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ABSTRACT

The present status of the zonation of Cretaceocus to Pliocene warm water
marine sediments, based on the distribution of planktonic foraminlfera, is review~
ed and a sequence of 60 zones proposed for this stratigraphic interval, A first
review of Cretaceous to Middle Miocene planktonic foraminiferal zones of Trinidad
was given by the writer in 1959 A zonation continuing from the Middle Miocene

into the Pliocene was added in 1965 by Bolli & Bermudez, Other authors published
’»acditional intermediate zones which are evidently absent or not yet recognized in

Trinidad; they subdivided some of the existing zomes further, or proposed different

names for them, Some of these additions, further subdivisions and changes are

reviewed and discussed in this paper. Where found Justified and useful, they are

incerporated in the genersl scheme of planktonic ZOnes, presented on Table 4,
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RESUMEN

Se resume,elAestado”actual de la zonacidn de los sedimentos marinos de aguas
céiidas del Cretaceo hastanel Plioceno, basados en la'distribucidn de foramin{feros
plancténicos, y se propohe:una secuencisa de 60 zonas en este intervalo estratigré;
fico. Por primera vez, en 1959, el suscrito presentd un resumen de las zonas
foraminiferales planctdnicas en Trinidad, En 1965, Bolli & Bermidez agregaron una
zonacidn que continuaba del-Medio Mioceno al Pliocenof Otros autores han publicado
ciertas zonas adicionales interpuestas que evidentemente no existen o no han sido
reconocidas todavia en Trinidad as{ como también se han subdividido algunas de las
zonas existentes o se les ha aplicado nombres diferentes, En este artfculo se
resumen y discuten algunas de estas adiclones, subdivisiones y cambios, .y donde
barecen ser Jjustificables y ﬁtiless se incorporan en el esquema general de zonas

planctdnicas presentado en la Tsbla b,

INTRODUCTION

Trinidad was one of the first areas where planktonic foraminifera were suc-
cessfully used for the zonation of Cretaceous and Tertiary marls and calcareous
clays. The subdivision of formations into zones based on the stratigraphic ranges
of planktonic foraminifera was established specifically for the practical require-
ments of the oil :Ln.dustry° It had to provide the exploration geologist with a
tool that would allow the mapping and subdivision of the thick and monotonous
shale and marl series that covers large parts of central and southern Trinidad,
where the beds are strongly disturbed as a result of complex tectonic movements
and large scale slumping. The subsurface geologist had to apply the established
zones for the stratigraphic interpretation and correlation of often overturned and
thrusted well sections. An unusually fine zonation was required to subdivide the
upper part of the Cipero Formation with its oil bearing Herrera Sands. This was
made possible by using the distinct evolutionary changes in Globorotalia fohsi,
resulting in the subdivision of this species into four stratigraphically successive
subspecies,

With such practical purposes in mind, the zones were defined, whenever pos-
sible, by typical and easily identifiable index fossils. In this way not only
professional paleontologists, but also locally trained employees, could make rou-
tine determinations of the thousands of well and surface samples processed for . =~
1nvest1ga.tion° :

The detailed study of planktonic foraminifera began in Trinidad about 20-
years ago, and was largely carried out at the Geological Laboratory of the former
Trinidad Leaseholds Ltd. (now Texaco Trinidad Inc.) at Pointe-a-Pierre, Thanks to
continuous encouragement by Dr. H. G, Kugler, who early realized the possible value
of planktonic foraminifera as index fossils, a concerted effort was made to obtain
results quickly. Thanks to the generosity of the management of the company, these
results were almost immediately released for publication. A considersble number’
of papers by Cushman & Renz, Cushman & Stainforth, Stainforth, Brdnnimann, Bolli,
and Blow appeared between l9h5 and 1959, Bolli, l959a, summarized the results of
these papers,

The bio-zones published from Trinidad are essentially the same as originally-
used for oil company work. These zones have found widespread acceptance and appli-
cation not only in the neighbouring Caribbean and Gulf Coast regions but also in
many other, more distant areas. This sppears to be proof that most of the zones
originally proposed in Trinidad are also recognizable on a world-wide: scale and
can be used for intercontinental stratigraphic correlations.

Though many Lower Cretaceous to Middle Miocene formations of Trinidad carry
rich faunas of planktonic foraminifera and make this island an appropriate place
for their study, it is well known that such 1nvest1gatlons are strongly handi-
capped by the complexity of the island's geology. A sequence of bio-zones based
on such disturbed and/or incomplete sections can, therefore, hardly be expected
to be comprehensive and it was found necessary to fill gaps from more complete’ and'
less disturbed sections outside Trinidad, '

Several changes in the Trinided zonal sequence have already been proposed,
others will certainly follow. They include additional zones characterizing stra-
tlgraphic intervals evidently absent in Trinidad or not yet recognized, further
subdivisions of existing zones, and proposals of different zonal markers or
changes in existing names,
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A system of bio-zones such as originally established in Trinidad or more com-
pletely proposed here is by no means the only way to subdivide Cretaceous and
Tertiary sediments based on planktonic foraminifera, Within the rich planktonic
faunas one can find other index fossils, or combinaticns of such that would allow
for a variety of similar zonations, Moreover, local conditions may exclude certain
zones proposed here;, in favour of others based on species not used in this paper.
This applies in particular ‘o the young Tertiary, where the tropical/subtropical
species, on which these zones are based, are restricted to a progressively narrower
tropical to subtropical belt the younger they are. The world-wide application of
bio-zones of the younger Tertiary is therefore more and more limited on account of
latitude (see Bolli, 1964). The correlations of the zones with the divisions of
the standard time scale as given in this paper are tentative, and some may become
subject to revisions.

This review and discussion of published zones is divided into three parts,
one for the Cretacecus, one for the Palescene-Eocene and one for the Oligocene-
Pliocene, ZEach part is accompanied by a chart showing the correlation of a number
of selected zonal schemes. The 60 zones included on Tsble 4 are briefly defined,
their authors mentioned, and some remarks added where necessary. In addition to

the sequence of these 60 zones, the stratigraphic distribution of the corresponding
zonal markers is also shown on Table I,

.T%is compilation, which summarizes the present day status of planktonic
f?ramlnlferal zones, has been prepared as a guide for the economic and academic
micropaleontologist and to serve as a base for further improvement of this zonal
system,
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REVIEW AND DISCUSSION OF PUBLISHED ZONES

This review and discussion of published zones is divided into a Cretaceous, a
Paleocene-Eocene and an Oligocene-Pliocene part, each accompanied by a table show-
ing the correlation of selected zonal systems. Some references are made in addi-
tion to publications which contain zonal systems but are not discussed in this
paper,

Most authors use index fossils to designate their zones. Some prefer s let-
tering system, others a combination of numbers, letters and index fossils. Using
numbers or letters to distinguish a sequence of bio-zones is not recommended for
the following reasons:

1. Numbers and letters give no indication as to the stratigraphic position of
a zone, but this can usually be deduced from a fossil name,

2. Different authors use different letters or numbers for idemntical or similar
intervals. {e,g. Gohrbrandt's Lower Eocene Zone E equals Hillebrandt's Zone
F; see Table 2).

3. Different authors use the same letters for different stratigraphic intervals
(e.g. Herm subdivides the Upper Cretaceous into zones A-E; Gohrbrandt and
Hillebrandt use the same letters for zoning the lower Tertiary, see Tables
1, 2).

L, It is possible that an established zone will be divided again, as done by
Hillebrandt, who in 1965 subdivided his Zone A of 1962 into Zone A 1 and
Zone A 2 (see Table 2)., Supposing Zone A 1 will be subdivided again into
say a Zone A la and a Zone A 1b and so on, such a system will - contrary to
the one using index fossil names = become very unwieldy.

It is to be remembered that the zones designated by dletters or figures are in fact
based on index fossils and it is therefore difficult to see why authors do not use
fossil-names in the first place.

Cretaceous

Species of the genera Globotruncana and Rotalipora belong to the first plank-
tonic foraminifera that were used successfully for bilostratigraphic subdivisions
and correlations. Authors such as Renz, 19%6; Tschachtli, 1941l; Gandolfi, 19k42;
Bolli, 194k, 1951; Cita, 1948 and Sigal, 1952, demonstrated their value as excellent
index fossils without, however, making use of them for zonal schemes. It was Marie,
1938, who first proposed a sequence of four Campanian-Masastrichtian zones that were
based on Globotruncana species, but partially alsc on benthonic foraminifera., The
first zones based on Globotruncana and Rotalipora species alone were those intro-
duced in North Africa by Dalbiez, 1955, and Sigal, 1955, followed by Bolli's 195Ta,
1959, zonation of the Trinidad Upper and Lower Cretaceous. None of these proposed
zonal schemes comprises a complete Cretaceous section, but combined - as can be
seen on Table 1 = they offer a reasonably continuous zonation from Aptian to
Ma;astrichtian° Klaus, 1959, subdivided the Albian to Santonian of the Préalpes
Medianes of Switzerland into Zomes 1-T, which is, however, no closer subdivision
Oof this interval than that proposed by Dalbiez. '




cushmani. are also absent.
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 Herm, 1962, established for the Santonien to Maastrichtian of the Northern
Calcareous Alps Zones A-F. His Zone C is defined by the full range of.
Globotruncana calcarata, a species so far not found in Trinidad, probably due to
a hiatus., Dalbiez, 1955, on the other hand, listed this species from Al geria but
did not use it as a zonal marker. The short ranged and characteristic
Globotruncana celcarata is an excellent index fossil, filling a gap in the Trinidad
zonal system and subdividing Dalbiez' Globotruncana eleveta Zone., Van Hinte, 1965,
and Mohler, 1966, both sccepted Globotruncama calcarata as & zonal marker, and it
is also included here in the general zonal scheme of Table 4.

Herm subdivided Bolli's Abathomphalus mayaroensis Zone into Zones E and F.
He placed the boundary between these two zones at a level where some species of
Globotruncana, Rugoglobigerina and Heterohelix become distinctly larger in size,
combined with a more pronounced variability within the species, However, the
assemblage of species remains essentially the same. Such a distinction of two
zones, based merely on size differences with no change in faunal composition, may
be of local value but it cammot be accepted for a general zonal scheme as presented
on Table kL,

Lehmann, 1966, extended Sigal's zonation into the Cenomanian and Albisn. His

zonal merker Rotalipora klausi is shown by Lehmann to have the same range as R.ticinensi
 ticinensis, which was already used in 1957 to name & zone in Trinidad.

R. ticinensis
ticinensis has priority over R. klausi and is therefore maintained as zonal marker
on Table L,

Also shown on Teble 1 are the zonal schemes of van Hinte, 1965, and Mohler,
1966, Van Hinte derived his scheme from literasture and that of Mohler is also adopted
from various authors,

A subdivision of the higher part of the Lower Cretaceous (AptiannAlbian), based
on planktonic foraminifera, was first proposed in 1959 by the present author., As
already pointed out at that time, the Trinidad sections, on which the subdivision-
was based, are stratigraphically incomplete., The zonations of other authors did not
reach below the Albian., Further studies on the planktonic foraminifera and their
distribution in continuous sections are necessary before a more complete pre-Albian
zonation can be established,

- The Rotalipora evolutionary sequence, with its rapidly developing and disappear-
ing species and subspecies, provides ideal index fossils for a subdivision of the
Cenomanian intec several zones. Apparently none of the zonal schemes proposed so far
has made really full use of them, It is therefore felt that a careful re=study of
the Rotaligora species and subspecies, their interrelation and their stratigraphic
ranges, would result in a still better defined subdivision of the Cenomanian. The
subdivision of the Cenomanian intc four zones as proposed on Table 4 is based prima-
rily on Lehmann, 1966, and on the successive appearance of species used here as
zonal markers, as presented by Klaus, 1959.

The zonation of the Turonian to Maastrichtian on Table L is largely that of
Bolli, 1957, with the following modifications:

1. A Praeglobotruncana gigantea Zone adopted from Sigal, 1955, and Lehmann,
1966, is added for the lower Turonian. No similar fauna was cbserved in Trinidad
at this level, where the younger Rotalipora species such as R. reicheli and R.
It must be concluded from this that the Upper Cenomanian
and the Lower Turonian are absent in the Trinidad sections studied so far.

2. Globotruncana helvetica replaces G. inornata as zonal marker. Both appear
to have the same range. G. helvetica is more easily recognizable, extremely rare
in Trinidad but usually common in the Alpine-Mediterranean region,

%, Globotruncana schneegansi replaces G. renzi as zonal marker for the same
reasons,

k. The Globotruncana calcarata Zone is added between the G, stuarti and the
G, lapparenti tricarinata Zome, filling a gap that apprently exists in Trinidad.,

Paleocene=Eocene

Table 2 shows a good agreement between the zones published in 1957 from
Trinidad with those subsequently proposed from other parts of the world, Additions
or differences in the selected zonal systems as compared with that of Trinidad are:

1. Two zones are inserted below the Paleocene Globorotaliz trinidadensis Zone
of Trinidad: a Globigerina pseuddbulloides/g° daubjergensis Zone was proposed by
Leonov & Alimarina, 1961, and a Globigerina eugubina Zone by Luterbacher & Premoli,

196k,

Such zones were not recognized in Trinidad but apparently fill a hiatus which
exists there., Their place might also locally be taken there by the reefal Soldado
Formation. The G. eugubina Zone with its minute fauna represents the earliest _
Tertiary. The Globigerina pseudobulloides/g° daubjergensis Zone is intermediate be-
tween this basal zone and. the Globorotalia trinidadensis Zone., Both are adopted
here and included in the general zonal scheme on Table I,

2, Hillebrandt, 1962, subdivided the Paleocene Globorotalia pusilla pusilla
Zone of Trinidad into the Zones C and D, He renamed them in 1965 Glcoborotalia
angulata and Globorotalia pusilla Zone respectively. They can also be recognized
in Trinidad, and both are included om the general scheme on Table k, o

3. A probable hiatus was postulated by Bolli, 1957b, to exist between the
Globorotalia velascoensis and thelﬁo rex Zone. It is based on a considerable faunal
break and abrupt changes in the direction of coiling of scme Globorotalia species.,
Hillebrandt, 1965, subdivided the Globorotalia rex Zone of Bolli, 1957, into a lower
Globorotalia subbotinae-marginodentata Zone (@39 with the two subzones Globorotalia
marginodentata (G1) and Glgborotaliz subbotinae {Gp), and an upper, Globorotalia
lensiformis Zone (H). It is possibie that the older of these zones fills - at least
partially - the gap assumed to exist in the Trinidad zonal schenme,

Hillebrandt, 1965, furthermore re-named the Globorotalia formosa formosa Zone
of Bolli, 1957b, the Globorotalia formosa-Acarinina angulosa Zone (Tyménd subdivided
it into a lower, Acarinina angulosa Subzone {I1) and an upper Glcborotalia formosa
Subzone (I2).

~ Moreover, Hillebrandt, 1965, also subdivided Bolli's Globorotalia palmerae
Zone into & lower; Globorotalis palmerase-Acarinina aspensis Zone (L) and an upper,
Globorotalia caucasica Zone (M). A prominent faunal break is apparent between the
Globorotalis palmerae and the Hantkenina aragonensis Zones on Fig, 26, p. 159 of
Bolli, 195Tc, indicating another likely gap in the Trinidad zonal scheme, The
Taunal composition of Hillebrandt's Globorotalis caucasica Zone (presence of ances-
tral forms of Clavigerinella, sbsence of Globigerina prolata except in the basal
Part of the zone) provides a link between the Globorotalia palmerae and the
Hantkenina aragonensis Zones., An identical or very similer fauna is actually known
in Trinidad, and has been designated in oil company reports the "Globigerina 92"
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Drs. Banner & Blow have, however, kindly supplied the writer with & copy of
(= Globorotalia pseudomeyeri) Zone. Such a zone was earlier thought to be of com- their manuscript in which they describe and figure these new species, and which
paratively little stratigraphic value and was for that reason, and also to avoid they intend to publish in the near future. To explain the correlation of Bamner &
unnecessary additions to the zonal scheme; not mentioned in Bolli, 1957c. Blow's nevw zones with those of Bolli, 19574, as shown on Table 3, they kindly gave
‘ : permission to quote the following symonymies from their manuscript: Globorotalia
4., The potentials for & zomnation of Paleocene-Eocene sediments of theé Alpine- (T.) peripheroronda (with rounded periphery) is the same as G. fohsi barisanensis

Mediterranean region based on planktonic foraminiferal faunas were pointed out by sensu Bolli, 1950, pl. 15, figs, 5, 6 a=cs 19574, pl. 28, figs. 8 a-c; Blow, 1959,
Bolli, 1959. ©Since then, numercus papers have been published confirming this pl. 17, figs. 110, 11l a-c. Globorotalia (2,) periphercacuta (with acute periphery)
assumption and the results of several are shown on Teble 2. In addition to compares with G. fohsi fohsi sensu Bolli, 1950, pl. 15, figs. 4 s=-c; 19574, pl, 28,
Hillebrendt's work, already mentioned, on the Zumaya-Guetaria section of Spain, figs. 10 a=c; Blow, 1959, pl. 17, figs. 112 a-c, Globorotalia (go) vreefohsi (with
they include zonations from Northern and Central Italy and the Northern Calcareous partially keeled periphery) compares with G. fohsi fohsi sensu Bolli, 1957d, pl. 28,
Alps. Though some of these authors preferred letters. instead of index fossils to figs. 9 a=b., Globorotalis (g,) fohsi is defined by Blow & Banner as possessing a

designate their zones, Table 2 clearly shows how well the zones originally proposed - peripheral carina throughout the last whorl.,

in Trinidad can be applied to the Alpine-Mediterranean region., Other papers from :

this area containing similer results include Herb, 1962, and Eckert, 1963, 4¥EEEE;ﬁf§i;;}S Zone N-9, Orbulina suturalis-Globorotalia (T.) periphero-
Brow £ OANVER v . ronda n. SP., is the same as Bolli's Globorotalia fohsi barisanensis Zone, except

5. !Eames et al., 1962, introduced a Globigerina turritilina turritilina Zone, that the latter begins at the extinction level of Globigerinatella insuetsa, whereas

characterizing the uppermost Eocene., This zone falls between the level of extinc- Zone N-9 has its base at the first occurrence of Orbulina suturalis.

tion of Globorotalia cerro-azulensis and Cribrohantkenina danvillensis below and the '

first appearance of Cassigerinella chipolensis above, Such an interval without the Qgg3§5;§fﬁi3;>s Zones N=10 and N=11 subdivide the Globorotalis fohsi fohsi

typical Upper Eocene planktonic foraminiferal fauna would prefersbly be attributed Zone of Bolli, apparently with the exception of its topmost part, which is -

together with Bolli's Globorotalia fohsi lobata and G. fohsi robusta zones - lumped
into their N-12, Globorotalis (G.) fohsi, Zone.

to the Lower Oligocene,

6. Jenkins', l965,izonation of the New Zealand Paleocene and Eocene is less

detailed and uses different index fossils., The reasons for this are apparently Qggggg;ﬁrﬁisaTé new treatment of the Globorotalia fohsi group of subspecies,
particular envirommental conditions which prevailed at that time in New Zealand. in particular their splitting of such an outstanding evolutionary sequence into two
= different subgenera and several different species; will be critically reviewed in
7. Reference is finally made to Berggren, 1965a, b on world-wide correlations a.separate paper. In the writer's cpinion there is no need for most of the proposed
of Paleocene-Eocene planktonic foraminiferal zones. These publications contain changes., The 11 zones between the Globigerina ampliapertura and the CGloborotalia
correlations with Russian and American zones that are not included in this paper. fohsi robusta Zone of Bolli, 1957d, are based on well defined and easily recegniz-
- able index fossils. With the subdivision of the Globigerinatella insustsa Zone into
Oligocene=Pliocene - o two zones, as shown on Table 4, and as originally proposed by Blow, 1959, the number
: ~ of zones is the same for that interval as in-Banner & Blow, 1965, Their system
While no major discrepancies exist between the varicus Cretaceous and . therefore does not offer a closer subdivision but merely makes use of some dif=
Paleocene-Eocene zonal systems, some of the schemes proposed for the Oligocene= ferent zonal markers and of different interpretations of others, which, in turn
Pliocene are less easy to compare, result in changed zonal boundaries. Furthermore, Banner & Blow's newly proposed
, » zonal scheme, made up of a combination of zonal markers {(often twc per zone) and a
‘The Oligocene to Middle Miocene zones as proposed for Trinidad, first by letter/number system; is, as can be seen on Tables 3 and.4, much more complex than
Cushman & Stainforth, 1945, and later in a more detailed way by Bolli, 19574, were that originally proposed by Bolli, 19574, 1966, and Bolli & Bermidez, 1965,
generally accepted and applied to other areas, such as Venezuela (Blow, 1959), Gulf , : v ‘
Coast area (Butler, 1962}, Israel (Reiss & Gvirtzman, 1964)., Bolli & Bermidez, 1965, . Banner & Blow, in Eames et al., 1962, proposed a Globigerina oligocaenica
published a subdivision by, plankitonic foraminifera of the upper Middle Miocene to Zone, occupying a stratigraphic position below Bolli's Globigerina ampligpertdra
Pliocene, i.e, that part of the younger Tertiary which hitherto was not zoned, The Zone, but separated from it by an .interval named by them "not known"., The same
same stratigraphic interval was subdivided quite differently by Banner & Blow, 1965, stratigraphic interval is renamed Cassigerinella chipolensis/Hastigerina wmicrs
who partly used other index fossils. Until Banner & BIlow furnish full documentation Zone on Tsble 4. The reason for this is given under "Description of zomes',
of their zones, amplifying the sketchy outline in their 1965 paper, a correlation of : _ . .
their young Miocene to Pliocene zones with those of Bolli & Bermidez has to remain \BQEEEE/&/ﬁngIE interval "not known" between their Globigerinz oligoccaenica
tentative. ; ' ' " Zone and the Globigerina ampliapertura Zone, contains, according to these authors,
o Globigerina ampliapertura. It is included here in the Globigerina amplispertura
In the same paper%ﬁg@gg;/&’ﬁiaﬁ‘also proposed a zonal system for the Cligocene Zone, ' ~ :
to Middle Miocene which is much different from that of Bolli, 19574 (see Table 3). . o : ‘ .
Only two zones remain unchanged, while for others of apparently identical strati- ] Blow, 1959, followed the zomaticn proposed by Bolli, 19574, with the follow-
graphic position different zonal merkers are proposed. The greatest change is found ing changes and additions. He subdivided the Globigerinatella insueta Zone into
in the Globorotalia fohsi subspecies zones., In this intervel of four zones Banner & Globigerinatella ipsuetg/@lobigerinoides bisphaerica Zone and a Globigerinatella
& Blow introduce three new species as zonal markers.. Since no description and no insueta/Globigering™tfilcba Zone. Such a subdivision is well documented and is
figures are given, they remain nomina nuda for the time being. also adopted on Table L but to simplify the terminology, the two zones are named

here Praeorbulina glomerosa and Globigerinatella insueta Zone respectively. They
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are defined and explained under "Descriptions of zones”., Blow, 1959, alsc modified
some of the Middle Miocene zones and added two more zones above Bolli's Globorotalia
menardii Zone, Reference is made to Bolli & Bermidez, 1965, where these zones are
critically reviewed,

The zonation of Jerkins, 1965, 1966, is, except for its basal part, less
detailed than that of Bolli, 1957d. Furthermore, most of Jenkims' zonal markers
are different. This is attributed to different planktonic faunal assemblages that
prevailed in New Zealand during the younger Tertiary. Many of the tropical to sub-
tropical index fossils evidently did not extend as far south as New Zealand.

The Globigerinoides ruber Zone on Table 4 was originally described by Bolli,
1966, from Java. It lies between the Globorotalia fohsi robusta and the Globorotalia

mayeri Zone,

Bolli & Bermudez, 1965, nemed four of their Upper Miocene and Pliccene zones
with two species names each, Three of these zones can also be adequately defined
with a single index fossil as zonal marker., To simplify the zonal scheme of Table
L the following changes are therefore made: '

Zones in this Paper

Globorotalia dutertrei/ . Globorotalia dutertrei
Globigerinoides obliquus extremus
Globoquadr%na altispira‘al@ispira/ Globoguadrina altispira altispira
Globorotalia crassaformis
Globorotalia truncatulinoides/ L L
Globorotalia inflata : Globorotalia truncatulinoides
The double name of the Globoguadrina altispira altispira/Globorotalia
truncatulinoides Zone is retained because each species is already used for another
zone, but combined they characterize the interval of their joint occurrence, The
only other zone on Table L4 that bears a double name is the Oligocene Cassigerinella
chipolensis/Hastigerina micras Zone, also defined by the overlap of these two species.

Contributions to the'zonation and correlation of the Oligocene-Pliocene or
part of it, in addition to those discussed above and shown on Table 3, have recently
been made- by several authors, Reference is here made in particular to Wade, 196k,
where the stratigraphic distributions of Tertiary planktonic foraminifera are given
in relation to biostratigraphic zonal systems of several authors not included here.
Mention is alsoc made of Jenkins, 1965a, who discusses intercontinental correlations
based on planktonic foraminifera; to Mc Tavish, 1966, who offers in his study on
Tertiary planktonic foraminifera of the British Solomon Islands correlations with
Australian and Indo-Pacific faunas; and to Cita, Premoli Silva & Rossi, 1965, who
correlate some zonations based on planktonic foraminifera of the Oligocene-Pliocene.
Finally, reference is made to Bandy, 1962, 1963 and 196k, whose papers on Cenozoic
planktonic foraminiferal zonation were discussed by Stainforth, 1964 and Bolli, 196k,
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DESCRIPTION OF ZONES

60 zones, subdividing the Cretaceous and Tertiary, based on planktonic fora=
minifera, are presented on Table L, together with the ranges of the corresponding
zonal markers., These zones are primarily based on the schemes proposed by the
author (1957a, b, c, d; 1959; 1966, and Bolli & Bermidez, 1965)., To fill some
evident gaps several zones not recognized in these earlier schemes are adopted
from other sources, and a few zones are subdivided further as was suggested by
other investigators. '

The index fossils, on which the 60 zones are based, lived under warm to
moderately warm water conditions. They are therefore only found in tropical to
subtropical marine sediments, The Cretacecus and Paleocene-Eocene species used
here are found within latitudes of up to at least 50 = 55° N and S, The latitudi-
nal belt containing this type of fauna became progressively narrower during the
Oligocene=Pliocene and the species used in this study were therefore restricted
more and more to today's tropical and subtropicsl areas.

Cretaceous

Leupoldina protubérans Zoue

Definition: Interval with zonal marker, from its first occurrence to first
occurrence of Praeglobotruncana rohri. :

Author: Bolli, 1959, p. 258-259. o e

‘Bigldbigerinella tarri Zone

Definition : Interval with zonal marker, from its first occurrence
to first occurrence of Praesglobotruncansa rchri.,

" Author Bolli, 1959, p. 258-259

T occurrence of Rotalivors reverti. T
Author: Bolli, 1959, p. 258-259, .
Remarks: The zone was originally defined by the total range.of the zonal

marker,

Rotalipors roberti Zone

Definition: Interval with zonal markerg"frgm its first occurrence to first
occurrence of Rotalipora ticinensis ticinensis.
* Author:- Dalbiez, 1955, p. 166.
Remarks: The zone was originally named Ticinella Zone and defined by the

presence of Ticinells (= Rotalipora)roberti until the first
occurrence of Thalmanninella (= Rotalipora) ticinensis alpha. :
The name of the zone was changed to.TiciEeilaerberti Zone by .
Mohler, 1966, and tc Rotalipora roberti Zone in this paper. -
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Rotalipora ticinensis ticinensis Zone

Definition:

Author:

Remarks:

Interval with zonal marker, from its first occurrence to first
occurrence of Rotalipora appenninica appenninica.

Dalbiez, 1955, p. 166,

The zone was originally named Thalmanninella Zone and renamed
Rotalipora ticinensis ticinensis Zone by Bolli, 1957a.

Rotalipora appenninica sppenninica Zone

Definition:

Author:

Remarks:

Interval with zonal marker, from its first occurrence to first
occurrence of Rotalipora brotzeni,

Dalbiez, 1955, p. 166.

The zone was originally named Lower Rotalipora Zone and defined by
the interval from first occurrence of the zonal marker to first
occurrence of Rotalipora appenninica typica.. Dalbiez' Lower
Rotallggra Zone was renamed Rotallpora appenninica appennlnlca Zone
by Bolli, l957a.

Rotalipora brotzeni Zone

Definition:

Author:

Remarks:

Interval with zonal markef, from its first occurrence to first
occurrence of Rotalipora reicheli.

Lehmann, 1966, in press.

The zone was originally defined by the range of the zonal marker.

Rotalipora reicheli Zone

Definition:

Author:

Remarks:

Interval with zonal marker, from its first occurrence to first
occurrence of Rotalipora cushmani.

Bolli, in this paper.

van Hinte's Rotalipora cushmani-reicheli Zone of 1965 comprises
both this zone and the younger Rotallpora cushmani Zone,

Rotalipora cushmani Zone

Definition:
Author:

Remarks:

Range of zonal marker.
Borsetti, 1962, p. 2L,

The zone was originally given subzonal rank. See also "Remarks"

on Rotalipora reicheli Zone,

Globotruncana schnesgansi
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Praeglobotruncana gigantes ane

Definition: Interval with zonal marker, from last occurrence of Rotalipora
: cushmani to first cccurrence of Globotruncana helvetica,

Author: Sigal, J., 1955, p. 158.

Remarks: The zome was originally named Zone 3 "Grandes Globigerines”

seules, Lehmann, 1962, subsequently described Sigal's "Grandes
Globigerines” as Praeglobotruncana? gigantea which name is here
adopted &s zonal marker in preference to Hedbergella gigantes

proposed by van Hinte, 1965.

Globotruncana helvetica Zone

Definition:

Range of zonal marker,
Authors: Dalbiez, 1955, p. 166/1679 issued on July 5, 1955;
Sigal, 1955, p. 158, séance du 2 mai 1955,
Remarks: - The Globotruncana helvetics Zone of Dalbiez and the Zone %

Globotruncana helvetica seule by Sigal were published, apparently
»1ndepﬂndently3 almost smultaneously°

Zone

Definition: Interval with zomnal marker, from last occurrence of Globotruncana
“helvetica to first occurrence of Globotruncans concavata,

Author: - Dalbiez, 1955, p. 167.

Remarks:  This zone corresponds closely with Sigal's Zone & "grandes

" Rosalines"” seules of 1955,

Globotruncaﬁa concavata Zone

Definitionz{ Range of zonal marker.

Author: - Sigal, 155, p. 159.

Globotruncana fornicata Zone

Definition: .

Interval with zonal merker, from last occurrence of Globotruncana
~concavata to first occurrence of &. stuarti s.l.
Author: - Bolli, 1957a, D. 52.

Globotruncana stuarti S.l. Zone

Definition: Interval with the zonal marker, from its first occurrence to first
~occurrence of G, calcarata. -
Author: Bolli, 1957a, p. 52.
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Globotruncena calcarata Zone

Definition: Range of zowal marker,
Author: Herm, 1962, p. 23, 29,
Remarks: The zone was originally named Zone C.

Globotruncane lapvarenti tricerinata Zone

Definition: Interval with zonal marker, from last occurrence of Globotruncans
calcarats to first occurrence of G. gansseri. '
Author: Bolli, 19572, p. 54,

Globotruncana gaasseri Zone

Definition: Interval with zonel marker, from its first occurrence to First
occurrence of Abathomphalus mayarcensis.,
Author: Bolli, 1957a, p. 54,

Abathomphalus mayarcensis Zone

Definition: Range of zonal merker.
~ Author: Bolli, 1957a, Dp. 54.
Paleocene-Eocene

Globigerina eugubina Zone

Definition: Range of'zonal marker,
Author: Luterbacher & Premcli Silva, 1964, p. 68-70,
Remarks: The zone can readllj be determined in thin sections because of the

extremely small size of the zonal marker and the other accompanying

Globlgerlna species,

- Globorotalia pseudobulloides Zone

Definition: Interval with zonal maerker, from its first occurrence to first
occurrence of Globorotalls trinidadensis.

Author: Leonov & Alimarina, 1961, p. 37=38.

Remarks: The zone was originally named Globigerina pseudobu1101des/Glob1ger1m

daubjergensis Zone. To simplify the terminology of the zonal scheme,
only the first of the two zonal markers is retained here,
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Globorotalia trinidadensis Zone

Interval with zonal marker, from its first occurrence to first

Definition:
occurrence of Globorotalia uncinatsa,
Author: Bolli, 1957Tb, p. 62,

Globorotalia uncinata Zone

Definition: Interval with zonel marker, from its first occurrence to flrst
occurrence of Globorotalla angulatan

Author: Bolli, 1957b, . 64,

Remarks: This zone included originally alsc the Globorotalia angulata Zone

which is here separated.
Zone,

Seev"Remarks"

on Globorotalia angulata

Globorotalia angulata Zone

Definition: Interval with zonal marker, from its first occurrence to first

occurrence of Globorotalia pusilla pusilla.

Author: Alimsrina, 1963,

Remarks: The zone was originally named Acarinins angulata Zone. Hillebrandt,
1965, renamed his Zone C of 1962 the Globorotaslia angulata Zone (C)
and correlated it with the lower half of the Globorotalia pus1lla
pusilla Zone of Bolli, 1957b, and with the Acarinina angulata Zone
of Alimarina, 1963, The zone as defined here comprises the upper
part of the Globorotalia uncinata Zone of Bolll, 1957b, where
Gldborotalia angulata is present. :

Globorotalis pusilla pusilla Zone
' Definition: Interval with zonal marker, from its first occurrence to flrst
occurrence of. Gldborotalla pseudomenardii.

Author: Bolli, 1957b, p. 64, ’

Remarks: See "Remarks" on Globorotalla angulata Zone.

Globorotalia pseudomenardll Zone -

Definition: Range of zonal marker.

- Author: Bolli, 1957b, p. 6k,

Globorotalia velascoensis Zone

Definition: Interval with zonal marker, from last occurrence of Globorotalla
pseudomenardli to last occurrence of zonal marker,
Author: Bolli, 195Tb, p. 64,
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Globorotalia rex Zone

Definition: Intervel with zonal marker, from its first occurrence to first
occurrence of Globorotalia formosa formosa and G. aragonensis.

Author: Bolli, 1957k, p. 6k4.

Globorotalia formosa formosa Zone

Definition: Interval with zonal marker, from its first occurrence to first
occurrence of Globigerina taroubaensis and G. turgida.

Author: Bolli, 1957b, p. 6L,

The upper boundary of the zone, characterized by the first occur-
rence of the rather indistinct Globigerina taroubaensis and G.
turgida, is rather weskly defined. It may therefore be difficult
to distinguish the Globorotalia formosa formcsa Zone from the

overlying G. aragonensis Zone.

Remarks:

Globorotalia aragonensis Zone

Definition: Interval with zonal marker, from first occurrence of Globigerina
taroubaensis and G. turgida to first occurrence of Globorotalia

palmerae.,
Bolli, 1957b, p. 6k,

Author:

‘Remarks: See "Remarks" on Globorotalia formosa formosa Zgne°

Globorotalia palmerae Zoﬁe

Definition: -Range of zonal marker.
Author: Bolli, 195Tc, p. 156=158,

Hantkenina aragonensis Zone

Definitionz Range of zonal marker,
Author: Bolli, 1957c, p. 158.

Globigerapsis kugleri Zone

Definition: Interval"between last occurrence of Hantkenina aragonensis and
last occurrence of Globorotalis aragonensis.

Author: Bolli, 195Tc, p. 158.

Remarks: The zonal marker appears only in the upper part of the zone, to

continue through the two overlying zones,
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Globorotalia lehneri Zone

Definition: Interval with zonal marker, from last occurrence of Globorotalia
aragonensis to first occurrence of Porticulaspheera mexicana,

Author: Bolli, 1957ec, p. 158,

Porticulasphaers mexicana Zone
Definition: Range of zonel merker.
Author:

o‘(’c'[a io
Trunceteeameides rohri Zone

Bolli, 1957c9'po 158=159°

Definition: Interval with zonal marker, from last occurrence of Porticulasphaera

mexicana to last occurrence of zonal marker,
Author: . Bolli, 1957c, p. 159.

Globigerapsis semiinvoluta Zone

Definition: Range of zonal marker.
Author: Bolli, 195Tc, p. 159-160.

Globorotalia cerro-azulensis Zone

Definition: Interval with zonal marker, from last occurrence of Globlgerap51s
semllnvoluxa to last occurrence of zonal markero

Author: Bolli, 1957¢, p. 160,
Remarks: The zone was originally named Globorotalla cocoaensis Zone. This
species turned out to be a junior synonym of Globorotalia cerro-:
azulensis and the zonal designatior was changed accordingly by
Bolli, 19594.

Oligocene=Pliocene-

Cassigerinella chipolensis/Hastigerina micra Zone

Definition: Joint occurrence of zonal markers.,

Author: Wim Eames et al., 1962, p. 68=69.

Remarks: ‘The zone was originally named Globlgerlna oligocaenica Zone and
~defined by the range of the zonal marker and also by the overlap
of Hastigerina micra with Cassigerinella chipolensis which, accord-
‘ing to Banner % I Blow, coincides with the ramge of Gldblgerlna
oligocaenica.

Globigerina oligccaenica was subsequently found to be a Junlor
synonym of Globigerina sellii and the name of the zone had to be
changed accordingly (e.g. in Reiss & Gvirtzman, 196L). '

The present author prefers to identify this stratigraphic interval
with the overlap of the two small but charascteristic and easily
1denu1f14ble species Cass1ger1nella chipolensis and Hastigerins
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~micra, instead of the range of Globigerina sellii. This latter

species, when not well preserved, may be difficult to distinguish
from similar Globigerinas, such as G. rohri.

Globigerina ampliapertura Zone

Definition: Interval between last occurrence of Hastigerina micra and first
occurrence of Glcoborotalia opima opima.

Author: Bolli, 19574, p. 100.

Remarks: The zonal marker is not present in the uppermost part of the zone
as defined above. The interval between the last occurrence of
Globigerina smplispertura and the first occurrence of Globorotalia
opima opima is characterized in Trinidad by a fauna in which a
species close to Globigerina venezuelana is often dominant. This
interval was treated in oil company reports as a separate
"Globigerina cf, venezuelana Zone". Such a zone was however not
included in the zonal scheme of Bolli, 1957d, for the same reasons
as the "Globorotalis pseudomayeri Zone" was also left out in the
Eocene (see Paleccene-Eocene part of the "Review and discussion of
published zones"),

Globorotalisa opima opima Zone
Definition: Range of zonal marker,
Author: Bolli, 19574, p. 100.

Globigerina ciperoensis ciperoensis Zone

~ Definition: Interval with zonal marker, from last occurrence of Globorotalia
opima opima to first occurrence of Globorotalia kugleri.

Author: Cushman & Stainforth, 1945, p. k4,

Remarks: The zone was originally nsmed Globigerina concinna Zone, limited
below by the Hospitel Hill Marl ZUpper Eocene part of the Navet
Formation) and sbove by the Glcbigerinatella insueta Zone of
Cushman & Steinforth, Thus the zone included in its original
sense a much wider stratigraphic interval than that defined later
by Bolli, 19574, p. 100 and used here.

Globorotalia kugleri Zone

Definition: Range of zonal marker,

Author: - Bolli, 19574, p. 100-101.

Catapsydrax dissimilis Zone

Definition: Interval with zonal marker, from last occurrence of Globorotalia

kugleri to first occurrence of Globigerinatella insueta.

Cushmen & Renz, 1947, p. 3.

The above definition is that of Bolli, 1957d.

The zone was originally described as the Globigerina dissimilis
Zone, falling between the Globigerina concinna and Globigerinatella
insueta zones of Cushman and Stainforth, It thus included the
Globorotalia kugleri and Catapsydrax dissimilis zones, and probably
also the Catapsydrax stainforthi Zone, as they are defined in this
paper, ‘

Catapsydrax stainforthi Zone

Definition:

Interval with zonal marker, from first occurrence of Globigerinatella
insueta to last occurrence of Catapsydrax dissimilis. ‘

Bolli, 1957d, p. 101,

Globigerinatella insueta Zone

Definition:

Interval with zonal marker, from last occurrence of Catapsydrax
dissimilis to first occurrence of Praeorbuline glomerosa. :

Cushman & Stainforth, 1945, p. L4=5.

The zone included originally a thicker, not precisely defined inter-
val., Comparing it with their younger Globorotalia fohsi Zone,

Cushmen & Stainforth stated that "these two zones contain very

similar rich faunas, almost the only difference being an abundance

of Globorotalia fohsi and G. canariensis in the upper zone",

Bolli, 19574, defined the zone as limited below by the last occurrence
of Catapsydrax dissimilis and above by the last occurrence of the zonal
marker. He referred in that paper to Blow's, 1956, study of the origin
and evolution of the genus Crbuline within the Globigerinatella insueta
Zone and stated: "Based on these evolutionary trends, a further subdive
icion of the upper part of the Glovigerimaitells insueta Zone could
readily be established". A subdivision was then formally proposed by
Blow;. 1959, who subdivided the zone intc a lower, Globigerinatells
insueta/Globigerinoides triloba Subzome and an upper, Giobigerimatella
insuetas/Globigerinoides bispherica Subzone. &« Blow, 1965, changed

these subzones to N=T, Globiggginatella_insueta-Gldbigerinoides
quadrilobus trilobus Zone and N-8, Globigerinoides sicanus-
Globigerinatelia insueta Zone respectively., To simplify the termi-
nology 'of the zonal scheme, the lower of these two zones is here

simply called Glcbigerinatella insueta Zone and the upper Praeorbulina
glomerosa Zone, and both defined accordingly., Their joint boundary
lies slightly higher than that of Blow, 1959, and Banner & Blow, 1965.
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Praeorbulina glomerosa Zone

Definition: Interval with zonal marker, from its first occurrence to last
occurrence of Globigerinatellas insueta.

Author: Blow, 1959, p. T7.

Remarks: The zone was originally named Globigerinatella insueta/

Globigerinoides bispherica Subzone and its lower boundary taken
slightly deeper stratigraphically than in the above definition,
Jenkins, 1966 introduced a FPraeorbulina glomerosa curva Zone for
an interval between the first occurrence of Pracorbulina glomerosa

curva and the first occurrence of Orbulina suturalis., See also
'Remarks" on Globigerinatella insueta Zone,
Globorotalia fohsi Zone
Cushman & Stavnforth l9h5, introduced a Globorotalia fohsi Zone. The boundary

between this zone and thelr underlying Globigerinatella insueta Zone was not well

. defined, as already pointed out in the "Remarks" on the Globigerinatella insueta

Zone, The upper boundary of Cushman & Stainforth's Globorotalia fohsi Zone is on
the other hand clearly marked by the extinction of many foraminiferal species, in=
cluding the zonal narker, .

Bolli, 1950, subdivided Globorotalia fohsi into the four stratigraphically suc=-
cessive subspecies Globorotalia fohsi barisanensis, G. fohsi fohsi, G. fohsi lobata
and G, fohsi robuste and used them later (195la) as Subzonal and (1957d) as zonal

'm.arkers°

Globorotalia fohsi barisanensis Zone

Definition: Interval Wlth zonal marker, from last occurrence of Glob&gerlnatell
insueta to flrst occurrence of Globorctalis thSl fohsi.
Author: Bolli, l957d, p. 101,

Globorotalia fohsi fohsi Zone

Definition: Interval ﬁith zonal marker, from its first occurrence to first
occurrenc@ of Globorotalis fohsi lobata,
Author: Belli, l957dg p. 10L.

Gldborotalla fohsi lobata Zone

Definition: Interval with zonal marker, from its first occurrence to first
occurrence of Globorctalia fohsi robusta.
Author: Bolli, 19574, p. 10L.
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Globorotalia fohsi robusta Zone

Definition: Range of zonal marker,

Author: Bolli, 19574, p. 101-102,

Globigerinoides ruber Zone

Definition: Interval with zonal marker, from last occurrence of Globorotalia
fohsi robusta to last Middle Miocene occurrence of zonal marker,

Author: Bqllig 1966, in press.

Remarks: The zone represents a stratigraphic interval that was previously

not, or only very indistinctly, recognized in the Caribbean region.
There, Globigerinoides ruber disappeared simultaneously with
Globorotalia fohsi robusta,;. or very shortly afterwards. In Java
the distribution of the Bodaonegoro«l Planktonic foraminifera
(Bolli, 1966) shows that Globigerinoides ruber may persist for a
considerable time after the extinction of Globorotalia fohsi -
robusta (in Bod jonegoro-1 for over 200 meters). The Globigerinoides
ruber Zone was introduced to divide an otherwise overly thick:
Globorotalia mayeri Zone in the Java section. Its recognition also
stresses a hiatus that exists elsewhere, between the Globorotalis
fohsi robusta and the Globorotalia mayeri Zone, for instance in
Trinidad. Such a hiatus was previously indicated there by an sbrupt
lithological change and also by the presence of pebble beds, It is
known, that the widespread disappearance of Globigerinoides ruber
in the Middle Miocene is only a- temporary one, probably caused by
the onset of conditions not tolerated by the species. It is assune
ed that the species continued to live locally isolated or in an -

~endemic way until its widespread re-appearance in the Upper Miocene
Globorotalis margaritae Zone,

Globorotalis mayeri Zone

Definition: Interval Wlth zonal marker,: from last Middle Miocene, occurrence of
Globigerlnoides ruber to last occurrence of zonal marker.

Author: Bronnimann, 195le, p. 131.

Remarks: The zone as originally defined also included the Globigerinoides

ruber Zone (see "Remarks" on the latter). Brdnnimann (1951) mention-
ed the Globorotalia mayeri Zone, but only.in his later paper (195la)
gave the basis for its separation from the overlying G. menardli
Zone and the underlylng G. fohsi Zone.

Globorotalia menardii Zone

Definition: Interval with zonal marker, from last occurrence of Globorotalia
mayeri to first occurrence of Globorotalla acostaensis.,

Author: Stainforth, 1948, p. 1505°

Remarks: The zone as defined originally included the whole Lengua Formation

of Trinidad., Brdmnimann, 195la, subdivided Stainforth's zone into
a lower, Globorotalia mayeri Zone and an upper, Globorotalia
menardii Zone, with the boundary between the two zones marked by
the extinction of G. mayeri,
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Envirommental nhanges caused a rapid disappesrance of planktonlc

~~foraminifera at-the top of the-Lengua Formation, hence the top of

the Globorotalia menardii Zone could not be estsblished there.
The above definition of the zone is based on more favorable sec=
tions recently investigated in coastal Eastern Venezuela by Bolli
& Bermidez, 1965, and in Jave by Bolll, 1966,

Globorotalia acostaensis Zone

Definition:

Author: -

Interval with zonal marker, from its first occurrence to flrst
occurrence of Globorotalis dutertrei,

Bolli & Bermidez, 1965, p. 130=-13L.

Globorotalia dutertrei Zone

Definition:

Author:

Remarks:

Interval with zonal marker, from its first occurrence to first
occurrence of Globorotalia margaritae,

Bolli & Bermidez, 1965, p. 15L.

The zone was originally named Globorotalia dutertrei/Globlgerlnoldes

obliquus extremus Zone., To simplify the terminology of the zonal
schemes only the Ffirst of the two zonal markers is retained here,

Gldborotalla margaritae Zone

'Definition:

Agythor:

Range of zonsl marker,

Bolli & Bermidez, 1965, p. 132.

Globoguadrina altispira altispira Zone

~ Definition:

~Author:

Remarks:

Interval with zomal merker, from last occurrence of Globorotalia
margaritae to first occurrence of Globorotalia truncatulinoides.

Bolli & Bermidez, 1965, p. 133,

The zone was originally named Globoquadrlna altispira altispira/
Globorotalia crassaformis Zone,
zonal scheme, only the first of the two zonal markers is retained
here., :

~ Globoquadrina altispira altispira/@l@borotalia truncatulinoides Zone

Definition:

Author:

Joint occurrence of zonal markers.

Bolli & Bermidez, 1965, p. 133-13k,

To simplify the terminology of the
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Globorotalia truncatulinoides Zone

Definition:

Author:

Remarks:

Interval with zonal marker above last occurrence of Globoguadrina
altispira altispirs.

Bolli & Bermudez, 1965, p. 13k-135,

The zone was originally named Globorotalia truncatulinoides/
Globorotalia inflata Zone. To simplify the terminology of the
zonal scheme, only the first of the two zonal markers is retained
here, The limited value of the zone, which may extend to Recent,
is discussed in Bolli & Bermidez, 1965.

For REFERENCES see following pages.
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AGE

TRINIDAD - NE VENEZUELA -

CARIBBEAN - PACIFIC - ALPINE /

?g;;ngm JAMAICA - JAVA NW - VENEZUELA (FALCON) CARIBBEAN , AFRICA , etc. ISRAEL MEDITERRANEAN ETC. NEW ZEALAND
Do oz Bolli 1957d, Bolli & Bermudez 1965, Blow 1959 w in Eames et al. 1962 Reiss & Gvirtzman 1964 Banner & Blow 1965 Jenkins 1965, 1966
Bolli 1966
1965
Globorotalia truncatulinoides / N 22, Globorotalia (G.) truncadtulinoides

w Py

E Globorotalia inflata L - Globorotalia (T.) inflata

v} — ==

o Globoquadrina altispira altispira / N 21, 'Globoroidiu/(G)),// (lower part of zone only)

& Globorotalia truncatulinoides tosaensis ___.—="

Globoquadrina altispira altispira /
Globorotalia crassaformis

Globorotalia margaritae

\/ Globorotalia dutertrei /
Globigerinoides obliquus extremus

V/Gl oborotalia acostaensis

Globorotalia menardii

Globorotalia menardii menardii /

Globigerina nepenthes

3w
(]
a Globorotalia mayeri -
=] Globorotalia mayeri Globigerina nepenthes i A N 14, Globigerina nepenthes -
Wz Globorotalia mayeri Globorotalia (T.) siakensis
Globorotalia mayeri /
Z Globorotalia lenguaensis
w Globigerinoides ruber N 13. Sphaeroidineliopsis subdehiscens -
Globigerina n.sp. aff. nepenthes
(@]
Globorotalia fohsi robusta Globorotalia fohsi robusta
o Globorotalia fohsi robusta
= Globorotalia fohsi lobata Globorotalia fohsi lobata Globorotalia fohsi lobata N12. Globorotalia (G.) fohsi
Globorotalia fohsi fohsi Globorotalia fohsi fohsi \\ Globorotalia fohsi fohsi N.11. _Globorotalia {G.) praefohsi
/ \ N 10.__Globorotalia (1.} peripheroacuta
N A . . I . § N 9. Orbulina suturalis - Globorotalia
E \J/Globomml ia fohsi barisanensis Globorotalia fohsi barisanensis // Globorotalia fohsi barisanensis (T_)‘peripherorondcl n.sp.
9 Glohigerinatella nvata / ;’ NIBB Globig;&rinoides sicaMus -
P s T k Clobigerinatefia insveta
Globigerinatella insueta 8 2; ;:; :g gﬁzh'ﬁ;’;‘:ﬁ;'ca Globigerinatella insueta N 7. Globigerinatelia insueta ~
Globigerinoides trilobata Globigerinoides quadrilobus trilobus
Catapsydrax stainforthi . Catapsydrax stainforthi \_\ i Globigerinita stainforthi N 6. Globigerinatella insueta -
{ Globigerinita dissimilis {(s..)
S N5,  Globoguadrina dehi
issimili Catapsydrax dissimilis Iy PR . oboquadrina dehiscens prae-
Catapsydrax dissimilis Psy Globigerinita dissimilis dehiscens ~ G. dehiscens dehiscens
w Globorotalia kugleri Globorotalia kugleri N4, Globorotalia (T.) kugleri
Z I . P .
Globi;erina ciperoensis ciperoensis Globigerina ouachitaensis ciperoensis Globigerina ouachitaensis ciperoensis N 3. Globigerina angulisuturalis
w ;
A d
v 5, . . . .
Gloporotalia opima opima Globorotalia opima opima Globorotalia opima opima 3 N 2. Globigerina angulisuturalis -
0] Globorotalia (T.) opima (s.s.)
O . . . . . .
Globigerina ampliapertura Globigerina ampliapertura Globorotalia ampliapertura N1,  Globigerina ampliapertura
)
o not known unnamed

e e

Globorotalia cultrata /
Globigerina nepenthes

—
[

N 20. Globorotalia (G.) multicamerata ~
Pulleniatina obliquiloculata (s.s.)

N9, Sphaeroid_inellzdehg:;z.s.) -
| Globoguadring altispira {s.5.) |
N 18, Globorotalia (G,) tumida tumida -

~{ N 16. Globorotalia (T.) acostaensis {s.s.)
Globorotalia (G.) merotumida

Globorotalia (G.) miozea
sphericomiozea

Globorotalia (G.) miotumida

N 15. Globorotatia (T.) continuosa

miotumida

Globorotalia (T.) mayeri mayeri

Orbulina suturalis

Praeorbulina glomerosa curva

Globigerinoides trilobus trilobus

Globigerina (G.) woodi connecta

Globigerina (G.) woodi woodi

Globoquadrina dehiscens

Globigerina (G.) euapertura

Globigerina (S.) angiporoides
angiporoides

Globigerina oligocaenica

Globigerina sellii

TABLE 3 :

CORRELATION OF SOME OLIGOCENE TO PLIOCENE

ZONAL SUBDIVISIONS BASED ON PLANKTONIC FORAMINIFERA




TABLE 4

es

ZONATION
OF CRETACEQUS TO PLIOCENE
MARINE SEDIMENTS BASED ON
PLANKTONIC FORAMINIFERA

A

SCANEEEANST
GLOBOROTALIA ACOSTENSIS

GLOBOTRUNCANA SCHEEGAMS]

RANGES OF ZONAL MARKERS

after Bolli 19570, b, ¢, d; 1959; 1966;
Bolli & Bermudez 1965; with some modifications and additions

GLOBOROTALIA VELASCOENSIS \
GLOBIGERAPSIS SEMIINVOLUTA
GLOBOROTALIA FOHSI FOHS!
GLOBOROTALIA FOHS) LOBATA
GLOBOROTALIA FOHS! ROBUSTA
GLOBOROTALIA MENARDI
GLOBOROTALIA DUTERTREI
GLOBOROTALIA MARGARITAE
GLOBOQUADRINA ALTISPIRA ALT,
GLOBOROTALIA TRUNCATULINO!I

GLOBIGERINA CIPEROENSIS CIP.
GLOBOROTALIA FOHS! BARIS,

PRAEGLOBOTRUNCANA GIGANTEA]
GLOBOTRUNCANA CONCAVATA
GLOBOTRUNCANA CALCARATA
ABATHOMPHALUS MAYAROENSIS
GLOBOROTALIA TRINIDADENSIS
GLOBOROTALIA PUSILLA PUSILLA I
GLOBOROTALIA FORMOSA FORM.
GLOBOROTALIA ARAGONENSIS
HANTKENINA ARAGONENSIS
PORTICULASPHAERA MEXICANA
TR JUCO EOTARLOIDE
GLOBOROTALIA CERRO-AZULEN.
CASSIGERINELLA CHIPOLENSIS
GLOBIGERINA AMPLIAPERTURA
GLOBOROTALIA OPIMA OPIMA
GLOBOROTALIA KUGLERI
CATAPSYDRAX DISSIMILIS
CATAPSYDRAX STAINFORTHI
GLOBIGERINATELLA INSUETA
PRAEORBULINA GLOMEROSA
GLOBIGERINOIDES RUBER
GLOBOROTALIA MAYERI

TFRUNCATULHNOIDES ROHRI

LEUPOLDINA PROTUBERANS
BIGLOBIGERINELLA BARRI
PRAEGLOBOTRUNCANA ROHRI
ROTALIPORA ROBERTI
ROTALIPORA TICINENSIS TICIN,
ROTALIPORA APPENNINICA APP,
ROTALIPORA BROTZENI
ROTALIPORA REICHELI
ROTALIPORA CUSHMANI
GLOBOTRUNCANA HELVETICA
GLOBOTRUNCANA FORNICATA
GLOBOTRUNCANA STUARTE s, I.
GLOBOTRUNCANA LAPP, TRIC,
GLOBOTRUNCANA GANSSERI
GLOBIGERINA EUGUBINA
GLOBOROTALIA PSEUDOBULL.
GLOBOROTALIA UNCINATA
GLOBOROTALIA ANGULATA
GLOBOROTALIA REX
GLOBOROTALIA PALMERAE
GLOBIGERAPSIS KUGLERI
GLOBOROTALIA LEHNERI
HASTIGERINA MICRA

AGE 2O NES

GLOBSOROTALIA PSEUDOMENARDI (

GLOBORCTALIA TRUNCATULINOIDES

GLOBOQUADRINA ALTISPIRA ALTISPIRA/ T
GLOBOROTALIA TRUNCATULINOIDES

GLOBOQUADRINA ALTISPIRA ALTISPIRA |
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