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I C.G. Adams & D.J. Delford 

I 
I ABST1Ul..CT 

Foraminifer8. indicative of the Tertiary LO~'ler ,£, Upper .£ 

1 and Lower K • Stages' of the East Indian Letter Classification are 

.1 recognized in the post-I:ocene limestones of Christmas Island. The 

~ 

local r8.n~es of Spiroclypeus .0;lobulu.s Huttall (here regarded as a 

I junior synonym of li. warf;ari tatus), iiiog;ypsil1E~ neodif:lE-psa (Jones &. 

1,. (~.) andrem:iana J. be. - for all of Hhich this Si;13.11 island is 

1 
'the type area - are cLcterr:1ined. Five fau.nal assel1blages are reco;s1.1ised, 

and one neH "pecies, Heterosterdna barriei, described. 

IwnWDUCTICN 

Christ!l1as Island lies ah:lOst 320 ko south of Java and has an 

I 
2 area of about 140 kID • . It is basically a tTImc3. ted volcanic cone, 

capped i'lith about 190 m of mainly flat-lying Cenozoic limestones, 

I rising some 2450 ill from the floor bf the · eastern part of the Indian 

Ocean. The island is heavily forested, the best natural exposures of 

I limestone being in the steep inland cliffs. The area Has active 

I 
tectonically throughout Tertiar~r times, and the sed.imentary succession 

is j'quch affected by faultins. The geolOGY was originally described 

I by Andrelrs (1900), the only recent accounts beinG a paper bY' Tru8i,lan 

( 1965) and an unpubLi..shed :report by Barrie (1967) for the Dri tish 

I Phos~)hate COlllt:J.issione1'8. 
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The Tertiary. foraminifera of the isl2.nd uere first described 

by Jones 8: Chapman (in .trndreHs, 1900) on the basis of . 58 poorly localized 

rock sanples ' lThich failed to yield a recognizable faunal sequence ouine 

to the uncertainty of their stra.tigraphical relationshius. Houever, 

a munber of neH species 1'70re desc:cibed, the Dost important being 

Lenidocvclina Cli.) andre1'!siana, 1.. (~.) ephinpioides, 1,. (.£;..) murrayana, 

1,. insulaena talis, and Orbi toides (bepi~yclina) neodis';)ansa; S011e of 

these nO'!;les subsequently came into General use throughout the reGion. 

The main part of the limestone \TO.S thought to be of early Hiocene age, 

but of the feH samples llhich a ppeared to have been taken from at or 

near the base of the succession in the area of Flying Fish Cove, 

No. 595 contained planktonic foraRinifera (including Orbulina) nOH 

kno';m not to. occur belo'.l Blou's zone IT. S. (a})]Jroxim.e.tely base of 10110r i) , 

uhile saTIlpl:;s 924 and 220 yielded I:Iiog-JPsina, a genus Hhich appears 

first in strata of Upper ~ age in Indonesia. The faunasfroIi1 these 

thi-ee samples therefore conflicted vrith the evidence for the age 

(Louer.Q) of the overlying bed.s. Nuttall (1926) revised the orbi toius 

l'rith the aid of additional sections cut froH AIldrelTs' sa~nples, and 

cleared up SOEle of the cOIuusion caused by the poor original descriptions. 

HOI'leVer, Tan (1936) noted that the published descriptions of l;Jiog:Y'Jsina 

neodispansa Here still inadequate for the satisfactory establishBcnt 

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

22 isolated samples collected from different parts of the island. 

Al though Nuttall and ludbrook both contribl1.tcd to our lmoilledge of 

the fatmas, neither' had access to naterial 1'ihich Hould have 'enabled 

them to solve the basic stratigraphical problems. In 1965 Dr. J.D. Barrie, 

then ui th the Comi':lOmIeal th Bureau of Eincral Resources, carried out a 

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

·-1 
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material collecteclby him shoued conclusively that the base of the 

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

·li ttle to our kno,'lledge of the island's stratigraphy. One of us 

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

200 sanples in stratigraphical orcJ.er aleng the five traverses shoim 

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

primarily on this material, all the previous collections have been 

re-e:~amined and evaluA.ted in interpreting the biostratigraphy. 

Of the three anomalous sam})les collected by AndreHs and 

referred to earlier, that containing Orbulina (595) ua.s undoubtedly 

obtained from one of the plankton-rich fissure infillinr,s uhich occur' 

in Flying Fish Cove. The occurrence of Eiogynstna ~Q.9-isl)ansa in 

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

and Nr 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 :'lhe1'e Andrel'1S obtained rock no. 924. Nine of these 

samples ~ielded lie neodi31)~; the fauna of the yellol1ish limestone 

cannot be traced laterally, and tHO samples collected iilli1ediately abO'le 

(G.861-862) contain a LOHer e staO"e fauna. _ b Nr Barrett considers the 

yellowish limestone to be different from others in the area, and regards 

it as being formed. also as a re:::;ult of fracture filling, perhaps of a 

tension fracture \"1hich "las gradually opening as the island underllent 
, 

adjustnent. This secmsto be the only explanation for a younger 

limestone directly against the bas3.lt uith an older limestone at a 

higher level. It is unfortunate th2.t the limestone occurs at the 

northern end of a :raul t zone ",here the snccession is obscuxe. Sat1ple 

220 is probably from the sa!:~e locality. 
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Figured specimens prefixed CPC are deposited in trie 

CoUt"Jomreal th Palaeontological Collection, Bureau of Nincral Resources, 

Canberra, Australia; those prefixed P are deposited in the Palaeontology - , 
Department, British Euseum (natural History), London, England. Thin 

sections representative of the samples referred to in this paper are 
' . 

deposited in both Canberra and London. 
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·1 LITHOLOGY, STHATIGHAPHY &. FAUNAL SUCCESSION 

I The greater part of the succession is !!lade u.p of foraminiferal 

and algal debris j.n a matrix. of carbonate mud. Nolluscs, corals, 
, 

and coral debris are ~resent in many samples, but only in IG' Traverse 

I 
is there direct evidence for a coral reef. The limestone contains 

feH planktonic foraminifera except in fissure infillines. Assemblazes 

I of miliolids and . pencl'oplid.s knmm to be characteristic of shallOl'T-

uater sheltered environments (e.g. lagoons) occur at many levels, 

I Hhereas foraminifera believed to be tYIJical of higller cnerlS"}' envirol1L'.ents 

I 
are virtually restricted to Assemblage 1. The post-Eocene limestones 

are seen to rest on basalt or tuff Hhercver they are exposed althOUGh· 

I the contact is usually obscure; in some places it is cel'tainly a 

faul t plane but in others may be em erosion surface ui th a limestone 

I breccia or conglomerate above. In the traverses detailed beloH, 

I 
the base of the lik1estone rests on basalt. Some traverses have been 

naEled 8.fter localities in uhich they occur; others are differentiated 

I by letters assigned by Barrie (1967). '1'he discontinuity of sample 

numbers in the traverses resulted either from difficulty of access, 

I particularly in 'D' T:caverse, so that several visits uere necessary 

I 
a t different times, or from further collecting in order' to check 

particular parts of tl'averses after preliminary examination of sar.lples 

I on the island. 

On discovering that the faunal sequence \'Jas difficult to 

I interpret, we decided to take no risks with the identification of species 

I 
thought to be of age-diagnostic value. The distribution charts 

(Text-figs 6-10) .arc, therefore, more complex than usual. I1henever 

I ,"e have been unable to see the c.iagnostic characters of a species 

(a C01:1!Jon si tua tion ui1en randon thin sections of liraestone are sh~.died), 

I we have recorded it simply as 'X' sp. 'l'hus, in 'D' Traverse ('rext-fig. 6) 

I 
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1 ,'re recognize HioGYPsina (I'Iiog;Disinoides) bantaraensis, N. (HiogyT);:;ii1oide~;; 

coroplane.ta, 1I. (I'Iio,;-:ynsinoides) cf. corrmlanata, and li. (Hioe;ynsinoides) sp. 

This, He believe, f2.irly reflects the difficulties encountered in , 
distinguishing individual species uhen the critical characters vary in 

I 
the degree to '\'Thich they are visible. 

IDI TraversS (~ext-fig. 2). A stream traverse on the north 

1 sid.e of the island iiJIJedia tely soutlmest of Flying Fish Cove. Fifty 

samules "rere available from the south side of the si;rea,ii and nine frOB 

I the north side. A further 15 saoples had been collected previously 

I 
by Barrie. The sequence here 1ms a ver'tical thickness of about 165 L1. 

The lover part of the sequence is composed entirely of skeletal calcarenites 

I and limestone breccias, the faunas of uhich shoH no si;Z11s of rcuorking. 

Above sample 1170 the limestones are calcarenitic micrites or true 

1 skeletal calcarenites. Calcareous algae are CO;ThlOn throughout. 

I· 'l'he 10Hermost 73 m of rock cOi.1tains a fauna 1'1hich includes 

I· 
rare s-oecimens of Austrotrill ina striata. From about 122 ill the 

1 hillside is covered with li~estone boulders and basalt rubble, no 

I. 
exposure of solid rock being visible. Thin sections cut from several 

of the boulders revealed a fatma siL1ilar to that occurring at higher 

I levels in the succession, and it se8ms probable thi:'!.t the rocks have 

fallen oore than 45 m to their present positions. At about 114 m 

I the sequence is faulted, about 4.5 D of Eocene limeDtone being introduced 

I 
at this level. These Eocene bed.s are terr:linated abruptly by basalt, 

Hhich produces a steep slope about 43 !J high. '1'he na ture of the 

I contact bet'.Teen the limestone and basalt is unl:n01Ttl. Immediately 

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

I pilot Hashing and screening' plant, and neH I C' grade calc:i.nation plant. 

1 
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I . 
The nearest continuous limestone eXlJOslU'e at this level is in a cliff 

'.1 about 10 ill high beginning near Flying Fish Cove some 380 ill to the 

north. This may be Al:idreus' locality 'at 500 feet running south 

1 fro;'l lelying :nsh . Cove I • 

, 
If so, his sample 549 !uust have been taken 

1 
someuhere in this vicinity. The ralma in this small outcrop is 

dominated by Heterostegina barrie;sp. nov. and .Spirocly"oeus; many 

·1 of the foraminifera a~pear to bc rolled end abraded. 13s.rrie I S sa.;;!ple 

D.2 collected from the site of the washing and screening plant contains 

I the same fall..'1a, as do several samples collected bet"Teen 189 and 195 J'i! 

I 
(i.e., just beloH the South Point Road)i 

2. I G' Travej~se (Text-fig. 3). This, in effect, is a contim.:c~tion 

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

S011 t11. rr,:enty-seven samples lTere collected by Belford and seventeen 

I by Barrie, through a vertical d.istunce of 100 fl. The succession is 

I 
rela tively uelJ.-e::posed betueen the raihray line and the 'C I Grade 

aCgess road, but is then rather poorly e:;~~Jos8d up to the level of 

1 ll. dehaa:r.ti. At higher levels the outcrop is fairly continuous. 

'1'he Im·rer and u:()per parts of the sequence are fOI'med of skelet3.l 

1 calcc.reni tes, but beb-Teen 220 c:;nd 250 m corals and calcai'eous alGae 

are Hell developed and may represent a true reef. 

The ruicrofalma of tho 100wr part or the section is characi~erized 

I mainly by the presence of Sorite~, Austrotrj.llina striata and 

Eulenic1ina and i-liof;YJ?sina (l:io,<::;vpsinoicles) 
I. 

I are absent. At about 270 ill there is a facies change and H. (l'.':iogypsboides) 

I 
dehaarti occnrs in abu11dance, accompanied by Carnental'ia and Ju!lT}h~s~e{dna. 

A t this level the rock becomes a 'true foraniniferal coquina for the 

I first ti:<lc. 

The combined thicknesses of '})I 1:1.rlCl I G1 Traverses total 

I about 270 jil, of "\Thich at least 4.5 m is Eocene limestone and 44 ill ' 

I 
basu.lt~ 
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I 3. 1'1 a terfall Traverse (r.Dext-fif;. 4-). Thirty-seven samples 

I uere collected by' Bolford and Barrie . fl'OI.:l about 161 D of strata · 

e:q)Osed in this traverse on the eastern side of the island. The 

I Ii thology is remarkably uniforc. thl'Ou{;hout the traverse, the liiJestone 

I 
consisting essentially of calcilutitic skeletal c~lcarenites. 

Six si:~mples frol!l the lo';-res'c 15 ill yield.ed no syecie:J of 

I age-diagnostic value~ lI. barriei a)1)oar3 in saIlple 1095 and continues 

up to the 121 rllctre 10v01 (sample 1284-). '1'he trr~'ler part of the 

1 traverse is Ch2.1'8.cterized by the occurrence of Tay3.~,w.ia narianenGis, 

I 
a species l<il1ich has not beon found J.n 32tu on the Hestern side. 

I A single speci!;,en of Lcpid02.lilina in 1095 is clee.rly l'edeposi ted. 

The 1;:aterfall ,~'i'averse thus seems to be equi v<-J.lent to 'G' 'l'raverse 

I pltwthe top of 'D' Traverse (Eocene beds e}:cluded) on tLe norUnv-est 

I side of the island. 

4. ' Ro;?s Hill 'rraverse (Text-fic. 5). Sixty-one sa::lples nore 

I collected by Belford and TrueRan from the traverse, 11hich covers about 

200 m of li:!~estonc on the eastern side of the island. The tVielve 

sabples taken from the louernost 91 . ill came fi'om lir.lestone blod:s in 

I. 
baso..lt rub'::Jle and not necessarily in situ, althouGh their faunas 

Sl'.gG'cs;t that they are not far out of ];)osi tiona The greater part of 

I this sequence consists of fine to coarse-C;Y'ained s~:eletal calco.renites 

l'ii th varying aaounts of calciluti to and secondary calcite. The small 

1 'steps" in the profile above 130 ill probably represent faults, and in 

I 
dC~1.::!.arti OCCHrs in sample 1304 only 6 m above lie ( ,.~ ) !!. c oL'lplana to. in 

I 1303 (see p. ) . 
'1'he 10Herm.ost 80 III is cha:racJccrized by an associo.. tion of 

I SpiroclYDOUS and Hetcrostc[~i na b2..rriei. This i3 followed at 140 ru 

I 
(Sample 1304·) by Hiogypsina (I';io;:~:J?r:;inoidcs) dehaal'ti and at 164 ill 
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by TaY2.maia rnarianensis. At 2·13 ::1 (Sample 1228)H,.(EioF,ypsina) cf. 

I neodisnansa occurs. EO\'~ever, it disappears again 7.5 1"2 higher in the 

sequence. Austrotrillina hO~·lc;lin:i.:. occurs in sample 1317 (220 m) and 

I 
, 

continues al!:Jost to the top of the section, 1111ere FloscFlinella 

I bontangensis appears. !. hm'Tchini and E.. bontangel1s:i.s have not been 

seon in the Saille samples, and. the latter has not been fouDel associ;:ted 

I ui th any other age-diagnostic sliecles. 

5. !?Y.9.n9Y's ]2.le T:rBverse. The 21 samples from this stream 

I traverse on the western side of the island represent about 60 m of 

I limestone consisting of limestone breccias and calcarenitic muds. 

The lower half of the sequence is quite well ex)osed and is represent ~d 

I by 16 samples , at least 4 of 1'lhich (hotHeen 12'!·4 and 1246, see 1'ext-f'ig . 10) 

contain reuorked 30cene foraninifel'a. 'l'hese, hOHever, are never 

I nume :,.'OUS . The OCClJ.rrence of Niog;rpsina (Eiog;vpninoid.cs) dehnnrti 

I and Tayar:1a}Q. marian.onsis in the lO"rest saEmle (1244) indicates that 

no part of the sequence is older than Assemblage 3. 

I The fj:'equel1cy of occurrence of each species on the distribution 

I 
charts (Text-figs. 6-10) has been determined as the :"1a~d!.:H.ll;1 number 

observed in anyone thin section from a sauple. Beca'..lse of their 

I. large size, B forms of Lcpidocyclina (Eule';)idina) in the 'D' Tl'G.verse 

are recorded only as present. Encrusting genera are si!:lilarly treated 

since individ.ual syeciDcns tend to be badly fra€:,1nented, rendering 

I 
counts Eleaningless. 

I 
I 
·1 ' . 



- 10 -

·1 
AGE OF 'l'HE FAUNAS 

1 Five falmal assemblages have been recognized ui thin the 

I 
post-Eocene limestones, Assemblages and 2 probably 'being in part 

laterally equivalent (p. ). 

I 
LeDidocyclina (Eulenidina) EWhi rmioides!;hoGyus i no ides 

I These species 

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

Age: LOV7er~. 

1 2. Hetero~;te,,,:il1R barriei!SptroclYTleus El8.r.{;nri tc:::tus Assemblage. 

~·Jell clevelopeu in 'D' Traverse and also seen in the Uaterfall Travers{;. 

I Age: LOHer.2" on the presence of.li. (iIioe::rpsinoirles) cOlrl-planata in a 

I 
feVl samples. , 

3. ll.. (Ihoe,ypsilloi<les) '1 t· !T . . . A bl ae 1aar l ayamala marlanenSJ.s sserG ace. 

I Seen in the 'Jaterfall and Ross Hill Traverses uhere it is T;rell uevelOI)ed.; 

also occurs in Sydney's Dale. 

I Age: Upper.2.. 

I 
4. lIioe;;y-nsina!A. hOHchin i Asser:lblage. Seen in stratigraphical 

seq'L'.ence only in tho Ross Hill Traverse, although isola. ted samples are 

I knOiIn from the vicinity of Flying Fish Cove and Sydney's Dale. 

Age: Upper.2.. 

I 5. Austrotrillina hOl'!cl1ini!Flosc1).linella bontangensis Assemblago. 

I 
Believed to be restricted to a thin zono at the top of the succession 

anu so far observeu only in the upper part of the Ross Hill Traverse. 

,I Age: 1mrer f.. 

These ia:.mas tend to grade into one another and their 

I consti tuent 2.pecies are not necessarily ButualJ.y exclusive. Hence, 

1 
li. CU·) bantanensi::; ancl SpiroclYlle1.u;; ;:largari to. tus may be found in Asscwblacc 

, " 

3, as f!laY Austrotrillina hOi·lchini. LonG: ranging species such as Gy-;)sina 
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·1 .£.Jobula (Reuss), BoreEs nygmaeus Hanzaua and Sorites cf~ orbiculuG 

1 (l!'orskal) occur throughout the g:ceater part of the succession. 

'l'he faunal sequence shm'Ts certain pecularities. Occurrences 

1 
, 

of !i. (lIio,'S'Irosinoicles) cor.mlanata in sanple 64 (near Jedcla Cave), 

1 
samples 1302 and 1303 (Ross Hill Traverse), and D.3 in the IDI Traverse, 

ei ther ;;i thin or above the ranGe of g. (rr.) bantasensis, are anoL:alous. 

1 In each sample, all the numerous slJecinens of miogypsinids al)pear to 

have long ne:9onic spires, thus ruling out the possibility that ue are 

I dealing r.1erely Hith a f81'l relTo:d~ed indivj.duals. It might be argl.led 

I 
that satn)le 64 has been raised to its l)resent high position by faulting, 

but this explanation will not suffice for samples 1302 and 1303, 3aBple 

1 D.3, and 135B (Dolly Beach), in each of "\'Thich Ii. (ll..) cor:mlanata OCCUl"S 

Hith foraminifera typical of Assemblage 2. 

I Although the oldest Tertiary ~ limestones ap:pear to be those 

1 
in the louer po..rt of IDI Traverse on the northvrest side of the island, 

they have evidently reached their present pOSition by f aulting. They 

1 are nOHh~re seen iL,nediately beneath the Assenblage 2 f.-::.unas in a 

continuous section. 'l'hel'e is, therefore, a definite possibili ty 

I that Asser.lbJ.age 1 may be partly or entirely the lateral equivalent of 

1 
Assenblage 2, the cOTIposition of the faunas r eflecting differences 

in the local envirom1ent of deposition rat11er than any significant 

I stratigraphical change. Rouever, the occurrence of 11.. (n.; comnlanata 

uith Sniroclv1) e1~ and ileteroster:ina barriei at Dolly Deach, Ross Hi;Ll, 

1 and in the 'DI Traverse stron:::;-ly sug2;ests that the Im'Ter 11art of 

I 
Assembla&;e 2 is slightly older than the Im'lest beds yielding Assemblace 

in ID' Traverse. This interpretation ,-!ould explain the occurrence of 

I· roJ.J.edancl abraded ST)ecil:10nS of Eul,922idina (nearly all-rays microspheric 

fo:1.'m8) in AssemblaGe 2, and. ti,e ausence or l·e.ri ty of encrustinG genera. 

1 in Assemblage 1. 

I 
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Louer ~ is nOH believed (Adams, 1970) to be equivalent to 

the upper Oligocene (Chattian) of Europe, Upper ~ to the louer Hiocene 

(l\qi.ti tal1imi a.nel BurdiGalian in the type areas) and Louer f to ,the early 
I 

middle Miocene (Vindobonian). 

The minir:nL!l' thickness of post-I~ocene limestone on the island 

(assulaing that Assemblages 1 and 2 are late1'ally equivo.lent) is about 

190 m. If they are not equivalent, the ,figure increases to 265 8. 

In this connexion, it Illay be noted that a borehole in the South Point 

area Has abandoned \·,hi10 still in limestone at 2LJ.A m (pers. comm., 

D.A. Pm-Jell), '!'1herco.s o.nothcr hole (Ho. 14) on the plateau northeast 

of Smith Point ~eached basait at 167 'm. A stratigraphic bore ST.1, 

Jones Spring, north of the \Taterfall Traverse, nassed throuch 23 m 

of Tertiary '~' limestone and 55.5 m of basalt before entering an 

upper Eocene (Tertiary~) limes t one. 

sysrr:2:1iJ..'l'IC PALAsOYf'rOLOGY 

The limestones of Christmas Island are rich in micro--

fossils, \'1hich, unfortunately, havo had to be exaJ:lined r:lainly by 

means of randoLl thin oections. Only a feu oriented sections could 

be pr01Jared ouinG to the difficulty of fre eing indi'lidv.al specimens 

from the hard rock matrix. This rendered BDecific determinations 

difficul t, especially for genera such as Ihop,{IlSina, Gycloclyueus, 

and Lepic1ocyclina, in all of \';hich the natv.Te of the embryonic apparatus 

is of critical importance. 

It is usually imj)ossible to determine the range of variation 

of species seen only in random sectio~s, since ttlO or more species 

of the samc cenus ~ay be prc::;ent in the rocl:. For this reason, no 

serious ta~onomic revisions arc attec} ted here . 

restricted to the original q.escription, to p:rovious records froh!: 

Christmas Island and, l1here Cl.;Jpropriate, to important recent redescril)tioDs. 

----- -'---
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Special nention must'be made of the llork of Jones :3; Chapman 

(1900). These a'uth,ors based their descriptions on a very sr:tallnwuber 

of thin sections (one or tuo per sanple) tand lilisinterpreted many of the 

specimens. Hot only clid they nistal:e Hio<':YPsin~ (I·Iio€'rDsinoides) for 

ITeterostegina and I,Iior;1{1?8ina (Uior-:--msina) for Oroi to:Ldes (~j.ocyclina), 

but they failed to distinguish bet1'!een speciIilens nOH referrecl to 

Spiroclyneus and Lenidocyclina. They also erected new species on 

shape ti'nJ si~e alone, disrc;?:r::.l'ding the possibility that these characters 

might be highly variable. ~uttall (19~6), in revising the orbitoids, 

corrected BOSt of their taxonomic errors. 

Family nIJJIOLIDAI~ Ehrenberg, 1839 

Genus ATJSTRO'l'RILLIHA Parr, 1942 

This genus lIas revised by AclarilS (1968) and, nothing neu cai1 

be added here. The corD,monly occurring species on Chl'istriw.s Island 

is fl. striata, hut at high levels in, the succession it is replaced 

by forID,s transitional to !. hO~lch:i.ni. 

Austrotrillina 120llci1ini (SclllllDbcrger) 

Plo 3, fig. 7 

1893 '1'ri111na hO'.rchini Schlmnberger, p. 119, text-fie. 1, plo ), fig. 6. 

19G5Austrotril1 ina. houcz!ini (Schh!.Dber,zer); Adams, p. 36, plo 2, 

fics. 1-7, pl. 6, fiGS. 1-5, 7. 

Rcr:>.arks. Associe ted ~d th r:iO;7YOS; na in the upper part of the Ross Hill 

Traverse. Ludbrook's record (1965, p. 291) of!. howchini in association 

l·li th.E. bontangcTlsis Has an error; these species have not been observed 

together either ill the original slicles from sample P. 33 ,or in matcl'ia.l 

subsequently obt~incd from this locality. 

hOllchini should not be found Hith n .r • 

'rhere is, hOi'rever, no reason 

ranges are kn01m to overlap clsel'lhcre in thel'eeion (e.c., Australia; 
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.1 
Crespin, 1955). All the individuals seen: so far are fairly primitive 

1 forms lackincthe greatly thickened \·Jall so characteristic of the end 

1 
·me:wbers of the lineage. 

I 

Austrotrill ina stria to. Todd t; Post 

I· PI. 3, fig. 6 

1954 Austrotrillin3, striata Todd [~ Post, p. 555, pI. 198, fig. 9 

1 1965 Austrotril1ina hOHcll:1.Pi (SchlUEberger); Lndbrool-:, p. 292, 

1 
Pl. 21, figs. 4-6 

1968 AustrotriUina striata Todd & Post ; Adams, p. 92, pI. 4, 

1 figs. 1-1), ~)l. 6, fig. 9. 

fl . . striata occurs at intervE'.ls throughout the Tertiary ~ 

I limestones. I ts fi~cst occurrence is in sample 1334 (I D 1 Traverse); 

1 
its last, in saraple 1228 (Hoss lUll TraverBe). At higher levels it 

is replaced by fairly prim:i_tive forms of !:... hOT!chini. 

1 
FaHil~~ SOTIITIDAE Ehrenberg, 1839 

I Genus SORl'l'BS Ehrenberg, 1839 

1 Sorites cf. orbiculu~ (Forskal) 

1 Pl. 4, figs. 2, 10 

1775 Hautilu~ Qr.biculus Forskal, p. 125 

1965 Sorites p.18.rtini (Verbeck); Ludbrool:, pp. 290-292 

I 
1965· Sorltes orbiculus (Fors}:al); Gole, p. 20, pI. 6, figs. 1-5,7,9; 

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

I 1969 Sorites orbiculus (Forskal); Colo, p. C5, pl. 3, figs. 7, 8, 16; 

pl. 4,. figs. 3-7. 

I Re!:lar:~s. This long-ranging species occurs throughout the entire 

1 
Oligocene~liocene sequence. It is :lOve1' abv_ndant, random sections 

usually Sh01!ing one or hlO indi vidnals only. Cole (1969) Gave reason::; 

I for regarding thi'l fo::c:l as S. orbiculus rather thall S. I:lartini, the name 

---I 
--
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applied by nost previous authors to Tertiary .Q. specimens. .In the 

absence of good eQuatorial sectio~s it is impossible to be certain 

that sone specimens do not belong to ~. carginalis (La8arck). 
I 

GenusEJI..J.llGIHOPORA Blainville 1830 

Type .species HarGinopora vertebral is Dlainville 

Har p;ino'Dora vertei)ralis Blainville 

PI. 4 , fit:. 11. 

1830 I!D.r;:':i~op~ vcrteol'alis Blainville, p. 377. 

Rer:J.arl~s. Indivic.uG.ls referable to tll is species occ~r in a feiT sa:rrples 

from the u~per nart of the Roso Hil l Traverse in As~ esblages 3-5. 

Unfortl'.na tely, they are not nUJ]crous and no .,jell oriented sections 

have DecE obtained. 

Faei ly ALVEC JJIHIDA.E Ehrenberg, 1839 

Genus BOPJ~JJI.s de Eontfort , 1308 

Dorelis l)Yf:rlla(~:~lf2. Hanzaua 

Pl. 1, figs. 9-14. 

1900 Alveolina Ilte lo (Fichtcl 2~ Eoll); c'·ones t: Cha;m:an,p. 255. 

19::;0 Borelis CE.asci<?lit~ pyw~agl'& Han~,aHa, p. 94, .pl. 26, figs. 14 & 15. 

1965 Borelis D;'{f,1~'l.~ l~S Hanz8.lTD.; I,udbrool:, p. 292, pl. 21, figs. 7 (J; 8. 

RemaJ~l:s. This l!ell-kno'-ffi species is COlill,lOll in Asscl:::blagcs l to 3. 

S1",1all inflated forr~ s of Borelis, very like the Re,:cl1t 2. pulchru,~, also 

occur at Gone hOl'isOilS and see,.'1 to grc..de into ],. uy;,;:,aeu.s. Cole (1969} 

r cfcrl'ed all such spccimens fro!:~ !:liduay to lJ.. !;1Clo. IIoiTever, the 

typical],. me lo, ·fro;'l the middle TIi ocelle of the r'Iedi terranean !Oecion 

an<1 the l'licldle East, is a strons-Iy inflatecl forD (1.\sually hi ;5°her than 

'oride) "Thich ShOHS no a xial thic;·:ening and tends to d.evelop sUj)i)lc!;;entary 

chamberlets (1!. melo curclicu). 

sho,·r a tendencytJ.·mrcls a:dal thid:ening , are rarely, if ever, hi[;11er than 
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vlide, and do not develop supplementary chanberlets. '1'his is not the 

'place, nor .is the 'pre~ent material appropriate, for a revision of the 

genus Borelis. Ue are therefore retaining Hanzaua's specific name, 
. , 

\,111ile· drauing 2.ttention to the similarity beh-Teen these specimens end 

. the Recent B. 'p'ulc:hrus and.,£. pi.llchrus schlu.Eber,s:eri. The difference 

betueen ft. n..ulcnrus schlvDocl'geri and ~. ];1.e10 is very uell illustrated 

by Reiss & Gvirtzn<ln ' (1966, :91s. 1 (: 2). 

Genus FLOSCULHTEUJ1. Schubert 

/ 
Type sIJecies Alveoline lla bon ·~ E'. n,,;enr:;i3 Rutten, 1913 

Flosculinella bontangens is (Rutten) 

PI. 4, fig. ). 

1913 Al veolincl1a bontal1<;cnsis Rutten, p. 221, pJ.. 14, figs. 1-3 

1965 Flosc'..-'.line 11a botanrr,e}1sis (Rutt en); Ludbrook, p. 292, pI. 21, 

fig. 13. 

ReJ:larl~s • This species is lmmm only frOln the Ul)permost beds in the 

Ross Hill Traverse. It has been found associatecl ':Ti th AlnTJhistegina: 

Sorites, and encrusting genera. HOI'lever, Austrot:dllina.. l!.m·Tchini 

occurs at about the S8lllC level and is kn01m to have co-exiDted 1"ii th 

F. bontal1gensis elsev,here in the reGion. 

Flosculinella sp. 

Reme.rl:s. A sing::'e individ'ual 1'TD.S seen in Barrie's saEmle 69}' (Batu 

Eerah, Flying Fish Cove). It is impossible to decide whether this 

s pecimen should be referred to f. reicheli Hohler or to .E. globulosll 

(Rutten) • H01'JeVCr, i ~s occurrence ~'Ti th an AsseBblHce 2 fauna almost 

certainly means that the genus can no longer he relied on to marl: the 

base of Upper ~. 
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Family NUlJ.lULITID.AE de Blainville, 1825 

Subfaaily CYCLOCLYPEIN1~Butschli, 1880 

.- Genus CYCLOCLYPEUS Carpenter, 1856 
, 

Type ,species £. ma~~iI2tus Carter 1861 

Cycloch]?ens cf. eidaeTan Sin Hok 

1932 Cycloclypeus eidae Tan Sin Hok, :.0. 50, pI. 5, fig. 6, pI. 12, 

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

?1965 Cyclocly:peus cf. eidae '1'an Sin HoL:; Luclbrook, p.291. 

Remarks. This species is rather rare. It occurs in a nu~ber of 

samples from 'D' Traverse (Asserlblage 1); Luclbrook reported it from 

sample P. 52, Flying Fish Cove. 

Genus HET~mOSTEGIHA d' Orbigny, 1826 

Type species li. denrcssa d'Orbigny 

Heterostegina barriei sp. nov. 

Pl. 1, figs. 1-4 

1900 .Heterostee;ina de-ore ~3 sa d' Orbigny; Jones 8; Chapman, pp. 244 8; 252 

Not p. 229, pl. 20, fig. 1. 

This species is naIled after 1-1r J .E. Barrie, in 1"Those sawples it i·l8.S 

first recognized. 

Descrintion of holotype. Test small, ,-Ii th evolute primary chambers 

arranged in 3 rapidly expancling ioThorls. Proloculus und deuteroconch 

minute, followed by 5 operculine chambers. Secondary septa long, and 

uell developed from their first appearance. No Jrnanent visible. 

Dimensions. Diameter 1.0 mm (test il1c:oaplete). Diameter of proloculus 

0.05 mm. 

Variation. Other specimens shOlT that the diameter of the test ranges 

at least up to 2.1 mm, althoUGh the flange is almost ahrays broken. 

The nwnber of operculine chamhers ranges from 5 to 8, and the number of 

lo1horls from 3 to 31-. Secondary se~/ta arealw°ays long. Although no 

ornamenthus he en observed, its fresence cannot be entirely ruled out 

since small pustules do not ah1ays shoH up in random sections. 
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I Locality and horizon. Holotype from sample 1168, 'D' Traverse, at 

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

characteristic of Asserablage .2. Age: Lm-Ter Q. 
'or · 

I 
, 

H. barriei appears to differ from all cither described species 

of the genus in being unusually sl0.all (under 2 mm averaee diameter) 

I and in having a very SlJall embryonic apparatus follo\T8d by from. 

I 5-8 operculine chambers in the megalosphel'ic fori-no It 1:JOSt closely 

resembles !I. granulatestata subsp. praeformis Papp [; KUTJPC1' from the 

I middle Niocene of southern Europe, but is sT,ialler and ha.s long second.'3.ry 

septa only. lL.. pu'oorbicularis d' OrbiS"11Y is the cOf.lffionly reported 

I Tertiary .Q s Ilecies in the Indo-Pacific region, but this is involute 

I and has very fil..any more operculine chambers (cf. Cole, 1969, pl. 3, 

figs. 1-5, 18). 

I Heteroote.0;ina cf. 'oo1'neen8i8 van der Vlerk 1929 

Pl. 1, figs. 5-7. 

I l1Grnarl;:s. Specimens probably referable to this species have been s e en 

I 
in a feu S81Xt)les (G.G37, G.G38 & G.862) from Plying Fish Cove. 

are two or three times the size of the largest s pecimens of n. ~arriei, 

I and the hTO Sl)ecies have not been seen in association. A positive 

identification is, tmfortuna.tely, impossible in the a.bsence of sections 

I shmdng the embryonic apparatus and first '-ll101'1. 

I Genus OPEllCU1INA d' Orbigny, 1825 

Remarks. Specimens occur at intervals throughout the succession. '1 'hey 

I arc rarely nurnerOU8 and apr>ear to be specifically indeterminable in 

random sections. It is possible that more than one Sl)ecies is 

representecl~ 

I 
I 
I 
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I 
Genus SPIROCLYPEUS Douville, 1905 

I Type species~. ol'bitoidcus Douville, 1905 

At least 11 110minal species of this genus have been descri 'qed 

I 
r 

from Tertiary.§!. strata in the Indo-i:!est Pacific region, aI!d although 

I 
attempts have oeen Bade to distinguish bcbeen thcm (e.g., Krijnen 1931), 

authors have found the greatest difficulty in naming specii.1ens · 

I sa tisfactorily. It is \m.doubtedly significant that no one has yet 

described a succession in uhich even a feu ofthcse species have been 

I sho-.m to succeed one another in tilT.e, and as Cole (1969) has pointed 

I 
out, several authors he.ve found tHO or three so-called species in the 

same beds. Cole (op. cit.) therefore C1.31ngnecl seven of the 'species' 

I occurring in the Tertiary ~ rocks of the region to .§.. marp,aritD-tus 

(Schlumberf,'cr). Although first inspection of the nresent material . . 
I suggested that several species lTere rel)reSe11ted, closer eX2.lDina tien 

I indic.:'.. ted that transi -cional forms occur. This, toge ther with the 

absence of any obvious pattern of stratigraphical distrioution, strongly 

I suggests. th2.t only one suecies is present despite the tride range of 

morphological variation. 

I Spiroclypeus occurs abundantly only in 'D' Traverse. It 

I 
is common at some levels in 'G' .Travorse, bu~ well-oriented individuals 

have not been seeD. It occurs in fOill' samples near the oase of the 

I Ross Hill Traverse, but except in 1302, specimens al~e rare and specifically 

indeterminable. It is also present in four samples frmll the succession 

I in Sydney's Dale. 

I Spiroclypeu~ rilarr--:ari ta ~us (Schlwlloerger) 

PI. 2, figs. 1-11. 

I 1900 Orhi.toirles (Lel)i<i.~lina) sunatren::;is Brady; Jones & Chapraan, 

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

1902 Heterostpc·;ina [.larrarit"atus SchluI!lbergo:;:o , p. 252, pI. 7, fig. 4. 

I 1926 Spiroclypeus globulus Nuttall, pp. 36, 37, pI. 5, fiGS. 5-7, 

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

1969 Spiroclyo:.').s Elar?;aritatu.2 (SchluEl.berger); Cole, p. C8, pI. 2, 

figs. 1-20, pI. 3, figs. 9-14, 19 (synonymy). , 
Rer:lar~~s . . The highly inflated form (S. globulus of l'Tuttall) of this 

species is COr.liilon to abundant throur;hout the upper part of 'D' Traverse 

(Assemblage 2). Houever, it is usually abraded and ShOHS signs of 

having been rolled aud rede~osited. '1'11e fIance is rarely preserved 

exce)t in the thicker and stronger 'B' forms. It occurs also in 

Assemblage 2 at the base of the Ross Hill Traverse and in Asselublages 

2 and :5 at :;[ate1'fal1. 

The chief variation in the present material is in the strength 

of the ornament and uidth of the \'lalls bah'Teen the 1a teral chambers. 

Some highly inflated forms, particularly those of the Dicrospheric 

generation, seen to possess a sinf..>'le umbonal pillar; hO'.1ever, this 

effect can also be produced by sections thro'L'.gh thicl~ened lateral ,mIls. 

The only differences behTe(m Q. leupoldi and S. !:;..ar ,'-;arita tU3 

seem to be the inflation of the test and the number of lateral laye:i.'s. 

No differences can be seen ill eCl1).atorial sectioml obte.ined nea.:::o the 

base and the top of I D' 'l'raverse (1 )32-11 77) • 

l~am.ily IHOGYPSIrTIDAI:'-~ Vaughan, 1928 

Genus HIOGYP3IHA Sacco, 1893 
\ 
I 

Subgenus f:lIOGYPSIHOIDES Yabe & Hanza,1'Ta, 1928 

i·Tiogypsina (r.IioW.'psinoides) comu~anata SchlUl!lberger 

Pl. 3, figs. 1-5. 

1900 fJ;ioe:;:"osina complanata Schlur:lberger, p. 330, pI. 2, figs. 13-16 

19)6 Iho,C('Vl)sinoides ubaghsi 'ran Sin Hok, 10. 48, pI. 1, figs. 1-7 

Remark~:J. 'l'his primitive species is found at only four localities. 

It occurs in 1302 and 1 :50), iloss Hill Traverse (Ass8lilblage 2); in , 

Barrie's samples D.3 fron the 'D' Traverse and 135B above Dolly Beach 
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(East Coo.st) ,each ui th an Assemblage 2 fauna; and it forms a true 

forarJiniferalcoquinite in Barrie's sample 64 near Jeddo. Cave in the 

centre of the island. Sample D.3 is accurately locs-ted in the 

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

be located accurately relative to the local stratigraphical succession. 

Samples 1302 and 1303 are from a boulder-strem1 slope and i:lU.St 'be older 

than other samples collected fron boulders OcculTing at louer levels 

along tho same traverse. There are tuo possible explanations for this 

peculiar distribution. Ei ther all rocks containing fl. CU.) .comulanata 

are up-faulted rela ti ve to all those containing U. (D..) bantamel1sis 

or the ability to produce a long perieJ:!lbryonic spire had not been 

entil'ely lost by the tiDe !i. C1..) kmtamensis evolved. The forner 

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

seen in each sample appear to have the same grade of stru.ctv..re. 

Cole (1 969) argned that becaus e N. (n.) de}w.arti, n. (1'1.) lateralis, - - --- -- ..,------
!i--- (ll·) l1'Pure to.nic t.1.s, Ii· (IS..) fOrTiiosensis, and!:l. (11.) bantamensis 

could be shOim to occur in associat:i,.on in one part of the region or 

another, only one species should. be reco[?1ized. However, he failed 

to notice that the gracJ.ation is in time rather than in space. Hence, 

ll. (!i.) compla nc. to. is never f01.md. \-li th 11. (D..) dehaa:rti, uhereas either 

(but not both) ]:1ay occ'ur Hi th I1.. (N.) bq}ltarnensis. 

Nepionic spire long (16-23 c.:hambers in the A form), test 

relatively smaE (up to 1.3 mm in maxiillwn diar:leter) ,lateral I-ralls 

nearlyaluays thin. 

Hiop;-f1)sina (Ihogypsinoides) hai:.t~aensis Tan Sin Hok 

PI. 3, figs. 8-11; text-fig. 11 

1936 llior;YDsinoiclNJ cOTImlanata (SchJumberger) lorna bantallensis 

'lInn Sin Hok, p. 4·8, }JI. 1, fie. 13. 

1940 Ei0tiYDsinoides lateraJ.is Hanzaua, 1). 78), pI. 39, figs. 10-14. 
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I 
Remarks. Cole (1969) has argued that n. (g.) bantanc:..£sis is a j1L'1ior 

I synonym of n. (u..) dehaa.rti and that the hiD carmot be disting;uished 

in the drill holes on liidHay Atoll. However, if the princiule of , . - . 
I nepiollic acceleration is valid, !i. UI.) bantaBensis D~ust be slightly 

old~r than H. (~' ~ .) dehaE~rti. - - This is supported by the stratigraphical 

distribution of these t,,;o species on Chl'istmas Island. l~ (If) baJ'lLa ~e~ si~ ... 1.. c.. !.,c,. .... ~ !. ._ v - -

I is COI:'U'flOn in AS3emblage ('D' Traverse) and also occurs in Assemblage 3 

(Ross Hill and Sydney's Dale), although the raucity of Hel1-oriented 

I individuals l'enders icl.entifica tion difficult in many sam;11es. 

I Present evidence suggests that the earlies t representative 

of E . (Iil'o~rn~in' oi~ec) l'~ Lhe l--ndo I)acl'I~l'C l'~~l'on ( ~ ....:._ . :;J.:..y~...:... __ ~ ~.J. L.. . - t;G .:.:.. C;T.) co['m10.nata) -- --------

I t~Tadually underuent a shortening of the per.'..eD.lbryonic spire leading 

to the concli bon seen in!.1.. (ll.) l.xk'1ta_nls:.l1si§... This process continued 

I until individuals reco{;nizable as h. ' (E.) dehaai.'ti irere produced. - - -

I This shoTcening of the spire llas accompanied () .. ;; first by an incre'-'.se 

.~ 

in ' the number of equatorial chambers, thus producing a le.rger test, 

I and later by increase in the thickness of the lateral Halls. 'l'he 

shortening of the spire may have been linked ",ith an incl'ease in the 

I internal (Hameter (vol L1!!le) of t he prolbcul us. The cvolutiop.a:ry 

I 
sequence is t2.bulated belou. 

Upper Q , 

I '2. n. (Il. ) ban t2.I'!lcllsis )-, 

~ Late LOller .£ 
L j':1 . (u· ) ~omplanata I 

I 
As these changes in shell for;n 1-iere gradual and progressive,' transi tional 

fo1';:18 occur bet1'feen 1 and 2 and 2 and 3. Ho;·rever, ll. (D..) COT:lplanata 

I and E. (rr.) dehD.:;n,ti have never been fOl'.nd ill natm'al associ-etion. 

Cole's evidence from IHdl'ray is not opposed to this hypothesis. 

I His fieureel s pecimens shoH an overall increase in the length,of'the 

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

Depth Ho. of che.TJbers in sni:ce 

595-600 ft· figs. 3&4 (~); figs. 1, 11& 12 (9)· 
f 

901-906 ft figs. 9 (10); fig. 20 (9+); fig. 8 is 

a microspheric forn. 

926-927 ft figs. 5 0: 6 (10); figs. 13, 14, 16 2 

Hanzaua (1957) and others have attributed irJjJortance to the attitude 

of the embryonic char!lbers relative to the apex of the shell. Houever, 

this is detor:::ined by the length of the spire. Once median chambers 

have bogun to torm, the spiro cannot be continued for r:lOre th3.n half a· 

turn (usually 7-9 chambers) without the ty~ical fan sha~e being lost. 

Va;·iation. Periembryonic spire of f!'.edluI!l length and formed of 9 to .13 

chambers. Internal diameter of the prolocu1us 0.133 to 0.150 mm 

(6 measured specimens). Test up to 2.2 I!lTIl long and 0.76 ,mil thick; 

always longer than wide. 

I " (...) 2- !i.. 

Since this species evolved from lie (fl.) co,:rDlanata and into 

dehao.rti, it follol'1s that transitional fori:!s occur anel that an 

arbitrary specific diagnosis Nil1 not be satisfactory for the early 

and late re:presentatives of the • bantamensis' part of the lineage. 

lIiop~rDsina (IIiogypsinoiues) dehaarti van del' Vlerk 

Pl. ), figs. 12-14. 

1924 Eiof2"¥..ps:i.na dehaartii van der Vlerk, p. 429, text-figs. 1-3. 

1965 Miogvpsinoides d~laarti (van del' Vlerk); Ludbrook, p: 293, 

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

Remarks. Little can be added to previous descriptions • In the present 

. material the nepionic spire c.onsists of from 7 to 10 chambers of uhich 

the last feu are usually very small. The test is usually uider than 
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long, and the lateral ~'lalls are Hell ci.eveloped. 

\ 
I 

The test ranges up 

to 1.2 mr.:t in thicl:ness; some specimens have· a strongly pustulate 

appearance, others are smooth. 

This 31)ecies forDs u foraniniferal coquina in some saElples 

(e.g., 1058, 1059, 1061, 'G' Traverse and An.d:te,'TS' Ho. 131, Flying 

Fish Cove); it is common in the Ross Hill and iIaterfall sequences. 

H. (li.) dehaarti occurs in Assemblages 3 a.nd 4. It overlaps 
r . . 

and grades into lie Cu..) bant8.censis in the 10lf(~r part of Assemblage 3, 

and overlaps Hi th li. (Eiogypsina) cf. neodis)Jun8"~ in Assemblage 4. 

Ludbrook (1965) figured an association of lie (li.) dehaarti and 

g. (JiIior;:vpsinu)" neodis1)ansu. 

Pl. 1, figs. 16-,8. 

1900 Orbi toides (Lepidocyclina) neod-i S1J1:'.l1S3. Jones &, Chapman, pp. 235, 

240, pl. 20, figs. 3 & 4. 

1926 Hiog"vDsina neodispansa (Jones & Chapman); Nuttall, PI). 37, 38, 

pI. 5, fig. 4. 

1965 Hiogyp:o;ina neodispansa (Jones (,: Chapman); Luclbrook, p. 290, 

pl. 2, fig. 12 (p2rt) 

Remarks. The original descriI)tion of Ii. (H.) neodis·pansa is poor, 

and Huttall' s CJ:lendation little better, since he £,"ave no infornation 

about the nepionic spire, the one paft of the test considered to be 

of diagnostic importa.nce by modern \'TOrkers. 

Exanination of mlJIterOus randOLl .sections has revealed the follouing 

varia tion in test Illorpholog-.r: 

Size. The maximum dial;leter of the test ranges from 2-4 mm, 

and averages about 2.5 nm • 'l'he nm:inu.'1l thickness (1.6 H!J:1 in the type 

. slides) . is dependent on the number (6-12) of lateral chamber layers 

developed; 
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2. Surface ornaBent. This varies from finely to coarsely 

I pustulate. The Ba):imwn diameter of the pustules is about 250~, but 
. . 

many individuals are ornamented lii th pustules not exceeding 50"p- in 
I 

I diameter. 

I 
Chamber shane and arranr,eElent. The embryonic chambers and 

, 
median chanbers do not always lie in the same plane, a feature "Thich 

I makes the preparation of oriented thin sections rather difficult. 

The-median layer is composed of a feu rhombic and many 

I hexagonal chambers. This layer is not ah7ays flat, and uavy tests 

I 
of the 1',1. (Il..) bificla and.li. Cu..) nol;vnorpba types are quite CODlJ"TIon. 

In the hIO oriented sections obtained from Bnrrie IS saIill11e 50 

I (AndrevlS Point) the :aedian layers aIJpear to be cOffiposed entirely of 

rhombic char-,bers. 

I 4. Embryonic 8.·Ol)ara tus. 'rhe intel'nal diameter of the protoconch 

I 
in most s}J8cimensf2011s Hithin the range 0.12-0.20 ran. HOIJever, one 

indiviclua~. in a sample from ,sot'.th Point has an ini hal chamber 'I1i th 

I a diameter ·of 0.25 mID. The deuteroconch is usually considerably 

larger than the protoconch. Two protoconch201 spirals nre clearly 

I visi ble, m-:.=~. the holO pritlary auxiliary chambers are usually unequal 

I 
in size. The larger chamber gives rise to a spire o-f three chambers 

Hhile the smaller prodnces a shorter spire of tuo c:b..ambers. 

I li. (li·) neodisnansa H20S one of the first mioGypsinids to be 

described from the Indo-~1est Pacific region, and as such is an important 

I species.. Its association uith li. (nio.'Sypsinoides) dehaarti and a 

I 
fa.irly priDitive form of Austrotrillina h01'Tch; ni fixes its position 

as Upper ~, "rhile the fact the. t it occurs fairly hiGh in the succession 

I (not very far beloH Floscu.linella bonta!!gensis) probably neans that it 

is a late Upper ~ f'orr::. 

I 
I 
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It is still impossible to state clearly how r. (li.) neodis~ansa 

differs from. other descI'i bed Indo-~'~est Pacific species of the genus. 

Further da ta on the periembryonic and median chanbers of this and 

other species are l'equired, and. these cumi t the collection of better 

material. HOl·lever, . present evidence sug;;ests that li. (E.) neo c1.isnanza 

is more hiGhly evolved than 11.. (11..) thecideaefor,:lis and!:l. (E.) globuJ.ina 

(= g. (tl~) kotoi) since both protoconchal spires are Hell developed 

and the uedian chanbers appear to be Barkedl), hexagonal. On the other 

hand, it is less advanced than n. (li.) indollGsiensis uhich has sub equal 

pl'iElary au.:::iliary chanbel's and median chambers that are hexagonal 

throughou t. 

On the basis of individual specimens it liould be possible to 

reco::" nize four or five I species! in the ChriSTh1aS Island samples. 

h. (n·) neodi s';)ansa occurs in great abundance in three Sanl)les 

from diffo:cent parts of the island (Plying 1l'j.sh Cove, ;-~o. 220 and 924; 

South Point area, K. 129). Specinens pl'obably referable to this 

species occur in three samples frma the ur perpart of the Ross Hill 

'l'raverse. 

. Family LEPIDOCYGLIEIDAE Scheffen, 1932 

Genus U;;PIDOCYCLIHA GU.mbel, 1870 

rrype s~)ecies HUE"w?uli -ces Bantelli Ho:don, 1833 

Christmas Isla nd is the type locality for six species of 

1enidocyclina, five of lThich uere erected by Jones 0; Chapman (1900) 

on the basis of a small number of random sections through fourteen 

samples of limestone. Huttall (1926), after· having additional sections 

cut from the sa.':le natel'ial, recof;nized the follouing species: 

Lenidocyclip"l Wdr8l'TQ.::!:..Cllli!:. Jones &: Chapman, 1:,. ephi')"!)=i:.Q.yle~ J. &: C., 

1.. (~) ?for:-f1.osa Schltu!1ber cer (=1:,. Ellli'EyaIlS!. J. (:; C.) b:.01aumani Nuttall, 

1.. inaoguahs J. &; C., and 1,. insulaenatalis J. & C.. Ludbraolc (1965) 
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I reported, but did not figure or d.esc:ribe, all six species frora tHO 

-I samples (P. 132 & P. 52). Hone of these authors hael access to material 

collected. in st~atigraphical order, and all used test shape and size as 

I the basis for distingu_ishing betl-Jeen species; internal charc:!.cters, 

I 
al thoug:l r.;onetimes mentioned, uere not used in a systenatlc mamler. 

'1'he prasen-c r:aterial shous that IJ8pidoc:yclina occurs Bainly 

I in the northviest part of the island. The megalospheric form of 

Eulenidina occurs ulOSt cOlIlr.lonly in the lOHerDlost 250 feet of 'D' Traverse 

I (ASSeI!lblage 1). There is one doubtful occurrence (1095) in the 

1 
Uaterfall rrraverse (Assernblaee 2), and rturnerous inflated IAI forms 

(ll . .§l.ndJ;:~ysiallQ. type) occur in sample 1122 (Assemblage 3, Sydney I s Dale 

I '1'raverse) • Ind.i viduals present in the hicher part of I D' TrcweTf:le 

(Assemblage 2) are Jaainly microspheric forEls of the chapmw-!ipsld,laenat,e>lj_s 

I type end shoH obvious signs (breakage end abra[:1ion) of redeposition. 

I 
Many are coaled with calcaTeous algae. No recoGnisable megalospheric 

forms aTe seen above sanple 1030, other than a single s)ccinen in 

·1 sample 1045 (fron a rolled boulder). 

It is clear that Eulepidina is represented here by several 

1 types of test (flattened or disc-like; lelrticular; saddle-shaped; 

I 
~ \ -

and hi[,;hly inflated '\[i th a rlangc), but so far as can be ascertained 

froD random sections, gradation occurs be-i:;11een the diffel'ent types. 

I The f2.cts that most of these can be foWld. :1n i\·jO of the Im'Jest samples 

(1328 and 1078) from IDI Traverse and that no ~JPe is restricted to a 

I defi!lite :::;tratigrallhical interval probably mean that this diversity of 

1 
form reflects variation Hithin a single species. Houever, Andrm'is I 

sample 827 from 3kt--n south of Flying Fish Cover and four of Belfordls 

I sauples frO::l S;"ith Point contain a feu inflD_ted negaloSI)heric forr;Js 

I investiGation. Unforhl..'1ately, the associated. foraninifera in these 

I 
five sanples are undiagnostic and could represent either Assemblace 1 

Or Assemblac;e 2. 
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'I The subgenus Eulepidina is in need of revision. The 

I specific characters on uhich the nur;1erOU8 nominal sl'ecies have been 

based need'to be evaluated statistically on the basis of matrix-free 

I 
, 

rna te~'ial. Until this has been done it viill not beyossible to name 

1 
specimens occurrinG in hard limestones satisfactorily. 

LEPIDOCYCLIlJA (EULEPIDIHA) H. Douville, 1911 

I Type species Orbitoides dilatata Michelotti, 1861 

I 
Lepidocyclina (Eulepic1.ina) (Jones 8; Chapman) 

Pl. 4, figs. 7-8. 

I 1900 Orbitoides (Len~_docyclina) andre~Jsiana Jones 0; Chapman, p. 255, 

pI. 21, fig. 14. 

I Remarks. 'rhe s}Jecimens l'cferred to this species occur in four saTuples 

I 
fl'om SL1ith Point (1257, 1258, 1262, 1263) and one (827, the type sample) 

from the base of a lioestone cliff resting on basalt at 150 m 3 kH south 

I of Flying Fish Cove. 'l'hey appear to differ fror:J. E. e-phiTJT)ioideli in 

being more inflatecl and in te:rtding to devclop very thick lateral ,-:alls 

I betueen the late:;.'al chambers. It is, however, quite possible that 

I 
transi tional forDS to ~. ~phi""mioid~ uO"L:ld De found if ~~,atrix-free 

material were available. 

I 
Pl. 4, figs. 4-6, 9, 12, 14. 

I 1900 Le-~)idocyclina e,)hi,mioicles J011e8 p, Chapman, pp. 251-2, pl. 20, 

I 
fig. 9. 

1900 Lenidoc;vclina Eurra;.rana Jones 8:- Chapr:lan, pp. 252-3, pl. 21, fiG. 10. 

I 1902 Lepidocyclina (~ulepidina) forDosa Schlwnberger, p. 251, pl. 7, ----,-

figs. -1-3. 

I 1926 Lepidocyclina .9Dhi"onioicles Jones 0; Chapman; Euttall, pp. 34-36, 

I 
pl. 5, fiC3. 1, 2, 3,8 and 10. 

I 
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I 1926 LC~lidocvclina (Eulenidil1a) '?foT80sa Schlv.£berger; Nuttall, ?p . 22-30. 

1 1965 L81.1idocvclina ( -, 1 . , . ) lW. ep1.c.ll1<:l Ludbroo!~, 

pp. 290, 291. 

I 1965 . Lepidocyclina (Eule-;)idina) r;mrl:ayana Jones 8; Chap:!Jan; Luclbrook , 

I 
p. 290. 

Remarks. Nuttall (1926) distinguished l!,. ep}linuloi(le8 fro~ 1,. and~i2.na 

1 on size (the forlaer~'To.G , he thoue;ht, slightly larger) and on the 

a:;:pearance of the embl~yonic a ppara tUG, l'ihich he consid.ered to be t:culy 

.1 Ho'!!ever, he Has COI!llJaril1C a \1e11-

I 
centred section of L. anclrel1si''lna Hith off-centre sections ' of 

I embryonic apparatus in Eulepi(}ina depends entirely on the plane of 

section. Nu~tall (op. cit., p . 35) hirilsolf observed that L • .£12.liippioic;.es 

I 'exce:!lt f01' the l1ucleoconch strongly resembles~. :t'o:rf:lOSa ', a ta~~ol1 

I 
nOll [','onoral1y regal~cled as synonY;:lous Hi th Ji.. ' ~hippioio.es. 

The Icc totype designated by iTuttall is from And:ceHs' s2Elple 

I 549 taken 'at; the base of an inland cliff at 500 feet, running south 

frOD ~?1ying Fish Cove'. Uhether from a fallen. bloc:~ or in sih~ rock 

I ua8 not ste.tcd . The occurrence of Eulenidina in Assemblage 1 Dal..:es it 

I 
certain that 1,. (~.) ephil)ni~ides carJe from 101'l in the post-Eocene 

succession. It is usually associated uith S-pirocly;;eus margaritatus, 

I 
is therefore of Lower e age. It is lTorth noting that the . type slides 

I of 1,. murrava na contain a typical Assemblage 2 fauna. 

I 
Lepidocyclina sp. 

Plo 4·, fig.13. 

I Large inflated' B' foI"'.!!s are conWlOn throughout 'D" Traverse 

and are viri;v.ally the only Sl)ecimcns 11r8 :::;8 j1'1; in the uIJper part of the 

I section, i.e., above 8al7lple .1045. 'L'hey 8ho\'1 considerable variation in 

I 
shape and size. A particularly prominent feature is the tendency of 
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I. inflated forms to develop thick Halls behTeen the lateral Chalilbers in 

-

I the ~~bonal region (pl. 4, fig. 13). Cuts through these \"lalls c~n 

produce the appearance of coarse pustules in sagittal sections. 
I . 

I LEPIDOCYCLIHA (NEPHROLEPIDHfA) H ~ Douville, 1911 

I Type species Hurm:1uli tes margina ta ;;Iichelot ti, 1841 

L. (nephrole'oiclina) spp. 

I This subgenus is surprisingly rare in the samples so far 

obtained fron Christmas Island. It OCClli'S sparsely in 'D' Traverse, 

I Sydney's Dale Traverse and in a feH other localities (e.g., Flying 

I Fish Cove, Anclreus' sample 646). In the absence of oriented thin 

sections it is impossible to assign a specific n3.Ele to these individuals, 

I sOme of \'lhich have hexagonal equatorial chambers. They OCCllr in 

I 
Assemblages 1"':3, and it is certain that DOTe than Olle species is 

repres ented. 

I Family H0l10'rII.SEkl'IDAE Cushman, 1 927 

Genus CARPEH'l'ERIA Gray, 1858 

I Type species Carpenteria balaniformis Gray, 1858 

I 
Nwnerous fragments ·al'lG. some larger specinens of this genus 

I occur throughout Assemblages 2 to 5. Ho attempt has been made to 
• 

distinguish between different species. 

I Family ACERVJLUHDAE Schultze, 1854 

I Genus GYPSINA Carter, 1877 

Type species Polytrer'a Rlanul":t Carter, 1876 

I GYDsina r;lohula (Reuss) 

I 
184·8 Ceriopora .s.lobulus Reuss, p. 33. 

1900 Qyn:~ in8. 1:101)1).1"""'3 I{eus3; Jones 2; Chal)man, p. 229 et seq. 

I Reffia.rIcs. G. ",:lobula OCCtu'8 throughout most of the succession and. is 

particularly conll:lOn in Assemblages 2 and ::;. 1'here is nothing to add to 

I previous descriptions. 
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Far:lily PLAHORBULIHIDAE Sclmager 

Genus TAYAlLAIA Hanzaua, 1967 

T:y-pe species GV11sina marianensis Hanzavra 
it 

Tayamaia marianensis (Hanzaua) 

Plo 1, fig. 8; plo 4, fig. 1. 

1957 Gvpsina marianensis HanzQ.1·ra; p. 66, pI. 21, fig. 9, pI. 27, 

figs. 1-8. 

1965 Gr;sina marianensis HanZa'lla; LudbrooJ.:, p. 292, pI. 22, fig. 2. 

1967 Tayasaia rJa ria.nensis (Hanzo'1'la); Banzal-ra, p. 22, fig. 3. 

Remarks. A long-rangiag species that occurs particularly frequently 

in Assemblages 2-4. 

OTHER AT~l'Acm'JD Aim EHcnUSTING GEIT".6HA 

Numerous attached and encrus ting forms refe rable to AC8rvnlina, 

Borodinia., Kanaka ia and Snoradotrenia a r e present th:coughout the 

succession, being particularly co~non in Assemblages 2 to 5. The 

comparat~ve rarity of these forms in Assemblage 1 is consistent \'lith 

this having been deposited in a fore-reef environr:J.ent. 

SUHH.ARY 

The larger Tertiary foraminifera occurring in the post-Eocene 

limestones of Clu.'istmas Island apI~ear to be characteristic of the 'l'ertiary 

Lower £, Upper £, and Lower f Letter Stages. l!'i ve locally signif'ican t 

faunal assemblaGes can be recognized; tuo of these are probably in 
'-

part laterally equivalent, and br"ought into their .1)resent topographical 

positions ,by fault movements. 

-1'h8 cloEe stratigraphical juxtaposition of Hior>;;r:osina 

(Eiogypsinoi d.es) complanata, ll..(ll.) bant3.i;lensis, and n .. Cli.) dehac.rti 

seem to indicate that the evolution of this lineage proceeded very 

rapidly during the late Oligocene. The early member~ of the 
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I li. (l-Tiog;rosina) kotoi - E. (ll.) indonesiensis lineage have not been 

·1 observed on Christmas Island. N. (Ii.) neodis·oansa is a fairly 

advanced form i'Thich Bay uell prove to be of regional value in the 
I 

I recogni tion of late Upper ~ sediraents. Flosculinella is poorly 

1 
represented on the island. Apart from a single, specifically 

indeterminable specimen in Assemblage 2 (sample 69F, Ba tu i·lerah, 

I Flying li'ish Cove), the genus is not seen until uell-develol}ed 

specimens of .E. bontangensisaj')pear high in the Ross Hill Traverse. 

I HOI·rever, the occurrence of uha t . a:j~)ears to be a prirai ti ve for!} "ri th 

I 
a good Assemblage 2 fauna a:imost certainly means that this genus 

can no longer be · relied on to define lU1equivocally the ba8c of 

I Upper ~. 

Al though it has not been poss:i.ble to determine hou many 

I species of Lepidocycl·j na are represented .in the Christmas Island 

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

Chapman Here from lime·stones of late LovTer e age. 

I 
I 
I 
I 
I 

I 
I. 

I. 
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Plate 1 

Heterostegina barriei sp. nov. All from 'D' traverse, 

x60 • . 1, paratype Av CPC~13734, median section, sample 

1173; 2, paratype B, CPC. 1~735,transverse section,sample 

11Bo; 3, holotype, CPC. 13733,slightly oblique median section, 

sample 116B; 4 paratype C, CPC. 13736, median section, 

sample 1170. 

Heterostegina cf borneensis van der Vlerk. All transverse 

sections, x 10~ 5, CPC o 13737, oblique transverse section, 

sample GB37, Flying Fish Cove; 6, CPC. 13738, transverse 

section, sample GB38, Flying Fish Cove; 7, CPC.13739, 

transverse section, sample GB37, Flying Fish Cove. 

Tayamania marianensis(Hanzawa), ~PC.13740, x30. Sample 

1216, Ross:Hill traverse. 

Borelis pygmaeus Hanzawa. Specimens from 'D' traverse 

showing variation in shell size and form. 9, CPC. ' 13741, 

off-centre, slightly oblique section, x40j sample 1356. 

10, cpe. 1374~ slightly off-centre axial section f x40j 

sample 1334. 11. CPC. 13743~slightly off-centre axial 

section, x40; sample 1334. 12, CFC.13744, axial section, 

x4B; sample 1037. 13. CPC.13745, slightly off-centre axial 

section, x40j sample 1333. 14, CPC. 13746, off-centre axial 

section, x40; sample 10Bo. 

Borel is melo CFichtel &c !-1011). Axial section P.49087 ,x50, 

from the tviiocene of 'rurkey; introduced for comparison with 

B. pygmaeus. 
......... 
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Plate 1 contd. 

Figs. 16-18 

-39-

Miogypsina (Miogypsin~) neodispansa (Jones & Chapman). 

All from Andrews' sampl~ No. ~20, south side of Flying 

Fish Cove. 16,_ P. -49088, transverse section, x30. 17, 

_ P. 49089 oblique transverse section, x24. 18, P. 49090, 

slightly oblique median section showing embryonic apparatus, 

x30. 
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Plate 2 

SpiroclyPeus margaritatus (Schlumberger). All except 7 

from IDI transverse. 

1, CPC. 13747, off-centre transverse section through 

microspheric form, x10. 

compare with figs 3 & 4; 

, 
Note thick pseudo-pillars and 

sample 1172. 2, CPC. 13748, 

typical transverse section through inflated form (liS •. globulus" 

of Nuttall), x20. Host individuals from Christmas Island 

are of this type; sample 1177. 3, CPC.137L~9voblique 

transverse 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., pI. 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. i1 more typical shape 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, x20j sample 1332. 10, CPC.13756, median 

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

x20; sample 1079. 

---- - ---_. 

I 

'! 
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1 41. 

Plate 3 

'I 
FIGS. 1-5. t-iiogypsina (l1iogypsinoides) cOIDnlanata Schlumberger. 

I 1. cpe. 13758, oblique median section through microspheri(5" 
.1 

I 
form, x30; 

. t 
Ross Hill traverse; sample 1302. 2. cpc. 1.3759, 

transverse section through megalospheric forro, ' x30; Ross 

I Hill traverse; sample 1303. 3. epe. 13760, median 

section through roegalospheric form, x30; Ross Hill traverse; 

I sample 1303. 4. epe. 13761, median section through 

I 
roegalospheric form, x40; liD" traverse (Barrie's sample 

D3). 5. epc. 13762, off-centre transverse section x40, same' 

I locali ty as 4. 

I FIG. 6. Austrotrillina striata Todd & Post, epe. 13763, off-centre 

transverse section, Ross Hill traverse; sample 1303. 

I FIG. 7. Austrotril1ina hOVlchini (Schlu.mberger), epe. 13764, transverse 

section, x50. Ross Hill traverse; sample 1239. 

I 
FIGS. 8-11. Jiliogypsina (Jlhop;ypsinoides) bantamensis Tan Sin Hok, all 

I x30. All from ID' traverse. 8. CPC. 13765,megalospheric 

I form in median section; sample 1079. 9. CPC. 13766, off-

centre transverse section; sample 1334. 10. CPC. 13767, 

I transverse section of megalospheric form; . sample 1079. 

11. CPC. 13768, median section of roegalospheric form; sample 

I 1079. 

I FIGS. 12-14. r.iiogypsina (Niogypsinc:iides) dehaarti van der Vlerk. 

I All from 'G' traverse. 12. · CPC. 13769, transverse section 

through rnegalospheric forEl, x50; sample 1061. 13. CPC.13770, 

median section through megalospheric form, x30; sample 1059. 

I 
14. crc. 13771, slightly oblique median section through 

megalospheric form, x30; sample 1061. 
--- - --- - -- ~- ----
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42. 

Plate 4 

FIG. 1. rrayamaia marianesis (HanZatola), CPC. 13722, slightly off-

centre transverse section, x20; sample 1065, beb.,een 'G I 

traverse and Haterfall. 

• 

FIGS. 2, 10. Sori tes cf orbiculus (Forskal). 2. CPC. 13773, oblique median 

section, x40; sample 1358, 'D' traverse. )0. CPC. 13774, 

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

FIG. 3. . Flosculinella bontangensis Rutten. CPC. 13775, off-centre 

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

near Ross Hill. 

FIGS. 4-6, 9, Lepidocyclina (~.) ephiupioides Jones & Chapman, all from 
12, 140 

'D' traverse. 4-6, 9, transverse sections showing variation in 

shape, size, and number of lateral chambers. 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. 

FIGS. 7-8. Lepidocyclina (.§..} andre\'lsiana Jones & Chapman. cpe. 13780 

and 13781. Transverse sections sho.,ing inflated umbonal 

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

FIG. 110 Marginopora vertebralis Blainville. CPC. 13782, off-centre 

transverse section, x40; sample 1236. 

FIG. 13. Lepidocyclina sp., P. 49091. Tangential section through umbonal 

region of inflated form (probably 1. (&.) andrewsiana) showing 

greatly thickened walls of lateral chambers·, x16.. Thin sections 

cut along lines a-a or b-b would appear to show t~ickened umbonal 

pillars; Andrews' srunple 827, 2 miles south of Flying Fish Cove. 
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