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Cretaceous Research (1984) 5, 15-27. An attempt is made to integrate biozones based on
planktic Foraminifera with those on calcareous nannofossils, mainly on first order correlation.
An approximate correlation with ammonite zones, magnetic events and radiometric age
values, partly on first-order data, partly from the literature, is added.
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1. Introduction
Between 1966 and 1982 a number of papers have been published, in which biozonations based on various groups of fossils were correlated. In 1966, P0rthault et al.
published a paper in which the range of planktic Foraminifera was incorporated
within an ammonite and inoceramid zonation from sections measured in the
Cenomanian-Turonian of the Alpes-Maritimes, France. Slightly more detailed
ranges and correlations were given by Porthault (1969, 1974) and Donze 01 al.
(1970). Since then a veritable plethora of papers on the biostratigraphy of the
Albian-Turonian interval have been published. Using sections in France, Spain,
Tunisia and Italy, Verbeek (1976, 1977a,b), Verbeek & Wonders (1977), Wonders
& Verbeek (1977), Wonders (1980) and de Vries (1977) have published papers
covering much of the Albian-Turonian interval, in which the same samples were
used for the study of planktic Foraminifera and coccoliths. In particular, the section
of E1 Kef in Tunisia was used for this purpose, but excellent results were likewise
obtained from the section at E1 Burrueco near Jafn in Spain, while sections from
stratotype areas of the Cenomanian and Turonian were included.
Independently, Sissingh (1977, 1978) published a coccolith zonation for the El
Kef section. His zonal scheme, which is somewhat different from the one produced
by Verbeek, was correlated with a planktic foraminiferal zonation established by
Postuma, by using identical samples. Important contributions towards integrated
microbiostratigraphy and zonations based on ammonites, echinoids and bivalves
were published in the years 1976-1982 by a group of French stratigraphers
co-ordinated by Amfdro and Robaszynski (Am6dro & Robaszynski, 1978 ; Am6dro
et al., 1976, 1978, 1979; Robaszynski & Am6dro, 1980; Robaszynski et al., 1982),
based on sections in the Boulonnais, and in the Touraine-Saumurois. Four nannofossil specialists present at the Nice meeting of IGCP No. 58, Mid-Cretaceous
produced a tentative scheme of nannofossil zones for the Mid-Cretaceous (Manivit
0195-6671/84/010()15 + 13 $03.00[0
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:al., 1977 ia which an interrelations~Sp between calcareous nannofossil "datum
!evels '' and thobe:of pianktic Foaaminifera was suggested.
The:correlazion with the type-sections and the chronostratigraphic stages
presented in that paper was subsequendy modified by Sissingh (1978) and Verbeek
(1977a). Verbeek's zonation was used later by Wonders (1980) in conjunction with
his planktic foraminileral scheme. In 1978, Perch-Nielsen published a review paper
in which a number of Cretaceous calcareous nannofossil zonations were compared
with each other, and in part related with planktic foraminiferal zonations and with
the Cretaceous stages.
The present paper is an attempt to integrate the results so far obtained for the
Mid-Cretaceous (i.e. the Albian-Coniacian). Furthermore, some potentially useful
correlations with ammonite zones, magneto-stratigraphic scales, and with some
radiometric results have been added. The very useful--and much quoted-"A Cretaceous time-scale" by van Hinte (1976) may be somewhat improved in this
way. To establish the planktic foraminiferal zonation I have applied the philosophy
that successions of bio-events within homogeneous groups are preferable. In the
Albian using Ticinella; the Upper Albian and Cenomanian almost entirely with
Rotalipora s.1.; in the Turonian-Santonian almost entirely with the Marginotruncana-Dicarinella group. Although not truly "phylozones" an underlying
philosophy of phylogenetic sequences is clearly present. This method limits to a
certain extent the number of zones one could recognize by using other taxa--for
example, Planomalina, Praeglobotruncana, Favusella, which remains the privilege of
individual workers in particular facies developments in different basins. It does,
however, provide a sort of "skeleton" zonation which already provides a zonal
succession in which each zone is close to 1 Ma; a very reasonable power of resolution.
Perhaps it is apposite to have a closer look at what a boundary or limit between
biozones actually represents. Graphically, such boundaries are normally expressed
by a single line, suggesting the presence of a boundary level or plane. Of course,
this representation is purely pragmatic and does not normally have any relation to
reality. What is such a boundary? If based on the usual absence/presence observations of a given taxon or number of taxa, it is in fact an interval of sedimentary
deposits, the thickness of which is a function of (a) the spacing of the samples and
(b) the recognizability of the taxon or taxa in question. Parameter (a) depends on
various secondary factors, such as the type of exposure, techniques of sampling,
expediency, time, money, the energy of the persons who actually execute the
sampling, etc. In short, a strongly subjective influence is introduced. Parameter (b)
is very much subject to agreement between taxonomists on which morphological
characters should be used for classification.
This does introduce a difficulty when correlating different types of biozonations,
especially when comparing sedimentary sequences with different rates of sedimentation, various intensities of bioturbation, presence of hiatuses, or the phenomena of
mass-transport, etc.
There is even more of a problem when taxonomic and systematic agreement of
some of the taxa has not yet been reached. This is, in fact, very probably the underlying cause for the discrepancies between the results of different groups of observers
as shown in Figure 1.
Any boundary in biostratigraphy represents, in fact, an interval of uncertaintyl
and one should abandon the illusion of even striving for a very high degree of
precision in this respect. All we can obtain is a reasonable accuracy in the vertical
sequence of palaeobiologic events.
When comparing zonations based on micro-organisms, one has to keep in mind
thatcurrently such zonations are based on so-called "events", i.e. appearances and
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disappearances, or "entries'!~ and'/'exits",] etften ,dxpressed. ii~~:tek~,:~g~-,~) 9aamma'
planes". This procedure ,reflects..the faith:',that.-micropalaeqn}ologid-~ir~v~.~-t'-ii~
(a) their ability to recognize such '%vents!"in, the, s edimentary.'colarrin: and (b) :{hat
such events are at least appro.ximately,sy~eh'ronous at:'geographiei*lly separate
localities.
Day-to-day practice has shown that, in,spite Of serious th~tetical objections; to
this procedure, it does work, and has resulted in a generally'accepted sequence:of "
biozones, with relatively minor differences between authors.

2. Entries, exits and planktic foraminiferal z o n e s
Virtually all micropalaeontologists working with planktie Foraminifera agree on a
number of distinctive "events", which may be listed, from the Albian up to, and
including, the Santonian as follows.

Entries
1. The entry of Ticinella, following a fauna almost exclusively consisting of

Hedbergella.
2. The entry of Planomalina buxtorfi (Gandolfi), practically together with Rotalipora
appenninica (Renz) ( = Thalmanninella appenninica auct.).
3. The entry of Rotalipora cushmani (Morrow).
4. The entry of Helvetoglobotruncana (= Praeglobotruncana auet,) helvetica (Bolli).
5. The entry of Dicarinella concavata (Brotzen). The definition of this species,
evolving from D. primitiva (Dalbiez)-schneegansi (Sigal), is somewhat subject to
personal interpretations.
6. The entry of Globotruncanita elevata (Brotzen) s.str.

Exits
1.
2.
3.
4.

The
The
The
The

exit
exit
exit
exit

of P. buxtorfi (Gandolfi), very close to the exit of Ticinella spp.
of Rotalipora.
of H. helvetica (Bolli).
of D. asymetrica (Sigal) ( = carinata (Dalbiez) auct.).

Translated into zones, one could state that a majority of authors agree on a

Rotalipora cushmani total range zone; an H. helvetica total range zone, and a
D. concavata-D, asymetrica total range zone. I'n between and superimposed
numerous additional zones reflect the variable subjective evaluation of relevant
"markers", although in practice there is very little real difference of opinion.

3. Correlation of planktie foraminiferal z o n e s with the e o c e o l i t h zonation
Most authors agree that Prediscophaera columnata enters somewhere in the Early
Albian, but first-order correlation with other microfossil zones has so far nowhere
been established. Tentatively its entry is placed above the entry of Hedbergella
planispira (Tappan). The P. columnata Zone is an interval zone with the top at the
entry of Ei[fellithus turriseiffeli (Deflandre) ; this entry is contemporaneous with the
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first appearance of.a n'arnber of long-ranging taxa. It is generally thought to coincide
with the entry of the earliest Rotalipora (Pseudothalmanninella Wonders, 1977),
which is somewhat before the appearance of R. appenninica (Renz).
The next zo.ne in nannofossil ~"ostratigraphy is the Eiffellithus turriseiffeli Zone,
b y general consent a very large zone, corresponding with at least three (and in
Wonders' paper with nearly six) planktic foraminiferal zones. There is very little
difference of opinion on the entry of the nominative taxon, but the top of the zone
is very much dependent on individual opinions of various nannofossil specialists : it
is put by several authbrs at the entry of Lithraphidites acuturn (Verbeek & Manivit),
base of the ep9nymous Interval Zone. Intercorrelations of this entry with planktic
foraminiferal events are l~ss straightforward than was the case in previous instances.
Wonders (1980) finds Rotalipora montsalvensis Mornod to appear earlier; Manivit,
in Robaszynski & Am6dro (1980) to appear later in the column; Sissingh (1978) does
not use this taxon at all. There is, however, general agreement that L. acutum enters
in the upper range of R. appenninica, before the entry of R. reicheli Mornod, and in
fact the deviation is only very slight.
Manivit (in Robaszynski & Am6dro, 1980), Sissingh (1977, 1978) and Verbeek
(1977a) agree fairly well as to the entry of Microrhabdulus decoratus Deflandre but
the latter author did not employ this species to define a zone. Its entry coincides
very nearly with the entry of R. cushmani (Morrow).
The entry of Ouadrumgartneri Prins & Perch-Nielsen is close to the very top part
of the range of Rotalipora cushmani; the apparent deviation in Sissingh's table being
due to Postuma's inclusion of the Whiteinella archaeocretacea Zone in the R. cushmani Zone. Manivit (in Robaszynski & Am6dto, 1980) reports an entry just above
the exit of R. cushmani; this entry seems to be acceptable for many nannofossil
specialists.
On the interval equivalent to the H. helvetica and M. sigali Zones (Middle-Upper
Turonian) little agreement exists between calcareous nannofossil specialists.
Verbeek and Manivit propose quite different entries for Eiffellithus eximius (Stover),
which is not used by Sissingh as a marker.
There is general agreement upon the entry of Marthasterites furcatus (Deflandre)
and the base of the eponymous Zone, the species appears nearly together with very
early representatives of the Marginotruncana ("Dicarinella" auct.) concavata group
[M. primitiva (Dalbiez)]. Above this level authors tend to apply quite different
zonal markers. As we are here beyond the reach of the discussed interval (Santonian)
this problem will not be discussed in this paper.

4. Correlation between the above zonations and those based on other
groups of microfossils
So far the only attempts in this direction seem to have been made by Foucher (in
Robaszynski & Am6dro, 1980) (and in Robaszynski et al., 1982) for the dinoflagellates. In the Albian-Coniacian interval this author distinguishes six dinoflagellgte zones.

5. Integrated microfossil biostratigraphy and the recognition of MidCretaceous Stages

_dlbian
In the type-area both the lower and the upper boundary of this stage are badly
defined (Rat, 1980; Magniez-Jannin & Rat, 1980). In microfossil practice the lower
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boundary is placed very close to the first:appearance of the genus Ticinella, which
may fall in the Late Aptian zone'of Hypacanthoplites jacobi (Moullade, 1966,
1974). Another useful planktic foraminiferal marker is Planomallna cheniouriensis
Sigal; the total range zone of this species is ~rtually a t t h e top.of tbe Aptian
(Sigal, 1977). Very close to the base of the Albian Hedbergella pla~ispira (Tappan)
appears.
The upper part of the Albian is characterized by a large number of biological
events in rapid succession: the important genera Praeglobotruncana, Rotalipora
(Pseudothalmanninella) and Thalmanninella (sensu Wonders, 1977) appear, while
Ticinella disappears. Within this interval Planomalina buxtorfi (Gandolfi) is a
common constituent in tropical-subtropical regions. This species disappears when
Rotalipora appenninica (Renz) is joined by its descendants R. brotzeni (Sigal) and
R. globotruncanoides (Sigal). The combination of these events can be used to recognize the top of the Albian Stage, although it may occur slightly earlier than the
boundary as "defined" by Ammonites. In nannofossil biostratigraphy this interval
concurs with the lower part of the Eiffellithus turriseiffeli Interval Zone, which
straddles the Albian-Cenomanian boundary. So far no particular event has been
observed that can be used for a closer definition, but the entry of Eiffellithus turriseiffeli (Deflandre & Fert) may very well be a useful index for the base of the Upper
Albian (Manivit, in Rat, 1980).
In dinoflagellate zonations the Upper Albian practically concurs with the
Cribroperidium intricatum Zone (Foucher, in Robaszynski & Am6dro, 1980). All
together, the Albian can be defined roughly as the interval in which the genera
Ticinella and Planomalina both are present: the Upper Albian by the addition of
Biticinella, Rotalipora s. 1. and Praeglobotruncana.

Cenomanian
Again, the base of this stage is difficult to define in terms of planktic Foraminifera
in its type area, owing to the peculiar facies of the sediments (Juignet, 1980,
pp. 130-138). In actual practice the boundary is usually put at the appearance of the
ventro-convex, ornamented descendants of Rotalipora appenninica (Renz):
R. brotzeni (Sigal) and R. globotruncanoides (Sigal); R. appenninica itself continues
to be present throughout the Lower and Middle Cenomanian. There is no particular
calcareous nannofossil event to mark the lower boundary of the stage ; in the Dinoflagellate zonation the appearance of Lithosphaeridium siphoni[erum may be a useful
marker event. Typically the Cenomanian is the interval dominated by the genera
Rotalipora and Praeglobotruncana (gr. stephani) co-occurring, without Ticinella and
Planomalina. The top of the stage is particularly well "defined", both by planktic
foraminiferal and calcareous nannofossil events. Rotalipora becomes extinct, the
last representatives being R. cushmani (Morrow), R. greenhornensis (Morrow) and
R. deeckei (Franke), the latter two probably disappearing very slightly earlier than
the first. In calcareous nannofossil associations, the first appearance of Quadrum
gartneri (Perch:Nielsen & Prins) is a good marker for the base of the Turonian. No
particular event has so far been reported to my present knowledge in dinoflagellate
successions at this level.

Turonian
This is one of the best defined and easiest to recognize Cretaceous stages, in terms
of both planktic Foraminifera and calcareous nannofossils (Butt, 1966; Bellier,
1971 ; Robaszynski et al., 1982). At the base a very widely recognized zone, defined
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c~rs

~:a
o.
.; ~raminifera~ and the abundant presence of
.i~,wlla J/edbe ~].~ , ; ~, e.gicootruncana (inflated forms) occurs ("Zone k
g
:',s OJobigdrin, ~"). i,,i several places a "bJoom" of G~mbelitria has been
'~b~e~vea at this level This interval "s foilowed by the appearance of the very
char lc~eristic:PraegIgbotuncana (Heivetoglobotruncana auct.) helvetica (Bolli), a
taxon.with a short vertical range in the Mid-Lower and Middle Turonian.

N.B. It should be noted, however, that, if Juignet's proposal (Juignet et al., 1973 ;
Juignet, 1980) to include the "Craie ~ Terebratella carentonensis" FOrmation in
the type section of the Cenomanian is adopted, the Whiteinella archaeocretacea
Zone ("Zone h grosses Globig~rines") would form the top part of that stage
(Marks, 1977). At Saint Calais this formation contains a very typical association
of that zone.
The upper part of the stage is typified by the dominance of numerous intergrading species of Marginotruncana, both double- and single-keeled. In calcareous
nannofossil biostratigraphy the appearance of Quadrum gartneri (Perch-Nielsen &
Prins) marks the base of the stage, while the upper portion contains Eiffellithus
eximius (Stover). There is some disagreement among authors as to the exact
entrance level of the latter species (Figure 1).
The top of the Turonian, i.e. the base of the Coniacian, is essentially defined by
the entry of representatives of Dicarninella (D. primitiva Dalbiez) on the one hand
and Marthasterites lurcatus (Deflandre) on the other. This boundary, badly defined
both in the type area (van Hinte, 1979; S6ronie-Vivien, 1972, 1980a; Robaszynski
et al., 1982) and by ammonite zonation [doubt is cast on the existence of the muchcited "Barroisiceras haberfeIlneri Zone", Kennedy (personal communication)] is
provisionally linked with the presence of Marthasterites furcatus (Deflandre) in the
"2e Sous-6tage" or the upper part of Coquand's " l e t &age": the Coniacian in the
type area (Verbeek, 1977a; van Hinte, 1979; Damotte, 1980). By first-order correlation the entry of M. furcatus is linked to the entry of the Dicarinella concavata group,
i.e.D, primitiva (Dalbiez). For practical purposes this combined event can be used
to define the base of the Coniacian Stage.

Coniacian
The lower boundary is discussed above. In itself the interval represented by the
stageseems to be inordinately short, hardly more than a single recognizable biozone.
A succinct discussion of the stage, and its type area can be found in van Hinte
(1979) and Seronie-Vivien (1980a).
The top of the stage (i.e. the base of the Santonian) can pragmatically be placed
at the appearance of Dicarinella (Marginotruncana auct.) concavata (Brotzen) in
appreciable numbers (Wonders, 1980). According to Porthault (in Donze et al.,
1970) the Upper Coniacian-Lower Santonian is recognizable by the presence of
Marginotruncana paraconcavata (see also Robaszynski & Caron, 1979). A useful
heterohelicid taxon is Gublerina (Sigalia auct.) deflaensis (Sigal), the range of which
practically coincides with the Santonian.
In terms of calcareous nannofossil zonation the upper part Of the Coniacian is
placed in the zones of Broinsonia lacunosa and/or Micula staurophora ;the boundary
with the Santonian slightly higher, at the entry of Rucinolithus hayi (Stover). Good
first-order correlations between planktic Foraminifera and calcareous nannofossils
are not available from land sections in Western Europe (Wonders, 1980;
Robaszynski & Am6dro, 1980). In the dinoflagellate zonation the base of the
Santonian is very close to the entry of Senoniansphaera protrusa.
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6. Correlation with the~ m a g etostratigg ~,
The Mld-Cretaceous.coi~eldes=~vith'~lle,.l~t~:,pa~-:, ~ot~th. Cret~cs-~us~:~5
Normal palaeomagnetic"Intefva'lV. Howeveti:tw~'t~verse~d zone~h~i~bee~r-p.~- ', s;:
one near the top of the T. breggtens~s Zone.(eonmstmg of-two closely spad~d~s~:~.
zones), and the other in the R. globotruncaffoYges-R, cus~d~,i:aZoffes consi~t:i~g~of
three closely spaced reversed intervals combined with ~nofmal and intermediate
directions. The latter group was christened the "Quero-Schevenin Mixed Zone" by
VandenBerg & Wonders (1979). The results Were obtained from pelagic limestones
of the Southern Alps in Northern Italy, and could be dated accurately with planktic
foraminiferal assemblages. The Albian reversals are considered to be very probably
identical to the reversals reported by Green & Brecher (1974) and Jarrard (1974)
from Albian deposits of Site 263 of the Deep Sea Drilling Project.

7. Correlation with radiometric time-scales
Van Hinte (1976) has used a numerical time-scale from literature compilations
available at the time of publishing. This time-scale is still very widely used. In the
Mid-Cretaceous interval several other, slightly deviating values have been proposed,
the last of which (by Odin & Kennedy, 1982) is given in the last radiometric age
column of Figure 1. It should be noted that, apart from the Albian-Cenomanian
boundary, which is now rather firmly dated at 95 + 1 Ma, the proposed values are
not considerably different from those proposed by earlier authors.

8. Correlation with ammonite Zones
Recent papers by Robaszynski & Am~dro (1980), and Robaszynski et al. (1982)
have added valuable first-order correlations between microfossil and ammonite
zonations. Even so, sediments containing abundant planktic Foraminifera, and
those with abundant ammonites, seem to be mutually exclusive, and intercorrelation
remains based on a good deal of conjecture.
However, some events in microfossil biostratigraphy can be placed with reasonable accuracy in relation to ammonite biostratigraphy, if not on a very precise scale.
The entrance of Planomalina buxtor[i (Gandolfi) which is very close to the appearance of Thalmanninella (Rotalipora auct.) appenninica (Renz), and which represents
a well-recognizable biostratigraphic level, is certain to be close to the Stoliczkaia
dispar Zone (Moullade, 1966). The exit of Planomalina buxtorfi (Gandolfi), very
close to the appearance of the brotzeni-globotruncanoides group of Rotalipora, is
within the S. dispar Zone. Several mierofossil workers have used the buxtorfi exit
as a marker for the Albian-Cenomanian boundary, which may therefore be somewhat below the classical, ammonite-based boundary. Rotalipora cushmani (Morrow)
has been reported from several localities in formations firmly piaced in the Acanthoceras rhotomagense Zone (e.g. Marks, 1967; Robaszynski & Am6dro, 1980). There
is also little doubt that the extinction of R. cushmani is near the top of the Metoicoceras geslinianum Zone (Robaszynski & Am6dro, t980; Porthault et al., 1966).
Neocardioceras juddii and Watinoceras coloradoense, somewhat doubtfully present
in the classical deposits of the Cenomanian and Turonian (Robaszynski et al., 1982)
very probably have a distribution very close to the W. archaeocretacea Zone.
The important marker Praeglobotruncana (Helvetoglobotruncana auct.) helvetica
(Bolli) is reported to enter in the upper range of Mammites nodosoides in the Boulonnais (Robaszynski & Am~dro, 1980), but together with the entrance of C. woollgari
in Central France (Robaszynski et al., 1982). There are several indications that the
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g-,~;~qnites t e x a n u m Zc
cav,~ta (Dal[-icz). A ~Fe

.. least
~rt coe~ a] with the range of Dicarinella con,'¢al of f , :: order correlation between ammonite and
microfossil zonatior,;~, ba~:~f on iden.i'cal samples or samples closely spaced from
sequences containing be*b groups 0f taxa, has still to be done. The correlation
presented here is very tentative.
For want of an improved one, the zonation with ammonites in the column headed
"Tethys" is the one presented by van Hinte (1976) and others (Figure 1) and almost
certainly represents a zonation frowned upon by ammonite colleagues. It could and
should be replaced presently by a better one, which is, however, beyond the ken of
this author. Particularly the Middle Albian still appears to be a lacuna in welldocumented ammonite successions; the essentially boreal group of Hoplitidae
apparently serving in the "tethyan" region of southern France.

9. Concluding remarks
The results of recent teamwork towards establishing integrated biozonations, as
presented in this paper, obviously represents only a blurred snapshot of reality,
coloured by subjective evaluation. For the time being it may, however, be helpful
to give an idea of the possibilities for further refinement of zonation by means of
biological events in the Mid-Cretaceous. Microbiostratigraphy thus proves to be
quite useful for chronostratigraphic evaluation of samples from tropical-subtropical
marine pelagic deposits ; yet it also proves to be still a far cry from the ideal situation.
Only in the Turonian does a combined approach with planktic Foraminifera and
calcareous nannofossils seem to give a resolution of one biozone per Ma; a somewhat similar resolution seems to be possible in the Cenomanian. The Albian, which
according to the latest data has a duration of 10-12 Ma, is still not covered by more
than about nine biozones, of which five are in the Upper Albian. This is far from
the precision presumably reached by ammonite biostratigraphy.
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