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AASTRACT

Man2 Lhigerinidae are imporlant zone Jossib in decp-water massite sandstones and mudstones of uppu Oligonnc and

Miocene age in Raukumara Peninsula, Tutent)-n v speries and six subspeties are described, of which ninetcen species and

three subspicies are neu. Subslec$c classifuation is reuised,fte neu genera and four neu subgenera being established, la 11

on morphologlt and partlJ on lineage sequences. Time ranges are giuen in terms of eleuen local aones which are conelated

approximateu with Neu .(ealand stages and with Europetn stages.

f - Upper Oligocene and Miocene uvigerinid foraminifera
from Raukumara Peninsula, New Zealand

PAUL VELLA
Victoria Uniuersit]
lVellington, New (ealand

INTRODUCTION

This paper is ptrl;lished bv permission of Todd Brothers
Limited, Wellington, New Zealar-rd. Access to collections
at the New Zealand Geological Survey were provided
by Mr. N. de B. Hornibrook.

The foraminifera were collected frorn lg56 to l95B by
geologists of the Todd Brothers Oil Exploration Division
from a lease area in Raukumara Peninsula, extending
from 50 to 100 miles north of Gisborne and from the
coast to about 20 miles inland. The northern part of
the area includes the Waiapu and Poroporo vallevs;
the southern part includes Tokomaru Bry and the
Ihungia and middle Mata valleys.

The area contains the type localities of the once well
known but now disused Ihungia and Tutamoe "Series"
(Onglel' and MacPherson, l92B). These are not time
divisions but correspond to the transitional (massive
mudstone) and redeposited (graded bedded) facies o[
Wellman (1959).

The upper Oligocene to middle Miocene is represented
by 71000 feet of massive calcareous mudstone in the
Waiapu Valley, and about 15,000 feet of graded,
bedded alternating sandstones and mudstones in Toko-
maru district. The upper Miocene consists of massive
mudstones and non-graded alternating sandstones and
siltstones (Moore, personal commication) passing into
massive shelf sandstone, and ranges in thickness fi'om
200 feet in the west to more than 1,200 feet in the east.

Macrofossils are moderately commoll near the base of
the shelf sandstone. They are extremely rare in the
underlying massive mudstone facies. Occasional bands
of transported molluscs occur in the graded bedded
facies. Foraminifera are abundant in the massive

mudstone f,acies and in the upper Miocene non-graded
alternating f,acies, few in species and individuals in
much of the graded bedded facies, and absent, probably
owins to weathering, from most of the shelf sandstone.
Micropaleontological zones are the only satisfactory
detailed mapping units in the upper Oligocene to
middle Miocene.

The massive mudstones contain a uniform, somewhat
restricted range of benthic foraminifera and abundant
individuals of many species of pelagic foraminifera. They
contain extremely few Rotaliidae, Discorbiidae, Milioli-
dae, Elphidiidae, and other groups of foraminifera
predominantly restricted to shallow water. Ostracodes,
like mollusks, are extremely rare and Bryozoa are ab-
sent. The restricted benthic fauna indicates deposition
in deep water, beyond the shelf, probably in the lower
bathyal depth zone. The sea-floor was uniforrn, and
most benthic species occur persistently within their
stratigraphic ranges. Benthic species of restricted
stratigraphic range are almost as reliable as pelagic
species for zone correlation.

"Zane" is used in the sense recommended by Arkell
(1933) for "belts of strata, each of which is characterized
by an assemblage of organic remains of which one
abundant and characteristic form is chosen as an index"
(Marr, lBgB). Each zone is named after its most useful
guide fossil, the specific name alone being used, with
a capital initial letter and not in italics (.f. Mariae
Zone,Arkell, 1933).

The zones proposed below are intended to have local
application only. Accurate correlation with the New
Zealand stages is not possible now but may be possible
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TEXT.FIGURE I

Correlation of northern Raukumara Peninsula foraminileral
zones with New Zcaland and Europcan stagcs. Characteristic
zone fossils and therir stratigraphic ranges shown on right.
European stage correlations those of Hornibrook ( 1958, table I )
slightly modified.

when forarnini{bral zones have lleen defined at the type
localities of the stages. Approximate correlation with
Nerv Zealand and European stagcs is shorvn in text-
figure l.
The zone ranges of the 32 species and subspecies of
Uvigerinidae described are shown in text-figure 2.
Species of Angulogerina are omitted because this eroup
is being revised by Mr. N. de IJ. Hornibrook (in press).

CLASSIFICATION

Because their shell characters are few and v:rrialtle,
foraminilera are one of the most dilficult arrimal groups
to classifv. The have l:een stuclied mainlv by <lil company
micropaleontoloq'ists using them as a stratigraphic tool,
and content to classif,v them merel,v as recognisable
shapes. Within the last decade the taxonomv of two
major groups, the "rotalifbrm" and the pelagic fo-
raminifera, has been greatl!' refined by atter-rtion to
details of shell structure once thoueht to be of' minor
significance . Taxonomy of the remainder of the smaller
foraminif'era has been neglected, except for Hofker's
contributions, based on studv c;f internal shell features.
A few genera, such as Haeuslerella and E/trenbergina, seem
truly phylogenetic, but most are acknowledged as being
merely form genera. Man1. are inconveniently large
groups; the less bizarre the shape the sreater is the
number of species per "genus." The rvriter (1957) used
morpholog)' to subclivide certain miliolid "genera" into
groups of related species. Prol:ably Te.xtularia, Bulimbm,
Roliz,ina and other "gerlera" could be treated similarly.

rrxr-ucuRr 2

Stratigraphic ranges of Uvigerinidae in Raukumara Peninsula,
in terms of zones given in text-figure l.

A fier.v qroups are difficult to subdivide solely on mor-
phologic grotrnds, and one of these is the uvigerinid
qroup with entirely triserial tests.

The main morphological features available for classi-
fyir.g triserial uvic'erinids are size, overall shape,
sctrlpture, and internal structures termed tooth-plates
b1'Hofker (1951).

Tooth-plates are perhaps least subject to variation and
hence the most reliable taxonomic guides, but they
distinguish only three major groups apart from Angulo-
gerina. Hofker's "senera" based solely on tooth-plates
are groups of about sub-family rank. In most fossil
specimens the tooth-plates are difficult to expose;
consequently, a classification based on tooth-plates is
impracticable. Fortunately there is a fairly consistent
relationsl'rip between tooth-plates, sculpture and size.
External morphology, used with discretion, distin.quishes
the tooth-plate groups, and is far more convenient in
practice .

Sculpture is of three main types: 1) Costate - having
lcrngitudinal ribs. 2) Spinose - entirely covered with
scattered, relatively large knobs or spines. 3) Hispid -
partly or entirely covered with scattered fine papillae.
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Contrar.v- to current opinion, sctrlptrrre is particularly
useful for defining uviSr-erine genera. The idea that
sculpturc is variable and has little taxonomic valtre is an
attitude comnlon in sttrdents of foraminilera and results
frorn habits o1'thouSlht handcd dorvn Ii'om early s1'stem-
atics. \rariability', particularly varial:ilitv of sculpture, is

a bo.qev rvhich hzrs inhibited advance in taxonomv of
many phvla (cL the discussion of spiriferid brachiopods
bv Allan, 1947). No species of Uvigerinidae vary ureatly
in all characters. A {'elv species var,v- corlsiderably in one
character, an extr"eme example l:eing " L/uigerina" ltere,qrina
Crrshman which vzrries from costate to spino-costate
according to its environment. In contrast, the wcll-
delined laree .qenera Rectuui.gerina and S'iphogenerina both
have cotrsistent sculpture. The lvell-defined trvigerinid
lirreages in New Zealand have equally consistent
sculpture.

Size is trseful, though less consistent than sctrlpttrre.
Hispid forms are flenerally small. Spinose and most
costate lbrms are relatively large. Sorne of the costate
lineages described below are remarkablv consistent i n size.

fn areas where rocks were deposited continuously, fossil
foraminifera occur in continuous time sequences. They
provide lirreages which are the srrrest indicators of
evolutionary relationship, because they show progres-
sive changes from species to species.

Acl'u'ances in classifving pelagic ernd "rotaliform"
{braminifera have not rid modern loraminileral taxono-
my of the "fc.rrm senus" tradition. Micropaleontc-rlogists
persist in retainins the generic rlame Globigerinoides for
intermediate members of the best established of all
lineages, Globigerinoides triloba to Orbulino uniuersa. Bolli
(1957) referred a member of this lineage (glomerosa
Blow) to the Eocene senus Porticulasphaera. Taxonomy
should reflect evolution and should take into account
sequence of forms in time. Similaritv of shape does not
always indicate phy'logenetic relationship, homeomorphy
probably being more common in foraminifera than in
higher animal groups. Conversely, difference of shape,
as slrown l-lv the ancestral lineaee of Orbttlina, does not
disprove ph1'logenetic relationship. Emphasis should be
directed to ancestrv.

Classification of ammonites, in which stratigraphic
position and morptrology are considered tosether, is the
best example o{'the evolutionary approach to taxonomy.
Foraminiferal sequcnces are more certain than those
of ammonites and classification o[ foraminifera bv
evolution is correspondingly easier.

Established lineages help to confirm or disprove the
validity of species, and to show the time ran,qe of
variation of species. Usually they display some consistent
distinctive morphological feature or features. Lineages
must not be negiected in any attempt to classify a group,
and particularlv a large group like " Uuigerina" which is
difficult to subdivide on morphology alone. Where
possibler lineases and groups of related lineages should be
the main basis of paleontolosists'subgenera and genera,
as they are in large groups of Mollusca and other phyla.

Inferred phylogeny of main groups of Uvigerinidae. Solid Iines
denote occurrences within New Zealand. Genera and sub-
genera shown in upper case italics, subgenera in brackets;
species shown in lower case italics; New Zealand specics of
some genera only are shown.

i

T'he Uvigerinidae are a compact nattrral grorip. The
siphonate aperture with phialine lip marks them off
fi'om the related Buliminidae and from most other
calcareou.s ficraminifera.

Tlre form genus Uuigerina d'Orbigny was subdivided by
Hofker (1951) into three genera, Aluuigerina, J{eotni-
gerina and Euuuigerina, Ibr which Thalmann (1952)
subsequently designated Uuigerina pigmea d'Orbigny,
Li. arnpulacea Brady and U. aculeata d'Orbigny re-
spectively, as type species.

L'luigerina, a se nior synorlym of Aluuigerina (fde Ellis and
Messina, Catalogue of Foraminifera), includes only a
small group of Recent and late Tertiary species, and
is not known in New Zealand. heouz,iserina comprises
a large Tertiary and Recent group of finely hispid to
smooth species of small to moderate size. Ffofker's
Euuuigerina contains a costate group of numerous species
and a spinose group of relatively few species which
includes the type .species E. aculeata. For the costate
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group the new generic name Hofkeruua is proposed,
r,r'ith //. ntata, n. sp., as type species.

The inlerred phy'logelry of major groups of Uvigerinidae,
together with the New Zealand Tertiary species, are
shown in text-figttre 3. Hofkerui'a is the dominant gentls
in New Zealand. Four lineage groups of Hofkeruta are
named as subqenera. The ltnnamed peregrina lineage,
which has t,vpical tooth-plates, but non-typical (spino-
costate) ornament, must eventually be separated as a
distinct subgenus or genus.

Species that link genera are not knorvn in New Zealand
and phylogenetic relationships (text-fig. 3) are inferred
from similarities. Hofkerura, Ciperogea, Rectttaigerina and
Euutigerina have the same type of tooth-plate. Reclu'
aigerina almost certainly evolved lrom a pre-Eocene Hof-
kerut'a as it has consistent costate ornament. CiperoZea

might have diverged from primitive Rectui,igerina or
directly from Hofkeruz'a. Euutigerina probably developed
from Hofkerut,a through the Eocene to Oligocene spino-
costate group represented in l\ew Zealand by' bortolara
and its allies.

Angulogerina and ..Yeoutiuerina differ lrom the hofkertrvid
group in average size, forms of tooth-plates, shape and
ornament. Each group contains several lineages of
probable generic or strbgeneric rank. The ancestr): of
the hispido-costate Ltt'iserina may be, as suggested by
Hofker, in the Neotrvigerinae, which have somewhat
similar tooth-plates, or alternatively in the hispido-
costate peregrina grouP.

SYSTET,IATIC DESCRIPTIONS

Holotvpes of nerv species described below are deposited
in the New Zealand Geological Survel', unless stated
other'ise. Paratvpes of all except rare species are
deposited in the United States National N4useum, the
National Museum of \Iictoria in Australia, and the
Geology' Department of Victoria University of trVelling-
ton in New Zealand.

LOCALITY NUM BERS

lVhere possible localities are refen'ed to by the fossil
record numbers in universal use in New Zealand,
based on the national one-mile map sheet districts.

A few F numbers refer to localities of holotl'pes of
previously described species, and are Geological Survey
micropaleontological sample numbers.

Genus Neouvigerina Thalmann, 1952

Tl'pe species, by subsequent designation (Thalmann,
1952) ,Yeowigerina ampullacea (Brady) : [-iuigerina
ampullacea Brady, 1 BB4.

The species ampullacea (Brady), interrupta (Brady), and
porrecta (Bradv) included in this genus by Hofker are

00$$
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a, b, c, Neoufigerina plebeja waiapuensis, n. sp., n. subsp.
a, holotype, b, paratype. N. 72 f. 1562, c, paratype.
N.72 f. 1571, x ll0. d, eo f, g, Neouaigerina, plebeja, rr. sp.,
paratypes N. B0 f.764, x 110.

relatir.ely small, have only hispid ornament in all
generations, and tend to become uniserial at tl-re adult
sta.qe. A compact Tertiary group with these characters
is clearly separate from the generall-v larger costate,
hispido-costate and spinose uviserine forms. Some of
the ficrms can be traced more orlesscontinuously through
the upper Tertiary to the Recent. Tooth-plates of the
New Zealand species could not be examined because the
test are infilled w'ith sediment, calcite or marcasite.
-\:eouuigerina is a convenient group name for the hispid
forms (aculeata, hispida, rustica and notohispida arc spinose
forms and are excluded). Several lineages are repre-
sented, but as the,v have not been closely studied further
subdivision of the group is not attempted here . Some of
the species appear to l:e widespread and to have long
Tertiary ranges.

Neouvigerina plebeja Vella, new species
Plate 2, figure 19, text-figure 4d-g

Test very small, elongate, fusiform, solid; apex rounded;
sutures moderately impressed, giving regularly lobulate
otrtline; chambers inflated, slightly broader than high,
increasing regularly in size, and coiled regularly so
that sutures on successive whorls are usually in line,
giving a characteristic neat appearance; sculpture, a
few papillae, usually on the apex only; remainder of
shell smooth and matt; apertural neck narrow, thin,
often broken off.

Dimensions; Holotype 0.36 x 0.14 mm.

Age: Dissimilis to? Universa zones (Otaian to Lower
Lillburnian, Chattian to Helvetian).
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Localitlt of holotype: I{.80 f. 764, l} miles up Makara
Stream, Mata Surv ey District, 4 miles 70 chs. at 282
degrees from Trig. l86 (Triloba zone).

Variation: Some specimens referred to this species are
broader and generally about 30 percent larger than the
type and may represent a different species. Papillae
vary slightly in size and extent. Megalospheric and
microspheric forms were not distinguished.

Remarks: Nondescript small shells of this type, common
in itew Zealand post-Eocene rocks have eenerally been
classed as Uaigerina cf. canariensis d'Orbigny. "M. plebeja

is rare in the Oligocene (Dissimilis zone), common in
the lower Miocene.

Neouvigerina plebeja Vella waiapuensis Vella,
new subspecies

Text-figure 4a-c

Test small, solid, broad, with acuminate conical apex;
sutures more deeply impressed between later chambers
which become progressively more inflated and lobulate;
maximum width usually above the middle; papillae
largest and most numerous at the apex, l:ut extending
over most of the test.

Dimensionr.' Holotype 0.43 x 0.21 mm.

-rlge.' Dissimilis zone (Otaian, Chattian).

Localiry of holotype: N.72. f. 1562, east bank Waiapu
River tw'o miles north-east of Ruatoria township.

Rentarks: A few specimens of "\. plebeia plebeja occur
with JV. plebeja waiapuewis in some Dissimilis zone
faunas. The two forms seem not to intergrade and
possibly represent distinct species.

Neouvigerina aotea Vella, new species
Plate 2, figure 20

Test small, rather thin, elongate, subcylindrical,
with bluntly rounded apex and depressed chambers;
sutures impressed; early chambers ornamented with
llumerous scattered papillae; later chambers with
papillae tending to become aligned longitudinally,
usually coalescing to form continuous, fine, somewhat
irregular ribs on adult chambers, reaching to the base
of the neck on the terminal chamber; apertural neck
short with a thin phialine lip.

Dimension' Holotype 0.51 x 0.23 mm.

lga: Triloba to Maoria zones (Altonian, Aquitanian).

LocaliQ of holoepe: N.B0 f. l+29, Mata River, benveen
Ihungia Road and Waikopiro Stream.

Variation: Shape is constant. Size varies about 20 per-
cent; the development of costae is extremely variable,
some specimens having only scattered papillae on all

chambers, and some, like the holotype, having costae
on all except the earliest chambers. Costae are never
present on the initial quarter of the test.

Remarks: Pliocene and Recent hispido-costate f1roups
such as Uaigerina s.s. and Hofkeruua peregrina have costae
on the juvenile which become dissected into spines on
the adult, and are larger than "lf. aotea. Ontogeny
suggests that -lf. aotea had a hispid ancestor and its
costae are secondary. ]f. aotea superficially resembles
the hlew Zealand lower Tertiary spino-costate bortotara-
group, but is more like Neouuigerina in its small, neat,
compact shell and fine papillae. It is probably a
branch of the Jtr. pkbeja lineage.

Jt. aotea is a useful index species, being known only from
the Altonian Stage. It is persistent and common in
the massive mudstone facies of Waiapu, and has been
found to the south irr. Wairarapa and Nelson districts.

Neouvigerina cf. interrupta (Brady)
Plate 2, figure 7

Test small, elongate tending to become uniserial;
sculpture of numerous scattered, tiny, elevated, rounded
papillae; apex narrowly rounded; apertural neck long.

Dimensions: H1'poty'pe 0.55 x 0.20 mm.

lge.' Bispherica zor,e (Mid-Altonian, Aquitanian).

Locality of fupotype; N.BO f. 1300, 2| miles up Ihungia
Steam, 20 chains at 360 degrees from Trig. Wharekia
lBl, Tokomaru Sun'ey District.

Remarks: Only one specimen was found. It is distinct
from all other species in the lease area but agrees
closely with Brady's (lBB4, pl. 75, figs. 12-14) illustra-
tions of Recent interrupta.

Neouvigerina? toddi Vella, new species
Plate 2, figure I5

Test large for the genus, elongate, subcylindrical,
solid; chambers numerous, slightly broader than high,
subquadrate to irregular in shape ; sutures deeply incised
outline slightly lobulate; apex broadly rounded; sur-
f,ace matt; nearly smooth with a few scattered, small,
low, rounded tubercles concentrated near the sutures;
neck short with prominent phialine lip.

Dimensions: Holotype 0.68 x 0.27 mm., paratype
0.51 x 0.27 mm.

z4ge.' Suturalis zone (Clifdenian, Burdigalian).

Locality of holotype and paratype; N.B0 f. 1758, grid. ref.
561, 513, headwaters of Mangara Stream.

Remarks: Though based on only two specimens, this
species is clearly distinct, in its large, nearly smooth,
subcylindrical test. Inclusion in Jtfeouaigerina is provi-
sional.
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Neouvigerina moorei Vella, new species
Plate 2, figure l7

T'est of moderate size, {usiform, }:roadest slig}rtlr- above
the rniddle: sutrlres incised l;etween adult slightll'
lobulate chambers, flush and obsctrred bv callorr.s on
earlr. chambers; apex acute r,t'ith small glassv terminal
spine; sculpture of' scattered, distant, tint', rorrnded
tubercles, more numerolls near the apex and close tcr

the sutures; apertural neck not distinctlv marked off
from the terminal charnber', tapered, surmounted by'
a solid phialine lip.

Dirnensiom.' Holotr.'pe 0.64 i10.30 mnr.

Age: Gladizea to Htrrupiensis zones (Upper Lillburnian
to Waiatran, Tortonian).

LocaliQ of holot_rfte; N.BO f.738, grid. reL 56l5l3, head-
water.s of I\{angarara Stream (Gladizea zone).

Variation: N{egalospheric and microspheric forms were
not distinguished. Size varies abotrt 20 percent; shape
is fairly consistent btit the apical cone varies lrom
moderatelv convex to regtrlarlv tapering. The apical
spine is missine from man)'specimens, probably having
been broken off. The calloused conical apex and the
relativelv large size are tvpical.

.Remarks: Though knorvn onlv from the middle Miocene
in the lease area this species alrnost certainlv ranges up
into the upper N{iocene elsen'here in New Zealand.
The lower limit of its range has not been established
definitell' but is probablv close to the base of' the
Gladizea zone.

Jtl'. ntoorei is similar to, possiblv conspecific lvith, the
form illustrated b1' Bermudez (1949, pl. 13, fig. a8)
as Lr. mantaensis Cushman and Edwards, from the
"middle and upper Oligocene" (the lorver part o[ the
ranse of Orbulina; Burdigalian or Helvetian) of the
Dominican Reptrblic, but appears to be distinct from
the type of U. mantaensis.

The species is named after \\I. R. Moore, formerly
geologist for Todd Brothers Ltd.

Genus Euuvigerina Thalmann, 1952

T)'p. species bv subsequent designation (Thalmanr-r,
1952) E. aculeata (d'Orb.) : L't,igerina aeuleata d'Orlrignr',
1846.

Tootlr-plates of " Ltuigerina" notohi.rpida are simple
twisted rillbon-like calcareous stmctrlres, running along
the longittrdinal axis of the test, passing throtrgh the
aperture of each chamber and attached to the inner
side of the rim of' each aperture. Ther. match the
tooth-plates of F-uut,igerina acttleala as described bv
Ho[ker. The costate "a2 generation" of E. aculeala
described bl' Hofker was not Ibnrrd in New Zealand
Tertiarv launas containing notohispida and has not
beerr described for ruslica or hisltida. I\ievertheless, tlte
large spines of these species are characteristic and

VELLA

distingtrish them lrom all other species. The,v fcrrm
a compact group, commencing with notohispida arrd
rustica in the middle l\{iocene. The ancestral stock is
probablv tl're spino-costate group represented in New
Zealand bv the Eocene-Oligocene bortotara lineage
r,r'hich like notohispida has strikingll' different megalo-
spheric and microspheric forms. The bortotara lineage is
pro'n'isiona ll,v classe d in Euuuigerina.

It is not certain that the Tertiarv group is phylogene-
tically related to E, aculeata, and it mav need a new
generic name. It wolrld lte unwise, however, to erect
a new genus without further investigation of the Recent
species.

Euuvigerina notohispida (Finlay)
Plate, 2, figures 16, lB

Hopkinsina notoshispida Frwny, 1939. Roy. Soc. New Zealand,-frans., vol. 69, no. l, p. 105" pl. l2- figs. l0-11. -
FrNL.cy eNn MenwrcK, 1947, New Zealand Jour. Sci.
Technol., sec. B. vol. 28, no. 4, p.234.

Uaigerina notohi.spida (Finlay). - FruLay, 1947. Rov. Soc. New
Zealand, Trans., vol. 76, no. 3. p. 341. - HonNrBRooK,
1958. I{icropaleontologv, vol. 4. no. l, p. 32.

'Ihe spines on later chambers are mostl\, lorv flat-topped
cones; a felv mav be irregular in shape, but most are
circular. On earlv chambers the spines are reduced
in height with tops rounded, apparentlv by secondarl.
deposits of shell on top of and betlveen them. Thev are
irregularly scattered with interspaces varving in width
on individuals and from one individual to another,
l>ut generally not exceeding the width of the spines.
The apertural neck is cvlindrical, smooth and thin,
freqtrently broken off.

IVlicrospheric forms taper to an acute apex while the
megalospheric forms are subcylindrical u'ith a broadlv
rounded apex due to a verv large proloculum. Micro-
spheric forms tend to be slightl;,- larser than the megalo-
spheric.

Dimensions: Megalospheric hypotype 0.84 ;< 0.43 mm.;
microspheric hvpotype 0.91 x 0.43 mm.

Age: Ivlioindex zone to Kapitea zone (Ir{iddle Lill-
blrrnian to Kapitean, Helvetian to Pontian).

Localities of tlpes: Holotvpe, F.3l4l, Kaiti Beach,
Gisborne (Tongaporutuan, Sarmatian); hvpotypes,
N.72 f. 1259, grid. ref. 715393, Paortrku Stream,
I ]- miles east oF Waiapu River (Htrrupiensis zone ).

Remarks: E. notohispida is a nseful stratigraphic index
species at the top and bottom of its range, throughout
New Zealand, but in the lease area its value is redttced
because it is re]ativelr,' rare.

Genus Hofkeruva \rella, new genus

T1,pe species: Hofkerut,A mala, n. sp.

Because of,the similaritv of tooth-plates Hofkergrouped
a costate form which he idenrified as tenuistriata (Reuss)



with Fuut,igerina aculetta. Costate artd spillose grotlPs
have l een distinct since the latter appeared (ut E.
rustica arrd E. notohispida) in the middle Miocene.
The partlv uniserial costate gentls Ret'lttt'iserzna has the
same kind of tooth-plates atrd is phvlogeneticallv closer
to the costate group, havin.q clearll' develoPed ftrlm
an unknowtr pre-Eocene costate trvi.qerinoid form.
Costate uvigerinoid species first apPear irl the lolver
Oligocene in Nerv Zealand. 'I-hese and species of
Rectttti.qerina do not interg^rade u'ith the spitro-costate
" Euut'igerina" bortolara grotrp.

Tlre lrispido-costate peregrina q-rottp, which appeared in
Neu' Zealand in the Pliocene, has erltirelv costate
jrtveniles, strugesting a costate allcestor. The evoltttiotr
of hispicl ornament from costate ornamellt is a rare
event, not common as has lteen inf'errecl b1' students
of lbraminifera. Fttrthermore, in the hispid florm of
feregrina tlie costate character is tlot etrtirelr'lost becattse
the papillae are never scattered at random but at'e

alignecl lon.qitudinallv. It rna\' be clesirable later to
separate tlte peregrina gror,rp as a distinct gellrts, lrttt
provisicrrrallv it is classed in Hofl;ertu'n, .rensu lalo.

Lttiserina pirmea tltotte'h mainlv costate is clearlv distin-
grrislred from Hofkerut'a lx' its tooth-plates. [l'i.gerina is

a small group, proballlv confitred ttl the Recent, and
taxonomicallv isolated.

Costate species are the domirtatrt Uvigerinidae ol'the
Oligocene to Pliocene ol New Zealartd and apparenth'
o[' most other parts o[ the world. The manv lineages
represented must eventuallr.' be grouped into several
genera. Meanwhile, as a compromise, the entire grotlP
is separated as the gentts Hofkenti'a and fotrr lineages
are recognisecl as sulrgenera in \ew Zealand.

Though manv tests u'ere opened or sectioned, owing to
inlillinss l-ew' tooth-plates c:otrld lte examined. Tooth-
plates of Hdkerut,a (HofkeruL'a ) mata and taranakia, Hofl;er'
uL,a ( Tereru'a ) picki and paeniteres, Ho.fkenu'a ( Trigonouz'a )
nzioschwageri and Hofl;enn,a ( I'arniniw'a ) tulantoea were
fcrtrncl to be identical rvith those ol Eutu'igerina aculeata

arrd Hq;fkeruz,a " lenuislriala" as described lr)' Hofke r
(loc. cit.), i.e., simple, trausversell' curved, twisted,
ril>bon-like plates passing through the apertural necks
ancl joined to the top interior of each aperttrral neck.

Tlre tvpe species, H. rnala, is an elongate fbrm, similar
and almost certainl)' related to H. teruislriata (Reuss).
The t,vpe figtrre ol tenuistriata is poor and diverse forms
lrave lreerr described tttrder the llame of tenuistriata.
This species therelore is not suitable to be trominated as

tvpe species.

Subgentrs Hofkeruva \'-ella, new subgenus

Elon.qate tests of moderate size with ornament of
narro\l' axizrl ribs, t1'picallv extending to tlte base of
the apertural neck; c()mptrctlv coiled and neat.

The subgenus is represented in New Zealand b1' the
Miocene lineage mala - <ealta - laranakia,

Hofkeruva (Hofkeruva) mata
Plate 2, figures

7
Vella, new species
34

Test small, elongate, elliptical, rather solid, with
moderately impressed srttures; adult chambers slightly
undercttt in some specimens; outline somewhat lobtr-
late; sculpture, numerous narrow, crisp, steeply
bevelled, sharp-crested ribs, narrower than inter-
spaces, ttstrally stopped at the sutttres, less commonly
continous from one chamber to the next; ribs on initial
chamber commencing with tiny spinose projections
on a few specimens, but usually not spinose, increasing
in height graduallv from the apex to the sides of the
terminal chamber, then tapering rapidll', generalll'
extending to the base of the neck, but on a few fully
gro,v!,n tests not reaching the neck; apertural neck
rather narror\', short, with thin phialine lip; apex
blr-rntlv acuminate not differing perceptibly in micro-
spheric and megalospheric individuals.

Dimensions: Holoty,'pe 0.54x0.24 mm., parat)*pe 0.51

;.10.26 mm.

,'l.ge: Trilolta to Suturalis zones (Altonian to Clifdenian,
Aqrritanian - Burdigalian) grading up to the middle
Ir{iocene chronological subspecies z.ealta.

Variation:'Iests do not approach the uniserial condition
as do specimens illustrated under the name of Uaigerina

tenuistriala bv Ctrshman (l9l8, pL.22, fig.7) and b1'

f)ieci (1959, pl.6, figs. B-9, as varieties gaudryinoides

Fornasini and siphogenerinoides Fornasini). Size varies
about 50 percent.

Remarks: H. mata is similar to the form figured as

ti. bifurcata d'Orbigny from the lower Miocene of
Sumatra by Leroy (194+, pl. 5, fig. 28).

H. matais rare in the massive siltstone f,acies but abounds
in partlygraded bedded sediments with a few transported
h{ollusca on the western side of the Tutamoe Syncline
(Ongley and MacPherson, l92B). It is probablv a

transported shallow-water species.

Hofkeruva (Hofkeruva) mata Vella zealta Vella,
new subsPecies
Plate 2, figure 2

Test more solid than tvpical mata with thicker ribs,
less lobulate outlitle, atrd ustrallv more actlte aPex.

Dimercions.' Holotvpe 0.53 x 0.26 mm.

,4ge; Universa to Hurupiepsis zones (Lower Lillburnian
to Waiauatt, Helvetian to Tortonian).

Loca[ity of holotype; N.BO f. 738, Mata River l;]- miles

downstream firom Waikopino Stream jtrnction, Tutamoe
Srrrvev District,50chains at 075 degrees lromTrig. 177 A'

Variation: Size, shape and strength of ribs are fairll'
constant.
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Remarks: H. mata and <ealta form a temporal cline,
grading apparently continuously from one form to
the other. An arbitrary boundary is taken at the base
of the Universa zone.

Hofkeruva (Hofkeruva) taranakia Vella, new species
Plate 2, figure I

Test small, solid, elongate usually tapered to bluntly
acuminate apex; sutures slightl,v impressed, hardly
interrupting the outline; ribs few, widely spaced,
strongly raised thick flanges, most of them continuous
from the apex to the terminal chamber, usually reach-
ing to the base of the neck; apertural neck short, broad,
with thin phialine lip.

Dintensions.' Holotype 0.63 x 0.33 mm.

Age: Compressa to Kapitea zorles (Upper Tongaporu-
tuan to Kapitean, Pontian).

Locality of holohpe: N.Bl f. 643, grid ref. 373512, Te
Puia, Compressa Zone.

Variation: Shape varies a good deal. I\{anv specimens
are ovate rather than regularlv tapered, and irregu-
larities in growth are common. The sculpture is the
most consistent feature.

Remarks: The marked difference in sculpture suggests
that this is probably not a lineal descendant of H, mata

zealta. Because of an unconformity in the lease area, it
is not known whether or not the tr,r'o forms intergrade.

Subgenus Laminiuva Vella, new subgenus

TTpe species: HoJ'kerut,a (Laminiuoa) tutamoea Vella, n. sp.

Test of moderate to large size, with numerolls thin,
elevatecl, flnnge-like axial ribs, usually continuous
from apex to terminal chamber, tvpically reaching
the base of and even encroaching on the neck; profile
irregular owing to deeply impressed sutttres and
inflated chambers.

Laminiuaa is proposed fbr a Nerv Zealand Miocene to
Pliocene lineage. No comparable overseas species are
known and this subgenus is probably endemic. The
lineage appears as a small form, close to the type species,
in the Bispherica zone of'the lease area and in the lower
Altonian or Awamoan of'east Wellington. The ante-
cedents of this small species are not known. The tvpe
species tutarnoea ranges from the Suturalis to the Htrru-
pierrsis zorle, ar"rd is replaced by <elamina in the Com-
pressa and Kapitea zones. Laminiuta #lamina is known
in the upper Miocene of east Wellington where it is in
turn replaced by an trndescribed species in the lower
Pliocene.

Hofkeruva (Laminiuva) tutamoea Vella, new species
Plate l, figure 4

Test of'moderate size, widest near the middle, with
irregularly lobulate outline and truncated apex;
numerous flangelike ribs, thin and hyaline at their

rrx:'-rrcunr,5
Hofkeruz,a (Larniniuaa) tutamoea altonica, n. subsp. a, paratype,
b, holotype, x ll0.

outer edges, irregularly serrated bv breakage, produced
to tiny spines at the apex; irlterspaces wider than the
ribs; apertural neck short, broad, with thin upvvard-
curving phialine Iip.

Dimensions of holoQpe; 0.68 x 0.39 mm.

Age: Suturalis to Hurupiensis zones (Clifdenian to
Waiauan, Burdigalian to Tortonian.

Locality of holotype; N. B0 f. l+26, Mata River, north of
Waikopiro Stream junction (Gladizea zone).

Variation: Slight; size, lobulation and sculpture are
consistent.

Hofkeruva (Laminiuva) tutamoea Vella altonica
Vella, new subspecies

Text-figure 5a, b

Smaller than typical tutantoea with lower, thicker ribs.

Dimensions of holoQper 0.53 X 0.31 mm.

-4.9e; Bispherica and Maoria zones (middle to upper
Altonian, Aquitanian). In east Wellington, lower
Altonian or Awamoan, lower Aquitanian.

Localitl of holoQpe; N. 159 f. 592, grid ref. 570781, middle
Tinui Valley, East Wellington (lower Altonian ot
Awamoan).

Repository: Geology Department, Victoria University of
Wellington.

Rernarks: This subspecies grades up to typical tutamoea.
Maoria zone specimens are generally distinctly smaller
than tutatnoea but are sometimes difficult to separate.

Hofkeruva (Laminiuva) zelamina Vella, new species
Plate l, figure 3

Test large, subcylindrical, gently tapering to bluntly
rounded apex; impressed sutures obscured by sculpture
of numerous heavy longitudinal flangelike ribs with
crests not serrated by breakage, not indented at the
sutures, continuous from apex to summit of terminal
chamber, thicker than those of tutamoea, not produced
to apical spines; aperture as in tutamoea.

Dimensions af holotype; 0.85 x 0.37 mm.
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Age: Hurupiensis to Kapitea zones (Waiauan to
Kapitean, Tortonian to Pontian).

Localifit of holoQpe: N. B0 f. 1368, Mata River near
Waikopiro Stream junction (Hurupiensis zone ).

Variation: Size varies about 50 percent. Sculpture is
consistent and the most diagnostic feature. Il4icrospheric
and megalospheric forms were not distinguished.

Subsenus Tereuva Vella, new subgenus

TTpe species: Hofkeruua (Tereut,a) pacniteres (Finlav) ':
Llilgerina paeniteres Finlav, I 939.

Tests of moderate to large size lvith lobulate orrtline,
apertrlral neck sunken in a shallow depression; sculpture
of longitudinal ribs or flanges, generally continuous on
successive chambers, strongest on early chambers,
decreasing torvard adult chambers, and always absent
from the upper surface of the terminal chamber.

Tereuua is probably endemic to Nerv Zealand. The
earliest species rn'hich can be included definitely in the
lineage is HofkeruL'a (Tereuua) picki, n.sp., known from
as early as the Waitakian stage (middle Oligocene)
(Hornibrook, personal communication). The latest
species is the almost completely smooth Hofkeruua
( Tereuua ) euteres of the Compressa and Kapitea Zones
(Pontian). The group almost certainlv developed in
New Zealand lrom the lower Olisocene plexus of
Hofkeruua (Trigonouua) maynei (Chapman), which in-
cludes varieties whose adult te sts tend to become smooth.
The eroup is not a linear evolutionary sequence but is
distinguished by proeressive retreat r_rf the costae from
the adult part of the test.

Hofkeruva (Tereuva) picki Vella, new species
Plate l, figure l0

Test of moderate size, obese, solid, ovate to subcylin-
drical, rvith broadly rotrnded or obtusely angled apex,
sutures impressed, chambers moderately inflated;
sculpture of about 14 primary ribs with broad inter-
spaces, strongly raised, sometimes produced to small
spines at the apex, continuous over sutures, tapering
towards the adult, obsolete by the penultimate chamber,
very faint on the lower part of the terminal chamber,
not reaching the upper surface; a lew weak interstitial
ribs on post-juvenile chambers; apertural neck short,
broad with usually broken thin phiiline lip, sunken in a
shallow depression.

Dimensions of holotypa.. 0.85 x 0.45 mm.

lge.' Dissimilis zone (Otaian, Chattian).

Localitjt of holoepe.. N. 72 f. 590, Poroporo River beside
main highway (Dissimilis zone).

Variation: The ribs of the holotype coalesce at the apex,
but in many specimens, possibly the microspheric form,
they commence discretely and are produced to minute
spines near the apex. The degree of smoothness of the
terminal chamber is variable.

Remarks: This species does not occur in the shelf facies
of the Otaian in the South Island and is assumed to be a
deep water form. It is confined to the Dissimilis zone in
the lease area, but has been identified by Hornibrook
(personal communication) in the Waitakian Stage
(Rupelian-Chattian) elsewhere in New Zealand.

Care is needed to distinguish Tereuta picki frorn two
later forms - an undescribed Altonian (Aquitanian)
species which has a more conical shape in the juvenile
test, more acute apex, and less regular, often twisted
sculpture; and the Lillburnian (Helvetian) primigena,
which has consistently weaker sculpture.

Hofkeruva (Tereuva) semiteres Vella, nelv species
Plate l, figures 13, I+

Test of moderate size, stout, solid, with deeply impressed
sutures and irregular lobulate outline; sculpture of few
irregular flangelike ribs, some dying out quickly on the
juvenile part of the shell, some persisting on to the
penultimate chamber; apex profile irregular owing to
sudden termination of rib-flanges at different levels,
more or less acuminate in the microspheric form,
bluntly truncatecl in the megalospheric; apertural neck
short, broad, situated in a shallow depression, and
furnished with a thin phialine lip upturned at the rim.
Dimewions of hololpe: 0.89 X 0.45 mm.; paratype
0.86 x 0.46 mm.

lge .' Universa to Gladize a zone s (Lillburnian, Helvetian).

Locality of holotype andfgured parat_ype: N. B0 f: 1406 Mata
River, north of Waikopiro Stream junction (Universa
or Mioindex zone).

Remarks: H. (Tereuua) semiteres is smaller than mio-
scltwageri and has shorter, fewer rib-flanges and a less
acuminate apex. No other species of Tereuaa has similar
flangelike ribs.

Hofkeruva (Tereuva) mioschwageri (Finlay)

Uaigerina mioschu.tagcri Frxrey, 1939, Roy. Soc. New Zealand,
Trans., vol. 69, pt. l, p. 103.

Test large, sub-conic, widest near the adult end, with
elongate acuminate early test; elevated flangelike ribs
on the early shell, dying at about the penultimate
chamber. Adult end of shell smooth; apertural neck
short with flaring phialine lip.
Age: Gladizea zone (upper Lillburnian, upper Hel-
vetian or Tortonian).

Locality d holoepe: li. 97 f. 498, Waikura Stream,
Poverty Bay.
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Variation: The costae of mioschwageri are consistently
flangelike. Generall,v* thev are continuous from one
chamber to the next and somewhat twisted. In some
specimens thev are discrete on each chamber and not
in line, forming irregularl)' disposed, flattened finlike
projectiorrs.

Remarks: T. mioschuageri is rare in the lease area.

T. mioschuageri and T. semiterat seem to be closely related
species and are considered to have diverged from the
main line of Tereuua. The acuminate shape and tr.r'isted

costae suggest that mioschwagei developed from the
unnamed Altonian species (noted in text-fig. 3).

Hofkeruva (Tereuva) paeniteres (Finlal')

Lti:igerina paeniteres FrslAY, 1939. Roy. Soc. New Zealand,
Trans., r'ol. 69. pt. l, p. 103.

Test large, r,r'ith somelvhat inffated chambers and
lobulate orrtline; sculpture of obsolete axial ribs visible
on juvenile chambers otrlr-.

lge.' Hurupiensis zone (\Vaiauan, Tortonian).

Localitl of hologpe: F. 3132, Kaiti Beach, Poverty Bav
(probably' lVaiauan).

Remarks: Tereut,a paeniteres is preceded bv an ancestral
form with heavier sculpture in the Mioindex and Gladizea
zones and followed by a virtuallv smooth descendant in
the Compressa and Kapitea zones. The early form srades
up to tvpical paeniteres. T'he l-riatus l)etween the Hurtr-
piensis and Compressa zones in tlie lease area obviates
gradirrg from paeniteres to the smooth form there, but
from scattered Iorver Tongaportttuan fattnas elsewhere

a gradational relationship appears to exist. The group
appears to be a temporal cline, rvhich evolved from
moderatel)'costate to smooth. Three chronospecies are
recognised rvith arbitrar;- boundaries defined as

follows:
Kapitea zone euteres

Compressa zolle ettteres

(Zones missing)
Hurupiensis zone . ., Paeniteres
Gladizea zone ..' Primigena
Mioindex zone ... Primigena

Hofkeruva (Tereuva) primigena Vella, new sPecies
Plate l, figure 12

Large, obese, rvidest allove the middle, with rounded
apex; sculpture distant low axial ribs, continuotts from
the apex, verl' weak on adult chambers, but most
reaching the terminal chamber.

Dimensiow of holoQpe: 1.0 x 0.57 mm.

Age: Mioindex and Gladizea zones (middle and upper
Lillburnian, Helvetian-Tortonian).

Locality of holotype; N. B0 L l44B, Mata River north of
Waikopiro Stream jr-rnction.

VELLA

Remarks: This species is most usefiul at its first appearance.
It enters at about the same horizon as Euuuigerina
notohispida and Norcottia mioindex, marking the base of
the Mioindex zone.

Hofkeruva (Tereuva) euteres Vella, new species
Plate l, figures 6-7

Test of moderate size rvith impressed slltures and
lobulate outline, entirely smooth, or with laint traces
of longitudinal ribs on the initial part of the shell only.

Dimensions of holotype:0.75 x 0.38 mm., paratvpe 0.63 x
0.37 mm.

Age: Cornpressa and Kapitea zones (upperTongaporu-
tuan and Kapitean, Pontian).

Locality of holotype and fgured paraQpe: N. B0 f. 705, near
maitr highway, Tokomaru Survev District, 3 miles

l*:t* 
at 265 degrees from Trig. K. 62, Compressa

Variation: Shape varies from squat and globose to broadly
elliptical.

Subgenus Trigonouva Vella, new subgenus

TTpe species: Hofkeruua (Trigonouua) zeacuminata, n. sp.

Tests of moderate to large size with moderate to strong
axial costae; juvenile and usually' also the adult roughll"
triangular in cross section.

Costate uvigerinoid tests of triangular habit seem to
occur in the Miocene of many countries, but it is

unlikely that all are phvlogenetically closelv related.
In New Zealand Trigonouaa aPpears first near the base

of the Oligocene (Whaingaroan Stage) as ffia1nsi

(Chapman), is followed in the middle Oligocene
(Waitakian Stage) by dorreeni (Finlav), and in the upPer
Oligocene and Miocene (Pareora, Southland arrd
Taranaki Series) by leacuminata, n. sp. These three
species probably constitute a direct lineage. Trigonout'a

mio&a (Finlav) is considered to be a short-lived oflshoot
of the main lineage. The extraordinaril,n- large species
gargantua appears suddenlv at the base of the Universa
zone apparently without ancestors in New Zealand.

Hofkeruva (Trigonouva) zeacuminata Vella, new sPecies

Plate l, figures 15, 16

Test of moderate to large size, solid, l:roadest trear the
adult end, tapering with lightl,v convex profile, little
indented by weakl,v impressed sutures' and acutely
pointed not spinose apex; sculpture, moderately high,
iteeply bevelled, longitudinal ribs with narrorvll'
rounded crests continttous from apex to adult chambers,
some bifurcating, increasing in height from the apex to
the first third, then diminishing graduallv towards the
adult end, usually dying on the terminal chamber
shortly belorv the base of the neck; apertural neck
variable in length, rather broad with thick phialine lip.



Dimensions of holot2pa: 0.86 X 0.44 mm.; paratype 0.82 x
0.46 mm.

Age: Triloba to Compressa, possibly' Kapitea zones
(lower Altonian to ?Kapitean, Aquitanian to Pontian).

Locality of holoQpe andfgured paraQtpe: N. 7l f. I160, grid.
ref. 689347, stream north of Willow Stream, Roto-
kautukr.r (Universa zone).

Variation: Size varies about 50 percent. I\{any specimens
(megalospheric torm?) have a slightly. truncated apex
with a few ribs produced to small spines.

Remarks: This species is readill' distinguished lr)' its
trigonal earlv test, tapering form, usualll' acutely
pointed apex, strong mostly continuous axial ribs and
small smooth area at the summit of the terminal
chamber. It is the commonest, most widely distributed
species in the Miocene rocks of the lease area and occurs
extensively in upper Oligocene and Miocene elsewhere
in l{ew Zealand.

Hofkeruva (Trigonouva) miozea (Finlay)
Plate l, figures 5, 8-9; plate 2, figure 6

Uuigerina miozea Frulav, 1939, Roy. Soc. New Zealand, Trans.,
vol" 69, pt. l, p. 102, figs. 12-14.

Supposed microspheric and megalospheric lorms re-
quire separate descriptions.

Microspheric: Ovate var.ving from stout to narrow, with
moderately impressed sutures and slightly lobulate
profile; subtrigonal in transverse section; apex narror+'ly
rounded without spines at the ends of the ribs.

Megalospheric.' Subcylindrical rvith truncate apex usually
bearing spines formed f11' prolongation of the ends of
ribs; sutr.rres deeply impressed; profile verv lobulate;
trigonal shape obscure.

Common features: Test rather small, with short broad
apertrrral neck and heavv phialine lip; sculpture of low
broadl,v rounded longitudinal ribs not crossins sutures)
heaviest on earlv chambers, becoming progressively
finer on later chambers, finally becoming hair-thin.

Dimensions of hypotltpes.' Microspheric, 0.55 x 0.34 mm.;
megalospheric, 0.61 x 0.40 mm. (pl. I fig. B), 0.59
x 0.32 mm. (pl. I fig. 9).

Age: Triloba to Suturalis zones (lower Altonian to
Clifdenian, Aquitanian to Burdigalian).

Localities oJ' types: Holot,vpe: F. 53Bg North Bank,
Mangaoporo River, Waiaptr district (Suturalis zcne);
hypotypes: microspheric, N. B0 f. 1765, grid. ref. 555512,
Kouetumarae Stream (Triloba zone), mega.{ospheric
N. 72 f. 520 Poroporo River, Waiapu district (Bispherica
zone); N. 7l f. 645, Whakatu Stream, Waiapu district
(Maoria zone).

Remarks: The name miorya has been applied loosely to
several upper Miocene and Pliocene species. The range
of variation is much less than has been supposed. Many

ll
Triloba and Bispherica zone populations have ob-
solescent sculpture. The illustrated megalospheric test
(pl. I fig. 5) has very fine distant riblets even on the
juvenile chambers and has no apical spines. It is possible
that this early form is separable lrom mio&a s,s.

The holot,vpe of mio4ea is the form here described as
microspheric. It is not firmlv established that the form
described as the megalospheric is not a distinct species.
The two forms seem to have the same stratigraphic
range, but thev are not found together at all places, and
their morphologic differences are greater than is usual
between alternate seneratiorrs of Hofkeruua.

Hofkeruva (Trigonouva) gargantua Vella, new species
Plate l, figure I I

Test verl' large, solid, broadly cotric, widest near the
adult end, tapering to narrowly rounded apex; the
three initial anqles accentuated by heavy broadl."*
rounded ribs; other ribs obscured by callous on early
test, appearing on later chaml:ers then climinishing to
become obsolete by the final chamber; strtures slightly
impressed on adult test, obscured by callous on
juvenile test.

Dimensions of hotolltpe: l.O7 x 0.60 mm.

Age: Universa to Mioindex zones (lower to middle Lill-
burnian, Helvetian).

I-ocalitl of holotlpe; N. B0 f. 719, Mangahoui Stream,
Mata Survey District, 6 miles l0 chains at 262 degrees
from. Trig. Puketite (Mioindex zone).

trlariation: The three initial angles are sometimes less
accentuated and the intervening ribs less obsctrred by
callous than on the holotl'pe.

Remarks: This species is conspicuous because of its size.
It is rare but widespread in the massive mudstone facies.
Irr some respects it resembles leacuminata and may be a
derivative of the Iocal lineage. It appears suddenly at
abotrt the same horizon as Orbulina uniztersa, without any
known ancestors and is most likely and emigrant.

Hofkeruva, sensu lato

Three species of doubtlul and unknown affinities are
described under the generic name Hofkeruaa, but are
not allocated to a subgenus.

Hofkeruva delicatula Vella, new species
Plate 2, figure 5

Small, subcylindrical, with slightly inflated chambers
and slightly undercut sutures; sculpture of crisp, nar-
rowly rounded costae not continuous over sutures
tending to form prickles at the base of each chamber,
and prolonged to small spines at the truncate apex.

Dimensions of holotype: O.4l x 0.25 mm.
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Age: Compressa zone (upper Toneaporutuan, Sarmatian
or Pontian).

Localitl of holotype; N. B0 f. 1304, grid. ref. 590510, Mata
Road, one mile east of Fernside Road junction.

Variatian: Size, shape and ornament are quite constant
in seven paratypes from the type locality. Prickles are
not always present at the base of each chamber.

Remarks: This tiny, elegant species is not unlike lor.t'er
Miocene tests referred to Trigonouua miozea and may be
a derivative ofthat species. It is not transversely trigonal.
A similar form has been seen in the Waiauan of Hawkes
Buy.

Hofkeruva whakatua Vella, new species
Plate 2, figure I I

Shell of moderate size, broadly ovate, with lightly
impressed sutures scarcely visible on the early part of
the test; sculpture of few, widely spaced, strong flange-
like ribs with thin outer edge serrated by breakage,
generally extending from apex to just below the summit
of the final chamber; apertural neck short, broad, with
phialine lip thin and seldom preserved.

Dimensions of holoQpe: 0.73 x 0.50 mm.

Age: Maoria zone (upper Altonian, upper Aquitanian).

Localitl of holatype: N. 7l f. 645, Whakatu Stream,
Waiapu District.

Remarks: Known only from the type locality where
30 specimens were found.

Though it has ribs like those of Laminiuua tutamoca,

H. whakatua is distinguished from all the Laminiuua
group by its squat shape, the smooth upper surface of
its terminal chamber, and the wide spacing of its ribs.
It is probably related to the Javanese species figured as

Uztigerina crassicostata Schwager by Boomgaart (1949,
pl. 12, fig. B).

Hofkeruva pseudojavana Vella, new species
Plate l, figures l-3

Test of moderate size, squat, broadly ovate, with
lightly impressed sutures indistinct on the early part;
meealospheric form with bluntly truncated apex,
microspheric with an acute apex with a prominent
spine; sculpture of strong narrowly rounded ribs
continuous from apex to penultimate chamber or
lower part of final chamber; greater part or all of
terminal chamber smooth; apertural neck short, rather
narrow; phialine lip not seen.

Dimensioru af holotype (microspheric ): 0.58 X 0.40 mm.,
figured paratype (megalospheric) 0.67 x 0.45 mm.

Age: Compressa zone (upper Tongaporutuan, Pontian).

Localitl of hologpe: N. B0 f. 1258, grid. ref. 547508,
Pauariki Stream, Tokomaru District.

VELLA

Remarks: H. pseudojauana is known only from the type
locality, represented by l0 specimens.

It resembles I/. whakatua but is easily distinguished by
its smaller size, lower, more rounded ribs, smoother
terminal chamber, and prominent apical spine on the
microspheric form. The megalospheric test is similar
to the form illtrstrated as [Juigerina jauana Koch by
Boomgaart (1949, pl. 12, fig. l0).

Genus Norcottia Vella, new genus

Typ. species: J\orcottia mioindex (Finlay) : Hoqkiwina
mioindex Finlay, 1947.

Small, narrowlv lanceolate, neat, rvith elevated cham-
bers, strongly incised sutures; triserial throughout;
ornament of close fine longitudinal costae made faintly
gemmulate apparently by microscopic transverse
riblets; apertural neck slender, well developed with a
thin flaring phialine lip.

In placing mioindex in Hopkinsfza, Finlay was evidently
influenced by its elongate ovate shape and fine regular
ornament. The type r>f Hopkinsina (the Louisiana Eocene
H. danuillensis Howe and Wallace) has a triserial initial
stage forming one-quarter to one-third of the test,
followed by a slightly twisted but essentially biserial
stage. The outline is nearly smooth, sutures being hardly
impressed. The apertural neck is rudimentary and oval
in shape. No related species are known in New Zealand.
Norcottia has more in common with the uvigerinoid
group than with Hopkinsina. Most specimens have an
obscurely trigonal juvenile stage. Tooth-plates were not

PLATE I
All figures X 70

I, 2 Hofkeruaa pseudojauana Y ella, n.sp.
l, holotlpe, microspheric; 2, paratype, megalo-
spheric.

3 Hdkeruaa( Laminiuaa)<elaminaVella, tr. sP., holo-
tyPe.

4 Hofkeruua (Laminiuua) tutamoeaVella, n. sP., holo-
tyPe.

5,8,9 Hofkeruaa (Trigonouua) miorya (Finlay)
5, megalospheric N.72 f. 520 Bispherica Zonel
B, 9, microspheric N. B0 f. 1765 Triloba Zone.

6,7 Hofkeruua (Tereuaa) euteres Vella, n.sP.
6, holotypel 7, paratype.

l0 Hofkmtaa (Tereuua) pickiYella, n. sp.' holotype.

1l Hofkeruaa (Trigonouua) gargantuaYella, r. sP.r

holotype.

12 Hofkeruaa (Tereuua) primigenaVella, 1.SP., holo-
tyPe.

13, l4 Hofkeruua (Tereuua) semiteres Vella, n. sp.
13, holotype; 14, paratype.

15, 16 Hofkeruua (Trigonouua) &acuminata Yella, n. sp.

15, paratype; 16, holotype.
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seen, all specimens opened having been filled r'r'ith
matrix or secondary deposits, but the small size and
regular placing of chambers su.qgest relationship to
Angulo,qerina.

The species is taxonomicall,v isolated.

Norcottia mioindex (Finlal')
Plate 2, figure l4

Hopkinsina mioindex FtNLev, 1947, New Zealand. Jour.
Sci. Technol., sec, B, vol. 28, no. 5, pp. 282-283, Pl. 5,

figs. B0-t32.

I)imensions of hypotlpe: 0.59 x 0.19 mm.

,4ga.' Mioindex to Hrtrttpiensis zolles in the lease area'
Lillburnian to Kapi[ean elser,r'here (Helvetian to Tor-
tonian).

Localities: Holotype, F. i1305, Porangahau Strrvey
District, Hawkes Bav (Lillbr-rrnian?); hypotype, N Bl,
f. 609, Tokomaru Bav (Htrnrpiensis zone).

Remarks: .l\f . mioindex is a flairl,v persistent species through-
out New Zealand. It appears suddenlv in abundatrce
at the base of the l\4ioindex zone, and disappears

suddenll, without descendants, at the top of the Kapitea
zone. Being distilctive and abundant, it is a1 invaluable
index fossil.

Genus Miniuva Vella, new genus

Type species: Miniuz'a nininta, n. sp.

Tiny, triserial, tending to trniserial, moderately elongate,
with somewhat irregular lobulate habit; sculpture of
irregular longitudinal costae Ilot continuotts over
sutures; apertural neck very short with slightly re-
flexed Iip.

Like J{orcottia tnioindex this species is taxonomically
isolated. Its aperture is distinctive. Its habit is too
irregular for JY'orcottia and its minuterless excludes it
from Hofkeruua.

Miniuva minima Vella, new sPecies
Plate 2, figures B-10

For description see generic diagnosis above.

Dimensions of holot2pe: O.29 x 0.10 mm., figured para-
types 0.31 x 0.12,0.25 x 0.09 mm.

Age: Mioindex zone (Lillburnian, Helvetian).

Localitjt: N. 72 f. 1349, Waiapu River, near Ruatoria.

Remarks: Known definitely only from the type locality.

Genus Ruatoria Vella, new genus

Typ. species: Ruatoria ruatoria, n. sp.

Small, narrow, elongate, initially triserial, last two or
three chambers staggered uniserial, irregularly lobulate

with deeplv impressed sutures; sculpture narrow distant
costae not continuous over sutures, not reaching the
upper part of the final chamber; apertural neck broad,
sliehtly constricted at the middle expanding to somewhat
irregular flaring lip.

Ruatoria ruatoria Vella, new species
Plate 2, figures 12-13

For description see generic diagnosis.

Dintensions: Holotvpe 0.45 x 0.13
0.43 x 0.ll mm.

Age: Bispherica to N{ioindex zones (mid-Altonian to
mid-Lillbtrrnian, Aqtritanian to Helvetian).

Locality d holotlpe and fgured paratype: N. 72 f. 1429,
Bisplrerica zone) Waiapu River, trear Rttatoria.

Remarks: No related New Zealand species are known but
Siphogenerina panggoensis Leroy from the Telisa forma-
tion (N{iocene) of Sumatra is similar. Ruataria is easily
distirrgrrished from Rectuz'igerina by its smaller size,
irregular profile, staggered terminal chambers and
rather distinctive aperture.

Genus Rectuvigerina Mathews, 1945

Tlpe species.' Bv original designation, Siphogenerina multi-
costata Cushman and Jarvis, 1929.

The New Zealand Oligocene to Miocene sequence
striatissima (Stache)-rerensis (Finlay)-aesca (Finlav)-
pohana (Finlay) shorvs progressive change lrom coarse-
ribbed to fine-ribbed. The change is not gradual, suc-
cessive species invading suddenly and replacing the
pre-existing species. Being widespread and easy to
recognize, they are superlativelv useful index species.

All are most common in the massive calcareotts mud-
stone facies.

R. uesca is probably close to the Java Miocene species

figured as Siphogenerina striata (Schwager) by Boom-
gaart (1949, pl. 9, fiS. 2). Other New Zealand species

are possibly related to contemporaneous overseas
species.

Rectuvigerina rerensis (Finlay)
Plate 2, figures 22-23

(Juigerina tmuistriata Reuss. - CnnrunN, 1926, New Zealand,
Geol. Survey, Pal. Bull., no. ll, pl. 14, fiS. 9.

Siphogenerina rerensis Ftwlay, 1939, Roy. Soc. New Zealand,
Trans., vol.69, no. l, p. 110, pl. ll, fiS.8.

Rectuuigerina rerensis (Finlay). - Mernsws, 1945, Jour. Pal.,
vol. 19, no. 6, p. 596, pl. 82, fig. 15.

Dimensions of Hypotypes.' N. 72 f. 1562, 0.82 x 0.22 mm.'
N. 72 f. 1245 0.72 x 0.22 mm.

lge.' Dissimilis to Suturalis zones (Otaian to Clifdenian,
Chattian to Burdigalian).

Localities of types.: Holotype, F.3029 Whangara Beach,
Poverty Bay. Hypotypes h1.72 f. 1562, Waiapu River,
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Dissimilis Zone; N.72 f. 1245, grid. ref. 728393, I\tfara-
matoitoi Stream (Triloba Zane).

Remarks: Distinguishing characters are the relatively
heavy, stronglv raised, rather lvidely spaced costae,
depressed chambers n,ith flattened ribs and slightly
incised sutrrres. The microspheric form has a single
apical spine, the megalospheric has costae prodtrced
to form a number of smaller apical spines.

Rectuvigerina vesca (Finlay)
Plate 2, fieures 24-25

Silthogenerina tesca F'rnrnv, 1939, Roy. Soc. Ncw Zt:aland,
Trans., vol.69, no. l, p. 109, pl. 13, figs.46-47.

Rectzrt,igerina zte.tca (I"inlay). - M.qrunws, 1945, Jour. Pal., vol.
19, no.6, p.598, pl. Bl, fig. 7.

Dimensions of h_1,ltot-tprs: 0.85 :.r 0.1g, 0.69 >t 0.20 mm.

Age: LTniversa to Gladizea zc)lles (lor.t'er to upper
Lillburniarr, Helvetian) .

Localities: Holotype F.5105, Citrini's Area, near
Kumara, Grevmouth. hypot)'pes, N.7l f. I160 grid. reL
689347, Willow, near Rotokauttrku (Universa Zone).

Remarks: R. uesca is distingtrished from rerensis by its
more slender, more delicate test, more elevated,
subglobtrlar adult chambers, and finer sculpture.
The microspheric and rne.qalospheric forms each have
a single large apical spine.

Rectuvigerina pohana (Finlay)
Plate 2, figtrre 26

Siphogenerinn ltohana FrNrny, 1939, Roy. Soc. New Zealand,
'frans., vol.69, no. l, pp. 109-110, pl. 13, figs.44-45.

Rectutigerina pohana (Finlay). - Ir{arsnlvs, 1945, Jour. Pal.,
vol. 19, no. 6, 1>. 395, pl. 82, figs. l0-l I.

Dimensions of fu,potltlte: 0.69 x 0.20 mm.

Age: Hunrpiensis to Compressa, or Kapitea zones
(Waiauarr to upper Ton.qaponttuan or Kapitean,
Tortonian to Pontian).

Local.ilies: Holotype F.3099, Uavva Survey District, east
of Trig. 166, Povertv Bay', Compressa Zone (upper
Tongaporutuan, Sarmatian or Pontian).

Remarks: Smaller lhan tesru, with very fine close ribs.
Found in great numbers, but in relatively few samples.
In the Mata River, in Ttrtamoe district, hybrid popula-
tions of Rectuui.gerina pohana X aesca and of Plectofrondicu-
laria pohana Finlay X parri Finlay mark the base of the
Htrrupiensis Zone.

Genus Ciperozea Vella, new genus

Type species: Ciperozea onglefi (Finlay) : Siphogenerina
ongle2i Finlay, 1939 (upper Oligocene to Miocene, New
Zealand).

ln Rectuuigerina the adult chambers become rectilinear
immediately above the triserial stage which is usually

r+
less than half the test; the longitudinal ribs are promi-
nent and extend from suture to suture, a high propor-
tion extending across the srttures from one chamber to
tlre next. In contrast Siphogenerina ongle/ has a large
triserial portion, cloes not become truly rectilinear, and
has ornament ol'low ribs tendins to become very finely
prickly in well preserved specimens, dying on the upper
surfirce of the terminal chamber, and stopped abruptly
and neatly' in line, slightly above the suture at the base
of each chamber.

The New Zealand lower Eocene species '9. prisca
Finlay is similar but smaller and mav be an early
member of the grorlp.

Siphogenerina seriala Cushman and Jarvis closely resem-
bles onglqtf. Specimens itr the New Zealand Geological
Survey' collection, No. 12 from the Cipero Marl of
Trinidad, have finer ribs tending to become obsolete,
rvith more pronounced prickliness, bltt stopped in the
same way, neatly in line at the l:ase of each chamber.
Another similar form occurs in the Suva Soapstone,
having very fine obsolete ribs on later chambers, an
apical spine and a nttmber of small spines at the
beginnings of ribs on the initial chambers.

The relativelv weak ribs stopped above the sutures to
give the chambers an undercut appearance, the large
triserial stage and staggered uniserial adult chambers
distinguish the group from Siphogenerina and Rectuai-
gerina.

Ciperozoa ongleyi (Finlay)
Plate 2, figure 2l

Siphogenerina ongleyi FrNlAv, 1939, Roy. Soc. New Zealand,
Trans., vol. 69, no. l, p. I I l, pl. 13, figs. 42-43.

Rectztuigerina ongleyi (Finlay). - MarHEws, 1945, Jour. Pal.,
vol. 19, no. 6, p. 594, pl. 81, fig. 18.

Dimercions of fu,potype: 0.80 x 0.37 mm.

lge.' Dissimilis to Hurupiensis zones (Otaian to Waiauan,
Chattian to Tortonian). First appears in Waitakian
(Rrrpelian) elsewhere in New Zealand.

Localities: Holotype, F.5093 Porangahau - Wimbledon
Road, Hawkes Bay (Waitakian, Rupelian). Hy'potype,
I\i. 72 f. 1565, Waiapu River (Dissimilis Zone).
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PLATE 2
All figures x 70

I Hofkerutta ( Hofkeruua ) taranakiaYella, n. sp., holo-
type.

2 Ho.ifkeruua ( Hofkeruua ) mata 3alta Vella, n. subsp.,
holotype.

3-+ Hofkerutta ( Hofkeruua ) mataVella, tr. sp., holotype.

5 Hofkeruua delicatula Vella, fl.sp., holotype.

6 Hofkeruaa (Hofkeruua) cf. miozea (Finlay)
I.\'.71, f.645 (Maoria Zone).

7 Jtfeouaigerina cf. interrupta (Brady)
N.80, f.1300 (Bispherica Zone).

B-10 Miniuua minima Vella, tr. sp.
9, holotype; B, 10, paratypes.

I I Hofkerut,a whakatua Vella, n. sp., holoty'pe.

l2-13 Ruatoria nntlria Vella, n. sp.
12, holotype; 13, paratype.

14 Norcottia mioindex (Finlay)
N.Bl, f.609, Hurupiensis Zone.

l5 Neouzti,gsTina toddi Vella, n. sp., holotype.

16, lB Euuuigerina notohispida (Finlay).
16, microspheric; lB, megalospheric N. 72,
f.I259 (Hurupiensis Zone).

17 Neouuigerina moorei Vella, n. sp.r holotype.

l9 Neouaigerina plebeja Vella, n. sP., holotype.

20 Neouuigerina altea Vella, tr. SP., holotype.

2I Ciperozea ongleyi (Finlay)
N.72, f.1565 (Dissimilis Zone).

22-23 Rectuuigerina rerensis (Finlay)
22, megalospheric N. 72, t. 1245 (Triloba
Zone); 23, microspheric N. 72, f. 1562 (Dissi'
milis Zone).

24-25 Rectuaigerina uesca (Finlay)
N.71, fl l160 (Universa Zone); 24, micro'
spheric; 25, megalospheric.

26 Rectuuigerina pohana Finlay
N. Bl, f.617. (Compressa Zone).



PLATE 2VELLA

@
12

ffi
9

11

/n'
- - -rf(;



Aboudardgind Nckkody. 1955 - Actinocyclino oster yoodring. lg30

0
000

i€l| ===..--.- |

I r,l'ii Il-""1 HE
vl,

000000000000000000
fsl I:'.-*l

t@J t

00

w
EF,:g
**-?;':iE.=':--+ @

The Catalogue of Foraminifera in microfilm

rexr-rrctrRs I

The printed edition of the Catalogue of Foraminifera
lvas exhausted in 1958. A nerv printing cannot lte unde r-
takerr lrecalrse ol' the great cost. The demand fcrr the
Catalogue continues, holvever, and a microfilm edition
has been prepared to meet this demand.

The microfilm edition consists of thirtv-three 100 foot
rolls of 35 mm. film orr r,r'hich the Catalosue, cornplete
throush I958, has been reproduced. N{ore than l5B0
genera and25,275 species are incltrcled in tliis edition.

The rolls o[ film can be used as i.ssrrecl or ctrt into strips
of fotrr or five frames each and filed in transparent plastic
holders (text-fisure I ) supplied rt'ith each microfilm
cop),' of the Catalogue. These holders carl accommodate
a total of fifteen fi'ames each, and each fi'ame can be
viewed individuallv in a special flat-bed viewer. Space
in u'hich to file supplernentar\. lrames can be provided
br.nor filling the holders to capacitv initiallr'.

Strpplements to the microfilm editicln are issued annually
and consist of a roll of 35 mm. film. If the transparent
holders are being used for the original copy, the supple-
ments should be cut into individtral frames and interfiled
in the proper places to maintain the alphabetic arrange-
ment. The supplementarl'frames can be interspliced in
the original rolls if a conventional type reader is to be
trsed.

The Catalouue, filed in the transparent holders, can be
accommodated in four 5 x B x 24 inch file drawers.
Self-adhering labelling strips are also supplied with the
plastic holders.

This microfilm edition oIthe Catalogue of Foraminilera
is nou. available on a subscribing membership basis.
Inqr,riries and applications should be directed to the
Department of Micropaleontologv, The American
IMtrseum of Natural Historv. Central Park trVest at 79th
Street, New York, N. Y. Tse Eprrons.



IT - @E FONTIIIIIrERAL LIffAIgBg IT

nEt zEtI4trD.

tblg aceouat haa bcan aubllttsd for
lnelutlon la I revlcr of foreulatfrml
llacagpr to bs pr.'crcntad et tb€

Congrere ot tbe Stratlgrrpht of thr
Xcdltarranrea Ncogcm, to bo hcld at
Bennc, ltr 1961.



rb

SOUE rt)RAHIIII FERAL T,I"'k:.'.Gh;S IN l{51fi Z$:i1T'ANB'

By Paul Vel1a, Victorta Tlnlveralty of telllngton, Ileu Zeatand'

ABBTRACT.

Trenty-ntn€ rpce les of Foranlnl fer a are tleeertbe(l and llln!-

trgtcd.Theyrepreaentthefo11o;tnge1ght1tnaegeal@
g;Ilngrlaa llneage, Plecto$gndt9.q!8rtg -Dohga.a llneage, Eoiltlga

Ffflftata ltneage, Trtgo$ouva ltneagc, fergg!'a entercq ltaolgct

3,crgnv8 gloFohr-eggl! 1lneare, T,amtnlula llncagcr and &!gg[g-

ertna pohag? llneaga. Flve of thc llneagee bctong to thc Fautly

rlvl gerlntdae. Al] t he epec lee are abundant and rtdeapreedr and

6re tnrportant etrat lgraphte inderx foaslla ln lfer zealand.

XARRERIJTII,A. gII'LITDBI 94 I.IttEAoE (r aute I )

The sgrrcrlgl]aJvltg9l'lca Ltneagc lncludca thrce dercrlbcd

Bpccles rhlcb appear tn auccesston ttrrough thc Tcrtlarg. llbe

flrgt to apperrr re r€rlgrrerra nggozcalandloa cuahmsn (Eoeene-

orrgocene), the roeond 1a Egrrsrt-e}-ra augrrgrgg! ptnray (ltoccac)

and tbe tblrd ts Earrgrlellg cytlndrlca Flntey (upper Mlocene -

pllocanG). All thc specles are abUndant and rldogpread ta strata'

of thelr partlcular age range, and BrG useful correlatl'on foeglta'

?he ehrcf ebarscterlattce of the llneage erc tho nodcrate to

large elze, eloagatlon, relatl'volt arall nultlaerlal atagc' and

stlghtry rough Eorface f tnteh of tbe 66s-r l. Tbe progrGrrlvo
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evolut lonary trende apf)ear to be tncrease tn glzc, tacreaee ln
relatlve lengt lr, decrease tn the relattve aLre of the rnnltlserlal
stage, and a eh ange f ron a lateral pl.aeenent of chaabere, aa la
Toxtutartg, to a mote termtnsl though never unteerlsl placenant

of chamhere. The laat trendl reaulta tn a leas compreaecd and

Fore cyllndrical ahell, and te the moat lmportant for dlatlagulBh-

tng the three speclea.

Kaff.ef tel_la ltolozealand!-cjr ls qulte dltstlnat fron t he other

Bpecleg, but I form lnternedtate betreon tt aad f,El,rar,tella

cu€tulan_l occurs tn the Pareora Serlee - Tpper Oltgoeene, Thc

lntermedlate forn ls gtnerally ctaened ats Eetrerlella novozoaland-

1ce, but lt and a prlultlve form uhtch ocourg tn the Psleooone

(nornlbrook, 1961) lnay be separable aB dtstlnct Bpeelea.

Kalfglte_l19 cug-hm.a!! and Karrertgtla_cyllndllqg cloeely reaanbLe

eaeh other. Both oceur tn the ilpper Hloeene (faranakl Sertes)

and lntermgdlste forins from t hl s part of the eolumn, uhteh have

been regarded as lnterrned late in evolut lonary developnont, ar?

probabty hybr lds (Ve1la, 1952, f 1g. !r )

KarrerlelJa novozeal_andlgg Cuehrran (f tate I, f tg. b )

'l956 fiaf rcrtg]la-novozeglanrt tca Cuehman, Contr. Cunhm. LEb. $pec.

Publ . (., p. 37, pl. 5, f tge. l8a, b.

19t7 ----------------------e--; Cuahrnan, !b1,!, 8r p. 13j, Fl. 15t

ftg. 9.

f9h0 ------ -----------; Plnlay, Trane. Roy. iloe. N.'. 69

(ll)' p. \5t, pl. 63, flga. ,5 37.
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The etubbteet member of the llncage; rnultteerlal part about onc

t ht rd to )ne hal f of ttre ehell and gllghtly trulboue ; btaertal

part moderately conproaeedr tr8ua11y ellghtly taperod, rtth t to 5

pelra of ebort etrambers. T,ength {-l . q @.

Type looallty, Uotutara Polat, Kathta (f fralngaroan: lorer

cllgocene). Strattgraphlc range of typlcal. forn Porangan to

sattaklan (nocene and oltgocene).

Karrerlella cushman! Flntay (p1. fr flg. 5)

f thO Earr,ertelta eushnant Trtnlay, Traae. Roy. Soc , F.Z. 69 (q) t

p. \52, Fl. 65, flge' 38 - U2.

Xqeh tonger than novozealandtca, rtth markedly tobnlatc '

pertpfrery; mul t lserlal part narroter, leaa bulbous, ard a mcoh

spaller proportton of the ahell; btaertal part etlgbttl oorupr€ssed

generalty of unlform rldth throughout, constatlng of up to 6 palre

of chsmbere. Length nrey exceed 2 trtru

Type locallty, Frr66t, Islsnd Creek, upper Falpsoa Vallefr

Raukunara pentnerrta (r:1 tfdentsn - Suturalle zone). Strstlgraphlc

rsnge, Aramoan io Kapltean (lf tocene sbout ,Agrrt tanlan to PbntLan),

Kafrellella cfllndrtca Ftnlay (P1. I' ftg. 6-)

1955 KarrgrlelJa slphgnella (neuee) ; Parr, Trans. Rcy. goc. tr[. Z.

65 Q), p. thr pl. 2o, nLg. 3.

19lrO Kgrrerlgllg_cyllEdrlga Ptnlay, Trans. Foy. soc- F-1-

59 (tf ), p. 452, !r1 . 63, f lga. \5 - h5
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ttlnllar to cgghnagl, but dlffcrlng tn belng atmogt perfcctly

cyllndrlcal, rlth aearcely lobulatc proftte, and ruultlaerlal palt

mergtng funptrcept lbly tn to the blserlal part. Lcagth lBsy

cceed 2 E[o

Ttpe locallty, ?r5r7A, Chevlot tllatrtct, l[orth Canterburt

(Tongaporutuan ) .

Stratlgraphlc rangr, lalauan to fattotaran (about ?ortonlan to

Uppcr Plloccno),

Forns rlth a Btrongly lobulate pcrlphery (fftc cnshgnn!) occur

evcn tn the Opoltlan (lorer Pltoaaac), but alraye la popqlatlong

pradomlnantly ltte typlaal @.

pttscToFROFnICTTLARIA PoHAIEA LTIrEAOE (tatr e I)

Fou! t{er Zealanrl spee lea belong to Electolronil.lg.ul arla ln
the atrlct Eenae (Vetla, tn presa) r--pggplrrt (Of f gooane), pa$il

(Lorer anrl U ttldle H tocene ) , polrana (Upper tr{ locene) and tnrrlda
(f.orer and f,tddle Hlocene). Pleclofrolrdlculglla-3urgldte

Ilornlbroot te thlcker than the other Bpec tes and sppoera to

beLong to I dtfferent tlne of rhlch no otber Epcctes occur ln

![er Zealand. The other three Epec tea are eloacly relatcd and rrG

conaldered to rGprescnt a utnglc ltneagc.

tho shell le fatrly large, elongater Fotnted at the lnltlal
end r 1'opl dly tncreaelng to Bax lrnun rldth 30 that thc odgea rrc

oub-parallcl for most of the lengtb. Each cdee ts furntsbed rtth
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thrce flange-llke longttndtnal kocla, each atde ls fl6t or sltgbt-
ly eoncave and ta ornaBcnted rlth usnstll tro BpsoGC cortae of
varyln$ length. Ibe tntttal purt of tho ehell ts bigerlal, bat

moat of t he ahell ls trntsertat rlth ctrevron-ahapcd ( lavcrtcd

V-lhaped) ehaaberi.

fhe progreeelve evoluttonsry change rhleh la nost lurportaat

for dtetlngutnhlng spoctea la aD Lncreeac tn thc laternsl angtc

of the ehevron-rhaped chanbere, froru etrongly asute tn p,rgggggl

to etrongtt sbtnac ln qohang. Other trende are 6 ellght lncreale

la tblcknesa of the ehetl, and lnorcrsc tn eonvqtrlty of the cdgca,

to that on later speclee the ntdllc Eeel on eech edge proJcctr

furtber beyon'd the tatcral keela than on the earllest rpccte!.

Ftnlay (tg59A) notcd that luceaaalve Forth Anertaaa apaolea

sttot a stc.tlar lncreaae tn the anglc of the chcvron-Bhafied

chanbcrs Plectgflogdlgulagla flgr!$ano Cushnan belng equlvalent

to Plectolr'.lndlculgrta parrt, aad glec$ofrondleula,rlq ggflfof_nlar

Cuabman and Edrsrde belng equtvalent to Plegtofrgn4loolar_la pglana.

?hts st rongly auggeeta t hat the ller lealand and Asertoen spectct

balonged to thc Balne I tneage, that eaeh evolrrt lonary atago of
the l tncage raa epread at least t hro ughout the Par tf t,o, snd tbst
durlng parttcular pertode, Eltghtly dtfferent forna srose at

dtffereat ptraces beoaoac of geographtc apparatlon. It te unllkelt
t hat the ller f,ealsnd Epectaa evolvad tn ![cr Zealand,. Each sppears

auddenly aaC 4taappoars auddenly, qn4 ebora ltttlc ehange
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from the bottou to tho top of Ltt atratlgraphla rangG. Hornlbrook

( rg6f ) atatea that parrl passes tnto oglrana through lnternedlatc

forme ln t he Ltt] burnian, bnt t tre tnterncd late forng are probably

a dltsttnct epeetee rhlch appaars abloptlt st the baac of thc

Ltllburntan $tagc and dlsappcrre at the top of tbe Llllburnlan

Stage. llcetofroEgtcgJgrl? Pghsna apPe8rsr uauatly ln abundancG'

at the baaa of thc tatauan 8tage, and no prG-Satauan sbclts havc

the typtcal chanber ehape of LlgstolEondlculartg Pqhaaa, not even

nembere of large Populatlone-

P"leelqfrgidlgnlar$r-lloparrt Flnlay (pf . I, f tg. 7)

f9h7 pleotoflondleularta proparr! Ftnlay, fr.2. Jou!. 8o1. tcch.

288 (l), p. 276, Pl. h, ftga. h6 - b8.

196{ ---------o-o--ri Florntbrook , 4.7. Gaol. SurY. Pal. 8u11.

tU (r) p. 81, Pl' 12, flg- zUF

ghell elongete rlth a very short btgerlal etage follored

by 12 or tsore chevron-Bhaped untncrtal ehaubora rlth suturet

at angtea ranglna from 70 degreea on carly part of ehcll to l+5

dcgrees termtnally. Length 1.5 EEo

type localtty: 
"6160 

Tengarat Rtver, South Canterbury (Otalan

Stage).

Plectg*'on3lgu3art,a oarrl Flnlaf (P1. Ir flg' 8')

lgrg Plectolrondtlcularlg PgIII Ftnley, lrgns. -RgIr 8oc. !t*2. 58

1s61----------l: :"; ll"l}'llt' o'.'r.oeol. strry- prr. Burr-
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t\ (t), p. 82, pl. 12, flga. zbb - 5.

$lmtlar ln rhape to pro?gl!! rtth atmtlar vert chort ble-
erlal atagc follored by up to 12 chevron-sbepod unloertel

ehanbera. Sotureg of chevroh-Bhapcd chanbcra btalgnold, hort-
zontal near the edgee of thc rhcll thcn bcnt up oa elthcr elde

to the apcx of the ehcyron, the angle of rhtch vartee fron ff0
dlegreea on the oerly part of the ehell to aboot 60 dcgrccc

terutnelly. rlaoally, on eaoh elde, tro tongltudtnal ooltac
couueDcc near the apcx and crtend aboot I of the fcnlth of, tbr
shc[. Lcngth upi to t.h &o

?tpc localtty, 15273t All Day Bay tndetone, f,atenul Beach, Otago,

(lranoaa).

PUlgto_frondtcnlsrla pohana Flnlay (pf . f , f tg. 9. )

1959 Prgctglrgndlcglarlg Ftnlay, Ttran!. Roy. soc. ![.8. 68,

p.5'16, Fl.68, flg. r.
9lntlar to DETI!, and uaually pooeasalng tro alnllar long-

ttutllnal costec, dtffertng tn that the chevror-Ebapad untaerlel
chasbcrs are nqch leae atrongly arqhed, tho angle rGlstnlng nnch

greater tban 90 degreer rlght to thc terslnal ehanbar. Length

up to 1.5 Eo

Typc localltfr Chavlot, Iarlborough (.leAUurgb larla - Tsranatl

scrler).
In the $tratlgraphtc T,Gf, lsoa (Fleolng, ed. 1959) Plectolroud-

loulaLta_gq[a3g te reoorCcdt ao occurtng for the taat ttne ta the

l{utunaruan 9tage, but lVntmaruan and all othen Plelgtoecne
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speclrcens sre conatdered. by the rrlter to be relorked. ?he

Bpecleg occura shundantly tn the Satsuan, fongaporntuanr and

liapttean etagea then euts out abruptly at ttre baee of thc

Opoltlan Stage (baesl Pllocene)-

BOLTVIiqA FFgILrt'TA LrIIEAGB (taute r).

Ttre Bollvtna qfftltata llneage lncludea three Epectee, of

rhtelr the flrst appesred ln the upper Eocene, &d the lagt becane

exttnct in the Pltocenc. The ttneage mby be et111 survtvtng a!

Boltvtna rohusta Brady rhlch l'lnlsy ( 19l90r p. 32O) sonaldered

to be related to BoJlvjgg-ggflltala.
All the spectee have broadr ovate, depreaaed, enbcarLnate

bollvtne ohel1-s, rtth ret lculate ornanent eonneetlng ralged

errtural rtt s. The eharactere rhleh change rlth tlure are the

tex tnre of the anaetoraoetng ecutpture, tr Dd tbe tbtckneds of thc

early part of tbe shetl.

Boltvtna pont la Flnlay (pf . I, f 1s. f O)

l95g Bol tvlga pontl s Ftnlay, Trans. Roy. Soc. II. 3. 69 ( l) ' F. ,2A,.

1961 - -------------- llorntbror;k, Iq. ?,. Geol. $urv' P81. Bull.

3b (t), p. 71, Pt. 1O, flg. 189.

Ehell enall , et f trst thlck ancl aomerhat rounded, but adnlt

part cor'pregeed r.rth eartnate per1r,hery. sculpture of relsttvelt

rtdely-epaced sosretlmee dleconttnuoue retlculate r:,lsed rlbs on

atl but the laet tro cbanbers. Length, np to 0.5 DIII'
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lypo Localtty, Ft2hh, B1,tdge Polnt, Otago (Runangaa Etags)'

F,pUvtna asastoggsg FlnLay (Pf . T? f 1g. I { ' )

1g3g BoJlglgg-anaetgmosa Ftnlay, TranB. Poy. 8oo. ![. Z. 69 (5) t

p. tz}, Fl. 27, flga. 75 - 7, tOSr lll'

Dlet tngutahed frorn pont la by Borc cloeelt epaecd ret laolato

rths. The I aat four or f lve c harbcre eat be nesrly eniooth'

Lcngth up to O.5 8r
Type Loealtty, F5273, A11 Day Bay Madetene, Kakanut Sench' Otago

(Aranoan F Trllobs zone).

plnlay congldered thte apeclee to be related to Bollvlna

blramepste Cuahnan (*oertca), B. rettoglgta Haatken (furope), i

and B. retlfonnla Cusbglan (Egypt), Hornlbrock (tg6t ) noted

that pg$t l3-ltke foroe occur rltlr anaetoEgga tn the Uhatngaroont

and apparently there 1& I gradual change fron pcnlts to gnaetqioea

clurlng the early Ollgoceno, but anqglonogg than pergleta rlthout

appreetable ehr,nge up to at lesst tbG Cltfdealan Stagor and

aecord lng tc }lornlbrook uEl to the saltusn Stage'

Boi.lvlng afflt.lals Flntay (PI. I, ftg. 12)

Dletlngulbhed from anaelouogg melnly by ahape: the tnltlal

part of tbe ahell ls nnt thtck and rounded, bnt ls cotsprGalcd aad

cartnate fronr the 6per to tbe adult. sculpture te g€nerslly a

1ttt1eftnerandatt118orecloae1'r9aeedthenon@.
Lengtb , sbout O.5 ErIr.

lype loeatlty, ?57Ot testland (taranakt Sertea)'
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nskea lte flrst

L6

sppesranoe ln tre Cllfdenlaa

Stage (Xorntbrook, 1B r'leslngr Gd. f 959r F. 76rr snd lte laat

aprrearsne€ tn the Tiattotaran Etage (npper Pltoeenc)' lgJiglgg

fobgela appears Just above the baee of the Pleletocene.

]TVISESJSII I,IITEAf}ES (raute II )

Uvlgerlnldae occur ln lfen Teal oad f ron tf tdtrle tsercenc to

Rf eent. 'focene end ol tgocene Epeclee 6re n,.t nulerousr ind rcrc

rr{ogtt y rlescrlbed by Ptnlay ( t 93gU) . Spac lee deeertbecl f rom

paukumara ientnsrrl a (vetta, { 96i ) arE falrly repreeentatlve for

t he 'll;,psr 'rllgocene and lilocene tn ltes, Zeetand, aad fortbar

Bpeclca daecrlbed froo tatrerspa dlatrlct (Yellan 1B preoe) srs

Itkertee fetrly representat lve for the Plloeene. ii nunher of

preaent rlay Bpectee ste yct tc be deecrlberlr but rrioet of theu

appegr to be 'Late Flet atoeene or Fecent lnilil grr'inte not elosely

related to TertlalY BlrectGB.

Eone ?ert tary forns EFe Frobahlqr endenrle, otherrr afG cloacly

relr,ted to forne eteetlre'e ln the rorJd. The slrlesFrearl qenEa

,StPllqtrerlerug (uE em-erliled try llethete, 19h5) lsr not rcpre8ented.

lteven naln Tvtg?rlntd gronfrs ht ve bean recogntsecl ln !{er Eeatsnd.

I . drtvtnertnail br). ti:tql.l trtnl ay €fr:!'rIr: ,5ptno-costete trt3ertal
s- G

fnrErgr T€ etrteted to the Eooene and nl t gnc€rrer

2. Srg-gtgerlna: Lnr.lt, trteerta'1", rtth heavy eplnee. Rep!?f-

ented tn lger l,ealsnd bv only notohlggl0E (rfafaf) rtrtch

rangee frou T,lllbrntan to fiafrlteea xnd ta eloee1 y relatcd
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to tha oy€rscag tcrt tary apec tea f usllee (Custuaa and Edr, )

ant! !rlgetsg (gcUragcr).

Feouvlgertns: Ehcll, tllaerlat, rlth acrrlpttrrG of flnc

gptnaa ( r: laptd ) . A auntrer of llar Zcaland EpGs lca havc

becn deecrtbcd but the etrat lgraphla rrng€ of rm t of tbcr

hea not bcen dctcrnlacd, lud thetr relatlcnehlpe to onG

anothcr anr! to oyeraeas Fp"olcn are not fully undcrltood.

In Fer gealand tha group ranges from Lorsr Ollgoeene to

pltooene, and te probably lcprercntod at the precent dal.

IgIEgIgIg: of ruorleratc to larSe atac, tr18?r1a1r rltb

coetate eeulpture, Tbts ta bt far the soat Protlftc
uvlgentatrt rrrlop tn thc Fcr SeelAad Feogencr ai tt aPpcaft

to be elsa;horG la tbe rorld. A auber of ttneagCat and

a numbcr of dlacrete spoeles bave baan dl;ttngutahcd. ?hc

rctl*dcftned ltneafiGe havc bCCn named 68 aubgancra of

H.ofleruvg, The longeat rangtag ltneagc t e lf rlqgnouvg

rhtch oppea1lg flrst st the baac of thc Oltgoeene, and

continoes up tn the PtlscepG' Four ofber IlneagCe -

Teroglg 1t tafguvc 2, tloftseruve (4. 8tr. ) snd Laptnlave

O 2rpGor at auccesatve borlsona in tbc uppGr OltgooGEG cDd

earty r locene. Ths Tprc.lrva 1 lneager Drobablt *volvad !.4

f,cr Zcalaod from Trl{oaouvl, lhcrGts lo!$ergl'e end Lqglntuvg

eom6nced ae lrutgrant ap?cteg rlt hout anccEtora ln t[er

Zealand. ?he group ss a *hole lncrasoes tn dlvenrlty of

spee tee totarde tha rutddte and uppGr hr loeenc t thcn desrsas?s

ln dtverglty torards the top of thc PlloocDco

b.
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Eoyluvg! Of mor'lerate to lsrge alze, trlserlal, rtth ecnlpttrrG

of coetae psrtty d lesecter-l tnto e p l nee; rsther atntlar to

the rrJvrtrerrn4lbollolaqg g.oup but lsrgcr anrl aeparated by

a tlme break rangtng fron upper nltgooenG to xl{ldte rloccna-

ggllgva 1g baeed on the Recent epeolee pere1flne (Cuennan)

andr lnerudee onc deacrrbed trfcr zealand Tertlery speclaet

gglggglcg. It appearB ln the top lltocene and te coBEon la

the Pltocenc.

Regtulll,Rertnal slcuder e helts of moderate stse' rlth a enall

trtaerlsl etagc, follored by typlealry rettltnear un13cr1a1

ehanbere, rtth eculpture of longttudlnal costae rhlch are

generally contlnuone from one ehanber to the nef,t. glr

trer zealandl Epectee are clsgeed at Rg:tuvlcarlg9. three

of thenr const ltute a etmple llncage eomGnetng ln thc

uppcr oltgocene, and endtng at the top of the llocaaa'

Tro of the other spce les - orlscg (rtnt arr) andt pogtqrandle

(ftntay) are nottypi-caJ, havtng Dop-F€cttllnear unleerlal

cbaubers, 8re rr et rlcte,l to the BoeGaQ, aad are consldlcred

by the rrtter not to be ancastral to thc oltgocoDc-lltocenc

I taea ge.

clperozcrl targe rlth a lerge trtscrtal" atage follorcd by

tro or three unlserlal bqt not reetlllnear ehamberl, rtth

I d l st lnct tve 8c ulpt ure of low longltudltnal rtbe uhtch

etop abruptly and neatly ln ltne Jart above the lorer .

gutare of each ohanber; otr rell-precerved abella the rtbr

have nlnate prlcklea on thelr crGgta, Reprcscntcd ln ler

6.

7.
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Eealand by one spee t es - ?ngl gEt (f tn. ) e rhlch ls alocely

relaterl to "9!Eb9^89pf1nat-Iertgt-g Cuabnsn and Jarvlat and

to an nncleser! bed Bpcelee tn the $nva Formatton of FlJl.

lggnloreflna: Elght rnld -Tert tary Epesles .of AilsulOqglltnF

(and tro of Trtfartna) rcre dlgcrtbed by tlorntbrook (t96t).

tate tert tarSf forme are yet to be deecrtbod.

lYorcolllr aad Slglggg arc other Broups repreaentcd bf

stngle cpeelee tn the lllooene, ond are poaalbly endesle.

The flve beat rieftned llneageo are desertbedl belor.

T}?I G']FNIJVA T,IITEAGE

If1sggluv! tg rllst tngutabed by lte obe curel y trlcarlnatc

juvenlle ehel1, foltored by irr f leted rorrrried ldult ohambcla.

Atlult r lzes of dtff erent epeclee rsnge f rour o.6 &riir tO ErOrG thaa

1 . O fiDrrr Goetae a r"e heavy and regular, but generally d lc out on

the upper nurface of tbe termlnal chaaber, leavtng a enooth ar6a

around the base of the cpertural neck.

Trtsoq_qulra Bgl'ne1 (Cn,;puan) (Pl. II, fte. 18. )

1926 lylgel fgg-gg-Ege,! Chepnian, Iq, z. Ge01. flurv. Pel. Bqll ' I 1 I

p..7Or pl. th, ftg, 6.

lgl,g --F--- -----ror-r- I F1n1ay, TFsn8. PrtV. Scc. trI. l. 69 ( t ) t

p. 1OO, ttl. 11, ft€;. 6, Fl' 12, flga. 18, 19'

196f ------ - ---------; llOfnlbf ,',Ok, l{; ?. GeOl. SUrV. Ir81' BUll'

lb (t), p. 5h.

1961 Egrreqgvg (!rl&ongugg] qgvggl (ctrapnan); velra' rlcropareon-
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-tologY 7 (lf ), P. h75.

snat_l for the llnoage, trtgona'l habtt of Juventle scErcely

dcvelopGd, rlbe etrong antt tendtnr to be fl"ango-l1ke on eaflt

chembera, tendtng to becone obeolete on adutt ehaub€re. Apcx

blunt , Jagged due to produced outer adges of rlb ternlnatlons'

Type tocalltyr Worth Ganterbury orford chalt (rnatngaroan).

The earltest EgIEgg-Egg tn Ner ?,ealand, thte speeles arr lvcd

here at the beglnntng of the otlgocene, but lte oversees ant€G-

erlente are not knotn. .Atthougf! claeeed ae TrlFqgguvat lt hac

vhtst, ally tt to Tefirpvg, and lt te probably anccstral

Trtqonouvo ltneage and to tha lglguva ltneage'
ebaracters

both to the

Trlsooouva dorreent (Ftnfay) (pf. fI, flg.19)
------
lgrg rrvlgerlge-.dgllgeLl Ftnlay, Trane. Roy. Soe. tr'Z' 69 (f)rpf}/l

't 961 Egfkeluva- Jrr lgfr.nouyp). d-og.recB! (rrntav) ; vella,

trtcropalecntologYr T (h)' P. h76.

Cloce to rasyg€lr but rtth nore pol.nted sp€tr nora dtettnotlf

trlgonal Jnvenlle. Costae rather varlabl e, tendllng to becoEre

cbaolete so t hat gcnerall v nos t of t lre shdll ls emoot h, only tbc

rpcr bavtng atrong flange-ltlre longltnrllnal platee.

Tyrre loeallty, F5r67, loo ft. abovC cobtlen T,lmestone, teetland

(rialtaklan Etag€).

The nbarly Bnooth forus claescd ln thrtg specles are probably

the fore-rnnnert of the T:fggs ltneagc, snd a c88e nlght be

nsde for Egparattng then e! a dlstlnct apectce. Iole careful

atudy rs needed, holeverr rrd tt ts better ln the meanttne to
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regard all'..:lattaktan spectmena aB nenbers of one Yartabte poP-

ulatton rhlch ras on the polnt of dlverglng tnto the tro evol-

utlonary llnes.

Trtgonougg z.eaountnata, Vella (pf. ff , flg. 20)

1961 flolkgrugg (Tr!sonouva)_Fe?guntpatg, Vella, lf lcropsleontology

7 (h ), p. 476r Fl . 1 , f 1ga . 15, 1{>.

thell, fatrly large, rlth acunlnate spe'x and atrong, loundlcd

regular costae Eostly conttnuous ove! auturee, taperlng to the

apex rhere they coalesee to forn s polnt, nnd taperlng on thc

upper snrface of the flnel chaulber, dytng before Feac hlng tbe

apertursl neck.

Type localttyr. N71fl 160, Rotokautuku, Rauknmar&J Penlnsula (t orer

ttllburntan 8tage tlnlversa Zone).

Slsltar to tbe etrongly rtbbed ex tr?etue forns of $olIcen!,
but rtlstlngutehed by the rogularlty of the rltrs, and tbe neatty

polnted apex. Trlqonoqra aqagju4naSg r6a r€portet to rangc fron

Aranoan to Upper Tongaporutuan ln Raul(urara Penlngula. It def-

lnt tely dloea not oceur betow Awarn,:an at Raakanarn Pcnlagula, but

has been found tn tbe t')talsn Stagc elserhere. The Tongaporotuan

forn ts probably a dtet lnet, Bpecleo.

Tnfggnonvg-pltozeg Vella (pI. fI, flg. 21\

1962 Hofkerqyq (frf gonouva) plloaea Vella, Trana. Roy. 8oc . 8.7.

oeol. 2 (l), p. t ftgg. tz- zT

sltghtly larger, and

; Pl. I t

general'l YStmtlar to zeqq!!4!Ot!9, bnt
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the &terospherlc forn eharply acumlnate rtth a promtnsnt splne at

the 6pex. ile:lalospherte forni rtth I blunter apex naualty rlth

tro or three coetee proJecttng eltghtlv aB aplcal aplnes. Coatae

generall y ex tend tng rt ght to tlre baae 6r t he apcrtnral neck.

Type locallty, N 15. 3 (q,U, F{ c*.-o- Q'.J, EKi-f''krna' (Op'i{rc"n

Sf-X" - Le ".,er Pl ioc. 'ne).

The last of the ltn€age ln lter ?,ealand ' restl't.sted to t he

Pl1oc ene .

Trtsonglrvg-glgg (rrnrar) (Pt- rr, flg. 4)
--11----lg1ig rly-lfgflr.rg nlglrea Flnlay, Trena. RoY. 8oe. II.Z. 69 (t)' p' 1O2

flgs. 7? - th.

1gfi -------- . ----o--i llorntbrootr, tV. ?. rleol. gtrrv. Pal. Butl.

lb (r), p. 65, Pl. I' flg- lblr.

I 961 HoSlaruva (Tltgcggula) m.lozga lff nf af ) ; Vella, t[ teropaleont-

ology, 7 (l+), p, 1fl7, p}. 1, flge. 518r9r Pl .2.

Flq. ('.
gnall for the ltneege, rhole ehett nsually eobtrtgonalrcoatac

lor anrl rounded, tendlng to beeone very thtn on the adult chaobelat

apeil bluntly rounded rltrr or rlthr:ut ttny sptnee formed by pnolong'

atton of coetae.

Type locallty, Fr58g, ilangaoporo Rlver, Rsukumars Pentnarrla (crtf-

denten stags).

Although the nane ugtgeTlna Flgzeg hee becn uaed for aany

teeorde up to pleletoeene ln srie, the speeleg te really I ahort-

llvcd offahoot of the tglgonouya ltneage, re8trteted to t he Lorer
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SonthLand BerteB.

lr-Ur€n.ggVg.gprre!-!-Eg Yella (p1. II, ftg. 22\

lg1t rlofEgluvg lTrtqongnva). gargan$gg Vella, lttoropaleontologt

7 (b), P. 1fi7, Pl. {, fl g. 1l'

Very Lar;:e, trlqonel early nhet1. Aceentuated h:' heavt cogtaO

on the anglea. Other eoatae eovererl by anooth eallous on early

shell but enorgtng on rutd<lle ehaabefs. All eo8tee obeolcgecnt on

f lnal e hantrer. Apex narrorrly rounded.

Type lsce1 Lty, lfSO fi19 l{angahout Etream, RBukunars Peatngula

(utanfe r,l1lburnian Stsge l{tolndex Zone)

Thts spectea hae no obvlsua anccator tn l{ar Zealand and

le probably an tmnlgrant but beeaure of lts trlgonal ehape la

eonaldtered to be genetteally related to t tre lglggggggg ttncase''

It ts reetrteted to tho lorer tro thtrda of the T.,11.1burntan 9tagc.

TER$gVA T.INSAOBS

Teregve le cttgt ing'r t shefl by ahel ls of moderatc to targa sl3c

bavlug adolt chaabers Bmooth, an,l excepttonaltry sl1 cbambsre

emooth. typtcal ly the sperturel neok tn eet Ln a sha'l 1or clreular

depreralon st the top of t he terntnal c hen ber. The grolrp appcer8

to be entlcmto and cone t ate of tro '1. t nea g:eg.

The maln llneage ts named the Tcregvg--gg-!9l99 T'tneage and

eonrtsta of a succesnton of fonr apeeleo rhtch ehor progrGastvc

reductlon of the costae urrttl, ln the ftnal speotes eutefea
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- they eotspletely dleappear. The other ltneage ls nencd th6

Terg$ya gtoegbregltJl T,tneage and ln tt t ha oostae bccoue reduacd

t n nunber, restrlctecJ to the lorer porta of the cba&etrar and

ertenrlert to forr. fln-ltke flangea, but thts trend la not etrtctly

prcgreagl.ve.

The Tgreuga egterss r,lneage 1e leprecentcd fron the upper

Oltgoccne (otatan Stage) to t he rlpper )J loceno (ropliean Stage) .

?he Telguv,q mlogchuaggrl T,tneage te represbntcd by an undeserlbad

spec tee ln thc Lorer stooena (nttonlan $tage) anri by tso desorlbad

spec lea in tho bt tddlo sloceno (t,ltlburntan [f tage) . The fta-ltke

flanges sre etrongly reraLntaeent of the ftanqc-1tke co8tae of

Trtgonooyp, ulggnet, and the utoscbraserl ltne probabl y dtverged

fron the euterefi ltne before tbe Htoceae.

I . T$reJigg-. -g.qI-gLe,S i,tr:*sge:

Tergry: ptgt'J VeLls (?t- . If , flq . ?('\

.'tgfi l!2!Eergv:r (!.erglr.yg) ptqlt Vella, hllcropal e.)ntcl ogv 7 (tr) ' pr

t{75, FI . 1, flg' lO.

Ot rno4teratr: r',.12e, atont, :vste to subcyllndr!'calr Elth

brond ly ror-rntled or obtnoel y angled aper . CoEtae etrong on thc

early Fart af the ehel 1, tupertag to dle or etrsoet Cle by tbe

termlnal chanber.

Type J oeEl lty wlf5go, Eoroporo Rtver, Qsukrrna!44 I'entnsula (ntalan

Itage).
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Igreuvs pllmlge3g Ire1la (pt . II, f ig . 2T)

1961 HgfEgruva (Tgreggal prlnlgeng Vella, l{tcropateontology

7 (h ) , p. \76, pl. { , ftg. 12.

Large, obesa, atnllar to plgkl, but rtth nnob lorer, thtnnc!

costae, very reek on adutt chanbere, but generally reachlng the

termtnal ehaaber.

?ype localtty'q8Offhh8, Hata Rtver, Raukunara Penlnaula (ff11-

burnlan Stage).

lerguvq pgcnltgreg Frnray) (pr. II, f tg. 28)

lgrg Uvlserlng pggBltef cs Ftnlay, trana . Rot. 8oe. l{.rl €'9 ( t ) '
p. tO].

1961 Ho_flreruva (?ereuva) paentteres (ffnfay) ; Vella, lllcropateont-

ologyt 7 (b)' p. l{75.

I..lrge r!.t.h o-eply tnpreeeed euturea, costae reak, reatrlctcd

to thc earlt part of tbe shell.
Type locallty, Fr132 Kaltl Beaoh, Povertf Bay (prolbblf fatauaE

9tagc. )

Tereuvalgeree Vetla (pr. f I, f tg. 29)

1961 Hofkeruva (Tereuya) eg!e.re-e Vetla, f,tcropaleontology 7 (b) '
P. \76, Pl- 1, flge.6s7.

thetl of noderate stze, rlth deeply tmpreaeed euturcs. Su!-

faee enttrely emooth or rarely rtth falnt tracee of costae at the

apgf.

?ype looallty, IfSOf/O5, Tokonaru dietrlct, Raukunara Penlnaula

(Upper Tongaporutuan Stage) '
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2. TereuvF--ln:Loschraqert Ltneage:

Igrgnvg-genlteres ve1la (pt. II, ftg. 2h)

.,196r nglES-EnvL (Telsrgv-al-aemltereg Velta, f lcropaleontology 7 (h)'

p. \75, Fl. {, flga . 13, th.

Of noderateraLze, Btout, rlth deeply tnclaed eutule8 and

lrregutar prof 11e. Coatse fer, lrregul rir ln alze, flange-lttet

aome dytng out on the early part of the shell, Eome peratattng

to thc penultlnate chamber.

Type tocallty, !t80flh06, Iata Rlver, REukumara Pentnaula (Lorer

or rd tdldle Ltllburnlan) .

Terguva mtoaelraser! (rrnray) (pr. rI, f tg. 25)

'lg3g Evfgerlna ntogclsafi r'lnlsVr Trane. Roy Soc. rU.!i,. 69 (f)t

p.10J.

196'l Egflergva (Telguvg)_mtoechrPsert (ffnray) ; Vella,

ttlcropaleontology, 7 (b)' F' |.475.

Larger than Bgs!!-glgg, rlth a more taperlnq sper, and rltb

more numerous eostae, some of rhtcb are flang€-ltker oo&e reatFrt

all genera'l 'l y er tenrl lngto the penul t lnate ch 4iber .

Type locaLtty, ll97f9t{8, l$alhura $ttream, Poverty Bay (tlpper Ltlt-

burn 1an) .

An undescrtbed Bpeclee tn the Altonlan ln srore ltke glggg!-

rgggll than sgmllerge, but 1g dlettngulehed by lorer, tltated

co8tae' rt le the f lret lcnr:rn I pec lee of the glgEs'bragent llneaga

and le probably rlertvetl from l-ereula g!g!!.
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tfllglnf$ LrFEAos

tgslnluv_a te characterlacd by shclle of moderate elae rtth

typloally flange-1lke longttudtnal costae that extcntl etronglt

froo aper to the base of the apertural neck. Ae orlglnelly

dcacrlbetl thcre retc three speetee, tlo of rhteh rere eob-dlvtdcd

tnto c hronologlcel sutrspca les, but all. f tve f orns 8rG here treat-

cd aB Bpeelca. The apoeteg are dtetlngrrtahcd ahtofly by dlffcrQn-

ces ln ahape and ln tbc thlckneeg and regulartty of tha eostaG.

Tlre trends, Lf aofr are torarde a narroror ehell" gnd ttlcker,

lorer, Eote regnlar coetaG.

Stze rangcg fron O.5 sru to O.85 8i8.

The llneage 6ppeara flrat la the Aramoan $tager as an !@-

tgrant forrn rtthout fore-runncre ln lfcr Zcatand, and conttnnee

up to thc Flelstocene. It la not yGt knorn tn preeant day faunas'

Lamlntuva eltonlca Vclla (pl. fr flg. tl)

1961 Es.tEeIgVg. .lLgglgluvg)-lgtgnoea,. qllgglcg velta, HlcropalGoat-

ology) 7 (h)' P- h7h, tert ftg. 5.

ftnall f or the I tnea ge, rtth t hlckr ratsef,, nertorly flenge-

itke eoatae rhlch cr terrd geneFall y nntrrokeil the ful 1 length of the

shelt . Type localtty, ?{ 'llgtqg?, Ttnut Valley, Salrarapa (Aramosn

$tage).

ls consldered to be the ancestrst forn. Altontan spce-

a llttle lar:lcr, and poselb'! y are lntermedlate h'etreen

and t ut aluoea .

Tht a

lnens are

altonlea
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Lgnlqtuva tntannoea Vella (pt. I, flg. llr)

Jg

r96r Hofkeruva_(Lqglnlgla) .lutgnoea. tutatsggg Yclla, fftcropateont-

ology , 7 (b ) , fi. h7h, pl. 'f , flg. b.

Of ruoderate aLze, ttth lrregular tobulato outltne aad trune-

ated Bpox. lYumcroua flange-ltke *oatae ecrrated by breakagG of

thelr hyallne-thtn outer eclgee. Type loealtty, f80ff426, Iata

Rtver, Roukunara Pentnenla (tlpper Lf l l burntan Stage) o '

I

Lamllrloga zelanlqa Yella (p1, I, ftg. {5)

1961 Hg.{kcf uv,a (LggnJglggg)_?eJanlqe Vetla, It tcropaleontology 7 (h) 
i

F. L7h, pl. f , fl*. 3.

Large, eubcyllndrleal, rlth ronnr{cd spet. Coatae regotart

coatlnuouT fron apex to apertoral neck, flange-llke but thlcts aad

not BerFated by breakage. Type loealltf r fSOft 368, llata Rtvert

Bauknnrara Pentnaula (watauan Stoge).

!an!$_lgvg- lutarctdgs Yella (pf . f , tlg. f 6)

1962 Egfkernvg_ [L?n&f uyg] ro4lgr*_ tgSamoldce Vella, 8ranc. Rof . 
i

Soc. .4.2. Geol . 2 (t), p.Y

Of nodcrate efzc, narrou, rtth rather lrregular tbtn flaage-

ltke rlbr gcucrall y serrated by breakage of tbc cdgeo llle tboec

of tqtatuoea. Type looalttrr Ntsr f f t, AI3".t^; C,<-K, E<eTJr,qne

d;st-;.f ( do.ipipicn Sf1.)

taglnJuva roster! Vella (pf . I , f 19. 17)

1962 HofkeTuva (T"anln!ugg)_.r?dlqrJ lo,j!-lgl.t Vclla, Trans. Roy. SoG., _
fr.Z. ocol . 2 ( I ), p. I, pl .L, flgc. TttLI.
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Of nodlerate a tae, narror ; aouataatet

thlek ratead ooatac.

+o

rtth regulerr rether

Type loealtty, NISA f ;tS, rlecr Mo..^-icevil{e, Jqiro-'TlPq
( cJ^ito*ore-n Sf*5. ).

Thta form ta hardly reeognlshble tB Lontntuva, but the rcl-

attonshlp tg shorn by the crrller epcetcs tutqgptafgl rhlcb gradee

tnto fedlevl through tntermedlate popnlattone ln the Ualptplaa

$lt age.

RI"CTIIVIOSRISL PO5A}TA I,IFBAGB

Elongate cyltndrtcal shelta rlth a anatl trtaertal etagc (t

the total length ln fergfratt, relattvcly snaller ta other Epcslea)

The ehange :from trtserlal to trhtacrtal ta fatrly abrupt, aBd thc

untaerl,al ctrmbcra, ugualty fr.)ur or flYe ln nonbarr arc FGrfeotlf

rect tltnear. Sculpture eonal,gts of rGgutar tongttudtnal rtba

extCndlng from suture to eututG on eatb chanber'

?he apeetee of &ectqvlsgr@ tn Fer ?ealaad have genGrtlll

bcen regardted ao a tlneer cvoluttonafy aertce. Thrce ttnd,e of

progrelstve evoluttonary change are eonsldered to occu!: ({)

deereaae tn relattve etze of thc trtgertat ata3e, (Z) atralgbtGn-

tng of the unlserlal atage to a frerfcetly reetllinear condttlon'

(f) obange tn the eeu'l pture f rom retattvely coatco to ftnc. The

Fer Zeatanrl Eoaene forns, qrlgcg and poctprandla are prlntt tve ln

havtng relatlvely large trtserlal atagea and DoB-rGetlltnaar

untaerlst gtagea. ?hG earl y nltgoceae speelen R.-e3rtg!l|e,l$
hss aB ertrenely gmall trtaerlat atage anit perfectly reotlllnear
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unlgcrlal chanbera, and te the most dtlvaneed apeclee lc have tn

Wcr Zaalanrl. Later Bpcctee have larger trlsGrtal etagcar and

R._g.t4latt.gelng ean not be regorded Bs lnternedtate betreen thes

and the Eoeenc speetea. ft ts extreuely nnltkaly that R. atrlat-

lsolna ts a deecendant of poalprandtg (olntay), and mneb norc

ltkely that lt ls one of the ntrr€roug lnntgrsnt apeclee thCt

appeared ln l{er ?oaland at t he bcglnntng of tbe Ol lgocena and ths t
tts ancestor tao a perfeetly rccttltnear ovaraeas Eoccne speolea.

The yoonger threc speetes rhor only allght changcc tn strtrct-

ure and shape of the ahelt, but ehor the pfogreeclve flntng of
eeulpture and probebly constttute a ltnear evoluttonart sooccleloa

- here naned the Rgglgvtn.er&rg pohgng ltncage. The olcleat ![er

tealand epectee of tbe l lneage la R.cclugtseltga rgregalg rhtch ta
unltkely to be a deecendant of the prevlous R. strtaltgstu! and

Tas protrabl y cne of nurnerDun lmtgrant e f ron overcGaa rhtah srltv-
cd tn llcr Zaaland at the begtnnlng of f,a ttaktan t lme. I t t88

follored by B. vesga ln the Htddle HLoeene and R. pobsna ln tha

Upper ttocco€.

The btozoneg of the Bpectea of the llncage foru a conttnooag

Btrcccaeton apparently rtthout aay t1me Sapar but they ovcrlap onty

attgbtly or not at all. the change tn the Bctrlpture though Plog-

reselve la not gradual, taktng plaae abruptly at blozoae boundaf,-

ter. Oradattoaal rorms, knorn to the rrtter for only the tro later
Bpes tee ye.8cE and pohgna, are conf tned to I snall thlckneaa of

atrata rhtch repreaenta tt very enatt proportton of thc blozonG8

of cach Epectee, and probably arc hybrtdg, not tnterscdlatc evol-
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ut lonary etagea.

Reclnvtgrlna rerenalg (rrnray) (pt. r ' f lg. I)
1919 ltphofenerlna rgrenelg Ftnlay, Trana. Roy. .$oc. !$. ?.

---
p. 108, Fl. ll, flg. 8.

1945 Rec-tuvtgenlgg fcrenala (ftnf ay); f,athcra, Joqr. Pal.

p. ,96, Fl. 82, ftg. 15.

1961 ----------------------; i{orntbrook.l fr. Z. Gcol. Sorv. Pal. Bull

lh (t), p. 66, pl. 8n fle. lb5.

1961 ----------------------; Vella, Ilcr opaleontotogt, 7 (b) r P. b8O

pl. 2, f tge. 22 23.

Irtaertal etage about t, Coatae relatlvely thtct and rldely

spaeed. Apex of leposphentc forn u ttb atngle rudlaentart sptne,

t hs t of rnegaloepben tc f orm r tt h a ever al t lny pr tctlee. tength

up to O,9 Ef,l.

Type locallty, FIOZ} Ilhangara Beech, :overty Bay (Aramoan or Alt-
rrn I sn) .

Bgctgvtgcrtna-Les.a ( Ftnlay) (pl. I, flg . 2)

1g3g ggga Flnl ay, Trane. Roy. $oc. lT. ?. 69 ( t ) t

p. tOgr pl. 13t flge. 116 h7.

i 9h5 RectgJrlFertna gesea (rtnlay) xathera, Jour. Pal. f g (5) r p.598

pl. 8f, tLA. 7.

196r ------------ -------; Vella, tlcropaleontol ogy, 7 (ll), p. hBl t

pl. 2, ftg. 2\ - 25.

Iore alender andl dettcate than relegslg, rlth &rore elevated

and globular adutt ehaiube!8r and f lncr eeulpturG. Tltaerlal etagc

about *. Stcrospherlc and megoloephcrlc forna botb have a stn8lo

69 (r),

19 (6) 
'
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pronlnant aplcol aptne. Length up to O' 9 olo'

Type tocallty, Fr'l}5t Kumara, YJegtland (f'fffburntan)'

43

Rectuvlqerlns pohana (pfnfsy) (pt. Ir ftg. l)

lg15g glphggenerlna pghg'a I'1nlay, Trsns. Roy. 5oc' S' Z' 69 (t ) t

P. 1O9, Pl: 13, f tgn' lrh h5'

lgllsRegtgllgerlng-pohsna (ffnfay); trlathers, 'Tour' Pet' 19 (6)t

D. 598, Pl. 81 , tLg,. 7 '

1961 -,----------e o-o-ee i ve'r.ra, l{leropaleont otogy, ? (4 ) r p ' h81 t

pl. 2, flg. 26.

sllghtlyeuallerthanvc8ea'rtthYeryftne,denaertbe.
Apex el tght 1 y potnted but not aptned '
Type 1oealtty, F3Ogg, Poverty Bay (upper Tongaponutu'n stagc)'

Thle speclen occurs sbundantly tn approprtate faaleg up to

the top of the T ar trnakt ger te e trut dil.gappears bef ore t ho ranganul

gerles and te not replaeed by any relsted spectes.

chapnan, F. 1926: ?he Oretsceou' and Tert lary Foramlnrfers sf r{cr

Zealand, rlth aD Append1I on the Oetracoda'

guly* EgJ.-Bgllr r!. 119 FP'

Ee&-@I'

Frnray, r{.J. lgrgar l{er zearand Foramlnrfera: Key Epectee ln strat'

lgraphy. l{o. 1 . Trq!e:-EgI' 9o9"-1V' 3r-68r P' 5Ob -31

-- 1959b: I{er zeatandt Foramtn lf era: Key gpac les ln gtrat'

lgraphy. -no. z. Ereqs.-E9g--UEJ--6Zg)r FP 89

128
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-- 1939e: Fer Zealsnd Foramlnlfera: Kcy Speetes ln gtra-

t tgraphy. ITo. 3. Tf gne.-Bgv,.-goge ile Z' 69 (4'

pp. 309 - 29

.,- 19hO: I{er Zeatandl Foramtntfcra: Eey gpcctce ln Strat-

tgraphy, - l{o, b. trane. 8Ey. 8o9.-E-Z- 69 (ll),

Fp. hh8 - \72

,-- i gh7: tficr Zealand Forantnlf era : Key gpcc tee ln Strat-

lgraphy. - l[o. 5. {. Z, Jotrr. Elol. teqF.-gec. F, ?8ji)r
pp. 2r9 - 92

Plentng, C.A. €d. I lgSg: I-,9I. fltrat. Intgrnat. 6. ()ceanlo llr\
Par ls.

Horntbr.ook, tq. de 8., t96f : Terttary Forantnlfera from Oasaru

Itlatrtet (w.2.) Part 1. !t.2, 9eo1. Snrvr ?91. 8u11.

_Ii) . 192 pp.

Hathere, R. D. f 9h5: Reetuvtgertna, I t[er Oenne of Forantntfere

fron a rest ody of Slqhogcnerln.e. ,

pp. 58S 5O5.

pap, H.J.1 1gt5: gome Foranlnlfera from the Aranoan of the

Iedray Rlver Dtetrlct, Araterer Uarlborough, Fet

Zealand. frans. Boy. 8oo. n. z. 65 (g) r P9. 75 a 87

Vella, p., 1961: Upper Cllgocene and Ilocene tlvlgellntd Foram-

tnlf era f rom Raukumara Pen lnsu1s, l[er ?'ealaad.

Ilcropaleonlqlgsy 7 (b) r FP. h57 - 83.
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1962: Btostrat lgrapht and Palcooology of Xsortccvtll

Dlatrtet, !{Gl Zealand' Ersnsr, R!tI. 8og. X. Z' OGO}.

1 Ua), PP. 18] - 99
rqG3.ldffr: gome Foranlntfera fron tbe UPpcr llloeonc

aad Pltocene of Ha$arcptr ltar Scaland. @.
goe. f,.Z, Ocol . 2 (t), FP. l-lt+.



PtATti I
(srl ftgurog x 75)

1 . Ieglg!:fggqfgg-Iggggglg ( pr nilar ), holotyp€ .

2. lgetgvlSggge_ye-ggg (trtnlat) , bototypG.

3 . !g"g!,gv!.ggg!gg_gg!ggg ( pt n tay ), ho lotyp€ .

h . Kagl-sJlg rla gglggeg.legglee Cusbnan, F5rB2,
Bortonlsn ( uf od ta Eocsa ) .

5. gggsglg$g_-glolsgg! Ftnlay, holotype .

6. Feglggls Ue_SfJlgdllg! Ftnlay, bolotypc .

7 . @!Icgle$!-g3gpggq! Ftnlay, borotypo .

I . Slgglgfgglglsglg$g_pgr+ pt nlay, b,o lotype .

9 - PractofrggglguleglaJ@g Ftntay, horotypc.
10. Eglylga Entlg Ftntay, holotype (aftar

Hornlbrook, I g6i ).
I I . gg.]lflgg_4gslgggge Flnlay, holotype ( after

flornlbrook, i96l ). t

12. EeJlgge_etrItlgle Flnlay, opoltlan stagc
(Iorer Plloeeno), latrarapa - sorarbat dlagramatle,

1J. leglnrggs_gllgglcg Vo lla , holotypo .

It. &d4fg1g_!"9!ggggg Velle, holotyr)e .

15. Jpelglgra-ggalaulgg vc lla ' holotypG .

U?'' @tangl9gg Vclla, holotypc.

17 . tselglggg_ggglga! Ve lla, holotypc .
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PIJITE II
(afr flgurrex 75)

I E. Srlgg.nggvg_nglFp:l ( Cnapuaa) , topotyB€ o

19. Iffs$ouga_dgmegn! ( runhl), bolotypr .

20. Tr{sglguvg_agaagnlgglg Yc lla, bolotyp€.

21 . 3f!relguvg pJlosge Vellar hotofypG.

22. Sglggggggg sgggenlgg Vc lla , bolotype .

23. lg[nonogva qtosgg (trtntar), xSofl 76j, Trtroba zonc,

Araooan Etage (lorcr llocene).

2b. Tgraglggg$gggg Ve lla, holotype .

25. IgIEuvg. alpgctrrg$e!! (f'f nhy) , holotyp€.

26. Tgreulg_$gll Yella, holotypc.

27. Igsg-ggg_pglslgggg Vellae holotyfi€ r

28. gg5guvg_Sggn$glcr (FfufEI), paratopotypa o

29. TgEagve gutelg! Volla, bolotypo.
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Abstract
Wlrn,tnrl'l upper lr{iocene and Pliocene marine sediments have ft-"t4$ twelve

species of Nonionidae representing six genera-Melonis Montfort. Florilus Mont-
Iart, Zeallorilas nov., Ninionella 

"Cushman. 
Astrononion Cushman and Edwards,

and paci'nonion nclv. Species are of little value for stratigraphic correlation, but
are useful dePth indicators.

The new genus Pacinonion, which is related to the widely distributed Astron-

onton, was reslricted to the New Zealand region during the-Tertiary, tnd is now

probaLly restricted to the wcstern Pacific. The new genus Zeallotilus includes as

rype species Noniottella parri Cushrnan (since 19'10. known a's,Pseudononion parri.

in New Zealand). Two n**u species oi \Irlonis, tlvo of Pacinonion, and one of

Astrononion are described.

InrRonucrtor.t

IHE name Nonionidae is rrsed here in its restricted sense (Sigal, 1952)' exclud-

irg Etphidium and related genera .which are now grouped in the 
. 
family

Eflniaiia"". 
- 

i*o long disusei generic -names-Florilus 
Montfort. and Melonis

Montfort-were recent"ly revived-by Voloshinoaa (1958) for distinctive grouPs

oi species which up tilf now have'been lurnped in the genus Nonion Montfort'

The genrr" Nonion in its rtstricted sense 
"ornpiit.t 

species w-ith-promT:ttt ttmbones

coverlng the umbilicus, and is not represented in New Zealand. Of New Zealand

species 
"recentiy classed in N onion, -oig -(flemingi) is referred to Florilus, and the

remainder to'Jtilelonis. Other Nonionid'g"n.ri represented in New Zealand arc

Nonionella Cusfiman, Astrononion Cushman and Edwards, and two new genera,

Z.eaflorilu.i and Pacinonion. Zeaflorilu.r-and Pacinonion, as far as can be deter-

mined, are restricted to limited areas of the Pacific.

Wairarapa is part of Wellington land district in the southern part .of the

North Islan'd of Ne* Zealand,, tling to the east of the axial Ia-nges,- and-south

of Hawke's Bay land district. M".h of Wairarapa is covered by thick Ypp.t
Miocene and piiocene marine sediments r.r'hich for the most part rest ttnconform-

ably on Mesozoic geosyrrclinal sediments. The_ upp:r Miocene and Pliocene sedi-

,)ents were deposlted'in several small but d..p basins and include turbidites'

Published by the Royal Society of Neu
lltellington, P.O. Box

Zealand, cf o Victoria Uniuetsity of
196, Wellington.
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Transactions-GroLoGY Vor,. I

Fra. I .-Approxinate depth r:rnses of Nonionidae in the late Tertiary of Wairarapa:
occurrences in o'"t"Jiln":"1,.:X[lfo..*:,.'I.:':*,.',":: 

i::*?"T;".Broken 
rines indicate

bathyal mudstones, and a varietv of coarsc to fine shallorv-rvater sediments.
Biofacies are varied, representing a considerable range of depths. Fossil Fora-
nrinifera include twelve species of Nonionidae; only three other species of
Nonionidae-Melonis maoricum (Stache), Nonionella nouozealandica Cushman,
and Nonionella ? gemina Hornibrook-have been reported from upper Miocene
or Pliocene rocks elsewhere in New Zaland.

Within the Upper Miocene and Pliocene the Nonionidae are of little use as

stratigraphic index fossils, but nearly all are useful ecological indicators. Depth
ranges of the Wairarapa species (FiS. 1) are inferred mainly from occurrences
in biofacies which were defined by Vella (1962a, 1962b) and Kennett (in press).
The name Pseudononion Biofacies is now changed to Zeaflorilus Biofacies because
of the generic name change in this account.

The Wairarapa species of Melonis. Astrononion, and Pacinonion are fullv
described and illustrated in this account. Those of Florilus, Zeaflorilus and
Nonionella (except lrlonionella ? tp.) are already well described and illustrated
clsewhere.

Holotypes of new species and all figured specimens are in the collection of
the Geology Department, Victoria University of Wellington. Paratvpes of new
species have been presented to the New- Zealand Geological Sun'ey.
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Locality numbers are New Zealand, fossil record numbers based on the

'ational 
orr.-nlil" 

-iopogruphic-sheet 
district grid. The master files for fossil

recorcl numbers of iVu'irui"pu Sheet districts are in the Geology Department,

Victoria University of lVellington.

Strbfamily NONIONINAE Schultze, 1854

GenusAsrnonoNloNCtrshman&Edwards,1937

Tvpr, Specrrs: b), original designation . Nonionina stelligera d'Orbignyl Recent,

Canary Islands.

Crrslrman (lg+B) recognised that the genus Astrononion inclttclecl trvo kinds of

sl:ells, or* *ith " rhombold " srrpyrlementirl' chambers, th'e other rvith 'o tubular "
,,,ppi."..ntary chanrbers. These'iwo different kinds of shells are here separated

as' distinct genera, Astrononion and Pacinonion.

The type species of Astrononiort, could hardly- h-ave been less happily chosen'

O'shman'irge'S, p gel remarked: "The typqs of this specie's^came from shallow

u,ater off thc islincl of Tenerifie, Canary'islands, where d'Orbigny recorded it
as very r?:lrc. There have been many reiords referred Io this species but

. 

" 
. .' ,-,on. of them are identical ivith the species figured and described by

cl'Orbigny ". Presumably the type cannot be 
. 
found, lld thg olly indication

tlrat wI h"u" of the generic chaiacters is an indifferent illustration by d'Orbigny

rvhich has been t"ptodr,."d by Cushman (1939, Pl' 10, fig' 1)'

D'Orbigny's drawing is highlv idealisr:cl. b_ut fairly certainly indicates over-

l.ppittg itiuttg"lut ,t,pp-l",r,"ntary chambers. The angle nial the trmbilical ends

nf ih"-lurt trro ,1rpplJrir"ntary chambers, rerrtarkcd on-by Cushman (1939, P. 36)

is probably incorrlctly drawn owing to- d'Orbigny" incorrect 
-observations 

of the

* u' i' which orr. ,,rpplementary cf,amber ou.tiaps another.. Each of the earliest

IoJr visible srrpple-*niury chambers is showrr over'lappifg the one sttbsequent.to

;t, an improbable condition. and the reversc of that- in all other species with
trlu.rg.ttri supplernentary chambers. With the overlap of these early strp-plementary

chambers reversed, and the angle taken out of the anterior lnargin of. the latest

rwo supplementary chambers, d;Orbigny's figure looks very similar to Astrononion

,:oltoruiyi Loebliir ancl Tappan (- stellatum Cr.rshman and Bdwards, not

l{onionina stellata Terquem) iiom off lceland, as was suggestecl by'Parker (1952).

Only Astronottiott gallowayi Loeb. & TuP.,^ tttmidum Cush' & Ed', and uita'
lloense'C.rsh. & Ed. have r,rppl"-"ntary chambers that are_ approxirnately tl"T-
[oicl in shape. On many bif,"t species supplementary chambers described 

- 
by

Clushman as " rhomboid " are triangular, th6ugh overlap of the broad umbilical

"rrJ, 
giu.s a rhomboid appearance o-r to-". Both rhomboid and triangular {orms

uf suiplementary chambeis taper narrowly to their llfnheral ends. and typically

are soldered to the shell only on the anterior and umbiliial nrargins. On any shell

each of the later-formed supplementary chambers normally--has the whole of its
p"ri"tiot ma.gin free and raiied slightly above the shell wall to leave a -long slit-

iik. ,rpplemeirtary aperture. In **y species the earlier-formed 
- 
supplementary

chumbers. ho*'cvcr, huu. their posterior 
-edges 

soldered to the shell lor some

rlistance out from'the umbilicui by callorrs] and are beginning to assume-. the

appearance of tubular supplementary chambers. In one species, Astronion italicum

Ciush. & Edw. eyen the laiest-for*ed supplementary chambers are subtubular with
very obliqtre lou,, slit-like apertures at their peripheral ends.

Astrononion is here restricted to species with triangular or rhomboid supPle-

,r,"rriory chambers which have apertrris along their posterior margins, and which
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contrast rvith the parallel-sided tubular supplementary chambers of the nelv genus
Pacinonion. Astrononiorr differs further fronr Pacinonion in having the trmbilicus
covered b1' the inner ends of the supplementary' apertures. in usuallv having feu'er
chambers per rvhorl, and in having somervhat irregrrlarly shapcd charnbers.

TIre writer cxamined the tlpes of. A. imprcssu,m Hornibrook. and A. pusilhnn
Flornibrook. A. itnpressum is definitely an Astrononion, having long slit-like open-
ings along the posterior margins of triangular strpplementary chanrbers. T'he
srrlrplcmentary chambers of A. pusillunt are difficr-rlt to see clearh-, but appear to
be parallel-sided tubes like those of Pacinonion. The umbilicui 

.of 
the^ ihell is

closed, horvever, and the aperturcs of the supplementary chambers are cpite long
and very obliqtre like those of A. italicum. A. pusillum is therefore t1'pical of
neither Astrottonion nor Pacin,onion and is provisionally left as a member of
Astranonion.

Astrononion cf. fijiense Cushman & Edwards, with short supplementary
chambers like those of the Fijian species, occrrr in a N.Z. Geological Survel, sample
fi'om Hobson's Bav. Auckland (lor.t'er l\'fiocene). It has not been recorded
llreviotrsly.

Astrononion now has a world-wide distribution, and occurs in the Eocene of
liurope attd Nerv Zealand. the Oligocenc of Nerv Zealand, the Miocene of Aus-
tralia and Ner.r' Zealand, and the Pliocene of Australia, New Zealand. Japan and
Europe. It w'as widely distributed during much of the Tertiary and is probably
the stock from lvhich Pacinonioz arose. Species of emended ^4sfrorronion are:

.rtellatum (Terqucnr), Eocene France
italicunz Cushman & Edwards, Pliocene Italv (?)
sidebottonti Cushman & Edwards, Recent, Meditcnanean
stelligerum (d'Orbigny), Recent, Canary Islands
gallowayi Loeblich & Tappan. Recent, Iceland and Alaska
tumidum Cushman & Edwards, Iteccnt, Ascension Island
uiragoensr: Cushman & Edwards. Recent. Ilritish Columbia
aomorfums Asano. Pliocene, Japan
hamadacnsa Asano, Pliocene, Japan
australc Cushman & Edwards. Miocene and Pliocene, Australia
fijiense Clushman & Edwards, Recent, Fiji
impressunr Hornibrook, Ecrcene to Lor+'er Miocene, Nerv Zealand
(?) pusilhrru Hornibrook. Eocene to Lower Miocene, Nen' Zealand
cf. fijiense Ctrsh. & Edr.r'., Lower Miocene, New Zealand
uadorum n.sp., Pliocene, New Zealand
antarcticum Parr, Recent. off Enderby Land and off Leopold and Astrid Coast,

Antarctica

Astrononion vadomm n. sp. (Pl. l, figs. 4, 5)

Shell of moderate size. rnoderately compressed. rvith subparallel sides and rounded
per-ipher."-. Sutures flush to slightly depressed. linear. distinct. 7-g per whorl. Prinrary
aperture an arched slit at tlte base of the terminal face. Supplementary chambers formed
by narrow transverst'ly arched plates broadest about qulrter of their length from the
umbilicus, tapering to the peripheral end. rvith postet'ior edges free for alrnost their full
length on last thrre chambers, soldered to the shell by callous for part of their length on
enrlier chanrbers.

Estimatecl maxinrum diameter: 0.425 mm: thickness: 0.19 mrn (holotype).

TvpE, Loc,rr-rrr'. N153f937, Tiraumea River. Eketahuna f)istrict. holotype
;rnd 5 paratypes. Trvelve additional paratvpes from Nl53f9+3. Pori Limestone
(\Vaipipian ?) .
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SrRerrcnar)Hrc AND Ecolocrc R.qNcn. Known only from the trvo localities

,,r.tlion.d, probably both Waipipian or W1i_t9t1an (middle.qT .tpqe.r 
-Pliocene)-

Nl53fg37 
'is'a 

Zeafiorilus Biofaties, and N153f943 is an Elphidium Biofacies, and

tlrc inferrecl depth range of. Astrononion uadorum is 0 to c200ft'

RsneRris . Astrononion uadorum is distinguished from other described

rp..i"r 
-fry 

th" narrow'ness of the suppllmgnt-ary chambers.,. Chambers tend to
d. irr.gufur in shape, inflation varies, uod th"lls iend to be slightly assymetrical.

Genus PlctuoNtox
TypR Spr-;cres. -4stronortiotr noL:oz(a[anrlicttttt. Clushrnan & Edwards, Recent (and

llio-Plcistocene), New Zealand.

Similar to A4elonis ancl Astrononion, but with supplernentilry-chambers consisting of

paraliel-sicled tubes along the -inner parts of thc sutureJ on both sides of the shell. Aper-

i,r., of ,upplem",ttary 
"chambers small, round to -ovater situated at. the peripheral gttd'

ancl usuelly ror-"i-io ift" longituclinal axis of the tubes. Umbilicus typically open, chambers

numelotts, shell of regular shape.

A tat\. /--
Frc. 2.-Geographic ancl stratigraphic distribution of Astrouonion, A, and Pacinonion, P'

Letters in pai"rith"rus: E. Eo,rene; N{, Miocene; P. Pliocene;-Q, -Quaternaty; R, pre-sent

a"r' Arrows incricate 'l-t;'1.';:;Jl?il ",ln3li'"il"?.#:r"iiil,:t Pacinonion Irom

The historl, of Pacinonion is different from that of Astrononion -(Fig. 2).
pacinortion is'well represented from the Oligocene to the Recent in New Zea-

tand and appear.s to irave been endemic to the New Zealand regigt to^ the, end

of the T"rtiary. Judged from the type description (Ellis & Messina, Catalogue

of Foraminifera) ," Asit'ononion urnbiii'catulum Uchio from the lower Pleistocene

ol .J"putr is fairiy certainly a species of. Pacirtonion. Astrononion italicunz Cush-

,,ruir & Erlrvarcls. from the Pliocene of ltalv. miqht also be considered a species

of par:inynion. but has distinctly tapering (narrow trian.gular) supplementary
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chambers rvith essentialll' posterior apertures, and is here regarded as a species
of Astrononion rvhich is convergent to Pacinonion. No other species rvhich might
belong to Pacinonion have been described from beyond New Zealand.

Dnring middle and late Tertiary time New Zealand, being situated to lec-
vvard of a continent, received many rnigrant species of marine organisms, and
being situated to windward of a wide expanse of deep ocean. rvas rvell adapted
to the fostering of endernic and nearly endemic groups, the best knorvn examples
ramong Foraminifera being Haeuslerella and Notorotalia. The occurrenct of
Pacinonion ? umbilicatulum in Japan mav indicate late Tertiary or Quaternary
migration like that of Notorotalia (see list in Hornibrook, 1961, p. 134). Strch
migrations of Foraminifera may have had the same basic cause as the extensive

Quaternary rnigrations of the gastropods Typlina and Siphonochelu.r (Vella,
1961) and that of the pelecypod Pecten, which Fleming (1957) explained as

almost certainly controlled by Pleistocene cooling.

SPECIES OF PACTNONIOI;

Earl,v to nriddle
Tertiary

Late Tertiary and
Quaternary Recent

New Zealand

.]apan

parki (Hornibrook ) notozealandicum
parki

poriensis n. sp.
neef i n. sp.

untbilicatulum (Uchio )

cf. noz:ozcalandicunt
(Crrsh. & Edw.)

Pacinonion novozealandicum (Cushman
L937. Astrononion ilorozealandicum

1li. p. 35. Pl. 3. fiss. 1Ba, lBb.
l939.,4strononion norozealandicum

p. 37. Pl. 10. figs. l2a. 12b.

Adtrlt shell large. lt'ith cleep urnbilicus and r-ounded periphery" the final whorl being
nearly circular in cross-section. w'ith 10-12 visible primary chambers. Supplementary
thambers distinct, extending frorn lightly calloused umbilical rim about two-thirds of the
clistance to the periphery; supplementary apertures, terminal, normal, subcircular, sunken
in snrall pits on the suture lines inr.mediately bey'ond the peripheral ends of the supple-
rnentary chanrbers. Juvenile rnore compresscd than the adult. with narrorvl,'- rounded
peripher'1'.

Maximtun diameter.0.60 mrrr: thickness,0.31 mtn (h,vpotype. Pl. a. fig. l1)

Loc,rlrrv or Hyporypr,s. Nl53f943, Pori Limestone (Waipipian ?).

SrnerrcR.rpnrc AND Ecor.octc ReNoe. Known only in friable sandy phases
of shell lirnestones of middle and upp{-'r Pliocene aqe and in a feu' r'en' shallorr'-
water sands of indeternrinable age; Zeaflorilrrs and Elphidirrm Biofacies. inferrtC
depth range 0 to c. 200ft. The full stratigraphic range is not known because of
lack of shallow-water biofacies fronr the upperrnost Miocene and lower Pliocene.

Pacinonion cf. parki (Holnibrook) (Pl. 1, figs. B, 9)

Similar to the Awamoan (Lower Miocene) types of P. parki (- Astrononion parki
Hornibrook, 1961, p. 95. Pl. 12, figs. 230,237). with typical convexly bevelled sides and
narrowly rounded periphery. but lvith very heavy callous around the urnbilicus. tending to
spread completely over the supplementary chambers so that only the srrpplementary aper'-
tures are visible as tiny round openings situated in small pits on the sutures about half way.
between the umbilicus and the periphery. The specimen figured in side sieu' (fig B)
is deformed, lacking the eighth to last supplementary chamber.

Maximurn diameter,0.39 mm: thickness,0.125 rnrn (hypotype Pl. a. fie.9t.

& Edwards) (Pl. 1, figs. 10, 11)

Cushman and Edwands, Contr. Cush. Lab.

Cushmrn. U.S. Geol. Surr.. Prof . Paper l9l,
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(All figrn.cs X 70 tttrlcss st;ttctl othct'w.sc I

Pacittttttiott porientis It. getr., tl. st). L hcllotypc: 3. topotyl)c-l)llrltt)'pe:
2, detail of satnc topotype-l)ilrltype X l+0.

l. 5. -Astronortiott i,adorutn 1. sp.. holotl'pc. 5, cleti"ril X I +0.

7.--Pacinorriott neefi n. Sen.. n. sl). tr. holot;-pc: 7. topot)'pe-paratype'
Pacinoniott (.f. paik; (llornibrook) n. e{en.. N.l53ffJBtl. trl}per- Plioccne.

Ekctahtura district.
Pucirrotti6rr trotozealatttlictrttt (Clrrshnt;tn :ttrd Edwarcls) rr. tetl., \153f9+3.

rrricl-Pliocurt'( ? ) Pori linrcstonc, Dket:thtttta district.
Ftcs. 12. 13.-Meloni-t Iulorunt n- sP.. holotype.

I 5. .lvI elonis ieobe\u\ n. sp. I +. ropotylx.-par:rtypc : 15. holotypc.

0
6

l3

I"tcs. 13.

Iilcs.
ljrr;s.6,

l;rr;s. tJ.9.

Ftc;s. lt). ll.

ljrr;s. l-{.
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Locelrry on Flyporyplis. N153fBBB, Eketahtrna District (Waitotaran ?).

StnertonepFllc RnNcr,. The stratigraphic range of P. parki lvas givgl by

I{ornibrook (1961) as Runangan to faranaki Series {Upper_Eocene to 9pp"t
Miocene). In Wairarapa P. cf. parki occurs at least as high as Waitotaran (upper

Pliocene.).

Ecolocrc I{aNcn. Elphidium Biofacies to Robulus Biofacies, inferrcd depth

range c. 200 to 2,000 -+ 1.000ft.

R'rvraRxs. Easily distinguished from other late Tertiary s1:ecies o[ Pacinonion

bv moderate size and convexly bevelled sicles'

Pacinonion poriensis n. sp. (Pl. l, figs. 1-3)

Shell large for the genus, tJiscoidal, with slightll' lobulate subcarinate pcrilthery'

Srrtures lightly: impressed tI n"ttt. gently curved. oblique, s\,!'ept-.b3c5 frorn the urnbili''us'
i,rppl"rleitary chimbers tul:trlar, essentially parallel-s;ded but slightly irregular in sh-ape,

..,nd'uarying somervhat irr size. extending aborrt hllf the distance or less frorn the umbilicus

ro the pe.ipt"ry. Slpplementn.," up*.t-irres ntrrolvly rlvate! terminal. oblique. to the tubes'

Umbilictrs closecl, covered with callous which extencls out to obstut'e the inner encls of

early supplementary chambers-

Maximum diameter, 0.49 mrn;

Tvpr, Locnr,tlv. Nl53f943,
or Waitotaran).

SrnnrrcRepHtc IteNcn. Like
of poor sampling of apProPriate

thickness, 0.21 mIIr (holotYPe).

Pori Limestone, Eketahuna District (Waipipian

that of P. noaozealandicum trncertain becatrse

facies. So far known only from the lr{iddle or

Ecorocrc I{nxr;ri. Zeaflorilu.r Biofacies to Elphidium Biofacies, inferred

Upper Pliocene.
clepth range 0-c. 200ft.

Rsntnnrs . Pacinonion poricnsis differs frorn all other species referred to
Iacinonion in having closed irmbilici, and oblique openings to the supplemental]
chaml:crs. T6t. s,r.,1r[l"nr*ntar], chambers are firrthet'rnore sornelvhat in'egtrlar -in
size, and not perfeitly paraliel-sided as are those of the tyPe sp.ecie.s. .. The

feai rres rnay indicate ihit poriensis is not a trtte Pacinonion, but, llke italicum,
an Astrononion convergent to Pacinonion-

Pacinonion neefi n. sp. (Pl. 1, fiqs' 6' 7).
Shell tiny. discoirlal w'ith slightlv lobulatc subcarinate periphery.. Sutures flush' line:rr,

fairlv- str-ongly cu6.ed. directed forward from the umbilicus, but cu.r '*ing backrvards towalds
the 

'periphiry. 
Supplementarl' chambers tubulitr. regular, extending_ slightly lrrore then

ttalf tualj across the whorl. rvith round. normal, terminal apertu_res. Umbilicus narrow but
4eep, with rim of callou" rvhich extends out to obscure nrost of each sttllpleulentlry ilper-
tuli on the earl,v part of the visible whorl.

Maxirnum diamerer. 0.30 nrm: thickness. 0.13 rnrn (holotype).

Typn Locnr,rry. N153f896, Tiratahi Stream, Eketahuna District (Upper
Tongaporutuan or Kapitean), holotype and four 1>aratypes.

SrRericn.rpHrc RANGE,. Kapitean (uppermost Miocene) to Opoitian (Lower
Pliocene).

Ecor.ocrc Re3vcr. Robulus Biofacies to Semipelagic Biofacies, inferred depth

range 2,000 -c l,000ft to 4,000 + 2,000ft. Infrequent to rare, rather sporadic.

Renenxs. At first sight P. neefi might be considered a juvenile of P. poriensis.

because of its discoidal ihape, bui neefi has more nearly radial sutures. normal
(not oblique) supplemenfary apertures, de*p open umbilicus, and different in-
ferred depth range.
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Sulrn.rtRt- on DrsrtNCTn'E FearuRns oF Lern Tenrt.q.nv SpEctRs oF
Pacinonion

P. nouo:calandicum. Large, with convex adult whorl, broadly rounded peri-
phery; supplementary apertures normal to long axes of supplementary chambers,
sunken in small pits on the sutures.

P. cf. parki. Of moderate size; with obscurely bevelled flanks and narrowly
rounded periphen; supplementary chambers tending to be hidden beneath
callous; supplementary apertures normal. sunken in well-defined pits on the sutures.

P. poriensis. Large. discoidal with bevelled flanks and subcarinate periphery;
sutures srongly oblique; suppllmentary aperttrres oblique to supplementary
chambers: umbilicus closed.

P. neefi.. Small, discoidal, with bevelled flanks and subcarinate peripherv;
sutures directed forw-ard from the umbilicus but curving back towards the peri-
phery'; supplementarT apertulcs normal to long axes of supplementary chambers;
r:mbilicus open, narrow, deep.

Subfamily \{ELONISINAE Voloshinova, l95B

Genus Mer.oNrs Montfort. 1808

Type species, by origine.l desigrration. Nautilus potnpilioidzs Fichtel & Moll.
Shell coarsely perforat':, involute. with broadly rounded peripherl'. fiush sutures and

operr umbilicus.

Melonis lutorunr n.sp. (PI. l, figs. 12, 13)

Shell moderately large. subcircular. alntost pelfec't1."- smooth. with flush, linear, almost
radial. slightly backrvard cun'ing sutures. .{perture a narrow slit at the base of the terminal
[ace, cxtending alon.g thc inner rnargin of the whorl and apparently into the neat, narrow,
deep umbilicus on each side. Flanks of shell convexll' bevelled. periphery lather narrowly
rounded. Dense perforations of moderate size in all external shell walls. Early part of
external rvhorl apparently varnished with secondary shell deposit making sutures almost
invirible.

l\faximum diameter, 0.54 mm: thickness. 0.275 mm (holot,vpe).

Tyrn hcer,rrv. N153f1016, Bowen Road, Eketahuna district (Opoitian
Stage) holotlpe and three parat)?es.

Srnerrcnepurc AND Ecoroclc Rexcr,. Rare to infrequent in Semipelagic
Iliofacies (and Eupelagic Biofacies ?) indicating an inferred depth range greater
than 2.000ft. Known only in the Opoitian Stage (lower Pliocene) but its non-
occurrence above Opoitian is possibl,v due to decreasing sea depth,

l{nnenxs. Distinctive features are the flush sutures obscr-rred on early part
of rvhorl, bevelled flanks, and neat smooth appearance of the shell. Karrer's
figure of the type of Nonionina simplex (reproduced by Cushman, 1939, Pl. +,
figt. la, lb) resembles Melonis lutorum, but the resemblance is probably acci-
dental, the shell represented being almost certainly Melonis maoricurn (Stache)
(see Nonion maoricum, Hornibrook, 1961, p. 91). Melonis maoricun has

1:rorninent plates extending into the umbilicus from the inner margin of the
rvhorl.

I\telonis zeobesus n.sp. (Pl. 1, figs. 14, 15)

Shell moderatel-v large. subcircular rvith slightly inflated adult chanrbers ( l3 to l5
per whorl), and with distinct, flush. limbate. nearl;- radial, usually slightly backward curving
sutures rthich coalesce with a broad rim of callous around the w'ide umbilicus. Aperture
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a rather wide slit extenclinrl arouncl the bese of the terminal face flotn umbilicus to

iinrbilicus. .Jur.enile shell sonrervhat compressed with bevelled flanks and narrowly rounded

p.riptr.ry; oa,,tt with strongly convcx fianks and broadly rounded periphery. Dense-per-

ioroiionr rtigt,tty coilrser rhrrn tho-se of rl{. lutornnt in all but the lirlbate arc;ts o[ thc'

external lvhorl.

Jrf aximunr cliirnreter, 0.50 mrn ; thickne,is. 0.3{ Inrn (holotype ) .

Typn Locnr-rrr-. N153f866. Makuri lliver" Eketahuna f)istrict (\Vaipipian)'

holotype and 6 parat)?es.

SrRer.rcReprrrc I{eNcE. TongaportltLlan (upper Miocele), or earlier. to

Waipipian (mid-Pliocene) .

Ecolocrc Rnucn. Sporaclic but commonly abundant in Robultrs Biofacies

ancl possibly in Semipelqgic Biofacies. Inferred depth range 2,000 -F 1,000[t to

3.000 -+- 2,000ft.

Rnuenrs. Distinguishecl frorn tr[. Iulorum by the less- compressed adult

chambers, broadly tor,i.l"d periphery, and limbate sutures and umbilical margin.

The sheli ir g.n"rally assymetrical, as shown in Fig. l5,.but.not more so than

that of M. Iulorurn and of species of. Astrononion and Pacinonion. The assymetry

rnakes M. zeobesns similar io Anomalinoides subnonionoides (Finlay), bt! the

two sides of M. zeobesus are equally involute. Nonion halkyardi !u1hpa1
(Eocene, France) is smaller. has otrly l0 to 12 chambers- per-wJrorl, and judged

from Ctishrnan's figtrre has a lvider urnbilictrs lvithout a broad limbate area stlr-

rorrnding it.

Subfamilv NONIONELLINAE Voloshinova, 1958'G".l'r, 
Fr.onrr.us Montfort, 1808

Type species, by original designation. Nautilus asterizans F'ichtel & Nfoll. Recent,

Aclriatic.
Shell syrrrlretrical to slightly assymetrical, chambers rapidly.increasing in size, umbilici

closed, typically with small ltnrry noclules clustered on the umbilical nrea. periphery strb-

angular, walls finely perforate.

Floril.u.s includes at least two species groups; one consists of shells like the type

species-large, with subangular periphJry. 
- 
chambers increasing in size moder'-

aiely rapid[,' and umbilica]t nodules 
-wel[ 

developedj^tlq other consists of shells

like' Ftorilui gratelouyti (- Noniontna grateloupi d'Orbigny)-smaller than ttre
type species, 

"with p"iiph"ry more rounded, chambers more rapidly increasing in

ril", .nd umbilical-nociules-usually absent or poorly developed.

Noniottellina Yoloshinova, l95B (type species Nonionina labradorica Daw'son)

lras a s)rmmetrical adult shell but a Noiionil/a-like juvenile shell and may include

some species like gratelouPi.

Florilus flerningi (Vella)
1957. Nonion t'lentingi vella, N.z. Geol. Sun" Pal. Bull. 28, p. 37, PI. 9, figs'

183. tB+.

SrneucRe,pHlc RANcE. Tongaporutuan (Upper Miocene) to Recent.

Ecor,oorc l{excn. Zeaflorilus Biofacies to Karreriella Biofacies, inferred
clepth range o to c. 1,000ft; abundant from 50ft down in Cook Strait.

REM,cnxs. This species probably belongs to the grateloupi gror"rp. It rna,v be

a Nonionellhta, but no Nonionella-like juveniles have been seen'
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Genr.rs Zperrontrus norr'.

Tvpr Spectps. Nonionclla parri Cushman. Recent. New Zealand.

Shell large. trochoid, one side completelv involute, convex. rvith depression in the
centre but closed umbilicus, other sicle completely or nearly completelv evolute. flatly
domed ; sutures limbate : chambers nunrerorts. moderately rapidly increasin{; periphery
sharply angled: aperture a slit at the bese of the terrninal face, restricted to the involute side.

Nonionella ltarri Cushrnan and Nonion stachei Cushman were referred to
Psettdononion Asano^ 1936 by Finlay (in Finlay and Marwick, 1940) and by
Hornibrook (1961). The type species of Pseudononian-P. japonicum Asano-
is a delicate shell, about half the size of Zeaflorilus parri. has chambers very
rapidly increasing in size, and is close to species oI Nonionella such as turgida
(lVilliamson) and zenitens Finlay on the one hand and to Florilu.s grateloupi
(d'Orb,) on the other. It lacks the tongue extending from the final chamber
ovcr thc rrmbilicus on the more involute side of the type species of Nonionella
(N. mi.ocenica Cushman), Despite this difference Pseudononion was synony-
rrrised rvith Nonionella, not rvithout some justification. by Cushman (1948).
Botlr P.reudononion and Nonionella appear to be derived from the grateloupi
group of Florilus.

Tlre Nerv Zealand early Tertiary species stachei is onlv slightly assrrrmetrical,
and is close to Florilus asterizans (f. & M.) and especially close to the two
Errropean Miocene species Floritu.E lamarcki (d'Orb.) and Florilu.s boueanus
(d'Orb.) (Chapman. 1926) . Nonion stachei Cushman is therefore reclassed as
Florilus .stachei (Cushman).

The size, rate of increase in charnber size. and subangular periphery indicate
that Zeaflorilu.r, unlike Pseudononion and lrlonionella, arose from the lvpical
group of Florilus. Finlay and Hornibrook both appear to have regarded stachei
as the ancestor af. parri. Another Itecent species-. however. Nonionella chiliensis
L-lushman & Kellett, from off Sotrth America, appears to be referable to Zeaflorilus,
and the ancestor of the genus is not necessarily a New Zealand species but may
have been any early Tertiary species of. Florilus.

Zeaflorilus parri (Cushman)
1936. Nonionella parri Cushnran. Contr. Cush. Lab. 12, p. 89, Pl. 13, figs. 17a-c.
1939. l,{onionella parri Cushman, u.S. Geol. Surv. Prof. Paper 191, p. 34, Pl. 9,

figs. 1 2a-c.
1940. Pseudononion parri (Cushman), F'inlay & IUarwick, Trans. Roy. Soc. N.Z.

70(1), p. r22.

Srnerrcnepurc Rewce. Lillburnian (mid-Miocene) (Hornibrook, 1961, p.
93) to Recent.

Ecorocrc RlNcE. Abundant in the Zeaflorilus Biofaciesl infrequent, possibly
transported specimens only, in the Elphidium Biofacies. Cushman's types came
from the sandy beach at Timaru, and the species is common at Island Bay beach,
Wellington. Shells occur abundantly from 30 to l,300ft in Cook Strait (Vella,
l95i), btrt probably nearly all have been transported from shallower water. To-
getJrer rvith abundant large I,lotorotalia spp. (Foraminifera) and Zethalia
;elandica (a. & G.) and Chemnitzia sp. (Gastropoda), Zeaflorilus parri is
extremely abundant in loose cross-bedded sand of Nukumaruan (lower Pleisto-
cene) age in southern Wairarapa. These sands are similar to the Shakespeare
C:liff Sand (mid Pleistocene) of Wanganui, and were probably deposited in
normally saline water at a depth of 6 to 12ft. Abundant Zeaflorilus parri usually
indicates the Zeaflorilus Biofacies (formerly known as the Pseudononion Bio-
facies), whiclr is considered to indicate depths from 0 to about 20ft.
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Gentrs NoNror.InLLe Cushman, 1926

Type species, by original designation. Nonionclla miocenica cushmnn, Miocene, cali-
fornia.

Nonionella zenitens Finlay
1910. h,onionella zenitens F'irilay. Trens. Roy. Soc. N.Z. 69

figs. 145, 152-6'
l96l. Noniincga zenitens Hornibrook, N.Z. Geol. Su^'. Pal.

Pl. 12, figs. 225, 231.

(4), p. +57. Pl. 6ir.

Bull. 3+ (l ), P. 93,

(4), p. 456,

Bull 3+ (l),

SrRarrcnapHlc RtNcr.. Given by Hornibrook (1961) ut -WaiP.awan 
10

Kapiiean (Paleocene to Upper Miocene) . Shells occurring. thr,oughout the

pli;.;"-dpoitian ro Waitotiran (fgt examPle Nls3fBBB)-it Wairarapa are

not significantly different from N. zenitens.

Ecoroctc Rer.Icn. Sporadic and infrequent to common, possibly. itt, Pu* "i th"

Haeuslerella Biofacies, clefinitely in the Karreriella Biofacies and the l(obultts

Biofacies. Inlerred depth range shallower than 900ft to 2,000 -r- 1,000ft'

Nonionella magnalingua FinlaY
lg40.NonionellanzagnalittguaFinlay.Trzrns.Roy.Soc.N.Z.69

Pl. 65, figs. 144, 146.

l96l. Uonioiitto ntagnalingua Hornibrook, N.Z.Geol. Surv. Pal'

p. 94, Pl. 12, figs. 226, 232-3'

Srnnrrcnepnrc l{nNcn. Lorver oligocene to Pleistocene (Hornibrook, 1961)'

Ecolootc Raxcn. Nearly the same as, but probabty extending to somervhat

shallou,er depth than, that of the less common N. zenitens.

Nonionella ? sp.

shell of small to moderate size with rapidly increasing chambels.ancl narrowly rounded

p"ript "iv; 
- 

;"r,""if"r 
-.pp"r"",f 

y .. Uii^i"t"ffy syrnm.tti.all adults stightlv assymmetrical,

occasional ,peci*errs .n iili a ,m.tt to.rg,r" ,*t.r,di!S ovei the umbilicus from one side of

the final chamber. Not unlike Noniinitto nouazcalindica Cushman, but lacking nodules in

the umbilical area; pt*iUfi *or" "lo."ly 
related to the grateloupi group of Florilus'

Locar-rrrns. N153f884. Eketahuna district (Kapitean) ; N153f877, Mangaone

Valley, Eketahuna district (Opoitian).

Srne.*cnep'rc AND Ecor.ocrc RnNcn. Kapitean (uppermost Miocene) to

Opoitian (lower Pliocene). I{obulus Riofacies,-inferred dept}r range between

1,000 and 3,000ft; rare.
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Abstract
Twsrvn new species of fossil Foraminifera are described and illustrated, .and .tttt*
new genera are proposed. The nery species. are: Haeuslerclta,fylgl!' Sigmoilopsis

ze&scrus, nu,t;*;io;ir, *isriii, 
--'; 

notiriytl' turbiditorum, Boliainita Pliobliqua'
parclrondi;;i;;i, ;;iioropo, iiif *"riu". (Trigonouua) -Plioz.ca' .H.of ,keruuo 

(T ereuad)

tutorum, nil*ir"i' f tok;i;i;;j- ;;dl';'i ,idtr1,i aid,'-rodlevi.tutamoides' Noaiuaa

zealandica,--i;o;;igr;i;" t"iiti, Neoiaigerin-i eketahuna' The. species .formerly
known * Bi;;;;;rT jt;ott";""-F;nirv is ti"nsf"tr"d to the senus Haeuslerella Patr;
Nodosaria sinalata Finlay, and subtetragona -Finlay, to the le* F-enu: awhea

ii"s""id""i';--F[ititiiiiit"ti-io idrtoo'cushman,' uthaingaroiea (Stache) and

uaughani Curn*un to the "";;J;l 
-fio*ifront 

(Lagenidae\t,,Y_y,r!::':.a^peregrina
and allied spino-costate species to the new genus Noatuaa (uvrgerlnloaeJ'

K'o*r-itratigraphic r;"g;; .nd inf"rr"d d"epth ranges are given for each species'

ItqrRonucrloN

Mosr of the species described belorv were collected from Eketahuna and

Mauriceville districts, in northern Wairarapa, bt' G' Neef and G' E' Orbell'

research students in geology at Victoria iniversity. of wellington' Three new

genera .rra t*.t.r"--r,Ju ,$ti., are described to ,riidut" namei for stratigraphic

ind paleoecological stud.ies.

Over *r.,"li of Wairarapa slightly indurated marine sediments 9t -Upptt
Miocene to lower Pleistocen"- "g" 

i"tt 'unconformablv on a basement of Mesozoic

rocks. They form a sedime"r;i'- .1,"11u.q1t illustratLa uy. the section expoeed in

the sea-cliffs at the north-east side of Palliser luy in.southern WairaraP-a (Vella'

1962a). Generally the tr"r,rgr.rtiug-ntt1tt.."f the' z:1. indicates rapid deepening

and the ..gr;;;i"J pi.*q indiEates slow shallowing. ftt" UpP"-t Miocene and lower

and middle pliocene sediments u*-g.rr"rallv-seveial thousand feet thick, and except

for the lower ferv h,rrrdred ?""t i," mainly muddy sandstones, mudstones' and

Published by the Royal ,societv:f -Nl*
Wellincton' P'O. Box

Zealand, cf o Victoria Uniaersity of

196. Wellington,
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turbidites rvhich were depositecl at depths srcatel than 1,000ft. The upper Pliocene
and lower Pleistocene sediments are generally rnuch thinner and coarser, and were
mostly deposited in depths less than 1.000ft. Upper \{iocene and lower Pliocene
shallow-water sediments occur in lirnited areas and define near rnarginal parts of
the main basin of deposition.

In the deeprvater sedirnents Foraminifera are the only useful age correlation
fossils. because other fossils are rare. Correlation of deep- and shallow-water facies
is difficult because of differences in foraminiferal faunas (Vella, 1962b). Shallowing
during middle and late Pliocene tirne caused the disappearance of many species
frorn the area. Deel>water species such as Robulus costatus (F. and M.),
R. eclinalus (d'Orb.), Ltnticulina nammiligera (Karr.), and " Nodosaria" multi-
costales (Fin.). rvhich are generall,v considered to have become extinct in lower
Pliocene time (Fleming, 1959), m?Y have disappeared because of shallowing, and
may have disappeared from different areas at different times. Sediments which
have been classed as lower Pliocene solely because they contain one or more of
these species may actually be middle or even late Pliocene in age. Stage correlation
is not reliable and the stratigraphic ran,qe of each species is therefore given in
terms of stratigraphic zones of either a deep-u'ater or a shallo*'-water series,
depending on the depth range of the particular species. as rvell as in terrgs of
New Zealand stages, The stratigraphic zones (defined bv Vella, 1962b) and their
provisional correlation rvith New Zealand and European stages are as set out in
Table I.

Tasr-Fl I.-SrnarrcRAplrIc ZoxE,s.

SHALLOW-WATER
ZONES

Zelandica Zone
Rotunda Zone
Kingmai Zone

Olssoni Zone
Kapitea Zone

DEEP.WATER
ZONES

-
Molestus Zone
Inflata Zone
Zeasetus Zone
Compressa Zone

NEW ZEALAND
STAGES

Nukumaruan
Hautawan
Waitotaran
Waipipian
Opoitian
Kapitean
Upper
Tongaporutuan

EL]ROPEAN
STAGES

?

Sicilian
Calabrian
Astian
Plaisancian
Pontian
Upper
Sarmatian

The depth biofacies originally recognised in the Opoitian and Waitotaran_stages
in northern Wairarapa (Vella, 1962b. 1962c) seem to represent substantially the
same inferred depths from the Upper Tongaporutuan to the Hautawan. Depth
ranges of species are given in terms of biofacies and inferred depths as follows:

Sueblus Biofacies
tZeaflorilus Biofacies
Elphidium Biofacres
Haeuslerella Biofacies .,.,..

*Karreriella Biofacies ......

Robulus Biofacies
Semipelagic Biofacies
Eupelagic Biofacies

estuartne
0- c?Oft

200 -r l00ft
600 + 300ft

1,000 -{- 100ft
2,000 +- l,000ft
4,000 r- 2,000ft
8,000 -r 4,000ft

Sysrnuerrc DBscnrprloNs
All holotypes of nerv species are in the collection of the Geology Department.

Victoria University of Wellington. Paratypes of all except rare species have been
presented to the New Zealand Geological Suruey.

* Due to a taxonomic name change the former Pseudononion
now known as the Zeaflorilus Biofacies (Vella. 1962d).
wa! first defined by Kennett (in press) in the Kapitean
Westland.

Biofacies (Vella, 1962b) is
The Karreriella Biofacies
Stage at Cape Foulwind,
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Family '|BXTULARIIDAE

Genus HeruslnRELLA

llaeuslerella finlayi n. sp. (Pl. 1, fig. 11)

Shell large, solid, juvenile two-fifths biserial like Textularia, changine fairlv suddenly

to aclulr three-fifths which is uniserial but not quite- t"",iit.".-'-i1y""1i9 iart bioader than

adult part, .o-pr.rr"J with rurro*iy rru.J.ta-n"it'l"*';; ;ith fai{ft smooth surfacc

cement covering all but the largesr ,irrJ grtins and "Ut.iiti"g' 
the-obtustly'angled'.chevron-

shaped flush sutures. Adglt purr. "or,lir;n?';i.l 
;;th;*isp*heroidal chambers' each excepl

the terminal one half-embraced by ttr. *""...tding one-; terminal chamber generally slightly

produced to the **pfi'i."1;,.#-i"rf 
""p"ti*"; 

udnli tutures impressed and fairly clearly

defined; surface oi i"inirr"f ift*-U". ,.o,igh, con,trt'cled of irregularly-shaoed moderately

coarse grains, and lacking filishing surface- cement; t"tJ."" 
-of 

pt"""ttititate chamber partly

smoothed, ana .,rrf.c" J-earlier uiuii.ft"ttbers almost u, smooth as the juvenile shell'

Length: 1.37mm; breadth of juvenile: 0.44mm; breadth of adult: 0'35mm

(holotype).
Typo r-ocer-rrv. Nl5gfg07, Eketahuna District (Opoitian), 10 paratypes.

SrnmtcR.tpl{Ic ReNcn. Conrpress a Zone?, Zeaserus Zone" Inflata !'one- (UPP.er

Tongaporutuan? to Opoitian) , a."p-""ough facies are probably lacking above the

Inflata 7-one.

Ecoroctc Rnwcn. Semipelagic Biofacies and probably Bupelagic Biofacies

(4,000 + 2,000ft to greater dePth) .

Rs}resxs. similar to Haeuslerella pliocenica (Finlay) !"t distinguisl'red , 
by

the relatively smooth srrrface of all bui the last two chambers' A similar' but

smaller and still smoother Bigenerina-like form in rocks of similar age but shallower

facies, especially at Palliser pay is a distinct .p..i", which is noi vet described'

Some specimens of Haeuslerella'^'orgonf Finlay'i" ttr" Taranaki Series have nearly

rectilinear adult chambers, but are'-smaller than fnlavi, and have a fairly even

cement finish over the whole shell'

Haeuslerella pliocenica (Finlay).
1939. Bigcnerina pliocenica Finlay, Trans. Roy. Soc. N.Z. 69 (3), p' 311, Pl' 24'

fig. l5'
This species was clased as Bigenerina.by Finlay. because,of the sudden transition

from its biserial jr.rvenile to itt rectilinear trniseria-l phase' . Molt species of

Haeuslerella .frutg" gradually from the biserial to the uniserial, phale' blr'^il"
Irt. T"rti""y rp""Lr'iI. porri_Fittlty and.F/. finlayi tt.:p' both change sudde-nly'

In its almost rectilinear adult 
-;rd" 

and in th9 roughened surface of its final

chambers fintayi is intermecliate fr.i*.." plioce.nica aid mo'gani' Hence despite

its superficial resemblance to the European-species Bigene-rina nodosaria d'Orbigny'
'ii;"til;tr- 

i, rtr.rort certainly a memblr of itt. t,rpplot"dly endemic New Zealand

genus Haeuslerella and, represents the culmination'of th"'main trend of evolution

of the group from completelv. biserial Textularia-like forms (tTI^,I";\i3),,i"
pr"ao*liantiy uniserial forms 

'(late Tertiary) . The western Java species Btgenertna

sbeciosa yabe and. Asano ir p*t1Uiy ,"ttt"a to pliocenici, as was suggested by

fi"ir* uut if so should be reclassified as Haeuslerella.

St *rro*npHtc ReNcp. Finlay (1939) gave the rar-rg-e as Opoitian to Waitotaran'

but for many y""* it has been'considere-d to extend frgm Upp"t Tongaporutuan

to Hautawrr. 
tfrr"'ruJ,"t,-;;i p;;ibly other micropaleontologists, however, has

hitherto -i.id"rrtifi"d H. 'fintayi'ui plioruniro. The'stratigraphic range of tme
-ii. 

ptiort"ica therefore may nled to be reassessed.

Ecor,ocrc Reuce. Karreriella Riofacies and Robulus Biofacies (c 900 to 2'000

+ 1,000ft).
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Familv MILIOLIDAE

Subfarnily SIGI\{OILOPSI},IAE

Genus Srcuou,opsrs Finlay

Sigmoilopsis zeaserus n. sp. (Pl. l, figs. 14, l5).
1959. Signtoilopsis aff. schluntbergcri (Silv.), Fleming. Lexique Strat, Intenrat. 6 (4),

P' ?81.
1962._ Sigmoilopsis n. sp. aff. schlumbergeri (Sitv.). Vella, 'frans. Rot. Soc, N.Z.

Geol. I (-), passim.

- Shell large for the genus. broadly ovate, moderately compressed, obscurely sigmoid in
end view, with narrowly rounded acute periphery. Aperture circular. situated on a sf,ort neck
with thin phialine lip seldom preserved, and with a-simple internal tooth on the inner side.
Surface of shell rough with fine to medium sand grains-lacking a finishing layer of cement.

Length: 0.76mm; breadth: 0.575mrn: thickness: 0.40mm (holotype).
Tvpr Locnr.rrr'. N153f916. 1=l rniles north-east of Harvera Road, Eketahuna

District (Opoitian) ;7 paratvpes.

SrRertcnnpntc ReNon. Zeaserus Zone .to Inflata Zone (Kapitean to Opoitian).
5,. zeasenzs replaces ,S. schlumbergeri at or near the base'of ihe Kapitean Sr"g";
thus defining- the base of the Zeaserus Zone. Shallowing may accbunt for iir;
absence of S. zeascrus frorn the Molestus Zone, which iilnrediatelv overli"r tti.
Inflata Zone.

Ecor.octc Reucn. Robulus Biofacies to Semipelagic Biofacies (2.000 -r-
to 4,000 -+ 2,000ft) : fairly persistent. but ,.,.,co**orr.

Rnuanxs. Distin_guished from Sigmoilop.ris vltluntbrrseri bv rougher
larger size. and usually greater relative rvidth.

Familv LAGENIDAE

Subfamily FROIIDICULAI{IINAE
Apertures of-.many Frondicularia-like species of Foraminifera, even rvhen rvell-

preserved, are difficult to see clearll', and-cannot be consiclered diagnostic of a.1.
Particular .fami\'. Stty .species haue been -placed in thc HeterJhelicicl g"r,i,
Pl-ec-tofroldicularia for no better reason than tliat they have a 6iserial initial ;dt;.
Well defined radiate -apertures show tlrat the Frondicularfa-like genera Kyphopy"xa
Cushman, Parafrondicularia Asano, -u.td Dl,ofrondicu,laria Asino ar" ciefinifely
T.agenidia, and by common conserlt these genera are classed as Laeenidae. SomL
of the species rvhich_ up till noru have been classed as Plectof ron6ic'i[aria are here
considered to be Parafrondicularia, and othcrs are classed in a ne\^r genus
Proxilrons.

Neanic shells are consen'ative in manv Foraminifera, and prolocula, where
visible. appear 

- 
to be e\ten nrore .onser"atir'". Thotrgh the proiocul.r* hu, ,rot

been mentioned bv Foraminiferal tasonomists, such as Crrshman (lg48) and Sigal
(1952). if it hassome peculiarity of.shape orornament or-size, as in rnanylagenidie.
it may be- just as useful for determining- relationships of foraminiferal specie"s as the
protoconch is for determining relationships of gastropod species. Each of the two
new genera of Frondiculariinae described belou' has a distincti','e proloculum.

Genus PlnernorvDrculARrA Asano, lg38
TyPe_ species, by original designation, Parafrondicularia japonica Asano, pliocene.

Japan.
In New Zealand, at least three groups of species have been included in

Plectofrondicularia Liebus, 1903:

Vor. 2

1,000ft

strrface.
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(1) Species like the type (P. concal,a Liebus, subsequent designation, Cushman,

192{i)-elongate, with co.rcaue sides, subparallel rnargins, quadrate cross-section

emphasised Ey longitudinal keels at the four angl.s und an additional keel at each

periplreral margif;-p roparri Finlay (Oligoclne), parri .Finlay . (Lower-Mid
tvtio'cene; , turgida Hornibtook (Lower' Mi-ocene), -and 

pohana Finlay - 
(UPryr

Miocene). Th""r. species. as notld by Finlay (1939) are closely related^to th9

American floridana'Custrman (Miocene) anci Calit'ornica Cushman and Stewart

(Ptiocene). Restricted to ,p..i", like t'hese, Plectof_rondic-ularia f:tit P"* .?f.3
compact group of Heterohelicid genera which includes Boliuinita Cushman, l9'l-l ,

A*ptrirrirptina Neugeboren, tdSO (- Nodom_orphina Cushmaa, t927) tl.d
Staiia Schubert. 191f. Quadrate cross-section, four primary, keels, -and usually

two" peripheral keels ur" 
.J.ur.cteristic 

of these gene.a, tltY,ST lost in the adult

stage oI Amltttimorphina., and are strongly conservative shell features-
"(2) Species similar in outline t" typiial Plectofrondicularia, but with flat (not

colcave) iid., usually ornamented wiih dense, fine. longitudinal. ribs, and YiQ."
narro*lj' r.or,..I"J * 'u."t" periphery lacking tlie-three kg;h-fylei Finlay, pellucida

Finlay, possibly awaffLoana Finiay. 'The 
lairtt chambers of these shells are almost

invariabiy broi*en because they are so delicate; the writer has seen one specimen

o puttuitda with the final chamber and -aperiure intact. The ape.r'",tt- it-T::l,
situated on a short cylindrical neck, and has an irregularly denticulate Tar8ml
ratlrer similar to that on aduena figured by Bready ftq-e+i qt. 96, fiq. 9)i Td
could well be a rnodified radiate "aperture. Parafrondiculali-a iaponica clo;e.f

resernbles these species (except adueni\ in its overall shape and ornantent, and rts

"p.rt,rr" 
ir pdiJte though it lacks the neck which occurs on pellucida' Plecto'

f:iondicutaria fylti finfa! and Plectofrondicularia -pelluc.ida 
nilt,af 

. 
tT t|-.:::,f-T:

reclassecl as 
'Paralrondicularia in i6" family .L_agenidae' Plectofrondrcularm

alramoana Finlay is reclassed as Parafron.dicularia?
(g) The thiid group of species is described below as the new genus Proxifrons.

Parafrondicularia wairarapa n. sp. (Pl. 1, fig*' +-6)

Shell fairly large, moderately broad, tapering to _acute or narrowly rounded initial end,

initiJiv Uis*"iir i"- Li""orpheri", ""it"iiut' i" iregalospheric. Uniseiial chambers at first

"ft""r"ir-rtrafed, 
but becorni"s progi;tlvely more-.-embiacing ang more strongly.curved at

tti. p"iiptr.I,.' S.nfp;"r"-;f i io "6 nn" iongitudinal morJ or less continuous riblets near

the middle of each'fa"", and narrow thitr p.iipheral flange. Proloculum globular with trro
peripheral flanges.

Length : O.725mm; breadth: 0.275mm (holotype) -

Typr Locer-rry. N153f971, near Alfredton, Eketahuna District, Middle
Tongaponrtuan; 2 paratypes; 5 additional paratypes from N153f916, 1+ miles

nort[-east of Hawera Road (Opoitian).

Srnrrrcnepgrc ReNcs. Below Compressa Zone to Inflata Zone (Tongaporutuan

to Opoitian).
ReMARrs. Incomplete neariy adult chambers on holotype and figu1ed P?t"Pq"

are pathological deformities. Parafron_dicularia goharai (- .,Plectofr.ondicularia
goharai Kuiano) from the Pliocene ol Japan is the most similar sgegies,.bYl has

more numerous ribs which are evenly disiributed on the early part of the shell and

die out on the adult part. P. wairarapa is intermediate in form between

Parafrond.icularia and th; new genus Proxifrons rn its width and its emlragrng
aduli chambers. It is intermediatf between each o{ these genera and Frondicularia
in its development of biserial chambers, the megalospheric form having the essential

characters of. Frondicularia.

Genus PRoxrrRoxs nov.

Type species: Plectolrondicularia adaeno Cushman,-Recent'
Sheli'extrlmely compreised, broad and mucronate in side view, with small initial birerial
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stage followed by inverted V-shaped chambers extending far back along
the apex. Aperture typically round and obscurely radiate. Proloculum
and ornamented with a single strong longitudinal rib on each side.

Vou 2

the periphery towards
typically subspherical

In addition to the type species this genus includes Frandicularia whaingaroica
Stache (Eocene to Lovver Miocene) , Plectolrondicularia uaugltand Cushman (late
Tertiary) and similar broad leaf-like species. As noted by Hornibrook (1961,
p. Sl ) whaingaroica appears to grade into aducna in the late Tertiary in Nerv
Zealand. Proxilrons uaughani. rvhich i.s distingrrished by its great width, appears
to be an offshoot of the uhaingaroira-aducna lineage. Both aduena and uaughani
occur fairlv persistentlv in late Tertiarl' bathl.al mudstones in Nerv Zealand.

Genus AwrrE.q, nov.

Type species: Nodosaria sinolata Finlay, late Tertiary, New Zealand.
Compressed or cylindrical nodosarioid shells with ornarnent of strong longitudinal ribs,

and with sub-oval bluntly pointed large proloculum.

This genus includes two New Zealand species, sinalata (Finlay, 1939, p. 452,
pl. 63, fig. a9), Upper Miocene to Pliocene. and subtetragona (Finlay, loc. cit.
fig. 47), Miocene. Finlal' noted that subtetragona closelv resembles " Nodosaria
tctragona Costa " from Trinidad as figured by Cushman and Jarvis (1930, p. 360,
pl. 33, fig. 1).

Hornibrook (1961. p. 83) placed subtetragona in Stafia Schubert, of which
Nodosaria tctragona Costa is the type species. Costa's figure of the holotype of
tetragona shorvs a shell very different from sttbtetragona--compressed, with only
four keels u'hich are disposed like the four primary keels of Boliuinita and
Plectofrondicularia. The six longitudinal ribs of. subtrtragona lend a superficial
resemblance to the heterohelicid genera grouped around Plectofrondicularia, but
are disposed differently. The perfectly cylindrical juvenile of subtetragona probably
indicates a non-heterohelicid ancestor. and the large pectrliarly-shaped proloculum
suggests relationship with some species of Frondicularia. The most likely interpreta-
tion is that the genus Auhea is a Frondicularian group which is convergent to
Nodosaria.

Finlay considered Ir{odosaria tosta Schwager (Pliocene, Indo-Pacific) to be
related to sinalata.

Family BULIMINIDAE

Subfamily TURRILININAE

Genus Bur,rururr,re Cushman

Buliminella missilis n. sp. (Pl. 1. ng. 3)
A small. c.ompact, cigar-shaped helicoid spiral of narrow chambers with raised limbate

sutures subparallel to the coiling axis. Initial end narrowly rounded, adult end broadly
rounded. Spiral suture obscure, ascending steeply and making little more than one revolution
of the shell. Aperture comma-shaped. situated in a depression to one side of the adult end
of the shell, apparently an umbilical chink and not an opening into the last formed chamber.

LengtJr: 0.56mm; breadth: 0.17mm (holotype).
Tvpr Locarmv. N158f624a, sandstone phase of a turbidite rhythm, Clelands

Road, Mauriceville district (Kapitean Stage). Four paratypes in the type sample,
2 paratypes in the mudstone phase of the same rhythm (N158f624b) and 7
paratl,pes in a turbidite rhrthm at another Clelands Road locality (N158f630).

Srnlrtcneplrrc RaNcn. Knorvn only from the turbidites at Clelands Road;
Kapitea-Zeasems Zone _(mlxed shallow- and deen-r.r,'ater faunas), Kapitean Stage.

Ecot-ocrc RnNce. In the turbiditcs B. ni.r.rili.s is associated with BulimineTla
i:legantissinza (d'Orb.) and Buliminoidcr u,illfuntsonianu,s (Brady) which are
unequivocalll' r'ery shallow-u'ater species (see Natland. 1957, etc.).'Non" of the
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three has been found in numerous samples from very deep- to moderately- shallow-

water non-turbidite facies. B. missilii was therefore probably restricted to very

shallow water.

Rnrrems . Buliminella missi/is is probably closely rgfatgd t9 q. gracilis Collins

( lg53) from the pleistocene of westein Victoria, Auitralia, but is shorter,-an{ ry9re
;;il# ^;;;;'i"itial end. The relationship to Buliminoides suggested. by Collins

ir";;;;;;fit lrt. ut*ost longituclinal sutuial ribs, and by the apertural character-

istics of. B. missilis.

Subfamily BOLMNIhIAE

Genus Bor.rvtr.te d'Orbigny

"Bolivina" turbiditorum n. sp. (Pl. 1, figs. l. 2)
Shell small, solid, with rounded periphery,"tup"iing' from. adult to rounded initial end'

biserial apparently throughout (initiailil ;h;*U"rr o'Ut.,tt"d by secondarv callus)' Each

chamber produced to forri . "*ina 
*tti"f, ii"r lust above ihe suturl at and near the periphery

of the shell, but curves sharply "p .lo"t t"'"-tf,ird, of the distance in towards the middle line

of the shell, leaving a depressed ;; ;h;r" tft" .ha*b". overlaps the orevious chamberl

the i'ner purt, of--E"rirr""'ur" almost in line o., ,.r...rrirr" uii.t"oi" chanr'bers' and the two

series, one on 
"."h 

-rid" 
of the -iaii"-li"{-d"r*" . to"git"ai"ul concave area on each side

of the shell; within each conc^rr".""" liinbate sutures"(really,1t" thick rims of previous

aoertures) between--th;-;";rhppi"s-p"tts of the chambers form a zig'zag line' Aperture

Iarge, subtriangular, surrounded by a heavy glassy rim'

Length: 0.44mm: breaclth (side vierv) : 0.25mm; thickness (peripheral view):

0.175mm (holotYPe).

Tvpe Loc.grrv. N158f624b, mudstone phase of turbidite rhythm, clelands

Road, Mauriceville district, l0 paratypes'

srRerrcnepllrc ReNcn. Known with certainty only from
clelands Road; Kapitea-Zeasenrs zone. Kapitean stage.

Ecor-ocrc RaNor. As for Bulitninella nzissilis'

RsrvrARxs. One of a group of closely relatecJ species in the late Tertiary and

pleistocene whic-h huu. fi"tt.Ltty been'referrecl t; loosely .as Boliuina cf. -parri
a;h;;;. rypi.rt-iloW;i" parri has the concave areas developed weakly and.only

on the early'part of the sfrltt. The r9r11ded -peripfe.ry and transversely carinate

chambers .huru.ilrir" u group of Bolivinid shelis *hi.h'are now classed in various

genera, for example io*orto*u* p.akaurangiensis Hornibrook and 
- 
Bifatina

"i*ir;ir"-ltuitt"tl.' Th"r" features indicate clo er relationshiR _tttutt do the stages

t"i*""" ,rr'" ui..ti"r *J ,r.ir.rial condition which are the main basis of th-e present

;;;;;t, "iuoin*tio". 
e" yet there tr lq generic name for species of the parri'

turbidi;tor"* gr;; and they are provisioially classed as " Boliuina'"

Family HETBROHELICIDAE

Genus Bor,wrurte Cushman

Bolivinita pliobliqua n. sP. (Pl. 1, figs. 12, 13)

Shell similar to bliozea Finlay, but rhomboid in transverse section.. and. generally

nar-rower and lorrg"i; 

"Ghtly 
t"irtla, tapering gently from the adult end to the blgntly

,"""aua initiat 
""?. 

'Sid"es rmooth, .orrcirr", 
"-a"h 

bouttded by its own pair of prominent

i.-"*it"Jiff keels,- periphery s"patated from'sides by the keeli, gently convex, ornamented

il "t*; to forrt longitudinal'ribs- which are continuous across the sutures.

Lengrh: 0.575mm; width (side vierv) :- 0.20mm; thickness^(peripheral,view),:
O.l5mni: width of concave area between keels on one side: 0.14mm (holotype)-

Tvps Locnr,rrv. Nl53fgl0, Ivfakakahi Rir.'er. Eketahuna District (Kapitean) ;

35 paratypes.

the turbidites at
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SrRarronepHtc Re,NcE,. Compressa Zone to Kingmai Zone (Upp.t Tonga-
porutuan to Waitotaran).

Ecorocrc Rnncn. Not established with certaintv. but about Haeuslerella Biofacies
to Robulus Biofacies, a moderately shallow to'moderately deep water species,
and the most common Boliainita in the late upper Miocene and the Pliocene
of lVairarapa. Several other species occur within the same stratigraphic range
but each appears to have a different ecology. Boliainita contpressa Finlay is relatively
infrequent in Wairarapa and appears to havc been a very deep-water species.
Boliuinita Fglyna Flnlay occurs in the semipelagic Biofacies with an 

-estimated-depth

range of 4,000 -r 2,O0Oft-greater than the probable maximum depth range- of
pliobliqua. Boliuinita pliozea Finlay occurs in shallor,r'-water Kapitean (uppermost

Yi*,".".) sedirnents, becomes coulmon in the late Pliocene. and cornpletely ieplaces
pl-iobliqua in the Pleistocene, this replacement being probably due to shallbwing
of the sea in the Wairarapa Basin.

RE,MARxs. In the past B. pliobliqua has been misidentified as B. pohana and
possibly also as B. pliozea. B. pohana is more compressed and more obliquely
rhomboid, and typically has keels onlv at the two acute angles of the rhomb.
B. pliozea is quadrate, not rhomboid. in section.

Family UVIGERINIDAE

Genus Horrienuve Vella

Strbgenus Tntcot*Iouve Vella

Holkeruva (Trigonouva) pliozea n. sp. (Pl. 2. figs. 23-25)
Shell large, tapering, heavily costate, megalospheric with blunt apex bearing several

small spines formed by produced ends of costae, microspheric with acutely pointed apex
bearing a single large spine. Costae raised with rounded crests, some continuous over
sutures, on 6nal chamber extending to the base of the apertural neck.

Length: 0.80mm; breadth: 0.39mm (holotvpe).
Tvpr Locer.rrv. N153f916, 1| miles north-east of Harvera Road, Eketahuna

district (Opoitiarr), 15 paratypes.

SmerronrpHlc ReNcn. Inflata Zone (Opoitian) and possibly Molestus Zone
(Waipipian).

Ecor,oorc Reblos. Not yet determined absolutely; persistent and abundant in
the Robulus Biofacies, estimated depth rrlnge c 1,000 to 2,000f9 not in deeper
biofacies, but probably present in shallo\^/er biofacies.

RsraARrs. Th9 -large size, and the apical spine of the microepheric form, are
the main distinguishine characters. This species is fairlv certainly a derivative of
the Miocene spicies Hof keruua (Trigonoui,a) :eacurninata Yella.' An undescribed
species which is possibly intermediate has been recognised by Mr G. W. Gibson in
the Tarana-ki Series (Uppgr Miocene) . Trigonouaa pliozea has been found by
Mt J. P. Kennett _in the Opoitian Stage in Westland, South fsland, and appears
to be a widespread and useful stratigraphic index fossil.

Subgentrs TnnEn'..r Vella

Hofkeruva (Tereuva) lutorum n. sp. (Pl. 2. figs. 26. 27)
Shell of moderate _size, ov_ate, -witlr blunt apex, microspheric and megalospheric nor

obviously differe_nt- in shape. I.onsjtudinal costae strong, raised, rounded, 
-closlly 

spaced
on early part of shell and produced to form numerous small spines at the apex, Secoming
rveaker and more distant towards the .adult part of the shell and dying before reaching thi
ba.se 

- 
of the apertural nech, some in line on successive chambers. but- increasing in siie at

the base of each chamber so as to give an undercut appearance. Chambe"r mlost inflated
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P. Vella del.

(All figurcs are X75 trnless statecl otherwise. All paratypes are fronl typ(: localities unless

stated otherwisc. )

Frcs. l, l. ,' Bolit,i.na" turbidttnrztnt n. sp.: I, a1:eriural view of Paratyl)e X 150: 2' holotype'

Irrc. 'J.-Bulintinella nri.r.irl/i,r 11. sp., holotype'
Frt:s. -t-6. Pualrondicularia u'airaropt n. sp.: 4..,ho-lotyPe;.q' q' Pl3jypt*'
Frcs. 7. B.-Putienia bulloirles (d'OrLigny), Nl53f9l6 (Opoitian) X-I50.
Frcs. 9. lfl. Pullenia quadriloba Reus.s.' Nl5[]f610 (Opoitian) X 150'

Iirc. 1l . -LI ueutlerella finlnf i n. sp.. holotype.
F-rcs. 12. l i. Boliz,iniia piiobliqua .. sp. : I ?. 6olotyl)c: 13, paratypc'

lrrcs. I +. I 5. Signtoilop;;i, ,rrrr'rru., ,r. ip. , I 4. trraratype ; 15. holotype.
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P. V ella del.
(.'\ll figures are X 75. Paratypes arc frorrr type localities unless statcd ot]rerwise.)

Frc. 16. -Hof kerut'a (*.1.) delicatulo \,'ella. Nl5Bf6r0 (opoitian).
F'rc. 17.- Neouz,igerina i,adescen.r (c)rrshnran), Nl5Bf609 (opoitian).
Ftcs. 18. 19.--Neouiigerina bellula n. sp.: 18. p;rratype; lg, holotypc.
F'rcs- ?0. '!1.-i\'eout'ise rine eketahuna r. sp. : 2(). holotype : 2 I , paratylrc.
Frc. ?2. h'oi'iut,tt zelandica n, gen., n. sp.: holotype.
Ftcs. 23-25. -Holkerura (TrigonouLa) pliozea n. sp.: :l:1. ?+. paratypcs; 25. holotype.
Ftcs. 26. J7.- -I{olkerura ('I'ereura) Iutorunz n. sp.: 16. holotype: '27, parxryl)e.
Frcs. l{t. 29. -Hof kerura (l.aminiut'u) rodlef i n. sp.: lB. holorype: 29. parar}-l)e.

$8$
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at the base, giving a peculiar obese appearance, overhanging the sutures below' Apertural

n".t *"t in'a*sligf,t depression on the-top of the terminal chamber'

Length: 0.625mm; breadth: 0.30mm (holotype).

Tr-pr Locer-rrr-. N153f910. Makakahi River. Eketahuna District (Kapitean) ;

150 paratypes.

SrnlrroRnpHrc Reucn. Zeaserus Zone to Inflata Zone (Kapitean to Opoitian) '

Ecorocrc l{nncr,. Robulus Biofacies. inferred depth range c 1,000 to c 2,000ft'

Rruenxs. The illlstratecl paratype has unusually strong costae. Many specimens

are less fully gror{'n than the hoiotvp", and conie-g1enii-y are .more squat' Th9

strong inflation" of chambers. w'eak ,.,rlptlr.*. and slight depression at the base of

the apertural "*t"^[--it "'airtinctive 
tharacters. unt r.rgfest that this species.is

u .u,rjlt primitive representatn'e of the Tereui,d group.. It ia not a derivative of the

waiatran'ancl Tongiporutuan (micldle and upper Miocene) species of. Tneuaa'

Sr.tbeentts LautNttrva Vella

Hofkeruva (Laminiuva) rodleyi n' sp'

Hofkeruva (Laminiuva) rodleyi rodleyi (Pl' 2, figs' 28' 29)

shell of moderate to large size. heavily costate, narrowly fusiform, microspheric with

acutely pointed apex, megalospheti"'r"ittt "itt**fi tou"a*a ip9*'- Cosiae raised' bevelled

with narrowly rounded crests, mostly fontir,rrout ft'ottt "nJ 
to ""a of the shell, reaching and

even 
"ncroa"hi,tg 

o.t to the apertural neck'

Length: 0.69mm; breadth: 0.30mm (holotype) '

Tvpr, Loca,lrr.y. N15Bf5B3. near l\{auriceville (Waitotaran) ; t5 paratypes'

Srnnttonrrpntc Rexce. Kingm ai Zone? (Waitotaran), Mangaoparia Zone (late

Waitotaran) to Rotunda ZonE (Hauta$,an). May range up into Nukumaruan

and Castlecliffian.

Ecor-ocrc l{er.icn. Elphiclium l}iofacies to Haeuslerella Biofacies. inferred depth

range c 2O to less than 900ft.

Rnlrenxs. This subspecies shor,r,s little resemblancc to most of the.-species of

Lhe Laminittua gro,rp bui relntionship is indicated by the subspecies described below'

in" Jirtinguishing characters of thl lpecies are the long, narrow' fusiform shape

and the strongr c8ntin.,o.rs ribs. and of 
'the subspecies rodleya are the rounded crests

of the ribs.

Hofkeruva (Laminiuva) rodleyi tutamoides n' subsp'

Crests of costae thin flanges often slightly serr-ated !f b1eakagt,?t i" Laminiura lutamoca

Vella. Shell tending to be a little broader than that oI rodleJt?' rodrcyt'

Length: 0.63rnm; breadth: 0.32mm (holotype)'

Tvpr I-oc61.rn-. I{153f953, Ngaturi Creek, Eketahuna district (Waipipian),

28 paratypes; 22 additional p"iatyies from N153f990, Waipori Stream, Eketahuna

district (Opoitian) .

SrR.rrrcnnpurc ReNcE. Olssoni Zone to Kingmai Zone (Opoitian to Waito-

taran) .

Ecoroctc l{eNcr:' As for rod'lcyi rodleyi'

Rn*renr<s. The Flange-like ribs of this subspecies clearly.indicate the relationshiP

to tutamo." th; ;;;" sfrci"t of the subgen's. 
'Th. 

subspecies is easily distinguished

fron'r tutantot:a, dJtt'*tlt. bv its narrolv acutntnatg t[lp.q, and somewhat lower,

stronger. nrore contirrlrous costAe. Lantiniuua :ilamina Vella is mor-e closely related

than ttttapto€a, but has a bluntl,v rounded apex and subcylindrical shape.
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Hofkeruva

T r ans ac t io ns- -Grot.ooy

Horrsnuve (sensu lato)

delicatula Vella (Pl. 2, fig. 16)

VoL,. 2

1961. Holkcruua delicatula Vella, Micropaleontology 7 (4), p. 47 7, Pl. 2, fig. 5.
Somewhat larger than the types from Raukumara Peninsula, but otherwise similar, with

the characteristic broad truncate apex covered with small spines, aud with the distinctly
undercut chambers each with crisp. neat costae produced to tiny prickles at the base.

Length: 0,56mm; breadth: 0.325mrn (figured hypotype).

Locnr,rry. I\158f610. rnudstone overll,ing Kapitean turbidite at Clelands Road,
Mauriceville district (Basal Opoitian). Not yet ltnown from any other localities in
Wairarapa.

SrnerrcnapHrc Re,NcB. The lower part of the Inflata Zone, distinguished by
several species lingering from the Miocene. and provisionally called basal Opoitian
(see Kennett, in press).

Ecor,ocv. Semipelagic Biofacies, inferred depth between r 2,000 and c 4,000ft.

Rnneers. Might be confused r.r'ith
truncate base, more distinctlt' trndercut
ovate or taperinpg overall shape.

Genus Novruvt nov.

Type species : U tigerina peregrina Cushman.
Large uvigerinid shells with main sculpture of irregular or serrated longitudinal costae

which tend to beconre dissected into spines on the adult part of the shell. Interspaces and
sometimes the costae themselves granulose or covered with fine papillae or spines. Tooth-
plates zs in Euuz:igerina and Hofkeruua.

The hispido-costate peregrina group of shells rvhich comprise Nouiuaa was
provisionally classed as Holkeruta in the broad sense and was thought to have
probably evolved from one of the Hofkeruua lineages during the Miocene (Vella,
1961, p. 473, and text-fig. 3). It may, however, have a much longer history and
include Eocene species like " Uuigerina" bortotara Finlay.

Nouiuua should be restricted to species with spines developing or developed
from costae, and arranged in longitudinal more or less linear series, and should
not include species rvith costae developing from spines or with spines scattered at
random. Species which appear to meet these conditions are Lluigerina ciperana
Cushman and Stainforth (Cipero Marl, Trinidad) , Uuigerina hispido-costata
Cushman and Todd (Miocene, Jamaica), Uuigerina interrupto-costata Leroy
(L. Miocene, Sumatra) , Uuigerina joaquinensis Kleinpell (Up. Miocene,
California).

[.]uigerina shiwoen-sis Asano (Recent and Pliocene, Japan) is regarded as a
doubtful species of. Nouiuaa.

Uuigerina dirupta Todd (Recent. California) has spines scattered at random,
and appears to be close to Euuuigerina aculeata (d'Orb.).

Noviuva zelandica n. sp. (Pl. 2, frg. 22)
Shell large, elongate, subcylindrical, with only slightly depressed, but distinct sutures,

heavily sculptured with irregular, serrated, somewhat sinuous costae, produced to irregular
spines on top of the final chamber, extending on to the apertural neck. Apex broadly
rounded.

Length: 0.79mm; breadth: 0.35mm (holotype).

TypB Locer.rrv. N153f916, lf miles north-east of Hawera
district (Opoitian) ;7 paratYPes.

Srnerrcru.prrtc ReNcn. Inflata Zone (Opoitian).

Ecolocrc ReNos. Semipelagic Biofacies, inferred depth range

Terettt'a lutorwn. but has a wider, lnore
chambers. and subcylindrical rather than

l{oad, Eketahuna

4,000 + 2,000ft.
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Rniuenxs. Close to pt:regrirla, but cousistently has a broader aPex' and no spines

on the aPex.

Genus NB,ouvtcrRINA Hofker

Neouvigerina vadescens (Cushman) (Pl' 2' fig' 17)

1933. ('it'igct.itta' ptt.t|ttt;ci'tlcrt Schw.rqcr \.lll'. ;.rtil(,cettr Cittshnlltr. f-lontr. Cush. Lab,

9 (4), P' 85, Pl. 8. figs'- 1+-15'
The New z"oi""i""tt"rrr-ln"iua"a in z,adescen.r are of moderate size. elongate, ovate'

with slightll, inflateJ';h;;;rr. distinct uiit rittr. i-pr"*r.J-suturesr broad tapering apertural

neck with solid reflexed lip. una orr,-"rrr"ni oi ttttuti distant raised spines and dense minttte

papillae.

Length: 0.55nrrn; breadth: 0'225mm (hypotype) '

Locaurv oF I{vporvpn. Nl5t}f609. Matrriceville district (Opoitian)'

SrnerroRepntc R,rncr. Inflata Zone' Opoitian'

Ecorocrc R.qwcn. Robtrltrs Biofacies? (2.000 -t- l.000ft)'

Rnnenxs. Aborrt Salf tlre specimens br:ar an lrlic.a1 spine as on the paratype

figured b' flrrshrnan. Shape ancl sizc agl'eq rvell 
^ruith ihe tvpes' btrt the type

JJrr.ipti"n ancl figrrrc arc not goocl cnotrglt for conrparison of the ornament'

Neouvigerina bellula n. sp. (Pl' 2. figs' 18-19)

Shell tiny. elopgate. oyate, with rounded--ap-ex. adult apd near adult charnbers higher

than wide. with distinct depressca ,utt,i"r. lVall ihin "nJ 
a"li".te. covered with fine hair-likc

spines.

l,ength: 0.31mm: breadth. 0.15mm (holotype)'

Typri Locer-rrt-. N153f1016. Bou,en ltoacl. Eketahtrna district (Opoitian)'

Srna'rrcn.r.Pnlc RANce' Inflata Zone. Opoitian'

Ecor-ocrc R,,rr*lcE. Robr-rlus Biofacies to Scmipelagic Biofacies, inferred depth

range 2,000 -l- l,000ft to 4,000 -r 2,000ft'

Rnuenrs. Size. s6ape, and ornament are fairly cons.istent,,u"+ readily- distinguish

N. bellula from other late Tertl"ry ,p..i"r. N.'plebeja Vella is possibly the mid-

Tertiarv anceston of. bellula, ".r*put"bt" 
in .size. buf with more conic apex and

smoother surface. There appears to be no sirnilar species described from beyond

I.lerv Zealand. e..orJing to d'Orlrigny's descriptio" a"q figure (Juigerina canariensis

attains a length of 2/3mm and i.i; acuminate shell u'ith subglobular chambers'

Iluigerina auberiana is,compa.uUt"-i. ,ir. (1/5mm) to N' bellula, but has sub-

globular charnbers, and ornament of costae' in addition to papillae or spines'

Neouvigerina eketahuna n. sP' (Pl' 2, figs' 20, 21)

Shell largc for the genus, short. so.lid, with swollen subglobular chambers and deeply

irnpressecl sutures givi;;; b6"r"t"'o"ttine; subovat" o" t"t"iwhat tapering; apex broadly

ff;;;J. Wrii ttriJtr. c6,,cred rvith dense low rounded papillae.

Length: 0.54mm; breadth, 0'275mm (holotype)'

Typn Loceg.rv. Nl53fB96, one mile west of Rongomai Valley Road, Eketahuna

district (Kapitean).
Sr.nerlcRlpFrrc RANcE. Belorv Compress a Zone to Kapite a Zone, Tongaporutuan

to Kapitean-
Ecor,oorc ReNce. Haeuslerella Biofacies to Robulus Biofacies, inferred depth

range c 500 to 2,000 r- 1,000ft.

Rr,uenr<s. Easily clistinguished frorn all other New Zealand species by the lalge

size, swollen charnb"rr. orri regular papillate ornament. The most^similar species

is rV. mantaertsis (Cuslwan u""a Ebwlrds) from the -fertiary (Oligocene?) of

ii"ruaor, rvhich is troader, rnore compact, with less inflated chambers.
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Pullenia quinqueloba (Reuss)

1851. Nonionina quinqueloba Reuss, Zeitschr. Deutsch. Geol. Ges.3, p. 71, PI.5, fig.31.
1867. Pullenia comprcssiu.rczla Reuss, var. quinqueloba Reuss, Siu. Akad. Wiss. Wien

55, p. 87.
1884. Pullcnid quinqueloba (Reuss), Bradn Rep. Voy.

Pl. 8t$, figs. l4-15.

T r ans ac t io n.r-GEoLocY

Family CHILOSTOMELLIDAE

Genus Pulrnxrl Parker and Jones

You,2

Challengcr, Zool. 9, p. 617,

Pal. Bull. 34 ( I ), p. 90,Hornibrook, N.Z. Geol. Surv.
Pl. ll, figs. 207-2O8.

New Zealand late Tertiary specimens closelv match the Italian Pliocene specimen
figured bv Cushman and Todd (1943. Pl. 3. figs. Ba-b).

Ecor.ocIc Rlrqcn. Haeuslerella Biofacies to Karreriella Biofacies (possibly
Itobulus Biofacies). inferred depth range c 400 to c 1.000ft. The common species
of moderately shallow- to moderately deep-rvater sediments. Shells occur sporadically
from 60 to 750ft in Cook Strait (Vella. 1957).

Pullenia quadriloba Reuss (Pl. l, figr. 9. 10)

1867. Pullcnia comprassiusczla Reuss, var. quadriloba ReuJs, Sitz. Akad. Wiss. Wien
55, p. 87, Pl. 3, fig. 8.

1943. Pullania quadriloba Reuss, Curhman and Todd, Conu. Cush. Lab. 19 (l),
p. 15, Pl. 2, figs. 20, 21.

The Wairarapa specimen illustrated is not fully grown, and no other well
preserved specimens have been obtained. It is less compressed than the European
specimens illustrated by Retrss and by Cushman and Todd. having the final chamber
expanding suddenly from the umbilictr.s, but it is uncertain whether this difference
is significant.

Srnerrcnepulc ReNcr. The type is from the Miocene of Galicia. Cushman
and Todd recorded the species from the Miocene of the Vienna Basin, and living
in the Western Atlantic. Bermudez illustrated a form like it as P. quinqueloba,
from the Miocene of the Dominican Republic. In Wairarapa it occurs from the
Compressa Zone (Upp.. Tongaporutuan), and possibly lower. to the Inflata Zone
(Opoitian).

Ecor,ocrc Rel{cs. Robulus Biofacies? to Semipelagic Biofacies, inferred depth
range deeper than l,000ft to c 4,000ft.

Pullenia bulloides (d'Orbigny) (Pl. 1, figs. 7, B)

1946. Pullenia bulloides (d'Orb.) Finlay, Trans. Roy. Soc. N.Z. 76 (2), p. 2+3.
1948. Pullcnid sphoeroidcs (d'Orb.) Dorreen, J. Pal. 22 (3), p. 298.
1957, Pullenia bulloides (d'Orb.) Vella. N.Z. Geol. Surr'. Pal. Bull. 38, p. 10.

1961. Hornibrook, N.Z. Geol. Surv, Pal. Bull. 3+ (1), p. 90,
Pl. 11. fi$. 205, 206.

Shells referred to Pullenia bulloides are considered to be good indicaton of
abyssal depths (below 5,000ft) off Californiir (see Natland, 1957. Phleger', 1960) .

The Cook Strait form (Vella. 1957) occurs sparsely at a depth of 72ft and in
greater number at a depth of 294ft. The form illustrated here is restricted to

1961 .
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batJryal sediments in the late 'fertiary of \Vairarapa. These major differences in

deptir range at different times ancl places are- difficult to explain without assuming

difierences in the genetic make-rrp of the forms at different times and places'

Difierences in genetic rnake-up rvould i-ply the existence of different subspecies,

or species whilh might be ior"l,t related or might noJ .be .closely 
related but

homeomorphic, si"gl" large samples of " Pullenia bulloides " from wairarapa

show less variation tfran is generali,v allorn'ed for the species. The shells illustrated

here, ancl the one illustrated- by Hoinibrook are similar to the toPotyPe of' bulloide'r

illustratecl by Clrrshr1ran and l"ocld (1943, Pl. 2' figs. l$a-b) . lVairarapa shells in

some other samples closeh, reser'ble tl:e Recent specimen (from 10r000ft) illustrated

by Cushman and Todcl irSlf g. Pl. 2. figs. 16a-b). having only 4 chambers showing,

and this may be ^ distinct sPecies'

Maximum diameter: 0.34mm: thickness: 0.30mm (hypotype, PI. 1. fig' 8)'

Ecorocrc ReNcn. Robtrltrs Biofacies to Semipelaeic Biofacies. possibl;' Eupelagic

Biofacies. inferrecl clepth range deeper than lp00 to deeper than 4'000ft'
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Abstraa
Axruer.s that live on the sea-floor are different at different depths. Faunal changes
from shallow to deep are gradual, but particular depth faunas can be defined by
dominant and depth-restricted taxa (species to phyla) to give a depth sequence.
Similar sequences of faunas, assumed to be depth-controlled, can be determined
for any particular time in the past, and their approximate depths can be deter-
mined.

In Mauriceville district rocks of about the same age were deposited in very
different depths, contain few species in common, and are thus difficult to correlate.

Temperature change is an important factor in depth and time correlation.
Temperature decreases with depth in the ocean, and at any one depth decreased
with time from the Miocene to the Pleistocene. Non-depth-tolerant species would
appear earlier in the south than in the north and depth-tolerant species would
appear earlier in deep water than in shallow water. Some key species now used
for time correlation in New Zealand, are merely temperature indicators.

Local bio'stratigraphic divisions are essential for detailed stratigraphy. More
than one sequence of facies-restricted bio-sratigraphic divisions may be required
for contemporaneous deep- and shallow-\A'ater deposits.

Rrr,erroNsgrp oF Trrrp Dtvrstoxs ro Dsprg Drvtsroxs

Tnuprne,TURE and pressure are among the most important ecological factors in
the sea. Only pressure is solely controlled by depth. But the other marine
ecological fasls$-sverage temperature. range of temperature variation, light
intensity, salinity, type of bottom, turbidness-are generally directly related to
depth in any particular area. Variation in ecological factors at any particular
depth is greatest in shallow water (less than 150ft) and decreases with increasing
depth. The faunas reflect this, varying most in shallow water and becoming
increasingly uniform with increasing depth. Furthermore, the effects of depth
decrease with increasing depth, and the rate of faunal change downwards is more
closely related to logarithmic than to direct depth increases

Publislted b), the Royal Society ot' lr{eu

Wellington, P.O. Box

Zealand, clo l'ictoria Uniuersity ol
196, Wellington.
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The need to recognise facies changes when attempting time correlation is
universally accepted, But facies changes generally have been regarded merely as
a hindrance to time correlation and not as an essential part of the geological
record. As most present marine ecological factors are depth-dependent, it it in-
ferred that lateral changes in past faunas generally indicate changes in relative
depth.

Most marine sedimentary successions are essentially cyclic. The following
sequence! represented by the curve in Fig. 1, is a simple example:

(1) Transgression (subsidence commences).
(2) Deepening of the sea (subsidence more rapid than deposition).
(3) Culmination (subsidence balances deposition)
(4) Shallowing (subsidence less rapid than deposition).
(5) Regression.
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It". t.-Diagram to ehow the chief causes of vertical faunal changes in marine sediments.
The curve shows change in depth during a hlpothetical rimple sediirentary cycle. Observed
f-auryl .divisions {ecozones) I to 12 are combinations of time divisions: zones I to 5, and
depth divisions: biofacies A to E. Biofacies may reappear in time; zones appear only'once.

The directly observable (objective) faunal divisions in such a succession are
conJrolled Partly by time an$ pa{ly by depth. They are distinguished as ecozones
and from them zones and biofacies must be abstracted. These iht.. kinds of basic
paleontological divisions may be defined as follows:

(l ) Ecozones: purely .objective,faunal divisions in any stratigraphic section.(2) 7.ones: time-stratiglaqhig faunal divisions for any restiictid are , in some
cases for a restricted facies within a restricted area.

(3) Biofacies: Ecological (usually depth) faunal divisions for any particular age.
Biofacies change both laterally and vertically. They are best deterrnined fro6

lateral faunal changes, and ane tested by consistency of sequence in both verticat
and horizontal directions. If a facies-transgressive horizon marker (such as an

Transactions-Gnor,ocy Vor,. 1
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ash shower) is available, biofacies for one time can be determin-ed -objectively
from lateral variation, Usually such markers are not available and biofacies must

be deterrnined, like zones, by trial and error proceeding in a poosibly infinite series

of steps as follows:
( 1) Determination of crude ti'ne divisionr.
i2i D.t.t-ination of ecological (lateral) faunal divisions within

division.
Refinement of time divisions in the light of ecological divisions.
Refinement of ecological divisions within refined time divisions

(3)
(4)

each time

etc.

Lithology

Zones are usually determined by trial and error through comparison of geveral

sections. The acid test is always- consistency of sequence in seParate yc$on-s.
Once depth changes are known il should be possible to-_separate objectively d.P*
biofacies'from an ecozone sequence to leave an essentially zone sequence, {o-r tfris
purpose it is not necessary to know absolute depths represented by each biofacies,
-but- 

only the correct order from shallowest to deepest.

Absolute Depth of Daposition
Table I shows seven depth-faunal divisions recognised in WairaraP^-Uppe1

Miocene and Pliocene rocks, with their characteristic lithologies. Associations of
depth faunas and lithologies are constant. The absolute -depth rangel of shallow
*iter divisions can be judged more accurately and with more confidence than
those of deep-water divisions. The depth range of divisions increases appro:ri-
mately logarithrnically from shallowest to deepest.

Dcpth Range

Tear,a f-

Fauna

(l )

(2)

(3)

Estuarine

Sublittoral c. 20ft

Upper Neritic 20 to c.

200ft

(4) Lower Neritic c. 200 to
c. 1,000ft

(5) Upper Bathyal 1,000 to
2,000ft

(6) Mid Bathyal 1,000 to
? 4,000ft

(7 ) Lower Bathyal to
Abyssal ? ? 4,000ftplus

Restricted mollusoe, ostra'
codes, Foraminifera

Restricted molluscs, ostra-
codes, Foraminifera

Abundant molluscs, ostra-
codes, barnacles, brachio-
pods, echinoids, bryo-
zo rrs, Foraminifera

Common molluscs, infre-
quent ostracodes, abund-
ant Foraminifera.

Infrequent deep - water
molluscs, abundant Fora-
minifera

Extremely rare molluscr,
abundant Foraminifera
(pelagics 40 to 60 per
cent)

Extremely rare molluscs,
Foraminifera: 70 to 90
per cent pelagics; benthic
species few, individuals
numerous

Silts and conglomerates

Sands and conglomerates

Sands, shell beds, reef and
detrital limestone

Massive to poorly bedded
sandstone and siltstone;
macrofossils scattered

Massive muddy siltstone;
macrofossils scattered.

Massive mudstone.

Massive mudstone

F oraminif eral Biol acies

Foraminifera are considered the most useful group for paleoecological study-

They are the best known microfossils, easy to iollect in large numters, _and
abundant throughout a wide range of marine facies. Recent Foraminifera have
distributions timited by temperature, pressure, or other ecological factors, and

many species range far back into the Tertiary. Some controlled by temperature
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but tolerant to other ecological factors related to depth have different depth ranges
at different latitudes. Others have the same depth range in spite of temperature
clifferences over a wide ranse of latitudes. Thus the order of appearance of species
in depth varies from latitude to latitude. As the late Tertiary was a period of
cooling it may be inferred that in any parlicular place the order of appearance
in depth of persistent species changed from time to time. To use Foiaminifera
by themselves to deterrnine absolute depths of deposition it is necessary to know
the temperature of the surface water at the time of deposition and to have studied
tlepth distributions of nearby Recent Foraminifera in a latitude with the sarne
average surface-water ternperature. In New Zealand neither condition is fulfilled.
Foraminiferal biofacies can, however, be determined for each age and can be
related to the depth divisions based on total fossil faunas outlined above, and then
can be used by themselves to infer absolute depths of deposition.

Seven Pliocene (Opoitian and Waitotaran) biofacies are listed in Table II.

Transactiorr-Gnolocy

Tesl"e II

Inf errcd Depth Diaisiotz
Approximate Depth

Range in feetBiofacies

1. Streblus
2. Pseudononion
3. Elphidium
4. Haeuslerella
5. Robulus
6. Semipelagic
7. Eupelagic

Estuarine (hyposaline)
Sublittoral
Upper Neritic
Lower Neritic
Upper Bathyal
Mid Bathyal
Lower Bathyal to ?Ab1'ssal

0to?
20
20 to 200

200 to 1,000
1,000 to 2,000
2,000 to 4,000
,1,000 plus

Fro.Z.-Idealised diagram showin.q time ranges of species B and C restricted to shallow
\rater. D and E restricted to deep water, a depth tolerant benthic species F, and the upper
time limit of a pelagic species A whose remains are found in both shallow- and deep-water
cleposits. Zones 1, 2 and 3 are defined by the overlapping ranges of species (overlap zones);
zone 4 is defined by the total local time-range of a shortlived species (Teilzone). The
outgoing of the previously abundant ubiquitous pelagic species A defines the time horizon H.
The cliagram illtrstrates the difficulty of correlating shallow- and deep-water deposits in

the absence of pelagic species such as A or of clepth-tolerant species such as F.
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Depth-restricted key-forms enable equivalent depth biofacies of different ages

to be correlated with each other in the same way as time divisions are correlated
by time-restricted key-forms. Biofacies of the Pleistocene and the upper Miocene
are similar to and fairly easily correlated with those of the Pliocene. The chief
difficulty in depth correlation is the progressive shift of temperature-restricted
species from deeper to shallower water during the regional cooling prior to the
Pleistocene.

Frc. 3.-Idealised diagram illustra.ting migration of a depth- and temperature-controlled
species A during a period of cooling. Latitudes and tcmperatures approximately as for
New Zealand at the present day. The species migrates northrvard within its restricted
rlepth range, indicated by the horizontal bloken lines. At latitude X it is absent at titnc l,
occrlrs only in deep water at time 2, and occuns only in relatively shallorv water at time 3'

Tirne Diaisions
Of the few species colnmon to very deep- and very shallow-water microfaunas

rnost are long-ranging and useless for correlation. Time correlation is effected
mainly through intercorrelation of faunas of interrnediate depths. Mixed deep
and shallow faunas in turbidites can proviclc clilcct correlatiotr. Ivlost correlations
ar.e defined by overlaps of the ranges of specics. Ovc'rlap zones have complex
interrelationships, each having peculiar tinre and dcpth ranges (Fig. 2).
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Time changes result either from evolution or from regional change rn some
physical condition. Cooling presaging glaciation is the only known regional
physical change of the upper Tertiary, and is considered to account for a large
proportion of the faunal changes now used for New 7*aland stage correlation.
Regional cooling resulted in migration towards the equator of equatorward dip-
ping isothermal surfaces. Of the temperature controlled species, those that were
depth controlled moved towards the equator, those that were not dep,th-controlled
nroved upwards or towards the equator (FiS. 3).

All faunal changes due to cooling are time-transgressive, and " stages " based
on them are younger towards lhe equator than away from the equator. On the
other hand, in any small area such faunal changes are depth-transgressive in time
and " stages " based on them are younger in shallow-water sediments than in
deep-water sediments. An example of a depth-time transgressive faunal change
is shown in Fig. 4.

Frc. 4.-Chart showing possible explanation of the obsen'ed sequence of Karrcriella cush-
nnni Ein., K. cushrnani cylindrica and K. cylindrica Fin. in Wairarapa. The sequence,
previously regarded as evolutionary, is here considered to be due to the effect of ante-
Preistocene ""ot'"t",ll,J1 ;r:T; ',:td'::*"?t,"^inl'",11""*n0",,",i5x"i. remperature in-

This theoretical difficulty in correlating adjacent deep- and shallow-water
sequences is borne otrt in practice. Lorver bathyal mudstone with a restricted
benthic fauna at first thought to be Tongaporutuan in age was later found to
overlie turbidites with the shallow water Kapitean key species Bulirnina aculeata
d'Orb. On the other hand, upper neritic strata later proved to be Waitotaran
were at first correlated with the Opoitian because they contain Norcottia mioindex
(Fin.) a common Miocene bathyal species previously thought to make its last
appearance in lower Opoitian bathyal sediments.

Correlation with the type localities of thc New Zealand stagcs is stiil morc
difficult because latitude differences arc added to depth differences. In order to
have valid time divisions which will nqt be subject to change with increase in
knowledge it is necessary to set up separate local zone sequences for different
depths of deposition.

For the area described a shallolv-water and a deep-water succession have been
set up. Their approximate correlations w'ith the New Zealand stages are shown
in Table III.

Lowar Pltoc ono,Uppor Mtocone

'ei,rieri e lla
c ushnani Karreriolla

cylindrica
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Shallow-water

N.Z.
Stage
(approx. )

Trrr,r III
and deep-water zone sequences and their inferred correlation with one an-

other and with the New Zealand stages.

Shallow-water zoues and main cor- Deep-water zones and main correla-
relation fossils (Foraminifera and tion fossils (Foraminifera only).

Mollusca)

Wn

wh

Ww-Wh

Ww

wwp

Wo

TI(

Up.Tt

Zelandica Zone:
N otorotalia zelandica; Tawdra
subsulcata, Stiracolpus waikopiro-
cnsk

Rotunda Zone'.
Notorotalia rotunda, Chlamys
delicatula

Mangaoparia Zonez
Notorotalia mangaoparia, Ano-
ntalinoides frigindex

Kingmai Zone:
Notorotalia kingtnai, Poliniccs,
Oliuclla

(T,one missing)

Olsoni Zone:
Notorotalia olsoni

Molestus Zonez
Cibicidcs molestus

Inflata Zone:
Cibicidcs ihungia, Turborotalia
inflata

Zeaserus Zone:
Sigmoilopsis n. sp. Bulimina
aculcata (in turbidites)

Schlumbergeri Zone:
Sigmoilopsis schlumbcrgcri, Boli-
ainita conpressa

The substages of the Waitotaran (Waipipian and Mangapanian) and Nuku-
maruan (Hautawan and Marahauan) erected by Fleming (1953: 102-103) are
here accorded stage rank. The Marahauan and Mangapanian $ubstages have
the same type localities as the Nukumaruan and Waitotaran stages respectively
and are thus abandoned. The following symbols are used to indiiate the stages
in Table III.

Wanganui Sefics (Pliocene to lower Pleistocene)
Wn Nukumaruan
Wh Hautawan

w;" w:t;:F:T
Wo Opoitian

7'aranaki Scries (Upper Miocene)

Tf f3l;:;;*,"""
Tirne Zones for Shallow-water Strata

Five shallow-water time zones-Olsoni, Kingrnai, Mangaoparia, Rotunda, and
Zelandica-shown in Table III are named from large species of. Notorotalia. Notoro-
talia olsoni Vella is restricted to its zone in the area described, but has been re-
corded from Opoitian (possibly Kapitean) to Recent (Vella, 1957: 50) elsewhere.
A hiatus is liklly between the Olsoni and Kingmai zones. Strata placed in the
Rotunda Zone are hard shell limestone and were not sampled for Foraminifera.
They are correlated by the pelecypod Chlamys delicatula (Hutton) which occurs
u'itlr Notorotalia rotunda Vella between the Mangaoparia and Zelandica zones else-

rvhere in Wairarapa. Stage correlation of the Olsoni pnd Kingmai zones is based
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mainly on stratigraphy established by G. Neef in Eketahuna Sheet District to the
north. The Kingmai Zone contains typical Waitotaran macrofaunas including the
warrn-water forms Polinices cf. uaipipiensis (Marwick) and Oliuella (Lampro-
domina) neozelanica (Hutt.). An unconformity underlies. The Olsoni Zone seems

equivalent to poorly fossiliferous strata unconformably underlying the Kingmai
Zone at Eketahuna and considered upper Opoitian to lower Waitotaran from
their stratigraphic position. Stage correlation of the Mangaoparia, Rotunda, and
Zelandica zones is based on ages for the Notorotalia species given by Vella (1957:
56) and on the occurrence of the molluscs Tawera subsulcata (Sut.) and Stiracolpus
cf. waikopiroensis (Sut.) in the Zelandica Zone and Chlarnys delicatula (Hutt.) in
the Rotunda Zone.

Time Zones for Deep-water Strata
Four deep-water zones are shown in Table III. The Inflata Zone is the best

defined, the base by the incoming of the pelagic Turborotalia inflata (d'Orb.) and
the top by the outgoing of, Cibicides ihungia Fin., a ubiqtritous benthic species of
wide bathymetric range. The overlying Molestus Zone is distinguished by the
presence of. Cibicides molestus Horni. and absence of Cibicides ihungia. Cibicides
molestus is abundant in moderately-shallow to moderately-deep water deposits.
The top of the Molestus Zone is not defined because of the absence of deep-water
beds, but would be placed at the outgoing af. C. rnolestus believed to be near .the

top of the Waipipian elsewhere in Wairarapa and in Hawke's Bay.

The Zeasems Zone takes its name from a manuscript new species of. Sigmoil-
opsis related to Sigmoilopsis schlumbergeri (Silv.). The top is well defined by the
incoming of. Turborotalia inflata. The base is marked by the incoming of the
Sigrnoilopsis n. sp, and by a stage in evolution of the Boliuinita pliozea Fin. lineage,
but is poorly defined because the Sigmoilopsis is generally rare except within narrow
bathymetric limits. The Schlumbergeri Zone, next lower, does not outcrop in the
area described but has been distinguished in adjacent areas.

Connrr.arroN. The base of the Inflata Zone is the best reference horizon. The
pelagic Turborotali.a inflata is probably temperature-controlled and hence its in-
coming is likely to be time-transgressive with latitude, but within a small area it
gives reliable time correlation through deposits of all except upper neritic depths.
It is generally accepted as the base of the Opoitian Stage. Foraminifera are not
known well enough to define the top of the Opoitian Stage-i.e., the base of the
Waipipian Stage, even at type localities. For convenience the top of the Inflata
Znne ii assumed to be the top of the Opoitian and the top of the Molestus Zone is
assumed to be the top of the Waipipian.

The Zeaserus Zone cannot bc datecl by its depth-restricted fauna, because this
includes no accepted " k"y " species. Graded-bedded sandstones and mudstones,
however, contain redeposited shallow-water Foraminifera, including the Kapitean
key Bulimina aculeata (d'Orb.). In adjacent areas the underlying Schlumbergeri
Zone contains an immediately older fauna including Boliuinita compressa Fin. and

F.^tr. pliozea Fin., lacking B. aculeata, ancl considered about Upper Tongaporutuan
rn age.

MrcnosnltpLEs FRorvr M,ruRtcl:vtr-lr, I)tsrntcl
The name Mauriceville District is r.rsed for Sub-Sheet District 2 of N.Z.M.S.1,

Sheet District N158. All 72 microsamples from this district were collected by G. E.
Orbell during a recent geological strn'ey (Orbell, in Pless). An index of micro-
sample localities, a list of key Foraminil'era, rvith age ancl clepth ranges, and age
and depth determinations with key spcrcits fol cach microsample, are given below.
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The following abbreviations are used: Ps, Pseudononion Biofacies; El, Elphidium
I3iofacies; Ha, Haeuslerella Biofacies; Ro, Robulus Biofacies; Sp, Semipelagic
Riofacies; Ep, Eupelagic Biofacies; N.F., no fauna; N.D., not deterrnined.

Standard symbols are used for New Zealand Stages.

Lithologies are given in the code of the N.Z. Fossil Record Form (Welbnan,
1953: 55) with an additional supplementary letter (R) to indicate graded bedding
(redeposited).

INpnx or Fossrr, L,ocer-rflns

[FulI locality details are recorded in the Sheet Fossil Master-file for Wairarapa region at the
Geology Department, Victoria University of Wellington.]

Shect
Fossil Grid

Number Locality Reference Lithology

f551 Mauriceville l8l83l 7723d5
f552 Mauriceville 181832 8729d
f553 Dreyers R. Rd 233843 7722d
f554 Dreyers R. Rd 2+5828 9722d
f555 Whangaehu Rd 252828 9722c
f556 Mt Bruce 148867 9842c
f557 Mauriceville 181832 9852d
f55B Mauriceville 196853 5564iCC
f559 Dreyers R. Rd 209858 5553iCC
f561 Mauriceville 192831 7942dSC
f565 Mauriceville 194844 9742dBC
f566 North Rd l7l97+ 9843d
f567 North Rd 16+890 774lcCT
f568 Ihuraua 255863 9842cC
f569 Mt Bruce 159893 774ldCW
f570 Snowden Hill 202830 7642d
t57 | Mauriceville 171829 9842d
f572 Mangamahoe Rd 214883 9741cC
f573 Mangamahoe St 199894 777IcC,
f574 Paikakako 202879 8752cC
f575 Mangamahoe Rd 223889 B752cC
f576 Paikakako 201881 8752cC
f577 Rioux Hill 230876 8742c
f578 Sweep Hill 256905 9742c
f579 Sweep Hill 271903 9852c
f580 Sweep Hill 261891 9852c
f58l Ihuraua 269891 9940h
iSBZ Ihuraua 2i2890 9842c
f583 Daggs Rd 295882 7742c
f584 Daggs Rd 296863 9842cW
f5B5 Ihuraua Valley 269858 6652cSR
f586 Ihuraua Valley 260861 9942c
f.587 lhuraua Valley 250863 9942cW
f5BB Ihuraua Valley 249856 9742cR
f5B9 Ihuraua Valley 259861 9842cT
f590 Dreyers R. Rd 217856 9742c
f591 Mangamahoe St 206897 9731cW
f592 Rioux Hill 228881 9742cT
f593 Rioux Hill 230874 9740hT
f594 Paikakako Hill 205882 9742cTR
f596 Mauriceville 184B62 97'11cTR
f597 Jacksons Line 156832 9742cTR
f59B Jacksons Line 161825 9742cT
f599 Mauriceville 172829 9742cTR
f600 Mauriceville t76B2B 78*2c
f60l Snowden Hill 203833 7842c
f602 Snowden Hill 205831 7942c

Macro- Foram.
fauna fauna Age

Wn
Wn
wwp
Wwp-Wh
wh?
wwp
Wn
Wn
wh
Ww-Wh
Ww-Wh
Wo
?

Wo
?

Ww-Wh
TK
wh?
?

w*p
Ww
wwp
Ww
Wo
Wo
Wo
?

Wo
wwp
?

Wo
lnlo

?

Wo
Wo
Ww
?

Ww-Wn
?

Wo
TK
wwp
Wo
TK
Ww
Ww-Wh
7

Comm.
Comnr.
Rare
Rare
Broken
None
Comm.
Sparse
Coquina
Sparse
Sparse
None
None
None
None
Sparse
None
Comm.
None
None
Rare
None
None ?

None
Rare
None
None
None
None
None
Fragile
None
None
None
None
Sparse
None
Sparse
None
None
None
None
None
None
Broken
Sparse
Rare

Comm.
Rare
Comm.
Sparse
Comm.
Comm.
Sparse
Rare
Rare
Comm.
Comm.
Comm.
None
Abund.
None
Cornm.
Abund.
Sparse
None
Abund.
Abund.
Comm.
Abund.
Abund.
Abund.
Abund,
None
Abund.
Abund.
Rare
Fragile
Abund.
None
Abund.
Abund.
Abund.
None
Sparse
None
Comm.
Comm.
Abund.
Abund.
Abund.
Comm.
Comm.
Sparse
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Sheet
Fossil

Number
f603
f604
f605
f606
f607
f608
f609
f610
f6l1
t6r2
f613
f6l4
f6l5
f616
f.6r7
f618
f6l9
f623
f624a
f624b
f625a
f625b
f626a
f626b
f627
f62B
f629
f630

Locality
Grid

Reference
Foram.
fauna

Vol. 1

Age

Transactions_,Ggol.ocy

Ksv Spncres

Angulogerina sp.
Anornalinoidcs frigind,a* Vella
Anomalinoides spherica Finlay
Astrononion sp.
Astrononion naaoztalandicum Cushm. & Edw.
Bigencrina 

-pliocenica 
Finlay Up. Tt-Wh

Boliuina aff iliata Finlay
Boliaina alb atr ossi Cushman
Boliuina afr. lyfei Hornibrook

Dreyers R. Rd 219849
Dreyers R. Rd 242835
Dreyers R. Rd 249831
Dreyers R. Rd 253830
Whangaehu Rd 252820
Clelands Rd 257812
Clelands Rd 260814
Clelands Rd 26581+
Clelands Rd 271813
Mauriceville 170816
Whangaehu Val. 234806
Whangaehu Val. 238806
Limebrook 228803
Limebroot 215806
Ihuraua Rd 257840
Ihuraua Rd 25784I
Ihuraua Rd 258841
Clelands Rd 272811
Clelands Rd 276811
Clelands Rd 276811
Clelands Rd 27881I
Clelands Rd 278811
Clelands Rd 282808
Clelands Rd 2B2B0B
Mangamahoe 204897
Clelands Rd 261813
Mauriceville 169811
Ihuraua 294900

Macro-
Lithology fauna
8742cT Rare
B741cT None
7742cTO None
9742cT None
9742cT None
98,12cTR None
9842cT None
9742cT None
9942c None
7942c Fragile
7942cT None
7942cT None
7952eT Sparse
7952cT None
7942cT Rare
7942cT None
7942cT None
9742cR Broken
6954jR Broken
9742cR None
7954iR Broken
9742cR Rare
7954iR Broken
9742cR Broken
9832cT None
9732cTR Worn
78*1cS Comm.
7942cS Comm.

oF FonrurfgrFERA

Time
Range

Up. Ww-Rec.to-L

Abund. Ww
Rare ?

Abund. Wo
Comrn. Wo
Abund. Wo
Abund. Wo
Abund. Wo
Abund. Wo
Abund. Tk
Abund. Ww-Wh
Comm. ?

Abund. WwpWw
Comm. Ww
Comm. Ww
Sparse Wo
Rare l
Rare ?

Abund. Tk
Abund. Tk
Abund. Tk
Abund. Tk
Abund. Tk
Abund. Tk
Abund, Tk
Abund. Wo
Abund. Wo
Comn. ?

Sparse Wo

Depth
Range

Ps?-El-Ha?

El-Ha?
PrEl
Ro-sp?
Ha-Ro
Ha?-Ro
El-shallow Ha

Ha-Ro
Ro-?
El-Ha

Ha?-Ro
El-Ha?
El-Ha?
Ha?-Ro
El-Ha
El?-Ha-Ep
Et
Ha-Ro
DI
Ps-El
EI
Ps-El-(rare)Ha

Boliainita cf. elegantissirna Boomgart
Boliuinita pliozea Finlay
Boliainita afr. ptiozea Finlay
Boliuinita n. sp. aff. pliozea Fin.
Bulimina aculeata d'Orbigny
Bulimina brcmneri Finlay
Bulimina marginata d'Orbigny
Bulimina sanla Finlay
Bulimina cf.. striata d'Orbigny
Buliminoides williantsoniana (Brady )
Cossidulina laeuigata d'Orbigny
Cibicides deliquatus Finlay
Cibicid.es n. sp. aff. deliquatus Fin.
Cibicides ihungia Finlay
Cibicidcs marlb orou ghcnsis Vella
Cibicidc s molestus Hornibrook
Ehrenber gina mestayer ae Finlay
Elphidiononion aote anum Yella
Elphid,ium sp.
Elphidium charlottcnsis (Vella)

Sw-Wo
Ww-Wc
Wo?-Ww
Up. Tt-Ww?
Tk-Rec.
S-Wo

?-Tk
Tk-?

Sw-Ww
Ww*Rec.
Lw-Wo
Ww?-Rec.
?-Wwp

=
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Elphidium noa o ze alan dicum Cushman
Gauelinoisis cf.. hamatzs Vella
Haeuslerella Parri Finlay
Holkerutta n. sp. cf.. paenitcrrs (Finlay)
Hofkeruua n. sp. afr,. tutamoaa Vella
Hofkeruaa cf. tutamoea Vella
K arreriella qtlindrica Finlay
Lcnticulina mamntiligera
Migros meduaysTvsis (Parr)
Nonion llenringi Vella
Notorotalio dcPressa Vella
N otorotalia finlayi Vella
Notorotalia huruPiensis Vella
Notorotalia hurupiensis x finlayi
N otorotalia inorn,ata Vella
N otorotalia kingmai Vella
N otorotalia nangaoPdria Vella
N otorotalia olsoni Vella
Notorotalia Pliozea Vella
N otorotalia Pristina Vella
Notorotalia taranakia Vella
Notorotalia tenuissima (Karrer)
N otorotalia zelandica FinlaY
Oolha hexagona (Williamson)
O olina squarnosa (Montfort)
Pileolina r adiata Vella
PiIc olina zelandica Vella
Plectolrondicularia pohana Finlay
Plectofrondicularia cf.. aducna Cushm.
Pseudononion Parri (Cushman)
Pseudogaudryina cresPinae Parr

Quinqueloculina spp.

Quinqueloculina (Lachlanella) sp.
Rectoboliuina sp.
Rectoboliuin,a striatufa Cushman
Robulus spp.
Robulus calcar (Linn.)
Robulus costatus (F' & M.)
Robulus echinatus (d'OrbignY)
Rosalina cf. brady,i (Cushman)

S aracenaria italica Defrance
S igmoilo psis wanganulcrrsis Vella
S. n. sp. aff. schlurnbergeri (Silr'.)
Sigmontor phina cf. lacrintosa Vella
Siphote xtularia ihungia FinlaY
,siphotcxtularia u,airoana Finlal'
S i phote xtularia sub c1'Iindrica Finlay
Staffia multicostales (Finlay)
Streblus aoteanus FinlaY
'fextularia sn.ris Vella
Turborotalia inflata (d'Orbigny)

Time
Range

-Tt-Wh
?-Th
Ww-?
Wwp-Ww

Lw-Wo
?-Tk

Ww-Rec.
Sw-Wo
wwp

Ww
Up. Ww-L. Wh
Wo
Tk-Ww**-T-

Wn-Rec.

=Sw-Tk

=-
?-Wwp?
?-wo

Wn-Rec.
Tk-Wo

?-wo
Wo-Wn ?

Sw-Wo?
*o-

Wo-Rec.

Depth
Range

EI
PrEl
EI-Ha
Re-?

Rp-Ep
Ro
Ha
Ps-Ha-(rare) Ro
Ps-El?
Ps-Ha-Ro?
El-Ha
El-Ha
Ps-El?
EI?_HA
El-Ha?
EI?_HA
EI?_HA
EI
Ro-Ep
EI
EI
Ps-El
Ps-EI
EI
EI

Ro--?
Ps-(rare) El
EI
EI
EI
El-Ha?
El-Ha?
Ro
EI?-HA
Ha?-Ro
Ro
El-Ha?
Ha?-Ro
El-Ha?
(rare) Ro-Sp-Ep?
El-Ha?

EI?-HA

Ro
(rare) El
E1

Servrpls Dutnntr-ruATloNs

f55l: lVn Zealanclica Zone 20-200ft. Elphidiurn Biofacies; overlies Rotunda T.one.

e,.gr,- Biqr,r;!;.- ii"ii;io, Haeuilerella parri, Noiorotalia zelandica, Sigmoilopsis

uanganulertst-t -

b;;;h : Ehrcnbergina nrestayerae, N otorotulia zelandica Textularia cnsis-

f552: Wn Zealandica Zone 20-200ft. Elphidium Biofacies; shell-bed at f551'

Age: liotorotalia zelan'dica.
Depth: Notorotalia dcPtessa'
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f555: wwp Kingmai zone? 200-1,000ft. Haeurlerella Biofacier.
Agez Cibicides molcstus, Notorotalia finlayi, Holkcruua cf. n. sp. aff. tutanoad.
Depth: Bulimina aculcata, Haeuslerella farri, Elphidium charlofiensis.

f55'1: Wwp-wh zone indeterminate 200-1,000ft. Haeuslerella Biofacies.
Age: Boliuinita pliozca, Notorotalia finlayi.
Depth: Robulus calcar, Hacuslerclla parri.

f555: Wh? zone N.D, 200-1,000ft. Haeuslerella Biofacies. Base of Hautawan limestone.
Age: Anomalinoides frigindcx ?, Hafkeruua n. sp. aff. tutamoca.
Depth: Notorotalia large sp., Robulus calcar, Hieuslereila pani.

f556: Wwp Molestus Zone 200-1,000ft Haeuslerella Biofacies?
Agez Cibicidcs molestzs, absence of. Cibicidcs ihungia.
Depth : Cibicides molestus, Haeuslerclla parri.

1557: Wn Zelandica 7.one 20-200ft. Elphidium Biofacies.
Age: Notorotalia zelandica.
Depth: Cibicidcs marlboroughcnsis.

f558: Wn Zelandica Zone 0-200ft mixed Elphidium and Pseudononion Biofacies; many

f559:
f56l:

worn specrmens.
Age: Notorotalia zelandica.
Depth: Pscudononion parri.
Age and depth N.D.

Biofacies.
Holkeruaa n. 8p. afr.

d.e prcssa, Elphidiononion
aoteanum.

f565: Up. Ww-L. Wh. Mangaoparia Zone
Hautawan limestone.

Up. Ww-L. Wh. Mangaoparia Zone 20-200ft. Elphidium
Age: Notorotalia tnangaoparia, Anomalinoides fr{gindex,
tutamoca.
Depth: Elphidium sp. Notorotalid inornata, Notorotalia

20-200ft. Elphidium Biofacies; near base of

Age: lVotorotalia mangaoparia ? Anomalinoidcs frigindex, Hofkeruaa n. sp. afr. tuta-
tnoea.

Pepth-: Angulo_gerina sp., Quinqueloculina spp., Quinqueloculina (Lachlanella) sp.,
Tcxtularia ansis.

f566: wo Inflata zone 2,000-4,000ft. Robulus-semipelagic Biofacies.
Age: Hofkeruaa n. sp. aff. zelamina, Turborotalia inflata.
Depth: Hofkeruua n. sp.

f567: N.F.

f568: Wo Inflata Zone 2,000-4,000ft. Semipelagic Biofacies.
Age:. Hofkeluaa n. sp. afr. zelamina, Turborotalia inflata,
Depth: 5A%o planktonics.

f569: N.F.
f570: Top Ww-basal Wh Mangaopalia Zonc? 20-200ft. Elphidium Biofacies.

Age: Notorotalia ntangaoparia, Hofkeruaa n. sp. afi. tutantoea.
Depth: Quinqueloculina spp., rare Siphotextularia uairoana.

f.571: Tk, Zeaserus Zone 1,000-2,000ft. Robulus Biofacies?
Age: Bulimina aculeata, Bulimina cf.. .striata, Sigmoilopsl's n. sp. afr.. schlunt.bergeri.
(Turborotalia inflata absent).
Depth: sigrnoilopsrs n. sp., Bulimina aculeata, cibicidcs deliquatus,

f.572: Age N.D. 20-200ft. Elphidium Biofacies.
Depth: .Astrononion nouozealandicurn, abundant Elphidium clzarlottensis, badly
preserved macrofossils.

t5732 N.F.
f.5742 Wwp.IVIolestus Zone 1,000-?,000ft. Robulus Biofa-cies. Age: Cibicides nrolcstus,

Sigmoilopsis n. sp. aff. schluntbergari, Turborotalia inflata, Cibicides ihungia abseni.'
Depth: Bigencrina pliocenica, Karreriella cylindrica.

f575: Ww Kingurat Zone 200-1,000ft. Haeuslerella Biofacies.
Age: /Vaforotalia kingmai, Bolidnita pliozea, Hofkerut,a cf. n. sp. aff. tutamoca.
D_eg_th: Robulus calcar, Haeusle.rella parri, Silthotextularia iiairoana, fragments of
Mollusca, lacks Elphidium, miliolids, etc.
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Wwp Molestus Zone 1,000 plus ft. Robulus Biofacies or deeper fauna.
molistus, Turborotalia inflata, Cibides ihungia absent.
Depth: Bigenerina Plioccnica.

f577: Ww Kingmai zone 200-1,000ft. Haeuslerella Biofaciec?
Age: Aiomalinoidet spherica, Cibicidcs n. sp. aff. dcliquatus, Notorotolia
Hofkeruua n. sp. aff. tutantoea.
Depth: Haeuslerella parri, lacks Elpiidium, etc.

f578: Wo Inflata Zone 1,000-2,000ft. Robulus Biofacies.
Agez Bulirnina bremneri, Robulus costatus, Turborotalia infl-ata.
Dlpth: Bigenerina pliocienica, Karreriella cylindrica, Sigmoilo|sds n. sp. aff. schlum'
bcrgeri, Robulus costatus.

f579: Wo Inflata Zone 2,000-4,000ft. Semipelagic Biofacies.
Age: Cibicidcs ihungia, Turborotalia inflata.
Depth: Karreriella cylindrica, 507a planktonics, very rare small Mollusca.

f5B0: Wo Inflata Zone 2,00G-4,000ft. Semipelagic Biofacies.
Age: Cibicides ihungia, Turborotalia inflata.
Dipth: Boliuina albitrossi, ca. SOVo planktonics, possibly some transported shallower-
water sPP.

N.F.
Wo Inflat a Zone 2,000-4,000ft. Semipelagic Biofacies, almort identical with f580.

Wwp Molestus Zone? 200-1,000ft. Haeuslerella Biofacies.
Agei Cibicides molestus, Turborotalia int'Iata, Cibicid-cs -ihungia-absent.Dipth: Siphotextularia ruairoana, Haeuslcrella parri, lacks Elphidium, etc.

f584: Age and depth N.D.

f585: Wo Olsoni Zone 1,000-4,000ft. Robulus or Sernipelagic Biofacies with transported
spp. of the Haeuslerella Biofacies.
i|ez HofkeruL'ia n. sp. afr.. zelamina' Notorotalia olsoni,
Depth: Hofkeruaa n' sp., Notorotalia olsoni-

f586: Wo Inflata Zone 1,000-2,000ft- Robulus Biofacies.
Age: Staffia multicostales, Cibicides ihungia,- Turborotalia intlata.
Dipth , 'Robu1us spp., Stafria multicitales, Bigenerina plioccnica, Karteriella
cylindrica, 2V30% Planktonics.

f5B7: N.F.
fSBS: Wo Inflata Zone 1,000-2,000ft. Robulus Biofacies with transported sPP. of the

Haeuslerella Biofacies'
Age: Cibicides ihungia, Turborotalia int'Iata.
D"epth; Robulus spp., Nrtototalia taranakia, Haeusleralla parri'

f589: Wo Inflata Zone 1,000-2,000ft. Robulus Biofacies'
Age: Stofia multicostales, Boliainita cf,. elegantissima, Cibicidcs_ihungta, Lc^nucuund

m"ammili{era, Robulus eihinatus, Siphotextilaria ihungia, Turborotalia inflata.
Depth , Lrniitulina ntanttrtiligera, Robulus echinatus, Stalt'ia ntulticostales.

f590: Ww Kingrlai Zone? 200-1,000ft. Haetrslerella Biofacies.

Age: Notorotalia hurupienses x finlayi, Baliz'inita pliozea,

Lutatnoea.

f58l:
f.582:

f583:

Cibicidcs

Holkeruua cf.. n. sp. an.

charlottensis, Hacus'
Notorotalia., etc.

f591:
f592:

Depth: Robulus calcar, siphotextularia wairoata, Elphidiunz
Ierell,a parri, Noniort lleningi, lacks abundant Elphirlium, large

N.F.

Ww-W1 zone indeterminable 20-1.000ft. Elphidium or Haeuslerella Biofacies-

Ager Boliuinita pliozea, Notorotalia finlayi.
Depth : ElPhidiunt, charlottensis.

f593: N.F.
1594t Wo Inflata Zotre graded-beddccl'

Age: Cibicides ihungia, T'urborotalia inflata'
Depth: N'D.

f5g6: Tk Zeascrus Zone 2,000-4,000ft. Semipelagic Biofacies with transported llaeus-
lerella Biofacies sPecies.

eg., Hot'keruta'cf . paeriterr.r. abundiir'r- Plectot'rordicularia pohana, Siphotcxtularia
sibcytindrica, Sigmoiloltsis n. sp' aff' schluntbergeri'
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lepth: _Abundant. Signroilopsis o.sp., Karreriella cl,lindrica, Bigenerina plioccnica
absent, Rectobolirina striatula.

f597: WwP_ Molestus Zone 1,000-2,000ft. Robulus Biofacies, with rransported Haeus-
lerella Biofacies species.
Age: Cibicides ntole.rtus, Cibicides ihungia absent, Turborotalia inflata.
Depth : Bigener,ina pliocenica,. Karre.ricll_a c1'lindrica, Plectof rondicularia cf. adaena,
Saracenaria italica, Rectoboliuina striatula.

f598: Wo Inflata zone 1,000-4,000ft. Robulus or semipelagic Biofacies,
Age: Cibicides ihungia, Turborotalia inflata,
Depth: Bigcnerina pliocenica, Karreriella cylindrica, 3A40/o planktonics.

f599: Tk Zeaserus !91e 2,000 plus ft. Semipelagic or Eupelagic Biofacies with transportecl
Haeuslerella Biofacies species.
Age: -Hofkeruoa cf.. paeniteres, abt'ndant- Plectofrondicularia pohana, Siphotextularia
subcylindrica, Signtoilopsis n. sp. aff. schlumbergeri.
Dgnth.- .Karreriella cylindrtca, Signroilopsis 11. sp., Rectoboliaina striatula, Boliaina
afr. fyfci.

f600: Ww Kingmai Zone 200-1,000ft. Haeuslerella Biofacies.
Age: Notorotalia kingntai, Cibicidcs deliquatus, Hofkeruua cf. n. sp. aff. tutamoca,
Notorotalia finlayi.
Depth: Notorotalia kingntai, Siphotextularia zoairoana, Haeuslerella parri.

f601: Ww-Wh zonc indeterminable 20-200ft. Elphidium Biofacies, 120ft below Hautawan
limestone.
Age: Hofkeruta n. sp. aff. tutantoea, Notorotalia finlayi.
Depth: Pileolina zelandica,

Age and depth N.D.
Ww Kingmai Zone 20-200ft. Elphidiunr Biofacies?
Age: Anomalinoides spherica, Cibicidcs deliquatus, Notorotalia pliozea, Holkeruua
n. sp. aff. tutamoea.
Depth: _Notorotalia pliozea, Elphidiononion aoteanunt, abundant Elphidium charlot-
tensis, Haeuslerella parri, Rectoboliuina striatula.
Age and depth N.D.
Wo Olsoni Zone 20-1,000ft. Elphidium or Haeuslerella Biofacies.
Age: Notorotalia olsoni, Cibicides molestus.
Depqh: Bulintina m,arginata, Ca.rsidulina Iaeaigata, Rectobolittina striatula, Notoro-

talia olsoni.

f606: wo Olsoni zone 20-1,000ft. Elphidium or Haeuslerella Biofacies.
Age: Indicators as for f605.
Depth: Boliuina aft. fyfci, Rectobolixina striatula, Gyroidinoides stineari.

f607: Wo fnflata Zone 1,000-2,000ft. Robulus or deeper Biofacies, tuffaceous matrix,
possibly some transported species.
Age: Cibicides ihungia, Lenticulin,a utantntiligera-, Turborotalia inflata.
Depth t Lenticulina ntanrntiligcra, Karreriella cl,lindrica.

f60B: Wo Inflata Zg!9.1,000 plus ft. Robulus or deeper Biofacies, with transported Haeus-
lerella or Elphidium Biofacies species.
Age: Nolorotalia olsoni, Stafria nzulticastales, Turborotalia inflata.
Depth: Stafr;a multicostales, Karreriella cylindrica, Notorotalia olsoni.

f609: wo In{lata zone 7,000-'[,000ft. Robulus or semipelagic Biofacies.
Age: Bulimin,a brentneri, Cibicides ihungia, Turborotalia inflata.
Depth: Bigenerina pliocenica, Karrericl[a cylindrica, Signtoilopsls n. sp. aff. schlum-
bergeri,less than 40 per cent planktonics.

f6l0: lVo Inflata Zone 4,000 plus ft. Eupelagic Biofacies.
.{ge: Cibieides ihungia, Turborotalia inflata.
Depth: Small number of be'thonic spp., 70 per cent planktonics.

f61l: Tk Zeaserus Zone 4,000 plus ft. Eupelagic Biofacies.
Age: Abundant Plectolrondicularia ltoh,ana, Sigmoilopsrs n. sp. aff. schlumbergcri.
Depth: Sigmoiloltsir rr. s;r. t'are. lorv number of l-rerrthonic spp., rnore than 70 per cent
planktonics.

f604:
f605:
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fGl2: Upper Ww-Lower Wh Mangaoparia Zone 20-200ft. Elphidium Biofacies.
Age: Notorotalia ntangaoparia, Cibicides n. sp, aff. deliquatus, Hofkcnlaa n' sp. aff.
tutarnoc a, N otor ot alia finlayi.
Depth: N otorotalia mangaoparia, Siphotextularia waitoana,

f6l3: Age N.D. 20-1,000ft. Elphidium or Haeuslerella Biofacies, tuffaceous.
Agez Boliuinita afr.. filiozea, Notorotalia finlayi?
D-pth z Elphidiurn charlottensis, Rectoboliaina sp., Robulas, siliceous sPonge spicules
and Radiolaria.

f614: Wwp-Ww zone indeterminable 20-200ft. Elphidium Biofacies.
Age: Cibicides ntolestus ?, Notorotnlia pliozea, Hofkeruua cf. n.sp. aff.. tutamoca,
Depth: Astrononion sp., Boliaina afr. fyfei, Elfrhidiurn charlottensis, siliceous sponge
spicules.

f6l5: Ww basal? Kingmai Zone 2VI,000ft. Elphidium or Haeuslerella Biofacies.
Age: Notorotalii kingmai, Notorotalia hirupiensi.r x finlayi, Cibicidcs n. sp. afr.
dcliquatus.
Depth: Notorotalia kingrnai, siliceous sponge spicules.

f616: Ww basal? Kingmai Zone 200-1,000ft. Haeuslerella Biofacies.
Age: Hofkcruaa n. sp. afr. tutamoea, Notorotalia hurupicnsis x finlayi.
Depth: Astrononioz sp., Haeuslerella fiani, Nonion flcmingi.

f617: Wo Olsoni Zone 20-1,000ft. Elphidium or Haeuslerella Biofacies,
Age: Notorotalia olsoni.
Depth: Haeuslerella parri, Siphotc*tularia wairoana.

f618: Age and depth N.D. Radiolaria.

f619: Age and depth N.D. Radiolaria and siliceous sponge spicules.

f623: Tk Zeaserus Zone 1,000 plus ft. Robulus or deeper Biofacies with transported
Elphidium Biofacies species, graded-bedded with mollusc and echinoid fragments.
Age: Abundant Pleciofrondicularia pohana, Bulimina aculeata, Notorotalia pliozca,
Sigmoilopsrs n. sp. aff.. schlumbergeri.
Dipth: 

- 
Bigenerina pliocenica, -Karreriella cylindriea, Holkcruao cf. zclamina,

abundant planktonics, Notorotalia pliozea, Notorotalia tenuissima, Oolina squatnosa'
Ractoboliuina striatula, Rosalina cf. bradyi.

f624: Tk Zeaserus Zone 2,000 plus ft. Semipelagic or Eupelagic Biofacies, with trans-
ported Elphidium BiofacieJ (upper neritic) species, graded-bedded with worn frag-
ments of molluscs, echinoids, and bryozoans, and chipped ostracodes.
Age: Bulimina se-nta, Hofkeruua zelamina, Migros meduayensis, Notorotalia pristina,
Bulirnina aculcata.
Depth: Bigencrina pliocenica, Karreriella cylindrica, T0 per cent planktonics in mud-
stone bands f Etphidiun sp., Notorotalia pristina, N. tcnuisima, Buliminoidcs william'
sani, Migroi midwoyensii, Oolina hexagona, Pileolina radiata, P. zelandica, Pscudo-
gaudryini crespinae, Quinquelaculina spp., Rosalina cf.. brcdyi, SigrnomorPhina cf.
lacrimosa.

f625: Tk Zeaserus Zone 2,000 plus ft. Semipelagic or Eupelagic Biofacies, with trans-
ported Elphidium Biofacies species graded bedded.
Age: Common Plcctofrondicularia pohana, Bulimina aculeata,
Depth: Faunas similar to those in f624.

t627: Wo Inflata Zone 1,000-2,000ft. Robulus Biofacies?
Age: Cibicides ihungia, Turborotalia inflata.
Dipth: Bigcncrina pliocenica, Karreriella cylindrica, Bulimina aculeata, Boliaina
albatrossi, Cibicide s dcliquatus.

f628: Wo-Wwp zone jndeterminable 2,000-4,000ft. Semipelagic Biofacies with transported
Haeusleiella Biofacies species, graded bedded, tuffaceous with worn gastropod apices
and some ostracodes.
Age: Cibicides molestus, Turborotalia inflata.
Depth: Bigcnerina fliocenica, abundant Notorotalia tarandki4, corlmon ,Sigrno-ilopsis
n. ip. aft. schlumbergeri, abundant planktonics; Haeuslerella parri, Robulus calcar.

f629: Age N.D. 0-200ft. Pseudononion or Elphidium Biofacies.
Depth: Elphidiun noi,ozcalandicum, Cat,elinopsi.r cf, hamatus, infrequent Streblus
aoteanus,
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f630: Wo Olsoni Zone 20-200ft,
Age: Notorotalia olsoni.
Depth: Boliaina atr. fyfci,

Transactions-GEolocY

Elphidium Biofacies.

Re ct ob oliuina striatula.

Vor,. I

OEKETAHUNA

TER.TON

[{tlos

Frc. S.-Main faults in north-west Wairarapa. The rectangle delineates the Mauriceville
District; I, western belt, west of the Mauriceville Fault; II, central belt between the

Mauriceville and Alfredton Faults; III, eastern belt, east of the Alfredton Fault-

DrscussroN

The main faults in the north-western part of Wairarapa are shown on Fig. 5.

The Mauriceville Fault and the Alfredton Fault (Orbell, in press) cross the
Mauriceville District and converge to the south-west. They join and become the
Wairarapa Fault near Carrington, west of Carterton. The north-east P?rt of .the
Te Mari Fault has been mapped by G. Neef, the south-west part by the writer.
Near Mount Bruce it has brought Opoitian mudstone into contact with Mesozoic
greywacke, and to the north-east it displaces lhe Tertiary rocks_and shows some

irrid"o." of recent dextral movement (G. Neef, pers. comm.). To the south-east

it runs obliquely into the Tararua Range at Te Mara Bush. The Mauriceville
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Fault abuts against the Te Mara Fault five miles north-north-east of Maurice-
ville.

The Alfredton Fault is continuous with the Wairarapa Fault to the south-west

and with the Makuri Fault to the north-north-east. Betn'een Carrington and the

Mauriceville District it has not been active since the last glaciatiorS and all post-

glacial movement has been concentrated on the branch Mauriceville Fault. The

IgSS Earthquake nace (Ongley, 1943) and prominent postglacial scarplets hlve
directed attention to the Ma,rricevilie Fau[t, $ving the erroneous impression

that it is the main fault.
The Mauriceville Fault and the Alfredton Fault divide the Mauriceville

f)istrict into three north-north-east-trending belts (Orbell, in press) 
-numbered 

f,
II, and III on Fig. 5. The sequence of depth-faciel changes in the Kapitean and

Opoitian of each belt is shown in the following table:

Wo
Wo
TK:
TK:

BsLr I
: (not preserved)
: Mid to upper bathyal

Neritic
Non-marine

Bpr.t II BsLr III
tower neritic (Not Preserved)
Mid to upper bathyal Lower to mid-bathyal
Neritic L,ower bathYal
(Not exposed)

The neritic Kapitean of Belt II is exposed iust west of the Alfredton Fault
about four miles south-west of Alfredton (G. Neef, pers. comm.).

Present-day slopes on muddy sea-beds do not exceed h,vo or three {egrees.
If strike-slip displacement of facies is not assumed, the inferred slope 

"{. F",:.1-
bed across 

^the Alfredton Fault in Kapitean time-over 20"-is impossibly high.

A postglacial terrace sequence at Waiohine River, in southern Wairaraplr -cut
Uy ihe "Waitarapa Fault,' shows that strike-slip displacemelt of at least 400 feet

took place after the last glaciation, and wai about six times g_r?tel than the

vertical displacement. Orbelt (in press) note-1- that streams near Mauriceville are

a""totty displaced 60ft by the 
^ Mauriceville Fault. Lower-bathyal Opoitian

matching that to east of the Alfredton Fault in Mauriceville District occurs to

the west"of the fault about ten miles to the north in Eketahuna District. A dextral

strike,slip movement is indicated, but its- amount cannot be deterrnined without
mapping of depth-facies belts over a much- larger area.

ttt"i tt " Itfiauricevilte Fault is a major iectonic feature is shown by the

apparent vertical displacement. of B,000ft it Mauriceville- (Orbell, in press)... Py,
ifiJ ri*lt"rity of the'depth-facies sequences on_ the two_-side_s- suggests a small dis-

;i;.;;"t o'f facies belts-i.e., relatively small strike-slip displacement compared

with that at the Alfredton Fault to the east.
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term in ing Depths of
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Introduction to Depth Paleoecology

by Paul Vella

Geology Department, Victoria Universily of Wellington

Abstract

PATEOECOIOGY is fhe study of past environmenlal conditions.
It is based chiefly on fossils, but also on lithologies and inferred
geological history. Marine paleoecology has iwo primary aims:
firstly to determine former surface water femperatures and
secondly lo delermine former sea depths. Until now little efiort
has been made to delermine depths of former New Zealand seas,
even though the information is vital for geological history, and
parlicularly for teclonic history.

Depth paleoecology is best carried oul in three sleps. The first
is lo determine fossil biofacies by noting consistent taxonomic
associations. The second slep is lo determine the order of
relalive depths qf the fossil biofacies f rom their space-time
distribution. The third step is lo determine absolute depths by
depth-correlating each fossil biofacies with its equivalent present-
day biofacies. Depth-correlafion of biofacies that represent a
particular depth at different times is carried out by application
of methods and principles analogous lo fhose applied lo time-
correlation of straligraphic zones thai represent the same time
ai difterenf places. A series of biofacies for any parlicular age ir
easier lo depf h-correlate lhan an isolated biofacies.

The determination of absolute depths of former New Zealand
seas is hampered by lack of dala on the depth ranges of
presenf-day organisms (especially Foraminifera) in seas around
New Zealand. But a basic f ramework of world-wide depth
biofacies is defined by progressive change wifh depth of relative
proporlions of the main groups of marine organisms represented
by fossils, and can be applied to paleoecology in New Zealand.
This framework is supported by some well established changes
wilh depth in molluscan and foraminiferal faunas.

The Stafus of Paleoecology in New Zealand

Tun rwo Mosr rMpoRTANr ArMS of paleoecology are to estimate
se-a-level temper-atures at successive times during ihLe past, and depth
_of deposition of ancietrt sediments. Temperatures indicate climatic
history; depths indicate paleogeography and much of tectonic
hist0ry.

19



temperature zonation may be assumed to have existed throughout
the Cenozoic. Determination of past temperature zones is vitally
necessary for both depth determination and inter-regional strati-
graphic correlation.

Depth paleoecology is virtually an unexploited field of research
in New 4ealand, and is still seriously hampered by lack of data on
the depth ranges of present-day organisms in New Zealand seas.
Previously only two serious attempts have been made to determine
depths of deposition of New Zealand Tertiary sediments bv
paleoecological methocls. The first (Fleming, 1953) dealt mainly
with Pleistocene marine sediments deposited lvithin a small t"ngb
of shallorv depths. The second (Vella, 1962) dealt with Upp"t
Miocene and Pliocene secliments near Mauriceville, Wairara'pa,
depositecl between 0 ft. and c5"000 ft. In a large range of depihs
such as that determined in Wairarapa, certain general features of the
faunas can be used as criteria for broad clepth divisions which are
useful for a reconnaissance of New Zealand Cenozoic sea clepths.

The physical factors which probably account for these depth
criteria are discussed below ancl a practical method for applyins
the criteira to paleoecology is outlined. The method is based 6n iotaj
fossil content of rocks, and can be used by 

" 
geologist with an

elementary knowledge of paleontology. It is limited in that it will
give only broad and rather inclefinite depth ranges, but these depth
ranges can serve as a firm basis for more detailed studies 

-by

specialist paleontologists. Some additional notes are given on
particular Mollusca. Echinoidea. and Forarninifera which appear
to be useful depth indicators.

First Principles of Paleoecology

The primary assurnption of paleoecology is that 'the present
is the key to the past'. Paleoecology is essentially the reverse of
ecologv. The ecologist seeks to determine the inter-relationships of
living plants or animals to their environment. and is able to measure
physical factors of the environment directly. The paleoecologist
uses ecological data to atternpt to infer phvsical factors of the
environments of fossils. His inferences are liable to be considerably
in error because the fossil record is fragmentarf; and because th"e

ecologv of present-day organisms is as yet irnperfectly understood.

20
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. i The plarrt -and animal c'nnrunity is itself one of the most
chhracteristic features of. any environinent because it is extremely
se{rsitive to any change .in the environnrent. Fossils are a partiJl

pagt environments. They are not so reliable, however, that the
Paleoecol'gist can afford to rreglect any other lines o{' evidence.
All fossil-" occur itt sonre kind of iock, and the physical and chemical
cheracters of the rock nray be diagpostic of u p"tii"ular enuirontr*rt
or range of environments. The sequence of events inferred from the
stratigraphic 

-succession is also invaluable for the paleoecologist.
The term 'facies' which conrmo'ly appears in geological literaiure

strictly rneans general appearance. Ii' is usecl" in #r,eral special
senses, one of which is the rock or group of rocks characteristic of a
particular environment. For example *L nlay speak of the turbidite
Iacies meaning the kind of rock deposited 6y submarine turbidity
currents; or the estuarine {acies rneaning a particular suite of rocks
varying itt sottrc charactt'rs. but all exhib-itine the rleculiar charactersot estuarine, cleposits. The tcnn lithofaciei sp*tifies the physical
and cherlical characters of the rock of a partic,ti"r range of evin.on-tnents. The terrrr 'biofacies' qrecifies the biologicai assemblage
g.f, *- partic,ulal range of envi'onments. A pirticular marifie
lithofacics of one.age within a lirnited area is generally accornpanied

ltl i,. own .Particular biolfacics. This is "partly L""uur" ^ *uny
benthonic anirnals p_refer to live on a particulaitype of sea-bottom -1
1 lrard bottorn. ra.,dy bottorn, ur rnr*l bottom. 'but more generallv
it is becnuse biofacies and lithofacies are both controlled by'phy*i"Jl
ancl chernical factors related to depth in the sea.

reqord o{ past conrmunities, and are the best index we hi"" oi

Dominant Physical Facfors in Oceanic Environments

Conditions on the shallowest parts of present-day seas are strongly
affeptecl by'^ local- fatcors incluclirrg the air temperature, the rt."ffi
andl dire-ction of the prevailing -wind, the physical ancl chemi"cal
rratrfre of -sscli11rcnt supplied fro]rr the land, the'distance from river
rno{ths,_ the velocity of tidal and wave generated currents, and the
rnorJphology of the sea-bed. These produce local variations in the
typ{ of sea-becl a.d in the phvsical and chenrical nature of the
sea'jwater. As a result a number of widelv different biofacies occur
eac{ with a localised though recurrent disiribution. The associated
lithtffacies are equally variable. At the present tirne these variable
shalflow-water biofacies extencl down to about 400-500 feet, although
therp is reason to believe that they did not extend so deeply duriig
rnudh of the Tertiarv.

Alt greater depths the factors corrtrolling the environment show
mu{h less variation from place to place. At a given depth physical
andlchemical conditions are relativelv uniform and this results in
rela{ively unifonn biofacies and lithofacies. The main variations in

lzr
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conditions take place vertically as the sea tends to be stratified ilith
regard to ternperature. salinity, oxv'gen content, and other chemflcal
vaiiables. In addition clepth controls hydrostatic pressure and exerts
a dorninant influence on light intensity. Depth is therefore a master
factor which gives rise to a series of biofacies, each being
trharacteristic o{ a particular depth range.

Sunlight is the ultimate source of energ,v for all life in the sea as

on the land. The limit of effective light penetration and hence of
photosynthesis is thought to be about 500 feet in temper_afe seas

lHolmes, 1957). The quantity of growing plants available to
herbivorous anintals rttutl decline rapidly with increasing depth.
A decrease in variety of animals and a radical change. in the
cornposition of faunas takes place between 500 and 1,000 feet, and
is iri{erred to be related to the availability of living plant food.
Biological cornmunities frorn 0 to 500 feet includes photosynthesising
plants-, herbivores, carnivores. and scave_tlgers; _comtnunities frour
5OO to 1,000 feet are probably transitional with decreasing numbers
of photosynthesising 

-plants and herbivores; communities below
i,0d0 feet-probably- include only scavengers and carnivores.

Temperature is an irnportant physical factor affecting plant and
animal^distributions in every part of the ocean, and is possibly the
most important factor in depths gr_eater than 1,000 feet. E_xcept

locally in polar regiotts tempeiature decreases with increase in depth.
At the."*" time tinrperatuie of the surface water generally decreases

rvith increase in diitance from the equator, but this horizontal
temperature gradient may be locally reversed as a result of ocean

curients. Thi deepest parts of the ocean have a uniform_t_emperature
from equator to'polar regions of about l-2' C. The vertical
ternperaiure gradient is steepest at _the equator. 

_ 
It is much lower

and- may actually be reversed in _polar seas. Isothermal surfaces in
the oceans are thus generally inclined, clipping towa_rds the equator;
shallower isotherms ire -ot" steeply inclined than deeper isotherms'
Furthern.rore, at any particular place ternperatures gradually chalged
during tlre past, and the space-time,patter_n of t_emperature change is

highly complex. Consequently pal,eo_ecological interpretation-bf a
terirperature controlled organism is difficult and requires a- knowlpdge
of either the depth at which the organism was living or the sea-fevel

temperature tvhire and when the organism rvas living. It is belipved
(cf. Natland. 1957) that distributions of many deep'rtater
Foraminifera are controlled mainly by ternperature and presen{-day

biofacies occur in zones which tend to be bounded by isothefrnal
surfaces and thus deepen towards the equator (Fig. 4). 

I

I-ittle is knorvn of the direct effects of the hydrostatic pre{sure
gradient on animal distributiotrs, but at least a few_Foraminffera
appear to occur in restricted depth range_s while tolerating {a1Se
temperature ranges. Such forms are of very great valuel for
deteimining past depths, but not many are known because thef are

22
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detected only by ecological stucly over a large range of latitudes arrd
ecological stuclies tencl to be localised.

Carbon clioxide concentration is assumed to be related to
ternperature ald -hydrostati_c_pressure, and increases with depth.
Below a certain depth the CO, concentration becomes sufficienl to
cnsul'e that all fornrs of calciurn carbonate (inclucling shells of
Foraminitera ) are clissolved. This depth is referred to aJthe CaCO,
solution boundary, 

-ancl is about 15,000 feet ofl California, but rnay
be shallorver in p,rlar regions. In tlre Ross Sea, Antarcfica, frorit
distributions of Foranrinifera exanrined bv the writer. there is a
CaCO, solution bounclarv at about 1,40d feet. Certain animals
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h fen' species of Mollusca ) are able to extract calcium carbonate
for"their shills frorn the water below the solution boundary, and
live at very great depths in oceanic trenches. Forarninifera seeur to
lo be unable to do so, and where the solution boundary is deep

ths lgtio of calcareous to non-calcareous Foraminifera gradually
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.l..rf,ar"* with increasing depth to become nil at
houddary. Globigerina ooze does not accumulate below

q7
the solution
the solution

boundary because the shells of pelagic Foraminifera falling from
the sur{ace are dissolved before they reach the bottom.

Conventional Names for Oceanic Depth-environments

The ocean floor has been clivided according to arbitrarily chosen
depths into five main depth environments littoral (iniertidal),
neritic (continental shelf ), bathyal (continental slope), abyssal
(deep-sea-floor), ancl hadal (deep oceanic trenches). Figure I shows
the conventional depth-environments, the physical factors affecting
distribution of plants and animals, and the probable depth range of
the main lithofacies occurring in New Zealand. The physical factors
form a basic framework for the pattern of depth faunas which can
lle used for estirnating depths of {ormer seas.

Depth Distribution of Present-day Marine Organisms

Generalised Distribution of Main Taxa:
The most useful depth indicat<lrs are benthonic organisms. The

planktonic Foran-rinifera and Radiolaria are also useful because they
nre essentially pelagic (inhabitants of the high seas) and their
remains gen_erally 

_ 
accumulate most abundantly in deep water.

The overall depth distributions of main benthonic maiine taxa
reprqsented as fossils are shown in Figure 2. Most taxa have a large
rlepth range, but all except the benthonic smaller Foraminifera are
poorly represented in, and for paleoecological purposes are virtually
abserit from deeper waters. The abundance of species and specimens
of rriost groups or organisms falls off rapidly below 500 feet,
becorfring very srnall by about 1,000 feet, suggesting that light
intenpity is the essential controlling factor for most organisms.

Behthonic smaller Foraminifera are rnost abundant between 500
and |.000 feet (Bandy and Arnal, 1960) and presumably are mostly
scav$rgers, their primary energy supply being organic material
drift{d down from above. They are well represented down to the
CaCQe solution boundary.

Prfsent-day faunas can thus be divided into two groups: An
essenfially shallow-water group, virtually absent below 1,000 feet,
r:omflrising all benthonic groups represented as fossils except the
snrallpr Foraminifera, and an essentially depth tolerant group,
complrising the benthonic srnaller Foraminifera only. The best
indichtion'of depth clowtr to 1,000 feet is the ratio oi the number
of splecies of the shallow-water group to the number of species of
hentlJonic srnaller Foraminifera (S/F). Approximate ratios are
as follows:

I oEPrH RANGE s/F
I O-400 feet greater than 3/l'2/L
| 400-600 feer 2/I-l/I
I 000-1,000 feet 1/L'l/3
lrt

I
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The de"rease in the ratios with increase in depth is well established

but statistical work on recent faunas is needed to determine ratios
for each depth more accurately.

Mollusca in New Zealand:

Powell (1957) listed slightly over 2,000 species of Mollusca living
in Nerv Zealand with the depth range and geographic distribution
knorvn for each at the time of writing. Nearly all are littoral or
neritic. What we know of deeper water Mollusca is due mainly
to Dell (19.56) who listed 595 species and subspecies from 48
stations (sarnpling positions) betrveen 600 and I,800 feet. Dell
called this the achibenthic fauna of New Zealand. Only 165 species
were recorded at 1,800 feet. Of these 27 are typical shallow-water
species found in deep water close to the continental shelf only, and
are inferred to have been swept down from the shelf by vigorous
currents. The tlpical l,800-feet {auna thus includes 138 known
species. Within it Dell distinguished three important elements:
(f ) Species with a large bathvmetric range, extending from shallow
water down to 1,800 feet - 36 spp. (includes Neilo australis,
Nernocartliurn pulchellum and Scaphopoda which occur in the
rnassive calcareous rnudstone facies of the Pliocene in Wairarapa).
(2 ) Species occurring in shallow water (0-100 feet) at the
Subantarctic Islands - 9 spp. These species are depth-tolerant but
are apparently tenrperature-controlled.

t3) Species restricted to deep water-93 spp., representing 7L
genera. This group is distinctive and of prirne irnportancel for
paleoecology. It includes 13 genera which occur in the Cendzoic
ancl are useful bathyrnetric indicators. Ten of these - 

ps6lyncry'lina,

Paruarnussittrn, M a-naruatau,hia, Pleia, W aipaou, T erem.elon, M fran-
lapex, or the rnurtlochi. group, Com,itas of the fusiformi.s grJoup,
.Scaphantler, and Planipyrg;rcus - have no known shallow-{ater
species. The other three 

-Galeodea, 
EIIicen, and lredalina-f are

known only rarely above 600 feet. Dell included in his ti{t of
archibenthib Molllsca L4 species recorded from 4,000 feet inost
occurring at one station collected by the 'Challenger' Expediltion,
and 3 species from 6,600 feet at another station collected byl the
' Challenger' Expedition. Seven of these species are also re.o[d"d
from 1,800 feet or less. 

I

Apart fronr the rapid decrease in number of species lwith
increasing depth between 500 ancl 1,000 feet (Fig. 3), shells ltend
to become smaller and thinner. The absolute depth rangp of
individual species, ancl the geographic range of gerrera tenfl to
hecome larger. A large proportion of the genera representeld at
1,800 feet are not endenric to New Zealand. 

I

Figure 3 is based on New Zealand occurrences down ot the depth
of 6,600 feet. The nurnber of species in hadal depths is fill{d in
from data given for the Kennadec Trench by Bruun (1157).

26 1
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Data on the number of species on a typical fauna of any particular
depth has not been analysed. It is issumed that the number of
species at anv place will show approximately the sarne relat-ionship
to clepth as the total New Zealanil {auna, and experience with fossil
depth-biofacies supports this assumption.

Numbcr of Specics
roo to@

,J0

600

l)l

d
.s
..Cl
+rGoo

I

lnner neritic zone

outer neritic zone
j;T-7T"t;rc,oTzl_,r*

I
Outtr bathyal zone

.. . . . . .. l{cw Ttalznd tf"O"i.?ry:;if.

- - Ncw Tlatarnd secael!s7r;;.i"6

Abyssal zone

,t Hzdal zono

tn
.t

Fig. 3: Graph showing number of
Nrw Zealand seas down to aboul

hadal deprhs.

lrlollusca at differenf dePrhl
and in the Kermadec Trench
generalised.

species of
6,000 feet,
Main curve

Deep-water Mollusca of the New Zealand Tertiary are com'

traratively little knorvn. They are generally_ rare and poorly

frr.F.rn".i and have been neglected by paleo-rrtologists in favour of

i;;;[dr fossils rvhich are at rtriny places ibundant and well preserved.

fh[n tff",. u fertile and undevelbped field of research as they p-romise

to lbe the nrost reliable indicators for depths -between 1'000 and

i.O[O i."r. S*.li,o"ntr deposited within tfris depth range form a

hrfie volutrte of New Zealand Tertiary rocks'
I127
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Echinoidea in New Zealand:

Of the genera of Echinoidea which occur in the New Zealand
Tertiary, d nuntber are still represented in Recent seas, either in
New Zealand itself or, in the case of the warm-water genera which
no longer occur here. in north'eastern Australian rvaters.

Gonlocidarfs ranges the outer part of the shelf. apparently on boJh

hard and soft bottotn, but the slender-spined species also enter the
archibenthal fauna. Ag,ntocidaris is at preseni unknown from the
Tertiary, but it nlay be expected to occur in ttt" deeper'wa{e1
facies of th* Castleciiffian; it appears to be mainly archibenthal.
Of the genera now extinct in New Zealand, notable cidarids are
PhyllacitttAas and Eucitlaris; both are indicative of shallow'water
haid-bottom, especially the outer parts of reefs_ (including coral
ree{s ), in waters not cooler than those of Norfolk Island ancl the
Kerrnadecs.

Of the other regular genera, Pseu.dechinus is the only important
one in the Tertiary; mo-.t species prefer hard bottom, on the outer
two-thirds of the shelf (30 to 100 Tathoms), though clead irnmature
tests are constantll' encounterecl in lnuds. Similar immature tests

are common in ihe Castlecliffian, and are thought to indicate
specimens which have been overcome by muds, ryhil--! originally
living on sotne ternporary hard-bottom, such 

_ 
as shell-beds would

proui-d". One speciei which occurs in the Castlecliffian, Pa fl'emingi,
is otherwise knbwn only as living specimens in about 30 to 300
fathonrs. east of the Souih Island;1tri= is evidently a deepe-r-ranging
{orm than the other nrembers of the genus. Euechinu,s clilorotictt"s
is a eurythermal. strictly littor-al speices, ranging 1t pr.ese-nt.from
the Kermadecs to Stewart Islancl; typical of reefs and rock-platforms
in the extant fautra, it occurs fossil in the same inferred facies in
the Nukurnaruan.

Of the irregular genera, all indicate a moderately soft .bottom
(such as shell-"grit), ind mqst require a mud, or sandy-rnud'-bottom'
f'he conrrrrort"it is Echinocartliurn, which tolerates all depths. The

sand.dollars inhabit shallow water on the upper part of the shelf.

below low-tide, resting on sand or sandy Inud. Other genera, such

as Brissopsi.s and .Sfatangus, amon€{ the heart'urchins, ale soft'
bottom iriclicators, o""up.uing nrost of the shelf: tll"y avoid rough
water, and do not come-into the upperlnost I0 fathoms or so, but
rnay ertend well into the archillenthal zone.

Summaries of data referring to the bottom ecology of extant and
fossil echinoderms in New Zealand will be found in Fell L952,

r)D. 3-4: 1954 (passim): l95B (cornplete checklists for species

.,""u.ting in the ranges 1.000 fathonrs or deeper, 300-1.000 fathoms,
and 100-300 fathoms). 

I
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c;aution for tlo reasons: In th-e first place there is good 
"uia"""u 

ih"t
lllll*y" 

roraminifera, are deprh-tolerani but ternper"iur"-rrrrrictecl. andnave ctlfterent depth rarges in different partJ of the rvorld. In the

:i^::L^llu::,".11" Fori-rniniferal speciJ, t u* i"* .tiJi"sri;h;;
characters and there qll b" rnore homeomorphs than we ,ronirealise'.
Honreomorphs aIe different sPecies rvhich are rnorpholoeicallv
slmrtar anrl thcrefclre difficult to clistinguish. For exanqrle, a" formcalled Pullenia bulloides is characterisiic of abyssal J"ptrr, ;fi;;coast .f califor'ia, while a form with a similar'shell kriown L; ;h;sarne nanre occurs in quite shallow water in New zealand. Hitir.ri"paleontolrgists have. recognised h;;;;;-;rpr,r' 

"t different ases
lheterochronous) ; it, nray -also he necessary for ecologists "to
.ec'gnise homeomorphs of difierent depths (hetrobathyal)."

In the United States use of lossil Foraminifera by oil companieshas 'stirnularecl all plrases 
-of ,research nn roru*irir-i", "i#i*ii;;

their ecology. The-Gulf of Nlexico and the coast "r c"fir".;l;";;:probably the rnost.throughly exa'rined areas in the nuo.ia. 
-tt"

biofacies distinguished olT the west coast of the North n"*ri"",,contrnent frorn Alaska to Panama,- surnnlarised by NatlanJ tiq#,pp.554-it). give a goocl idea of faunal variatiori with Jeptil;;,iiwith latitude-(Fig. a).

- Tht only account of distributions of Recent Foraminifera in New
?"tFryt (vella, r95T ) .l"r"rib", faunas from 0 to 1.500 feer irr;"'f'.T: '.]'fl LvDtt crescrrbes raunas from 0 to 1,500 feet i'LooK Stratt. 'I'here strong bottorn currents have tranrpnit"d shallow-

:^*l shells into deeper w:ar-e1s,- and only rhe upper ti#; ;ilfiilh
t'ange ot each species is useful for paleoecology,.'pata from ecoloqical
studles carried out i' other partJ of the *oita must be used "*itt

Bigfacies I, that of lagoons and estuaries, includes only species
capa.b_le of r'lerarirrg 

.a -tits* _ 
ra'se ;f ;;;;r;;;;;-;"d' Jr,#r"""significant charrge with latiiude. 'Biofacies I -lnt"rtidal and near-

'-T:i:. 
(upPer neritic) 

-includes 
a grearer numbe, of *p""i.r,-"l

^"J,yll"l 
are capable of tolerating a moderate range of t"r,rp"."i;;*;

this biofacies also shows little cf,arrge with latiru:ie. Biofacies g 
-125'900 {eet - is divided into iub-facies 3A arrtl 

- 
sB,-- Lg}r,penetration seems to be the depth,controlling factor; the boundirv

between the sub-biofacies BA aricl 3B is a latiiu,le; ;;a ;i;; Jttr.;;;;l
between the'r is rlue 19 l9*p_"rarure difference. Tlr" nr" dJP;h
biofacies fro'r 900 to 15,000 feet (the caco, solution t;;rJ*yt
are controllecl by ternperature their boundaries corresponding to
isothermal surfaces. 

_ 
^ The clepth ranges of biofacies increase

approxirnatelv logarithmically with increising depth.
The value of pelagic (planktonic) F.riaminifera for clepth

tletermintation has been a cnnitoversial subject, ancl is rtill 
"out"i",iby_some nricropaleontologists. The numbei of pelagic Foraminifera

living in the surface water generally increases with cl-istance frorn the

l
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shore, and as depth generallv increases with the distance from lhe
shore there is usually a relationship between depth and the numsnore rnere rs usua[y a relarronsnrp Detween cteptn and the ni
o{ shells of pelagic Forarninifera falling to the bottom. Pelagic
(includins Globerina ooze) as their names indicates- are esse'(including ina ooze ) as their names indicates, are essenti{lly
restricted to the deep sea floor. The number of shells of pelagic
l-orarninifera falling to the bottorn generally decreases towards land
resrrtcleo ro [ne oeep sea noor. I ne numDer oI sneus oI pel4glc
l-orarninifera falling to the bottorn generally decreases towards land
becoming- very small near the shore. Pelagic shells may accumulate
abundantly near the shore in two kinds of ixceptional circumstances.
Phleger (1960 ) notes that they rnay be abundant along coasts where
the run-ofi of fresh water is extremely low, thus suggesting that the
pelagic Foranrinifera are sensitive to a slight decrease in salinity;
it is unlikely that run-off from New Zealand was low at any time
during the Celozoic.- On high run-off coasts on-shore winds may
periodicallv blorv pelagic water rnasses towards the shore causing
local abundant accurnulations of pelagic shells in shallow water and
this rnay rvell have happened on former westward continental shelves
of New Zealand.

Abundance of pelagic Foraminifera is expressecl as the percentage
of pelagic forarniniferal shells ('lPl in the total number of
foranriniferal shells, benthonic and pelagic. The nurnber of pelagics
increases fairly regularly from 0% in the littoral biofacies to 90%
or rnore in Globigerina ooze on the deep sea floor.

Phleger (f960) described seven generally applicable foraminiferal
tlepth biofacies (Fig. 5), using the followirg 'Population charac-
teristics': (I) Number of benthonic species. (2) Number of
henthonic genera. ( 3 ) Percentage of arenaceous specimens.
(4\ Characteristic benthonic genera. (5) Percentage of pelagic
shells. (6) Other features.

Phleger's depth biofaties are defined in much rnore general terms
than those of Natland. They are more useful to us than Natland's
hecause they are controlled solely by depth; they can be recognisecl
in the New Zealand Cenozoic. but are not as reliable for depth
rletermination as biofacies based on total fossil faunas.

Depth Restricted Groups of Benthonic Smaller Foraminifera:

The following groups of benthonic smaller Foraminifera are
restricted in depth range except for a few species, and appear to
have been testricted to the sarne depth range throughout the
Cenozoic.

Mtuotto,tn: Most genera are restricted to above 400 feet. Some
genera. for example Biloculina, are locally abundant between 400
and 1.000 feet. Only a few species live or lived in deeper water,
prolrable Tertiary examples being Sigmoilopsis schlurnbergeri and
Praemassilina tenuis,

NonIoNlo.qn: Mostly restricted to ahove 1.000 feet. Pseudonon.ion
parri is clominant in the intertidal zone, but is infrequent in deeper
water. A.strononion nouo;ealandicunr, from its Tertiarv distribution.

30



ALASKA CALIFORN IA PANAMA

Blofacigs 3 A f 3t - lessthang.s"cl. Biofacics 39 I3oC-lloC 'u'"'
Cassidutina limbata l-ower ' neritic
9 br,qyosa. lhtiv;na strioteila Ltviecrina inciloL. cal,forntca lVirSulina bromle.t*si Councris ponamensisEponides repandus r B&-t;;;;:;;; do,aarrcf.basitoba
Polymorphin'a charlotfensis 

I 
g. putcheile

Eiofacies | - Lagoons , eptuarics, tidal mttd flats 2+"C - SoC
Trochammina inflata
8u / i mi n et la eleq a n t issi na
S*cblus becca-rii

Bio$cies 7 - Lictoral + uppfi neritic ZloC -l3o|
Elphidium poqlanum Elphidium cf. articulatum
Elphidiun hannai Eponides fricidus' (abundanl Molluecr) -/

lz5,fb.

Bulimina tubacuminata
Uvijcrina pytned

3oC lsothcnm 4,OOoft

o 9o0ft.

uppeibrtr,pr 
t:!:i;"i,;:"I,;notoEolivina crtenteo o'g.. . Cincrfe.;nruta

\ ^ 
Boti;no inteljuncta '''""rru"'J]'1ir*;

\ 2 Eoliyine spitso '' 

-

.\
\ Uvijerina percjrina

Eiofacies 5 \ .,- Episcominctla pacifica

fiid b*ryat 5oC-3"C " t' lEothenn 
_ z,ooo

twer bathval 3" C-L"C
(probablyhorld-wide) Eulimina rostraca Pullenia bulloides

Nonion pompilioidesUvlgcrina scnticosa

l--.-
Zo C lsotherm

iofacicsT
byssel less Lhan ToC 1sangularia bon3atensis
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aok.

15.0o0ft.
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4: Diagram lo show foraminiferal biofacies from Alaska fo Panama in relation
and temperature; Gonstrucled from data summarised by Natland (1957).

Slope of isotherms diagrammatic.
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Phleger 1960).

appears to have been restrictecl to intertidal and nearshore environ-
ments but other species oI Asrrononion occurred clown to abo,ut
1.000 feet.

Etptttptnne : I-arge ornate species of. Elph.idium are restricted lto
intertidal and nearshore environnlents. E-lphitlium charlottensrs ar|dintertirrar an.r nea1lh;;:'1T,i'J;:,:li;.,,,'ll ";'i;;i;i,f"2n,i;';:;",fif;
relaterl Cenozoic fornrs appear to have occurred down to about 1,0b0
feet. Elphidium is not 

-as 
common in New Zealand as 

"1."*h"{*.being largely replaced i. both Recent and Cenozoic faunas S;
Not.orotulia. ff otorot,alia rlepressa and inornata are essentiail;
intertidal, Other large species are restricted to depths less thA;
400 feet. Notorot.alia fnlayi occurs abundantly in estuaries ard hn
the olrerr sea fronr 0 to ahout 1.000 Ieet. Notoroi.alia taranakia occulrs
frrr. about l.(n0 feet down to an undetermined depth. Correspon,liir;
Certozoic species occur in the same orcler relative to the rhor"-liJll
and probably lived in sirnilar depths. I '
Ror-,rrrrpan: The genus Streblus is abunclant in estuaries in Nd*
Zealand and other parts of the world. 

I

Dtsconnrnau: This {amily irrclucles a host of p{e'era and 
"peci{s.flgnl Tertiarv occurrences rnost appear to havi lived in less th{n

zl00 feet. 
I

:12 
I

I

I

I
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Puntsprn.tt. Llcexto.tti: Many species occur between 1.,000 and
2,000 feet (Brady, lBB3) . Robulus calcar seems to be the only species
which occurs abundantly in late Cenozoic sediments, contain-ing
trbunclant macrofossils, and is probably limited to depths less than
1,000 feet. Most species of. Robu.lus, Lenticulina, and Sarecenaria
are abundant in rnassive calcareous mudstone with rare Mollusca
such as Neilo, Paruarnussium, etc. They define the Robulus biofacies
which is considered to indicate depths between 1,000 and 2,000 feet.

Ltruoltn.ty: Cyclarnntina cancellata and a large Haploplt'ragmoides
are comrnon in New Zealand Tertiary calcareous mudstones without
rnacrofossils. Phleger (1960) noted that Cyclammina cancellata
is common in Tertiaiy mudstones (presumably in the United States)-
C. Cancellara now lives deepc'r than 6,00ft fbet (Akers, 1954) and
is probably a good world-wicle deep water indicator.

Paleoecological Method

A sirnple methocl of depth determination which may b-e called
' depth ringe analysis' makes direct use of depth ranges of Recent
species thai occu.-us fs-ssils or are closely related to fossil species.
This nrethod works fairly well for Pleistocene and perhaps Pliocen-e
faunas, but is inefiective for older faunas because of their small
nqmber of Recent species. Other limitations are that some Recent
species have different depth ranges at difierent place_s, that closely
rllat"d Recent species cornmonly; have different clepth ranges, and
that until depthJ of past faunas are deterrnined we have no means
of knowing 

- 
whethef any particular species has maintained the

same depth range with time.
Bandv (f956. pp. 189-l9l), rvorking in Miocene and Pliocene

,"hi*"nl, nf Florida, estimated watei temperatures frotn fossil
benthonic Foraminifera, and scaled ofi depths from the present 

-da1-
b4thytherrnal gradient in the adjacerrt n_orfh-eastern part of the Gulfb{thythermal gradlent ln tne adJacellt nortn'easlern Part-or LIre \'urr
ofl Mexicrr. T-his method is subject to the same kinds of limitations
asl the depth ralrge analysis *"ih,rd, ancl- is further complicated by
thb rl""t""se itt sia-level"temperatures which took -place 

all over the

wfirld in the late Tertiary,- and which Bancly did not take into

Determination of Fossil Biofacies and Their Depth ordert

Biofacies are sirnply natural biological as-senrblages clistinguishable

by- i"*o1o,rri. """i'.ti, 
it;; other 

"natrural 
- 
biological assemblages'

The biofa"i", ,r.uy 
"il; ;ilfr;"J ly either the total or part of the

33

.td;;;i." biofaciJi second, cletermine the order of relativ-e depth

"i-itt" bi,rfacies; third, atternpt to determine absolute depth range

of 
"ach 

biofacies by cornparisln with present day biofacies.
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total biological assemblage. All frssil biofacies are only partial
assemblages, ancl even these may be defined by reference to only
one taxonomic group - say Forarninifera, or Mollusca. Thev ar-e
recognised by noting cotrsisteut associations of species or other taxa.
Cenerally innumerahle biofacies can be recognised in extensive
fossiliferous rocks and the paleoecologist rnust soit out the significant
associations hy experience.

Two methods are available for determining the depth order of
{ossil biofacies - that is the rela_tive depth representea uy each -rvitlrout reference to present-day biofacies: (Ij by consiclering the
change of biofacies with distance at one tirne; (2) by considiring
the change of biofacies with time at one place.

The first rnethod is ideally the_ sarne ai that used for present-day

i9o.logy, but in practice is limited by the difficulty of precise dating.
tTnless redeposited the fossils in lateral geological seciions (section-s
exposing r<19k3 Jepr.esenting one time) have approximately their
original aerial distributions, except where thep are displated by
transcurrent faults. The faunal changes in the section can b;
nrappecl. and- the position gf-the_ shore-line and direction of deepening
can usually be determined fairlv easily.

BIOFACIES LITHOLO6Y
6ENER,AL FEATUR,ES
of EIOFACIES

SOHE DIAGNOSTIC
SPEC|ES + OEI{E8,A

Streblrs
mudstotx.
sandstonc
con(lom.

Linicel number of spccies
of mof lurcs ,ostracndes +
For tmini(r.ra . Di a$noeti c
spc*ies in orch biofrcic;,

Streblus aotcanu (F)
(in abundrnce)

Pseudononion parri (F)
Notorptclia dcpnsso (F )
Zethalic, Amphidcsma (M)
Elphidium see.(F)
Notorotalio lrr{c sV7. (F)
Glycymcris, PAielo2ccdn e. fi)
Notorotalie l$nqnai (F)
fubul's cetc".J (F)
Micantopex tff. nurlohi (fl)

:obutut 
s7p. abunbnt (F )i

tl
I lGr.rr;etlo cvlindrico I

I Aig-cr;"o pl;ocen;n I

I Nctorotelia torenokie

Psaudononion
wcll-sorttd
well-br,ddct
szndsEonc,
rct( tnd

lffr.:*"
Elphidiun All kindt of $ssils abvndan;,

but, paahy in disbribution

Hacuslcrclla
mzstivc
sendy mdet.
sc.ttz,".d
macrolf .

Abundrnt fortminiiere
(requcnt molluscs
infrequont ostracodcs

Robulus

#
.y^-T

Vory tbundr,nb Forzmini(crt
infrequent to rarc mollurcr

Scrnipclegic
Abundtnt Fonmini(era
+0-6070 pr'lligics
vcry r.rc mollurcs

Eupelagic
'l0-90oh pelzf:ic Forzm.
docrcasint bUnthonic Forrm.
very rarc mollutc'

Fig. 6: Chart showing main fealures of biofacies in the Pliocenr of Wairarapa,
New Zealand (modified from Vella, 19621,
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biotacies may be limiterl hy difEculty in'separating the faunal 
"hang"srvhich are due to depth change f,roni those irrern"rlibl" faunal chan[es

which are due to evolution-and ante-Pleistocene cooling 1cf. Vella,
196?,.Fig. I ) . , At various tirnes du.i'g the Tertiary laige "r*". oi
fand i' the Nerv zealand regio' drolped down very 

"rapidly 
to

beconre dcep-water basins. First, shall,ow-water, then'progi"ssin"it
deeper-water facies werc deposited. Many Tertiary baslns 

-.d""p"n"i
so rapidly that -shallorv to deep transitions are rlpresented within
one stage. As the stage is generally the smallest time division that
can be. rec_trgnisecl time-conir'ollecl launal changes are non-existent
or_negligible in these sections.

,, In Wairarapa many well-exposecl vertical sections through the
l{utupi Fornration and overlvirig sedirnents (L.Tpper Miocenei' show
progressife facies changes due to progressivi- cleepening 

'(Vella,

1954). The Hurupi Fo'nation rests Lncim{ormably'or ofi". ro"ks
arrd its depositiorl cornmencerl as the sea transsressLd over an areatlll *?. previously llnd. The ge.eralised r"qur-nce with oldest rocks
at the bottorns is as follows:

t07
Tftt" second ruethocl of detemrining the depth order of fossil

Massive lllue-grey calcareous mudstone with 
TITI.KNESS

rare nlacrofossils 2"000 ft.
grading clown to

Massive blue-grey mudcly sanclstone with
abundant scattered macrofossils c500 ft.
grading down to

Well-bedded, well.sortecl sanclstones with
shell-beds 

- 
many kinds o{ macrofossils cB00 ft.

Basal Congllornerate c2 ft.
Angular unconformity; erosion surface on Mesozoic

grel'wacke.
The bisal co-nglomerate, at some places barren of fossils, at others

con[aining 
!r_ok_en sh,ells" is the littoral facies of the advancing sea.'l'hg well-bedded satrdstone with shell-beds is the inner neritic Iacies

delosited in _shallow water just ofl-shore. The rnassive mudcly
sanpstone and massive calcareous mudstone represent successively
grefter depths. There is considerable difference of opinion as to the
absblute depths reuresented bv all exceot the littoral facies-
5_rE;fller- ueljrns. rilere rs colrsroel-aDte otflerence or oplnlon i

ab$lute depths represented by all except the littoral facies.)rule oeprns represelrreo Dv alt except tne n[oral lacres.
eneralisecl descriptions o{ the faunas of each facies are as

follbws:

tsalal Conglomerate: Fauna not known.

Pelggypsda, Gastropoda, Scaphopoda, and a Nautiloid, rare
Brdchiopoda, Iocally abundant Scleractinian corals, fragrnents of
Echinoiclea, abundant Cirrepedia, locally abundant Bryozoa,
abundant Ostracoda, relatively infrequent benthonic Forarniniferao
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but locally abunclant ltlot,orotalia, and Ellthirlium, rare pelgig
Forarninifera. The dominant fossil is generally the thick-shelled
gastropod Callusaria callosa. No other facies contains so many
phyla or so many species.

tr[ussiue mudcly sandstone: Abundant Pelecypoda, gastropoda, and

Scaphopoda. nroderately abundant benthorric Foraminifera, in'
frequenl pelagic Forarninifera, and rare Ostracoda. Dominant
rrroliurcs ln the shallower phase are Cucullaea n. sp., Dosinia cottoni,
Kttia macdouelli. and Ma-ram,a httrupiensis, and in the deeper phase

are Limposis lausi atrd ntany species of Turridae.

lllassiue cal,careous mutlstone.: Rare Mollusca, mainly srnall and

delicate gastropoda, and thin-shelled Pelecypoda such as Neilo,
Myrtea and Poruontutsium; abundant benthonic 

- 
and pelagic

Foraminiferao the pelagic percentage increasing upwards from about
30 to about 90%.

A similar but more complete series of biofacies determined for
tlre Pliocene in northern Wairarapa (Vella, 1962\ is shown in Fig. 6.

This series was deterrnined during the examination of some hundreds
of fossil faunas, mainly rnicrofaunas, from a large area, and is based

on lllany vertical and tnatry lateral sections-

Estimafion of Depths Represented by Fossil Biofacies:

Estinration of the absolute clepth range of each fossil biofacies is

a process of faunal rnatching akin to age'corre.lation, and rnay .be
."il"d depth-correlation. Fiunas of several different consectltive
agc-s are 

- 
alwal,s easier to , age-correlate than an isolated fauna.

Similarly {aunas of several different consecutive depths are easier to
depth-correlate than an isolated fauna. Deplh correlation is easiest

*h"n a complete series of depth biofacies- for a pa_rticular -age 
is

available. Depth correlation of the_ Waira.rapa_U_Pper Miocene
(Hurupi Forrnation and overlying sediments) and Pliocene facies
is shown in Fig. ? together with 

-sorne 
irnportant isolated facies in

the early Tertiary.
1,, eafh of the upper four biofacies of the Pliocene about 907o

<rf the genera and'i0'-/, of the lpecies of Forarninifera are the same

As in 'equivalent present-dav biofacies. When the _possibilit/ ,of
transportation of ih"ll. froni shallow to deep water. is. allowed; for
Foranriniferal index gerltlra are useful. Not enough is known apout
Forarnini{era deeper than 1,000 feet in present'-day I'{"w -Z,ealandseas to allow a c-ornparison to be drawn with equivalent Plio{ene
fau.as. i

The shallower flpper Miocene biofacies contain many difi-enent

genera (such as the Mollusca Cuculaea and Conospirus and r the

Ftoraminif er Amphisteg,ina) due to the sea-level ternperatures_ being
appreciably waimer than at present. _Deeper Upper Miocene
biofacies are generally similar to deeper Pliocene and present'day
biofacies.
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ll0
Lower Miocene shallow water biofacies are markedly different,

including reef building calcareous algae. locally reef building corahj
and larger benthonic Foraminifera,-because sea-level temp"eratures
aj the tirne ranged from subtropical in the south to tropical in
the north

Pelagic biofacies are best represented in the early Tertiarv.
The Amuri Lirnestone is white,-fine-grained, locally muddy 

"nalrcally highly 
- 
siliceous, ranges in ag; from Paleocene to lower

oligocerre, ad extends from northern Canterbury through Marl-
borcugh to. Souther' Wairarapa. Thin sections g"nerally show
1bu.r1d_an! globigerinid shells, and siliceous phases-contain many
Radiolaria. As pointed out long ago by Marshal (1916) the Amuri
Linrestone is a fossil Globigerln a_ o_o7., and the' siliceous phases
probably were deposited near the CaCO, solution boundary 

",rd 
ur.

transitional to Radiolarian ooze. The siliceous phases are mostly
Paleocene in age; surface !_emperatures at the time rnay have been
sulrglacial (squires, 1957,_Iig. s), and rhe solution boundary may
not have been as deep as 15,000 feet.

Bands of red clay up to 20 feet thick occur. in red and sreen
rnottled fine-grained mudstones ('bentonite') of Paleocene aie in
Raukurnara Peninsula. The red clay contains entirely non-cal"ui"ou,
microfaunas including Racliolaria and siliceous and arenaeeous
Foranrinifera. The association of red clay with siliceous faunas is
knolvn at present on only the deepest parts of the ocean floors.

Conclusion

In New Zealand during each stage of the Cenozoic, sedirner
posited in_a large range of depths. Broad depth divisions

of the Cenozoic, sedirnents
deposited in a large range of deptoeposlted In_a large range oI depths. broad depth clivisions
<lifierentiatecl in them without a detailed knowledge of the
distrihutions of.present-day organisms. Depth divis-ions are
essentially by biofacies. though lithofacies are also usefulrssenualry uy Dloractes. tnougn Irtnoracres are also usetul I

i'dicator**. Fossil biofacies should be determined from the s
tirne distribution of fossil species without reference to presenila"v
biofacies. Methods of recognising {ossil biofacies a." descrlb*i
hv Imbrie (1955).

.At this 
-stagg 

fossil biofacies for each age can be placed in
of increasing depth, and ca' be used as iidicators oi relative
in the salne way that fossil zones are used as indicators of reldtive

ecologist.
Once fossil biofacies are definecl absolute

rnay be atternpted bv depth-correlation with

ages. Relative depth determinations can be extremely useful tol the
geologist for paleogeographic reconstruction, and for determii.rinq
some kinds of tectonic events. In the light they may shed on fairna'in(rrue Alrus (Jr lcul.()fltu eveilrs. tn rne ugn[ rney may sned on raunal
successiorr they may prove to be of 

- 
considerabie value to lthe

prsent-day hiofacies.
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ft9y,1 single taxonomic units. such as Mollusca or Foraminifera,
within the fossil biofacies. They can not yet be determined with
grea-t precision. and consequently it is esseniial th"t fossil biofacies
be defined and 

'anre 
as distincl units from present-day biofacies.

:Io +i: may be_ applied the principles and rofe, already laid down
for defining ancl namins fossii (bio-qtratisranhic) zones-

,{bsolute depths are better determined from total fossil biofacies than

for defining ancl_naming fossii (bin-stratigraphic) zones.r dehning ancl_naming fossil (biostratigraphic) zones.
Two -legl"$rd li1e1 of research needid 

-for 
depth determination

in the Nerv Zealand Tertiary are studies of distribution of Recent
Foraminifera in New Zealand, and taxonomic studies of Tertiary
tleep,water Mollusca.
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IIrIF$RA xnOI UPPER IIOCEIIE TURBIDI?B8' FAIRARAPA' ilEr UEALAtrD.

It Paol Vclla, EcoloSt Dcpsrtront, Ylctorlr Ualvcrsltt of lel 11n8toD.

lBgrnrcE.

Abnndant anrt rell preserved Forantnlfera ln turbtdltea of

Ilpper lttooena ( f*pttean) 8ge, at Cleland Creek, rere cmpared

rlth Forantntfere tn four rttfferent deptb btofacleg of abont the

aame agc. The tqrbtrt ttee rerG depoa tted ln dlcBthe oerta tnly grcat-

er than 2'OOO ft, end Brobabty botreen llrOOO and S;OOO ftr and

Tere dertvcd fron all eballorer dcpthg up to abont IOO ft or

lcaa. Fraglte shells and large shella are lees connon ln turb-

ldttcg than tn Doh-tnrbldttea, and siaRy shel1g are conslclered

to have been d,eetroyed durtng tranaport. Ehe bseal layer of

eacb turbtdtte rbytbn te congtderedl to constet of ilalumpedr

nerlttc aedtnent rttb llttle tntermlxed deep-rater sedlsentr thc
s,*$t-

tntcrnedtate layer to bave beaa clepoelted by ef,turbld*ry currcatt

and the opper later to have beea depoatted frorr su8penglon after

tbe turbtdltf cnrrent Eeaacd florlng. llo trace of autoehtbonoua

eedtnent te8 found betrcen turbldltc rbytbrs.

" *..=,a{,fo
vi. ,

' t,L. j
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IF?RODrtgrIOil.
Sttefo, -r-r -r--lr--- ^3 trt-lrr,l firaabffi*fal#rc tltb rcll-daftnod graded rtrtthns at Clet"eart Creett

about flve mtler Gast of Haurleevllle tornehlpn fere tsrppcd snd
4.5 frrrbidites

degcrtbcdfibt- oe6ef f ( r96z) . For tnrbtdlter tttcf contalu cttrl-
ordlnartlt abundant snd rell-p;Glarv?d Poranl nlfarat rbetls

rhteh are congtdered to reprcscnt mEed blofacles (vetta, 1962a,,

algrtlar to tbe olxed blofaetcs fonad tn the Ventura Baolnt

callfornls, tn turbtdlter of about thc saEG agc (uatland taa

Eueaen, t95l). Llte the alaattc redlnent, the Foranlntferal

e bolle ere s lro-sortodt , r l tb largu r belle cotrcGntrated tn t ba

loror part of each rhythn (Velfe, tn prcra).

Ocaerally at tbe top of cach rhytbn ta tbc Ventura Bacln

ls an autoshtbonoua latcr of nudatonc dssorlbcd by ltatland and

f,uanen a6 lithologleally aad fasnaUt dtrtlnct fron tbe nndltoas

forulng thc trppcr part of tbe rhytb bclor, At Clclan0 Crcet

no ttthologtcatlr d let tnct layers xerc fouud, end coplca frc
the tope of rtro rhytbna yd, dlded str cd deeg- and sbattor-rrtc!
fsuane eborlag that no gutoehthonous layero rlc preecnt.

BIOtrACIB$ AEALYSIg.

tatlsad rnd Kucnca rcre ablc to u.G hnorn dlcptb dl,atrtbtrt-
tona of preecat dat Forrnlnlfera. Thta dcta ts not tct tnon
for lscr Zealand, aad t he rrlter le forccd to usc aa t nfcrrcd
eGqu€aco of forctl deptb btofectce (Vctla, f962b). thts nethod

baa botb d lgadvantagos and cdvantagcs, for, rbtte abeolutc depthe

rGprGaented by blofacteg trc unocrtaln, confueton due to pogslbte
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Flg, 1: Hap of tbc routnarn

loeetlon of Cleland

loea 1t t ls g of t h,nee

ar€ not fron Cleland

ttn tcrt.

part of North

Creekr and the

troo-tunbld lte
Cncat but eFa

faland, sbo;lng

approrlmtc

earplcc rhlch
deacrlbcd ln
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cbengea ln depth range of spcelca and gcatla rtth t tna tc obvtated.

Foes tl depth blofac 1eg aro detertlncr{ la tbree etcpr. Thc

flrct ts to detcntac aeeonblagee of spectcs rhtcb llve0 togcther

(Ufofaeler). Thc aceond tc to arrange tbe btofacter tn ordcr of

depth. Tbe thtrd te to usc knorn rangca of Prcaent day olganlsEl

to egttugteabeolntc dlepth rangcs of the blofaetes. The ftrat tro

ctepe arG baaed on rttrect observatton of fosstl dlrtrlbutlona'
The thtrd atep ta a eubJectlve proccos oftLunal natchlngr stnllar
to age oorrelatton, and la anbJeet to progrclalve rGvtaton tn

about the Bame rucasurc aB age correlatlon. Onlt thc fLret tilo

etepe ar--requtred to sher that turbidttes contatn a nlxture of

blofacles.
Foramtnlfera from the turbldltea are oompared rtth the

Foranlntfera ln a ttepth Eerlea of four btofocfles.

gAilPEE LOCALITIES AND CHART OF FOEgIL OCCTIRRENCES.

Trelve turbtdlte aamplee rere erxastned - a'l 1 fron Cleland

Creek, a snslt etrean florlng paralLel to Clelsnd Roadr Shcet

Dtetnlct IT158 (trtg. t ). Four fere bverage eanplea colleetad by

a fteldt geologtet, l{r. f[" Orbell, to repreeent the trppcrland

lorer parte of tro rhythms. Tbe other etght lere a sertea of

cloaely apaeed Bauplea rblch rerG collectcd by thr rrttcr for

tbe purpose of doterrntntng faunal chengea r tthln a rhythn and

at rhytbm boundafleg.

Three or the non-turbtdtte aanplca ueed for sompartaon aFo
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froa Shect Dta t r lct lqt 55 tmed latety to t bc nont b of !f t 58, aad

erc on the gpposlte elde (north-rcat) of thc Alfredton Fault

frou Ctotand Creek. Tbc aauple fnrtbcrt fros Claland Crce, 1r

about nlae llles to the nortlFrGtt. Thcy rGprcfent rllffsrant
gtagcg of deepentng bctrcen nll end aeverrl thougrnd fcct rhtob

took nlace la tbe area dnrlng Krpttcan tlnr (O. lccf, pcrr. em.).
The fourth coeparatlve ample - Fi58f6t0 - tr fron baeel Opottlan
(Uaeal Pl tocens) masetve mndctone overlf tag thc Kepltcen turbl,d-
ltea at Cleland CreeE. It tas prevtons il? detanlaed ac f,rpltaan
tu a8e (Vel.ta, 1962a; Orbell , 19('2') , but Fane spcetncnr elnoc

fountt ot tbe pelaqtc rpectea Jurtrgrojglla lgfJlta (a'orb. )

tnd te'ite an a,re ellghtly younger thsa Kapttcatr.

Futt detatla of tbe foaett localtttea Hro reeorded la the
Ypr Zealanti rtoesll Record Eastor flte for the Welttngton reglon
at the oeology Department, Vtetorla TnlvGrelty of Solltngtoa.
Abbrevlatedl detetle are glven ln Table I. Ltthology etnbole tn
thts tstrle ore thooc propoted by HelLnan (tgl\ F. 55) rtth tbc

sddttton of tbe ansbol n (redepoetted) for tnrbtdtte faalGr.
Age aynbols trc ft (xupltean! uppernoet XloocnG, and Uo (Opoftlaa)

lorer Pl tocena.
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FO$8IL IOCAI'ITrE8

f,oealI Ioeeltty
Eccord
IIo.
y15t 

,
f9t0 lekr&ahl &tv. I T2g5Z g]i?:e atl Tft1155_ raagaoranga zctilTz 66iie abundrat Tt

_ fl lr7 langponensa za|lr7t Ai6zo Golron TLrr 5EfSfO Cblend Cresl Z6OSttr g8trZc[ nlt rof6?ltt clcrand Grecl izeat i ?i5[icssn oontnutod rtb 'f 
..' 

isiiccgl oomtautca irf6264 clc land Creok zEa8og iffitticqgn eonnlaurcd Trb ts ff iglioCi connlnutca faf65oa-h Cleland Creak ZT}81O =-::- oomtnutcd Tt
(r,rtuologlce and poeltlone tn lqtthne of f65oa-b ebsrn by !1g. 2,)

All noa-turbtdtto eanplce uecd fon eoryetlleon, end ths four
turbldltc ealplcr oollcated by Orbell lrnr rclcatcd for tbc ttudy
bcerura of thclr rralatlvcly good foradnlfcnal faonra. tbc acrloa
of ctgbt clorcly tpeocd ee4lee et locelltt fGSO rcna tatcn clor
to rbro r good sarplc baat becn oolleotcd by orbcll.

Orl'il Ltthologl laoro- Agpref. toegtrr

Occurlcnoc I of lorattllfqlr elr ahora t! trblo flr Tba foutF

ooluanr on tbr lcft glrr aDGclca ln aouturbldltc m4lcr aad el!
alFrngral flol loft to llght la o|tdcr of lnft rrcdl d,.cr'.alog. Bclattvr
rbun0eaccr arc btrd oa Gouat. of .DColDaa oa rountcal fruo.l rlldol
tbc ellilcr do aot aoat.lB ell tbr rDcclunr la rrch relplo, bot gfl

Ir.moD8bly tnrc rclrtlw abnudanoor of rolo conon atrctca. ?b.t I

Dlobablt gtva grrcatcl tban truc rclatlvs abonnanccr of rur rycetcr i

bcctu ar r rpoolel Ealoh rar trds for tbr la orob tarDl,c. I

I

I

I

I

I

I

I
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I"l],r, II.

;I -1 .'.1 -iL'. J rjli '-i:.I*ir \,I .r.,ii-.r.' I.i' f ;l-ir^

-'rl pr,!re- 'l t r 9 r{rrr: i.ett:li''l nt:l!'l|el'S arJ' SnF Cirpe1.iS, C lnrii eateS'
"f n tn .i-, t- rnelnrit-F 11^r.' t.hirn ?f , Lnrl a rn:rsh (-) lnCleate.s
nil. I-li.irr:-re.s j-1r' ii]': 1'rr,rl ncn-tqrh{dite t';.'eieS; I = }r15lt'l15i,
i i - ]'t :'1!'1 1c7 , i ,! .r = r'-'l q't'910, 1r' - l'r :8t'51O. fj.rJ:€,s:rndlng
.r!:rts1611s !.r l-f't f1't.;hle inCJci:tt F'1rie{es 11'ltri eteC lr t:leh Ot'

ti,e,Se sagt-.'r r:t nf 1-, j'r:r-:-eCr l,r De fe-r.t f l eteC 1,- ee111\r:Jl ent bl f l'aCieS;
'J inr{'iC;;te= rt\riaJp^ y'r,lt flnter'l t I i'rl-l 1nl'eY'I'PC tit'th b'! ^'ilctes,
X inf{l r-irttS -^bri"rr-lS nn.l ?'i. l-l t^ir-te,d t I onp trj f T';-,eieS.

lT 1 q 8f(.70 tf 2t1

:: : i: :r-: ::ltl Rbab9ggp$s? EP.

iI HaplophrFgurotr:lee? 8P. (cruahed)

ii Tcx tul.gr1a-k-apl te,a FlnleY

ii ii iii iv
---1

l-

eo

-?
l-

7r

9-
h5

,l 1

o-

t626

::

!2

b6
?2
?-

l1

h8
-l

-,

-1
?-

ii T. att. ensts Vella

---2
-A--

-f--
? a--
--g-

--2-
--1?

-11-
- 37 -

--aA

--C-

8? -

--h-

--'l

--?---2-
-gg-5922
--2--??-

------

--7-2111
- - - - - - - -

?b?_-t9c2
- - I - - 3l -
-{---ht-
----?16-

trt g
lIl flo

tll Il.
ao

.JL l,a.

t EgeuslereJl a PoIr! FtnlaY

mgfqanl Plnlay

flnlgl! Velta

ellceef,llcs (rfnfay)

x Stghg_tgf tulartg thggg!-g Flntay

egbcytlndrlca Ftnlst

i_ g. atf. 999J3^EIsg Vctla

i Qaudrylng creaqlnag Custrnan

r f,arrertel-14 eg] tndlr!9e Flnlay

E. 4lgalvt (Cuatrnan)

Haq.tlnot!le]la BF.

Sttmotlopgls zeaserus Vella

xg.

in

T

iii

l Qolnquelocullna. -lrlagggler:jlg drOrb. -71-l--g
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x

x

x
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g.

Table II conttnued.

. Qgtnouelgcultna cf. lata Terquem

kaelllegsle Vella

(Lacb1-ane11a) rl. 8P.

Btlocul tna 8P'

Evfgo 8P.

Robulue calcar T,tnne

cf , catcgE T,tnne ( small)

cul!r-g-!qg Montfort

d, Ic anp.y lus ( Fr anz en a u )

syroggalprue ( stactre)

legglgegg (stactre)

8PF'

leqlleuttga perenlrJlle (Sctrrager)

garaeenarla 1 tsl 1c! Defrance

Halgtnut,tna a nbbullalg llantken

Vaglnul lng 8P. A

Yac inu4ng 8P. B

D_entaltng soluta Reuee

D. EgbstrtEgta Stache

Dgtlallna BP.

l{odoearla attlnta Reuee

l--

2 - -
- - -

- 
e 

-

-

-

-

-

--2
-a-
--9
O-o

-58
th

- 
t o

- - -

- - - - 
o

- - - - -

-

R.

R.

B.

B.

R.

B.

--
l- -

-

-
,t
G

-

-

e

-

-

-

-

- -

-l

- 

I

-?
- -

F

-

-

-

-4 -
- 2I
!22

- 17

--1
-1-
119

3-
-1-

2-

--

h

- -

-?

- 
a

_ -

- -

f-

- -

I

t

-

E.

F.

ef. calomorPha Reuse

eBtenulsla BradY

1

,
-
Ito holosertea Sehrager
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h lgp 14g Reus e

cf. eglcate Valker t Jacob

t 2_l

tr ll

7---
2---

l
1-

rr{

x

x

iE

r
ifi

rfl

iu

I

r
x

iif -1 --

1---
1? -1
l?--

---l
,---

7

1

e

Tabte II cont tnoed'

f,odosarla lamtrtrltfera Boougaart

!$. longlsgata d. 
r Orb'

dhryealo$gnt.un yerllcg1g (Staehe)

Agphlcoryne cf. scalartg (gatacb)

htrgpta (a I orb')

h trs ut a var. ( nnootb)

B t tloe tonelle-an,tlngds ( Staerre)

ef . verneql-ll1 (atorb' )

--2-
- 17 e

--h
--8

E

--3
--2

-k
--2
- 1?

--1
-1-

--2

A.

A.

-21--

8.

2,
1-

23
22
-l

tl

gttloglese!!-e tsP' (*Ptnoee)

8t lloslqgel_Ia spp. lndet.

Panlrfgqn4 tgn-larl,a rre-Ugg-J.dg (ftn. )

P. wjlrarap.g Vella

iti Prox :!f Jggg vaugbanl (C ue hnan)

ArEgg qgllgtrasoBa (PrnlaY)

Lagegg d tgtong Parker dI Jones

ef. laevta (Uontagu)L.

!.
t.
Ool tna- glgboa a (tontagu)

0. hef aEona (It rrr tarneon)

0oltna raelo dfOrblgny

O. coEtata (gJrTlamson)

ptasurlna orbtanyaqa $eguenza --

7---
2- 21
6l -
63 12

P. yokoyauae (xrrr Gtt )
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Table II contlnued.

Flegur lng Ep'

tut t rrl tga yabe t Cnebnan Jl Ozara

SlggonslPhlsi-ef. laer{uooga Vella

Larvngoelqma r1111an99n1 (terquen)

3tg4olde11a cf. eJeaaTrt:lsslgg (g t.f)
rtlagdultng syggglrtca. Stache

Ragul tna eF.

Plectojlg[etcu'l arta po4ane Ptnlay

Bol lglnltajUcbf 1g.gg Vetla

cf. gtegentlsgl4g Boongaart

polang FlntaY

Bollvlna albatroaat Cuetrnan

B. att tl tata Plnlay

B. nnrnero8a vella

112-

- - - -

h---

?

t

31 --
7l ? 1

6

q

1-

a-
a

2 h 3

267
1G

-6
- - - -

- - - -

1l o2

r6
I a 2 b t 2

- 1 e c I ,

a

-26

2

6)- -1

25
,?

67
2'

tl

52
6r

8

5

1

2

b

E.

B.

---

ll tr
12

B. ef. paclflgg Cnehnan

- - - - -

-1-

- - -"1

--12
I

I
BoltJtBlt tsPP.

rfBoltvtna il turbld ltortrE Vella

-

Rectobol tvttttt 8P.

VtfquU3a aff. rot-ugdatg Parr

Vlrf.grgrpalg ef . gglglala Ftnlav

Bgltelnel1g lllegegllgglng d r orb '

B. mtggl t 1g Velta

1-----1----261 2-

2

7

1

I

- -

- -4rl lp1ngt9eg rlU-lgrngontanue (nradv)

Fultntns aculeata dforblgny tr8 - -h6-t112 e7 2 h
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Tshle II contlnued.

Bultntna cf. austrslte Vella

truhcanella Ftnlay

Lut !4g!Eq Bp. ( enooth)

Bul tulna notolot_a Chapman

OlgbobuJ lnlna pac lJlcg Cue bnan

Igorit ge rlna vadeec.gna (Cnshnan)

F[. bellula Yella

IT. eket a huna Vetl. a

Hofkeruva (n. ) taranaELa Yella

g. (Trlsonoggg) cf. zelacurnlnstg VeI,

E. (Lamtnluga ) zelgntng Vella

!!. (rgrguya ) lgtogn Velta

Hofkeruva s.l. deltcatuta Vella

HofEb,ruva Bp. lndet.

Euuvlsertgg notghtgptda (frnfay)

norqott te _B!9ll4rf, (ff nf ay)

Tr l gar tna brqd.ff C uebnan

AnFulg{ertng Bpp.

PlgufgetoneUa BP.

Elllpsoglangul tna_ eubcoglslg (freutz. )

Btltpsoglgndul tna BP.

Caeqtdul 1na alevlggta d ' Orb.

C. neoearlnata Thalmann

-1C-182 - gG -l
---2--
i-- -t lg

-

tlll
Jvr

---

- - -

B'

-hC-
-,

-5
2?

5 c 7 85 c

-j1--c55
?--

,o

2-
-3

-2'1 12

- - - -

-----

85
,-

a6
28

l-

l-

ce cG

7512
1- -2

l+-

2

-l

-2
3c
83

-l
{2
lllC. e ub sloboe a Bratly



Table II eont tnued,

9eg-e!A-gl1gs EF.

Cagg trlgllgotfgs orlgnta] ls (Cuahm. )

C bt loa t gqsl-l a_gI:o ldea Reus s

Spherotglga, luf lgt4ee dtorbtgny

Pp"lJgttg cf. bhfkldeg dforbtgny

PulJenla oulnggelole (Reues )

g. qglrclr tlohr: (Reuee )

Plor 1.1u9 fJenlJr$! (Sel1 a )

HelonSn_]utgrum VelI a

ldelon la zeobesus Velta

nonlonella magnel lllsuq Finlef

-t
11-l -7(. - 42

h21h'

-'f l - t2.+

-
c

-e

21

5-
-96-
-3ac
--a-
-h2-

a
---l

-6-
---9
-3--

-c
7-
3-

6---
62--
--lt-

-7

-AEA

--A

5 h - I

Ir{ 12

- -

- -

- -

- -

-2
--

- -

- -
l.tql

_1,

.,

-2

- -

-l

- -

-t-

-f,
rD-

T?It a zegltegg Flnlay

neefl Volla

TonlqJrE4q? BF.

Zeaftorl_lgs garrl (Cuetrnsn)

gqqlnonton cf. pqfEt i{ornlbrook

P. l- - - -
c c { 2

4naag tlpo lctpp_pa rvuratr t 1 l, a ( f f nf ay ) -gAC-1-

a. ef. spherlcg (nfnlay)

Cthtetclee ,9e'l laggJgg Ftnlat

Pac lnqn_lon rr. ep . ?

lltsgsle FtnlaY

grsdloer19 Fln'l ay

goleetug Hornlbrook

7 - 2 |
ll 2 -

-2 -1
7 a bT
31 2 c

1-

2-

6e85
118c 3

c

fi
L

1

3--
? a ez
- I I 1

3131
'l -- 2

21 2

7z :3

C.

g.

g.

c.

?

2?
28

aff. robertsoulanue (grady)
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Table II contlnued.

Dyoetbleidee prlnlt tva Vella

Ro.aa] tna gf. lrpdyl (Cuetrnan)

Plleoltna ratltata Velta

Ptleollna zealandlea Vella

D1_a_copg!v!ng1 1!g_ herthgLe,. t.! (o 'Orb. )

Epgnllse tenera (nraay)

E. cf . sc hr_e lj_ere! ( a t Oru. )

Gyrgl9lns pl'oPlnglg (etachc)

9Jrrut ti tn_ol {ea zeatggg-lg-e Ftnl ay

oyroldtnotggg BF. (tfny umblllcna)

Valyqltnarta BF.

la_r.v_lcqflntna altog:amerats (H-A. & E. )

Le_!,!car_l4 lna balophora ( stache)

Ep lgigglna eleg_ang d I Orb.

EptptonlnellE EF.

Elpbln tum chgrl_otteqete Vella

ef. cltepum (tlnne)

novozeal and tcam Cuebman

Fotgrotglta cf. deprgsFa Vet'l a

t7t

-q7 -h +{ I
1?--

--1--

,?
ag
2-
31

- -

-?
- 

f

- -
?

2c e

{

.l ---l
2 t 1t

2l E

1-
1

1

1

-18
a-

,6
7-

-1-
--1-

-eh 6

-3
-- Il 1- 21

---
1---

-h5-l{1 -
1-

- - -111
-1-

_ __5221

156-6-?8
11

? h 2 -c-
---1-

1-

--l
721'

Eh

-1
- -
a 

-

- -
O 

-

AG

a
I

- -

- -

- -

h5
f 

-

- -

- -

l-

2?
68
77

2'

g.

E.

E.

!f.

- -- 1- 12 h-
16 t - 21- 92

otesont Vella

taranaklaaVella

Amphletestna BF.

Globorotalla tnfl.ata (a'orb. )

aff. mlozea Ftn.flloborotalla n. ED.



Table II eonttnued.

Glqbqrtotal ta af f . menalglt (a'Orb. )

gloElserlgg bullotdeg il IOrbpsny

g. eemtvera Hornlbrook

Olot'lryr ln 1t a BF.

orbul tna unlvelea d t Orbt gny

- tl2b - t?,6

11-2
t e a a

-2t--1--
z6c-767?

C-5t2- ec
t6
bl

5ca
- 8c
---a

16
aa

11
,tG

-h



_ 1j -
t27

EIOPi\CIES COETAIIIED IF TTII.BIDfTE8.

A. BTOFACIES REPRfigHqTED BT TTTE F]TIR IIOT|ITITFBINITE 8ASPL88.

Eaeh of the four non-ttnrbldlta oenBles contatne f,e"Grot

Bpec1ealhtchdonotoccur1ntheotherthrce.ThegreatuJ-
or l ty of thcre Bpcc t ea arc f ac lea-rcatr tr-'tad and dcf lne thc blofact

leo. Abaolute depthe tre beat ostluated by ootrpsrlaon rtth tbc

namcdl Pt toeene btofse loe (Velta, f 962a) rhlob bave a largcr

auslben of Rccent opcc lee. Dlagnootld foatures and ert tnatcd

deptb raageo Ere Ee follorar
i. llr55fl 155r Sondrtone rltFr ahell-bcdr contllntng abuadent

Holluaca; thc nlorofaana lnelrrdes oatracodes md cshtnsld tplnel.
The ltorsroln lf era Qut trrl lne, Slgnotdell!, Zeeflor 1l ug , end ltoSoE-

otsl 1a cf . dcpreaea tndtcatc the "Zeafl,ortlna Btofaetegt ot tbc
rElphtdlun BtofeeLeer - rs ?ea_florttua ts not cbundaot, probablt

tho "Etphtdl um tlofaclccF. Depth O to clroo ft.

ij. r{ 5 jt11i.7 t Sandy nudatone rtth lnfrcqueat coattcrad floll uraai

thc aterofaoaa lncl oder c fcu ootracorteg: Abundant Eaeuelcrgllr

ef. DgIr! and RgFufg! erlqgE, aad the abrenco of peroletcnt vert



_rh_

ghallou-rater speeles sueh aB tboee above and of

rater spee tec eueh 88 Earrcrletlg cy]1n0f l-qg' andl

f tnlayl tnttleatea the il{aeuslerella Blofseleor. Deptb 5OO t hOO fb.

i'fi. Ff Felqro: ueaa lve ctl esreoun nudstone rlth rare I'toll.u8car no

OetrBcorle. @lloeeglca, Kerrerlell, e- cy1,1n-dr-199, and'

Stcnollopels zea$erEs tndlcate I hlofaeles of greatar dleptb than

the rEaeueler-el,le Blofsclestr. Tbe great nuuber of benthontc spec-

tea (Ze 1; reletlve abundanee of RobgluE and @r and

patrc t ty of peln gte spee lsene (e25f") f aA teate the nRobul uc Btofac-

leaF, Depth 2'OOO ! {'OOO ft.

iy. !q{ EBfStO: Ha:rstve ealearcoua nudst oner oo Moll uscs or OrtFcG-

ods found. RbabggumJne? r Hap!4rgbragcldtge?, Euultser-lFa nelQhtt-

plda, a3d Clblctdes aff. roberjeonlgnug, and the sbsensc of Eaay
*-a 

-- 

-

spccles rhteh oc rur at t[{5rt91}, tndleate a btofaetea rhlch le

dtat tnct from the FBobulus tlofact?st. Prtagte spee tea niskc up

5ffi of the shelle abt! tndlcate thc tflenlpelagtc Btofacteni. Depth

Jr@o ! lrooo ft.

FIOFACIES COI TAIFEI} IIg TT'RBINI?ES BT.T FOT NTPFE$ET'FFD BY

ISOIT-TIIPFI DITE $AXPLE$ :

The turbldtte aanplea contatn ,9 speclae of bentbontE

Foram{nlfera rhieh co not oceur ln any of tbe Don-turbldtte

eamplea. Ioat of then are .Bsumed to belong to blofactee dlffer-

ent from sny of the four conpatattve non-tnrbtdite eanplee. Bhe

39 EpGclea can be dlvlded lnto three depth claeses; probably

shatlor-rater Epeelesr probanll deep-rater Bpectes, and spcctee

of uncertsta depth.

tlE

perelatent deGP-

Haeuelerella

B.



tLI
15

Thc ftret clase contalne: Sltphgtgxtjrlarlg ailf. gtgstay.e-rg9r

osudfylFa grgsplnae, gglnoueJogutlna-tglansglgrt.E, S. cf. J339'

i. kaPlttens_ig., 2. (Lachlsnellg) n. sF. r ooUlg he,rgggg, 9. 991ot

Elglrogror!!1n-g cf. lacrtngga, Tggygg,gglsng-r,t-11 larneoglr Ylrg3l op!3g

cf.p-gg!gl-g!g, " ,BoltntneDa.-glecaPt:1.84lggt

B. rntee i 1le, B.u1luilnPttl.gg-rtJltam-agqla4ug, lygc l,t ls 1-4ea E!:lFltlgg'
Rogq_llna cf . brgrly!, Plteollna radtgt,a, g. Seatalrdlgs' E&!!!!gg
sharl ottens lgr g. cf . crtsprrS, Elphld t ugl ngvozg8llpqlg-qg, lfotoro-

tslla cf. qlsonli 4ltpblstertJEa 8P.

tlany of these speeles are eommon ln ehallor;ater tn Cook

Stralt at I, be prr'aent dey, but eomp$rab'le fosatl f aunac ere tcl-
dom founrl ld Ealrerapa. Depth ranges of nearly all probably 1le

betseen O EBrl L00 ft. Btofactea st theee ehallou depths are extr-
emety vBr tabl r., and the nh:'llon-rater non-turblrr t te e an ple ;151-

t11rj represent,s onl y one of a probatrly I arge nrunber of loeal taad

shall ou-rqter eub-blofselcg,

The aesond ctare, dcep-rater speetea, tnclnrtes only BuJtglng

truncanella and {orcottts mlotndcx. Rullntna truncanellu le close-

ly related to the preaent rlat speetee Rullmlna ro.gtllalg Brady

rhlch I e rtdeapreerl and rcgtrteted to very deep rater (Breily, t88lr;

Itatland, 1957; Banrtv and Arnal, 1960). lYolgg.ltJg nto!!.i-gI, has no

eloae present day relattve. Both spectea generally oeeur together

tn Eaeetve calssrcoug nrudatonea rlttrout maerofoaslls end rltb
pelagle Tporanlntfera as the domlnant mtcrofogstle. They probably

represent I blofaeles ef greqter depth than ny of thr:ee repreeent
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ed by tbe four eoEparattvc DoE-turbldttt BauplG!.

OCCY'RRE]ICBS OF FACIES RgSTRICIED EPECIE8 I]J ?URtsIDITBS:

For brevlty ln Table II faetor-regtrlctsd speeteg of caeb

blofsctcg are ldonttfted by the follorlng nrtrbcrs:

i, Specleg rcgtrlcteel to I{f Stfi 155r.and the clsse of probablt

ahallot-rater spec tee eontatncd ln turbldfiea but not tn any of
the comparstlve roD-tnrhtdltea lsnploe, at ltsted abovo.

H. Spectce rGstrleted to Fll3tit57
iii. gpcc lec restrteted to l$i 55f91O

fY. Speelca reatrleted to lff 58f6fO

H. Probabl y tlcGp-;ater specles contatned ln turbldlteg bnt not

ln sny of the conparstlve non-turbttltte Batrplc!.

Reet r tcted EpGc tea of all fr.ve blofae tes oe cur tn tro of t he

turbldtte rbyttrna, and Bpeates from fonr blofaclcs oocur ln the

ottrer rhyttrn (taUte If).
For eoaparteon the total numbcr of

faetea-F€8trloted EpGctag tD eacb btofaclca 
ii#'il l;*1h.L"if"tl

he+ded N) a".d ther+:Idl+Aapprqr luiate t of a X.r'nunber of dpeo tmene cx aoined ln each

eample or rhtt hs le glven ln brackete ( t fre f l" gure glven ln bracl-
etg for ghallor-rater.blofactes ta the nnnbcr of speclnena orim-

lncd ln aonple !f 153fi '155, but tbe nunber of reatrletert spea lea (fO1

tnaludeg only € fron thle aanpte tbe other 2b bcltrg found only ln
the turbtdttes. ).



-17_

lr3la ur.

BIO'rCIE8
( tufarnril dopth
lnonarlnj dotnrrrdr)

1. Sballol-ratcr blofealcc (lD) Io
it. Ercurlc$illr Elofaolcr (:lO) 1,

111. Robslue llofrslar (6fO) ,7
lv, Srrlpolagto llofsoles (pO) fb
?e Dalp-sstarblofaclst ( - ) 2

nf,Itr8r8
rt 5e162lr f6e6 rfror6atr (rp) (too)

21 fpp. f b ry9. 25 rDp.

l3f

FTCIEE+XBSfBIdIED gPBCIBS IT TUTDIDTTBS.
(Aete abrtraotcd frol tablc ff).

I{r [u$cr of nrtrlstcd epceler ta oeob blofrotla.

6lf
19 r8
52
2-

lf

20

5
I

tba ulrlng of blofcolcr lndloatce thrt tbG turbldltc
forslla lcrc dlrplrord fror tht dcptbr ln rhtcb tbrl orlglnrllt
llnd. 3b non-tqrbldlto casplcr ooateln t2 spcclos rblob Fnc not

fosnd ln tb turbldltc lenpla3, but thrrr lrG Fanr 4nc1cr1 frrgth
rpcclcr, and IarSB rpcctcl. All gDoctcr tnt Lcrt ooDE la L,u:'b'ir*it,

turbldltct than ln noa-tuttldltcer and tbta ooold ba larlplt duc to
dtlutlon nceultlnl Son nlrlng of erdlrntr fror dttflroat cavlnoa-

mnt6, rltb dlfflnat ctrrrblrgat of rpcotcr.
Spcclcr rltb freglla rbollt rhlch llt aot lopntecntad ln

tb tqrbtdltcr lnaludo Vlfqg..llFa aff. !o!Sggf!g' @
Folfler, &lg@' ' and ltqnlgePEr?

!p. An cgnallt fraglls rpcclctr r rbtab 1r

ao[on lq Onr of tb Boo-trrtldttc nuplctr 1r Fap!.erntod bl rre,!!

dengfd abrlh la tro of tht turbtdltc alebl. Largc fonr mt
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repreaent"d ln turbtdlteg tnctudc PwFo and Rgbulug. Bemalna of ir.(

noltuecan ehetls tn tbe turbldltes ar6 all flnety conolnnted,

cehtnotd ghell e are represented by eplnec and brokeu plates only,

and oatrseode sbel'f a are gencrsll y dameged,. It te tltcly tbat,

tn generat, large foramlnlferat ghells and fragll-c ahclle tGrc

not aufftctently protecterl by the durfaee taneton of rater to

prevent tbetr deetrctton durlng tranaport, thocgh e fer apeclnena,

gnch ae ToJrtorylla rnagm_g{ggg tn f62hb and t626b, bavc aurvtvcd.

Prefcrenttal dcatrlctton of reater and larger shell,a probably

accrunte for the generallacd ktnrl of fauna neually found la TGrt-

lary turblrlttca ta rhtch the spcelea arc all emal't md rtrong-
ehetled and ale rooetly connon ln DoD-turbtdlte faclea. In sonc

turbldttea rhtch ar€ coupletely barren of foeatts all ghella

rhtcb tere ontgtnally preaent tn tbe Eedtneate uuat have bcan

dcg t royed.

A fer spcelea, for cranple 9o11na goetelg, ere santl end

atrong-ebcllcd, and aro comon tn one turbtdtte rbytbn, yct are

abeent from otberr. They tend to be aporadtoally dtstrlbuted tn
Eor-turbldlte faclea end euggeat that dlfferent turbtdtte rhythne t.

rcrc not alr derlved from tba sane aet of cnvlrorrneatg.

VARIATIOTg WI?HIIV RHTTffi8.

A. GEilFRAL:

Althougb the total nunber of apcctcs ln each of tbe threc

rhythns la relattvely eoagtant, there le consldcrbble valtatlon

ln the nunber 6r aBec tes ln r! lfferent parte of eaeh rhythn (f aUte

rv).



EEITETB SArPr&g u{ sAcE BETTHHrbcdej
f f 56f5eb 82 70 - ,r ,- -
Xf 56f526 l{j 68 - - - e

r{156f530 .- 4e 60 , b2 bs

_ 1g _

r; IABIE IV.
IruruSB OF gPBCISB IH EACE TUBBIDITts STTPI.8.

133

TOET} FOR REITET

97 (rncr. 6 palagto spp.)
7, ( n 4 r r )

tOO ( ' 5 tl 'f )

-

lr5

tbl fon'anlnlf,eral eballs ta all thrrec rhltbnr ar'a slsr-
sortad at ln tbo rhythu at looalltf flf 58f525 (V"lle, to pj6;j),
rltb largnr ahcllr ooEccntrated torarlde tb bagc and rrallar
abclls con@ntratcd" torande tbc top of eaob rhythn.

?ha psoportlont of ahallor-ratcr apeelce rnd spoallone
deenrasc fron tbc bottol to tho top of caob rhttb, Thta chaugo

la probebl'y not rrclatad ts rlte-rortlag becaqlc lange cDGoler

errE epnaralltr FrpFoacatcd by Juyuallor ln thc uDDGtp parts of !,;i,,.,

rhtthrrr and thc proportlons of large aad enall spcst63 rppcar
to b€ ebout tbG sarc ln $allor- and dacp-s6tcr faolca.

. tb verttcel feunaL chsngpa arrc met olcarly eholn by tbl
rrtce of elo!€ly rpaccd aarpler, fff 58f5joa-b.

B. nEffBI gfnpfgp Ilt D!;fAfL - Sf 56f6Joa-h. 
,

At locallty ff 581610 rhythnr evprage aboot , ft and raBgp

fron about Z ft to b ft thlol. fhc baaal candetona lr gcasralft
about 6 taotrr tblefr end eonrlrtt pncdoltnently of mdluu raod

rlt,b abundaat fragpnte of nollulcen rlrlhl 1e rufftelently
Pcrruablc to act aa aa agulfen, aad te lottlad rtth ruaty brorn

lleonltc ttaln. Dstrccn tbo Eaadetoae aad ovcrlylng rudetonc la
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Rus[y. slohcd blvc'grcy nuddy !3E. as bclow.

lrrcoular. bor?d surFocg - disconforrniby
bclWean' Lwo rhybltns.

Btue.orgy nudslortc wL[Fr, son? nnnuLg
flagnailie oF notluscan stratls.

Foorty dcvolow,r nrcrooaddlrrg
Zot.o oF nosl roDid gradalional

Rurty. 3Boinccr bluc.q?cq nreddy
conninr,rlsd nolturcan' sheltg.
lrroguler swfaco, os oboro.

fttudalons, os obove.

chango.

ssl. wlbh obundanl

5 _:21

- 

L-'-

=€5-l:--'+#r

-=:J-.---'.-:
:.+t 1_.+
-- -:-;- -, --:i :r'..'t' 9rlr:.i .j
fu*t''[tt-Eib

Flg. 2: Dlagracnatlc eoluunar: g€ctton of turbtdlte

rhythg rhlch tag BaEpIed ln detall. at loeallty
xl58f55Q, Cleland crecE. fle lattta v€rtleal
posttlona of saEplos e to h are sholn at th3

lcft eldc of tbc eolunn.
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a tone of rspld gradatlon about 6 lnebee thtck, f,lthln rbleh'

tn aoae rbttbns, tc a narror flnely bandcd Boncr Tbe oppcr

part of the rbtthu eonstste of trlue-grct nudgtone rlth no

obvloua tayerlagr contatnlgg lnrregrrent anall part lotce of

nolluscan chcll.
$tandatone and nsdgtoac bands fle claroet cgulllt Eutccpttbla

to croston, and sole-lsortlngs can bc aoon only obleurely ln

rcctlonal vtGl. ttrc EppGr and lorer boundarlcr of fbythra arc

sherply dcflncf lrregu'lrr turfacer, tbe uoat gtrltslag fcatursr

bctng trlrtcd, more or lcrg cytlndfleal bortagc nf, to about I

lach tn r! laoetor, penetrat tng tbe oppGr a Erfaee of cach rbythnt

and ftlled rtth asnd fron tbe baae of thc next overlytng rhythn

Blght lailplce rarc cotlsctcd et close (Uut not cquat) lnter-
vala, Bpannlng onc rbttbn rnd lnclurl t ng onG aarplc ftos ttre top

of the underlytng rhythm, anrJ one sarnplc fron the botton of th
ovcrlytng rhytt$s, (ptg. 2.). Table V ehora the nunber of facicr-
rertrlcted rpoctes of caetr btofac lcs occurrlng ln Groh earple,

the totsl nmbor of bentbonle and pcl agle .pGctacna tn caeh emDls

and tar conparlaoa (ar tn fahle III) tbe totat nunbcr of reetrtct-
ed epcclea of caoh btofaclee.

?ABI,B V.

rrilEBR OF EPICIIS OF EAEE BTOFACIAB I3 EAffi sArPLn - r{ 58f6JO.
(Cata sbetraeted fron Table XI)

It: lIunbcr of Drstrlcted apcctca taoln for escb btofaclaa.

SAIPLE8 t-b

BIOFACIES

i. $batlor-totGt btofactcl
}I

,o
abc
2151'

defe
o9b('

h

1t
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table V eonttnued.

fi. Ealneleretla Blofactce

lll. !?obuloa Blofac leg

lU . Eemtpelagtc Btof ao les

Y'. Dccp-mtcr Ftofactcr

Total nusber of benthonlE
6pec tnens

?otal aonber of pelagto
spcc trena

Na
150
n,
rhl
20

hc

,3
tto
22
oo

II).
gAIEI.ES

240
170
too

ef
22
8rO
ft
ot

f36

I

lf
t
o

!-h.

?f-77
1297
16 hr 25

d

o

o

o

o

h

t
h

o

o

18 %82 2 grrb6i2T 9'

8 t5 0 1t fo

Bverf lanple cxeept rA|', rhlcb ta alnort barren, eontalne

Foraatntfora from at leaat thrce dtffcrcnt blofaelcr, uolt coD-

tatn braulnlfera from four blofaelca, and oac eontatne Foranln-

lfera fron atl ftve. Eeadstonc earpler (tb|, ioi, and "htt)

eontatn a hlgb plopoltlon of ehallor-rrtG! spcctee, rbcr€tt nogt

mudstone aamplea ('a', rcr, "f*, ngo) aontala a btgb proportlon

of, dGep-rater speclcg. ?hta uncqual dlgtrlbutlon of Epcqlos 1r

p"Flleled by r Eore marked dtffarence tn the relatlve Lmberr

of spoc tnene (laUtc YI, and Flg. ,) .

TASLE flf .

lfTflD8R OF SPECIIffiS OP NESRI TBD SPECIES OF F:ACR BIOFICIES I]T

EACE SAIPLE - IrI58f6}O.
(aata abstrastcd fron ?ablc

gPtsCIHEltg FROII

i. Bballor rctor

[. Eecualcrells Blofaa tcs

iii. Robul us Blof ae l es

2tg
o12
210

lr5

13

9
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Flg. 3: Bar dlagnan to shor dlffen€ncoa ln relatlve
proportlone of ahallol-rater ebclle and deep-

rator ehclle at dlffensnt revole ln thc turbldltc
nhytboa eanprcd at ilt 5a $3o, gBeelusne of restrle-
ted sp€elee of each blofaeles (ffi ln table
II) ere eboro as a p€reontaga of total ehsllc. f,on-

dlagnoetlc epcolea are narked r ln Table ff. Each

bar repnreantg oEe of thc Bstrplea a to h and la
plaeed horlgontally at lts eonrcet level agalnst tba

eolunnar asetrgn of tbo rhytbna at thc raft elde of
tb6 dlagran. Tb€ propcrtlon of ehallor-rater sbell.e
relatlvs to deep-rater sh€1IE abruptly lneroases at
tbe bare of cacb Ehythn and deereesos Bonerbat

lrncgularly froq thc baae to tbe top of each rhytbr.
Sanpre d repneecnte a falrly tbln sonc that rs af.-

nost barren of foeelle.
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Iable VI eontlnued.

N. Semlpelaglc Btof ac teg

lif. Deep-rater

llon-d t a gnoa t tc Epcc tnene

PeIa glc Bpee triens

Total spec tmena lol 195 2 roh fi6 1t6 9b'

- 22 -

t

o

11

2

r8

1

o

t1

I

2

o

96

26

o

o

2

o

2

o

ht

1t

12

t
7lf

ro

f3?

to
oo

85 25

99t

Flgure 3, a graphleal peprcsentatlon of Table VI, ehora

rhlrthple f luctuattoa tn retat lve propotttona of shallor- and

deep-rater ehetla rhtcb eolnetdea more or leas rtth tbe rhythntc

fluetua'tlon tn relatl,ve proportions of aand and urtrd. That

ahal'l ol- and decp-rater ehelle rere not eomBlctely tntcmtred
tndleates that the aha11ol- and deep-later redtnente rere not

eompletely tntcrmtred.

Res trleg tbe change ln proport tone of abatlow- and dcep-reter

ahetla tbere te a change ln the total nusber of shelle. The

baeat aaadatone and t he nudet one genetal ly bave abundant ebe1 1a,

but ttre gradat lonsl zone betreen the aandetone and the mndgtone

hae very spsrse ehetle. Thle ohange ta due to dtfference ln the

number of ehelte deetroyed durtng traneport and depoeltlon of the

aedlnent forntng dlttetent nodee of tranaport rind depoott ton.

fhe baeal eandgtone te moetly shallor-tater eedtment rltb
aballor-leter fosstle, end 1s consldcretl to bave been trsneported

a8 t4 . rt
uag denae;

/
,("na eeeenttally a ratery glump
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ff-f t*rb,rlenflU

ryt1d|ratberthanflorednfrontheuPpGrpartofthc
contlnental ehelf dorn tnto nueb deepcr rater. Durtag lts traaett

dlorn tbe alope tnternal uovcnant ras anfftolcnt to thoroughlt

lntermll Forgminlfara and gedlnent ptcked up on the laYr and to

part tally aeparate coaroor serl lnent fron f lncr aedlnent and

larger sbatla frou snallar ebclls, bnt lt raa not anfflclcnt to

dloatroy Eorc tban the largcgt and moat fragtle ebella'

The latcrnedlatc soBG betraen tbe baeal aandlrtone and ovGr-

tytng mudetone, rhteb ta aearly barren of foaatle, ta the only

part of the rbytbns at Cloland Crcct that ahors sat mtcrobeddlng.

U!. S. Enetanovtcf ana the rrtter founa that nnch thlcEcr and

urtrally convolutcd ntcrobcdldcd letors ta Oltgoaenc (Otalan)

turbldltes at Ekenul Etrean, Ttnut, tttrcrapar ere tnvarlablt

barrea of foael'l a, tbongh fosetla are genetalf y prcaent tn

Enderlytng rotr-Blerobcdded eandstone aad ovsrlytng non-mlcrobcddcO

nndgtone. ?he nlorobeddlng lndtEatea aortlng and euggeata dcpoo-

Ittoa by falrly rapldly {$oylag rater tn rhleh abraelon Bty hevc

been a trong. Tbts par t of the rhyttrn le cons ldercd t o havc bcaa

o, *o;nfid$*{Krrent sbtch tas sencrated by tbc

latt tal elunP.

Irealve mndetone ovcrlttng the brrren layer f88 Brobablt

d,cpoe lted easent lally fron auepens lon after rater novenent bad

glored dotn. Fsrantalforsl shelle ronltl have becn snbJectcd to

s6a1. and tear durlng traneport, and probebly the nunber of abelle

dcetroyed rould vuy fron one turbtclttc rhythn to anotherr bnt

no ahelle roald be broken durlag dcpoltloa.

lfo faunal evtdence urs foudil for aD aotochtbonoua laycr of
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the ktnd rhlcb odcurs batraca rhtttrrng la ths YentuFe Ersln

(natlaart and Koenea , tgjl) . glnptce Fi t8f6ga and g rarG takcn
-{l( ,.r4f

os ctoge to tbe top of rlrythr aeleoratble rtthout coatstnatlon

fron tha ovcrlylog rhyttrnsl and both eontata nlled btofaelct.

Elther Bo autoehthonous aedlmcnt ras dcposltod ln tbo tlnc tntQr-

val betreen depoaltton of rbltbmar or p$FG probabtt autoobtbonons

scdtnaat tas atrtpped off by caeh elq prcc"edtBE e turbldtty

flor. Tbe bortage tn the top of eaoh rhythn cra probably rcrolt

tbe lorer ende of burrora rhtoh orlgtnatly ertendled np throagb

the autoeht hoaonr eedlncnt, and rhtoh tcr? ltt 11 oooEptod by

llvtng anlnslc eftcr ths ntr rhythro had bcen taldl oD top. 0and

probably uas enpleced ln the truncatort blrrora by tbc bnrtd
antnale borlng uprarda ln a futlle effort to '

DBIryE OF DEPOSI'il(IS OF TM TUFDTDTTBE.

fn the aboencc of autochthonoua layero a mlalntra dlcpth of

depoettilon i0 tbe bcrt tbat can be clctrsnlnad for the turbtdltce

at Cleland CrceL, Tble le the nlntmun depth of tbc dcc9crt blo-

faclce roprctcntcd.

Ttra Ecnlpatagtc Blofac tea ta the dcepee t reeogatacd r lth

rcaEonablc ecrtrtnty, the evldenoe for thc Eupotaglc Blofssloa bG-

tng only tbe tro benthonte EBcGtcs Bollnlna 3T*ganclla and

Horcgttta_slolndlF. tbo chtcf cvldanse of the rlcpth ltager of

thc Bemtpclagtc and Eopalagtc Rlofaelea (atacnesGd troFG fullt

by Vctla, 1!62a, {962b) rre the alnoat total abgence of f,olluaGrr

Brachtopoda, Bshtnoldca, Bryoz,oa anr! Ottraeoda, and thc relattva
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sbundanee of Foramlnlfera, end eapeelally, a htgh proportton of

pelaglo forsmtnlfer-t ehells. Whea freed of eadtncnt tbc Enpe1aglc

foaa11 blofactee ts elmllar to Olobtgerlna oozg, flth pelaglc

ehellg up to rnore than 96 of atl foramlnt,fcral lbella. |fhc

gcmlpelaglc foagtl blofaclea bas from bOS to 6q of petaglc ohclls.

In geographtc dtstrlbbtton for any parttcular ttme, and tn rtratt-
usrraltt

graphte seqnences, the Robulue Blofaclee ln-e=5ff+ tntervenc!

bctrccn ttre Semtpelagle Btofaclee and^ the Haeuslcrells Btofaclct.

The Robulua Btofactea hae from 36 to 5Of sf pelagtc ehellar and

a htghly dtagnogtlc molluacan faona rhlch la elnllar to the daep-

eat preaent rlay arehtbenthal faunaa deacrtbed by Dell (tggf) fror
dcpths of 15OO to lSOO ft. Thte ercblbenthal molluacan fauna markg

the greeteet rell-docr:mented ctepth tn the deptb seqnenoe deftned

by blofae tea tn the late Tert lary roeks of falrarapa. Tbe lleml-

pflagtc and Eupelagtc blofac les b0th repreacnt cons tclorably

greater deptha, bot the actaal clepth ranges attrtbuted to thcu arc

baeed malnly oE data glven by Phleger

( t96o).

?be mlnlmum ctepth of tbe Eenlpetaglc Blofac!.ea ts eonoervat-

lvely eatlmated to be 2,OO0 ft., and tbla le the Loaet po8elblc

rtepth at rhtch the Cteland Creek turbldttee eould have besn

depogtGt. lhc best eetlnate that can be made rttb the preeent

data ta betreen broffi and 6'0OO ft.

ccfrcl,ugror8.

tnrbtdltes at Cleland Crcek eontaln ntred deep-tratcr and

fenta.{ ive ., be , n
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ohallor-;ater ioranlulfore. A ttptcal rhytbe eonalcta of thrcc

poorty dlffcreattatcd bft trtghl7 dlrttaettvc laycras e baeal

aandctonG rttb abundant foeglla represeattng aluruped ehallol-
reter eedlnent rlth a e&rll ptoportton of taterutrcd OceB-latcr

scdtnent; an tnterrrcdlatc latar rhtoh 1e aonrroaly mterobGddGd

and barrcn of fssatls, reprcrcntlnE rcdtsent depoattod by thc

turbtd tty aurrent rbtclr rEB geactate{l bt tha elunp; E sstvc

sudetonc rltb abundaat fotol'!.a, foralng tbe Eppat part of tbc

rbythn, raprGscatlag aedlncnt rhteh rre tbrora rp tn the clon0

abovo tbe tsrbldlty eurrent aad depoattad fron sosgGaaloo aftcr
thc tnrbfdlty current had caaeed to flor.

lfo knorn ;sode of deposltlon, 00hsr than by submartnc tl[np-
lag and tnrbtdtty current aooounts for tb slnnltancoee qblag

of f""p- and shallor-r€ter nhells, strG-tootlng of gbellt, end

tlcatruct ton of ;bella. The tErbtdltca rcredldGpor ltad at great

deptb, probably hetrccn hrOOO ft. and 6'000 ft, aad tbc ecdtnentr

rhtah conposa the* rere derlvs0 froui atl obatlotcr deptba Ep to

about hOO ft or tess.

Thle etqdt rac oocrcnccd rlth thc purpora of taatlng faunal

ntrlng and ths cxletcncc of aqtosbthonoue laycre, and dcterntnlag
and qqrte

depth of depoattlon. The rnanlts exceeded cEpcctetlons, tnctil*ng
e'Pe'.*tpolttlve evtdence of tb;i5rLfts of depoaltton of af ffefnt parto of

5uppf e Teltthe thtttns, $tudy of rell-erpoacd tertlary turbldttcs caiinf+€Jld

dsta c+t obto l ncbl e by oseaaographtc nettrods. * molG stst lat t.eal

approach ta nccded, but rua not "erraated bf the nctbodc of sanpl-

lng aad of deterutalng retatlvs proport lona of specfunene uged ln
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the present 6tndy. Iore rhythme ehould be cloeely aanpled at

Cleland Creek to test hor eonatetent ate fannal chrngcs and

layertng, andt turbtdltes other than thoae at Cletand Creek

eho rl 1 tl tre ex arnl ned t n t he gane uay '
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CL*LABD C ,.iitsK, SAIEA'IAPA r irs* ZiiAIdiiD.

By Paul Vella I Vletoi,le Untvcrnlty gf ils lllugton.

ASgi.IfrAcT

Tto alerogatrpl€s terc talccn, ono f,noa Brndatorc end oE
from rnudstonc, lD a rhytbo tn Upper l{loecas turbldltce et
Cleland Crceh. Alf tha tpceltanr of tro rpcelce of Forao-

lntfcra tGFc Fasuntd. $nalI apecluont prodonluta ta tb
mud gtonc , langc Bpcelncne lu thc Bandetonc. Tb6 mttuun
el ae le abost tbe EaEG ln both cendatons aad raudgtono, but

tbe atntmufi elrc le nueb slaller ln tb nudstono. Thr ghgUs

of Forantnlfena ar€ algs-sorted ln ths Baile rat a! tb
elaette gralDE.

IirlliiODiiCIf Oir

Th€ proeocdlng papcr glvee Foranlnlfera tn Uppcr [locerc
tulbldltos at CleLand Creokr r;rLrarape r and dleculs€! ycrt-
leaI ettranges 1n taroaomle eorpo;ltlori of faun;l;lthln
lndlvldual nhythoe. fh; follorlng eeeount dogerlbal a pno-

llnlnary tnvestlgatlon sf vartleal ehenge ln atera$e alre
of forantnlferaI ehslla rlthln ono rhythn at CLcland Cnaek.

Tho loeatton le ahorn ln tbc prceeadtng papcr ( Vclla r 1961r

Ffg. I ).
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nrhel r (t9n', I erl I eeted rni erns(-rrnnl es 1'rrnr Lhe sendstone ancl

,ntJCstone lrhetses o1'srjveral l'hittlrrns, I)rtrJ-- exalrnineitinn t'^r atr".

dr,tprminat.'l on I t whs n"rti eed that the ar\/sragE si ze n1' the

-.'rrArlini f'er:r in the sanrlptnne satntles i c greater ttrern Jn the

rnudst'rne seJrnnles. 1'lrls i:r:',1 ies tn setttrrtles &s e *'lrn1 e, ds 
":a 

be

eersil',1 seen by e?rijrirrtnr rnotrnt ed sl iees, i.rrtd to inoivlrtuetl s')ucies.

-^r a fn.rp r'rr)ant i tiJt I're inire,st i qAt i nn nf' the :1.re, dl stri bttt.l o6 'rf

t'rl'Arninii'errtl shelIs Ir",- rt'(-r1.Del1tS sarrrnleS f'1^nri nne fh;rthrn n'er.e

Its'ed. --he.l rere.nlt .]renarred es'-,ecliJll.,' J'nr t,he '.)ul^n1se, arnC serve

rne.'rel',r to inrjieate tki,t t.hp shells :ure rJr:t'in''i telv .o1ze-s.rted and

t.l'a t a rnnre thrrntrc'h J nrrF'9t i rat.i on '-ntt'J r''l i'te -ar rant r'd.

SISE FRESt'ITCY }IgTR.ITBTTTTOFS OP I:TNIVTNT'AL SPFCIES

Only a fe; saarplGa contotn 
"nough 

lpGctmeae of, aD tndlv-

lduel spcoles to rhor etstlatlcally otgnlflcaat dtffercncce

ln ttzc-frequGnet r{lstrtbutlon, A useful spGctcs Buot have a

resronably large adult shell and t snall Juvcntle ehellr aad

tsuet bc rbtrndant ta both the undttonG pbaao aBd tbo nndttonG

phase of one rhyt tra. ocnerally only t snall proportlon of

lpcctca 6re abandant tn rnt Ron-turbldlte seaplcr and aDy !pco-

lea ls generally lege comon tn t urbldlte tanplcs then ln DoB-

t urb ld lte e anplea . Furt hcrmorc, BpGa tce rh lah aro colrnon or

abundant tn one phesc of a turbtdttc rhytbn tsty be lafreqrrcnt

or rare tn the other phctc.
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The specles rhtch moet obvlonely ehorg the elze d'lffercacG

betreen aandatone andt audatone phaaee 1g Karrg'lella cgllndltgg

Flnlay, a large arenaeeous lpeelca rtth dtgttncttve Juvenlle

end adult etages, rhlch ta generalry repre8ented noatly by Jtrv-

enll.eg tn the nudetones and mostly by adulta tn the sandatonoEr

Unfortnnatoly tt le too lnfrequent at Cleland Creek for etsttt-

tlcal gtudy rlthout nqch largar srnplea than thoae avatlsble.

Thc ruoat sat tsfactory ex anplee found rere Hof*eT-uva

(Tr lsprygva) of . zea!:u"ulg-ata Vella and t{otorotsUq cf ' deoreagg

Vella ln eandetone and mudstone eanples of I rhyttrn at locettty

fr11.,gt61r. the tro aanplee rere of t he slse uarrally collaetcd
o.nd r^rcr€ '^t*;h:J- bl rto"i|'ne ntcthod ovcr .[ at|.o m'€slr scrce{'

aa spot ouiiii;; -retgnrng a"ppror lmstety oae ooundl A1'l spaa l^B-

ens of both Bpee lea rere p tcked, antl reseonabty 1 arge nonbers

rere obtatned frora the aandstone aanpte, bnt rather enatl DtlE-

bers from the nu6atone e anple. lTgtng an ocular sealet spGctn-

ens of EofEeruva xere rueasored betreen the apcf, and the apeF-

tnral end, and Fpec lmens of fo-tglgtalla rere Beaaured along

the Baxlnrr"m dlameter. UeaBurernente and numbers of spectnenr

are qlvcn ln table I, and are plotted as htstograns ahortng

numbera of Epcctnena ao percentage agalnat ltnear tncrense8

tn slse tn flgure I A-D-
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TAETE I

DII|EFSIO$S OF TtyO SpEOItsg 01? PDRAUIFIFERA IIq SATEgTOIVE .AI{D

IIUDSTNFE OF A TTIRBIDITE RI{TPET

Locallty: fr'158t625, Cleland Creek' grld refcrenee

I lze lrgr,b e r-g-{_Spgg tgtgEe.

IIJg-onogyg
cf. zeaerlrnlnats

llotorot 4!it
c f. depgessg

Idat.

t50

IIn. 8rt. Hdat,

i
Sct.

o.26
o. 28
o" 30
o.r2
o. 3tl
o. J6
o- 57
o. qg

o.bl
o.u5
0.b5
o. b7
o. hg
A r'51
o.52
o. 5h
o.56
o. 58
o. 60
o.62
o. 6h
o.65
o.57
o. 69
o.7l
o.73
o.75
o.77
o.7g
o.80
o.82
o. 8b
o.85

-
-
I

-
-
-
a

-
-
-
1

-
I
I

I

-
I
a
G.

-
-
-
-
1

-
2
-
-
-
1

-
-

:
.D

-
:

-
:
I
2
-
2
2
2
,
6
,
2
2
t
6
2
5
2
It
6
I
1

2
-
,l

;
1

,
h
2

2
1

!
-
.l

-
I
-
I

:
t

I
I
t

1

:
-

-

-
I
,
1

1

2
2
,
5
2
2
5
,
h
-
2
3
2
lt
1

5
2
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I!.

o.88
o.90
o,.92
o- 9b
o. 96
o. 97
o.99
l.ol
1.03
f .o5

#1:?l

Total Spec tncne:

$at.

tl
-
2

I
-
I

j
I

58

trtst,

-
-
-

-

-
-
-
a
t

-
-

26

8at.

-
I

-
-

-
-
-
-
-
-
-

AI,Yrf

Idst.

-
-
-
{-
a
t

-
-
-
-
-
-

r8

Tbc thrcc matn fcatureg of the stze frequency dtstrlbntLona

arel ( t) Javenllcs pretlonlnate ln the nudetonG rhlle adulte

predomlnate ln the aandatoneat (2) Bpeelnene rlth a Ecasured

dtnsenalon lese than O.h5 Eul. oecnr only tn the nudstone phaacg

(f) A greeter rsnge of etzea occurc tn the mudetonc thaa tn

the aandetone, t he iLffi lnum aLze be lng about t he Btme ln bdtb

nudatone snd eandatonc. Largcr osnDlca liron t he mudrtone

could not upaet theae conclualons.

In genersl. ell sllee of aheltg , fron prolocrrlnm atage

to adult, are teprcacnted tn eny onaorted aanple of Foraotn-

lf era. The abeence of I pec lnena leaa t han O,lr 5 En. (rhtoh . te

consldcrably lar':er than t he prolocnlrn of etthor apcctce)

tn the sandetonc phaae therefore tndtcetes &echantcsl aorttng

of t he sbetle. The htgh proport lon of enrrll Epec lnena ln thc

s.qdatone ts alnoet certatnly to be cotrelstcrl r lth the hlgh
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Trigonou t/a of.

zeacaminah

rn.{difo ne phaie.

rl= lb.

t/ofarofalb cf.
deprusa

mudstone /rose.

Triqonouua 4.
' z"occtrtrt-rdr"

5 andstone phase

n = 58

n = f 8.

Aloforotalh
depressd

Sd'ndstone phase

f1 =' b+.

es, l'1a ngatiti Road,

ff=1b

jtr . . . rluutqenna mtozet
d

m&ssive mqd slbne
otlcte't.

C.
,T

cf

nrrdsfi
.//rigerina 'tlmrozed - Pho,l

"T

ll=

one 
I

II
I ttuutQCft lla

G{

Sondsfo^c
flr. o o.f, t,'I

miozc6'
t

Drasc.lr

Strea*.

50

+0

30

20

t0

0

H.

l-00'06 oo? o.ur or oLf 0-36 ofo o.7t t.0 mrTL O'lf 0'E 0|r(, Ofr 07

Slze-fnequeney hlatcgrans from same data as thoae ln

ftgure l, but ahorlng pereentages of Bpeclnena ptotted

agatnrt logarlth.Elc lncreases ln etze (Wentnor.th Scale

rlth double the usual number of tntervala): A - D,

Clelancl Creek; E - fI, ldangatttl sres, adapted from

Scott (t96t).

Ft g. Z.
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proportton of large Bpectmene ln the eandatoae, aad le due to

Eeehantcal sort lng.

In thelr sorted conr!ltlon the foraqlntferal ehalls arc

"eprss2fr,t,te flrc o'iginal- fi.ui'r3
nitii eb'mdtEa--of t a-lt4fnrrnlat to-na sn(t ghonl d be regarded aB

eedtnentary partlelee. Hletograna ahortng pelcentagee of

Fpectniens plotted sgElnet ltnear tncreaaeo ln else gre spprop-

rtate for studVtng forautnlferal populatlona but not for

atudylng nedltnents. "{letoEros\s rcre thcrefole replottert to

eho; percentagGe of spect&ene egstnat a Fentrorth gcale rltb

double the ueuel number of dtvlatons (-1g. L A - D). ?hta hae

t he eff eet of cosipreee tng t he larger e tsea t nto a anal ler

nurrber of elaascs, aektng the rlqht hand end of csch hlatograE

more eompact.

?he st ronglv untmodal olze-frequency d latrtbut ton ond aharp

cut-off of the emall elzea euggeate fatrlv good aortlng ln thc

aandetone, but claattc parttclee cf much larger stze then thc

Largeat Beaeured lforamlntfer also occur abundantly ln the gand-

stone. Tho lack of anall spsclucng la the moat Etgntflcant

feat ure .

The ocourrence of much smaller speclnenc, and the predon-

tnance of eiosll Bp€clmena tn the nondatone are t he nost etgntf-

teant d lfferences betrecn slze frequene les !.n *iutletone and

esndatone. ffi, The amalter atzee cut off ebarp!7
5.^t in this co'se the c.^t +P is

tn t he mutletono, EB ln the eandstone,
.o'lf'o fleJ b5 rhe 9f n:i:- ^oP:1'1I ^'f-Jil" iL':t':19 !':::1'Trtl',t Tyt';.4 The largcr range df etzce ln

the mudetone doee not lnd lcate poorer aortlng ttran ln tha sand-
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stone beearrae the maxtmuu, etse of ahellg te lesa than tho !![f,-

tmun etze of clastlc gralne tn the eanclstone. The ncrlmtrn atse

of shella ln the mudetone ts about tbc ssae aE tbc Bartmun elzc

of ehelle ln the sandetoae. Vlered aB parttclee rhtch havc

settlcd from suspcnalon, the ahelle tn the mudatone catr be tatcr-
preted aB E poorly sortGd fraetlon rhlch aettlecl later than the

eandgtone frectlon, but earltcr tban the fraetton contalntng tbc

E6all0st Juventles. Adult speGtnene (and larga clsgttc gratng)

tn the mudstone msy hsve been csrrted tn bf the tentng tnrbtdtty
eurrent after the depoettton of tbe lorer part of tbe rhyth,u, or

rilEy have eettled late due to ttrttn havtnq becn earrled exceptton-

ally htrh above the sea floor by eddtea g"ncrated above the

t urbld t ty eurrent.

$leott (tg6l) dtscuastng the node of fornatloa of rlpper

Utocenc graded-beddcdl atrata at llangatttl Road, 25 rnltes Doltb-

east of Cleland Creek gave slze freguency hletogrene for "9$&
er 1n q_nl oz eEil , a spcctee atmtlar to !rtrongnva rcaeuntnatar tD

the uF[rer parta of tro nodatone phaaea. For eomparteon be gsve

thres other hlatoqraus, one for "Ltl-p1@, ltr nearby

Easstve etltetcnc faetee of about the aame agoi one for oIIvtE-

ertna rslozear ( undoubtedly dlfferent from the upper Utocene

spectee) fn a gandetone phase of nearDy late Oltgocene etrata;

aact one tnferred fron pubt lghed dsta on E] ohldtun erlgPug

1lvtng ln natursl condtttrlot.

lun erlopum are rePlotted here

L E-U )toshonnmberaof

All e.Y cept t hc onc for SlP,b!!-
( ffguret f E - E and flgurca

ap?cfunens as pcrcentagea



-8 ,ff,

agalnet llncar tncreases tn aLze and against logarlthnlc

(nodlf tecl fientrort h Eaele) lncreaeee tn atze. EIze freq-

uenctes ln the mudetone phar:ies of the grarled bede 8re elntlar

to thoge tnfenred fon BIB!l,alum crtspuP tn betng blmodalr and

Scott tho rght thts 1lkely to be duc to a hlgh mortalltf rato

of very younq tndtvtdualc and to tndtcate that the foeall

populat lone ln t he nnr:tetone phaeea rere not eorted. T hla

eoncluelon loul'tmply etther that the gradetl bede at Iang-

at ltt Road are not turbttllty current depoelte, ot that the

upper part of each mudgtone ls a rlletlnet layer not part of

the grnded becl depoelted by each turbtdlty current.

Ttro inasalve rrudetone faclee ls general'ly an extrenely

poorly sorted ecdtnent (Orbelt, 196'l) and probabl"y eontaias

unsortcd foeetl poputatlona. The elze frequencles of
rgvlggrtng ntgggg" ln the lnaestve inutlgtone (pfee. t'l{' AH)

are not blmodal, but on the contrary ehor nearly nnlform

percentageg of nearly all ercept the largest alzel of ahellg'

?he btnorlsl alze freqnencles of, E!pfrl-d-@ therefore

eannot be taken as typlcal of unsorterl dead pofruletlone of

all Bpee 1es.

In thetr axtraordlnartly hlgh content of Jovenlle ebellg

t he dndgtone phaeeg of the gradetl bede at tlangat lt I Road d lffcr

fronr gcottfs othar examptes. They resemble the nndetone phaae

at Gteland creek, but the stze range of ghel'l s ls targer, the

ntalnuaelzeteenaller,anrlthepeqtsfrequeneyntzetegBtller
( ehorn mogt Clearly by Flg. lE, F) b.co,^se n fin"' le":eel. s\trs "caed 

i'

Drlpa.r*fi.^ "( 11+e So',a^Ples.r If Scottfn sampleg (rhtch rere taken from the topmoat
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FaFts of tro rhytbna) rcre fron tnrbf dt ltaa thct ooutd rell
repreaent that f tna 1 gtage rhen the f laent uater.tal ln thc
cloud forned bl the turbtdtty current trae settllng. tbc
geeondary peaks of largGr elges o? ahella (Ftgs. lE, F,

Flg. trE, F) rhteh are aot fountt ln the Cleland Crebk Btrd-

etone phaoca) drt not explatned, and thef Eey tadteate a

aomerhat dlfferent aode of deporltlon. lltcrnattvely, thero

gccondgrypeakgEaybeeubjeettvebecauBe"r
mlght tncludc nore than one Epcclca. Furthcrsore ftgurce

tP aad trF (Scottrs Ftg. J) rere baaed on opeelseae froa tro
I arup leg.

fhe Lsek of etatlettaal eampten of " t

from the aandgtonee tn the graded be,"s at Haagatttt Rord *
r^r-eq-Kgv\s

t*$B tha ooncluelone clrarn by Ecott from the mudstoae !iB-
plee. tlcott atated thst Juventlea and adul te ocour ln .

(l'1",*qo.f;t R""J)
eanple h fron the gandetone at localltf l{f 5b t521;, but gsy€

ao lnd.toat lon of relat tve f reguency or ef ntnlruln stse. ?bc

s lze frequenc les of "Ultger lne_slpgeg' tn t he aandstone phmc

of upper Oltgoeene graded beda (ptg. lO, Ftg. Ze) ere rcnarts-

ably elnllar to those tn tbe gandgtone pbaae at Cleland Crsat.

8o far frou representtng tEn enttrely dtfferent aet of BGdlr-

enftary condttloasr aa remarksd hy gcott (p. S7), thlo klnd of
rlze freguetrcy la probablf thc conplenent of thrt ln thc ntrd-

etone phaace at fangatltl Eoad, aad strongly ouggerte ftnllel
ooadttlsna of dcporttton.
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coFcLTtgIOf,g

Dtffereace ln the EvGrFSe slses of forantntferal rhclla

tretrcen the eantfetone and niu'latoae phaeen of a turbldttc

r hytlrn at Ctel sndt Creet tnd lc at ed ucchan leal eort t a$. Tbc

eorttng te troperfeet llke that of tbe c188tte ecdtncnt of

t he rbyttrm. Furtbcr rork le regu!.red to dcternlna thc ooll-

staney of etze frequenetea tn dtffercnt petta of turbtdlttc

rhythns, and to dsternlne tbe full aGguence of vertlcal

changca ln a rhtttrrn. Largc Err genples tstI be regutred to

obtaln ctattatloal eanrplea of a parttonlar spcclCe.

A blgh fregaency of adnlt ehella, unlsodal etsc freq-

uGDcf, and abaenoe of suall Jnventle shells la probably

dlagnoatlc of aandatone pbagee of turbtdltes. A blgh f!eq-

nency of Juveatl r ehcllg and terge stzc rengo ls probahlt

dlagnoctto of mudatone phaaee of torbtcttee. The late

ol tgoeene gredled-bedtled strata crnpled bl goott at Hangatlt I

fltrean 6re turblrlttca. Tho ?Ippcr Htoaene grrdad-bcdded atrata

aanpledl by Ecott et langst tt t Road trG probably nleo torbld-

ttec.

qgPl[pE|r$$8

orhol r.l fi;. B. , 1961r ? he Oaology of the Saur tcovttla Arca.

I. ga. TLests. Ylglorla ltnl! .

1962: Oeolof,t sf lgur teev tlle D1atr let . Eggg.

Poy. $oo-, et. ocoforv. t ( t?) r PP . 25\ - 267 .

geot t , G. '1. , i 95l : Foramlutfcrg fron an eltarnst tng segoencst

Eket a huna, ![G* Zealand.
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Vclla, P., 1962: BloetratlgraBfly and Paleoceology of

liaurlcavllls Dlatnlct, Nel Zealand. M'
: I El-l 99.

1953: Foranlnlfera fron

rtal rarap! , licl Eaalend .

gggp!$. ( ln prts!) .

Uppor lloacnc Turtldltcal

NsE,-{gg&-999.L:.



IX - FST{AEINIFBRA AND OTHEi? FOSSILS PROI UPPBT(

TtsrtTIA&Y DEEP-bATdR CO RtL TUfCKmg,

ytAI BA*APA , $!lS ZBALAHD.
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I'hs follortng papcr ras pr€pared at the
Il . F. -squlree of tho $rnltheonlan rnetttutlon,
D.C. , U. S. ,r . , and ls intended to follor rrle papor on

fosell eoral thlckets of btal rarapa, lr the .i.ounnal of
Pa Ieonto logy .

$mell "reefG" bullt by ttaberoatyple{ eorala have bcen

'<norn ln eold r Eoetly deepr uote re for n€arly 1OO rooFtr
but eulteblo equlprent for etudylng than hae only ree6ntly
been devlBsd. In 1955 the noode iiole Oecanograpble Inatl-
tutton eharted by eeho Bourrdlngo nora than 2OO rldgcs
wlthln an arce of 1r2O0 Bquars nllea at thc northcrn snd

of the Blake Plateau , off tbe eouth-eaet eoa et oO l{ort,b

Arcrl ea. A fcr of tbe rtdFes bave elnce bcen atudled by

ntanE of dredSlDF r urrdersate r photography, datnlled eebo

Boundlngsr Eod setenle profllee, and hsve beeu ldentlftd
a8 banke of eoral { gtetgon, Sgutrec and pratt, 1:t6Z*) . ffrey
aro up to a ml le long and 150 mete.re hlgh. . bc nortbe rn
part of the Blake Plaleau rsngcc from 55O to I'OOO metert

deep. /lgsumlng taat al} the rldges orl thla part of tns

-l---€--*+-c---- *---- 

----t steteon, T.ft., $qulne6, i).F., and Pratt, it.iri., 1962t

Coral Banke oeeutrrlng in Deep-f.,Dtan on the B1ake plateau.

4g1gglgeg-ggSggrr1.}iggl-lel9g- ?11b, rp . 1 -39 .

raqucst of Dr.

hasht ngtoB r
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Blake Plateau ar6 bul}t by eonale, gtetgon, S,rulree and

l'r'at t nol nted out that deep-uate r eo ral neef g ara moro

extenelve than wae formerly roalleed, and probably Erc
of

egually extensl ve ln the pagt. ThLe ie1'eonelderabLe

tmpor"tanee'lo geoltrplate becauge fogell eoral reefe

have gsnerally br.cn aeeepted as good evldenea of troplcd

ehallor B€68.

;^ht Ie ror'klng on the Blalre Plateau reefa I)p. Squlrca

recall.ed two foeetl eoral etruetuneg rhtcb be had B'een ln

tialrarape ln 1959. 0n revl eltlng r'ier Lealand ln 1962 be

uag able to Fo-€rarnine t he ',alrarapa str'uetureg r and raa

satleflod that thsy aro eEserrtlally slnl lar to thosa of

the Blake Plateau. 'lhe r''alrarspa etrueturee ane the flnet

to be recognlsed eE fosetl deep-ratcr eoral reofsr aud

It,lre thelr rnodern eounterparte they rero eltce of 'thlgb
organl 8Dr

denslty naflne populatloner and trarbournsd nany r3rrirr

that dld not l1vc on th€ surrourrdtng Gsa floor. Fosallg

othe,r than eorals from rltbln the eotal raefsr and fron

t he eurrourrdlng sedlmente ladlcate eold decB rater r and

are dl eeu s Be d t n t ht' fo l lowl rrg paper o

Squlrse dlettngulehos foun developmental etagee of

the corat struetuf€81 taklng tbe Feolony" aB tbe ftret

etegc. Both of tbc ,al rarapa reefe lrave rcacbed only ths

eeeond etagc r cnd arre lrnorn aB thlekets. Tboy anc relatlV€-

Iy suall, eonslet oi' a numben of colonlce wttn elceely

lntcrroven branehael and beve no layer of eoral dcbrla at
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th€ base. Thc thtrd and fourth etagca, knorn eB cOppteoS

and banker ErB genoralry langer, and an8 dlstlngulebad by

Iayere of debrtg et the baee.

Ttre dornlnant eoral ln the Blalrs Plateau neefs I e

pgnglgplg!-IlF-Efggggdgl ard the oext ln lnportanec le

lgplgllg-ffg.Ilfggg . A t lcast tro ot her op€cte e oeeur

aparlnglt. ,f he Hal rarapa foael l thlcEete eontatn only Onc

Fpeeles of eoral, Jpphplte-lgglgoptg r Bo crtlnet spetcc

knorn only 1n Nev Zealand, but elo;ely nelrted to !gD$gt&i

Ero-IlrgIg.Allknormp'e3€ntdaythlcketg,coppteGcand
banke are eonposed of Eore tban oDs speelca of corlrr aad

oeeur ln ratere nanglng ln terperatule betraen 6oc end

1ooc. Thc knorn tenperatur€ toleraB@ of tog!g!!g-!ggr!!grg

ls fron 2.5oc to 12oc.

A map of ttn southenn part of tbs t'Jorth Ieland fron

frqulro't aecount l a Flven hene to ehor thl loeatlonnof

tho tro eoral thlekete (Flg. 1).
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fblclct (trtg. f ) and latc Farr1f Corel Thfckct

(rrg. 2).
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Ab etraet

Tro fosst I eoral thleketg ar€ knorn ln tValrarapt r on€

late Hloeetr€ r tbe otben late Plloecne ln age.

Fonaml nt fe ra from t be late ldl oea nc eora I t bl eke t tr rnd

the underlylng and overlylng nudctoncal lndleate e a€e

dcpth probably not lese than 1r5OO neteror and a temp-

eratule of about zo}. Bpceleg of llollusea, Ostnaeodt r

tiehlnodarnata r 8Bd Foranlnlfara are rcstrletcd to thl

thlelret.
Foranlnl fcra and Xollu eea fron thc latc Plloecno

eoral thleket and tb€ undcnlylng and oyitrlylng nudatone;

lndleate dcptha bettcen 2OO and ,OO netsrar oBd unecrtatn

but falrly eold tenporaturcE. Ecvcrel Fonanlnlforar a fcl

ettaebed Pe leetpodEr a free-eltulng Pslecypod I lEd a

Brachlopod arG reetrletcd to tbl tbleket.

Introd uet lon

The eoral &$gl!g-!gg!89!tg has beea found at

four placca ln l{er Zaaland and ran8o8 tn a8e firou loren

or nlddle rloeene to upper prloecne. At tro loealltlcq

botblahalrarapa,tbeorelforngthlclretedegerlbcdB
by $qulrae Ug6r) rho glvcs loeallty nuubcre and full

loeallty dctallg. Foraolntfcra and other foaslle
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asgoelated rtth the tro thlcketa arc dlaeuaeed bclol

rlth spcelal referenee to the geologteal ago of ths

thlekcte and tba depth and teaperaturo of tba raten 1n

rhleh thcy Frer.
tr,aeh tbleket 1e undenlaln and overlaln by nudetonc,

and llee on a dleeouforolty (Squtregr 196rr P. OO). In

eaeb eag6 the eorale arc aeaumd to lrava eonn€necd Srol-

ing on a flrn botton forcsd by nlnor eroelonr and lt een

not be assumd tbat th€ nud;tonca ;cll€ formd at thl sanG

ctepth aB the thteketB. Cong€guontly nieroserplag terc

eolle eted from rlt hia eaeh thl eket , froru sndc nlylng ad

overlylng mudetonea, and fron ecdlnente to one eldcr lsl

ordcr to dctenntne vertteat snd lateral cbangee ln ble

fael€g, Depthe r6ne datarnlned by a'r^.etbod deeerlbed tn

tro prevloue aeeountg (Vellap 1962t, 1962b), ualng a

relatlve acale of late terttany dcptb blofaclas.

A gen€ralleed loeallty rnap ls glven by SqulrGE U95r,

t;g. 1 ) . Tbs maln locallty nuders and loealtty detal le

are aB follorr:
1 . Hlnakura Conal Tbleket: J{f 66f 7t6 ' grld refanenea

15\2\7r lo0 metera rest of Pshaoa rtlYcP, 1i nllce north

of flret road brldge north of ulnakuna Poet Offlcc (ff8. 1).

Z. Iokc Ferry CoraI Thlckat: fif 65fhql , gt'ld referenee

682081 , i ml le routh-eaet of Lake F'epy Hcte 1r ln sea

cltffg north-GeBt elde of Palllscr BaY (ffg. 2).
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Plg. f : Ocologlcal ahetcb 6ap of nortbsnn end of iltnakqra

Valley ahorlng ltthologlml E€gusnee r and loeatloo of
Hlnahure Corel fhleket. DrerE fron a1r photoeraph.



166

F'lg. 2: oaologtcar eketeh Dsp of eoaetal anee nrar l,ote

Ferr?, north-eaat slda of Pal.lleer Eayr shortrrg loe-

atlon of lakc Ferry Cor.al Thleket. PItoecE aad lorcr
PleistoceneFitoccae atrata eborn rltbout upp€r Plaletoeeno gravcl

eote F.
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ilcletlvc abundaneep of benthonlc ap€elge of Forartll-
lfara ln eaeh nleroeanpls rcrc dctcrnlned by eovanlng e

, r z lnch trsr rlth a thln lerG! of reshcd eauplc and

eountlag tbc nuubcr of vlslblc epaelmna for aeeh

tpcelos. Tbr Fare Bpcelcs fcna pletcd out by rorting
tbrough tbr eonplote sauplc ln thc uauar ;ar. rn tablcg
1 and 2, rhteb ahor dlstrlbuttona of Forenlntfara at tbt
tro loealltlee, nelatlve ebundanecr tnr thora by tbo

fol.lorlng eyubola: a ( abundant) , noro thsn zo apcelmna

eounted; e (eonnon), batrecn lo and N apcelncne eountcd;

t (frcquent), bctreen t and 9 Bpcelreag counted; r (rau),

no epeelneng found rhcn eountlog.

TbG preeloe ldentltlos of planktonlc speelee enE not

rclevant to tble rtudy and rGnE uot deternlnod crltlcal\r.
Tbs proportloas of plaattonle sBs:lncns lu fonamlnlfcral

sanpla g rGFs detarulncd apprgrlnatc ly.

Elaakura Coral filcket

Ftve nlerosauplce ferc eollectedr all of rhlch telle

glven th6 BaEo loeallty nunber (N155f716) ana ans dls-
tlngutahsd ft fron one anotber by euffked lettars.
$anplca !r b, G' and d raro takea la vertleal Ilnc at

th€ soutbcrn cnd of tbc erposure of tbc thlekct. Dctatle

?tL-*^h- of ths eampla poeltlona ( ff g . ,A) erc aB follots:
a: nudstonc 2 mtera belor baea of thlcket; tblekat 1

nctcr abovc bace i e: thlekct nrar nlddle, layer rtth
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relatlvoly llttle coral; d: uudgtone 7 retcrs north of
northennaogt orpogure of t,htekct, vertteal posltlon
relatlve to thleket uneertaln, but probably ellgbtly
abovc baaa of thlckct; e: qudatone 2.5 nctorr abovc

top of tblekct. Thp flvc eauplca yleldcd e total of
1OV benthonle speelee and 1Z planktonle sBaeler of
For"anlnlfera (tauta 1). rn all aanploe rlor€ than 9q
of ghclls arG of planktonle apoelcs.

A gcareh fro uadc at thc outerop for laerofoeslle,
and tbe fcr traeca found arc montlongd brlefly bclot.
They er! extrcm"lt nrFGr aDd palnetaklag collcetlng dll
bc rogulnod to doal tlth ther adequatcly.

Tab le 1 goe a horc .
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Tab lc 1

Foramlntfara Aeeoelatcd rlth Hlnakura Coral fblekot

t1o1

SanBlce: E e Eudetone belor tblekot; b and G I lltbln coral

t ht cket; d , mud etone by nont h eldtt of thleEct i t ' nud-

etonc abova thleket '

Benthonte lp€etee:

1. ncatrletad to tbleket.

A@lggggglEs BF.

Egl!-glgs A (short, etrlatc)

9ess!9gltg BD.

glbLg,l3ep_ goBFG r a nd lSgS_
Pe-aLEIin$ c-qtssb"inq
Dlggo!_u5!gg!.1-ge trp .

e!-l!!-sgs,]eegs u u-esgse e! es

iLu!!gg.rd-1ns BP.

Epgggge!' er. ggg!.sle!-gs

oevollgglglg 8p.

9le g9s"Uss- -Er s E$!s a

$ r o! olgllg,lgeJss! !1 ce

gsgg s_19-gg I,Ie ef . glglgg!

Lantnluva zealanlna

-----Iees llLge --gg!.gg 
ggg JLs-

Neouvl scrttrr vadc eeeoB
---4-----

Iggsssrle--Ees-Es! c 3 ts rl
gggg-Eg$g ( la rgc I atrlate )

Qs]!-es sgslata

Saupls c:
abcdG

-r
-t
-t
r-
#rr
-f

r
r-
f-
t-
r-
t-
f-
f-

t-
f-
r-
fr



-7-
t'able 1 - eorttlnued

9e-I!le-qelg

_EeSJ_EonlSg ef. 3eg{t
I-lsrgf lge-rfifJgr-ejgg!
Eregfrggs_gessqsn!

lsrse-tsgrsglgg
g.gl4gg"lg.cgune Bp.
o!!8@l]tqao tenglg

E llrgneta

Islggrg-gre ef. @
2. pr.cserrt ln thleket and nudstonr

Aegglggeqlga sp. ( t t ny)

4Ses-s1gsJsts
Bg-Urlgg-e$!!lsie
BgJ rJl na_e &sSggss_l

Bo 1!g!gs_-pss!g1es

Ee$glge BF. B

seJlgJgtle arr. ggsdql]elg-se

lgllejga ee!.eg!e
g,g-ltglgs aff. glglglg

EgtlgtgL!9g-Eg-egsEs

*Urn1.gg BF.

-q$.!sggg!-!$fi.!
cle I cI99 s aff . gg!!-ggs!g-s

lpr eloglge g lesag!
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gn!s!9s1g!-Lle BF.

!@
Ilgsgrlge--9r!!.sgtsE
IlegugJ-gg aFF.

9ggg r dlgs I dgg- ErglgJgsgl!

-€egg-slgreJlE cf. qorsgg!

5sgg9glelle.,!r,ag$

Jeeggg-qegtggonsllg

lseBg-.a!$1,!.s
t,e!J e p r!e!gs--bs-l qE lsge

lelonJ-?--lg9-ws

Ie JggJ -e__pe sP!!!srge!
I egg y t gerlgr -!g.tlg.le
Isgesel!g-!1!!!ersts
Segs-e3g! a hele-Ee-r!-ss

Eeggsssls--leeg!-ese-!e

Igdogg-tpglge Bp.

Iegsg! tla_ n! o!-gger

9sHg-.glo!ogg
osg gg-ule$.g -! g ggg 1 c gE! s

Eagalrgg9 lS_u Ia rl a -lg-1-fera-Bs

Elgslgtr ogd|lss-rg.I 1 s-plegs
Sleggg.glgne-Ue-g-Llggggs

EJg_uf o s! o ne lJe_! rgg! S

Ererllregg--egsege
rgggs.glhgg re e f . -{gsgg

tl 2
a b e dee

-r
-t
ft
t r'f
tt
-f

tt
ff
tt
ff

ff

eeac
tft-
tttf
tt-t
t t a t

-ff
tff
ftt
f f t

e

f
r
f

ffeac
tfftf

r
f
t
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t

e

f

f
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ee
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t
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f

f

fe
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ar
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e
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f
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f
f



-9-
Tab lc 1 eontlrued

Pull94_1s_!g-Ugj_0g!

Pul]enla ef . agbeag-1!g!.9

ggEggg-Lqgg!-Eg Jg-egdg-
jgg_f!-Bg_ !p. ( fragnent;)

Segg.Lge BP.

-g!sgg! ]ePsl-e--ssglg s! sgtr r!
Spheeroldlna bullotdee

-_-E_stj losjgqg {a_dgntg I!Sg#!St
-$tJlgegggglle rp. A

sllJogjggg$g Ep. B

$!-UegSgw-Ug BP. c

Tereuva lutorun

tgr.!gle-g$ Bp.

!!ggg 11 ng a ff . -ro.!gg9e!-e

IllggJ-glgl s n. ep. (amoot h)

3. neatnleted to raudrtonse

Afqp$Seggls_gsale1!s

Eet-tylee EF. c ( ul nute )

SeHrlsegls-ggs-ssils
sgU-$-ns_gggtg

Caacldullna eubgloboga--------
!!gg e a_19 s o$ gg_gg,$.1 e.a Jg

99glglle-e--Eg.Lg$

Deatff,Ilga nuEst glee.gg

gsg$sgslss iele.Usgl ge

t13

e

f
be

ff

-e
at
-r
t-
ac

do
ee
-?
ft

ttcc
ttef
f r t c

-rt-
-ttf
ett-
-f-f

f-t-
feae

-t
f-
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-r
fGt
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r
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t
f

r
f
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r
t
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9gr91g-19--E.rgclggJg

lQ.rgg-ris.Us-sgslssgl

!4eg!.1ngt3!.gJfg n. BF.

r{!nrgtg_91314

o,e tlgg-.hglggggg

OgJlge 8p.

Eg$fl-ggullgg BFp.

HglgJg-s_ lolgr
pyrltte eaets of tubular

afclreeoout app.?

Planhtonlc Speeloa:

9le!.! se r Ise- gs]]s.lges

cJobjegllg_dgule

I re u! gg r! ne_g g apggggJe

gJobSggrlgg_gglg$l9S

Olobl serlna euberotaeca
a',relr|r--------€

gleHsgr,uills BF.

cJob_l sellgglgg-g c f . -ry.lff
9] o u,! gg$ n9.1ge.E-3 rllg te

I l o9gre-lgl! 9- ca gsrlege!.e

$ rglorgtgJlg-Enag!1!

a&lalettlle aff- glgscg

t7+

ab

f

f

ee

I'XIII

x'X:rII

--II

?t.rr
XXI,-

XIII

]TIIX

II'. I

IIIII

XITII

cdc

-t
tf
f-

-c
-n
-r
tt
t-

-

l

??-I
?III

x

I

x

x

9$q-r!ne sg-fe-rss
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The Elnakura Coral Thteket llee rcll above tha base

of a thlek maaslve blue-Fney nudatone (ffg. fi) anC Is
near thc rnlddle of the Uppen l[loeene rhl eh et Hlnaku u
le about 1 r 2oo rmtanc thlek. Atl flve sauplGs fnon ls
and near th€ thlekct aDD€ar to ba about tbe eam ag€ agd

glvc no evldanee of a elgnlfleant tlnc break at tbs dla-
conformtty t maedlate ly bel.or tbs thlekct. Tho pnrgcncc of

Eef!v!!!!s aff . gg aerl]glgre and Eo}!:!eg_g IFg!.gg.Q!!,,

ald tb€ abeanee of Uppcr Tongeporutuan epcttca aueh aB

Sg"_,tgJgrgJJg_pllegggles ( pt ntay ) , Fg$g$l ig_gggplgsgg

Flnlay, Pgllglgg_lerggglll tr'lnlay, lndleate a lllcdlc
Tongaporutuan aglo (nldcJ Ie Uprrcr llloeene) .

Tbc ycrt hlgb pereentage of planktonle Foraalnlfara

lnCleatee tbe eup€lagte envlronmnt. In tho late Terttarlf

of f{atrarapa more than 6W of plarrktonle eholle ta

eoneldercd to lnclleatc deptha grGater than t,20O mtera
( Vclla I 1962a, 1t62b) , but pereentage of planktonle ahclle

1s not aecepted by alI mleropaleontologtste aB a rellabls
lndleatlon of dcpth of dapoaltlon.

Deptb dtetntbutlone of pregent day bontbonlc

F0ranlnl fcra ln irGr Zealand are not knorn r aDd dept ha

lndleatcd by fogall benthonle blofaetee mugt be Judgcd

fron tbstr po6ltlon rlthtn tb€ rclatlvs eeale of late

Tcrttany blofaelee (Vclla, 1962a,_ 19)52b), and by coEF

psrleon rlth preeent da5r foranlntferal faunas deeertbel

from elserbero ln tbe rorld.
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?he blofaelee of tbe nudstonee probably reprcs.nte
a preater depth than Eay e eaunple prevlougly erantned
by tbe rrlten. ft lneludcg flve speelee rbleh aro not
found I n prevl ou F ly ro eognl aed blofaelt s gg-Ltglge

lgglsggg-ue' gt!!-ggs-g$lry, rgg:1ge.glgg_ngtohllp!4e,
SeJgn!I-nggPI-Lt9!-99-E r aDd ggsgg.ferlg_-gegeg tgg3!-g. Tro
ot he n epe ele e, Igrggt! le_elglgggg aad !e!ggls]4!glgg,
ar€ abundaat and pcralstent ln the hlnakuna rnudetone, but
are rere and eporadle ln aanlrrcl.agle blofactcer tEd auncnt
fron all ahalloror blofaeloo. On the other hand, tro lE-
po n t a at ge ne rB r ir gg! onc 1_1c and Iglglg.lg}g r Er€ not Flp rg-
ge nted ln tba dt na kuna nud etoace . :rglggglgJlg_lggesgllg
Vella le a donlnant sp€eles tn aentpelagle blofaclce qx.

lnte sloeenc and early Plloeeno age r atrd other rBeelcs of
^tg!oggtg-4.g sna donlnant ta ebeltorer blofectse. Igglgg4ljg
t e eommon ln upper bathyal blofaelc g and beeoolcl leea

ecnnon ln tiro deeper-rater eemlpelaglc blofaelag.
gggggllgUg_gl_UIrsgjge (or SgelgE3l) ra a dorntnat speetea

In dcep nerttle to eenlpelaglc blofaeles, bnt 1r epordlc
end gubeldtary 1n tb€ ittnakura oudgtones. f hs blofaclc
of tbc thleket ls eouerhat dlfferent fron that of tba

surrourdlng nudetonee, but tt lncludee ossentlally thF

Bamt aeeccblage of Eey depth speelea, and probably

ltved at a elml lar depth.

In thc sequencc of lats Tertlany depth btofacle s tht
greateet rellable depth le at th€ uppar llntt of thc
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semlpclaglc blofacleer and 1a deternlnod frou aBBoelatcd
hollueea to be about EOO neterg. The uppcr ltmtt of the
eupolaglc blofaetea ls assumcd to be coneldcr:ably deepn,
penbapl aB rnueb aB I r pOO actert.

In pre8ent day faunaa ott thc eoeat of Callfornla
Ilatrand ( 1 957) 0l etlngulshsd eeveb depth-tenperaturc
blofaeteB. The Hlnakuna faunas lrave dlagnorttc BBGelcg

1n eonmon rlth llatland I a deepert faurias, $lofaclcr 6

and 7. The dlagnoetlc eFoelee of blofaclaa 6 at Callfornla
an6 9u3!g!rsJs-g$-!s, uvlgg4!Bs_-gg!3!s9ss, s]lgEle
lg]}gf-Ogs, and g9.lgg!!-.Eggpt$-g!-dg! ( = lgn_igg 39SSU -
olggg). Tbe oaly dlagnoatle cpcelae of blofaeb e 7 lg

fauna e
oggggu lgll,g_PegggJggglg. rhe rrlna kuraT(rnetude lg.Hgt-gg
lgglsglg-l-lg ( e loce ly ra la ted to gg r!e$g_ re-ptlg-!-E ),
FS]eg!_F_-pee1l!_l!-9j-gg-s_, rgJJg nle - b gJJg I dgg, a nd oggnFglarls

lggg9rgg-Elg r aDd nould appear to reBra scat a dcpt h

arprorlmataly at the boundany betreea Natlandfc btofaelea
5 and 7. Thta boundary ts dcftnsd by tbs zoc lsotbern,
and le at a depth of about 2,OOO setere oft Callfornla,
thougb lt ahallors to tba nor:th.

Nerltle foaella from crserFre 1n Ner zearandl and

planlrtonle Fonanlulfera, lndleate tbat tbc cllnate at
eea levcl ln i{et Zesland durtng late Iloeenc tlap raa

sub-troploalr and tbc eurfaee raten tempenatur€ rould
Itave bscn not loor than that off Callfornla at tb€ pr€sont

day- Ths depth of tb zo l ecthcrc rar probably rerated
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eurfaee ratento tbc trttlrle;trxr temperaturor 8od aeeumlag a alnllan
yertleal tenpcrature gradtent, !!s pnobably not lsae or

llttle lase tban tt le off callfornla at prcgent.

Posolble addltlonal cvldenee for cold terpcraturc aro

!e.89ee-gg$g!egeJl a' EgJlegl!-sg!-cerlgsls r rnd tho

prlmltlve arenaesoug forns, rhleb are cou@n ln pnsgant

day Antarette faunaa, Addlttonal evldenec for ths depth

1e ggflggelgglJlgg gg$gla rhteb oeeure only betreen

1 rSOO and 2t5OO aptsne ln thc nonthaastarn Oulf ol Herleo

(Panker, 1 95I) .

Tb thres lndependeat llnes of ovtdenoe - pcrcentage

of plaahtonle ebellg, the rclatlve deptb Bequencc of
foealI blofaelee, aod the analogy rlth prGesnt dat

faunae - all tndteate thet the .Hlnakure nudetonee

and eoral thtekct orlglnated ln deep ratcr. fhougb

eaeh ltne of evtdcneo ls eonerlrat uneertaln by ltrelf,
tbc agreemnt of all thnce nale tb€ eonclualon alnoat

eertatn, and lt te !€aeonable to aeeept tbat tbo saten

tcrnpenature uaa ncar 20 and tb€ nater deptb ret bettean

saf I ,5OO and 2 r5OO moters. Th€ lnfanrcd temperature

ls eonetdcrgbly lorcr than the 50 to tOo eoneidersd

tthety for eoral thlekete by Squlrce (1965), but thc

qinlrrutr tempcratupe tolotlanee of pr€eent day !€!gg.Ug
( tnc eole eoral genua ldcatl fled la tbc iiatrarapa

foasll thtekcta) le Elven aB 2.5o by $qulreg ( 1965,

table 5).
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Dlffetcneas be treen Thlelrct Fauna and

Uudetone Faunas

T'he eanple e from thg thlekat gavo 8, tpeelee of

bentbonle Foranlnlferar aDd thoas fron the nudstoDcs

Fave 79 epeelee. Of tbsac ap€eler, 2E aro raatnleted

to thr thteketr EDd 2b aro rastrletcd to thc mudstonet.

A Pa le eypod , pnobably a Ie ngc I'lueuJ,a r and a fragncnt of

a rnodcrately large Gaatropod ue'a found ln ths tblcket t

and inldentl flable rrsmat nr of a nunbe r of ttollu eea r a

nuuber of broten eehl nold eplace, and re lr-DFrE eervcd

ebs lIe of ecvenal epeulcs of dgtraeoda, ;€l'a found ln

tb8 nleroeanplcg frou ths thleket. OnIy crtnemly raro

Turr,lf GaEtropod e senc found ln tho nudatonae, and no

mollusean renralnar rerc eeblnold Eplncar lDd on€ Sncetcg

of Oetracods Bere found ln the n1ero364l'oa fron tb Eod-

stonee. Th3 thleket tbus eontalDe a dletlnetlvc blofaetee

eouerhat rlefter tn gpeeles of Foraolnlfera r lrtolluBcs r

Oatraeode, and poselbly algo Echtnodornata, tban tb€

blofaelee of tbe Eurroundlng nudstones.

All eanplee uer€ approxlarately tb aan€ elto I aod

trrog€ from th3 thleket eontaln Eany tlnes nor€ EFselnsne

of ForamlnLfera than thoee fron tb€ mudetonee' Tbts

lndteatee a dlffcrenea ln the relatlve proporttons of

foeelle and elaette scdlnentr snd lE eonsldered to be

related to the dlaeonfonutty at tbc baee of the thleket'
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Coral began to gror ehontly aftcr thc dlaconfornlty

ses formd, the thlekct grer up rbl ls thc rate of
depoeltlon of elagtle eedlmnt faa etlll relatlvcly
lor, and rar flnally enothpFed rhsl tbe ratc of depoe-

Itlon of elagtle ssdlmnt lnercadtd agala,

lako Ferr'y Corr1 Thletet

Four mleroaanplas t6rs eollcetcdr lod llkc tborg

from ths citnakura tblekct, rar€ glvcn a slngle loeallty
nurnbsn and dlettngulsbsd by eufflred lettara. Sanplea

It165fb91a, b, and d ssnt takcn ln vertlcal llna acat thll

nlddla of th€ thtckct. Detalla of the sanplc BoEltlone
(ffg. lB) are aB follors: a: nudetone tO eentluctare

I

belor bar6 of thlcket; b: thlckat 2A esntlnstcrr aborp

baae; e: ligggggr_dlgg ebsll bed 17 neterl to eoutb-cast

of thleket, oa elil dleeonfornlty; d: mudatonc 2 notenl

abovc top of thlekat. The four eampiae yleldcd a total
of h9 benthonle Bpeetee and 6 planktonle gp€elcs of

Foranlnlfena ( tautc 2) .

f,aenoforrtlt rcre eolleetcd fron rhrrrrli tho Eud-

stonGg above end bclor tha thleketr and fron thl
thleket ltcolf. Thoao tn tbp rudstono ano geattored

epanaely, and th€ tp€eleg app€ar to ber tn the uelnt
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nandonly dtetrtbutcd; 1n ordar to obtaln rcprcaentatlvc

aasplar, eollcctlonE ronr rnadc fror eonsldereble thlck-

nagrer belor and abovc tbt tbleket. Ths aaenofoasllr la

tbtr tblelrct aFo ehalky and dlfftcult to srtreet ' and

tbc llat of apeclae glwn bolor 1r ltkely to ba lncoc-

plcte. The maerofosgll Banplca rtrtG glvcn tbo aan

loeat lty nunben ta the mlerosauplce, and tF dlettng-

utehcd by a dlffercnt serlea of eufffied latteF8.

Detalla of tbe naerofoerll eauple horlEong arc It

follort! r: nufstone Z to 30 natcrs bolol eoral thlakct;

y; rlthln eorar tbletet; zi nudetoro 2 to llo nctcna

above colal tbtctct. Tb thr"ec saEplot gaYG a total of

Q7 sp€elss (taute 3).

--- 

G-a------e-'--

Eablo 2 goe E bcrc r follolad lnmd letc ly by

tablc ,.
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Tab le 2

Foramlnlfena Aaeoelatsd rlth Lake Fenry conal

Tht ekct

Sauplce: e: rnudatonc bclor thleLct; b: thlekat;
e: Igggggggrugr sborl bed; d: rnudetone above thleket,

Benthonle Speetct:

l. reetrteted to thleket
Sacplc e:

ebed

4$glgggrlgg BF.

Bf loeu ltna rD.

----Pe r.! v! ng_ dg cugsg_lg

Ires$J-sl 4es- bJ ss r! al!-s

g.Ugglg-1gg!.969 Fp . l ndet .

Egggg5ggg ef . !cgg! slnlsts

leg! 1 egJlee-Je-g! e!!-lle
ooI t ga_-gs.gd!qe,g!

3e-rgjgre ndlesJg r!e-pg.lJ-u q.!ge

ggrgsglgggllng aff . dg!!-es-!g!s

9g!eg9.lgsg.U na 11 sqg! 1tg9!!!9-s

Ellleglg$-Ue tP. lndet.

Eeltu lgr_19 Bp.

2. eomon to thlekct and nudstoncg

4ggua$-eg19s.g-lgglggq,! Jl"e

4@ cf. sPggrlsg

r
P

f
e

r

f

t
f
r

f
c

t
r

ette
ceff
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B o 1 1 v! na_ rglgplgg-e-gggg

Bo_Uglnq Bp, ( mlnuts )

Bo 1lyt at ta_pJlelf3grs

Eg.Ug!99-g9g-f9glg

ce ag19gJ1 na-ggggs 31 ngls

.9,e-s!-gg.Ug-sglglglgss
Cassldullnoldcs ortentsll e
--ai--- -- 

- 
-- 

-€--ro-----

c 19! e r9c-e_-geJ!-qgs!g-s

gfl!!319s-glurlelleEl.s

"$_g3ggj[-na_-g_rg.eggg
g!op!gss--!e-e9rs

3lsl-lgs--Lrgs$s!
gI gb olg Llgl na- pe clllge

les-selsrells-psr.E!

Jsslg!-ws- -! g !.ese I les

Segg$g}lgs BP.

!gtolgleJle_flgls$
I{otorotalle_ltgggg!

8ee!pg19g ef . .Perll

Ig$ella sslsseel@
PyrUUnq Pp.

-E_-

Sggglgg BP.

E&lggepgllt- gte s b eg ! h t

S!l!gE$gfs-rj.a- Js tggege

It3

abed
-ftt
tf-B

cee
?ee
e-t
ttt
tff
trt

e

t

t
e

e

t
f
e

aaa

fae

caa

t f t
te?

aaaS

aaaa

-tt-
cca
aef
cce
etf

a

f
f
f

f

fff

-r
cf

ffe
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splsegslgl gs_ !_u r lg!3 c !
Srjgggplg:'g aff. 31lgggg

3. nastrleted to audatonee rad
Igggserg! u! rbc I L bcd .

$!f.Ieg!g nsJ 
"1 

a - s!g!gg!
gpl atonlnc lla eD r

-------FUrsurUE_glg!-E$.$

@
T-
{e!gsg!s-Ug-@s
gil3gs-gg.e!s!.s

,E ggg!3-u-$gr9"f Isrglg ne

Planhtonle Epaelcs:

G r obj ggg r sg- ! g 4g!gg-F
Oloblponlae ef. dubla

-----a 

-

9f*,lscrlalte EF.

globEtg-E!99!gg!_ r u b r!
9r*g4!.a3!e-!egs!g-
Orbullaa uulvarla

----

ttL

abed
tttc
tft?

P

f

tf
-t

-C

-t

-f

IIII

---Z

l---

III-

IIII

---I
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?eb le t
Haenofotcl ls Aaaocletcd rttb

Latc Ferry Cotel Tbtekct

colleetrons3- ri rnudatone balor thlckot; lt thtekct;
B1 nudetone above thlekat.

Sauple a I

1 . reetrleted to tbtekct, x Y '
pe leeypoda

Clcuglggg 8D. r
!!gg GP. r
9,s!99-s;!ngg!e ( euau) r

Gaetropoda

@ef. -sl,l-ngquq- r
BraehloBode

lesglss$gsb1s-elsrt-esag r
2. eonnon to tbleket aad

nudttonc a.

Pc lecypode

ggfggg! cf. gg-llgelgle x r _

9lllsry.elsgg.Isls ? r -
llguoggggluur_pgrShgtJug r r r
P&g-gegg$.g ef. -*lggillse - r ,

Oaatropoda

,@ aff. aubftra$llt? r r r
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Pgggsprlg gggegzg lagd leg

Coattae onokeena

--Scaphopoda

ucgleUg!_lgggrr.E

3. reetrleted to nudetonee

Pc lccypoda

!gnaqt-gggggggt

!.gggtg !P.

Gagtropoda

4g.glgggggg-g BF.

9ggXgetra ef . ElugPggggg

9eslggls-!ss!l3enl

E*!.ggg-ggglgg!g

Igg9st!g!--glgIsI!
Hlggglg pcg_ ef . gg-EgoS!!

le!! gs-clg--ggggg gnggg

Pol rlerlq_ggJ$glgg
Prorlqbcr ip.

$!!Igg9.Ilg! Gf. -ggsggt.gjgg-g

scnl!ry!-ls EP.

Zepbor oaofeana

--

,Eb

rYa
III

III

:TII,

I-I

--I

I--

I--

I-I

I-X

I-I

--:t

--Z

--I

I--

- -- I

I--

I-I
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About 15O mtere etratlgnaphleally above tb€ bne

Irerry Conal Tblekct the rlollucea EgggErlg_gssggg and

C$Iggtg-ggllgalulg ( ra abundaneo ) mark the lugosa Zone

shleb ls eonaldered to be thc loreet dlvlslon of tbo

Pleletoeanc ln Fialrarape (Vcllar 1913, 196f). fb Eud-

etons betreen ths coral tblekat and tb base of tbs

Rugoea Zone eontalns Pe Llgg$g-ggggggpg.Sg ;hleh lndleates

tb€ t{6ngaoparta Zorcr arrd also contalns tbe Foraalnlfcr

Iglgfg-tall! gF.ngagpgrlg rhleh ranSoE through tbc Hanglao-

panla and Rugoee Zonet. fba oudstone belor tbo eoral

tbleket eoutalne no PSJ!Se-f!g, and lnstcad of !g.!org!gL!g
gggggglgl!.g be e i'l-o!grotaJ!r-!!-gg4! rbt ch I r rc et!'l olid
to the taltotaran $tago ln fialrarapa. golglglgfla flgJgl!
whleh ts aleo preeent lndleates tbit tho lo;cr uudetonc

I a not oldcr thsn utaltota ran.

A e t he Hangaoparla Zone nsprlc aont a t he sppcr part

of the T'altotanan Stage tha oudrtono ovenlylng tb€

thlcket te latc rtettotanan ln agc and ths uud atone undcr-

lylng ths thtekst te pnobably early \frtaltotanan ln agE.

Tht itattotaran Stage te genenally eoneldarcd to be

uppGr Pltoeeac.

t bo eora I t hl eket eontalna !e!gge!e-Lle--E-lgggg! but

netthcr gj,-ggggeglgl!-g nor any Ig-IlS*-fg ' but lt 1e

seplrated frota t he lore r nud etone by dl seonforml ly , and

the ecdlnrent ln rhlch tt le eneloaed gradce up to the

ovenlylng nudetonc. The thlekct 1a tb€refore regarded aB
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Fart of thc ldangaoparla zoaa, rnd late Hattotaran ln age.

Tro of tbe Uotlueea, g-!'Jegg_gc]!ga!-gJg rhteh t;
repraeanted by ellghtIy atypleal Epeeluena ln end belor
t he thi elret , and Mgr"LggJ-ggplng-gg-g whteb t a rcprG eeatcd

by a allgbtlf atypleal Bpoelaon fron tho thleket, a!6
eoDstdered to bc nestrleted to tbe loucr Plcletoc.cne

e laerhcre ln rf atrarapa. g!]gsgg_ggJlcgtg_lg 1g a eool

rater speelea ttrat nlgratcd nontbrard at tho end of Plto-
eens ttrcr lnd oeeupled 6ceg covonlng nuch of tb eouthenn

Part of tbc North feland of Ne; Zealaad durlng aarly
Plelatoeene tlm (trrenlogr 19tl!). rt le conetdarcd to
range dorn to tba saltotaren stage ln tbc nonthcrn pant

of tbs $outh Island (plemlngr ln Plenlng Ed. , lg|g), and

tts oeeurreneo at rske Ferry corel Thlekot probebly

nopneeeltg sbout the nonthcrusst llnlt of lte rengc ln
tla l tota ran t lse . lggglgglg-gptgglg.g le a sauned to bc e
eool raten speeles fon lt nornally aeeotrpanlee gglgglg

Sg.l-l-gg!u.]g tn early Plelatorane faunae.

Eavtroament of Thlekct

Llthol.ogt ea I ehangc e euggcgt that the Iake Ferry

thlcket for.ored iurlng e temporrry shallorlng of the 8se,

but th€ paleontologleal evldonee for thte 1s uBcortatn.

The envlronmnt tn rhlch tbG thletot grer la dtffteult
to aetct8 bceauge lt ls not 'rnorn to rhat ertont sp€elee
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tn thc thleket rono eoatrollcd by eeologlcal eonditlons

pcesllar to thc tblcket and not by deptb. tbe uudrtonot

ar'e lnoro llks otbsn Tcrtlary ccdlnenter r€praccatlag

uore aormal eondltlonaI and tbalr dcpth of dcpoaltton

ear bc datsrnlnsd rltb EoFo eentalnty.

Ths nuCJtoac ovorlylng the tblckct bae elnost thc

sauc mlerofaunt end menofeuna et th€ nudrtom uadsr-

lylng t66 thlcket, td thc depth of dcposltton tat about

tb. Gam for both nudatonc unttg. The lol p€re€ntege

of planktonl e Fonaclal tla ra !ug8{t et a a norl tl c cnvt ronlent '
Anoag tb€ benthonle Foraolnlfcra, tb oeeurFaa6€ of

9e"g-g,]glg.llg-!sggt , Iarse loloplgls ' $lPlldlgg

Slgglgllegglgr tnd 4gggellaglgg.g ef' -Epgef!-g!r ond tbr

ebeenee of shallor nerl tl e foror eueh a! iiJpBf91939s!93'

@, B9UI19:!!e-pJ!gzSer and laage spceloa of

glpglglgg, tndleatc the ga"geJgrg-llg Blofaetca (YeIIa'

1962"_, f g62b ) t h6 tnfeged dept h pg r,$6 of rhl cb le flon

ellgbtly ov€r tOO retert to about ,OO noters. Four of

tbe ldolluaea, &]f"1e99, IJgggJrg!' g9g1!.e.9, and ElggglgEl'

tbtch are eloaely relatsd to progent day archtbentbal

spGelc s I ;le r€ eonsldo rod by D€ 11 (lgS6) to lqdlcata

depthe probabl.y betrcen 5OO aad 600 rctsrs' Thc flnet

thrcc arG eoroon la both nuletone unlte; tbs gfggg!9El

le reetrleted to thr oyerlylng mudetone, but llhla oat

ucll be dua to 4r dlffercnccxln ags of tbe tro uudaton€r-
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Ths Hollueea ln ths nudetonee thus eugge st gomthat

Freater depthe than do thg Foranlnlfera, but both

fodell groupe arc eo$pattblc rlth a deptb of about

tOO rnete r! .

Turntng nou frorn the mud etonce to tbo thleket I tae lf ,

th€ lfollugea fnom rlthtn thc tbleket gLve llttle lndlea-
tlon of rater depth. Tha grnall attp of the spcclaens of
g!.lggrc ef. ggUgg-lg-la and 9glTgg lndteatee condltlone
fan fron optlnun for tbogo epeelea aad obvlate; thslr
use aB depth lndleatclg. Som of tbo rsetnleted Bp€etsg

of Foranlnllrerar ehleflt th€ T1lloIldae, auggeet tbrt
th€ thleket taa forsed ln romrhat ehallolcn tater than

the mudatone, but lt le not lrnorn rbatbcr tbpge spcclsg

ere eontrolled by depth or by type of Bae-bottoa.

Tha best lndleatton of thc deptb at rhlch th€ coral
thlelret forned le glven by tb Sgggge-fgt-gg obcll bcd at

thc Barne horl,lon to thc aouth-e ast of the thlelcet.

$geggg$-!.gg_pglglellgg_ le a prsaent dal Pelcetpod nttb
a batbynetrle rango fron 1 to 600 rcterr (oe11, 1956)

and oeeure tn faelee nanglng frorn ehallor nerttle to

upp6r battVal tn tbc plloeana and Plcletoeeoo. AB a foeall.

ln ghallor-tatcr ghell beds lt la ganerally only a ntnor

eonetltuont of a lange fauna; ln bathyal eandy usdatouea

at tsany plaeas lt la tb,a donlnant saerofoasllr and

uGually forne ncste elthcr by ltaelf or tlth tba

Clastropod gttIgcofBug, and Bcrctlnes rlth tnfncgucnt
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epeclmene of anotbcr Pelecypodn lglggg-FuIgggll. Tha

enell bed adJaeent to ths Lake Farry thleket le compoecd

eolely of lggg-eg4!.ggt_pglg-ggl-lgg aad nearly all of tbe

slra llg are Bsparated yalvee, though not lorn ot bnoken.

The ebell bcd varlce from about h to 5 ccntlreters thlckr

rnd restg on thc sams dlseouforatty thtt lmcdlatalt
underllce thg thlcket. Tbs matrlx 1r flne Eandetonc that

eonttnuae above the shell bed and gradoe up to thc oV€F-

lylng mudetona, Juet as at tbc eoral thtekct. Iudstonc

underlloe thc dleeonformtt1 and e bcd of lcntleular

eoncn€tlona llee ln tbs mucetons parallel to rDd about

50 eentlneters belor tbe dleeonfornlty. Th€ uudatone

dorn to about 2 netera belor thc dtgeonforntty, and tb

eoneretlong, eontaln freguent Eeattered double valvrg

of 5egggg-gd-lus but scaree ly anl othor nacrofogel le ( onc

l..ggoJg seen). Tbe ahell bed le eoneldcrud to heve baen

forrned by eoneentratlon of ebe 114 from tbe undcrlylng

mudgtoao ee a negult of gentlc croaton' Htd the eh€ll

bcd foraed et a depth nuch lese than IOO nete$ lt rould

alnoat eentatnly have beea eolonlsed by a ealeareouB hard

botton fauna. Penhape tb3 moet ublqultouE bard bot,tom

hrolluek le 9.g!f9g rhteh at tbe preaent day rangca dom

to dceper than 2OO notene off Ner ?.ealandX(Oett, 1955).

Iiaarly all of thp Fonamlnlfena |n th€ Ngpoee3llgg

ehe ll bed oeeur eleo ln tho mudatoaee, but oD€ Mlltolld t

-91J!gnepgrlg-neS!ea3!1 , rhtch oecurs only tn tbl gb€11
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bed aad thc eoral ttrlcket, ruggceta e dcptb of dcpo;ttlon
lcae tban that of ths nudctone!. Thsr€ ls but llttle
paleontologleal evldenec tbat tbc thtclrct raa forcd
d urtng a tcnporary atrallorlng of t b€ caa , and thc dcptb
probably rtG at "I,T."" tban about ZrO nct€r!.

Tbc Palceypod 9-h_fegrc_-ggJ1ggl!.glg la tbG tblekst and

uadonlylng nudatone, and probably tbc Glaatropodc

-EtfraSolpg-g aff" @ arrd ,Zgpggg_ggglggpg_ tn
botb uudstonc unttrr tndleate esol tenpcratunra (rlcnltrgr
19hb). The laek of genera rlth subtroBlcal afftnltlcer
Gspeelally tgllglgg-g, 9.llggJrg I and Tlpgt.l ({eetgphlg) ,
that are ebanaeterletle of tfaltotaran faunaa e! llttlc
tG 50 ttllce to tb€ north-€alt of Lake Feruy, lndlertca
that tlrc rater teopcratsne rae lorcr than thc nornal

eballor ratcr tanpcrature of Saltotaran tlme. ThG

bcnthonlc Forenlntfcra glve no lndleatloa of teuperltura.
Tha aescnblagc of planktonle Foranlnlfara la abost tht
oana aB that rhlch nou llvsg ln th€ adJaeant eook Etnrltr
and thp lsek of 9lg!gfg!g-l!e of tbo ele.ggg llnc' ;hleb

oeeurg tn tho rialtotaran tt Boma plaecc, roay lndleate

tbat the eunfaee letar ttself at Lake Ferry ras eoldcr

than nonnal for fraltotaran tlqag.
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Dlffcreneas Betreen tho Thleket

Fauna and A sgoelatcd Faunag

1'be benthonle foramtntferal aeaenblages ln the four

aanplas exaatnecl are rather unlfonn' Tht eoral thfekct

geve tho rlehest fauna rtth bl aPoeles. rhc nudatoncg

together golve t6 Bpeeteap nearly all of whleh occur tn

thc thlckct, and thc lgggggIg.lun ebelI bed geve only 26

Bp€elee all of rhlch oeeuf, ln the thleket. The ralatlvc

pauctty of apoelen - ln ths sbell bcd glvas an lndl-

eatton of tha nunrber of sfrcelag thst dapended oR the

tblekct, end henec of tbe porerful ecologleal cffeet

of tbe thlcket.
The maenofauna of tbe thleket le narkedly dlffancnt

frora that of tb€ nudatonc, and lneludes a large proportloa

of attaehed formg, aleo one free-Btlulng Pelectpod'

( lggg\rnleb do not oceur ln tho raudetonc8. rn caeh of

ths mudetone unlte 16 Bpcclee usrts found ' lhcrcaa lu

tbc tbte[et only 13 ;onc found, but thBec flgurce are

not atrlctly eofiparable. Tbe spcelee ln the tbleket

t6rg rgeOrdod fron only on€ or tro Bguer€ meters of

crporur€, lere clffteult to dleeern anonget t[3 eoral

branehce, and arre poorty preeerved, aad thsy arc

probab ly not fully rcptrE scntatlve . Those from tb€ t,lo

nudgtonc unltg orii ths otbcr handr rero reeordcd fron

some buadre d e of Equarc ras te rg of €IpogurG I le ns eatY
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to dlgeern aE rhlte ehelle ln blue-gnat eedtuentr and

rarG falnly rell prcecrvcd, and probably are ncarlt

fully rcpr€aentatiyo. I,.xeeptlng ne ats of ligggerglgtrt

and morG narely of g!l.Sgg!3g!, tbs llollucee of thg

raudstone ara apanaaly Beattered, tnd nuet have llvcd

at a coneentnatlon of one per Bey€rel cquarc rueteng of

BGe botton. The eoneentratlon of [ollueea 1o t|la tblekct

raB probably aeYGral ondere htgber.

A a at lil nakuna r tbe eonal eoilnrenccd to Fror af tcr
e roelon had forracd a ft ra bottonr aod bcfonc dcpoeltl on

rGcouusneed, eontlnucd to grrotr rhllc depogltlon ;ac

rclatlvely elon, and uea flaatly enotherod rhcn depoeltlon

eBacded up. ( $qulnec, 1q5fr D.oO).

Concluetone

The I{lnakura Coral Tht eket uag

after a brle f lnte rva 1 of eroelon

phase of slol depoeltlon, lD lstc
Foranlnlfera euggeet that thc 8€a

bul lt up llsedl atc lY

and durlng a teuporarY

Mlocene tlm. Ths

depth uas botse€n

11500 and 2r5OA metere, end tbc teuperaturc la3 about

ZoC. The tenpenatsre at s€a level fea eubtropleal. ThB

eventg rhleh eauscd oroslon and elor deposttlon er€ not

knorn. Dlfforeneee betreen tb3 fauaa ln th€ thtchet and

thrt |n tbs Gurroundlng uudetoneg 8re probably alnoet
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entlrely duo to ths sp€etrl habltet ereated by tbe thlekct.

Tbe Lake Forry Conal fhlettet ta! etntlarly bullt

luurodlately after a brlef lnterval of eroalonr BDd durlng

a Bfra ae of e lot de;ro sl t lon of Eand and probab It by-pa e e l ng

of mud, ln late Plloceae tluo. From Foranlntfera and

ilollueca the sea deptb le conatdcrod to have bccn nueh

eba llorer than that laferned for tba Hlnalrura tblelcct t

probab Iy be t rsen 20O aad lO0 areteng. f b3 rater tenp-

erature te uneertatn, but ras rclatlvely lor. Tho eYenta

wbl cb eaueed eroillon alrd elor dopoettton tray haw becn

ebaagee of eltnate above sca levcl, and euetatlu cbaDgca

of rea level. llffereneGe betrccn tba fsuna !n thc

tblekat and that ln tbo surroundlng todtnonts arc

eertatnly large1y due to tbn Bpsclrl habttet ereatcd bt

thc thlekct, but mat be ln part dsc to eltght ebsll'orlng

of t he sea lnrredlately befors thc ttrlclret comenc6d to

$POf.

At caeb loealtty noFe detalled aaupllng 1s rogulred

to detonrnlDc posftble varlatlons of the rnleroftong fron

oae part of the tbleket to anotherr atrd ln tha etaetle

;edlnrent laterally fron tbe thlekct. f h,c Oetraeodar though

not Buneroogr should be er,aulnod crlt!,catlyl $eologleal

studtee of pras€nt dtaf orgaalacs ln l{el Zealand GG881
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rlth pertteulrr rcfcronec to deptb and telpcretsrc

toleptpc€8r 1111 be nceded to ;galo a EoD€ tttlrfrctory

aggeaBrpnt of thG phyrteal catlrontrGnt of caob t,hlekct.

AcknorlEdgacntg

Ibaatre arr duc to tr, Allan Dcu, Vletorta Uulvcreltyt

for blp ln datarntulng tbc Xollueca fron tho I6b

Fept Coral lhletct. Trayeltlug crpanats rcra! dsfraycd

by r l{er Zealand Untveraltt Frlscanoh grlnt.



I q'l

Crreek Ligt of Spceteo.

Al1 tbe s, eclee naned ln tablee 1, 2, and 3 are

ll eted tn alphabettc order of goncra. !,8ch gen€rle nare

ls follored by lte authonrB nare, d6ts, and fanlly.
llaeh speelee rtth author I e nam€ ln panenthe 8G B 1e follored
L y the generle narne under rhlch tt waa orlglnally de-

seribed.

Fonanl n I fe ra :

AS3lUSggIgg *qehlumberger l EBl , Lagenldae

Fse-La$-F (Bateeb) @ trqt

llggg] lgg!-{g-e Bro t zen , 19\2 , A nona I I nl dae

!glqg4!.1!1e t Ft nlay ) geggquge I eho

gple rl cg ( Pl nlay ) AgeqeHe! 1 9bo

4S!9e Ve 1 la 1 q6, , Iogeal dac

etnelsls (Flnlay) ilgCese3ls 19bo

9g_l!g!.gg d I Orb lsny f 839, Vl rgu llnldae

s!g!!a!e Flnlay 1939

e$-e-Ug!Sl Cu ehnan 1 922

-Qgegg-ee!-g Bradt { 88r

eg!-gplgegeggs Cuelrnan 1922

!e-g-lg!gg Cuehman and I'eCulloch 19\2

Eof!9!!!te Cuahman 1927r n€terohclleldae

-e$glU-ge Vella 1961

Sgaglllelgfs ( se hrasc r ) ggrSllg-g-ls 1 865
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ngllglggpgl! Yakovlev 1891, Tertulartldae?

cg!gg.F!.E (Cuehnan and Bernudo!) .EglgoBlggtoldgl 1951

Bu lfnlgg d I Orblgny 1826, Bullnf Dtdac

ggglgegg d 'orbl gnt 'tS?6'

g9!ggg!g CbaPnan 1 9!1

Beglg FlnIaY 19ho

-E!-gIE!g d I onblgny 1 th5

lggggsgel,Is Flnlav 1 eho

gggglggltg df Orblgnv 1E26, Cecrldultaldac

ggggg-glgg-lg T ba Inann 1 9 ro

-Eglglglosg Bnadt 1881

cegglggllgel@ Cu errnan 1927, Gaasl du 11 nldae

orle nlg 11g ( cu sbman) glag!9g r1gg 1922

qhl loe!-gsg-Ulg lteuea f 85O' Chlloetomllldas
--|-ff--.-

ovoldsa !(euee fESO

glffee-lgggglgg Sehube rt 1 907, Laslnltlae

gg-gllcele ( stacne ) ry.glelrqg 1865

g$Ig19g-g lrtontfort 18Og ' Anonalts!'dae

lgg9r! (rrauth) ggggsElg$ee 1918

gg$gge!-gg FlnIaY 1gho

ngvgggJelg lsgg ( Kar l''c r ) ao, !e]!e 186,

pgglg$S d I OrblgnY 1826, Lagenldae

ggggglIlg d I orbtsnY r th6

eo Iu ta ft,e u ee 1E51
.--e

eglg!$eale ( stacb ) gsggesrfe 1865
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-9J-gg.lbJS;!-9s-e Cushnan rnd Valenttne 19tO, Anotraltnldae

blggrlg]lg Cuehnan and Yalentlne | 9rO

ul]lg.ggglglggJlgg Stlveetrl 1 9OO, Elltpeotdlnldae

eg! cgglgg ( Kre u zbe rg ) ! gqgsslls 19ro

Ilgglglgg riontfort 18O8 , cilpbldl ldac

ghar.Jgtlenllg (vefla) IlpFalononroa 19rT

j:!g$gEg ttontfort 1 8OB, Dt seorbl ldae

!gEg!.gjlg-!g.s ( a 'orb lsny) ttglelg 1826

-lesg-fgg ( Brsdy) lgg-gseluJlgs 1 88h

j!plg3-gg!-gg Te rque n l BBf , rpl stonlnldae

a-lggglg (d I orblsnt) :*9.!gf!.9 1826

gg-gg!.Efl$g Thalnann 1952, Uvtgerlnldac

agtoltg.lge ( rlntay) HoEElgslg! 1 q39

EIS-gg$gg iteuea 1E!O, Lagsntdae

g-g!!.ggle-Eg Segue nza 1852

Sle!-Eggte (BradY) lascna r88h

.Elgf!.lgg lrioatfont 18OB ' Nonloaldec

-t-lgeJgg1 ( ve rra ) Lgglgg 1957

9.lg-ggg_U-gg d I Orb lgny 1826, Polynorphlnldae

-gjfryj3lgg $taebo 1855

clgglggrlgg d rOnblgny 1826, Orbullnldae

lgl]e-tggg d' onb I sny 1 826

gg!!g_dss6r 1857

gg-e!g-f.!g-S Je nk I ns 1 960

gglgg!-Egg fodd 19i7
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lgggI9lgggg Lonnlckl rgol-

g.lgulggrlgg!4gS Cuebnan 1927, 0rbultnldac

Iglrg ( o 'unbtsny) gleglgeJ$e 18r9

trlJobe ( Reuee) 9tg!!.e3:1gs_r 85o

glglglg-Uglge Cughnan f i?7 , Bu ltmlnl dae

pgelfleg Cughnan 19?7

Globofotalls Cuehmaa 1927, OloborotaIlldae

elr na rlcgglg { rt ' orb I gny ) Hole f l9g 'l Erg

leglsle ( o 'orbtgny) 9!e9!sg-g:1gs lEts

sggsgg1g1 ( a'orblgny) xotESlp 1&26

glgzgg Ftnlat 1959

9tg!!!na d'Orblgny 18?6, Dleeorblldae

prgnlggls ($taehe) Egle$s 't865

gglg!91!g.1gS Brotuen '19|l2' Dt georbl ldac

ggggg,ldagl!- (bnotaen) olgoldlsg 19rG

lteg.gglglg]fe Parr'1935, Textularl ldae

tlelevl vella 1968

Fgrgan! ( cnspnan) .Enlgop,Jgsle 1 926

ge3g! Ftnlay '1939

Sotlrgggvg Vc 1la 1 't61 r Uvl ge rt ul dae

tenglgtr'1alg ( iteuBB) lgilgerrgg 187o

Egggrtell.a Cusbnan 19tt, Valvullnldae

Fragtl (Cuehmen) Gag9fYlgs 1911

gugggggl Ftnlatr 1gho

c llinJ.icq F,rtt.U tq+o
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lggggg ',ialker and Jaeob 1798, Laganldae

qeglglggg-Llg i',le Bncr 1911

gtllats (o'Orblsny) gglge 18'9

Lamtntuva Vella 1961, Uvtgarlnldae

---efl lgleryIggs vella 1?63

zgelgelne Yclla 1961

L,agsgg-lgggGalloraland\fltsal'er1q27'Dlseonblldae

lslgphola ( staehe ) 9gls!9!.}e4!g 1865

Jggtlcg-t 1gl lanareE 18Oh, ragonlelae

IEI&lllLs (xcuss) ggfslg$s$s r85o

ItrSe$lgg 8e hl unbc rgo r 1 89J , t61 I I o 11 dae

sggsgogslll F"rr) Sl.lsglgsglles 19'5

Uglgglg tr{ontfort 18O8, N onlontdaa

lgleggg Vella 1962
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