosa is characteristically
only 7-8 mm in height. It is unclear, however, if the
Waitakian form is really a distinct species or merely an
unusually large variant of N, humerosa ,which for some
reason is restricted to this stage. Caestocorbula n. sp. (P1.
7j, k) is also similar, but is smaller and more elongate,
and has a siphonal plate.

Figured specimen (Pl. 13c): GS3600, F46/18492, Mataura
River, near Brydone, Southland, Waitakian (NZGS) x 2.

Pl. 11 h. Teredinidae gen. et sp. indeterminate

Featureless thin-shelled tubes of roughly circular or
elliptical section and of irregular shape with one end (if
preserved) closed by a convex septum are not uncommon
in Cenozoic sediments. They may occur singly or, more
commonly, in clumps, sometimes in pieces of wood, and
are the tubes of wood-boring, or perhaps of soft-
sediment-burrowing, bivaives of the family Teredinidae.
(Thicker-shelled tubes of similar or larger dimensions but
lacking a septum are probably of the polychaete genus
Protula). Although the names Teredo heaphyi and T.
directa have been proposed for similar tubes, they are
taxonomically worthless, for in neither case were the type
specimens reported to be associated with the pallets, the
only preservable feature of use in classification. Isolated
valves of teredinids occasionally turn up in washings of
fossiliferous sediments, but these too “are aimost useless
in classification as they are extremely variable, depending
on the age of the specimen and the ecologic conditions
affecting it” (Turner in Moore 1969, p. N723). Only one
fossil New Zealand teredinid has been based on both the
valves and the pallets, Bankia turneri (Otaian, Waiheke
" Island), although it was not until 1978 that the latter were
illustrated and the generic assignment confirmed (McKoy
1978, p. 352-353, fig. 1D). Since so little is known about
the fossil history of the family, teredinid tubes should be
carefully examined to see if they still retain the pallets.

Teredinid tubes may be locally very common, e.g. in the
“upper Teredo Limestone” (Waipawan) at Haumuri Bluff,

southern Marlborough (Warren and Speden 1977, fig. 22).
Warren and Speden (1977, p. 42) maintained that because
of the absence of associated valves or wood, the tubes in
this unit are not those of teredinids but probably of some
other bivalve group, possibly Clavagellidae. However, the
tubes have the characters of teredinid tubes (i.e. thin shell
and terminal septum) and are quite unlike those of typical
clavagellids, a group with a very sparse record in New
Zealand (see P1.19f). The absence of valves and pallets and
of wood could result from diagenesis, or alternatively the
tubes may be those of a sediment-burrowing member of
the Teredinidae (i.e. of the genus Kuphus).

Figured specimen (Pl. 11h): GS179, 141/f7445,
“Maerewhenua Limestone, Waitaki Valley”, probably
from Kokoamu Greensand near Duntroon, Duntroonian
(NZGS) x 1.

Pl. 12 c,f. Myadora delta Marwick, 1929 [p. 914-915)
(Myochamidae).

Rather small for genus (length 7-10.mm), triangular, subequilateral;
strongly inequivalve, right valve inflated, left valve almost flat or concave
and twisted. Both valves with long, sharply defined lunule and
escutcheon almost perpendicular to remainder of valve exterior; right
valve with slightly concave posterior area. Sculpture on left valve of
short, prominent commarginal ridges-along anterodorsal margin, rest
of shell with weak growth ridges or almost smooth. Right valve with
similar ridges along both dorsal margins, central area smooth except
for a few growth ridges in some shells, but others with ridges continuous
across central area. Both valves with squamous microsculpture of minute
tesserae. Interior nacreous. Both valves with dorsal margins prominently
grooved along most of their length; resilifer narrowly tnangular Pallial
sinus very shallow.

Duntroonian-Altonian; Chatton Formation, Shell Gully,
Chatton, Duntroonian (type) (common); Wendon Valley;
Wharekuri Greensand, Wharekuri; Brother’s Stream,
Hakataramea Valley; Mount Harris Formation, foot of
Mt Horrible, Pareora River; Awamoa Creek; Ardgowan
Shellbed, Oamaru.

The right valve from Burnt Hill, North Canterbury
(Waiauan) recorded by Marwick (1932, p. 499) as this
species is more clongate and has more prominent
commarginal sculpture than topotypes. Myadora delta is
the oldest known member of the genus, differing from
younger species in its relatively small size, near-equilateral
shape and rather weak commarginal sculpture.

Figured specimen (Pl. 12¢, f): GS9806, F45/f9668, Shell
Gully, Chatton, Duntroonian (NZGS) x 4.

Pl. 13 £,i. Cleidothaerus albidus (L.amarck, 1819) [Chama
albida Lamarck 1819, p.96; Chama (“Camostrée™)

Plate 13 Late Oligocene-earliest Miocene (Duntroonian-Waitakian) Mollusca (4).

a,b. Tapes (sensu lato) parki (Marshall and Murdoch), x 1.
c. Notocorbula n.sp.(?), x 2.

d,e. Hedecardium (Hedecardium) waitakiense (Suter), x 1.
f,i. Cleidothaerus albidus (Lamarck), x 1.

£,. Haliotis (Notohaliotis?) n.sp., x 1.

h,k. Notocallista (Fossacallista) watti Marwick, x 1.5.
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hemicardium de Roissy in Blainville 1825 (in 1825-27),
p.632; Cleidothaerus chamoides Stutchbury 1830, p.98;
Chamostrea crassa Tate 1885, p.228; Cleidothaerus
maorianus Finlay 1926¢, p.474; Chamostrea albida). Type
species (as C. chamoides) of Cleidothaerus Stutchbury,
1830 (Cleidothaeridae).

Rather large for superfamily (height 40-70 mmy), robust, trigonal, both
valves distinctly coiled; strongly inequivalve, right valve deep, markedly
inequilateral with a large, strongly defined anterior area by which it is
attached to rock or shells; left valve flat or weakly convex, more equilateral
than right valve, with a curved sulcus running from apex to ventral margin.
Prodissoconch triangular, closely resembling that of Myochama (Odhner
1917, p.36). Sculpture on unattached part of right valve and on left valve
posterior to median sulcus of growth lines and ridges, but typically much
more irregular anterior to sulcus. Interior nacreous. Hinge of left valve
with a single tubercular tooth in front of a deep resilial pit that extends
under the umbo; right hinge with a shallow socket projecting somewhat
into shell cavity, resilial pit larger than in left valve. Lithodesma weakly
coiled. Anterior adductor muscle scar more elongate than posterior scar.
Pallial sinus very shallow or obsolete.

Waitakian-Recent; Chatton Formation, Mataura River,
near Brydone, Waitakian (rare); Target Gully Shellbed,
Oamaru; Castlecliff, Wanganui; Hauriri Terrace cover,
Waipipi, Waverley Beach, oxygen isotope stage 5a
(common); living in the North Island (type of C.
maorianus from Kawhia Harbour) to northernmost South
Island and the Chatham Islands. The type of Chama
albida is a Recent specimen from Tasmania, and C.
hemicardium and C. chamoides are based on Recent shells
from southern Australia. C. crassa was described from
Table Cape, Tasmania (Early Miocene), but Tate himself
(Tate 1887a, p.149) quickly realised it is part of the
variation of C. albidus.

No significant differences can be discerned between the
Australian and New Zealand shells or between the fossil
and modern specimens. The occurrence of a clearly
distinct, internally ridged species of Cleidothaerus in
northern Western Australia (C. pliciferus Odhner 1917,
p.34) provides circumstantial evidence that the
morphologically identical New Zealand and southern
Australian shells are conspecific, but this is one of several
examples of apparently conspecific taxa on the two sides
of the Tasman Sea where diagnostic characters are simply
lacking in the shells, and the taxonomy will remain
uncertain until the anatomy is examined and the genetic
composition is studied by electrophoresis ~or other
biochemical techniques (others include Scutus antipodes,
Anomia trigonopsis, and Pododesmus (Monia)
zelandicus).

The priority of the generic names proposed for the single genus in this
family has long been debated. The most complete synonymy published
is that of Lamy (1936, p.322-323), but the data in the major
nomenclators (Neave 1939; Sherborn 1925) and the note by Iredale
(1939) show that Lamy’s usage of Chamostrea is invalid. Roissy (1805)
did not include either Chamostrea or the vernacular “camostrée” in his
section on Mollusca in Buffon’s natural history, despite the inclusion
of this reference by Hermannsen (1846) and several later authors. The
name was first published by Blainville (1825, in 1825-1827, p.632), still
as the vernacular “Camostrée”, attributed to de Roissy. The latinised
name Camostraea appears to have been published first by Deshayes
(1830, p.178) where, however, it is a genus without species, merely a
Latinisation of the vernacular name in Blainville (1825); Deshayes stated
that he did not know the genus and could not see why Roissy separated
it from Chama. [We have been unable to check on the reference to
Chamostrea in Férussac, “Bull. sc. nat. tom. 24, p.370” (presumably
also published about 1830) listed by Herrmannsen (1846, p.221), and
this is possibly a valid earlier Latinisation of the name].

The name Cleidothaerus Stutchbury had, in the meantime, been

proposed in February 1830 (Sherborn 1925, p.1357) and has been
accepted as the valid name for the genus by most workers after it was
adopted by Iredale (1915). Only the year of publication is known for
Deshayes (1830) (Sherborn and Woodward 1906, p.579) and it should,
therefore, be dated as 31 December 1830, and so Cleidothaerus is
undoubtedly the earlier name, and we continue its usage. Two different
references to the publication of Chamostrea by Gray in 1840 have been
published: (1) Sherborn (1925, p. 1210) cited “Syn. Cont. Brit. Mus.,
ed. 42, 1840, 136 & 150”, but noted that the name is a nomen nudum
in this publication; (2) Neave (1939, p.668) and Vokes (1980, p.207)
both cited “1840, Ann. Mag. Nat. Hist., 4, 306,” but careful checking
of this volume (actually “The Magazine of Natural History”, vol. 4,
1840) showed that it does not contain any papers by Gray, and this
is yet another fictitious reference in the Cleidothaerus saga. The first
valid publication of Chamostrea appears to have been by Herrmannsen
(1846, p.221), as was also concluded by Keen (in Moore 1969, p.N844).

The family name Chamostreidae Fischer (1887, in 1880-1887, p.1160)
has priority over Cleidothaeridae Hedley, 1918, but as Cleidothaeridae
had “won general acceptance” long before 1961, it is here conserved
under ICZN (1985 ed.) Article 40(b).

This unusual bivalve has a similar habit and functional
morphology to those of Chama (Pl. 18d, g) (Odhner 1917;
Morton 1974) but belongs in a different subclass.
Runnegar (1974, p. 934) suggested that Cleidothaerus was
derived from “an unspecialised verticordiid” but most
workers include it in the Pandoracea near the Pandoridae
or Myochamidae. Living Cleidothaerus albidus are
attached to rocks, shells or algal holdfasts from high tide
level down to a few metres. In New Zealand they are most
common attached to rocks, on a very exposed coast near
Kawhia Harbour and on a sheltered shore in the outer
part of Manukau Harbour.

Figured specimen (Pl. 13f, i): GS3600, F46/£8492,
Mataura River, near Brydone, Southland, Waitakian
(NZGS) x 1.

Pl 13 g, j. Haliotis (Notohaliotis?) n. sp. (Haliotidae).

Size moderate for family (greatest diameter 90 mm), spire relatively
elevated, subcentral. Protoconch not preserved, teleoconch of about
2 whorls, obtusely angled somewhat below middle on spire, ramp slightly
convex, sides subvertical with a prominent, narrow medial keel. Last
whorl with a strong peribasal angulation, basal flange moderately wide.
Axial sculpture of well spaced, rather irregular, prosocline plicae that
become less distinct near outer lip, extending from upper suture to whorl
angulation, about 19 on last whorl. Spiral sculpture of a prominent
cord marking keel on whorl sides, joined on last whorl by one of similar
strength just above peribasal angulation, and 8 others of variable
strength on ramp, apparently forming short, open spines or scales where
they cross axial plicae. Tremata large, conical, 17 on last whorl.

Duntroonian or Waitakian, Cookson Volcanics, near
“The Whaleback”, Inland Kaikoura Road (uncommon).

The new species is apparently closely related to H.
(Notohaliotis) waitemataensis (Otaian, Kawau Island), but
differs in having fewer spiral cords on the sutural ramp,
and in having spines or scales developed at intersections
of spiral cords with axial plicae. The subcentral apex, the
prominent spiral and scaly sculpture and the large tremata
differentiate this species from other New Zealand haliotids.

By virtue of their rocky shore habitat, haliotids have a
very poor fossil record. Only three extinct species have
been described from New Zealand to date, but several
additional species are known, mostly represented by
fragmentary material, ranging in age from Mangaorapan
to Opoitian.

Figured specimen (P1. 13g, j): GS 9883, N32/f001, cutting,
Inland Kaikoura Road near “The Whaleback”, North
Canterbury, Duntroonian or Waitakian (NZGS) x 1.
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Pl. 14 i,j. Astraea bicarinata Suter, 1917 [A. (Cyclocantha)
bicarinata Suter 1917, p. 6] (Turbinidae: Turbininae).
Large for genus (height 56 mm; diameter (including spines) greater than
90 mm, (excluding spines) 77 mm), trochiform, spire moderately low.
Spire whorls strongly convex and clasping, spreading up to peripheral
keel of previous whorl; last whorl with a prominent peripheral angulation
at about 0.3 whorl height, bearing long, slightly forward-directed,
anteriorly hollow spines, and another prominent peribasal angulation
well below periphery; base concave; umbilicus narrowly open in small
specimens but hidden by inner lip callus in adults. On spire whorls spines
rest on surface of succeeding whorl. Sculpture on dorsal surface of
prominent, slightly irregular, coarsely nodulose spiral cords that turn
outward to become slightly radial near periphery, and of many very
fine, very faintly gemmate lirae over the surface of, and parallel to,
the more prominent cords. Basal sculpture of 2 very prominent nodulose
cords, one at peribasal angulation and one halfway between it and
periphery, 3 other major nodulose cords and many very fine ones, and
low radial lamellae (margins of former inner lip callus pads) extending
out from umbilicus. Operculum large, thin, flat, oval, almost smooth,
with a weak marginal ridge.

Duntroonian-Altonian; basal shellbed, Enys Formation,
junction of Porter and Thomas Rivers, Castle Hill Basin,

Altonian (type); Chatton Formation, Coal Brook Station,
Wendon Valley (Duntroonian).

The style of sculpture, the long peripheral spines, the
basal and particularly the umbilical sculpture, and the
presence of an open umbilicus (if only in immature
specimens) in Astraea bicaringta are very similar to
corresponding characters in A. heliotropium , the type
species of Astraea Roding, 1798, and there is little doubt
that A. bicarinata is a typical Astraea, possibly ancestral
to A. heliotropium. The large shell figured here differs
from the few available specimens from the type locality
only in its weaker basal cords and its more prominent
cord between the peripheral and peribasal angulations;
we judge them to be conspecific.

A. heliotropium (= A. anthropophagus (Marwick, 1928))
(Tongaporutuan-Recent) is a reasonably common fossil
in-New Zealand, and modern specimens are dredged
commonly on the inner-mid shelf all around the country.
Its main distinguishing characters are its very widely open
umbilicus and its large size compared with overseas
species usually referred to Astraea. A. stirps (Altonian-
Lillburnian, Clifden) is only slightly different from A.
heliotropium, differing in having a taller spire and a
slightly narrower umbilicus. An unnamed, low-spired
species with a deeply concave base and a wide umbilicus
recorded from the Otekaike Limestone, Waitaki Valley
(Waitakian) and Tarakohe Quarry, Takaka (Altonian),
and the forms here included in A. bicarinata indicate that
several lineages existed in New Zealand during the mid-
Cenozoic. Earlier forms with a quite narrow, but still
open, umbilicus are known from the Deborah Volcanic
Formation at Kakanui (Whaingaroan) and from the
Waiareka Volcanic Formation at Lorne, near Oamaru
(Kaiatan), and indicate that Astraea evolved from a Bolma-
like ancestor in New Zealand, probably during Paleocene
or Early Eocene time, and that only New Zealand species
discussed here and two Australian Cenozoic species should
be included in Astraea (sensu stricto).

Figured specimens (P1. 14i, j): GS9805, F44/f9501, Coal
Brook Station, Wendon Valley, Southland, Duntroonian
(NZGS) x 0.67.

Pl. 14 ¢c,g. Guildfordia (Guildfordia) n. sp. (Turbinidae:
Turbininae).

Moderately large for genus (diameter 50-58 mm, not including spines),
spire very low, gently convex. Periphery strongly keeled, with long,
narrow, solid, oval-sectioned, strongly forward-directed spines
protruding horizontally. Suture undulating strongly around bases of
spines on previous whorls. Base gently convex except for a deeply
concave depression in central quarter formed by thin, smooth callus
filling umbilicus. Sculpture of many rows of closely spaced, low, rounded
gemmules, coarsest near upper suture and becoming very fine just above
peripheral spines; outer third of base almost smooth, with very low,
indistinct radial costae and spiral threads. Columella thick, smooth;
basal lip strongly excavated; outer lip swinging strongly forward from
spines, then retracting strongly to suture, forming a marked sinus.
Operculum thin, flat, oval, almost smooth, with low marginal ridge and
weak “finger-print” sculpture.

Duntroonian-Waitakian; several localities in Otekaike
Limestone in North Otago and South Canterbury, around
Waitaki Valley, in shallow (inner-mid shelf) soft-bottom
facies.

The operculum is commonly found in the aperture. This
is a large, typical species of Guildfordia close to the living
type species, G. triumphans (Philippi) (tropical western
Pacific, from northern Australia to southern Japan), but
differing in its larger size, its lower spire, its more numerous
spines (nine or 10 on last whorl, rather than seven in G.
triumphans), and its larger and deeper umbilical hollow.
This is apparently the earliest true Guildfordia yet reported
and is the only undoubted record from New Zealand.

Figured specimen (Pl. 14¢, g): excavation for mysticete
whale, Sister’s Creek, Hakataramea Valley (Duntroonian)
(G. Mason Collection) x 1.

Pl. 14 a,h. Sarmaturbo n. sp. (Turbinidae: Turbininae).

Large for family (height 80-90 mm), turbiniform, spire somewhat less
than half total height. Protoconch depressed, very small, of slightly
more than 1 whorl. Teleoconch of about 7 whorls, apex flat with a sharp,
serrate peripheral keel that descends and becomes more rounded during
growth, situated at, or somewhat above mid-whorl on later whorls;
sutural ramp convex, sides subvertical. Last whorl with peribasal
angulation and a peripheral keel between it and upper angulation; base
slightly convex with a strongly projecting keel bordering inner lip callus.
Axial sculpture of short, rounded, strongly opisthocline, non-collabral
ridges bordering upper suture, extending at least halfway across ramp
on early whortls, but gradually shortening to become rounded nodules
or becoming obsolete on later whorls; serrations on shoulder angle
changing into prominent rounded nodules during growth, becoming
almost obsolete on last whorl of some shells. Spiral sculpture on ramp
of numerous very fine threads, some shells with obscure coarser elements
as well; a prominent cord appearing out of suture on penultimate whorl
to become peripheral keel, accompanied by a weaker one above, and
one of similar strength below, forming a peribasal keel; base with 4
somewhat narrower cords; all cords nodulose, the peripheral and
peribasal cords most prominently. Aperture markedly prosocline, inner
lip with prominent callus band. Operculum oval, central area of outer
surface irregularly sculptured, remainder with deeply incised grooves.

Waitakian, Chatton Formation, Mataura River, near
Brydone, Southland (not uncommon).

The new species differs from S. superbus (Otaian,
Auckland), the type species of Sarmaturbo Powell, 1938,
primarily in having more numerous and smaller nodules,
particularly on the shoulder angulation. S. colini
(Tongaporutuan, Hurupi Stream, Palliser Bay) also has
sparse but large nodules on the shoulder angulation, and
further differs from the Brydone species in its less
prominent spiral sculpture and in having large nodules
on the keel bordering the inner lip callus.

Sarmaturbo resembles Sarmaticus Gray, 1847 (type
species S. sarmaticus (Linné, 1758); Recent, South Africa)
in overall shell characters, but differs in its distinctive
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operculum, which is grooved rather than papillose. The
genus, which includes some of the largest of all New
Zealand gastropods, has a recorded range of Waitakian
to Tongaporutuan, and besides the species discussed here
includes undescribed species from the shellbed at the
junction of Porter and Thomas Rivers, Castle Hill Basin
(Altonian) and from Haungakakahu Stream, East Cape
(? Southland Series). All records of Sarmaturbo indicate
a shallow-water, firm-bottom habitat.

Figured specimens (Pl. 14a, h): GS3600, F46/f8492,
Mataura River, near Brydone, Southland, Waitakian
(NZGS) x 1 (shell) and x 1.5 (operculum).

Pl. 14 f. Gazameda grindleyi Marwick, 1971) [Zeacolpus
grindleyi Marwick 1971a, p. 32] (Turritellidae).

Small for family (height 12-16 mm), narrowly conical. Protoconch very
difficult to distinguish from teleoconch, turbinate, apparently of slightly
more than 1 convex whorl, apex moderately exsert. Teleoconch whorls
about 9, the first few gently convex, later ones flat-sided except for a
weakly projecting cord margining lower suture and emerging on last whorl
as peripheral keel; base flat or slightly concave. Spiral sculpture very feeble,
scarcely distiriguishable on some. shells, 1 thread somewhat more
prominent than others on a few specimens. Outer lip sinus moderately
deep, apex well above middle of whorl, basal growth lines shallowly
concave towards aperture.

Duntroonian, Waitakian?; Wharekuri Greensand, Waitaki
River, opposite Wharekuri (type); head of Lake Waitaki
(not uncommon near top of section).

Gazameda grindleyi is readily distinguished from all other
New Zealand turritellids by its small size, its flat-sided adult
whorls, its concave base and its very weak or obsolete
sculpture. Although described as a species of Zeacolpus
(sensu lato), it is much closer to some Australian species
of Gazameda, particularly the Middle Miocene taxa G.
victoriensis victoriensis (Cotton and Woods, 1935) and G.
victoriensis manyung Garrard, 1972 (see Garrard 1972, pl.
28, fig. 16, 17) and is considered to be congeneric. G.
grindleyi is the'only New Zealand member of the genus
we are aware of.

Figured specimen (P1. 14f): GS11196, 140/£163, top of

section at head of Lake Waitaki, Waitaki Valley,
Duntroonian or Waitakian NZGS) x 3.

Pl. 14 k. Tropicolpus (Amplicolpus) healyi Marwick,
1971a [p. 40-41] (Turritellidae). ‘ )

Large for family (height 110-155 mm), stout, narrowly conical.
Protoconch mamillate, of 3 smooth whorls. Teleoconch of about 16
whorls, early whorls convex or flat-sided, later whorls concave,
“telescoped”; peribasal angulation well-defined, base almost fiat or gently
convex. Primary spirals (A, B, C) commencing at about the same stage,
B initially strongest, A weakest, but C becoming stronger than B by 5th
or 6th whorl, A gradually becoming subdued and overshadowed by
secondary spirals; adult whorls with C forming a prominent, narrow ridge
not far above suture, B scarcely distinguishable from secondaries. Base
with several cords similar in strength to, or weaker than C, and fine
interstitial threads. Outer lip sinus moderately deep, apex near middle
of whorl, abapical limb steeper than adapical; basal sinus shallow. Figured
specimen with prominent lamellae on last half-whorl, representing former
positions of outer lip.

Duntroonian; Chatton Formation, Wendon Valley (type);
Knapdale, near Gore, Southland; Shell Gully, Chatton;
Wharekuri Greensand, Wharekuri.

Tropicolpus healyi is one of a number of large mid-
Cenozoic New Zealand turritellids variously assigned to
Tropicolpus (sensu stricto), 7. (Amplicolpus) or
Maoricolpus (see Marwick 1971a). 7. (Amplicolpus)
cavershamensis (Otaian-Altonian, widespread) is closest to
T. healyi, but is rather more slender and does not have
spiral C so strongly projecting on adult whorls.

Figured specimen (Pl. 14k): GS9805, F44/{9501, Coal
Brook Station, Wendon Valley, Southland, Duntroonian
(NZGS) x 0.67.

Crepidula radiata (Hﬁtton) (PL. 14 b,e) is described below,
in the chapter on Late Miocene Mollusca (with the
specimen on Pl. 29 j).

Pl. 14 m, n. Xenophora prognata (Finlay, 1926) [Onustus
prognatus Finlay 1926b, p. 228] (Xenophoridae).

Moderately to very large for family (diameter 80-140 mm or more,
including attached objects), trochiform, spire low, almost straight-sided;
edge of upper surface projecting as ridge (or rim) around edge of flat
or slightly concave base; no umbilicus. Sculpture on upper surface of
rather indistinct, low, narrow, wavy collabral ridges and spiral cords;
on base, of low, collabral ridges and very weak spiral threads. Attached
objects consisting of large pebbles, concave-side-up bivalves (up to 50
mm wide) and much rarer gastropods, cemented into rim of each whorl,
so forming part of upper surface of succeeding whorl. Aperture very low
and wide, subrectangular; lower lip deeply excavated.

Runangan-Lillburnian; “Wharekuri Greensands”,
Duntroonian (type—probably from Waitaki River,
opposite Wharekuri), and from numerous localities
throughout New Zealand (Beu 1977b).

Plilte 14 Late Oligocene’-eitrliest Miocene (Duntroonian-Waitakian) Mollusca (5).

" Crepidula radiata (Hutton), x 1; [Note: described in Late Miocene chapter, with specimen in Pl 29 j].

a,h. Sarmaturbo n.sp., x 1(a) and x 1.5¢h).
b,e.
c,g. Guildfordia (Guildfordia) n.sp., x 1.
d. Gegania (Tubena) olsoni (Maxwell), x 3.
f. Gazameda grindleyi (Marwick), x 3.
ki Astraea bicarinata Suter, x 0.67.
Tropicolpus (Amplicolpus) healyi Marwick, x 0.67.
1 Cirsotrema lyratum (Zyttel), x 1.5.
m,n. Xenophora prognata (Finlay), x 1.
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Topotypes of Xenophora prognata are among the largest
known xenophorids (“carrier-shells”), commonly reaching
120 mm or more in diameter, but smaller specimens from
other localities show no differences other than size. X.
neozelanica (Opoitian-Recent) differs in its markedly taller
spire and coarser basal sculpture. A quite distinct species
is X. flemingi (Altonian-Clifdenian and possibly
Lillburnian, Clifden and North Taranaki); this has flat
sides, weak sculpture and very small attached objects. X.
neozelanica occurs today on soft substrates on the shelf,
in depths of about 10-150 m, and X. prognata seems to
have lived in similar shallow facies. X. flemingi occurs in
deeper-water siltstone, and at Clifden it occurs in different
beds from X. prognata.

Figured specimen (PL. 14m, n): GS7166, 140/f7551,
Brother’s Stream, Hakataramea Valley, Waitakian
(NZGS) x 1.

PL. 15 a. Struthiolaria (Struthiolaria) cf. “prior Finlay,
1926b” [p. 228] (Struthiolariidae).

The status of S. prior is uncertain, but it seems probable
that it is not worth separating from S. calcar (= S.
subspinosa) (see PL20 g,h). Finlay (1926b, p. 228)
separated it from S. calcar on the basis of its lower-placed
shoulder angulation, its finer spiral sculpture and its more
coarsely nodulose peribasal angulation, but these alleged
differences do not seem to be constant. S. prior was based
on two specimens from the Chatton Formation at
Waikaia, Southland (Duntroonian), a locality apparently
no longer accessible to collectors; the specimen figured here
1is from approximately coeval beds about 15 km to the
south-east. It is figured here because of its interest as one
of the earliest records of the genus.

Although Struthiolaria-is one of the most distinctive and
characteristic gastropod genera in the New Zealand mid-
and late Cenozoic, its antecedents are unknown. The
problem is exacerbated by the absence of any record of
the family in the New Zealand region during the Late
Eocene and Early Oligocene (Kaiatan-Whaingaroan).
Monalaria, which was widespread during the Bortonian
(see Pl.6a,b), seems to be an unlikely candidate for an
ancestor to Struthiolaria, if only because of its very
different sculptural plan. The sculpture of early species of
Struthiolaria such as S. calcar is instead very similar to that
of the Early Paleocene Conchothyra australis (P1.12g,h),
and despite important differences in columellar and outer-
lip characters between these taxa, it seems likely that
Struthiolaria was derived from Conchothyra or a related
taxon, possibly outside the New Zealand region.

Figured specimen (Pl. 15a): GS9805, F44/f9501, Coal
Brook Station, Wendon Valley, Southland, Duntroonian
(NZGS) x 1.5.

PL. 15 f. Magnatica (Magnatica) planispira (Suter, 1917)
[Polinices planispirus Suter 1917, p. 10; Natica
(Magnatica) suteri Marwick, 1924d, p. 555-556
(unnecessary name change for P. planispirus); Magnatica
powelli Laws 1932, p. 190-191). Type species (as N. suteri)
of Magnatica Marwick, 1924 (Naticidae: Naticinae).

Large for family (height 40-65 mm), robust, ovate or globose; spire
of variable height, considerably lower in many shells than in figured
specimen. Protoconch not known, teleoconch whorls expanding very
rapidly. No sculpture apart from growth lines and very fine spiral striae.
Aperture large, semilunular; inner lip almost straight, heavily callused

in parietal region, thickened abapically by low, rounded, circumumbilical
ridge. Umbilicus of variable size, typically rather narrow but deep, with
obscure grooves and ridges within. Outer lip sinuous, retracted to suture.
Operculum large, ovate, rather thick.

Duntroonian-Altonian; Mount Harris Formation,
Bluecliffs, South Canterbury, Otaian (type locality of P.
planispirus) (very rare); Ardgowan Shellbed, Oamaru,
Altonian (type locality of M. powelli) (uncommon) and
numerous localities throughout New Zealand, mostly in
inner to mid-shelf facies, but apparently extending into
deeper waters (outer shelf or upper slope).

Magnatica planispira is a particularly common and con-
spicuous member of the faunules in the Wharekuri Green-
sand at Lake Waitaki and the Otekaike Limestone at Trig
Z, Otiake. M. powelli cannot satisfactorily be separated
from M. planispira and is here regarded as a synonym.
Three other nominal species of Magnatica (sensu stricto)
have been described; M. approximata was based on very
poor material from “Wharekuri” (probably Whaingaroan
rather than Duntroonian) and may be another synonym
of M. planispira. The poorly known M. fons (Bortonian,
Waihao Downs) seems to have been considerably smaller
than M. planispira (height of holotype only 22.5 mm) and
has a sharper circumumbilical ridge. M. nuda
(Tongaporutuan, North Taranaki) is even smaller (height
of holotype 13 mm) and has a relatively wide umbilicus.

Marwick (1924d, p. 555) provided the replacement name
Natica suteri for P. planispirus Suter, because of the prior
Natica planispira Phillips, 1863. However, with
recognition of Magnatica as a genus, Finlay (1927b, p.
500) reintroduced Suter’s name, so it has escaped the
requirements of ICZN Article 59(b).

M. planispira is readily distinguished from most other
New Zealand naticids by its large size, its thick shell, its
typically globose shape with rapidly expanding whorls,
and its laterally restricted parietal callus. Some species
of the subgenus Magnatica (Spelaenacca) (see below) are
superficially similar but differ in having a step-like ridge
ascending well within the umbilicus. The distinctive large
operculum is found within the aperture of a few
specimens (Graham 1965).

Figured specimen (P1. 15f): GS10837, 140/f001, head of
Lake Waitaki, Duntroonian (NZGS) x 1.

Pl. 15 i. Magnatica (Spelaenacca) sutherlandi (Marwick,
1924) [Natica (Magnatica) sutherlandi Marwick 1924d, p.
555; M. (Spelaenacca) altior Finlay 1926b, p. 228-229].
Type species (as M. altior) of Spelaenacca Finlay, 1926
(Naticidae: Naticinae).

Moderately large for family (height 32-42 mm), ovate, spire low, conic.
Protoconch not clearly differentiated from teleoconch in available
specimens. Teleoconch whorls rapidly expanding. No sculpture apart
from growth lines. Aperture semilunular; inner lip thickened adapically
by rounded circumumbilical ridge; parietal callus moderately thick.
Umbilicus with a sharp-edged, step-like ridge within.
Duntroonian; Chatton Formation, Shell Gully, Chatton
(type locality of N. sutherlandi) (not uncommon);
Wharekuri Greensand, Wharekuri (type locality of M.
altior) (uncommon).

Magnatica (Spelaenacca) sutherlandi is similar to M.
planispira (see above), with which it occurs at both
localities, but is taller-spired than most specimens of the
latter species, and has less rapidly expanding teleoconch
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whorls, lacking faint spiral sculpture, and has a sharp ridge
well within the umbilicus. M. (Spelaenacca) parilis (Kaiatan,
McCulloch’s Bridge) is very similar to M. sutherlandi, but
has a wider umbilicus and a more prominent intra-
umbilical ridge. Other named species of Spelaenacca are
considerably smaller than M. sutherlandi or M. parilis.

Spelaenacca has a recorded range of Wangaloan to
Clifdenian. Although it is ranked as a subgenus of
Magnatica it is possible that the two taxa are not as closely
related as this classification suggests.

Figured specimen (Pl. 15i): GS9806, F45/f9668, Shell
Gully, Chatton, Duntroonian (NZGS) x 1.5.

PL. 15 h. Globisinum crassiliratum Finlay, 1926b [p. 230]
(Naticidae: Globisininae).

Small for genus (height 11-14 mm), globose, spire relatively elevated.
Protoconch depressed dome-shaped, of about 2.5 smooth whorls.
Teleoconch whorls strongly convex, sutures distinctly impressed. Sculpture
of relatively prominent, rounded or flat-topped spiral cords with some
interstitial threads, crossed by growth lines and ridges. Inner lip almost
straight, parietal callus rather thick. Umbilicus relatively broad.

Duntroonian-Waitakian; Otekaike Limestone, Trig Z,
Otiake, Waitakian (type); Campbell Park School,
Otekaike; Wharekuri Greensand, Wharekuri.

Globisinum crassiliratum is readily distinguished from
other species of Globisinum (particularly G. miocaenicum,
which also occurs at the first two localities) by its small
size, its relatively high spire, its coarse spiral sculpture
and its rather wide umbilicus.

Figured specimen (Pl. 15h): GS9517, Campbell Park
School, Waitaki Valley, Waitakian (NZGS) x 3.

PL. 15 b. Ficus n. sp. (Ficidae).

Moderately large for genus (height 50-75 mm), fig-shaped, with low,
weakly stepped spire of slightly concave outline. Protoconch low dome-
shaped, of 2.75 smooth whorls, apex narrowly coiled, terminal
sculptured zone not distinguishable on the rather poorly preserved
material (all from sandstone). Teleoconch of about 4.5 whorls, each
largely enveloped by succeeding whorl; sutural ramp wide, slightly
concave. Last whorl very large, elongate, swollen and strongly convex
adapically, but contracting gradually to a long, curved neck abapically.
Sculpture of many fine, low, closely spaced spiral cords, alternating
regularly in strength on most specimens (but quite variable in detail),
crossed by many low, weak, irregular axial costellae, larger shells
typically with low, irregular folds on ramp and periphery. Aperture
pyriform, with a moderately long, widely open siphonal canal, weakly
deflected to left, no fasciole. Inner lip with a thin callus smear over
columella, extending above top of aperture and visible as a smooth zone
around lower third of penultimate whorl. Outer lip thin, simple, retracted
to suture, with a very shallow sinus over sutural ramp.

Whaingaroan(?), Duntroonian-Waitakian; Wharekuri
Greensand, Wharekuri; Otekaike Limestone, Waitaki
Valley; Chatton Formation, Wendon Valley.

The unnamed species is similar to the Australian basal
Miocene (Longfordian) species F. altispira (Pritchard,
1896) (Fossil Bluff near Wynyard, northern Tasmania),
and apparently has an identical protoconch, but F. altispira
has consistently finer and closer spiral cords and much
more regular, fine, close axial threads than the New
Zealand material. F. imperfecta (Altonian, Oamaru) was
based on a very immature specimen from Target Gully
Shellbed, but a much better specimen from South Oamaru
shows that it is a low-spired, very finely sculptured species
with a raised cord forming a slight shoulder angle, and
low, rather long, narrowly crested axial folds situated
regularly and extending down onto the last whorl (of a

small specimen). A similar, apparently also unnamed
species is reasonably common in Altonian and Clifdenian
siltstone at Clifden, and differs from F. imperfecta in its
narrower form and its still finer spiral sculpture. F. parva,
described from “Old Rifle Butts”, Cape Wanbrow,
Oamaru (Whaingaroan?) and recorded from several
Kaiatan or Runangan localities in North Otago and South
Canterbury, is a consistently small species (largest seen,
from Lorne, 33 mm high) with very fine sculpture, a tall
spire and a large, low protoconch of 3.0 whorls, of which
only the last quarter-whorl has spiral threads.

Ficus is a well-known predator on echinoids in warm,
shallow waters around tropical reefs and on the inner to
mid-shelf, and this corresponds well with its shallow-
water occurrences in New Zealand.

Figured specimen (Pl. 15b): GS9805, F44/19501, Coal
Brook Station, Wendon Valley, Southland, Duntroonian
(NZGS) x 1.

Pl. 15 ¢,g. Typhis (Hirtotyphis) panoplus Maxwell, 1971
Ip. 778] (Muricidae: Typhinae).

Moderately large for genus (height 2040 mm), biconic, spire 0.4-0.5 total
height. Protoconch subcylindrical, of 2 smooth, convex whorls.
Teleoconch of 4.5-6 whorls, each with 4 varices. Varices on last whorl
with 3 prominent, tubular, slightly backward-curved spines, the topmost
somewhat stronger than the others; varices on spire whorls typically with
only top spine exposed but middle one exposed as well on some specimens.
Intervariceal tubes long, directed backwards and upwards at 30-40°;
terminal tube very long and slightly curved, up to half shell height in
length. Aperture subcircular, peristome continuous, slightly reflected.

Waitakian; Brother’s Stream, Hakataramea (type);
Sisters’ Creek, Hakataramea; Trig Z, Otiake. Uncommon
at all localities.

Typhis panoplus differs from species of Typhis (sensu
stricto) (e.g. T. hebetatus, Pl. 20r) in having three
prominent spines on each varix on the last whorl, rather
than the four to six much smaller ones present in the latter
group. The only other known New Zealand species of
Hirtotyphis, T. (Hirtotyphis) aoteanus (Tongaporutuan,
Wairarapa), differs from 7. panoplus in having the
adapical variceal spine much stouter and the abapical
spine heavily reduced.

Figured specimen (Pl. 15c¢, g): holotype, GS7166,
140/17551, Brother’s Stream, Hakataramea Valley,
Waitakian (TM4932, NZGS) x 1.5.

Pl. 15 d. Austrofusus (Austrofusus) affiliatus Finlay,
1926b [p. 238] (Buccinidae).

Rather small for genus (height 27-37 mm), bucciniform, spire 0.5 total
height. Protoconch conical, of about 4 whorls with opisthocyrt costae
on last half whorl, otherwise smooth. Teleoconch of 6-6.5 whorls, first
whorl convex, later whorls bluntly to sharply shouldered at 0.5-0.6 whorl
height on spire, sutural ramp steep, sides subvertical or sloping inwards;
last whorl with prominent peribasal angulation, contracted below to
moderately long, twisted neck. Axial sculpture of prominent, rounded
costae with somewhat broader interspaces, reaching from suture to
suture on earliest whorls, but obsolete on upper part of base of last
whorl, and in some shells becoming less distinct and more crowded near
outer lip; 11-14 costae on penultimate whorl. Spiral sculpture of narrow,
low, well-spaced cords, typically with interstitial threads, 3 cords on
base typically considerably stronger than other spirals. Cords on
angulations distinctly tubercular where they cross axial costae, other
cords only slightly thickened or unaffected. Aperture ovate, columella
concave above, strongly twisted to left below, forming a moderately
long, slightly curved, notched siphonal canal; fasciole rounded, of
variable development, much more prominent in some shells than in
others. Outer lip with numerous fine lirae extending well within aperture,
lirae developing at a very early stage of growth (height 14 mm).
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Waitakian; Otekaike Limestone, Trig Z, Otiake (type);
Campbell Park School, Otekaike; Brother’s Stream and
Sister’s Creek, Hakataramea Valley; Mount Harris
Formation, upper Tengawai River; Chatton Formation,
Mataura River, near Brydone, Southland. Uncommon
at Brydone, but common at other localities.

Austrofusus affiliatus is distinguished from other species
of Austrofusus (sensu stricto) by its relatively small size
and moderately fine spiral sculpture, by the development
of rather prickly tubercles on the crests of the axial costae,
and by having outer lip lirae developing at an unusually
early stage of growth. A. acuticostatus (Pl. 6m) seems to
be the most closely related species, differing in having
much finer spiral sculpture.

Figured specimen (Pl. 15d): GS9516, 140/f6675, Trig Z,
Otiake, Waitaki Valley, Waitakian (NZGS) x 1.5.

PL. 15 j. Cominella (Procominula) denselirata (Finlay,
1926). [Cominula (Procominula) denselirata Finlay,
1926b, p. 242-243] (Buccinidae).

Small for genus (height 12-14 mm), ovate, spire a little less than half
total height. Protoconch dome-shaped, of 1.2 strongly convex whorls,
smooth except for a few weak axial costellae on last quarter-whorl.
Teleoconch of 4.5 whorls, obtusely angled near middle on spire; last
whorl excavated, with short neck. Axial sculpture of narrowly rounded
costae with broad, concave interspaces, prominent from lower suture
to shoulder angle on spire, but weaker or obsolete on ramp; barely
persisting onto base; 8-10 costae on penultimate whorl. Spiral sculpture
of numerous narrow, rather subdued cords with narrower interspaces,
some shells with a slightly stronger cord on periphery. Aperture rather
small with a short, left-deflected siphonal canal, notched anteriorly,
forming a low fasciole. Outer lip smooth or finely lirate within.

Waitakian; Otekaike Limestone, Trig Z, Otiake (type)
(moderately common); Campbell Park School (uncommon).
The subgenus C. (Procominula) includes small buccinids
similar to Cominella (sensu stricto) but of smaller size and
having a rather better-defined siphonal canal, and is
recorded so far only from mid-shelf to upper bathyal

assemblages from North Otago and South Canterbury.
C. denselirata differs from the other species primarily in
its fine spiral sculpture.

Figured specimen (Pl. 15j): Trig Z, Otiake, Waitakian
(NZGS, from an early collection) x 3.

Pl. 15 e. Cominella (Josepha) chattonensis (Finlay, 1926).
[Cominista chattonensis Finlay 1926b, p. 244] (Buccinidae).

Size moderate for genus (height 25-35 mm), ovate, spire sharp, about
half total height. Protoconch mamillate, of about 1.5 smooth whorls.
Teleoconch of 6-7 whorls, obtusely angled below middle on spire, sutural
ramp steep, slightly concave; last whorl only weakly excavated, anterior
end rather broad. Axial sculpture of prominent rounded costae reaching
from lower suture to shoulder angle on spire but obsolete on ramp;
typically extending about halfway across base on last whorl, but reduced
to elongate tubercles on periphery on some shells; 9-11 costae on
penultimate whorl. Spiral sculpture of fine cords or threads over whole
surface, but absent from much of many adult shells because of
corrosion. Many shells with narrow spiral colour bands (pale orange
as preserved), 6 on last whorl. Aperture large, ovate, columella bent
to left below middle to form short, open, deeply notched siphonal canal;
fasciole prominent, upper edge margined by narrow ridge, lower edge
strongly projecting. Outer lip thin, smooth inside.

Duntroonian; Chatton Formation, Shell Gully, Chatton
(type) (common).

Cominella chattonensis is similar to the Castlecliffian-
Recent C. (Josepha) glandiformis but is considerably
larger and has a less strongly concave sutural ramp, fewer
but stronger axial costae and a more strongly projecting
fasciole. C. glandiformis is a scavenger living on rocks
or on-mud-flats in estuaries only, but its several close
Cenozoic relatives seem to have occupied the more
normal shallow marine environment now occupied by
Cominella (Cominella) species.

Figured specimen (Pl. 15¢): GS9806, F45/f9668, Shell
Gully, Chatton, Duntroonian (NZGS) x 1.5.

Pl. 15 m. Alcithoe () sp. (Volutidae: Zidoninae).

Size moderate for subfamily (height ¢.105 mm), broadly fusiform, spire

Plate 15 Late Oligocene-earliest Miocene (Duntroonian-Waitakian) Mollusca (6)
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Globisinum crassiliratum Finlay, x 3.
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Conus (sensu lato) n.sp., x 2.
Scalptia(?) christiei (Finlay), x 1.
Alcithoe (Dsp., x 1.

Fissidentalium n.sp., x 1.

Austrotoma inaequabilis Marwick, x 1.5.

Borsonia mitromorphoides Suter, x 3.
Scrinium blandiatum (Suter), x 8.
Eoturris uttleyi (Suter), x 2.
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Struthiolaria (Struthiolaria) cf. prior Finlay, x 1.5.

- Typhis (Hirtotyphis) panoplus Maxwell, x 1.5.
Austrofusus (Austrofusus) affiliatus Finlay, x 1.5.
Cominella-(Josepha) chattonensis (Finlay), x 1.5.
Magnatica (Magnatica) planispira (Suter), x 1.

Magnatica (Spelaenacca) sutherlandi (Marwick), x 1.5.
Cominella (Procominula) denselirata (Finlay), x 3.

Parasyrinx (Parasyrinx) subalta (Marshall and Murdoch), x 3.
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0.4 total height. Protoconch not known. Teleoconch of about 7 whorls,
early whorls lightly convex, last 2 whorls becoming increasingly more
strongly angled at or above middle on spire; last whorl feebly excavated
below angulation, elongate. Axial sculpture on early whorls of narrow,
slightly prosocline costellae reaching from suture to suture, on later
whorls becoming obsolete on upper part of ramp and tubercular on
shoulder angle; last whorl with 7-9 prominent, rounded costae with
broad interspaces, those near outer lip less elongated axially than
remainder. No spiral sculpture. Aperture large, inner lip almost straight
with a thin callus smear extending some distance laterally; columella
with § moderately prominent, subequal plaits and, on 1 shell, a 6th much
weaker one above. Anterior notch deep; fasciole almost flush with whorl-
surface or slightly depressed. Outer lip thin, slightly flared.

Duntroonian; Chatton Formation, Wendon Valley; Shell
Gully, Chatton (rare).

In the absence of the protoconch the generic location of this
species must be rather uncertain, but the nature of the axial
sculpture, particularly the development of tubercles on the
shoulder angle, and the deep anterior notch suggest that
it belongs in Alcithoe rather than Spinomelon. 1t has some
resemblance to the highly variable A. furrita (Otaian-
Altonian; Pl. 21s) and may be conspecific, although all
other records of A. turrita are younger and from deeper-
water facies than Wendon and Chatton. These Duntroonian
records are included because they seem likely to represent
the oldest known member of the most characteristic genus
of volutes in the New Zealand Neogene.

Figured specimen (Pl. 15m): GS9805, F44/f9501, Coal
Brook Station, Wendon Valley, Southland, Duntroonian
(NZGS) x 1.

PL. 15 k,n. Conus (sensu lato) n. sp. {Conidae).

Rather smalt for family (height c. 25 mm), spire very low. Protoconch
not known, apical whorls projecting above rest of spire. Teleoconch ap-
parently of about 6 whorls, upper surface rather irregular; last whorl with
a thin, irregularly undulose peripheral keel, strongly concave below, appar-
ently tapering to.a long neck. Sculpture on upper surface of very weak
spiral threads; base with mere prominent, though very subdued cords.

Duntroonian, Chatton Formation, Wendon Valley;
?Waimumu Lime Quarry, Southland.

This distinctive cone is unlikely to be confused with any
other New Zealand species. C. trigonicus (Pl. 80, t) also
has a very depressed spire, but differs from the above
species in having relatively prominent spiral sculpture,
a straight-sided or slightly concave last whorl, and a
regularly curved, non-projecting periphery. We are not
aware of any other Conidae in which the periphery
protrudes to the degree it does in this new species.

Figured specimen (Pl. 15k, n): GS9805, F44/19501, Coal
Brook Station, Wendon Valley, Duntroonian (NZGS) x 2.

PL. 15 t. Eoturris uttleyi (Suter, 1917) [Turris uttleyi Suter
1917, p. 47) (Turridae: Turrinae).

Size moderate for subfamily (height 22-38 mm), fusiform, spire slightly
more than half total height. Protoconch not known, but presumably as in
E. complicata (P1.8n). Teleoconch of 8-9 whorls, weakly angled near middle
on spire; sutural ramp steep, concave, with moderate subsutural swelling,
sides convex; last whorl excavated, with a moderately long, slightly curved
neck. Axial sculpture of small, rounded, comma-shaped nodules, obsolete
on ramp and scarcely extending below periphery, 1617 on penultimate whorl,
becoming obsolete on last whorl of some shells. Spiral sculpture of fine
threads apparently over whole surface, with 1 or 2 somewhat stronger but
rather subdued cords below periphery on spire whorls and 3 or 4 additional
cords on base. Aperture pyriform with a moderately long siphonal canal.
Anal sinus moderately deep, U-shaped, with apex just above periphery.

Waitakian; Otekaike Limestone, Trig Z, Otiake (type);
Campbell Park School, Otekaike (uncommon).

Eoturris uttleyi is distinguished from E. complicata (Pl. 8n)
by its more weakly shouldered teleoconch whorls and by
having comma-shaped rather than rounded peripheral
nodules. This is the youngest known species of the genus.

Figured specimen (P1. 15t): GS9517, 140/f9805, Campbell
Park School, Otekaike, Waitakian (NZGS) x 2.

Pl. 15 q. Parasyrinx (Parasyrinx) subalta (Marshall and
Murdoch, 1919) [Leucosyrinx subaltus Marshall and
Murdoch 1919, p. 256] (Turridae: Turrinae).

Size moderate for subfamily (height 17-32 mm), fusiform-pagodiform,
spire about half total height. Protoconch bulbous, of 1.5 smooth whorls.
Teleoconch whorls 7-8, sharply keeled at or below middle on spire;
sutural ramp steep, slightly concave; sides sloping inwards. Last whorl
with peribasal angulation, considerably weaker than peripheral keel,
excavated below with a moderately long, almost straight neck. No axial
sculpture; spiral sculpture of fine threads on lower part of sutural ramp
and below peripheral keel, extending onto base and neck. Aperture
pyriform, with a narrow, long, unnotched siphonal canal. Anal sinus
deep, U-shaped, apex near middle of ramp.

Duntroonian-Waitakian; Wharekuri Greensand, Whare-
kuri, Duntroonian (type); Otekaike Limestone, Trig Z,
Otiake; Campbell Park School, Otekaike; Kyeburn district;
Mount Harris Formation, upper Tengawai River. Rare in
Wharekuri Greensand, but common at other localities.

Parasyrinx subalta was probably ancestral to P. alta
(Altonian; Pl. 22s), differing in having distinct spiral
sculpture over most of the teleoconch rather than
completely absent or confined to the lower part of the
neck. P. (Lirasyrinx) anomala (Duntroonian, Wharekuri)
has similar teleoconch sculpture to P. subalta but has a
dome-shaped protoconch of about four whorls, the last
two of which are spirally lirate.

Figured specimen (Pl. 15q): GS9517, 140/f9805,
Campbell Park School, Otekaike Valley, Waitakian
(NZGS) x 3.

Pl. 15 p. Austrotoma inaequabilis Marwick, 1929 [p.
922-923] (Turridae: Pseudotominae).

Size moderate for genus (height 30-40 mm), fusiform, spire 0.5-0.6 total
height. Protoconch conical, of 3.5 whorls, initial whorl smooth, last
whorl with spiral cords, last half with axial costellae. Teleoconch of
5-6 whorls, shouldered above middle on spire; sutural ramp strongly
concave because of subsutural swelling; sides subvertical. Last whorl
with well rounded periphery; whorl twisted anteriorly to form short
neck. Axial sculpture commencing as narrow, low, rounded, opisthocline
costae extending from shoulder angulation to lower suture, 16-18 per
whorl, becoming obsolete on later whorls; numerous growth lines present
over whole surface. Spiral sculpture of fine threads on ramp, 1 or 2
slightly stronger ones on subsutural swelling; more prominent but narrow
cords below, 6-8 on penultimate whorl, and 10-12 additional cords on
base and neck, some cords with interstitial threads. Finer spiral elements
reticulated by growth lines, cords typically smooth and polished, only
feebly crenulated. Aperture subrectangular; columella twisted anteriorly
to form short, deeply notched siphonal canal. Fasciole prominent, ridge-

-margined. Inner lip thinly callused; outer lip thin, with a shallowly

arcuate sinus on ramp, strongly convex below.

Duntroonian, Chatton Formation, Shell Gully, Chatton
(type) (uncommon).

Austrotoma ingequabilis is distinguished from other species
by its relatively slender shape, its narrow axial costae that
become obsolete on about the fourth whorl, and its narrow
spiral cords. A. nervosa (Pl. 22K) is similar, but is larger,
has axial costae disappearing at an earlier stage of growth,
and has more prominent spiral cords, most of which are
without interstitial threads. Numerous species of
Austrotoma, many of them-undescribed, are known and
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most require careful study before they can be identified
confidently. The genus is very doubtfully recorded from the
Wangaloan, and confidently from Whaingaroan to Waipi-
pian, in inner shelf to outer shelf or upper bathyal facies.

Figured specimen (P1. 15p): GS9806, F45/f9668, Shell
Gully, Chatton, Duntroonian (NZGS) x 1.5.

Pl. 15 r. Borsonia mitromorphoides Suter, 1917 [B.
(Cordieria) mitromorphoides Suter 1917, p. 59] (Turridae:
Borsoniinae).

Size moderate for subfamily (height 18-23 mm), shape rather variable,
some shells (including holotype) with lower spire than figured specimen.
Protoconch mamillate, of c. 2 smooth whortls. Teleoconch whorls weakly
shouldered below middle on spire; sutural ramp slightly concave; last
whorl excavated, with short neck. Axial sculpture of very short costae
or nodules between shoulder angle and lower suture, becoming obsolete
on later part of last whorl; 9-10 per whorl. Spiral sculpture very subdued,
subobsolete on ramp, of fine threads below. Columella slightly convex,
bearing 2, or in a few specimens 3, plaits. Outer lip with moderately
deep, U-shaped anal sinus on ramp.

Duntroonian, Wharekuri Greensand, Wharekuri (type);
head of Lake Waitaki (uncommon).

Borsonia includes fusiform or biconic turrids with a
moderately deep, rounded anal sinus on the sutural ramp,
and one or two (rarely three) distinct columellar plaits. The
genus has a sporadic record in New Zealand, from Bor-
tonian to Clifdenian. Extant species are bathyal, but fossil
species are mostly from moderately shallow-water facies.

Figured specimen (P1. 15r): “Wharekuri”, Waitaki River,
Duntroonian (NZGS) x 3.

Pl 15 s. Scrinium blandiatum (Suter, 1917) [Mangilia
blandiata Suter 1917, p. 55] (Turridae: Mitromorphinae).
Size moderate for subfamily (height 7-8 mm), elongate-ovate, spire
0.5-0.6 total height. Protoconch dome-shaped, of 1.2 whorls, smooth
except for feeble axial costellae near end. Teleoconch of 4 whorls, weakly
angled above middle on spire; sutural ramp strongly concave because
of subsutural swelling, sides convex; last whorl weakly excavated. Axial
sculpture of low, rather broadly rounded costae with broad, concave
interspaces, almost obsolete on ramp, extending to lower suture on spire
and dying out quickly on upper part of base of last whorl; becoming
obsolete on later part of last whorl on some shells; 7-9 on penultimate
whorl. Spiral sculpture very weak, of obscure threads and grooves, most
- prominent on base, and almost completely obsolete on some shells.
Aperture ovate, columella smooth, bent to left anteriorly to form very
short, unnotched siphonal canal. Outer lip thin, weakly flexuous, without
a’definite anal sinus.

Waitakian; Otekaike Limestone, Trig Z, Otiake (type);
Campbell Park School, Otekaike (uncommon).
Scrinium blandiatum is distinguished from other New
Zealand species of Scrinium by its small size, its strongly
concave sutural ramp, its broadly rounded axial costae and
its very feeble spiral sculpture. S. callimorphum
-(Duntroonian, Wharekuri) is considerably larger (height
16 mm) than S. blandiatum and has more prominent axial
and spiral sculpture. Scrinium has a recorded range of
Duntroonian to Recent in New Zealand and a similar range
in Australia, but the Australian fossil species are only
tentatively referred to the genus (Powell 1966, p. 67). Apart
from the lack of columellar plaits, species such as S.
blandiatum and S. callimorphum closely resemble species
of Cordieria (Pl. 8m), a possible clue to their origin.

Figured specimen (P1. 15s): GS9517, 140/9805, Campbell
Park School, Otekaike, Waitakian (NZGS) x 8.

PL. 15 1. Scalptia (?) christiei (Finlay, 1924) [Trigonostoma

christiei Finlay 1924b, p. 466-467] (Cancellariidae:
Cancellariinae).

Moderately large for family (height 40-53 mm), elongate-ovate, spire
narrowly pointed, half total height. Protoconch mamillate of 2.5 strongly
convex whorls, smooth except for weak spiral threads on last half-whorl.
Teleoconch of 6-7 whorls, convex at first, soon developing a narrow
horizontal shelf with its outer edge coronated by axial costae, shelf
becoming channelled on later whorls on some shells; sides subvertical,
slightly convex; last whorl convex, anterior end narrow. Axial sculpture
of prominent, rounded, prosocline costae, reaching from suture to suture
on early whorls but weakening considerably or even becoming obsolete
on sutural shelf and becoming more widely and more irregularly spaced
on later whorls; extending across base to fasciole on last whorl, and
continuing, though much reduced, into pseudumbilicus; 13-15 costae
on penultimate whorl. Spiral sculpture very weak or obsolete on sutural
shelf; below shoulder consisting of low rounded or somewhat flattened
prominent cords, each pair typically with a narrower interstitial cord
and in some cases, threads as well; 4 or 5 primary cords on penultimate
whorl and 7 or 8 additional ones on base of last whorl. Spirals crossing
axial costae unchanged. Aperture ovate-trigonal, with a shallow anterior
spout; columella inclined somewhat to right, bearing 2 prominent plaits
and in some shells, a much weaker one anterior to them. Inner lip thickly
callused in adult shells, outer edge detached in some specimens, smooth
except for a few weak tubercles or ridges near anterior end. Quter lip
almost straight, prosocline, smooth within. Fasciole prominent, convex,
forming a small pseudumbilicus between it and inner lip.

Duntroonian, Chatton Formation, Shell Gully, Chatton
(type), uncommon.

Scalptia (?) christiei is is one of the largest New Zealand
cancellariids, rivalled in size only by Mauaorivetia
brevirostris (Pl. 22f). Although long included in
Trigonostoma Blainville, 1827, it differs markedly from
the type species, T. scalare (Gmelin, 1791) (Recent, Indo-
Pacific), which has loosely coiled, almost disjunct
teleoconch whorls, a very broad sutural shelf, a triangular
aperture, and a true umbilicus. Finlay (1924b, p. 466)
originally assigned T. christiei and the closely similar 7.
waikaiaensis Finlay, 1924 to the “section” Ventrilia
Jousseaume, 1887 but the species assigned to that taxon
(based on the Recent Caribbean V. ventrilia Jousseaume,
1887, = Cancellaria tenera Philippi, 1848) share most of
the important diagnostic characters of Trigonostoma. T.
christiei and T. waikaiaensis are here referred somewhat
doubtfully to Scailptia Jousseaume, 1887, which differs
from Trigonostoma in having three rather than only two
columellar plaits. Species referred to Scalptia further
differ from Trigonostoma in being more narrowly
umbilicate, or pseudumbilicate or even non-umbilicate.
S. christiei differs from typical Scalptia species in its much
larger size, in having a weak third plait (obsolete in some
large shells) and in lacking internal lirae on the outer lip.

S. waikaiaensis was described on the basis of three
specimens from Muddy Terrace, Waikaia, Southland,
from a horizon of about the same age (Duntroonian) as
S. christiei but no longer accessible. According to Finlay
(1924b, p. 466) it differs from S. christiei in its smaller
size and in having less strongly staged whorls and fewer
axial costae, but more material is required before it can
be determined if it is really a distinct species.

Figured specimen (Pl. 151): GS9806, F45/f9668, Shell
Guily, Chatton, Duntroonian (NZGS) x 1.

Pl. 14 d. Gegania (Tubena) olsoni (Maxwell, 1969)
[Tubena olsoni Maxwell 1969, p. 180-181] (Mathildidae).
Moderately large for family (height 15-18 mm), turbiniform, spire 0.7

total height. Protoconch heterostrophic, inverted, of c. 1.5 smooth
whorls. Teleoconch of 5 strongly convex whorls, last whorl capacious,
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with a moderately wide umbilicus. Spiral sculpture rather variable,
commencing as 2 or 3 narrow cords, which in some shells remain
dominent throughout growth, but in others are rivalled by other cords
appearing during growth. Last whorl with 11-15 low, rounded or
flattened cords, some with interstitial threads, more crowded on base.
Axial sculpture of fine growth ridges, varying considerably in strength
and spacing, even on an individual, finely crenulating or nodulating
spiral cords. Aperture subcircular, inner lip slightly expanded over
umbilicus; edge of outer lip finely crenulate.

Bortonian-Otaian; Otekaike Limestone, Sister’s Creek,
Hakataramea Valley, Waitakian (type); Brother’s Stream;
Waihao Downs; Waihao Greensand, McCulloch’s Bridge;
Waiarecka Volcanic Formation, Lorne; Wharekuri;
Bluecliffs, Otaio River. Uncommon to rare.

Gegartia (Tubena) viola (Altonian, Kakanui)—the type
species of Tubena Marwick, 1943 —differs from G. oisoni
in having biangulate teleoconch whorls and narrower
spiral cords. Tubena differs from Gegania (sensu stricto)
in being umbilicate, a difference that may not warrant
even sub- generic separation. Gegania (sensu lato) has a
recorded range of Mangaorapan to Recent in New
Zealand, although the extant species G. valkyrie Powell,
1971 is atypical in that it has a shallow V-shaped notch
in the outer lip. Kaitangata Finlay and Marwick, 1937
[type species K. hendersoni (Wangaloan, Wangaloa)] was
originally referred to the Potamididae, but it may be
closely related to—if not congeneric with — Gegania; the
protoconch is unfortunately not known.

Figured specimen (P1. 14d): GS4901, 140/f7515, Sister’s
Creck, Hakataramea Valley, Waitakian (NZGS) x 3.

Pl. 14 L. Cirsotrema (Cirsotrema) lyratum (Zittel, 1864)
[Scalaria lyrata Zittel 1864, p. 41; Scalaria browni Zittel 1864,
p42; S. rugulosa “Sowerby” (not of Sowerby, 1846); S.
rugulosa lyrata; Epitonium (Cirsotrema) rugulosum lyratuny
E. (Cirsotrema) lyratum; Cirsotrema browni} (Epitoniidae).

Rather large for family (height 45-85 mm), spire very elevated. Protoconch
not known. Teleoconch of at least 10 strongly convex whorls; sutures
obscured by fusion of adapical ends of axial costae to supramargining cord
on previous whorl, Last whorl with well-developed basal disc, its outer edge
well below periphery, flat except for narrow fasciole adjacent to aperture.
Axial sculpture of prominent, prosocline costae composed of numerous
lamellae fused together, convex or almost flat on front (adapertural) face,
concave behind. Varices at irregular intervals, typically markedly thicker
than costae, with from 1-13 costae between each pair of varices; 13-15 axials
per whorl. Costae and varices slightly excavated adapically, with a small
spine on edge of sulcus; all axials extending across base to fasciole. Spiral
sculpture of 6-8 narrow, low cords that surmount axials, with fine threads
in between, the latter reticulated by growth lines. Cord margining lower
suture emerging on last whorl as edge of basal disc. Aperture circular,
peristome continuous, basal lip slightly truncate.

Whaingaroan-Duntroonian, ?Waitakian; Aotea Harbour,
Southwest Auckland, Duntroonian ? (type locality of both
S. lyrata and S. browni).

Cirsotrema lyratum is recorded very widely from
throughout North and South Islands, particularly from
glauconitic sandstone and from limestone. Many of the
records appear, however, to refer to other species. C
Iyratum is here restricted to relatively large specimens in
which the varices are noticeably more prominent than the
costae, and the spiral cords are relatively strong and
surmount the axials. Unfortunately, the limits of the
species are very uncertain, C, kuriense (Pl. 6¢) and C.
caelicola (Altonian, Kakanui) have varices that are barely
distinguishable from the costae. In C. gagei (Pl. 9m) the
costae are blade-like, the varices are much more massive
than the costae, and the spiral sculpture is very weak.

Unlike the vast majority of gastropods, the shells of species
of Cirsotrema (and of some other epitoniids) are calcitic,
and are therefore often preserved in faunules from which
aragonitic species have been removed by diagenesis.

Figured specimen (Pl 14l Waitaki River, opposite
‘Wharekuri, Duntroonian (NZGS, ex Suter Collection) x 1.5.

Pl 15 o. Fissidentalium n. sp. (Dentaliidae)

Large for family (length 100-150 mm), thick-shelled except near aperture,
distinctly curved proximally but almost straight over most of its length.
Well preserved shells with narrow apical slit. Longitudinal sculpture
commencing as narrow, rounded or subtriangular costae which are soon
joined by secondary costellae, all tending to become subequal, broader,
lower and more flattened during growth, in some large specimens
becoming obsolete near aperture; about 45 costae on mature shells. Well
preserved shells with numerous very fine longitudinal threads between
and on costae. Transverse sculpture of numerous, closely spaced fine
ridges that cross longitudinal costae unchanged, quite distinct on early
part of shell but gradually becoming subobsolete distally.

Duntroonian, Wharekuri Greensand, Wharekuri; head of
Lake Waitaki.

Shells of this type have been recorded from numerous
localities, ranging in age from Duntroonian to
Tongaporutuan, as “Dentalium solidum Hutton, 1873,
but several distinct species seem to be involved. The
lectotype of D. solidum is from “Waikari”, North
Canterbury, and is probably of Tongaporutuan age;
probable topotypes differ from the Wharekuri species in
having much weaker transverse sculpture.

Figured specimen (Pl. 150): GS476, 140/19379, Waitaki
River, opposite Wharekuri, Duntroonian (NZGS) x 1.

CHAPTER 11. EARLY-MIDDLE MIOCENE FAUNAS
(OTAIAN-LILLBURNIAN STAGES): PLATES 16-26

EARLY MIOCENE (OTAIAN AND ALTONIAN STAGES)

INTRODUCTION A
The Early Miocene was a particularly important period

in the geological history of New Zealand, for at this time
there was profound change in the style of marine
sedimentation in the region—one that almost certainly
reflects an equally far-reaching change in the nature of
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tectonic activity. Whereas Paleogene sedimentary
sequences are thin (except in a few local basins) and
include rock units that are laterally continuous over wide
areas, and are usually fine-grained and have high
proportions of biogenic and authigenic components,
those of Neogene age are for the most part of
considerable thickness (several thousands of metres in
many east coast North Island sequences), in many areas
are of relatively local extent, and are predominantly
terrigenous, with only minor development of limestone
and greensand. Even in the relatively stable South
Canterbury region the thickness of Early Miocene rocks
(Mount Harris Formation and Southburn Sand) typically
exceeds that of all of the Paleogene sequence combined.
In the light of current geological knowledge, the most
plausible explanation for this change in sedimentation
patterns is the initiation of the Australian-Pacific plate
boundary through New Zealand (i.e., commencement of
dextral movement on the Alpine Fault), which Kamp
(1986) and Kamp and Fitzgerald (1987) suggest took place
at about 23 Ma (i.e., close to the Oligocene-Miocene
boundary). (It should be noted, however, that Norris et
al. (1978) and Norris and Carter (1982) favour a Late
Eocene or Early Oligocene date for this event). Dramatic
evidence for vigorous tectonic activity in New Zealand
during the Early Miocene comes from Marlborough,
where a spectacular mass debris deposit, the Great
Marlborough Conglomerate, began to accumulate during
Altonian time (Lensen in Suggate et al. 1978, p.486-7;
Lewis et al. 1980). Even more striking, and regionally
more significant, is evidence that the Northland
Allochthon, a thick (as much as 2.5 km) pile of
sedimentary and volcanic rocks of Cretaceous to Oligocene
age, was emplaced from the north during Late Oligocene
or Early Miocene time (Ballance and Spérli 1979).

The inception of a new tectonic/sedimentological
regime during Early Miocene time must have had an
important effect on the development of the New Zealand
marine molluscan fauna; not only would the increase in
areal extent of shallow-water terrigenous sediment have
led to a corresponding increase in molluscan diversity —a
conclusion that follows from an extension of the
MacArthur-Wilson equilibrium theory of island
biogeography to the marine realm (see Schopf et al.
1978)—but also the formation of discrete depositional
basins would have facilitated speciation, particularly in
molluscan groups with limited dispersal ability. Much of
the history of shallow-water molluscs in the New Zealand
Neogene record is one of diversification in such groups,
e.g. Glycymerididae, Limopsidae, Limidae, Pectinidae (in
part—some are free-swimming, and some seem to have
had long larval lives), Carditidae, Mactridae, Veneridae,
Trochidae, Rissoacea, Turritellidae, Struthiolariidae,
Naticidae, Buccinidae (particularly Austrofusus,
Buccinulum, Cominella and Penion), Columbellidae,
Olividae, Volutidae, some Turridae, and Pyramidellidae.

The Early Miocene is important to our understanding
of the New Zealand Cenozoic molluscan fauna for
another reason, as well—it is the first time since the
Bortonian that significant molluscan faunules are
recorded from northern New Zealand (i.e., Northland).
Nearly all of the Paleogene faunules of any note are from
the South Island, the main exceptions being the Bortonian
faunule from Pahi, Kaipara Harbour, and a few small

ones of Landon Series age from South Auckland. Early
Neogene molluscan faunules from such localities as the
north shore of Parengarenga Harbour, Hokianga
Harbour and Waimamaku Valley, Pakaurangi Point and
Puketotara Peninsula in Kaipara Harbour, Cape Rodney,
Muriwai Beach, and Waiheke Island include some of the
most diverse assemblages recorded from the New Zealand
Cenozoic, and the number of species from the combined
Otaian and Altonian faunas in Northland greatly exceeds
that known from the “classic” localities of similar age in
North Otago and South Canterbury. Furthermore, there
is little similarity between the faunas of these two areas;
not only do they have very few species in common, but
also many genus-group taxa recorded from Northland are
not known from the North Otago-South Canterbury
region (and to a lesser extent vice versa) (see Table 1).
The differences are sufficiently great to warrant
recognition of two distinct provinces (in the original sense
of Woodward (1856, p.349) who maintained that at least
50% of the species in a region should be endemic to
justify its recognition as a province). However, it should
be noted that some of the taxa otherwise restricted to
Northland during the Early Miocene (e.g., Spondylus,
Septifer, Hyphantosoma, Cypraea (sensu lato), and
Oniscidia) are also recorded from Southland Altonian
rocks, so the “warm” province probably extended along
the present west coast of the South Island into
southernmost New Zealand at this time. (Some of these
warm-water taxa are also recorded from the Clifdenian
of Westland and Southland). It should also be stressed
that the “temperate” province fauna includes a
considerable number of taxa that are either extinct in New
Zealand or survive in only the northernmost part of the
country, and therefore indicate that conditions were
warmer than at present (see below).

The marked differences between the molluscan faunas
of Northland on the one hand, and the east coast of the
South Island on the other, persist to the present day
(although the concept of distinct marine provinces around
New Zealand has fallen out of favour), and probably
existed throughout much of the Cenozoic, so it is
unfortunate that so little is known of the Paleogene and
post-Early Miocene faunas of northern New Zealand. We
therefore cannot be sure that taxa first recorded from the
Northland Early Miocene were not present considerably
earlier in that region. This should be borne in mind in
the following account, in which the faunas of the warm
and temperate provinces are discussed separately.

THE TEMPERATE FAUNA (FIG. 16): PLATES 16-22

Waitakian molluscan faunules from the upper part of the
Otekaike Limestone in North Otago and South
Canterbury are probably earliest Miocene in age, and
have been discussed in the previous chapter. With the
exception of faunules from the Gee Greensand at Target
Gully, Oamaru (Altonian at this locality), the only diverse
Otaian and Altonian faunules from North Otago and
South Canterbury come from two lithological units—a
widely distributed siltstone and, in some sections, an
overlying sandstone. The siltstone unit has gone under
a variety of names (Pareora beds (or Formation), Mount
Harris beds (or Formation), Rifle Butts Siltstone, and
Bluecliffs Silt) but there can be little doubt that a single
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Table 1 Some genera restricted to the warm or temperate provinces during Early Miocene (Otaian and Altonian

stages) in New Zealand.

“Warm” fauna only
(Northland, Westland & Southland)

“Temperate” fauna only
(North Otago-South Canterbury)

Brevinucula Eudolium
Pseudotindaria Latirogona
Acar Mitrella
Cratis Chicoreus
Septifer Rugotyphis
Spondylus Clifdenia
Dimya Eumitra
Ctenoides Microvoluta
Cardita Hiwia
Salaputium Oniscidia
Hyphantosoma Spinaspira
Rohea Lyria
Parapholas Echinoturris
Pectinodonta Cochlespira
Cocculina Gemmula
Munditia Splendrillia
Calliotropis Microdrillia
Kaiparathina Etrema
Opella Cryptodaphne
Cirsochilus Eubela
Seguenzia Mioawateria
Fluxinella Tatara
Merelina Discotectonica
Manawatawhia Granosolgrium
Horologia Spirolaxis
Inella Fimbriatella
Triforis Mathilda
Larochella Crenilabium
Scalaronoba Taita
Hipponix Bartrumella
Cheilea Chrysallida
Archierato Vaginella
Cypraea Williamia
Ranella ' Cryptoplax
Cabestana

Varinucula
Notolimopsis
Trichomya
“Cyclocardia”
Condylocuna
Finlayella
Peronaea
Austrodosinia
Kereia
Thoristella
Batillaria
Globisinum
Galeodea
Eucominia
Cominella
Procominula
Egotistica
Zelandiella
“Pleia”
Parvimitra
Proximitra
Waimatea
Protoginella (s.s)
Alocospira
Alcithoe (s.5)
Insolentia
Scrinium
Maorivetia
Aphera
Turehua
Costosyrnola
Pukeuria

formation is involved. Unfortunately, Field and Browne
(1986, p.39-41) have chosen to resurrect for this
formation the very obscure name Tokama Siltstone,
proposed by Mason (1941, p.120, as Tokama “Series”)
for siltstone and sandstone overlying the White Rock
Limestone in the Grey River area, North Canterbury, and
almost entirely ignored for more than 40 years. We feel
strongly that a more familiar name should have been
chosen, and have decided that Mount Harris Formation
is the most appropriate name for this unit, the source of
so many well known molluscs and other fossils. (We
would have used the earliest name, Pareora Formation,
but this was consistently used for both the siltstone and
the sandstone, and the name is in current use for a
chronostratigraphic series). In the type area (Waihao
district, South Canterbury) the Mount Harris Formation
includes sandstone interbedded with siltstone, but this
does not preclude the use of the name for the siltstone
with little or no sandstone at Bluecliffs and near the Old
Rifle Butts, Cape Wanbrow, Oamaru. Mount Harris
Formation varies considerably in age—in the upper

Tengawai River it is Waitakian throughout, at Bluecliffs
it is Waitakian and Otaian, in the Waihao district Otaian
and Altonian, and in northeast Otago it is Altonian
throughout. Except for a very limited outcrop of probable
Opoitian age in South Oamaru, and a Pleistocene shellbed
underlying loess at Cape Wanbrow, it is the youngest
marine unit exposed in coastal North Otago.

No nomenclatural problems are associated with the
sandstone, however, for which the name Southburn Sand
(Gair 1959, p.274) is available. This unit is Altonian
throughout in most sections, but coarse, current-bedded
sandstone overlying Mount Harris Formation in the
upper Tengawai River is probably Waitakian.

No Otaian faunules of any note are known from North
Canterbury, but diverse Altonian assemblages are
recorded from several localities. In Castle Hill Basin,
abundant molluscs occur in the lower part of the Enys
Formation (Gage 1970, p.525-530), a sequence of
shallow-marine to estuarine and non-marine sandstone
and siltstone that forms the upper part of the Cenozoic
succession in this area. In the Waipara district, shallow-
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Figure 16 The main molluscan fossil localities in the temperate Early Miocene (Otaian and Altonian) province.

water Altonian faunules are recorded from the upper part
of the Mount Brown Formation, which consists of
calcareous sandstone with interbedded siltstone, shellbeds
and coquina limestone, and on the whole represents a
deeper-water facies than the Enys Formation.

Otaian faunules

The only diverse Otaian molluscan faunules recorded
from the east coast of the South Island are in the Mount
Harris Formation in South Canterbury. The best-known

is from the Otaian stratotype at Bluecliffs, Otaio River —
an almost identical assemblage occurs at the foot of Mt.
Horrible, Pareora River, and similar faunules occur in
the Waihao district. The Bluecliffs faunule probably lived
at outer shelf or upper bathyal depths and includes Neilo
awamoana, Limopsis zealandica, Lima colorata,
Lentipecten hochstetteri, Spissatella trailli, Zeacolpus
woodhouseae, Proterato neozelanica, Taniella nofocenica,
Friginatica vaughani, “Uberella” acerva, Globisinum
miocaenicum, Galeodea apodemetes, Sassia maoria, S.
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zealta, Austrofusus (Neocola) apudalpha, Cominella
(Procominula) pulchra, Egotistica scirrhoma, Penion
finlayi, “Pleia” otaioensis, Coluzea dentata, EXxilia dalli,
Tphis hebetatus, Xymene n.sp., Proximitra rutidoloma,
Peculator (Parvimitra) paucinoda, Alcithoe turrita,
Spinomelon parki, Zeacuminia biplex, Austrotoma lawsi,
Comitas fusiformis, Inquisitor n.sp., Austroclavus
marshalli, Vexithara nodosolirata, Neoguraleus
(Fusiguraleus) flexicostatus, and Tirehua lividorupis.

Altonian faunules

North Otago-South Canterbury

The Altonian molluscan fauna from North Otago and
South Canterbury i$ one of the most diverse and best
known in the New Zealand Cenozoic, over 350 species
having been recorded from such famous localities as
Sutherlands, White Rock River, Awamoa Creek, Target
Gully Shellbed, Ardgowan Shellbed and Pukeuri. The first
two of these localities are in the Southburn Sand, a
shallow-water (inner shelf) unit that is largely restricted
to South Canterbury, although it occurs in an isolated
outcrop on the right (south) bank of the Waitaki River
near Georgetown. Characteristic Southburn Sand species
include Cucullaea australis, Limopsis catenata,
Glycymerita (Glycymerita) robusta, G. (Manaia) aff.
huttoni, Lentipecten hochstetteri Anomia trigonopsis,
Pteromyrtea laminata, Hedecardium (Titanocardium)
cantuariense, Scalpomactra continua, Maorimactra
acuminella, Tellinota arta, Gari oamarutica, Bassina
speighti,  Dosinia (Austrodosinia) magna, Eumarcia
(Eumarcia) pareoraensis, E. (Atamarcia) enysi,
Notocorbula humerosa, Conominolia woodsi, Pareora
striolata, Tropicolpus abscisus, Cirsotrema n.sp.,
Struthiolaria (Callusaria) spinosa, Crepidula sp., Tanea
sublata, Friginatica vaughani, Polinices huttoni, Zelandiella
subnodosa, Nassicola finlayi, Penion marwicki, Nassarius
(Hima) socialis, Amalda (Alocospira) hebera, Zeacuminia
pareoraensis, Austrotoma minor, Bathytoma haasti,
Tomopleura excavata, Scrinium ordinatum, Neoguraleus
(Fusiguraleus) leptosoma, Inglisella cincta, Maorivetia
brevirostris, and Fissidentalium n.sp.

Most of the important Altonian localities, however, are
in the deeper-water Mount Harris Formation, particularly
in the Oamaru district and (in the upper part of the unit)
in the lower Waihao Valley. Faunules from siltstone facies
at Pukeuri road cutting, Awamoa Creek and Old Rifle
Butts, Cape Wanbrow differ markedly from those in the
Southburn Sand in lacking most of the larger bivalves and
in having a much greater variety of gastropods,
especially neogastropods (including turrids). These
faunules include Linucula n.sp., Neilo awamoana,
Limopsis zealandica, Notolimopsis n.sp., Cyclochlamys
n.sp., Pododesmus incisurus, Lima colorata, Mpyrtea
valdesculpta, Neolepton antipodum, “Cyclocardia”
awamoensis, Spissatella trailli, Zenatia n.sp. aff. acinaces,
Turia pukeuriensis, Notocallista parki, Calliostoma fragile,
Brookula spp., Zetela awamoana, Attenuata polyvincta,
Alvania (Linemera) awamoaensis, Nozeba candida,
Pareora striolata, Zeacolpus pukeuriensis, Z. awamoaensis,
Struthiolaria calcar, Proterato neozelanica, Lachryma
submorosa, Globisinum miocaenicum, Taniella notocenica,
Friginatica vaughani, Polinices (Polinella) modestus,
Galeodea apodemetes, Sassia maoria,

Buccinulum protensum, Cominella (Procominula)
pukeuriensis, Nassarius (Hima)} socialis, Zemitrella haroldi,
Coluzea dentata, Typhis hebetatus, Xymene n.sp.,
Proximitra apicalis, Peculator (Parvimitra) pukeuriensis,
Protoginella conica, Deviginella(?) harrisi, Alcithoe
(Leporemax) lepida, A. (Leporemax) scopi, Teremelon
tumidior, Conilithes wollastoni, Austrotoma nervosa,
Comitas fusiformis, Parasyrinx alta, Inquisitor
awamoaensis, Austroclavus marshalli, Etremopsis spp.,
Mauidrillia spp., Rugobela spp., and Inglisella pukeuriensis.

Faunules from shellbeds in the Mount Harris
Formation (Awamoa Beach, Ardgowan, and Target Gully)
are even more diverse than those from the siltstone, and
include specimens from a variety of biotopes. Ardogowan
Shellbed is notable for the abundance of the “giant”
turritellid Tropicolpus (Amplicolpus) cavershamensis,
many specimens of which retain their colour pattern.
Target Gully Shellbed is one of the richest in the New
Zealand Cenozoic, with a recorded faunule of 250-300
species, and has Scientific Reserve status.

North Canterbury

Rich Altonian faunules are known from several localities
in North Canterbury, but have never been as intensively
studied as their southern counterparts. The best-known one
is probably that from the shellbed at the base of the Enys
Formation, junction of Porter and Thomas Rivers, Castle
Hill Basin. This is from a “hard-ground” facies otherwise
unknown in the east coast Altonian, and includes several
distinctive species (many of large size) that are rare in or
absent from other Altonian assemblages, e.g. Limatula
exulans, Maoricardium gudexi, Dosinia (Austrodosinia)
magna, Gastrochaena n.sp., “Benthastelena” transenna,
Astraea bicarinata, Sarmaturbo n.sp., and Paracominia n.sp.
Overlying this shellbed are the Altonian “Struthiolaria beds”
with a restricted, probably estuarine faunule including
Eumarcia (Eumarcia) n.sp., Zefallacia australis, Batillaria
hectori, Taxonia n.sp., and the very abundant Struthiolaria
(Callusaria) tuberculata.

An assemblage from Tommy’s Creek, Upper Waipara
River is more like those from North Otago and South
Canterbury than the Castle Hill Basin faunules, and includes
Pododesmus incisurus, Polinices huttoni, Friginatica
vaughani, Zeacolpus pukeuriensis, Struthiolaria calcar, S.
(Callusaria) spinosa, Austrofusus (Neocola) alpha, A.
(Neocola) n.sp. aff. apudalpha, Nassicola cf. contracta,
Comitas fusiformis, Bathytoma haasti, and Austrotoma
minor.

Other important Altonian faunules occur at Weka Pass,
particularly in the “Neothyris shellbed” and a thin bed with
common Struthiolaria calcar near the top of the Mount
Brown Formation. These shallow-water assemblages
include Cucullaea australis, Tucetona finlayi, Glycymeris sp.,
Limopsis cf. catenata, Mesopeplum sp., Lima colorata,
“Cyclocardia” awamoensis, Nemocardium (Varicardium)
patulum, Dosinia (Raina) bensoni, Eumarcia (Atamarcia)
curta, Zeacolpus pukeuriensis, Struthiolaria calcar, Polinices
huttoni, Austrofusus (Neocola) beta, Morum (Oniscidia)
finlayi, Alcithoe cylindrica, Teremelon elegantissima,
Comitas fusiformis, C. latescens, Conus n.sp., and
Maorivetia brevirostris. The presence of Austrofusus beta
suggests that thesec assemblages are younger (“late”
Altonian) than the one from Tommy’s Creek, Waipara
(with A. alpha). The occurrence of Morum (Oniscidia) and

168




the cone (apparently conspecific with an undescribed
species in the Altonian at Clifden, Southland) is evidence
for warmer conditions than those prevailing in South
Canterbury and North Otago.

THE WARM FAUNA (FIG. 17): PLATES 23-26

Northland and Auckland

Rocks of Early Miocene age are widespread in Northland,
but because of poor outcrop and great lateral variation
(related to contemporaneous volcanism and tectonism) their
relationships to one another and to underlying rocks are
still not well understood. Ballance et al. (1978) reviewed the
stratigraphic nomenclature of Late Oligocene and Early
Miocene rocks of northern New Zealand, and proposed that
they be included in a unit they named Akarana Supergroup,
comprising seven groups. Four of these groups are relevant
to the present discussion—Parengarenga Group, which
includes flysch, andesitic conglomerate, siltstone and
sandstone, known only in the North Cape — Parengarenga
Harbour area; Otaua Group, mudstone and fine sandstone
with some flysch and conglomerate in the Hokianga
Harbour — Waimamaku Valley area; Waitakere Group,
andesitic conglomerate and other volcaniclastic rocks, and
intrusive and extrusive andesite and basalt, in western
Northland from Waiuku to Hokianga Harbour; and
Waitemata Group, flysch, conglomerate, sandstone and
mudstone, much of it volcanic-derived, from the Waikato
River to Brynderwyn, with a minor occurrence at Cape
Colville, Coromandel Peninsula.

Otaian Faunules

- Rich Otaian molluscan assemblages are recorded from
three main areas in Northland —the north shore of
Parengarenga Harbour, Hokianga district (particularly
in. Waimamaku Valley), and Kaipara Harbour
(particularly Hukatere Peninsula). The best-known
faunules are from the Pakaurangi Formation (included
in the Waitakere Group by Ballance et al. 1978) near
Pakaurangi Point, Hukatere Peninsula, Kaipara (Jones
1970); one from near the top of the Waiteroa Member
is exceptionally diverse and is the source of most of the
small molluscs described by Laws (1939a, 1941b, 1944).
This faunule—which includes abundant planktonic
molluscs (heteropods, thecosome pteropods, and many
protoconchs) and extremely rare land snails (Climo and
Mazxwell in prep.) as well as a diverse benthonic
assemblage —probably owes its variety to mixing of
several biotopes by mass-debris flow. The following taxa
are representative: Ledella pakaurangiensis, Saccella
duplicarina, Sarepta aucklandica, Jupiteria spp., Arca cf.
waitemataensis, Barbatia(?) mundeformata, Cyclochlamys
shepherdi, Parvamussium aucklandicum, Dimya
kaiparaensis, - Spondylus aucklandicus, Chama sp.,
Glyptoactis (Fasciculicardia) subintermedia, Marama
(Hina) tumida, Pitar (Hyphantosoma) sculpturata, Abra
marshalli, Caryocorbula nitens, Notocorbula inerrans,
Anatoma miocenica, Emarginula spp., Zetela
hutchinsoniana, Argalista kaiparaensis, Crosseola spp.,
Orbitestella spp., Eatoniella (Dardanula) s