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Nannofossil and planktic foraminiferal biostratigraphy 
around the Oligocene-Miocene boundary in parts of the 

Indo-Pacific region 
Samir Shafik and George C. H. Chaproniere 

Nannofossil evidence suggests that the up-sequence appearance of Globigerinoides quadrilo•
batus primordius is depth-related, and first occurs at a lower stratigraphic level in shallow 
marginal-marine than in deep oceanic sediments. The species is recorded associated with several 
late Oligocene nannofossil species, such as Sphenolithus ciperoensis, in three marginal-marine 
sections within the Indo-Pacific region; a study of the literature has revealed similar coeval 
occurrences elsewhere. However, evidence in deep oceanic sediments indicates that the lowest 
occurrence of G. quadrilobatus primordius is early Miocene in age. 

Globorotalia opima opima occurs with G. quadrilobatus primordius in one section; published 
data indicate that this overlap is repeated elsewhere. This suggests that the planktic foramini•
feral Zones N.3 and N.4 should be combined into Zone N3/4, the base of which is defined 
by the lowest occurrence of Globigerinoides quadrilobatus primordius. 

To account for the difference in the timing of the lowest occurrence of G. quadrilobatus 
primordius in hemipelagic and oceanic sediments, changes in the thickness of the zone between 
the lysocline and carbonate compensation depth during the latest Oligocene, and bathymetric 
shifts of this zone during the earliest Miocene, are invoked. 

Evidence for precisely delineating the Oligocene-Miocene boundary is tenuous; the 
Globigerinoides datum is lafe Oligocene in age, contrary to the unratified recommendation of 
the Neogene Committee at Bologna in 1967, and at present no general agreement has been 
reached on nannofossil evidence to mark the boundary. For these reasons, a buffer zone 
representing the Oligocene-Miocene transition is suggested for the interval between the definite 
late Oligocene Sphenolithus ciperoensis (extinction) datum and the definite early Miocene 
Sphenolithus belemnos (base of range) datum. In hemipelagic sediments, this buffer zone may 
include several biostratigraphic events, such as the disappearance of the solution-prone 
Zygrhablithus bijugatus. 
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This paper results from two independent investiga•
tions of nannofossils and planktic foraminiferids from 
Ashmore Reef No. 1 Well (Fig. 1) in the Bonaparte 
Gulf Basin of Western Australia. Because of the con•
flicting biostratigraphical results between the two investi•
gations and published results from other areas, it 
became necessary to study some other sections which 
contain the same biostratigraphic evidence encountered 
in Ashmore Reef No. 1 Well, and which contain well 
preserved nannofossils and planktic foraminiferids. Two 
other sections were studied: the Meleri Beds from the 
Nassau Range, Irian J aya (see Belford, 1974 for locality 
details) and core 5 from Capricorn No. lA Well, Capri•
corn Basin, Queensland (Fig. 1). 
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Negatives of all figured nannofossil specimens, their 
permanent mounts and all figured planktic foramini•
ferids are deposited in the Commonwealth Palaeonto•
logical Collection in the Bureau of Mineral Resources 
and the numbers are prefixed by CPC. 

G. C. H. Chaproniere is responsible for the section 
dealing with the planktic foraminiferids of the 'Cartier 
Beds' in this paper, S. Shafik for the balance. 

Material studied 
Ashmore Reef No.1 Well 

All samples are from the 'Cartier Beds'. This is a 
sequence of calcareous shales, clays, and marls which 
disconformably overlies the Eocene 'Hibernia Beds' and 
passes gradationally into the conformably overlying un•
named calcarenites (Craig, 1968). Excellent nannofossil 
and planktic foraminiferal assemblages are restricted to 
most of the 'Cartier Beds', but the preservation of these 
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assemblages deteriorates gradully up-section and in the 
overlying unnamed calcarenite. 

Nine sidewall cores and one conventional core were 
studied, in addition to ditch-cuttings covering the non•
cored parts of the sequence. The distribution of these 
cores against the main lithologies is shown in Figure 6. 

Irian Jaya 
The locality details for the three samples studied are 

given by Dow (1968), and Belford (1974) . They are 
from the Meleri Beds, a sequence of marls and cal•
careous siltstones, which includes a limestone member 
and lenses of calcarenite and minor glauconitic sand•
stone. These beds are rich in nannofossils and planktic 
foraminiferids (Fig. 2). 
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NANNOFOSSIL SPECIES SAMPLE No PLANKTIC FORAMINIFERIDA 
(Shofik, this paper) 

CI7a C 17 b C 18 b 
(a fte r Belford, 1974) 

Sphenolithus ciperoensis * • • * • Globiqennoides quodrilobatus p"inordius 

Cyclicarqolithus obisectus * * • * Globorotalia (Turborotalla) kuqleri 

Helicopontosphoera euphrotis * • * • Globorotalio (Turborotalio) obesa 

Helicopontosphoera recta ? • • * Globorotalia (Turborotalia) siakensis 

Coccolithus cribellum * • * • • Globorotalia (Turborotalia) opimo nona 

Coccolithus eopeloqicus * • * • * Globiqerina proebulloides occlusa 

Reticulofenestra scissura * • • * Globiqerina venezuelano 

Reticulofenestra scrippsae ? • • * • Globiqerina fr/por fifa 

Oiscoaster deflandrei * • * • * • Globiqerina sellil 

Sphenolithus con/eus * * • • Globiquina 505fr!! 

Sphenolithus mor/formis * • • * Globiqerina gorton!! gorton!! 

Sphenolifhus dissimi/is • * • Globiqerina ongustiumbilico to 

C occolithus sp. ct. C. pelaqicus * • * Globiqerina ouoch/toensis ciperoensis 

Pontosphaera plana • * • * • Globiqerinita dissimilis 

Cyclicarqolithus flondanus • • * Globorotaloides suter! 

Braarudosphoera biqelowi • * • • Glob/ger/nita un/cava unicava 

Micrantholithus flos * 
T riquetrorhabdu I us carina tus ? * 

M(P)744 * Nannofossil occurrence • Planktic foraminiferid occurrence 

Figure 2. Distribution of late Oligocene nannofossils and planktic foraminiferids in the Meleri Beds, Irian Jaya. 

Capricorn No. IA Well 
One sample from core S (877.3 m) was studied from 

this well. According to Palmieri (1971) the lithology 
at this level is sandy limestone. 

Previous work 
Ashmore Reef No.1 Well 

Previous faunal studies of the 'Cartier Beds' have 
been made by Belford (1968), Coleman (1968), and 
Chaproniere (1975). All three authors investigated the 
planktic and larger foraminiferal faunas. Belford 
(1968) assigned the middle parts of the 'Cartier Beds' 
a late Oligocene age based on a fauna from core 7 
(1104-1109 m) which he placed in the Globorotalia 
kugleri Zone of Bolli (1957,1966). Species recorded by 
Belford included: Globigerinoides quadrilobatus primor•
dius, Globigerina augustiumbilicata, G. ouachitaensis, 
Globigerinita unicava, Globorotalia mayeri, G. obesa, 
Globoquadr~'na sp. cf. G. dehiscens, and the group of 
Globigerina praebulloides which includes G. praebul•
loides praebulloides and G. praebulloides occlusa. Cole•
man (1968) assigned an Oligocene age to the 'Cartier 
Beds' below the level of large foraminiferids which he 
considered early Miocene in age. Chaproniere (1975) 
recognised two of his eight larger foraminiferal associa•
tions in the upper part of the 'Cartier Beds'; the Oper•
culina complanata-smaller benthonic foraminiferal 
association, which was overlain by the Cycloclypeus 
(Cyclocly peus) eidae-Operculina complan.ata associa•
tion; he referred the beds to planktic Zones N.3 to N.S 
without giving their faunal content. No previous studies 
of nannofossils from this well have been made. 

Irian Jaya 
The planktic foraminiferids have been studied 

previously by Belford (1974), and their results are 
summarised in Figure 2. The nannofossils from these 
samples have not been previously studied. 

Capricorn No. IA Well 
Palmieri (1971, 1974, 1975) has discussed the plank•

tic foraminiferids and their biostratigraphy for this well. 
Hekel (1973) recognised the Sphenolithus ciperoensis•
Dictyococcites abisectus zonal interval from ditch-cut•
tings between 914.4 m to 883.9 m, and in a sample from 
core 5 at 876.9 m; he assigned this zonal interval to the 
late Oligocene-early Miocene. 

Nannofossils 
Assemblages 

'Cartier Beds'. Five integrated nannofossil assem•
blages have been recognised from the 'Cartier Beds' in 
Ashmore Reef No. 1 Well. Representatives of most of 
the species recognised are shown in Figures 3-S, 8-9. 
The basal 46 m of the 'Cartier Beds' contain abundant, 
moderately preserved nannofossil elements. In this seg•
ment, cored material is represented by a single side-wall 
core at 1187.5 m (i.e. 34.8 m above the base of the 
'Cartier Beds'). The following species have been 
recorded from this level: Braarudosphaera bigelowi, 
Coccolithus cribellum, C. eopelagicus, Cyclicargolithus 
abisectus, C. floridanus, Discoaster defiandrei (over•
calcified), H elicopontosphaera euphratis, H. recta (com•
mon), Micrantholithus jornicatus, Pontosphaera multi•
pora, Reticulojenestra scissura (frequent), Sphenolithus 
ciperoensis (abundant) and Triquetrorhabdulus carina-
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Figure 3. (All photographs are x2000) 
Aa-b Coronocycius nitescens (Kamptner), epe 18143; Ba-b, ea-b Coccoliths eopelagicus (Bramlette & Riedel): B = 
epe 18144, e = epe 18145; Da-b Coccolith us cribellum (Bramlette & Sullivan) epe 18146; Ea-b, J Cyciicargoiithus 
floridanus (Roth & Hay) E = epe 18147, J = 18148; F-J Reticulofenestra scissura Hay, Mohler & Wade: F '= epe 
18149, G = epe 18150, H = epe 18151, J = epe 18152; K-L Cyciicargolithus abisectus (Muller): K = epe 18153, 
L = epe 18154; M-O Cycioccolithina leptopora (Murray & Blackman): M= epe 18155, N = epe 18156, 0 = epe 
18157; Pa-b, Qa-b Helicopontosphaera recta (Haq): P = epe 18158, Q = epe 18159; R ?Chiasmolithus altus Bukry 
& Percival, epe 18160. 

tus (rare). Samples of cuttings from the basal 46 m 
confirmed the presence of species such as H. recta, R. 
scissura, S. ciperoensis, and T. carinatus and revealed 
the occurrence of Pontosphaera plana, Reticulofenestra 
aragonensis, R. scrippsae, Sphenolithus conicus, S. mori•
formis and Zygrhablithus bijugatus. A few specimens of 
Sphenolithus predistentus have been observed in cuttings 
from near the base of the sequence. 

The overlying 72 m of the 'Cartier Beds' are charac•
terised by slightly different assemblages. Reticulo•
fenestra scissura and R. scrippsae disappear, but most 

of the other species persist, with the addition of a few 
new elements. Core 7 occupies the upper part of this 
section. A representative sample from core 7 (at 1104.3 
m; i.e. 118 m above the base of the 'Cartier Beds') con•
tains Braarudosphaera bigelowi, Coccolith us cribellum, 
C.eopeiagicus, C. sp. cf. C. pelagicus, Corannulus ger•
manicus, Coronocyclus serratus, Cyclicagrolithus abisec•
tus, C. f/oridanus, Dakylethra sp., Discoaster def/andrei 
(group), H elicopontosphaera euphratis, H. intermedia, 
H. obliqua, H. recta, Holodiscolithus macroporus, 
Micrantholithus fornicatus, Pontosphaera multipora, P. 
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plana, Rhabdosphaera sp., Sphenolithus ciperoensis 
(frequent), Triquetrorhabdulus carinatus (frequent), 
and Zygrhablithus bijugatus. 

S. ciperoensis persists throughout core 7; it is abun•
dant to common in the lower levels but becomes rare 
in the higher parts. This species has its highest appear•
ance in the 'Cartier Beds' at about 1104 m level. 

The next segment (about 50 m thick from about 120 
m to 170 m above base) of the 'Cartier Beds' contains 
assemblages that are only slightly different from those 
in the immediately underlying beds, but are distinct 
from those in the bottom segment. In addition to the 
appearance of Sphenolithus delphix, the change in the 
nannofossil elements is highlighted by the absence of S. 
ciperoensis. Typical species of this segment are those 
found in the side-wall core at 1052.7 m (i.e., 169.6 m 
above the base of the 'Cartier Beds'). These are 
Braarudosphaera bigelowi, Coccolith us cribellum, C. 
eopelagicus, C. sp. ct. C. pelagicus, Corannulus ger•
manicus, Coronocyclus serratus, Cyclicargolithus abisec•
{us, C. floridanus, Dakylethra sp. Discoaster deflandrei 
(group), H elicopontosphaera euphratis, H. intermedia, 
H. obliqua, H. recta, H. sp. aff. H. kamptneri, H 010-
discolithus macroporus, Micrantholithus fornicatus, M. 
sp. ct. M. vesper, Pontosphaera multipora, P. plana, 
Rhabdosphaera sp., Sphenolithus capricornutus, S. coni•
cus, S. delphix, S. moriformis (elongated variety), Tri•
quetrorhabdulus carinatus, and Zygrhablithus bijugatus. 
Sphenolithus delphix disappears above 1048.5 m level. 

The overlying 105 m of the 'Cartier Beds' are charac•
terised by less diversified nannofossil assemblages. The 
assemblages are mostly poorly preserved (partly due to 
recrystallisation, which is probably a result of percolat•
ing water); some mixing might have occurred. Helico•
pontosphaera recta and Zygrhablithus bijugatus persist 
in the cuttings up to between 993.9 m and 997 m, and 
are also present in the sidewall core at 997.6 m (i.e., 
224.7 m above the base of the 'Cartier Beds') in associa•
tion with a few newly appearing species: small Cyclo•
coccolithina leptopora, Hayaster perplexus, and Spheno•
lith us sp. aff. S. belemnos. Side-wall core 993.9 m 
(228.4 m above base of the 'Cartier Beds') contains 
severely battered fossils with a high percentage of frag•
ments but whole specimens show a fairly good state of 
preservation. The assemblage recovered from this side•
wall core includes: Braarudosphaera bigelowi, Cocco•
lith us eopelagicus, Cyclicargolithus abisectus, C. flori•
dan us, Coronocyclus nitescens, Discoaster deflandrei 
(group-including D. sp. cf. D. druggii), Helicoponto•
sphaera euphratis, H. intermedia, H. obliqua, Spheno•
lith us dissimilis and Triquetrorhabdulus carinatus. In 
addition to these species, small Cyclococcolithina lepto•
pora, narrow H elicopontosphaera sp. aff. H. kamptneri, 
Hayaster perplexus, Discoaster sp. ct. D. exilis, D. sp. 
ct. D. variabilis, Pontosphaera multipora, Micrantho•
lith us sp. ct. M. vesper, and M. sp. ct. M. pinguis have 
been found in side-wall core 992.7 m (i.e., 229.6 m 
above the base of the 'Cartier Beds'). 

Side-wall cores 992.1 m and 991.5 m contain similar 
assemblages to those recorded from side-wall core 992.7 

Figure 4. (All photographs are x2000) 

m, except that odd specimens of a form similar to Chias•
molithus altus are found in side-wall core 992.1 m and 
a few specimens of Zygrhablithus bijugatus are noted in 
side-wall core 991.5 m. These occurrences of ?Chiasmo•
lith us altus and Zygrhablithus bijugatus probably are 
due either to contamination or mixing. 

Triquetrorhabdulus carinatus occurs consistently up 
to side-wall core 991.5 m, and sporadically up to 
between 972 m and 975 m in samples of cuttings; it has 
not been recorded from the overlying beds. 

Assemblages recovered from samples of cuttings 
between 991.2 m and 943.3 m levels (a thickness of 
about 52 m) are generally similar to those recorded 
from side-wall core 992.7 m except that they are very 
poorly preserved. Sphenolithus belemnos first appears 
(up-sequence) between 945 m and 948 m, but this is 
probably an unreliable appearance and may represent 
downhole contamination. 

The top segment (about 10 m) of the 'Cartier Beds' 
immediately below the unnamed calcarenite contains 
residual assemblages; recrystallisation has obliterated 
most of the nannofossils, but Cyclicargolithus abisectus, 
C. floridanus, Cyclococcolithina leptopora, Sphenolithus 
belemnos, S. capricornutus, S. conicus, S. dissimilis, S. 
moriformis, Coccolith us sp. ct. C. pelagic us, C. cribel•
lum, Coronocyclus nitescens, Helicopontosphaera 
euphratis, H. kamptneri and Pontosphaera plana, could 
be identified in side-wall core 943 .6 m. Large numbers 
of small unidentifiable placoliths dominate this segment. 
Sphenolithus belemnos has been noted in the basal parts 
of the unnamed calcarenite. 

Meleri Beds. The composition of the nannofossil 
assemblages of the three studied samples (Fig. 2) 
closely resembles that from the basal segment of the 
'Cartier Beds' in Ashmore Reef No.1 Well. Triquetror•
habdulus carinatus is recorded with certainty in only one 
sample (C17b), but its absence in the other two samples 
may be attributed to the high susceptibility of this 
species to overcalcification and hence difficulties of 
recognition. H elicopontosphaera recta, Reticulofenestra 
scissura and Sphenolithus ciperoensis are common to 
samples C17a and C18b. 

Capricorn No. lAW ell. The nannofossils recovered 
from core 5 (877.3 m) include: Cyclicargolithus abisec•
tus, C. floridanus, Discoaster deflandrei, Helicoponto•
sphaera euphratis, H. recta, Pontosphaera plana, 
Reticulofenestra scissura, Sphenolithus ciperoensis, S. 
moriformis and Zygrhablithus bijugatus. 

Biostratigraphy 
The biostratigraphic approach adopted here is not 

one of zonal assignment, but rather a recognition of 
sequential order of biostratigraphic events; for correla•
tion purposes such an approach is thought best because 
it is not hampered by differing concepts of zones 
described by various authors. 

Ashmore Reef No.1 Well. Immediately above the 
disconformity with the Eocene 'Hiberina Beds', the 
'Cartier Beds' are rich in Sphenolithus ciperoensis, but 

Aa-c Sphenalithus sp. aff. S. belemnos Bramle~te & Wilcoxon CPC 18171; Ba-b Sphenolithus belemnos CPC 18173; C, F, 
H Sphenolithus capricornutus Bukry & Percival: C = CPC 18174, F= CPC 18175, H = CPC 18176; Da-b, Ea-d, Ga•
b, Ja-b Sjhenolithus delphix Bukry: D = CPC 18177, E = CPC 18178, G = CPC 18179, J = CPC 18180; la-b, Ka-b 
Sphenolithus dissimilis Bukry & Percival: I = CPC 18181, K = CPC 18182; L, Oa-b Sphenolithus conicus Bukry: L = 
CPC 18183, 0 = CPC 18184; Na-c Sphenolithus mori/ormis (Bronnimann & Stradner) CPC 18185; Ma-b, Pa-b, Ra-b 
Sphenolithus ciperoensis Bramlette & Wilcoxon : M = CPC 18186, P = CPC 18187, R = CPC 18188; Q Helicoponto•
sphaera recta CPC 18189, and Sphenolithus ciperoensis CPC 18190. 
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Figure 5. (All photographs are x2000) 
Aa-b, Ba-c, G Helicopol1tosphaera euphratis (Haq): A = crc 18161, B = crc 18162, G = 18163; Ca-b, D Helicopol1-
tosphaera obliqlla (Bramlette & Wilcoxon): C = CPC 18164, D = CPC 18165; Ea-b Hclicopolltosphaera intermedia 
(Martini), CPC 18166; F Helicopolltosphaera kamptlleri Hay & Mohler, CPC 18167; Ha-c Rhabdosphaera sp., CPC 
18168; la-b, Ja-b Triquetrorhabdulus carillatus Martini: I = crc f8169, J = crc 18170; Ka-b Zygrhablithus bijllgatus 
(Deflandre), CPC 18171. 

lack S. dislentus. The ranges of these species (S. dis•
tentus is the progenitor of S. ciperoensis) overlap in 
complete sections, and the absence of S. distentus from 
the 'Cartier Beds' is taken to indicate that the base of 
the unit is well above the S. ciperoensis (evolution) 
datum. 

Figure 6 shows the biostratigraphic events that occur 
within the 'Cartier Beds'. These are: (a) highest appear•
ance of Reticulofenestra scissura (the oldest); (b) 
highest appearance of Sphenolithus ciperoensis; (c) 
highest appearance of S. delphix; (d) highest appear•
ance of both H elicopontosphaera recta, and Zygrhab•
lithus bijugatus; (e) highest appearance of Triquetror-

habdulus carinatus; and (f) the lowest appearance of 
Sphenolithus bele1l1nos (the youngest). 

The horizons of highest appearance of R. scissura and 
S. ciperoensis are usually closely spaced (Bukry, ] 973), 
but appear well separated in sequences with high sedi•
mentation rates such as that of DSDP Site 289 on the 
Ontong Java Plateau (Shafik, ] 975). That these hori•
zons are well separated in the 'Cartier Beds' suggests a 
high sedimentation rate for that part of the sequence. 
Conversely, in the overlying part of the 'Cartier Beds' 
which is bracketed by the highest appearance of Spheno•
lithus delphix and the lowest appearance of Sphenolithus 
bele1l1nos, the close disappearance of both H e!icoponto-
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Figure 6. Dominant lithologies, biostratigraphies and biostratigraphic ranges of selected fossils in the 'Cartier Beds' of 
Ashmore Reef No.1 Well, Bonaparte Gulf Basin. 

sphaera recta and Zygrhablithus bijugatus may suggest 
condensed sedimentation and/ or hiatus. Foraminiferal 
evidence in the same part of the sequence supports this 
conclusion; several foraminiferids became extinct at 
about the same level of disappearance of H. recta and 
Z. bijugatus (Fig. 6). 

Meleri Beds. The joint occurrence of Reticulo•
fenestra scissura and Sphenolithus ciperoensis in samples 
C17a and C 18b suggests a correlation with the basal 
segment of the 'Cartier Beds'; sample C17b is possibly 
younger, and probably correlative with, that segment of 
the 'Cartier Beds' between the S. ciperoensis (extinc•
tion) datum and the last appearance of Triquetrorhab•
dulus carinatus. On the basis of the ranges of several 
planktic foraminiferal species (Fig. 2), Belford (1974) 
assigned these samples to the lower part of Zone N.3 
(late Oligocene). 

Capricorn No.1 A Well. The concurrence of Reticu•
lofenestra scissura and Sphenolithus ciperoensis in the 
studied samples indicates a correlation with the basal 
part of the 'Cartier Beds'. Immediately above this 
sample, Palmieri (1975) recorded the planktic foramini•
ferids Globigerinoides primordius and Globorotalia 
kugleri. 

Planktic foraminiferids of the 'Cartier Beds' 
Assemblages 

Forms referable to the Globigerinoides quadrilobatus 
group are ubiquitous throughout the 'Cartier Beds'. The 
lowest sample, (side-wall core 1187.5 m) contains both 
G. quadrilobatus primordius and G. quadrilobatus 

quadrilobatus. Other important planktic foraminiferids 
in this sample are: Globigerina gortanii gortanii, G. 
o/ficinalis angulio/ficinalis, G. officinalis angulisuturalis, 
G. ouachitaensis ciperoensis, G. tripartita sella, G. tri•
partita tripartita, G. venezuelana, Globigerinita unicava, 
Globoquadrina dehiscens praedehiscens, Globorotalia 
(Turborotalia) kugleri kugleri, G. (T.) kugleri men•
dacis, G. kugleri pseudokugleri and G. (T.) opima 
nana; in addition, populations of G. (T.) siakensis con•
tain G. (T.) opima opima morphotypes. The same 
assemblage occurs in core 7 (1104.3-1108.5 m); Glo•
bigerinoides quadrilobatus immaturus, forms inter•
mediate between Globigerina tripartita sellii and G. tri•
partita binaiensis, Globoquadrina baroemoenensis and 
Globorotaloides suteri first appear at this level. Morpho•
types of Globorotalia (T.) mayeri and G. (T.) opima 
opima occur in popUlations of G. (T.) siakensis in core 
7. Globigerina gortanii gortanii, G. o/ficinalis 
angulio/ficinalis, G. o/ficinalis angulisuturalis and G. tri•
partita do not occur above 1108.5 ffi. Typical 
Globigerina tripartita binaiensis and Globoquadrina 
dehiscens dehiscens first appear at 1052.7 m, overlap•
ping with the highest Globoquadrina dehiscens prae•
dehiscens. The assemblage from the side-wall core at 
1052.7 m is typical of that at 993.9 and 991.5 m; these 
last two levels are marked by the last appearance of 
Globigerina tripartita sella, Globigerinita unicava, 
Globigerinoides quadrilobatus primordius, Globorotalia 
(T.) kugleri kugleri, G. (T.) kugleri mendacis, G. (T.) 
kugleri pseudokugleri and Globorotaloides suteri; 
Globorotalia (T.) siakensis becomes rare and the mor•
photypes of G. (T.) mayeri and G. (T.) opinuz opima 
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disappear; Globigerina ouachitaensis ciperoensis has a 
similar distribution to Globorotalia siakensis. Planktic 
foraminiferal faunas are poor in the uppermost parts of 
the 'Cartier Beds' and the lowermost parts of the un•
named calcarenite. However, Globigerinoides quadrilo•
bat us altiaperturus first appears at 943.6 m, near the 
top of the 'Cartier Beds'. 

Biostratigraphy 
The presence of Globigerinoides quadrilobatus pri•

mordius and G. quadrilobatus quadrilobatus together 
with Globorotalia (Turborotalia) kugleri kugleri indi•
cates Zone N.4 of Blow (1969) for the lower parts of 
the 'Cartier Beds' below core 7 (1108.5 m). 
Globigerinoides quadrilobatus immaturus, a form which 
makes its initial appearance in the middle parts of Zone 
N.4 (Blow, 1969) is first found at 1108.5 m; this sug•
gests that the 'Cartier Beds' below this level were 
deposited early in Zone N.4. Globorotalia (T.) kugleri 
kugleri has not been recorded above 992.1 m in Ash•
more Reef No. 1 Well: the extinction of this form 
defines the base of Zone N.5 (Blow, 1969, p. 325). 
Furthermore, Globigerinoides quadrilobatus altiaper•
turus has not been found below 943 .6 m; this taxon first 
appears 'near the base of Zone N.5' (Blow, 1969, p. 
325). For these reasons the N.4 / N.5 zonal boundary 
must lie in the interval between 992.1 m and 943.6 m, 
near the top of the 'Cartier Beds'. 

As noted earlier, the Globorotalia (T.) siakensis 
populations in the lower and middle parts of the 'Cartier 
Beds' contain forms referable to Globorotalia (T.) 
opima opima, G. (T.) opima nana and G. (T.) mayeri, 
as well as typical G. (T.) siakensis (see Fig. 7); all 
morphotypes are linked by intermediates (e.g. Fig. 7C, 
H, I) . The opima, nana and siakensis morphotypes 
occur together below 1108.5 m; between 1108.5 m and 
922.1 m these three are joined by the mayeri morpho•
type; above 992.1 m only siakensis is found . In all 
populations the siakensis type is dominant. This 
evidence indicates a close relationship between the 
opima, siakensis and mayeri forms, suggesting an evolu•
tionary bioseries commencing with Globorotalia (T.) 
opima opima and culminating in G. (T.) mayeri (which 
is longer ranging elsewhere); the overlapping bio•
stratigraphic ranges of the various morphotypes is to be 
expected in such a series. Blow (1969), in agreement 
with Jenkins (1960, 1971), suggested that G. (T.) 
mayeri was derived from G . (T.) peripheroronda, and 
that many forms previously identified as G . mayeri were 
best referred to siakensis. Palmieri (1975) disagreed 
with both Blow (1969) and Jenkins (1960, 1971), and 
considered that G. mayeri descended from G. siakensis; 
G . peripheroronda was thought to be a descendant of 
G. mayeri. T!-)e specimens here identified as mayeri 
(Fig. 7D, G) are very similar to those figured by Cush•
man & Ellisor (1939, pl . 2, figs 4a-c) differing in having 
fewer chambers (five instead of six), and radial (instead 
of slightly recurved) umbilical sutures ; these features 
suggest that they are probably phylogeneticaIIy primi•
tive forms, best referred to that taxon . 

A number of taxa which Blow (1969) recorded as 
becoming extinct below the base of Zone N.4 and which 

Taxon 

Glibogerina gortanii gortanii 
G. officinalis anguliofficinalis 
G. prasaepis 
G. tripartita sellii 
G. tripartita tripartita 
Globorotalia (T) opima nana 
G. (T.) opima opima 

Range according to Blow (1969) 

Base N .2 to earliest N.3 
P.17 to within N .2 
Within P.17 to near N .2j3 boundary 
Base P.19 to within N .3 
Within P.14 to within N .3 
Within P.15 to early N.3 
Within P.19 to top N.2 

Table 1. Planktic foraminiferids previously recorded by 
Blow (969) as occurring below the initial appearance of 

Globigerinoides quadrilobatus primordius. 

are present in faunas typical of Zone N.4, are listed in 
Table 1, together with the ranges recorded by Blow 
(1969). He regarded the extinction of Globorotalia 
(T.) opima opima as marking the top of Zone N.2; the 
concurrence of G. (T.) opima opima and Globigerina 
angulisutumlis typifies Zone N.2. Blow suggested that 
the evolution of G. angulisuturalis from G . anguli•
officinalis occurs at the top of Zone N.1. Both G . officin•
alis angulisuturalis and G. officinalis anguliofficinalis 
occur in the lower parts of the 'Cartier Beds'. 

Elsewhere Globorotalia (T.) opima opima has been 
recorded on at least six occasions with Globigerinoides 
quadrilobatus primordius. Caralp and others (1965) 
recorded Globigerinoides trilobus as appearing below 
the initial appearance of Globorotalia kugleri, and 
occurring with G. opima opima and Globigerina 
ciperoensis angulisuturalis in samples from the southern 
Aquitaine region of France. Bolli· (1970, figs 2, 6) 
shows both species occurring with Catapsydrax dis•
simi/is, Globigerina venezuelana, Globorotalia kugleri 
and G. opima nan a, together with taxa known only 
below the middle Eocene; the Eocene forms were con•
sidered to have been reworked, but no explanation 
concerning the presence of G. opima opima in the 
assemblages was given. Poag (1972a) found a typical 
specimen of Globigerinoides primordius? (sic) with a 
fauna typical of either Zone N .2 or N.3 . Poag (1972b) 
tentatively identified specimens of G . opima opima with 
Globigerinoides quadrilobatus primordius, Globigerina 
angulisuturalis, G. seWi and G . tripartita. Vincent and 
others (1974, table 6) identified Turborotalia opima 
opima, T. opima nana, T. kugleri, T. siakensis, Globo•
quadrina tripartita with Globigerinoides quadrilobatus 
immaturus. Heiman and others (1974, table 3) 
recorded Turborotalia opima opima with Catapsydrax 
dissimilis, Globigerinoides quadrilobatus immaturus, 
Globoquadrina selld, G. tripartita, Turborotalia kugleri, 
T. opima nana and T. siakensis; the occurrence of Glo•
bigerinoides in this assemblage was explained by mixing. 
Gelati (1975) recorded G. opima opima with typical 
Zone N.4 and N.5 faunas from Turkey. Furthermore, 
Baumann (1972), Belford (1974), and Poag (1 972b) 
have recorded G lobigerina gortanii, G. sellii and G. tri•
partita with Globigerinoides quqdrilobatus primordius. 
Palmieri (1974) found Globigerina gortanii and G. aff. 
tripartita with Globorotalia kugleri and Globigerinoides 
primordius. Globigerina sellii and G. tripartita occur 
with Globigerinoides primordius and Globorotalia kug•
leri in Cores 9 and 10 from Site 159 in the eastern equa-

Figure 7. The range of variation of morphotypes in the Globorotalia (Turborotalia) siakensis populations from the middle 
and lower parts of the 'Cartier Beds'. a, umbilical view; b, side view; c, spiral view. 
A a-Bc opima morphotype; A = CPC 16910 x 110; B = CPC 16911 x 100. C a-c Specimen ex interc . opima-siakensis 
morphotypes CPC 16912 x 100. Da-e, Ga-c , Ia-c mayeri morphotype, D = CPC 16913 x 130, G = CPC 16916 x 110; I 
= CPC 16918 x 110. Ea-c, Fa-c, Ja-c siakesis morphotype; E = CPC 16914 x 100; F = CPC 16915 x 110, J = CPC 
16919 x 100. Ha-c Specimen ex interc. siakensis-mayeri morphotypes CPC 16917 x 110. 
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torial Pacific Ocean (Kaneps, 1973). Seiglie (1973) 
found Globigerinoides trilobus primordius with 
Globigerina ciperoensis ciperoensis, G. angulisuturalis, 
G. ct. binaiensis, G. sellii sellii without Globorotalia 
kugleri. 

In conclusion, there are several records of taxa 
previously thought to have become extinct below Zone 
N.4 now known' to occur with Globigerinoides quardilo•
batus primordius, the zonal taxon used to define Zone 
N.4 by Blow (1969). The concurrence of these species 
indicates that the biostratigraphic interval previously 
recognised as Zone N.3 cannot be identified either in 
Ashmore Reef No. 1 Well or in three other localities 
(those of Bolli, 1970, Poag, 1972b, and Heiman and 
others, 1974; see also Wright, 1977 for the Northwest 
Australian shelf); in Ashmore Reef No. 1 Well the 
extinction of Globorotalia (T.) opima opima occurs 
well above the first appearance of both Globigerinoides 
quadrilobatus primordius and Globorotalia kugleri 
kugleri. For these reasons either the usage of Zone N.3 
should be discontinued, or the interval previously recog•
nised as Zone N.4 be now referred to as Zone N.3/4, 
similar to the combination of Zones P.19/20 suggested 
by Blow (1970a); the term N.3/4 is probably prefer•
able. The boundary between Zones N.2 and N.3/4 is 
then defined by the first appearance of Globigerinoides 
quadrilobatus primordius. These results also nullify the 
Globigerina ciperoensis ciperoensis Zone of Bolli 
(1966) which also equates with Zone N.3 of Blow 
(1969). 

Conditions of deposition 
Nannofossil evidence suggests that deposition of most 

of the studied material was in shallow-water environ•
ments, probably in nearshore basins. Species such as 
Braarudosphaera bigelowi, Helicoptosphaera recta, 
Holodiscolithus macroporus, Micrantholithus jornicatus, 
M. sp. cf. vesper, Pontosphaera multipora, P. plana, and 
Zygrhabilithus bijugatus occur in variable numbers in 
most of the material examined. These species seldom 
occur in deep oceanic sediments but are usually com•
mon in coeval hemipelagic sediments (see e.g., Bukry, 
1973). Lithologic evidence does not negate such an 
interpretation. Previously, Coleman (1968) advocated 
a shallow-water environment on the basis of patchy 
occurrences of ostracods in the 'Cartier Beds' in Ash•
more Reef No. 1 Well, and Chaproniere (1975) sug•
gested that the upper part of the 'Cartier Beds' was 
deposited under progressively shallower depths, within 
the euphotic zone. 

Surface waters were probably warm, hence the abun•
dance of species of Sphenolithus and Discoaster; rep•
resentatives of these two genera are either absent or 
occur sparsely in coeval high-latitude sediments (Perch•
Nielsen, 1972), but are usually abundant in low-latitude 
sediments (see e.g., Bukry, 1973). The occurrence of 
larger foraminiferids supports this conclusion. In addi•
tion, the planktic foraminiferal fauna has a distinctly 
warm-water aspect, with large numbers of the 

Figure 8. (All photographs are x2000) 

Globigerinoides quadrilobatus group and Globorotalia 
obesa, forms which are typical of modern warm seas 
(Be, 1960; Jones, 1968). 

Integration of biostratigraphic results and 
age assignments 

Correlation is best achieved by using datums (bio•
stratigraphic horizons) rather than zones. This applies 
equally to the biostratigraphic use of nannofossils and 
planktic foraminiferids. Biostratigraphy is primarily 
based on recognition of events in a sequential order, 
and it is when these do not appear in the same sequen•
tial order that correlation becomes exceedingly difficult. 
Some of the biostratigraphic events (i.e. datums) are 
more important and/ or reliable than others. 

A comparison of the foraminiferal results of the 
present study with the works of Bolli (1957, 1966), and 
of Blow (1969) as well as with other works (e.g., 
Wright, 1977) indicates that the level of the Globoro•
talia opima opima (extinction) datum is inconsistent in 
relation to the levels of other important datums such as 
Globorotalia kugleri kugleri (base of range), 
Globigerinoides quadrilobatus primordius (evolution), 
and Globorotalia kugleri kugleri (extinction) . The 
present study proposes the Zone N.3/4 based on the 
lowest occurrence of Globigerinoides quadrilobatus 
primordius. Although several authors (e.g., Lamb & 
Stainforth, 1976) showed some concern about the 
reliability of the lowest occurrence of G. quadrilobatus 
primordius, the alternatives are probably worse. 

The sequential order of nannofossil events recognised 
in the present study (Fig. 6) is consistent with other 
results obtained elsewhere (e.g., Bramlette & Wilcoxon, 
1967; Martini, 1971; Bukry, 1973; Gartner, 1974 and 
others) if provision is made for dealing with different 
types of sediments (pelagic and hemipelagic). In com•
parison with most of the other diagnostic nannofossil 
species present in the 'Cartier Beds', Sphenolithus 
ciperoensis- and S. belemnos are known to occur in both 
hemipelagic and deep-oceanic sediments, and their ver•
tical ranges are better known; these species are there•
fore best suited for correlations and age assignments. 
The Sphenolithus ciperoensis (extinction) and S. belem•
nos (base of range) datums are chosen to integrate the 
nannofossil biostratigraphic results of the present study 
with those of the planktic foraminiferids. 

Sphenolithus ciperoensis (extinction) datum and the 
Globigerinoides quadrilobatus primordius (evolution) 
datum 

The geographic distribution of Sphenolithus ciperoen•
sis and Globigerinoides quadrilobatus primordius indi•
cates that both are of low-latitude origin, and thus pro•
vides some grounds for analysing their biostratigraphic 
relationship, and also their dissolution patterns. 

The ranges of both species overlap in the 'Cartier 
Beds' (Fig. 6), and they both occur in the Meleri Beds 
of Irian J aya (Fig. 2). Furthermore, examination of 
the works of Hekel (1973) and Palmeri (1975) indi•
cates that the top part of the range of Sphenolithus 

Aa-b, Ia-b Braarudosphaera bigelowi (Gran & Braarud): A = CPC 18191, I = CPC 18192; Ba-b, Fa-b, Ha-b Micran•
tholithus sp. cf. M. vesper Deflandre: B = CPC 18193, F = CPC 18194, H = CPC 18195; Ca-b, Da-b, Ga-b, Ja-b Mic•
rantholithus lornicatus Martini: C= CPC 18196, D = CPC 18197, G = CPC 18198, J = CPC 18199; Ea-b 
Micrantholithus sp. cf. M. pinguis Bramlette & Sullivan CPC 18200; Ka-b-N, P, Q Dakylethra sp. : K = CPC 18201, L 
= CPC 18202, M = CPC 18203, N = CPC 18204, 'p = CPC 18205, Q = CPC 18206; 0 Zygrhablithus bijugatus CPC 
18207; R, S, U, V Pontosphaera multipora (Kamptner): R = CPC 18208, S = CPC 18209, U = CPC 18210, V = 
CPC 18211; T Pontosphaera plana, Bramlette & Sullivan CPC 18212. 
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Figure 9. (All photographs are x2000) 
A-H Discoaster def/andrei Bramlette & Riedel 'group': A = epe 18213, B = epe 18214, e=epe 18215, D = epe 
18216, E = epe 18217, F = epe 18218, G = epe 18219, H = epe 18220; I Discoaster sp. cf. D. druggi Bramlette 
& Wilcoxon epe 18221; J-K Corannulus germanicus Stradner: J = epe 18222, K = epe 18223. 

ciperoensis overlaps with the basal part of the range 
of Globigerinoides primordius in the Capricorn Basin. 
The present study records S. ciperoensis in a sample 
from Capricorn No. lA Well (Core 5 at 977.3 m) 
which yielded a planktic foraminiferal assemblage 
dominated by a small specimen of either juvenile 
Globigerinoides quadrilobatus primordius or its direct 
ancestor Globigerina praebulloides occlusa; these may 
represent the evolutionary change of G. praebulloides 
occlusa to Globigerinoides quadrilobatus primordius. 

A common characteristic among these Australian and 
Irian Jayan records of the concurrence of Sphenolithus 
ciperoensis and Globigerinoides quadrilobatus primor•
dius is that the containing sediments are hemipelagic 
(marginal-marine) deposited in shallow environments. 
Published data indicate that the overlap in the ranges of 
these species is repeated elsewhere, and also reveals that 
this overlap is tied to the depth of deposition of the 
containing sediments. 

Hemipelagic and slightly deeper sediments. The strata 
at Escornebeou and St d'Orthe in southwest France 
(Chattian of Drooger, 1960) were deposited under 
shallow-water, nearshore conditions with good access to 
open sea (Butt, 1966). Sphenolithus ciperoensis has 
been recorded in these strata (Bramlette & Wilcoxon, 
1967) as well as Globigerinoides primordius (Butt, 
1966; Berggren, 1971). Upper Oligocene sediments on 
the Bahama Banks (DSDP Site 98) were deposited in a 
fairly shallow-marine environment as shown by the 
presence of Braarudosphaera rosa, Helicopontosphaera 
recta, and Micrantholithus sp. (Bukry, 1972) . Within 
these sediments (Core 98-5), S. ciperoensis overlaps 
with the lower part of the range of G. quadrilobatus 
primordius (compare Wilcoxon, 1972, and Poag, 
1972a). The upper Oligocene sequence at the DSDP 
Site 238, close to the southern end of the Chagos•
Laccadive Plateau (Indian Ocean), was probably 
deposited in a less shallow environment as braarude•
sphaerids seem to be restricted to the lower part of the 
sequence (Core 238-53 to 234-48) . Roth (1974) 
recorded S. ciperoensis consistently up to Core 238-49-2 
and sporadically at higher levels (Cores 238-47-4 and 
234-43-1), and Vincent and others (1974) identified G. 
quadrilobatus immaturus as ranging from Core 238-47-1 
to the upper part Core 238-42 (though Roth considered 

the highest occurrence of S. ciperoensis at Site 238 as 
due to reworking, no supporting evidence was given). 
At Site 57 (northern flank of the Caroline Ridge), S. 
ciperoensis was found in hole 57.0 sediments-Core 1 
with rare G. primordius, and in hole 57.1 sediments, 
S. ciperoensis occurs through Core 4-5 to Core 2-1 but 
G. primordius (rare) occurs only at the top of Core 
4 (Fischer, Heezen, and others, 1971). That G. primor•
dius is missing from Cores 3 and 2 of hole 57.1 seems 
to correlate with the lack of nannofossil species indica•
tive of shallow-water deposition. 

Deep oceanic sediments. At the Ontong Java Plateau 
Site 289, S. ciperoensis and G. quadrilobatus primordius 
are present, but the S. ciperoensis (extinction) datum 
occurs well below the lowest occurrence of G. quadrilo•
batus primordius (and also below the Globorotalia 
opima opima extinction datum; Andrews, Packham and 
others, 1975). The total lack of nannofossil species 
characteristic of shallow-water deposition from the 
relevant parts of the sequence at Site 289 is an indica•
tion of deep deposition; the vertical gap between the 
ranges of S. ciperoensis and G. quadrilobatus primor•
dius is evident. At Site 287 (Coral Sea), S. ciperoensis 
first appears in Core 287-10-4 (30-31 cm) and has its 
highest occurrence in Core 287-10-2 (4-5 cm), within 
the base of a brown clay unit largely devoid of cal•
careous planktic remains (Shafik, 1975). Globorotalia 
(Turborotalia) kugleri (without Globigerinoides quad•
rilobatus primordius) was found only at one level (287-
10-2, 100-102 cm) within the range of S. ciperoensis at 
this site; other levels within the range of S. ciperoensis 
are either devoid of planktic foraminiferids or contain 
these in a poor state of preservation (Andrews, Pack•
ham, and others, 1975); deposition of the relevant parts 
was interpreted as near the carbonate compensation 
depth. Similarly, at Site 286 near New Hebrides, S. 
ciperoensis ranges from Core 286-6-cc up to Core 286-
5-cc, immediately below zeolite-rich brown clays 
(Shafik, 1975); only one level within this range contains 
age-diagnostic planktic foraminiferids (Andrews, Pack•
ham, and others, 1975), i.e. Globigerina sellii and Glo•
borotalia siakensis were identified in core 286-6-3 (23-
25 cm). In shallow-water deposits G. sellii and G. 
siakensis have been recorded in association with 
Globigerinoides quadrilobatus primordius (Cicha and 
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others, 1971; Poag, 1972b; Baumann, 1972; Belford, 
1974; present study, 'Cartier Beds')' but rarely in rela•
tively deeper DSDP sites (e.g. Douglas, 1973, Tab. 5; 
Gartner and others, 1974); this evidence seems to sug•
gest that the absence of G. quadrilobatus primordius 
from Site 286 sediments is consistent with deposition 
near the carbonate compensation depth as previously 
indicated by Andrews, Packham, and others (1975). 

Thus whereas in hemipelagic sediments (marginal•
marine deposition) the ranges of Sphenolithus ciperoen•
sis (latest part) and Globigerinoides quadrilobatus pri•
mordius (earliest part) overlap, in deep-oceanic sedi•
ments these ranges are separated by a gap; in sediments 
deposited under intermediate depths the two species may 
occasionally occur together. This is best explained as 
due to differences in the dissolution characteristics of 
these species with depth. 

Discussion. There is a general tendency for fora•
miniferids inhabiting the surface to have lesser resis•
tance to solution than those from deeper waters (Savin 
& Douglas, 1973); modern G lobigerinoides spp. are 
most abundant at the surface (Be & Tolderlund, 1971; 
Boltovsky, ] 971 ), and these are among the most readily 
dissolved of modern planktic foraminiferids (Berger, 
1970). The absence or extreme paucity of 
Globigerinoides quadrilobatus primordius from many 
DSDP sections has already been explained as due to the 
species dissolution (e.g., Jenkins & Orr, 1972) ; ample 
evidence indicating that the species is susceptible to 
dissolution can be identified from its distribution and 
quality of preservation in oceanic sediments (e.g. Blow, 
1970b, Site 31; Edgar & Saunders, 1971, Site 149) . On 
the other hand, Sphenolithus ciperoensis is considered as 
a highly solution-resistant nannofossil species, because 
it has been found in sediments either lacking calcareous 
planktic remains or containing residuals of these remains 
(e.g., sediments of Sites 286 and 287 referred to above) . 

Roth & Berger (1975) concluded that the dissolution 
patterns of coccoliths and planktic foraminiferids are 
dissimilar. The majority of coccoliths in both the plank•
ton and in pristine sediments are solution-resistant. 
Planktic foraminiferids in similar sediments include a 
high percentage of delicate forms, but these decrease in 
number in etched sediments. Earlier, Hay (1970) indi•
cated that the total dissolution of nannofossils in the 
oceanic realm occurred at greater depths than those of 
the planktic foraminiferids throughout the Cretaceous 
and Cainozoic. Considering these data and the conclu•
sion (above) that Sphenolithus ciperoensis is solution 
resistant and G lobigerinoides quadrilobatus primordius 
is solution-prone, it is suggested that these species rep•
resent extremes in the dissolution 'scale' of calcareous 
microfossils. As a biostratigraphic index, G. quadrilo•
batus primordius is incompatible with S. ciperoensis in 
slightly etched oceanic sediments, whereas in well-pre•
served hemipelagic sediments the two species are equally 
important. 

Age assignment and further discussion. No attempt 
has been made to relate the biostratigraphic results 
presented in this study to the chronological time scale, 
because of the many problems and controversies sur•
rounding the European stratotypes. However, correla•
tions by many authors indicate that Sphenolithus 
ciperoensis is a late Oligocene species, and accordingly 
by association, the Globigerinoides quadrilobatus pri•
mordius (evolution) datum is late Oligocene in age. 
This conclusion is at odds with the recommendation of 
the Neogene Committee (at Bologna, 1967), which 

stated that this datum defines the Oligocene-Miocene 
boundary; views against this recommendation have been 
expressed repeatedly. Steininger, Rogel, & Martini 
(1976, p. 179) stated that 'the first occurrence of 
Globigerinoides primordius was found to be worthless 
as an index to define the Oligocene-Miocene boundary' 
(see also Seiglie, 1973; Lamb & Stainforth, 1976; 
Wright, 1977). 

Evidence 'indicating that the part of the 'Cartier Beds' 
containing Sphenolithus ciperoensis is late Oligocene in 
age is overwhelming: the highest occurrence of Helico•
pontosphaera recta has been used to delineate the Oligo•
cene-Miocene boundary (e.g., Martini, 1971), and 
Zygrhablithus bijugatus which has been identified in the 
Chattian stratotypes (Anderson and others, 1971; Haq, 
1971; Martini & MUller, 1975) is not known in situ in 
sediment younger than the Oligocene; both species have 
their highest occurrence well above that of S. ciperoen•
sis in the 'Cartier Beds'. Therefore, the lowest occur•
rence of Globigerinoides quadrilobatus primordius in 
hemipelagic sediments (thus including its evolution 
datum), where the species overlaps with the range of S. 
ciperoensis, is late Oligocene in age; associated fora•
miniferids (e.g. Globigerina gortanii gortanii, G. anguli•
otJicinalis, G. tripartita tripartita, G. tripartita sella, 
Globorotalia opima opima, and Globogerinita unicava 
in the 'Cartier Beds') support this conclusion. 

Although the evolutionary appearance of 
Globigerinoides quadrilobatus primordius occurred dur•
ing the late Oligocene (e.g., Capricorn No. lA Well), 
the species first occurs in most of the oceanic records at 
higher stratigraphic levels (mostly early Miocene in 
age); the lowest occurrence of G. quadrilobatus primor•
dius in deep oceanic sediments where it is separated 
from the Sphenolithus ciperoensis (extinction) datum 
by a gap (e.g., the Ontong Java site) is early Miocene 
in age, as shown by the associated nannofossils and 
planktic foraminiferids (see Andrews, Packham, and 
others, 1975). 

To account for younger lowest occurrences of G. 
quadrilobatus primordius in the oceanic record relative 
to its evolutionary appearance during the late Oligocene 
(as it is documented in hemipelagic sections), two pos•
sibilities are proposed. The first is that the species might 
have developed a more solution-resistant variant during 
the early Miocene; the second is that some changes in 
the oceanic realm related to the dissolution of the cal•
careous microplankton remains might have occurred 
during the early Miocene. The first possibility is beyond 
the scope of the present study; and the answer probably 
lies in studying the wall structure of the species through 
time. The second possibility is discussed below. 

The dissolution and ultimate disappearance of cal•
careous microplankton remains have been linked with 
two conceptual parameters: the lysocline, and the car•
bonate compensation depth (e.g., Heath, 1969; Berger, 
1970; Parker & Berger, 1971; Berger, 1973; Berger & 
Winterer, 1974; Ramsay, 1974; Van Andel and others, 
1975); the implication is that the intervening zone is 
the main domain for selective dissolution. Lohman 
(1974) suggested that changes in the thickness of this 
zone produce an increase in calcite dissolution in deep•
water sediments corresponding to a decrease in that dis•
solution in shallow-water sediments, whereas bathy•
metric shifts of the entire zone result in similar patterns 
of dissolution in both deep and shallow-water sediments. 
That effects of changes in the thickness of the lysocline•
compensation depth zone are noted in upper Eocene 
sediments, whereas effects of bathymetric shifts of the 
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zone are recorded in middle Eocene sediments (Loh•
man, 1974) suggest that changes in the zone are 
climatically controlled; the late Eocene is known to 
have been cooler than the middle Eocene (Shackleton & 
Kennett, 1975; Savin, Douglas, & Stehli, 1975). During 
the Oligocene-Miocene transition, a drop in the tem•
perature of the oceans to a minimum of 4 °C in high 
latitudes occurred late in the Oligocene, and was 
followed by a warming through the early Miocene 
(Savin and others, 1975). This may have resulted in 
changes in the thickness of the zone between the lyso•
cline and compensation depth during the latest Oligo•
cene, and a downward shift of this zone during the 
earliest Miocene. The latest Oligocene changes in the 
thickness of the zone caused depth-related fractionation 
with the result that shallow-water carbonate sediments 
(hemipelagic) are better preserved than deep-oceanic 
carbonate; the presence of Globigerinoides quadrilo•
batus primordius in upper Oligocene hemipelagic sedi•
ments, and its absence in coeval deep-oceanic sediments 
are taken to indicate that this was the case. The down•
ward shift of the zone (lysocline-compensation depth) 
during the early Miocene produced equally good pre•
servation of hemipelagic and most of the deep-oceanic 
carbonates; the presence of G. quardilobatus primordius 
in lower Miocene deep-oceanic and hemipelagic sedi•
ments is considered as a sound indication of this zonal 
shift. 

Sphenolithus belemnos datum and associated 
foraminiferal evidence in the 'Cartier Beds' 

Correlations by several authors (e.g., Martini, 1971; 
Berggren & Couvering, 1974) suggest that the Spheno•
lith us belemnos (base of range) datum approximates 
the N.5/N.6 boundary or slightly older, even though 
earlier records (Bramlette & Wilcoxon, 1967; Roth, 
1970) suggested correlation with Zone N.3. The base 
of Zone N.6 is defined by the incoming of Globigerina•
tella insueta (Blow, 1969), but this species has not 
been found in the studied material. Instead, 
Globigerinoides quadrilobatus altiaperturus is recorded 
within the topmost part of the 'Cartier Beds'; this 
species extends from near the base of Zone N.5 to with•
in the lower part of Zone N. 7 (Blow, 1969). 

The extinction of Sphenolithus belemnos occurs 
within the top part of Zone N.6 (Bramlette & Wilcoxon, 
1967; Martini, 1971). Thus, based on the presence of 
S. belemnos in the uppermost part of the 'Cartier Beds' 
(Fig. 6), a correlation with the interval from top part 
of Zone N.5 to within Zone N.6 can be made; the occur•
rence of Globigerinoides quadrilobatus altiaperturus 
supports this correlation, and the absence of 
Globigerinatella insueta may be due to its provincial 
distribution. 

Oligocene-Miocene boundary 
The recommendation of the Neogene Committee (at 

Bologna, 1967) regarding the Globigerinoides datum as 
defining the Oligocene-Miocene boundary has not been 
ratified, and there are indications that this recommenda•
tion is unsatisfactory (see also Drooger and others, 
1976; Benda and others, 1977). Belford (1974) 
reviewed several papers dealing with the Oligocene-Mio•
cene boundary, particularly those in connection with the 
G. quadrilobatus primordius datum. On the basis of the 
available knowledge of the stratigraphical distribution 
of planktic foraminiferids, he concluded that the G. 
quadrilobatus primordius datum may be near the N.21 

N.3 zonal boundary. Furthermore, Fleisher (1975) 
noted that the boundary N.4/P.22 of Blow (1969) can•
not be consistently delineated because of the paucity of 
G. primordius (where present) near the base of its 
range, or its appearance in horizons older than the 
initial appearance of 'Turborotalia' kugleri. 

Various nannofossil criteria have been used to locate 
the Oligocene-Miocene boundary, but none are satis•
factory. Roth (1970) suggested that the boundary is at 
or slightly above the first appearance of Sphenolithus 
belemnos. Martini (1971) used the last appearance of 
H elicopontosphaera recta to delineate the top of the 
Oligocene; H. recta occurs consistently in widely distri•
buted hemipelagic sediments, but it is either absent or 
occurs sporadically in oceanic sediments. Bukry (1973) 
used the end-acme of Cyclicargolithus abisectus to 
locate the boundary, but cases where this could not be 
applied have been reported by Bukry (1974, DSDP Site 
214). Roth (1973) employed the last appearance of C. 
abisectus to delineate the boundary; however, there is 
evidence suggesting that C. abisectus straddles the Oligo•
cene-Miocene boundary (e.g. Bukry, 1973; Shafik, 
1975). Moreover, Thierstein (1974) and Shafik's own 
observations indicate that distinction between CycU_ 
cargolithus floridanus and C. abisectus by light micro•
scopy is sometimes difficult, because the criteria for 
their differentiation are greatly affected by preservation; 
C. floridanus definitely extends into the Miocene (e.g. 
Shafik, 1975). Edwards (1973) suggested that the 
extinction level of R. scissura best approximates the 
Oligocene-Miocene boundary (see also Haq & Lipps, 
1971); R. scissura disappears before the sequential dis•
appearances of several other upper Oligocene species. 
Gartner (1974) used the first appearance of Triquetror•
habdulus carinatus to delineate the boundary. 

It is apparent that nannofossil criteria proposed by 
many authors to delineate the Oligocene-Miocene boun•
dary are often problematical for use with oceanic sedi•
ments. Therefore, it is reasonable to recognise a buffer 
zone representing the Oligocene-Miocene transition, 
between sediments that are definitely at, or below, the 
late Oligocene S. ciperoensis (extinction) datum, and 
those that are definitely above the early Miocene S. 
belemnos (base of range) datum. In hemipelagic sedi•
ments, the buffer zone may include several biostrati•
graphic events such as the disappearance of the solution•
prone Helicopontrosphaera recta and Zygrahablithus 
bijugatus. 
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