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YORAMINIFERAL BIOSTRATIGRAPHY OF THE

OLIGOCEVE/MIOCENE LIHESTONES OF CHRISTIHAS ISLAWD

(TDIAW OCcmAN)

C.G. Adams & D.J. Belford

ABSTRACT
Foreminifera indicative of the Tertiary Lower e, Upper e
and Lower f 'Stages' of the Bast Indian Letter Classification are

recognized in the post-Eocene limestones of Christmas Island. The

o
local renges of Spiroclypeus globulus futtall (here regarded as a

Jjunior synonym of S. margaritatus), Hiiogvpsina neodispansa (Jones &

'Chapman), Lenidocyclina (Euleuidin&) eopninpioides J. & C. and

L. (E.) andreusiana J. & C. - for all of vhich this small island is

~

‘the type area - are determined. Five faunal assemblages are recognized,

1

and one new species, Heterostegina barriei, described.

TETRODUCTICH

Christmas Island lies almost 320 km south of Java and has an
area of about 140 kme., It is basically a truncated volcanic cone, |
capped with about 190 m of mainly flat-lying Cenozoic linmestones,
rising some 2450 m froﬁ the floor of the eastern part of the Indian
Ocean. The island.is heavily forested, the best natural ezpésures of
limestone being in the steeé inland cliffs. The‘area was active
tectonically fhroughout Tertiary times, and the sedimentary succession

is much afiected by faulting. The zeology was originally described

by Andrewvs (1900), the only recent accounts bteing a paper by Trueman

(1965) and an unpublished report by Barrie (1967) for the British

Phosnhate Commissioners.,



The-Teftiary_foraminifera of the island were first described

by Jones & Chapman (;g Andrews, 1900) on the basis of. 58 poorly localized
rock samples which failed to yield a recqsnizable. faunal seguence owing
to thé'uncertainty-of their stratigraphical relationshins. However,

a number of new species were described, the most important being

Lepidocvelina (E.) gndrewsiana, L. (E.) evhippioides, L. (E.) murrayana,

L. insulaenatelis, and Orbitoides (Lepidocyclina) neodisvansa; sone of

these nanes subsequently came into general use throughout the region.
The main part of the limestone was thought to be of early liiocene age,
but of the few samples which appeared to have been taken from at or
near the bhase of-the succession in the area of Ilying #ish Cove,

Mo. 595 contained planktonic foraminifera (including Orbuling) nowv

knoxm not to occur below Blow's zone H.Y (approximately base of Lover i),

while samples 924 and 220 yielded liogypsina, & genus which appears

first in strata of Upper e age in Indonesia. The fauvnas from fhese

three samples therefore conflicted with the evidence for the age

(Lower g) of the overlying beds. Huttall (1926) revised the orbhitoids
with the a2id of additional sections cut from Andrevs' samples, and
cleared up some of the cohfﬁsion caused by the poor original descriptions.
However, Tan (1936) noted that the published descriptions of Hiogywsina
neodispansa weré sﬁiil iﬁédeqdate for the satisfactory esteblishment

of its systematic position. Ludbrook (1965) described the fauna from

22 isolated samples collected from different parts of.the island.
Although Nuttall and Lgdbrook both contributed to our kmowledge of

the faunas, neither hed access to material which would have enabled

hem to solve the basic stratigraphical problems. In 1965 Hr. J.}. Barrie,

then with the Corrionwealth Bureau of Mineral Resources, carried out a

-geological survey of the island for the British Phosphate Commissioners;



material collected by him showed conclusively that the base of the

'Miocene' limestones was older than insueta Zone, but otherwise added

1ittle to our knowledge of the island's stratigraphy. © One of us

[

(D.J.B.) therefore visited the island in 1967 and collected more than

200 samples in stratigraphical order alcng the five traverses showm

‘on Text-fig. 1. Llthough the results presented here are based

primarily on this material, all_the‘previous collections have beep
re-examined and evaluated iﬁ interpreting the biostratigraphj.

Of the three anomalous sambvles collected by Andrewé and
referred to earlier, that containing Orbulina (595) was undoubtedly
obtained from one of the plankton-rich fissure infillings which occur-

in Flying TFish Cove. - The occurrence of Miogypsina neodisvansa in

samples 220 and 924 is more difficult to explain. Hr P.J. Barrett

and Mr D.A. Powell recently collected further material (G.840; G.852—860)

from a poorly exposed yellowish limestone in contact with the basalt
at.the point where Andrews obtained rock no. 924. Nine of these
samples yielded M. neodispansa; the fauna of the yellowish limestone
caﬁnoﬁ be traced laterally, andé i{wo samples collected immediately above
(¢.861-862) contain a Lowervg stage fauna. Hr Barfett considers the
ygllowish limestone to be different from others in the area, and regards
it as being formed also as a result of fracture filling, perhaps of a
tension fracture which was gradually opening as the island underwent
adjustment. This seems to be the only explanation for a younger
limestone directly aéainst the basalt with an older limestone at a
higher level. It is unfortunate thgt the limestone occurs at the

northern end of a fault zone where the succession is obscure. Sakple

220 is probably from the same locality.

‘|




Figured specimens prefixed CPC are deposited in the

Commonwealth Palaeontological Colleciion, Bureau of Hineral Resources,

‘Canberra, Australia; those prefized P are deposited in the Palaeontolog
% [ 3 & 5

Department, British liuseum (Hatural History), London, Ingland. Thin
sections representative of the samples referred to in this paper are

?

deposited in both Canberra and London.
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LITHOLOGY, STRATIGRAPHY & FAUNAL SUCCESSION

‘a5

The greater part of the succession is made vp of foraminiferal

and algal debris in a matrix.of cérbonate rud.  Holluscs, corals,
i , _ ‘
and coral debris are present in many samples, but only in 'G' Traverse
is there direct evidehce for a.coral réef. The limestone contains
few planktonic foraminifera except in fissure infillings. Assenblages
of miliolids and .pencroplids known to be characteristic of shallow-
water_shéltered environments (e.g. lagoons) occur at many levels,
whereas foraminifera believed to be typical of higher energy'environments
are virtually restricted to Assemblage 1. The post-Eocene limestones
are seen to rest on basalt or tuff whercver they are éxposed although-
the contact is usually obSCufe;' in some plaées it is cervainly a
fault plane but in others may be an erosion surface with a iimestone
breccia or coﬁglomerate above. In the traverses detailed below,
the base of the limestone rests on basalt. Some traverses have been
naned after localities in which they occur; others are differentiated
by lette?s assigned by Barrie (1967). The discontinuity of sample
numbers in the traverses resulted either from difficulty»of access,
particularly in 'D' Traverse, so that several visits were necessary
at different times, or from further collecting in order to check
particular parts of traverses after preliminary examination of sanples
on the islénd.

On discovéring that the faunal sequence was difficult to
interpret, we decided to take no risks with the identification of species
thought to be of age~diagnostic value. The distribution charts
(Text-figs 6~10)_are, thérefore, more cémplex than usual. Vhenever
we have been unable to see the diagnostic characters of a species

(a comnion situation when random thin sections of limestone are studied),

-we have recorded it simply as 'X' sp. Thus, in 'D' Traverse (Text-figz. 6)



we recognize liogypsina (Hiogvpsinoideg) bantamensis, M. (HiogvnsinoideS)

complanata, H. ﬁioqynsinoides) cf. complanata, and H. (Hiogvnsinoides) SD.

This, we believe, feirly reflects the difficulties encountered in |
s : [ 4

distinguishing individual species when the critical characters vary in

the degree to which they are visible.

(3 * -
1 'D! Traverse (Text—fig; 2). A stream traverse on the north

side of the island immediately scuthwest of Flying Fish Cove. Mifty

sanples vere available from the south side of the sireasn and nine from

" the north side. A further 15 samples had been collected previously

-

by Barrie. The sequeance here has a vertical thickness of about 155 m.

The lower part of the sequence is composed entirely of skeletal calcarenites
and limestone breccias, the faunas of which show no signs of reworking.
Above szample 1170 the limestones are calcarenitic micrites or true

skeletal calcarenites. Calcareous algae are common throughout.

The lowermost 73 m of rock contvaing a fauna which includes

Lepidocyclina (Eulebidina) spp., diogyesina (Miogypsinoides) bantamensis
i ’ s

Spiroclyneus margsritatus, Sorites cf. orbiculuz, Borelis spp., and

rare specimens of Austrotrilline striata. From about 122 m the

hillside is covered with limestone boulders and basalt rubble, no
exposure of solid rock being visible. Thin sections cul from several
of fhe boulders revealed a fauna similar to that occurring at higher
levels in the succession, and it seems probable that the rocks have
fallen more than 45 m to their pfeseﬁt positions. At about 114 n

K

the sequence iz faulted, about 4.5 m of Eocene limestone being introduced

at this level. These Eocene beds are terminated abruptly by bvasalt,
which produces a steep slope about 43 m high. The nature of the

contact between the limestone and basalt is unimowm. Immediately

above the basalt the slope has been graded for the construction of a

pilot washing and screening plant, and new 'C' grade calcination plant.
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. . . s -
The nearest continuous limestone exnosure at this level is in a cliff

!

about 10 m high beginning near Flying Fish Cove some 780 m to the

north., This nay be Andrevs' locality 'at 500 feet running south
' [ 4

froa Flying Fish-Cove'. If so, his sample 549 nust have been teken

somevhere in this vicinity. The fauna in this small outcrop is

dominated by Heterostegina barriei sp. nov. and Spiroclypeus; many

of the foraminifera anpear to be rolled-and abraded. Barrie's sanple
D.2 collected from the site of the washing and screening plant contains
the same fauna, as do several samples collected between 189 and 195 r

(i.e., just below the South Point Road);

2. 'G' Traverse (Text—fic. 3). This, in effect, is a continuvation

.

of 'D' Traverse to the top of the island, but offset a little to the

south, Twenty-seven samples were coliected by Belford and seventeen

by Barrie, through a vertical distance of 100 m. The succession is
relatively well-exposed between the railway line and the 'C' Grade

access road, but is then rather poorly exposed up to the level of

M. dehaarti. At higher levels the outcrop is fairly continuous.

The lower and upper parts of the sequence are formed of skeletal
calcarenites, but between 220 and 250 m corals and calcareous algae
are well developed and may represent a true reef.

The nicrofauna of the lower »art of the section is characierized

rnainly by the presence of Sorites, Austrotrilliina striatae and

‘Spirocly:eus maerzaritatus. Tulenidina and ldiogypsina (Eiogynsinoides)

t

are absent. At about 270 m there is a facies change and i. (Eiqunsinoides)

dehaarti occurs in abundance, accompanied by Cermentaris and Amvhistegina.

At this level .the rock becomes a true foraminiferal coquina for the

first time.

The combined thicknesszes of 'D' and 'G' Traverses total
about 270 m, of which at least 4.5 m is Eocene limestone and 44 n-

basult.,
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R laterfall Traverse (Text-fiz. 4). Thirty-seven samples

vere collectad by Belford and Barrie - from about 161 m of strata.

exposed in this traverse on the eastern side of the island. The
. [ 4

lithology is remarkably uniform throughout the traverse, the liﬁestone
consisting essentially of calcilutitic skeletal calcarenites.

Six samples from the lowest 15 m yielded no snecies of
age-diagnostic value. . barrici epvears in sample 1095 and continues

up to the 121 netre level (sample 1254). The upper part of the

traverze is cheracterized by the occurrence of Tayemaia narisnensis,

~

a species which has not been found in situ on the western sigde.

iiogvpsina (Iiogynsinoides) is fairly cormmon throughout the section. s

A single specimen of Levnidocyclina in 1095 is clearly redevosited.

The Yaterfall fraverse thus seems to be equivalent to 'G' Traverse

plus the top of 'D' Traverse (Rocene beds excluded) on the northwest
side of the island.

4, - Ross Hill Traverse (Text-fig. 5). Sixty—-one saz:vles vere

collected by Belford and Trueman from the traverse, which covers about

200 m of limestone on the eastern side of the island. Tne twelve

sariples taken from the lovermost 91 m came from limestone blocizs in
basalt rubbdle and not necessarily in situ, althougb their faﬁnas
sug#esﬁ that they are not far out of position. The greater part of
this sequence consists of fine to coarse-grained skeletal calcarenites
with varying amounts of calcilutite and secondary calcite. The small

-

'steps™ in the profile above 130 m probably represent faults, and in

s

this connexion it should be noted that Hiogywsina (Hiogypsinoides)

dehaarti occurs in sample 1504 only 6 m above k. (ﬁ.) coiplanata in

.

1305 (see P ).
The lowermost €0 m is characterized by an association of .

mi. -

Spiroclypeus and Heterostesina barriei. This iz followed at 140 n

(Sample 1304) by:Hi0gvbSina (Hiopxpsinoides) dehaarti and at 164 m



-

.

by Tayemaia marianensis. At 213 n (Sample'1228)£, (Hioqusina) efe

neodispansa occurs. Hovever, it disappears again 7.5 » higher in the

sequence. Austrotrillina howchini occurs in sample 1317 (220 m)'and
. @ . ¢ E

continues alimmost to the top of the section, where Ilosculinella

bontangensis appears. A. howchini and F. bontangensis have not been

seen in the same samples, and the latter has not been found associated

5]
ct
’_l
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with any other age-diagno

5 s - Sydney's Dale Traverse. The 21 samples from this stream

traverse on the western side of the island represent about 60 m of
limestone consisting of limestone breccias and calcarenitic muds.

The lower half of the sequence is quite well exposed and is represented
by 16 samples, at least 4 of which (betWeen 1244 and 1246, see Text-fig. 10)
contain reworkgd Zocene foraninifera. These, however, are never

nume:rous. The occurrence of lMiogvnsina (Eiogypsinoides) deheaarti

and Teyanmaia marianeasig in the lowest sanple (1244) indicates that

no part of the sequence is older than Assemblage J.

The frequency of occurrence of each species on the distribution
charts (Text-figs. 6-10) has been determined as the maximum nuwsber
observed in any one thin section from a sample. Because of their

large size, B forms of Lenidocyclina (Bulenidina) in the 'D' Traverse

are recorded only as precent. Encrusting genera are similarly treated
since individual specimens tend to be badly fraegmented, rendering

counts meaningless.
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AGE OF THE TFAUNAS
Five faunal assemblages have oeen recognized within the
-post-Eocene limestones, Assemblages 1 and 2 probably being in part
: [

laterally eqa ivalent (p. ).

1. Levnidocvclinag (Eulenidina) enhinn101des/ﬂ10rvb noides

bantemensis/Spiroclypeus margaritatus Assemblage. These species

form the bulk of this Assemblage which is seen only in 'D' Traverse.

Age: Lower e.

2 Heterogtesina barriei/SDiroclvweus nergaritatus Assemblage.

Yell developed in 'D' Traverse and also seen in the Waterfall Traverse.

Age: Lower g, on the presence of Ii. (Hiogvpsinoides) complanata in a
few samples. .

e M, (Miogvpsinoides) dehaar tl[T&lQmal& marianensis Assemblag

Seen in the Vaterfall and Ross Hill Traverses where it is well developed;
also occurs in Sydney's Dale.
Age: TUpper e.

4. Hiozypaina/A. howchini Assenblage. Seen in stratigraphical

sequence only in the Ross Hill Treverse, althouzgh isolated samples are
knoun from the vicinity of Flying Fish Cove and Sydney's Dale.
Age: TUpper e.

5 Austrotrillina howcnlnl/Ploucullnolla bontanze: Ascemblnbc.

Believed to be restricted to a thln zone at the top of the succession’
and so far observed only in the uppér part of the Ross Hill Traverse.

Age: Lowver £,

These faunas tend to grade into one another and their
constituent species are not necessarily _utua]1y exclusive. Hence,

i. (E.) bantamensis and Spiroclyveus margaritatus may be found in Assemblag

o

3, as may Austrotirillina howchini. Long renging species such as Gypsina




(Forskal) occur throughout the greater part of the succession.

—_ i

globula (Reuss), Borelis pygmaecus Hanzawe and Sorites cf. orbiculus

The faunal sequence shows certain pecularities. Occurrences
‘ ' 4

of M. (Iiogvosinoides) complanata in- sample 64 (near Jedda Cave), B

samples 1302 and 1303.(Ross'Hiil Traverse), and D.3 in the 'D' Traverse,
either within or above the range of . (i.) Qggjamensis,bare anomalous.
In each sample, all the numerous specimens of miogypsinidé appear to
have long neponic spires, thus ruling out the possibility that we are
dealing merely with a few reworked individuals. It might be argured
that sampnle 64 has been raised to its present high position by faulting,
but this explanation will not suffice for samples 1302 and 1363, sample
D.3, and 1358 (Dolly Beach), in each of which H. (E.) connlanata occurs
with foraminifera typicdl of Assemblage 2.

Although the oldest Tertiary e limestones appear to be these
in the lower part of 'D' Traverse on the northwest side of the island,
they have evidently reached their present position by faultiﬁg. They
are novhere seen imnediately beneath the Assemblage 2 faunas in a
continuous section. There is, therefore, a definite possibility -
that Assemblage 1 may be partly or entirely the lateral egquivalent of
Assemblage 2, the composition of the faunas reflecting differences
in the local anironment of deposition rather than any significant

stratigraphical change. Hovever, the occurrence of ii. (ﬂ.) complanata

with Spiroclvpeus and Heterostesina barriei at Dolly Beach, Ross Hill,
and in the 'D' Traverse stronzly suggests that the lower part of
Assenblage 2 is slightly older than the lowest beds yielding Assenblage 1

in 'D' Traverse. . This interpretation would explain the occurrence of

rolled -and abraded specimens of Eulenidina (necrly alwvays microspheric

forms) in Assemblage 2, and the absence or rarity of encrusting genera.
O - o O
-

in Assemblage 1. "
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Lover ¢ is now believed (Adams, 1970) to be equivalent_to

the upper Oligocene (Chattian) of Burope, Upper e to the lower lMiocene

(Aquitanian and Burdigalian in the type areas) and Lower f to the early

a
niddle Iiiocene (Vindobonian).

The-miniﬁum~thickness of post-Locene limestone on the island
(assuming that AssemblagesA1 and 2 are laterally equivalent) is about
190 n. If they afe not equivalent, the figure increases to 265 m.
In this connexion, it may be noted that a borehole in the South Point
area was abandoned while still in limestone at 244 m (pers. COn,
D.A, Powell), whereas another hole (Ho. 14) on the plateau -northeast

t 167 m. A stratigraphic bore ST.1,

o5

of Smith Point reached baszalt

Jones Spring, north of the Waterfall Traverse, vassed through 23 n

Ut

of Tertiary 'e' limestone and 5

.5 1 of baselt before entering an

upper Bocene (Tertiary b) limestone.

SYSTEHATIC PALALCIITOLOGY
The limestones of Christmes Island are rich in micro-
fossils, which, unfortunately, have had to be exanined mainly by

means of random thin sections. Only a few oriented sections could

be prevared owing to the difficulty of freeing individuval especimens

from the hard rock matrix. This rendered specific deverminations

difficult, especially for genera such as Miogypsina, Cycloclveeus,
’ ¢ y

and Lepidocyclina, in all of which the nature of the embryonic apparatus

is of critical importance.
It is usually inmpossible to determine the range of variation

of species seen only in random sections, since two or more species

-

of the same gzenus ray be present in the roclz, For this reason, no

!

serious texonomic revisions are attemvted here. Synonymies are

restricted to the original description, to previous records from

Christmas Island and, where avnpropriate, to important recent redescriptions.



Special nention must be made of the work of Jones & Chapman
(1900). These authors based their descriptions on a very small number
of thin sections (one or two per sample)‘and nisinterpreted many of the

specinens. Hot only did they nmistale Hiozyvsina (Hiogyosinoides) for

Heterostegzina and Miosyvpsina (Hiogypsina) for Orbitoides (Lebidocyclina),

but they failed to distinguish beiwveen specimens now referred to

Sgiroclyneus and Lepidocyclina. They also erected new species on

shape and size alone, disregarding the possibility that these characters
right be highly variable, Huttall (1926), in revising the orbitoids,

corrected most of their taxonomic errors.

Panily HILIOLIDAL Ehrenberg, 18%9
: Genus AUSTRCTRILLINA Parr, 1942
This genus was revised by Adans (1968) and nothing new can
be added here. The commonly occurring species on Christmas Island
is A. striata, but at high levels in- the succession it is replaced
by forms transitional to A. howchini.

Austrotrillina howchini (Schlvnberger)

Pl. 3, fig. 7

189% Trillina howchini Schlumberger, p. 119, text-fig. 1, pl. 3, fig. 6.

1968  Avstrotriliina howchini (Schlumberger); Adans, ». 86, pl. 2,

figs. 1-7, pl. 6, figs. 1-5, 7.
Rermarls. Associated with Fiogvosina in the upper part of the Ross Hill

e e e T

Traverse. Ludbrooli's record (1965, . 291) of A. howchini in association

with F. bontangensis was an error; these species have not been observed
together either in the original slides from sampnle P. 33, or in material
subsequently obtained from this locality. There is, however, no reacson

n

vhy A. howchini should not be found with F. bontangensis, since their

ranges are knovn to overlap elsewhere in the ‘region (e.g., Australia;
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Crespin, 1955). All the individuals seen: so far are fairly primitive

forns lacking the greatly thickened wall so characteristic of the end

= : q

-menbers of the lineage.

¢

Austrotrillina striata Todd & Post

P1. 3’ fig- 6

1954 Austrotrillina striata Todd & Post, p. 555, pl. 198, fig. O

1965 Austrotrillina howchini (Schlumberger); Ludbrook,lp. 292,_

Pl. 21, figs. 4~6

1968 Austrotrillina stirista Todd & Post; Adams, p. 92, pl. 4,

figs. 1-13, »l. 6, fig. 9.

Renmarks. A. striata occurs at intervals throughout the Tertiary e

limestones. Its first occurrence is in sample 1334 ("D' Traverse);
its last, in senple 1228 (Ross Hill Traverse). At higher levels it

is replaced by fairly primitive forms of A. howchini.

% Family SORITIDAE Ehrenberz, 1859
Genus SORITHS Ehrenberg, 1839

Type species Sorites dominicensis Bhrenberg = Hautilus orbiculus Forskal

Sorites cf. orbiculus (Forskal)

Pl. 4, figs. 2, 10

1775 Hautilus orbiculus Forskal, p. 125

1965 Sorites martini (Verbeek): ILudbrook, pp. 290-292

1965 - Sorites orbiculus (Forskal); Cole, p. 20, pl. 6, figs. 1-5, 7, 9;

pl. 7, figs. 1-8, 10-12; pl. 8, figs. 7-9..

1969 Sorites orbiculus (Forskal); Cole, p. €5, vl. 5, figs. 7, 8, 163

pl. 4, figs. 3=T.
Remarizs, This long-ranging sSpecies occufs throughout the entire
Oligocene/iiiocene soéuence. It is ﬁcver abundant, random sections
usuwally showing one or two individuals only. Cele (1969) gave reasons

for regarding this form as S. orbiculus rather than S. martini, the name



applied by most previous authors to Tertiary e specimens. .In the
absence of good eguatorial sections it 18 impossible to be certain

that some specimens do not belong to S. marginalis (Lanmarclk).

[ 4

Genus MARGIHCPORA Blainville 1830

Type species Marginovora vertebralis Blainville

Marcinopora vertebralis Blainville

Pl 4, Tig. 11.

1830 Herginonora vertebralis Blainville, p. 377.

Remerics. Individusls referable to this species occur in a few samples
from the urper part of the Ross Hill Traverse in Asszemblages 3-5.
Unfortunately, they are not nuanerous and no vwell oriented sections

have becn obtained.

Fanily ALVECLIFIDAS Ehrenberg, 1839
Genus BCRIELIS de Montfort, 1308

~ Type specles iavtilus 1elo var. B Fichtel & Holl, 1798

Dorelis wvemaecus Hanzava
Pi. 1, figs. 9-14.

1800 Alveolina melo (Fichtel & Holl); Jones & Chapran, p. 255.

1930 Borelis (Fasciolites) pyvimaeus Henzava, ». 94, pl. 26, figs. 14 & 15.

n-

1965 Borelis pygmaecus Hanzawa; Iudbroolz, p. 292, pl. 21, figs. 7 & 8.

Remarks. This well-known species is common in Assemblages 1 to 3.

Small inflated forms of Borelis, very like the Rezent 3. pulchrus, also

Cole (1969)

DY eUS.

occur at somre horisons and seen to grade into B.

—

referred all such specimens fron fiidvay to B. melo. However, the

.

typical B. melo, from the middle Hiocene of the Hediterranean region

and the dNiddle Fast, is a strongly inflated forn (usually higher than

wide) vhich shows no axial thickening and tends to develon supplementary

-

chamberlets (§, melo curdica). E. pulchrus znd B. pygnacus always

show a tendency :towards axial thickening, are raerely, if ever, higher than
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wide, and do not develop supplementary chamberlets. This is not the

‘place, nor is the present material appropriate, for a revision of the

genus Borelis., Ve are therefore retaining Hanzava's specific nane,

viile. drawing attention to the similarity between these snecimens and

“the Recent B. pulchrus and B. pulchrus schlumbergeri. The difference

betueen B. pulchrus schlumbergeri and 3. 1elo is very well illustrated

by Reiss & Gvirtzman (1966, pls. 1 & 2).

Genus FLOSCULINZLLA Schubert

/ . . ' ’
Type species Alveolinella bontenzensis Ruiten, 19173

FPloscuvlinella bontanzensis (Rutten)

Pi1. 4, fig. 3.

Z

191% Alveolinella bontangensis Rutten, p. 221, pl. 14, figs. 1-3

1965 Tlosculinella botanzensis (Rutten); Ludbrook, p. 292, p»l. 21,

fige 15

Remarks. This species is knowvm only from the uppermost beds in the

Ross Hill Traverse. It has been Tound associated with Amvohistegina,

Sorites, and encrusting genera. However, Austrotrillina howchini

occurs at about the same level. and is mown to have co-existed with.

F. bontengensis elsewhere in the region.

I"losculinella spo.

Remerks. A single individuval was seen in Barrie's sample 69T (Batu
Merah, Flying Fish Cove). It is inmpossible fo'decide'whether this
specinen should Be referred to F. reicheli IHohler or to F. globulosa
(Rutten). However, its occurrence with an Assemblage 2 fauna almost
certainly means that the genus can no longer be relied on to mark the

base of Upper e.
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Family NUMHULITIDAE de Blainville, 13825
Subfamily CYCLOCLYPEINAE Butschli, 1880
" Genus CYCLOCLYPEUS Carpenter, 1856
. ) ' )
Type species C. memmilatus Carter 1861

Cycloclyneus cf. eidze Tan Sin Hok

" 1932 Cycloclypeus eidae Tan Bin Hok, ». 50, pl. 5, fig. 6, pl. 12,

figs. 2-3, pl. 13, fig. 2.

?1965 Cycloclypeus cf. eidae Tan Sin Hok; Ludbrook, p.291.

- Remarks. This species is rather rare. It occurs in a number of

samples from 'D!' Traverse (Assemblage 1); Ludbrook reported it from
sample P, 52, Flying Fish Cove.
Genus HETGROSTEGINA d'Orbigny, 1826

Type species H. depressa d'Orbigny

Heterostegina bvarriei sp. nov.

Pl. 1, figs. 1-4

1900 lHeterostegina deoressa d'Orbigny; Jones & Chapman, pp. 244 & 252

Not p. 229, pl. 20, fig. 1.
This species is named after Mr J.M. Barrie, in vhose samples it was

first recognized.

Descrintion of holotyne. Test small, with evolute primery chambers

arranged in 3 rapidly expanding whorls. Proloculus and aeuteroconch
minﬁte, followed.by 5 operculine chambers. Secdndary septa long, and
well developed from their first appearance. No d}nameﬁt visible,
Dimensiggg. Diameter_1.0 mn (test incomplete). Diamefer of proloculqs .5
0.05 mm.

Variétion. Other specimens.show that éhediameter.of the‘test_ranges
-at least up to 2.1 mm, although the flaﬁge is.almost alﬁays bquenf_
The nwiber of opercuiine chambers raﬁges from 5 to 8, and the'number of
whorls from 3 to 3%. Secondary septa are always long. Although no
ornament-has-been observed, its presence cannot be entirély ruled out

gince small pustules do not always show up in random sectionst
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Locality 2nd horizon. Holotype from sample 1163, 'D' Traverse, at

characteristic of Assemblage 2. Age: Lowver e.

base of the limestone outcrop at this locality. This species is

& -
- E. barriei appears to differ from all other described species’

of the genus in being unusually small (under 2 nm average diameter)

~and in having a very small embryonic apparatus followed by from

5-8 operculine chambers in the megalospheric form., It most closely

resembles H. granulstestata subsp. vraeformis Papp & Hunper from the
riddle Niocene of southern Europe, but is smaller and has long secondary

septa only. H. suborbicularis d'Orbigny is the coumonly reported

Tertiary ¢ species in the Indo-Pacific region, but this is involute
and has very many more operculine chambers (ef. Cole, 1969, pl. 3,

figs- 1"5, 18){0

Heterosfeqina cf. borneensigc van der Vlerk 1929
P1. 1, figs. 5-7.
demarks. Specimens probably referable to this specie° heve been seen
in a few samples (G.8%7, G.838 & G.862) from Flying Fish Cove. They
are two or three times the size of the largest specimens of H. barriei,
and the two species have not been seen in assoclation. A'positive.
identification is, unfortunately, impossible in the absence.of sections
showing the embryonic apparatus and first whorl.
Genus OPERCULINA 4'Orbigny, 1825

Remarks. Specimens occur at intervals throughout the succession. They
are rarely numerous and apﬁear to be specifically indeterminable in
random sections. It is possible that more than one species is |

represented.




Genus SPIROCLYPEUS Douville, 1905

Type species S. orbitoideus Douville, 1205
At least 11 nominal épecies of fhis genus héve been described
from Tertiary e strata in the Indo-Yest Pacific région, and although
attempts haverbeen made to distinguish between them (e.g., Krijnen 1931),
avthors have found.the greatest’difficulty in naming specimens
satisfactorily. = It is undoubtedly significant that no one has yet
described a succession in which even a few of these species have been
shown to succeed one another in time, and as Cole (1969) has pointed
out, several authors have found two or three so-called species in ‘the
N

same beds. Cole (op. cit.) therefore assigned sceven of the 'species'

occurring in the Tertiary e rocks of the region to S. margaritatus

(Schlumberger). Although first inspection of the present material
suggested that several species were repreéented, closer examinaticn
indicated that transitional forms occur. This, together with the
absence of any obvious pattern of stratigraphical distrivution, strongly
suggests. that only one species is present despite the wide range of
norphological variation.

Spiroclvpeusg occurs abundantly only in 'D' Traverse. It

is common at some levels in 'G' Traverse, but well-oriented individuals
have not been seen. It occuré in four samples near the base of the

Ross Hill Traverse, but'egcept in 1302, specimens are rare and specifically.
indeterminable. It is also present in four samples from the succession !

in Sydney{s Dale.

Spiroclyneus mazgaritaﬁus (Schlumberger)
P1. 2, figs. 1-11.

1900 Crbitoides (Lepidocvelina) sumatrensis Brady; Jones & Chapnan,

p. 244, pl. 20, fig. 6.

1902 Heterostegina margarifﬁtus Schlumberge:r, p. 252, »1. 7, fig. 4.
1926 Spiroélypéus globulus Wuttall, pp. 36, 37, pl. 5, figs. 5-7,

test-Fig. 1..
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1965 Spiroclyveus globulus Huttall; - Ludbrook, p. 291, pl. 22, fig. 3.

1969 Spiroclyp:us merzaritatus (Schlumberger); Cole, p. C8, pl. 2,

L,

.figs.'1;20, pl. 3, figs. 9—14,‘19 (synonymy).
Remarks. . The highly inflated form (S. globulus of Wuttall) of this
species is common to abundant throughout the ﬁpper partvof ‘D' Traverse
(Assemblage 2). However, it is usually ébraded and shows signs of
having been rolled and redeposited. The flange is rarely preserved
except in the thicker and stronger 'B' forms. It occurs also in
Aésemblage 2 at the base of the Ross Hill Traverse and in Assemblagés
2 and 5 at Yaterfall.

The chief variation in the present material is in the strength

twveen the lateral chambers.

_of the ornament and width of the walls te
Some highly inflated forms, particularly those of the milcrospheric
generation, seem to possess a single umbonal pillar; however, this
effect can also be produced by sections through thicltened lateral walls.

The only differences between S. leupoldi and 5. marszaritatus

seem to be the inflation of the test and the number of lateral layers.
No differences can be seen in eguatorial sections obtained near the
base and the top of 'D' Traverse (1332—1177).
Family MIOGYPSIHIDAE Vaughan, 1928
Genus HIGGYPSIHA Sacco, 1893
\

Subgenus MIOGYPSINCIDES Yabe & Hanzawa, 1928

Miogypsina (Miqubsinoides) complanata Schlumberger

Pl1. 3, figs. 1-5.

1900 Hiosvpsina complanata Schlumberger, p. 330, pl. 2, figs. 13-16

iiogvosinoides ubaghsi Tan Sin Hok, p. 48, pl. 1, figs. 1-7

-

Xp]

L
@)
.

Remarlis. This primitive species is found at only four localities.

It occurs in 1302 and 1703, Ross Hill Traverse (Assemblage 2); in
. b .

L

Barrie's samples D.3 from the 'D' Traverse and 135B above Dolly Beach
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(E;st Coast), each wvith an Assemblage 2 fauna; and it forms a true
foraminiferal coquinite in Barrie's sample 64 near Jedda Cave .in the
. (4

sequence; 64 and 135B. are isolated samples which cannot at present’

be located accurately relative.to the local stratigraphical succezsion.
Samples 1302 and 1303 are from a boulder-strewn slope and nust be older
than other samples collected from boulders occurring at_lOWer_levels
along the same traverse. There are two possible explanations for this
peculiar distribution. Either ail rocks containing H. 'ﬂ.) comvlanata

are up-faulted relative to all those containing H. (1i.) bantamensis

or the ability to produce a long periembryonic spire had not been

entirely lost by the tine h.-(H. bantanensis evolved. The former
y Lo - \ile) DENTAMENS1S

explanation is considered to be the most likely since all the specimens

seen in each sample appear to have the same grade of structure.

M. (11.) mauretanicus, H. (M.) formosensis, and M. (M.) bantamensis
could be shown to occur in association in oﬁe part of the region or
ancther, only one species should be recoénized. However, he failed
to notice. that the gradation is in time rather than in space. Hence,

. (E.) complanata is never found with . (ﬁ.) dehaerti, whereas either

(but not both) may occur with M. (H¥.) bantamensis.
Variation. Hepionic spire long (16=2% chambers in the A form), test
relatively small (up t0.1.% mm in maximum diameter),lateral walls

nearly alvays thin.

Miogynsina (Eiogypsinoikes) hantamensis Tan Sin Hok
P1. 3, figs. 8-11; text-fig. 11

19%6 Iiozynsinoides commlanata (Schlumberger) forme bantamensis

Pan Sin Hok, p. 48, pl. 1, fig. 13.

1940 Niogvusinoides lateralis Hanzawa, v. 783, ol. 39, figs. 10-14.
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Remarks. Cole (1969) has argued that H. (E.) bantamensis is a junior
synonym of M. (E,) dehaarti and that the two cannot be distinguished
in the drill holes on iiidway Atoll. Hoyever, if the principle of

nepionic acceleration is valid, M. (H.) bantanensis must e slightly

older than . (g,) dehaarti. This is supported by the stratigraphical

distribution of these two species on Christmas Island. M. (M.) bantecensis
is comﬁon in Assemblage 1 ('D' Praverse) and alsoloccﬁrs in Assemblagze 3
(Ross Hill and Sydney's Dale), although the paucity of well-oriented
individuals renders identification difficult in many samplesf

Present evidence suggeste that the earliest representative

of H. (Hiogyosinoides) in the Indo-Pacific region (M. (iil.) complonatsa
gradually underwent a shortening of the perlembryonic spire leading
to the condition seen in H. (E,) bantameneis. This process continued

until individuals recognizable as M. {M.) dehsarti were produced.

This shortening of the spire was accompanied at first by an increase

in~the number of equatorial chambers, thus producfng a larger test,
and later by increase .in the thickness of the lateral walls. The
shortening of the spire may have been linred with an increase in the
internal diameter (volwme) of the proloculus. The evolutionary

sequence 1s tabulated below.

3. H. (E.) dehagrii Upper e
2. M. (li.) bantemensis)-

Late Lower g
1. H. (H.) complanata

Ag these changes in shell form were gradual and progressive,’ transitional

Hy

orms occur between 1 and 2 and 2 and 3. However, li. (ii.) complanata

and Ii. (E,) dehaarti have never been found in natural associztion.

Cole's evidence from Hidway is not opposed to this hynothesis.

llis figured svecimens show an overall increase in the length of "the

spire with depth.
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Data from Cole (1969, pl. 1)

Depth . No. of chambers in spire
595-600 £t ‘ figs. 3 & 4 (&); figs. 1, 11 & 12 (9)
h 4 2
" 901-906 ft . figs. 9 (10); fig. 20 (9+); fig. 8 is

a microspheric form.
926-927 £t : figs. 5 & 6 (10); figs. 13, 14, 16 &

17 (13); fizs. 18 & 19 (12+)

Hanzawa (1957) and others have attributed importance to the attitude
of the embryonic chambers relative to the apex.of the shell. However,
this is deterzmined by the length of the spire. Once median chambers
have begun to form, the spire cannct be continued for more than half a’
turn (usually 7-9 chambers) vithout the tyvical fan shane being lost.

grigtion. Périembryonic épiré of medium length and formed of 9 to 13
chanbers. Internal diameter of the proloculus 0.13% to 0.150 mm

(6 measured speciméns). Test up tb 2.2 mm long and Q.76 mm thiclk;
always longer then wide.

Since this species evolved from H. (i.) connlanata and into
L. (E,) dehazrti, it follows that transitional forms occur and that an
; : :

arbitrary specific diagnosis will not bve satisfactory for the early
and late repreczentatives of the 'bantemensis' part of the lineage.

Miogvpsina (Hiqupsinoides) dehaarti van der Vlierk

Pl. 3, figs. 12-14.

1900 Heterostegina depressa d'Orbigny; Jones & Chapman, p. 257.

1924 liogypsina dehaartii van der Vlerk, p. 429, text-figs. 1-3.

1965 Hiogvynsinoides dehesrti (van der Vlerk); Ludbrook, p. 293,

pl. 21, figs. 9-11 & fig. 12 (part).

s

Rerarks. Little can be added to nrevious descriptions. In the present

-material the nepionic spire consists of from 7 to 10 chambers of which

the last few are usuwally véry small. The test is usually wider than
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long, and the lateral walls are well developed. The test ranges up
to 1.2 mm in thickness; some specimens have a strongly pustulate

appearance, others are smooth. "

This species forms a foraminiferal coguina in some samples
(e.g., 1058, 1059, 1061, 'G' Traverse and Andrews' Ho. 131, Flying
Fish Cove); it is common in the Ross Hill and Waterfall sequences.

H. (ﬁ.) dehaarti occurs in Assemblages 3 and 4. It overlaps

/ .. 3 ~ : . . i

and grades into [. (Ep) bantamensis in the lower part of Assemblage 3,
and overlaps with Ii. (Hiopvmsing) cf. neodispansa in Assemblage 4.
Ludbrook (1965) figured an association of H. (3.) Gehaerti and

— T

L, (Hiogvpsina) neodiswansa.

&

Miogvpsina (Hiog*nsina) neodispansa (Jones & Chﬁpman)

X Pl. 1,, flgs- 16"“18-

1900 Orbitoides (Lenidocyclina) neodigpenss Jones & Chapman, pp. 235,

240, »l. 20, figs. 3 & 4.

1926 Hiogvpsina neodispansa (Jones & Chapman); Nuttall, pp. 37, 38,
pl. 5, fig. 4.

1965 Hiozyvsina neodiswnansa (Jones & Chapman); Ludbrook, p. 290,

pl. 2, fig. 12 (part)

Remarks. The original description of li. (I.) neodispansa is poor,
and Nuttall's emendation little better, since he gave no information
about the nepionic s»ire, the one part of the test considered to be

of diagnostic importance by modern workers.

|
Examination of numerous random sections has revealed the followving
variation in test morphology:

1. Size. The maximum diameter of the test ranges from 2-4 mn,

and averages about 2.5 1m. The maxirmun thickness (1.6 m1 in the type

-slides)'is dependent on the number (6—12) of lateral éhambér layers

developed;
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2. Surface ornament. This varies from finely {o coarsely

pustulate. The maximum diameter of the pustules is about 25?/;, but

-many individuals are ornamented with pustules not exceeding 50 in

[ 4

diameter.

B Chamber shave and arrancenment. The embryonic chambers and

median chambers do not always lie in the same plene, a feature which

makes the preparation of oriented thin sections rather difficult..
The median layer is composed of a few rhombic and many

hexagonal chambers. This layer is not always flat, and ﬁavj tests

of the I. (E,) bifida and IH. (E,) nolymorpha types are quite common.

-

In the two oriented sections obtained from Barrie's sample 50
(Andrews Point) the median layers avpear to be composed entirely of
rhombic chambers.,

4. Embryonic aonaratus. The internal diameter of the protoconch

in most specinmens fells within the range 0.12-0.20 mn. However, one
individual in a sample from South Point has an initial chamber with
a diametgr-of 0.25 mnm. The deuteroconch is usually considerébly
larger thaﬁ the protoconch., . Two protoconchal spirals are clearly
visible, arn? the two primary auxiliary chambers are usually unequal
in size. The larger chamber gives rise to a spire of three chambers
while the smaller produces a shorter spire of two chambers.

M. (E.) neodispansa was one of the first miogypsinids to bve
described from the Indo-Yest Pacific region,_and as such 1s an_important.

species.. Its association with H. (Hioqypsinoides) dehaarti and a

fairly prinitive form of Austrotrillina howchini fixes its position

as Upper e, vhile the fact thet it occurs fairly high in the succession

(not very far below Ilosculinella bontangpnsis) probably means that it

‘iz a late Upper g foru.
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It is still impossible to state clearly how I. (E,) neocisvansa
differs from other déscribed Indo-ilest Paciiic species of the genus.

Further data on the periembryonic and median chambers of this and
. p :

other species are required, and these await the collection of better

material. However, present evidence sugiests that ii. (ﬁ,) neodispansa

is more highly evolved than }. (E,) thecideaeformis and H. (E,) zlobulina

Fo LSt

(: M. (“;) kotoi) since both protoconchal spires are well developed
and the median chambers appear to be markedly hexagonal. On the other

hand, it is less advanced than H. (E.) indonesiensis which has subegual

primary auvxiliary chambers and median chambers that are hexagonal
throughout.

On the basis of individual specinens it would be possible to
recoznize four or five ’species{ in the Christmas Island samples.

M. (ﬂ.) neodispansa occurs in greal abundance in three sanples

from different parts of the island (Flying fish Cove, Io. 220 and 924;

South Point area, K. 129). Specimens probably referable to this
species occur in three samples from the upper part of the Ross Hill

Traverse.
- Family LEPIDOCYCLIHiDAE Scheffen, 1532
Genus LEPIDOCYCLINA Glmmbel, 1870 =

Type species Nummulites mantelli Moxrton, 18373

Christmas Island is the type locality for six species of

Lepidocvelina, five of which were erected by Jones & Chapman (1900)

on the basis of a small number of random sections through fourteen
sanples of limestone. Futtall (1926), aftér-having additional éections
cut from the same matérial, recogpized the following species:

Lepidocyclina andrewsiana Jones & Chapman, L. ephivnioides J. & C.,

L. (B) ?formosa Schlumberger {=L. murrayana J. & C.)ltghaumani Tattall,

L. inaegualis J. & C., and L. insulacenatalis J. & C.. Ludbrook (1965)
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reported, but did not figure or describe, all six species from tuo
samples (P. 132 & P. 52). Hone of these authors had access to material
collected in stratigraphical order, and all used test shape and size as

. ) e

the basis for distinguishing between species; internal characters,

although sometimes mentioned, vere not used in a systematic manner.

The present material shows that Levidocyclina occurs mainly
in the northwest part of the island. The megalospheric form of
Eulenidina occurs most commonly in the lowermost 250 feet of 'D' Traverse

(Assemblage 1). _There is one doubtful occurrence (1095) in the

.

Yaterfall Traverse (assemblage 2), and numerous inflated 'A' forms
(B, andrevsiana type) occur in sample 1122 (Assemblage 3, Sydney's Dale
Traverse). Individuals present in the higher part of 'D' Traverse

& O P,

(Assemblage 2) are mainly microspheric forms of the chapmani[insulaenatalis

type and show obvious signs (breakage and abrasion) of redeposition.
Many are coated with calcareous algae. Ho recognisabie megalospheric
forms are.seen above sample 1030, other than a gingle suecimen in
sanple 1045 (from a rolled boulder).

It is clear that Bulepidina is represented here by several
types of test (flattened or disc-like; lenticular; saddle-shaped;
and highly infleted with a flange), but so far as can be ascertained
from randon sections, gradation occurs between the different types.
The facts that most of these can be found in two of the lowest samples
(1328 and 1078) from 'D' Traverse and that no type is restricted to a
definite stratigraphical interval probably mean that this diversity of
form reflects variation within a siﬁgle species. However, Andrews'
sémple 827 from 3 km south of Flying TMish Cover and four of Belford's
sanples from Seith Eéint contain a Tew inflated negalospheric forms
vaich must be referred té L. (E.) andreugiane, vending further
investigation. Unfortunately, the associated foraminifera in these
five sanmples are uhdiagnostic-and could represent either Assenblage 1

or Assemblage 2.
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The subgenus Eulepidina is in need of revision. The

specific characters on which the numerous nominal species have been

" based need to be evaluated statistically on the basis of metrix-free
0 [ 4

mate:ial. Until this has been done it will not be wossible to name

specimens occurring in hard limestones satisfactorily.,

1900

LEPIDOCYCLIKA (EULEPIDIHA) H. Douville, 1911
Type species Orbitoicdes dilatata liichelotti, 1861

cpidocyelina (Zulepidin andreysiana nes & apmnan
Lepidocyclin ulepidina) andreysisna (Jo & Ch

Pl. 4, figs. 7-8.

Orbitoides (Levnidocyclina) andreusiena Jones & Chapman, p. 255,

pl.- 21, fiz. 14.

Remarks. The specinens referred to this species occur in four samples

from Smith Point (1257, 1258, 1262, 1263) and one (827, the type sample)

. from the base of a limestone c¢liff resting on basalt at 150 m % Im south

of Plying Tish Cove. They appear to differ from L. ephivnioides in

being more inflated aad in tending to develop very thick lateral walls

betuveen the lateral chambers. It is, however, quite nossible that

transitional formes to E. ephinpnioides would be found if wmatrix-free

material were available.

1900

1900

1902

1926

Lewnidocyclina (Eulenidina) ephinpioides Jones & Chapnan

Pl, 4y figs. 46y 9y 125 14

Lenidocyclina evhivypioides Jones & Chapman, pp. 251-2, pl. 20,

“fhie. 9.

Lenidocyclina murravana Jones & Chapman, pp. 252-3, pl. 21, fig. 10.

Levidocyclina (Eulepidina) formosa Schlusberger, p. 251, »l. 7,

figs. 1-3%.

Lepidocyclina ephivpioides Jones & Chapman; Tuttall, pp. 34-36,

pls 5, figs. 1, 2, 3, B8 and 10.
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1926 Lepnidocvelina (Bulepidina) ?formosa Schlumberger; Nut all pp. 22-30.

1965 Lewidocvelina (Zulepiding) ephirpioides Joncs & Chapman; - Ludbrook,

pp. 290, 291.

, . ,
1965 . Lenlﬂoc rcline (Bulepidina) nurravane Jones & Chepman; Ludbrook,

P. 290.
Reparks. Nuttall (1926) dictinguished L. ephippioides from L. andrevwsiana

on size (the former was, he thought, slightly larger) and on the
appearance of the embryonic apparatus, which he comsidered to be truly
eulepidine only in L. andrevsisna. However, he was comparing a well-

centred section of L. andrewsiana with off-centre sections of

L. evhigpioides, and as showm by Text-fig., 12 the apncarance of the

enmbryonic apparatus in Eulepidina depends entirely on the plane of

section. Huttall (op. Gite, Te 35) himself observed that L. ephippiociles

'excent for the nucleoconch strongly resembles L. formosa', a taxor

now generally regarded as synonymous with E. ephippioides.

The lecfotvge deslrnaued by Huttall is frowm Andrews' sample
549 taken 'at the base of an inland cliff at 500 feet, running south
from Plying Fish Cove'. Yhether from a fallen blocl: or in situ rock
vas not stated. The occurrence of Zulepnidina in Assemblage 1 makes it

certain that L. (g.)‘gphinnioides ceme from low in the post-Bocene

succession. It is usuelly associated with Sviroclywneus margaritatus,

Hiogzyonsina (HlOﬂVD lPOldeq) bantamensis and Austrotriliina striata, and

is therefore of Lower ¢ age. It is worth noting that the type slides

of L. murravana contain a typical Assemblage 2 fauna.

Levidocyvclina sp.
Pl. 4, fig.13.

Large inflated 'B' forms are common throughout 'D' Traverse

and are virtually the only specimens precent in the upper part of the

section, i.e., above sample 1045. They show considerable variation in

shape and size. ' A particularly prominent feature is the tendency of
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inflated forms to develop thick walls between the lateral chambers in
the umbonal region (pl. 4., Tig. 13). Cuts through these walls ce

produce the appearance of coarse pustules in sagitial sections.
. :

LEPIDOCYCLINA (NEPHROLEPIDINMA) H. Douville, 1911

Type species Hummulites marzinata Hichelotti, 1841

L. (Hebhrolenidiha) Spp.

This subgenus is surprisingly rare in the samples so far
obtained from Christmas Island. It occurs sparsely in 'D' Traverse,
Sydney's Dale Traﬁerse and in a few other localities (e.g., Plying
Fich Cove, Andreuws' sample 646). In the absence of oriented thin
séctions it is iﬁpossible to assign a specific name to these individuals,
sone of which have hexagonal equatorial chambers. They occur in

Assemblages 1-3, and it is certain that more than one species is

represented.

Family HOMOTREMATIDAE Cushman, 1927

Genus CARPEIMTERIA CGray, 1858

Type species Carventeria balaniformis Gray, 1858
Carpenteria spp;

Humerous fragments and somé larger specinens of this genus

occur throughout Assemblages 2 to 5. Ho attempt has been made to
L
distinguish between different species.
Family ACERVULIFIDAE Schultze, 1854
Genus GYPSTNA Carter, 1877

Type species Polytrema planun Carter, 1876

Gypsina globula (Reuss)

1848 Ceriovora globulus Reuss, p. 53.

1900 thsiﬁa globulus Reuss; Jones & Chavmen, v. 229 et seq.

——

Remarks. G. globula occurs throughout most of the succession and is
particularly common in Assemblages 2 and 7. There is nothing to add to

previous descriptions.
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Family PLAHORBULINIDAE Schwager

Genus TAYAHAIA Hanzawa, 1967

Type species Gvpsine marisnensis Hanzawa
[

Mayarpaia marianensis (Hanzawa)

Pl. 1, fig. 8; 7pl. 4, iz 1.

1957 Gvpsina marianensis Hanzaﬁa; p. 66, pl. 21, fig. 9, vl. 27,

figs. 1-8.

1965 = Gypsina nerianensis Hanzawa; Ludbrook, p. 292, pl. 22, fig. 2.

1967 Tayarmaia nmariznensis (Hanzawa); Hangawa, p. 22, fig. 3.

Remarks. A long-ranging species that occurs particularly frequently

in Assemblages 2-4.

OTHER ATTACIED AWD EWCRUSTING GENZRA
Numerous attached and encrusting forms referable to Acervuling,

Borodinis, Kanakaia and Sporadotrema are present throughout the

succession, being particularly common in Assemblages 2 to 5. The
comparative rarity of these forms in Assemblage 1 is consistent with

this having been deposited in a fore-reef environnment.

SUKHARY

The larger Tertiary foraminifera occurring in the»post—Eocene
linestones of Christmas Island appear to be characteristic of the Tertiary
Lower e, Upper e, and Lower f Letter Stages. Iive locally significaﬁt
faunal assemblages can bg'recognized; twvo of these are probably in
part laterally equivalent, and brought into their present topographical
positions by fault movements. o

The close stratigraphical juitaposition of Hiogynsina

--.,. . 0N re - \ = . " o .
(nlogyp51n01aes) complanata, [i. (g,) bantamensis, and I. (g,) dehaarti

seenr to indicate that the evolution of this lineage proceeded very

rapidly during the late Oligoccne. The early members of the
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H. (Hiogyvpsina) kotoi - I, (H,) indonesiensis liﬂeage have not been

I

observed on Christmas Island. I (11.) neodispansa is a fairly

advanced form which may well prove to be of regional value in the
. . )

recognition of late Upper g sediments. Flosculinella is poorly

represented on the island. Apart. from a single, specifically

v

indeterminable specimen in Assemblage 2 (sample 69F, Batu iierah,

Flying I'ish Cove), the genus is not seen univil well-develoned

specimens of F. bontangensisvappeér high in the Ross Hill Tfaverse.
{lowever, the occurrence of Uhat;apéears to be a primitive form with.
a good Assemblage 2 fauna almost certainly neans that this genus
can no lohger be relied on to define ﬁnequivocally the basc of
Upper e.

Although it has not been possible to determine how many

species of Lepidocyclina are represented in the Christmas Island

succession, it can be stated that all those described by Jones &

Chapman were from limestones of late Lower e age.
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Plate 1

FIGS. 1-4. Hetérostegina barriei sp. nov. All from 'D' traverse,

x60. ~ 1, pératype A, CPC: 13734, median section, sample

1173; 2, paratype B, CPC. 13735, transverse section, sample
1180; 3, holotype, CPC. 13733,s1igﬁtly oblique median section,
sample 1168; 4 paratype C, CPC. 13736, median section,

sample 1170.

FIGS. 5-7 _ Heterostegina cf borneensis van der Vlerk. All transverse

sections, x 10. 5, CPC,13737, obligue transverse section,
sample G837, Flying Fish Cove; 6, CPC., 13738, transverse
section, sample G838, Flying Fish Cove; 7, CPC.13739,

transverse section, sample G837, Flying Fish Cove.

FIG. 8. . Tayamania marianensis (Hanzawa), CPC.13740, x30. Sample

1216, Ross :Hill traverse.

FIGS. 9-14. Borelis pygmaeus Hanzawa. Specimens from 'D' traverse

showing variation in shell size and form. 9; CPC.<13741,
off-centre, slightly oblique section, x40; sample 1356.

10, CPC. 13742; slightly off-centre axial section, xkO;

sample 1334. 11. CPC. 13?&3,slightly off-centre axial A
section, x40; sample 1334. 12, CPC.13744, axial section,
x48; sample 1037. 13. CEC.13745, slightly SEE e Bl
section, x40; sample 1333. 14, CPC. 13746, off-centre axial

section, x40; sample 1080.

FIG, 15. Borelis melo (Fichtel & Moll).  Axial section P.49087, x50,

from the Miocene of Turkey; introduced for comparison with

B. pypmaeus.
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Plate 1 contd.

Figs., 16-18

_39..

Miogypsina (Miogypsina) neodispansa (Jones & Chapman).

All from Andrews' sample No. 220, séuth side of Flying

Fish Cove.. 164, P.'49088, transverse section, x30. 17,

P, 49089 oblique transverse section, x24. 18, P. 49090;
sligﬁtly oblique median section.showing embryonic apparatus,

x30.






FIGS, 1-11.

40,

Plate 2

Spiroclypeus margaritatus (Schlumberger). All exéept 7

from 'D' transverse.

1, CPC.-13747, off-cenfre fransverse section through
microspheric forh, x10.l thé thick pseudo-pillars and

compare with figs 3 & U sample 1172. 2, CPC. 13?48,7

typical transverse section through inflated forﬁ_(“S.'Elobulus"
of Nuttall), x20. Most individuals from Chfistmas Island

are of this type;- éample 11?5y CPC.13749,obliqué
transver§e section showing pseudo—pillars, x10. Probably

a micro-spheric form; sample 1171. 4, CPC,13750 off~

centre transverse section, probably through a microspheric

form, x10. Note the massive umbonal pseudo-pillar and

compare with Lepidocyclina sp., pl. 4, fig. 13; sample
1332. 5, CPC., 13751, slightly off-centre transverse section
through megalospheric form,x20; sample 1026. 6, CPC.
13752, slightly off-centre transverse section through
megalospheric form, x20. 4# more typical shépe for the
species, but not common on Christmas Island; sample 1169.
7, CPC. 13753, median section through megalospheric form,
x20; sample 1302, Ross Hill traverse.8, CPC. 13754,
transverse section, x20; sample 1172. 9, CPC. 13755,
median section, x20; sample 1332. 10, CPC,13756, median

section x20; sample 1036. 11, CPC. 13757, median section,

" x20; sample 1079.







FIGS. 1-5.

FIG. 6.

FIG. 7.

FIGS. 8-11.

FIGS. 12-14.

41,
Plate 3

Miogypsina (Miogypsinoides) complanata Schlumberger.

1.-CPC. 13758, oblique'median section through micréspherié"
form, x30; RossAHill travers®e; sampie 1302. 2. CPC. 13759,
transverse.section~throﬁgh megalospheric form, x30; Roés

Hill traverse; sample 1303. 3. CPC. 13760, median

section through megaléspheric form, x30; Ross Hill traverse;
sample 1303. 4. CPC. 13761, median section through
megalospheric form, x40; "D" traverse (Barrie's‘sample

D3). 5. CPC. 13762, off-centre transverse section x40, same °

locality as 4.

Austrotrillina strista Todd & Post, CPC. 13763, off-centre

trénsverse section, Ross Hill traverse; sample 1303.

Austrotrillina howchini (Schlumberger), CPC. 13764, transverse

section, x50. Ross Hill traverse; sample 1239.

Miogypsina (Miogvpsinoides) bantamensis Tan Sin Hok, all

x30. Ali from 'D' traverse. 8. CPC. 13?65,megalospheric
form in median section; sample 1079. 9. CPC. 13766, off-
centre transverse section; sample 1334. 10.‘ CPQ. 13767,
transverse seqtion of megalospheric form;  sample 1079.

11. CPC, 13768, median section of megalospheric form; s;mple

1079.

Miogypsina (Miogypsinoides) dehaarti van der Vlerk.

All from 'G' traverse. 12. CPC. 13769, transverse sectioﬁ
through megalospheric form, x50; sample 1061. 13. CPC. 13770,
nmedian section tﬁrough megalospheric forn, XBO; sample 1059,
14. CIC. 13771, slightly oblique median section_thrgugﬁ

megalospheric form, x30; sample 1061.






FIG. 1.

FIGS. 2, 10.

FIG. 3.

FIGS. 4—6’ 9’
12, 14,

FIGS. 7-8.

FIG. 11,

FIG,
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Plate 4

Tayamaia marianesis (Hanzawa), CPC. 13722, slightly off-

centre -transverse section, x20; sample 1065, between 'G'

traverse and Waterfall.

L 4

Sorites cf orbiculus (Forskal). 2. CPC. 13773, oblique median

section, x40; sample 1358, 'D' traverse. 10. CPC. 13774,

highly oblique median section, x30; sample 1355, 'G' traverse.

Flosculinella bontangensis Rutten. CPC. 13775, off-centre

axial section x30; sample 1237 (Ludbrook‘s P33 locality))

near Ross Hill.,

Lepidocyclina (E,) ephipnpioides Jones & Chapman, all from

'Df traverse., 4-6, 9, transverse sections showing variation in’
shépe, size, and number of lateral chaﬁbers. 4, CPC. 13766,

sample 1045, x20; 5. CPC. 13777, sample 1044, x10; 6. CPC. 13778
sample 1331, x10; 9. CPC. 13779, sample 1331, x10.

12,14, median sections through megalospheric forms, both x20.

12. CPC. 13783, sample 1078; 14. CPC. 13784, sample 1328,

Lepidocyclina (E,} andrewsiana Jones & Chapman. CPC. 13780

and 13781. Transverse sections showing inflated umbonal

region, x10. Both from sample 1261, Smith Point at 60 ft.

Marginopora vertebralis Blainville. CPC. 13782, off-centre

transverse section, x40; sample 1238,

Lepidocyclina sp., P. 49091. Tangential section through umbonal

region of inflated form (probably L. (E,) andrewsiana) showing
greatly thickened walls of lateral chambers, x16. Thin sections
cut along lines a-a or b-=b would appear to show thiékened umbonal

pillars; Andrews' sample 827, 2 miles south of Flying Fish Cove.
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Text-Tigure 10. Faunal distribution, Sydncy's Dale Traverse
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