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ABSTRACT

The foraminiferal fauna from twenty-seven sections of Campanian
and Maastrichtian chalk from both the onshore and offshore United
Kingdom have been studied. In total, 160 species and subspecies
Belonging to b4 genera have.'been recorded and a complete revision
of their systematics, with full synonomies and descriptions, has
been given. The detailed stratigrephic distribution of these specles
has been studied and 65 species and subspecies of prime stratigraphié-
irmportance have been recognised and employed in#the definition of a

tripartite biozonal scheme based on planktonic foraminifera,

Bolivinoides lineages and faunal assemblages respectively. This

biozonal scheme has been accurately related to local rock units as‘
well as to current macrofossil zonations. Correlation of all sections
studied has been achieved by use of the proposed biozonal schene,
Broad similarities have been noted between the British
foraminiferal faunas of the Upper Cretaceous and those c:)f wide areas
of northern Europe, clearly placing Britain within the Transitional

biogeoprovince. Palaeoecological study has indicated that marine -

conditions with normal s'alinities preveliled throughout the Campanian
and Maastrichtian., Paleseotemperatures appear to have gredually
declined throughout this time, with a short-lived warm phase in the*
latest Maastrichtian. Depths of deposi:tion of the chalk are interpr;ted
as having been between-].so - 250m., though greater depths probably
prevailed in the North Sea Basins, A transgressive phase 1is indicated

for the Upper Campanian and a regressive phase for the Maastrichtian.
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CHAPTER 1

INTRODUCTION

The primary aim of the present research project has been to produce
an accurate and practical foraminiferal zonation of the Campanian and
Maastrichtian chalks both from onshore, and offshore, United Kingdom.,
However, an investigation of foraminiferal biostratigraphy cannot be

pursued independently of the parallel studies of taxonomy and

palaeoecology. The present study has clearly shown that biostratigraphic
conclusions are only as valid as the taxonomy*oni;hich they are based,

and that the distribution, and therefore the biostratigraphiec )
application of any fossil group is strongly influenced by palaeoecological
factors, a thorough understanding of which is necessary to the correct
interpretation of biostratigraphy. Thus, while the present study is
primarily of a biostratigraphic natﬁre, considerable emphasis has been

placed on & complete revision and clerification of the texonomy of the

foraminifera involved, together with a thorough study and interpretation .

of the palaeoecological factors controlling their distribution.
The application of foraminifera to the field of biostratigraphic

correlation has been long recognised and documented, especially in

respect to borehole material. Such studies have, in recent years,

received a substantial impetus from both the Deep Sea Drilling Project

and from the extension of the search for*petréleum into off'shore

areas of the continental shelf. There has been & marked renewal of
interest in the chalk both from an academic viewpoint, including the
establishment of numerous nationel and international review bodies,

and also from the commercial side, in view of 1its 1ncreasing
importance in the fields of petroleum exploration and civil engineering.

Despite this however, there has been relatively little work undertaken



on the Foraminifera from the Campanian and Maastrichtian chalks of the
United Kingdom.

To achieve the stated aims of the present project, the author
has undertaken a highly detailed stratigraphic study of the
foraminiferal faune from many of the relevant localities in southern
England and Norfolk ( figs.l:1, 1:2 ) as well as from borehole material

from the North Sea. This study has allowed the recognition of major
faunal changes and the establishment of a refined foraminiferal zonal
scheme. As noted previously, any biostratigraphic scheme is only as
valid as the taxonomy on which it is based. There has however, been

ikl

no major taxonomic revision of the British Upper Cretaceous

foraminiferal fauna since the work of Barr ( 1962 MS. ), and thus
considerable :emphasis has been placed on this aspect of the study ,
with full descriptions and synonomies being given for all speciles.
Though Foraminifera from the chalk of Britain were recorded in
the nineteenth and early twentieth centuries ( d'Orbigny 1842; Eley
1859: Jones 1872; Jones & Parker 1872; Wright 1886; Chapman 1892, 1894
Jukes-Brown & Hill ‘190!;; Heron-Allen & Earland 1910 ), these early

works generally gave only brief descriptions or merely faunal lists. _

At that time the full bilostratigraphic signifiicance of the Foraminifera
was not readily appreciated. The concepts of foraminiferal |
biostratigraphy were first apﬁlied to the chalk faunas of England by
Williams-Mitchell { 1948 ), who undertook the biostratigraphio

analysis of selected species of foraminifera from well cuttings in

the Hampshire Basin, and surface samples throughout southern England.
The results of this early ﬁrork, though admittedly of a preliminary
nature, have been largely confirmed by the present study. Barnard and
Banner { 1953 ) gave a detailed taxonomic and morphological account

of the arenaceous foraminifera of the British chalk, whilst Barnard

( 1958, 1962, 1963, 1972 ) has undertajcen taxonomic studies of
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selected genera within the Lituolacea and Nodosariacea. All of these

more recent papers have inciuded some information on stratigraphic

distributions. McGugan ( 1957, 1964 ) has described and figured
foraminifera from the chelk and 'derived chalk' deposits of N. Ireland

and has attempted a general correlation with faiunas described from
N.W. Europe. Barr ( 1962, 1966a ) undertook a stratigraphic analysis
of planktonic foraminifera and species of the genus Bolivinoides

from selected horizons within the chalk of southern England. All the
foregoing works have suffered however, in terms of their stratigraphie
utility, from two major drawbacks, which have tended to confuse our
lnowledge of the detailed stratigraphic distribution of the chalk
foraminifera, rather than clarifying the situation. Firstly, no
systematic bed-by~bed analysis was undertaken, samplé points generally
being restricted to easily accessible horizons or those exhibiting
softer lithologies. Secondly, all foraminiferal ranges were related

to existing macrofossil zones. This second factor, in particular,

has led to major discrepancies in the quoted ranges of many foraminiferal
species. Such an approach does not, in the present author's opinion,
provide the necessary stable reference framework for biosi:ratigraphic_
analysis. A system of relating biostratigraphic data directly to

local rock units as recommended by Holland et a2l ( 1978 ) has thus been
employed. More recently, Hart and Carter ( 1975 ), Carter and Hart

( 1977a,b ) and Bailey ( 1978 uS. ) have underteken detailed

biostratigraphic analysis of foraminiferal faunas from the Albian to
Santonian interval, referring biostratigraphic data directly to reference
sections along the lines outlined herein.

Foraminiferal studies may also be utilized for the determination
of paiaeoecological data. Distribution patterns, numerical abundance
and specific div.ersity of I;lanktonic foraminifera may be governed by

temperature, salinity, depth of water column, oceanic current patterns
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and nutrient supply. In addition, benthonic foraminifera are also
influenced by'substrafe, turbidity and sedimentation rates. The
Campanian and Maastrichtian chalk of the Britlish Isles was deposited
under open marine conditions of normal salinity'('Kennedy‘& Garrison
1975 ). Analysis of foraminiferal distribution patterns indicate that
for much of the Campanian and Maastrichtian, southern England was part
of the Transitional biogeoprovince of Scheibnerova ('1971 ).
Fluctuating abundances of planktonic foraminifera have lent support to
the concept ( Hancock 1975 ) of there being a series of transgressive
and regressive events within the time span, though the magnitude of
these events is difficult to gauge. Transgressivé‘phases appear to
have dominated the uppermost Campanian, whilst regressive phases are
indicated forfthe Middle/Upper Campanian boundary and the Maastrichtian.,
Palaeoclimatological indications ( see Chapter 8 ) suggest a general
cooling trend from earliest dampanian times onward with a brief period
of warming in the Upper Maastrichtian.

To achlieve the stated aims of this research project, the author
has undertaken the bed by bed lithological logging and sampling of
nineteen major onshore sections from southern England and Norfolk,
together with a comparative study of the foraminiferal faunas from
spot samples collected from England, N.W. Germany, Denmark, Sweden,
Belgium, Holland, France, and the U.S.A. In additioﬁ, material has been
studied from well cuttings from boreholés in the North Sea basin which
penetrated complete Campanian/Masstrichtian successions, Thus, sections
studied cover an extremely'wiée geographical area. In totél, over 700

samples have been collected and examined , and theif total foraminiferal
fauna analysed. From these, approximately 180,000 individual specimens'

of foreminifera have been isolated and examined, comprising 160 specles |

and subspecies belonging to 54 genera. Of these, 65 have been found to

be of major importance stratigraphically, and have been used to formally



erect a tripartite foraminiféral biozonation based on planktonic
foraminifera, Bolivinoides phylozones and assemblage blozones
respectively. The biozonation produced has been referred to designated
type sections and compared to available macrofossil blozonation schemes.,
Each of the major sections studied has been integrated into the
biozonal scheme and many of the 1solated chalk outcrops of Norfolk

have been accurately correlated with the more extensive exposures of
southern England. The applicability of the proposed zonal scheme to

offshore material has also been rigorously tested.



CHAPTER 2

STRATIGRAPHY

2.1, Introduction
The lithostratigraphic term 'chalk' has been in use since the

Middle Ages. D'Omalius d'Halloy ( 1842 ) first designated the 'tm.:‘rains
crétacés' and the system takes its name from the Latin 'creta' for
chalk, which is its most distinctive rock type. Iﬁ the early
nineteenth Century, British and French geologists had reached a broad

concensus of 0pinién concerning the lithostratigraphic subdivision

of the Cretaceous System into:-

Chalk
Greensand

Gault

Wealden/Neocomian

D!'Orbigny ( 1842, 1847 ) was amongst the first to formally

su'bdi{ride the Upper Cretaceous chalks of N, W. Europe, erecting the .
Cenomanian, Turonlan and Senonian stages, using a combination of
lithostfatigraphic and biostratigraphic data. Much of the earliest
stratigraphic work on the Upper Cretaceous strata of France, such as

that of d'Archiasc ( 1836 ) and Coquand ( 1856 ), was largely of a

lithostratigraphic nature. Coquand ( 1858 ) in a major study of the
Upper Cretaceous stratigraphy of the Charente region of S.W. France,
first designated the Conlaclan, Santonian and Campanian stages,
describing both their lithostratigraphy and biostratigraphy, and
replacing his earlier numeric designations. In Holland, Dumont ( 1849 ) |
established the Maastrichtlan stage. |

There has been considerable debate as to the exact relationship



between Coquand's three 'stages'! listed above, and the Senonian of
d'Orbigny. Various authors have considered Coquand's units either as
substages of the Senonian stage ( eg. Gignoux 1928 ), or stages within
the Senonian sub-epoch ( van Hinte 1965 ). There is now little doubt
that the Senonian 1s largely co-extensive with the Coniacian to
Campanian interval ( Rawson et al 1978 ), though there is debate as
to the exact stratigraphic extent of both Coquand's and d'Orbigny'.s
units, even in their type regions. In addition, numerous authors

( eg. Haug 1911; van Hinte 1965 ) have included the Maastrichtian as

a subdivision of the Senonian, despite the fact tbat no equivalent

of the Maastrichéiﬁn stage has been demonstrated in the type region

of the Senonian. In order to malntain a consistent scale and to avold -
adding to the*already confused nomenclature of Upper Cretaceous
stratigraphy, the present author has willingly complied with the
recommendation made at the meeting of the International Subcommission
on Cretaceous Stratigraphy at Minster( 1978 ), that the use of the
term 'Senonian' be allowed to lépse. Thus, in the present work the

Campanian and Maastrichtlan stages are taken to comprise the final two,

independent, stages of the Cretaceous 3ystem. -

2.,2. The Campanian Stage.
As previously noted, this stage name was first employed by

Coquand ( 1858 ) to replace his previougly'established.numerical

subdivision of the Upper Cretaceous of France. The Campanian stage

(2nd. Stage or '‘craie' with Ostrea vesicularis sensu Coquand 1856 )

was described from the Charente region of S.W. France and the only
section which was described in detail from this stage was that situated
at Aubeterre-sur-Dronne. This section has subsequently been accepted |
by most Cretaceous stratigraphers as the type section of the

Campanian stage ( van Hinte 1965, 1966a,b, 1967, 1979; van Gorsel



1973 ; Gohrian 1970, 1971; Rawson et al 1978 ),

The Aubeterre section also includes beds which were placed by
Coquand in his Dordonian stage, which is now generally accepted as
being equivalenf to the Maastrichtian ( van Gorsel 1973; Séronie-Vivien
1972 ). Arnaud ( 1877, 1878 ) substantially amended Coquand's original
concepts of the Campanian and Dordonian, placing the base of‘the

Dordonian at the first appearance of the larger foraminifera Orbitoides

media and thus, as noted by Gohrian (1971), Se/ronie-Vivien(1972), Rawson

et 21(1978), a major part of the type section of the Campanian stage méy

be considered to be of‘Maastrichtién age. ) |
SéronieJVivién ( 1972 ), in recognition of this problem, rejected

the Aubeterre.section as the type locality of the Campanian stage and

designated a number of sections near the valley*of‘Né as parastratot&pes.

This desiéhaéion has not'been widely accepted however, and has been

criticized by Rawson et al ( 1978 ) who noted that macrofossils were

scarce and not distinctive in the parastratotypes. They also noted

that the parastratotypes failed to resolve many of the problems

related to the recognition of the base of the stage. Recent work by

van Hinte ( 1968 ) and Colin ( 1974 ) has cast significant doubt on -

the identification, and consequent stratigraphic distribution of the

genus Orbitoides as present at Aubeterre and thus on the precise

position of the Campanian/Maastrichtian boundary.
Thus it may be seen éhat, desplte considerable debate over a
period of years, no consensus of opinion has emerged to date as to

the exact nature and delimitation of the Campanlan stage in its type

area., It is with this situation in mind, that the Conlacian-Maastrichtian

Working Party of the International Subcommission on Cretaceous
Stratigraphy is activély'engaged in debate and discussion of the

problems relating to the definition and retention of the Campanian

stratotype.
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Problems are also encountered in correlating the type Campanian
of the Charente region with the British Campanian, due to marked
provincialization of many of the key macrofossil genera, the lack of
aragonitic skeletal components in the chalk, and the problems of facies
control on the distribution of the most stratigraphically important
groups of benthonic organisms. There are indications ( van Hinte 1965,
1966a, 1966b; Séronie-Vivien' 1972 ) that the smaller benthonic
foraminifera may fulfil a useful role in this area.

In the present study, the consensus of opinion, outlined in
Special Report no.9 of the Geological Society ( Rawson et al, 1978 )
regarding the limits, and subdivision, of the Camﬁanian stage, has been

followed. Thus, the base of the Campanian in the British Isles is placed

at the base of the macrofossil biozone of Offaster pilula and the
following macrofossil biozonation is recognised, utilizing a

combination of belemnites and echinoides ( Peake & Hancock 1961; Wood

1967; Rawson et al 1978 ).

Belemnitella mucronata

Gﬁnioteuthis quadrata
Offaster pilula

The first of which has been subdivided into sub-blozones

( Peake & Hancock 1961, 1970; Wood 1967 ") as indicated in T.fig. 2:1 .
Study of the foraminiferal fauna from these macrofossil zones within

N.W. Europe, together with comparison of the foraminiferal fauna

described from Aubeterre ( van Hinte 1965, 1966b,1967; SéronieJViviene

1972 ), has led the author to conclude that no strata of Lower or Middle
Campanian age are represented within the Aubeterre section, and thus no °
information regarding the base of the Campanlian stage can be obtained

from the stratotype. In view of this and the previously documented

11



stratigraphic problems concerning the Aubeterre section, its retention

as the stratotype of the Campanian must be seriously questioned.

2.%. The Maastrichtian Stage
Dumont formally erected the Maestrichtian stage in 1850 though he

had earlier ( 1832 ) established the following lithostratigraphic

subdivisions within the Upper Cretaceous of Limburg ( Holland ):-

Calcalre de Maestricht

Craie

These units Dumont ( 1850 ) later referred to the éyst'éme Maestrichtien -
and the Systéme Senonien respectively. There has been considerable |
debate as to which strata were included by Dumont ( 1850 ) in his new
stage ( see discussions Voigt 1956; Berggren 1964; Deroo 1966 )e The
type locality was designated as the town of lMaastricht and the Comité
d'étude du Maastrichtian has fixed the stratotype as the section of
tﬁe Tuffeau de Maastricht ( = Maastricht Formation of van der Heide
1954; Felder 1975 = lithostrétigraphic units Ma-}d of Uhlenbroek 1912 -)
as exposed in the E.N.C.I. quarn&'at 3t. Pletersberg on the southern
outskirts of Maastricht. Blostratigraphic evidence from both the

macro- and microfaunal groups ( Schmid 1959, 1967; Hofker 1966 ) has |

-~

olearly'demonstrated.thﬁi thus defined,ithe type section 1includes only

beds of Upper Maastrichtian age of current usage ( Rawson et al 1978 )e
Voigt ( 1956 ) and Berggren ( 1964 ) have discussed the different
concepts of this stage Which*have been employed by Cretaceous
stratigraphers. The most widely accepted definitlon of the base of the
stage ( Hiltermann 1952 ; Brotzen 1945 Voigt 1951, 1954 : Jeletzky 1951 .
Birkelund 1957; Berggren 1960 , 1962a,b, 1364; van Hinte 1976, Rawson

et al 1978 ) has extended Dumont's original concept downwards to include

12



those beds below the Maastricht Formation which are characterized by

the cephalopods Scaphites ( Hoploscaphites ) constrictus ( Sowerby )

and Belemnella lanceolata ( Schlotheim ). In this view, the Maastricht
Formation is regarded as being a warm, shallow water detrial facies

of local significance only., It is in this sense that the present author
uses the term Maastrichtian stage. As recommended by the Maastrichtian
Committee at the 22nd. Geologlical Congress in New Delhi, the stag;

name when used in this extended sense should be spelt with a double

- a - in contrast to its original spelling and meaning sensu Dumont

( 1850 ) ( see Meijer in discussion of‘Barr»&;H%Pmuda 1971 ). Thus
defined, the basé‘of the Maastrichtian stage coinclides in N.W. Germany

with the first appearance of the benthonic foraminifera Bolivinoides

peterssoni Brotzen, Osangularia navarroana ( Cushmen ) and
Neoflabellina reticulata ( Reuss ) ( Hiltermann & Koch 1955: Koch 1977 ).

Within the British Maastrichtian the following macrofossll zones have

been recognised ( Rawson et al 1978 );

Belemnella kazimiroviensils

Belemnitella junior .

Belemnella occidentalis

Belemnella lanceolata

r 4

However, only the lanceolata zone énd.possibly'the occidentalis

zone have been recognised onshore in England and then only in erratic
blocks within the glacial deposits of northern Norfolk., Structurally,

these have been much complicated, both internally and externally, by

glacial tectonics. Microfaunal evidence ( Curry 1962, 1965: Andreieff et
al 1975, and the present study ) has indicated the widespread presence |

of a complete Maastrichtian chalk succession over large areas of the

North Sea Basin.
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Due largely to the considerable time gap which exists between
the ul;permost Cretaceous and lowest Tertiary deposits within the
British Isles, few British geologists have been directly concerned

with the delimitation of the top of the Cretaceous., However, this

situation has been radically changed by the acquisition of considerable
areas of strata within the North Sea Basin covering the Cretaceous/
Tertiary boundary. It is now widely accepted ( Berggren 1964; Rawéon
et al 1978; Curry et al 1978 ) that the base of the Tertiary should

be placed at the base of the Danian stage. This view‘upholds the
conclusions of Forchhammer ( i825 ) and refutes the ideas of Desor

( 1847 ) and d'Orﬁigny ( 1852 ), who considered the Danian as the
youngest stage of the Cretaceous, apparently as a result of mistaken
palaeontologi;al evidence. The top of the Cretaceous System ( = top of
the Maastrichtian stage ) ié assocliated with the complete exti;wtion

of the Ammonoidea, Sauropterygia, Saurischia and Ornithischia

( Rawson et al 1978 ) and the planktonic foraminiferal genera

Globotruncana, Globotruncanella, Hedbergella and Rugoglobigerina.

Belemnoidea, Inoceramidae, and rudists also became virtually extinot

at this levelq( Hancock 1967 ). The causes of this massive faunal
turnover at thé end of the Cretaceous have been a matter of consideradle
debate, and almost as many hypotheses have been put forward as there
have been papers written on the subject. A consideration of these is
clearly beyond the scope of the present ';tudy, and the reader 1is

referred to Worsley(1964), Berggren (1964 ), Tappan (1968)for useful

discussions. All that may be stated at the present time is that it
seems likely that a critical combination of palaeocecological factors
( possibly including temperature, depth and nutrient supply )
arastically reduced the primary productivity of the oceans, i'esulting
in a major faunal turnover throughout the length of the long

established Cretaceous food chains. What may be stated as fact is
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that the abrupt extinction of many elements of the characteristioc
Upper Cretaceous fauna marks one of the most readily recognisable

biohorizons in Phanerozoic times.

2.4. Lithostratigraphy
Strata of Campanian and Maastrichtian age in the Unlted Kingdom

are almost completely represented by chalk. Chalk is a distinctivé,
pure biomicrite, composed largely of calcitic skeletal debris of
planktonic marine algae, the coccolithophorids ( Hancock 1976 ). Other

important biogenic constituents include planktonlic and benthonio

foraminifera, ostracods, bryozoans and other minor faunal groups. In
general, detrital clastic material is very rare in the Campanian and
Maastrichtian‘chalks of England. The composition of the chalk clearly
indicates that it is a pelagic 3ediment. However, this does not
necessarily imply a deep water origin ( Hakansson et al 1974 ). Indeed,
its geological setting strongly argues-against such a depositional
environment. It seems likely that the chalk was deposited in a relatively
shallow shelf.sea, ‘which covered most of N.W. Europe during the

Cenomanian to Maastrichtian interval ( see Chapter 9. ). Though it i
is difficult to quantify actual depthﬁ of deposition ( Chapter 8 ),
most recent estimates ( see review Hakansson et al 19?L.) consider

the Campanian and Maastrichtian chalks to have been deposited at
depths of 180m - 300m ( Kennedy & Garris;n, 1975 ) and the present
study does not contradict these conclusions. ‘

The distinctive chalk lithology owes much to 1ts diagenetio

p0ten£ia1 and history. Coccolith debris is composed of low magnesian
calocite ( Thompson & Bowen 1969 ) and is thus stable at temperatures
and.preséufes which are generally operational at shallow to moderate
depths of burial. Thus chalk does not undergo significant pressure

solution above dep%hs of burial of 1000m ( Hancock & Scholle 1975 ),
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Fig.2:1 Campanian and Maastrichtian Stratigraphy.
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Thus, the vast bulk of chalk studied from Norfolk and southern England
has not suffered excessive diagenesis which could lead to greatly

increased cementation, hardness, reduction in porosity and loss of

microfossil content. In addition, the lack of significant quantities

of aragonite in the cﬁalk.has also reduced the amount of calcite
available for purposes of cementation. The result is that most of the
chalks studied lack many of the early'lithification features which
hinder the micropalaeontological analysis of many shelf sea carbonates.

In N. Ireland, and to a lesser extent northern England, other
factors,inciuding increasedﬁgeothermal and hydrothermal alteration
( Scholle 1974 ) have produced very hard chalks w;.th low porosity values,
which has virtually excluded these areas from consideration within the
present projeét. The chalk encountered in the North Sea is also a
moderately hard limestone similar in many respects to the chalks of
Yorkshire. In the North Sea, however, this alteration is almost
entirely'dué to the increased depth of burial ( Scholle 1974 Hancock &
Scholle 1975 ). _

In most areas the chalk is relatively poor in primary sedimentary-
structures, as a result of either a very uniform deposit<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>