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Abstract 

The Microbiostratigraphy of the Paiaeocene of the 
Northwest European Continental Shelf 

by 
Michael Dominick Bidgood, B.Sc, M.Sc. 

September 1995 

A total of 186 samples taken from 9.offshore Central & Southern North Sea boreholes, 1 
onshore "XJK borehole, 2 onshore U K locahties and 2 onshore Danish' localities were 
processed and analysed for microfauna. A total of 273 individual taxa were identified- the 
majority to species level. The dommant microfaunal group recorded are the Foraminifera of 
which 23 genera were agglutmated, 75 calcareous benthonic and 21 planktonic. Other 
groups recorded are the Ostracoda which comprised 5 genera, Diatomacea 2 and 
Radiolaria 1. 

The recorded taxa are diagnosed and their stratigraphic and palaeoenvironmental 
significance discussed. The samples range in age from Late Cretaceous (Maastrichtian) 
through Paiaeocene (Danian & Thanetian) to Early Eocene (Ypresian) and occasionally 
Middle Eocene (Lutetian). The offshore boreholes are biostratigraphically zoned with 
respect to the published biozonation scheme of King, 1989, and the so-called "bioevents" 
(i.e. microfossil marker horizons) described by Mudge & Copestake, 1992. 

The emphasis of the study was placed on the stratigraphical distribution of the microfaunas, 
particularly in the offshore realm where the majority of the boreholes (7) are located in the 
Southern North Sea area (Quadrants 44 and 49); a region lacking in previously published 
research on microfaunas of this age. The biozonation scheme of King, 1989, is found to be 
broadly applicable to all of the boreholes studied although some dififerences m detail were 
noted. Not all of the bioevents of Mudge & Copestake (1992) are recorded. The samples 
studied are insuflBciently closely spaced to permit the construction here of a separate 
biozonation scheme, specific to the Southern North Sea area, although it is considered that 
the future creation of such a scheme could be justified with additional data. A total of 53 
individual microfossil marker horizons thought to have stratigraphic utility in the area are 
noted. 

The bulk of the Paiaeocene sediments deposited in the Southern North Sea area were laid 
down under moderate palaeodepths (c. middle shelf) and probably representative of the so-
called "outer sublittoral" biofacies of King, 1983. Evidence for progressive deepening of 
water depth towards the north of the area and mto the Silver Pit Basin was noted. The 
microfaunal assemblages from the offshore boreholes are similar in overall character to 
microfaunas recorded from onshore Palaeogene sections in the UK and Denmark. 
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1.Introduction 

1.1.introductory Remarks 

The scientific study of microfossils as a whole, and foraminifera in particular, began in the 
18th century, although forammifera were fascmating people long before that. The abundant 
Nimmulites of the Eocene in the IVfiddle East for instance, were thought to be the lithified 
remains of lentils dropped by Egyptian slaves during the building of the Great Pyramids, so 
common are they in the building stones of those monuments. , 

The micropalaeontologists of two hundred years ago however, confined their studies to 
Recent material collected around the British Isles and those retrieved during the long 
voyages of research vessels such as "Challenger". The study of ancient fossU foramioifera 
was, however, largely a European institution although later great impetus was given by the 
1st World War and the increased demand for petroleum and petroleum products. 

However, it was nearly a quarter of a century before this when the PoUsh scientist, Josef 
Grzybowski made the first recorded observation of borehole muds for the specific purpose 
of searching for foraminifera. He was rewarded by the discovery of several tens of species 
but, under the misapprehension that these species were very long ranging, did not attach 
any biostratigraphic significance to his finds. Fortunately, subsequent studies on this group 
were to prove him wrong and the science of forammiferal biostratigraphy has become an 
important tool in the geological sciences. GrzybowsM's work does have some bearing on 
the present study in that the strata he examined contained sedhnents of Paiaeocene age and 
many of the species he recorded are to be found herein (Grzybowski 1880, 1896, 1897 & 
1901). 

Emphasis in foraminiferal studies in the 20th century switched to the United States where a 
booming automobile industry was creating excessive demands on the petroleum resources 
of that country. Joseph A. Cushman seized upon the value of foraminifera and initiated (in 
1925) his ovm research laboratories which pubUshed countless records of new species and 
their stratigraphic distributions. 

Foraminifera are widely used as a correlative tool in the petroleum industry because of their 
small size and value as biostratigraphic indicators. Rotary drilUng usually pulverises all but 
the smallest of fossils thus making traditional stratigraphic correlation (e.g. with ammonites 
or other macrofossils) unpossible. 
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The discovery of hydrocarbon accumulations around the.North Sea basin initiated one of 
the most uitensive exploration programmes seen in the petroleum industry. Many of the 
U.k.'s major oilfields have reservoirs of Tertiary (mainly Palaepcene and Eocene) age 
including the U.K.'s first discovered oilfield, Montrose, and the giant Forties field. Many 
hundreds of wells have been drilled iri the North. Sea Basin since the mid 1960's and many 
thousands of samples have been recovered. In contrast, the amount of published research 
emanating fi-om this material is relatively sparse which reflects the high importance of 
confidentiality placed on this data by the companies concerned. 

The stratigraphic interval under study here is the Paiaeocene (and its associated deposits), 
.the oldest epoch of the Tertiary period: It is an important interval for several reasons; it is 
the most recent epoch to be added to the Standard Geological Column and hence has been 
the subject of intense scrutiny prior to its acceptance, the nature of which still attracts 
controversy. It marks the earliest period of clastic deposition in Northwest Europe (and in 
many place worldwide) after a prolonged, tectonically quiet period of Late Cretaceous 
carbonate buildup. It occurs immediately after one of the most abrupt periods of global 
biotic extinction to affect the planet; and sediments of this age contam important 
accumulations of hydrocarbons in the North Sea Basin, which, at the time of writing attract 
great interest amongst the major oil companies with the relatively recent discoveries of, 
amongst others, the Alba and Nelson fields. 

In addition to the major oil fields. Palaeogene sands in the Viking Graben contain mamly 
gas accumulations (e.g. Frigg and Heimdal fields). The trap-styles associated with all these 
(mamly deep water sands) fields are numerous and varied and include salt-induced 
anticlines (Cod), drapes over deep-seated fault blocks forties & Montrose), differential 
compaction structures associated with stacked sand bodies (Frigg) and up-dip sand pinch-
outs (Balder). Ultimate recoverable reserves in estaWished Paiaeocene / Early Eocene 
clastic reservoirs firom the U K and Norwegian sectors are approximately 4.7 x 10̂  barrels 
of oil and 10 x 10i2scf gas (Ziegler, 1990). 

Interest in the hydrocarbon potential of Palaeogene deposits has resulted in intensive 
studies of Northern and Central North Sea Paiaeocene microfaunas by major oil companies 
and some of this data has been released for academic study and subsequent pubUcation. 
However, in the southern part of the North Sea Basin, the Tertiary as a whole has attracted 
little mdustrial interest, as the primary target for petroleum exploration in this area has been 
and is, the largely Palaeozoic gas fields and associated coal deposits. Consequently, whilst 
published information on mainland European Paiaeocene microfaunas is relatively good, the 
Southern North Sea area remains largely devoid of accessible data. 
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This thesis is therefore concerned with the study of the microfossils recovered from various 
Paiaeocene localities around and under the North Sea, particularly south of latitude 58° 
North. 

1.2.History of Previous Research 

The first micropalaeontological study of the Paiaeocene in the U.K. was made by Burrows 
& Holland (1897) who described 34 species of foraminifera from the Thanet Formation of 
Kent. Subsequently Haynes (1954, 1955, 1956, 1958a,b,c) and Wood & Haynes (1957) 
made comprehensive investigations and described a total of 132 species. Since then other 
workers (Haynes & El-Naggar, 1964; Barr & Berggren, 1964; Berggren, 1965; and El-
Naggar, 1967) have commented mainly on the planktonic foraminifera and have noted 
problems in the dating of the Thanet Formation (see Chapter 7). Murray et al. (1981, 1989) 
reviewed the forammiferal fauna for the whole of the U.K. onshore Palaeogene with an 
emphasis on its stratigraphic importance. 

Due to the need for confidentiality, comparatively little literature on offshore (i.e. North 
Sea) Paiaeocene microfaunas has emerged. EarUest records are from offshore Denmark 
(Rasmussen, 1974) and later, Gradstem. & Berggren (1981) and Berggren & Gradstein 
(1981) mvestigated the agglutmated microfauna from several North Sea weUs (mamly 
Norwegian and northern U K sectors). Chamock (1983 - unpubl. M.Sc. thesis) also 
described an agglutinating fauna of 57 species from an imnamed well in the Central North 
Sea, east of the Moray Futh. Subsequent papers uiclude Gradstein et al (1988), Jones 
(1988) and Gradstein & Kanunski (1989) deal with taxonomic and biostratigraphical issues. 
A recent taxpnomic review of Palaeogene North Sea agglutinated forammifera has been 
pubUshed by Chamock & Jones (1990), together with some updated biostratigraphic 
mformation. 

PubUcations on the planktonic microfauna are even less common. Crittenden (1979 -
unpubl. M.Sc. thesis, 1981, 1982, 1986) has described a Paiaeocene planktonic fauna from 
weU 49/24-2, just SE of the Indefatigable gas field (and one of the wells studied herein). He 
described a very diverse planktonic fauna of some 70 species which however, included taxa 
probably caved from higher stratigraphic levels (see Chapter 4 for a discussion on 
"caving"). Later workers have suggested that this may be somewhat overoptimistic (Kmg, 
1983, and this work). Copestake & Dyer (1981 - unpubl. report) recorded a Danian 
planktonic fauna (locaUtiess unmentioned) from the North Sea and noted some important 
index species. 

11 





King (1983) integrated results of planktonic arid benthonic foraminifera and diatom and 
radiolaria data to produce a bipartite 'biostratigraphic scheme for the North Sea Tertiary 
based on planktonic ("NSP") arid benthonic. ("NSB") taxa. This was later revised (King, 
1989) into a tripartite scheme with the addition of zonations based on agglutinating 
("NSA") taxa. 

^ The zonation of Kmg (1983, 1989) has proved to be of great value and has been used as 
the basis of the stratigraphic framework for this study (see Chapter 7). . 

Research on the inicrofaunas of the' Paiaeocene on the European and Scandinavian 
mainland has been plentiful and a fiiU review is beyond the scope of this thesis, as is a 
review of the even more comprehensive literature of the Paiaeocene worldwide. Many of 
the most important pubUcations are Usted below and some are discussed in subsequent 
chapters: 

Denmark and Scandinavia: 

Bang (1969, 1979); Berggren (1960a,b,c, 1961, 1962a,b, 1965a,b, 1967, 1968, 
1977); Bronmmann (1952); Brotzen (1948); Hansen (1970); Hofker (1960a,b, 
1962, 1966); Larsen & Jorgensen (1977); Reichel (1953); Surlyk & Burkelund 
(1982) ; Troelsen (1957) and Verdenius & Van Hinte (1983). 

Northern and Central Europe (Benelux, Germany etc.): 

Berggren (1967); Cepek & Moorkens (1979); Doppert (1980); Doppert & Neele 
(1983) ; Gartner & Hay (1962); Glaessner (1937); Grun (1969); Hofker (1960, 
1961a, 1966, 1976); Hooybergs (1983); Moorkens (1969, 1971, 1972); Toxwenius 
(1983); Visser (1951) and WiUems (1983). 

Western Europe (France, Spain etc.): 

Caro, Luterbacher et al. (1975); Costa, Denison & Downie (1978); Hay & Mohler 
(1967); Le Calvez (1970); Luterbacher (1984); Pomerol (1969, 1982); 

Eastern Europe (including U.S.S.R.): 

Berggren (I960b,c); Geroch (1959, 1960); Geroch & Nowak (1984); Grzybdwski 
(1898 - EngUsh translation 1969); Jednorowska & Pozaryska (1983); Pokomy 
(1949, 1960); Morgeil 8c Olszewska (1981); Samuel & Sunpson (1969) and 
Subbotina (1971). 
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Southern Europe (Italy, Mediterranean etc. inch North Africa): 

Aubert & Berggren (1976); Berggren & Aubert (1975); Bolli & Cita (1960); 
Cuvillier et al. (1955); Eliagoiibi (1980); Haman & Haynes (1976); Hofker (1961b); 
Luterbacher (1964, 1975, 1984); Ten Dam & Sigal (1950) and Tromp (1949). 

In this last section, the publication by Berggren & Aubert (1975) is particularly important 
and discusses the worldwide distribution of many of the benthonic foramioiferal species 
encountered m this project. Berggren & Aubert's results are summarised m Chapter 2. 

1.3.Addendum 

WireUne log depths are occa:sionally referred to in this thesis. The wurelme logs themselves 
are, however, not included in this thesis. 
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2.North Sea Geological History 

2.1.The Pre-Cretaceous 

The geological evolution of the North Sea Basin is long and varied. A summary of the mam 
events is given below but for more detailed treatments the reader is referred to Kent 
(1975), P. Ziegler (1975a, 1975b, 1977, 1978), W. Ziegler (1975), Woodland (1975), lUing 
and Hobson (1981) and Glennie (1990). 

The earliest origins of the region can be traced back to the Precainbrian Era, the cratonic 
blocks of which have remained essentially positive features throughout most of the 
Phanerozoic. During this early period (c. 1000 Mybp), the Caledonian Orogeny formed 
grabens in the Archean continent and marine sediments were deposited in the lapetus 
Ocean (separating the Baltic and Laurentian plates) and the Toumquist Sea (separating the 
Baltic Shield from Greenland). In terms of present day contmental position, Laurentia lay 
with its southern margin along the equator and contamed what is now North America, 
Greenland and the northern part of the British Isles (Scotland, northern England and 
Northern Ireland). The Baltic Shield (Scandmavia and Eastern Europe) lay south of 
Laurentia's eastern margin at about 30-60° south with lapetus separating the two. 
Gondwanaland (contaming the remamder of the British Isles, Africa and the Austral 
continents) lay southwest of the Baltic Shield at latitudes greater than 60° south separated 
by the Toumquist Sea. 

The Toumquist Sea had closed by the end of Ordovician times and corresponds to the 
present day suture marked by the North German-PoUsh Caledonides. lapetus closed during 
Late Silurian times thereby imiting the British Isles. This closure was achieved by NW and 
SE directed subduction, the previous location of which is now marked by a weak suture 
traceable from the Shannon Estuary in Ireland, through the Solway Firth m Scotiand and 
into the NE trending Northumberland Trough. As a result of these closures, a large 
supercontinent - Laurasia - was formed as were the major Caledonide (in Europe) and 
Appalachian (in America) mountain chams. 

During Devonian tunes this "Old Red" contuient shed vast quantities of material in 
widespread fluvial systems and also deposited sediments into the ocean known as 'Troto-
tethys" to the south of the united Baltic Shields and Gondwanaland. In Late Devonian 
times, these Old Red Sandstones lay m a NW - SE trendmg depression between 
Scandinavia to the east and a combination of the Scottish Highlands and isolated positive 
areas arourid N . England, SE Ireland, Wales and SE England to the west. At this tune, 
Proto-Tethys was closing bringing together Gondwahalahd and Laurasia which would 
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shortly culminate in the Variscan Orogenic Belt, formed in Middle to Late Carboniferous 
times. 

The Carboniferous period is ecoriomicaUy iniportarit to the North Sea Basia as extensive 
deposits were laid down which subsequently converted to coal and, m turn, became 
important source rocks for most of the Southern North Sea and the Dutch-German-PoUsh 
gas fields, not to mention a sigmficant economic resource in their own right. This coal 
deposition marked the change firom the arid "Old Red" conditions of the southern deserts 
to more humid equatorial conditions as Laurasia migrated slowly northwards. Closure of 
Proto-Tethys resulted in a N-S compressive regune formmg the Variscati Orogenic Belt 
traceable over the SE United States and Europe. In the Northwest European region, two 
conflicting structural regimes dominated: 

1) A N-S compression resulted in the formation of two E-W trendmg basins, 
the Northern and Southern Permian Basins separated by the Mid-North Sea 
and Ringk0bing-Fyn Highs. 

2) E-W tension resulted in the formation of a N-S system of grabens and half 
grabens cuttmg the two Permian Basms by the Central and Horn Grabens 
with corresponding northern extensions into the Viking and Oslo Grabens 
respectively. 

Furthermore a series of E-W and SW-JME trending horsts and grabens occurred in the 
region to the south i.e. the EngUsh Charmel, SW Approaches, Bristol Charmel and Celtic 
Sea. Finally, Late Variscan E-W wrenching resulted in the early coUapse of the Variscan 
Orogenic Belt in Europe. 

The main elements of the geological and structural framework of the region at this time are 
shovm in Text Figure 1. Some of the more pertinent structural elements are farther shown 
together with study weUs and locaUties in Text Figure 7. 

In contrast to the history of the region so far, the subsequent structural evolution of NW 
Europe was greatly influenced by events which took place outside the North Sea area. 

During Permian times, Laurasia re-crossed the desert latitudes of the northern hemisphere 
which resulted in another phase of red bed deposition (the New Red Sandstones). These 
fluvial and aeolian sandstones form important reservoir rocks and contain nearly aU of the 
Southern NorthSea gas reserves as weU as significant oil reservoirs fiirther north (e.g. the 
Auk and ArgyU fields). Termed "Rotliegendes", these dune sandstones, larger than any 
present day dunes, testify to high velocity Permian vwnds attributed to a major period of 
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south-polar glaciation which resulted in larger polar high pressure areas which, in turn, 
concentrated the world's pressure belts around the equator (Glennie, 1983b). Below these 
reservoir sands lie early Permian volcanics, the origins of which are probably related to the 
earhest tensiohal movements associated with the creation of the aforementioned Pesmiian 
Basins and North Sea graben syistems. Following this and the period of sandstone 
deposition a major transgressive event occurred and covered the whole desert area. This 
"Zechstein Transgression" originated in an ocean somewhere beyond Greenland and 
Spitzbergen and waters invaded along a Proto-Atlantic and North Sea fracture system. 
Repeated evaporation of this dessert lake gave rise to thick salt sequences which in turn, 
provided a seal trappmg migrating gas in the underlymg RotUegendes. 

The Pangean supercontinent began to fragment during Triassic times begiiming with riftuig 
along the Proto-Atlantic and the westward extension of Tethys. It established a new 
structural framework in NW Europe resulting hi a modification of the pattern inherited 
from the Permian by the superimposition of a graben system that was to control deposition 
throughout the remainder of the Mesozoic. These major new elements were the Viking -
Central Grabens and the Central - Horn Grabens, north and south respectively of the Mid-
North Sea and Rmgkebing-Fyn Hghs which breached these positive structures. The PoUsh-
Danish Trough was another rapidly subsiding feature accumulating a thick Triassic 
sequence. Triassic sedunents in all the North Sea basms are dominantly red-beds of alluvial 
fan, fluvial, aeolian, sabkha, lacustrine and shallow marine origins. 

The economically important Jurassic sedunents were laid down in fault controlled basms 
and the complex system of grabens described above which were reactivated in the Jurassic. 
There was a general rise m sea level at this time and the first mdications of halokmetic 
movements of Zechstein salts manifested themselves. The Atlantic Ocean continued to 
open and the old Permian sites of downwarp (the Central and Viking Grabens and the 
Moray Futh Basin) developed "grabenal" forms with evidence for crustal thinning m places 
withm the grabens indicating that they were possibly aborted rifts related to the rise of a 
mantle plume in the Central North Sea Basin (Whiteman et al. 1975). 
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Text Figure 1 Structural Framework of Northwest Europe (after Glennie, 
1990) 
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2.2.The Cretaceous 

The tectonic setting during Cretaceous times was largely a continuation of that prevalent 
throughout the Jurassic. Positive features remained stable and the fault controlled basins 
subsided further and in some cases the rate of subsidence exceeded the rate of sediment 
supply leading to an overall increase in water depth. In some cases these Late "Kimmerian" 
movements took place along pre-existing fault lines (e.g. the Moray Fnth Basin) but in 
others (e.g. the Viking Graben) there were new faults initiated outside the margins of the 
trough thus broadening the depositional basin. In addition, there was also large scale 
downwaipmg of basms accompanied by uplift of the margms. These major riflmg phases 
have been correlated with sharp falls in sea level (Ziegler, 1978). To compUcate matters, 
several areas of Jurassic deposition reversed the downward trend and were upUfted along 
elongated "inversion axes". Timmg of these movements did not appear to relate to any 
particular pattern but was episodic hi nature. In the Central Graben, inversion was complete 
before the end of Paiaeocene times (Heybroek, 1975) whilst in other areas such as the 
Weald Basm of SE England, the inversion has been dated as Mid-Tertiary. The Sole-Pit 
inversion (east of the Humber Estuary) was a progressive event with uplift focus movmg 
from the NE to the SW over a long period of time (Glennie, 1981). 

Generally, the Early Cretaceous marked a period of sea level rise when, in Aptian-Albian 
times, levels similar to the present were reached (Vml et al., 1977; Hancock & Kaufi&nan, 
1979). During the earliest Cretaceous, the sea occupied only basinal regions and even in 
some of these cases (e.g. the Wealden) sedunents were largely deposited under freshwater 
conditions. The North Sea region was to a large extent, cut off from the southern European 
Ocean (Tethys) with marine connections only through eastern (via Germany and Poland) 
and northern (via the Viking Graben into the early North Atlantic) passageways. The Late 
Aptian transgression breached the London - Brabbant Platform and more than doubled the 
size of the submerged area in the North Sea. Sea levels continued to rise during the 
remainder of the Cretaceous vAth. most of the surrounding land becoming submerged by 
Campanian times. The little land that remained comprised the small islands of Norway, 
Scottish Highlands, parts of Wales and part of the Central Netheriands Inversion. 
Tectonism was largely absent at this times until the precursors of the Laramide disturbances 
began to appear ui the Late Cretaceous (Ziegler, 1975). 

As a result of the scarcity of land during Late Cretaceous times, there was very httle clastic 
run-oflF from them into the surrounding seas. These quiet cahn conditions enabled pelagic 
chalks to be laid down over most of the region m water depths rangmg from 100 - 600 
metres (Scholle, 1974; Kennedy & Garrison, 1975; Hancock, 1976) and possible reachmg 
depths of up to 1000 metres in parts of the North Sea trenches (Hancock & Scholle, 1975). 
Towards the north of the region. Late Cretaceous siliciclastics (the Shetland Group) were 
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deposited (Viking Graben) which probably originated from a Greenland source (Hancock 
& Scholle, 1975). 

It was during Late Cretaceous tirnes that the Laramide series of earth movements began. 
These structures are particularly strongly developed along the flanks of the Variscan 
complex and uivolved a reversal of the then dominant trend of right-lateral movements. 
Basins such as the Weald, previously open, were now squeezed and responded by invertmg 
their basin centres. Areas affected by these movements included the Anglo-Dutch Basin, 
the complex anticlinal structures containing the major gas fields of this area being formed at 
this time. In the Central North sea, the Laramide phase was of lesser importance. There 
was renewed downwarping and downfeulting in the Central and south Viking Grabens and 
erosion removed large amounts of chalk over blocks near these margms. This material was 
redeposited in the deeper parts of the grabens forming the reservoirs for the Danian chalk 
fields (Dan, Ekofisk etc.). A generalised Late Cretaceous (iiicluding the Danian) 
palaeogeography is shown in Text Figure 2. 

The whole mterval from the Late Triassic to the end of the Cretaceous (and somewhat mto 
the Early Tertiary) represented a period of aborted crustal separation between the 
continental plates of North America and Eurasia (Kent, 1975). Active rifting ceased during 
the Late Paiaeocene when the final (and ultunately successfiil) separation became complete 
forming the Atlantic Ocean. 
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Text Figure 2 Generalised Latest Cretaceous / Danian Palaeogeography (after 
Ziegler, 1990) 
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2.3.The Paiaeocene 

During the earhest Tertiary, Greenland had not yet separated from Northwest Europe and 
the northernmost extension of the North Atlantic was situated over a spreadiiig ridge which 
extended between the North American Plate and the Greenland-Rockall-Northwest 
European Plate to form the Labrador Sea (Laughton, 1972; Eldholm & Thiede, 1980). The 
Norwegian Sea between Northwest Europe and Greenland began to open in Early Tertiary 
times near magnetic anomaly 24-25 (60-63 Mybp on the Heirzler scale but revised by 
Premoli-Silva in a personal communication to Schrader et al. (1976) as 55 Mybp i.e. Early 
Eocene). Dating of plateau basalts from the Hebridean Volcanic Province and rare earth 
element studies confirmed this younger date (Schilling, 1976' and Kharin et al., 1976). 
Volcanic eruptions from this region scattered ash-falls over a widespread area of 
Northwestern Europe and into the northeast Atlantic. They have been dated as occurring 
during part of Nannoplankton Zone NPIO (earliest Eocene) by correlation with DSDP 
cores from the Goban Spur (Knox, 1985). During the Late Paiaeocene and Eocene this 
opening of the Norwegian Sea took place along the Reykjanes Ridge and was simultaneous 
with spreadmg in the Labrador Sea which ceased in the Middle Eocene. Spreading 
continued along the Reykjanes Ridge until the present day as Europe continues to separate 
from the Greenland-North American Plate (Laughton, 1972). SchiUing (1976) suggests 
(from geochemical studies of basalts) that a broad and intense mantle upwelling in the area 
was the cause of continental separation and the development of oceanic crust. The effect of 
this Early Tertiary North Atlantic tectonic phase in the North Sea was sigmficant as it 
probably had a major mfluence on the change of sedimentation styles from 
carbonate/pelagic to siUciclastic/terrigenous at the end of Danian times and thus had a 
marked effect on North Sea microfaimas at that time. 

As showii above, the end of the Laramide phase marked the beginning of a period when the 
North Sea Basm. underwent subsidence whilst ocean spreadmg centres became active in the 
North Atlantic. Sea levels fell worldwide and more land was exposed around the margms of 
the basm. Hence sedimentation throughout most of the Tertiary was dommated by 
"normal" intracratonic clastic styles with carbonate deposition lingering on only until 
earUest Tertiary (Danian) times in the more central parts of the basui and eastwards into the 
southern Scandinavian region and beyond. However, these later chalks (e.g. at Stevns 
KUnt) tend to be preserved on structural "highs" as Bryozoan mounds. Paiaeocene clastic 
sediments are mainly sands and shales with interbedded tuffs in the upper part of the 
Paiaeocene. Water depths during the Tertiary were lower than those during the Late 
Cretaceous. However, a thick succession of deep water facies was deposited m the central 
parts of the basm indicating that these parts were subsiding more rapidly than those of the 
margms (Ziegler, 1975). Indeed, marginal areas may have undergone periods of interrupted 
deposition as most onshore Lower Tertiary sequences are incomplete and/or show rapid 

21 





changes m the enwonment of deposition (e.g. the Palaeogene of the Isle of Wight). These 
rapid sedimentation rates in the centre of the basm resulted in abnormally high pore fluid 
pressures ("overpressure") caused by the sediment not bemg able to de-water and compact 
fully on burial. This, fortunately, has resulted in hydrocarbons originally present in 
Palaeogene shales and clays being forced out and subsequently into the Danian and 
Maastrichtian chalk reservoirs'of the Ekofisk field and the Paiaeocene sands of the Forties 
provuice (Powers, 1967). 

2.3.1.Early Paiaeocene (Danian) Palaeogeography 

Construction of an accurate Northwest European Danian palaeogeography is not easy. 
Danian strata are not common in onshore European localities and information fi-om the 
North Sea Basin is limited. Many authors (including Ziegler, 1982, 1990) assimilate the 
Danian stage into the Late Cretaceous because of Uthological similarities. Hence, Danian 
seas are often shown to have a larger extent than was probably the case (see Text Figure 
2). Carbonate "chalks" of the Danian of Denmark and southern Scandinavia lack the totally 
pelagic aspects of the Late Cretaceous chalks and are composed predominantly of bryozoan 
bioherms with large-scale mound structures and cross-beddmg, indicating deposition undier 
shallower water conditions, though still below normal wave-base influence (Bromley, 
1979). "Danian" (i.e. Montian and equivalent) sedmients of France and the Benelux 
countries are more marginal and/or contmental m aspect and this type of sedunentary style 
could well have extended into the southern reaches of the North Sea. Crittenden (1981), 
however, reports definite marine Danian strata containing planktonic foraminifera fi-om well 
49/24-2 although King (1983) later regarded the Danian sequence in this well as 
"anomalous" citing the general absence of Danian chalks in the area. Danian carbonate 
sediments have subsequently been proved over a large area of the North Sea (mainly 
Central North Sea) although they are absent north of the Shetland Isles (Mudge, 1979). 
Towards the north (in the Viking Graben), the carbonates pass laterally into clastic (though 
still very calcareous) sediments of the uppermost Shetland Group, Formation "F" (see 
Chapter 6.3). This lateral change probably shovirs that this area is near the minimum 
temperature limit for carbonate deposition and also that proximity to the Shetland Platform, 
probably one of the few emergent sediment source areas during the Xate Cretaceous, 
promoted a normal shelf-clastic style of sediment accumulation. 

Substantial amounts of uppermost Cretaceous strata and all of the Danian are missing fi-om 
onshore U.K. locahties mdicatmg probable subaeriel exposure during or very soon after 
Danian times. Re-worked Danian and Late Cretaceous planktonic foraminifera have been 
recovered from the Thanet Formation of Kent by Haynes & El-Naggar (1964); (see also 
Barr & Berggren, 1965), and also in the London Clay on the Isle of Wight (Hart, pers. 
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comm.). Reworking of Danian and Late Cretaceous microfossils has also been recorded in 
Danian and younger sediments in many offshore wells (Mears pers. comm.). This is 
probably caused by gravity slumping of chalks along steep basin margins (i.e. the Central 
Graben). 

The Danian North Sea Basin had a contuiuous marine connection with Tethys to the 
southeast along the PoUsh Trough and was probably connected through much of the time 
to the Atlantic via the English Channel (Curry, 1981). This allowed widespread distribution 
of a cosmopolitan planktonic foraminiferal fauna during that time. This widespread 
distribution allows fairly easy stratigraphic correlation of Northwest European Danian 
deposits with those of low-latitude regions e.g. Trinidad. The Danian sea was also open 
towards the north mto a cold water Boreal sea - part of the present day Arctic Ocean. 
However, there was no communication with the North Atlantic as yet (see above). 

In broad terms, the diversity of planktonic forammifera reaches a maximum in tropical 
zones (and they are aliso abundant). In temperate zones diversity remains high although 
abundance decreases. Cool temperate and sub-polar zones show low diversity assemblages 
but very high (maximum) abundances (Bandy, 1964). 

The planktonic microfaunas of the Danian North Sea Basm and surrounding areas (where 
present) are generally very sunple m morphological aspect bemg of "globigerine" type or 
sunple, small, thin-walled and imkeeled globorotaUids. Also they are seldom abundant and 
diverse. Bandy (1964) has mdicated that the primary control of planktonic forammiferal 
distribution ui surfaces waters is temperature and saUnity and suggests that during the Early 
Tertiary, the northemhiost limit of globorotaliids, particularly keeled taxa, was to the south 
of the North Sea area. Keeled and thick-walled planktonic foraminiferal taxa are also 
strongly suggestive of the presence of relatively deep marine waters, the reproductive cycle 
of such taxa being associated with vertical migration to deeper waters. This suggests that 
Danian palaeoclimates were probably cool temperate at best and the Danian sea was 
comparatively shallow (c.<50m). 

However, more unportant hi this case to account for the lack of Danian "advanced" 
globorotaliid taxa, is the fact that only a few milUon years previously (at the end of the 
Cretaceous), the vast majority of the planktonic foranunifera (and indeed a substantial 
proportion of the world's life) was wiped out in a major extinction event. The theories for 
the cause(s) of this extinction event are almost as numerous as the niunber of fossil groups 
affected and are beyond the scope of this thesis. Clearly, however, only a few 
morphologically unspecialised (sunple) taxa survived to cross the boundary, presumably 
because they, bemg sunple, were least susceptible to the adverse environmental conditions 
that ?caused the extinctions. For the first few million years (i.e. the duraition of the Danian) 
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more complex (i.e. non-keeled & keeled globorotaliid taxa) forms simply had not evolved. 
Even in tropical areas vî hich are more conducive to highly diverse planktonic microfaunas, 
the precursors of Tertiary keeled planktonic taxa (e.g. Morozovella praecursoria-
(Morozova) /M.angulata (White)) did not appear imtil towards the end of the Danian. So-
called "advanced", truly keeled species (e.g. Morozovella acuta (Toulmin) /M.velascoensis 
(Cushman)) did not appear until well into the Late Paiaeocene. 

Evidently, palaeoenvu-onmental interpretation using such a hmited planktonic foraminiferal 
fauna as found in the Danian of the North Sea area alone is inadvisable. The lack of 
globorotaliid forms does not necessarily unply cool palaeotemperatures. Neither, therefore, 
does a lack of keeled taxa hnply shallow palaeodepths although that may well have been the 
case. 

Benthonic foramimferal faunas from the same sedunents, particularly offshore, are largely 
• composed of calcareous types with taxa, at least at the genus level, very smiilar to those 
well established during the Late Cretaceous (e.g. Gavelinella / Stensioeina). They do not, 
in themselves, provided any detailed information regarding Danian palaeoenviroimients 
save that they mdicate bottom waters were well oxygenated. 

Overall, the Early Paiaeocene (Danian) of the North Sea area represented a tectonically 
quiescent period with shelf carbonate deposition and sluniping along and within deeper 
basms. Several marme connections to areas outside the North Sea Basui allowed the 
development of a fakly cosmopoUtan though simple planktonic foranuniferal fauna, limited 
hi distribution only by temperature. 

2.3.2.Late Paiaeocene (Thanetian) Palaeogeography 

After Danian times, sedunentation styles m the North Sea basm changed from largely 
carbonate to exclusively clastic and were to remam so until the present day. This major 
change of depositional style is related to tectonic events which occurred in the North 
Atlantic area rather than to influences from Alpme regions (Knox & Harland, 1979). 

The U.K. during this time lay tucked between the mam European and Greenland plates, 
along the eastern margin of the young North Atiantic. The northernmost arm of the Atlantic 
was undergoing active sea-floor spreadmg to the west of Greenland to form what is now 
the Labrador Sea (befote switching to its present route between Eurbpe/U.K. and 
Greenland hi the latest Paiaeocene / earliest Eocene). Regionally, the Paiaeocene North Sea 
was connected, via a long N-S channel between Greenland and Fennoscandia, to an Arctic 
boreal ocean far to the North. There was also a shallower marine embayment into the 
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Polish Trough which had not yet fiilly connected with the Tethys southern ocean. The 
southwestern margui (present day English Channel) was also closedroflf from the North 
Atlantic around the region along the Weald-Artois Ridge. The regional setting of the study 
area in the North Atlantic domaui is shovra m Text Figure 3 (after Zeigler, 1990). 

During the Early Palaeogene, the region experienced several transgressive-regressive cycles 
(first described by Stamp, 1921) with Thanetian deposits being laid-down during the first of 
these. In the U.K. these consist of a basal pebble bed (Bullhead Conglomerate) of rolled 
flmt pebbles overlain by marls (Pegwell Bay Marls) in turn overlain by silts and fine sands 
(the Reculver Silts). They contain a varied forammiferal fauna includmg re-worked 
planktonics (Hayhes, 1956-8). They are thought to have been deposited as a result of a 
transgression by a shallow sea frorn the east. This sea is though to have extended 
westwards to the Guildford area. No Thanetian deposits occur in the HampsMre Basm and 
it is likely that there was Kttle or no connection between the Anglo-Paris Basui and the. 
Atlantic at this time. Retreat of this sea, back towards the east during the later part of the 
Thanetian, laid-down the regressive non-marine (fluvio-deltaic) Reading and brackish, 
estuarine and marine Woolwich Beds, with the former grading eastwards of the London 
basm area into the later. 

In Deimiark, post-Danian Paiaeocene sediments ("Selandian") are mainly marls (e.g. the 
Kerteminde Marl) and greensands. Sunilar sediments have also been found in Sweden 
(Brotzen, 1948). 

In the Central and Northern North Sea areas, large thicknesses of Paiaeocene sands (deltas, 
submarine fans and turbidites) have been found where they form important reservou-s for 
several large oilfields (Forties, Nelson, Everest, Montrose etc.). These sedhnents were shed 
oS an emergent Shetland Platform in the Northern North Sea and Moray Firth, whilst other 
oilfields in the Norwegian sector (e.g. Frigg) seem to have received sedhnent supply from 
the east. Due to the high economic importance of these sediments, the stratigraphy and 
palaeoenvironment of this part of the North Sea Basin are well known (see Stewart, 1987 
and, for a review, Lovell in Glennie, 1990). 

Although concentrating on areas somewhat to the north of the wells examined in this study, 
it is worth summarising the work of these previous authors: 

Parker (1975) recognised large-scale top- fore- and bottom-set units from the Paiaeocene. 
Coal and shell bands recorded m the top-set units in. the Moray Fkth area suggest that 
deposition occurred under a shallow marine, coastal plam type envkonnient. Fore-set and 
bottom-set clays and turbiditic sands were laid down in a deeper (several hundreds of 
metres; Parker, 1975; Ziegler, 1981) marine setting in the fonns of tongues and lobes. 
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Text Figure 3 Regional Setting of the Study Area during the Paiaeocene (after 
Ziegler, 1990) 
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Later, Morton (1979, 1982); Rochow (1981) and Knox et al. (1981) refined this single-
phase depositional model into one of several distkict depositional pulses which were 
developed in response to changes in subsidence and upHfl: patterns. The main depocentre 
alternated between the Central Graben and the Moray Firth Basin and events were 
summarised as follows: 

1) The introduction of sands fi-om the East Shetland Platform caused by 
subsidence in the Central and southern Viking Grabens. 

2) The introduction of sands firom the Scottish highlands caused by subsidence 
of the Moray Firth Basin. 

3) The renewed introduction of sands fi-om the East Shetland Platform (as the 
Forties Formation/Member) into the subsiding Central Graben. 

4) Fiuther subsidence of the Moray Futh Basin associated with the 
development of the coastal plain complex. 

Stewart (1987) recognised a total of 10 depositional systems m the Paiaeocene and earliest 
Eocene of the Central North Sea, with sea level "highstands" in the late Danian, and early 
and late Thanetian. He also indicates at least five hiatuses over this interval. A more 
detailed discussion of Stewart's work is given in Chapter 6. 

However, lack of economic interest and pubHshed data from the Paiaeocene of the south 
Central and Southern North Sea areas prevents fiiU appUcation of these models in those 
regions. The absence of an appropriate local sedunent source area (i.e. the Shetland 
Platform) and bathymetric estimates for the area (i.e. shallow waters), together with 
regional palaeogeographical considerations, suggests that sediment acciunulation and 
distribution were largely controlled eustatically by a relatively mobile shoreline. Land relief 
to the west (i.e. southeast and eastern England) was relatively low and flat and probably 
contributed little sediment to the southern reaches of the Basin (Murray, 1992). 

Previously published literature on foraminiferal distributions in the Late Paiaeocene 
(Thanetian) of the North Sea region can also provide valuable palaeoenvirormiental 
information. For the planktonic foraminifera, the cautionary points made above regarding 
their palaeoenwonmental use in the Danian apply less m the Late Paiaeocene: Many of the 
early workers on Lower Palaeogene planktonic foraminiferal biostratigraphy firom tropical 
areas (e.g. Bolli, 1957 and LoebUch & Tappan, 1957 - see chapter 7.2.1) demonstrated that 
relatively "advanced" taxa, for instance keeled forms . such ais Planorotalites 
pseudomenardii (Bolli) and Morozovella conicotruncata (Subbotina) had evolved by the 
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early part of the Late Paiaeocene and became very diverse by the end of the Paiaeocene. 
However, most pubhshed accounts of the North Sea Basin (Crittenden, 1979, 1981, 1982 
& 1986; King, 1983 & 1989; Copestake & Dyer,. 1981) and surrounding areas (Hayhes, 
1954-8; Wood & Haynes, 1957; Haynes & El-Naggar, 1964; Barr & Berggren, 1964; 
Berggren, 1965; El-Naggar, 1967; Murray et al., 1981 & 1989 [UK.]; Brotzen, 1948; 
Reichel, 1953; Bang, 1969 & 1979; Troelsen, 1957; Berggren, 1960 & 1962; Bronnimann, 
1952; Hansen, 1970b; Hansen & Andersen, 1969; Hofker, 1960b; Larsen & Jorgensen, 
1977 [Scandinavia]) contain no references to these types of taxa. Their absence in the 
North Sea region is due to iinsuitable conditions of temperature and/or salmity and/or 
bathymetry. 

The acquiring of a keel has been suggested to be an adaptation to cool waters (Bandy,' 
1964) as well as an adaptation to a deep dweUing existence for at least some of the Ufe-
cycle (see below). As far as keels are a sign of adaptation to cool waters. Bandy (1964) 
states that keeled globorotaliids are characteristic of stuface water temperatures of 17°C or 
greater̂  whilst unkeeled forms can exist in waters of surface temperature as low as c.9°C. It 
is possible to delineate a "keeled planktonic foraminiferal latitude datum" which may be 
traced back through tune (Bandy, 1964; Szczechura & Pozaryska, 1976). These workers 
show that during the Paiaeocene, the northerly limit of the datum in the North Sea area was 
at approximately 49°N, i.e. through NE France, S.Netherlands and eastwards through 
Germany. To the south of this datum keeled (and angulate) forms predominate whilst to the 
north, "globigerine" forms are dominant. However, this does not necessarily completely 
exclude one type from another's realm. Also, short-term influxes of warm water into the 
southern reaches of the North Sea area may allow the periodic introduction of keeled 
globorotaliids. 

The presence of a keel as an adaptation to being able to spend at. least part of the life-cycle 
in deep waters has been discussed by Hart & Bailey (1979) and Hart (1980) for Cretaceous 
planktonic foraminifera. The hypothesis is that (presumably non- or shghtly- keeled) 
juveniles m the surface waters acquire keels and migrate downwards through the water 
column to spend theu adult existence at great depth. Some recent keeled and thick-walled 
species have been recorded as being alive when caught fi-om depths exceeding 2000 metres 
in the Pacific Ocean (see Be & Tplderlund, 1971). They are presumed to later retiun to the 
surface waters after reproduction. 

The presence or absence of keels should not be assumed to convey any sort of 
hydrodynamic advantages to the owner. Studies on living planktonic foraminifera (e.g. Be, 
1977) show that the test is nearly completely enveloped by the animal's cytoplasm and it is 
the surface of this soft matter, and perhaps some spines, that are in contact with the 
surroundmg water. Rather, it is thought, that the keels may form loci for deposition of 
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additional calcitic material that provides extra weight to the organism which allows it to 
sink in the water column. The animal may be able to return to the surface waters by 
increasing the production of fatty matter in its cytoplasm which is, in any case, much less 
dense than sea water. 

Recent specunens trawled from surface waters (i.e. the top 50m) are ahnost exclusively 
dominated by non-keeled and thin-walled types (Be & Tolderlund, 1971). The absence of 
keeled or thick-walled species from fossil assemblages that contam non-keeled and/or thm-
walled surface dwellers would imply that.palaeodepths were insufficiently great to allow the 
existence of such taxa when alive. A few spechnens may be expected to drift into shallower 
waters occasionally but these occurrences should be rare. 

The predominance of thin-walled and/or non-keeled taxa m the Late Paiaeocene North Sea 
assemblages noted above would seem to indicate that palaeodepths throughout much of the 
southern and surroimding parts of the North Sea were rather shallow. 

However, Corfield (1986) quotes oxygen isotope data from studies on (amongst others) 
Paiaeocene planktonic foraminifera which seem to indicate the reverse, i.e. keeled forms 
predominantly come from shallower waters and globigerine forms from deeper waters. This 
would appear to contradict the biological evidence and the empkical evidence presented 
above for Recent planktonic foraminifera. Corfield's interpretation of the data is still, 
apparently, under question (Hart pers. comm^. 

A relatively shallow palaeodepth model for most of the southern North Sea is in some way 
supported by the benthonic foraminifera from the same areas. Haynes (various related 
papers; 1956-1958) has proposed a palaeoenvironmental interpretation of the Thanet 
Formation of Kent based on the forammifera. He has identified a series of four "ecological 
faunules". which are related to fluctuating transgressive and regressive episodes within an 
overall deltaic environment. This has subsequently been fiuther refined by Haynes (1981) 
and these faunules are described below. Murray et al. (1981) have reviewed the 
foraminifera from the Palaeogene sediments of southern U.K. and also discusses their 
palaeoenvironmental utility. 

Haynes has suggested that the Bullhead Conglomerate Member represents the initial 
inundation surface which was very rapid. No foraminifera were recovered from this unit. 
The succeeding Stourmouth Clays also yielded no foraminifera and are thought to have 
been deposited under quiet, estuarine conditions which are unfavourable to foraminifera. 

The first of Haynes' faunules "Faunule 1" {BuHmina thanetensis zonule) occurs in the 
basal part of the lower Pegwell Marls wath Alabamina obtusa (Burrows & Holland), 
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Cihicides proprius (Brotzen) (= Cibicidoides alleni (Plummer) herein), Cibicidoides 
siiccedens (Brotzeri) and Hollandina (= Heterolepa herein) pegyvellensrs Haynes dominant. 
There is also a high proportion of agglutinated taxa. A transitional marine to midshelf 
(10m-60m water depth) environment is envisaged for this zonule and, according to Haynes, 
is comparable to a similar Paiaeocene Uttoral marine microfauna found in Holland by Ten 
Dam (1944). 

"Faunule 2" (Glomospiretta woodi zonule) above yielded a sparse agglutuiated fauna 
which represents dysaerobic bottom waters and indicates a change to more restricted 
marine conditions. 

"Faunule 3" {Cibicides proprius zonule) occurs in the Upper Pegwell Marls Member and 
contains an abundant microfauna dominated by Cibicides spp., Bulimina spp., Gyroidina 
spp. and Hollandina spp. More open marine conditions are mdicated to have returned and 
middle shelf palaeodepths (20m - 100m) are envisaged. This zonule represents the 
maximum phase of marine transgression. A gypsiferous band within this unit contams an 
impoverished agglutinated microfauna ('Taunule 3 a") which suggests reducing conditions 
at or below the sedunent - water interface. 'Taunule 3b", which Ues above, contams more 
calcareous taxa and represents a period of shallowmg and mcreased bottom water 
oxygenation caused bythe approach of the deUa front. 

"Faunule 4'* (Cibicides cunobelini zonule) occurs withm the cross bedded Reculver Silts 
(at Pegwell and Reculver) and is dominated by Cibicides spp. and Textularia thanetana 
(Lalicker) (= Spiroplectammina thanetcma (Lalicker) herein) The cross bedding suggests 
shoal conditions. Later Haynes (1981) modified this somewhat and suggested shallow shelf 
conditions with strong deltaic influences although well away from the delta front. The 
Reculver Sihs developed at Reculver were assigned to "Faunule 4b", deposited under 
hyposaline / deUaic conditions. 

The Woolwich Beds overlying the Reculver SiUs at Reculver were mterpreted by Haynes as 
a phase of oscillatory regression, essentially barren of microfossils. 

Haynes (1981) therefore suggested that the Pegwell Marls and the Reculver Silts 
represented respectively the transgressive and regressive phases of a "Stamp - type" 
(Stamp, l921) cycle. Haynes (1958c) remarked on the close similarity between five-fold 
phases of deposition recorded from the American Gulf Coast Tertiary and those of the 
Thanet Cycle. (The absence or scarcity of plahktonic foraminifera indicated that open 
oceanic marine influences were negligible): 
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Cycle Phase Deposition Thanet Cycle 
Representative 

(e) Continental sands Reading Beds 

—; _ ; sharp change — 

(d) Less fossiliferous shales and sands which Woolwich Beds 
which display oscillatory regression effects 

_ __ sharp change — r 

(c) Regressive conditions in the upper parts Reculver Silts 
of the shale members (?+ topmost Pegwell Marls) 

__— _„ gradual but oscillatory change : 

(b) Rapid transgression and slow deposition upper Pegwell Marls 
thereafter 

— . _____ sharp change — 

(a) Initial transgression with deposition of a lower Pegwell Marls & 
transitional member Stourmouth Clays (presume-

ably including the Bullhead 
Member). 

On a rather more global scale, Paiaeocene benthonic microfaunas have been recognised 
from every continent. They have been differentiated mto three basic "types", each bemg 
primarily depth controlled. The character and distribution of the benthonic assemblages 
recorded in this study can be related to these "types" and additional palaeoenvhronmental 
information can be obtained. 

Berggren & Aubert (1975) discussed the distribution of Paiaeocene benthonic forammifera 
from the Atlantic-Tethyan region and recognised three distmct assemblage types termed 
"Tethys Carbonate Fauna" (TCF), "Midway" and "Velasco" (the later two after the two 
formations in North America where the assemblages are well developed and where they 
were first recognised). The assemblage types are almost woridwide m their distribution and 
characteristic species are extremely cosmopolitan within their respective assemblage types. 
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The cosmopoUtan nature is thought to be due to more equable climatic conditions 
prevaUing during the Paiaeocene resultmg hi a lower polar to equatorial thermal gradient, 
together with warmer oceans with a more unifomi thermal structure to theni; The primary 
cause of this equable cUmate was mamly palaeogeographical distribution of the continents 
and the associated palaeo-oceanographic effects. 

Berggren & Aubert (1975) have described the setting of the major continents during the 
Paiaeocene (after Berggren & HolUster, 1974). In summary, the Atlantic ocean was 
bordered towards the north by N.America (to the NW), Greenland (to the North) and 
Europe (to the NE). A wide connection to Tethys was in place towards the east between 
the European and African plates and a relatively narrow seaway existed between 
N.America and Greenland (the present day Labrador Sea). Circulation patterns in this 
ocean were predominantly clockwise with a proto-Gulf Stream introducing relatively warm 
waters into NW Europe. During the "Middle" Paiaeocene (c.60 m.y.b.p.) active spreading 
in the North Atlantic switched from the more northwesterly Labrador Sea to a more 
northeasterly direction which opened a seaway between Europe (including Norway) and 
Greenland. This introduced cold "Boreal" Arctic waters into northwest Europe and 
effectively isolated the North Sea from warmer Atlantic influences. The effect on 
Paiaeocene assemblages, both planktonic and benthonic were profound and discussed 
below. 

Of Berggren & Aubert's (1975) three Paiaeocene benthonic assemblages, the first, the 
"Tethys Carbonate Fauna", is characterised by various cibicidUds, nonioniids, rotaUids, 
discorbids, elphiduds and assorted "larger" foramioifera (e.g. NummuUtes, Alveolind etc.), 
which, as it's name indicates, developed in carbonate environments of the Tethys Sea. It is 
primarily a shaUow water (<30m - 50m) inner to middle shelf assemblage. Assemblages of 
this type are not encountered in northwest Europe until the Eocene where the occurrence 
of Nummulites spp. and others has been weU documented. One-major difference in these 
European forms is that although the microfaunal association is present, it is not developed 
in the appropriate Uthofacies i.e. carbonate. Berggren & Aubert (1975) themselves imply 
that this association is confined to circum-Tethyan regions. 

The second and third assemblage types are more appUcable to the kmd of benthonic 
microfaunas seen m Northwest Europe and are discussed hi detail below. It should be 
stressed that the boundary between the two assemblage types is not clearly obvious and 
some degree of intermingUng of characteristic taxa can be expected, particularly along the 
upper continental slope. 

32 



"Midway type" microfaunas: 

Midway type microfaunas are characterised by abundant and diverse smaller calcareous 
benthonic foraminifera, mainly lagenids, cibicidiids, anomalinids, lenticulinids, nodosariids 
and vaginulmids. Agglutinated taxa (ammobaculitids, spiroplectamminids and textulariids) 
are also common but subordinate to the calcareous benthos. These assemblages are almost 
always associated with primarily clastic deposition "and have been recorded worldwide. 

Berggren & Aubert (1975) in a highly comprehensive study which cannot be adequately 
reproduced here, compare and contrast the Midway type noicrofaunas recorded by various 
authors from many worldwide localities including-

North America: 
South America: 
North Atlantic: 
Europe: 

Africa/Mid East: 

Soviet Union: 

Oceania: 

Midway, Wilcox, Rancocas, Vincetown, Aquia and Sabine. 
Soldado and Lizard Springs. 
West Greenland, Rockall Bank and Norwegian Sea. 
Scandinavia (mainly Sweden & Denmark), Holland, Belgium, 
England, France, Germany and Poland. 
Egypt, Algeria, Libya, Saudi Arabia, Morocco, Tunisia, 
Lebanon and Syria. 
Various locations particularly around the Crimea, Ukraine 
and Tadzhikistan together vwth western Siberia. 
S.Australia, SW New Zealand and the Tasman Sea. 

After exhaustively comparing and contrasting various worldvwde assemblages and 
taxonomies, they conclude that the Midway type microfauna is characterised by the 
followmg species: Cibicidoides alleni (Plummer), C.hawelli (Touhnin), C.succedens 
(Brotzen), Anomalinoides acuta (Plummer)̂  Alabamina midwqyensis (Plummer) (= 
A.obtusa (Burrows & HoUand) herein), Gavelinella danica (Brotzen), Gneelyi (Jennmgs). 
and Osangularia plummerae Brotzen, as well as various lagenids (nodosariids, lenticulinids 
and vaginulinids), polymorphinids and textulariids: 

The "Midway type" microfauna is characterised as a middle - outer shelf assemblage of 
approximately 50m-200m water depth. 

It is apparent that assemblages recorded from onshore northwest European locaUties are 
closely related to the Midway type assemblages of Berggren & Aubert (1975). It wiU also 
become apparent that assemblages described in this study from the (especiaUy Southern) 
North Sea also belong to this assemblage type. King (1989) approxunates his "outer 
subUttorai" biofacies (biofacies 2a) from the North Sea with a "Midway type" assemblage 
(see Chapter 7.2.2). 
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"Velasco type" microfaunas: 

Velasco type microfaunas are characterised by robust anbmalinids (Gm'elimlla 
beccariifomijs (White), G.nibiginosa (Cushman) (^G.danica (Brotzen) hereui), 
G.velascoensis (Cushman), Niittalides truempyi (Nutall), N.florealis (White), Osangidaria 
velascoensis (Cushman) and Aragonia velascoensis (Cushman)) lagenids including 
nodosariids {Nodosaria velascoensis) and dentalinids {Dentalina limbata) small 
agglutinated forms {Gaudryina pyramidata, Tritaxia apera and Dorothia ex gr. oxycona 
trinitatensis) and various gyroidinids and buliminids. They are considered to be 
characteristic of continental slope, continental rise and abyssal plain environments with 
water depths of200m or more. 

Tjalsma & Lohmann (1983)̂  recognised several different deeper water biofacies in their 
study material from the Atlantic Palaeogene. Although they do not use the term "Velasco" 
throughout their pubUcation the present author has assumed that their biofacies can be 
grouped together under this term. 

The deepest biofacies encountered is dominated by Nuttallides spp. and ranges from the 
Early Paiaeocene to the late Middle Eocene. A second, shallower biofacies is dominated by 
Gavelinella beccariiformis. The Nuttallides biofacies graduaUy expanded its bathymetric 
range from abyssal depths to middle bathyal depths throughout the Paiaeocene, replacmg 
the shaUower Gavelinella biofacies and driving it upslope into shaUower waters where it 
subsequently disappeared close to the Paiaeocene - Eocene boundary. 

An increase in evolutionary appearances of new taxa then occurred and the Nuttallides 
biofacies returned to abyssal depths where it became extinct in the late Middle Eocene. At 
approximately the same time, two taxonomically and bathymetricaUy distinct biofacies 
developed in the Early and Middle Eocene. The deeper biofacies is characterised by 
Globocassidulina subglobosa, Gyroidinoides spp. and Cibicidoides ungerianus 
(d'Orbigny), whereas the shallower biofacies is dominated by Lentiailina spp. Both 
biofacies mmntained then- depth distribution until the end of the Eocene. 
Certain North Sea microfaunal assemblages, particularly towards the Central and Northern 
North Sea areas, may correspond to the Velasco type association described above. King 

Berggren & Aiibert (1975) summarise but do not discuss the characteristics of the Velasco type 

microiaunas in detail. They state that a colleague (R.C.Tjalsma) would publish on the Velasco type faunas 

but the present author could not trace such a publication. However, RCTjalsma and G.P.Lohmann 

published work on Atlantic Palaeogene abyssal foramininfera (1983) which forms the basis for the above 

discussion. 
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(1989) approjdmates the Velasco type microfaunas to his "epibathyal biofacies" (biofacies 
2b) - see Chapter 7.2.2. 

Van Morkhoven ei al. (1986) examined the distribution of deep water benthonic 
foraminifera throughout the Cenozoic. They recognised several groups of selected taxa 
with different upper depth limits m (for example) the Paiaeocene and Eocene: 

Upper Depth Limit Paiaeocene Eocene 

Middle Neritic 
(30-lOOm) 

Upper Bathyal 
(200-300m) 

Bulimina midwayensis 
Anomalinoides danicus 
Anomalinoides lellingensis 
Cibicidoides alleni 
Osangidaria plummerae 
Stensioeina parvula 
Tritaxia midwayensis 

Neoflabellina delicatissima 
Colettes reticulosus 
Cibicidoides dayi 
Angulogavelinella avnimelechi 
Dorothia oxycona 
Gaudryina pyrimidata 

Bulimina jacksonensis 
Anotnalina bilateralis 
Uvigerina gardnerae •. 
Planulinaxocoaensis 

Cibicidoides eocaenus 
Vaginulinopsis decorata 
Anomalinoides capitatus 
Uvigerina rippensis 
Turriling robertsi 
Spiroplectammina spectabilis 
Valvulina mexicana 
Gaudryina hiltermanni 
Planulina costata 

M.-U. Bathyal 
(500-700m) 

Bulimina trinitatensis 
Bulimina velascoensis 
Nuttallides truempyi 
Stensioeiha beccariiformis 
Osangularia velascoensis 
Spiroplectammina spectabilis 

Bidimina jarvisi 
Bulimina trinitatensis 
Bulimina tuxpamensis 
.Cibicidoides tuxpamensis 
Nuttallides truempyi 
Osangularia mexicana 
Hanzawaia ammophilia 
Cyclammina spp. 

In summary, the southern parts of the North Sea region (including the Southern North Sea, 
southern U.K., Scandinavia and the European countries bordering the area to the south) 
during the Late Paiaeocene (Thanetian) lay under a broad, fairly shallow and relatively cool 
semi-enclosed sea. The western margin was largely deUaic and the palaeoshorelme around 
the area seems to have shifted frequently and, because of the shallow waters, with relatively 
large lateral magnitude. 
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However, a rather different mterpretation can be made fUrther northwards into the central 
and northern parts of the North Sea when viewed in the light of other forammiferal 
evidence. Publications on the Early Palaeogene foraminiferal microfaunas of the Central 
North Sea area are rare (Gradstein & Berggren, 1981; Chamock, 1983 - unpubUshed M.S.; 
King, 1983 & 1989) but significant m that the microfaunas they describe are radically 
different fi-om those of contemporaneous microfaunas to the south. 

The microfaunas in question are comprised, almost exclusively, of agglutmating 
forammifera, the majority of which use non-calcareous material in then- test wall 
constmction. Some agglutinated forammifera do use calcareous cenient in test waU 
constmction,' however it is the former type that are referred to throughout the "rest of this 
work. Assemblages of this type had previously been recorded by several authors (including 
Grzybowski, 1894-1901; Geroch, 1959, 1960; Geroch et al., 1967; Brouwer, 1965; 
Jednorowska, 1968; - see Gradsteui & Berggren, 1981 for a review) fi-om flysch deposits 
aroimd the world. Flysch deposits are thick fine-grained elastics that accumulated in 
tbredeeps during the active upUfl phase of a geosyncUnal belt (Gradstem & Berggren, 
1981). They have been found worldwide but the term is more usually associated with the 
flysch sediments deposited on the north side of the Alpine geosyncline during Late 
Cretaceous to Palaeogene times. It is not surprismg then that this characteristic 
agglutmated assemblage has been termed "flysch type forammifera". Flysch type 
assemblages (firom Gradstein & Berggren, 1981) on the whole... 

• occur m the peUtic interval of turbidite sequences 
• are dominantly siliceous agglutinated With, at best, rare calcareous elements 
• are moderately diverse but not particularly abundant 
• have a cosmopolitan distribution 
• contain predominantly smgle-chambered and uniserial genera. 

Of particular relevance to this section of the study are the palaeoecological impUcations of 
such a microfauna (for their biostratigraphic utUity see Chapter 7.2.2). One major problem 
in respect of the palaeoenvironmental mterpretation of these faunas is that they have no 
direct modem analogues. However, Gradsteui & Berggren (1981) provide an excellent 
review of the many and varied proposed palaeoecological significances of flysch-type 
agglutinated microfaunas and themselves describe extensive flysch-type asseniblages firom 
the Maastrichtian - Palaeogene of the North and Labrador Seas. More recentiy. Miller et al. 
(1982) examined smiilar assemblages firom shrdlar aged sediments firom boreholes ui the 
Labrador Sea. Chamock (1983, unpubUshed MS) described a diverse agglutinating 
assemblage firom an unnamed weU in the Central North Sea and Kmg (1983 & 1989) also 
describes agglutinated taxa firom the North Sea offshore in general. 
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Between these workers and others working on similar assemblages outside the North Sea 
region, many different environmental factors controlling the distribution of such 
assemblages have been suggested. They can be grouped into bathymetry, sedhnent surface 
characteristics and, together, water chemistry, physics and hydrographic properties. 
However it seems likely that there is no single primary control and a combination of two or 
more principal factors niay be needed to account for these assemblages. 

1) Bathymetry 
Brouwer (1965) coined the term "lUiabckmimimfama!' after the dominant genus recorded 
in his study of the Alpine flysch. He postulated a very deep water origin for these 
assemblages. He compared his findmgs with-those of Brady, 1884 and Saidova, 1961, who 
described similar assemblages from the Recent deep-sea abyssal plain (below 3000m) below 
the Calcium Carbonate Compensation Depth (CCCD) i.e. the level in the oceans below 
which solid CaCOs goes into solution. Thus the absence of calcareous organisms is caused 
by the instability of calcite below the CCCD vnth very low (1-1.5°C) temperatiues and high 
pressures. Moorkens (1976) however, indicates that such agglutinated assemblages can 
occur in upper bathyal or even outer neritic depths in northwest Eiuopean Early Tertiary 
basms. \filler et al. (1982) from theh- studies in the Labrador Sea noted a constant value of 
calcimn carbonate in sediments across a boundary which saw a major faunal change. 
Eocene assemblages of predommantly agglutmatmg taxa are replaced, rather abruptly, by 
an Ohgocene assemblage of calcareous benthonic taxa. This would seem to suggest that 
calcium carbonate was available at the tune of the existence of the agglutmating assemblage 
and thus these assemblages are not exclusive to depths below the CCCD. Berggren & 
Aubert (cited as in press in Gradstem & Berggren, 1981) describe a diverse agglutmated 
assemblage from the Paiaeocene - Eocene of California which may have been deposited in 
as shallow palaeodepths as 200m (outer neritic). The same fauna is noted by them 300km 
away in arkosic sands from the distal end of a turbidite fan (l-2km palaeodepth). Finally, it 
is weU knovm from studies on present day agglutmated forammifera that they can exist to 
the exclusion of ihost other types m the very shallow waters of marginal marine marshes 
and brackish estuaries (see Haynes, 1981). 

This shows that depth per se does not control the presence of agglutinated assemblages of 
the Rhabdammina fauna type. 

2) Sediment Surface Characteristics 
The abundance of agglutinated foraminifera in turbidite type deposits was, according to 
Ksiazkiewicz (1961) due to the high availability of suitable test-building niaterial brought in 
by turbidity currents which cohveruently sorted the size-factions of sediment grains with the 
finest grains accumulating on the siuface of the turbidite deposit. Miller et al. (1982) 
however,, stated that Uthology was constant across their major faunal boundary at the 
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Eocene/Oligocene in the Labrador Sea. The local extinction of the agglutinated microfauna 
was not therefore, they suggest, caused by a change in substrate characteristics. 

3) Water Chemistry, Physics and Hydrographic Properties 
Saidova (1960, 1965 ^ d 1976) suggested that the distribution of agglutinated assemblages 
hi the Recent abyssal environment of the Pacific was Imked to latitudinal factors of 
temperature and salinity and hyposometric factors such as temperature (vertical), pressure 
and dissolved oxygen. The high pressures, low temperatures and low levels found in this 
envuonment are conducive to the development of this type of assemblage. These 
conditions, which also include sUghtly reduced saUnity, would also inhibit CaCOj 
accumulation and impede its use as a test construction material. 

Greiner (1969) suggests the fimdamental factor governing the occurrence of benthonic 
foraminifera is the availabiUty of CaCOj. The organic cement of many agglutinated 
foraminifera (Hiltermann, 1973) is msoluable in COz-rich bottom waters which would 
otherwise hamper the production of calcareous tests or corrode those that are mtroduced 
into the area. This is suggested to explain why agglutinated foraminifera are abundant in 
envuonments low in CaCOj, low hi salinity and low m temperature and/or O2 and have 
fluctuating pH values. Such environments include marginal marine and brackish waters as 
well as the deep ocean basins (see also Murray, 1973, 1992). It also explains why 
agglutinated foranunifera are more common in higher latitudes as CaCOj is more soluble in 
colder waters. 

High latitudes also tend to produce CaCOj-poor terrigenous runoff which, together with 
factors described above, can raise the level of the CCCD (400m in the Ross Sea of 
Antarctica - Fillon, 1974). The CCCD can also be shallow along contmental margms (see 
Hesse & Butt, 1976). High sedimentation rates may decrease the biogenic carbonate 
concentration due to dilution effects. The abundance of organic matter would produce 
higher COj levels and would also lower pH levels at or below the sediment - water 
interface (see subsection iii below). Conditions somewhat sunilar to this exist around large 
deltas where carbonate poor/firee sedhnents on the delta slope may be replaced seaward by 
carbonate-rich sedunents (Hesse & Butt, 1976). 

Moorkens (1976) has suggested that three (and later, 1983, added a fourth) main chemical / 
physical factors are important in favouring the development of flysch-type agglutinating 
foraminiferal assemblages: 

i) the rapid deposition of fine-grained organic-rich sedunents m stagnant, poorly 
circulating bottom water conditions usually found in silled basins and 
topographically low areas. 
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ii) low (<7.8) pH values which are caused by a high CO2 content. This high CO2 
content can be caused by: 

• m still decaying organic matter or 
• occurring in cold, deep waters where it is induced by low temperatiues and 

high pressures. 

The high CO2 (and low O2) inhibits production and fossiUsation of a calcium 
carbonate test and impedes aerobic bacterial activity. 

iii) • negative or low positive Eh values (However, this is more of a fimction of ii) above 
as these Eh values are produced by low pH and low O2 levels) under reducmg 
conditions. The reducing conditions in question may occur below the sediment -
water mterface, even as shallow as 1mm below, in an otherwise normally 
oxygenated environment. Consequently, a calcareous microfauna that may be 
thriving on the sediment surface would be removed by dissolution on burial after 
death. 

iv) availability of iron may also be important, mamly for the more primitive 
Astrorhizidae, which require the element in order to secrete ferric oxides as a test 
cement. 

The physico-chemical conditions outlined above can explam the formation of a flysch-type 
agglutinated foraminifera assemblage without the need to introduce water depth 
(bathymetry) as a primary causal factor. Some of the conditions described above can be 
found in deep water environments but depth-is not their cause per se. 

It is mterestmg to note that the physico-chemical conditions conducive to development of 
flysch-type assemblages form much of the requuements for the deposition of hydrocarbon 
source rocks. Although any real evidence for a link, particularly hi the North, Sea, has yet to 
be adequately demonstrated. However, the organic-rich succession of the Kimmeridge 
Clay2 of Dorset contain (virtually) only agglutinated foraminifera -with calcareous taxa 
present mainly above and below. 

Insofar as these assemblages can help elucidate the palaeogeography / envuonment of the 
central area of the North Sea, they can provide much usefiil information. Chamock (1983 -
unpublished MS) has collated much data on the ecological preferences of modem day 
agglutinated genera and species. This information shows that most genera exist over quite 

2 The principal source-rock for oil in the North Sea 
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substantial bathymetric ranges e.g. Rhizammina (150m-4820m); Ammddiscus (36m-
5929m) and Ammobaadites (1 lm-7228m) are typical. Similarly at the species level, this 
trend is repeated vvith some species showing wide bathymetric ranges though they may be 
restricted in discrete areas e.g. Glomospira gordialis (Jones'&.^axkeT) (an extant species 
also recovered from the North Sea Paiaeocene) occurs shallower than 200m west of 
California (Bandy & Chierci, 1966) but at depths greater than 2500m on the Newfoundland 
Slope (Schafer et al., 1981) (see Chamock, 1983 - unpublished MS for more examples). 
However, there seehis to be a preference (though not exclusively) for existence at depths 
below 200m. 

Comparison with modem analogues can also assist. Chamock chooses five widely spaced 
geographical localities {the Pern-Chile Trench (Bandy & Rodolfo, 1964); the Gulf of 
Mexico (Le Roy & Hodgkinson, 1975); the Skagerrak (Hoglund, 1947); the Newfoundland 
Slope (Schafer et al., 1981) and the Antarctic Slope (Milam & Anderson, 1981)} and 
compares then- agglutinated assemblages with those pubUshed from the North Sea. 

According to Kmg, 1989, agglutinants typical of the "Rhabdammina biofacies" first appear 
in the North Sea Tertiary in the basal Late Paiaeocene. He considers this to be comcident 
with the base of a low sea-level phase (cycle TP 2.1 of VaU et al., 1977, see also Haq et al., 
1988 and Text Figure 14) during which conditions for the development of the biofacies 
were at then-best 

The picture emerges (see Text Figure 4 and Text Figure 5) of the central area of the North 
Sea (Outer Moray Firth / Central Graben) during Late Paiaeocene times as probably close 
to the locus of maximum sediment deposition and maximiun palaeodepths dming this time. 
The sea would have been enclosed on nearly aU sides with an opening probably in the north 
connecting to an open Boreal ocean via the Norwegian - Greenland rift. Clearly, adequate 
vertical water circulation in such a sea would have been difficult to estabUsh, let alone 
maintain, and comparative stagnation (below surface waters that could have been mixed by 
wave action) would have soon developed. This surface mixing, renewing O2 levels in 
surface waters, may have been sufBcient to support a thriving siuface plankton such as 
planktonic foraminifera, nannoplankton, dinoflagellates, planktonic diatoms and radiolaria, 
which would have contributed to high organic productivity. 

Sediment input into the area (from the emergent Shetland Platform and the Scottish 
Highlands plus possible sources to the east) vvas rapid and probably faurly continuous. 
These factors would have been conducive to forming the physico-chemical conditions (high 
CO2 levels, low O2 levels and low pH values) necessary for the estabUshment of a thriving 
agglutinated assemblage. Calcareous organisms may have also existed side by side with the 
agglutinants, at least, those forms more tolerant of low CaCOj conditions. 
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Reducing conditions just below the sediment - water interface would, however, have 
removed any trace of a calcareous organism soon after burial after death; Non- calcareous 
planktonic organisms such as dinoflagellates and diatoms recovered, sometimes in 
abundance, from Late Palaeocene North Sea sediments, support the suggestion of a 
productive phytoplankton. 
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Text Figure 4 Generalised Late Paiaeocene Palaieogeography (after Zeigler, 
1990) 
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Text Figure 5 Generalised Late Paiaeocene Palaeogeography (after Murray, 
1992) 
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2.3.3.Latest Paiaeocene - Earliest Eocene Paiaeogeograpiiy 

Knox et al. (1981) suggests that the switching of depocentres and source areas mentioned 
previously in this section are probably tectonically controlled, being related to impending 
plate-separation between Greenland and Rockall in the Early Eocene. The accompanying 
volcanic activity left a widespread mark in northwestern Europe with the deposition of 
laterally extensive tuffs with volcanic glass shards throughout most of the area. An 
alternative (or indeed additional) volcanic source area for these tuffs has been postulated 
from a volcanic province in the Skaggerak area (Bonde, 1974 and Soper et al., 1976). 

This so-called "ash marker"' is several tens of metres thick across the region and is found 
throughout most of the North Sea (as the Balder Formation) and also outcrops in 
Denmark, Germany, the United Kingdom and The Netherlands. Several phases of ash 
deposition have been recorded from the North Sea area, particularly in the north around the 
Hahbut Horst, Forties area and Viking Graben. The earUest phase is dated as lowermost 
Thanetian. 

Nearly 200 individual ash layers have been delineated in the Mo-clay of Denmark (Jacque 
& Thouvenin, 1975). A characteristic and mainly pyritised planktonic diatomaceous 
microfauna has been recorded from these ash (i.e. latest Paiaeocene - early Eocene) layers 
by several authors in and around the North Sea area {Staesche, 1938 and Bender, 1972 
(from Germany); Jacque & Thouvenin, 1975 and Crittenden, 1979 (from the North Sea); 
Haynes in a pers. comm. to Crittenden, 1979 (from the Thanet Formation of the U.K.); 
Davis & Elliot, 1958 (from the lower London Clay) and Berggren, 1960 (from the lower 
Ypresian of The Netheriands)}. The palaeogeographical/environmental hnplications of this 
microfauna are not inconsequential. Jacque & Thpuvenin (1975) argue that the presence of 
abundant pyritised diatoms is, in itselĴ  mdicative of tuff formation. They do, however, go 
on to state that the distribution of these diatoms (specifically Coscinodiscus sp.i) is not 
limited to the tuff zones but may be found as high as the Miocene. They suggest that 
diatoms were common in the surface waters during periods of volcanic ash input due to 
silica enrichment of the sea water which is, in turn, conducive to diatom "blooms". 

Alternatively, Bonde (1974) considers the gross physical shape of the Late Paiaeocene -
Early Eocene North Sea which was ahnost fijUy enclosed with a northemwards opening via 
the Norwegian Sea. PrevaiUng winds were from the northwest (which also were responsible 
for the wind-blown transport of ash from the Hebbridean Volcanic Province) and created a 
surface current m this almost enclosed sea. The resultant upweUing would have brought 
abundant nutrients into the surface waters which would have supported a large planktonic 
biomass. The consequent subsurface counter-current would remove subsurface nutrients 
and cause a dysaerobic envirormient at depth (i.e. on the sea floor), The overconsumption 
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of oxygen at the surface (by the plankton) may further reduce O2 levels at the sea floor and 
the mcrease in organic input would compound this. 

The dysaerobic bottom waters would have provided chemically reducmg conditions which 
would prevent the existence or preservation of organisms with calcareous shells (i.e. 
calcareous benthonic and planktonic foraminifera, ostracods etc.) but would, however, be 
more conducive to the preservation of siliceous organisms, particularly if pyritised, or other 
non-calcareous organisms such as agglutinated foraminifera. 

However, benthonic assemblages from this time-hiterval in the North Sea Basm are. subtly 
different from those occiurmg above, and below. Although agglutinating taxa are present, 
they are hot of the "Hhabdcmmim biofacies" type (see King, 1989 fig. 9.14) and co-exist 
with, albeit rare, calcareous benthonic forammifera (Zone NSA 2 of Kmg, 1989). King 
therefore suggests that palaeodepths during this tune were comparatively shallow and 
appear to equate with the Late Paiaeocene sea level falls of TP 2.3 and TE 1.1 of Vail et 
al., 1977 (and see also Haq et al., 1988 and Text Figure 14). 

Radiometric dating of lavas of the Hebbridean Volcanic Province from Greenland, Scotland 
and Ireland (see Chapter 6.1) provide ages broadly compatible wth the relative 
stratigraphical position of these tuffs in the North Sea. They are regionally dated as latest 
Paiaeocene - earliest Eocene in age. 

Sediments of Late Paiaeocene age from onshore U.K. localities do not, however, show any 
evidence for ash deposition. The earliest Tertiary e\ddence for this has been located in the 
basal London Clay (Early Eocene) at Harwich in East AngUa (EUiot, 1971; Knox & ElUson, 
1979). This is clearly younger than the mam ash phase m the North Sea area and suggests 
that this may comcide with the period of maximum ash production in the Hebridean 
Province. 

Knox (1979), however, described igneous grams from the Bullhead Member (basal Thanet 
Formation) at Pegwell Bay. Whilst these may have been reworked from the underlying 
chalk (although if feldspathic this may be unhkely) they may mdicate a relationship vwth the 
Late Paiaeocene volcanic activity m the north. 

2.4.Early Eocene Palaeogeography 

Though Hebridean volcanic activity continued hito the Early Eocene, its effects became 
noticeably less marked as time progressed into the Early Eocene proper. Separation of 
Greenland from northwest Europe promoted North Atlantic mfluences into the area from 
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the north (and from a lesser extent through the English Channel) and Early Eocene 
transgressive events WGTQ common. The most significant of these led to the deposition of 
the London Clay and its equivalent offshore units. The "London Clay Sea" was larger m 
areal extent to the previously described "Thanetian Sea" with the shallower two of the 
three benthonic foraminiferal biofacies of King, 1983 & 1989 - see above (i.e. the "Inner 
Sublittoral" and "Outer Sublittoral-Epibathyal" biofacies) increasmg in area. The 
"Rhabdammind" biofacies was still largely confined to the central and deeper parts of the 
North Sea Basin where surface and subsurface marine cii-culation was still prevented from 
occurring at greater depth. 

The larger extent of the London Clay Sea is demonstrated by the abundance of planktonic 
foraminifera at certain levels within the London Clay Formation (specifically the so-called 
"planktonic datum" at the base of Division B l vwthin magnetochron 24.2 - see Murray et 
al., 1989). Murray et al. (1989) suggest that this planktonic abundance, together with other 
organisms accompanying them, indicate that water depths of >200m may be envisaged. The 
present author, however, considers that figure may be somewhat high. The planktonic 
foraminifera recorded from the London Clay, though they may be abundant, are of simple 
"globigerine" morphology with keeled and/or thick walled taxa more indicative of deeper 
waters apparently absent. The palaeogeographic, palaeoclimatic and palaeooceanographic 
setting during the Early Eocene would appear to have been suitable for the mtroduction of 
such morphotypes provided water depths were also suitable. Alex-Sanders (1992 
unpublished MS) estimates water depths not exceeding c.llO metres in the London Clay of 
the Isle of Wight (Hampshire Basm). 

The benthonic taxa recorded from the London Clay (see Murray et al., 1989 figs. 10.4, 10.5 
& 10.10) would appear to have more similarity with those assemblages from the Inner 
Sublittoral and the Outer Subhttoral biofacies of Kmg, 1983 & 1989 (the latter bemg 
approxhnately equivalent to the Midway Type assemblage of Berggren & Aubert, 1975). 
King (1989) suggests that water depths for the fonner were probably between 0-50m and 
approxhnately 50-200m for the latter. 

Further out mto the central parts of the North Sea Basm, typical "Rhabdammina biofacies" 
agglutinated taxa become re-estabUshed and dominate microfaunal assemblages. This is 
coincident with the major eustatic sea level fall during the late Early - early Middle Eocene 
(base of TE 2.1 of Vail et al., 1977, and see also Haq et al., 1988 and Text Figure 14). A 
generalised Eocene palaeogeography (after Ziegler, 1990) is shown m Text Figure 6. 
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Text Figure 6 Generalised Eocene Palaeogeography (after Ziegler, 1990) 
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2.5.The post-Early Eocene Tertiary 

Clastic sedimentation continued throughout the remiainder of the Tertiary as subsidence 
continued. The last structural influence on the area was that of the Alpine Orogehic Phase 
which took place firom Late Cretaceous to Mid-Tertiary times. It was caused by the 
restriction and eventual closure of Mediterranean Tethys between the European and 
African continental plates, This had relatively littie eflfect on the North Sea Basin but was 
more influential towards the southern parts of the area as demonstrated by the almost 
vertical Palaeogene strata on the Isle of Wight. 

In the North SeaBasm, up to 3000m of post-chaUc cliastic sediments have been deposited, 
under a variety of depositional settings with the main depocentres aroimd the Central 
Graben. 
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3.Localities 

Nowhere in Northwest Europe is a complete Palaeocerie sequence exposed. This is a major 
contributory factor to the confusion and controversy over the appUcation of Paiaeocene 
stage names as discussed in Chapter 5. However, many locaUties can be found displaying 
parts of the succession throughout Europe. 

Paiaeocene outcrops were exanuned from Southeast England and Denmark. Core material 
was also available from orishore U.K. boreholes. Samples were collected by the author (aU 
U.K. material), the author and Dr. Bruce Tocher (Stevns Klmt, Bulbjerg and Lrmdsgaards 
Cliff in Denmark). 

A map showing the locations of aU outcrop sections and boreholes is shovra in Text Figure 
7. 

3.1.Onshore U.K. 

The oldest Tertiary strata m the U.K. are the Thanet Sands exposed m Kent. They are best 
developed in two locaUties with outcrops at PegweU Bay and Reculver CUff near Heme 
Bay. The Thanet Beds are predominantly fine sands and sUts with glauconite and clay 
seams. They achieve their maximum thickness (about 27 metres) hi the eastem part of 
Kent. They occur (as outcrop and subcrop) roughly within a triangular area bounded by 
Ramsgate, Epsom and Ipswich (Curry, 1965) and the clay content decreases towards the 
west. The Thanet Sands rest upon various ages (Coniacian to Carnpanian) of the Upper 
Chalk, mdicating considerable erosion and planmg-off of the chalk. The maxhnum extent of 
the Thanet Sea probably reached as far as the Guildford area and then retreated back 
towards the east laying down the regressive Woolwich and Reading Beds in the process. 
These beds overUe the Thanet Sands m the east (as the more marine Woolwich Beds) and 
Ue directly on the chalk towards the west of London (as the fluvio-deltaic Reading Beds). 
These sedhnents are, m tum, overlam by the Oldhaven (which may be latest Paiaeocene in 
age) and Blackheath Beds of the subsequent Eocene marine transgression. 

The Thanet Formation (Thanet Sands) are divided into five "Members" with aU but No.3, 
the Kentish Sands, outcropping at PegweU Bay: 
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5. The Reculver Silts 
4. The Pegwell Marls 
3. The Kentish Sands (NB. in west Kent (near Sittingboume) only. They are thought 

to be laterally equivalent to the Pegwell Marls and Reculver Sihs and were not 
studied as part of this project.) 

2. The Stourmouth Clays 
1. The Bullhead Conglomerate. 

The Woolwich Beds of Kent progress, laterally mto the Readmg Beds near London and 
have been divided mto sk "units" (Hester, 1965; Ellison, 1983):' 

6. Glauconitic Clay 
5. SheUey Clay 
4. Laminated Sand 
3. Ferruginous Sand 
2. Mottled Clay 
1. Pebble Beds ("Bottom Bed" of Hester, 1965) 

The Pegwell Bay succession in east Kent has been previously described by several authors 
(Whitaker, 1872; Burrows & Holland, 1897; Haynes, 1954, 1956). The Bullhead 
Conglomerate, Stourmouth Clays and Pegwell Marls are exposed resting upon frost-
shattered chalk of MJesiudinarius Zone age. The basal conglomerate is composed of 
poorly sorted, green coated angular flints derived from the underlying chalk which are 
contained in a glauconitic sandy matrix. This is overlain by several metres of Stourmouth 
Clays (pale-banded, sandy grey-brown glauconitic clays containing flint grams) and Pegwell 
Marls (dark grey sUty marls and clays). Haynes (1958) recorded no microfossils from the 
Stourmouth Clays but a diverse microfauna (echinoid spines, fish teeth, sponge spicules, 
bryozoa, diatoms, ostracods and foraminifera) was recorded from the Pegwell Marls and 
Reculver Silts. 

Haynes' drawing of the Pegwell section (Haynes, 1956, p.81) indicates a (largely complete) 
section of some 22-23 metres thickness from which he took 54 samples (numbered P1-P54 
up section). The section examined by the present author is much less complete. This is 
probably due to the construction in the 1960s and 70s of hoverport facihties which are now 
largely disused. The present author was able to sample some 5-6 metres above the base of 
the Thanet Formation with a 2-3 metre gap before the next in situ part of the section which 
was only c.0.5 metres thick. This included the basal unit of the Thanet Formation (Bullhead 
Member) and probably all of the Stourmouth Clays, however, it is Ukely that only part of 
the Pegwell Marls (probably the lowermost interval) have been sampled in this study 
(samples P B l 1 & PB12 herein). 
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Access to stratigraphically higher sections at Pegwell Bay is difficult due to the 
construction of the hbverport facilities there. However, a small (about 3 metres) part of the 
succession can be located behind the.hoyerport beneath the cliff road. This is comprised of 
brown siks containing bands of shell debris and large, flat "doggers" of cemented sandstone 
which can be matched with similar sediments at Reculver and therefore are assigned to the 
Reculver Sihs Member. The vertical interval between these two small sections could not be 
measured accurately but was probably in the order of 5-10 metres. 

The sediments at Reculver Chff (the Reculver SUts) are easily accessible along, the long 
beach on the north coast of Kent near the village of the same name. The silts are developed 
in a high chff face and are composed of grey-brown glauconitic sandy sihs becoming less 
sandy in the lower part. Two parallel rows (about 4-5 metres apart) of hard cemented 
sandstone "doggers" about 1-2 metres in diameter are also present in the lower levels as 
well as numerous bands of shell debris. Many doggers have weathered out of the cHff face 
and much of the beach is covered with them although they can be found in situ towards the 
east of the cliffs near the old Anglo-Saxon fortification. These can probably be linked to the 
same type of doggers at Pegwell Bay. Above the uppermost dogger band at Reculver 
(taken by some to mark the top of the Thanet Formation but see Ward, 1978 and below) 
the sequence becomes more sandy and shelly and eventually more typical of the Woolwich 
Beds. This junction can also be seen fiirther to the west at the Upnor Pit quarry near 
Rochester, where massive imconsohdated Thanetian sands are overlam by unidirectionally 
cross-bedded Woolwich Sands, which are in tum overlain by the pebbly base of the 
Oldhaven/Blackheath unit. 

Haynes (1954-56) in his study of the Enghsh Paiaeocene collected 20 samples (prefixed 
"RB") fi-om this locality which he assigned to "subzonule" 4b (see Chapter 2). 

Ward (1978) has provided a detailed site report of the succession at Reculver hi which he 
erects and/or modifies several Hthostratigraphic units examined there and these units are 
shown in Table 3.1. 
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FORMATION/UNIT NAME THICK 
(tn) 

LONDON P London Clay 36.90 
CLAY O London Clay Basement Bed s.s: 0.60 

N Glauconitic cross-bedded sand 6.00 
OLDHAVEN M Glauconitic silty sand 0.75 

L Basal Pebble Bed 0.30 
WOOLWICH & K Woolwich Marine Beds 5.20 
READING J Beltinge Fish Bed 0.40 . 

I Unfossiliferous sandy silts 1.25 
H Sandy silt with plant debris 0.25 
G G.regulbiensis Bed 1.20 

THANET F T.parisiensis Bed 0.60 
E Atenera Bed 1.00 
D P.remensis Bed 3.20 
C A.morrisi Bed 2.10 
B Reculver Tabular Band 0.20 
A E.cuneatus Bed 7.75 

TABLE 3.1: Lithostratigraphic Terminology of the Lower Tertiary deposits of 
Herrie Bay, Kent (after Ward, 1978). Thicknesses given are maxhnum values. 

Ward also discusses the history of the placement of the Thanet / Woolvwch & Readmg 
Formation boundary and concludes that the lithological differences between Units I and J 
vwth flint pebbles, green-coated flints and sharks teeth of Unit J mdicathig a major 
sedimentary discontmuity, warrant placement there. He equates the Beltinge Fish Bed (Unit 
J) as the lateral equivalent of the Woolwich & Reading Basal Pebble Bed (Woolwich 
Bottom Bed of Gurr, 1963). He also lists over 120 species of forammifera recovered fi-om 
this locaUty (after Haynes, 1956, 1958; Wood & Haynes, 1957 and Haynes & El-Naggar, 
1964). 

The Thanet and Woolwich Beds were also sampled from core material provided by the 
British Geological Survey from a borehole at Wormingford Mere. This borehole penetrated 
a thickness of 33.0 metres of Tertiary sediments before encoimtering Cretaceous chalks. Of 
this 20.85 metres were recorded as Paiaeocene (9.35m of "Woolwich and Reading Beds" 
overlying 11.5m of "Thanet Beds"). The Woolwich Beds were logged as "interbedded 
mottled purplish clay with "race" and greenish-grey silt", with the lower 1.5m bemg 
glauconite rich. The Thanet Beds were described as "bioturbated grey fine-grained sand 
with occasional beds of glauconite-mottled clay, particularly in the bottom 1 metre". 
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Key to Text Figure 7 (Localities) overleaf. 

Localities (vertical scale bars = 1.00m) 

1. 21/26-lD 
2. 29/25-1 
3. 44/2-1 
4. 49/10-1 
5. 49/22-2 
6. 49/24-2, -3, -4 
7. 49/25-1 -2 

8. Wormingford Mere B.G.S. borehole 
9. Reculver, Heme Bay, U K 
10. Pegwell Bay, UK 
11. Lundsgaards CUfl̂  Denmark 
12. Stevns Klint, Denmark 

"North Sea" Structural Elements; 

BFB Broad Fourteens Basin LSB Lower Saxony Basin 
CBH Cleaver Bank High MFB Moray Fhth Basm 
CG Central Graben MNSH Mid North Sea High 
DE Danish Embayment RFH Ringkabuig Fyn EQgh 
E H Egersund High SHB South Hahbut Basin 
ESB East Shetland Basm SPB Sole Pit Basm 
ESP East Shetland Platform U H Utsira High 
FAB Forties Approaches Basin V G Viking Graben 
FB Faeroe Basm V U H Vestland Utsira High 
FGS Fladen Ground Spur WH Winterton High 
HB Hampshire Basin WP Westem Platform 
HP Horda Platform WSP West Shetland Platform 
IS Inde Shelf 
LBP London Brabant Platform 

53 



Text Figure 7 Localities of sections arid wells used in this study 
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3.2.0nshore Denmark 

The majority of localities studied in Denmark covered the Late Cretaceous - Danian 
interval developed in carbonate facies. Several Cretaceous-Tertiary boundary sections were 
exanuned and sampled. These included Bulbjerg, Nye Cliff, Kjolby Gaard and Dania Quarry 
in Jutland and Stevns Klint on Zealand. A "Selandian" (Late Paiaeocene) sequence of 
(Kertenunde) marls were also examined and sampled at Ludsgaard's CUff on the island of 
Fyn. 

Nye Cliff and Kjolby Gaard are relatively small inland road^ank-side exposures that were 
once sea cliffs. They offer a reasonable vertical succession but little lateral extent, a feature 
better developed at the Bulbjerg coastal section and, spectacularly, at Stevns Klint in the 
coastal cUffs. The comparable section at Dania Quarry is now largely obscured due to the 
quarry workings. 

The Stevns Klint locality of eastem Zealand provides the most complete and accessible 
Cretaceous - Tertiary boundary sequence and lateraUy extensive Danian carbonates which 
outcrop and are almost untilted along the entire coastline. They display large bryozoan 
bioherm mound stmctures with flmt bands picking out large-scale cross beds. The Fish-
Clay layer is also well developed here which Hes between clean, white, flinty Maastrichtian 
chalks and bryozoan-rich limestones of the Danian. This section is arguably one of the most 
important worldwide exposures of this important stratigraphic boundary and consequently 
the amount of Uterature pertaining to it is extraordmary (e.g. see Birkelund & Bromley, 
1979 for a small sample). In view of the importance of this section, a schematic diagram of 
the locaUty is shovra in Text Figure 8. 

The Maastrichtian chalk at Stevns KUnt is represented by thicknesses of up to 35m along 
the entire cliff section. The lower 5-lOm of the sequence (not sampled here) is comprised 
of bryozoan-rich chalk, deposited in low mounds as evidenced by undulating flmt bands. 
The next 20m or so is represented by horizontally bedded chalk with an apparently lower 
fossil content and a high density of Zoophycos bmrows (Siulyk, 1979). A prominent flint 
horizon (which can be traced along the entire cliff section) occurs near the top of this 
"White Chalk" unit, the top of which is marked by an omission surface less than a metre 
above the flint band. Above this surface Ues c.3-4m of bryozoan-rich limestones 
("Bryozoan ChaUd') which were deposited in low, asymmetric biohermal movmds, each of 
which overlaps the next to the south. These bioherms are picked-out by flint bands which 
are mainly found to Ue along the less-steep northem flank. Thalassinoides burrows are 
common. 
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The surface of the uppermost "Bryozoan Chalk" forms broad shallow basins and the apexes 
of the bioherms have all been "planed off" by a burrowed hardground- at the top of the 
"Cerithium Limestone" (see below). 

Within these basins occurs the so-called "Fish Clay" layer which actually consists of 4 
individual sub-layers (Christensen et al, 1973). The Fish Clay can achieve thicknesses of up 
to 35cm in the deeper parts of the "basins" (not observed up to this thickness here), 
although it wedges out completely towards the "basm" margins. The 4 layers (+1 each 
above and below) are described as follows (after Christensen et al, 1973): 

Bed VI • Cerithium Limestone Limestone, calcareous sUt, white, oflien sUghtly 
yellow, devoid of bryozoans but with abundant 
Thalassinoides burrows 

Bed V Fish Clay Marl, veined and streaked, light grey, containing 

firagments of white chalk (5-7cm) 

Bed rv Fish Clay Marl, streaked, black to light grey (3-5cm) 

Bed n i Fish Clay Marl, silty, black, with pyrite concretions (2cm) 

Bed n Fish Clay Marl, layered, grey (l-2cm) 

Bed I Bryozoan Chalk Chalk, calcareous silt, whiteish grey, abundant 
biyozoans 

To say that the scientific and popular interest generated by this important unit (given its 
stratigraphical position) is mversely proportional to its thickness would be an 
understatement. As mentioned above and below, it is not within the scope of this thesis to 
examine every hypothesis proposed vis a vis the Cretaceous - Tertiary boundary and the 
cause(s) of extinctions thereof Nevertheless, some mention needs to be made here of the 
current opinions with regard to the biostratigraphy of the Fish Clay. 

Unfortunately, planktonic foraminifera are extremely rare in the Fish Clay and doubts ais to 
their status (in situ or reworked) are many. No specific mention of planktonic foraminifera 
recorded from the Fish Clay is noted by (for example) Hofker (1960), Berggren (1962a) 
and Bang (1969, 1971 & 197.9). 

Perch-Nielsen (1979) records a naimofloral assemblage from the Fish Clay which differs 
only slightly firom that recorded in the underlying Maastrichtian chalk. However, two taxa 
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(Thoracosphaera spp. and Bianolithus sparsus) are said not to be found in the underlying 
Maastrichtian chalk and thus apparently confer a Danian age upon the Fish Clay. Perch-
Nielsen also records the persistence of some nannofloral genera across the C/T boundary 
which she regards not to be reworked (although the bulk of the other forms recorded from 
the Fish Clay are indeed regarded as such). 

A study of the palynoflora of the Fish Clay of Denmark and Southern Sweden by Hultberg 
(1985) yielded a highly detailed palynostratigraphy of this enigmatic unit. The Cretaceous / 
Tertiary transition is even less well marked by extmctions within the palynoflora than the 
nannofossils. Abundances of palynomorphs do, however, increase between the underlying 
Maastrichtian chalk and the overlying Fish Clay. Hultberg therefore suggests that the Fish 
Clay palynofloras are primary and not reworked. He notes the foUovwng palynofloras in 
each of the 4 Fish Clay subunits of Christensen et al, 1973: 

Bed V barren of dmoflagellates 
Bed IV assemblage dommated (70%) hy M.druggii 
Bed i n monospecific assemblages of M.druggii 
Bed n Maastrichtian assemblages dominated by P.grallator 

The Fish Clay from Dania and Kjolby Gaard, however, yielded well developed Danian 
palynofloras, the composition of which indicates deposition imder normal marine conditions 
in westem Denmark. 

Hultberg concluded that the age of this unit is biostratigraphicaUy older m easterii Denmark 
(e;g. Stevns Klint) than in westem Denmark (e.g. Kjolby Gaard) i.e. that it is diachronous. 
In fact, due to the recovery of no Danian palynological taxa from Stevns Khnt, he 
concludes that the Fish Clay unit.at Stevns KUnt is actually latest Maastrichtian in age as 
opposed to earUest Paiaeocene. This is supported somewhat by foraminiferal evidence 
quoted by Hultberg and also by this study. 

Measurements of the palynofloral components of these assemblages suggest that deposition 
of most of the Fish Clay at Stevns Klint may have taken place under low saUnity or brackish 
conditions (Hultberg, 1985). The fine laminations of Bed IV and the pyrite nodules of Bed 
III indicate that conditions may have been euxinic, at least during the deposition of the 
lower part of the Fish Clay (Surlyk, 1979). 

These conclusions throw questions on the so-caUed "global impact extinction hypothesis" 
proposed for the end-Cretaceous mass extinction event by Alvarez etal. (1980) and others. 
Proponents of this hypothesis assume global synchroneity between different Cretaceous -
Tertiary boundary layers contaming Iridium peaks as the source of this platmum group 
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metal is thought to have been an extraterrestrial body which impacted on the Earth's 
surface. 

At Stevns Klint, the Fish Clay is overlain (at least within the Bryozoan Chalk bioherm 
"basms") by a c.O.Sm thick unit - the "Cerithium Limestone". This unit is intensively 
burrowed by Thalassinoides and is often yellow in colour. The top of the Cerathium 
Limestone has been eroded (probably submarine in origin and followed by early diagenetic 
cementation down to a depth of c.SOcm (Surlyk, 1979)) - an event which also "planed off" 
the crests of the intervening Maastrichtian Chalk bioherms.- This hardground contains a 
diverse macrofauna including the lower Danian echinoid Brissopneustes danicus. 

This hardground forms the base for a thick sequence of bryozoan-rich hmestones 
("Bryozoan Limestone") which display similar bioherm features to the Maastrichtian 
Bryozoan Chalk below. However, these bioherms are much larger (varying from c.8-c.20m 
high) and have more abundant and contmuous flmt bands which pick out the bioherm 
development. The north - south overlap by successive bioherms is still appiarent and the 
bioherms themselves were probably originally formed by upcurrent growth of bryozoan 
mounds (Thomsen, 1976). 

The biohermal development within the Bryozoan Chalks (Maastrichtian) and the Bryozoan 
Lunestone (Danian) at Stevns KUnt indicate deposition imder the influence of a dominantly 
unidirectional water flow (north to south), below normal wave base (Bromley, 1979). 
Hakansson et al (1974) considers the Bryozoan Chalk to have been deposited around the 
lower limit of light penetration (i.e. c.lSOm), whilst the features displayed in the Bryozoan 
Limestone (see Bromley, 1979) suggest possibly shaUower waters (e.g. up to c.SOm 
(Thomsen, 1976)) during the earUest Paiaeocene. 

The Bulbjerg section of northem Jutland also displays the bioherm development but does 
not contam a K/T boundary layer. These carbonates are thought to be of younger Danian 
age than those of Stevns Klint. 
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Key to Text Figure 8 (Stevns BQint) overleaf. 

(vertical scale bars = 1.50m) 

BL Bryozoan Limestone 

CL Cerithium Limestone Bed VI (part) of Christensen et ah, 1973 

FC Fish Clay Beds II - V of Christensen et al, 1973 

BC Bryozoan Chalk Bed I of Christensen a/., 1973. 

WC White Chalk 

Details of Fish Clay hthologies: 

Chalk; v̂ ĥiteish grey 
Limestone; silty, white - often slightly yellow 
Marl; layered, grey 
Marl; silty, black 
Mari; streaked, black - light grey 
Marl; vemed & streaked, light grey w/ fi-agments of white chalk 
Pyrite nodules 
Bryozoa 

TO 

^ 
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3.3.0ffshor9 (North Sea) 

Samples were examined from 9 wells drilled by Shell (U.K.) Exploration and.Production 
Ltd. during the 1960's and early 1970's. Seven of these wells are located between 53° and 
54° North in what is termed the Southern North Sea with the remaming two drilled fiirther 
northward into the Central North Sea. Some pertment data for each well is give m Table 
3.2. 

All the wells are situated on structural "highs" or platforms as opposed to basinal 
depocentres. 

Wells 21/26-ID and 29/25-1 are located some way onto the Westem Platform which 
borders the west and southwestern edge of the Central Graben. Well 44/2-1 is located on 
the North Dogger Shelf, well to the southwest of the Central Graben. Wells 49/10-1 and 
49/20-2 are located on the Cleaver Basm High and the remamder of the wells (49/24-2,3 & 
4 and 49/25-2) are situated oh the Indefatigable Shelf 

WELL LAT/ 
LONG 

YEAR 
COMP 

WATER 
DEPTH 

(ft) 

K.B. 
ELEV. 

(ft) 

INTERVAL 
ANALYSED 

SAMPLE 
TYPES 

21/26-lD 57°05N 
00°05'E 

1968 • 289 84 2660'-3650' Cuttings 

29/25-1 56°20'N 
01°50'E 

1970 271 78 5800'-6156' Cuttings & 
SWCs 

44/2-1 54°50'N 
02°25'E 

1965 82 86 2730'-3090' Cuttmgs 

49/10-1 53°45'N 
02°40'E 

1971 122 81 2820'-3030' Cuttings 

49/20-2 53°27N 
02°58E 

1971 103 91 2490'-2850' Cuttings 

49/24-2 53°10'N 
02°40'E 

1968 102 100 1860'-2220' Cuttings 

49/24-3 53°19'N 
02°45'E 

1969 103 96 1700'-1920' Cuttmgs 

49/24-4 53°19'N 
02°42'E 

1970 107 100 1460'-1790' Cuttings 

49/25-2 53°12'N 
02°5rE 

1970 97 97 2030'-2780' Cuttings 

TABLE 3.2: Supplementary data for wells used m this study. 
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4.Sainpling and Techniques 

4.1 .Sample Quality and its Effect on Results 

Geologists collecting samples from outcrops are able to exert great control .on sample 
quality. Precise locations can be pinpointed, required amounts obtained and contamination 
minimised. It is also possible to examine material in 3 dimensions. Micropalaeontological 
analysis using this quality of material can be very comprehensive with quite high resolution 
work possible. Also many statistical packages can be appUed to such data for 
biostratijgraphic, taxonomic and palaeoenvironmental • studies. Samples collected from 
onshore locahties visited by the author were taken bearing these points hi mind. Scaled 
schematic logs of the samples sections are included with the palaeontological distribution 
charts m the Appendix at the end of this thesis. 

Unfortunately, the same accuracy and precision cannot be expected when using samples 
obtained by rotary drilling (commonly kiiown as "ditch cuttmgs"). The process by which 
these samples are obtained is described briefly below and shovm diagrammatically in Text 
Figure 9. 

The main factors mfluencmg the quahty of samples obtamed at flie well head are: 

• Drilling Fluid (or "Mud") 
• Drillmg Practices (Rate of penetration, bit type etc.) 
• Human factors 

Of these, the drilling fluid, or mud, is probably the most important. This mud has several 
fimctions in the driUing process not least of which is to control the subsurface geopressures 
encountered at depth in an open borehole. To counteract these pressures (to fail would 
result in blowout) the mud needs to have sufficient MUD WEIGHT (i.e. density). The 
control of the mud weight is critical in drilling. Too high a mud weight (an "overbalanced" 
situation) would result m the borehole fluids invading and possibly damaging the formation 
being drilled. Also high weight muds are expensive and impair efficient drilling. Too low a 
mud weight ("underbalanced") would not be sufficient to restrain the subsurface 
geopressure and a blowout would probably result. Ideally, the mud weight in a borehole 
being drilled would exactly counteract the subsurface geopressure encountered. However, 
this is not in itself strong enough to prevent the walls of the borehole from sloughing off 
and falling into the borehole itself, a process knovm as caving which has serious 
impHcations for micropalaeontological sample quality (see below). 
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Should drilling also cease for any reason, the mud should be sufficiently viscous enough to 
hold the cuttings suspended hi the borehole; Prolonged periods of stagnation can result m 
cuttings "settling out" with mixing of cuttings generated from different, depths. 

To assist in high rates of penetration (and hence economical drilling), bit technology has 
advanced to Turbine Drilling (mud flow through the drill pipe which drives a turbine motor 
behind the bit in addition to the rotary speed appHed to the drill string as a whole) and the 
use of "Stratopax" type bits. These bits tend to "chew out" ditch cuttings rather than break 
them up as would a normal roller-cone bit, and microfossils can often be damaged by this 
process, somethnes bemg rendered urddentifiable. 

Text Figure 9 shows that there is a tune-lag between the generation of cuttings at the bit 
and their appearance at the surface over the "shale shakers". This "lag-tune" can be 
calculated and is a fimction of borehole geometry, hole depth and rate of mud pumping or 
can be measured directly by the introduction of a detectable substance into the system (e.g. 
acetylene) and the tunmg of its reappearance at the surface. Either of these methods can 
only be at best an approximation and hence the certainty that a sample is m fact 
representative of the hiterval it is supposed to be from, is largely open to question. The 
concept of "INTERVAL SAMPLES" is also raised here. The lag-time is started when the 
bit has "cut" the rock at the requured depth. After the expiry of the lag-time, the cuttings 
from that depth will, hopefitlly, be at the surface but also along with the cuttings from the 
mterval hnmediately above, proceedmg from the previous sample taken. Also the amount of 
sample available to the micropalaeontologist seldom exceeds about 20 grams which may 
not be totally representative of a (sometimes) 40 foot uiterval. 

The rate of penetration of the formation has an mduect bearing upon sample quaUty. Part 
of the job of the "mudloggmg geologist" on a rig is to collect the samples at the right time 
when they appear at the surface over the shale shakers. For samples at 30 foot intervals 
(usual for the North Sea Tertiary) at normal rates of penetration, this can mean collecting 
and describhig one sample every ten minutes. Under high penetration rates this can often be 
reduced to one every five minutes or less, a situation that the author has experienced at first 
hand. The potential for errors at these rates, is high and samples can be mis-caught or even 
missed altogether. 
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Text Figure 9 Borehole sample collection at wellsite during rotary drilling 

SWIVEL ^ MUD CIRCULATION ROUTE 

FACTORS AFFECTING LAG TIME (t|ag) 
1) PUMP VOLUME AND RATE 

.2) ANULUS VOLUME AND LENGTH (HOLE DEPTH) 
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The practical role of caving upon sample quality in boreholes cannot be overstressed. The 
effect of caving is to mtroduce rocks (and hence, micrbfossils) of a stratigraphically-younger 
position into approximately in situ samples of "known" position. In terms. of 
biostratigraphy this vwH artificially extend the life-range of a species dovrawards (i.e. older) 
and therefore mask the true evolutionary appearance of that species m a drilled 
stratigraphic succession. Hence in offshore or hideed "industrial" biostratigraphy, zonation 
schemes based on the highest occurrences of species (i.e. their extinctions) are preferred to 
the more conventional and scientifically correct method whereby lowest (i.e. evolutionary) 
occurrences are used (see Chapter 7). Extinction events can sometimes be misleading but at 
least are not affected by problems of caving unless the species hi question is particularly 
rare in the area. 

Two methods of downhole sampling are, however, not subject to caving problems. Cores, 
where taken, provide samples which are uncontammated and can be pinpointed accurately 
in a depth succession. Sidewall Cores, though smaller, also provide accuracy. Unfortunately 
these methods of sample collection are time consuming and expensive and are normally 
only done over intervals of great economic rather than academic interest in a well. In this 
study, sidewall core niaterial was available fi^om well 29/25-1. The wells drilled in the 
Southern North Sea were targeted on the Permian gas play and thus core sampling in the 
Tertiary was not required. 

Core material was available however firom the two British Geological Survey boreholes at 
Bures and Wormingford Mere and was examuied in this study. These were 2" (5.0 cm) 
(diameter) cores and were sampled at approximately 1 metre intervals taking 200-500 
grams of material per sample. 

4.2.Processing Techniques 

Two types of samples were used in this study, those collected by the author fi-om onshore 
outcrop localities and B.G.S. core material and ditch cuttmgs samples provided by Shell 
(U.K.) Exploration and Production Ltd. firom North Sea Boreholes. The most important 
physical difference between the two types being their size - approximately 0.5 - 1.0 Kg for 
the former and less than 0.002 Kg for the latter. However, processing methods were shnilar 
for both types. 

The majority of samples were fi-om sofl: un- or semiconsoHdated sediments which required 
very little washmg to break them down. Samples from the chalk locaUties or intervals on 
the other hand were often well cemented and required crushing under water in a large 
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mortar until a coarse sand-size slurry was obtained which was then processed in the same 
way as the softer samples, described below. 

1) The microfossils were released fi^om the sediment by washing over a 75 |j.m 
aperture sieve by a gentle water jet. This also removed all clay size material 
which would hinder picking, 

2) The residue was transferred to a filter fimnel where excess water was 
allowed to drain off and the filtrate dried in an oven at 60°C. 

3) . The dried residue was then labelled and stored in preparation for picking. 

4) The picking process required the splitting of the sample into discrete size 
fi-actions for ease of examination. This involved passing the sample through 
a nest of sieves of 500|im, 250|jjn and 125nm aperture size resulting in 4 
size fi-actions. 

5) Each size firaction was examined microscopically on a 9cm x 5cm tray and 
any microfossils found removed usmg a size 00 paint brush and placed onto 
a 32-grid micropalaeontological assemblage sUde coated in a dilute solution 
of gum tragacanth. 

6) A maxhnum of 300 specimens per sample was taken although the ditch 
cuttings samples were picked totally, irrespective of numbers recovered. 
Any sample requiring an examination of ten trays of residue without findmg 
any microfossils was deemed to be barren. 

7) Spechnens selected for illustration were mounted onto copper stubs, gold 
coated, and photographed on a Jeol T20 Scamung Electron Microscope hi 
the E.M. Unit, University of Plymouth. 
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S.Chronostratigraphy 

5.1.Introduction 

Rapid vertical and lateral lithological variation of facies, language differences and personal 
philosophies of workers have resulted in a plethora of various chronostratigraphic stage 
names which cover the hiterval from Late Cretaceous to Early Tertiary times. A review of 
Paiaeocene chronostratigraphy is essentially a review of the Uterature of which a ftiU review 
is beyond the scope of this thesis. Most of the stage names given below have only very 
limited local appUcation and are only retained for their parochial value. 

5.2.The Cretaceous 

As only a few samples m this project were obtained from Cretaceous (Nfaastrichtian) strata, 
brief remarks only wiU be given for that stage. 

The Cretaceous was first formally subdivided by d'Orbigny (1842) into a six-fold division 
comprising Neocomian, Aptian, Albian, Cenomanian, Turonian and Senonian stages. Desor 
(1847) later introduced the term Danian for the youngest unit of the Cretaceous above the 
Senonian (see below). Two years later, the term "Maestrichtian" (French spelling) was 
introduced by Dumont (1849) as the youngest substage of the Senonian when he described 
the Calcaire Grossier exposed near the Dutch town of Maastricht. 

5.2.1.The Maastrichtian 

The type section sequence exposed m the quarry at Maastricht (proposed by Uhlenbroek, 
1912 and refined by Franken, 1947) is: 
Md 
Mc Craie de Maastricht (Tuff Chalk) 
Mb 
Ma 

Cr4 
Cr3c 
CrSy Craie de Gulpen (Gulpen Chalk) 
CrSb 
Cr3a 
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Van der Heide (1954) maintained that Dumont's definition included only the TufF Ghalk 
relegating the Gulpen Chalk to the Senonian. Voigt (1956) argued otherwise and reinstated 
the Gulpen Chalk to the Maastrichtian. Evidently the original Maastrichtian was poorly 
defined and its precise meaning still recently debated. Ball (1985) indicates that confiision 
over the stage limits stems firom the fact that the type section is a warm water detrital facies 
which bears Uttle relation to the more typical white chalk facies of northem Europe. 
Palaeontological studies fared little better with early ammonite workers reaching conflicting 
conclusions (see Grossouvre, 1897 and 1901; Amaud, 1897). Belemnites proved more 
successfial and the first evolutionary appearance (i.e. lowest occurrence) of Belemnitella 
tojceo/ato now marks the base of the.Maastrichtian. 

5.3.The Paiaeocene 

The term "Paiaeocene" was mtroduced by Schimper in 1874 to distinguish the lowest part 
of the Tertiary system which up until then was included as the lowest part of the Eocene. 
He used the term when describmg the "Traertin de Sezanne" m the eastem part of the Paris 
Basin and considered the floral content was sufBcient to distmguish it fi"om the younger 
Eocene and older Upper Cretaceous and to warrant a new stage name. Also assigned to 
this new stage were the contmental conglomerates of "Meudon" and "Cemay", 
characterised by thehr mammaUan fossils. It was perhaps unfortunate that Schimper chose a 
contmental/non-marine sequence on which to base his new stage. Correlation with adjacent 
marine deposits was just about hnpossible and has led to much controversy surroundmg its 
position. Ironically, the French themselves have taken the most pessimistic view of the 
stage and even as relatively recently as 1957, advocated its removal from the geological 
column (Magnm, 1957). Even in the United States, it was only formally recognised by the 
U.S. Geological Survey in 1939. Most support for the new stage came from Scandinavia 
and the Soviet Union. 

Many sediments have been excluded from the Paiaeocene because of the poor initial 
definition and the "PisoUtic Limestones" of Laversines and Vigny were only comparatively 
recentiy elevated from the Late Cretaceous to the Tertiary and proved to be equivalent to 
the "Tufifeau de Ciply" in Belgium (Damotte & Feugueur, 1963). Hence the Paiaeocene of 
the Paris Basin includes various rock-units between Upper Cretaceous chalks and the basal 
Eocene but with their upper and lower Ihnits uncertam. Even relatively recently there is still 
some uncertainty as to whether or not the flora Schimper mentions from the "Lignites de 
Soissonais" actually came from these beds at all or from the younger overlying Cuisian 
(Lower Eocene) sandstones (Berggren, 1965). 
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The first study of Paiaeocene microfaunas was made by Von Koenen (1885) with a 
foraminiferal investigation of the glauconitic sediments at Copenhagen and showed that 
they were more comparable with the Paiaeocene and not the Cretaceous as was previously 
thought. He correlated them with the Bracheaux Sands of France as the younger part of the 
Middle Paiaeocene, a correlation which has stood until today. 

To add fiuther confiision, even before Schimper's introduction of 'Talaeocene" several 
other stage names were erected to describe various segments of the interval between the 
Late Cretaceous and Early Eocene: The Landenian (1839); Danian' (1846); Heersian 
(.1851); Montian (1868) and Thanetian (1873). Also, others were mtroduced subsequently: 
Spamacian (1877); Seelandian (= Selandian of some) (1924); Eysdenian (1931); Dano-' 
Montian (1949) and Derdian (1960). 

The type sections for all of the above are located over a wide expanse of Europe and were 
set up by different authors for different sedimentary sequences formed by a variety of 
environments rangmg from conthiental through lagoonal, brackish and estuarine to shaUow 
and deep marine. Given this, the possible combination of terms to describe the Paiaeocene 
seems endless. El-Naggar writes (1966 p.24)... 

"Thus, while the Paiaeocene in the Paris Basin was regarded as including 
the Thanetian and Spamacian; the Montian, Thanetian and Spamacian; 
the Montian and Thanetian; or the Thanetian alone, it was taken to include 
the Montian and Landenian in southern Belgium; the Montian, Heersian 
(with or without the Infra-Heersian) and Landenian in northeastern 
Belgium and Holland; the Thanetian with or without the Woolwich and 
Reading Beds in England; the Selandian, Thanetian and Laruienian in 
Sweden and Denmark, and any further combination of these plus or minus 
the Danian." 

This statement does not hiclude the various terms set up in the Soviet Union i.e. the 
"Inkermanian" (=Montian) and "Kachaian" (=Thanetian) stages which excludes the Danian 
from the Paiaeocene (U.S.S.R. Permanent Stratigraphic Commission for the Paiaeocene, 
1963). Neither does it include the American "Midway", "Sabine" and "Wilcox" stages. 
Other names were mtroduced which encompassed several of the stages mentioned above 
i.e. the Suessonian (Landeriian, Spamacian and Cuisian) and Garumnian (Danian and 
Montian). These were fortunately dropped shortly after thehr mtroduction. 

The question of the validity of the term "Middle" Paiaeocene is also problematic. On the 
European mainland, stratigraphic stages such as Selandian and Monti'an have often been 
termed Middle Palaedcene, with the Late Paiaeocene bemg represented By the Landenian 
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stage. In low-latitude continuous marine sequences, almost all workers delineate a Middle • 
Paiaeocene which spans planktonic foraminiferal Zones P2-P4 (see Chapter 7). In the 
North Sea region however, the Paiaeocene is simply divided two-fold with the junction 
between the Early and Late Paiaeocene being placed at the top of Zone P2. 

The relative stratigraphical positions of several of the stratotypes mentioned above are 
shown in Text Figure 10. 
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Text Figure 10: Stratigraphical Setting of several European Palaeogene Stratotypes 

CHRONO-
STRAT. STRATIGRAPHICAL POSITION OF EUROPEAN PALAEOGENE STRATOTYPES 

52^ 

53 -

54 -

55 -

56 -

57 -

58 -

59 -

60 -

61 -

62 -

63 -

64 -

65 -

•z 
< 

CO 
UI 

Q. 
>-

z 
< 
Q 
a. 
U i 

? 

UPPER (CONTINENTAL) 
LANDENIAN 

THANETIAN 

LOWER (MARINE) 
LANDENIAN 

03 
a. 
ui 
ui 
X a 

z 
< 
-J 
U l 

CO 

MONTIAN 

z 
< 

< 
a 

71 



6.Geophysical, Litho- & Sequence 
Stratigraphy 

6,1.Radiometric Time Scale 

Standard Cenozoic radiometric time scales have been erected by Berggren & Van 
Couvering (1974); and Hardenbol & Berggren (1978) vwth a revievî  by Harland et al. 
(1982) which is used here. The percentage error cited by Harland et ql. is + or - 2.7 Ma at 
60 Mybp to about + or - 12 Ma at 500 Mybp. This data is shown below m Table 6.1.. 

TERTIARY {63.0} 

65.0 

EOCENE {16.9} 
54.9 

50.5 
Early {4.4} 

TERTIARY {63.0} 

65.0 

54.9 

PALAEOCENE {10.1} 

65.0 

Late {5.3} 
60.2 

TERTIARY {63.0} 

65.0 

54.9 

PALAEOCENE {10.1} 

65.0 
Early {4.8} 

CRETACEOUS {79.0} MAASTRICHTIAN {8.0} 

TABLE 6.1:Radiometric Time Scale for the Maastrichtian - Early Eocene 
Interval (after Harland et al. 1982). 

Figures m millions of years absolute age and {duration}. 

Generally, radiometric age determinations are made fi-om the analyses of radioactive 
elements and their daughter products after decay in igneous rocks although similar methods 
can date glauconite grains in sediments. 

The nearest igneous complex in both age and proxhnity to Northwest Europe during Early 
Tertiary tunes is the so-called Hebridean Volcanic Provuice - a series of plateau basalts 
fomied during the separation of NW Europe and Greenland (see Chapter 2). These basalts 
(found m Greenland) have been dated as 50.0 Mybp + or - 1.4 (Early Eocene) by Odm & 
Mitchell (1983). Associated intrusions in the U.K. are thought to be no more than two 
milUon years younger (Mitchell & Reen, 1973). 

The Potassium-Argon method of age dating can also be used in glauconite grain age 
determinations. Glauconite, a common authigenic constituent of marine sediments, is 
basically a muscovite mica lattice with Al and Fe/Mg within that lattice. Glauconite dates 
fi-om Europe (summarised in Hardenbol & Berggren, 1978 fi-om various authors) are : 
Bracklesham Beds, U.K. 49.4 Ma (earliest Middle Eocene); "Cuisian" of Paris, 51.3 Ma 
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(Early Eocene); "Thanetian" of Paris 53.6 Ma (Earliest Eocene); "Thanetian" of U.K., 57.0 
Ma (Late Paiaeocene); Gelinden Marls, Belgium, 57.1 (Late Paiaeocene). 

6.2. Magnetostratigraphy 

The principles of magnetostratigraphy are well established and need not be repeated here. 
Polarity intervals vary hi length from 0.01 Ma to several lO's Ma. A polarity "chron" is a 
period of dominanfly one type (normal or reversed) of interval or another and a numerical 
convention has been established for the naming of magnetostratigraphic intervals from the 
Latest Cretaceous to the present day. Magnetic anomalies begin with the most receiit at the 
Mid-Ocean-Ridges and are numbered "1". This then carries on to anomaly "32!' an anomaly 
dated as approximately Early Maastrichtian in age. 

The oldest Tertiary magnetozone occurring in the U.K. is termed the Thanet Magnetozone. 
It is the lowest of 8 stratigraphically distinct "nonnal" polarity magnetozones in an 
otherwise "reversed" polarity sequence in the Lower Palaeogene formations of the London 
and Hampshire Basms (Townsend & Hailwood, 1985). It occurs in the Thanet Sands of 
Pegwell Bay and Aubry, Hailwood & Townsend (1986) have attempted an mtegration with 
the calcareous nannofossil zonation of Martini (1971). Calcareous nannoplankton 
assemblages occur in the younger part of the Thanet Sands at Heme Bay (Bramlette & 
Suhvan, 1961; Hay & Mohler, 1967). They were assigned to Zone NP8 by Martmi (1971) 
with Aubry (1983) then assignmg the Lower Thanet Beds (Pegwell Bay) to Zone lSiP7 or 
older, i.e. the Thanet Mfegnetozone is equivalent to Zones NP6-7 and possibly 8. The 
"chron" associated with Zone NP6 is numbered "C26N", marine anomaly 26 (Townsend, 
1984; Shackleton et al, 1984) taken from D.S.D.P. results. Onshore sections m the 
southem Alps have also provided evidence to confirm this (Lowrie et al, 1982; Alvarez & 
Lowrie, 1984). These magnetpchronozones are shown on a diagram in the chapter on 
Sequence Stratigraphy (Text Figure 14). 

A second magnetozone has also been recognised in the Oldhaven Formation at Heme Bay, 
specifically from the volcanic ash-bearing Heme Bay Member of the Oldhaven Formation. 
Unfortunately the Heme Bay Member contains no age-diagnostic fossils although it is over-
and underlain by sedhnents of A,hypercanthum dhioflagellate Zone age (ECnox, Harland & 
Kmg, 1983) and can therefore be assigned to this Zone. Costa & MuIIer (1978) correlate 
the A.hypercanthum Zone to nannofossil Zone NP9 and Knox (1984) correlates it with 
Zone NPIO. Aubry, Hailwood & Townsend (1986) favour this younger age and have 
concluded the Oldhaven Magnetozone to be a short period of normal polarity which 
occurred during the reversed C24R chron owmg its recordmg and preservation to the 
locally high sedimentation rates pf the Oldhaven Beds. 
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6.3.Lithostratigraphy 

Most onshore Paiaeocene sections m Northwest Europe are of a highly variable character 
and lithplogical similarities do not appear to extend over large distances and are usefiil only 
at local level. However, more complete Early Tertiary sequences with greater lateral 
persistency are found offshore and standard lithostratigraphic schemes are available. 

More recently, a major synthesis of the Northwest European Tertiary Basm has been 
pubHshed (Vinken (compiler), 1988). Knox et al. (in Viriken, 1988) have described the 
hthostratigraphic succession in the London Bashi and East AngUa. They describe an 
upward sequence of Thanet Beds, Woolwich & Reading Beds, Oldhaven Beds ^ d the 
London Clay Formation. All of these are dated as Late Paiaeocene except the London Clay 
Formation of which only the basal Harwich Member (unit A l ) is given a tentative latest 
Paiaeocene age. 

Late Cretaceous - Tertiary Kthostratigraphy (Rhys, 1974, 1975) is much sunpUfied hi the 
Southem North Sea because of the lesser economic importance of this stratigraphic interval 
m this area. However, in the Central and Northem North Sea areas, a fahrly detailed scheme 
(Deegan & Scull, 1977) is in use. A standard, lithostratigraphy for the Dutch Sector of the 
North Sea (NAM and RGD, 1980) has also been pubUshed. 

Knox et al. (in Vinken, 1988) also describe the lithostratigraphy of Quadrant 22 (Central 
North Sea) which is based heavily on Deegan & ScuU (1977). However, they introduce a 
so-called "Eocene" shale unit above the Balder Formation (i.e. the basal part of the 
Hordaland Group. 

Knox (in Vmken, 1988) also describes the Uthostratigraphy of Quadrant 49 (Southem 
North Sea) which again reUes heavily on Deegan & ScuU (1977) replacing the 
"Undifferentiated" classification for the whole Tertiary as origmaUy described by Rhys 
(1974). A so-called "Lower Eocene" unit is introduced (presumably equivalent to the 
"Eocene" unit above) above the Balder Formation (i.e. the basal part of the Hordaland 
Group). 

Nielsen (in Vinken, 1988) appUes the same scheme to the Central North Sea area. A 
composite Late Cretaceous - Early Tertiary offshore section is described below. 

The Late Cretaceous "ChaUc Group" is a very thick carbonate sequence rangmg fi-om Late 
Albian?/Cenomanian to Danian in age. In the Northem North Sea clastic facies the 
equivalent unit is the "Shetland Group". With reference to this work, only the Maastrichtian 
and Danian stages are applicable and wiU be discussed here. 
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The Latest Campanian - Maastrichtia;n is represented by the Limestones of the Tor 
Formation which is generally "cleaner" than the overlymg Ekofisk Formation and' is 
developed as a more "typical" homogenous chalk with "chert bands. It reaches a maximum 
thickness of473.5 metres m the type well (Shell 1/3-1). 

The Danian stage in the offshore North Sea is represented by the Ekofisk Formation: a 
white, tan or beige, hard, dense Ihnestone with thm chert bands. It is composed mamly of 
clay sized particles of foraminifera and coccoUths and becomes more argillaceous towards 
the north though still retaining its high calcareous content. It reaches a maximum thickness 
of 127 metres in the type well (Phillips 2/4^5). Because of its.inclusion withm the Chalk. 
Group on obvious lithological shnilarities, the Danian is often, by association, referred to as 

• "Cretaceous" in North Sea oil "jargon". The important "top Chalk" seismic horizon (i.e. the 
top Danian where the Ekofisk Fonnation is present) is, for example, often referred to as 
"top Cretaceous". 

In North Sea "oil jargon" nomenclature, "Tertiary" refers to all post-Danian (some 3000+ 
metres thick) clastic sediments up to the present day. Sedhnentation styles were more 
varied than in the Cretaceous Chalk Group and economic interest in this interval hi the 
Central and Northern North Sea has resuUed in a detailed hthostratigraphic scheme. 
Essentially, the Paiaeocene (Late Paiaeocene as used herem) is divided into 2 units, a lower 
sedimentary fan sequence (the Montrose Group) and an upper, more argillaceous sequence 
(the Rogaland Group (= Moray Group in the Moray Fhth Basm)). A brief description of 
the Formations within these Groups are given below in Table 6.2. 

Maxunum thicknesses of Paiaeocene sedunentation accumulated in the outer Moray Firth 
Basin to the north of the most northerly well studied herein (21/26-lD). Thicknesses here 
are ahnost double those found in the Central Graben (Parker, 1975; Knox et al., 1981). 
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GROUP , FORMATION 
MONTROSE GROUP 
Sandstone \vilh variable amounts of argillaceous interbeds 
and reworked limestones and marls 

\IAUREEN FORMATION 
Mixed lithplogies with irregular distributions. Frequently, 
conglomeratic and contains reworked pebbles. The'matrix is brown 
and dark grey shales silts & sandstones. The "Unnamed Marl Unit" is 
present over highs and away from sand sources. 

Max Thickness: 668m (in 10/1-1 A) Max Thickness: 101m (in 16/1-1) 
Age: Palaeoccne Age: Paiaeocene 

ANDREW FORMATION 
Sandstone with claystone inteibeds. Sands - are fine-medium 
occasionally coarse, clear-orange quartz. The clays are grey-brown to 
grey-green and tufFaccous towards tlie top in the type well. This 
formation is essentially restricted to llie nortliwest of tlie region. 
Max Thickness: 302m (in 14/25-1) 
Age: Paiaeocene . -
FORTIES AND LISTA FORMATIONS 
Foities is a mainly sandy unit (especially in its upper part) with 
siltstones and claystones and is found as a large-scale wedge in the 
Forties area. The Lista is its lateral equivalent and is mainly a non-
laminated shale and is found mainly in eastern parts of the North Sea 
Basin. 
Max Thickness': (F) 239m Cm 21/10-1) 

(L) 151m (in 33/9-1) 
Age: Late Paiaeocene 

ROGALAND GROUP 
Argillaceous marine shales with minor sandstone interbeds. 
Shales become increasingly tuSaceous near the top. 

SELE FORMATION 
TuBaccous montmorillonite rich shales and sihstones with minor 
interbeds of glauconitic sandstone. This formation is very widespread 
but maybe absent in the extreme east of the region. 

Max Thickness: 196.5m (in 33/9-1) Max Thickness: 43m (in 16/1-1) 
Age: Falaeocene - Early Eocene Age: Paiaeocene - Early Eocene Age: Falaeocene - Early Eocene 

BALDER FORMATION 
Laminated varicoloured fissile shales vMi interbedded sandy tu£& and 
occasional limestone stringers and sands. This formation is widespread 
in the region. 

Age: Falaeocene - Early Eocene 

Max Thickness: 75m (in 25/11-1) 

Age: Falaeocene - Early Eocene 

Age: Paiaeocene - Early Eocene 

TABLE 6.2: North Sea Paiaeocene lithostratigraphic ternunology 
(after Deegan & Scull, 1977) 

The Uthostratigraphic scheme of Deegan & Scull (1977) can also be appUed, with local 
modification, to other areas of the North Sea. In the Vikmg Graben, Knox et al. (in Vinken, 
1988) have erected the scheme shown in Table 6.3 and firom the Outer Moray Futh Basm, 
Knox et al, (in Vmken, 1988) give the scheme shown m Table 6.4. 
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FORMATION LITHOLOGIES AGE REGIONAL 
CORRELATIONS 

"EOCENE" UNIT Clays (red at base) below sands Eocene none given 
FRIGG Loose sands Eocene none given 
BALDER Shales with abundant ash layers 

in lower part 
L.PaIaeocene? -
E. Eocene 

none given 

SELE&Equivs. Shales with rare ash layers 
passing west into thick sands 

L.Palaeocene none given 

HEIMDAL/LISTA Heimdal: sands & muds with 
tuffe passmg into muds of the 
Lista 

Paiaeocene part of Montrose Group 
of Deegan & Scull 
(1977) 

EKOnSK Sands overlaiu by chalk & marL 
Chalks dominate to the south, 
marls in the north •. 

E.Palaeocene nonegivea ' 

TABLE 6.3: Lithostratigrapliic Termmology for the Vikmg Graben, North Sea 
(after Knox el aL, in Vmken, 1988) Thick Unes are hiati. 

FORMATION LITHOLOGIES AGE REGIONAL 
CORRELATIONS 

"EOCENE" UNIT Green clay below muds & 
sands 

Eocene none given 

BALDER Tuffaceous siltstones L.Palaeocene? -
E. Eocene 

top unit of Moray Group 

MORAY GROUP 
CBeaulyFonn.) 

Sands, muds & lignites L.Palaeocene Unit E of Knox et aL 
(1981) 

MORAY GROUP 
(Dornoch Form.) 

shales coarsening upwards to 
sands 

L.Palaeocene Unit E of Knox et al. 
(1981) 

UNNAMED Tuffaceous sands & silts 
capped by greenish clay 

L.Palaeocene Units C2 & C3 of Knox et 
al. (1981) 

ANDREW Massive sands with thin muds 
with reworking at top & base 

Middle? 
Paiaeocene 

Units B & Ci of Knox et 
a/. (1981) 

EKOFISK Chalk in between 2 marl units E.Palaeocene none given 

TABLE 6.4: Lithostratigraphic Terminology for the Outer Moray Firth Basm, 
North Sea (after Knox et al., ui Vinken, 1988) Thick hues are hiati. 

The remainder of the North Sea Tertiary is comprised of the Hordaland and Nordland 
(jtroups (with a basal "Lower Eocene" imit as described above) ranging fi-om Early Eocene 
times to the present day. 

However, in 1992 a major review work on North Sea hthostratigraphic nomenclature was 
pubUshed in conjimction with the UK Offshore Operators Association (UKOOA). This, at 
least for the Palaeogene section (Knox & HoUoway, 1992), referred to the Central and 
Northem parts of the North Sea, excludmg the Southem area. It also included reference to 
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Norwegian areas (e.g. Isaksen & Tonstad, 1989) and, more importantly, a revision of lower 
Palaeogene lithostratigraphy of the Outer Moray Firth by Mudge & Copestake (1992). 
Both of these works, for the first time, attempted to integrate North Sea biostratigraphic 
data vwth lithpstratigraphic and sequence stratigraphic data (e.g. Stewart, 1978). Major 
revisions supplementingprevious works and applicable to this study include: 

• Abandonment of the Rogaland Group (Mudge & Copestake, 1992) 
• Redefining the Moray and Montrose Groups (") 
• Redefining the Balder, Sele, Dornoch, Beauly^ and Lista Formations (") 
• Relegation of the Forties Formation to Member status withm the Sele Formation (") 
• Relegation of the Andrew Formation to Member status within the Lista Formation (") 
• Creation of the Cromarty Member within the Sele Formation (") 
• Creation of the Bahnoral and Glamis Members withhi the Lista Formation (") 
• Replacmg the Hordaland Group with the Westray and Stronsay Groups (BCnox & 

Holloway, 1992) 
• Creation of the Horda and Mousa Formations within the Stronsay Group (") 
• Creation of the Grid, Mey, Tay and various Dornoch Sandstone Members (") 

A summary of these new revisions is shown m Text Figure 11 and this nomenclature is 
adopted herein (see Text Figure 17and Text Figure 19). 

^Relegated to Member status in Knox & Holloway, 1992 
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Text Figure 11: Lidiostratigraphy of the North Sea Palaeogene (after Knox HoUoway, 1992) 
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In countries immediately surrounding the North Sea Basin, Uthostratigraphic nomenclature 
is highly variable, reflecting irt tum the highly variable nature" of Paiaeocene sediment types 
in the region. 

The onshore U.K. succession has been outlmed in previous chapters, particularly Chapter 2. 
The vî orks of Hester (1965) and EUison (1983) give good accounts of U.K. Paiaeocene 
Uthostratigraphy and a smmnary can be found in Knox et al. (in Vinken, 1988) and this is 
also summarised belov/ in Table 6.5. 

FORMATION LITHOLOGIES AGE REGIONAL 
. CORRELATIONS 

LONDON CLAY 
(A2.E) 

Silty clays, interbedded with 
sand in upper part 

E.Eocene leper Clay (Belgium), B-E 
units = Rosnaes Clay 
(Denmark), Lower Eocene 3 
(Germany) 

LONDON CLAY 
(Al - Harwich Mbr.) 

Glauconitic sands with ash 
layers 

?latest 
Paiaeocene 

01st Fonnation (Denmark), 
Lower Eocene 1 tuffites (Ger.) 

OLDHAVEN BEDS Laminated sands ?latest 
Paiaeocene 

?=Harwich member of 
E.Anglia(U.K.) 

WOOLWICH & 
READING BEDS 

Woolwich- glauconitic sands, 
grey shales & shell beds 

Reading- sands, red muds and 
sands & pedogenic beds 

L.PaIaeocene none given 

THANET BEDS Marine high energy sands to 
clays in north E.Anglia 

L.Palaeocene none given 

TABLE 6.5: Paiaeocene Lithostratigraphy of the U.K. onshore 
(after Knox et al. in Vinken, 1988) Thick Unes are hiati. 

The Danish Paiaeocene is divided into the characteristic two-fold Uthotypes of Lower 
Paiaeocene carbonates and Upper Paiaeocene elastics. The Danian Lhnestone Formation 
(of Buchardt-Larsen & Heihnaim-Clausen (hi Vmken, 1988) had previously been 
subdivided six-fold by Hansen (1979). The basal unit is a thm dark grey clay/marl "Fish 
Clay" which overUes Maastrichtian chaUcs and is succeeded by five limestone members 
(oldest - youngest:) Cerithium Lhnestone, Bryozoa Lunestone, Coral & Bryozoa 
Lhnestone, Salthohn Lhnestone and, finaUy, Crania Lhnestone, aU of which (mcluding the 
Fish Clay) make up the DanskekaUc Formation of Hansen (1979). This is overlam by Upper 
Paiaeocene elastics of the LelUnge Greensand and m tum by the Kertemmde Marl. The 
LeUinge (ireensand is mainly developed around eastem Zealand and in the northwest of the 
Danish sub-basm and, where absent, the Kerteminde Marl Ues directly on the Danian 
Lunestone Formation. The boundary is thought to be unconformable and the junction is 
said (by Buchardt-Larsen & Heilmann-Clausen (m Vmken, 1988)) to represent a "Middle 
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Paiaeocene" regressive event. Above the Kerteminde Marl, the lithostratigraphic 
terminologies of Hansen and Buchafdt-Larsen & Heilinann-Clausen begin to diverge. 
Hansen has the "Ash Series" of latest Paiaeocene - earUest Eocene age which comprises the 
Grey UnfossiUferous Clay overlahi by the Mo Clay/Tuff Clay. These latter units are' 
equivalent to the North Sea Balder Formation. On the other hand, Buchardt-Larsen & 
HeUmann-Clausen (in Vinken, 1988) have a more detaUed Uthostratigraphy which, together 
with their suggested correlations, are shown in Table 6.6 below. 

FORMATION LITHOLOGIES AGE REGIONAL CORRELATIONS 
Rosnaes Clay" Red, green and grey calcareous clay with . 

several ash layers 
E.Eocene leper Clay (Belgjum), London Clay 

above Harwich Member (U.K.), Lower 
Eocene 2 & 3 (Germany) 

Fur Dialomite with numerous ash layers LPalaeocene Upper Olst (Denmark), Upper Sele -
Balder Ô .Sea), Dongen TufF. 
(Netherlands), Lower Eocene 1 
(Germany) 

01st Mainly clays with ash layers increasing 
up%vards 

LPalaeocene (post 
Selandian) 

Fur (Denmark), Sele - Balder Ĝ .Sca), 
Dongen Tuffi (Netherlands), London 
Clay Hanvich member (U.K.), Lower 
Eocene 1 (Germany) 

Unnamed Giey silty clay LPalaeocene 
(U.Selandian) 

Erquelinnes Sand (Belgium), Sables da 
Bracheux (France) 

Holmehus Greenish & reddish clay LPalaeocene 
(U.Selandian) 

Thanet (U.K), Landen (Belgjum) 

Unnamed Grey slightly calcareous clay LPalaeoccnc (M.& 
U.Selandian) 

none given 

Kerterainde (marl) Light grey silty marl LPalaeocene (E.& 
M.Selandian) 

none gjven 

Lellinge 
(greensand) 

Glauconitic sandy marly and grey clay 
with basal conglomerate 

LPalaeocene 
(E.Selandian) 

none given ^ 

Danian limestone Limestones & chalk E.Palaeocene none given 

TABLE 6.6: Danish Paiaeocene Lithostratigraphy (after Buchardt-Larsen & 
Heilmann-Clausen in Vinken, 1988) Thick Unes are hiati. 

The Dutch Paiaeocene is superficiaUy shnilar comprismg of Lower Paiaeocene limestones 
and Upper Paiaeocene elastics overlain by ash-bearing formations. Much of the recent (on 
and offshore) Uthostratigraphic subdivisions have been rej5ned by the Rijks Cieologische 
Dienst (RGD) organisation and the Nederlandse AardoUe Maatschappij (NAM) OU 
Company (1980) and summarised by RGD m Vmken (1988) and m Table 6.7. 
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FORMATION LITHOLOGY AGE REGIONAL 
CORRELATIONS 

DONGEN (leper Clay 
Mbr.) 

Greenish, grey & browii 
glauconitic clays 

• E.Eocene London Clay (B-D) (U.K.), 
Lower JEocene 2^ 
(Germany) 

DONGEN (Basal 
DongenTiiffiteMbr.) 

Grey & brown clays with tu^ E.Eocene Upper Basal Dongen sand 
mbr. (Neth.), Balder 
(N.Sea), Olst (Denmark), 
Lower Eocene 1 (Germany) 

DONGEN (Basal 
Dongen Sand Mbr.) 

Glauconitic sands with minor 
clays 

lst.PaIaeocene 
- est.Eocene 

Lower Basal Dongen tufSte 
mbr. (Neth.) 

LANDEN (Landen 
Clay Mbr.) 

Calcareous grey clays & marls L.Palaeocene none given 

LANDEN • (Heers 
Sand Mbr.) 

Calcareous glauconitic sands L.Palaeocene none given... 

HOUTHEM Grey & yeUow chalky 
limestones 

E.Palaeocene none given 

TABLE 6.7; Paiaeocene Lithostratigraphy of the Netherlands 
(after RGD in Vinken, 1988) Thick hnes are hiati. 

The Belgian Paiaeocene is somewhat more compUcated, being subdivided several-fold 
probably as a fiinction of the more marginal marine - terrestrial nature of the envuonments 
of deposition which, hi timi, seems to have led to many more different facies types. 
Moorkens (1982) and Hooyberghs (1983) have the Mons Fonnation overlymg the 
Tuffaceoiis Chalks of Maastricht (Maastrichtian). The Mons Formation is comprised, from 
the base up, of the Malagne Conglomerate, Tuflfeau de Ciply, Calcaue de Cuesmes, 
Calcaire de Mons and finally, lacustrine and/or continental deposits. Each of these units are 
separated by a hiatus. The Mons Formation is shown as bemg Danian m age but also 
extending mto the lower part of what in this project is termed Thanetian (Late Paiaeocene). 
It is unconformably overlain by the Heers Formation which comprises the Gelinden Marls, 
which is subsequently conformably overlain by the Landen Fonnation wMch comprises the 
Tuflfeau de Lincent and the sands or hgnites of Landen. The succession continues 
(unconformably) with the Ypre Formation, Ypres Clay unit. However, Laga (in Vinken, 
1988) reviews the hthostratigraphy somewhat differently (see Table 6.8). 
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FORMATION LllHOLOGY AGE REGIONAL CORRELATIONS 
lEPER (Ledeberg, Vorst or Egem sand 
members) 

Glauconitic satids, grey-yellow 
clays & clayey sands 

E.Eocehe . none given 

' lEPER (Vlaanderen clay member) Grey-blue clay E.Eocene London Clay (U.K.), Rosnaes Clay 
(Denmark), Lower Eocene 3 (Germany) 

LANDEN ("upper non-marine part" -
depending on location) 
Erquelinnes sand mbr. 
Grandglise sands 
Oostende-ter-Slreep 

Orsmaal-Dormaal sand (formerly the 
lignites & sands of Landen) 
Loksbergen complex 

Clays & lignite 
Marine sands 

Ligoitic clays & sands with shell 
bands 
Sands with lignitic clays and 
marls with a gravel base 
Lignites, clays, marls & sandy 
clays 

LPalaeocene 

Woolwich Bottom Beds (U.K.) 

LANDEN ("lower marine part" -
depending on location) 
Hoegaarden-Racour sands 
Tuffeau d'Angre 
Louvil clay 
Waterschei 
Lincent Tuffeau mbr. 

Glauconitic sands 
Clayey glauconitic sands 
Thin clay 
Hard clay 
Siliceous limestones, marls with 
a basal glauconitic flinty sand 

LPalaeocene The lower marine Landen correlates with 
the Landen Clay Mbr. (Ncth.) and the 
Thanet Formation (U.K.) 

HEERS (Cfelinden Marl) Marl with glauconitic base LPalaeocene lower part of the Landen Fonnation (Neth.) 
HEERS (Oip Sand) Glauconitic clayey sands LPalaeocene ditto 

HAININ MEMBER Freshwater limestones E.-7m. 
Paiaeocene 

lower Landen Q̂ eth.), non-marine beds 
(GOTnany) 

MAASMECHELEN Grey sandy calcarenite E.-?M.Pal. none given 
MAASMECHELEN (Bunde 
Limestone) 

limestone? E.- ?M. 
Paiaeocene 

none given 

MAASMECHELEN (Vroenhoven 
Mbr.) 

White-yellow calcarenite with 
glauconitic base 

E.-?M. 
Paiaeocene 

none^ven 

MONS (Mons Limestone Mbr.) Yellowish calcarenite E.Palaeocene 
(Dan&Mon) 

none given 

MONS(GWin & Ciply Mbr.) ditto ditto none given 

MONS (Poudingue de la Malogne) Conglomerate ditto none given 

TABLE 6.8: Palaeocene Lithostratigraphy of Bel^um 
(after Laga in Vmken, 1988) Thick Knes are hiati. 

The German Paiaeocene is also relatively complex with many regional variations and four 
mam areas are recognised: The Lower Rhme Embayment, Lower Saxony, the Schleswig-
Holstem area and what used to be the German Democratic Repubhc. For the purposes of 
this summary only the terminology for Lower iSaxony will be summarised here (see Table 
6.9: after von Daniels & Gramann m Vmken, 1988) as this region borders the North Sea 
area. 
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FORMATION LITHOLOGY AGE REGIONAL ' 
CORRELATIONS 

LOWER EOCENE Marly multicoloured clay E.Eocene Upper London Clay {U.K.). 
LOWER EOCENE 2 Clay E.Eocene none given 
LOWER EOCENE 1 Clays with ash layers est Eocene Balder (N.Sea), Olst 

(Demnark) 

"UPPER 
PALAEOCENE" 

Calcareous & non calcareous 
clays with basal conglomerate 
& glauconite 

L.Palaeocene none given 

PENNCSfGSEHL Marine clays L.Palaeocene Kerteminde Marl (Denmark) 

GODRINGEN Calcarenitic sands & 
conglomerates 

M.Palaeocene "Moiitian" (Belgium), 
?Sohlingett (below) 

SOHLINGEN. Marine clays & sands / non-
marine clays & coals 

M.Palaeocene "Montian" (Belgium), 
?Godringen (above) 

DANIAN 
LIMESTONE 

Limestones & shales EJPalaeocene 
rM.Danian" 
) 

none given 

TABLE 6.9: Paiaeocene Lithostratigraphy of NW Germany (after von Daniels & 
Gramann m Vmken, 1988) Thick lines are hiati. 

A synthesis of the various Uthostratigraphic schemes for the northwest European countries 
and the offshore schemes is shown in Text Figure 12. 

6.4.Wireline-Log Correlation 

The samples from the various North Sea boreholes used m this study were suppUed along 
with certain wireUne log traces for the mterval sampled. In most cases, these consisted of 
the Gamma and Sonic logs. Most North Sea Paiaeocene formations give characteristic 
"signature" responses for these types of log which are described below. Note these are 
"ideal" cases and are not necessarily present m every weU studied. 

One of the most consistent and reUable wueUne log motifs m the Early Tertiary is the 
characteristic vwreUne log signature for the Balder Formation. The concentration of 
tufifaceous lithologies in this formation, causes the ganuna log tool to read low API values. 
The top of the Balder Formation however, is normaUy manifested by a prominent gamma 
"spike" which occurs stratigraphicaUy near the bottom of the Lower Eocene. This spike is 
therefore taken to mark the top of the Balder Formation and, because of the process of 
deposition (atmospheric ash faU-out) can be assumed to be isochronous throughout the 
North Sea area. The bulk of the Balder Formation (i.e. below the gamma spike) displays 
typically, a "bulging" gamma pattern with minhnum API values at the approxhnate mid 
point of the formation, i.e. an approximate "C" shape. This spike and bow motif is 
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particularly well displayed in well 29/25-1. The highest stratigraphical occurrence 
(extmction) of the diatom Coscinodisciis sp./, which is a characteristic fossil component of 
the Balder Formation (see.Chapter 2.3.2) normally occurs some way below the gamma 
spike throughout most of the North Sea (see the palaeontological distribution charts for, 
particularly, the 29/25-1 well). 

However, a potential problem is that the southerly extent of the ash-falls formed by 
Hebridean vulcanism, which characterises the Balder Formation so well, is not accurately 
known (see also Chapter 2). The gamma spike definmg the top of this formation may be 
absent or much less pronounced. This is particularly true of the wireUne trace in weU 44/2rl 
where the spike is absent or very smaU and the "bowing" effect is sUght. The wueline trace 
m weU 49/20-2, further south again, is even less forthcoming with no obvious gamma 
breaks displayed at the appropriate stratigraphic level. However, somewhat unexpectedly, a 
fairly good Balder signature CMI be seen for weU 49/24-2. Clearly, the southem Umit of ash 
development seems to be highly variable geographicaUy and probably temporaUy asweU. 

Ganuna ray valiies normaUy show an mcrease within the underlying Sele Formation and are 
largely variable and less formation-specific throughout the remainder of the Paiaeocene 
succession, becoming relatively higher agdn within the Maureen Formation, particularly 
where marly. 

An abmpt shift to very low ganrnia API values is nearly always observed at the junction 
with the ChaUc Group (of which the Early Paiaeocene (Danian) Ekofisk Formation is the 
uppermost unit). This is particularly noticeable in the Central and Southem North Sea areas 
where relatively pure Danian (to Upper Cretaceous) Umestones occur. The equivalent units 
in the north (Shetland Group) are more clastic m nature and somethnes the log-change is 
difBcult to observe. The wueUne log trace of weU 21/26-lD displays this feature 
particularly weU. However, it must be remembered that this jimction is often developed as a 
hiatus/unconformity/erosion surface in the North Sea area with the Danian Ekofisk 
Formation often missing. It is only by using biostratigraphy that the presence and extent of 
this hiatus can be determined. This is weU iUustrated by the weUs 21/26-lD and 29/25-1: 
both wureUne (gamma) traces display very sunilar motifs which mark to top of Umestones 
attributed to the Chalk Group. However, biostratigraphy clearly shows that the ages of the 
uppermost units of the ChaUc Group are markedly different (see Chapter 9). 
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6.5.Sequence Stratigraphy 

With the thajor Tertiary (specifically Early Palaeogene) hydrocarbon accurnulations hi 
Northwest Europe being concentrated in and around the Central North Sea, it is not 
surprising that intensive studies have been undertaken in all aspects of geoscience, in and 
around this region. In recent years, a geoscientific "tool" has evolved whose approach 
integrates several individual geoscience facets which can lead to better understanding of the 
evolution of sedunentary basms. 

Sequence Stratigraphy (a.k.a. Seismic Sequence Stratigraphy) attempts to clarify the 
process by which a sedimentary basin evolves at almost any level O f scale from individual 
bed up to the entire basin itself The fimdamental unit of the approach is known as the 
"depositional sequence" and the stratigraphic record can thus be defined by the disposition 
of sequences and the facies variation(s) within them. 

A comprehensive discussion on the principles of Sequence Stratigraphy is beyond the scope 
of this thesis and the reader is referred to Galloway (1989) and Wilgus et al (1988) for 
further information. However, a very brief summary is given here. To optimise stratigraphic 
prediction (m an exploration sense) three basic correlation tools are used: 

• lithostratigraphy 
• biostratigraphy 
• seismic stratigraphy 

It should be stressed that no one tool alone is adequate to make definitive correlations. 
The principles of hthostratigraphy and biostratigraphy are discussed elsewhere in this thesis, 
although they can be summarised thus: 

Lithostratigraphy is the organisation of rock strata based on their Uthological character. The 
concept of "tune" plays no part in the estabUshment of Uthostratigraphic imits. 

Biostratigraphy is the organisation of rock strata based on their fossU content. 
Biostratigraphic boundaries may locaUy comcide with Uthostratigraphic boundaries but, as a 
rule, they Ue at different stratigraphic horizons. Biostratigraphic correlation may approach 
true time correlation (Chronostratigraphy), particularly m. more distal basin envhrormients, 
but is never fully equivalent to it. Depositional enviromnent can strongly mfluence faunal 
distribution and biostratigraphic boundaries may diverge from a thne-lme withhi an 
mdividual basm. 

However, Sequence Stratigraphy is flindamentally related to chronostratigraphy. 
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The idea of Seismic Stratigraphy was originally developed by geoscientists from the 
EXXON organisation and published by Vail et al. (1977) and has been apphed in many 
geological situations, especially hydrocarbon exploration. The concept being that primary 
seismic reflections are generated by stratal surfaces which are thought to be 
chronostratigraphic in nature and thus do not trarisgress geological tune. Following on fi-om 
this hypothesis, it was realised that unconformities, as well as stratal surfaces, also have 
chronostratigraphic significance. These basin-wide isochronous surfaces separated 
packages of sediments vdth characteristic seismic signatures which were termed "seismic 
sequences". This work focussed attention on cycles of sea-level changes within which 
"sequences" were deposited. Later, the pattern of "off-" and "orilap" sequences enabled the 
derivation of a curve shov̂ dng the relative changes in sea-level that caused such patterns 
through the Tertiary (Vail & Hardenbol, 1979). This was, in tum, expanded upon by Vail et 
al. (1984) and Haq et al. (1988) to a global eustatic curve throughout the Tertiary and 
much of the Meso- and Palaeozoic (see below). 

It is these primary seismic reflections which define the individual Depositional Sequences 
within the Sequence Stratigraphic concept. Seismically correlatable sequence boundaries 
(as can be obtamed from a standard seismic section) can be tied together using 
hthostratigraphic and biostratigraphic mformation. The "Vail" model has been expanded 
upon by Van Wagoner and others (e.g. 1988, 1990) and Haq and others (1988), also of the 
Exxon Group. However, in sunpUstic terms, the mahi upper and lower sequence boimdaries 
tended to coincide with periods of maximum sea-level fall. Subsequent sea-level rise 
occurred which eventually reached a maximum landward extent at some pomt within the 
sequence before retreatmg agahi to the next sea-level minhnum. Each sequence was 
essentially bounded by a recognisable, isochronous seismic surface which was 
unconformable (or if conformable, at least correlatable) across most of its areal extent. 
Formally defined: 

"Sequence stratigrapJ^ is the studfy of rock relationships within a 
chronostratigraphic framework of repetitive, genetically related strata hounded by 
surfaces of erosion or nbndeposition, or their correlative conformities" (Van 
Wagoner e/a/., 1988) 

Another method of defining depositional sequences (the so-called "genetic" sequence 
stratigraphy) has been proposed by Galloway (1989) which, m basic terms, recognises the 
same stmctural components of the depositional sequence model sensu Van Wagoner et ql., 
1988 although places the emphasis on major sequence boundaries at successive Maximum 
Flooding Smfaces (see below) - m effect a 180° shift from the "Van-Wagoner" model. 
Galloway regards a sequence as: 
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"...a package of sediments recording a significant episode of basin margin 
outbuilding and basin filling bounded, by periods of widespread basin-margin 
flooding" (Galloway, 1989) 

Galloway believes that the maximum flooding siuface represents a time of major 
palaeogeographical change aind the reorganisation of basin-floor geometries. In the 
following discussion the terms "sensu Van Wagoner" and "sensu Galloway" will be used to 
distinguish the two models. 

An addition to the seismic stratigraphic concept is the appreciation that stratigraphic 
cychcity develops as a response to the interplay between sedhnentation rates and 
subsidence rates diuing the evolution of a basm: 

Sedimentation Sate Subsidence 
Rate 

Sedimentation JPattem Direction of Shoreline 
Movement 

fflGH LOW REGRESSIVE BASINWARD 
EQUAL EQUAL STILLSTAND NONE 

LOW fflGH TRANSGRESSIVE LANDWARD 

TABLE 6.10: Results of the interplay between varying rates of sedimentation 
rate and subsidence rate in a deltaic enwonment (after Weimer, 1975) 

This stratigraphic cychcity is known as "Facies Cycle Wedges" (White, 1980) and that, 
ideally, a "wedge" comprises a basal non-marine facies overlain by coarse-grained facies. 
The mid-wedge is dominantly a fine-grained, transgressive facies which is separated from 
an overlying coarse facies progradation by a mid-wedge unconformity. The top-wedge is 
characteristically a regressive coarse-grained facies passing up mto a non-marine final 
facies. 

Each wedge contains three Sequence Boundaries which, from base upwards are - the initial 
transgressive surface, the maximum flooding surface and the maximum regression surface: 
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1) The Initial Transgressive Surface: 
(Sequence Boundary 5eM.w/Van Wagoner) 
The first significant marine flooding surface across the previous shelf A series of successive 
(pulsatory) transgressions eventually develops a certain thickness of strata composed of a 
series of retrogradational subsequences, with a minor transgression at the base of each 
subsequence. The number of such subsequences may vary across the shelf 

2) The Maximum Flooding Surface: 
("Genetic" Sequence Boundary sensu Galloway) 
The maximum landward extent of the successive transgressions above. It generally consists 
of a fine-gramed condensed section resulting firom a sea level rise outpacmg sediment 
supply. This surface is very close to a true basin-vwde synchronous event. The high level of 
the sea during the time of deposition of a Maxuniun Flooding Surface introduces the term 
"highstand system". It is during (and aflier) the "highstand" that most bashiward 
progradation of clastic sediment occurs with the flooding siuface in effect "switchmg off' 
the sand supply system firom the precedmg depositional sequence. This often results hi the 
reorganisation of basin-floor topographies and palaeogeogfaphies which marks a crucial 
stage for the apphcation of GaUoway type sequence models (see above). 

3) The Maximum Progradation'' Surface: 
This is the thne of greatest basinward extent of the shorehne formed m response to large 
scale clastic progradation initiated during the preceding "highstand". Like the Initial 
Transgressive Phase m 1) above, the resultmg "regression" is pulsatory and forms a series 
of subsequences within this unit. The shoreline associated with the Maximum Progradation 
is regionally diachronous and low nett sea levels lead this phase of the cycle to be termed a 
"lowstand system". It is during the "lowstand" where basin-floor submarine fans are often 
developed at the foot of the shelf (along with hicised valleys on the exposed shelf) and 
these can be prime exploration targets in clastic depositional systems. To form a Van 
Wagoner type seqtience boundary with the subsequent sequence above, the sea-level fall 
should preferably be to below the shelf edge, thus resulting m subaerial exposure of much 
of the shelf at this point. 

The three features, which are illustrated m Text Figure 13, can be recognised on most 
seismic sections, well-log data, outcrop sections and (for two of the above only) fossil 
records. 

''Note that the tenn Maximum "Regressive" Surface (used in some definitions) is avoided as prpgradation, 

especially if sediment input is high may, in efifect, "force" a shoreline retreat which may not always be 

accompanied by eustatic sea-level fall. 
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Upper Sequence Boundary (sensu Vail) 

Highstand Systems Tract 
(aggradatlonal to progradatlonal 
parasequences) 

/ Lowstand Systems Tract 
(progradatlonal parasequencos) 
Incised valley 
lowstand wedge 
slope fan 
basin-floor fan 

/ • 

Transgressive Systems Tract 
(retrogradational parasequences) 

Sequence Boundary (sensu Galloway) 

Lower Sequence Boundary (sensu Vail) 
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DATATYPE INITIAL 
TKANSGKESSION 

MAXIMUM FLOODING 
SURFACE 

MAXIMUM 
PROGRADATION 

Seismic 
Section 

Onlap Smface Downlap Surface Erosional Truncation 

Well Data Marine mudrocks High gamma spikes in 
clays, hardgrounds, cherts 
etc. 

DifHcult to see. ?top of 
coarsening-up cycles? 
palaeosols? etc. 

Outcrop Thia pebble/well 
sorted transgressive 
lags 

Black shales (as above) Top of coarsening-up cycle 
(coals), calcrete, palaeosols 
etc. 

Fossil Record No apparent in situ 
faunas but reworked 
taxa may be present 

Abundant faunal diversity 
(planktonic & benthonic), 
apparent missing biozones 
in deep water environments 

• Unconformity (missing 
section) rather than hiatus or 
condensed section. Non-
marine indicators 

TABLE 6.11: The recognition of Sequence Boundaries 

Using various sequence stratigraphic concepts and a multidisciplinary approach involving 
magnetostratigraphy, radiometric data, biostratigraphy, seismic stratigraphy etc., Haq et al. 
(1988) produced a series of charts showing magnetochrono-, standard chrono-, biochrono-
and sequence chrono-stratigraphical schemes, tied to eustatic sea-level curves and coastal 
onlap curves, for the entire Mesozoic and Cenozoic. 

The curves remahi the subject of some controversy with some workers (see for example 
Hallani's criticisms (Hallam, 1988) for the Jurassic) and a revised curve is due to be 
pubhshed hi the near future. However, the "original" curve serves as a usefiil guide to sea-
level patterns for the Paiaeocene mterval as studied herem. It should be bom m mmd, 
however, that the curve is a composite from data taken worldvdde and does not take mto 
account local factors such as local tectonisni. Local graben-tectonism in the North Sea has 
been shown to markedly affect sequence deposition hi the Jurassic (Partmgton et al., 1993) 
and North Atlantic tectonism certainly had similar effects on Palaeogene depositional 
pattems. The Paiaeocene section is summarised in Text Figure 14. 

92 





Text Figure 14: Global eustatic sea-level curve for the Paiaeocene (after Haq et al,, 1988) 
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Haq et alh curve shows that the Paiaeocene essentially represents a period of slow but 
steady sea-level fall, continuing a trend started from a sea-level maxima during the late 
Campanian (although not as high as the absoliite sea-level maxhnum achieved during the 
Turonian). However, on a smaller scale, they have been able to identify several marked 
shaUowing and deepening events which are presumed to be global hi distribution and 
eustatic in origm. Major condensed sections, seen near the base of the Danian; mid 
Thanetian and earhest Ypresian, are formed during periods of major marine flooding events 
("Maxunum Flooding Surfaces" of both Van Wagoner and Galloway type sequences). 

Of the two sequence stratigraphical "models" (Van Wagoner and Galloway type 
sequences), the author must express a preference for the use of the Galloway-type 
sequence model when deaUng with North Sea sequence stratigraphy. The Van Wagoner 
model is undoubtedly vahd, but nevertheless has certain limitations when apphed to North 
Sea subsurface geology using present techniques. The concept of the Van Wagoner model 
originated from studies in, amongst others, the Gulf of Mexico region. This area contains 
the essential "mgredients" used to construct a classic Van Wagoner type sequence: 

• a hmterland (sediment source) 
• a sediment distribution system (alluvial, fluvial and deltaic) 
• a regular shore and shoreface belt 
• a continental shelf 
• a shelf edge 
• a shelf slope 
• a shelf slope base (bathyal/abyssal plain) 

However, the North Sea Basm (and particularly the southem North Sea area considered 
herem) throughout much of geological history, has lacked the final three components - it 
being essentially an mtra-cratonic basin rather than being a trae contmental shelf / plate 
margin setting. This can make the recognition of a so-called Type 1 Sequence Boundary 
(sensu Van Wagoner) difBcult, as the formation of such a boundary requhres a fall in sea-
level to at least below the "depositional shorehne break" and, preferably, below the "shelf 
break". 

Also, the sequence-boimding surfaces are defined as "unconformities or their correlative 
conformities" m the Van Wagoner model and unless biostratigraphical resolution is 
excellent, these surfaces can be difficult to identify at resolutions below those of the seismic 
(i.e. third-order cycles or perhaps as Uttle as 0.5 million years duration).. Most 
biostratigraphical work on offshore boreholes rehes on samples spaced too widely to 
accommodate this requued resolution. 
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In addition, the absolute duration of a sequence-bounding unconformity can vary across its 
area, and approaches zero in the basinward facies where the surface becomes a "correlative 
confonnity". It is thus difiBcult to constrain the sequence boundary biostratigraphically and, 
consequently, impossible to state definitive ages for mdividual sequence boundaries. 

Recently, the application of the Van Wagoner model to the Jurassic of the Inner Moray 
Fhth area - one of its key "testing areas" (Vail & Todd, 1981; Vail et al, 1984) has been 
questioned. Originally, the cause of major Jurassic unconformities in this area was thought 
to be dominantly eustatic. However, it appears that local or regional extensional tectonics 
and associated footwall uplift; may have played a more significant role in their formation 
(Underbill, 1991; Partmgton or/., 1993). 

On the other hand, the recognition of Galloway-type sequence boundaries (i.e. flooding 
surfaces) are potentially easier in subsurface boreholes. They can be apparent on wireline 
log signatures as gamma-ray "peaks" reflecting the condensing of sediments at flooding 
surfaces. The junction between two log trends, representing retrogradation and overlying 
progradation of sedhnents, often coincides with the gamma maxima as well as a resistivity 
mmima. 

Secondly, they can also be recognised by biological signatures, notably the recovery of 
abundant and diverse planktonic microfossils. These are events that occur significantly 
below the level of seismic resolution usmg present hardware technology and data 
processmg techniques. 

The Galloway approach (together with substantial biostratigraphical input) has been used 
with apparent success in the Jurassic of the Moray Forth Basm (Stephen et al, 1993) and 
firom the Jurassic of the Central North Sea (Partington et al, 1993). 

With respect to Tertiary sequence stratigraphy, many seismic sequence stratigraphic 
approaches (i.e. sensu Van Wagoner) have been made on a local (field) scale in the North 
Sea area (McGovney & Radovich, 1985, and Armstrong et al, 1987 for the Frigg and 
Garmet fields respectively). However, Stewart (1987) apphed the concept on a regional 
scale (Central North Sea) and recognised 10 depositional sequences, each separated by 
unconformities (i.e. sequences sensu Van Wagoner) and cahbrated by biostratigraphy to 
give a composite chronostratigraphy. This scheme is reproduced m Text Figure 15 along 
wAh. Stewart's coastal onlap curve for the same interval. 

Stewart's first depositional sequence - the Danian Chalk, is composed of large-scale 
allochthorious chalk units which were deposited by slumpmg, debris flow and turbidity flow 
processes in a slope setting (Watts et al, 1980). However, this rather over-generaUses the 
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picture as although that statement is true in many parts of the North Sea, it does not 
exclude the formation of at least part of the Danian limestones by characteristic chalk-
depositional mechanisms. The Danian Chalk sequence of Stewart can be thought of as a 
transitional deposit marking the end of a long period of tectonically quiescent shelf-
carbonate deposition during Late Cretaceous times and the beginning of an equally long 
period of basinal, more tectonically controlled,, siliciclastic deposition during the Tertiary. 

Overlying the Danian Chalk sequence, Stewart recognises three large-scale fan systems 
which were deposited withm a relatively short time of each other. The first of these, the 
Maureen Fan complex, was laid down during late Danian times over the Danian Chalk with 
an associated basal debris flow deposit. This was succeeded by the Andrew Fan and the 
Forties Fan m early and late Thanetian times respectively (see Text Figure 15). These fans 
are separated, particularly m more bashial areas by hemipelagic mudstones which Stewart 
correlates with transgressive episodes. During these times of high sea levels Oughstands), 
the mahi sedhnent soiu-ce into the Central North Sea was fi-om the Scottish Mamland. 
However, during regressive phases and lowstands which deposited the three mam fan 
complexes, provenance was mainly firom the East Shetland Platform. 

Stewart indicates 5 major regressive phases and 4 mahi highstands during Palaeocehe and 
Early Eocene tunes in the Central North Sea with almost all of them associated with 
hiatuses. The Depositional Sequence stratigraphic scheme is very detailed with 10 discrete • 
sequences: 

Sequence 1 
The earhest Palaeogene depositional sequence, the base of which is a widespread 
seismic marker horizon at the boundary between the Danian and Late Cretaceous 
chalks (Ekofisk Formations and Tor-Hdra Formations of Deegan & Scull, 1977). 
The sequence is composed primarily of chalky hmestones although basal sands and 
silts are evident in the South Viking, and Witch Ground Grabens. This sequence 
contams Danian planktomc forammifera, probably equivalent to Subzones NSPla-b 
of Kmg (1989). 
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Text Figure 15 Central North Sea Paiaeocene depositional sequences (after 
Stewart, 1987) 

Fig. 10.19. Composite chronostratigrapliical diagram for the eariy Palaeogene of the central North Sea. (From Stewart, 1987, reproduced by 
permission of Graham and Trotman Limited.) 

BASIN SUBSOENCE 
R£JUVnA7KM0F 
SHETLAND PLATFOnU 
PROVENANCE 

VflTCH GROUND 
GRABEN 

RMnES 
FIELD 

MOHSTAKO SVStEU 

TOANSCTESSIVE SrSTEU ~ 

lOWSTAKOSTSIEU 

Fig. 10.20. Coastal-bnlap curve for the early Palaeogene of central North Sea. showing the relative onlap position of each of 10 deposilional 
systems. The terms highstand and lowstand refer only to the relative position of sea level. (From Stewart, 1987, reproduced by permission of 
Graham and Trotman Limited.) 
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Sequence 2 
This sequence contains three hthostratigraphic subunits. Subsequence 2A consists 
of debris flow deposits mcluding reworked Cretaceous and early Danian chalks and 
is dated as late Danian in age. Subsequence 2B is a submarine fan sandstone of late 
Danian - earhest Thanetian age. Subsequence 2C is a widespread hemipelagic 
mudstone of early Thanetian age. This mudstone yields the Cenodiscus radiolarian 
assemblage (ZoneNSP2 of Kmg, 1989). 

Sequence 2 includes part of the Maureen Formation (Deegan & Scull, 1977). The 
submarine fan sand (2B) is Stewart's Maureen Fan (see Text Figure 15). 

Sequence 3 
Sequence 3 consists primarily of submarine fan sandstones of the Andrew Fan, 
correlatable m part with the Andrew Formation of Deegan & Scull (1977). These 
sands have an East Shetland Platform provenance as described by Morton (1979) 
and Knox et al. (1981). Sequence 3 lies vwthin the lower part of the range of 
Spiroplectammina spectabilis (Grzybowski) (the Botivinopsis spectabilis biozone 
of Stewart, 1987) (uppermost part of Zone NSAl of Kmg, 1989) i.e. early 
Thanetian. 

Sequence 4 
Sequence 4 is relatively thin and areally restricted. It comprises tuflfaceous 
sandstones and mudstones. The sands are of Scottish ^fainland provenance 
'(Morton, 1979, Kiiox et aL, 1981). The volcanic niaterial hi sequence 4 is 
consistent with the recognition of thin ash layers over widespread areas of the 
North Sea (Jacque & Thouvenin, 1975). These ash layers are correlated with 
pyroclastic phase 1 of Knox & Morton (1983) which can also be traced throughout 
the Southem North Sea and mto the Thanet Beds of SE England (ECnox & Harland, 
1979). 

Sequence 5 
Sequence 5 is restricted to the Outer Moray Firth and South Viking Graben areas 
and comprises submarine fan sands with common intemal discontinuity surfaces. 
These sands have a Scottish Mainland provenance (Morton, 1979 and Knox et aL, 
1981). The sands continue to yield agglutmatmg foraminifera of the B.spectabilis 
biozone (King's Zone NSAl) of early Thanetian age and correlates with part of the 
Undifferentiated Montrose Group of Deegan & Scull (1977). 
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Sequence 6 
Sequence 6 is generally thin but widespread, and comprises green to brown 
mudstones and siltstones. It is correlatable with the upper part of the 
Undifferentiated Montrose Group of Deegan & Scull (1977) and equates to the 
Forties Formation Shale Member of Carmen & Young (1981). The sequence yields 
diverse agglutmants of Stewart's B.spectabilis biozone, which, when taken mtp 
conjunction with palynological data, mdicates a late Thanetian age for sequence 6. 
Stewart infers a demise in the diverse infamal agglutinated forammifera near the 
top of this sequence but mdicates that they are replaced by an unpoverished 
epifaunal agglutmated fauna m the uppermost beds of sequence 6. Stewart 
correlates this change with mcreasmg basm anoxicity and a rise in the 
aerobic/anaerobic boundary hi the sedhnent/water column. 

Sequence 7 
Sequence 7 is separated from sequence 6 by a regional discontinuity identified by 
Rochow (1981) which separates the Montrose and Moray Groups in the Outer 
Moray Firth. Sequence 7 mcludes the Forties reservoir, which is a submarine fan 
sandstone, and slope mudstones. The sands have an East Shetland Platform 
provenance. Some of the later sands have conglomeratic bases and are interpreted 
as channehsed fan deposits. Sequence 7 is late Thanetian in age and corresponds to 
Stewart's "Impoverished Agglutinant Assemblage" biozone. 

Sequence 8 
Sequence 8 has a wedge-like form, thinning towards the east of the region, and 
includes the upper part of the Dornoch Formation and the Beauly Formation of 
Deegan & Scull (1977). The sequence is an overall coarsenhig-up unit with hgnites 
near the top (Beauly Formation). The lower mud-rich unit correlates with pro-deUa 
and lower slope deposition, gradmg upwards hito slope sands and muds mto 
distributary channel sands and finally delta-plain hgnites. Only a smgle delta system 
is represented. Eastwards of the final progradational slope and into the Central 
North Sea, the sequence is represented by a veneer of basmal muds which are older 
than the Sele Formation of Deegan & ScuU (1977). This is at variance with the 
views of Rochow (1981), Knox et al. (1981) and Mudge & BUss (1983) who 
correlate the deUaic Moray Group with the Sele Formation. Sequence 8 is of latest 
Thanetian age with a microfauna consistmg of diatoms (Coscinodiscus spp. Zone of 
Stewart and NSP3 Zone of King, 1989). Forammifera are absent. 

Sequence 9 
The top of sequence 9, which is regionaUy widespread, is picked oh a prominent 
seismic event correspondmg to the top of the volcanic ash marker of the Balder 
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Fonnation. An upward change from grey laminated marine mudstones to greenish 
blue tufFaceous silty mudstones and banded ash layers, corresponds to the 
Sele/Balder Formation boundary, In the South Viking Graben thick submarine fan 
sandstones occur at the base of the Sele Formation and withm the Balder 
Formation, the latter above a tuffaceous mudstone interval which correlates with 
pyroclastic phase 2b of Knox & Morton (1983). Both fan sands originate from the 
Fladen Ground Spur and probably rework older sand sequences. Sequence 9 is of 
Early Eocene age and yields a diatom microfauna characterised by Stewart's zonal 
mdex taxon Coscinodiscus sp.J (equivalent to Zone NSP4 of Kmg, 1989). 
Stewart's palynological zonation indicates that the base of sequence 9 hes at, or 
very close to, the Paiaeocene - Eocene boimdary. 

Sequence 10 
Sequence 10 comprises a lower hthostratigraphic unit of reddish brown mudstone 
overlain by a pale grey mudstone. The red mudstone yields red stained early 
Ypresian planktonic forammifera (Subzone NSP5a of King, 1989) (which indicates 
a possible equivilancy with the Rosnaes Clay Formation of Denmark), together with 
calcareous benthonic and agglutmated forammifera. This suggests that the 
transgressive event marked by the base of this sequence saw the remtroduction of 
nonnal marine environments mto the area. 

The upper boundary of sequence 10 is a major regional unconformity that signifies 
the end of the entire Early Palaeogene depositional system. The Late Paiaeocene 
systems were no longer influenced by Mesozoic structural trends that formed the 
principle constraint for Early Palaeogene sedimentation. 

Reconcihation of Stewart's coastal-onlap curve for the Central North Sea Paiaeocene with 
the global curve of Haq et al. (1988) (see Text Figure 14) for the same interval is not easy. 
This is perhaps to be expected bearing m mmd the criticisms of the Haq curve that have 
been put forward previously. Stewart does not recognise the major sea-level rise recorded 
during the earhest Danian on the Haq curve. However, this may be in part due to the 
general absence of sedhnents of this age across much of the North Sea area. His earhest 
Paiaeocene "highstand system" (i.e. flooding event) occurs m the basal Thanetian and may 
correspond to a so-called minor condensed section near this time on the Haq curve. 
Stewart subsequentiy recognises two fiirther "highstand systems" approximately occurring 
durmg the mid and latest Thanetian. The earhest of these probably comcides with a so-
called major condensed section on the Haq curve and the latter with either one (or perhaps 
encompassing both) of two minor condensed sections occurring very close together near 
the top of the Thanetian. The highstand recorded by Stewart in the Ypresian may 
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correspond to either a major or a minor condensed section recorded in the lower Ypresian 
on the Haq curve. 

However, as discussed in Chapter 2, the opening of the North Atlantic during the latest 
Paiaeocene / Eariy Eocene and the associated tectonic repercussions, must have had 
significant effects on sequence construction and local sea-level changes in the North Sea 
Basm and deviation fi-om the "global eustatic curve" of Haq may, therefore, be expected. 
How far those influences may or may not have extended into the study area of this work 
(i.e. south Central and Southem North Sea) is unclear however, and much will depend on 
the resuhs (if any) of fiiture work. 

The apphcation of Stewart's scheme to this study is indeterminable as the author has not 
had access to the seismic cross sections and hthological mformation necessary to approach 
the problem. Also, the biostratigraphic sampUng mterval uthised m this study (average 30 
foot samples) is insirflSciently closely spaced to afford the resolution necessary. 
Nevertheless, the faunal compositions encountered during this study may help to throw 
some hght on the types of depositiohal envh-onments which prevailed during the Early 
Tertiary m the southem part of the North Sea. as the present author beheves, the 
primary control on Early Palaeogene sedimentation in the Southem North Sea is sea levels 
governing shorehne position then this may at least support Stewart's overall conclusion 
(page 575) that: 

"While local subsidence played an important role in controlling the 
distribution of Late Danian - Early Ypresian sediment in the North Sea 
Basin as reported hy Morton (1979) and Knox et al (1981), the overriding 
control of Early Palaeogene sedimentation is considered to be fluctuation 
of sea level, on at least a regional scale." 

More recently, a major demonstration of the "practical" aspects of the sequence 
stratigraphic concept has been iUustrated by Neal et al, 1994, for the Palaeogene of 
northwest Europe. Drawing heavUy on mainly palynological and nannofossU data with 
unfortunately only limited recourse to foraminiferal evidence, they have cpnstmcted an 
mtegrated sequence stratigraphic framework for the region based on weU logs, seismic, 
biostratigraphic (usmg the graphic-correlation method of Shaw, 1964, and IvfiUer, 1977) 
and lithological information. This paper only appeared during the final phase of this thesis' 
completion and is not discussed fiiUy although Neal etaVs main conclusions are outlined 
below. 

Much of the data for Neal et al's work came firom areas in the North Sea to the north of 
the study area herein (i.e. U.K. quadrants 20, 21, & 22 and fiirther north), although 

101 



correlation was made with some Danish boreholes. Consequently, some of the conclusions 
drawn are not strictly applicable to the study area herein but are regionally significant. 

The overall conclusion (Neal et aL, 1994, p.75) states that: 

"...sedimentation in the Central North Sea [Palaeogene] occurs as a series 
of punctuated deposiHonal pulses separated by time-correlative 
biostratigraphic data terraces, referred to as hiatal intervals." 

These hiatal intervals correspond to persistent seismic reflectors and are therefore 
significant sequence stratigraphical events. However, they also indicate that not all of these 
sequence boundaries are resolvable by the graphic correlation method. 

An extraction of the more significant information fi-om Neal et al., 1994, is shown in Text 
Figure 16. Some of the more significant differences between their interpretations 
(specifically those referring to micropalaeontological data) and those used herehi include 
the position of the Cenosphaera lenticularis highest occurrence and subsequent downhole 
mflux events, which Neal et aL (referrmg to the taxon as Cenodiscus) place within their so-
called Andrew Depositional Sequence. However, Mudge & Copestake (1992) (as followed 
here) place tliese events at the top of the Maureen Formation. Neal et aL also spht the Late 
Paiaeocene into an upper Thanetian and lower Selandian stage cf Thanetian which is used 
•herein to refer to the entire Late Paiaeocene interval. 

Neal et aL, 1994; figure 18, p.76-77 (see Text Figure 16 here) also graphically shows the 
relatively small amount of time during the Paiaeocene actually represented by preserved 
rock strata in northwest Europe (i.e. less than 50%). 

102 



AGE MAG. STRATIGRAPHY 
(m.y.) 

53 

54 

g 

56 

58 

59 

60 

C2i 

m 
z 
ULl 

O 
O 
Ul 

I 
C2£ 

57 

I 
C2i 

Ul 

»-
< 

Ul 

tt 
D. 
>• 

< 

UJ 

z 
< 

< 
- I 

Ul 

Nanns. 

NP12 
(pt.) 

NP11 

NP10 

NP9 

NP8 

NP7 

NP6 

NP5 

NP4 

Key Bioevents 

(micropalaeontology) 

Cosclnadiicui tp.l &tp.2 

Impovflilihid igghjlinwits 

Abundant 

Canodscus 

EUSTATIC CURVE 

<— deep shallow • 

CENTRAL NORTH SEA 
(Moray Firth) 

<~ shelf 
(Central Graben) 

basin -
Dep. 
Seq. 

shaded areas = hiatal intervals 

Lower 
Frigg 

Balder 

U.Sele 
IVIIddle 
Sele 

U.Fortles 

Upper 
Balmoral 

Lower 
Balmoral 

Andrew 

Matirie reen 

DANISH SUB-BASIN 

Rosnaes clay 
(part) 

(Vaerum mbr. / Fur Fm.) 

Olst Formation 

(Haslund mbr.) 

(glauconite silt mbr.) 
Osterrenden clay 

Holmehus Formation 

Dark grey non-calc. 
clay 

Kerfemlnde Marl 
LningaGraaniand 

1.0.w. / 
LONDON-HAMPSHIRE 

•land basin • 

London CI / 

Nuullng/Cehurth 

Bognor/Lond. B 

Walton/ 

London A2 

Hamleh 

Tilahuret/Oldhavan 

Halai/Blackliaadi 

WooWch/Raadlng2 

Upnor Fm. 

BtldHaH 

RaciiJvar Silts 

PlSMlMula 

StoutmouthCItyt 

Btubad 

t 
a 

OS 

f** s 

a n 
m 

tt 
(TO 

ft 

i 
I 



T.Biostratigraphy 

7.1.Introduction 

The principal unit of biostratigraphy is the "Zone" defined as: "...any rock stratum which 
can be precisely defined m terms of palaeontological characters or properties." (Whitten & 
Brooks, 1972). Several types of biostratigraphic zone are in use (see Hedberg, 1971) or the 
concept of the "Palaeontological Datum" or "bioevent" (e.g. the first evolutionaiy 
appearance of the genus Orhulina to define the base of the Middle Miocene) can also be 
used. References to the principles of biostratigraphy can be found in Hedberg (1971) and 
Hollander a/. (1978). 

One of the most usefiil tools in microbiostratigraphy are the planktonic foraminifera. They 
have (essentially) a near worldwide oceanic distribution, though normally within certain 
latitudinal belts, and are unaffected by local sedimentary environmental factors. Their 
evolution is ofl:en rapid and can lead to many easily distmguishable types in a vertical 
sequence. They do, however have certain limitations in that they are inferior numerically to 
benthonic organisms in shallow waters and are often absent in those areas. For a detailed 
treatment regardmg the uses of planktonic forammifera m microbiostratigraphy see 
Stamforthe^a/. (1975). 

Benthonic foraminifera are also begitming to make inroads into microbiostratigraphy and 
provide usefiil (if perhaps less detailed) resuUs, particularly in sequences where planktonic 
organisms, including planktonic foraminifera, are few or absent. Their one main hmitation 
however, is their susceptibility to facies controls which often leads to different, though 
contemporaneous benthonic microfaunal assemblages m the same basm. 

Another principle of biostratigraphic correlation (particularly for planktonic organisms) is 
that the bouiidaries of biostratigraphic zones should be based (as often as possible) on the 
evolutionary first appearance of a fossil taxon m the stratigraphic record. Due to the 
potentially global distribution of planktonic organisms because of the lack of physical 
barriers in the surface waters of the world's oceans, the evolutionary inception of any new 
species should (at least in geological terms) be practically instantaneous. Indeed, the 
majority of formal planktonic foraminiferal zonation schemes outlmed below follow this 
principle. 

Unfortunately, because of the problems associated with "caving" m borehole ditch cutting 
samples (see Chaptisr 4) the first evolutionary appearance of any taxa recorded m such 
samples is often artificiaUy lowered; i.e. a species will seem to appear in the stratigraphic 
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record earlier than it does in reality. Therefore, smce the early 1970's in the North Sea, 
zonation schemes have been formulated which, when possible, rely on the evolutionary last 
appearance of a taxon. This is, in effect, the "extinction" of the particular taxon, which is 
more reUably found hi borehole material as it is highly unlikely that borehole material can 
cave upwards unless reworked mto stratigraphicaUy higher levels by geological processes. 

7.2.Established Biostratigraphic Zonations 

7.2.1.Planktonic 

Most of the early biostratigraphic work on Early Tertiary sediments took place oh Trinidad, 
West Indies, due to the presence of an almost uninterrupted sequence of deep marine shales 
ranging from the Early Cretaceous to the Late Miocene. 

The first Paiaeocene mvestigations m the area were those of Bronnimann (1952) who 
exammed the Soldado, Lizard Springs and Navet Formations. Formal Zones were later 
erected by BoUi (1957a), 5 of which he regarded as Paiaeocene (the Lower Lizard Sprhigs 
Formation) and 3 from the Early Eocene (Upper Lizard Springs Formation): 

Globorotalia aragonensis Zone 
Early Eocene Globorotalia formosaformosa Zone Early Eocene 

Globorotalia rex Zone 
Early Eocene 

Globorotalia velascoensis Zone 

Paiaeocene 
Globorotalia pseudomenardii Zone 

Paiaeocene Globorotalia pusillajmsilla Zone Paiaeocene 
Globorotalia uncinata Zone 

Paiaeocene 

Globorotalia trinidadensis Zone 

Paiaeocene 

TABLE 7.1: Planktonic foraminiferal zonation of the Early 
Tertiary of Trinidad (after BoUi, 1957a) 

BolU achieved some success when attempting to correlate his Trinidad Zones with other 
Paiaeocene - Early Eocene intervals worldwide (Venezuela, Gulf Coast, Mexico, Peru, 
Egypt, Tunisia, Sweden, Denmark and Bavaria). 

Almost contemporaneously with Bolli, LoebUch & Tappan (1957a,b) were attempting the 
same exercise on the Gulf Coast of the United States. They described four zones: 
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Globorotalia rex Zone "Ypresian" 

Globorotalia angiilata Zone G. velascoensis / G. acuta / • 
Globigerina spiralis Subzone 

"Landenian" Globorotalia angiilata Zone 

G.pseudobulloides Subzone, 

"Landenian" 

Globorotalia compressa / 
Globigerina daubjergensis Zone 

"Danian" 

Globotruncana Zone "Maastrichtian" 

TABLE 7.2: Planktonic foranuniferal zonation of the Early Tertiary of the Gulf 
Coast (after Loeblich & Tappan, 1957a,b) 

They also correlated their Zones with other intervals worldwide (North America, Trinidad, 
England, France, Belgium, Denmark, Egypt and the-Soviet Union). 

In the Soviet Union, Paiaeocene planktonic microbiostratigraphy began much earher 
(Subbotma, 1936 and various papers up to 1966) and continued by Morozova (1959, 
1960). Language difiBculties, not to mention pohtical differences probably made these 
schemes inaccessible to the American school and httie cross-referencing was made. A 
review of the Soviet hteratiu-e was made by Berggren (1960c) who concluded that the 
Soviet scheme was more or less shnilar to that described elsewhere although the Danian 
was regarded as Cretaceous m age and the Paiaeocene - Eocene boundary was drawn at the 
base of the G.velascoensis Zone rather than at the top as done elsewhere. Nevertheless, this 
latter feature wasfollowed by Olsson (1960, 1963) from his work on New Jersey material 
(U.S.A.). 

The importance of applying phylogenetic (i.e. evolutionary) principles to Paiaeocene 
planktonic forammiferal biostratigraphy was first shown by Berggren (1969 & 1971). He 
referred to a niunerical naming system for his 6 Zones covering the Paiaeocene - Early 
Eocene mterval (PI - P6). 

Stainforth et al. (1975) developed this system fiirther and, in addition to then- zonation 
scheme, iUustrated aU significant planktonic forammiferal taxa from the Cenozoic and 
discussed the arguments for the uses, for and against, of planktonic foraminifera in 
mtemational biostratigraphy. Although weU into its second decade, this work provides 
usefiil source material for the identification of planktonic foraminiferal taxa. Stainforth et 
al, 1975, also correlated together aU previously pubUshed planktonic foramiiuferal zonation 
schemes for the Cenozoic, hicludmg those of Soviet workers of that period (Subbotina, 
1953, "Anonymous", 1963 and otiiers). 
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Globorotalia pentacamerata Zon& 
Early Eocene Globorotalia aragonensis Zone Early Eocene 

Globorotalia formosa formosa Zone 
Early Eocene 

Globorotalia siibbotinae Zone 

Early Eocene 

Globorotalia velascoensis Zone Late 
Paiaeocene Globorotalia pseudomenardii Zone 

Late 
Paiaeocene 

Globorotalia pusilla pusilla Zone 
Middle Paiaeocene Globorotalia angidata Zone Middle Paiaeocene 

Globorotalia uncinata Zone 
Middle Paiaeocene 

Globorotalia trinidadensis Zone 
Early Paiaeocene Globorotalia pseudohulloides Zone Early Paiaeocene 

1 Globigerina eugubina Zone 
Early Paiaeocene 

TABLE 7.3: Early Tertiary planktonic foraminiferal zonation 
(after Stainforth et al., 1975) 

Blow (1969,1979) refined and added to this scheme and rigorously redefined many of the 
planktonic foraminiferal zones and discussed m great detail the taxonomic status of many 
important species. In three large volumes, each species' taxonomy is treated exhaustively 
and extensive use of Subgenera and Subspecies is made. Blow's zonation encompasses the 
Latest Cretaceous and the entire Tertiary with a total of 45 zones (2 "M'esozoic, 23 
"P"aIaeogene and 20 "ISP'eogene) with all but 3 defined on evolutionary first appearances of 
taxa: 
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ZONE SUBZONE AGE 
P8 G. QA.) formosa P8b G.(h'I.) aragonensis Early Eocene 

"Cuisian" 
P8 G. QA.) formosa 

P8a G.(M.)fortnosa/lensiformis . 
Early Eocene 

"Cuisian" 
P7 G.(A.) wilcoxensis berggreni 

Early Eocene 
"Cuisian" 

P7 G.(A.) wilcoxensis berggreni 
Latest Paiaeocene 
"LONDINIAN" P6 G.(M.) subbotinaesubbotinae 

/ G. (M.) yelascoensis acuta 

Latest Paiaeocene 
"LONDINIAN" 

P5 M.soldadoensis 
soldadoensis/M. velascoensis 

pasionehsis 

Late Paiaeocene 

"THANETIAN" P4 G.(G.) pseudomenardii 

Late Paiaeocene 

"THANETIAN" 
P3 G.(K'I.) angulata angulata 

Late Paiaeocene 

"THANETIAN" 

P2 G.(A.) praecursoria 
praecursoria ^ 

Late Paiaeocene 

"THANETIAN" 

P2 G.(A.) praecursoria 
praecursoria ^ 

Early Paiaeocene 

"DANIAN" 

PI G.(T.) pseudobulloides/ 
E. eobulloides simplicissima 

Plb G.(T.) compressa compressa / 
E.eobuUoides simplicissima 

Early Paiaeocene 

"DANIAN" 

PI G.(T.) pseudobulloides/ 
E. eobulloides simplicissima 

Pla G.(T.) pseudobulloides/G.(T.) 
archaeocompressa 

Early Paiaeocene 

"DANIAN" 

Pa G.(T.) longiapertura 

Early Paiaeocene 

"DANIAN" 

TABLE 7.4: Phylogenetic planktonic foraminiferal zonation of the 
Early Tertiary (after Blow, 1969,1979) 

Note that Bliaw had placed the Danian - Thanetian boundary withm Zone P2, on the 
groimds that this is the stratigraphic position of the type Danian in Derunark (Blow, 1979). 
However, the type Danian is now known to be incomplete with its upper and lower hmits 
behig bounded by unconformities. Studies of more complete Danian locahties, particularly 
in France and the U.S.S.R. (see Berggren, 1971) mdicate that the boimdary should be 
placed at the top of Zone P2 m agreement with that suggested by Hardenbol & Berggren 
(1978). 

Blow's scheme, however, has only limited potential in North Sea Basm studies because of 
his emphasis on evolutionary first appearances and his rehance on warm water, keeled taxa 
which are generally absent in the North Sea Paiaeocene due to adverse enviroiunental 
factors. 

The scheme of King (1983, revised 1989) was introduced specifically for the North Sea 
Basin. 28 North Sea Planktonic (NSP) Zones and/or Subzones ejdst with the majority 
based on "tops" (= extinctions = last evolutionary occiurences). The Zones covering the 
Paiaeocene to Early Eocene interval are described below: 
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NSP6 1 Cenosphaera Zone 
Early Eocene 

"Ypresian" 
NSP5 

b P.wilcoxensis Subzone Early Eocene 

"Ypresian" 
NSP5 

a S. ex gr. linaperta Subzone 

Early Eocene 

"Ypresian" 
NSP4 Coscinodiscus sp.l Zone Late 

Paiaeocene 

"Thanetian" 

NSP3 Unnamed 
Zone 

Late 
Paiaeocene 

"Thanetian" NSP2 "Cenodiscus" spp. Zone 

Late 
Paiaeocene 

"Thanetian" 

NSPl 

c G.chapmani 
Subzone 

Early 

Paiaeocene 
"Danian" 

NSPl 
b G.pseudobulloides Subzone 

Early 

Paiaeocene 
"Danian" 

NSPl 

a G.daubjergensis Subzone 

Early 

Paiaeocene 
"Danian" 

TABLE 7.5: Planktonic zonation of the Early Tertiary (North Sea) 
(after Kmg, 1983, 1989) 

Zone NSP 6: Top. defined at the LAD (Last Appearance Datum i.e. "Top") of 
large spherical radiolaria {Cenosphaera spp.). Calcareous fossils are 
usuaUy rare or absent m this Zone. 

Subzone NSP 5b: Top defined as the downhole reappearance of planktonic 
foraminifera below Zone NSP 6. The FAD (First Appearance Datmn 
i.e. "base") of Glohanomalina wilcoxensis (Cushman & Ponton) is 
near the base of this Subzone. 

Subzone NSP 5a: Top defined as a downhole increase in abimdance (to >80% of the 
assemblage) of Subbotina ex gr. linaperta (Fmlay). 

Zone NSP 4: Top defined as the downhole disappearance of planktonic 
microfossils and the LAD of Coscinodiscus sp.l and Coscinodiscus 
sp.2. 

Zone NSP 3: Top defined as the FAD ("base") of the Coscinodiscus assemblage 
of Zone NSP 4. Planktonic foramhiifera are generally absent. 

Zone NSP 2: Top defined as the LAD of an mflux of spherical / lenticular 
radiolaria {Cenodiscus spp.). Planktonic foraminifera are generally 
absent. 
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Subzone NSP Ic: Top defined as the downhole reappearance of planktonic 
forammifera (e.g. M.pseudobulloides (Plummer), P.compressa 
(Plummer), S.triloculinoides (Plummer) and P.chapmani Parr). 

Subzone NSP lb: Top defined as the FAD of P.chapmani. 

Subzone NSP la: Top defined as the LAD of G.daubjergensis (Bronriunann). 

7.2.2.Benthonic 

As stated m the Introduction (Chapter 1) it was benthonic foraminifera of Paiaeocene age 
that were first utihsed in the attempted correlation between the oil bearing horizons in the 
adjacent boreholes of the Potok and Krosno wells m the Pohsh Carpathians (Grzybowski, 
1898). This iimovative attempt was not received enthusiastically by Grzybowski's 
contemporaries due to the behef that the group Grzybowski used, agglutinating 
foraminifera, was unsuitable because of the long stratigraphic ranges of the majority of the 
genera. 

Later, working in the same area, Geroch (1959, 1960) characterised 9 "beds" rangmg fi-om 
Valanginian to Eocene times each characterised by different agglutinated assemblages. 
Morgiel & Olszewska (1981) expanded this to 13 assemblage zones and the scheme was 
fiirther refined by Geroch & Nowak (1983) who extended the scheme to include the 
Tithonian (Late Jurassic) and equated theu zones to the estabhshed European stages. 

Several attempts were also made to use the group outside the Pohsh Carpathians e.g. Grun 
(1969) - Austria; Samuel (1977) -Czech Carpathians and Verdenius & Van Hmte (1983) -
Norwegian and Greenland Seas. 

Gradstem & Berggren (1981) described m detail the agglutinated microfauna fi-om several 
boreholes in the North Sea and Labrador Sea, though without referring to a specific zonal 
scheme. Kaminski et al. (in press) have examined the agglutinating foramkdfera fi-om the 
same interval in Trinidad and noticed many shnilarities with the European faunas. 

Doppert & Neele (1983) formulated a zonal scheme based on calcareous benthonic 
foraminifera for the marine Palaeogene of the Netherlands which also has apphcability in 
the North Sea offshore: 

110 



• ZONE • AGE-
FI Anomalina ypresiensis / Gaudiyina 

hiltermanni 
Lower Eocene 

FJ Bulimina trigonalis/Cibicides 
proprius 

Paiaeocene Landenian, Heersian & 
partly Montian 

FK Pararotalia globigerinifonnis / 
Rotalia saxorum 

Paiaeocene partly Montian & Danian 

TABLE 7.6: Forarniniferal zonation of the Early Tertiary of the Netherlands. 
(after Doppert & Neele, 1983) 

King (1983, revised 1989) proposed a zonation scheme for the Tertiary of the North Sea 
Basin based on benthonic foraminifera ("NSB" Zones) vî hich ran hi conjimction with his 
planktonic zonation scheme described above. A total of 30 Zones and Subzones were 
described and the Zones covering the Paiaeocene to Early Eocene interval are described 
below. It should be noted that m the 1983 version, Kmg used both calcareous and 
agglutmated taxa m his NSB scheme. However, m 1989, a third scheme based wholly on 
aggluthiated taxa ("NSA" Zones) was erected. NSB 4 and NSB 1 were previously (1983) 
defined on agglutmatmg assemblages and have now been transferred to the NSA scheme 
described later. 

ZONE SUBZONE AGE 
NSB4 Unnamed Early 

Eocene 
"Ypresian" 

NSB3 b Bulimina sp.A 
Early 

Eocene 
"Ypresian" 

NSB3 
a G.hiltennanni 

Early 
Eocene 

"Ypresian" 
NSB2 Uimamed Late 

Paiaeocene 
'Thanetian" NSBl 

c B.trigonalis 
Late 

Paiaeocene 
'Thanetian" NSBl b S.beccariiformis 

Late 
Paiaeocene 
'Thanetian" NSBl 

a T.selmensis Early Paiaeocene 
'T)anian" 

TABLE 7.7: Benthonic foraminiferal zonation of the Early Tertiary (North Sea) 
(after Kmg, 1983, 1989) 

Zone NSB 4: Top defined the FAD ofNeoeponides karsteni (Reuss) which ranges 
from the zone above and yoimger. No suitable calcareous index taxa 
are available (King, 1989) and calcareous assemblages are poor. 

Subzone NSB 3b: Top defined on the LAD of Gcmdryiha hiltermanni Meisl, and the 
downhole reappearance of calcareous benthonic taxa. Bulimina sp.A 
and Cancris s^.A (both of Kmg, 1989) are restricted to this Zone. 
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Subzone NSB 3a: Top defined as the FAD of Bulimina sp.A (TKing) and Cancris. sp.A 
(King). No species are restricted to this Subzone. 

Zone NSB 2: This Zone is characterised by the general absence of calcareous 
foraminifera except in shallow waters (the "Inner Sublittoral Facies" 
ofKuig, 1983). 

Subzone NSB Ic: Top not well defiaied but typical taxa mclude Bulimina midwqyehsis 
Cushman & Parker, Stensioeina. beceariiformis (White) and 
Stilostomella midwayensis (Cushman & Todd). 

Subzone NSB lb: Top defined by the downhole increase in abundance and diversity of 
calcareous benthonic taxa. 

Subzone NSB la: Top defined by the FAD of B.midwqyensis. 

15 Zones and Subzones based on agglutinatmg species ("NSA" Zones) were formulated by 
King (1989) to reflect the importance of the group in the North Sea so-called 
"Rhabdammina biofacies" (see below). 

ZONE SUBZONE AGE 
NSA4 b Ramplectens Early 

Eocene 
"Ypresian" 

NSA4 
a T.plummerae 

Early 
Eocene 

"Ypresian" NSA3 Unnamed 

Early 
Eocene 

"Ypresian" 
NSA2 V.subeocaenus Late 

Paiaeocene 
'Thanetian" 

NSAl b T.ruthvenmurrayi 
Late 

Paiaeocene 
'Thanetian" 

NSAl 
a S-spectabilis 

Late 
Paiaeocene 
'Thanetian" 

NSBla= Unnamed unit equal to" NSB la Subzone Early Paiaeocene 
"Danian" 

TABLE 7.8: Agglutinated foraminiferal zonation of the Early Tertiary 
(North Sea) (after Kmg, 1989) 

Subzone NSA 4b: Top defined by the consistent dovrahole presence of 
Retiadophragmium amplectens (Grzybowsld). 

Subzone NSA 4a: Top defined by the LAD of consistent Textularia plummerae 
Laiicker (= Spiroplectammina navarroana Cushman herein). 

Zone NSA 3: Top defined by the FAD of Ramplectens and is characterised by a 
low-diversity assemblage. 
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Zone NSA 2: Top not defined but this Zone is characterised by the absence of 
"Rhabdammiha biofacies" type taxa. However, " V.subebcaetms 
(Wick) and T.papillata Brady are probably'restricted to this Zone. 

Subzone NSA lb : Top defined by the downhole reappearance of a diverse and 
abundant "Rhabdammina biofacies" assemblage. The LAD of 
"typical" S.spectabilis (Grzybowski) also occurs at this level. 

Subzone NSA l a : Top defined by the FAD of Trochammina ruthvenmuirayi Cushman 
&Renz. 

Unnamed Interval: Agglutinatmg foraminifera are absent throughout this interval and 
therefore was not mcluded hi the NSA scheme of Kmg (1989). 

King (1989) also cahbrated his North Sea zonal schemes with the standard stratigraphic 
scale of Berggren et al., 1985), with the majority of the cahbrations niade using 
dmoflageUate, planktonic foraminiferal and nannofossil data fi^om onshore sequences. A 
summary of this is given below. 

• Cahbration of Zones NSP 7-5 and NSB 5a-3 to the NP and P Zones was based on 
Kmg (1983), Heihnann-Clausen et al. (1985) and Hooyberghs (1983). 

• Cahbration of Zone NSB2 (Balder and Sele Formations and theu corresponding 
onshore "Ash Series") is difBcult because of the lack of calcareous fossils. The 
NSB2/NSB3 (NSP4/NSP5) junction corresponds to the short dmoflagellate Zone 
D6a {Wetzeliella astra Zone) is at the top of the Balder Formation. The W.asfra 
Zone corresponds approxhnately to the NP9/NP10 boundary in the North Atlantic 
(Costa & Muller, 1978). However, Knox (1984) usmg North Atlantic 
nannoplankton data and ash correlations places this boundary (in effect the 
Palaeocene/Eocene boundary) at the base of the Sele Formation. King (1989) on 
the other hand, places the boundary at the Sele/Balder Formation boundary. 

• Takmg Kmg's correlation, the base of the Sele Formation (NSB2/NSP4) 
corresponds to the dmoflagellate Zone D5 (Apectodinium hypercanthum Zone). In 
onshore sequences, nannoplankton characteristic of Zone NP9 have been found in 
the lower part of Zone D5. 

• The upper part of dinoflagellate Zone D4 (Alisocysta margarita Zone) can be 
correlated with NP8. Therefore The NP8/NP9 boundary corresponds approxunately 
to the NSB1/NSB2 boundary (the base of the Sele Formation). 
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• Zone NSP3 can be correlated with the lower part of the Thanet Beds in England 
(Heihnann-Clausen, 1985) which was recently assigned to NP6 or IMP? (Siesser et 
al., 1987). -

• Zone NSP2 can be identified m Deiunark (e.g. the Kerteminde Marl) and has been 
dated as upper NP4 or lower NP5 (Thomsen & Heilmann-Clausen, 1983). 
Platjorotalites chapmani (P3 - P6) is also recorded firom this Zone and fi"om 
Denmark. Note that Hansen (1979) regards the Kertemmde Marl as younger - lyhig 
withhi Zones NP 6-8 m Denmark, i.e. the top of N S B l as shown above. 

« Morozovella angulata (Toulmin) (P3 to lower P4j and Morozovella uncinata 
(Bolh) (P2 - lower P3) have also been recorded from the North Sea. This indicates 
a correlation between NSPlc and P3. 

A summary of the primary microfaunal "events" ("tops", "bases" and "mfluxes") within the 
Early Tertiary of the North Sea are indicated, along with King's tripartite zonation schemes 
(NSP, NSB. and NSA) and approximate correlation v^th the sequence stratigraphic scheme 
of Stewart (1987) is shown m Text Figure 17. 

In addition to the biostratigraphic application of King's zonations, he also recognised 3 
depth related benthonic foraminiferal biofacies within the North Sea Cenozoic (King, 
1983): 

1) "Inner sublittoral biofacies" - Characterised by elphiduds, polymorphmids, 
miliohds, attached cibicidids and rotaliids (mcludmg larger rotaUids e.g. Nummulites in the 
Eocene). King suggests water depths between 0-50m for this biofacies. 

2) "Outer sublittoral - epibathyal biofacies" - Two depth related subfacies can be 
disthiguished: 

a) Significant numbers of large nodosariids, valvulineriids, boUvmids, large 
buUmmids and (in the Neogene) cassiduUnids. This biosubfacies is compared with 
the "JVCdway type" assemblage of Berggren & Aubert (1975) and water depths of 
between 50-200m are suggested. 

b) An association, of pleurostomeUids, stUostomeUids, smaU gyroidmids, Pullenia 
and Oridorsalis. Spechnens are generaUy smaUer than those of subfacies 2a. This 
biosubfacies is compared with the 'Velasco type' assemblage of Berggren & Aubert 
(1975) and depths of >200m are suggested. 
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3) ^'Rhabdammina biofacies" - Dominated by, or exclusively composed oî  non-
calcareous 'flysch type' agglutinating foraminifera such as Astrorhizacea, Ammodiscacea 
and cyclamminids. Calcareous foramiriifera may be present but are usually small and often 
affected by post mortem dissolution. This biofacies occurs in the deeper parts of the North 
Sea Basui and replaces biosubfacies 2b in these areas. Water depths of at least 200m are 
suggested. 

Chamock & Jones (1990) published extensive notes on the agglutinated foraminifera from 
the Palaeogene of the North Sea and include much useftil data on the stratigraphic ranges 
of such taxa although they did not construct a zonal scheme based on this group. 

More recently, a major synthesis of the Northv^est European Tertiary Basin has been 
pubhshed by Vmken (compiler), 1988. This has produced another zonation scheme for the 
whole of Northwest Europe agam spht hito separate planktonic and benthonic forammiferal 
schemes. However, these ̂ e less detailed than the schemes of King (1983,1989): 

PLANKTONIC PLANKTONIC TAXA BENTHONIC AGE 
NPF4 S-patagonica T.RZ. B3 Early 
NPF3 S. triangularis P.R.Z. Eocene 
NPF2 SAriloculinoides / B2 (Mid)-Late Paiaeocene 

M.angulataVBJL. Bl Early 
NPFl G.daubjergensis P.R.Z. Paiaeocene 

TABLE 7.9: Forammiferal zonation of the Early Tertiary (NW Europe) 
(after various authors m Vmken, 1988) 

However, the most recent schemes pubhshed mtegrate lithostratigraphic and sequence data 
with biostratigraphic "events" (i.e. microfossil marker horizons) rather than "zones". These 
schemes (Mudge & Copestake, 1992 and Knox & Holloway, 1992) are discussed in 
Chapter 6.3 above although key micropalaeontological bioevents for the North Sea Lower 
Palaeogene, incorporating these and other important datums, are shown in Text Figure 17. 

Mudge & Copestake (1992) recognise 7 Micropalaeontological events (Ml - M7) and 3 
Palynological events (PI - P3) from the Outer Moray Fhth. Some of these events can, 
however, be applied elsewhere in the North Sea Basin. In addition to these M and P events, 
Knox & HoUoway (1992) recognise additional key bioevents. A composite Ust of these 
events are shovvn below in downhole order with the author's' respective taxonomies used: 
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Top A.diktyoplohis Eocene/Oligocene boundary 
Top G.index • Late Eocene 
Top S.f\f?:spectabilis Mid/Late Eocene • 
lopE.ursidae Early/Mid Eocene boundary 
Influx Cenosphaera spp. Early/Mid Eocene 
S.Unaperta acme Early Eocene 

M7 Top Coscinodiscus sp.l Early Eocene 
D.oebisfeldensis acme Early Eocene 

M6 Coscinodiscus sp.4 acme Earhest Eocene 
P3 A.augustum acme Palaeocene/Eocene boundary 
M5 Top impoverished agglutinants Late Thanetian 
P25 Top A.margaritalA.ctsenonensis Thanetian 
M4 Top diverse agglutinants Thanetian 

Top A.gippingensis Thanetian 
PI Top P. pyrophorum Early Thanetian 
M3 Top C. lenticularis Earhest Thanetian 
M2 Top G.trivialis/G.ctcompressa Late Danian 

S.beccariiformis acme Late Danian 
Top G. pseudobulloides Late Danian 

M l Top G.simplicissima/G.aS.trivialis Early Danian (=P1 Zone) 
Top S.inomata Early Danian 

Coincident with event M4 
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Text Figure 17: Key micropalaeontological bioevents iu the Lower Palaeogene of the North Sea 

CHRONO- LITHOSTRAT . BIOZONES SEQ BIOEVENTS 
STRAT • (King. 1989) 

(KnoxS Holloway, 1992) NSP NSB NSA (1) "M"Events of Mudge & Copestake (1992) also shown 
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S.Systematic Descriptions 

8.1.introduction 

The vast majority of micropalaeontological specimens recorded in this study belong to the 
Order Forammiferida. The generic and suprageneric classification of the foraminifera used 
in this thesis is that of Loebhch & tappan (1988). Reference is also made to other works 
where necessary. Species are arranged m alphabetical order within each genus. Systematic 
descriptions of other, less common microfossil groups recorded (e.g. ostracods, diatoms 
etc.) follow on fi-om the foraminifera but are hsted in generic order only with no attempt at 
a fiiU hierarchical classification. 

This thesis is not primarily a taxonomic treatment and exhaustive synonomy, reference hsts 
and detailed descriptions are not given as the majority of species described herein are well 
known and documented. In most cases, reference hsts consist of the initial reference to the 
species in the hterature and significant references concerned with the Northwest European 
area and/or which contain good source material for fiirther information. 

Where the species recorded is well known and documented, an illustration / photograph is 
not provided in this thesis. In this mstance, a fiiU reference to suitable illustration(s) is 
given. 

Reference works particularly usefiil for identification purposes (of the foraminifera) mclude: 
Berggren (1964); Berggren & Aubert (1975*); Blow (1979*); Brotzen (1948); Chamock 
& Jones (1990*); Doppert & Neele (1983*); El-Naggar (1966); Gradstem & Berggren 
(1981*); Hart et al. (1989*); Haynes (various 1956*-1958*); Hoflcer (1966*); Koch 
(1977*); King (1983* & 1989*); Kmg et al. (1989*); Loebhch «& Tappan (1957); van 
Morkhoven et al (1986*); Murray et al (1989*) and Stamforth et al (1975*); Swiecicki 
(1980*) .̂ Those marked (*) contain good quality illustrations and/or descriptions of the 
taxa. 

The number of references recommended for iUustration sources has been kept, where 
possible, to a mmimum, and most have been commonly accepted as standard reference 
works on the subject. 

Full species descriptions are, again, not provided as the majority of taxa recorded are well 
known. A brief summary of the diagnostic features of each species is, however, included. 

Unpublished PhD thesis 
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This is followed by general remarks concemingi for example, salient taxonomic points, 
variation, comparisons with similar forms and palaeoenvironmental significance. This is, in 
turn, foUowed by a statement on. the. stratigraphical range, of each taxon and, unless 
indicated, refers to the pubhshed or inferred stratigraphical range of the taxon in the 
Northwest European area only. 

Fmally, a summary statement on the taxon's distribution withm the material studied herein is 
given m separate tabular form for off- and on-shore locahties. Relative abundances are 
quantified thus; 

no entry 
? 
rare 
mod.comm. 
common 
v.conunon 
abimdant 

taxon not recorded at that locahty 
taxon only questionably identified at that locahty 
less than c. 10 specimens recorded at that locahty 
c. 10-50 spechnens recorded at that locahty 
c.50-100 specimens recorded at that locality 
c. 100-200 specunens recorded at that locahty 
more than c.200 spechnens recorded at that locahty 

Full sets of species distribution data are presented on a series of charts enclosed at the end 
of this volume. The palaeontological distribution data for SheU/Esso offshore wells and 
onshore B.G.S. boreholes are presented on charts generated by StrataData Ltd.'s 
"StrataBugs" palaeontological database system. Charts for onshore field sections were 
produced on "Excel" spreadsheets. 
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8.2.The Foraminifera 

Phylum PROTISTA 
Subphylum SARCODINA •. 

Class RfflZOPODEA 
Order FORAMINIFERIDA Eichwald, 1830 

Suborder TEXTULARIINA Delage & Herouard, 1896 
Superfamily ASTROREHZACEA Brady, 1881 

Family BATHYSIPHONIDAE Avnhnelech, 1952 
Genus Bathysiphon Saxs, IS72 

Bathysiphon discreta (BRPiDY) 
Recommended source for illustration: 

Gradstem & Berggren (1981) pl.I, figs 4-6, 7-10 

1881 Rhabdammina discreta BRADY p.48 no figs 
1960 Rhabdammina discreta Brady: GEROCUp.36 
1981 Bathysiphon discreta (Brady):GRADSTEIN & BERGGREN p.240 Var A pl.I figs 

4-6 VarBpl.1 figs 7-10 
1989 Bathysiphon eocenicus Cushman & Hanna: KING p.454 fig.9 
1989 Bathysiphon nodosariaformis Subbotina: KING p.454 pl.9.1 fig. 10 
1990 Rhabdammina discreta Brady: CHARNOGK & JONES p. 152, pi. 1, fig.25, pi. 13, 

fig.23 

DIAGNOSIS; Test agglutinated, short, tubular, shghtly curved to straight, occasionally 
constricted, wall thick and finely to coarsely agglutinated. 

REMARKS; Gradstem & Berggren (1981) describe two versions of this species 
differentiated by coarse or finely agglutinated wall structure although they indicate 
transitional forms do occur. The author could not find any stratigraphic reason why the two 
variations should be separated. The two taxa Usted by Kmg, 1989, B.eocenicus and 
B.nodosariaformis, are equivalent to Bathysiphon sp.'B' and sp.'A' of Gradstem & 
Berggren, 1981, respectively. The fact that, as Bang admits, most spechnens of 
Bathysiphon and mdeed other "tubular" genera, are recovered as fi-agments, makes their 
taxonomic assignation (i.e. as Rhabchmmiria or Bathysiphon) somewhat difficult (see also 
Chamock & Jones, 1990). 

RANGE; Late Cretaceous to Miocene in the North Sea (King, 1989) although the species 
has been recorded (under various names) m the Uterature fi:om a variety of long-ranging 
stratigraphical intervals. 
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A low diversity assemblage of this species, plus others including Rhizammina indivisa, is 
characteristic of Bioevent M5 of Mudge & Copestake. 1992. This event is of latest 
Paiaeocene age and marks the top of the Lista Formation. 

OCCURRENCE JN THIS WORK; 

OFFSHORE 
21/26-1 49/10-1 mod.comm 49/24-3 rare 
29/25-1 mod.comm. 49/20-2 49/24-4 
44/2-1 rare 49/24-2 rare 49/25-2 rare 
ONSHORE 
Wormingford Mere rare Lundsgaards CliflF 
Pegwell Bay • Stevns Klint 
Reculver 

Family RHABDAMMINIDEA Brady, 1884 
Genus Rhabdammina Bvady, 1897 
Rhizamnuna indivisa BRADY 

Recommended source for illustration: 
Gradstem & Berggren (1981) pl.I, figs 1-3 

1884 Rhizammina indivisa BRADY p.277, pl.29, figs 5-7 
1981 Rhizammina indivisa Brady: GRADSTEIN& BERGGREN p.240, pl.1, figs 1-3 

DIAGNOSIS: Test short, tubular and curved. Wall normally coarsely agglutmated. 

REMARKS: Distinguished fi-om Bathysiphon discreta by the curved nature of the tubular 
test. 

RANGE: A very long-rangmg taxon (probably Mesozoic - Recent). In the North Sea area 
its stratigraphical distribution is probably the same as for Bqthysiphon discreta (i.e. Late 
Cretaceous - Miocene). 

A low diversity assemblage of this species, plus others mcluding Bathysiphon discreta, is 
characteristic of Bioevent M5 of Mudge & Copestake. 1992. This event is of latest 
Paiaeocene age and marks the top of the Lista Formation. 
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OCCURRENCE IN X m S WORK: 

OFFSHORE 
21/26-1 49/10-1 common 49/24-3 
29/25-1 mod.comm. 49/20-2 49/24-4 
44/2-1 rare 49/24-2 49/25-2 
ONSHORE 
Wormingford Mere Lundsgaards Cliff 
Pegwell Bay Stevns Klint 
Reculver 

Superfamily AMMODISCACEA Reuss, 1862 
Family AMMODISCIDAE Reuss, 1862 

Genus Ammodiscus Reuss, 1862 
Amnwdiscus cretaceus (REUSS) 

Recommended source for illustration: 
Gradstein & Berggren (1981) pl.II, figs 12-13 

1845 Operculim cretacea REUSS p.35 figs.64-65 
1922 Ammodiscus glabratus CUSHMAN & JARVIS p.86 pi. 12 fig.6 
1981 Ammodiscus cretaceus (Reuss): GRADSTEIN & BERGGREN p.241 pl.2 

figs 12-13 
1989 Ammodiscus cretaceus (Reuss): KING p.452 pl.9.1 fig.3 
1990 Ammodiscus cretaceus (Reuss): CHARNOCK & JONES p. 154, pl.2, figs 1-3, 

pi. 14, fig.3 

DIAGNOSIS; Test free, agglutinated, composed of a singular planispirally coiled circular 
tube of about 8-10 whorls increasing in diameter very slowly. The surface may show fine, 
radial striations. 

R E M A R K S : A.cretaceus differs fi-om A.plamis in its larger size and more numerous 
whorls and fi-om A.peruvianus in its cucular outline. This species is fairly common in the 
North Sea wells studied but rare in onshore sections. Its long range (Jurassic -Recent) 
limits its value in biostratigraphy. An extensive taxonomy of this species is discussed by 
Chamock & Jones, 1990. 

RANGE; Jurassic - Recent (Santonian - Early Ohgocene in NW Europe according to 
King, 1989 but recorded m much older strata by various, other workers). 
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OCCURRENCE IN TfflS WORK; 

OFFSHORE 
21/26-1 rare 49/10-1 common 49/24-3 rare 
29/25-1 common 49/20-2 49/24-4 rare 
44/2-1 mod.comm. 49/24-2 49/25-2 mod. comm. 
ONSHORE 
Wormingford Mere Lundsgaards CliflF 
Pegwell Bay Stevns Klint 
Reculver 

Ammodiscus peruvianas BERRY 
Recommended soiû ce for illustration: 

Gradstein & Berggren (1981) pl.n, figs 14-15 

1928 Ammodiscusperuvianus BERRY: p.342 pl.27 
1981 Ammodiscus peruvianus Berry: GRADSTEIN & BERGGREN p.241 pl.2 

figs. 14-15 
1988 Ammodiscus peruvianus Berry: KAMINSKI et al p. 185, pl.3, figs 11-12 

DIAGNOSIS; An Ammodiscus species with an elliptical outline with approximately 6r7 
whorls. 

REMARKS; Several authors (mcludmg Chamock, 1983 and Chamock & Jones, 1990) 
have regarded this form as being deformed spechnens ofAxretaceus. However, if this were 
the case one would expect deformations in various planes of orientation which does not 
seem to occur. 

RANGE; Probably similar to that of A.cretaceus i.e. Santonian - Early Ohgocene in NW 
Europe. 

OCCURRENCE IN THIS WORK; 

OFFSHORE 
21/26-1 49/10-1 rare 49/24-3 
29/25-1 mod.comm. 49/20-2 49/24-4 
44/2-1 mod.comm. 49/24-2 49/25-2 rare 
ONSHORE 
Wormingford Mere Lundsgaards Cliff 
Pegwell Bay Stevns Klint 
Reculver 

123 



Genus G/owo5p/ra Rzehak, 1885 
Glontospiracharoides (JOmS&TAmiER) 

Recommended source for illustration: 
Gradstein & Berggren (198l).pl.III," figs 5-7 

1860 Trochammina squamata JONES & PARKER var. charoides p.304 
1896 Ammodiscus charoides (Jones & Parker): GRZYBOWSKI p.280 figs.39-43 
1928 Glomospira charoides (Jones & Parker) var. corona: CUSHMAN & JARVIS p.89, 

pl.l2,figs.9-ll 
1960 Glomospira charoides (Jones & Parker): GEROCH p.46 pl.4 figs..l,2,5 
1981 Glomospira charoides (Jones & Parker):GRADSlEIN & BERGGREN p.243 pl.3 

figs.5-.7 
1989 Glomospira charoides (Jones & Parker): KING p.455 pl.9.1 fig. 17 
1989 Glomospira gordialis Gradstein & Berggren: KING p.455 
1990 Usbekistania charoides (Jones & Parker): CHARNOCK & JONES p. 158, pl.2, figs 

17-19, pl.l4, fig.l3 

DIAGNOSIS; Test firee, agglutinated. Spherical to elhpsoidal hi gross shape. A regular 
coil with the final coil somethnes developed on the top part of the test hke a small "crown". 
The waU is very finely agglutinated. 

REMARKS; The main part of the test resembles the calcareous algae Chora from which 
this species derives its name. Cushman & Jarvis (1928) restricted theh" variation "corond' 
only to those forms possessing the "crown" feature. However, forms lacking this feature 
have been found in the material studied. It is a fairly common species in the North Sea and 
Gradstein & Berggren (1981) state that it is rare in the Lower to Middle Eocene sediments 
m their material. Therefore, this species (where consistent) may be a usefiil Paiaeocene 
indicator m the North Sea where the "Rhabdammina biofacies" is developed. King (1989) 
regards G.gordialis to be synonymous with G.charoides citing Kaminski et al. (in press) as 
a source for the recordmg of observed intergradations between the two end^members in a 
smgle population. 

Separation of this species as Usbekistania (aflier Suleymanov, 1960 as followed by 
Chamock & Jones, 1990) from other Glomospira spp. has not been followed here. 

This species has an extensive bathymetric range of between 85-5779m in the North Atlantic 
(Chamock & Jones, 1990). 

RANGE; Early Cretaceous - Late Miocene (King, 1989). 
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OCCURRENCE IN THIS WORK; 

OFFSHORE 
21/26-1 rare 49/10-1 . mod.comm. 49/24-3 rare 
29/25-1 mod.conun. 49/20-2 49/24-4 rare 
44/2-1 common 49/24-2 rare 49/25-2 mod.comm. 
ONSHORE 
Wormingford Mere Lundsgaards Cliff 
Pegwell Bay Stevns Klint rare 
Reculver 

Glomospira gordialis (JOmS & "PARKER) 
Reconmiended source for illustration: 

Gradstein & Berggren (1981) pi m, figs 2-3 

1860 Trochammina squamata JONES & PARKER var. gordialis p.3 04 
1896 Ammodiscus gordialis (Jones & Parker): GRZYBOWSiQ p.284 figs.44-45 
1967 Glomospira gordialis (Jones & Parker): GEROCH p.46 pl.4 figs 
1981 Glomospira gordialis (Jones & Parker):GRADSTEIN & BERGGREN p.246 pl.3 

figs.2-3 
1990 Glomospira gordialis (Jones & Parker): CHARNOCK & JONES p. 156, pl.2, 

fig.l2,pl.l4, fig.9 

DIAGNOSIS; Irregularly coiled in a spherical gross test shape with coils often changing 
the coiling plane. The final coil is usuaUy however, equatorial in aspect and girdles the 
initial coiled portion. The wall is very finely agglutinated. 

REMARKS; This species is distmguished from G.charoides by its "Satum-hke" 
appearance. Gradstem & Berggren (1981) state that the two forms are related through 
morphological transition stages and King (1989) mcludes this taxon with G.charoides for 
the same reason. Both taxa are regarded as separate in this study as there appears to be 
local variation in proportions of one particular "end-member" where both coexist in 
reasonable numbers. 

RANGE; Probably the same as for G.charoides i.e. Early Cretaceous - Late Miocene 
(Kmg, 1989). 
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OCCURRENCE IN TfflS WORK: 

OFFSHORE 
21/26-1 rare 49/10-1 rare 49/24-3 
29/25-1 rare 49/20-2 49/24-4 
44/2-1 • mod.comm. 49/24-2 49/25-2 , rare 
ONSHORE 
Wormingford Mere Lundsgaards Cliff 
Pegwell Bay Stevns Klint 
Reculver 

Genus G/o/nosp/re/Za Plummer, 1945 
Glomospirella woodi HAYNES 

Recommended source for illustration: 
King (1989) pi. 9.1,fig.l8 

1958 Glomospirella woodi HAYNES p.59, pl.15 fig la-c 
71981 Glomospira irregularis (Grzybowski): GRADSTEIN & BERGGREN p.246, pl.m, 

figs 1,4 
1989 Glomospirella spA: KING p.455 pl.9.1 fig. 18 

DIAGNOSIS: A Glomospirella with the initial portion of the test coiled irregularly. Later 
whorls are coiled planispually rather like Ammodiscus. 

REMARKS: This species has besen recorded fi-om the Early Eocene of the Labrador Sea 
(Miller et al., 1982) and fi-om the Late Paiaeocene of the North Sea (Kong, 1989). It may be 
closely related, if not identical to Glomospira irregularis (Grzybowski) which appears to 
show an even more random coiling pattern. This species has been included within the 
synonomy of G.gordialis by Chamock & Jones, 1990. 

RANGE: Paiaeocene - Early Eocene. 
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OCCURRENCE IN TfflS WORK: 

OFFSHORE 
21/26-1 rare 49/10-1 ? 49/24-3 rare 
29/25-1 rare 49/20-2 49/24-4 rare 
44/2-1 mod.comm. 49/24-2 49/25-2 rare 
ONSHORE -

Wormingford Mere Lundsgaards CUfT 
Pegwell Bay mod.comm. Stevns Klint 
Reculver 

SuperfamUy RZEHAKINIACEA Cushman, 1933 
Family RZEHAKDSflDAE Cushman, 1933 

Genus i2ze/?a^«a Cushman, 1927 
RzehaMna epigona (RZEBAK) 

Recommended source for iUustration: 
Gradstein & Berggren (1981) pl.V, fig. 1 

1895 Silicim epigona RZEHAK p.214 pl.6 fig.l 
1945 Rzehakina epigona minima CUSHMAN & RENZ p.24 pl.3 fig.5 
1974 Rzehakina epigona (Rzehak): HILTERMANN p.36 pl.5 figs.lO, 11, 16-18, 21-22, 

24, 28. pl.5 figs.9, 10, 14, 15, 31-33 
1989 Rzehakina epigona (Rzehak): KING p.459 pl.9.2 fig.23 
1990 Rzehakina epigona (Rzehak): CHARNOCK & JONES p. 159, pl.3, figs 1-2, pi. 14, 

fig. 14 
1990 Rzehakina minima (Cushman & Renz): CHARNOCK «& JONES p. 159, pl.3, figs 3-

4, pi. 14, fig. 15 

DIAGNOSIS: Test fi-ee, agglutinated and small. The early whorls are coUed 
streptospuaUy, later planispually and hivolute with 2 chambers per whorl givmg an elongate 
though relatively wide elliptical shape to the test. The test waU is smooth and finely 
aggluthiated. The final chamber develops a shght prolongation towards the aperture. 

REMARKS: This species differs fi"om Rzehakina sp.l (Gradstein & Berggren) m its 
involute rather than evolute test anda rather wider test-width. 

Various authors argue for the synonomy or otherwise between Jtep/^owa and Rminima. 
E.g. Scott (1961) synonomises the two based on extensive statistical data whereas 
Chamock & Jones (1990) regard them as separate, based on differences m stratigraphic 
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range. However these two authors quote essentially the same stratigraphic range for the 
two species (Chamock & Jones, 1990, p. 159 and text figure 3). 

RANGE: Campanian - Late Paiaeocene (King, 1989). Mudge & Copestake (1992) regard 
the "top" of this species' range to be partly characteristic of their Bioevent M4. This event 
is of Late Paiaeocene age, occurs within the Lista Formation and can be used to mark the 
top of the Balmoral Member, especially in the Outer Moray Firth. 

OCCURRENCE IN THIS WORK: 

OFFSHORE 
21/26-1 49/10-1 49/24-3 
29/25-1 49/20-2 49/24-4 
44/2-1 49/24-2 49/25-2 rare 
ONSHORE 
Wormingford Mere Lundsgaards Cliff 
Pegwell Bay Stevns Klint 
Reculver 

"jRzeAflfaVifl" sp.l (GRADSTEIN & BERGGREN) 
Recommended source for illustration: 

Gradstem & Berggren (1981) pl.V, figs 3-4 

1981 "Rzehakind' sp. 1 GRADSTEIN & BERGGREN p.250, pl.V, figs 3-4 

DIAGNOSIS: Test free, agglutinated and small. The early whorls are coiled 
streptospirally, later planispually and evolute with 2 chambers per whorl givmg an elongate 
narrow eUiptical shape to the test. The test wall is smooth and finely agglutinated. 

REMARKS: Gradstein & Berggren (1981) recorded this species as occurring in higher 
stratigraphic levels (then- "interval with Cyclammina amplectens of Eocene age") than 
Repigona, which disappears in the Early-Middle Eocene in the Labrador Sea. 

RANGE: Eocene (?Early - Middle) (Gradstem & Berggren, 19981) 
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OCCURRENCE IN TfflS WORK: 

OFFSHORE 
21/26-1 49/10-1 49/24-3 
29/25-1 49/20-2 49/24-4 
44/2-1 49/24-2 49/25-2 rare 
ONSHORE 
Wormingford Mere Lundsgaards Cliff 
Pegwell Bay Stevns Klint 
Reculver 

SuperfamUy HORMOSINACEA Haeckel, 1894 
FamUy HORMOSINIDAE Haeckel, 1894 

Genus Reophax de Montfort, 1808 
Reophax piluUferBRADY 

Recommended source for illustration: 
Gradstein & Berggren (1981) pl.II, figs 10-11 

1884 Reophaxpilulifera BRADY p.292 pl.30 figs 18-20 
1981 Reophax pilulifer Brady: GRADSTEIN & BERGGREN p.248 pl.2 figs.10-11 
1990 Hormosina pilulifer (Brady): CHARNOCK & JONES p.l62, pl.4, fig.5, pl.15, fig.7 

DIAGNOSIS; Test fi-ee, agglutinated, few (normally 3-4) subglobular to barrel-shaped 
chambers arranged uniseriaUy and mcreasmg moderately rapidly in size. 

R E M A R K S ; The only species of this genus to be observed m this study and the only one 
fi-om the North Sea to be iUustrated by Gradstein & Berggren (1981). 

RANGE; Late Paiaeocene - ?OUgocene (this study). 

OCCURRENCE IN THIS WORK; 

OFFSHORE 
21/26-1 49/10-1 49/24-3 ? 
29/25-1 rare 49/20-2 49/24-4 
44/2-1 49/24-2 49/25-2 
ONSHORE 
Wormingford Mere Lundsgaardis Cliff 
Pegwell Bay Stevns Klint 
Reculver 

129 



Superfamily LITUOLACEAdeBlainviUe, 1827 
Family HAPLOPHRAGMOIDIDAEMaync, 1952 

Genus Gribrostomoides Cushman, 1910 . 
Cribrostomoides scitulus (BRADY) 
Recommended isource for illustration: 

Gradstein & Berggren (1981) pi. VI, figs 8-9 

1881 Haplophragmium scitulum BRADY, p.50 
1981 Cribrostomoides scitulus (Brady): GRADSTEIN & BERGGREN p.252, pl.6, 

figs.8-9 
1983 Cribrostomoides scitulus (Brady): CHARNOCK p. 116, pl.4, figs.12-13 
1989 Cribrostomoides scitulus (Brady): KING p.455, pl.9.2, figs.9-10 
1990 Labrospira scitida (Brady): CHARNOCK & JONES p.l72, pl.6, figs 9-10, pl.l7, 

fig.6 

DIAGNOSIS: Test firee, moderately large, planispiral, only moderately evolute, 9-10 
broad, wide and relatively low non-inflated chambers, periphery broadly rounded, sutures 
depressed and radial. 

R E M A R K S : King (1989) remarks that the generic assignment is tentative as the aperture 
(which is characteristically multiple and areal in Cribrostomoides) is often rarely visible in 
North Sea material. The material examined in this study yielded no fiirther information to 
clarify this assigmnent. 

Chamock & Jones (1990) state that in fact the coUing shown in this species is streptospiral 
and therefore have reinstated the genus Labrospira which had previously been synonjmMsed 
with Cribrostomoides by Loeblich & Tappan, 1964. 

RANGE: Middle Eocene - Early Oligocene (BCing, 1989); Maastrichtian - Eocene 
(Gradstein & Berggren, 1981); Maastrichtian - Recent (Chamock, 1983). 
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OCCURRENCE IN TmS WORK: 

OFFSHORE 
21/26-1 49/10-1 rare 49/24-3 
29/25-1 49/20-2 49/24-4 
44/2-1 rare 49/24-2 49/25-2 
ONSHORE 
Wormingford Mere Lundsgaards ClifT 
Pegwell Bay Stevns Mint 
Reculver 

Genus Haplophragmoides Cushman, 1910 
Haplophragmoides walteri (GRZYBOWSKI) 

Recommended source for illustration: 
Gradstein & Berggren (1981) pi. VI, figs 5-7 

1898 Trochammina walteri GRZYBOWSKI p.290, pi. 11, fig.31 
1960 Haplophragmoides walteri (Grzybowski): GEROCH p.49, pl.5, fig.5 
1981 Haplophragmoides walteri (Grzybowski): GRADSTEIN & BERGGREN, p.250, 

pi. VI, figs 5-7 
1990 Haplophragmoides walteri (Grzybowski): CHARNOCK & JONES p. 171, pl.6, figs 

3-4, pl.l7, fig.2 

DIAGNOSIS: Test planispual, involute and often compressed, periphery circular and non-
lobate, 8-15 chambers in the final whorl increasmg slowly in size, sutures radial and slightly 
depressed. 

REMARKS: In the material recorded m this study, most spechnens possess 8-10 chambers 
in the final whorl. 

RANGE: Late Cretaceous - Eocene, common in the Early Eocene (Gradstein & Berggren, 
1981). Chamock & Jones (1990) mdicate that this species ranges up to the Miocene. 
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OCCURRENCE IN TfflS WORK: 

OFFSHORE 
21/26-1 49/10̂ 1 49/24-3 
29/25-1 mod. comm. 49/20-2 , 49/24-4 
44/2-1 49/24-2 49/25-2 
ONSHORE 
Wormingford Mere Lundsgaards Cliff 
Pegwell Bay Stevns Klint 
Reculver 

Superfamily HAPLOPHRAGMIACEA Eimer & Fickert, 1899 
Family AMMOSPHAERINOIDINIDAE Cushman, 1927 

Genus Praecystcanmina Krasheninnikov, 1973 
Praecystammina globigerinaeformis KRASHENINNIKOV 

Recommended source for illustration: 
Gradstein & Berggren (1981) pl.IX, figs 11-15 

1973 Praecystammina globigerinaeformis KRASHENINNIKOV p.211 pl.2 figs. 1-2 
1981 Praecystammina globigerinaeformis Krasheninnikov: GRADSTEIN & 

BERGGREN p.258 pl.9 figs. 11-15 
1989 Cystamminq spA KING p.455 pl.9.1 figs. 14-15 
1990 Cystammina pauciloculata (Brady): CHARNOCK & JONES p. 168, pl.5, fig.7, 

pl.l6,fig.4 

DIAGNOSIS; Test fi-ee, agglutinated and coiled (at least in the later stage) in 
"globigerine" manner generally with 3 inflated chambers in the final whorl increasing fairly 
rapidly in size. The coiling is streptospiral in form. The aperture is a fairly broad, slit-like 
opening near the base of the last chamber and is often bordered by a thin lip. 

REMARKS; This is a very distinctive North Sea agglutinating species which resembles a 
planktonic foraminifera {Globigerina) in chamber arrangement although it's coiling mode is 
probably streptospiral rather than trochoid m the strict sense. Chamock & Jones (1990) 
state that P.globigerinaeformis is "... quite distinct from this species (i.e. C.pauciloculata)" 
although they appear to suggest that it is mamly due to a subtle difference m aperture 
shape. 

RANGE; Palaeocerte - Eocene (North Sea - Gradstein & Berggren, 1981), Late 
Paiaeocene - Early Ohgocene (North Sea - Kmg, 1989). However, Mudge & Copestake 
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(1992) use the first downhole occurrence of this species (with others) to mark their 
Bibevent M4 of Late Paiaeocene age. This event occurs within the Lista JFormation and can 
be used to pick the top of the Balmoral Member, especially in the Outer Moray Fhth. 

OCCURRENCE IN TfflS WORK: 

OFFSHORE 
21/26-1 49/10-1 rare 49/24-3 9 

29/25-1 49/20-2 49/24-4 
44/2-1 mod.comm. 49/24-2 49/25-2 
ONSHORE 
Wormingford Mere Lundsgaards Cliff 
Pegwell Bay Stevns Klint 
Reculver 

Genus Recurvoides Earland, 1934 
Recurvoides walteri gr. (GRZYBOWSKI) 

Recommended source for illustration: 
Gradstem & Berggren (1981) pl.Vm, figs 1-7 

1898 Haplophragmoides walteri GRZYBOWSKI p.280 pl.lO fig.24 
1967 Recurvoides walteri (Grzybowski): JURKIEWICZ p.78 pl.4 fig. 14 
1981 Recurvoides ex gr. walteri (Grzybowski):GRADSTEIN & BERGGREN p.253 pl.8 

figs. 1-7 
1989 Recurvoides gr. walteri (Grzybowski): KING p.458 
1990 Recurvoides ex gr. turbinaius (Brady): CHARNOCK & JONES p. 173, pl.6, figs 

13-15, pi. 17, fig.8 

DIAGNOSIS: Test free, agglutmated, fauly large, subglobular and streptospual. Usually 
5-6 chambers in the final whorl increasmg moderately in size. The aperture is areal, a short 
oval opehmg near the base of the fimial chamber. 

REMARKS: This species may be confused with Haplophragmoides subglobosus w ĥich is 
completely planispiral. Gradstem & Berggren (1981) recorded large niunbers ox R. ex gr. 
walteri fi-om theh: North Sea material and indicate a high degree of variabihty for this 
species, hence theh- broad interpretation of this species and the assigmnent of "ex gr." to 
the taxonomic structure. 

RANGE: Late Cretaceous - IVfiocene (Kmg, 1989) 
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OCCURRENCE IN THIS WORK; 

OFFSHORE 
21/26-1 49/10-1 rare 49/24-3 
29/25-1 49/20-2 - 49/24-4 
44/2-1 mod.comm. 49/24-2 49/25-2 
ONSHORE 
Wonningford Mere Lundsgaards ClifT 
Pegwell Bay Stevns Klint 
Reculver rare 

Superfamily COSCINOPHRAGMATACEA Thalmann, 1951 
Family CYCLAMMESflDAE Marie, 1941 
Genus Reticulophragmium Maync, 1955 

Reticulophragnuum amplectens (GRZYBOWSKI) 
Recommended source for illustration: 

Gradstein & Berggren (1981) pl.VII, figs 13-17 

1889 Cyclammina amplectens GRZYBOWSKI p.292 pi. 12 figs. 1-3 
1981 Cyclammina amplectens Grzybowski: GRADSTEIN & BERGGREN p.253 pl.7 

figs. 13-17 
1983 Reticulophragmium amplectens (Grzybowski):CHAElNOCK p. 124 pl.5 figs. 10-11 
1989 Reticulophragmium amplectens (Grzybowski): KING p.458 pl.9.2 figs. 16-18 
1990 Cyclammina (Reticulophragmium) amplectens Grzybowski: CHARNOCK & 

JONES p. 176, pl.8, figs 1-5, pi. 18, fig.3 

DIAGNOSIS; Test fi-ee, agglutinated. A compressed planispiral evolute test with a thick 
central area tapering to a narrow, subacute periphery. There are numerous chambers 
(13-20) in the final whorl separated by slightly depressed almost straight sutures along 
which can sometimes be seen the intemal labyrynthic stmctiures. The apertiue is a low arch 
near the base of the apertural face. 

REMARKS; The generic assignment of this species (and of other Reticulophragmium 
species herem) follows that of Chamock (1983) and Kmg (1989) who remove this species 
fi-om Cyclammina on the basis of its lack of the multiple areal apertures characteristic of 
that genus. Chamock & Jones (1990) later reduced Reticulophrdgmium to subgeneric 
status. 

This species is distmguishable from its close relatives by the typical inflation of the central 
area around the rather depressed umbihcus leadmg to rather trapezioid type shape when 
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viewed aperturally. The oldest (Late Paiaeocene) representative of this genus, 
Reticulophragmhim spA of King, 1989 (= R. cf. garcilassoi of Kammski et ql. cited as in 
press by King, 1989), was not recorded from the material studied. 

Chamock & Jones (1990) have also noted the apparently stratigraphically-related gradual 
development of alveoles in the waU structure of this species. Stratigraphically primitive 
mdividuals develop primary alveoles only, while later representatives develop secondary 
and tertiary alveoles (sensu Brormimarui, 1951). Also, more "advanced" individuals also 
display the alveolar stmcture earher hi theh growth (i.e. between the 5th and 13th 
chambers), compared with more primitive forms (between the 10th and 17th chambers). 
This is probably the basis by which King (1989) recognises two subspecies of this taxon 
(see below). 

RANGE; Kmg (1989) restricts this taxon to the Early - Middle Eocene, NSA 4 Zone, m 
the North Sea although Chamock & Jones (1990) suggest that it may range higher mto the 
Ohgocene. 

OCCURRENCE IN TfflS WORK; 

OFFSHORE 
21/26-i 49/10-1 rare 49/24-3 
29/25-1 mod.comm. 49/20-2 49/24-4 
44/2-1 rare 49/24-2 7 49/25-2 
ONSHORE 
Wonningford Mere Lundsgaards Cliff 
Pegwell Bay Stevns Klint 
Reculver 

Reticulophragmium amplectens subsp.y4 KING 
Pl.lFig.A 

1989 Reticulophragmium amplectens subsp.A KING p.458 

DIAGNOSIS; Very sunilar to Ramplectens s.s., but has fewer chambers (never more than 
19) and a more acute periphery. The umbihcal depression is narrower but still is relatively 
deep. The raised central umbilical area is also less weU developed which results m the lack-
of the typical trapezioid shape of Ramplectens. It also appears to have a more "advanced" 
waU stmcture (see Ramplectens above). 
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REMARKS: This species is often confiised with R.placenta (an Eocene - Miocene form -
see below) which has slightly fewer chambers. 

RANGE: King (1989) restricts this taxon to the Middle - Late Eocene i.e. stratigraphically 
higher than Ramplectem s.s. 

OCCURRENCE IN TfflS WORK: 

OFFSHORE 
21/26-1 49/10-1 49/24-3 
29/25-1 rare 49/20-2 49/24-4 
44/2-1 rare 49/24-2 49/25-2 
ONSHORE 
Wormingford Mere Lundsgaards Cliff 
Pegwell Bay Stevns Klint 
Reculver 

Reticulophragndum placenta (REUSS) 
Recommended source for iUustration: 

Gradstem & Berggren (1981) pl.VII, figs 4-8 

1851 Nonoininaplacenta REUSS p.72, pl.5, fig.33 
1868 Haplophragmium acutidorsatum HANTKEN p.82, pi. 1, fig. 1 
1981 Cyclammina placenta (Reuss):GRADSTEIN & BERGGREN p.254 pi. VH, figs 4-8 
1989 Reticulophragmium acutidorsatum (Hfentken): KING p.458, pl.9.2, fig. 15 
1989 Reticulophragmium placenta (Reuss): KING p.458 pl.9.2, figs 20-21 
1990 Cyclammina (Cyclammina) placenta (Reuss): CHARNOCK & JONES p. 175, pl.7, 

figs5-12,pl.l8,fig.4 

DIAGNOSIS: Test planispiral, involute, compressed, 10-16 chambers in the final whorl, 
periphery rounded to subacute. 

REMARKS: King (1989) separates Racutidorsatum on the basis of a more acute 
periphery, a feature that is difficult to quantify adequately m the material recorded here. 
Gradstein & Berggren (1981) regard the two as synonymous. 

King also mcludes spechnens referred to by Gradstem & Berggren as Cyclammina 
cancellata in his concept of Rplacenta. Ccancellata was not observed in this material but 
has a "fatter" i.e. less compressed test shape and is beUeved to have evolved from 
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Kplacenta (Gradstein & Berggren, 1981). Chamock & Jones (1990) also state the need for 
further investigation between these tow forms." 

RANGE: Middle Eocene - Miocene (King, 1989). ' 

OCCURRENCE IN THIS WORK: 

OFFSHORE 
21/26-1 49/10-1 49/24-3 
29/25-1 rare 49/20-2 49/24-4 
44/2-1 mod.conun. 49/24-2 49/25-2 rare' 
ONSHORE 
Wonningford Mere Lundsgaards Cliff 
Pegwell Bay Stevns Klint 
Reculver 

Superfamily SPIROPLECTAMMINACEA Cushman, 1927 
FamUy SPIROPLECTAMMINIDAE Cushman, 1927 

Genus ̂ /rc>p/ecfenM/w/na Cushman, 1927 
Spirdplectammina adamsi L A L I C K E R 

Recommended soiû ce for illustration: 
Murray a/. (1989) pl.10.1, figs 1-2 

1935 Spiroplectammina adamsi LALICKER 
1989 Bolivinopsis adamsi (Lahcker): MURRAY et al., p.508, pi. 10.1, fig. 1 

DIAGNOSIS: Test mitiaUy planispiral, becoming biserial and rapidly enlarging, a thick 
axial portion giving a broad rhomboidal cross section, lateral margms appear serrated with 
chambers having somewhat pointed edges or even a lateral flange. 

R E M A R K S : Loebhch & Tapp^ (1988) state that use of the genus Bolivinopsis for these 
morphotypes should be restricted to forms older than the Cenozoic. As with most 
spechnens of Spiroplectammina, the initial planispual coil is often diflScult to see on 
microspheric generations, or is commonly broken off altogether. 

The rapidly flaring test and thick, rhomboid cross-section are characteristic for this species. 

RANGE: Early Eocene (Murray et al., 1989) 
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OCCURRENCE IN TfflS WORK: 

OFFSHORE 
21/26-1 49/10-1 49/24-3 rare 
29/25-1 49/20-2 49/24-4 rare 
44/2-1 49/24-2 rare 49/25-2 ? 
ONSHORE 
Wonningford Mere Lundsgaards Cliff 
Pegweli Bay Stevns Klint 
Reculver 

Spiroplectammina carinata (D'ORBIGNY) 
Recommended source for illustration: 
Doppert &Neale (1983) pi. VI, figs 1 

1846 Bolmnopsis carinata D'ORBIGNY 
1983 Spiroplectammina carinata (d'Orbigny): DOPPERT & NEALE p.26, p. VI, fig. 1 
1990 Spiroplectammina (Spiroplectinella) carinata (d'Orbigny): CHARNOCK.& 

JONES p.l82,pl.21, fig.3 

DIAGNOSIS: Test initially planispiral, becoming biserial and rapidly enlarging. Test 
compressed giving a thin rhomboidal cross section. Lateral margins appear very serrated 
with chambers having somewhat pointed edges or even a lateral flange. 

R E M A R K S : S.adamsi is shnilar although the axial portion of the test in that case is much 
thicker. 

RANGE: Eocene - Early Ohgocene (Chamock & Jones, 1990). 

OCCURRENCE IN TfflS WORK: 

OFFSHORE 
21/26-1 49/10-1 rare 49/24-3 
29/25-1 49/20-2 49/24-4 
44/2-1 49/24-2 49/25-2 ? 
ONSHORE 
Wonningford Mere Lundsgaards Cliff 
Pegwell Bay Stevns Klint 
Reculver 
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Spiroplectammina navarroana CUSHMAN 
Recommended source for illustration: 

Gradstein & Berggren (1981) pl.UI, figs 11,-12 

1932 Spiroplectammina navarroana CUSHMAN p.96, pi. 11 fig. 14 
1935 Textularia plummerae LALIKER 
1981 Spiroplectammina navarroand Cushman: GRADSTEIN & BERGGREN p.260, 

pl.3, figs 11-12 
1983 Spiroplectammina navarrdana Cushman: CHARNOCK p. 130, pl.5, figs.4-5 
1989 Textularia plummerae Lalicker: KING p.459, pl.9.2, fig.26 
1990 Spiroplectammina (Spiroplectammina) navarroam Cushman: CHARNOCK & 

JONES p. 181, pl.9, figs 11-12, pl.21, fig.l 

DL^GNOSIS; Test firee, a small, often missing initial coiled portion, followed by an 
elongate, biserially arranged series of 10-12 inflated chambers separated by depressed 
straight sutures. The test surface is moderately rough with distinct grams. 

R E M A R K S : The initial coiled portion which allows placement of this species mto the 
genus Spiroplectammina is often broken off. This has led to several records of this species 
bemg attributed to the genus Textularia, specifically T.plummerae. The type spechnen of 
T.plummerae is also apparently broken at the point of the initial coil as is the type specimen 
of S.navarroana (see Gradstem & Berggren, 1981). King (1989) therefore regards the two 
species as synonymous giving T.plummerae priority. In the present author's opinion, 
however, if the type of T.plummerae is in fact a broken specimen of Spiroplectammina, and 
also given the priority of dates (see synonomy), the name S.ndvarroana should be the 
accepted taxon. 

RANGE: Late Cretaceous - Early Eocene (Kmg, 1989). The highest occurrence of this 
species, normally shortly followed by a downhole mcrease in numbers, is a useful Early 
Eocene indicator within the Horda / Mousa Formations of the Stronsay Group. 

OCCURRENCE IN THIS WORK: 

OFFSHORE 
r21/26-l 49/10-1 mod.comm. 49/24-3 
29/25-1 rare 49/20-2 49/24-4 rare 
44/2-1 ? 49/24-2 49/25-2 
ONSHORE 
Wormingford Mere Lundsgaards Cliff 
Pegwell Bay Stevns Klint 
Reculver 
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Spiroplectammina spectabilis (GRZYBOWSKI) 
Recommended source for illustration: 

Gradstein & Berggren (1981) pl.IV, figs 1-5 

1898 Spiroplecta spectabilis GRZYBOWSKI p.293 pi. 12 fig. 1 
1967 Spiroplectammina spectabilis (Gr2ybowski): JURKIEWICZ p.88 text fig.l9, pl.5, 

figs. 12,15 
1972 Bolivinopsis spectabilis (Grzybowski): HANZLIKOVA p.48 pi. 10 fig.8 
1972 Spiroplectammina spectabilis (Grzybowski): HILTERMANN p.43 pis. 1-2 
1981 Spiroplectammina spectabilis (Grzybowski): GRADSTEIN & BERGGREN p;260 

pl.4 figs. 1-5 
1983 Spiroplectammina spectabilis (Grzybowski): CHARNOCK p.l32 pl.6 figs.6,7 non 

pl.6 figs.8,9 
1989 Spiroplectammina spectabilis (Grzybowski): KING p.459 pl.9.2 figs.28-29 
1990 Spiroplectammina (Spiroplectinella) spectabilis (Grzybowski): CHARNOCK & 

JONES p. 182, pl.9, figs 17-18, pl.21, fig.5 (not pl.9, figs 15-16) 

DIAGNOSES: Test fi-ee, agglutinated and elongate. A small planispiral coil (larger in 
megalospheric forms) followed by an uncoiled compressed biserial stage with a diamond 
shaped cross section. The chambers are wide and directed backwards on the outer margins 
of the uncoiled portion. The chambers increase slowly in size. 

R E M A R K S : This species differs fi-om its close "relative" S. aff. spectabilis in its more 
rhomboid cross section. S.spectabilis s.s. ranges firom the Late Cretaceous to the 
Paiaeocene whilst the more common post-Palaeocene forms are better referred to the "afi" 
fonh. Hiltermaim (1972) discusses the taxonomy, morphology and distribution of this 
species m detail. Chamock (1983) indicates a recovery of nearly 1200 specimens fi-om a 
smgle (unnamed) North Sea weU. However, he differentiates between micro- and 
inegalospheric generations and described the megalospheric form as "the biserial portion is 
pairaUel sided, laterally compressed and consists of about 16 chambers". He also indicates 
that the megalospheric forms outnumber the microspheric forms by 16:1. This author 
suggests that the forms referred to as megalospheric by Chamock are perhaps better 
referred to S. aff spectdbilis, a post-Palaeocene compressed form of the species (see 
below). Gradstehi & Berggren (1981) also point out that post-Palaeocene representatives 
of this taxon are more compressed than older forms. 

Chamock & Jones (1990) foUow Chamock (1983) and Gradstem (1983) m regardmg these 
two forms as no more than the result of an evolutionary trait within S.spectabilis. Thehr 
stratigraphic utility however, argues for at least some degree of taxonomic recognition 
which appears best served by the "aff." designation for the younger, more flattened form. 
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RANGE: Restricted to Paiaeocene and older strata in the North Sea area (Gi'adstein & 
Berggren, 1981; King, 1989). The absolute highest occurrence of this taxon (which can be 
difiBcult to identify due to its scarcity at the top of its range) is used to partly define 
Bioevent M5 of Mudge & Copestake (1992). This event occurs at or near the top of the 
Lista Formation. A fairly rapid downhole mcrease in numbers of this species, just below its 
top, is normally recorded in many North Sea wells and this marker partly defines Bioevent 
M4 of Mudge & Copestake (1992). This event occurs withm (but near the top of) the Lista 
Formation, and can mark the top of the Bahnoral Member, especially in the Outer Moray 
Firth. 

OCCURRENCE IN TmS WORK: 

OFFSHORE 
21/26-1 49/10-1 49/24-3 
29/25-1 rare 49/20-2 49/24-4 
44/2-1 rare 49/24-2 49/25-2 ? 
ONSHORE 
Wormingford Mere Lundsgaards Cliff 
Pegwell Bay Stevns Klint 
Reculver 

Spiroplectammina aff. spectabitis {sensu KING) 
Recommended source for iUustration: 

Chamock & Jones (1990) pl.9, figs 15-16 

1983 Spiroplectammina spectabilis (Grzybowski): CHARNOCK p. 132, pl.6, figs.8,9 non 
pl.6, figs.6,7 

1989 Spiroplectammina afif. spectabilis KING: p.459 
1990 Spiroplectammina (Spiroplectinella) spectabilis (Grzybowski): CHARNOCK & 

JONES p.182, pl.9, figs 15-16 not 17-18, not pl.21, fig.5 

DIAGNOSIS: A variant of S.spectabilis s.s. with a more lateraUy compressed test and a 
less rhomboid cross-section. 

REMARKS: This taxon is less common than S.spectabilis m the material studied. Most of 
the forms described by Chamock (1983) would be best referred to this taxon (see above for 
discussion). 

141 



RANGE: Early - Middle Eocene (see King, 1989). Chamock & Jones (1990) state that the 
highest occurrence of this (aflf.) taxon is a valuable, isochronous bioevent which occurs 
within the same palynomorph zone {P.costata) throughout the Central North Sea. 

OCCURRENCE IN TfflS WORK: 

OFFSHORE 
21/26-1 49/10-1 49/24-3 
29/25-1 49/20-2 49/24-4' 
44/2-1 rare 49/24-2 49/25-2 
ONSHORE 
Wormingford Mere Lundsgaards Cliff 
Pegwell Bay Stevns Klint 
Reculver 

Spiroplectammina thanetana (LALICKER) 
Recommended source for illustration: 
Murray et al. (1989) pi. 10.1, figs 7-9 

1897 rex?M/ar/a rag7«w/aBURROWS & HOLLAND p.31, p U l , fig.lO 
1955 Textularia thanetana LALICKER p.51, pl.7, fig.7 
1958 Textularia thanetana Lahcker: HAYNES p.60, pi. 15, fig.5 
1989 Spiroplectammina thanetana (Lahcker): MURRAY et al., p.510, pi. 10.1, figs 7-9 

DIAGNOSIS: Test elongate triangular, a small, ahnost hidistmct mitial planisphre followed 
' by an uncoiled biserial portion, rhomboid in cross section, periphery subacute. 

R E M A R K S : S.spectabilis s.s. (i.e. the rhomboid form) has subparaUel sides whereas 
S.thanetana is distinctly tapering though not as flaring as S.adamsi. S.navarroana has a 
rounded periphery. 

RANGE: Late Paiaeocene (Murray et al., 1989) 

142 



OCCURRENCE IN imS WORK: 

OFFSHORE 
21/26-1 49/10-1 49/24-3 
29/25-1 49/20-2 49/24-4 
44/2-1 49/24-2 49/25-2 rare 
ONSHORE 
Wonningford Mere Lundsgaards CliflF 
Pegwell Bay common Stevns Klint 
Reculver v.common 

Superfanuly TROCHAMMINACEA Schwager, 1877 
Family TROCHAMMINIDAE Schwager, 1877 

Genus Trochammina Parker & Jones, 1859 
Trochammina? volupta (HAYNES) 
Recommended source for illustration: 

Murray etal. (1989) pl.10.1, figs 10-12 

1956 Gyroidinoides vo/wpto HAYNES p.93, pi. 17, fig.4, pi. 18, fig. 1 
71966 Trochammind ihflata (Montagu): HOFKER pl.77, figs 13-15 
1989 Trochammina? volupta (Haynes): MURRAY et al, p.510, pi. 10.1 figs 10-12 

DIAGNOSIS: Test almost planoconvex, a low trochospire, 5-7 globose chambers in the 
final whorl, high umbilical side. Aperture a long, low arch. Wall is apparently (though very 
finely) agglutinated and is normally white in colour. 

REMARKS: The wall structure of this taxon is apparently agglutmated with detrital grams 
(Murray et al., 1989) although lack of study renders the generic assignment of this taxon 
uncertain. It is foimd in sediments of normal marine, hmer shelf character (Murray et ah, 
1989). 

A form iUustrated as Trochammina inflata by Hofker (1966) appears to be shnilar. If it can 
be shovra that the Danish specimens are equivalent to those recorded in the U.K., Hoflcer's 
taxon yvould gam priority. 

RANGE: Late Paiaeocene (Murray et al., 1989) 
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OCCURRENCE IN TfflS WORK: 

OFFSHORE 
21/26-1 49/10-1 49/24-3 
29/25-1 49/20-2 49/24-4 
44/2-1 49/24-2 49/25-2 
ONSHORE 
Wormingford Mere Lundsgaards ClifT 
Pegwell Bay ? Stevns Klint 
Reculver 

Superfamily VERNEUILINACEA Cushman, 1911 
Family VERNEUILINIDAE Cushman, 1911 

Grenus Gaudryina d'Orbigny, 1839 
Gaudryina hiltermanni MEISL 

Recommended source for illustration: 
Murray etaL (1989) pl.10.1, figs 5-6 

1959 Gaudryina hiltermanni MEISL 
1989 Gaudryina hiltermanni Meisl: KESfG p.455, pl.9.1, fig.l6 
1989 Gaudryina hiltermanni Meisl: MURRAY et aL, p.510, pi. 10.1, figs 5-6 
1990 Gaudryina hiltermanni Meisl: CHARNOCK & JONES p.l93, pl.l2, figs 13-14, 

pl.25, fig.4 

DIAGNOSIS; Test firee, relatively large, elongate, a triserial stage with a sharp edged 
triangular cross-section followed by an biserial stage with a niore rounded cross-section. 

REMARKS; Similar to Clavtdina anglica which has a uniserial second portion. However, 
this latter portion is ofl:en missing in the specimens recorded in this study. 

RANGE; Early Eocene (Kmg, 1989) 

144 



OCCURRENCE CV THIS WORK: 

OFFSHORE 
21/26-1 49/10-1 49/24-3 fare 
29/25-1 49/20-2 49/24-4 rare 
44/2-1 49/24-2 49/25-2 rare 
ONSHORE 
Wormingford Mere Lundsgaards Cliff 
PegwellBay Stevns Klint 
Reculver 

Superfanuly ATAXOPHRAGMIACEA Schwager, 1877 
Fanuly GLOBOTEXTULARUDAE Cushman, 1927 

Genus Mr^oMz/aPahner, 1936 
Matanzia varians (GLAESSNER) 

Recommended source for illustration: 
Kmg (1989) pl.9.2, figs 7-8 

1937 Textulariella varians GLAESSNER 
1944 Matanzia varians (Glaessner): TEN D A M 
1989 Matanzia varians (Glaessner): KING p.456, pl.9.2, figs 7-8 
1990 Remesella varians (Glaessner): CHARNOCK & JONES p.l97, pl.l2, figs 21-22, 

pl.25, fig.l2 

DIAGNOSIS: Test initially triserial but rapidly expanding to biserial in the final stages, 
cross-section ahnost cucular, periphery gently tapering sutures shghtly depressed and 
gently curved, chambers moderately inflated, wall relatively finely agglutmated, aperture a 
broad, looped sht openmg at the base of the apertural face. 

R E M A R K S : This is a fauly distinctive taxon hi the material examined. Taxa referred to 
"Dorothid" sp.6 fi-om the Eocene of an unnamed North Sea weU, and Dorothia oxycona 
fi-om the Maastrichtian of the Labrador Shelf by Gradstem & Berggren (1981) are shnilar 
but have more strongly tapering tests. 

Species of Karreriella are normally at least triserial throughout and have a more coarsely 
agglutinated wall structure. 

RANGE: Late Paiaeocene (King, 1989). Chamock & Jones (1990) state that it's 
extinction occurs within, rather than at the top of the Late Paiaeocene. 
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OCCURRENCE JN TfflS WORK: 

OFFSHORE 
21/26-1 49/10-1 49/24-3 
29/25-1 49/20-2 49/24-4 
44/2-1 rare 49/24-2 49/25-2 
ONSHORE 
Wonningford Mere Lundsgaards ClifT rare 
Pegwell Bay Stevns Klint 
Reculver 

Superfamily TEXTLILARIACEA Ehrenberg, 1838 
Genus ̂ arrene//a Cushman, 1933 

Karreriella conversa (GRZYBOWSKI) 
Recommended source for illustration: 

Gradstein & Berggren (1981) pl.IV, figs 11-15 

1901 Gaudryina conversa GRZYBOWSKI 
1911 Gaudryina apicularis CUSHMAN p.69, fig. 110 
1981 Karreriella apicularis (Cushman): GRADSTEIN & BERGGREN p.263, pl.IV, figs 

11-15 
1989 Karreriella conversa (Grzybowski): KING p.456, pl.9.1, figs 23-24 
1990 Karrerulina conversa (Grzybowski): CHARNOCK & JONES pT95, pi. 12, fig. 19, 

pl.25, fig. 10 

DIAGNOSIS: Test elongate, slightly twisted, mitiaUy multiserial or triserial, becoming 
triserial or nearly biserial later, chambers moderately mflated, subglobular to barrel-shaped, 
sutures relatively indistinct, wah normally fairly coarsely agglutinated. 

R E M A R K S : In some specimens, dark, opaque (?heavy mineral) grains are mcorporated 
mto the waU material' close to the sutures. Some workers (e.g. Mears pers. comm.; Dyer 
pers. comm.) regard this feature as having possible stratigraphical significance, being 
observed (so far) fi-om Late Paiaeocene spechnens only m the North Sea area. 

RANGE: Late Cretaceous - Early Ohgocene (ECing, 1989). However, accordmg to Mudge 
& Copestake (1992) the stratigraphic top this species is used to partly define theh" Bioevent 
M4 of Late Paiaeocene age (see Remarks above). 
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OCCURRENCE IN TfflS WORK: 

OFFSHORE 
21/26-1 49/10-1 rare 49/24-3 
29/25-1 mod.comm. 49/20-2 49/24-4 rare 
44/2-1 mod.comm. 49/24-2 49/25-2 
ONSHORE 
Wonningford Mere Lundsgaards Cliff 
Pegwell Bay Stevns Klint 
Reculver 

Family VALVULINIDAEBerthelin, 1880 
Genus C/avM//«ad'drbigny, 1826 ' • 
aavuHna anglica (CUSHMAN) 

Recommended source for iUustration: 
Murray a/. (1989) pl.10.1, figs 3-4 

1936 Pseuddclavulina anglica CUSHMAN 
1983 Pseudoclamlina anglica Cushman: DOPPERT & NEELE plXIX, fig.3a-b 
1989 Clavulina anglica (Cushman): KING p.454, pl.9.1, fig.22 
1989 Clavulina anglicg (Cushman): MURRAY et al., p.508, pi. 10.1, figs 3T4 
1990 Pseudoclavulina anglica Cushman: CHARNOCK & JONES p.l96, pl.l2, fig.20, 

pl.25, fig. 11 

DIAGNOSIS: Elongate, large, trigonal early triserial stage followed by a uniserial portion 
with a circular cross section with later chambers becoming mflated and subglobular. 

REMARKS: Ccocoaensis Cushman (Middle - Late Eocene) has a smaUer and more 
rounded cross sectional triserial portion with a very elongate uniserial portion. The uniserial 
part of this species is often broken m the spechnens recorded in this study and can be 
diflficuh to separate from Gaudryina hiltermanni which also has a triangular triserial 
portion. 

RANGE: King (1989) indicates that this species ranges from the Late Paiaeocene - Early 
Eocene in the North Sea and ranges up to the Middle Eocene in onshore sequences. 
Murray et al. (1989) however, only record an Early Eocene range for the onshore U.K. 
Doppert & Neele (1983) record this species from the latest Paiaeocene - Early Eocene of 
the Dutch onshore. 
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OCCURRENCE IN THIS WORK: 

OFFSHORE 
21/26-1 49/10-1 49/24-3 
29/25-1 49/20-2 49/24-4 
44/2-1 49/24-2 49/25-2 rare 
ONSHORE 
Wonningford Mere Lundsgaards CliflF 
PegweU Bay Stevns Klint 
Reculver 

Suborder MILIOLINA belage .& Herouard, 1896 
Superfanuly MILIOLACEA Ehrenberg, 1839 

Family HAUERINIDAE Schwager, 1876 
Genus Qumqueloculina d'Orbigny, 1826 
Quinqueloculina reicheli LE CALVEZ 

Recommended soiuce for iUustration: 
Murray et al (1989) PI. 10.2, figs 7-9 

1966 Quinqueloculina (Scutuloris) reicheli L E CALVEZ 
1989 Quinqueloculina reicheti Le Calvez: MURRAY et al, p.512, pi. 10.2, figs 7-9 

DIAGNOSIS: A Quinqueloculina with an oval test, rounded hi cross section, smooth. The 
aperture is at an obUque open end of the last chamber, occasionaUy with a flap. 

REMARKS: The obUque aperture is distmctive. 

RANGE: Early Eocene - Early OUgocene (Murray et al, 1989) 

OCCURRENCE IN THIS WORK: 

OFFSHORE 
21/26-1 49/10-1 49/24-3 
29/25-1 49/20-2 49/24-4 
44/2-1 49/24-2 49/25-2 rare 
ONSHORE 
Wormingford Mere Lundsgaards CliflF 
Pegwell Bay Stevns Klint 
Reculver 
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Suborder L A G E N M A Delage & Herouard, 1896 
Superfamily NODOSARIACEA Ehrenberg, 1838 • ' ' • 

FamilyNODOSARHDAE Ehrenberg, 1838 
Genus Z)e«to//wa Risso, 1826 

Dentalina gldessneri TEN D A M 
Reconunended source for illustration: ' 

Haynes (1958) PI. 16, %.3 

1897 Dentalina communis BURROWS & HOLLAND p.35, pl.2, figs 7-9 
1944 Dentalina glaessneri TEN DAM p.92,pl2,&g.U . . . 
1958 DentalinaglaessneriTenBam: HAYNES p.66,pll6,'&g3 

DIAGNOSIS: Test elongate, gently curving, approximately 6 elongate "barrel shaped" 
chambers, sutures oblique and depressed, surface covered with fine longitudmal costae, 
aperture terminal, usually positioned closest to the more concave margin of the curved test. 

R E M A R K S : This species resembles Nodosaria latejugata in the possession of depressed 
sutures and longitudinal costae. It is, however, distinctly curved and possesses a non-
central aperture (i.e. is best referred to Dentalina). 

RANGE: Paiaeocene (Hayneŝ  1958). 

OCCURRENCE IN THIS WORK: 

OFFSHORE 
21/26-1 49/10-1 49/24-3 
29/25-1 49/20-2 49/24-4 
44/2-1 49/24-2 49/25-2 
ONSHORE 
Wormingford Mere Lundsgaards Cliff rare 
Pegwell Bay rare Stevns Klint 
Reculver 

Genus iVbf/o^arw Lamark, 1812 
Nodosaria latejugata GUEMBEL 

Recommended source for illustration: 
King (1989) PI. 9.4, fig.3 

1868 Nodosaria latejugata GUEMBEL 
1989 Nodosaria latejugata Guembel: KING p.464, pl.9.4, fig.3 
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DIAGNOSIS: Test generally large with "barrel-shaped" chambers slightly longer than 
broad. Numerous thin but "high" longitudinal ribs present which cross the depressed 
sutures.. 

REMARKS: A distinctive large species. Nodosaria minor Hantken has only slightly 
depressed sutures and King (1989) regards the two taxa to be dimorphic forms of the same 
species. 

RANGE: Late Paiaeocene - Late Eocene (King, 1989) 

OCCURRENCE IN THIS WORK: 

OFFSHORE 
21/26-1 49/10-1 49/24-3 
29/25-1 49/20-2 49/24-4 rare 
44/2-1 49/24-2 49/25-2 rare 
ONSHORE 
Wormingford Mere Lundsgaards Oiff 7 

Pegwell Bay Stevns Klint 
Reculver rare 

Nodosaria spinescens (REUSS) 
Recommended source for illustration: 

Doppert & Neele (1983) PI. VII, figs 2-3 

185 la Dentalina spinescens REUSS 
1983 Nodosaria spinescens (Reuss): DOPPERT & NEELE p.28, pl.Vn, figs.2-3 

DIAGNOSIS: Test with "barrel-shaped" chambers and depressed sutures. Chamber 
surface is smooth apart fi-om a band of 10-12 short blunt retrograde spines which occur 
posterior of the equatorial line of each chamber. 

REMARKS: Some specimens have the band of spines occurring around the equatorial 
line. These have been logged as Nodosaria ?spinescens on charts. 

RANGE: Oligocene (Doppert & Neele, 1983) 
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OCCURRENCE IN TfflS WORK: 

OFFSHORE 
21/26-1 49/10-1 49/24-3 
29/25-1 49/20-2 49/24-4 
44/2-1 49/24-2 49/25-2 mod.comm. 
ONSHORE 
Wonningford Mere Lundsgaards Cliff 
Pegwell Bay Stevns Klint 
Reculver 

FamUy VAGDSfULINIDAE Reuss, 1860 
Genus Zewftcw/zna Lamarck, 1804 

Lenticulina klagshamnensis (BROTZEN) 
Reconunended source for iUustration: 

Hofker (1966) pi. 40, figs 12-13 

1948 Robulus klagshamnensis BROTZEN p.41, pl.7, figs 1-2 
1966 Robulus klagshamnensis Brotzen: HOFKER p.219, pl.40, figs 12-13 

DL^GNOSIS: Test fi-ee, planispiral, involute, compressed and fairly strongly keeled. About 
8-9 chambers hi the final whorl. Sutures, raised, distmct and recurved. Central umbiUcal 
area without a distinct boss. 

REMARKS: L.turbinatus has more strongly recurved sutures.. 

RANGE: Paiaeocene. Also recorded firom the Vincetown and Mdway Formations of 
America (Hofker, 1966). 

OCCURRENCE IN TfflS WORK: 

OFFSHORE 
21/26-1 49/10-1 49/24-3 
29/25-1 49/20-2 49/24-4 
44/2-1 49/24-2 49/25-2 
ONSHORE 
Wonningford Mere Lundsgaards Cliff rare 
Pegwell Bay Stevns Klint 
Reculver 
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Lenticulina platypleura FJRANKE 
Recommended source for illustration: 

King (1989) PL 9.3, fig.20 . 

1911 Lenticulina multiformis FRANKE 
1989 Lenticulina platypleura (Jones): KING p.463 pl.9.3 fig.20 

DIAGNOSIS; Test firee, compressed, around 8 chambers in the final whorl, planispiral 
involute varying fi-om fiilly coiled to uncoiled, periphery acute, sutures marked with raised 
ribs. 

R E M A R K S ; The ornamentation is quite variable in this species, particularly in the strength 
of the sutural ribs. In was recorded as common in the Pegwell Marls by Haynes (1958c). 

RANGE; Late Paiaeocene (King, 1989) 

OCCURRENCE IN THIS WORK; 

OFFSHORE 
21/26-1 49/10-1 ? 49/24-3 rare 
29/25-1 49/20-2 49/24-4 
44/2-1 49/24-2 ? 49/25-2 rare 
ONSHORE 
Wormmgford Mere Lundsgaards Cliff 
PegwellBay Stevns Mint 
Reculver 

Lenticulina turbinatus PLUMMER 
Recommended source for illustration: 

Hoflcer (1966) pi. 68, figs 43-44 

1926 Cristellaria turbinata PLUMMER p.93, pl.7, fig.4 
1951 Robulus turbinatus (Plummer): CUSHMAN p.l4, pl.4, figs 6-9 
1966 Robulus turbinatus (Plummer): HOFKER p.308, pl.68, figs 43-44 

DIAGNOSIS: Test rather small, compressed with a fauly strong keel. About 7-9 strongly 
recurved chambers in the final, involute, whorl. Sutures raised, distinct and highly 
"turbinate" (Hoflcer, 1966 p.308J i.e. recurved. 

REMARKS: L.klagshamnensis is similar although the sutures are not as recurved 
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RANGE: Palaeocene(Hofker, 1966). 

OCCURRENCE IN TTOS WORK: 

OFFSHORE 
21/26-1 49/10-1 49/24̂ 3 
29/25-1 49/20-2 49/24-4 
44/2-1 49/24-2 49/25-2 
ONSHORE 
Wormingford Mere Lundsgaards Cliff mod. comm. 
Pegwell Bay Stevns Klint 
Reculver 

Genus Saracenaria Defrance, 1824 
Saracenaria hartingi TEN D A M 

Reconunended source for illustration: 
Hofker (1966) pi. 77, fig. 20 

1944 Astacolus hartingi TEN D A M 
1966 Astacolus hartingi Ten Dam: HOFKER pl.77, fig.20 

DIAGNOSIS: Test planispiral, a rapidly expanding coil, both in terms of chamber height 
and breadth. About 5-6 chambers m the final whorl. Sutures mainly flush, becoming shghtly 
depressed in the last few chambers and recurved. Rather bulbous chamber flaps on the final 
chamber overhang the central area. Apertural face broadly convex. Aperture radiate, 
terminal. 

REMARKS: This species is placed in the genus Saracenaria as it does not uncoil as 
completely as m typical Astacolus spp. 

RANGE: ?Palaeocene (Hoflcer, 1966). 
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OCCURRENCE IN THIS WORK: 

OFFSHORE 
21/26-1 49/10-1 49/24-3 
29/25-1 49/20-2 49/24-4 
44/2-1 49/24-2 49/25-2 
ONSHORE 
Wormingford Mere Lundsgaards Cliff rare 
Pegwell Bay Stevns Klint 
Reculver 

Genus ̂ 5'toco/z/5'de Montfort, 1808 
Astacolus ?sp.nov. 

Pl.1 Fig.B 

DIAGNOSIS: Test large, initially planispiral becoming rapidly uncoiled, mainly elongate, 
occasionally less uncoiled, slightly compressed with a well rounded periphery, sutiues only 
moderately distinct, flush to slightly depressed, very oblique in later part of uncoiled 
portion, aperture termmal and radiate, wall smooth and unomamented. 

REMARKS: This species was recorded in abundance from a single sample (PBll) in the 
Pegwell bay section. It may have some sunilaiities to Margimilina cf M.dorsata Cushman 
as illustrated by Haynes, 1958b, from Horizon P16 of the Pegwell Marls which corresponds 
approximately to the level of the P B l l sample herein. It also may be referable to A. 
"crepidtild^ of various authors. Rarer occurrences of this taxon have also been recorded 
from Denmark and offshore (see below). 

RANGE: Late Paiaeocene (this study). 

OCCURRENCE IN THIS WORK: 

OFFSHORE 
21/26-1 49/10-1 49/24-3 
29/25-1 49/20-2 49/24-4 
44/2-1 49/24-2 49/25-2 rare 
ONSHORE 
Wormingford Mere Lundsgaards Cliff rare 
Piegwell Bay common Stevns Klint 
Reculver 
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Genus VagimlinopsisSilwestn, 1904 
Vaginulinopsis decorata (REXJSS) 

Recommended source for illustration: 
King (1989) Pl.9.4, fig-11 

1855 Cristellaria decorata REUSS 
1989 Vaginulinopsis decorata (Reuss): KING p.466 pl.9.4 fig. 11 

DIAGNOSIS: Test fi-ee, relatively large, uncoiled planispiral with small initial planispixal 
coil, periphery subroimded to keeled, chambers short and wide, numbering about 6-8 m the 
uncoiled portion^ ornament variable but predominantly composed of sutmral tubercles which 
may be somewhat elongated lohgitudmally into short ribs which tend to become more 
contmuous near the periphery. 

REMARKS: Kmg (1989) remarks that this highly variable species may, with fiirther study, 
reveal usefiil chronological subspecies as the ornamentation style tends to change firom 
predominantly smooth sutural ribs in the Early Eocene (V.decorata subsp.A - see below) to 
more longitudinally elongated tubercles and without sutural ribs by the Middle - Late 
Eocene (this species). King also mentions an mtermediate form occurring in the Early -
Middle Eocene with thick, tuberculate sutural ribs but does not distinguish it as a distmct 
subspecies. 

RANGE: Middle - Late Eocene (Kmg, 1989) 

OCCURRENCE IN TfflS WORK: 

OFFSHORE 
21/26-1 49/10-1 rare 49/24-3 rare 
29/25-1 49/20-2 49/24-4 rare 
44/2-1 49/24-2 rare 49/25-2 rare 
ONSHORE 
Wonningford Mere Lundsgaards Cliff 
Pegwell Bay Stevns Klint 
Reculver 

Vaginulinopsis decorata subsp.A KING 
Recommended source for illustration: 

King (1989) Pl.9.4, fig. 12 

1989 Vaginulinopsis decorata subsp.A: KING, p.466, pi. 9.4 fig. 12 
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DIAGNOSIS: Similar to V.decorata but with smooth sutural ribs. Irregular tuberculation 
may be present on the hiitial coil. 

R E M A R K S : King (1989) regards this subspecies as the earhest in a morphological and 
chronological gradation, where .surface ornament changes from predominantly sutural to 
predominantly longitudinal in aspect. 

RANGE: Early - ?Middle Eocene (King, 1989) 

OCCURRENCE IN TmS WORK: 

OFFSHORE 
21/26-1 49/10-1 49/24-3 
29/25-1 49/20-2 49/24-4 rare 
44/2-1 49/24-2 49/25-2 rare 
ONSHORE 
Wormingford Mere Lundsgaards Cliff 
Pegweil Bay Stevns Klint 
Reculver 

VaginuHnopsisaS. decorata KING 
Recommended source for illustration: 

Kmg (1989) Pl.9.4, fig. 14 

1989 Vagirtulinopsis spJB: KING, p.466, pl.9.4 fig. 14 

'DIAGNOSIS; Test fairly large and compressed. Small' mitial coil followed by an uncoiled 
portion of c.8-10 short and wide chambers. Surface ornamentation consists of many 
discontinuous longitudinal ribs or longitudinally elongated tubercles which tend to become 
more prominent towards the periphery though tending to fade on the later chambers. 

REMARKS: The predonunantly longitudmal nature of the ornamentation, together with 
the more compressed nature of the test, serve to distmguish this form from others of the 
V.decorata plexus. 

RANGE: King (1989) regards this form as a widespread species m the lower part of the 
Early Oligocene. 
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OCCURRENCE IN THIS WORK; 

OFFSHORE 
21/26-1 49/10-1 49/24-3 
29/25-1 49/20-2 49/24-4 rare 
44/2-1 ? 49/24-2 rare 49/25-2 
ONSHORE 
WormingfordMere Lundsgaards Cliff 
Pegwell Bay Stevns Klint 
Reculver 

Genus Citharim d'Orbigny, 1839 
Citharina plummoides (PLUMMER) 
Reconmiended source for illustration: 

Hofker (1966) pi. 80, fig. 94 

1926 Vagimlinaplummoides PLUMMER p. 120, pl.5, fig.4 
1948 Citharim plummoides (Plummer): BROTZEN p.45, pl.5, figs 4-5 
1966 Citharina plummoides (Plummer): HOFKER, pl.80, fig.94 

DIAGNOSIS: Test highly flattened, blade-like with numerous narrow chambers. The 
change m rate of chamber addition in the mitial part results m a concave, hook-shaped 
feature. The surface is covered in very fine longitudmal striations. 

REMARKS: This forms has been regarded as typical within Paiaeocene sediments of 
southem Scandinavia (Brotzen, 1948) 

RANGE: Latest Early - Late Paiaeocene (Brotzen, 1948). 

OCCURRENCE IN THIS WORK: 

OFFSHORE 
21/26-1 49/10-1 49/24-3 
29/25-1 49/20-2 49/24-4 
44/2-1 49/24-2 49/25-2 
ONSHORE 
Wormingford Mere Lundsgaards Cliff rare 
Pegwell Bay Stevns Klint 
Reculver 
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Family LAGENIDAE Reuss, 1862 
Genus Zagewa Walker & Jacob, 1798 

LagenageometricalXEVSS 
Recommended source for illustration: 

Hofker (1966) pi. 80, figs 97, 100 

1845 Lagena geometrica REUSS 
1966 Lagena geometrica Reuss: HOFKER, pl.80, figs 97, 100 

DIAGNOSIS: Test small, unilocular, almost spherical. Surface strongly reticulate and 
fairly spinose. Aperture produced, on a short neck. 

REMARKS: The reticulation is distmctive 

RANGE: ?Palaeocene (Hofker, 1966). 

OCCURRENCE IN THIS WORK: 

OFFSHORE 
21/26-1 49/10-1 49/24-3 
29/25-1 49/20-2 49/24-4 
44/2-1 49/24-2 49/25-2 
ONSHORE 
Wonningford Mere Lundsgaards Cliff rare 
Pegwell Bay Stevns Klint 
Reculver 

Fanuly POLYMORPIHNIDAE d'Orbigny, 1839 
Genus Gwff«//na d'Orbigny, 1839 

Guttulina problema d'ORBIGNY 
Recommended source for illustration: 

Murray et al. (1989) fig. 10.13i-k 

1826 Guttulina problema d'ORBIGNY p.26 no. 14 
1948 Guttulina problema d'Orbigny: BROTZEN p. 19, pl.2, figs 1-6 
1948 Guttulina communis (Plummer): BROTZEN p.49 
1958 Guttulina problema d'Orbigny: HAYNES p.5, pl.3, fig.5 
1989 Guttulina problema d'Orbigny: MURRAY et al., p.529, fig. 10.13i-k 
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DIAGNOSIS: Test somewhat "tear-drop" shaped, subtriangular m cross-section arranged 
in a quinquelocuhne series, mcreasing in size very rapidly, sutures depressed, aperture 
radiate. 

R E M A R K S : The "tear-drop" shape is characteristic. 

RANGE: Late Paiaeocene - Late Eocene (Murray et al, 1989) 

OCCURRENCE IN TmS WORK: 

OFFSHORE 
21/26-1 49/10-1 49/24-3 
29/25-1 49/20-2 49/24-4 
44/2-1 49/24-2 49/25-2 rare 
ONSHORE 
Wormingford Mere Lundsgaards Cliff 
Pegwell Bay rare Stevns Klint 
Reculver mod.comm. 

Genus Globulina d'Orbigny, 1839 
GlobuUna ampulla (JONES) 

Recommendied source for illustration: 
Murray et al (1989) fig. 10.13c-e 

1852 Polymorphina ampulla JONES p.267, pi. 16, fig. 14 
1958 Globulina ampulla (Jones): HAYNES p.9, pl.4, fig. 1 
1989 Globulina ampulla (Jones): MURRAY et al, p.529, fig.l0.13c-e 

DIAGNOSIS: Test a pointed oval, subcircular - subtriangular in cross-section, chambers 
added m planes 144^ apart, sutures slightly depressed, aperture radiate. 

REMARKS: 

RANGE: Late Paiaeocene (Murray etal, 1989) 
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OCCURRENCE IN ITOS WORK 

OFFSHORE 
21/26-1 49/10-1 49/24-3 
29/25-1 49/20-2 49/24-4 
44/2-1 49/24-2 49/25-2 rare 
ONSHORE 
Wormingford Mere Lundsgaards Cliff 
Pegwell Bay^ rare Stevns Klint 
Reculver mod. comm. 

Suborder ROBERTININA Loeblich & Tappan, 1984 
Superfamily CERATOBULIMINACEA Cushman, 1927 

Family CERATOBULMINIDAE Cushman, 1927 
Genus Ceratohulimina Toula, 1915 
Ceratobuttmina contraria (REUSS) 
Reconmiended source for illustration: 
Doppert & Neele (1983) pl.m, fig. 1 

185 lb Allomorphina contraria REUSS 
1958 Ceratobulimina contraria (Reuss): BATJES pl.X fig.4 
1983 Ceratobulimina contraria (Reuss): DOPPERT & NEELE pl.ffl fig. 1 

DIAGNOSIS; Test medium to large, broadly biconvex to almost subglobular, a low 
trochospire with 6-7 rapidly enlargmg chambers m the final whorl. 1-2 hiitial whorls visible 
on the spiral side. Chambers wide and high, triangular in umbihcal view, moderately inflated 
to give a lobate, well rounded periphery. Sutures depressed, surface smooth. The aperture 
is a long sUt located in a broad groove running fi-om the umbihcus up into the apertural 
face. 

R E M A R K S ; This distinctive species is characteristic of the Ohgocene - Early Miocenei of 
the North Sea area. 
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OCCURRENCE IN TfflS WORK; 

OFFSHORE 
21/26-1 49/iO-l 49/24-3 
29/25-1 49/20-2 49/24-4 
44/2-1 49/24-2 rare 49/25-2 rare 
ONSHORE 
Wonningford Mere Lundsgaards Cliff 
Pegwell Bay Stevns Klint 
Reculver 

Family EPISTOMINlbAE Wedekind, 1937 
Genus Hoeglundina BrotzeiL, 1948 

Hoeglundina elegans (d'ORBIGNY) 
Recommended source for illustration: 
Van Moorkhoven et al. (1986) pl.29 

1826 Rotalia (Turbinulina) elegans d'ORBIGNY p.276 
1948 Hoeglundina elegans (d'Orbigny): BROTZEN p.92 
1983 Hoeglundina elegans (d'Orbigny): DOPPERT & NEELE.p.22, pl.IV, fig.3a-c 
1986 Hoeglundina elegans (d'Orbigny): van MORKHOVEN et al., p.97, pl.29 

DIAGNOSIS: Test trochospiral, equally to unequaUy biconvex, acute periphery, 6-7 
chambers in final whorl - subquadrate on spiral side, triangular on umbihcal side, wall 
smooth, essentially imperforate, often shiny, sutures flush, distinct, recurved on sphral side, 
radial on umbilical side. Aperture small and often not seen, supplementary aperture a long, 
low sht, close to the periphery on the lunbihcal side. They are closed on earher chambers 
and are normaUy only visible as scars along the periphery. 

R E M A R K S : The smooth, shiny waU and supplementary apertural scars easUy distinguish 
this species. This species has been found from irmer neritic to abyssal depths throughout its 
geolo^cal raiige, although is predominantly a slope dweUer (c.300m-2000ih) in modern 
assemblages (van Morkhoven et al., 1986). 

RANGE: Late Eocene - Recent (van Morkhoven et al., 1986) 
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OCCURRENCE IN TfflS WORK: 

OFFSHORE 
21/26-1 49/lOrl 49/24-3-
29/25-1 49/20-2 49/24-4 ? 
44/2-1 49/24-2 49/25-2 
ONSHORE 
Wormingford Mere Lundsgaards Cliff 
Pegwell Bay Stevns Klint 
Reculver 

Suborder OLOBIGERININA Delage & Herouard, 1896 
Superfamily HETEROHELICACEA Cushman, 1927 

Family GUEMBELITRIIDAE Montanaro GalhteUi, 1957 
Genus Guembelitria Cushman, 1933 

Guembelitria triseriata (TERQUEM) 
Recommended source for illustration: 
Murray et al. (1989) pi. 10.11, figs 5-6 

1979 Guembelitria columbiana Howe: CRITTENDEN p. 114 pi. 1 fig.E 
1989 Guembelitria triseriata (Terquem): MURRAY et al p.532, pl.10.11 figs.5-6 

DIAGNOSIS; Test triserial, elongate, with globular chambers mcreasmg slowly m size. 
Surface smooth, sutures depressed. Aperture an interionaar^al arch. 

R E M A R K S ; Recorded onshore fi"om the Bracklesham Group. (Early Eocene) of Sussex 
(Murray et al, 1989). The specimen referred to as G.columbiana Howe by Crittenden 
(1975) appears broadly similar to this form. 

OCCURRENCE IN THIS WORK; 

OFFSHORE 
21/26-1 49/10-1 49/24-3 rare 
29/25-1 49/20-2 49/24-4 
44/2-1 rare 49/24-2 rare 49/25-2 
ONSHORE 
Wormingford Mere Lundsgaards Cliff 
Pegwell Bay Stevns Klint mod. comm. 
Reculver 
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Family HETEROHELICIDAE Cushman, 1927 
Genus Heterohelix Ehrenberg; 1843 

Heterohelix spp. 
Recommended source for illustration: 

Caron (1985) fig. 24.5-13 

DIAGNOSIS: Test usually small, tapering, initially a minute planispkal coil, followed by 
biserial chambers, or biserial throughout, chambers subglobular to globular, aperture 
mteriomargmal and symmetrical, usuaUy a low sUt. 

REMARKS: The monospecific genus P êwcfofex̂ tf/or/a (P.elegans) differs by having very 
wide chambers relative to chamber thickness. 

Species of this genus were not differentiated in the material studied as the genus does not 
cross the Cretaceous - Tertiary boundary and therefore hes outwith the purpose of this 
project. However, numerous representatives were recovered in the offshore borehole 
samples studied and provide a usefiil guide fossil to differentiate Late Cretaceous fi-om 
Early Paiaeocene (Danian) chalk facies in the offshore realm. 

The Tertiary genus Chiloguembelina is very simUar but has an asymmetrical aperture which 
ofl:en (Usplays modification by mtemal plates (LoebUch & Tappan, 1988). 

RANGE: Late Albian - Maastrichtian (Caron, 1985). A usefiil mdicator for the downhole 
penetration of the Cretaceous in offshore stratigraphy. 

OCCURRENCE IN THIS WORK: 

OFFSHORE 
21/26-1 49/10-1 49/24-3 abundant 
29/25-1 mod. comm. 49/20-2 49/24-4 rare 
44/2-1 abundant 49/24-2 49/25-2 abundant 
ONSHORE 
Wormingford Mere rare Lundsgaards Cliff 
Pegwell Bay Stevns Klint common 
Reculver 

GoamPseudotextularia Rzehak, 1891 
Pseudotextuldria elegans (RZEHAK) 
Recommended source for iUustration: 

Caron (1985) figs 24.20-21 
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1891 Cuneolimelegmsl^ZEiiAKpA 
1895 Pseudotextularia varians RZEHAK pi. 7 figs. 1 a-b. 
1985 Pseudotextidaria elegans (Rzehak): CARON, p.65, figs 24.20-21 

DIAGNOSIS: Test biserial, c.6-8 pairs of subglobular chambers increasing rapidly in size 
at first with rate of size mcrease slbwmg towards the final chambers. Chambers low but 
wide and deep with depth ahnost as large as test width. Surface covered in fine, paraUel 
longitudmal costae. Sutures depressed. Aperture a low broad interiomarghial sht. 

REMARKS: This is a very distinctive Late Cretaceous planktonic species with a 
worldwide range firom mid Campanian - late Maastrichtian. However, in the North Sea it 
can be a usefiil index taxon for latest Maastrichtian sediments (King'e^ al, 1989) and thus 
can provide an indication to the penetration of the top of the Tor Formation. Its presence 
can also provide evidence for the presence or absence of an unconformity at the Cretaceous 
- Tertiary boundary. 

RANGE: Mid Campanian - latest Maastrichtian, G.ventricosa - A.mayaroensis Zones 
(Caron, 1985) although tends to be restricted to the latest Maastrichtian m the North Sea 
area (Kmg a/., 1989). 

OCCURRENCE IN THIS WORK: 

OFFSHORE 
21/26-1 ? 49/10-1 49/24-3 rare 
29/25-1 mod. comm. 49/20-2 49/24-4 
44/2-1 49/24-2 49/25-2 
ONSHORE 
Wonningford Mere Lundsgaards ClifT 
Pegwell Bay Stevns Klint 
Reculver 

(3^msRacemiguembelinaMorAzjoaio Galhtelh, 1957 
Racemiguembelina Jructicosa(EGGER) 

Recommended source for illustration: 
Caron (1985) figs 24.22-23 

1895 Pseudotextularia varians RZEHAK p.217, pl.7, figs,2-3 not la-b 
1899 GuemhelinafructicosaEGGER p.36, pl.l4, figs.8-9 not figs.24-26 
1985 Racemiguembelina fructicosa (Egger): CARON, p.67 figs.24.22-23 
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DIAGNOSIS; Test conical in shape, biserial at first, soon becoming multiserial with the 
development of supplementary chambers. Chambers are relatively small and globular with 
coarse costae. Apertures are low arches, each opening into the central area and protected 
byponticuU. • • ' 

R E M A R K S ; This is a distinctive Late Cretaceous planktonic species with has a short 
worldvwde range (mid - late Maastrichtian, G.gansseri - A.mayaroensis Zones) making it 
an extremely usefijl species hi biostratigraphy. Like P.elegans (above), it is a usefijl North 
Sea mdex taxon for the penetration of the Maastrichtian Tor Fonnation and can aid m the 
determination of the presence or absence of an unconformity at the Cretaceous - Tertiary 
boundary. 

RANGE; Mid - late Maastrichtian, G.gansseri - A.mqyaroensis Zones (Caron, .1985). 

OCCURRENCE IN TfflS WORK: 

OFFSHORE 
21/26-1 49/10-1 49/24-3 
29/25-1 rare 49/20-2 49/24-4 
44/2-1 49/24-2 49/25-2 
ONSHORE 
Wormingford Mere Lundsgaards ClifiT 
Pegwell Bay Stevns Klint 
Reculver 

Family CHILOGUEMBELINIDAEReiss, 1963 
Genus Chiloguembelina Loebhch & Tappan, 1956 

ChiloguembeUna cubensis (PALMER) 
Recommended source for iUustration: 

Jenkins (1985) fig. 6.13 

1979 Chiloguembelina cubensis (Pahner): CRITTENDEN p. 114 pi. 1 fig.G 
1979 Chiloguembelina victoriana Beckmann: CRITTENDEN p. 114, pi. 1 fig.F 
1979 Chiloguembelina crinita (Glaessner): CRITTENDEN p. 113 pi. 1 fig.H 
1979 Chiloguembelina waiparaensis Jenkms: CRITTENDEN p. 114 pi. 1 fig.K 
1979 Chiloguembelina wilcoxensis Cushman & Ponton: CRITTENDEN p. 114 pi. 1 fig.L 
1979 Chiloguembelina martini (Pijpers): CRITTENDEN p.l 14 pl.1 fig.M 
1985 Chiloguembelina cubensis (Pahner): TOUMARKINE & LUTERBACHER (m 

BoUi, Saunders & Perch-Nielsen eds.) see fig.5-6 
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1985 Chiloguembelina cubensis (Palmer): JENKINS (in Bolli, Saunders & Perch-Nielsen 
eds.) p.274 .fig.6.13 

DIAGNOSIS; Test small, elongate and ttserial, with c. 8-10 pairs of chambers increasmg 
slowly in size, aperture interiomarginal and asymmetrical. 

REMARKS; This species appears to be referable to Ccubensis which is the earhest 
representative of this genus to appear m the stratigraphic record (Middle Eocene). It is the 
only species of this genus to be included in a major compilation work on worldwide 
planktonic foramhiifera (Jenkms in BoUi, Saunders & Perch-Nielsen eds., 1985). The 
several species iUustrated by Crittenden (1979) firom the 49/24-2 weU hi the North Sea are 
all considered to be referable to this taxon as theh morphological differences are apparently 
superficial. 

RANGE; Middle Eocene - earUest OUgocene (Jenkms, 1985 and toumarkme & 
Luterbacher, 1985 both in BoUi, Saunders & Perch-Nielsen eds., 1985). 

OCCURRENCE IN TmS WORK; 

OFFSHORE 
21/26-1 mod. comm. 49/10-1 49/24-3 mod. comm. 
29/25-1 rare 49/20-2 rare 49/24-4 
44/2-1 rare 49/24-2 rare 49/25-2 rare 
ONSHORE 
Wormingford Mere rare Lundsgaards Cliff 
Pegwell Bay rare Stevns Klint rare 
Reculver 

SuperfamUy PLANOMALINACEA BoUi, LoebUch & Tappan, 1957 
FamUy GLOBIGERINELLOIDIDAE Longoria, 1974 
Genus Globigerinelloides Cushman & Ten Dam, 1948 

Globigerinelloides praerihillensisVESSAGNO 
Recommended source for iUustration: 

Caron (1985) figs 29.14-15 

1967 Globigerinelloides praerihillensis PESSAGNO pl.90, figs 1-2 
1985 Globigerinelloides praerihillensis Pessagno: CARON p.47, figs 29.14-15 
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DIAGNOSIS: Test relatively small, planispiral, mainly involute, comprising 5-7 
subglobular inflated chambers in the final whorl, increasing only moderately rapidly in size, 
aperture a low interiomargmal slit. 

REMARKS: All specimens of Globigerim'lloides recorded in the material studied were 
referred to this (essentially Maastrichtian) species. No further differentiation was attempted 
(e.g. into G.ultramicra (Subbotma) which has 7-9 chambers) as the genus, which does not 
cross the Cretaceous - Tertiary boundary, does not fall within the scope of this project. 
However, numerous representatives of the genus were recovered m the offshore borehole 
samples studied and (hke Heterohelix spp.) provides a usefiil guide fossil to differentiate 
Late Cretaceous from Early Paiaeocene (Danian) chalk fecies in the offshore reahn. 

RANGE: Late Campanian - Maastrichtian (Caron, 1985). A good mdicator for the 
downhole penetration of the Cretaceous in offshore stratigraphy. 

OCCURRENCE IN THIS WORK: 

OFFSHORE 
21/26-1 ? 49/10-1 49/24-3 rare 
29/25-1 rare 49/20-2 49/24-4 rare 
44/2-1 abundant 49/24-2 49/25-2 common 
ONSHORE 
Wonningford Mere rare Lundsgaards Cliff 
Pegweli Bay Stevns Klint mod.conma. 
Reculver 

Family HEDBERGELLEDAE Loebhch & Tappan, 1961 
Gmns HedbergellaBroxawmsm ScBvami, 1958 

Hedbergella holmdelensis OLSSON 
Recommended source for illustration: 

Caron (1985) fig. 25.10-11 

1964 Hedbergella holmdelensis OLSSON, p. 160, pi. 1, fig.2 
1985 Hedbergella holmdelensis Olsson: CARON, p.59, fig.25.10-11 

DIAGNOSIS: Test medium to large, a low, broad trochospire, 4-5 subglobular chambers 
in the final whorl increasmg relatively slowly in size, umbihcus small but open, aperture a 
low extraumbihcal openmg, surface smooth and fitnely perforate. 
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REMARKS: All specimens of Hedbergella recorded in the material studied were referred 
to this species, which is the only representative of this genus recorded'm Campanian -
Maastrichtian age strata by Caron (1985 p.36). The genus, does not cross the Cretaceous -
Tertiary boundary and therefore does riot fall withm the scope of this project for further 
istudy. 

The genus as a whole can resemble some Early Tertiary globorotaluds and so caimot be 
used with such certmnty to differentiate between the Late Cretaceous and Early Paiaeocene 
(Danian) components of the Chalk Group facies m the offshore realm. 

RANGE: Coniacian - Maastrichtian (Caron, 1985). 

OCCURRENCE IN THIS WORK: 

OFFSHORE 
21/26-1 49/10-1 49/24-3 
29/25-1 mod. comm. 49/20-2 49/24-4 
44/2-1 mod. comm. 49/24-2 49/25-2 
ONSHORE 
Wonningford Mere Lundsgaards Cliff 
Pegwell Bay Stevns Klint mod. comm. 
Reculver 

SuperfamUy GLOBOTRUNCANACEA Brotzen, 1942 
.Fanuly GLOBOTRUNCANIDAE Brotzen, 1942 

Genus Globotruncana Cushman, 1927 
Globotruncana linndana (d'ORBIGNY) 

Recommended source for iUustration: 
Caron (1985) fig. 20.5-6 

1839 Rosalina linneiana d'ORBIGNY p. 101 pl.15 figs.10-12 
1956 Globotruncana linneiana (d'0ri3igny):BR0NNIMANN & BROWN p.542 pl.20 

figs.13-15 
1985 Globotruncana linneiana (d'Orbigny): CARON p.50 figs.20,5-6 
1989 Globotruncana linneiana (d'Orbigny): HART et al p.342 pl.7.14 figs.l 1-12 

DIAGNOSIS: Test a cucular low trochosphre with both sides ahnost equaUy flat. 
Peripheral margms distinctly truncated with two separate widely spaced keels giving an 
overaU box-Uke shape m side view. Sutures curved and raised on the spiral side, radial to 
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slightly curved on the umbilical side. Aperture umbilical and covered by a tegillum in well 
preserved specimens. 

REMARKS: This is a fairly distinctive species characterised by its "boxy" shape in the 
Cretaceous part of North Sea Chalk Group sequences. Tt is similar to Globotruncana 
bulloides Vogler, which has somewhat more mflated chambers. It is also easily confused 
with Marginotruncana pseudoUnneiana Pessagno, an older Turonian - Santonian 
homeomorph fi-om which it differs in the fully umbilical nature of its aperture (as opposed 
to umbihcal - extraumbilical m. Marginotruncana spp.), however, this distinction is diflBcult 
to make given the degree of preservation encoimtered m most NW European successions. 

RANGE: Worldwide: Santonian - "mid" Maastrichtian {D.asymmetrica - basal G.gansseri 
Zones), Caron (1985): In the British succession it is relatively rare and is not found above 
the Campanian (Hart et al., 1989). In the author's experience G.linneiana is a fauly rehable 
guide fossil for the Campanian of offshore Chalk Group sequences although King et al. 
(1989) record its range as no higher than the early Campanian. In the Northem North Sea 
(Shetland Group facies) it is recorded as ranging no younger than the early Santonian by 
Kmg etal. (1989). 

OCCURRENCE IN THIS WORK: 

OFFSHORE 
21/26-1 49/10-1 49/24-3 
29/25-1 rare 49/20-2 49/24-4 
44/2-1 49/24-2 49/25-2 
ONSHORE 
WormingfordMere Lundsgaards Cliff 
PegweU Bay Stevns Klint 
Reculver 

Genus Globotruncanella Reiss, 1957 
GlobotmncaneUa havanensis (VOORWIJK) 

Recommended source for illustration: 
Caron (1985) fig. 21.3-4 

1937 Globotruncana havanensis VOORWIJK p. 195 pi. 1 figs.25-26,29 
1985 Globotruncanella havanensis (Voorwijk): CARON p.51 figs.21.3-4 
1989 Globotruncanella havanensis (Voorwijk): HART et al., p.344 pl.7.15 figs. 1-2 
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DIAGNOSIS: Test a fairly low piano- almost concavo- convex trochospire. 4-5 
subquadrate chambers increasmg fairly slowly in size. Periphery lobate and acute to 
subacute with an imperforate band or ahgned pustules instead of a true keel. Sutures 
depressed and radial to slightly curved on the umbihcal side, strongly curved on the p̂hral 
side. Aperture a long high umbihcal to extraumbilical arch which may be covered by a 
tegilla. 

REMARKS: This species is fairly distmctive. G.havanensis possibly evolved from 
"whitemelhd" stock (Hart et al., 1989) and in tum led to G.citae (BoUi) accordmg to Caron 
(1985). Hart et al. (1989) however, regard G.citae as a synonym of G.havanensis. If 
Caron's reasonmg is foUowed, G.citae led to Abathomphalus mqyaroensis via 
A.intermedius. 

RANGE: Worldwide: Late Campanian - Late Maastrichtian (G.calcarata - A.mayaroensis 
Zones), Caron (1985). In the British succession, Hart et al (1989) restrict this species to 
the Maastrichtian. 

OCCURRENCE IN THIS WORK: 

OFFSHORE 
21/26-1 49/10-1 49/24-3 
29/25-1 49/20-2 49/24-4 
44/2-1 rare 49/24-2 49/25-2 
ONSHORE 
Wormingford Mere Lundsgaards ClifT 
Pegwell Bay Stevns Klint 
Reculver 

Genus Abathomphalus Bolh, LoebUch & Tappan, 1957 
Abathonyjhalus mayaroensis (BOLLI) 

Recommended source for Ulustratipn: 
Caron (1985) fig. 21.7-9 

1951 Globotruncana mqyaroensis BOLLI p. 190 pl.35 figs. 10-12 
1985 Abathomphalus mqyaroensis (BoUi): CARON p.42 figs.21.7-9 
1989 Abathomphalus mqyaroensis (BoUi): HART et al p.322 pl.7.4 figs. 1-3 

DIAGNOSIS: Test a low weakly concavo-convex trochospue with a subcircular outUne. 
GeneraUy 5-6 chambers hi the final whorl mcreasing relatively slowly m size, periphery 
slightly lobate and truncated with a relatively widespaced double keel. The width of 
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separation of the keels varies with maximum separation occurrmg at the midpoints of the 
chambers. The keels are composed of short, radially oriented costae. Sutures radial and 
depressed on lunbihcal side, raised, crescentic and slightly beaded on the spual side. 
Umbihcus shaUow with an extraumbihcal aperture, often covered by a.tegUIa. 

REMARKS: Surface characteristics (beaded sutures and keels composed of costae) easUy 
distinguishes this species. Its ancestor, A.intermedius, possesses only one keel. It can be 
difierentiated from species of Globotruncana by the presence of radial sutures on the 
umbUical side and by the extraumbihcal nature of the aperture. 

RANGE: A.mqyaroensis is a very short-rangmg species, restricted to the latest 
Maastrichtian (A.mqyaroensis Zone), Caron (1985). It is fakly weU known throughout 
offshore North Sea sequences and its presence or absence can be very usefiil m estabUshmg 
the conformable or unconformable nature of the Cretaceous - Tertiary boundary. 

OCCURRENCE IN TfflS WORK: 

OFFSHORE 
21/26-1 49/10-1 49/24-3 
29/25-1 49/20-2 49/24-4 
44/2-1 49/24-2 49/25-2 
ONSHORE 
Wonningford Mere Lundsgaards Cliff 
Pegwell Bay Stevns Klint rare 
Reculver 

Fanuly RUGOGLOBIGERESflDAE Subbotma, 1959 
Genus Archaeoglobigerina Pessagno, 1967 

Archaeoglobigerina cretacea (d'ORBIGNY) 
Recommended source for iUustration: 

Caron (1985) fig. 16.5-6 

1840 Globigerina cretacea d'ORBIGNY p.34, pl.3, figs 12-14 
1985 Archaeoglobigerina cretacea (d'Orbigny): CARON p.43, fig. 16.1-2 
1989 Archaeoglobigerina cretacea (d'Orbigny): HART et al p.322, pl.7.4, figs 4-5 

DIAGNOSIS: Test a low trochospiral coU of 214-3 whorls with 6 chambers in the final 
whorl. The chambers are subglobular with 2 weakly developed faint keels bordering an 
imperforate peripheral band leading to a somewhat truncated periphery. Sutures are radial 
and depressed, umbUicus broad, often covered by a tegUla. 
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R E M A R K S : This species was only recorded in the Wormingford Mere borehole samples 
and are therefore considered reworked in this section. 

RANGE: Turonian - Early Maastrichtian (Caron, 1985).' 

OCCURRENCE IN TTOS WORK: 

OFFSHORE 
21/26-1 49/10-1 49/24-3 
29/25-1 49/20-2 49/24-4 
44/2-1 . 49/24-2 49/25-2 
ONSHORE 
Wormingford Mere rare Lundsgaards Cliff 
Pegweil Bay Stevns Klint 
Reculver 

Genus i?Mgo^/o/^/gennaBrdnnhnann, 1952 
Rugoglobigerinarugosa (PLUMMER) 

Recommended source for illustration: 
Caron (1985) fig. 34.9-10 

1926 GiobigerimrugosaVUMMEKp.38, pl.2, fig.lOa-d 
1985 Rugoglobigerina rugosa (Plummer): CARON p.72, fig.34.9-10 
1989 Rugoglobigerina rugosa (Plummer): HART et al. p.360, pl.7.23, figs 7-9 

DIAGNOSIS: Test a low trochosph-e of 2i4-3 whorls with 414-5 rapidly expandmg, 
subglobular chambers in the final whorl. Sutures depressed and radial. Chamber surfaces 
ornamented with a meridional pattern of discontinuous ridges or costae. Aperture lunbUical 
to extraumbilical, a relatively large opening 

REMARKS: This distinctive species shows a great deal of variabihty which has resuhed m 
a complex taxonomic. history according to Hart et al. (1989). Caron (1985) has thus 
recognised 4 additional species (Rhexacamerata Bronnimann, Rmacrocephala 
Bronnimann, Rreicheli Bronnimann and Rscotti (Bronnimann)) which are broadly 
restricted to the Middle - Late Maastrichtian mterval. These 4 species are distinguished 
firom Rrugosa based on differences in number of chambers per final whorl and the relative 
rapidity of theh- expansion. 

The occurrence of this species hi some samples firom the Wormingford Mere borehole is 
probably due to reworking. 
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RANGE: Campanian - Maastrichtian (Caron, 1985). 

OCCURRENCE IN THIS WORK: 

OFFSHORE 
21/26-1 49/10-1 49/24-3 
29/25-1 ? 49/20-2 49/24-4 
44/2-1 common 49/24-2 49/25-2 
ONSHORE 
Wormingford Mere mod.comm. Lundsgaards Cliff 
Pegwell Bay Stevns Klint ? 
Reculver 

Superfamily GLOBOROTALIACEA Cushman, 1927 
Fanuly EOGLOBIGERDSmDAE Blow, 1979 

Gems Eoglobigerina MoTozoviL, 1959 
Eoglobigerina edita "s.l." (SUBBOTINA) 

Recommended source for illustration: 
Blow (1979) pl.61, figs 2-3; pl.66, fig.l; pl.69, fig.6; pl.72, figs 6,8; pl.79, fig.3 

1953 Globigerina edita SUBBOTINA p.54 pl.2, fig.la-c 
1979 Eoglobigerina edita (Subbotina): BLOW p.l210, pl.61, figs 2-3; pl.66, fig.l; pl.69, 

fig.6; pl.72, figs 6,8; pl.79, fig.3 

DIAGNOSIS: Test small, a medium trochospire with a distinct turret-like early 
trochospire, 5 slowly enlarging globular chambers in the final whorl, umbihcus smaU, 
aperture a low extraumbihcal asymmetrical arch. 

REMARKS: E.trivialis "s.l." also has a high trochospire but only has 4 chambers in the 
final whorl. The separation of the subspecies E.e.edita and E.e.praeedita (the latter 
supposedly with a higher trochospire and a more closed umbihcus) could not be justified 
with the material studied. Hence the "s.l." designation. 

RANGE: Early Danian (Pla subzone - vsdthm P2 zone) (Blow, 1979) 
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OCCURRENCE EV THIS WORK: 

OFFSHORE 
21/26-1 mod. comm. 49/10-1 49/24-3. rare 
29/25-1 rare 49/20-2 49/24-4 
44/2-1 49/24-2 49/25-2 
ONSHORE 
Wonningford Mere Lundsgaards ClifT 
Pegwell Bay Stevns Klint v.common 
Reculver 

Eoglobigerina eobulloides "s.l." (MOROZOVA) 
Recommended source for illustration: 

Blow (1979) pl.55, figs 1-4; pl.57, figs 3-4; pl.60, figs 2-3,9; pl.61, fig.l; 
pl.65, figs 8-9; pl.66, figs 6,9; pl.70, figs 3-6, 9-10; pl.73, figs 1-3,8-9; pi.74, fig.6; 

1959 Globigerina (Eoglobigerina) eobulloides MOROZOVA p. 1115, text figs la-c 
1979 Eoglobigerina eobulloides (Morozova): BLOW, p.l215, pl.60, fig.9;, pl.61, fig.l; 

pl.65, figs 8-9; pl.66, figs 6,9; pl.70, figs 3-4; pl.74, fig.6 
1979 Eoglobigerina eobulloides simplicissima BLOW p. 1217, pl.55, figs 1-4; pl.57, figs 

3-4; pl.60, figs 2-3; pl.70, figs 5-6, 9-10; pl.73, figs 1-3, 8-9 

DIAGNOSIS: Test small with a low trochospire, 4-4.5 chambers in the final whorl 
increasing slowly to moderately rapidly in size, aperture umbilical to extraumbilical, a low 
asymmetrical arch with a thui lip. 

R E M A R K S : Two subspecies are occasionally recognised: E.e.eobulloides has a relatively 
slow chamber size increase rate and generally fewer (i.e. 4) chambers than 
E.e.simplicissima. E.e.simplicissima is also proported to have a "more laterally restricted 
aperture" (Copestake & Dyer, 1981). The two subspecies were difiBcult to separate m the 
material studied and so have been recorded as "s.l.". 

E.trivialis (E.trivialis "s.l." herehi) is similar but has a more distinct trochospire and a more 
umbihcal aperture. 

Morozovella pseudobulloides is also shnilar but has a flatter trochospire and a more 
extraumbihcal aperture. 

RANGE: E.eobulloides s.s ranges fi-om the base of the Danian mto the lower part of zone 
P2 (i.e. mainly early Danian) (Blow, 1979). The E.e.simplicissima subspecies ranges only 
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to the top of zone PI (early Danian) (Blow, 1979). Where the simplicissima subspecies can 
be differentiated, its top is used to partly define Bioevent M l of Mudge & Copestake 
(1992). 

OCCURRENCE IN THIS WORK: 

OFFSHORE 
21/26-1 abundant 49/10-1 49/24-3 
29/25-1 49/20-2 49/24-4 
44/2-1 49/24-2 49/25-2 
ONSHORE 
Wormingford Mere Lundsgaards Cliff 
Pegwell Bay Stevns Klint abundant 
Reculver 

Eoglobigerina triviaUs «s.l." (SUBBOTINA) 
Recommended source for illustration: 

Blow (1979) pl.55, fig.9; pl.57, figs 7-8; pl.61. fig.8; pl.65, figs 1-3; 
pl.66, figs 4,7; pl.69, figs 8-9; pl.70, fig.8; pl.74, figs 3-5; pl.79, figs 1-2 

1953 Globigerina trivialis SUBBOTINA p.64, pl.4, figs 4, 6-7 
1979 Eoglobigerina trivialis (Subbotina): BLOW, p. 1224, pl.65, figs 1-3; pl.66, figs 4,7; 

pl.69, fig.9; pl.70, fig.8; pl.74, figs 3,5; pl.79, figs 1-2 
1979 Eoglobigerina aff. trivialis (Subbotina): BLOW, p. 1228, pl.61, fig.8; pl.69, fig.8; 

pl.74, fig.4 
1979 Eoglobigerina cf trivialis (Subbotina): BLOW, p. 1229, pl.55, fig.9; pl.57, figs 7-8 
DIAGNOSIS: Test small, a moderate to high trochospire with 4 inflated, subglobular, 
tightly coiled chambers in the final whorl enlarging slowly in size, umbilicus small and deep, 
aperture a low arch or slit, mainly umbilical but slightly asymmetrical. 

REMARKS: E.edita (E.edita "s.l." herein) also has a relatively high trochosphre but has 5 
chambers in the final whorl. 

Two "variants" have been recognised by Blow (1979) which appear to have some 
stratigraphical utihty. Eoglobigerina afif, trivialis (sensu Blow, 1979) has a more strongly 
pronounced trochospue than E.trivialis sensu stricto, whereas Eoglobigerina cf trivialis 
(sensu Blow, 1989) has more closely appressed and embracmg chambers and also has an 
additional buUa-like chamber present across the lunbihcus. These variants, which are very 
rare in the material studied, are not taxonomically separated here. 
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RANGE: The "group" is conunon in the early Danian (zone PI) but ranges in total 
throughout the Danian. Accordmg to Blow (1979), Ktrivialis sensu stricto ranges just into 
the lowest part of the Late Paiaeocene (zone P3). E.aff.trivialis does not, however, range 
above the early Danian (zone PI). E.cttrivialis appears to. range just slightly higher than 
the top of zone PI although is recorded as possibly rangmg to the top of the Danian (zone 
P2) by Blow (1979). Where material permits differentiation of the three forms, the highest 
occurrences of Etrivialis and E.aff.trivialis are used to partly define Bioevents M2 and M l 
(respectively) of Mudge & Copestake (1992). Event M2 occurs at the Danian-Thanetian 
boimdary (withm the Maureen Formation) and event M l occurs withm the Danian and 
marks the top of the Chalk Group, Ekofisk Formation. 

OCCURRENCE IN TfflS WORK: 

OFFSHORE 
21/26-1 49/10-1 rare 49/24-3 
29/25-1 49/20-2 49/24-4 
44/2-1 49/24-2 49/25-2 
ONSHORE 
Wbrmingford Mere Lundsgaards Cliff 
PegwellBay Stevns Klint mod. comm. 
Reculver 

Genus Globocomsa Khalilov, 1956 
Globoconusa daubjergensis (BRONNIMANN) 

Recommended source for illustration: 
Toumarkine & Luterbacher (1985) fig. 11.6-7 

1953 Globigerina daubjergensis BRONNIMANN p.340 fig. 1 
1956. Globoconusa conusa KHALILOV p.249 pl.5 fig.2 
1961 Globigerina kozlowskii BROTZEN 8c POZARYSKA p. 161 pi. 1-3 
1975 Globigerina daubjergensis Bronnhnann: STAINFORTH etal. p.ISl fig.45 
1976 Globoconusa daubjergensis (Bronnimann): HOFKER p.34 fig. 1 
1979 Globigerina daubjergensis Bronnhnann: CRITTENDEN p.48 pl.7 figs. A-C 
1979 Globastica daubjergensis: (Bronnimann): BLOW p. 1235, pl.74, figs 7-9; pl.256, 

figs 1-9; pl.257, figs 3-4 
1983 Globoconusa daubjergensis (Bronnimann): KING p.36 
1985 Globoconusa daubjergensis (Br6nnhnann):T0lJMARKINE & LUTERBACHER 

p. 106 fig. 11.6-7 

DIAGNOSIS; Test small, a high trochosphre with 3-4 spherical subglobular chambers m 
the final whorl which increase rapidly in size. Umbilicus shallow and almost closed. 
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aperture umbilical to slightly extraumbilical, a small arch almost circular m appearance. 
Sutures depressed, test surface hispid. 

R E M A R K S : This is a distinctive species, though rather small. Their appears to a 
chronological gradation in morphology with successive stages displaying an increased spire 
height. Supplementary sutural openhigs also begin to appear on the sphral side and final 
stages display an apertural buUa (Hoflcer, 1962 and Hansen, 1970). These later stages have 
been named as Globigerina conusa Khahlov and Globigerina kozlowskii (Brotzen & 
Pozaryska). Premoh-Silva (1977) suggests that the Globoconusa daubjergensis "plexus" 
evolved via a short-axis "Guembelitrid' stage and, m turn,,evolved into a "Glohigerind\ 
"Globigerinoides" and finaUy a "Catapsydraxf' stage. • 

Blow (1979) recognises three species of Globastica {G.daubjergensis, G.kozlowskii and 
Globastica type I (?qff.microcellulosa). He also separately distinguishes Globoconusa 
conusa as a representative of the Heterohehcacea. 

RANGE; Early Paiaeocene - a Danian index form. However, most authors agree that the 
evolutionary first appearance of G.daubjergensis occurs above the base of the Danian, at 
the base of the G.pseudobulloides Zone (Stainforth et ql, 1975) = P la G.pseudobulloides 
Subzone of Blow (1969). I.e. it does not occur until above the basal Danian G.eugubina 
Zone of Stamforth etal, 1975 {G.(T.)longiapertiira, Pa Zone of Blow (1979). 

Its highest worldwide stratigraphic occurrence is thought to be no higher than the Early 
Paiaeocene (Danian) G.trinidadensis Zone of Stainforth et a/.(1975) (within Zone P2 
G.praecursoria. praecursoria Zone of Blow, 1979 and at the top of Subzone Pld 
M.trinidadensis of Toumarkine & Luterbacher, 1985). However, in the North Sea area it's 
"top" is not normaUy encountered untU part-way mto the Early Paiaeocene, Danian and is 
ofl;en close to the top of the Chalk Group, Ekofisk Formation. King (1983, 1989) uses the 
stratigraphic top of this species to define the top of Subzone NSPla of earhest Paiaeocene 
(basal Danian) age, whereas Vinken (1988) uses the same event to define the top of Zone 
NPFl . 
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OCCURRENCE IN TmS WORK: 

OFFSHORE 
21/26-1 49/10-1 • 49/24-3 .?• 
29/25-1 49/20-2 49/24-4 ? 

44/2-1 49/24-2 rare 49/25-2 
ONSHORE 
Wormingford Mere ? Lundsgaards Cliff 
Pegwell Bay Stevns Klint common 
Reculver 

FamUy GLOBOROTALUDAE Cushman, 1927 
Genus Globorotalia Cushman, 1927 

Globorotalia archeocompressa BLOW 
Recommended source for Ulustration: 

Blow (1979) pl.56, figs 1-2; pl.58, figs 2,6-9; pl.64, figs 5,9; pl.68, figs 5-6 

1979 Globorotalia archeocompressa BLOW p.l049, pl.56, figs 1-2; pl.58, figs 2,6-9; 
pl.64, figs 5,9; pl.68, figs 5-6 

DIAGNOSIS: Test srnall, a very low trochospire vwth early whorls somewhat "sunk-into" 
the test. Approximately 5.5 subglobular, equidunensional chambers in the fimal whorl, 
increasing moderately slowly in size. Margin weU rounded, periphery lobate. Aperture a 
low interiomarginal arch with a flange-Uke Up, waU finely perforate and smooth. 

REMARKS: Blow (1979) described a number of Early Paiaeocene globorotaUid taxa 
which appear to be ancestral to the Planorotalites Imeage, begiiming with P.compressa 
(Plummer). They are all of very similar morphology, essentiaUy 5 chambered, weU rounded 
(i.e. non-compressed) Globorotalia species with smooth waUs, which are common m 
Danian (particularly early Danian) strata worldwide. Taxa mcluded in this group include 
G.archeocompressa, G.planocompressa (see below) and- G.cf.compressa (see discussion 
under P.compressa) 

G.archeocompressa has more equidimensional chambers than G.planocompressa and has a 
lower trochospire. However, transitional forms occur between the two taxa, as weU as 
between both the aforementioned species and G.cf.compressa sensu Blow (1979), makmg 
differentiation of aU the taxa difBcult m the poorly preserved material normaUy recorded 
herein. 
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RANGE: Restricted to the basal Paiaeocene Pa zone - P la subzone (Blow, 1979). Where 
identification is good^ the occurrence of this species can prove the presence of the 
lowermost part of the Ekofisk Fonnation of earliest measurable Paiaeocene age. 

OCCURRENCE IN TmS WORK: 

OFFSHORE 
21/26-1 rare 49/10-1 49/24-3 
29/25-1 49/20-2 49/24-4 
44/2-1 49/24-2 49/25-2 
ONSHORE 
Wormingford Mere Lundsgaards ClifT 
PegwellBay Stevns Klint 
Reculver 

Globorotalia perclara LOEBLICH & TAPPAN 
Reconunended source for illustration: 

Munay et al. (1989) pi. 10.10, figs 28-30 

1957 Globorotalia perclara LOEBLICH & TAPPAN 
1989 Globorotalia perclara Loeblich & Tappan: MURRAY et al, p.530, pi. 10.10, figs. 

28-30 

DIAGNOSIS: Test small, a low trochospire, spiral side almost flat, 5-6 subsphferical 
chambers in the final whorl, sutures radial, periphery lobate, open umbilicus, pustulose 
ornament which is stronger on earher chambers. 

REMARKS: This small species is distmguished by its open umbihcus and very low 
trochosphre. 

RANGE: "Middle" Paiaeocene - Early Eocene (Murray et al., 1989) 
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OCCURRENCE IN TfflS WORK: 

OFFSHORE 
21/26-1 49/10-1 49/24-3 
29/25-1 49/20-2 49/24-4 
44/2-1 49/24-2 49/25-2 
ONSHORE 
Wormingford Mere Lundsgaards Cliff 
Pegwell Bay rare Stevns Klint 
Reculver 

Globorotalia planocon^ressa SHUTSKAYA 
Recommended source for illustration: 

Blow (1979) pl.68, figs 4,8-10; pl.71, figs 8-10 

1965 Globorotaliaplanocompressa SHUTSKAYA p. 180, pll , fig.6 
1979 Globorotalia compressa planocompressa Shutskaya: BLOW p. 1067, pl.68, figs 

4,8-10; pl.71, figs 8-10 

DIAGNOSIS: Test small to medium, a low trochospire occasionally becoming moderately 
high m some specimens. Approxhnately 5.5 subglobular, somewhat tangentially elongate 
chambers in the final whorl, increasing moderately slowly in size. Margin well rounded, 
periphery lobate. Aperture a low interiomarginal arch with a flange-hke lip, wall finely 
perforate and smooth. 

R E M A R K S : This species differs fi^om G.archeocompressa by the more tangentially 
elongate chambers and the relatively higher trochospue. G.planocompressa is very shnilar 
to G.ctcompressa sensu Blow (1979) and specimens of that variant have probably been 
included withm G.planocompressa in this work (see discussion under Planorotalites 
compressa). Good stratigraphical control may be necessary to separate the two taxa (see 
"Range" below) and the rather large sample spacmg available m this study (usuaUy 30' 
cuttings samples) and the potential for caving problems, makes the separation extremely 
diflScuh. 

RANGE: EssentiaUy restricted to the early Danian (PI zone). The range oiG.ctcompressa 
is, according to Blow (1979), P la subzone - near top of zone P2 (early, but not earUest -
late Danian). 
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OCCURRENCE IN TfflS WORK: 

OFFSHORE 
21/26-1 rare 49/10-1 . ? 49/24-3 
29/25-1 49/20-2 49/24-4 
44/2-1 49/24-2 49/25-2 
ONSHORE 
Wormingford Mere Lundsgaards Cliff 
Pegwell Bay ? Stevns Klint 
Reculver 

Globorotalia reissi LOEBLICH & TAPPAN 
Recommended source for illustration: 

Murray et al. (1989) pi. 10.10, figs 23-25 

1957 Globorotalia reissi LOEBLICH & TAPPAN 
1989 Globorotalia reissi Loeblich & Tappan: MURRAY et al. p.532, pi. 10.10,figs 23-25 

DIAGNOSIS: Test small to medium, a low trochospire. Approximately 6 subglobular, 
somewhat compressed charhbers in the final whorl, increasing moderately slowly in size. 
Margiri well rounded, periphery slightly lobate. Umbilicus small and shallow. Aperture a 
low interiomarginal arch, wall finely perforate and smooth. 

REMARKS: This species, recorded fi-om well 49/25-2 only, is similar, though unrelated, 
to M.uncinata, fi-ora which it diflfers in lacking any degree of angulo-conical chamber 
shape. 

RANGE: Early Eocene (Murray a/., 1989) 

OCCURRENCE IN TfflS WORK: 

OFFSHORE 
21/26-1 49/10-1 49/24-3 
29/25-1 49/20-2 49/24-4 
44/2-1 49/24-2 49/25-2 mod. comm. 
ONSHORE 
Wormingford Mere Lundsgaards Cliff 
Pegwell Bay Stevns Klint 
Reculver 
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Globorotalia sp.A, ?sp.nov. 
Pl.1 Fig.C 

DIAGNOSIS; Test small, a very low trochospire, almost planispiral. Numerous (7-9) 
globular chambers in the final whorl mcreasing slowly in size. Periphery weU rounded and 
lobate. 1-2 early whorls clearly visible on the spiral side, umbilicus wide and open. Sutures 
radial and depressed. 

R E M A R K S ; Large numbers of this taxon were recorded fi-om several sidewall core 
samples fi-om well 29/25-1. The vast majority of specimens are orange-stained, a feature 
often noted in the preservational characteristics of certain Early Eocene planktonic 
forammifera m the North Sea Basin (see the discussion under Subbotina linapertg). The 
morphology of the spechnens recorded from 29/25-1 are shnilar to the Cretaceous species 
Hedbergella planispira Tappan. 

In the same sidewall core samples, large numbers of specimens of a similar planktonic 
forammiferal type (designated herem as Globorotalia sp.B ?sp.nov.) were also recovered. 
Neither taxa were recorded from cuttings material from the same well leadmg to the 
possible assumption that the sidewall cores in which these taxa were recovered were either 
miss-shot or miss-labeUed. 

H.planispira is commonly recorded, m abundance, from late Albian intervals in the North 
Sea Basm, although the particular colouration is not characteristic. Hinfracretacea is 
commonly recorded, in abundance, from early Aptian strata in the same area and does 
display a distmctive orange/red stammg. Both taxa, however, have a range encompassmg 
the Barremian - Cenomanian interval in the North Sea area. 

Various workers (Mears pers. comm., Jutson pers. comm. and Hohnes pers. comm.) have 
noticed sirnilar "anomalous" occurrences of these taxa from Early Tertiary mtervals 
elsewhere m the North Sea Basin. There appears to be a reworkmg "event" of Early 
Cretaceous taxa into Late Paiaeocene sedhnents which is sporadicaUy recorded m the 
North Sea area, possibly from exposed rotated fault blocks with Early Cretaceous 
(probably Aptian-Albian) crests, the spechnens recorded from the 29/25-1 weU are,, 
however, relatively well preserved and show httle physical signs of abrasion associated with 
reworking. 

Both taxa recorded here (Globorotalia sp.A and sp.B) are of extremely smaU size and thus 
may be juvenile spechnens of other taxa. This small size could account for the apparent 
absence of these species in "normal" industrial shde prepara;tions, in which the finest size ' 
fraction (75|im -125|im) is seldom examined. 
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To the author's knowledge, no planktomc species shnilar to this taxon have been recorded 
from Late Paiaeocene - Early Eocene strata from the North Sea Basin. Other 
contemporaneous species are distinctly different morphologicaUy; Morozovella 
trmidadensjs (Early - lower "Middle" Paiaeocene) has generally fewer'chambers, 
Morozovella uncinata (Early - lower "Middle" Paiaeocene) has more angulo-conical older 
chambers, Acarinina pentacamerata (Early - Middle Eocene) is more biconvex and inflated 
md Pseudohastigerina spp. are wholly planisphral. 

Globorotalia (Turborotalia) kugleri Bolli, Globorotalia (Turborotalia) pseudokugleri 
Blow, and Globorotalia (Turborotalia) gemma Jenkins, are recorded-by Hooyberghs 
(1983) from the Rupel and Berchem Formations (Ohgocene and Miocene respectively) of 
Belgium. These taxa have similar gross morphologies to Globorotalia sp.A but would 
requue a significant increase in theu downward range to permit the specimens recorded in 
this study to be assigned to any of these taxa. 

Globigerina eugubina Luterbacher & Premoli-Silva, is also superficially similar and of a 
comparable small size although this species does not range above the basal Paiaeocene Pa 
Zone. 

RANGE; The occurrences of both morphotypes faU witlun mtervals designated (by other 
biostratigraphic evidence) as Late Paiaeocene - earliest Eocene. 

OCCURRENCE IN THIS WORK; 

OFFSHORE 
21/26-1 49/10-1 49/24-3 
29/25-1 abundant 49/20-2 49/24-4 
44/2-1 49/24-2 49/25-2 
ONSHORE 
Wormingford Mere Lundsgaards Cliff 
Pegwell Bay Stevns Klint 
Reculver 

Globorotalia sp.B, ?sp.nov. 
Pl.lFig.D 

DIAGNOSIS; Test a fairly small, medium trochospue with a convex spual side. 5-6 
globular chambers in the final whorl mcreashig moderately rapidly iri size. Periphery weU 
rounded and lobate. 1-2 early whorls visible on the sphral side, umbihcal side closed to 
shghtly open. 
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R E M A R K S ; Like Globorotalia sp.A (above), this species has close morphological affinity 
with Cretaceous taxa i.e, Hedbergella delrioensis (Carsey) / H infrdcretaceg{G\aessmT) 
and displays an orange preservational colour. 

RANGE; The occurrences of both morphotypes fall within, intervals designated (by other 
biostratigraphic evidence) as Late Paiaeocene - earliest Eocene. 

OCCURRENCE JN THIS WORK; 

OFFSHORE 
21/26-1 49/10-1 49/24-3 
29/25-1 abundant 49/20-2 49/24-4 
44/2-1 49/24-2 49/25-2 
ONSHORE 
Wonningford Mere Lundsgaards ClifT 
Pegwell Bay Stevns mint 
Recuiver 

Gems Planorotalites Moxozawa, 1957 
Planorotalites chapmani (PARR) 

Reconunended source for illustration: 
Toumarkine & Luterbacher (1985) fig. 12.5-8 

1938 Globorotalia chapmani PARR p.87 pl.9 figs.8-9 
1957 Globorotalia elongata Glaessner: BOLLI p.77 pl.20 figs. 11-13 
1957 Globorotalia ehrenbergi BOLLI p.77 pl.20 figs.18-20 
1957 Globorotalia troelseni LOEBLICH & TAPPAN p. 196 pl.60 fig.4 pl.63 fig.5 
1957 Globorotalia elongata Glaessner: LOEBLICH & TAPPAN p. 189 pl.45 fig.5 pl.46 

fig.5 pl.48 fig.5 pl.49 fig.7 pl.54 figs. 1-5 pl.59 fig.4 pl.60 fig.9 pl.63 fig.2 
1964 Globorotalia chapmani Parr: McGOWRAN p.85 pi. 1 figs. 1-9 
1973 Globorotalia chapmani Parr: SAMANTA p.454 pi. 13 figs. 13-15 
1975 Globorotalia chapmani Parr: STAINFORTH et a/, p. 176 fig.42 
1979 Globorotalia chapmani Parr: CRITTENDEN p.86 pl.2 figs M,N,0 
1979 Globorotalia (Turborotalia) chapmani Parr: BLOW p. 1059, pi. 106, fig.l, pi. 116, 

figs 1-5 
1985 Planorotalites chapmani (Parr): TOUMARKINE & LUTERBACHER p. 108 

fig. 12.5-8 

DIAGNOSIS; Test a very low trochospire, smooth, lenticular and biconvex. Some 
specimens may be almost planispiral although the aperture is always extends onto the 
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umbilical side and normally is a moderately high arch, 4-6 chambers in the final whorl 
increasing fairly rapidly in size, the final chamber can occUpy up to one third of the whorl. 
Periphery lobate and subacute with ah imperforate marginal band which gives the 
impression of a keel. Sutures depressed, curved oh the spiral side, radial to shghtly curved 
on the umbihcal side. 

R E M A R K S ; P.chapmani is the dkect descendant of P.compressa firom which it differs m 
its subacute peripheral margin vwth an imperforate margin giving the impression of a keel. 
It isthe ancestor of P.pseiidomenardii which possesses a true keel. In the Late Paiaeocene, 
P.chapmani morphologically intergrades with the almost wholly planispiral Glohanomalina 
wilcoxensis. All of the specimens iUustrated by Blow (1979) display very weU rounded 
peripheries with no apparent imperforate band, globular to subglobular chambers, and 
between 6-7 chambers m the final whorl - aU characteristics of the species Globanomalina 
wilcoxensis. However, the apertures for each specimen are clearly placed tov^ards the 
umbihcal sides, hence their presumed assignment to P.chapmani. 

Blow (1979) suggests that the Parr's holotype of P.chapmani is in fact a member of the 
Valvuhneridae (benthonic foraminifera). If substantiated, the correct name for this taxon 
would be P. ehrenbergi. 

RANGE; Latest Middle Paiaeocene to Early Eocene (Zones P3 - P6 of Blow, 1969 m 
Toumarkme & Luterbacher, 1985) {G.pusilla pusilla Zone to G.subbotinae Zone of 
Stamforth et al., 1975). Blow (1979) however, mdicates the range of this species to be 
fi-om the base of Zone P5 to the top of Zone P7 i.e. wholly withm the Early Eocene. 

OCCURRENCE IN THIS W O R K : 

OFFSHORE 
21/26-1 ? 49/10-1 rare 49/24-3 
29/25-1 ? 49/20-2 49/24-4 
44/2-1 49/24-2 49/25-2 
ONSHORE 
Wormingford Mere Lundsgaards Cliff 
Pegwell Bay Stevns Mint 
Reculver ? 

Planorotalites compressa (PLUMMER) 
Recommended source for illustration: 

Toumarkme & Luterbacher (1985) fig. 12.1-2 
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1926 Globigerina compressa PLUMMER p. 135 pl.8 fig. 11 
1957 Globorotalia compressa (Plummer): BOLLI .p.77 pl.20 figs.21 -23 
1971 Globigerina compressa var. compressa Plummer: SUBBOTINA p.63 pl.2 figs.4-5 
1975 Globorotalia compressa (Plummer): STAllSIFORTH et al. p.l78 fig.43 
1979 Globorotalia compressa (Plummer): CRITTENDEN p.88 pl.2 figs.G,H,I 
1979 Globorotalia (Turborotalia) compressa compressa (Plummer): BLOW p. 1062, 

pl.75, figs 10-11, pl.78, figs 5-10, pl.233, figs 1-3, pl.248, figs 1-3, pl.254, figs 1-3, 
pl.257, figs 5-7 

1985 Planorotalites compressa (Plummer):TOUMARK[NE 8c LUTERBACHER p. 107 
figs. 12.1-2 

DIAGNOSIS; Test a low trochospire, smooth, lenticular and biconvex. 4-5 chambers in 
the final whorl increasing somewhat rapidly in size, early whorls visible. Final chamber (s) is 
elongated radially and comprises one quarter to one thud of the final whorl. Periphery 
lobate with a rounded to subacute margin with no keel or imperforate band. Sutures 
depressed and radial though shghtly curved on umbiUcal side. Aperture a low umbUical to 
extraumbUical arch, occasionaUy with athin lip. 

R E M A R K S ; P.compressa is the forerunner of a Paiaeocene lineage of lenticular, 
compressed forms of which P.chapmani is the dhect descendant, subsequently leading to 
P.pseudomenardii with the acquisition of a true keel. The genus Planorotalites Morozova, 
1957 was erected to hiclude those species, formerly assigned to Globorotqlia, with 
compressed and smooth-waUed tests (see Toumarldne & Luterbacher, 1985 for discussion). 

The origms of P.compressa itself are uncertain, though Blow (1979) describes 
StratigraphicaUy older taxa (G.compressa planocompressa and G.archeocompressa) with 
probable affinities. These are referable to the genus Globorotalia as they lack the essentiaUy 
compressed nature of the test, characteristic of P/a«(?roto//te5. 

Blow also recognises a form designated as Globorotalia cf compressa which diflfers fi-om 
the nominate taxon by possessing subrounded peripheral margms m axial view. This 
morphology js also extremely similar to G.planocompressa and spechnens possibly 
referable to this "cf" form may have been mcluded -with G.planocompressa in this work 
(see discussions under those respective species). 

RANGE; Early to Middle Paiaeocene (intra G.pseudobulloides Zone to G.angulata Zone 
of Stainforth a/., 1975; Subzone Pic to P3 of Blow, 1969; Subzone Plb to P3 of Blow, 
1979). 
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In the North Sea, King (1983) considers P.compressa to range throughout Zone NSPl 
(Early to earliest Late Paiaeocene). Its highest, occurrence is often associated with the top 
of the Maureen Formation and it ranges down into the Ekofisk Formation. However, the 
stratigraphic top of P.of compressa \s used Xo partly define Bioevent'M2 of Mudge & 
Copestake (1992). This event occurs at the Danian-Thanetian boundary. 

OCCURRENCE IN THIS WORK; 

OFFSHORE 
21/26-1 mod. comm. 49/10-1 rare 49/24-3 
29/25-1 49/20-2 49/24-4 
44/2-1 49/24-2 49/25-2 
ONSHORE 
Wonningford Mere Lundsgaards Cliff 
Pegwell Bay Stevns Klint 
Reculver 

Fanuly TRUNCOROTALOIDIDAE Loeblich & Tappan, 1961 
Gems Acarinina Subbotma, 1953 

Acarinina bullbrooki (BOLLI) "group" 
Reconmiended source for illustration: 

Toumarkme & Luterbacher (1985) fig. 29.4-10 (+1-3,11-22 for "group") 

1957 Globorotalia bullbrooki. BOLLI p. 167, pl.38, fig.5 
1975 Globorotalia bullbrooki BoUi: STAINFORTH et al. p. 174, fig.40 
1979 Globorotalia (Acarinina).bullbrooki (Bolh): BLOW p.915, pi. 149, figs 8-9, pl.l55, 

figs 1-8, pi. 171, figs 1-3 & 7-9 
1985 Acarinina bullbrooki (BoUi): TOUMARKINE & LUTERBACHER p. 130, fig. 

29.4-10 

DIAGNOSIS: The "group" comprises those species of Acarinina vnth generally 4-5 
(occasionally more) subangular to conical chambers m the final whorl, and a subroimded to 
subacute periphery. Other more general characteristics are a low trochospire; generaUy 
planoconvex test shape; an extraumbihcal aperture; a low arch and a spmose waU, 
especially on the umbihcal side. 

R E M A R K S : Eocene assemblages worldwide contain abundant spinose globorotahids 
mcluded by most authors (e.g. Blow, 1979; Toumarkme & Luterbacher, 1985) in this 
genus. Taxonomy is discussed by Stainforth et al. (1975), Toumarkhie & Luterbacher 
(1985) and, more extensively, by Blow (1979). As detaUed study of the Eocene as a whole 
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lies outside the realm of this thesis, spinose plariktonic foraminifera recorded herein which 
are referable to Acarinina have been classified under four taxonomical grouphigs: the 
A.bullbrooki "group"; A.soldadoens'is "group"; A.mckannai "group"; and Xhs A.wilcoxensis 
"group". Although certain members of these groupings can be found in Upper Palaedcene 
strata. • 

The A.bullbrooki "group" includes the nominate taxon plus Acarinina spinuloinflata 
(Bandy) and Acarinina broedermanni (Cushman & Bermudez). See Toumarkme & 
Luterbacher (1985) for a discussion on this group. They are, essentially, the more plano
convex forms recorded in this study. 

RANGE: The "group" as a whole ranges fi-om the late Early Eocene - late Middle Eocene, 
zones P8 - P14 (Toumarkine & Luterbacher, 1985). 

OCCURRENCE JN TfflS WORK: 

OFFSHORE 
21/26-1 49/10-1 rare 49/24-3 
29/25-1 49/20-2 49/24-4 
44/2-1 49/24-2 49/25-2 rare 
ONSHORE 
Wormingford Mere Lundsgaards Oiff 
Pegwell. Bay Stevns Klint 
Reculver 

Acarinina mckannai (WHITE) "group" 
Recommended source for illustration: 

Toumarkme & Luterbacher (1985) fig. 18.3-6 (+1-2 for "group") 

1928 Globigerina mckannai WHITE p. 194, pl.27, fig. 16 
1975 Globigerina mckannai White: STAINFORTH et al., p.205, fig.66 
1979 Muricoglobigering mckannai (Wiate): BLOW p. 1129, not illustrated 
1985 Acarinina mckannai (White): TOUMARKINE & LUTERBACHER, p. 116, fig. 

18.3-6 

DIAGNOSIS: The "group" comprises those species of Acarinina with generally 4-7 tightly 
coiled chambers m the final whorl, a weU rounded periphery and a high trochospire. Other 
more general characteristics are a very spinose surface and an almost subglobular 
appearance. 
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R E M A R K S : Toumarkine & Luterbacher (1985, p.l 16) remark that Acarinina species of 
this group, which includes the nominate taxon plus Acaritmia nitida (Martin), "...may 
become very frequent m Middle Paiaeocene to basal Eocene assemblages outside the 
tropical reahn in which typical i.e. conical (author's itahcs). Morozovella species are 
missmg." 

This group contains the more globular acarininiids recorded in this study. 

RANGE: The "group" ranges from the "Middle" Paiaeocene (zone P3) to mid Early 
Eocene (zone P7) with A.mckannai becomhig extmct near the end of the Paiaeocene 
whereas A.nitida is essentially Early Eocene restricted (Toumarkine & Luterbacher, 1985). 

OCCURRENCE IN TfflS WORK: 

OFFSHORE 
21/26-1 49/10-1 49/24-3 
29/25-1 49/20-2 49/24-4 
44/2-1 49/24-2 49/25-2 rare 
ONSHORE 
Wormingford Mere Lundsgaards Cliff 
Pegwell Bay Stevns Klint 
Reculver 

Acarinina soldadoensis (BRONNIMANN) "group" 
Recommended source for iUustration: 

Toumarkme & Luterbacher (1985) fig. 17.-1-3 (+4-7 for "group") 

1952 Globigerina soldadoensis BRONNIMANN p.7, pl.1, figs 1-9 
1975 Globigerina soldadoensis s. I Bronnhnann: STAINFORTH et al., p.228-9, 

figs 86-87 
1979 Muricoglobigerina soldadoensis soldadoensis (Bronnimahn): BLOW p. 1120, 

pl.98, figs 1-3, pi. 107, figs 1-5, pi. 109, fig.8, pi. 110, fig.l, pi. 124, figs 1,3 & 5, 
pI.131, figs 1-3, 6, pl.236, fig.6 

1985 Acarinina soldadoensis s.l. (Bronnhnann): TOUMARKINE & LUTERBACHER 
p. 115-6, figs 17.1-2,3 

DIAGNOSIS: The "group" comprises those species of Acarinina with generaUy 3.5-8 
rather loosely coUed chambers in the final whorl and a weU rounded periphery. Another 
more general characteristic is a very spmose surface. 
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R E M A R K S : This "group" is somewhat poorly defined morphologically but includes those 
acariniids outside-other "groups" commonly fiaund in the Late Paiaeocene - Early Eocene 
mterval (see Toumarkine & Luterbacher, 1985). 

The group includes the nominate taxon (which can include the subspecies A.s.soldadoemis 
(Bronnimann) and A.s.angidosa (Bolli)), plus Acarinina primitiva (Finlay); a 3-4 
chambered form md Acarinina pentacamerata (Subbotma); a 5-8 chambered fiarm. 

RANGE: The group as a whole ranges fi-om late "Middle"? / Late Paiaeocene (zoneP3? / 
P4) to Middle Eocene (zone P l l / ?zone P12) vnthA.primitiva md A.s.soldadoensis being 
the only species to range down into the Paiaeocene. '. 

OCCURRENCE IN TfflS WORK: 

OFFSHORE 
21/26-1 49/10-1 rare 49/24-3 
29/25-1 49/20-2 49/24-4 rare 
44/2-1 49/24-2 rare 49/25-2 ? 
ONSHORE 
Wormingford Mere ? Lundsgaards Cliff 
Pegwell Bay Stevns Klint 
Reculver 

Acarinina wilcoxensis (CUSHMAN & PONTON) "group" 
Recommended source for illustration: 

Stamforth etal. (1975) fig. 98 (+ fig.78 for "group") 

1932 Globorotalia wilcoxensis CUSHMAN & PONTON p.71, pl.9, fig. 10 
1975 Globorotalia wilcoxensis Cushman & Ponton: STAINFORTH et al., p.243, fig.98 
1979 Globorotalia (Acarinina) wilcoxensis wilcoxensis (Cushman & Ponton): BLOW 

p.965, pl.ll2, figs4-5, pl.ll3, figs 7-9, pl.ll4, figs 1 & 6, pl.l22, figs 1-2, pl.l32, 
fig.4, pl.l40, figs 5-8, pl.l99, figs 5-6, pl.200, figs 1-5, pl.201, figs 1-3, pl.250, figs 
5-9 

DIAGNOSIS: The "group" comprises those species of Acarinina with generally 4 
chambers in the final whorl which are somewhat appressed. Other, more general 
characteristics are- a very spinose surface. 

REMARKS: The A.wilcoxensis "group" is similar in general morphology to members of 
the A.bullbrooki "group" herein. The nominate taxon also has 4 chambers and a subacute 
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periphery. Acarinina pseiidotopilensis (Subbotina) is included within this group and is 
similar to/4.w7coxe«5'7.s but has a well rounded periphery. 

The two taxa are included here within the genus Acarinina because of the spinose nature of 
the wall surface. 

The A.wilcoxemis and A.bidlbrooki "groups" are separated herein by their different 
•stratigraphical ranges. 

RANGE: The "group" ranges from the Late Paiaeocene - Early Eocene, zones P4 - P8 
(Stainforth et al., 1975; Toumarkine & Luterbacher, 1985). 

OCCURRENCE IN TfflS WORK: 

OFFSHORE 
21/26-1 49/10-1 49/24-3 rare 
29/25-1 49/20-2 49/24-4 coitunon 
44/2-1 49/24-2 mod. cormn. 49/25-2 mod. comm. 
ONSHORE 
Wormingford Mere Lundsgaards Cliff 
Pegwell Bay Stevns Klint 
Reculver 

Genus M?rozove//aMcGowran, 1968 
Morozovella praecursoria (MOROZOVA) 

Reconunended source for illustration: 
Toumarkme & Luterbacher (1985) fig. 13.5 

1957 Acarinina praecursoria MOROZOVA p. 1111 fig. 1 
1964 Globorotalia praecursoria (Morozova): LUTERBACHER p.652 fig.25 
1975 Globorotalia praecursoria (Morozova): STAINFORTH et al. p.214 fig.74 
sotl979 Acarinina praecursoria Morozova: BLOW p.945, pl.76 figs.4,8-9, pl.77 figs.2-5, 

pl.81 fig.3, pl.82 figs. 1-3, pl.84 fig.2, pl.85 fig.9 
1985 Morozovella praecursoria (Morozova): TOUMARKINE & LUTERBACHER 

p. 110 fig. 13.5 

DIAGNOSIS: Test a low plano-convex trochosphre with a flattened sphal side and inflated 
umbihcal side. 5-8 chambers in the final whorl increasing gradually m size. The first 2-3 
chambers of the final whorl are distinctly angulo-conical although remaiiung chambers are 
globular to ovate. Periphery shghtly lobate, subangular at first becoming broadly rounded. 
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Sutures radial and depressed on umbilical side, recurved on early part of spiral side, 
becoming radial. Umbilicus fairly vAde and open, aperture a low extraumbilical to umbilical 
arch, occasionally with a faint hp. Test wall spinose on initial whorls and on initial chambers 
of final whorl although the last few chambers are almost smooth. Ornamentation can also 
be concentrated on umbihcal shoulders. 

R E M A R K S ; This species is distinguished from M.uncimta by having more chambers in 
the final whorl and displaying a transition fi-om angulo-conical to globular ovate chamber 
shape. G.trinJdadensis has globular chambers throughout the final whorl. 

The species referred to as Acarinina praecursoria Morozova, by Blow (1979) would 
appear fi-om the illustrations to more closely resemble Morozovella uncinata (Bolli). It is 
here included under the synonomy of that.species. 

This species is part of a group of important Paiaeocene morozovelhd taxa which are used 
worldwide for biostratigraphic and evolutionary studies. A discussion of this group foUows 
below. Toumarkine & Luterbacher (1985) describe almost a dozen species of Paiaeocene -
Early Eocene angulo-conical morozovellids which are separated into 2 evolutionary 
lineages which are summarised in Table 8.1 (see also Berggren, 1966 and Luterbacher, 
1966). 
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M. conicotruncata M.angulata 
l ineage l ineage 

M. velascoensis 
(base P4 - lower P6) 

M.aaita t 
(upper P3 - mid P6) 

t t 
M conicotruncata M.angulata 

(lower P3 - upper P4) (base P3 - upper P4) 

t 
M.praecursoria M.uncinata 

(base P2-lower P3) (base P2-lower P3) 

M. trinidadensis t 
(base Pld-upper P2) t 

t 
M.inconstans M pseudobulloides 

(upper Pic-top P2) (upper Pla-?midP3) 

t 
? TP 

Globigerina fringa 
(Pa - top Plb) 

Table 8.1: Evolutionary lineages of certain Paiaeocene planktonic foraminifera 
The first, termed the Morozovella conicotruncata Imeage, starts with forms with globular 
chambers (M.inconstans) and ends with angulo-conical forms with a heavy peripheral 
"keel" (carina or muricocarina) (M.conicotruncata). The second, termed the Morozovella 
angulata lineage, is paraUel to the M.conicotruncata hneage and demonstrates a vhtually 
identical and contemporaneous evolution from globigerhmd forms (M.pseudobulloides) to 
morozovehid forms (M.acuta). Toumarkine & Luterbacher (1985) state that, 

"At all levels, typical representatives of the two lifieages are linked by 
intermediate forms. This parallel and interlinked development probably 
indicates that we are not dealing with two separate phylogenetic lineages, 
but rather with a uniform plexus of which the two lineages described here 
represent the easily distinguishable forms." 
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Corfield & Granlund (1988) have also studied these lineages using biometric fi^rms of 
analyses. They retain the ancestral species (M.pseiidobulloides) in the genus Subboiina and 
also recognise intermediates forms between M.uncinata axidM.angidata {M.praeangulata), 
and between M.angulata and M.velascoensis (M.angtdata forma proidcarina). They 
arrange Paiaeocene morozovellids into three groups based on relative morphological 
organisation: 

1) "Primitive" types - S.pseudohidloides, M.trinidadensis, M.praecursoria and 
M.uncinata. 

2) "Intermediate", types - M.praeangidata, M.angidata, M.conicotnmcata and 
• Miangulata forma protocarina. 

3) . "Late stage" types - M.velascoensis, M.occlusa and M.edgari: 

Thus, they regard this sequence of forms as one evolutionary hneage with the important 
evolutionary trends described below: 

• The development of an angulo-conical test fi^om a globigeriniform ancestor. 
• The acquisition of a peripheral test muricocarina (the pseudokeel). 
• The development of muricae upon the surface of the test. 

To fiirther comphcate matters, Boersma & Premoh-Silva (1983) suggest that there may be 
as many as three lineages involved. 

In the North Sea offshore, angulo-conical Paiaeocene morozovelhds are rarely encountered 
or absent altogether. Copestake & Dyer (1981 unpubhshed research demonstration at the 
University of Leicester) stated that M.angulata does not occur in the North Sea Bashi 
(offshore). It has, however, been recorded fi-om some onshore sequences: 
• The Calcarenite of Mechelen aan de Maas (P3 Zone) at 290.5m in the Mechelen aan 

de Maas well, Belgium (Hooyberghs, 1983). 
• A smgle specimen firom the Svedala borehole, Skane and a smgle specimen firom 

Denmark (Pozaryska & Szczechura, 1976) 
• The Tuflfeau de Luicent (G.velascoensis Zone) and the Givry 318 weU, Belgium (El-

Naggar, 1967, 1969). 

However, King (m a pers. comm. to Crittenden, 1986) regards El-Naggar's specimens as 
misidentifications. 

Crittenden (1981) has recorded (but not iUustrated) a specimen designated as Globorotalia 
cf. angulata firom weU 49/24-2 (2080-2110'). Crittenden also records three specimens of 
G.tmcinata fi-om the same weU. 
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Clearly, these two species at least, otherwise globally widespread, are at or close to the 
limits of enviromnental tolerance in the North Sea Basin. Specunens oi M.angiilqia have 
been recorded from the Paiaeocene of the North Atlantic area m boreholes driUed m the 
West Shetland area and Faeroe Basms (Crittenden, 1986). Rare specimens of this, and 
related species, may have been mtroduced into the Palaeocene North Sea by wind and 
current action. The palaeogeography of this area during the Late Paiaeocene (Chapter 
2.3.2) suggests that a marine connection may have existed from the North Sea mto the 
Northeast Atlantic Ocean via the Shetland Trough. This was caused by tectonic separation 
of the NW European and Greenland plate systems which subsequently led to the full 
opening of the northem Atlantic Ocean m Early Eocene thnes. 

This group of planktonic foramuiifera are clearly important in terms of biostratigraphy. 
Theh- apparent scarcity in (particularly offshore) sample material may be due (in addition to 
palaeoenvu-onmental factors discussed above) hi part to theh: somewhat smaU size and thus 
may be missed m typical "mdustrial" preparations. Large amounts of material may be 
requured in order to yield adequate numbers of specimens for meaningfiil research. 
Unfortunately, sample size from boreholes m this study were often extremely smaU which 
accounts for the paucity of individuals from this mteresting group. 

RANGE; M.praecursoria ranges from the base of Zone P2 to the middle part of Zone P3 
(Toumarkme & Luterbacher, 1985) (= G.uncingta - G.angulata Zones of Stainforth et al., 
1975). 

These authors include these Zones within the so-called "Middle" Paiaeocene of classic 
tropical zonation schemes (see also Bolh, 1957; Loebhch & Tappan, 1957; Blow, 1969 and 
Berggren & Van Couvering, 1974). 
The North Sea Paiaeocene is, however, subdivided mto Early (Danian) and Late 
(Thanetian) only. The boundary is dravra at the junction between Zones P2 and P3 (see 
Crittenden, 1986). The rarity of this species m the samples studied cannot add any further 
information to the knowledge of it's stratigraphic range in the North Sea Basm. However, it 
appears to give a reasonable indication for basal Thanetian age sediments where present. 
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QGCURRENCE IN TfflS WORK: 

OFFSHORE 
21/26-1 49/10-1 49/24-3 9 -

29/25-1 49/20-2 49/24-4 
44/2-1 49/24-2 ? 49/25-2 rare 
ONSHORE 
Wormingford Mere Lundsgaards Cliff 
Pegweli Bay Stevns Klint 
Reculver 

Morozovella pseudobulloides (PLUMMER) 
Recommended source for illustration: 

Toumarkine & Luterbacher (1985) fig. 14.1-2 

1926 Glpbigerinapseudobulloides PLUMMER p.33 pl.8 fig.9 
1953 Globigerina compressa var. pseudobulloides Plummer: SUBBOTINA p.55 pl.2 

fig.7 
1957 Globorotaliapseudobidloides (Plummer): BOLLI p.73 pi. 17 figs. 19-21 
1971 Globigeriha compressa var. pseudobulloides Pliunmer: SUBBOTINA p.63 pl.2 

fig.7, 11-14 
1975 Globorotalia pseudobulloides (Plummer): CRITTENDEN p.98 pl.2 figs. J,K,L 
1975 Globorotalia pseudobulloides (Plummer): STAINFORTH et al. p.216 fig.76 
1979 Globorotalia pseudobulloides (Plummer): BLOW p.l096 pl.69 figs.2-3, pl.71 

figs.4-5, pl.75 figs.2-3, pl.248 figs.6-8, pl.255 figs. 1-6 
1983 Globorotalia pseudobulloides (Plummer): KING p.36 pl.6 figs.22,28 as illustrated 

not figs. 18-19 as stated in text. 
1985 Morozovella pseudobulloides (Plummer): TOUMARKINE & LUTERBACHER 

p. 110 figs. 14.1-2 
1987 Subbotina pseudobulloides (Plummer): CORFIELD pl.6.1 

DIAGNOSIS: Test a low trochospire, almost equally biconvex with the spiral side slightly 
flattened. Generally 4-5 spherical to ovate chambers in the final whorl which increase fahly 
rapidly in size. Periphery rounded and lobate throughout the final whorl. Sutures depressed, 
radial on umbihcal side, radial to shghtly cmved on the spiral side. Aperture a low umbihcal 
to extraumbihcal arch with a faint hp. Surface finely perforate to coarsely canceUate, mainly 
smooth. 
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R E M A R K S ; M.pseudobulloides diflfers &om M.mcinata m. the possession of fewer and 
more globular chambers. This species is common and widespread within North Sea Danian 
assemblages both on-and oflf-shore. • 

Blow (1979) distinguished two" related species;G.cf.pseudobulloides (with 5 chambers and 
an extraumbihcal aperture rangmg from Zones Pa - ?early P2) and G.aS.pseudobidloides 
(with 5-6 chambers and a well-irounded aperture rangmg throughout the Pa Zone); 

M.pseudobulloides is .the earhest representative of the M.angidaia hneage of Paiaeocene 
moro?ovelhds (see above under M.praeciirsorid). Its generic placement is uncertain and 
depends on the author's opinion as to its place m the Paiaeocene morozovellid evolutionary 
process (e.g. Corfield (1987) and Corfield & Granlund (1988) prefer retention m Subbotina 
and Blow (1979) mcludes the species m Globorotalid). 

MorphologicaUy, the description of the species seems best suited to placement vwthm 
Globorotalia rather than Subboiina, mainly due to the position of the aperture. However, 
Toumarkine & Luterbacher (1985) include the species vntldn Morozovella on evolutionary 
grounds in that M.pseudobtdloides is the ancestral forms of many other Paiaeocene and 
early Eocene morozoveUids (see above). This reasoning is foUowed m this study although 
retention of this taxon in Globorotalia also has vaUdity. 

IronicaUy, Corfield and Granlund (1988) exclude the species from Morozovella usmg the 
same reasoning. They agree that the species is ancestral to other Paiaeocene and Early 
Eocene morozoveUids though prefer to retain the species within the genus Subbotina 
argumg that the earlier forms of Morozovella (i.e. M.pseudobidloides) do not possess any 
of the features by which the later morozoveUids are recognised. 

RANGE; Early Paiaeocene - early Late Paiaeocene (Zone PI to within Zone P3), Blow 
(1979) and Toumarkme & Luterbacher (1985) (^G.pseudobulloides Zone - mid 
G.angidata Zone of Stamforth et al, 1975). 

Kmg (1983) iUustrates its range as throughout Zone NSPl (Early Palaeoeene -basal Late 
Paiaeocene) and its "top" (extinction) often comcides with that of P.compressa. This level 
Ues above the top of the Chalk Group, Ekofisk Formation- and the tops of these two taxa 
can be usefiil markers for the Maureen Formation (and equivalents). 
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OCCURRENCE IN THIS WORK; 

OFFSHORE 
21/26-1 v.common 49/10-1 - _ • 49/24-3 
29/25-1 rare 49/20-2 rare 49/24-4 
44/2-1 49/24-2 rare 49/25-2 ? 
ONSHORE 
Wonningford Mere ? Lundsgaards Cliff 
PegweU Bay Stevns Klint abundant 
Reculver ? 

Morozovella uncinata (BOIAJ) 
Recommended source for illustration: 

Toumarkine & Luterbacher (1985) fig. 14.3-4 

1957 Globorotalia uncinata BOLLI p.74 pi. 17 figs. 13-15 
1964 Globorotalia uncinata BoUi: LUTERBACHER p.655 figs.30-31 
1975 Globorotalia uncinata BoUi: STAINFORTH et al. p.239 fig.95 
1975 Globorotalia uncinata BolU: CRITTENDEN p.l 06 pi. 1 figs.T,U 
1979 Acarinina praecursoria Morozova: BLOW p.945, pl.76 figs.4,8-9, pl.77 figs.2-5, 

pl.81 fig.3, pl.82 figs. 1-3, pl.84 fig.2, pl.85 fig.9 
1984 Morozovella uncinata (BolU): MANCINI p.278 pl.3 figs.4-6 
1985 Morozovella uncinata (BolU): TOUMARKINE & LUTERBACHER p.llO 

figs. 14.3-4 

DIAGNOSIS: Test a low trochospire with a flat or only sUghtiy convex spkal side and 
inflated umbUical side. 5-6 chambers in the final whorl increasing somewhat rapidly in size. 
All chambers are subangular to conical in shape except the final chamber which is more 
rounded and globular. Periphery is sUghtly lobate, subangular to angular in the early part of 
the whorl, becoming rounded later. Sutures depressed, radial on the umbihcal side, strongly 
ciirved backwards on the spual side. Umbihcus narrow and deep, aperture a low umbUical 
to extraumbilical arch. 

R E M A R K S : This species is ancestral to M.angulata and differs fi-om M.praecursoria (its 
evolutionary counterpart in the Mco«/co^«cato lineage) in possessmg a smaUer number 
of chambers in the final whorl. The strongly reciuved sphral side sutures are also 
characteristic. 
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Blow's (1979) illustrations ofAcarinina praecursoria Morozova, appear to resemble more 
closely the morphology of M.imcinatq in that specimens figured display angulo-conical 
tests (except the final chamber) and strongly recurved sutures on the spiral side. 

The next step in the morozovellid evolutionary lineage in which M.uncimta occurs is the 
appearance of M.angulata, a species not recorded m this study though recorded rarely m 
surrounding areas of the North Sea Basm (see discussion under M.praeairsoria). 

This species' record in the North Sea is very rare being noted only by three specimens by 
Crittenden (1975 & 1986) fi-om the 49/24-2 borehole. King (1983) expresses surprise at 
this record as this taxon.has not been recorded elsewhere in Northwest Europe. El-Naggar 
(1969) has recorded G.uncinata from the Middle and Upper Danian of the Tuffeau de 
Ciply although King (1983) regards these specimens as misidentified. According to 
Crittenden (1986) "unpubUshed research" has yielded M.unciruxta from boreholes driUed in 
the West Shetland area and Faeroe Basms. It is not unfeasible that rare spechnens could 
have been introduced mto the North Sea Basm by prevailmg winds and currents from this 
part of the Northeast Atlantic where the taxon was presumably extant. 

RANGE; "Middle" Paiaeocene (basal Zone P2 to mid Zone P3), Blow (1969), Berggreh & 
Van Couvering (1974) m Toumarkme & Luterbacher (1985). (=G.uncinata Zone to 
G.angulata Zone of Stamforth et aL, 1975). 

OCCURRENCE IN TfflS WORK: 

OFFSHORE 
21/26-1 ? 49/10-1 49/24-3 
29/25-1 49/20-2 49/24-4 
44/2-1 7 49/24-2 ? 49/25-2 
ONSHORE 
Wonningford Mere Luhdsgaards Cliff 
Pegwell Bay Stevns Klint 
Reculver 

Genus .Sw^io^/Ka Brotzen & Pozaryska, 1961 
Subbotina triangularis «s.l." (WHITE) 

Recommended source for iUustration: 
Blow (1979) pl.80, figs 2-9, pl.91, figs 7-9, pl.98, fig.6, 

pI.107, figs 8-9, pl.238, fig.6 
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1928 Globigerina triangularis WHITE p. 195, pl.28, fig. 1 
1979 G/c?%m>?a.rr/aA7g2//amWMte: CRITTEl^EN p.74, pl.3 fig^ 
1979 Subbotina triatigularis triangularis (White): BLOW pl.91, figs 7-9, pl.98, fig.6, 

pl.l07,,figs 8-9 
1979 Subbotina triangularis cancellata BLOW pl.80, figs 2-9, pl.238, fig.6 

DIAGNOSIS: Test medium to large, a low trochospire with 3.5 subglobular chambers in 
the final whorl hicreasmg rapidly m size, test roughly triangular m outhne. Sutures strongly 
depressed, aperture a curved umbihcal to ejctraumbilical opening with a hp. Surface 
moderately canceUate. 

REMARKS: Disthiguished firom other canceUate planktonic species of the genus by its 
triangular outUne and somewhat smaUer, less elongated aperture. Blow (1979) recognises 
two subspecies with different degrees of waU canceUation, S.tcancellata showing coarser 
canceUation shnUar to that of Subbotina triloculinoides. Blow restricts the stratigraphical 
range of S.t.cancellata to wholly within the Paiaeocene (zone P2 up to zone P4) whereas 
the "group" (S.t.triangularis of Blow, 1979) ranges into the Early Eocene (zone P2 to zone 
P8). Lack of good stratigraphical control m. the samples studied here (i.e. because of cavmg 
effects) prevents adequate separation of the two subspecies here. 

RANGE: Paiaeocene - Early Eocene (Blow, 1979 - see above). 

OCCURRENCE IN THIS WORK: 

OFFSHORE 
21/26-1 mod. comm. 49/10-1 mod. comm. 49/24-3 mod. comm. 
29/25-1 49/20-2 49/24-4 rare 
44/2-1 rare 49/24-2 mod. comm. 49/25-2 rare 
ONSHORE 
Wormingford Mere Lundsgaards Cliff 
Pegwell Bay Stevns Klint 
Reculver ? 

Subbotina triloculinoides (PLUMMER) 
Recommended source for illustration: 

Toumarkme & Luterbacher (1985) fig. 19.1-2 

1926 Globigerina trilocidinoidesPLUMMERp.l34, pl.8, fig.lO 
1975 Globigerina triloculinoides Plununer: STAINFORTH et al., p.234, fig.92 
1979 Globigerina triloculinoides Plummer: CRITTENDEN p.75, pl:3 figs V - X 
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1979 Subbotina triloculinoides triloculinoides (Plummer): BLOW p. 1287, pl.74, fig.6, 
pl.80, fig.l, pl.98, fig.7, pl.238, fig.5, pl248, figs 9-10, pl.255, fig.9, pl.257, fig.9,. 
text figures M & N 

1985 Globigerina trilocidinoidesVlurarnQr:- TOUMARKINE & LUTERBACHER p.ll7, 
fig. 19.1-2 

1987 Subbotina ti-iloculinoides (Flurmaer): CORFTELD p.9S 

DIAGNOSIS: Test small to medium, a low trochospire of 3 - 3.5 globular chambers m the 
final whorl increasing rapidly m size, the last occupying one-third to one-half of the whorl, 
equatorial outline trilobate, umbihcus shallow, aperture mainly umbihcal, occasionally 
umbilical to extraumbihcal with a distinct hp, wall coarsely perforate and reticulate. 

REMARKS: Globigerina patagonica is sunilar but has less weU developed surface 
reticulation. S.triloculinoides is ancestral to species firom the Eocene Subbotina linaperia -
Subbotina eocaena lineage (S. linaperta "group" (pars.) herem) which are larger and have a 
somewhat lower and longer apertural opening, distmctly umbihcal to extraumbihcal in 
nature. It is also very similar to the Subbotina frontosa (Bermudez) group of the younger 
Eocene and Ohgocene. 

The genus Subbotirm was, accordmg to Stamforth et al., 1975, "poorly defined" by 
Brotzen & Pozaryska (1961) although was later emended by Blow (1979) who restricted 
the genus to those globigerine forms with pitted mural pores opening through pore-pits to 
give a reticulate surface pattern. S.triloculinoides is the type species. 

RANGE: Paiaeocene (but not youngest) (Stainforth etal., 1975) 

OCCURRENCE IN THIS WORK: 

OFFSHORE 
21/26-1 mod. comm. 49/10-1 49/24-3 
29/25-1 49/20-2 49/24-4 
44/2-1 49/24-2 rare 49/25-2 rare 
ONSHORE 
Wormihgford Mere Lundsgaards Cliff 
Pegwell Bay Stevns Klint mod. comm. 
Reculver 

Subbotina linaperta (FINLAY) "group" 
Recommended source for iUustration: 

Stainforth et al. (1975) fig.63 
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1939 Globigerina linaperta FINLAY p. 125, pi. 13, figs 54-56 
1975 Globigerina linapefta Finlay: STAINFORTH a/., p.201, .fig.63. 
1979 Globigerina linaperta Finlay: CRITTENDEN, p.60, pl.3, figs D-I^ 
1979 Subbotina linaperta (Finlay): BLOW p.l276, pl-.91, fig.8, pl,124, fig.9, pn58, 

fig.8, pi. 160, figs 6-8, pi. 177, figs 4-6, pl.240, figs 5-6, text fig. N 
1985 Globigerina linaperta Finlay: JENKINS p.275, fig. 6.2 
1987 Subbotina linaperta (Finlay): CORFIELD p.98 

DIAGNOSIS: Test medium to large, a low trochospire,' tightly coiled with 3 (mainly) - 3.5 
globular chambers in the final whorl, increasmg rapidly in size, the final chamber occupies 
approximately one-half of the whorl. Aperture is a.large,- but low opening with a distinct 
hp. Test surface perforate and distmctly cancellate. • " • 

REMARKS: Diflfers firom S.triloculinoides by the long, low aperture and the 
proportionately larger final chamber. 

Stainforth et al (1975) regard this species as part of a "closely knit plexus which displays 
great variabiUty of coihng parameters" (p.202). They discuss no less than 17 mdividual taxa 
recorded ip the hterature fi-om Paiaeocene - Oligocene representatives of this plexus 
(p.294). The two main parameters, they state, which vary to give this plexus are (i) rate of 
chamber enlargement of adult chambers and (u) degree of coiling tightness (see Stainforth 
etal, 1975, fig. 128, p.292). 

It is hkely that all these "subspecies" of linaperta have some justification for bemg 
separated, not least stratigraphical distribution, which could in tum lead to this group 
acquhing some more refined stratigraphical utility. However, due to lack of stratigraphical 
control in this study (i.e. samples contammated by caved representatives fi-om post-
Palaeocene strata) not attempt at differentiation is made here, hence the "group" 
assignment to the taxou; Specimens possibly referable to the Eocene - Early Oligocene 
taxon Subbotina eocaena (Gumbel) (which has a less rapid rate of chamber size mcrease 
thm S.linaperta s.s.) are also grouped mto this category for the same reason. 

RANGE: The "group" as a whole ranges fi-pm the latest Paiaeocene - Ohgocene 
(Stainforth et al, 1975) (Toumarkme & Luterbacher, 1985). However, the occurrence of 
this plexus in abundance, provides a usefiil stratigraphical marker event m the lower Early 
Eocene of much of the North Sea area (see Text Figure 17). Representatives are commonly 
stained orange or red and occur m a unit correlatable with'the Rosnaes Clay Formation in 
Denmark (see discussion Chapter 9.1). 
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OCCURRENCE JN THIS WORK: 

OFFSHORE 
21/26-1 rare 49/10-1 common 49/24-3 mod. comm. 
29/25-1 49/20-2 rare 49/24-4 mod. comm. 
44/2-1 common 49/24-2 mod. comm. 49/25-2 mod. comm. 
ONSHORE 
Wonningford Mere Lundsgaards Cliff 
Pegwell Bay Stevns Klint 
Reculver 

Superfamily HANTKENINACEA Cushman, 1927 -
Family GLOBANOMALESflDAE LoebUch & Tappan, 1984 

Gems Globatjomalim Haque, 1956 
Globanomatina micra (COLE) 

Recommended source for Ulustration: 
Toumarkme &, Luterbacher (1985) figs 21.1-8 

1927 Nonion micrus COLE p.22 pl.5 fig. 12 
1932 Nonion danvillensis HOWE & WALLACE p.51 pl.9 fig.3 
1953 Globigerinella micra (Cole): SUBBOTINA p.88 pl.l3 figs.16-17 
1957 Hastigerina micra (Cole): BOLLI p. 161 pl.35 figs. 1-2 
1959 Pseudohastigerina micra (Cole): BANNER & BLOW p. 19 fig.4g-i 
1964 Globanomglina micra (Cole): LOEBLICH & TAPPAN p.C655 
1969 Pseudohastigerina micra (Cole): BLOW p.275 pl.53 figs. 1,4-6 
1971 Globanomalina micra (Cole): JENKINS p.78 pl.2 figs.50-54 
1975 Pseudohastigerina micra (Cole): STAINFORTH et al p.207 fig.68 
1979 Pseudohdstigerina danvillensis Howe & WaUace: BLOW p. 1181, pi. 159, figs 6-7, 

pi. 161, figs 2-7, pi. 166, figs 2-10, pl.253, figs 10-12 
1979 Pseudohastigerina micra (Cole): CRITTENDEN p. 115 pi. 1 figs.R,S 
1983 Pseudohastigerina micra (Cole): KING p.36 pl.6 figs.30-31 
1985 Pseudohastigerina micra (Cole):TOUMARKINE & LUTERBACHER p.l 18 

figs.21.1-8 

DIAGNOSIS: Test fakly smaU, planispual or sUghtly asymmetricaUy planisphral vwth 5-7 
moderately inflated subglobular chambers in the final whorl which increase moderately 
rapidly in size. Degree of lateral compression variable although normaUy lateraUy 
compressed with a more or less roimded periphery which becomes subacute in larger 
spechnens. EarUer whorls generaUy visible firom both sides. Sutures depressed, radial to 
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slightly curved, surface smooth. Aperture generally a low arch at the base of the apertural 
face of the last chamber, occasionally becoming bipartite in some specimens. 
REMARKS: The classification of Loeblich & Tappan (1988) indicates the synonymous 
status of Pseudohastigerina with Globanomalina as proposed earlier by them in 1964. 
They state that the type species of both genera show evidence of their trochospiral ancestry 
m the possession of asymmetrical early whorls and aperture position. Illustrations of both 
topotypes {Globanomatina ovalis and Nonion micrus) show no appreciable differences and 
thus are regarded as congeneric. Berggren, Olsson & Reyment (1967) rejected Loebhch & 
Tappan's (1964) assignment, retammg the name Pseudohastigerina, a practice fohowed by 
almost all authors (e.g. Toumarkine & Luterbacher, 1985; Murray et al., 1989). 

G.micra is generally smaUer than its ancestor G.wilcoxensis, and is more lateraUy 
compressed. 

This species (along with G.wilcoxensis) appears quite firagUe, yet Toumarkine & 
Luterbacher (1985) state that it is, in fact, very resistant to bad ecological conditions and 
may be a dominant species in high latitude assemblages. These two taxa were recorded hi 
relatively high numbers (and, locaUy, were the dommant taxa) which would support this 
statement 

RANGE: Early Eocene (P8 Zone) - Early OUgocene (P18/P19) (BoUi etal., 1985). 

OCCURRENCE IN TTOS WORK: 

OFFSHORE 
21/26-1 rare 49/10-1 mod. comm. 49/24-3 rare 
29/25-1 49/20-2 49/24-4 rare 
44/2-1 rare 49/24-2 mod. comm. 49/25-2 mod. comm. 
ONSHORE 
Wormingford Mere Lundsgaards Cliff 
Pegwell Bay Stevns Klint 
Reculver 

Glohanomalina wilcoxensis (CUSBOVIAN & PONTON) 
Recommended source for iUustration: 

Toumarkme & Luterbacher (1985) fig. 12.9-12 

1932 Nonion wilcoxensis CUSHMAN & PONTON p.64 pl.8 fig. 11 
1960 Hastigerina eocenica BERGGREN p.85 pl.5 figs. 1-2 pi. 10 fig.2 
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1964 Globanomalina wilcoxensis (Cushman & Ponton): LOEBLICH & TAPPAN 
P.C665 

1967 Pseudohastigerina wilcoxensis (Cushman & Ponton): BERGGREN, OLSSON 8c 
REYMENT p.278 figs.2-6 ' ... 

1975 Pseudohastigerina wilcoxensis (Cushman 8c Ponton): STAINFORTH et al. p.243 
fig.99 

1975 Pseudohastigerina wilcoxensis (Cushman & Ponton): CRITTENDEN p. 115 pl.1 
figs.N,0 

1975 Pseudohastigerina shgrkriverensis Berggren & Olsson: CRITTENDEN p.l 15 pl.1 
figs.P,Q 

1979 Pseuddhastigerina wilcoxensis (Cushman & Ponton): BLOW p.l 193; pi. 159, figs 
8-9, pi. 161, figs 10-11, pl.252, figs 1-4 

1983 Pseudohastigerina wilcoxensis (Cushman & Ponton): KING p.36 pl.6 figs.32-33 
1985 Pseudohastigerina wilcoxensis (Cushman & Ponton): TOUMARKINE & 

LUTERBACHER p.108 fig.12.9-12 
1989 Pseudohastigerina wilcoxensis (Cushman & Ponton): MURRAY et al. p.532 

pl.10.11 figs.5-6 

DIAGNOSIS; Test fairly smaU, planispual or shghtly asymmetrically planispual with 5-7 
moderately inflated subglobular chambers in the final whorl which increase moderately 
rapidly in size. Degree of lateral compression variable although periphery is normally 
rounded and lobulate. Earher whorls generally visible fi-om both sides. Sutures depressed, 
radial to shghtly curved, surface smooth. Aperture generally a low arch at the base of the 
apertural face of the last chamber, occasionally becoming bipartite in some spechnens. 

R E M A R K S ; G.wilcoxensis diflfers firom G.micra in being somewhat larger and more 
inflated although the two are Imked by mtermediate forms (Stainforth et al., 1975). 

G.wilcoxensis evolved fi-om Planorotalites chapmani in the Late Paiaeocene by becoming 
ahnost wholly planispiral vnth. a symmetrical aperture. However, the base of its range is not 
sharply defined owing to this gradual evolution. Blow (1979) places the mception of this 
species at the base of Zone P7 (very latest Paiaeocene). 

Some specimens recovered m this study display bipartite apertures positioned either side of 
the median Ime and extending towards the umbihcus on both sides, at the base of the 
apertural face. Crittenden (1975) illustrated this type and referred to it as 
Pseudohastigerina sharkriveretjsis, distmct firom P.wilcoxensis. The specimens displaying 
this feature recorded herehi are retamed within G.wilcoxensis. 
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RANGE; Late Paiaeocene to Middle Eocene ic.G.pseudomenctrdii Zone to G.lehneri 
Zone of Stainforth et al, 1975; Zpnes P7 - ?P11 of Blow, 1979; Zones ?P5 - P12 of Blow, 
1969 and Berggren & Van Couvering, 1974 m toumarkine & Luterbacher, 1985). 

According to Berggren (1960 & 1971) the first evolutionary occurrence of G.wilcoxensis 
hes withm the G.subbotinae Zone and this level, the so-caUed "Pseudohastigerina datum". 
is used to define the base of the Eocene. However, Stamforth et al, 1975 states that 
specimens indistinguishable fi^om G.wilcoxensis have been observed from the 
G.pseudomenardii Zone in the eastem Mediterranean. 

G.wilcoxensis has oilly been recorded fi-om the Early Eocene in U.K. onshore sequences: 
from the London Clay (division E) of the London Basm and from the Bracklesham Group 
(various locahties) of the Hampshire Basm (Murray et al, 1989). 

In the North Sea, G.wilcoxensis is recorded from the Early to basal Middle Eocene, Zones 
NSP5 - ?NSP7 (King, 1983). The lower Ihnit of its range bemg diflBcuU to define due to 
caving effects. 

OCCURRENCE IN THIS WORK: 

OFFSHORE 
21/26-1 rare 49/10-1 common 49/24-3 abimdant 
29/25-1 49/20-2 mod. comm. 49/24-4 v.common 
44/2-1 49/24-2 abundant 49/25-2 abimdant 
ONSHORE 
Wormingford Mere Lundsgaards Cliff 
Pegwell Bay StevnsKlint 
Reculver 

Superfamily GLOBIGERINACEA Carpenter, Parker & Jones, 1862 
Family GLOBIGERINIDAE Carpenter, Parker & Jones, 1862 

Genus Globigerina d'Orhigny, 1826 
Globigerina chascanona LOEBLICH & TAPPAN 

Reconunended source for iUustration: 
Murray et a/.(1989) pl.10.10, figs 1-3 

1957 Globigerina chascanona LOEBLICH & TAPPAN 
1960 Globorotalia esnqensis (Le Roy): BERGGREN, p.92, pi. 10, fig.3 not pl.5, fig.3, 

not pl.6, fig.l 
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1989 Globigerina chgscanona Loeblich & Tappan: MURRAY et al., p.530, pl.10.10, 
figs 1-3 

DIAGNOSIS: Test small, a tightly coiled moderate trochospire with 4.5 - 5 chambers m 
the final whorl increasing slowly in size. Surface pitted and spinose, especially on the 
umbihcal side, aperture an umbilical arch with a thin hp 

R E M A R K S : Murray et al (1989) state that this is a morphologically variable species 
which has also been recorded variously as Globorotalia esnaensis (Le Roy), and Acarinina 
intermedia Subbotina. 

The iUustration given by Murray et al. (1989), shows an apparent extraumbiUcal aperture 
which would transfer this taxon to Globorotalia and would reinforce the synonymous 
relationship between G.chascanona and G.esnaensis. 

Berggren (1977) hicludes a variety of other forms m synonomy with his G.esnaensis, such 
as Globigerina stonei Weiss, Globorotalia irrorata LoebUch & Tappan, Acarinina 
intermedia Subbotina and Globigerina whitei BolU. This possibly reflects the variable 
morphology demonstrated by G.chascanona herein. 

Crittenden (1979 unpubUshed MS) however, has attempted to separate the various 
morphotypes within this group and has retained the majority of those taxa Usted above. 

RANGE: Late Paiaeocene - Early Eocene (Murray a/., 1989) 

OCCURRENCE IN THIS WORK: 

OFFSHORE 
21/26-1 49/10-1 49/24-3 mod. comm. 
29/25-1 49/20-2 rare 49/24-4 mod. comm. 
44/2-1 49/24-2 mod. comm. 49/25-2 mod. comm. 
ONSHORE 
Wormingford Mere Lundsgaards Cliff 
Pegwell Bay Stevns mint 
Reculver 

Globigerina ew^MAma LUTERBACHER & PREMOLI-SILVA 
/ G.fringa SUBBOTINA "group" 

Recommended source for iUustration: 
Tcumarkine & Luterbacher (1985) figs 11.1-3,4-5 
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1950 Globigerina fringa SUBBOTINA p. 104, pl.5, figs 19-21 
1964 Globigerina eugubina LUTERBACHER.& PREMOLI-SILVA pVl05, pl.2, fig.8 
1985 Globigerina eugubina Luterbacher & Premoli-Silya: TOUMARKINE & 

LUTERBACHER p;106, fig. 11.1-3 
1985 Globigerina fringa Subbotina: TOUMARKINE & LUTERBACHER, p. 106, 

Fig. 11.4-5 

DIAGNOSIS: Test extremely small, a low trochospire with 4 (fiinga) - 6 (eugubma) 
subglobular chambers m the final whorl. Apermre extraumbilical, a low sht. 

R E M A R K S : Many planktonic foraminiferal microfaurias in the earhest Paiaeocene 
worldwide are dominated by extremely smaU species of less than 0.1mm size. Two forms,-
differing essentially in niunber of chambers, are recognised (e.g. by Tbiunarkine & 
Luterbacher, 1985). G.fringa (4 chambered version) is thought to be ancestral to 
Morozovella pseudobulloides and G.eugubina (5-6 chambered version) is thought to be 
ancestral to Planorotalites compressa. As Toumarkine & Luterbacher point out (1985, 
p. 106) the generic positions of both taxa, particularly G.eugubina, are uncertain. 

Specimens of very small planktonic foraminifera recorded fi-om offshore material in this 
study are of very rai:e and are of very poor quahty/preservation. Also, it is uncertam as to 
the exact stratigraphical position firom where they were recorded as strata of earhest Danian 
age are extremely rare m the North Sea area. They may also be confiised with juvenile 
forms of other Danian planktonic taxa. Therefore they are "grouped" together m this work. 

RANGE: G.eugubina is restricted to the basal Danian, zone Pa - vwthin subzone Pla whilst 
G.fringa ranges slightly higher, to the top of subzone Plb (Toumarkme & Luterbacher, 
1985). 

OCCURRENCE IN THIS WORK: 

OFFSHORE 
21/26-1 49/10-1 49/24-3 rare 
29/25-1 49/20-2 49/24-4 
44/2-1 49/24-2 49/25-2 
ONSHORE 
Wonningford Mere Lundsgaards Qiff 
Pegwell Bay Stevns Klint 
Reculver 
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Globigerind patagonica TODD &. KNIKER 
Recommended source for illustration: 

Munay etal. (1989) pl.10.10, figs 6-8, 10-12 

1952 Globigerina patagonica TODD & K M K E R 
1979 Globigerina triangularis White: CRTTTENDEN p.74, pl.4 figs A-C 
1989 Globigerina patagonica Todd & Kniker: MURRAY et al., p.530, pl.10.10, figs 6-

8, 10-12 

DIAGNOSIS: Test a low trochospire with typically 3.5 chambers in the final whorl rapidly 
increasmgih size, surface covered throughout with well-defined pore-pits, aperture an 
umbihcal arch. 

REMARKS: This species closely resembles Globigerina triangularis White as described 
by Crittenden (1979) firom a North Sea well, which also has 3 - 3.5 chambers in the final 
whorl and is indeed regarded as synonymous with it. However, G.triangularis sensu stricto 
has been recorded firom Late Paiaeocene sediments elsewhere (Bolli, 1957). 

S.triloculinoides (Paiaeocene only) is very similar but tends to have somewhat larger pore-
pits givmg a disthict cancellate surface pattern, and a lower, distmctly hpped aperture. 

RANGE: Early Eocene (Murray et al., 1989). 

OCCURRENCE IN THIS WORK: 

OFFSHORE 
21/26-1 49/10-1 49/24-3 
29/25-1 49/20-2 rare 49/24-4 rare 
44/2-1 49/24-2 49/25-2 
ONSHORE 
Wormingford Mere Lundsgaards Cliff 
PegweU Bay StevnsKlint 
Reculver 
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Suborder ROTALIINA Delage & Herouard, 1896: 
Superfamily BOLIVINAeEA Glaessner, 1937 

Family BOLIVINIDAE Glaessner, 1937 
Genus 5o//v/>7a d'Orbigny, 1839 

Bolivina incrassata REUSS 
Recommended source for illustration: 

Hart etal (1989) pi. 7.4, figs 8-9 

1851 Bolivina incrassata REXJSS 
1977 Bolivina incrassata gigantea Wicher: KOCH p.54, pi. 14, figs 1-2 • 
1977 Bolivina incrassata crassa Vasilenko & Myatliuk: KOCH p.54, pl.l4, figs .3-4 
1977 Bolivina incrassata incrassata Reuss: KOCH p.54, pi. 14, figs 5-6 
1989 Bolivina incrassata Reuss: HART et al p.322, pl.7.4, figs 8-9 

DIAGNOSIS: Test biserial elongate "blade-Uke", medium to large, varying in shape firom 
long and slender to stout and robust. Test compressed, margins subrounded. Chambers are 
numerous and steeply inclined, sutures distmct though only shghtly depressed. Aperture an 
elongate, wide, ovate subterminal opening. 

REMARKS: Hart et al (1989) describes this as a highly variable species whereas Koch 
(1977) has recognised three subspecies; B.i.gigantea (broad & large), B.i.incrassata 
(smaU) and BA.crassa (elongate & slender). However, there appears to be little 
stratigraphic reason at least for this separation, which is not foUowed here. 

RANGE: Late Campanian - Maastrichtian (Hart et a/., 1989). 

OCCURRENCE IN THIS WORK: 

OFFSHORE 
21/26-1 49/10-1 49/24-3 
29/25-1 49/20-2 49/24-4 
44/2-1 mod.comm. 49/24-2 49/25-2 mod.comm. 
ONSHORE 
Wormingford Mere Lundsgaards Cliff 
Pegwell Bay Stevns Klint rare 
Reculver rare 
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Genus Tappanina Montmaxo Gallitelli, 1955 
Tappanina selmensis (GUSHMAN) 
Recommended source for illustration: 

Murray et al. (1989) pi. 10.9, figs 14-15 

1948 Bolivinita selmensis Cushman emend. Brotzen: BROTZEN p.56 pl.9 fig.7 
1986 Tappanind selmensis (Cushman): van MORKHOVEN et al., p.332 pi. 108 
1989 Tappanina selmensis (Cushman): MURRAY et al., p.528, pi. 10.9 figsl4-15 

DIAGNOSIS: BiseriaL, tapering, rhomboid in cross section, broad chamber faces that are-
distinctly concave, sutures distinct, periphery acute. 

REMARKS: Van Morkhoven et al. (1986) regard T.selmerisis as an outer neritic - bathyal 
dvî eller. However, Murray et al. (1989) record the species fi-om the Reculver Silts of the 
Thanet Formation in Kent which were deposited under much shallower conditions although 
Ul a transgressive setting. 

RANGE: Recorded worldwide fi-om the Maastrichtian - Early Eocene (Van Morkhoven et 
al., 1986) although only recorded fi-om the Late Paiaeocene of the U.K. It approaches its 
fiill stratigraphical range (Maastrichtian - Paiaeocene) in Sweden (Brotzen, 1948). 

OCCURRENCE IN THIS WORK: 

OFFSHORE 
21/26-1 49/10-1 ? 49/24-3 
29/25-1 49/20-2 49/24-4 
44/2-1 49/24-2 rare 49/25-2 
ONSHORE 
Wormingford Mere rare Lundsgaards ClifT 
PegwellBay Stevns Klint mod. comm. 
Reculver 

Family BOLIVINOIDIDAE LoebUch & Tappan, 1984 
Gmns Bolivinoides Cnshmaa, 1927 
Bolivinoides draco (MARSSON) 

Recommended source for iUustration: 
Hart etal. (1989) pi. 7.4, fig. 13 

1878 Bolivina draco MASiSSON 
1989 Bolivinoides draco (Marsson): HART et al., p.324, pl.7.4, fig. 13 
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DIAGNOSIS: Test freei rhomboidal, compressed, margins subacute to acute, often 
carinae. Initial end bluntly rounded followed :by 6-7 pairs of biserially arranged chambers. 
Test surface covered by strongly developed, longitudmally elongated lobes, four on each 
chamber, which coalesce to form longitudinal ribs. Aperture wide, loop shape, bordered by 
a thin lip and possessing an intemal tooth-plate. 

REMARKS: The two mner-most ribs are continuous and mn parallel to the median hne 
and is characteristic of this species 

RANGE: Latest Early - Late Maastrichtian (Tlarte/a/., 1989) 

OCCURRENCE IN THIS WORK: 

OFFSHORE 
21/26-1 49/10-1 49/24-3 rare 
29/25-1 rare 49/20-2 49/24-4 
44/2-1 rare 49/24-2 49/25-2 rare 
ONSHORE 
Wormingford Mere Lundsgaards Cliff 
Pegwell Bay Stevns Klint 
Reculver 

Bolivinoides laevigatus MARIE 
Recommended source for iUustration: 

Hart etal (1989) pi. 7.5, figs 1-2 

1941 Bolivinoides laevigatus MARIE 
1989 Bolivinoides laevigatus Maiie: HART et al p.324, pl.7.5, figs 1-2 

DIAGNOSIS: Test free, elongate, compressed with a subacute periphery. A globular 
proloculus foUowed by 7-9 paurs of distmct, biserial chambers vwth shghtly depressed 
sutures. Test surface possesses weakly developed cucular to elongate nodes (c.2-3 per 
chamber). Aperture narrow and looped shaped. 

REMARKS: The relatively weak omamentation helps to distmguish this species from 
others in the genus. 

RANGE: Late Campanian - Early Maastrichtian (Hart et al, 1989) 
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OCCURRENCE IN TTOS WORK: 

OFFSHORE 
21/26-1 49/10-1 49/24-3 fare 
29/25-1 49/20-2 49/24-4 
44/2-1 49/24-2 49/25-2 ? 

ONSHORE 
Wormihgford Mere rare Lundsgaards Cliff 
Pegwell Bay Stevns Klint 
Reculver rare 

iBo//W/fOT</̂ /w7iam HILTERMANN & KOCH 
Recommended source for illustration: 

Hart et al. (1989) pi. 7.5, fig.3 

1950 Bolivinoides miliaris HILTERMANN & KOCH 
1989 Bolivinoides miliaris Hiltermann & Koch: HART et al. p.324, pl.7.5, fig.3 

DIAGNOSIS: Test firee, kite-shaped, compressed with acute margms. Proloculus globular 
followed by 7-8 pairs of shghtly inflated biserial chambers with indistinct sutures except at 
the periphery. Test surface initially pustulose, later possesshig elongate narrow lobes (c.3 
per chamber). Aperture loop shaped occasionally bordered by an indistinct hp. 

REMARKS: This species' gross morphology is shnilar to that of B.draco although it lacks 
the twin central paraUel ribs characteristic of B.draco. 

RANGE: Latest Campanian - Early Maastrichtian (Hart al., 1989). 

OCCURRENCE IN THIS WORK: 

OFFSHORE 
21/26-1 49/10-1 49/24-3 
29/25-1 49/20-2 49/24-4 
44/2-1 rare 49/24-2 49/25-2 
ONSHORE 
Wormingford Mere Lundsgaards Cliff 
Pegwell Bay Stevns Klint 
Reculver 
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BoUvinoides paleocenicus (BROTZEN) 
Recommended source for illustration: 

Hart a/. (1989) pi. 7-5, fig.4 . 

1948 Bolivina paleocenica BROTZEN 
1989 Bolmnoidespaleocenicus Brotzen: HART et ah, p.324, pl.7.5, fig.4 

DIAGNOSIS: test firee, kite-shaped, compressed with a subacute periphery. Initial 
proloculus followed by 6-7 pairs of uninflated biserial chambers. Sutures distinct near the 
periphery but obscured in the centre of the test by a raised network of intersecting narrow 
ridges. Aperture narrow and loop shaped. 

REMARKS: The surface sculpture of this species is distinctive. 

RANGE:.LaterEarlvMaastrichtian (Hart etal. 1989)-Paiaeocene (Brotzen, 1948). 

OCCURRENCE IN THIS WORK: 

OFFSHORE 
21/26-1 49/10-1 49/24-3 
29/25-1 49/20-2 49/24-4 
44/2-1 ? 49/24-2 49/25-2 
ONSHORE 
Wormingford Mere Lundsgaards Cliff 
Pegwell Bay Stevns Klint rare 
Reculver 

Superfamily EOUVIGERINACEA Cushman, 1927 
Family EOUVIGERINIDAE Cushman, 1927 

Genus Eouvigerina Cushman, 1926 
Eouvigerina aculeata (EHRENBERG) 

Recommended source for illustration: 
Hart et al (1989) pi. 7.8, figs 3-4 

1854 Loxostomum aculeata EHRENBERG 
1989 Eouvigerina aculeata (Ehrenberg): HART et al., p.330, pl.7.8, figs 3,4 

DIAGNOSIS: Test fi-ee, small, biserial with rounded niargms, chambers slightly pyriform, 
final chamber centrally positioned, sutures convex, somewhat "flanged", aperture terminal 
on a short neck. 
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REMARKS: This small species is fairly distinctive, though occurs in very low numbers 
within Chalk sections of this study. Soniewhat similar is the Late; Paiaeocene species 
tappcnnm selmensis, which has concave chamber faces and a basal apeirture. 

RANGE: Hart et al., 1989 indicates that this species ranges from the Coniacian to the early 
Maastrichtian although also notes that the uncertain taxonomic status of this species 
somewhat devalues its stratigraphical value. 

OCCURRENCE IN TmS WORK: 

OFFSHORE 
21/26-1 49/10-1 49/24-3 rare 
29/25-1 49/20-2 49/24-4 rare 
44/2-1 49/24-2 49/25-2 
ONSHORE 
Wormingford Mere rare Lundsgaards ClifT 
Pegwell Bay Stevns Klint mod. comm. 
Reculver rare 

Genus Zoroi'to/ntffn (Cushman, 1926) 
Loxostomum eleyi (CUSHMAN) 

Recommended source for illustration: 
Hart et al. (1989) pi. 7.19, figs 4,5 

1927 Bolivinita eleyi CUSmAm 
1989 Loxostomum e/ey/ (Cushman): HART et al., p.352, pl.7.19, figs 4-5 

DIAGNOSIS: Test free, elongate, compressed, biserial with a truncated edge. Chambers 
flat, overlappmg and reniform in outline. Sutures distinct, flush to slightly raised and 
curved. Aperture terminal, an ovoid sht surrounded by a sUghtly raised Up. 

REMARKS: This is a fmrly distinctive species which Hart et al. (1989) records as being 
widespread over Europe. 

RANGE: Santonian - Middle Campanian, very rare m the Late Campanian (Hart et al., 
1989) 
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OCCURRENCE IN THIS WORK: 

OFFSHORE 
21/26-1 49/10-1 49/24-3 . 
29/25-1 49/20-2 49/24-4 
44/2-1 49/24-2 49/25-2 
ONSHORE 
Wonningford Mere rare Lundsgaards Cliff 
PegwellBay • Stevns Klint 
Reculver 

Superfamily TURRILINACEA Cushman, 1927 
Family TURILESHDAE Cushman, 1927 

Genus PraebulmJna Hofker, 1953 
PraebuUnuna laevis (BEISSEL) 

Recommended source for illustration: 
Hart etal. (1989) pi. 7.21, figs 1-2 

1891 Bulimina laevisBmSSEl. 
1989 Praebulimina laevis (Beissel): HART et al p.356, pl.7.21, figs 1-2 

DIAGNOSIS: Test firee, subfiisiform and large. Initial end rounded then flaring rapidly 
vAth. 3-4 chambers in the final whorl. Chambers slightly inflated vwth flush to slightly 
depressed sutures. Aperture comma-shaped within the apertural face, occasionally bordered 
by a thin lip. 

REMARKS: This species is fakly consistently recorded m Maastrichtian age sedhnents 
around the NW European area. 

RANGE: Latest Campanian - Maastrichtian (Hart et al 1989). 

OCCURRENCE IN THIS WORK: 

OFFSHORE 
21/26-1 49/10-1 49/24-3 rare 
29/25-1 rare 49/20-2 49/24-4 
44/2-1 rare 49/24-2 49/25-2 common 
ONSHORE 
Wormingford Mere rare Lundsgaards ClifT 
Pegwell Bay Stevns Klint mod. comm. 
Reculver 
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Genus TurriUna Andreae, 1884 
TurriIihabrevispiraTENJ)AM 

Recommended source for illustration: 
King (1989) pl.9:8, fig.22 

1944 Turrilinabrevispira TEN i> AM 
1989 Turrilina brevispira Ten Dam: KING, p.482, pl.9.8, fig.22 

DIAGNOSIS: Test fi-ee, rather small and fiisiform in overall shape, a high trochosphre 
composed of inflated chambers with 3 in the final whorl which m itself comprises about 
two-thuds of the total test volume. The. characteristic aperture, is a broad, slit-like opening 
along the base of the apertural face of the final chamber. 

REMARKS: This species differs fi^om smular Bulimina spp. by the characteristic basal sht-
hke aperture. 

RANGE: Early (-?Middle & Late) Eocene (Kmg, 1989) 

OCCURRENCE IN THIS WORK: 

OFFSHORE 
21/26-1 rare 49/10-1 rare 49/24-3 rare 
29/25-1 49/20-2 49/24-4 rare 
44/2-1 ? 49/24-2 rare 49/25-2 rare 
ONSHORE 
Wormingford Mere Lundsgaards Cliff 
Pegwell Bay StevnsKlint 
Reculver 

Superfamily BULIMINACEA Jones, 1875 
Family BULIMINIDAE Jones, 1875 

Genus 5?////»/«a d'Orbigny, 1826 
Bulimina aksuatica MOROZOVA 
Recommended source for illustration: 

Kmg (1989) pl.9.5, fig. 1 

1939 Bulimina truncana var. aksuatica Morozova 
1989 BulimindaksuaticaMoxozovavYJNGp.468 pl.9.5 fig.l 
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DIAGNOSIS: Test free, small, tapering with a triangular cross section, sutures somewhat 
obscured by fine, numerous, longitudinal, uninterrupted ribs. 

R E M A R K S ; This species is fahly distm^ishable by its smaU size and its numerous 
longitudinal ribs. 

RANGE: Early - Late Eocene (King, 1989). 

OCCURRENCE IN TfflS WORK: 

OFFSHORE 
21/26-1 49/10-1 rare" 49/24-3 rare 
29/25-1 49/20-2 49/24-4 rare 
44/2-1 rare 49/24-2 rare 49/25-2 mod. conun. 
ONSHORE 
Wormingford Mere Lundsgaards Cliflf 
iPegwell Bay Stevns Klint 
Reculver 

Bulimina midivayensis CVSJ3MAN & P A R K E R 
Recommended source for illustration: 

Kmg (1989) pl.9.5, fig.6 

1936 Bulimina arkadelphiana var. midwayensis CUSHMAN & PARKER p.42 pl.7 
figs.9-10 

1948 Bulimina midwayensis Cushman & Parker: BROTZEN p.58 pi. 10 fig.8 
1966 Bulimina midwayensis Cushman & Parker: HOFKER p.335 pl.81 figs. 129, 134, 

136, 138-9, 142-3, 151 
1970 Bulimina midwayensis Cushman & Parker: HANSEN p.64 pl.7 figs.1-2 pi. 18, 

figs 5-6 
1975 Bulimina midwayensis Cushman & Parker: BERGGREN & AUBERT p. 145 pl.n 

fig.5 pLXIV fig.8 pl.XVn fig. 1 pLXIX fig.7 
1983 Bulimina midwayensis Cushman & Parker: TJALSMA & LOHMAN p.6 pl.3 fig. 1 
1989 Bulimina midwayensis Cushman & Parker: KING p.470, pl.9.5, fig.6 

DIAGNOSIS: Test free, fairly large, chambers increasmg in size rapidly, triangular in 
profile with rounded cross-section, lower part of chambers have weak ribs which tend to 
overhang the chamber margins. 
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REMARKS: This is a geographically widespread Paiaeocene index species first described 
fi-om the Midway Formation of the United States. It is shnilar to the'Early Eocene form 
Bulimina spA of King (1989) fi-om which it differs m being more tapering. 

Tjalsma & Lohman (1983) have recorded this species from a wide bathymmetric range in 
the Paiaeocene of the Atlantic Ocean. 

RANGE: Late Paiaeocene (Kmg, 1989; Berggren & Aubert, 1975; and others). 

OCCURRENCE IN TmS WORK: 

OFFSHORE 
21/26-1 49/10-1 49/24-3 
29/25-1 49/20-2 49/24-4 
44/2-1 rare 49/24-2 rare 49/25-2 rare 
ONSHORE 
Wormingford Mere Lundsgaards Cliff rare 
Pegwell Bay Stevns Klint 
Reculver 

Bulimina trigonalis TEN DAM 
Recommended source for illustration: 

Kmg (1989) pl.9.5, fig.7 

1944 Bulimina trigonalis TEN D A M 
1948 Bulimina paleocenica BROTZEN p.61, pl.6, figs 5-6 
1989 Bulimina thanetensis Cushman & Parker: MURRAY etal., p.515, pl.10.3, 

figs 24-25. 
1989 Bulimina trigonalis Ten Dam: KING p.470, pl.9.5, fig.7 

DIAGNOSIS: Test free, relatively small, smooth, elongated, trigonal cross-section m early 
part, becommg more rounded with moderately inflated chambers, test often shghtly twisted. 

REMARKS: This species is d[istinguished from other Bulimina spp. by its lack of 
omamentation although hi borehole ditch cuttings samples it may be confiised with other 
shnilar species caved from higher stratigraphic levels such as B.gibba (Early Phocene -
Recent) and B. elongata (Late Ohgocene - early Late Miocene). 

Various names have been apphed to small elongate Paiaeocene buliminids. Murray et al., 
1989 states that B.thanetensis is larger than B.trigonalis. B.simplex ten Dam has a 
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quadrangular aperture, B.paleocenica Brotzen is more sharply triangular and 
BlrosenkrantziBrotzen has an enlarged final whorl: It mayjbe that these taxa are ecological 
variants. 

This species is recorded (as B.thanetensis) fi-om the Thanet Formation of Kent (Murray et 
al., 1989) where it is thought to be indicative of marginal marme to mid-shelf depths and 
probably tolerant of muddy substrates with reduced oxygen levels. 

A form very shnilar to this species has been recorded fi-om the Late Cretaceous mterval m 
well 49/25-2. It has been recorded as B. ?trigonalis on charts. 

RANGE; Late Paiaeocene (King, 1989; Murray et al., 1989). 

OCCURRENCE IN THIS WORK; 

OFFSHORE 
21/26-1 ? 49/10-1 rare 49/24-3 rare 
29/25-1 49/20-2 rare 49/24-4 
44/2-1 rare 49/24-2 rare 49/25-2 rare 
ONSHORE 
Wormingford Mere Lundsgaards ClifT mod. comm. 
PegweU Bay abundant Stevns Klint 
Reculver rare 

Bulimina sp.A KING 
Recommended source for illustration: 

King (1989) pl.9.5, fig.9 

1983 Bulimina sp. nov. KING 
1989 Bulimina spA King: KING p.470, pl.9.5, fig.9 

DIAGNOSIS; Test fi-ee, fahly large, chambers increasing m size fahrly slowly, rounded 
cross-section, lower part of chambers overhang previous chambers and have relatively 
strong ribs which tend to overhang the chamber margins. 

REMARKS; Diflfers from B.midwayensis by its less tapering (i.e. less triangular) test and 
more robust mar^al ribs. 

RANGE; Early Eocene (Kmg, 1989). 
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OCCURRENCE IN TfflS WORK; 

OFFSHORE 
21/26-1 49/10-1 mod. comm. 49/24-3 rare 
29/25-1 49/20-2 49/24-4 rare 
44/2-1 49/24-2 49/25-2 rare 
ONSHORE 
Woriningford Mere Lundsgaards Cliff 
Pegwell Bay Stevns Klint 
Reculver 

Family UVIGERINIDAE Haeckel, 1894 
Genus C/v/̂ mwar d'Orbigny, 1826 

Uvigerina batfesi KAASSCHIETER 
Recommended source for illustration: 

Murray a/. (1989) pi. 10.9, figs 19-20 

1961 Uvigerina batjesiKAASSCHIETER. 
1989 Uvigerina batjesi Kaasschieter: KING, p.484, pl.9.9, fig.5 
1989 Uvigerina batjesi Kaasschieter: MURRAY et al p.528, pi. 10.9, figs. 19-20 

DIAGNOSIS: Test mitially triserial, becommg uniserial. Ahnost circular cross-section with 
inflated chambers and depressed sutures in the later part. Test surface finely hispid. 
Aperture terminal with a slight neck and hp. 

REMARKS: Ufarinosa is sunilar but is more elongate and more densely ornamented. 

Murray et al (1989) indicate this species can be found fi^om slightly brackish to middle 
shelf environments with muddy substrates. 

RANGE: Early Eocene (BCmg, 1989 and Murray etal, 1989). 
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OCCURRENCE IN THIS WORK: 

OFFSHORE 
21/26-1 49/10-1 49/24-3 
29/25-1 49/20-2 49/24-4 rare 
44/2-1 49/24-2 49/25-2 rare 
ONSHORE 
Wormingford Mere Lundsgaards Cliff 
Pegwell Bay Stevns Klint 
Reculver 

Uvigerina eocaena GUEMBEL 
Reconmiended source for illustration: 

King (1989) pi. 9.9, fig.6 

1870 Uvigerina eocaena GUEMBEL 
1989 Uvigerina eocaena Guembel: KING p.484, pl.9., fig.6 

DIAGNOSIS: Test large, short vwth rapidly expanding chambers. Sutures indistinct with a 
few (2-4 per chamber) thick longitudmal ribs partly crossmg sutures. 

REMARKS: 

RANGE: Middle? - Late Eocene (Kmg, 1989) 

OCCURRENCE IN THIS WORK: 

OFFSHORE 
21/26-1 49/10-1 rare 49/24-3 
29/25-1 49/20.2 49/24-4 
44/2-1 49/24-2 49/25-2 rare 
ONSHORE 
Wormingford Mere Lundsgaards Cliff 
Pegwell Bay Stevns Klint 
Reculver 
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Vvigerinafarinosa HANTKEN 
Recommended source for illustration: 

King(1989)pl. 9.7,.fig. 7 

1875 Uvigerina farinosaHmiKEN 
1989 Uvigerina farinosa Hantken: KING p.484, pl.9.9, fig.7 

DIAGNOSIS: Test small, elongated, initially triserial but tending to become bi/uniserial. 
Chambers moderately inflated and densely ornamented by tiny blunt spines. Aperture 
terminal with a long neck 

REMARKS: This species'tends" to be more elongate and more densely ornamented than 
Ubatjesi. 

RANGE: Middle - Late Eocene in the North Sea area (King, 1989) but has a longer range 
(Early Eocene - Late Ohgocene in oceanic areas (Boersma, 1984). 

OCCURRENCE IN THIS WORK: 

OFFSHORE 
21/26-1 49/10-1 49/24-3 
29/25-1 49/20-2 49/24-4 
44/2-1 49/24-2 49/25-2 rare 
ONSHORE 
Wormingford Mere Lundsgaards Cliff 
Pegwell Bay StevnsKlint 
Reculver 

Uvigerina germanica (CUSHMAN & EDWARDS) 
Recommended source for illustration: 

Murray e/a/. (1989) pi. 10.9, figs 21-22 

1938 Angulogerina germanica CUSHMAN & EDWARDS 
1989 Uvigerina germanica (Cushman & Edwards): KING p.482, pl.9.9, fig.4 
1989 Uvigerina germahica (Cushman & Edwards): MURRAY et al. p.528, pi. 10.9, figs 

21-22 

DIAGNOSIS: Test triserial becoming uniserial, roughly cucular (BCing, 1989) to triangular 
(Murray et al., 1989) m cross section. Chambers mflated, earher ones ornamented by 
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longitudinal costae, later ones smooth (Murray et aL, 1989) or faintly spinose (King, 1989). 
Aperture terminal, large, elliptical with a lip. . 

REMARKS: Despite the rather different diagnostic elements put forward for this species 
by King, 1989 and Murray et aL, 1989, the presence of costae on the earlier chambers is 
distinctive and helps separation of this species from other members of the genus. Murray et 
aL (1989) also indicate that this species' palaeoecology is normal marine, shelf, and on a 
muddy substrate. 

RANGE: Kmg (1989) arid Murray et aL (1989) also quote two separate stratigraphic 
ranges for this species: Late Eocene - basal Early Oligocene and Middle Oligocene 
respectively. 

OCCURRENCE IN TfflS WORK: 

OFFSHORE 
21/26-1 49/10-1 rare 49/24-3 
29/25-1 49/20-2 49/24-4 
44/2-1 49/24-2 49/25-2 
ONSHORE 
Wormingford Mere Lundsgaards Cliff 
Pegwell Bay Stevns Klint 
Reculver 

Uvigerina tenuipustulata VAN VOORTHUYSEN 
Recommended source for illustration: 

King (1989) pi. 9.9, fig. 12 

1950 Uvigerina tenuipustulata V A N VOORTHUYSEN 
1989 Uvigerina tenuipustulata Van Voorthuysen: KING p.484, pl.9.9, .fig. 12 

DIAGNOSIS: Test small, triserial - later biserial, elongated. Chambers mflated and 
ornamented by numerous very smaU, short, blunt spines. 

REMARKS: This spmose species is shmlar to U.batjesi and Ufarinosa, though 
stratigraphically distmct. However, the other two species tend to become uniserial in the 
later growth stages unlike this species which tends to remain tri/bi serial throughout. 

RANGE: Early - Middle Miocene (King, 1989) 
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OCCURRENCE IN TmS WORK: 

OFFSHORE 
21/26-1 49/10-1 . rare 49/24-3 
29/25-1 49/20-2 49/24-4 
44/2-1 49/24-2 49/25-2 
ONSHORE 
Wormingford Mere Lundsgaards Cliflf 
Pegwell Bay StevnsKlint 
Reculver 

Family REUSSELLIDAE Cushman, 1933 
Gems Reussella GaRovfay, 1933 

Reussella szajnochae szqjnochae (GRZYBOWSKI) 
Recommended source for illustration: 

Hart etal. (1989) pi. 7.22, fig.8 

1896 Vemeuilina szajnochae GRZYBOWSKI 
1989 Reussella szajnochae szajnochae (Grzybowski): HART et al p.360, pl.7.22, fig.8 

DIAGNOSIS: Test fi-ee, triserial throughout and triangular with sharp, serrated and 
spinose test margins. Sutures distmct, raised and carinate, projecting fi-omthe test angles to 
form dovraward pointing spines. Aperture a slit-like opening, extending up the apertural 
face and bordered by a distinct lip. 

REMARKS: This is a very distinctive species which is important biostratigraphically in 
offshore Chalk sections. It can be locally abundant within some zones of the Late 
Maastrichtian and forms a usefiil guide fossil for horizontal drilling in certain Late 
Cretaceous chalk reservoirs." 

RANGE: This species has a rather unusual stratigraphic distribution m that it fiurst occurs m 
the Late Campanian with an apparent gap before re-appearing in the Late Maastrichtian. 
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OCCURRENCE JN Tff lSWORK: 

OFFSHORE 
21/26-1 rare , 49/10-1 . . 49/24-3 
29/25-1 49/20-2 49/24-4 
44/2-1 49/24-2 49/25-2 
ONSHORE 
Wonningford Mere Lundsgaards Cliff 
Pegwell Bay Stevns Klint rare 
Reculver 

Superfamily STELOSTOMELLACEA Finlay, 1947 
Family STILOSTOMELLIDAE Finlay, 1947 

Genus Stilostomella Guppy, 1894 
StiJostomella subspinosa (CUSHMAN) 

Recommended source for illustration: 
Tjalsma & Lohmann (1983) pi. 14, figs 16-17 

1943 Ellipsonodosaria subspinosa CUSHMAN p.92, pi. 16, figs 6-7b 
1983 Stilostomella subspinosa (Cushman): TJALSMA & LOHMANN .36, pi. 14, 

figs 16-17 

PLVGNOSIS: Test fi-ee, elongate, uniserial, about 6-9 inflated, barrel-shaped chambers 
with distinct, depressed sutures. Surface deUcately but densely spinose vAth. spines tending 
to coalesce into fine costae m the early part of the test. Aperture terminal, produced on a 
short neck and bordered by a flange-hke hp. 

REMARKS: 

RANGE: Late Eocene - Miocene (?and younger). Rarer m the Middle Eocene (Tjalsma & 
Lohmann, 1983). 
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OCCURRENrF, TN T m s WORK: 

OFFSHORE 
21/26-1 49/10-1 49/24-3 
29/25-1 49/20-2 49/24-4 
44/2-1 49/24-2 49/25-2 rare 
ONSHORE 
Wormingford Mere Lundsgaards ClifT 
Pegwell Bay Stevns Klint 
Reculver 

Superfamily DISCORBACEA Ehrenberg, 1838 
Family EPONIDIDAE .Hofker, 1951 

Genus Neoeponides de Montfort, 1808 
Neoeponides karsteni (REUSS) 

Recommended source for illustration: 
Kmg (1989) p.479, pl.9.7, figs 27-28 

1855 Rotalia karsteni REUSS 
1989 Neoeponides karsteni (Reuss): KING p.479, pl.9.7, figs 27-28 

DIAGNOSIS: Test biconvex, compressed with a subacute periphery arid a thin keel, up to 
three whorls visible on spiral side with 5-6 chambers m the final whorl. Sutmes strongly 
obhque, umbihcal sutures radial, deepening somewhat towards the imibihcus to produce 
lobate chamber ends. Surface distinctly perforate except over sutures. 

REMARKS: An easily distmguished species, the spiral side sutiues (hnperforate) bemg 
very distinctive: 

RANGE: Middle Eocene (Kmg, 1989). 
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OCCURRENCE IN XmSWORK: 

OFFSHORE 
21/26-1 49/10-1 49/24-3 
29/25-1 49/20-2 - 49/24-4 
44/2-1 49/24-2 49/25-2 rare 
ONSHORE 
Wonningford Mere Lundsgaards CliflF 
Pegwell Bay Stevns Klint 
Reculver 

Family ROSALINIDAE Reiss, 1963 
Genus i?05a//«a d'Orbigny, 1826 

Rosalina binkhorsti REUSS 
Recommended source for illustration: 

Koch (1977) pi. 6, figs 8-9 

1862 Rosalina binkhorsti REUSS p.317, pl.2, fig.3 
1950 Gavelinella binkhorsti (Reuss): VISSER p.265, pl.5, fig.6 
1966 Mississippina binkhorsti (Reuss): HOFKER p.l38, pl.20; figs 44,46 
1977 Rosalina binkhorsti Reuss: KOCH p.66, pl.6, figs 8-9 

DIAGNOSIS: Test small, a low trochospire with a flat to somewhat concave umbilical side 
and a lobate periphery. Chambers slightly inflated, increasing fairly rapidly in size. Sutures 
broad and distinct, raising above the chamber surface on the dorsal side leading to a 
somewhat "excavated" chamber surface. 

REMARKS: A distinctive species with the characteristic "excavated" dorsal chamber 
surfaces. -

RANGE: Late Maastrichtian - Danian (Koch. 1977). 
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OCCURRENCE IN TmS WORK: 

OFFSHORE 
21/26-1 rare 49/10-1 49/24-3 
29/25-1 49/20-2 49/24-4 
44/2-1 49/24-2 49/25-2 . 
ONSHORE 
Wonningford Mere Lundsgaards Cliff 
Pegwell Bay Stevns Klint 
Reculver 

Rosalina squamifornds sensu HOFKER (lion REUSS) 
Recommended soiirce for illustration: 

Hofker (1966) pi; 20, fig. 34 

?1845 Genus unknown squamiformis REUSS (cited by Hofl<er, 1966) 
1950 Rosalina squamiformis (Reuss): VISSER p.261, pl.5, fig.l 
1966 Neoconorbina squamiformis (Reuss): HOFKER p. 139, pl.20, fig.34 

DIAGNOSIS: Test a low, conical trochospire with a concave umbilical side and an almost 
circular, non-lobate periphery. About 4-5 lunate chambers with the final chamber occupying 
approjdmately one-third On the whole test fi-om the umbihcal side. Early whorls visible on 
the dorsal side. Sutures fahly broad, distmct and strongly recurved. Aperture a low sUt 
covered by a flap. 

REMARKS: Hofker (1966) is uncertam about the exact affinity of his species, described 
fi-om the Maastrichtian Chalk, and states Reuss's origmal species was actually first 
described fi-om the Turonian. The present author could not, however, trace any reference to 
a species designated as squamiformis by Reuss. Hoflcer indicates that his spechnens may 
represent a different, though morphologically similar taxon. 

RANGE: Turonian? - Maastrichtian (Hofker, 1966) though recorded in the Daman in this 
study: 
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OCCURRENCE IN THIS WORK: 

OFFSHORE 
21/26-1 49/10-1 49/24-3 
29/25-1 49/20-2 49/24-4 
44/2-1 49/24-2 49/25-2 
ONSHORE 
Wormingford Mere Lundsgaards Cliff 
Pegwell Bay Stevns Klint rare 
Reculver 

Family SPHAEROIDINIDAE Cushman, 1927 
Genus Sphaeroidim d'Orbigny, 1826 

Sphaeroidina bulloides 
Recommended source for illustration: 
Van Moorkhoven etal (1986) pi. 24 

1826 Sphaeroidina bulloides D'ORBIGNY p.267 
1986 Sphaeroidina bulloides d'Orbigny: V A N MOORKHOVEN et al p.80, pl.24 

DIAGNOSIS: Test subglobular, generally 3 to occasionally 4 rapidly enlarging chambers, 
the final chamber comprising c.50% of the test. Test wall smooth, sutures fairly distinct. 
Aperture a semicucular arch which occurs on the umbilical side at or near the junction 
between the final three chambers. 

REMARKS: Van Moorkhoven et al (1986) regards this species as occurring commonly 
at middle and upper bathyal depths, with markedly reduced numbers up to middle shelf 
depths. 

RANGE: Early Ohgocene - Pleistocene (Van Moorkhoven et al 1986). 

OCCURRENCE IN THIS WORK: 

OFFSHORE 
21/26-1 49/10-1 49/24-3 
29/25-1 49/20-2 49/24-4 rare 
44/2-1 49/24-2 rare 49/25-2 
ONSHORE 
Wonningford Mere rare Lundsgaards Cliff 
PegwellBay Stevns Klint 
Reculver 
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Family SEPHONINIDAE Cushman, 1927 
Gems Pulsiphofiiug Brotzen, 1948 ; 
Pulsiphonina prima {YIJJMMER) 
Recommended source for illustration: 
Murray etal. (1989) pi. 10.9, figs 5-7 

1927 Siphonina prima PLTJMMER 
1989 Pulsiphoninaprima (Plummer): MURRAY ei al., p.526, pl.l0.9,figs 5-7 

DIAGNOSIS: A compressed, biconvex, low trochospire with an acute periphery. 4-5 
chambers in the final whorl. Numerous relatively coarse perforations, particuFarly located 
along sutures and around the periphery. Aperture a low arch close to the periphery. 

REMARKS: This species is fairly distinctive and lacks the fiilled keel of the siniilar Oligo-
Miocene taxon Siphonina reticulata. Murray etal., 1989 state that this species is found on 
mamly muddy substrates in slightly brackish - normal marine, iimer shelf waters. 

RANGE: Late Paiaeocene - Early Eocene (Murray et al., 1989) 

OCCURRENCE IN THIS WORK: 

OFFSHORE 
21/26-1 49/10-1 49/24-3 
29/25-1 49/20-2 49/24-4 rare 
44/2-1 49/24-2 49/25-2 mod. cormn. 
ONSHORE 
Wormingford Mere Lundsgaards ClifT 
Pegwell Bay Stevns Klint 
Reculver 

Genus Siphonina Reuss 
Siphonina reticulata CZJZEK 

Recommended source for illustration: 
King (1989) pi. 9.8, fig. 17 

1848 Siphonina reticulata CZJZEK 
1850 Siphoninafimbriata REUSS 
1989 Siphonina reticulata Czjzek: KINGp.482, pl.9.8, fig. 17 
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DIAGNOSIS: Test flattened biconvex, a very low trochospire with approximately 5 
chambers in the final whorl, with a characteristic "frilled" periphery and ovate aperture 
protruding normally on a short neck. 

REMARKS: A distinctive Oligo-Miocene species which differs from the related 
Paiaeocene - Eocene species Piiisiphonifja prima (Plummer) by the frilled periphery and 
protruding aperture. It occiu-s fairly conunonly m weU 49/24-2 which suggests heavy 
contammation of Early Palaeogene samples from caving above. 

RANGE: Late Ohgocene - Mddle-Miocene (Kmg, 1989). 

OCCURRENCE IN THIS WORK: 

OFFSHORE 
21/26-1 rare 49/10-1 rare 49/24-3 mod. comm. 
29/25-1 49/20-2 rare 49/24-4 rare 
44/2-1 49/24-2 cormnon 49/25-2 mod. comm. 
ONSHORE 
Wormingford Mere Lundsgaards Cliff 
PegweU Bay Stevns Klint 
Reculver 

SuperfamUy DISCORBINELLACEA Sigal, 1952 
FamUy PARRELLOIDIDAE Hofker, 1956 

Genus Cibicidoides Thalmann, 1939 
Cibicidoides alleni (PLUMMER) 

Recommended source for iUustration: 
Murray eV a/. (1989) pi. 10.5, figs 13-15 

1927 Trtmcatulina alleni PLUMMER 
1948 Cibicidoidesproprius BROTZEN p.78 pi. 12 figs.3-4 
1975 Cibicidoides allehi (Plummer):BERGGREN & AUBERT p.l51 pl.V fig.la-d 

plVn figs.la-3d plIX fig.5 pl.X fig.l pl.XI fig. 11 pLXIV fig.2 p l X V fig. 11 
plXVin fig. I p l X I X fig.5 

1976 Cibicidoides alleni (Plummer): AUBERT & BERGGREN p.431 pi. 10 fig.2 
1983 Cibicides proprius (Brotzen):DOPPERT & NEELE pl.XI fig.2, pl.XV fig.2, 

pl.XXnfig.l 
1989 Cibicidoides alleni (Plummer):MURRAY etal p.518 pl.10.5 figs.13-15 
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DIAGNOSIS; Test a biconvex, low trochospire. Early part of spiral side somewhat low 
conical, periphery subacute, umbilicus shallow. 8-11 chambers in the final whorl, sutures 
recurved on the spiral side, radial becoming moderately recurved on the unibilical side. 
Aperture a peripheral arch which extends slightly--onto the spiral side. Wall coarsely 
perforate. 

REMARKS: Berggren & Aubert (1975) have discussed an extensive synonomy of 
C.alleni and suggest that this species has a high degree of variabihty. They note that it has 
been recorded fi-om many locahties worldwide and is a characteristic component of middle 
shelf (30-lOOm) palaeodepths firom cucum-Atlantic and Medherranean (Tethyan) areas. 

Cpygmaeus is shnilar but is a more inflated biconvex form. 

Murray et al (1989) includes C.proprius (Brotzen) withm C.alleni and mdicates that this 
species hves on various substrates in brackish to normal marine, inner to mid-shelf 
conditions. 

This species has been recorded firom the London Basin (Thanet Beds and London Clay), 
the Hampshhre Basin (London Clay, Barton & Bracklesham Groups), the Paris basm 
(Thanetian & Lutetian) and the Belgian Basm (Ypresian - Panisehan) (Murray et al, 1989). 
Aubert & Berggren (1976) regard this form as one of the principal components of the 
Paiaeocene benthic assemblage m thehr study of Tunisia. 

RANGE: Worldwide: Late Paiaeocene - Early Eocene (authors above). 

OCCURRENCE IN TmS WORK: 

OFFSHORE 
21/26-1 rare 49/10-1 49/24-3 
29/25-1 49/20-2 49/24-4 
44/2-1 49/24-2 49/25-2 rare 
ONSHORE 
Wormingford Mere Lundsgaards Cliff rare 
Pegwell Bay rare Stevns Klint 
Reculver rare 

Cibicidoides dayi (WHITE) 
Reconmiended source for illustration: 

Kmg (1989) pl.9.5, figs 25-26 
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1928 Plamdina dayi WHITE 
1976 Cibicidoides dayi (White): AUBERT & BERGGREN p.431 pi. 10 fig.3 
1986 Cibicidoides dayi (White): van MORKHOVEN et al. p.353, pi. 114 
1989 a6/c/ifo/cfe5^/(White): KING p.471 pl.9.5 figs.25-26. 

DIAGNOSIS; Test compressed and thinly biconvex, a very low trochospire almost 
planispiral with a subacute periphery. 12-17 chambers m the final whorl. Spiral side finely 
perfiDrate and covered with raised ridges near prominent umbonal area, umbihcal side 
smooth and mamly hnperfiarate. 

REMARKS; Van Morkhoven et al (1986) contams an extensive discussion of this 
species' taxonomy. C.dxyi is similar to Plamlaria costata but is trochospiral and has more 
chambers in the final whorl. They also remark that the prominent spiral side umbo is rarely 
visible in deep water forms of this species. 

RANGE; North Sea Basm: Late Cretaceous - Late Paiaeocene (BCmg, 1989). Worldwide 
Late Cretaceous - Late Paiaeocene (van Morkhoven, 1986). 

OCCURRENCE IN THIS WORK; 

OFFSHORE 
21/26-1 49/10-1 49/24-3 
29/25-1 49/20-2 49/24-4 
44/2-1 49/24-2 49/25-2 rare 
ONSHORE 
Wormingford Mere Lundsgaards Cliff 
Pegwell Bay Stevns Kliht 
Reculver 

Cibicidoides eocaenus (GUEMBEL) 
Recommended source for iUustration: 

King (1989) pi. 9.6, figs 1-2 

1868 Rotalia eocaena GUEMBEL 
1928 Cibicides tuxpamensis COLE 
1932 Cibicides perlucida NUTTALL 
1983 Cibicidoides tuxpamensis (Cole):TJALSMA & LOHMANN p.28 pi. 18 figs.3-4 

pl.22 figs. 1-3 
1986 Cibicidoides eocaenus (Guembel): van MORKHOVEN e/ al p.256, pis 86A-D 
1989 Cibicidoides eocaenus (Guembel): KING p.472 pl.9.6 figs. 1-2. 
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DIAGNOSIS: Test almost planoconvex with a very inflated and subcorneal umbilical side 
with the spiral side only slightly convex. 9-10 chambers hi the final whorl with an evolute 
spiral side. Periphery acute to subrounded. Wall is coarsely perfiarate .except for a non-. 
perfî rate spiral suture. A large glassy knob covermg the umbihcus may be present. 
Aperture a low arch which extends fi-om the mid pomt of the base of the apertural face to 
very slightly onto the spiral side. 

R E M A R K S : Van Morkhoven ei al. (1986) extensively discusses the taxonomy of this 
species and retains the name 'eocaenus' for the pleiiais of species including C.perlucidus 
(Nutall) and C.tiapamensis Tjalsma & Lohmann, which characterise type of periphery 
(angular and rounded respectively). Tjalsma & Lohmann (1983) record this species (as 
C.ticqpamensis) firom a wide range of palaeobathymmetries in the Palaeogene of Atlantic 
Ocean sites, but with highest fi-equencies at shallower sites (1000m-2000m). 

RANGE: North Sea Basm: Early - Late Eocene (Kmg, 1989). Worldwide Early Eocene -
Late Ohgocene (van Morkhoven et al, 1986). 

OCCURRENCE IN TfflS WORK: 

OFFSHORE 
21/26-1 49/10-1 49/24-3 
29/25-1 49/20-2 49/24-4 
44/2-1 49/24-2 49/25-2 rare 
ONSHORE 
Wonningford Mere Lundsgaards ClifT 
Pegwell Bay Stevns Klint 
Reculver 

Cibicidoides ex gr. dutemplei (D'ORBIGNY) 
Recommended source for illustration: 
Van Moorkhoven et al (1986) pi. 35 

1846 Rotalina dutemplei D'ORBIGNY, p.l57, pl.8, figs 19-21 
1986 Cibicidoides dutemplei (d'Orbigny): V A N MOORKHOVEN p. 112, pl.35 
1989 Cibicidoides dutempleipeelensis (Ten Dam & Remhold): KING p.472, pl.9.6, 

figs 3-4 
1989 Cibicidoides mexicamis (Nuttall): KING p.472, pl.9.5, figs 27-29 

DIAGNOSIS: Test firee, variable between almost biconvex to planoconvex, although 
umbihcal side is always more convex than the spiral side. Approxunately 8 chambers in the 
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final whorl with approximately 214 - 3 whorls visible on the dorsal side. Sutures curved on 
spiral and straight on umbiUcal side, generally flush, distmguished as hnperforate bands. 

REMARKS: Specimens recorded hi this study have been "lumped" mto this taxonomical 
grouping as thehr occurrences m the samples are probably due to the resuU of caving. 
However, King (1989) generally foUows Van Moorkhoven (1986) v̂ ĥo distinguishes 
between biconvex forms (forma peelensis) and planoconvex forms (forma praecincta or 
mexicanus). The forms appear to be characteristic of neritic/upper bathyal and 
middle/lower bathyal environments respectively. 

RANGE: OUgocene - PUocene (Kmg,. 1989). . 

OCCURRENCE IN THIS WORK: 

OFFSHORE 
21/26-1 rare 49/10-1 mod. comm. 49/24-3 rare 
29/25-1 49/20-2 rare 49/24-4 rare 
44/2-1 mod. comm. 49/24-2 rare 49/25-2 
ONSHORE 
Wonningford Mere Lundsgaards Cliff 
PegwellBay Stevns Klint 
Reculver 

Cibicidoides pachyderma (RZEHAK) 
Recommended source for iUustration: 

Kmg (1989) pl.9.5, figs 22-24 

1846 Rotalina ungeriana d'ORBIGNY 
1886 Truncatulinapachyderma RZEHAK p.87, pl.1 fig.5a-c 
1922 Truncatulinapseudoungeriams CUSHMAN pl.4 figs. 15-16,22 
1941 Cibicidespseudoungerianus (Cushman): D A M & REINHOLD, p.62 pl.5 fig.4a-c 
1980 Heterolepa pseudoungerianus (Cushman): DOPPERT pi. 11 fig. 1 
1983 Cibicidoides ungerianus (d'Orbigny):TJALSMA & LOHMANN p.28 pl.l8 fig.l 

pl.21 figs.5-6 
1989 Cibicidoides pachyderma (Rzehak): KING p.472 pl.9;5 figs.22-24 
not 1989 Cibicides cf. ungerianus (d'Orbigny):MURRAY et aL p.518 pi. 10.5 figs.7-9 

DIAGNOSIS; Test a biconvex, lenticular low trochosphe vvith an acute to subacute 
periphery. 10-12 chambers m the final whorl with early whorls mdistmct. Sphral side 
coarsely perforate, finely perforate umbUical side with a somewhat swoUen umbiUcal area. 
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Aperture a low arch confined to just around the periphery and exteiiding backwards along 
the spiral suture. 

R E M A R K S : There appears to be sohie shght confiision in various taxonomies between 
C.pseudoungeriamis (Cushman) and C.imgeriams (d'Orbigny) and theh relationship (if 
any) to C.pachydenha (Rzehak). Cungerianus (d'Orbigny) is, according to the description 
and figures in Murray et al. (1989), a thin lenticular biconvex species with an acute, 
sometimes keeled periphery. C.pseudoungeriatms (Cushman) is a more mflated biconvex 
form which King (1989) regards as synonymous with C.pachyderma (Rzehak). The 
illustration of C.pachyderma (Kmg, 1989 pl.9.5 figs.22-24) show this taxon as bemg an 
inflated biconvex form. Both Kmg (1989) and Murray et al (1989) regard these forms as 
Neogene m age. 

Murray et al (1989) describe and illustrate a form referred to as Cibicides cf. ungeriarms 
within which they include d'Orbigny's type species Rotalina ungeriana. However, whilst 
noting that "Eocene forms have a more rounded periphery than forms from the Neogene" 
(p.518), theh- iUustration shows a specimen with almost subglobular inflated chambers and 
a very weU rounded periphery which would perhaps be better compared with Cibicides 
cassivelauni Haynes, or Cibicides cunobelini Haynes. 

Tjalsma & Lohmann (1983) record Cibicidoides ungerianus (d'Orbigny) fi-om deep water 
Palaeogene sediments firom the Atlantic Ocean and state that it ranges firom the Early 
Eocene into the OUgocene and has a wide bathymmetric range. 

Murray et al (1989) also compare and contrast the morphology of C:pseudoungerianus 
(which they do not describe or Ulustrate) with the Eocene species Cibicides lobatulus 
(WaUcer& Jacob). 

Clearly, there appears to be some disagreement between authors over the concept and 
nomenclature of this taxon or taxonomic group. In this study, the name Cibicidoides 
pachyderma (Rzehak) is retained (foUowing Kmg, 1989) and is used for forms with wide 
lenticular biconvex morphologies. 

In this instance C.pachyderma is broadly simUar morphologicaUy to Cibicidoides alleni 
(Plummer) although tends to have a rather "fatter" lenticular profile and a sUghtly higher 
number of chambers m the final whorl. However, to add fiirther apparent confiision, the 
form Ulustrated as C.alleni by Aubert & Berggren (1976) fi-om Tunisia (PI. 10 fig.2), 
appears to have a rather "fat" lenticular profile and only a moderately convex sphral side. 
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Cibicidoides pygmeus ^antken) also has a relatively high degree of inflated biconvexity 
although has fev/er chambers in the final whorl and an aperture which does not extend onto 
the spiral side. 

Lack of suflScient numbers and the uncertainty of precise stratigraphic control in the 
samples analysed for this study prevents a solution to the problem bemg proposed here. 
Certamly Palaeogene cibicidiids and then alhes are an abundant and diverse group withm 
the shallow water Palaeogene sediments in and around the margins of the (mainly) 
Southem North Sea Basin. Theh offshore subsurface distribution needs much fiirther work. 

RANGE: Worldwide: Early Eocene - Miocene (sources fi-om authors above). 

OCCURRENCE IN THIS WORK: 

OFFSHORE 
21/26-1 49/10-1 ? 49/24-3 rare 
29/25-1 ? 49/20-2 49/24-4 
44/2-1 ? 49/24-2 rare 49/25-2 ? 
ONSHORE 
Wormingford Mere Lundsgaards Cliff 
Pegwell Bay Stevns Klint 
Reculver 

Cibicidoides pygmeus (HANTKEN) 
Recommended source for illustration: 

Murray etal (1989) pl.10.5, figs 16-17 

1875 Pulvimilinapygmea HANfTKEN 
1983 Cibicides pygmeus (Hantken): DOPPERT & NEELE pl.Vm fig. 1 
1989 Cibicidoides pygmeus (Hantken): MURRAY a/, p.518 pl.10.5 figs.16-18. 

DIAGNOSIS: Test a rather "fat" lenticular trochosphe with a subacute periphery. 8-10 
chambers hi the final whorl v^th an evolute sphal side and an involute umbihcal side. Wall 
coarsely perforate. Aperture a low sht extending fi-om near the umbihcus to the periphery 
but not onto the spiral side. 

REMARKS: Murray et al (1989) records this species fi-om the Eocene of the Hampshhre 
Basin (Bracklesham & Barton Groups and London Clay) and Belgian Basin but not fi-om 
the London or Paris Basms. They regard it as an hmer to middle shelf dweller. 
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Doppert & Neele (1983) have recorded this species froni the Palaeogene of the Dutch 
onshore. 

RANGE; U.K. onshore: Early - Late Eocene (Murray et al, 1989). Dutch orishore: Early 
Eocene - Oligocene (Doppert & Neele, 1983). 

OCCURRENCE IN TfflS WORK; 

OFFSHORE 
21/26-1 49/10-1 49/24-3 
29/25-1 49/20-2 • 49/24-4 rare 
44/2-1 49/24-2 49/25-2 rare 
ONSHORE 
Wormingford Mere Lundsgaards ClifT 
Pegwell Bay Stevns KUnt 
Reculver 

Cibicidoides succedens (BROTZEN) 
Recommended source for illustration: 

Kmg (1989). pl.9.6, figs 5-6 

1948 Cibicides succedens BROTZEN p.60 pi. 12 fig. 1 
1975 Cibicidoides succedens (Brotzen): BERGGREN & AUBERT p. 154 plXTV fig.5 
1976 Cibicidoides succedens (Brotzen): AUBERT & BERGGREN p.432 pi. 11 fig. 1 
1989 Cibicidoides succedens (Brotzen): KING p.474 pl.9.6 figs.5-6 
1989 Cibicides (Cibicidina) succedens Brotzen: MURRAY etal. p.518 pl.10.5 figs.1-3 

DIAGNOSIS; Test planoconvex to shghtly biconvex with an ahnost flat spiral side. 
Umbilical side strongly convex, occasionaUy swelling hito a prominent central boss. 
Periphery subacute to acute and may be keeled. 8-10 chambers in the final whorl. Sutures 
limbate, raised and strongly curved on the spual side, sUghtly curved on umbUical side. 
Aperture a smaU openmg at the base of the apertural face, near the periphery extendmg 
very sUghtly onto the sphral side. WaU very finely perforate. 

R E M A R K S ; Cibicides westi Howe, is very simUar although the aperture extends weU 
onto the spiral side, and follows the spiral suture. The spiral side is also completely flat. It 
also has a different stratigraphic range (Middle - Late Eocene) to Csuccedens-. 
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Cihicides tenellus (Reuss) is also similar although the umbilical side displays a much more 
broadly rounded convexity and there are shghtly more chambers iri the final vî horl. 
Cihicides cantii Haynes, has fewer chambers in the final whorl: 

Berggren & Aubert (1975) record this species from the Paiaeocene - Early Eocene of 
Rockall Bank (N.Atlantic), southem Scandinavia, Poland and the southwestem area of the 
former SoA êt Union. They also include an extensive synonomy list. 

Kmg (1989) has recorded this species fi-om the North Sea Basm. Murray et al (1989) have 
recorded C.succedens firom the Thanet Beds of the London Basin and the Paris Bashi but 
not fi-om the Belgian or Hampshire Basins. They regard it as a marginal maririe to mid-shelf 
dweUer, possibly tolerant of a poorly aerated mud bottom. 

This species forms the principal component of the Paiaeocene benthonic assemblages of 
Tunisia (Aubert & Berggren, 1976). 

RANGE; U.K. and North Sea Basm: Late Paiaeocene (Kmg, 1989, Murray et al, 1989). 
Worldvwde: Paiaeocene - Early Eocene (Berggren & Aubert, 1975). 

OCCURRENCE IN THIS WORK; 

OFFSHORE 
21/26-1 49/10-1 rare 49/24-3 ? 
29/25-1 49/20-2 ? 49/24-4 mod. comm. 
44/2-1 49/24-2 49/25-2 
ONSHORE 
Wormingford Mere Lundsgaards Cliff mod. .comm. 
Pegwell Bay mod. comm. Stevns Klint 
Reculver mod. comm. 

Cibicidoides susanaensis (BROWNING) 
Recommended source for iUustration: 

Aubert & Berggren (1976) pi. 11, fig. 2a-c 

1959 Cibicides susanaensis BROWNING p.271, pl.32, figs 11-12 
1976 Cibicidoides susanaensis (Browning): AUBERT & BERGGREN p.432, pi. 11, 

fig. 2a-c 

DIAGNOSIS: Test almost equaUy biconvex and almost plariispiral with 11-12 chambers 
increasing slowly in size, sutures raised, thick and strongly recurved, apertural face also 
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curved. Central portion thick, though umbilicus is relatively wide and deep. Intersutural 
areas distinctly perforate. Periphery subangular and "blunt". Aperture a low arch at the base 
of the apertural face. 

REMARKS: The almost planispiral test and thickened sutural ribs are distinctive. This 
species was recorded by Aubert & Berggren (1976) from Tunisian Paiaeocene assemblages 
although they stated it is particularly abundant in deeper deposits. In this study it has only 
been recorded m weU 49/25-2, withm a shaUow water assemblage. 

RANGE: Late Cretaceous - Early Eocene (Aubert & Berggren, 1976): 

OCCURRENCE IN TfflS WORK: 

OFFSHORE 
21/26-1 49/10-1 49/24-3 
29/25-1 49/20-2 49/24-4 
44/2-1 49/24-2 49/25-2 rare 
ONSHORE 
Wonningford Mere Lundsgaards ClifT 
Pegwell Bay Stevns Klint 
Reculver 

Gbicidoides truncanus (GUEMBEL) 
Recommended source for iUustration: 

Kmg(1989) pl.9.6, fig.7 

1869 Rotalia truncana GUEMBEL 
1983 Cibicidoides granulosus (Bykova): KING p.33, pl.5 figs 7-8 
1986 Cibicidoides truncanus (Guembel): van MORKHOVEN et al. p.295, pis 97A-B 
1989 Cibicidoides truncanus (Guembel): KING p.474 pl.9.6 fig.7 

DIAGNOSIS; Test a biconvex trochospue with the umbUical side more convex than the 
spual side. 9-10 chambers in the final whorl. Periphery is acute and may have a broad, 
"fiiUed" keel. The wall is coarsely perforate and the umbihcal side is covered by an 
ornament of raised ridges often forming a "rosette-like" pattern. 

REMARKS; In gross appearance, this taxon resembles Osangularia although is referred 
to Cibicidoides by Van Morkhoven et al (1986) who have discussed the taxonomy of this 
species in detaU. It is distmguished by the ornament pattern on the umbUical side. King 
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(1989) has recorded this species (and as C.gfcmulosus in 1983) from the outer subhttoral -
epibathyal biofacies of the North Sea Basin. 

RANGE; A worldwide Middle - Late Eocene index species (van Morkhoven et al., 1986). 

OCCURRENCE IN TmS WORK; 

OFFSHORE 
21/26-1 49/10-1 rare 49/24̂ 3 ? 
29/25-1 49/20-2 49/24-4 rare 
44/2-1 rare 49/24-2 rare . 49/25-2 rare 
ONSHORE 
Wormingford Mere Lundsgaards Cliff 
Pegwell Bay Stevns Klint 
Reculver 

Superfamily PLANORBULINACEA Schwager, 1877 
Family PLANULINIDAE Bermudez, 1952 

Genus Planulina d'Orbigny, 1826 
Planulina costata (HANTKEN) 

Recommended source for illustration: 
Kmg (1989) pl.9.8, figs 12-13 

1875 Truncatulina costata HANTKEN 
1941 Planulina palmerae van BELLEN 
1983 Planulinapalmerae van Bellen: KING pl.4 figs. 17-18,23 
1983 Planulina burlingtonensis (Jennmgs): DOPPERT & NEELE pl.XIV fig. 1 
1986 Planulina cqstata (Hantken): van MORKHOVEN et al p.212, pl.72 
1989 Plamilina costata (Hantken): KING p.480 pl.9.8 figs. 12-13 

DIAGNOSIS; Test very compressed, evolute, almost flattened and almost planispiral. 10-
12 chambers m the final whorl with earher whorls visible, Sutures hmbate and strongly 
curved, periphery acute and keeled. 

R E M A R K S ; An easily distmguishable compressed planispkal species. Anomalinoides 
acuta (Plummef) is less compressed and with a less acute and unkeeled periphery. 
Cibicidoides susanaensis is ahnost planispual and less compressed, more lenticular. Van 
Morkhoven et al. (1986) regard this as a mamly mid-upper bathyal species although 
ranging from outer neritic (c.lOOm) - lower bathyal water depths overall. 
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RANGE: North Sea: Late Eocene - (rarely) Early Oligocene (King, 1989). Worldwide: 
Late Eocene - Early Miocene (all sources above). 

OCCURRENCE IN THIS WORK; 

OFFSHORE 
21/26-1 49/10-1 rare 49/24-3 ? 
29/25-1 49/20-2 49/24-4 
44/2-1 49/24-2 49/25-2 
ONSHORE 
Wormingford Merie Lundsgaards Cliff 
Pegwell Bay Stevns KUnt 
Reculver 

Family CIBICIDIDAE Cushman, 1927 
Genus C/6/c/fife5 de Montfort, 1808 

Cibicides beaumontianus (D'ORBIGNY) 
Recommended source for illustration: 

Hart et al. (1989) pi. 7.5, figs 9-10 

1840 TruncatulitmbeaumontiamD'OBBlGNY 
1989 Cibicides beaumontianus (d'Orbigny): HART et al, p.326, pl.7.5, figs 9-10 

DIAGNOSIS: Test plano-convex, shape variable, margins distinctly rounded, chambers 
distinct, .subglobular, 5-6 in the final whorl. Sutures distinct, depressed and straight. Wall 
smooth to very slightly rugose on the ventral side. Aperture an equatorial slit to 
semicircular hole, extending back along the dorsal side following the sphal suture. 

REMARKS: This attached form has considerable morphological variation, especially along 
the dorsal side along which the attachment is made (Hart et al, 1989). 

RANGE: Santonian - Maastrichtian (Hart et al, 1989). 
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OCCURRENCE I N THIS WORK: 

OFFSHORE 
21/26-1 49/10-1 ? 49/24-3 ? 
29/25-1 49/20-2 49/24-4 
44/2-1 49/24-2 49/25-2 rare 
ONSHORE 
Wonningford Mere Lundsgaards Cliff 
Pegwell Bay Stevns Klint rare 
Reculver 

Cibicides cantii HAYNES 
Reconunended source for illustration: 
Murray etal (1989) pi. 10.4, figs 5-7 

1957 Cibicides cantii BAYNES 
1989 Cibicides cantii Haynes: MURRAY et al p.516 pi. 10.4 figs.5-7 

DIAGNOSIS: Test a plano-convex trochospire with an acute periphery. 6-8 chambers in 
the final whorl, chambers initially lobate, becoming arcuate. Spiral side coarsely perforate. 
Aperture a low peripheral arch which extends onto the sphal side and back along the sphal 
suture. 

R E M A R K S : This species is similar to C.succedens and Cibicides westi Howe, although 
posses fewer chambers in the final whorl than them both (6-8 cf 8-10). 

Murray et al (1989) record this species fi-om the Thanet Beds of the London Basm but 
give no record for it's occurrence m the Hampshire, Paris or Belgian Basms. It is thought to 
be mdicative of normal marine, ?brackish, inner shelf palaeoenvhonments. 

RANGE: U.K. onshore: Late Paiaeocene (Murray or/., 1989) 
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OCCURRENCE m TfflS WORK; 

OFFSHORE 
21/26-1 49/10-1 49/24-3 
29/25-1 49/20-2 49/24-4 
44/2-1 49/24-2 49/25-2 
ONSHORE 
Wormingford Mere Lundsgaards Cliff 
Pegwell Bay mod. comm. StevnsKlint 
Reculver common 

Cibicides cassivelauni HAYNES 
Recommended source for illustration: 
Murray a/. (1989) pi. 10.4, figs 8-10 

1957 Cibicides cassivelauni HAYNES 
1989 Cibicides cassivelauni Haynes: MURRAY et al. p.516 pi. 10.4 figs.8-10 

DIAGNOSIS; Test a planoconvex, low trochospire with a flattened sphal side and a 
subacute periphery. UmbiUcal side only moderately convex. 7-8 chambers in the final 
whorl, coarsely perforate on the sphal side but only the last few are perforate on the 
umbUical side. Aperture a low peripheral arch, extending onto the sphal side although only 
runnmg a short way back along the sphal suture. 

REMARKS; Cibicides lobatulus (Walker & Jacob) is shhUar m shape but has large pores 
covering all the umbUical side. Cibicides tenellus (Reuss) has more chambers and a higher 
degree of convexity on the umbUical side. 

Murray et al. (1989) record this species fi-om the Thanet Beds of the London Basin but not 
fi-om the Hampshhe, Paris or Belgian Basins. It is regarded as a normal marine, hmer to 
mid-shelf dweUen 

RANGE; U.K. onshore: Late Paiaeocene (Murray etaL, 1989). 
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OCCURRENCE IN TfflS WORK; 

OFFSHORE -

21/26-1 49/10-1 49/24-3 
29/25-1 49/20-2 49/24-4 
44/2-1 49/24-2 49/25-2 ? 
ONSHORE 
Wormingford Mere Lundsgaards CliflF 
Pegwell Bay mod. comm. Stevns Mint 
Reculver common 

Cibicides cunobelini BAYNES 
Recommended source for illustration: 

Murray a/. (1989) pi. 10.4, figs 11-13 

1957 Cibicides cunobelini HAYNES 
1989 Cibicides (Cibicidina) cunobelini Haynes: MURRAY et al p.516 pl.10.4 figs.ll-

13 

DIAGNOSIS; Test a very low biconvex trochospire with the umbihcal side occasionally 
more convex than the spiral side. Periphery subrounded. 7-10 chambers in the final whorl 
with Ihnbate sutures on the spiral side which swell into small bosses towards the umbihcus. 
In later chambers these are replaced by lappets along the base of the last few chambers. The 
aperture is a low peripheral arch which extends onto the sphal side. 

R E M A R K S ; Cibicides mariae (Jones) has more weU developed lappets and has a concave 
sphal side. 

Murray et al (1989) record this species fi-om the Thanet Beds of the London Basin, the 
London Clay of the Hampshhe Basm and the Thanetian-Spamacian and Cuisian of the Paris 
Basm. They do not record it firom the Belgian Basm. 

Murray et al (1989) consider this species to be a brackish - normal marine, irmer shelf 
dweUer which hves on fine grained sediment substrates. 

RANGE: N.W. onshore Europe: Late Paiaeocene - Early Eocene (Murray et al, 1989). 

246 





OCCURRENCE IN THIS WORK: 

OFFSHORE 
21/26-1 49/10-1 49/24-3 
29/25-1 49/20-2 49/24-4 
44/2-1 49/24-2 49/25-2 7 
ONSHORE 
Wormingford Mere Lundsgaards Oiff 
Pegwell Bay mod. comm. Stevns Klint 
Reculver abundant 

Cibicides lobatulus ( W A L K E R & JACOB) 
Recommended source for illustration: 

Munay etal. (1989) pi. 10.4, figs 14-16 

1798 Nautilus lobatulus WALKER & JACOB 
1989 Cibicides lobatulus (Walker & Jacob):MURRAY et al p.516 pi. 10.4 figs. 14-16 

DIAGNOSIS: Test piano or concavo-convex with the spual side flat and evolute. 7-9 
chambers in the final whorl. Periphery acute. The aperture is a low peripheral arch which 
extends back along the sphal suture for 3-4 chambers. The spiral side is finely perforate, the 
umbihcal side appears imperforate and smooth. 

R E M A R K S : C.lobatulus is close to the morphology of C.cantii which has coarser pores 
on the sphal side, slightly fewer chambers and a somewhat less smooth and mflated 
umbihcal side. C.pachyderma (=C.pseudcningeriamts) has a more convex sphal side. 

This is an extant species which hves chnging or attached to firm substrates such as shells. It 
has been recorded by Murray et al (1989.) firom the Reading Beds of the London Basin, the 
London Clay, Bracklesham and Barton Groups of the Hampshhe Basm, the Thanetian -
Sannoisian of the Paris Bashi and the Ypresian - Rupehan of the Belgian Basin. 

Murray et al (1989) mdicate this species as inhabiting a marine inner to middle shelf 
palaeoenvhonment often in areas disturbed by currents. 

RANGE: U.K. onshore: Early - Late Eocene and Recent (Murray et al, 1989). 
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OCCURRENCE IN TfflS WORK; 

OFFSHORE 
21/26-1 49/10-1 49/24-3 
29/25-1 49/20-2 49/24-4 
44/2-1 49/24-2 49/25-2 rare 
ONSHORE 
Wonningford Mere Lundsgaards Cliff 
Pegwell Bay mod. comm. Stevns Klint 
Reculver 

Cibiddes mariae (JONES) 
Recommended source for illustration: 

Murray a/. (1989) pi. 10.4, figs 17-19 

1852 Rosalina mariae JONES 
1948 Anomalina ekblomi BROTZEN p.82 pi. 13 fig.2 
1957 Cibicidina mariae (Jones): WOOD & HAYNES p.51 pl.5 figs.10,12 pl.6 fig.4 
1975 Cibicidina mariae (Jones): BERGGREN & AUBERT p. 146 
1989 Cibicides (Cibicidina) mariae (Jones):MURRAY et al p.516 pi. 10.4 figs. 17-19 

DIAGNOSIS: Test concavo-convex and involute with the sphal side concave. 8-9 
chambers in the outer whorl. Sutures limbate on sphal side with weU devdoped lappets 
towards the umbihcal area. Aperture is a low peripheral arch which extends onto the sphal 
side. The surface is finely perforate. 

R E M A R K S ; This species differs fi-om C.amobelini by the presence of weU developed 
sutural lappets and by being truly concavo-convex. 

Murray etal (1989) record this species fi-om the Thanet and Reading Beds of the London 
Bashi but not firom the Hampshire, Paris or Belgian Bashis. The species inhabhs normal 
marine, inner shelf and possibly brackish palaeoenvhomnents. Berggreri & Aubert (1975) 
state that this species generaUy inhabhs water depths of less than 50m. 

Berggren & Aubert (1975) regard this species as an hnportant constituent of theh so-caUed 
"Midway type" Paiaeocene benthic assemblages. They provide ah extensive synonomy and 
include the Swedish and Danish taxon Anomalina ekblomi (Brotzen) within Cmariae 
(foUowing the suggestion of McGowran, 1965). 

RANGE; U.K. onshore: Late Paiaeocene (Murray etal, 1989). 
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OCCURRENCE IN THIS WORK: 

OFFSHORE 
21/26-1 49/10-1 49/24-3 
29/25-1 49/20-2 49/24-4 
44/2-1 49/24-2 49/25-2 
ONSHORE 
Wormingford Mere Lundsgaards Cliff 
PegwellBay mod. comm. Stevns Klint 
Reculver abundant 

Cibicides cf. simplex BROTZEN 
Recommended source for illustration: 

Murray etal. (1989) pi. 10.4, figs 20-22 

1948 Cibicides simplex BROTZEN 
1989 Cibicides cf simplex Brotzen: MURRAY et al. p.516 pi. 10.4 figs.20-22 

DIAGNOSIS; Test a rather "plump" mainly involute piano - bi-convex trochospue with a 
weU rounded periphery. 6-10 chambers in the final whorl. Aperture a low peripheral arch 
which extends back along the sphal suture. The surface appears to be finely, but densely 
perforate. 

REMARKS; This species is distinguished by it's broadly roimded, wide profiUie. Murray et 
al. (1989) recorded this species from the London Clay of the Hampshhe bashi but not fi-om 
the London, Paris or Belgian Basins. It is thought to inhabh brackish, inner shelf muddy 
sand substrates. 

RANGE; U.K. onshore: Early Eocehe (Murray et al., 1989). 

OCCURRENCE IN THIS WORK; 

OFFSHORE 
21/26-1 49/10-1 49/24-3 
29/25-1 49/20-2 49/24-4 rare 
44/2-1 49/24-2 49/25-2 rare 
ONSHORE 
Wormingford Mere Lundsgaards Cliff 
Pegwell Bay Stevns Klint 
Reculver 

249 





Cihicides tenellus (REUSS) 
Recommended source for illustration: 
Murray et al (1989) pi. 10.5, figs 4-6 

1865 Tnincatidina tenella REUSS 
1980 Cihicides ienellus (Reuss): DOPPERT pl.XVm, fig.4 
1989 Cihicides tenelliis (Reuss): MURRAY et al p.518 pi. 10.5 figs.4-6 

DIAGNOSIS; Test a planoconvex trochospire with a flat and evolute spiral side and a 
strongly convex, involute umbiUcal side. 8-12 chambers m the fitnal whorl. Periphery acute, 
sutures wide and recurved on the spiral side, depressed and slightly curved on the umbUical 
side. Aperture is a low peripheral arch which extends back along the spiral suture. The 
spiral side appears finely but densely perforate whereas the umbiUcal side appears perforate 
only near the periphery. 

R E M A R K S ; C.cantii and Cihicides westi Howe, have a more "conical" umbUical sides 
when compared with C.tenellus and have shghtly fewer chambers. Ccassivelauni and 
Clobatulus have lower and less mflated umbUical sides and fewer chambers. 

Murray et al (1989) records C.tenellus fi-om the Bracklesham and Barton Groups of the 
Hampshire Basin, the Auversian - Marinesian of the Paris Basin and the Ledian - Tongrian 
of the Belgian Basm. However, Doppert (1980) recorded this species only from the Middle 
Miocene - mid OUgocene of onshore HoUand. 

RANGE; U.K. onshore: Early - Late Eocene (Murray et al, 1989). Dutch onshore: mid 
Oligocene - Middle Miocene (Doppert, 1980). 

OCCURRENCE IN THIS WORK; 

OFFSHORE 
21/26-1 49/10-1 49/24-3 rare 
29/25-1 49/20-2 ? 49/24-4 rare 
44/2-1 49/24-2 rare 49/25-2 rare 
ONSHORE 
Wormingford Mere Lundsgaards Cliff 
Pegwell Bay Stevns Klint 
Reculver 
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Cibiddes cf. ungerianus (d'ORBIGNY) 
Recommended source for illustration: 
Murray,etal (1989) pi. 10.5, figs 7-9 

1846 Rotalina ungeriana d'ORBIGNY 
1983 Cibicides ungerianus (d'Orbigny): DOPPERT & NEELE pl.m fig.3 
1989 Cibicides cf ungerianus (d'Orbigny):MURRAY a/, p. 518 pi. 10.5 figs.7-9 

DIAGNOSIS: Test an unequally biconvex trochospire with the spiral side only shghtly 
convex and partly involute. The early part of the spiral side is thickened wAh bosses. 
Umbihcal side convex and involute. 8-11 chambers in the outer whorl, periphery rounded. 
Aperture is a low peripheral arch which extends back along the sphral suture. Wall coarsely 
perforate. 

R E M A R K S : This species' morphology does not appear to be comparable with 
C.ungerianus sensu stricto (=C.pachyderma herehi) although this taxon is distinct enough 
to recognise this form as taxonomically different from that species. For shnphcity, the name 
assigned by Murray et al (1989) i.e. C. "cf" ungerianus is retamed here. 

The taxon is distmguished by the thickening of the early portion of the test by bosses on the 
spiral side. 

Murray et al (1989) record this taxon from the Bracklesham and Barton Groups of the 
Hampshire Basm, the Nferinesian of the Paris Basm and the Panisehan -Rupehan of the 
Belgian Basin but not from the London Basm. It mhabits a normal marine, hmer or mid-
shelf palaeoenvironment. 

RANGE: U K . onshore: Middle - Late Eocene (Muriray et al, 1989). 

OCCURRENCE IN THIS WORK: 

OFFSHORE 
21/26-1 49/10-1 49/24-3 
29/25-1 49/20-2 49/24-4 rare 
44/2-1 rare 49/24-2 49/25-2 rare 
ONSHORE 
Wormingford Mere Lundsgaards Cliff 
Pegwell Bay Stevns Klint 
Reculver 
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Cibicides westi ROWE 
Recommended'source for illustration: 

Murray et al. (1989) pi. 10.5, figs 10-12 

1939 Cibicides westi HOWE 
1983 Cibicidoides westi (Howe): TJALSMA & LOHMAN p.29 
1983 Cibicides westi Howe: DOPPERT & NEELE pl.XIV fig.2 
1989 Cibicides westi Hovfe: MURRAY a/, p.518 pl.10.5 figs.10-12 

DIAGNOSIS: Test planoconvex with a flat evolute sphal side and a strongly convex, 
almost conical involute umbiUcal side. Periphery is acute. Aperture is a smaU low peripheral 
arch which extends back along the sphal suture. The sphal side contains scattered pores 
whereas the umbUical side appears imperforate. 

REMARKS: C.tenellus has more pores on both spiral and umbiUcal sides. Csuccedens 
has a sUghtly raised sphal side and C.cantii has fewer chambers and has a lower conical 
umbUical side. 

Murray et al. (1989) has recorded Cwesti firom the London Clay of the London Basin, the 
Barton Group of the Hampshhe Basm, the Ypresian - Bartoiuan of the Paris Basm and the 
Ypresian - WemmeUan of the Belgian Basm. 

Doppert & Neele (1983) have recorded it firom the Early - Middle Eocene of onshore 
HoUand and Tjalsma & Lohman (1983) state that h has been rarely recorded fi-om the 
Eocene of the North Atlantic. 

RANGE: NW Europe onshore: Eocene (Murray et al, 1989 and Doppert & Neele, 1983). 
Atlantic: Eocene (Tjalsma & Lohmaim, 1983). 

OCCURRENCE IN THIS WORK: 

OFFSHORE 
21/26-1 49/10-1 49/24-3 
29/25-1 49/20-2 49/24-4 
44/2-1 49/24-2 49/25-2 rare 
ONSHORE 
Wormingford Mere Lundsgaards CliflF 
Pegwell Bay StevnsKlint 
Reculver 
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Superfamily ASTERIGEIONACEA d'Orbigny, 1839 
Family ASTERIGERINIDAE d'Orbigny, 1839 

Gems Asterigerim d'Orhigay, IS39 
Asterigerina aberystwyihi HAYNES 
Recommended source for illustration: 
Murray et al. (1989) pi. 10.3 figs 9-11 

1956 Asterigerina aberystwythi HAYNES p.97, pi. 17, fig.6 
1989 Asterigerina aberystwythi Haynes: MURRAY et al., p.514, pi. 10.3, figs 9-11 

DIAGNOSIS: Test small, a bi- or planoconvex trochospire with a flattened umbihcal side, 
4-5 chambers per whorl, approxhnately three whorls visible on spual side, smaU 
supplementary chamberlets visible on the umbihcal side, periphery very acute, aperture a 
low arch at base of apertural face. 

REMARKS: The only species of Asterigerina recorded in this study. It can, however, be 
distinguished fi-om the common Eocene species A.bartoniana (Ten Dam) by its smaller 
size, fewer chambers and flattened umbihcal side. 

RANGE: Late Paiaeocene (Murray e/ al, 1989) 

OCCURRENCE IN THIS WORK: 

OFFSHORE 
21/26-1 49/10-1 ? 49/24-3 
29/25-1 49/20-2 49/24-4 
44/2-1 49/24-2 49/25-2 
ONSHORE 
Wormingford Mere Lundsgaards Cliff 
Pegwell Bay StevnsKlint 
Reculver 

SuperfamilyNONIONACEASchultze, 1854 
Family NONIONIDAE Schultze, 1854 

Genus Me/owwde Montfort, 1808 
Melonis pompillioides (FICHTEL & MOLL) 

Recommended source for illustration: 
Van Moorkhoven et al. (1986) pis. 23A-E 
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1798 Nautilus pompillioides FICHTEL & MOLL, p.31„ pi.2 figs a-c 
1846 Melonis soldanii D'ORBIGNY p.l09, pl.5, figs 15-16 
1958 MelonissphaeroidesYOLOSHINOYAp.l53, pl.3, figs 8-9 
1986 Melonis pompillioides (Fichtel & Moll): V A N MOORKHOVEN et al., p.72, 

pls.23A-E 
1989 Melonis affine (Reuss): MURRAY et al., p.522, pi. 10.7, figs 12-13 

DIAGNOSIS: Test planispiral, involute, varying in overall shape between compressed and 
subspherical, biumbihcate. Periphery rounded. Approxhnately 10 chambers in the final 
whorl. Aperture an interiomarginal arch. 

REMARKS: Van Moorkhoven et al. (1986) extensively discusses the synonomy of this 
taxon and its palaeoenvhonmental significance. He recognises that the morphological 
variation between relatively compressed forms (e.g. M.affine of authors) through "mildly 
inflated" forms (e.g. M.soldann of authors) to subspherical forms (e.g. M.sphaeroides of 
authors) is due to bathymetricaUy controUed factors rather than the forms bemg distmct 
taxa. He states that M.pompillioides is essentiaUy an outer neritic to upper-middle bathyal 
species vwth its deeper-water ecotype, M.sphaeroides being a reUable mdicator for abyssal 
depths. 

Murray et al. (1989) on the other hand, regards M.qffine as an inner to mid shelf species. 

The forms recorded in this study were of the M.qffine-M.solchnn ecotypes with no records 
of the suhsphencai. M.sphaeroides ecotype. 

RANGE: Late OUgocene - Pleistocene (Van Moorkhoven et al,, 1989). However, Murray 
et al. (l9S9)TecoTdsM.affine in the Middle - Late Eocene. 

OCCURRENCE IN THIS WORK: 

OFFSHORE 
21/26-1 rare 49/10-1 rare 49/24-3 rare 
29/25-1 49/20-2 49/24-4 
44/2-1 mod. comm. 49/24-2 rare 49/25-2 rare 
ONSHORE 
Wormingford Mere Lundsgaards Cliff 
Pegwell Bay StevnsKlint 
Reculver • 
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Genus Nonion de Montfort, 1808 
Nonion applinae & WALLACE 

Recommended source for illustration: 
Munay etal. (1989) pi. 10,7, figs 15-16 

1932 Nonion applinae HOWE & WALLACE p.51, pl.9, fig.4 
1956 Nonion applinae Howe & Wallace: HAYNES p.85, pl.l6, fig.7, pl.l8, fig.4 
1989 Nonion dpplinae Howe & Wallace: MURRAY et al., p.522, pi. 10.7 figs 15-16 

DLVGNOSIS: Test planispiral, involute, compressed, periphery rounded, 7-9 chambers in 
the final whorl, sutures radial, depressed, umbihcal area smaU and granulate, aperture a low 
slit at base of a high apertural face. 

REMARKS: This species is more compressed than other Nonion species. It is similar to 
Anomalinoides nobilis and Melonis soldanii but can be distinguished by the depressed 
sutures and granular lunbilicus. Murray et al (1989) indicate that this is shallow marine 
species, possibly tolerant of brackish waters. 

RANGE: Late Paiaeocene (Murray etal, 1989) 

OCCURRENCE IN THIS WORK: 

OFFSHORE 
21/26-1 49/10-1 49/24-3 
29/25-1 49/20-2 49/24-4 
44/2-1 49/24-2 49/25-2 
ONSHORE 
Wormingford Mere Lundsgaards Cliff 
Pegwell Bay rare Stevns Klint 
Reculver rare 

Nonion laeve (d'ORBIGNY) 
Recommended source for illustration; 

Murray era/. (1989) pi. 10.7, figs 17-18 

1826 Nonionina laeve d'ORBIGNY p.294, no. 11 
1956 Nonion laeve (d'Orbigny): HAYNES p:86, pi. 16, fig. 10 
1989 Nonion laeve (d'Orbigny): MURRAY et al, p.522, pi. 10.7, figs 1.7-18 
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DIAGNOSIS: Test planispiral, involute, compressed with a subangular periphery, 10-14 
chambers in the final whorl, umbiUcus covered with a boss, sutures radial to sUghtly curved 
and occasionaUy deeply depressed and ornamented with tubercles. 

REMARKS: Murray et al. (1989) indicate that this is a variable taxon with respect to 
chamber numbers, degree of suture depression and size of umbiUcal boss. They regard it as 
a brackish to normal marine, shallow water species. 

RANGE: Late Paiaeocene - Early Oligocene (Murray et al.,1989). 

OCCURRENCE IN TfflS WORK: 

OFFSHORE 
21/26-1 49/10-1 49/24-3 
29/25-1 49/20-2 49/24-4 
44/2-1 49/24-2 49/25-2 9 

ONSHORE 
Wonningford Mere Lundsgaards CiifT 
Pegwell Bay rare Stevns Klint 
Reculver rare 

Genus Pullenia Parker & Jones, 1862 
Pullenia quaternaria 

Recommended source for iUustration: 
Hart etaL (1989) pi. 7.22, fig.3 

1851 Nonionina quaternaria REUSS 
1989 Pullenia quatemaria (Reuss): HART et aL, p.358, pl.7.22, fig.3 

DIAGNOSIS: Test planispual, subglobular mvolute coU wdth 4-5 chambers m the final 
whorl. Outline subcircular to weakly lobate, chambers triangular, sutures curved and flush 
to weakly depressed. Aperture a low interiomargmal sUt, bordered by a thick imperforate 
band. 

REMARKS: This taxon appears to be overaU more rounded that P.quinqueloba and the 
sutiures are generaUy more curved. 

RANGE: Middle Campanian - Maastrichtian (Hart et aL 1989). 
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OCCURRENCE IN THIS WORK: 

OFFSHORE 
21/26-1 49/10-1 49/24-3 
29/25-1 49/20r2 49/24-4 
44/2-1 49/24-2 49/25-2 rare 
ONSHORE 
Wonningford Mere Lundsgaards ClifT 
Pegwell Bay Stevns Klint rare 
Reculver 

Pullenia quinqueloba(REVSS) 
Recommended source for illustration: 
Murray et al. (1989) pi. 10.9, figs 3-4 

1851 Nonionina quinqueloba REUSS 
1989 Pullenia quinqueloba (Reuss): MURRAY et al., p.526, pi. 10.9, figs 3-4 

DIAGNOSIS: Planispiral, involute, somewhat compressed, with a subroimded periphery, 
occasionally subspherical with a well rounded periphery. 5-6 chambers in the fimal whorl, 
vvall smooth, somewhat "glassy". 

REMARKS: This species is somewhat sunilar to certam Palaeogene Nonion spp., 
(paxticalaily N.parvulum) but lacks the pustulose ornament around the aperture. 

P.quatemaria has fewer chambers and is generaUy more weU rounded in overaU shape 

Subspherical forms may perhaps be referred to P.bulloides. However, the present author 
considers that the variation m overaU test shape fi"om somewhat compressed 
.(P.quinqueloba of authors) to subspherical P.bulloides of authors) may be due to some 
sort of bathymetricaUy-controUed ecological variation m the same way as the Melonis 
pompillioides "grbiip". 

RANGE: Late Paiaeocene - Early Eocene (Murray et al., 1989) 
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OCCURRENCE IN THIS WORK: 

OFFSHORE 
21/26-1 rare 49/10-1 rare 49/24-3 mod. comm. 
29/25-1 49/20-2 49/24-4 mod. comm. 
44/2-1 mod. comm. 49/24-2 mod. comm. 49/25-2 mod. comm. 
ONSHORE 
Wormingford Mere Lundsgaards CKfT mod. comm. 
PegweU Bay rare Stevns Klint rare 
Reculver mod. comm. 

Superfamily CHILOSTOMELLACEA Brady, 1881 
Family QUADRIMORPHINIDAE Saidova, 1981 

Genus Quadrimorphina Finlay, 1939 
Quadrimorphina allomorphinoides (REUSS) 

Recommended source for illustration: 
Swiecicki (1980) pi. 14, figs 6-7 

1850 Allomorphina allomorphinoides BEUSS 
1980 Quadrimorphina allomorphinoides (Reuss): SWIECICKI pi. 14, figs 6-7 
1983 Allomorphina trigona Reuss: DOPPERT & NEELE pl.XXm, fig.5 

DIAGNOSIS: Test fi-ee, medium sized, a low trochospire (almost "globigerine") of 3-4 
fairly rapidly enlar^g chambers, the last chamber occupying approximately one-third to 
one-half of the final whorl. Aperture is umbilical though often covered by a large flap 
extending from the final chamber. Periphery lobate, waU very smooth. 

REMARKS: This distmctive species is often recorded in the Maureen Formation withm an 
interval often associated with intense reworkmg of Late Cretaceous / Danian taxa. It's non-
chalk preservation, however, suggests that it is probably in situ at this level. 

There does not appear to be a significant morphological or stratigraphic difference between 
this species and Allomorphina trigona Reuss as illustrated from the Late Paiaeocene, 
Landen Formation by Doppert & Neele (1983). 

RANGE: Late Cretaceous - lower Late Paiaeocene (Swiecicki, 1980 and this study). 
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OCCURRENCE JN TfflS WORK: 

OFFSHORE 
21/26-1 49/10-1 rare 49/24-3 
29/25-1 49/20-2 49/24-4 
44/2-1 49/24-2 49/25-2 rare 
ONSHORE 
Wormingford Mere Lundsgaards Cliff 
Pegweli Bay Stevns Klint rare 
Reculver 

Family ALABAMINIDAE Hofker, 1951 
Genus ̂ /a/̂ OTw/wa Toulmin, 1941 

Alabamina obtusa (BURROWS & HOLLAND) 
Recommended source for illustration: 

Murray etal. (1989) pl.10.2, figs 19-21 

1897 Piilvinulina exigiia Brady var. obtusa BURROWS & HOLLAND p.49, pl.2, fig.25 
1926 Pulvimilina exigiia Brady: PLUMMER p. 151 pl.II fig.3 (and var. obtusa Burrows 

& HoUand p.l50 pi. 11 fig.2) 
1948 Alabamina midwqyensis BROTZEN p.99 pl.l6 figs.1-2 text figs.25-26 
1956 Alabamina obtusa (Burrows & HoUand): HAYNES p.89, pi. 17 figs. 3-31 
1975 Alabamina midwqyensis Brotzen: BERGGREN & AUBERT p. 147 pl.II fig. 14 

pl.Xn fig.2 
1976 Alabamina obtusa (Burrows & HoUand): AUBERT & BERGGREN p.429 pl.8 

fig.4 not A.midwqyensisBrotzQU p.428 pl.8 fig.3 
1968 Alabamina midwqyensis Brotzen: POZARYSKA & SZCZECHURA p. 114 text 

fig.20 
?1983 Alabamina creta (Finlay): TJALSMA & LOHMANN p.4 pl.7 fig. 13 
1983 Alabamina midwqyensis Brotzen: DOPPERT & NEELE pl.XXIII fig.3 
1989 Alabamina obtusa (Burrows & HoUand):MURRAY et al p.512 pi. 10.2 figs. 19-21 

DIAGNOSIS; Test smooth, unequally biconvex with the umbiUcal side more highly 
convex than the spiral side. Generally 5 chambers m the finals whorl and a subrounded 
periphery. Sutures on sphal side flush, straight and pointing backwards, approximately 
tangential to the sphal suture. Sutures on umbilical side radial and flush, lunbUicus closed. 
Aperture is a high, fahly narrow sUt which extends mto an hvfolded apertural face. 
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R E M A R K S ; A.sohiasemis has more mflated chambers, depressed sutures and an 
altogether more mflated, rounded appearance with a lobate periphery. 

Haynes (1956) first indicated the synonomy between A.obtusa, first recorded fi-om the 
Thanet Beds of Kent by Burrows & Holland (1897) and the more widely reported 
A.midwayensis. A.obtusa clearly has priority over the latter name as foUowed by Murray et 
al (1989) and this author. 

The form iUustrated- as A.midwayensis by Aubert & Berggren (1976) firom the Paiaeocene 
of Tunisia (pl.8 fig.3) has a subacute to acute periphery and would be perhaps best referred 
to Alabamina westraliensis Touhnin. 

A.obtusa appears to be common m "Midway type" assemblages worldvwde (Brotzen, 1948; 
Berggren & Aubert, 1975). Tjalsma & Lohmann (1983) do not record h from deeper water 
"Velasco type" assemblages in the Paiaeocene Atlantic. Listead, they record Alabamina 
creta (Finlay) in rare numbers fi-om the Caribbean and FaUdands Plateau. Theh illustration 
(pl.7 fig.l3) however, appears to be very shnUar to the form iUustrated by Doppert & Neele 
(1983) as A.midwqyensis (A.obttfsa herein) (pl.XXUI fig.3) although^, ere to seems to have 
4V2 rather than 5 chambers in the final whorl. It is suggested here that A.creta may be a 
deep water morphotype of A.obtusa although more study would be needed to clarify this. 

Alabamina obtusa has been recorded (Murray et al, 1989) firom the London Clay of the 
Hampshire Basm, the Thanet & Readmg Beds and the London Clay of the London Basin, 
the Thanetian and Cuisian of the Paris Basm and the Thanetian and Ypresian of the Belgian 
Basin. It is thought to occur hi sUghtly brackish, hmer shelf waters on muddy substrates. 
King (1989) does not record any species of Alabamina from the Paiaeocene and Eocene of 
the North Sea. 

RANGE; Worldwide: Paiaeocene - Early Eocene; NW Eiuope onshore: Late Paiaeocene -
Early Eocene. 

OCCURRENCE IN THIS WORK; 

OFFSHORE 
21/26-1 49/10-1 49/24-3 rare 
29/25-1 49/20-2 49/24-4 rare 
44/2-1 49/24-2 rare 49/25-2 rare 
ONSHORE 
Wormingford Mere Lundsgaards ClifP rare 
PegweHBay rare Stevns Klint 
Reculver 
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Alabamina solnasensis BROTZEN 
Recommended source for illustration: 

Brotzeri (1948) pi. 16, fig.4 

1948 Alabamina solnasensis BROTZEN p. 102, pi. 16, fig.4 

DIAGNOSIS: Test smooth almost glassy, unequally biconvex with the umbilical side more 
highly convex than the spiral side. Generally 5 chambers in the final whorl and a broadly 
rounded and lobate periphery. Sutures on spiral side depressed, straight or fahly curved. 
Sutures on umbiUcal side radial and flush, mnbUicus closed. Aperture is a high, fahly 
narrow sUt which extends mto an mfolded apertural face. 

REMARKS: The depressed sutures and lobate periphery are diagnostic. Brotzen (1948) 
records this species as "...abundant in the clayish layers of Copenhagen...". However, it is 
only rarely recorded in this study. 

RANGE: Paiaeocene (Brotzen, 1948). 

OCCURRENCE IN THIS WORK: 

OFFSHORE 
21/26-1 49/10-1 49/24-3 
29/25-1 49/20-2 49/24-4 
44/2-1 49/24-2 49/25-2 
ONSHORE 
Wormingford Mere Lundsgaards CliflF rare 
Pegwell Bay Stevns Klint 
Reculver 

Family GLOBOROTALITIDAE Loeblich & Tappan, 1984 
G&ans GloborotalitesBxotz&x, 1942 

Globorotalites micheliniana (D'ORBIGNY) 
Recommended source for Ulustration: 

Hart et al (1989) pi. 7.14, figs 1-2 

1840 Rotalina micheliniana D'OBBIGNY 
1989 Globorotalites micheliniana (d'Orbigny): HART etal p.342, pl.7.14, figs 1-2 
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DIAGNOSIS: Test free, strongly planoconvex and steeply conical on the umbilical side, 
normally with, a narrow but deep pseudoumbilicus. Circular periphery with an acute margin 
with a slight keel. 6-7 chambers in the final whorl with rather indistinct sutures. Aperture a 
narrow, elongate, interiomarginal slit which may have a slight lip. 

REMARKS: This rather distinctive species has a broad range of variation with respect to 
the height of the umbilical side and the width of the pseudoumbihcus. The sole occurrence 
of this species in the samples studied (Wormingford Mere borehole) is ahnost certainly due 
tore-workmg. 

RANGE: Turonian - Campanian (Hart et al., 19S9). 

OCCURRENCE IN THIS WORK: 

OFFSHORE 
21/26-1 49/10-1 49/24-3 
29/25-1 49/20-2 49/24-4 
44/2-1 49/24-2 49/25-2 
ONSHORE 
Wonningford Mere rare Lundsgaards ClifT 
Pegwell Bay Stevns Klint 
Reculver 

Family OSANGULARHDAE Loeblich & Tappan, 1964 
Genus OsangulariaBtotzen, 1940 

Osangularia navarroana {CUSHMAN) 
Recommended source for illustration: 

Hart etal. (1989) pi. 7.20, figs 7-8 

1938 Pulvinulinella navarroana CUSHMAN 
1989 Osangularia navarroana (Cushman): HART et al p.354, pl.7.20, figs 7-8 

DIAGNOSIS: Test free, ahnost equaUy biconvex with a moderately raised calcite boss on 
the umbUical side. Outline chcular, periphery acute, bordered by a distinct keel. 10-12 
chambers visible on the umbUical side, sutures flush though distinct. Aperture a narrow V-
shaped sht. 

REMARKS: O.cordieriana (d'Orbigny) is shnUar but has a less equaUy biconvex test and 
a less keeled periphery. 
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RANGE: Maastrichtian (Hart et ai, 1989). 

OCCURRENCE IN THIS WORK: 

OFFSHORE 
21/26-1 49/10-1 49/24-3 
29/25-1 rare 49/20-2 49/24-4 
44/2-1 49/24-2 49/25-2 rare 
ONSHORE 
Wormingford Mere Lundsgaards Cliff 
Pegwell Bay Stevns Klint rare 
Reculver 

Fanuly HETEROLEPIDAE Gonzales-Donoso, 1969 
GemsAnomalinoJdesBrotzeri, 1942 
Anomalinoides acuta (PLUMMER) 
Recommended source for illustration: 
Murray era/. (1989) pl.10.3, figs 1-3 

1927 Anomalina ammonoides (Reuss) var. acuta PLUMMER p.l49 pl.lO fig.2 
1948 Anomalinoides acuta (Plummer): BROTZEN p.87 pi. 15 fig.2 
1951 Anomalina acuta Plummer: CUSHMAN p.62 pl.88 figs.3-6 
1972 Anomalinoides acuta (Plummer): BERGGREN pi. 11 fig.3 
1975 Anomalinoides acuta (Plununer).BERGGREN & AUBERT p. 149 pl.V fig.4 

pi. vm fig.3 piix fig.i pixn fig.5 pixm fig.8 pi.xvn fig.5 pi.xvm fig.2 pixix 
fig.2 

1976 Anomalinoides acuta (Plummer): AUBERT & BERGGREN p.429 pl.9 fig. 1 
?not 1983 Anomalina acuta Plummer: DOPPERT & NEELE pl.X fig.3 
1989 Anomalinoides acutus (Plummer): MURRAY et al. p.512 pl.10.3 figs.1-3 

DIAGNOSIS; Test a very low trochospure, almost planispiral and compressed with an 
acute to subacute periphery. Both sides involute with central bosses. 13-15 narrow 
chambers in the final whorl. Aperture a low arch at the base of the apertural face which 
extends onto the spiral side. 

R E M A R K S ; C.alleni is similar but is more lenticular m profile. Anomalinoides nobilis 
Brotzen, has a rounder periphery and fewer chambers. 

A.acuta is a widely distributed species worldwide and is a common constituent of shallow 
water ("Midway type") Paiaeocene assemblages (Berggren & Aubert, 1975). However, it is 
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not recorded from U.K. onshore Paiaeocene sequences where it's oldest occurrence not 
being recorded until the London Clay (Early Eocene) of the Hampshire and London Basms 
(Murray e/a/., 1989). 

Doppert & Neele's record (1983) of Anomalina acuta from onshore HoUand is rather 
questionable since theu Ulustration (pl.X fig.3) shows a spechnen with what appears to be a 
rounded periphery and approximately 10-11 chambers m the fimal whorl. It is also 
apparently distinctly trochospiral and evolute on the spiral side: 

A.acuta is.not recorded by Tjalsma & Lohmann (1983) from the Palaeogene of the Atlantic 
supporting the contention that this form is primarily a shallow water shelf dweUer. 

RANGE: Worldwide: Early Paiaeocene - Eocene (various authors above); U.K. onshore: 
Early Eocene (Murray et al, 1989). 

OCCURRENCE IN THIS WORK: 

OFFSHORE 
21/26-1 49/10-1 49/24-3 
29/25-1 49/20-2 rare 49/24-4 
44/2-1 49/24-2 49/25-2 
ONSHORE 
Wormingford Mere Lundsgaards Cliff 
Pegwell Bay Stevns Klint 
Reculver 

Anomalinoides capitatus (GUEMBEL) 
Recommended source for iUustration: 
Van Moorkhoven et al (1986) pl.92 

1868 Rosalina capitata GUEMBEL p.653, pl.2, fig.92 
1986 Anomalinoides capitatus (Guembel): van MORKHOVEN et al p.276 pl.92 
1989 Anomalinoides grosserugosa (Guembel): KING p.467 not Ulustrated 

DIAGNOSIS: Test a very low trochospire, almost planispiral with a partly evolute spiral 
side and involute umbihcal side. UmbiUcal side somewhat more convex though both sides 
flattened with a weU rounded periphery. 7-8 chambers in the final whorl, the last 2-3 
becoming inflated. Sutures radial, raised, developing thick ribs. Aperture a low arch at the 
base of the apertural face, generaUy nearer the periphery than the umbihcus. WaU is very 
coarsely perforate fomung irregular raised ridges. 
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REMARKS; This species is very similar and closely related to Gavelinella danica 
(Brotzen) (^AnomaJinoides nibiginosiis (Cushman) of other authors) from which it 
appears to have evolved. It diflfers in the acquishion of thickened sutural ribs and larger 
pores however the development of large pores may be environmentally controlled (see the 
later discussion under G.danicd). Transitional forms occur in the Late Paiaeocene (see 
Tjalsma & Lohmann, 1983). 

Berggren & Aubert (1975) mcluded A.grosserugosa in the synonomy for Gavelinella 
danica foUowing the studies of Hagn & Ohmart (1972) who examhied Guembel's type 
species (Truncatulina grosserugosa) and concluded that it belonged' to the famUy 
VictorieUidae and thus erected a new genus (Korobkovella) for it. They suggest that 
Eocene forms previously assigned to A.grossemgosa should be more properly assigned to 
Gavelinella calymene (Guembel) (=Rosalina calymene Guembel). 

King (1989) however suggests that Anomalinoides capitatus (Guembel) would be a 
preferable taxonomic repository for" this Eocene species. This name is also mentioned by 
Tjalsma & Lohmann (1983) as the end "result" of a Late Paiaeocene transition from 
G.danica. 

A.capitatus is also the preferred name used by van Morkhoven et ql. (1986). They regard 
the species as mainly a bathyal dweUer although ranging down to abyssal depths.. They also 
describe a species A.semicribratus (Beckmaim) which they regard as a dhect descendant of 
A.capitatus. It has fewer, more rapidly increasmg chambers and a less perforated wall. 
Forms transitional between the two exist in the early - Middle Eocene. 

RANGE: U.K. offshore: Early - Middle Eocene (King, 1989). Worldwide: Late 
Paiaeocene - earhest Ohgocene (van Morkhoven et al., 1986). 

OCCURRENCE IN TfflS WORK: 

OFFSHORE 
21/26-1 49/10-1 rare 49/24-3 
29/25-1 49/20-2 49/24-4 rare 
44/2-1 rare 49/24-2 49/25-2 rare 
ONSHORE 
Wormingford Mere Lundsgaards Cliflf 
Pegwell Bay Stevns Klint 
Reculver 
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Anomalinoides nobilis BROTZEN 
Recommended source for illustration: 
Murray eial (1989) pi. 10.3, figs 4-6 

1948 Anomalinoides nobilis BROTZEN p.89, pi. 19, fig.5 
1989 Anomalinoides nobilis Brotzen: MURRAY etal., p.512 pl.10.3, figs 4-6 

DIAGNOSIS: Test a very low trochospire, almost planispiral, partly involute, umbilicus 
shallow, 7-9 chambers in the final whorL, sutures slightly depressed to flush, well rounded 
periphery, aperture a low broad arch at the base of the final chamber. Wall smooth. 

REMARKS: A.acuta has more chambers and a subacute periphery. Other Anomalinoides 
species recorded in this study have a distinctly pevfoTHted v/aH. Melonis soldanii is smiilar 
but is completely plamspiral and wholly involute. 

RANGE: Late Paiaeocene - Early Eocene (Murray et al., 1989). 

OCCURRENCE I N TfflS WORK: 

OFFSHORE 
21/26-1 49/10-1 49/24-3 
29/25-1 49/20-2 49/24-4 
44/2-1 rare . 49/24-2 49/25-2 rare 
ONSHORE 
Wormingford Mere Lundsgaards Cliff 
PegwellBay rare Stevns Klint 
Reculver rare 

Genus Heterolepa Franzenau, 1884 
Heterolepa pegwellensis (HAYNES) 
Recommended source for illustration: 
Murray et al. (1989) pi. 10.7, figs 7-9 

1956 Hollandina pegwellensis HAYNES p.94, pi. 17, fig.5 
1989 Heterolepa pegwellensis (Haynes): MURRAY al., p.522, pi. 10.7, figs 7-9 

DIAGNOSIS: Test small, trochospkal, biconvex, periphery acute, "undulose" in side view, 
7-9 chambers in the final whorl, 2-3 whorls visible on spiral side, sutures strongly recurved 
on spiral side, radial and depressed on umbilical side. 
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R E M A R K S : The small size and acute periphery are typical as is the undulating periphery 
in side vievy. Murray et al. (1989) state that this species is probably tolerant of poorly 
aerated substrates. 

RANGE: Late Paiaeocene (Murray et al., 1989). 

OCCURRENCE IN THIS WORK: 

OFFSHORE 
21/26-1 49/10-1 49/24-3 
29/25-1 49/20-2 49/24-4 
44/2-1 49/24-2 49/25-2 
ONSHORE 
Wormingford Mere Lundsgaards Cliff 
PegweU Bay rare Stevns Klint 
Reculver rare 

Family GAVELINELLIDAE Hofker, 1956 
Genus Gyroidinoides Brotzen, 1942 

Gyroidinoides.angustiumbilicatus (TEN DAM) 
Recommended source for illustration: 

Murray et aL (1989) pi. 10.6, figs 16-18 

1983 Gyroidina angustiumbilicata Ten Dam: DOPPERT & NEELE p.60, plJCXm, fig.6 
1989 Gyroidinoides angustiumbilicatus (Ten Dam): MURRAY et aL p.520 pi. 10.6 

figs.16-18 

DIAGNOSIS: Test almost very unequally biconvex with the spiral side only shghtly 
convex or flat. Umbihcal side strongly convex to subcorneal, periphery subacute. Sphral side 
very evolute with 3-4 whorls visible. 8-11 chambers in the final whorl. Sutures radial on 
both sides, umbilicus narrow but deep. Aperture a low interiomargmal sht. 

R E M A R K S : The illustration of G.angustiumbilicatus hy Murray et aL (1989) does not 
appear to agree with their written description of this taxon. However, their description is 
close to Ten Dam's type species and the illustration of Doppert & Neele (1983) is also a 
good match. This species is characterised by its subconical test and radial sutures. 
Gyroidinoides octacamerata (Cushman & Hanna) is shnilar though is less conical and has 
recurved sutures on the spiral side. Gyroidinoides soldanii girardarux (Reuss) has a very 
highly convex spual side (see discussion under that species). 
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Murray et al. (1989) has recorded this species from the Solent Group of the Hampshire 
Basin and from the Reading Beds and London Clay of the London Basin but not from the 
Paris or Belgian Basins. Doppert & Neele (1983) have recorded it from the Paiaeocene -
Early Eocene of the Dutch onshore. 

Murray et al (1989) regard G.angustiumhilicatiis as a brackish to- normal marine shelf 
dweller that prefers muddy substrates. 

RANGE; Northwest Europe: Late Paiaeocene - Early Eocene (Murray et al, 1989 and 
Doppert: & Neele, 1983). 

OCCURRENCE IN THIS WORK; 

OFFSHORE 
21/26-1 49/10-1 49/24-3 
29/25-1 49/20-2 49/24-4 
44/2-1 49/24-2 49/25-2 rare 
ONSHORE 
Wormingford Mere Lundsgaards ClifT rare 
Pegwell Bay Stevns Klint 
Reculver 

Gyroidinoides danvillensis var. gyroidinoides (BANDY) 
Recommended source for iUustration: 

Murray etal (1989) pi. 10.6, figs 19-21 

1949 Valvulineria danvillensis var. gyroidinoides BANDY 
1989 Gyroidinoides danvillensis var. gyroidinoides (Bandy): MURRAY et al p.520 

pl.10.6 figs. 19-21 

DIAGNOSIS: Test biconvex^ almost subglobose, vwth umbUical side higher than spiral side 
and a weU rounded periphery. 8-9 chambers in the final whorl, umbihcus fairly narrow. 
Aperture is a low broad sUt at the base of a rather quadrate apertural face. 

REMARKS; G.danvillensis sensu stricto (Howe & WaUace) has fewer chambers (6) in 
the final whorl. G.danvillensis var. gyroidinoides has the least convex umbiUcal side of any 
of the Gyroidinoides spp. described herem. 
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Murray et al. (1989) regard this species as a normal marine, inner - middle shelf dweller 
which is probably tolerant of poorly aerated muddy bottoms. They record it from the 
Thanet Beds of the London Basin but not from the Hampshire, Paris or Belgian Basms. 

RANGE; U.K. onshore: Late Paiaeocene (Murray et al, 1989). 

OCCURRENCE IN THIS WORK; 

OFFSHORE 
21/26-1 49/10-1 49/24-3 
29/25-1 49/20-2 49/24-4 
44/2-1 49/24-2 49/25-2 rare 
ONSHORE 
Wormingford Mere Lundsgaards ClifT 
PegwellBay rare Stevns Klint 
Reculver rare 

Gyroidinoides nitidus (REUSS) 
Recommended source for iUustration: 

Hofker (1966) pi. 3, fig. 62 

1846 Rotalia nitida REUSS p.35, pl.8, fig.52 
1966 Gyroidinoides nitida (Reuss): HOFKER p.27, pl.3, fig. 62 
1980 Gyroidinoides nitida (Reuss): SWIECICKI p.318, pl.15, figs 11-13 

DIAGNOSIS: Test a very low trochosphe, sphal side almost flat, umbiUcal side distinctly 
convex with a distinct umbUicus. OveraU test shape very weU rounded. 6-7 chambers in the 
final whorl. Aperture a low interiomargmal sUt. 

REMARKS: A fahly common constituent of many Cretaceous chalk sections, though only 
recorded as conunon in some of the samples studied (i.e. 49/25-2). Somewhat unusuaUy 
not recorded from the Maastrichtian chaUcs in Denmark although this species is thought to 
be rarer m the later part of the Maastrichtian hi NW Europe (personal observation and also 
suggested by Swiecicki, 1980). 

RANGE: Turonian - Maastrichtian (Hofker, 1966) but only rare in the Late Maastrichtian 
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OCCURRENCE IN TTOS W O R K 

OFFSHORE 
21/26-1 49/10-1 49/24-3 
29/25-1 rare 49/20-2 49/24-4 
44/2-1 rare 49/24-2 49/25-2 common 
ONSHORE 
Wormingford Mere rare Lundsgaards Cliff 
PegweU Bay Stevns Klint 
Reculver 

Gyroidinoides octacamerata (CUSHMAN & HANNA) 
Recommended source for illustration: 
Murray etal. (1989) pi. 10.7, figs 1-3 

1927 Gyroidina soldanii d'Orbigny var. octocamerata CUSHMAN & HANNA 
1989 Gyroidinoides octocamerata (Cushman & Hanna): MURRAY et aL p.522 pi. 10.7 

figs.1-3 

DIAGNOSIS; Test a rounded planoconvex trochospire with a high convex umbilical side 
and a well rounded periphery. Sutures oblique on spiral side, radial on umbilical side. 
Umbilicus open, aperture a low slit at the base of an almost flat apertural face. 

R E M A R K S ; Murray et aL's (1989) description refers (presumably incorrectly) to "a high 
convex spiral side". This species in intermediate in the degree of umbilical side convexity 
between Gyroidinoides soldanii girardana (Reuss) (which is higher) and Gyroidinoides 
angustiitmbilicata (Ten Dam) (which is lower). It is also distmguishable as the only 
Gyroidinoides herein with recurved spual side sutures. 

Murray et aL (1989) records this species from the Barton & Bracklesham Groups of the 
Hampshke Basin, the Cuisian - Stampian of the Paris Basm and the Ypresian - Asschian of 
the Belgian Basin, but not recorded firom the London Basin. 

RANGE; Northwest Emope onshore: Middle - Late Eocene (Murray et aL, 1989). 
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OCCURRENCE IN TmS WORK; 

OFFSHORE 
21/26-1 49/10-1 49/24-3 
29/25-1 49/20-2 49/24-4 
44/2-1 49/24-2 49/25-2 
ONSHORE 
Wormingford Mere rare Lundsgaards Cliff 
Pegwell Bay Stevns Klint 
Reculver 

Gyroidinoides soldanii girardana (REUSS) 
Recommended source for illustration: 

King (1989) pl.9.7, figs 15-16 

1851 Rotalina girardana REUSS p.73 pl.5 fig.34 
1975 Gyroidinoides subangulata (Plummer): BERGGREN & AUBERT p. 148 pl.m 

fig.2 
m 1976 Gyroidinoides subangulata (Plummer): AUBERT & BERGGREN p.429, pl.8 fig.6 
1983 Gyroidinoides girardanus (Reuss): TJALSMA & LOHMANN p. 14 not illustrated 
1983 Gyroidina girardana (Reuss): DOPPERT & NEELE pl.IV fig.2 
1989 Gyroidinoides soldanii girardana (Reuss): KING p.478 pl.9.7 figs. 15-16 

DIAGNOSIS; Test plano-convex with umbihcal side involute, very convex and conical. 
Spual side evolute and flattened with a depressed sphal suture. 8-10 broad chambers in the 
final whorl. Sutures radial on both sides, umbihcus narrow but deep. Aperture a relatively 
short, low sht at the base of a flat apertural face. 

R E M A R K S : The highly conical and planoconvex test distinguishes this species. 
Gyroidinoides cf. quadrata (Cushman & Church) has a similar overaU shape but with fewer 
chambers. Gyroidinoides octocamerata (Cushman & Hanna) is also shnUar but 
distmguishable by the recurved sutures on the sphal side and being somewhat less conical 
on the umbihcal side. 

Many different species of Gyroidinoides are noted in the appropriate hterature: Berggren & 
Aubert (1975) describe one taxon, Gyroidinoides subangulata (Plummer), which is simUar 
to G.angustiumbilicata only appears to have an even more convex umbiUcal side. They 
state that this species is a common "Midway" form and "...is one of the most vwdely 
recorded species in Paiaeocene assemblages of the world". However, theh iUustration 
(particularly Pl.ni fig.2) is a fahly close morphological match compared with 

271 

http://pl.IV




Gyroidinoides soldanii girardana (Reuss) of King (1989) and Gyroidina girardaha 
(Reuss) of Doppert & Neele (1983). However, a subsequent illustration of G.siibangtdata 
by the same authors from the Palaedcene of Tunisia (Aubert & Berggren, 1976) is 
noticeably less conical on the umbihcal side. This latter iUustration appears to have more in 
common with Gyroidinoides octocamerata (Gushman & Hanna). 

Both Kiiig (1989) and Doppert & Neele (1983) only record G.soldanii girardana from the 
Ohgo-Miocene of northwest Europe (bfishore U.K. and Dutch onshore), although Tjalsma 
& Lohmann (1983) record it from the Paiaeocene of the North Atlantic. It is not recorded 
from the U.K. onshore Palaeogene succession by Murray et al. (1989). 

Tjalsma & Lohmann (1983) describe 5 species: G.aequilateralis, G.girardanus, 
G.globosus, G.cfquadratus and Gyroidinoides sp. from the Paiaeocene of the Atlantic 
Ocean although Ulustrate only three of them. G.girardanus is not iUustrated but these 
authors record it as rare to frequent in the Atlantic Paiaeocene. 

The taxonomy herein foUows King (1989) who mcludes this taxon as a subspecies of 
G.soldanii. Other subspecies include G.s.soldanii itself (which has a more convex spiral 
side) and G.s.mamillata (Andreae) - an OUgocene form with a high conical sphral side). 
Intermediate forms between these three types have been recorded. 

RANGE; Worldvwde: Paiaeocene - earUest Miocene (see above), U.K. offshore: so far 
only recorded from the Early OUgocene - earUest Miocene (BCmg, 1989). 

OCCURRENCE IN THIS WORK; 

OFFSHORE 
21/26-1 49/10-1 rare 49/24-3 rare 
29/25-1 rare 49/20-2 49/24-4 rare 
44/2-1 49/24-2 rare 49/25-2 rare 
ONSHORE 
Wormingford Mere Lundsgaards Cliff 
Pegwell Bay Stevns Klint 
Reculver 

Genus Stensioeina Brotzen, 1936 
Stensioeina pommerana BROTZEN 
Reconmiended source for iUustration: 
Hart et al. (1989) pi. 7.24, figs 10-12 
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1936 Stensioeimpommeram BROTZEN 
1989 Stensioeimpommerana Brotzen: HART et al pl.7.24, figs 10-12 

DIAGNOSIS: Test fi-ee, distinctly planoconvex, umbilical side involute and strongly 
domed. OutUne cucular, periphery acute. UmbiUcal region is covered by a large, hregular 
chamber flap. The dorsal side sutures are highly elevated, resulting hi a distmct irregular 
reticulate network on the spiral side. Aperture a low interiomargmal arch bordered by a 
thick Up. 

REMARKS: An easUy distinguished species which can be common in Maastrichtian strata 
of the North Sea region. 

RANGE: Campanian - Maastrichtian (Hart et al, 1989) though generally rarer below the 
Maastrichtian in ofifshore sections. 

OCCURRENCE IN THIS WORK: 

OFFSHORE 
21/26-1 49/10-1 49/24-3 
29/25-1 49/20-2 49/24-4 
44/2-1 49/24-2 49/25-2 
ONSHORE 
Wonningford Mere rare Lundsgaards QifT 
Pegwell Bay Stevns Klint rare 
Reculver 

Genus Angulogavelinella Hoflcer, 1957 
Angulogavelinella bettenstaedti HOFKER 

Recommended source for Ulustration: 
-Kmg etal (1989) pi. 8.2, figs 7-8 

1957 Angulogavelinella bettenstaedti TiOEKER 
1989 Angulogavelinella bettenstaedti Hoflcer: KING et al p.412, pi. 8.2, figs 7-8 

DIAGNOSIS: Test fi-ee, unequaUy biconvex with the spiral side more convex than 
umbihcal side. Periphery acute and keeled. 8-10 chambers in the final whorl with raised and 
distinctly recurved sutures. 

REMARKS: The recurved sutures are distmctive. 
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RANGE: Late Campanian - Early Maastrichtian (King et al., 1989). 

OCCURRENCE IN TmS WORK: 

OFFSHORE 
21/26-1 49/10-1 49/24-3 
29/25-1 49/20-2 ? 49/24-4 
44/2-1 49/24-2 49/25-2 
ONSHORE 
Wormingford Mere Lundsgaards ClifT 
Pegwell Bay Stevns Klint 
Reculver 

Genus Gave//«e//a Brotzen, 1942 
Gavelinella baltica BROTZEN 

Recommended source for illustration: 
Hart etal. (1989) pi. 7.10, figs 3-5 

1942 Gavelinella baltica BROTZEN 
1989 Gavelinella baltica Brotzen: HART et aL p.334, pl.7:10. figs 3-5 

DIAGNOSIS: Test fi^ee, a low biconvex trochospire with flattened sides and a rounded 
periphery. 8-12 slightly inflated chambers in the final whorl, increasing slowly m size except 
the last 3 or 4 which increase more rapidly. Sutures distinct and depressed. Aperture a low 
interiomarginal slit. 

REMARKS: The sole occurrence of this species in the samples studied (Wormingford 
Mere borehole) is almost certainly due to re-working. 

RANGE: Latest Albian - Late Cenomanian (Hart etaL, 1989). 

OCCURRENCE IN THIS WORK: 

OFFSHORE 
21/26-1 49/10-1 49/24-3 
29/25-1 49/20-2 49/24-4 
44/2-1 49/24-2 49/25-2 
ONSHORE 
Wormingford Mere ? Lundsgaards Cliff 
.Pegwell Bay Stevns Klint 
Reculver 
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Gavelinella beccariiformis (WHITE) 
Recommended source for illustration: 

King (1989) pl.9.8, figs 18.19 

1928 Rotalia beccariiformis WHITE p.287 pl.39 figs.2a-c 
1944 Rotalia parvula Ten Dam: TEN D A M p. 121, pl.4 fig. 1 
1945 Pseudovalvulineria vombensis Brotzen: BROTZEN p.50 pi. 1 figs 12-13 
1946 Anomalina beccariiformis (White): CUSHMAN & RENZ p.48 pl.8 figs.21-22 
1962 Gavelinella beccariiformis (White): von HILLEBRANDT p. 101 pl.8 figs.2a-c 
1976 Gavelinella beccariiformis (White): AUBERT & BERGGREN p.433 pll 11 fig.4 
1983 Gavelinella beccariiformis (White): KING p.33 pl.5 figs. 13-15 
1983 Gavelinella beccariiformis (White): TJALSMA & LOHMANN p. 12 pl.6 figs. 1-3 
1986 Stensioeina beccariiformis (White): van MORKHOVEN et al. p.346 pis 113 A-D 
1989 Stensioeina beccariiformis (White): KING p.482 pl.9.8 figs. 18-19 

DIAGNOSIS; Test unequally biconvex and involute. A low trochospue with the spiral side 
slightly convex to flat and a more convex, though stih somewhat flattened, umbihcal side. 
Sutures on the umbilical side are hmbate, raised and extend towards the periphery. They 
divide mto hxegular raised ridges around the umbihcus. Aperture a small low arch at the 
base of the apertural face, near the umbilical area. Wall coarsely perforate. 

R E M A R K S ; The umbihcal suture system is a distinctive feature of this species. 

The generic position of G.beccariiformis has been the subject of much discussion (see van 
Morkhoven et al, 1986 who includes it within Stensioeina). FoUowing the classification of 
LoebUch & Tappan (1988), the species herem is retamed within Gavelinella rather than 
Stensioeina due to the absence m G.beccariiformis of characteristic irregularly raised spkal 
side sutures which result hi a reticulose pattern in the latter genus. Also accordmg to 
LoebUch & Tappan (1988), Stensioeina, unlike Gavelinella, does not range above the 
Maastrichtian. 

Aubert & Berggren (1976) have recorded this species in the Paiaeocene of Tunisia, where 
they report that it is commonly found in sedhnents deposited under deeper water 
palaeoenvironments and absent in those deposited under shaUower conditions. 

Tjalsma & Lohman (1983) have recorded it fi-om the Paiaeocene of the Aflantic Ocean 
where it has a wide bathymetric distribution (800m-4000m). 

King et aL (1989) records this species fi-om Late Cretaceous of the U:K. Northem North 
Sea offshore sector (the Shetland Group) although not firom the equivalent Central and 
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Southem North Sea lithofacies, the Chalk Group. King (1989) also records 
G.beccariiformis from the Late Paiaeocene of the North Sea. 

Ten Dam (1944) recorded Rparvula from the Late Paiaeocene of Holland. This species is 
listed as synonymous with G.beccariiformis by van Morkhoven et al. (1986) who regard it 
as a shallow-water ecophenotype of theh taxon. They have observed G.beccariiformis 
"proper" only from oceanic / deep-water sections and G. "parviila" only from the Boreal 
province (e.g. Denmark, Belgium & Holland) of northwestem Europe. There, G.parvula is 
recorded as being "a smaU, densely and finely perforate form with a flat or slightly concave 
sphal side, a shghtly open umbilicus, distmct mtra-umbihcal flaps extendmg from the 
chamber margins and thick umbihcal sutures." 

RANGE; Worldvwde: Late Cretaceous - Late Paiaeocene (Aubert & Berggren, 1976; 
Tjalsma & Lohmann, 1983). U.K. offshore: Early - intra-Late Paiaeocene. This species is a 
usefiil guide fossil for the penetration of Subzone NSBlc (mtra-Late Paiaeocene) m the 
(Central and Southem) North Sea and it seldom ranges below the early Late Paiaeocene, 
Subzone NSBlb (Kmg, 1989). In the Northem North Sea, h is a characteristic component 
of Late Maastrichtian - Paiaeocene microfaunas from the Shetland Group (King et al., 
1989). 

OCCURRENCE IN THIS WORK; 

OFFSHORE 
21/26-1 rare 49/10-1 49/24-3 
29/25-1 49/20-2 49/24-4 
44/2-1 mod. comm. 49/24-2 49/25-2 
ONSHORE 
Wormingford Mere rare Lundsgaards Cliff common 
Pegwell Bay Stevns Klint 
Reculver 

Gavelinella bembix (MARSSON) 
Recommended source for iUustration: 

Hoflcer (1966) pi. 23, fig. 114 

1878 Discorbis bembixMAKSSONp.l67, pl.5, fig.114 
1966 Gavelinopsis bembix (Marsson): HOFKER p. 148, pl.23, fig. 114 
1980 Gavelinella bembix (Marsson): SWIECICKI p.344, pi. 18, figs 10-12 
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DIAGNOSIS: Test fairly small and planoconvex, a low trochospire with flattened spiral 
side with a distinct central knob. Umbilical side highly convex with a distinct umbilical plug. 
About 10-12 chambers in the final whorl with recurved, though somewhat indistinct 
sutures. 

REMARKS: The two central knobs are distmctive as is the planoconvex test shape. It is 
differentiated fi-om G. voltzicma by its smaUer size. 

Swiecicki (1980) discusses this species (and others) as members of a plexus pf gavelineUids 
termed the "voltziana plexus". Two species of that plexus are recognised here - G.bembix' 
and G.voltziana The two are morphologicaUy simUar though distmguishable by size 
although juveniles of G.voltziana can be very shnUar to G.bembix (Swiecicki, 1980). 

This plexus can be commonly recorded in upper levels withm the ChaUc Group m offshore 
sections, where they form common constituents m Ekofisk, Tor and upper Hod 
Formations. 

RANGE: Late Cretaceous (Maastrichtian - Swiecicki, 1980) - ?Early Danian (Hoflcer, 
1966). 

OCCURRENCE IN THIS WORK: 

OFFSHORE 
21/26-1 49/10-1 49/24-3 
29/25-1 49/20-2 rare 49/24-4 
44/2-1 49/24-2 49/25-2 
ONSHORE 
Wormingford Mere Lundsgaards Cliff 
PegweU Bay Stevns Klint 
Reculver 

Gavelinella danica (BROTZEN) 
Recommended source for Ulustration: 

Kmg (1989) pl.9.4, figs 19-20 

1926 Anomalina rubiginosa CUSHMAN p.607 pl.21 figs.6a-c 
1932 Anomalina rubiginosa Cushman: CUSHMAN & JARVIS p.52 pi. 16 figs.3-5 
1940 Cibicides danica BROTZEN p.31 fig7.2a-c 
1948 Anomalinoides danica (Brotzen): BROTZEN p.87 pi. 14 figs, la-c text fig.22 
1955 Gavelinella danica (Brotzen): HOFKER p. 11 pi. 11 fig. 1 
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1966 Gavelimlla ifowca (Brotzen): HOFKER p. 10 pl.84 fis.218,220-222 
1970 Gavelinella danica (Brotzen): HANSEN p: 108 pl.28 j5gs.2-4 
1974 Gavelinella dJarw/ca (Brotzen): BERGGREN pl'.6 figs. 1-6 
1975 Gavelinella danica (Brotzen):BERGGREN & AUBERT p. 155 pi.VI fig.3 pl.XI 

fig. 1 plXm fig. 1 pl.XIV fig.4 pLXVn fig.7 plXIX fig.4 
1976 Gavelinella danica (Brotzen):AUBERT & BERGGREN p.433 p l . l l fig.5 pl.l2 

fig.l 
1976 Gavelinella rubiginosa (Cushman): AUBERT & BERGGREN p.433 pi. 12 fig.3 
1983 Gave//we//a£fow/ca(Brotzen):KINGp:35pl.5figs.l6-17 
1983 Gavelinella danica (Brotzen): TJALSMA & LOHMANN p. 13 pl.5 figs.7a-c 
1983 Gavelinella danica (Brotzen): DOPPERT & NEELE pl.XXVII fig.3 
1986 Anomalinoides rubiginosus (Cushman): van MORKHOVEN et al p.366,pl. 119 
1989 Anomalinoides ntbiginosus (Cushman): KING p.467 pl.9.4 figs.19-20 

DIAGNOSIS; Test a very low trochospire, almost planispual with a partly evolute spual 
side and involute umbilical side. Umbilical side somewhat more convex though both sides 
flattened with a well rounded periphery. 7-8 chambers m the final whorl, the last 2-3 
becoming inflated. Sutures radial and depressed. Aperture a low arch at the base of the 
apertural face, generaUy nearer the periphery than the umbiUcus. WaU is coarsely perforate 
(on both sides) formmg irregular raised ridges. 

R E M A R K S ; G.danica is a very distinctive Paiaeocene species although there is a closely 
related and similar species in the Early - Middle Eocene referred by some authors (e.g. 
Franke, 1927) as Anomalina grosserugosa (Guembel). A.grosserugosa tends to develop 
thickened sutural ribs. Berggren & Aubert (1975) include this species withm the synonomy 
of Gdanica, citmg the work of Hagn & Ohmart (1972) who state that Guembel's type 
specimen {Truncatidina grosserugosa) belongs to a different famUy. However, a discussion 
on the taxonomy ofA.grosserugosa is given earUer in this study. 

The form Anomalinoides rubiginosus (Cushman), with a smaUer, more robust test and 
shghtly larger pores, has been recorded fi-om deep water (contmental slope and abyssal 
plain) sedhnents (Cushman, 1926; Cushman & Jarvis, 1932) of the "Velasco" type. 
Berggren & Aubert (1975) in theh- study of shaUower water "Midway" type facies, were 
not able to separate the two forms and suggest the shghtly different morphologies to be 
depth related. Although in a shghtly later pubhcation on Tunisian material (Aubert & 
Berggren, 1976) they differentiated the two taxa noting that A.rubiginosa only occurred in 
the deeper deposhs. Tjdsma & Lohmann (1983) agree with this hypothesis and regard 
A.rubiginosus as a phenotypic variant in which secondary calcite deposition accoimts both 
for the larger pores and the sutural ridges. 
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King (1989) follows van Morkhoven et al. (1986) and includes G.danica within 
Anomalinoides nibiginosus which is the older named species (Cushman, 1926). 

G.danica has a worldwide distribution (see Berggren & Aubert, 1975) and appears to 
prefer conthiental shelf rather than slope or abyssal plain habitats (where it is commonly 
recorded as the depth-related ecophenotype A.rubiginosus (Cushman) (see Tjalsma & 
Lohmann, 1983 and van Morkhoven et al., 1986)) although it can be found in both. It is a 
frequent constituent of northwest European Paiaeocene benthonic assemblages, both on 
and offshore (e.g. Brotzen, Hofker, Hansen, Doppeit & Neele, Kmg op. cit.). However, it 
has not been recorded from U.K. onshore Paiaeocene locahties (Murray et al., 1989). 

RANGE; U.K. offshore: Late Cretaceous (Campanian) - mtra-Late Paiaeocene (King, 
1989). G.danica is often recovered in association with G.beccariiformis and appears to be 
a good guide fossil for the penetration of Subzone NSBlc (King, 1989). Worldwide: Late 
Cretaceous - Paiaeocene (various authors above). 

OCCURRENCE IN THIS WORK; 

OFFSHORE 
21/26-1 49/10-1 49/24-3 
29/25-1 49/20-2 49/24-4 rare 
44/2-1 49/24-2 49/25-2 rare 
ONSHORE 
Wormingford Mere Lundsgaards Cliff 
Pegwell Bay Stevns Klint 
Reculver . 

Gavelinella lorneiana (D'ORBIGNY) 
Recommended source for illustration: 
Hart etal. (1989) pi. 7.11, figs 10-12 

1840 Rosalina lomeiana D'ORBIGNY 
1980 Gavelinella lomeiana (d'Orbigny): SWIECICKI p.325, pi. 16, figs 7-9 
1989 Gavelinella lomeiana d'Orbigny: HART et al p.336, pl.7.11, figs 10-12 

DIAGNOSIS: Test free, a very low trochospiral coil of 2V4-3 whorls with a rounded to 
subacute periphery m the early part, though becommg more weU roimded later. The 
occasional development of an hnperforate peripheral band has been noted. 8-10 chambers 
in the final whorl with depressed sutures. Aperture a low interiomarginal sht, bordered by 
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an indistinct lip, expanding into the umbilicus where it is covered by a subtriangular 
imperforate flap. 

R E M A R K S : The single occurrence of this taxon in the Wonnmgford Mere samples is 
almost certainly due to reworking. 

RANGE: Turonian - early Late Campanian (Hart et al, 1989). 

OCCURRENCE IN THIS WORK: 

OFFSHORE 
21/26-1 49/10-1 49/24-3 
29/25-1 49/20-2 49/24-4 
44/2-1 49/24-2 49/25-2 
ONSHORE 
Wormin^ord Mere rare Lundsgaards Cliff 
Pegwell Bay Stevns Klint 
Reculver 

Gavelinella pertusa (MARSSON) 
Recommended source for illustration: 

Hart etal. (1989) pl.7.12, figs 4-6 

1878 Discorbina pertusa MARS SON 
1980 Gavelinella pertusa (Marsson): SWIECICKI pp.322-323, pi. 16, figs 4-6 
1989 Gavelinella pertusa (Mafsson): HART et al p.338 pl.7.12 figs.4-6 

DIAGNOSIS; Test a very low trochosphe, partly evolute especially on the spiral side. 
Umbilical side involute with a wide, open and deep umbilicus. Periphery rounded. 8-9 
chambers in the final whorl increasing slowly in size. Sutures indistinct, radial, flush to 
slightly depressed. Aperture a low interiomarginal sht. WaU coarsely perforate. 

R E M A R K S ; This is a distmctive species (characterised by the open and deep umbUicus) 
recorded throughout most of the Chalk Group in northwest Europe both on and offshore 
(see Swiecicki, 1980; Hart et al, 1989 and Kmg et al, 1989). It is regarded as a reUable 
guide m the differentiation between the Late Cretaceous and Early Paiaeocene (Danian) 
parts of the Chalk Group (Hod-Tor Formations and Ekofisk Formation respectively) in the 
North Sea Basin. However, unpubUshed research suggests that G.pertusa may range mto 
the Early Paiaeocene (Danian) of the Dutch offshore. 
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RANGE; U.K. on and offshore: Late Cretaceous (Coniacian) 
above) - ?Early Paiaeocene (Danian) in some offshore areas. 

- Maastrichtian (see authors 

OCCURRENCE IN THIS WORK; 

OFFSHORE 
21/26-1 49/10-1 49/24-3 ? 
29/25-1 49/20-2 rare 49/24-4 
44/2-1 rare 49/24-2 49/25-2 rare 
ONSHORE 
Womiingford Mere Lundsgaards CUff 
Pegweil Bay Stevns Klint 
Reculver 

Gavelinella voltziana (D'ORBIGNY) 
Recommended source for illustration: 

Hofker (1966) 

1840 Rotalina voltziana D'ORBIGNY p.31, pl.2, figs 32-34 
1966 Gavelinopsis voltziana (d'Orbigny): HOFKER pp.29, 42, pi. 3, fig.63, pl.6, fig.56, 

pl.7, fig. 124 
1980 Gavelinella vo//z7awa (d'Orbigny): SWIECICKI p.351, pl.l9, figs 10-12 

DIAGNOSIS: Test firee, large, a low planoconvex trochospire with a strongly convex 
umbilical side with a moderate to large boss. About 9-11 chambers in the final whorl 
increasing gradually in size. Outline circular to weakly lobate. Sutures flush though disthict 
and radial to shghtly curved on the umbihcal side, curved on the spiral side. Surface 
smooth. Aperture a broad low arch, extending along the depressed spual suture and 
bordered by a thick hp. 

R E M A R K S : G.voltziana is shnilar to G.bembix but is generally much larger. See also 
"Remarks" for G.bembix. 

RANGE: Late Campanian - Maastrichtian (Swiecicki, 1980) - ?Danian. 
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OCCURRENCE JN THIS WORK: 

OFFSHORE 
21/26-1 49/10-1 49/24-3 rare 
29/25-1 49/20-2 rare 49/24-4 rare 
44/2-1 conmion 49/24-2 49/25-2 common 
ONSHORE 
Woriningford Mere Lundsgaards Cliff 
PegwellBay Stevns Klint common 
Reculver 

Lingulogavelinella aff. L.gyroidinaeformis {sensu MOULLADE) 
Recommended source for illustration: 

King etal (1989) pi. 8.2, figs 5-6 

1966 "Globigerinelloides " gyroidinaeformis MOULLADE 
1981 "Globigerinelloides"gyroidinaeformis MouUade: BURNHILL & RAMSAY 

fig.4(5) 
1989 "Globigerinelloides " gyroidinaeformis Moullade: KING et al p.412, pl.8.2, 

figs 5-6 

DIAGNOSIS: Test almost planispiral (i.e. slightly trochospiral), about 5 globular chambers 
mcreasmg fairly rapidly in size resulting hi a lobate periphery. Wall smooth, calcareous and 
finely perforate. Aperture a low arch. 

REMARKS: This species has attracted a good deal of controversy over it's taxonomic 
status in recent years. Origmally described by MouUade (1966) fi-om the Albian of France, 
it was found to be an extremely usefiil guide fossil for the Early - M5d Albian of offshore 
North Sea weU sections by BumhiU & Ramsay (1981). They reported h as occuning hi 
abundance along with abundant other planktonic taxa {Hedbergella spp.) and rare 
benthonic species. They concluded, therefore, that it was a planktonic foraminiferan but 
retained the Globigerinelloides generic assignment, even though the trochosphal mode of 
coiUng should preclude this. 

Other authors (e.g. King et al, 1989) have shice cast doubt on its status as a planktonic 
organism. King et al states that it occurs abundantly but unaccompanied (present author's 
emphasis) by any other planktonic species. 

Unpubhshed commercial research has suggested tha:t this taxon is a benthonic organism and 
should be mcluded within the genus Lingulogavelinella. 
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The specimens recorded from Lundsgaards Cliff in Demnark match well the illustrations of 
Burnhill & Ramsay (1981) and Kmg et al. (1989). They are designated here as having 
"affinity" with Lgyroidinaeformis but are obviously not the same species in view of the 
significant stratigraphic difference. They are fahly well preserved and h is thought unlikely 
that they have been reworked. 

They are similar in gross morphology to a form designated by Hoflker (1966) as 
Trochammina inflata and described from Late Paiaeocene clays and greensands of 
Denmark (herein synonymised "possibly with Trochammina volupta). However, SEM 
photos of the spechnens recorded from this study show that they are definitely calcareous 
rather than agglutinated. 

RANGE: Late Paiaeocene (this study). 

OCCURRENCE IN THIS WORK: 

OFFSHORE 
21/26-1 49/10-1 49/24-3 
29/25-1 49/20-2 49/24-4 
44/2-1 49/24-2 49/25-2 
ONSHORE 
Wormuigford Mere Lundsgaards Cliff rare 
PegweU Bay Stevns Klint 
Reculver 

Other taxa were recorded in the material examined, specifically where the sample analysed 
was comprised of ditch-cuttmgs, are interpreted as caved if the lower Ihnit of theh range 
lies in strata younger than the Late Eocene (see Chapter 4 for a description of the process 
of "caving"). These taxa are not described m this section although are included below m the 
distribution charts together with the locations at which they were recorded. 
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8.3.The Diatomacea 

Some of the taxa recorded in this section have not been given formal names. Rather they 
have been assigned code" numbers sensu unpublished research documents written by 
Grampian Stratigraphic Services. Diagnoses and illustrations of these taxa are, however, 
provided. 

Genus Coscinodiscus 
Coscinodiscus sp.l sensu BETTENSTAEDT et al. 

Recommended source for ihustration: 
King (1983) pi. 1, figs 1-2 

1940 '>Coscinodiscus: STAESCHE & HILTERMANN, p. 14, pl.6 
1943 Coscinodiscus sp. (bikonvex): WICK, pi. 1, figs.47-66 
1962 Coscinodiscus sp. 1: BETTENSTAEDT et al. p.357, pl.52, figs 18-19 
1975 Coscinodiscus sp.l: JACQUE & THOUVENIN, p.462, pl.2, figs.A-E 
1983 Coscinodiscus sp.3: THOMAS & GRADSTEIN, p. 19, pl.3.1, figs 7-12 
1983 Coscinodiscus sp.l: KING, p.20, pi. 1, figs. 1-2 

DIAGNOSIS; Test rather large, biconvex with a broad flat central "belt" or "gkdle" 
which, m some specimens, exceeds the length of the circular diameter. 

R E M A R K S ; All specimens of this species recorded m this study are of pyritised mtemal 
moulds. 

This taxon is weU known from the Northwest European area in both on- and offshore 
locahties. It was first described by Staesche (1938) from Eozon 1 (Early Eocene) m NW 
Germany. Shice then it has been recorded fi-om the lower part of the London Clay (Early 
Eocene) at Harwich, Bawdesy, Heme Bay and Southend (David & Elhot, 1958); the 
Thanet Beds (Late Paiaeocene) of E.Kent (Haynes in a pers. comm. to Crittenden, 1979); 
the "Mo" Clay (Early Eocene) of Denmark (Bender, 1972 and Bonde, 1974); a "Mo" Clay 
(Early Eocene) equivalent section firom the Netherlands (Berggren, 1960); and agam firom 
the Early Eocene of northem Germany (Bettenstaedt et al., 1962; Bender, 1972). 

Coscinodiscus sp.l was also recorded firom offshore Em-opean Palaeogene sedhnents by 
Knox, Morton & Harland (1981). Thomas & Gradstem (1981) also recognised it (as 
"species 3") m offshore Eastem Canada (Labrador Shelf and Grand Banks). Later, Kmg 
(1983) recognised the stratigraphic utihty of this species and used it to define Zone NSP4 
which ranged fi-om the latest Paiaeocene to earhest Eocene. 
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Jacque & Thouvenin (1975) linked the abundance of Coscinodisciis sp.l to the tufFaceous 
horizons m the North Sea Tertiary Basin. They suggest that contemporaneous volcanic 
activity in the area (see Chapter 2.3) may have led to sihca enrichment of sea waters which 
in turn, encouraged diatom blooming. However, Lizitshi (1971) hidicated that sihca 
enrichment for the marine envhomnent can be adequately provided by normal 
sedimentation from the erosion of sihca sources onshore, rather than bemg directly 
introduced by volcanic activity itself in the form of tuflfaceous deposition. 

Certainly, many different species of pyritised diatom (includmg many taxa attributable to 
Coscinodiscus) have been recorded from throughout the Cenozoic hi the offshore North 
Sea area not associated with tuff deposition. The occurrence of this genus, almost to the 
exclusion of any other microfaunal taxa m Paiaeocene - Eocene tuflfaceous sediments of the 
Balder Formation (and hs equivalents offshore) may have been enhanced by other factors 
(see Chapter 9.1). 

RANGE: Early Eocene - Late Paiaeocene (see references above). The stratigraphic top of 
this species is used to define Bioevent M7 of Mudge & Copestake (1992). This event 
occurs at or near the top of the Moray Group, Balder Formation and is especially usefiil m 
distmguishing this Formation, especially in sand-rich sequences. The stratigraphic base of 
this species occurs near the base of the Sele Formation. 

OCCURRENCE IN THIS WORK: 

OFFSHORE 
21/26-1 ? 49/10-1 mod. comm. 49/24-3 
29/25-1 common 49/20-2 49/24-4 
44/2-1 rare 49/24-2 49/25-2 rare 
ONSHORE 
Wonningford Mere Lundsgaards Cliflf 
Pegwell Bay Stevns Klint 
Reculver 

Coscinodiscus sp.2 sensu BETTENSTAEDT et al 
Recommended source for iUustration: 

Kmg (1983) pi. l,fig.3 

1943 Coscinodiscus sp. (bikonkav) WICK pi. 1 figs 67-89 
1962 Coscinodiscus sp.2 BETTENSTAEDT et al 
1975 Coscinodiscus sp.2 JACQUE & THOUVENIN p.462, pl.2, fig.F 
1981 Coscinodiscus sp.4 THOMAS & GRADSTEEST, p. 19, pl.3,1, figs 13-16 
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1983 Coscinodiscussp.2: KINGp.20, pi. 1, fig;3 

DIAGNOSIS. Test rather large, circular and biconcave" with the thickness about of the 
diameter. 

R E M A R K S : AU specimens of this species recorded in this study are of pyritised mtemal 
moulds. SimUar, though smaUer biconcave Coscinodiscus spp. occur throughout the 
Cenozoic of the North Sea area, 

RANGE: Latest Paiaeocene - Earhest Paiaeocene (King, 1983). King records it as bemg 
characteristic of his NSP4 zone. The stratigraphic top of this species is used to help define 
Bioevent M7 of Mudge & Copestake (1992). This event occurs at or near the top of the 
Moray Group, Balder Formation and is especiaUy usefiil in distinguishing this Formation, 
especiaUy in sand-rich sequences. The stratigraphic base of this short-ranging species 
occurs near the base of this Fonnation. 

OCCURRENCE IN TmSWORK: 

OFFSHORE 
21/26-1 ? 49/10-1 rare 49/24-3 rare 
29/25-1 49/20-2 49/24-4 
44/2-1 mod. comm. 49/24-2. rare 49/25-2 
ONSHORE 
Wormingford Mere Lundsgaardis CUfT 
PegweU Bay Stevns Klint 
Reculver 

Coscinodiscus sp.8 sensu G.S.S. 
Pl.1 Fig.E 

DIAGNOSIS: A small, discoidal test divided mto three subroimded triangular sections 
giving ah overaU undulating appearance. The tripartite development is offset 120 degrees 
on the opposing sides of the test. 

REMARKS: This species may be shnUar to Actinoptychus as figured by Brasier, 1980 
(p.43 fig.7.4) and has been given the designation A.senarius by the Danish Geological 
Survey (Jutson, pers. comm.) 

RANGE: Late Paiaeocene (this study). Total range unknown. 

286 





OCCURRENCE IN THIS WORK: 

OFFSHORE 
21/26-1 49/10-1 49/24-3 
29/25-1 49/20-2 49/24-4 
44/2-1 49/24-2 49/25-2 
ONSHORE 
Wonningford Mere Lundsgaards ClifT 
Pegwell Bay rare St evns Klint 
Reculver 

Coscinodiscus sp.l6 sensu G.S.S. 
Pl.1 Fig.F 

DIAGNOSIS: Test small, discoidal with 5 pear-shaped, thick, radial "ribs" with "apexes" 
pointing in towards the cemre. 

REMARKS: This species has also been recorded m the Danish offshore (Jutson, pers. 
comm.). 

RANGE: Late Paiaeocene (this study) though also recorded from the Early - JVfiddle 
Eocene m the North Sea (unpubhshed G.S.S. in-house research document). 

OCCURRENCE IN THIS WORK: 

OFFSHORE 
21/26-1 49/10-1 49/24-3 
29/25-1 49/20-2 49/24-4 
44/2-1 49/24-2 49/25-2, 
ONSHORE 
Wonningford Mere Lundsgaards Oiff 
PegwellBay rare Stevns Klint 
Reculver 

Coscinodiscus sp.20/26 sensu G.S.S. 
Pl.lFig.G 

DIAGNOSIS: Test discoidal, essentially biconcave or vwth a wide excavated central 
portion, occasionally with a rounded and raised central area. 
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R E M A R K S : This species resembles Coscinodiscus sp.2 sensu Thomas & Gradstein, 1981 
(p. 19, pl.3.1, figs 5-6y. It is possibly referable to Coscinodiscus morsianus moelleri 
(Jutson, pers. comm.). 

This species is normally a reliable and consistent marker whose highest occurrence ofl:en 
falls around 30-40 feet below that of Coscinodiscus sp.l and thus provides a usefixl guide 
fossil for the lower part of the Balder Formation. 

The author has observed this event in many wells driUed m the Danish offshore area and it 
occurs hi the 29/25-1 well herehi. It's apparent absence m the majority of the weUs studied 
here may be due to the relatively high sampUng hiterval employed (30-60 feet cf 5-30 feet 
in 29/25-1) or that it's southernmost distribution Ihnit may have been to the north of 
Quadrants 44 and 49. 

RANGE: Late Paiaeocene (this study). A usefiil marker species which occurs withm zone 
NSP4. 

OCCURRENCE IN THISWORK: 

OFFSHORE 
21/26-1 49/10-1 49/24-3 
29/25-1 mod. comm. 49/20-2 mod.comm. 49/24-4 
44/2-1 49/24-2 49/25-2 
ONSHORE 
Wormingford Mere Lundsgaards Cliff 
Pegwell Bay StevnsKlint 
Reculver 

Genus Triceratium 
Triceratium cf. ?abyssorum GRUNOW 

Pl.1 Fig.H 

1883 Triceratium abyssorum GRUNOW, hi van Heurck pi. 113 figs 1-2 
1985 Triceratium abyssorum Grunow: FENNER m BoUi & Saunders, p.739, fig.8.31 

DIAGNOSIS; Test a very smaU equUateral triangle with rounded apexes. The central area 
is sUghtly mflated. 

' Not to be confused with Coscinodiscus sp.2 sensu Bettenstaedt et al. 1962 herem. 
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R E M A R K S : All specimens of this taxon recorded in this study are pyritised intemal 
nioulds hence the "cf" designation of the name. Gross morphology suggests similarity with 
T.abyssorum Gmnow, but it is stressed that this hnk is tentative. 

Fenner (1985) does not include T.abyssorum on her range charts, though the illustration is 
of a spechnen taken from the O.klavsenii Zone m the Northwest Atlantic. The O.klavsenii 
Zone is of early Late Paiaeocene age and is broadly equivalent with the P3a - P3b (lower 
part) planktomc foraminiferal Subzones (Berggren, 1983). 

RANGE: Late Paiaeocene (this study). Recorded also by Fenner (1985) from the Late 
Paiaeocene. The stratigraphic top of the Triceratium genus hi the North Sea area is 
thought, by the author, to occur close to Bioevent M6 of Mudge & Copestake (1992). This 
event, of earhest Eocene age, occurs at or near the top of the Sele Formation. 

OCCURRENCE INTmSWORK; 

OFFSHORE 
21/26-1 49/10-1 49/24-3 
29/25-1 mod. comm. 49/20-2 49/24-4 
44/2-1 49/24-2 49/25-2 
ONSHORE 
Wonhingford Mere Lundsgaards ClifT 
Pegwell Bay Stevns Klint 
Reculver 

Triceratium sp.i sensu G.S.S. 
Pl.2 Fig. A 

DIAGNOSIS: Test an equilateral triangle with rather acute apexes. The central area is 
somewhat roundly depressed. 

REMARKS: The biconcave triangular faces are distmctive. AU spechnens of this species 
recorded m this study are of pyritised mtemal moulds. 

RANGE: Late Paiaeocene (this study). 
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OCCURRENCE IN TfflS WORK; 

OFFSHORE 
21/26-1 49/10-1 49/24-3 
29/25-1 mod. comm. 49/20-2 49/24-4 
44/2-1 • 49/24-2 49/25-2 
ONSHORE 
Wonningford Mere Lundsgaards Cliff 
Pegwell Bay Stevns Klint 
Reculver 

Triceratium sp.i sensu G.S.S. 
Pl.2 Fig.B 

DIAGNOSIS; Test an equilateral triangle with acute apexes. The central area is recessed 
with margms paraUel to the outer triangular edges. A smaU circular hole is also somethnes 
present. 

REMARKS: This taxon is distmguished by its recessed central area and chcular hole 
although h is not certam whether or not this latter feature is of primary origin. 

RANGE: Late Paiaeocene (this study). 

OCCURRENCE IN TfflS WORK; 

OFFSHORE 
21/26-1 49/10-1 49/24-3 
29/25-1 rare 49/20-2 49/24-4 
44/2-1 49/24-2 49/25-2 
ONSHORE 
Wonningford Mere Lundsgaards Cliff 
Pegwell Bay Stevns Klint 
Reculver 
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8.4.The Radiolaria 

Genus Cehosphaera 
Cenosphaera lenticularis sensu MUDGE & COPESTAKE 

P1.2Fig.C 

DIAGNOSIS: A relatively large, lens-shaped radiolarian with a subacute margin and a 
reticulate surface. 

R E M A R K S : Distuiguished from Cenosphaera sp. which is essentially spherical. 

RANGE: The stratigraphic top of this species is used to define Bioevent M3 of Mudge & 
Copestake (1992) and occurs at or near the top of the Maureen Forination. A downhole 
influx of the species occurs shortly below its top. 

OCCURRENCE IN THIS WORK: 

OFFSHORE 
21/26-1 49/10-1 49/24-3 
29/25-1 49/20-2 ? 49/24-4 
44/2-1 49/24-2 ? 49/25-2 
ONSHORE 
Wormingford Mere Lundsgaards Cliff 
Pegwell Bay Stevns Klint 
Reculver 

Cenosphaera spp. 
Recommended source for illustration: 

King (1983) pi. l,fig. 8 

1983 Cenosphaera sp. KING p.20, pi. 1, fig.8 

DIAGNOSIS: A relatively large, spherical radiolarian with a reticulate surface. 

REMARKS: C.lenticularis is lens-shaped. Spherical Cenosphaera spp. are recorded 
sporadicaUy throughout much of the Cenozoic in the North Sea area. However, an influx of 
this taxon occurs within the Early - (lower) Middle Eocene interval and defines King's 
NSP6 zone (1983). 

RANGE: Paiaeocene - PUocene 
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OCCURRENCE JN TTOS WORK: 

OFFSHORE 
21/26-1 rare 49/10-1 ? 49/24-3 
29/25-1 49/20-2 49/24-4 
44/2-1 mod. comm. 49/24-2 49/25-2 
ONSHORE 
Wonningford Mere Lundsgaards Cliff 
Pegwell Bay Stevns Klint 
Reculver 
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8.5.The Ostracoda 

Genus Cyamocytheridea 
Cyamocytheridea magna (APOSTOLESCU) 

Recommended source for illustration: 
Keen (1978) pi. 4, fig.8 

1956 Cytheridea? magna APOSTOLESCU 
1978 Cyamocytheridea magna (Apostoloescu): KEEN p.406, pl.4, fig.8 

DIAGNOSIS: Carapace large with the highest pomt towards the anterior and tapered at 
both ends. Surface with a few ridges paraUel to the anterior margm. 

R E M A R K S : This species was recorded firom the A.morrissi Bed firom the Thanet Sands of 
Heme Bay by Keen (1978). 

RANGE: Thanetian (Keen, 1978). 

OCCURRENCE IN THIS WORK: 

OFFSHORE 
21/26-1 49/10-1 49/24-3 
29/25-1 49/20-2 49/24-4 
44/2-1 49/24-2 49/25-2 
ONSHORE 
Wonningford Mere Lundsgaards OifT 
Pegwell Bay Stevns Klint 
Reculver 7 

Genus Cytheropteron (Sars) 
Cytheropteron spp. 

DIAGNOSIS: This genus is characterised mamly by the retrograde processes which 
fi-equently adom the ventral parts either side of the carapace. 

R E M A R K S : This genus is easUy distmguished by the retrograde processes along the 
ventral lateral margins. 

RANGE: Late Jurassic - Recent (Benson et aL, 1961). 
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OCCURRENCE IN TfflS WORK: 

OFFSHORE 
21/26-1 49/10-1 49/24-3 
29/25-1 rare 49/20-2 49/24-4 
44/2-1 49/24-2 ? 49/25-2 
ONSHORE 
Wormingford Mere Lundsgaards Cliff 
Pegwell Bay Stevns Klint 
Reculver 

Genus Hazelina 
Hazelina thanetensis KEEN 

Recommended source for illustration: 
Keen(1978)pl.ll, figs 1-3 

1978 Hazelina thanetensis sp. nov. KEEN p,420, pi. 11, figs 1-3 

DIAGNOSIS: Carapace with three prominent longitudinal ribs, with finely punctate 
surface in between then. A ridge runs parallel to the anterior margin and reticulation is 
present between the ridge and the anterior-ventral margin. 

REMARKS: Keen (1978) distinguishes this species of Hazelina by the lack of reticulation 
over the main part of the carapace surface. 

RANGE: Late Paiaeocene (Thanetian) (Keen, 1978). 

OCCURRENCE IN TfflS WORK: 

OFFSHORE 
21/26-1 49/10-1 49/24-3 
29/25-1 49/20-2 49/24-4 
44/2-1 49/24-2 49/25-2 
ONSHORE 
Wormingford Mere Lundsgaards Cliff 
Pegwell Bay rare StevnsKlint 
Reculver mod. comm. 
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S.Results and Discussions 

9.1.General Remarks 

Considering the limitations placed on sample quality and quantity, partiicularly from 
borehole ditch-cuttings samples (see Chapter 4), microfaunal recovery from the majority of 
samples examined in this study was good. Most of the specimens obtained were moderately 
well to well preserved. In each sample, all specimens were identified to species level where 
possible and at least to the generic level. All species distribution data are included in the 
appendices (Appendix 1). Those taxa illustrated by hand-drawings are mcluded in Appendix 
2 (plates). A general description of the broad resuhs for each major taxonomic group is 
given later m this chapter. 

For offshore and onshore borehole data, actual counts of specimen numbers were logged 
into the "StrataBugs" palaeontological database system developed by StrataData Ltd. 
Output is m the form of a depth-scaled chart on which histograms proportional to the 
numbers of specimens hx a sample are plotted (Appendix 1). This is particularly usefial to 
help identification of species influxes or "floods" which may be masked by normal graphical 
symbols. 

Samples collected from onshore outcrops which are closely spaced cannot be logged into 
the "StrataBugs" system. In these instances, species distribution data are shown on scaled 
summary logs generated in Microsoft "Excel" spreadsheets (Appendix 1). 

The distribution and approxhnate abundance of each taxon in one of six. fossil groups 
(planktonic, calcareous benthonic and agglutmated foraminifera, sihceous microfossils, 
ostracods and "other" types) recorded hi this study are also displayed in the appendices 
Appendix 1). These provide an approxhnate guide to each taxon's geographical range 
within the study area. 

In the discussion of the interpreted biostratigraphy for each North Sea well section 
analysed, the biostratigraphic zonation scheme used throughout (as described m Chapter 7) 
is that of Kmg (1989); i.e. "NSP", "NSB" & "NSA" zones. Where departure from this 
scheme occurs (e.g. reference to the " M " bioevents of Mudge & Copestake, 1992) this wiU 
be indcated in the relevant place. Where analyses of samples extends down into the Upper 
Cretaceous, the pubhshed "FCS" zonation scheme of King et al. (1989) is used. 
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9.2.PlanktoniG Forammifera 

Planktonic foraminiferal recovery in the samples studied is very variable with high 
abundances yielded by samples of Late Cretaceous, Early Paiaeocene (Danian) and Early 
Eocene age. They are noticeably rarer or absent in samples of Late Paiaeocene (Thanetian) 
age, particularly where agglutmated faunas of the "Rhahdcmmina biofacies" are relatively 
weU developed (see below). 

In the Late Cretaceous (essentially the Maastrichtian), shnple "globigerine" types (mainly 
Globigerina spp. sensu lato & Archaeoglobigerind spp.), planispiral (e.g. 
Globigerinelloides spp.), bi- or multi-serial types (Heterohelix spp., Pseudotextularia spp. 
and Racemiguembelina spp.) and non-keeled "hedbergelhds/globotruncanids" 
(Hedbergella spp. and Globotruncanella spp.) dominate. Keeled "globotruncanids" 
(Globotruncana spp.) and thicker-waUed "globigerine" types (Rugoglobigerina spp.) are 
very rare, or at best only moderately common in a few isolated samples. This would seem 
to suggest that Maastrichtian palaeodepths over the study area (i.e. the North Sea south of 
Latitude 56°N) were comparatively shaUow, though open marine circulation was good. The 
lack of suitably deep waters would have inhibited the abUity of keeled species to survive 
and/or reproduce (see Chapter 2). 

The scarcity of keeled taxa in the Maastrichtian sequences encountered in the study area 
prevents the use of a detaUed biostratigraphic subdivision of this mterval. Kmg et al. (1989) 
has a three-fold subzonal subdivisioii of the Maastrichtian of the ChaUc Group (i.e. Central 
and Southem North Sea) wth Zones FCS 23 and 22 (mcludmg Subzones a and b). 
However, in the Shetland Group facies (Northem North Sea), a six-fold subdivision is 
possible (Subzones FCN 21a-b and FCN 20a-d) with some subzonal boundaries based on 
highest or lowest occurrences of keeled taxa. This notwithstanding, Maastrichtian 
planktonic forainiiufera form distinctive assemblages and are cracial in the abUity to 
differentiate between the lithologicaUy shnUar Ekofisk and Tor Formations of Early 
Paiaeocene and Latest Campanian to Maastrichtian ages respectively, the uppermost two 
Formations of the Chalk Group. 

A major tumover in the planktoiuc microfauna occurs over the Cretaceous - Tertiary 
boundary (equivalent to the Tor - Ekofisk Formation boimdary \̂ dthin the ChaUc Group). 
All Maastrichtian taxa disappear (or at least change their taxonomic status) to be replaced 
in the Early Paiaeocene (Danian) taxa of predominantly simple morphologies dominated by 
"globigerine" types (Globigerina spp. (sensu lato i.e. includes Subbotina spp.), 
Eoglobigerina spp. and Globoconusa spp.), bi- and tri-serial types (Chiloguembelina spp. 
and Guembelitria spp.) ana non-keeled Globorotalia spp. md Morozovella spp. 
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Here, palaeoenvironmental (specifically water depth) interpretation is less certain. The 
apparent absence of keeled or thick walled taxa (the presence of which may be used as 
indicators of relatively increased water depth) can be explained by evolutionary effects (see 
Chapter 2). However, certmn other evidence (benthonic macrofaunal evidence recorded, 
and sedimentary structures shown in onshore localhies - see Chapter 3) suggests that 
Danian water depths around the study area were relatively shallow, with the sea floor 
possibly withm wave-base influence. 

After the end of Ihnestone (i.e. Ekofisk formation) deposition, somethne in the Early 
Paiaeocene, planktonic foraminifera persisted for a short thne as evidenced by their 
occurrence (albeh in relatively low numbers) throughout much of the lower part of the 
Maureen Formation. These forms continue to be of relatively simple morphological types 
(e.g. P.compressa and M.pseudobulloides) although they are more advanced in 
evolutionary terms than those recorded previously. 

Planktonic foraminifera are apparently absent from the overlymg clastic imits of the Lista 
and Sele Formations. This can largely be explained by the adverse envhonmental conditions 
prevaihng at that time. L i the south of the study area, the majority of microfaunal 
assemblages from this interval are dominated by calcareous benthonic taxa (see below) 
which suggest sedhnents were laid down imder marine shelf conditions, though 
palaeodepths were comparatively shallow. This, together with the premise that this part of 
the North Sea area was, effectively, closed during the Late Paiaeocene with open-marine 
communication only towards the north (see Chapter 2), would indicate difficulties for true 
oceanic planfctonic taxa to mvade and colonise this area. 

In addition to this, data from wells fiirther to the north of the study area (and the vast 
majority of wells fiirther northwards again) show microfaunas from these units dominated 
by agglutmated taxa of the "Rhabdammina biofacies". The palaeoenvhonmental 
significance of this biofacies has been discussed in Chapter 2, concluding that while the 
existence of a thriving planktonic biomass would be possible m the surface waters, the 
chances of preservation of fossil representatives of this biomass would be extremely 
unlikely due to adverse post-mortem burial effects. 

Unfortunately, these adverse conditions effectively prevent the occurrence of more complex 
and stratigraphically usefiil taxa in the North Sea Basm. These taxa, particularly the so-
called angulo-conical morozoveUuds (see Chapter 7) would have been extremely usefiil in 
mter-regional coirelation of the Late Paiaeocene North Sea interval. 

However, a pomt worthy of note is the abundant occurrence of two (?new) planktonic taxa 
{Globorotalia sp.A and Globorotalia sp.B) from the 29/25rl well. These 2 forms 
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(described in Chapter 8) were recorded from sidewall core samples located mainly within 
the Earliest Eocene - Latest Paiaeocene and uppermost Late Paiaeocene intervals. As 
previously noted, these two ft)rms morphologically resemble two Cretaceous species, 
respectively; Hedbergella planispira and Hedbergella delrioensis. Theh occurrence from 
this specific mterval from the 29/25-1 WeU alone is anomalous in the context of the 
microfaunas recorded from elsewhere in this study (?reworked) and certainly a subject for-
fiirther investigation. 

For possibly shnilar reasons to those described above, planktonic foramhiifera are also 
generaUy absent from the tuflFaceous units of the overlying Balder Formation, although 
evidence for a thrivmg biomass of some description can be seen from the abundant 
diatomaceous flora preserved in those sedhnents. 

Planktonic foraminifera do not (significantly) re-appear in the stratigraphic section untU mto 
the Early Eocene when they are recorded in significant numbers (mainly as relatively sunple 
types i.e. Subbotina spp.) from the sedhnents hnmediately overlymg the Balder Fonnation. 
These sediments (which may equate at least in part to the Danish Rosnses Clay unit of 
simUar age) probably represent the hiitial transgressive phase of the subsequent major 
"Stamp-type" sedhnentary cycle. 

Planktonic foraminifera from younger Eocene intervals are recorded in abundance from 
most of the v̂ êU sections studied. These are dominated by planisphal forms 
(Globanomalina spp.) and less common "hispid" taxa (Acarinina spp.) although their 
status as in situ or caved in the sample material cannot be determmed with certainty. Their 
abundances indicate that open oceanic conditions in the surface waters throughout the 
remainder of the Eocene (at least) were probably good. However, the relatively shnple 
morphologies of these taxa (compared to other contemporaneous Eocene species) suggests 
that palaeodepths may not have been high (i.e. c.50m-200m cf 200m+). As before, the 
author has noted from the study area and other North Sea weUs that planktonic taxa are 
generaUy subordinate where the "Rhabdammina biofacies" is weU represented. . 

9.3.Calcareous Benthonic Foraminifera 

Calcareous benthonic fpraminifera are the most abundant group of microfossUs recorded in 
this study and dommate microfaunal assemblages at aU locaUties except where Paiaeocene 
and Lower Eocene strata are developed in the "Rhabdammina biofacies" (see below). 

In the chaUc facies (inclusive of Maastrichtian - Early Paiaeocene where present), 
Gavelinella spp., Gyroidinoides spp. and Praebulimina spp. are particularly common and 
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are the dominant genera, with Angiilogavelimlla spp., Bolmnoides spp., Bolivina spp., 
Cibicides spp., Eoirvigerina spp., Globbrotalites spp., Loxostomum spp., Osangidaria 
spp., Ouadrimorphina spp., Reussella spp., Rosalina spp., Stensioeina spp., .Stilostomella 
spp. and Tappanina spp. less common. The overall assemblages are indicative of normal 
marine, general carbonate shelf conditions with well oxygenated bottom waters. However, 
this is not to say that the deposition of (particularly) the Tor Formation was straight 
forward and continuous. Phases of intense reworking of Maastrichtian taxa due to slumping 
of material from the graben margins have been recorded, mainly within the middle part of 
the Maastrichtian, from other areas of the Central Graben (Bailey pers. comm., Kennedy, 
1987). This is often manifested by horizons (observed by the author) of abundant 
representatives of generally monospecific calcareous benthonic taxa (e.g. Reussella 
szajnochae szajnochae) or bivalve debris (Inoceramus fragments). Unfortunately, sample 
coverage in this study is insuflBcient to adequately demonstrate these features in the wells 
examined. 

Calcareous benthonic foraminiferal tumover at the Cretaceous - Tertiary boundary (Tor -
Ekofisk Formation junction) is almost as striking as that displayed by the planktonic 
foraminifera. Most, though not all, of the genera listed above either disappear enthely (e.g. 
Angulogavelinella spp., Bolivina spp., Bolivinoides spp., Globorotalites spp., Osangularia 
spp., Reussella spp. and Praebulimina spp.), or undergo a major tumover at the specific 
level. 

Post-chalk Paiaeocene facies assemblages again are markedly different from theh 
predecessors. Cibicidiid taxa (e.g. Cibicides & Cibicidoides spp.) are by far the most 
dominant component of the calcareous benthos, especially from some levels of the onshore 
U.K. sections studied although, locally, Bulimina spp. can also be abundant. Taxa which 
can be locally common mclude Astacolus spp., Dentalina spp., Epistominella spp., 
Glandulina spp., Globulina spp., Guttulina spp., Gyroidinoides spp., Lenticulina spp., 
Nodosaria spp and Uvigerina spp.. Other taxa which are less common include Alabamina 
spp., Angulogerina spp., Anomalina/Anomalinoides spp., Asterigerina spp., Brizalina 
spp., Cancris spp., Eouvigerina spp., Eponides spp., Frondicularia spp., Heterolepa spp., 
Lagena spp., Lamarkina spp., Marginulina/Marginulinopsis spp., Melonis spp., 
Nonion/Nonionella spp., Planulina spp., Pseudonodosaria spp., Pullenia spp., 
Quadrimorphina spp., Trifarina spp., Turrilina spp. and Vaginulinopsis spp. 

Again, this appears to be at variance with the assemblages more widely reported from the, 
majority of North Sea wells pubhshed, v/hich lie mainly to the north of the study area, 
where agglutmated taxa of the "Rhabdammina biofacies" have been recorded. 
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The majority of wells studied herem are from the basin margms of the North Sea area rather 
than from the structuraUy deeper centres of deposition in, and close by, the South Central, 
Central and Viking Grabens. It is probable that the physical and chemical conditions 
necessary for the development of the "JRhahdammina biofacies" (see below and Chapter 2 
for a review of these) were not able to develop hi these relatively shaUower waters. Thus, 
microfaunas from these weUs (and the onshore U K and Danish sections) are represented by 
more "normal" (though shaUow) marine shelf assemblages dominated by calcareous 
benthonic taxa. 

The taxa Usted above seem, on the whole, to be best related to the so-called Inner 
SubUttorai (mamly the onshore UK sections) and Outer Subhttoral - Epibathyal (mamly the 
offshore and Danish sections) biofacies of Kmg, 1983, (see Chapter 7). For the offshore 
and Danish material, the shaUower of the two depth-related subfacies which comprise the 
Outer Subittoral - Epibathyal biofacies would appear to be more Ukely. These are 
comparable to the "Midway tyjpe" assemblages of Berggren & Aubert (1975) and suggest 
water depths of between 50m-200m. 

Given the proposed palaeogeographical settmg for much of the southem part of the study 
area during the Late Paiaeocene, together with the proposition that the primary control on 
Early Palaeogene sedhnentation m the southem North Sea area is fluctuating sea levels 
governing shorehne position (see Chapter 6.5), h would seem that the lateral and vertical 
distribution of the benthonic assemblages would be more markedly affected by this than 
those assemblages from deeper areas (i.e. over the main North Sea grabens) where sea-
level fluctuations would have less effects on the deeper habitats. 

The presence of a relatively diverse and abundant calcareous foraminiferal benthos indicates 
that bottom waters where they are recorded were probably weU oxygenated. However, 
some cibicidUds, particularly those species recorded in abundance from onshore UK 
samples, are known to tolerate brackish conditions (Murray et al, 1989) and seldom occur 
deeper than middle shelf palaeodepths (c.50m-100m). Bulimina trigonalis, also recorded in 
abundance from onshore U K samples, is also thought to be tolerant of bottom waters with 
reduced oxygen levels (Murray et al, 1989). 

9.4.Agglutinated Foraminifera 

Agglutmated foraminifera are present m most of the locaUties studied. They are particularly 
abundant m North Sea weUs 29/25-1, 44/2-1 and 49/10-1 where, in some samples, they 
dominate the forammiferal populations. 
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Ammodiscus spp., Glomospira spp. and Haplophragmoides/Recurvoides/Cyclammina 
types are the dommant components with Reiiadophragmium spp., Spiroplectammina spp., 
Rhizammina spp., Praecystammina spp., Trochammina spp. and Karreriella spp. also 
common. Other taxa recorded mcliide Ammobaculites spp., Clavulina spp., 
Cribrostomoides spp., Gaudryina spp., Marssonella spp., Matanzia spp., Reqphax spp., 
Rzehakina spp. and Thurammina spp. 

The agglutmants are typical of the "Rhabdammina biofacies" of Kmg, 1983, which can be 
indicative of certain palaeoecological conditions characteristic of a particular physico-
chemical envhonment (see Chapter 2 for a more extensive discussion). It has been shown 
previously that these characteristics are suggestive of, though not restricted to, 
palaeoenvhonments of relatively large water depths with restricted water chculation which 
promotes dysaefobic / reducmg conditions in the bottom waters or at or below the 
sediment/water mterface. Such conditions, if severe, may completely inhibit the existence or 
preservation of calcareous organisms, resultmg in assemblages composed exclusively of 
agglutinated foramhiifera and, possibly, non-calcareous microfossils (e.g. diatoms and 
radiolaria). 

As shown m Chapter 2, maxhnum palaeodepths during the Paiaeocene occuired in the 
central parts of the North Sea area, particularly above pre-Jurassic structural grabens and 
half-grabens in and around the junction between the Witch-Ground, Central and VUdng 
Grabens. Wells, drilled hi these areas often yield Palaeogene microfaunas typical of the 
"Rhabdammina biofecies" composed exclusively of agglutinated forammifefa. The three 
weUs in this study that are dominated (though not exclusively) by abundant agglutinated 
forammifera (29/25-2, 44/2-1 & 49/10-1) were all driUed just westwards and outside the 
hmits of the Central Graben, specificaUy on the Westem Platform and Mid North Sea EBgh 
(see Text Figure 1). Possibly due to the location of these weUs on relative depositional 
"highs", palaeodepths dming the Late Paiaeocene (and afterwards) may not have been 
sufficiently great to aUow the formation of the requhed conditions necessary to promote 
development of fiiU "Rhabdammina biofacies" assemblages. Also, the relatively shaUower 
conditions along the graben margins may have been occasionaUy influenced by surface-
generated currents that would have sufficiently mixed the water column, introducmg 
aerobic waters near or at the sea floor. 

9.5.Siliceous Microfossiis 

SUiceous microfossUs recorded in this study are predommantly planktonic diatoms of the 
genera Coscinodiscus and Triceratium, plus radiolaria of the genus Cenosphaera, together 
with (caved) "Bolboformd\ an organism of uncertmn affinity (first described from the 
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Oligo-Mocene of Germany by Daniels & Spiegler, 1974) but thou^t to be possibly 
associated with planktonic algal cysts (Murray, 1979). 

The diatoms are confined to offshore borehole material only and are most common and 
diverse only around the weUs of the Central North Sea, particularly weU 29/25-1. Their 
apparent dechne in numbers m wells fi-om south of the study area and absence firom 
onshore sections examined is probably related to the southernmost limit of deposition ashes 
and tuffs of the Balder Formation (and equivalent onshore units), with which they are 
closely associated (see Chapter 2). Another possibihty is the insuflSciently close sampling 
hitervals employed hi most of the -weUs sections studied, which is due to incidental and 
unrelated engineering factors rather than any particular geoscientific significance. 

Somewhat anomalous then, is theh apparent scarcity m samples examined firom the most 
northerly well of the study, well 21/26-lD, situated near the northeastern margm of the 
Westem Platform. Boreholes driUed firom the nearby Central Graben often yield abundant 
diatom assemblages which are a usefiil aid to correlation. Approxhnately 300 feet of 
Paiaeocene sediments of suitable age were recorded firom this weU although it should also 
be noted that the recovery of other fossU groups, particularly agglutmated forammifera, is 
also sporadic. One possible explanation is that palaeodepths over this locahty during this 
thne were msuflficiently great to aUow the estabUshment of a viable plankton. The 
palaeogeographic maps of Rochow (1981) show this part of the North Sea area to be a 
region of non-deposition m Paiaeocene thnes, whilst Knox et al. (1981) show Upper 
Paiaeocene isopachytes of less than 100m in the same area (cf c.UOOm for equivalent 
sedhnents in the Outer Moray Firth area). 

Several authors have proposed hypotheses to accoimt for the presence of diatoms hi certain 
levels of the North Sea Tertiary Basm. Bonde (1974) envisaged the North Sea Basm during 
Paiaeocene - Eocene times as bemg almost fuUy enclosed with an operung only to the north 
via the Norwegian Sea. Prevaihng winds blowing fi-om the north west created surface 
currents causing an offshore divergence to form. The resulting upwelUng brought nutrients 
to the surface which encouraged and nourished a rich plankton throughout the area. The 
upwelUng system would, in tiuii, cause a subsiuface counter crnrent which would remove 
subsurface nutrients leadmg to reduced oj^gen levels at the sea floor. The activities of the 
rich surface flora and fauna would also consuine much oxygen thus adding to the oxygen 
deficiency at the sea floor. This has important impUcations for the benthonic communities at 
this time (see above). 

Later, Jacque & Thouvenm (1975) hnked the abundance of Coscinodiscus spp. m the 
tuffaceous Balder Formation to sUica and/or CaO enrichment of sea waters by volcaiuc 
activity which is conducive to diatom blooming. Previously, however, Lizitin (1971) had 
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demonstrated that silica enrichment of sea waters by normal erosion of siUca rich sources 
and normal sedunentation was adequate to sustain planktomc life with siUceous affinity. 
This is supported by the presence of high diatom levels iri the surface waters of the present-
day Antarctic Ocean which has no direct volcanic source of sihca. 

Of fiirther significance is the fact that all the diatoms recorded m this study have been 
specimens of pyritised intemal moulds. Pyrite can be produced by the slow biological 
decomposition at the sedhnent/water mterface under anoxic conditions. Anaerobic bacteria 
thrive under these conditions and produce HjS which, in turn, can react to produce pyrite, 
frequently replacmg the sihceous tests of certain microfossils. Berggrenr'(1960) states that 
pyrite can be indicative of a reducing envhronment (see also above). Reducing conditions at 
the sedhnent/water interface can have a marked effect on the preservational characteristics 
of other microfaunal groups, i.e. calcareous tests (benthonic and planktonic foraminifera, 
nannofossils etc.) can readily dissolve and thus, upon burial, remove evidence of a thrivmg 
plankton. 

Thomas & Gradstehi (1981) discuss the presence of Coscinodiscus spp. m borehole 
material fi-om offshore Canada. The vast majority of these specimeris are also of pyritised 
intemal moulds. The Canadian diatom peaks are recorded at two stratigraphic levels - the 
Early Eocene and Miocene, which are broadly correlatable with those recorded firom NW 
Europe with the mmn abundance peak bemg recorded in the Early Eocene (abundances in 
the Nfiocene of NW Europe are not high but there appears to be an increase in species 
diversity around this time). Unlike NW Europe however, they are not associated with any 
contemporaneous volcanic activity on the Canadian Shelf This casts some doubt therefore 
on Jacque & Thouvenin's 1975 hypothesis. 

Thomas & Gradstem show that the Canadian Shelf diatom-rich sediments were deposited 
under neritic and bathyal conditions and possibly reflect higher nutrient levels in the upper 
water mass. They also show that the Miocene and Early Eocene abundance peaks correlate 
broadly vwth the periods of maximum northward excursion of lower latitude surface waters 
which may have led to unproved surface water mixing and slope upwelhng due to 
convergence. They concur with Berggren's 1960 view that the pyritised nature of the 
moidds mdicates a weakly reducmg or reducing diagenetic regime. 

The radiolaria {Cenosphaera spp. and ?Cenodiscus spp.) belong to typical open marine 
genera whose palaeoenvhonmental significance is hmited. However, as discussed above, 
some may remahi as fossil in sediments otherwise devoid of calcareous representatives due 
to secondary dissolution. 
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9.6.0ther Groups 

Other microfaunal components recovered from samples analysed m this work contain rare 
and sporadic examples of ostracods (including Bdirdia spp. and Cytheropteron spp.), fish-
teeth and brachiopod fragments. Other components (recorded as "indeterminate spheres / 
discs") are of uncertmn afBnity and may or may not be of organic origin (?calcispheres). 
Certain types of greenish glassy spherules recovered from some of the North Sea boreholes 
were at first thought to possibly be examples of microtecthes, related to volcanic discharge 
or a hypothetical impact event at the Cretaceous - Tertiary boundary. Several spechnens 
were sent to Dr. BiU Glass of Colorado University for confirmation but spectral analysis 
revealed theh composition to be mainly of compounds of the element Boron and are, 
therefore, probably some sort of drilhng-mud additive contaminating the ditch-cuttmgs 
samples. 

9.7.Well 21/26-1D 

Microfaunal recovery from this well was relatively poor in the clastic interval above the 
limestones of the Chalk Group (c.3495' as picked on the log trace). Abundant planktonic 
foraminifera were recovered from the hmestones. Intervals were dehneated as foUows: 

2860' - 3270': EARLY EOCENE, YPRESLW, NSB3 ZONE (top not seen) 

The presence of Turillina brevispira at 2950' is indicative of an Early Eocene age. This 
species is restricted to Zone NSB3 (BCing, 1989). The smgle occurrence of Planorotalites 
chapmani at 3100' provides supporting evidence for this age assigmnent. This species 
ranges from the "Mddle" Paiaeocene - Early Eocene (Stamforth et al., 1975). The 
occurrence at 3050' of a spechnen questionably assigned to Coscinodiscus sp.l is 
considered reworked in the Ught of fiuther evidence below. 

3270' - 3300': LATEST PALAEOCENE - EARLIEST EOCENE, THANETIAN -
YPRESIAN, NSP4 ZONE. 

The highest occurrence of consistent Coscinodiscus sp.l at 3270', together with 
assemblages in this mterval containing conunon pyritised diatoms, is indicative of an earhest 
Eocene - latest Paiaeocene age. Rarer planktomc foraminifera recovered from this interval 
are considered caved. The highest occurrence of this taxon defines Bioevent M7 of Mudge 
& Copestake, 1992, an event which aids identification of the Balder Formation. 

3300' - 3495' (log): LATE PALAEOCENE, THANETIAN, NO ZONES ASSIGNED 
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The highest occurrence at 3300' of specimens questionably assigned to Bulimina trigomlis 
suggests a Late Paiaeocene, Thanetian age for this mterval. Assemblages from this mterval 
are of low abundance and diversity and no fiirther zonal differentiation is possible. 
However, the absence of characteristic short-range markers, i.e. Cenodiscus mflux (Zone 
NSP2 (King, 1989); Bioevent M3 (Mudge & Copestake, 1992)) tentatively suggests the 
presence of a hiatus withm this mterval. Zones NSP2 and parts of NSP3/NSBlc are 
inferred to be missmg. 

3495' (log) - 3610': EARLY PALAEOCENE, D A M A N , NSPlc-a SUBZONES. 

The highest occurrences at 3520' of both Morozovella pseudobulloides and Planorotalites 
compressa indicate an age no younger than Subzone NSPlc at that depth. These species 
are largely confined to the Danian although theh youngest recorded occurrences can be 
higher and occur near the top of the Maureen Formation. However, the wheline log trace 
clearly shows a typical Chalk Group response (below 3495') which indicates penetration of 
the Danian Ekofisk Formation. 

The highest occurrence at 3540' of assemblages comprised almost exclusively of planktonic 
foraminifera dominated by Subbotina and Eoglobigerina (specifically S.triloculinoides, and 
E.eobulloides s.l.) together with common P.compressa and Globorotalia 
archaeocompressa, confirm an Early Paiaeocene, Danian age for this interval. 

3610' - 3650': ?LATE CRETACEOUS, ?LATE MAASTRICHTIAN, FCS 23 ZONE 
(base not seen) 

The occurrence at 3610' of a smgle spechnen questionably assigned to Pseudotextularia 
elegans provides evidence for the possible penetration of the Late Cretaceous at that depth. 
P.elegans is restricted to the latest Maastrichtian of the North Sea area. However, it should 
be stressed that this smgle spechnen occurs within an assemblage dominated by Danian taxa 
as described above and its presence may be a resuh of reworkmg. 

ADDITIONAL COMMENTS: 

This weU, being the most northerly weU examined hi this study and relatively close to the 
"classic" areas of Paiaeocene development in the Central / Viking Graben and Outer Moray 
Fhth areas, yielded disappointmg microfaunal assemblages. This is probably due to its 
position situated on the Western Platform, some 30 km west of the West Central Graben 
and about 60 km south of the South Hahbut Basm. Palaeodepths m this area during the 
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post-Danian Palaeogene were probably very shallow (as mdicated. on palaeogeographic 
maps of the area - see Chapter 2) and subaerial exposure may even have occurred 
occasionaUy. Palaeodepths were certainly far too shaUow to allow the development of a 
"Rhabdammina biofacies" although the presence of (albeh rare) Palaeogene planktonic 
foraminifera throughout most of the post-Danian (when in situ) does suggest at least 
moderately normal marine condhions. The general paucity of calcareous benthonic 
foraminifera recorded from this weU could therefore be considered unusual. 

9.8.Well 29/25-1 

Microfaunal recovery from this weU was variable. Data from several of the sidewaU cores 
suppUed are difScuIt to evaluate gjven a typical North Sea Paiaeocene succession from this 
area (see below). Leavmg data from the "anomalous" sidewaU core samples aside, the 
foUowing mtervals were deUneated: 

5800' - 5856' (log): EARLY EOCENE, YPRESIAN, NSB4-3 ZONES (top not seen) 

The highest occurrence of Spiroplectammina navarroana is indicative of an Early Eocene 
age and ranges throughout Zones NSB4 and most of NSB3 (BCing, 1989). This interval is 
comprised ahnost exclusively of agglutinated foraminifera includmg Reticulophragmium 
spp. (mcludmg Ramplectens), Haplophragmoides spp., Trochammina globigeriniformis, 
Rhizammina indivisa, Karreriella conversa, Ammodiscus cretaceus and Bathysiphon 
discreta, together with other rarer taxa. The occurrence of a spechhen of 
Spiroplectammina spectabilis (no younger than intra-Late Paiaeocene) at 5840' is 
considered reworked in the Ught of further evidence below. 

5856' (log) - 5944' (swc): LATEST PALAEOCENE - EARLIEST EOCENE, 
THANETIAN - YPRESIAN, NSP4 ZONE (?part). 

The wheline log break (high gamma peak) at 5856' is a characteristic feature of the top of 
the Balder Formation. Biostratigraphic confirmation is provided by the highest occurrence 
of abundant pyritised diatoms includmg Coscinodiscus spp. 1 & 2 and Triceratium spp. 
(Triceratium cf abyssorum, plus Triceratium sp.l & 3 at 5872' (swc). Assemblages from 
this interval also include subordinate agglutinated foramhiifera dominated by 
undifferentiated Haplophragmoides /Reticulophragmium spp. 

This distmctive diatom assemblage is characteristic of Bioevents M7 and M6 of Mudge & 
Copestake (1992) and provides a rehable guide to the presence of the Moray Group, 
Balder and Sele Formations. However, Coscinodiscus sp.2 is only recorded from 5872' 
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(swc) above the downhple mcoming of Triceratium spp.. This taxon is restricted to the 
Balder Forrhation, whereas all other Coscinodiscus species recorded from the Balder also 
range down tp the base of the underlying Sele Formation (Mudge & Copestake, 1992). 
This suggests that only the upper part of this interval should be assigned to the Balder 
Formation 

5944' (swc) - 6132' (log):LATE PALAEOCENE, THANETIAN, NSP4 ZONE (?part) / 
N S A l ZONE. 

The highest occurrence of presumed in-situ Spiroplectammina spectabilis occurs at 5944' 
(swc). This indicates an age no yPunger than the mtra-Late Paiaeocene NSAl Zone at this 
depth. The highest occurrence of this taxon is a useful guide to the top of the Montrose 
Group, Lista Formation, m the Central North Sea (Bioevent M5 of Mudge & Copestake, 
1992). 

However, the pyritised diatomCoscinodiscus sp.J is recorded consistently in both cuttings 
and sidewall core samples down to 6037' (swc) and the additional index species 
Coscinodiscus sp.20/26 also occurs between 5944' (swc) - 6000'. According to King 
(1989) the lowest occurrence of common Coscinodiscus spp. marks the base of Zone 
NSP4 which is comcident with the top of Zone N S A l i.e. the ranges of S.spectabilis and 
conunon Coscinodiscus spp. should not therefore overiap. Likewise Mudge & Copestake 
(1992) state that Coscinodisctis sp.i does not range below the Sele Formation. 

Occasional records of reworking of the "imppverished agglutmants" from the top Lista 
Formation, (Bioevent M5 of Mudge & Copestake, 1992) into the Sele Formation has. been 
recorded m the nearby Nelson Field area (Bailey, pers. comm.). This could explain the 
apparent overlap m ranges of Coscinodiscus sp.l and S.spectabilis observed herehi. 

Assemblages throughout this interval are comprised almost exclusively of agglutinated taxa 
and pyritised diatoms, although very rare undifferentiated planktonic and calcareous 
benthonic foraminifera are also recorded. Assemblages are similar in composition to those 
of the overlying interval although abundances are higher., 

Taxa providing evidence for the presence Pf either the early part of the Late Paiaeocene 
(Zones NSBlc-b and Zones NSP2-lc) or the Early Paiaeocene - Danian (Zones NSBla 
and NSP Ib-a) were not forthcoming from this weU. Consequently the presence of a hiatus 
is indicated between this and the underlymg interval. However, it should be noted that 
sample spacmg is relatively large over this part of the section examined (c.30' - 50') which 
may account for the apparent absence. 
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6132' (log) - 6156' (swc): LATE CRETACEOUS, LATE MAASTRICHTIAN, ZONE 
FCS23. (base not seen) 

The whelme log break (sharp reduction in gamma ray and increase in sonic velocities) at 
6132' indicates penetration of the Chalk Group. Biostratigraphic evidence (the presence of 
Pseudotextulaha elegans and Racemiguembelina Jhicticosd) in the sample at 6140' (swc) 
indicates a Late Cretaceous, late Maastrichtian age (Zone FCS23 of King et al., 1989) 
which in tum indicates the penetration of the Tor Formation. This would appear to suggest 
that the uppermost Chalk Group formation, the Ekofisk Formation of Early Paiaeocene 
(Danian) age is absent in this weU. Other taxa present in this interval which are consistent 
v^th this age assignment include Heterohelix spp., Hedbergella spp., Globigerinelloides 
praerihillensis, ?Rugoglobigerina spp., Gyroidinoides nitidus, Bolivinoides draco, 
Praebulimina laevis and Osangularia navarroana. 

ADDITIONAL COMMENTS: 

The sidewall cores at 5902', 5905', 5925', 5929' 5976', and 6014' all contam high numbers 
of orange-stained planktonic foraminifera which were logged as Globorotalia sp.A ?sp.nov. 
and Globorotalia sp.B ?sp.nov. Upon fiirther investigation, these specimeris were found to 
be very shnilar to the Cretaceous species Hedbergella planispira (Tappan) and 
Hedbergella infracretacea (Glaessner) / H.delrioensis (Carsey) respectively. No records of 
any Paiaeocene or Early Eocene planktonic taxa resembling these two forms have 
previously been described formally. 

H.planispira is commonly recorded, in abundance, firom late Albian mtervals in the North 
Sea Basm, although the particular colouration is not characteristic. Hinfracretacea is 
commonly recorded, in abimdance, fi-om early Aptian and early Barremian strata in the 
same area and does display a distmctive Orange/red stmning in the Aptian occurrences. 
Both taxa, however, have a range encompassing the Barremian - Cenomanian interval in 
the North Sea area. 

Various workers (Mears pers. comm., Jutson pers. comm. and Holmes pers, comm.) have 
noticed similar "anomalous" occurrences of these taxa fi-om elsewhere hi the Palaeogene of 
the North Sea Basin. There appears to be a reworkmg "event" of Early Cretaceous taxa 
into Upper Paiaeocene sediments which is sporadically recorded in the North Sea area, 
possibly firom exposed rotated fauh blocks with Lower Cretaceous (probably Aptian-
Albian) crests. 
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These taxa, though very abundant, were only recovered from sidewall core samples and did 
not appear in ditch cutting material, even when in close proximity. 

Other sidewall cores studied from this weU (5872', 5875', 5944', 6005', 6037', 6040', 6052', 
6107', 6140' and 6156' aU contamed a "normal" microfauna for the ages assigned to them. 
The sidewall core at 5890', however, contams a typical Late Paiaeocene microfauna with 
rare specimens of Globorotalia sp.A and Globorotalia sp.B. 

This weU lies, hke 21/26-lD, on the eastem side of the Westem Platform, although 
somewhat closer to the margm vwth the Central Graben and c.l25 km southeast of 21/26-
lD. Unlike that weU however, microfaimal assemblages in the post-chalk Palaeogene show 
more aflBnity with the "classic" development of Palaeogene biofacies of the Central Graben. 
The "Rhabdammina biofacies" of agglutmated taxa is better (though not completely) 
developed and the pyritised diatom faima of the Moray Group (Balder & Sele Formations) 
is relatively well developed. Possible reworkmg of some older Paiaeocene taxa (e.g. 
M.pseudobulloides) may also have occurred at this level. 

The presence of abundant planktonic foramhiifera throughout the Late Paiaeocene and 
Earhest Eocene stiU gives rise to some question regardmg the apparent absence of 
calcareous benthonic taxa. Even if the planktonics are reworked, theh: re-preservation 
should not be possible where the "Rhabdammina biofacies" is developed as current theory 
(see Chapter 2) mdicates that bottom water (and below sedhnent surface) chemistry is not 
conducive to the preservation of calcareous-walled organisms. If the planktonic tests have 
survived re-burial, there does not appear to be any reason why calcareous benthonic taxa, 
existing at the time, should not have been preserved also. It is of course possible that 
crystalline alteration of the ?Cretaceous planktonic tests during theu initial process of 
taphonomy has, in some way, increased their resistance to post-reburial dissolution. 
However, an examination of this hypothesis does not he within the scope of this study. 

9.9.Well 44/2-1 

Microfaunal recovery from this well was moderate to good m the Tertiary hiterval, 
becoming very good in the Cretaceous. Intervals were dehneated as follows: 

2730' - 2760': EARLY? EOCENE, ?YPRESIAN, UNZONED (top not seen) 

No age diagnostic taxa were recovered from the smgle sample within this interval although 
the overall aspect of the hnpoverished assemblage, together with its stratigraphic position 
suggests an ?Early Eocene age. Taxa present in this interval include moderately common 
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Cibicides ex gr. dutemplei and Lenticulina spp., together with rare Cibicidoides truncanus, 
Reticulophragmium afF. amplectens, Ammodiscus peruvianus and Cribrostomoides 
scitulus. 

2760' - 2820': EARLY EOCENE, YPRESIAN, SUBZONES NSPSb andNSPSa 

The highest occurrence of (rare) Subbotim ex gr. linaperta at 2760' suggests the 
penetration of the Early Eocene, Subzone NSPSb at that depth. An mcrease m abundance 
of the same taxon was noted m the subsequent sample analysed at 2790' which would 
suggest the presence of Subzone NSPSa. The presence of Vaginulinqpsis aflf. decorata and 
Bulimina aksuatica also at 2790' are consistent with the age assigned. 

2820' - 2850': EARLIEST EOCENE - LATE? PALAEOCENE, YPRESIAN -
?THANETIAN, ZONE NSP4 - ?NSP3 

The highest occurrence of Coscinodiscus sp.l at 2820' indicates an age no yoimger than 
earliest Eocene, Zone NSP4 at that depth. This record corresponds to Bioevent M7 of 
Mudge & Cppestake (1992) which is characteristic of the Balder Formation. This taxon 
occurs in an hnpoverished assemblage shnilar in overaU composition to those in the 
intervals above. 

2850' - 2990' (log): LATE PALAEOCENE, THANETIAN, ZONES NSP2/NSB1/NSA1 

The highest occurrences of the foUowing taxa at 2850', mdicate an age essentially no 
younger than Late Paiaeocene - Bulimina trigonalis (NSBl), Spiroplectammina spectabilis 
(NSAl) and common Cenodiscus spp. (NSP2), The latter record (common Cenodiscus 
spp.) appears to correspond to Bioevent M3 of Mudge & Copestake (1992) which 
provides a useful guide to the top of the Maureen Formation. However, the presence of 
S.spectabilis \s normaUy associated with the Lista Formation. 

The lowest occurrence of Bulimina rnidwayensis occurs at 2940' which. Win situ, would 
indicate an iage no older than the Late Paiaeocene, Siibzone NSBlb at that depth. The base 
of this Subzone (defined by Kmg, 1989, by the base of B.midwqyensis) coincides with the 
Late - Early (Thanetian - Danian) Paiaeocene boimdary accordmg to King, 1989. 

Caved taxa are common throughout this mterval However, taxa interpreted as in situ also 
occurrmg withm this mterval are mamly representative of the "Rhabdammina biofacies" 
and include Guembelitria spp., Cibicides spp., Ammodiscus cretaceus, A.peruvianus, 
Reticulophragmium amplectens, Rrotundidorsata, Glomospira irregularis, G.charoides, 
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G.gordialis, Haplophragmoides spp., Praecystammina globigerinaeformis, Karreriella 
conversa and Recurvoides ex gr. walteri. 

Other taxa occurring withhi this.hiterval are interpreted as reworked in view of subsequent 
biostratigraphic and wireline log evidence; e.g. Bolivinoides incrassata, Gavelinella ex gr. 
voltziana and Matanzia varians, all recorded at 2850'. Also, a major whrehne log break 
occurs at c.2990' (log) which mdicates the junction between the Ghalk Group and overlymg 
Montrose Group at that depth. However, a sample above that depth (at 2970') contains 
abundant Late Cretaceous microfossils and is very similar in composition to the remainmg 
(Late Cretaceous) samples analysed from this weU. Reworkmg of banian or, as hi this case. 
Late Cretaceous microfossils into younger sediments (Maureen Formation and equivalents) 
is not unknown form the North Sea (Mears, pers comm.). 

The absence of common pyritised diatoms of the genus Coscinodiscus (characteristic of 
Zone NSP4) would appear to suggest that most of Zone NSP4 may be missmg. However, 
this may be due to the location of the well bemg weU towards the southernmost hmit of 
these organisms during the Late Paiaeocene. This Zone (and its NSB and NSA equivalents) 
is also characterised by a lack of calcareous or agglutmated forammifera which is difficult 
to observe in this weU due to the effects of caving. A hiatus between this and the overlying 
interval is therefore tentatively suggested. 

An additional "anomaly" witlun this mterval concerns a wuehne log signature at c.2850' 
which shows a relatively prominent gamma spike, below which for c.40' is a "bulge" 
pattern. This signature is very sunilar to that shown by the Balder Formation elsewhere in 
the North Sea Basm and this study area (see well 29/25-1) although the age of this interval 
is somewhat at variance with that interpretation. This, together with the apparent large 
amount of reworking of Late Cretaceous microfossils mto the base of this interval suggests 
the unhkely, though possible theory, that measured ("driller's") depth and actual 
("logger's") depth are out of synchroneity over this part of the well. The samples definmg 
the top of the overljdng interval (2820') and the sample at the base of this hiterval 
interpreted as reworked (2970') would stratigraphicaUy "fit-m" with the avaUable wirelme 
log data if they were both transposed down the weU by c.30'. Thirty feet is the approximate 
length of a single length of driU-pipe and, as such, can sometimes be inadvertently omitted 
from the overaU taUy of perhaps hundreds of driU-pipe lengths that go to calculate the total 
measured ("driller's") depth of a weU. This is an albeit very rare occurrence but has been 
witnessed elsewhere by the author at first hand. However, the cucumstances that were 
occurring during the drilling of this weU cannot be reproduced and this theory has to be a 
matter of conjecture. Consequently, the biostratigraphic interpretation stands as described 
herein. 
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2990' (log) - 3090': LATE CRETACEOUS, LATE - 7EARLY MAASTRICHTIAN, 
ZONES FCS23>?FCS22 

The top of this mterval is marked by the abrupt wirehne log break (reduction in gamma and 
increase m sonic velocities) at 2990' (log) vyhich is mdicative of the penetration of the 
Chalk Group at that depth. The subsequent sample analysed at 3000' indicates a Late 
Cretaceous age for the Chalk Group which suggests that the topmost Formation of the 
Chalk Group, (Ekofisk Formation of Early Paiaeocene (Danian) age) is missmg in this well. 

The highest in situ occurrence (notwithstandmg the comments on reworking - see interval 
above) oiBolivinoides draco at 3000', together vwth Heterohelix spp., Globigerinelloides 
praerihillensis, Rugoglobigefina spp. and Praebulimina laevis, all indicate an age no 
younger than the late Maastrichtian, Zone FCS23. B.draco itself is restricted to the later 
part of this Zone. The occurrence oiBolivinoides miliaris in the lowest sample examined at 
3090' may suggest the presence of sediments of early Maastrichtian age (Zone FCS22) at 
that depth. Accordmg to Kmg et ah, 1989, this species does not range above the early 
Maastrichtian in the Southem North Sea. 

Other taxa, m addition to those described above, which occur within this interval include 
Rugoglobigerina rugosa, Globotruncanella havanensis, Gavelinella spp. (mainly G. ex gr. 
voltziana and G.beccariiformis), Stilostomella pseudoscripta and Gyroidinoides nitidus. 
They are all consistent with the stratigraphic age assigned to the mterval. 

ADDITIONAL COMMENTS: 

This well hes withm the northem part of the Silver Pit Basm and is separated fi-om the 
Central Graben and Dutch Central Graben by the Cleaver Bank HBgh and Mid-North Sea 
High to the east and northeast. It hes c.150 km south of well 29/25-1 and c.l60 km north 
of the remainmg study wells grouped mainly towards the south of Quadrant 49. 

Although not situated in the typical areas of Paiaeocene deposition (i.e. Central / Viking 
Graben and Outer Moray Firth) this weU nevertheless displays a reasonable "Rhabdammina 
biofacies" of agglutinated taxa typical of those miore "classic" areas. Also, "typical" 
Maureen and Sele/Balder microfaunas are likewise observed (reworked Late Cretaceous 
taxa above the chalk and suites of pyritised diatoms respectively). It appears therefore, that 
the area encompassed by the Silver Pit Basin may weU have been an active Paiaeocene 
depocentre for the "deeper water" elastics as characterised by the Maureen, Lista, Sele and 
Balder Formations fiuther to the north and northeast, although separated fi-om them by the 

312 





Mid-North Sea High. The area may have appeared as a kind of "embayment" towards the 
south and southwest of the main Paiaeocene North Sea deposhional area. 

9.10.Well 49/10-1 

Microfaunal recovery from this well was good and consisted of abundant planktonic, 
calcareous benthonic and agglutinated foraminifera, together with common diatoms. 
Relatively large amounts of caved taxa, both from v/ithin the interval analysed and from 
younger sediments, were also recorded and poor hole conditions can be seen reflected in 
the rather erratic caUiper log trace shown over this interval. Intervals were dehneated as 
foUows: 

2820' - 2860' (log): EARLY EOCENE, YPRESIAN, ZONES NSP5 / NSB 3 / NSA 4-3 
(top not seen) 

The two samples analysed from this hiterval yielded abundant and diverse microfaimal 
assemblages contaming characteristic Early Eocene taxa. The highest occurrence of 
abundant Globcmomalina spp. {G.wilcoxensis and G.micra) indicate an age no yovmger 
than Middle Eocene, Lutetian, Zone NSP 7 at 2820', although the occurrence of 
moderately common Subbotina ex gr. linaperta in the subsequent sample at 2830' would 
appear to suggest a slightly older age for this interval i.e. Early Eocene, Zone NSP 5 with 
the Globanomalina spp. possibly caved from unsampled intervals above. The highest 
occurrences of Turrilina brevispira at 2820' and Bulimina sp. nov. sensu Kmg (1983) (= 
Bulimina sp.A of King, 1989) at 2830' provides supportmg evidence for this age 
assignment. These species is restricted to (mainly), the upper part of Zone NSB 3. The 
highest occurrences (at 2830') of the agglutinated taxa Spiroplectammina navarroana and 
Reticulophragmium amplectens lend additional support for an Early Eocene age for this 
mterval. Both taxa range throughout Zones NSA 4 and 3 which are of earUest Middle -
Early Eocene age. In addition to those taxa mentioned above, the foUowing species were 
also recorded withm this interval - Globigerina officinalis (caved), Catapsydrax spp., 
Acarinina bullbrooki "group", Acarinina soldadoensis "group" (probably Acarinina 
pentacamerata), Nodosaria spp., Cibicides ex gr. dutemplei (caved), Angulogerina 
germanica (caved), Bulimina trigonalis, ?Cibicidoides succedens, Planulina palmerae, 
Rhizammina indivisa, Karreriella conversa, Bathysiphon discreta and Cribrostomoides 
spp., together with other rare caved taxa. 

2860' (log) - ?2900' (log): EARLIEST EOCENE - 7LATEST PALAEOCENE, 
YPRESIAN - THANETL\N, ZONE NSP 4 
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A wireUne log break (relatively high gamma peak) is taken to represent the top of the 
Balder formation at 2860' (log). The subsequent sample analysed (2870') yielded rare 
pyritised diatoms which become even more common at 2880' and include the highest 
occurrence of Coscinodisais sp.i. This is indicative of an earliest Eocene - latest 
Paiaeocene, Zone NSP 4 age at that depth and corresponds to Bioevent M7 of Mudge & 
Copestake (1992). The remainder of the microfaunal assemblages appear to contain 
abundant caved taxa which continue to be abundant throughout samples analysed down the 
weU. Consequently, it is not possible to reUably pick certain other Zones which are based 
on downhole disappearances of taxa and/or barren hitervals. However, another log break 
(reduction m gamma ray and stabUity of hole conditions) at 2900' may tentatively indicate 
the junction between the Balder Formation and the older pre-Balder interval below. 

?2900' (log) - 3003' (log): LATE PALAEOCENE, THANETIAN, ZONE NSA 1 

Microfaunal assemblages throughout this interval contain abimdant caved taxa, plus other 
elements that may be regarded as in situ although are of only general age diagnostic value. 

Agglutmated forammifera are abundant throughout this mterval and those above. However, 
the distribution chart shows that a subtle increase in numbers and diversity occurs around 
2920' near the top of this interval and suggests the presence of Zone NSA 1. This may 
correspond to Bioevents M5/4 of Mudge & Copestake (1992) which occur near or at the 
top of the Late Paiaeocene Lista Formation. A decrease in recovery and diversity of in situ 
calcareous benthonic and planktoruc taxa can also be observed at the same level. 

These assemblages, although containing no Late Paiaeocene restricted taxa (e.g. 
S.spectabilis), hiclude in addition to those agglutinated taxa from higher intervals 
mentioned above, Glomospira charoides, G.gordialis, G.irregularis, Thurammina spp., 
Ammodiscus cretaceus, A.peruvianus, Praecystammina globigerinaeformis, 
Hcplophragmoicks / Cyclammina spp., Cribrostomoides scitulus, Trochammina spp., and 
Recurvoides spp. Although ranging higher, these species are consistent with the Late 
Paiaeocene interval age assigned and possible represent Zone NSA 1. 

Of the calcareous benthonic taxa, the only taxon of possible stratigraphic value recorded as 
in situ is Bulimina trigonalis, positively identified at 2970'. The range of B.trigonalis is 
sporadic but appears to be bimodal (King, 1989) ranging within the upper part of Zone 
NSB2 (Balder Formation equivalent) and through most of the underlying Subzone NSB Ic 
(whoUy Late Paiaeocene). However, in this vŝ eU, spechnens bearmg afBnity to B.trigonalis 
have been recorded in the Early Eocene interval above (NSB 3). Spechnens questionably 
identified us B.trigonalis have been recorded at and below 2880' and possible correspond 
to the upper range of King, 1989. 
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No Late Paiaeocene restricted planktonic foramuiifera were recovered from this interval 
although caved taxa are abundant. However, Subbotina triangularis, though rangmg into 
the interval above, can be found m strata of Late Paiaeocene - Eocene age worldwide and is 
recorded at 2910' and below within this interval. 

3003' (log) - 3030': EARLY PALAEOCENE - 7LATE CRETACEOUS, DANIAN -
7MAASTRICHTIAN, ZONES NSP 1 - ?FCS 23 

A wheline break (reduction m gamma ray and change m sonic character) marks the junction 
between the Montrose and Chalk Groups at 3003' (log). Microfaunal assemblages analysed 
from this interval are dominated by caved taxa. However, those rarer taxa interpreted as in 
situ include significant planktonic species such as Globorotalia ?haunsbergensis (3010'), 
G.?plannocompressa (3030'), Planorotalites compressa (3030') and Eoglobigerina 
trivialis "group" (3030'). These taxa, though known to range shghtly higher, are 
characteristic of the Early Paiaeocene, Danian, particularly where recorded from Ihnestones 
attributed to the Chalk Group. If in situ, these taxa would indicate the presence of the 
Ekofisk Formation (Danian age equivalent) at the top of the Chalk Group within this well. 
However, the lowest two samples analysed (3020' and 3030') yielded rare calcareous 
benthonic foraminifera suggestive of a Late Cretaceous age. These include Cibicides 
?beaumontianus (3020'), ?Praebulimina spp. (3030') and Quadrimorphina spp. (3030'). 
However, a change in wheline log character is also noted at 3037'; i.e. below the lowest 
sample exammed. This may very tentatively be taken to mark the possible junction between 
the Danian Ekofisk and the Maastrichtian Tor Formations in this well. Lhnestones above 
this depth are also marly and therefore more characteristic of the Ekofisk Formation and 
distinct from the "cleaner̂ ' Tor Formation. Consequently, the occurrence of these taxa may 
be due to reworking and therefore the presence of sediments of Late Cretaceous age in this 
interval is questioned. 

ADDITIONAL COMMENTS: 

This weU hes within a structural depression on the Cleaver Bank High, some 125 km south-
southeast of well 44/2-1 but only 25-30 km north of the group of remaming study weUs in 
the south of Quadrant 49. It is the inost southem weU of those studied to display a fahly 
representative "Rhabdammina biofacies" of agglutinated taxa in the Late Paiaeocene, 
together with pyritised diatom suites characteristic of the Balder/Sele Formations and, to a 
lesser extent, Maureen Formation assemblages (e.g. reworked Cretaceous taxa and 
dovrahole incoming of typical Early Paiaeocene planktonic forams above the Chalk Group). 
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Although shuated on a structural high (or depression within it), palaeodepths during the 
Late Paiaeocene particularly, must have been sufficiently great to allow the estabhshment of 
a "Rhabdammjna biofacies". This depression may have allowed the marine connection 
between the Silver Ph "embayment" described above, and the mam Paiaeocene North Sea 
depocentres in the north around the southem part of the Cleaver Bank High and thence via 
the Dutch Central Graben. 

9.11 .Well 49/20-2 

Microfaunal recovery from this weU was poor with even the most productive samples 
yielding fewer than thirty spechnens. Whehne log traces are also mdistmct and show httle 
of the characteristic signature pattems nonnally associated with distmctive whehne markers 
such as the Balder Formation of the top of the Chalk Group. Intervals were dehneated as 
foUows: 

2490' - 2610': EARLY EOCENE - 7LATE PALAEOCENE, UNZONED (top not seen) 

Impoverished assemblages from this interval make interpretation difficiUt. However, an 
Early Eocene age appears more Ukely m view of the biostratigraphic data from the mterval 
below. 

The highest occurrence of Bulimina trigonalis, if in situ, provides possible evidence for a 
Late Paiaeocene age in the highest sample analysed from this interval at 2490'. This species 
is restricted to the Late Paiaeocene, Subzones NSB Ib-c, although may rage higher (see 
above and below). Some support for this age may be provided by the highest occurrence of 
Globigerina chascanona at 2520'. This species has been recorded from the uppermost part 
of the Reculver SUts (Late Thanetian) by Haynes (1956 & 1958) but is also recorded 
rangmg into the London Clay Formation, Unit B (Early Eocene) by Murray & Wright, 
1974. Other taxa recovered from this interval are also more suggestive of an Early Eocene 
age (unless caved). They mclude Globorotalia danvillensis, Globigerina patagonica (both 
at 2520'), Subbotina ex gr. linaperta (at 2550') and Globanomalina wilcoxensis (at 2580'). 

At 2610': EARLY EOCENE, YPRESL^^Sf, ZONE NSP 4 (lower part). 

The occurrence of common non-pyritised diatoms {Coscinodiscus sp.20/26 sensu G.S.S.) 
mdicates a definite Early Eocene age at 2610', This event occurs near the base of the NSP4 
zone and is fahly consistently recorded some 30 feet verticaUy below the highest 
occurrence of the reUable Balder Formation indicator, Coscinodisais sp.l in many other 
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North Sea sections. Coscinodiscus sp.l was, however, not recorded in this weU. No further 
spechnens of Coscinodiscus sp.20/26 were recorded from samples blow 2610'. 

This suggests that the upper part of the Balder Formation (or a large part of it) is missing 
from this weU and that consequently a hiatus is placed at the junction between the two 
intervals. 

2640' - 2790': LATE PALAEOGENE, THANETIAN, UNZONED 

Assemblages from this interval are very impoverished and contain only caved taxa. 
However, in view of the age assigned to the mterval above, a Late Paiaeocene, Thanetian 
age is envisaged. 

A specimen questionably identified as Cibicidoides succedens near the base of this interval 
at 2760', provides some support for this age. This species ranges throughout the Late 
Paiaeocene Subzones NSB Ic-b. Samples throughout this interval were very impoverished 
consisting mamly of caved taxa, although a species of Chiloguembelina spp. was also 
recorded at 2760' which may be in situ. 

2790' - 2850': L A T E CRETACEOUS, 7MAASTRICHTIAN, 7Z0NES FCS 23 - 22 (base 
not seen) 

An increase in microfaimal recovery at 2790' marks the top of this interval. Although also 
contahiing some caved taxa, the highest occurrences of Gavelinella ex gr. voltziana, 
G.pertusa and Gyroidinoides nitidus in this sample indicates penetration of the Late 
Cretaceous. The occurrences of Gavelinella bembix and Osangularia spp. at 2820' and a 
specunen questionably identified as Angulogavelinella bettenstaedti, support the general 
Late Cretaceous age. All these taxa are relatively long ranging but range no higher than the 
Late Cretaceous. However, the range of A.bettenstaedti is largely confined to the 
Maastrichtian. It therefore appears that the uppermost formation of the Chalk Group of 
Early Paiaeocene age (Ekofisk Formation) is absent from this weU. 

ADDITIONAL COMMENTS: 

This well hes near the southem tip of the Cleaver Bank High, approxhnately midway 
between weU 49/10-1 (c.30 km to the north) and c.30 km to the north of the group of 
remaining Quadrant 49 weUs. 
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Poor microfaunal recovery does not allow good stratigraphic mterpretation although it 
appears that this weU has more similarities with microfaunas from weUs to the south than to 
those of the north. Agglutmated forammifera of the "Rhdbdammina bibfacies" typical of 
the Lista Fonnation elsewhere m the North Sea are completely absent, as are pyritised 
diatom suites characteristic of the (mainly upper) Balder Formation. 

9.12.Well 49/24-2 

Microfaunal recovery from this v̂ rell was very good although samples contained abimdant 
caved material. In situ recovery was relatively poor. The assemblages are dominated by 
planktonic forammifera together with abundant calcareous benthonic forammifera. All other 
components are comparatively very rare. Whelme log data from this well is also of value. 

1860' - 1955' (log): EARLY EOCENE, YPRESIAN, ZONES NSP 7?-5 / NSB 3 (top not 
seen) 

Samples from this interval contain abundant planktonic foraminifera includmg 
Globanomalina wilcoxensis, G.micra, Subbotina triangularis, Acarinina wilcoxensis 
"group", Acarinina soldaddensis "group" (probably A.pentacamerata) and Globigerina 
chascanona. All these taxa are characteristic of an age no younger than the early Middle 
Eocene, Zone NSP 7. However, the highest occunence of Subbotina ex gr. linaperta at 
1900' restricts the age to no younger than Early Eocene, Zone NSP 5. 

Calcareous benthonic foraminifera are comparatively rare although stratigraphicaUy 
significant taxa are present. The highest occurrences of Turrilina brevispira (at 1900'), 
Vaginulinopsis decorata and V.afr. decorata (both at 1930') are aU characteristic of an 
Early Eocene, Zone NSB 3 age. 

AU, these taxa, particularly the planktonic species Globanomalina wilcoxensis and 
Subbotina ex gr. linaperta, together with undifferentiated caved Ohgo-Miocene 
Globigerina spp. occur m significant numbers both withm this, and caved down mto older 
intervals. Also, the calcareous benthoruc fauna throughout this and subsequent intervals, 
though subordinate to the plankton, is dominated by the distinctive OUgo-Mocene species 
Siphonina reticulata, which confirms the caving problem noted in this weU. 
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1955' (log) - ?1985' Oog): EARLIEST EOCENE - LATEST PALAEOCENE, 
YPRESIAN - THANETIAN, 7Z0NE NSP 4. 

A wireline log motif (high gamma peak) at 1955' is characteristic of the top of the Balder 
Formation at that depth. Somewhat tentative support for a corresponding Zone NSP 4 age 
assignment is provided by the occurrence of rare pyritised diatoms at 1960' and by a 
specimen of Coscinodiscus sp.i caved at 1990'. Diatoms, mainly of the genus 
Coscinodiscus, often occur withm the Balder and Sele Formations of the Central and 
Northem North Sea (Bioevents M7 and M6 of Mudge & Copestake, 1992) although their 
occurrence in the Southem North Sea is less certam due to lack of published research on 
Tertiary strata from this area. The base of this Formation is very tentatively picked at 
approxhnately 1985', based on the bottom of the gamma log motif displaying a 

" characteristic Balder Formation "bulge" pattem. 

1985'? Oog) - 2219' (log): LATE PALAEOCENE, THANETIAN, SUBZONES NSBlc-b 
/?NSP lc(m lower part). 

Samples analysed from this interval yielded abundant caved taxa with rare in situ elements. 
The top of this mterval is based on a log pick definmg the base of the overlymg mterval (see 
above). However, the single occurrence o?Bulimina midwqyensis provides evidence for an 
age no younger than Late Paiaeocene, Subzones NSB Ic-b, at 1990', just below the log 
break. Bulimina trigonalis is rare, though more consistently present throughout most of 
this hiterval although, somewhat unusiially, has been recorded in the sample at 1930* from 
the Early Eocene hiterval above. This species, accordmg to King, 1989, ranges only 
throughout Subzones NSB Ic-b within the Late Paiaeocene. Other benthonic taxa recorded 
which are consistent with a Late Paiaeocene age hicludes Alabamina obtusa (highest 
occurrence at 1960' - i.e. the interval above). This species is often found within Paiaeocene 
"Midway type" faunas accorduig to Berggren & Aubert, 1975. However, h has also been 
recorded as ranguig from the Late Palaeocehe - Early Eocene of northem European 
onshore sections (Murray et al., 1989). 
The planktonic assemblages, though dominated by caved taxa, yielded rare but highly 
significant forms. Spechnens questionably assigned to Morozovella uncinata (highest 
occurrence at 1990') and Morozovella praecursoria (highest occurrence at 2050') may 
indicate the presence of sediments that could be assigned to the global planktonic 
forammiferal Zones P2-P3 of Blow (1969 & 1979). These two Zones straddle the Late -
Early Paiaeocene boundary - within P2 according to Blow (1969) or at the top of P2 
accordmg to Berggren (1971) (see Chapter 7.2.1 for discussion). These taxa are sigmficant 
m that they may represent the presence of a post-Danian (albeit for only a short period) 
planktonic fauna which may have existed in some parts of the Southem North Sea whilst 
theh preservation m other areas was mhibited due to adverse physico-chemical conditions 
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at or helow the sedunent-water interface. The part of this interval containing these taxa 
(2050' - 2219' log) may be in some part equivalent to Subzone NSP Ic of King, 1989, 
which occurs in the lowermost part of the Late Paiaeocene and whose top is based on the 
downhole reappearance of planktonic foraminifera below Late Paiaeocene intervals barren 
of such forms. 

Below the lowest recorded occurrences of these planktonic taxa, although still withm this 
stratigraphic mterval, a wirehne log break, consistmg of a shift to higher gamma values, 
occurs at c.2095' (log). This would appear to reflect a downhole change to more 
argillaceous lithologies. Although evidence is not conclusive, the three samples analysed 
below this log break and above the interval below, yielded fewer specimens, most of which 
are caved, with the lowest sample (2180') completely barren of microfauna. This may (very 
tentatively) suggest a downhole dechne (?reduced palaeodepth) in conditions suitable for 
foranimiferal existence. 

2219' (log) - 2220': EARLY PALAEOCENE, DANIAN, ZONES NSP 1 / NSB la (base 
not seen) 

A wheline log break (abrupt decrease hi gamma values) marks the top of this interval at 
2219' and corresponds to the penetration of the Chalk Group at that depth. The smgle 
sample analysed firom this intei-val (2220') yielded moderately common planktonic 
foraminifera, Globoconusa daubjergensis and Morozovella pseudobulloides, indicative of 
the early Paiaeocene Zone NSP 1. The former species partly defines the M l Bioevent of 
Mudge & Copestake (1992) and marks the top of the Ekofisk Formation. The benthonic 
taxon Tappanina selmensis, also recovered from the same sample, is also characteristic of 
the Early Paiaeocene Subzbne NSB la. 

ADDITIONAL COMMENTS: 

Results from this weU are of particular mterest as a comparison to the resuhs of Crittenden 
who studied the planktonic foraminifera from this weU as part of an impubhshed M.Sc. 
study m 1979, the results of which were subsequently pubhshed (Crittenden, 1981 and 
1982) and discussed fiuther (Crittenden, 1986). He recognised a total of 72 species from 
C.2500 spechnens with mdividuals, as in this study, dommated by Pseudohastigerina spp. 
{Globanomalina spp. herem). Crittenden also noted extensive cavmg and the majority of 
the species identified by hhn range firom levels stratigraphically higher than the Paiaeocene -
Early Eocene. Crittenden used the zonation scheme of Stainforth et al. (1975 - see chapter 
7.2.1) and gives the foUowing ages for the samples he examined: 

320 





1300-1340': Early Eocene, G. formosa formosa - G. aragomnsis Zones 
1460'-1500': Early Eocene, G. suhbotinae Zone 
1620'-1660': Late Palaeocene/Early Eocene, G. velascoehsis - G. subbotinae Zones 
1780'-1820': Late Palaeocene/Early Eocene, G. velascoensis - G. subbotinae Zones 
1900'-1930': Late Paiaeocene - Early Eocene, G. pseudomenardii - G. subbotinae/G. 

formosa formosa Zones 
1930'-1960': Middle - Late Paiaeocene, G. pusilla pusilla- G. velascoensis Zones 
1960'-1990': Late Paiaeocene, G. velascoensis Zone 
1990'-2020': Middle Paiaeocene, G. angulata - G. pusilla pusilla Zones 
2020'-2050': Middle Paiaeocene, G. uncinata/ G. angulata Zones 
2050'-2080': Middle Paiaeocene, G. uncinata/G. angulata Zones 
2080'-2110': Early - Middle Paiaeocene, G. pseudobulloides - G. uncinata Zones 
2110'-2140': Early - Middle Paiaeocene, G. pseudobulloides - G. uncinata Zones 
2140'-2180': Early - Middle Paiaeocene, G. pseudobulloides - G. uncinata/G. angulata 

Zones 
2180'-2220': Early - Mddle Paiaeocene, G. pseudobulloides - G. uncinata/G. angutata 

Zones 
2220'-2260': Late Cretaceous - Early Paiaeocene, no yoimger than G. pseudobulloides 

Zone 
2260'-2300': Late Cretaceous, no zone assigned. 

This breakdown is in broad agreement with that of the present author however in the 
present study, the sample at 2220' was the lowest sample analysed from this well and thus 
the position of the Cretaceous - Tertiary boundary cannot be confirmed although it seems 
acceptable according to Crittenden's data. Crittenden's "Middle" Paiaeocene (= lower part 
of the Late Paiaeocene hi North Sea terminology) is based on the occurrence of 
Globorotalia (=Morozovella) uncinata and Globorotalia (=Morozovella) angulata, the 
latter species unfortunately not iUustrated or discussed taxonomicaUy. The occurrence of G. 
uncinata was questioned by Kmg (1983) as was the Danian microfauna as a whole. King 
stated that no Danian chalks were recorded in this weU although, accordmg to Crittenden 
(1986), the sample at 2220'-2260' is stated as "clearly" havmg a chaUc component (of c. 
45%). This is recorded as the first downhole appearance of chaUc Uthologies in this well, a 
fact which appears to be corroborated by the weUsite geologist's "mud-log" ipers. comm. 
from SheU U.K. to Crittenden, 1986). The wirehne log trace clearly shows the penetration 
of the Chalk Group at c.2219' (log) i.e. within the depth-range encompassed by the sample 
at 2220'. 

The present author regards the record of G. wwc/wato by Crittenden as confirmed as rare 
spechnens of this taxon have been recovered m this study from this weU. Unfortunately, 
Crittenden's record of G. ("cf") angulata (1979, 1981) cannot be proven as his specimen 
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has not. been illustrated, a fact which Crittenden himself admits (1986). This matter, 
however, does raise the question as to the extent to which living post-Danian angulo-
conical and/or keeled globorotaliids were able, if at all, to penetrate into the North Sea area 
during the remainder of the Paiaeocene. It is generally accepted (see Chapter 2) that 
angulo-conical / keeled planktonic species are not present in and around the North Sea 
Basin, mainly due to adverse palaeoecological conditions (low temperatures and water 
depths). However, it is not beyond possibility that rare specunens may have been 
introduced into the area as a resuh of wmd or current action, or as a resuh of brief periods 
where conditions may have been acceptable to more "opportunistic" representatives of the 
species. Planktonic taxa however, do not hve for long periods and for individuals to exist in 
these envhonments, they would have to be washed in during the surface-dwelling phase in 
the early part of theh life cycle as juveniles. A possible nearby source for a "pool" of 
thrivmg representatives of G. angulata may have been the North Atlantic, where specimens 
of G. angulata have been recorded m boreholes m the West Shetlands Basm and the Faeroe 
Basin (ched without sources m Crittenden, 1986). Dead, empty tests may also be 
transported by current action prior to deposition although this would not appear likely hi 
the above scenario given the distances and current dhections prevalent at the time. 

G. angulata has also been recorded from several onshore locahties around the North Sea 
area. Hooyberghs (1983) records the species in the Calcarenite of the Mechelen aan de 
Maas borehole of Belgium withm Zone P3 at 290.5m. Pozaryska & Szczechura (1976) 
record a smgle spechnen from the Svedala borehole m Skane and Hansen (m Ppzaryska & 
Szczechura, 1976) records a spechnen from Denmark. El-Nagger (1967, 1969) records the 
species from the Tufifeau de Lhicent m the G. velascoensis Zone and also from the Givry 
318 weU in Belgium. King (in a pers. comm. to Crittenden, 1986) riegards El-Nagger's 
spechnens as misidentified however. 

G. angulata is 4-5 chambered plano-convex taxon which is clearly "angulo-cpnical" m hs 
aspect with the periphery of all chambers being subangular to subrounded in shape. 
Although spines are concentrated around the periphery, they do not form a tnie keel (see 
Stainforth et al., 1975 fig. 34). It evolved from Globorotalia (=Morozovella) 
pseudobulloides via G. imcinata. G. uncinata is similar although later chambers in the final 
whorl (of which there are shghtly more than G. angulata: 5-6) lack the more angular 
periphery and are, mstead, more roimded and globular, particularly the final chamber. 

Related species include Globorotalia trinidadensis which has the same characteristic 
recurved sphal side sutures are the above two, although all chambers in the final whorl are 
globular or pear shaped and display no angular features. Globorotalia (=Morozovella) 
praecursoria appears to be a combination of all three previous morphologies with 5-8 
chambers of which the first 2 or 3 are distmctly angulo-conical with subsequent chambers 
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becommg broadly rounded. Spiral side sutures are initially recurved then become more 
radial. It has more chambers than G. uncinata and G. angulata, has more angular initial 
chambers than G. trinidadensis and has less angular final chambers than G. angulata. 

In regional context, this well hes within a group of 4 weUs towards the south of Quadrant 
49 in blocks 24 and 25 on a platform known as the Inde Shelf This group forms the 
southernmost weUs studied herein, though approxhnately 230 km north-northeast of the 
onshore U K locahties m Kent. 

Poor recovery firom the 49/24-2 well hinders certain mterpretation, although recorded 
microfaunas appear to have more afBnity with the onshore U K and Danish Paiaeocene 
assemblages (i.e. dominated by calcareous benthonic foraminifera) than with those firom 
wells to the north of this area. This mdicates that, for the UK side of the area, the southem 
reaches of the North Sea (i.e. south of the Silver Pit Basm / Cleaver Bank High) did not 
develop the "typical" depositional style of the "classic" Early Palaeogene hydrocarbon 
province to the north in the Central / Vikhig Graben and Outer Moray Fkth. 

9.13.WelI 49/24-3 

Microfaunal recovery fi-om this well was good with specimens recovered dommated by 
planktonic foranunifera of which Globanomalina spp. was the dominant genus. However, 
recovery of good in situ and age-diagnostic taxa firom this well was poor, with a great 
many caved specimens evident. 

\\%ehne log data (gamma ray) firom this well is also inconclusive. Therefore the 
stratigraphical breakdown of this well is tentative. 

1700' - 1760»: EARLY EOCENE - ?LATE PALAEOCENE, YPRESMN -
7THANETIAN, NSA 3 ZONE (top not seen) 

The stratigraphical age of this mterval is diflBcult to interpret. The majority of species 
recorded would, at face value, be taken to indicate an Early Eocene, Ypresian age. The 
occmrence of Gaudryina hiltermanni (at 1700') would mdicate an age no yoimger tiian 
zone NSA3. The abundant planktonic foraminifera are dominated by good Eocene 
indicators which range through this interval (and below) such as Globanomalina spp., 
Acarinina wilcoxensis "group", Subbotina triangularis (which may indicate a NSP5a 
subzone age) and Globigerina chascanona. Subbotina linaperta "group" also occur 
(rarely) in this mterval (highest occurrence at 1/20'). 
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Of the calcareous benthos, Alabamina obtusa, Bulimina aksuatica and various cibicidiids 
(i.e. Cibicidoides pachyderma and Cibicides tenellus) would support an Early Eocene age. 

However, the highest occurrence of Bulimina trigonalis (at 1700') may suggest an age 
essentially no younger than the Late Paiaeocene for this interval. Pubhshed ranges for this 
taxon (e.g. Kmg, 1989; Murray et al. (as B.thanetensis), 1989) restrict its distribution to 
the Late Paiaeocene. However, this species has also been recorded (albeit sporadically or 
questionably) from yoimger (i.e. Early Eocene) strata m other weUs in Quadrant 49 m this 
study. This would appear to suggest an upwards range-extension for this taxon m the 
southem part of the North Sea Basin. 

No evidence for the presence of the Balder and Sele Foraiations of latest Paiaeocene -
earhest Eocene age was forthcoming. These formations, particularly further north in the 
Central and Northem North Sea are characterised by a pyritised diatom flora. Their 
apparent absence in this part of the North Sea may however, be related to envh-onmental 
effects. 

In conclusion, an Early Eocene age is favoured for this interval although the older (Late 
Paiaeocene) age cannot be completely discounted. 

1760' - 1780': EARLY PALAEOCENE (DANIAN) - 7LATE CRETACEOUS 
(37MAASTRICHTIAN), NSPla-b SUBZONES 

The smgle sample analysed from this mterval at 1760', yielded an assemblage dommated by 
(mamly caved) planktonic foraminifera. The occurrence of chalk-preserved planktonic 
foraminifera including Morozovella pseudobulloides and smaU globigerinids (Globigerina 
spp./ Eoglobigerina spp. undifferentiated) would suggest penetration of the Chalk CJroup, 
Ekofisk Formation (Danian) by this depth. Spechnens questionably assigned to 
Globoconusa daubjergensis would also indicate a Danian (particularly early Danian) age. A 
specimen, also at 1760', assigned to the Globorotalia eugubina I Globigerina fringa 
"group" herehi would, if identification is confirmed, refine the assigned age further to 
earhest Danian, Pa Zone of Blow, 1979 (lower part of subzone NSPla of Kmg, 1989). 

No evidence for the Late - Early Paiaeocene Maureen Formation was recorded.. This 
formation is characterised by abundant radiolaria and characteristic planktonic foraminiferal 
genera, none of which were noted hi the assemblages studied. 

Rare Late Cretaceous foraminifera (Globigerinelloides praerihillensis, Praebulimina 
laevis and Cibicides ?beaumontianus) also recorded at 1760' may be reworked although, if 
in situ, could also mdicate the position of the Cretaceous - Tertiary boundary hes between 
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this depth and the depth of the next uphole sample (i.e. 1740'). However, these taxa are 
rare in the 1760' sample and better evidence for Late Cretaceous penetration can be found 
below. 

The apparent downhole microfaunal break into chalk-preserved microfaunas, and therefore 
an mdhect hidication of Chalk Group hthologies, is not reflected at aU on wheUne logs over 
this depth interval. Consequently, an Early Paiaeocene, (?earhest) Danian age is favoured 
for this interval although the possibihty of a Late Cretaceous age cannot be excluded. The 
presence of a major hiatus, with at least most of the Upper Paiaeocene missmg, is mferred 
at 1760'. 

1780' - 1920': LATE CRETACEOUS (MAASTRICHTIAN) (base not seen) 

The highest occurrence of abundant Heterohelix spp., together with Pseudotextularia 
elegans, Gavelinella ?pertusa, ?Eotfvigerina aculeata and a specimen bearing afBnity with 
Bolivinoides laevigatus all indicate the definite penetration of the Late Cretaceous by 
1780'. Other Late Cretaceous mdex taxa recorded mclude Bolivinoides draco (at 1890'). 
P.elegans is particularly indicative of the late (latest) Maastrichtian in the North Sea area 
and, together with information firom the interval above, may suggest that the Cretaceous -
Tertiary boimdaiy in this weU is conformable, at least witlun the limits of resolution 
employed over a 20' sample gap. Regionally, this situation would be unusual as, to the 
present author's knowledge, no offshore mterval (m the U K sector) has been proven to 
demonstrate a continuous boundary sequence. 

ADDITIONAL COMMENTS: 

Like the previous weU (49/24-2) poor recovery hmders mterpretation for this well. 
However, microfaunas recorded m this weU do show aflSnities with assemblages firom 
nearby weUs and onshore UK and Danish locahties. Like 49/24-2, this well hes south of the 
southem limit of the development of (good) "Rhabdammina biofacies", diatom suites and 
other characteristic Paiaeocene bioevents, more typical fiirther to the north. Also, 
calcareous benthonic assemblages, though reasonably diverse, b e ^ to become dominated 
by cibicidud taxa m most samples. Though normal marine conditions are indicated, 
Paiaeocene palaeodepths were relatively shaUow, thus preventing the estabhshment of good 
plaiiktonic foraminiferal assemblages, particularly the angulo-conical morphotypes of good 
biostratigraphic utUity. 
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9.14.Well 49/24-4 

Microfaunal recovery from this well was moderate to good, with specimens recovered 
dominated by the planktonic forammiferal genera Glohcmomalma and Suhhotina. 
However, recovery of good Paiaeocene age-diagnostic and in situ taxa was very poor with 
the majority of specimens recorded bemg interpreted as caved. 

1460' - 1550': MIDDLE - EARLY EOCENE, LUTETIAN - YPRESIAN, NSP7? - NSP5 
/ ?NSB4 - NSB3 (top not seen) 

This interval is doiriinated by the planktonic foraminiferal genus Qlobmomalina (Middle -
Early Eocene) and the species Subbotina triangularis (Early Eocene - Late Paiaeocene) 
which were recorded at and below 1460'. Other taxa diagnostic of the Eocene mclude 
Subbotina linaperta "group", Bulimina aksuatica and Anomalinoides capitatus. Other 
taxa, more characteristic of the Early Eocene mclude Bulimina sp.A (King), Globigerina 
chascanona, ?Planorotalites chapmani and (recorded at 1490'), Acarinina wilcoxensis 
"group". 

The records of Vaginulinopsis decorata, V.decorata subsp.A (King), Gaudryina 
hiltermarmi and Turrilina brevispira (all at and below 1520'), support the overaU age 
hiterpretation. 

1550' - 1700': EARLY EOCENE - ?LATE PALAEOCENE, YPRESIAN -
7THANETIAN, UNZONED 

The highest occmrence of very common Acarinina soldadoensis "group" at 1550', 
indicates the penetration of an interval no younger than the Early Eocene but possibly as 
old as Late Paiaeocene. However, no Late Palaeocene-restricted taxa were recorded, 
therefore although an early Eocene age is favoured for this interval, the older (Late 
Paiaeocene) age caimot be completely discounted. 

The highest occurrence of Spiroplectammina navarroana is recorded at 1670'. This 
species, whUst being more characteristic of the Early Eocene, can range down into the 
Paiaeocene. 

1700' -1790': LATE PALAEOCENE, THANETIAN, ZONE N S A l 

The top of this interval is marked by a major downhole reduction in microfaunal recovery 
at and below 1700', although the highest occurrence of Glomospira charoides is also noted 
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at this depth. This observation may correspond to Bioevent M5 of Mudge & Copestake 
(1992) and indicate penetration of the Late Paiaeocene (Lista Formation). 

The highest occurrence Kcareriella conversa (at 1730') supports this interpretation. The 
highest occurrence of this species is used to partly define Bioevent M4 (Late Paiaeocene, 
Lista Formation) of Mudge & Copestake (1992). 

Samples throughout this interval are extremely hnpoverished/barren of microfauna and 
occasionaUy very rare, reworked Late Cretaceous taxa are seen. No evidence for the 
presence of the Balder and Sele Formations of latest Paiaeocene - earhest Eocene age was 
forthcoming. These formations, particularly fiuther north m the Central and Northem North 
Sea are characterised by a pyritised diatom flora. Their apparent absence in this part of the 
North Sea may be related to envhonmental effects however. 

SimUarly, no evidence for the Late - Early Paiaeocene Maureen Formation was recorded. 
This formation is characterised by abundant radiolaria and characteristic planktonic 
foraminiferal genera, none of which were noted m the assemblages studied. 

1790': LATE CRETACEOUS, EARLY MAASTRICHTL\N - CAMPANIAN, FCS 22-10 
ZONES (base not seen) 

A microfaunal break, marked by the highest downhole occurrences of Hedbergella spp., 
Heterohelix spp. and Globigerinelloides spp. at 1790', indicate penetration of the Late 
Cretaceous by that depth. The record of Eouvigerina aculeata m the same sample indicates 
an age within the range Early Maastrichtian - Campanian. 

The microfauna recorded at 1790' indicates the penetration of the Chalk Group, Tor / Hod 
Formations. No biostratigraphic evidence for the presence of the Danian Ekofisk Formation 
was forthcoming. 

ADDITIONAL COMMENTS: 

LUce other weUs studied from Block 49/24 (-2, -3), poor recovery fi-om 49/24-4 hmders 
interpretation. The poor recovery characterismg these three weUs, which aU Ue within 5 km 
of each other, differs strongly fi-om the exceUent recovery of simUar assemblages obtained 
from the nearby 49/25-2 weU approxhnately 15 km to the southeast of this group. This 
would suggest (assuming the weUs were driUed and sampled correctly and consistently) that 
the poor recovery is a "real", though very local feature of this part of the North Sea and is 
probably due to palaeoenvhoiunental factors. 
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9.15.Wen 49/25-2 

Microfaunal recovery from this well was good, however contamination by caving is 
prevalent throughout the interval studied. Samples from this well yielded rich and diverse 
calcareous benthomc foraminiferal assemblages and subordmate planktonic taxa. 
Agglutmated foraminifera are î elatively scarce and diatoms very rare. Wireline log data 
from this well were not available and the stratigraphic interpretation based on 
micropalaeontological evidence only. 

2030' - 2050': MIDDLE EOCENE, LUTETIAN, ZONE NSP7 (top not seen) 

This mterval (which is represented by one sample) is dominated almost exclusively by 
abundant planktonic foraminifera of the genus Globcmomalina (specifically G.wilcoxensis) 
indicating an age no younger than WBddle Eocene Zone NSP7 at the highest sample 
exammed in this weU. 

2050' - 2410': EARLY EOCENE, YPRESIAN, ZONE NSP 5 

The highest occurrence of Globigerina chascanona at 2050' indicates the penetration of the 
Early Eocene at that depth. The highest occurrence of representatives of the Acarinina 
wilcoxensis group provides fiuther evidence for the assigned age in the subsequent sample 
at 2080'. Additional confirmation of an Early Eocene age is provided by the highest 
occurrences of Spiroplectammina adamsi, Pullenia quinqueloba and Pulsiphonina prima, 
all at 2140'. None of the taxa hsted above range above the Early Eocene. 

The downhole reappearance of planktonic taxa belovv the Mddle Eocene allows the upper 
part of this mterval (at and above 2200') to be assigned to the NSP 5b Siibzone. The 
presence of Zone NSP 6 which straddles the Early - Mddle Eocene boundary could not be 
confirmed. This Zone is defined by an mflux of the radiolarian genus Cenosphaera. No 
representatives of this genus were recorded, either in situ or caved. However, the presence 
of abundant planktonic forammifera throughout this mterval and the interval above, 
suggests that conditions m the surface waters were sufBciently "normal" to have allowed 
the existence of radiolaria. Consequently the junction at this level in the well is considered 
to be marked by a hiatus which approximately cohicides with the Early-Mddle Eocene 
boundary. 

The highest downhole occurrence of common Subbotina linaperta group defines the top of 
Subzone NSP 5a at 2200'. The highest occurrences of Globorotalia reissi, Gcmcbyina 
hiltermanni and Bulimina trigonalis in the same sample, together vnih Alabamirui obtusa 
at 2380', support an "early" Early Eocene age for this part of this mterval. The abundance 

328 





and diversity of planktonic and calcareous benthonic taxa reaches a maximum in this part of 
the interval. 

2410' - 2440': EARLIEST EOCENE - LATEST PALAEOCENE, YPRESIAN -
THANETIAN, ZONE NSP 4 

The highest occurrence of the pyritised diatom Coscinodiscus sp.l, albeit very rare, at 
2410' defines the top of Zone NSP 4 which straddles the Eocene - Paiaeocene boundary. 
The presence of Cancris sp.A (BCing) in the same sample provides, if /« situ, some support 
for theassigned age as this species is restricted to the Early Eocene. 

2440' - 2560': LATE PALAEOCENE^ THANETIAN, ZONES NSB-1, NSA 1 & (2530'-
2560') NSP 1 (base not seen) 

Although the proportion of agglutinated taxa throughout this well is small, a relatively 
sharp increase in numbers is noted at and below 2440'. This event probably corresponds to 
Bioevent M5/4 of Mudge & Copestake (1992) which marks the top of the Lista Formation 
in much of the Central and Northem North Sea and defines Zone NSA 1 of BCing (1989). 

Support for a Late Paiaeocene age is provided by the occurrences of Cibicides susanensis 
(in the same sample), Wpiroplectammina spectabilis at 2470', Gyroidinoides danvillensis 
var. gyroidinoides and Morozovella praecursoria at 2500', Spiroplectammiruz thanetana, 
Globulina ampulla, Lenticulina multiformis and Cibicidoides dayi at 2530' and 
Gavelinella danica at 2560'. These, mainly calcareous benthonic or calcareous agglutinated 
taxa, define Zone NSBl within this mterval (NSB 1 equates wholly with NSA 1). The 
lowest recorded downhole occmrence of Coscinodiscus spp. occurs at 2470' near the top 
of this interval. This is consistent with the stratigraphic distribution of this taxon hi the 
North Sea area and fiirther supports a Late Paiaeocene age for this interval. 

The highest occurrences of the planktonic taxa Eoglobigerina spp. and Morozovella 
pseudobulloides at 2530', aUows the mclusion of part of the earhest Late Paiaeocene 
planktonic Zone NSP 1 (probably Subzone NSP Ic) at the base of this interval. This event 
may approxhnate to Bioevent M2 of Mudge & Copestake (1992) and hes close to, if not 
directly on, the Early - Late Paiaeocene boundary. However, no dhect evidence for the 
confiraied penetration of the Early Paiaeocene (Danian) was forthcommg. 

A large (c.llO') sample-gap separates the base of this interval fi-om the top of the 
underlymg Late Cretaceous mterval. This, together with the absence of whehne log data, 
does not allow the accurate placement of the junction between the Montrose and Chalk 
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Groups in this well. Nor does it allow the determination of the stratigraphic nature (i.e. 
unconformable or otherwise) of the Cretaceoiis - Tertiary boundary in the well. 

2670' - 2780': LATE CRETACEOUS, MAASTRICHTIAN - CAMPANIAN, ZONES 
FCS 20 - 23, (top and base not seen) 

Although a large (c. 110') sample-gap separates the top of this interval from the base of the 
interval above, a major microfaunal break is noted at and belovŝ  2670'. Recovered 
specimens are all white (i.ie. chalk) preserved and include the Late Cretaceous index taxa 
Globigerinelloides praerihillensis, Heterohelix spp., Gavelinella voltziana groupj 
Gavelinella pertusa, Gavelinella nobilis, Cibicides beaianontianus, Gyroidinoides nitidus, 
Osangularia navarroana, Praebulimina laevis, Pullenia quatemaria, Bolivina incrassata 
(including the subspecies B.i.gigantea) and Bolrvinoides draco. The last three taxa suggest 
a Maastrichtian age for the interval, however, the occurrence of a spechnen questionably 
assigned to Bolivinoides laevigatus may suggest, if in situ, the interval m part at least could 
be as old as Campanian. 

ADDITIONAL COMMENTS: 

This well, the southernmost m the study area, hes c. 15 km to the southeast of a group of 
three weUs in Block 49/24. However, as discussed above, microfaunal assemblages from 
this well show a marked increase in recovery, richness and diversity compared with the 
49/24 wells. However, Uke the 49/24 wells, the 49/25-2 well does not display Early 
Palaeogene assemblages characteristic of the "classic" areas of the Central / Viking Graben 
and Outer Moray Fhth: Although a "Rhabdammina biofacies" is present, it is completely 
subordinate to the calcareous benthonic and planktonic foraminiferal assemblages recorded 
from the well. Also, the style of preservation of some of the agglutinated taxa suggests a 
calcareous type of cement, rather than the non-calcareous type normally associated with 
typical "Rhabdammina biofacies" representatives. 

Assemblages from the 49/25-2 weU show relatively good (though not strong) afBnity with 
assemblages recorded from onshore Danish and, especially, U K locahties, with a number of 
taxa recorded at two or more locahties. 

The 49/25-2 weU demonstrates an Early Palaeogene palaeoenvhonment of normal marine, 
weU oxygenated conditions, with strong open marine / oceanic influences, particularly 
during the lower Early Eocene when planktonic richness and diversity reaches a maximum. 
Palaeodepths during the Late Paiaeocene were, however, somewhat shallower. 
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9.16. Wormingford Mere Borehole 

Samples from this borehole (although taken from nominally Palaeogene sediments) yielded 
reworked Cretaceous taxa with little or no presumed in situ elements. One sample in 
particular (15.70m) yielded abundant reworked Cretaceous (mainly Late but some Early) 
taxa, as well as rare species from the Jurassic (Lingulina tenera group.). Most of the 
samples containing significant reworked assemblages were taken from the interval 
designated by the B.G.S. as "Woolwich & Readmg Beds". 

Very rare specimens of what were questionably assigned to Tertiary species were rioted . 
(e.g. Globoconusa daubjergensis;-Morozovella pseudobulloides, Acarinina soldadoensis, 
grp. and Chiloguembelina cubensis). However, poor preservation precluded, positive 
identification and the specimens may in fact be of Rugoglobigerina spp., Hedbergella spp. 
and Heterohelix spp. which are recorded in abundance in other samples. 

The data distribution log shows litho- and chronostratigraphic units as indicated by the 
B.G.S. Lack of in situ data herein does not allow confirmation of that interpretation. 

9.17. Pegwell Bay / Reculver 

Microfaunal recovery from the samples analysed from the PegweU Bay and Reculver 
sections was very variable, rangmg from barren/hnpoverished to rich and diverse 
assemblages. Abundance and diversity appears to increase upwards through the section. 

It is rather diflBcult to reconcUe Haynes' "zonule/faunule" interpretation of the PegweU Bay/ 
Reculver sections with the material studied herem, mainly because of physical changes in 
the chff section at PegweU due to construction work. As pomted out m Chapter 3, the 
section sampled by Haynes at PegweU Bay in the 1950s was more complete and extensive 
than that which occurs today. At the thne of sampUng (1984) only the BuUhead 
Conglomerate and Stourmouth Clays are exposed, together with probably orUy the 
lowermost parts of the PegweU Marls. The Reculver SUts are preserved m a smaU cliflE" 
section below the main road, behind the foreshore and behind the hoverport buUdings. 

Haynes' 1981 remterpretation of his 1950's data uses palaeontolo^cal mformation recorded 
from samples of the PegweU Marls and Reculver SUts only (samples P16 - RB19) as he 
recorded no foraminifera from the BuUhead Conglomerate or Stourmouth Clays (samples 
PI - P15). Haynes (1981, fig.12.4) subdivides the section mto 7 "faunules" and 
"subfaunules" (see also Chapter 2): 
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Section 
Reculver-

Pegwell 

Lithology Zone Characteristic* Taxa 
Reculver Silts 4a ' •C.cunob'elini, C.mariae, T.thamiqna,. 

P.hofkeri,A.aberystwythi • 

Reculver SiitS 4 asaboveviithovtAaberyshyythi 

U.Peg. Marl" 3b 

U.Peg. Marls 3a 

U.Peg. Marls 3 

L.Peg. Marls 2 

L.Peg. Marls 1 

H.pegwellensis, C.cunobelini, 

C.mariae, T.thanetana 

Reduced fauna but mcludes taxa 

recorded in zonule 3 below 

B.thanetensis, C.proprius, C.cassi- . 

vellauni, G.danvillensis s.L, 

H.pegwellensis 

sparse agglutinanls 

B. thanetensis, Aobtusa, C.proprius 

C. succedens, H.pegwell., T.thanetana 

species comprising >10% of numbers in the assemblages 

Palaeoenvironment 
Shallow shelf,, shoal, 
0-20ni, delta front 
similar to above, but 
off delta front 
as below but shoaling 

as below but poorly 
aerated bottom waters 
midshelf(20-l00ni), 
quiet conditions, 
prodelta 
as below w/stagnant 
bottom waters 
Transit, marme - mid 
shelf (10-60m) quiet, 
tendency for lowered 
Oj levels 

The present author's sample from the Bullhead Conglomerate (PB3) was (like Haynes's) 
barren of microfauna. However, microfossils were recovered (albeit mainly in low numbers) 
from the Stourmouth Clays: 

Glomospirella woodi - abundant 
Chiloguembelina spp. - common 
Globorotalia perclara - common 
PGloborotalia planocompressa - rare (reworked) 
Cibicides succedens - rare 
Anomalinoides nobilis - rare 
Gyroidinoides danvillensis var. gyroidinoides - rare 
Co ĉ/wof/wcwj: cf species 8 (G.S.S.) (diatom) - rare 
Coscinodiscus cf species 16 (G.S.S.) (diatom) - rare 

G.woodi was recorded in abundance from sample PB8, from which sample was also 
recorded most of the planktonic foraminifera. Providing all these spechnens recorded above 
are in situ, the Stourmouth Clays may have been deposited under rather more marine 
conditions than had been previously thought (estuarine - see Chapter 2). The local 
abundance of G.woodi suggests that, for a short period at least, bottom waters may have 
been dysaerobic. 
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In biostratigraphical terms, G.danvillensis var. gyroidinoides (recorded in the uppermost 
sample (PB id) of the Stourmduth Clays) is the only taxon restricted to the Late Pialaeocene 
(see Chapter 8 - systematics). G.planpcompfessa, even if the questionable identification of 
the poorly preserved specimens recorded here is confirmed, ranges no higher than the early 
Danian and thus is regarded as reworked mto the Stourmouth Clays. Rare Late Cretaceous 
taxa were also recorded. AU other taxa recorded have been variously reported fi-om the 
Late Paiaeocene but can range into the Eocene (A.nobilis can range downwards into the 
Cretaceous also). 

The remamder of the beach, section at PegweU Bay (i.e. the Pegwell Marls) yielded only.. 
.two samples separated by a e.3 metre gap. Of these, the lower sample (PBl 1) yielded a rich 
and diverse micrPfaunal assemblage notably diflferent fi-om the Stourmouth Clay samples 
below: 

Bulimina trigonalis - abundant 
Astacolus sp.nov. - abundant 
Cibicides succedens - very common 
Alabamina obtusa - very common 
Glomospirella woodi - common 
Anomalinoides nobilis - conunon 
Gyroidinoides danyillensis war. gyroidinoides - common 
Pullenia quinqueloba - common 
Cibicides mariae - common 
Ammodiscus cretaceus - rare 
Trochammina? volupta - rare 
Cibicides cunobelini - rare 
Cibicides cantii - rare 
Heterolepa pegwellensis - rare 
Dentalina glaessneri - rare 
Lagena inomata - rare 

The upper sample (PB12) contamed only rare planktonic taxa (G.perclara, 
Chiloguembelina spp.) plus moderately common reworked Undifferentiated Late 
Cretaceous taxa). Both samples (the second due more to stratigraphical position rather than 
by faimal content) are assigned to the (Lower?) PegweU Marls. 

The presence of B.trigonalis (=B.thanetensis of Haynes) m abundance together with very 
common C.succedens and A.obtusa, plus the absence of Spiroplectammina thanetana 
{=Textularia thanetana of Haynes) and Cibicides proprius, suggest that the P B l l sample 
can be assigned to Faunule 1 (?lpwer part) of Haynes (1981). H.pegwellensis (not recorded 
by Haynes as being particularly characteristic of the lower part of Faimule 1) was only 
recorded m very low numbers m this sample. 
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Assemblages from, this part pf the section suggest deposition under normal marine shelf 
conditions, though the relative decrease in proportion of cibicidiids (compared with 
intervals above) and the abundance of nodosariaceans {Astacblus) suggests palaeodepths 
may have been in the order of 50 metres or so. However, the absence of planktonic taxa is 
unusual given this interpretation. Haynes (1981) suggests that palaeodepths for the Upper 
Pegwell marls (not sampled here) could have achieved values of up to 100 metres. 

The remahimg part of the Pegwell section i.e. the Reculver Silts exposed behmd the 
hoverport, yielded rich and diverse assemblages dominated by Cibicides and 
Spiroplectammina: 

Spiroplectammina thanetdna 
Cibicides mariae 
Cibicides cunobelini 
Cibicides cantii 
Cibicides cassivelauni 
Cibicidoides alleni 
Cibicides lobatulus 
Anomalinoides nobilis 
Cibicides succedens 
Gyroidinoides danvillensis var. gyroidinoides 
Bulimina trigonalis 
Nonion applinae 
"Nodosaria" latejugata 
Heterolepa pegwellensis 
Lagena inomata 
Guttulina problema 
Globulina ampulla 
Globorotalia perclara 
Chiloguembelina spp. 
Nonion laeve' 
Alabamina obtusa 
Hazelina thanetensis (ostracod) 

abundant 
very common 
very common 
very common 
very common 
very common 
very common 
common 
common 
common 
common 
cormnon 
common 
rare 
rare 
rare 
rare 
rare (PB13 only) 
rare (PB13 only) 
rare (PBl3 only) 
rare (PBl 6 only) 
rare (PB16 only) 

The faunule assigmnent of this part of the Pegwell succession is less certain. These samples 
contain two or more species together which, as indicated previously by Haynes (1981), 
should not have overlappmg stratigraphical ranges. However, Haynes' 1981 range diagram 
only mcludes those species occurrmg hi numbers >10% of the overaU assemblages and 
therefore theh fuU stratigraphical ranges may be extendible upwards and downwards. 
Nevertheless, the domination of the assemblages recorded here by the Cibicides species 
C.mariae, C.cunobelini and C.cantii, together with abundant S.thanetana, indicates that 
this mterval is probably best assigned to Zonule 4. 

The domination of the assemblages by Cibicides and Spiroplectammina suggests 
deposition under normal marine conditions (saUnities c.35%o) although the rarity of 
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planktomc taxa indicates that palaeodepths were relatively shallow (probably < 20-30 
metres). Gertaih genera (e.g. Cibicides, Bulimina, Nonion) are known to be tolerant of 
shghtly brackish conditions, although generk • known ,to ;be commonin. brackish 
envhonments (e.g. Protelphidium) were not recorded in this interval. 

The Reculver Silts exposed at Pegwell were probably deposhed under shallow normal-
marine, weU oxygenated waters somewhat off the deha front (see below). 

The remaming and highest part" of the Thanet Formation (Reculver Silts) in the cliff section 
at Reculver hself (samples RC23 - R C l 1) yielded the richest and most diverse.assemblages 
from the onshore UK Paiaeocene studied: . 

Cibicides cunobelini - abundant 
Cibicides mariae - abundant 
Spiroplectammina thanetana - very common 
Cibicides cassivelauni - very common 
Cibicides cantii - very common 
Epistoniina vitrea - very common 
Protelphidium hofkeri - common 
Asterigerina aberystwythi - common 
Hazelina thanetensis (ostracod) - rare 
Anomalinoides nobilis - rare 
Guttulina problema - rare 
Bulimina trigonalis - rare 
"Nodosaria" latejugata - rare 
Heterolepa pegwellensis - rare 
Pullenia quinqueloba - rare 
?Pararotalia spp. - rare 
?Glandulina laevigata - rare 
Globulina ampulla - rare 
Sigmomorphina soluta - rare 
Cibicidoides alleni - rare 
Cibicides succedens - rare 
?Pulsiphonina prima - rare 
Nonion applinae - rare 
Nonion laeve - rare 
Nonionella cretacea - rare 
?Cyamocytheridea magna (ostracod) - rare 
Gyroidinoides danvillensis var. gyroidinoides - rare 
?Praeglobobulimina ovata -. rare 
?Subbotina triangularis - rare 
Coscinodiscus spp. (diatoni) - rare 

The occurrences of Ccunobelini, C.mariae, S.thanetana, P.hoflceri and A.aberystwythi all 
mdicate allocation of this intervJ to Faunule 4a of Haynes (1981). 
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The richness and diversity of the assemblages indicates deposition under normal niarine 
conditions (salinities of c.35%o), although the scarcity of in situ planktonic foraminifera 
suggests palaeodepths were quite low, probably less than 20-30 metres. However, certam 
genera (e.g. Bulimina, Cibicides, Nonion) are known to be tolerant of slightly brackish 
conditions (sahnities of 32 - 35%o), whilst Protelphidium is common in brackish 
environments. This tendency towards lowered salinity would be found in a delta front 
envh-onment, as suggested by Haynes, 1981. 

The Reculver Silts exposed at Reculver indicate closer projdmity to the delta front than 
those exposed at Pegwell, assuming that both sections are contemporaneous. 

The remahung part of the North Sea Basin Paiaeocene succession in the U.K. (sampled at 
Reculver) is comprised of the Woolwich / Readmg Beds which yielded barren or extremely 
hnpoverished microfaunal assemblages of httle age-diagnostic or palaeoenvhonmental 
value. Those spechnens recovered are poorly preserved and may be reworked or 
introduced by sample contamination. 

OveraU, the onshore UK Paiaeocene exposed m Kent represents an mitial transgressive 
phase (BuUhead Conglomerate - Stourmouth Clays - PegweU Marls) after a major end-
Cretaceous sea-level faU. Water depth reached a probable maximum during deposition of 
the (Upper) PegweU Marls before the rate of (deltaic) sedhnent accumulation exceeded rate 
of accommodation volume increase and the deha prograded into the basin (Reculver SUts). 
Further progradation and basin filling resiUted in the deposition of the essentiaUy margmal 
and non marine sediments of the Woolwich and Reading Beds 

9.18.Lundsgaards Cliff 

Microfaunal recovery from three samples analysed from the Kerteminde Marl at 
Lundsgaards Cliff was moderate, with moderate to good preservation. Assemblages are 
dommated by calcareous benthonic taxa and Gavelinella (as mamly G.beccariiformis) is 
the dominant genus. 

Numbers and diversity appear fahly constant throughout the section with between 75-150 
spechnens comprismg c.l7 species recorded in each sample. The overaU assemblage is 
indicative of normal marine deposition, probably at inner - middle neritic palaeodepths 
given the relative lack of planktonic taxa. Some of the taxa (e.g. Bulimina trigonalis and 
Cibicidoides succedens) are thought to be tolerant of reduced oxygen levels (Murray et al., 
1989). 
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The presence ofB. trigomlis, Matanzia varians and Biilimina midwpyensis all conJHrm a 
Late Paiaeocene age for this section. G.beccariiformis ranges no higher than the Late 
Paiaeocene in NW Europe. 

It is difBcult to correlate this Danish section with an onshore UK equivalent, i.e. the 
Thanetian of Pegwell Bay or Reculver. There are few species common to both locahties: 

Alabamina obtusa 
Biilimina trigonalis 
Cibicides succedens 
Cibicidoides alleni 
Dentalina glaessneri 
Glandulina laevigata 
Guttulina problema 
Pullenia quinqueloba 

However, these taxa are found throughout both the Pegwell Bay and Reculver sections in 
the U K A very tentative correlation might possibly be made with Faunule 1 of Haynes, 
1981 (in the Lower Pegwell Marls) based on the relatively high numbers of B.trigonalis m 
that Faunule and hi the Lundsgaards Chff section of the Kertemmde Marl. 

9.19.Stevns Klint 

Microfaunal recovery from the Stevns Khnt section was moderate to good. However, 
preservation was generally poor. The vast majority of the specimens recovered were of 
extremely smaU size (c.O.lmm or less) which also hampered identification in some cases. 
The Stevns Klint section is arguably one of the most important localities worldwide for the 
Cretaceous - Tertiary boundary. 

Three separate hthological imits were sampled and analysed: the Maastrichtian Chalk, the 
Fish Clay and the Danian Chalk: 

Maastrichtian Chalk unit ("White Chalk" and "Bryozoan Chalk"): 

Two samples (SKI & SK3) yielded moderate to good recovery of microfossils. The 
assemblages were dommated by planktonic foraminifera (c.85%), mmnly Heterohelix spp., 
Globigerinelloides praerihillensis and, to a lesser extent Hedbergella holmdelensis. 
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The occurrences of these taxa, together with Reussella szajnochae szajnochae, Cibicides, 
beaumotUianus, Prqebulimina laevis, Bolivinoides decorqtus and Bolivina incrassata, all 
indicate a general Maastrichtian age. Furthermore, the apparent absence of certam key 
index taxa (e.g. Abathomphalus mayaroensis, Pseudotextularia elegans, 
Racemiguembelina fructicosa etc.) suggests that the latest part of the Maastrichtian may be 
missing in this section. However, this apparent absence may have been influenced by the 
prevaihng palaeoenvhronment (i.e. shallow waters - see belovv). 

The high proportion of planktonic taxa indicates good open marine conditions with a weU, 
oxygenated water column. The apparent lack of keeled .taxa (e.jg. A.mqyaroensis) suggests 
that palaeodepths were, however, relatively shallow - perhaps no more than 50 metres or 
so. 

Fish Clay unit: 

The smgle sample from the Fish Clay unit (SK5) yielded an extremely hnpoverished 
assemblage of microfossils comprismg Heterohelix spp., Bolivinoides decoratus, 
Gavelinella voltziana "group" and Bolivinoides paleocenicus. Taken at face value, this 
assemblage supports Hultberg's conclusion (1985) based on palynological evidence that the 
Fish Clay unit at Stevns Khnt should be placed m the uppermost Maastrichtian rather than 
the lowermost Danian and that the imit (within Denmark at least) is probably diachronous. 
This has significant imphcations for the various end-Cretaceous "catastrophe" theories, too 
numerous to elaborate here. 

However, h is also possible that these fossils may have been derived from underlying 
Maastrichtian sediments via chalk clasts found near the top of the Fish Clay unit (Bed V of 
Christensen et al, 1973 - see Text Figure 8). Certamly, no Danian foraminiferal taxa were 
forthcoming, but if the depositional envhronment for the Fish Clay at Stevns Klint is indeed 
of low salinity or brackish (as proposed by Hultberg, 1985), this would account for their 
apparent absence. 

Danian Chalk ("Cerithium Limestone" and "Biyozoan Limestone") units: 

Samples SK6, SK7 & SK8 (from the Cerithium Lhnestone) displayed an upwards increase 
in recovery and diversity although reworked taxa (mamly Heterohelix spp., Stensioeina 
pommerana and Eouvigerina aculeata) were also common, particularly near the base. This 
reworking is not surprising given the degree of burrowing by Thalassinoides observed in 
this section. 
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Evidence for a Tertiary age is provided by the occurrences of Tappanma selmensis and 
ICibicides tenelliis in the lowermost sample (SK6), and by the lowest occurrences of 
typical Danian / Tertiary planktohic taxa (i.e.- Morozoyella pseudobulloides (sensu stricto 
and "cf"), Chiloguembelina spp., and 7Globocomsa daubjergensis (m sample SK7). A 
relative influx of these typical smaU Danian planktonics occurs in sample SK8. 

The remahimg samples fi-om the Bryozoan Lhnestone (SK9, S K l l , SK13, SK16, SKIS & 
SKI 9) yielded microfaunal assemblages which differed somewhat fi-om the assemblages 
fi-om the Cerithium Limestone and yielded moderately rich and diverse assemblages 
dominated by smaU plaxMomc taxa... M.pseudobulloides md Eoglobigerina spp. are 
abundant with Globoconusa daubjergensis and Guembelitria triseriata also common. 

In teims of stratigraphic age for the Danian Chalk unit as a whole, the occurrence of 
M.pseudohulloides m the next to lowest sample (SK7) hidicates an age no older than Zone 
PI (Blow, 1979). Other taxa recorded (i.e. M.ctpseudobulloides, G.daubjergensis, 
Eoglobigerina trivialis, E.aS.trivialis, Eoglobigerina eobulloides "group" and 
Eoglobigerina edita "group") can range below Zone PI and down to the base of the 
lowermost Tertiary planktonic foraminiferal zone. Zone Pa. However, taxa restricted to 
that zone (e.g. Eoglobigerina edita cf praeedita, Eoglobigerina eobulloides cf 
simplicissima, Eoglobigeriruz Types I - IV sensu Blow 1979, Globorotalia Types I - IV 
sensu Blow 1979, M.aS.pseudobulloides, G.ctarchaeocompressa plus other taxa typical of 
the very basal Danian including Globigerina Jfinga and G.eugubind) were not recorded. 

The presence of Eoglobigerina eobulloides simplicissima in the uppermost sample 
examhied (SKI9) would, if in situ, place an upper age hmit of Zone PI on the Danian 
Chalk unit exposed at Stevns Klint. The Eoglobigerina edita "group" ranges no higher than 
the mid part of Zone P2 (i.e. the top of the Danian sensu stricto) with G.daubjergensis md 
M.pseudobulloides ranging to the top of Zone P2 (i.e. into the lower part of the 
Thanetian). 

In conclusion, the age of this Danian Chalk unit exposed at Stevns Khnt is Danian, PI 
(?possibly lower P2 Zone) Zone with no evidence for an earhest Danian age. This indicates 
a hiatus at the Cretaceous - Tertiary boundary. This hiatus is represented, at least partly, by 
the junction between the Fish Clay unit (which is itself probably highly condensed) and the 
overlymg Cerithium Limestone. 
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lO.Conclusions 

10.1 .General Remarks 

In a total of 186 samples studied from 9 offshore North Sea boreholes and 5 onshore 
boreholes/sections, microfaunas comprismg 273 individual taxa were recorded. The 
majority of these were from the Order Forammiferida with less conunori Ostracoda, 
Diatomacea and Radiolaria also recorded. 

On the whole,' microfaimal recovery was . good although in certain " areaS' (e.g. the 
Paiaeocene - Eocene of borehole 21/26-lD) recovery was extremely poor. 

&i most cases, where samples from post-chalk sections were analysed, calcareous benthonic 
foraminifera dominated the microfaunal assemblages followed by agglutmated foraminifera 
which were locaUy abundant (e.g. m 29/25-1 and 44/2-1). Plariktonic forammifera were the 
dominant group recorded from chaUc sections, both on- and off-shore, with calcareous 
benthonic taxa common, though subordmate to them. Planktonic diatoms were recorded 
from most of the more northerly offshore boreholes (very common m 29/25-1) but were 
generaUy very rare to absent elsewhere m the study area. Ostracoda and Radiplaria were 
sporadicaUy recorded throughout the study area. 

Data distribution charts and tables are mcluded in the Appendices of this thesis. 

10.2.Biostratigraphy 

Biostratigraphic subdivision of the Latest Cretaceous (Maastrichtian) - Early/Middle 
Eocene interval of the southem Central and Southem North Sea weUs studied using the 
pubhshed biozonation scheme of Kmg, 1989, and the bioevents of Mudge & Copestake, 
1992, is possible. However, the detaU to which this can be achieved depends on many 
factors both geologicaUy and contemporary (see previous Chapter for discussiori on the 
biostratigraphic subdivision of mdividual weUs / sectioris). 

Contemporary factors mclude the quantity, quahty and frequency of avaUable samples. 
Most, though certainly not aU, of the samples were of sufficient quantity - yielding 
relatively rich microfossU assemblages. The quahty of the samples is, however, debatable, as 
the majority of them are taken froni ditch cuttmgs vvith theh attendant disadvantages (see 
Chapter 4). Also, in most cases, the sample interval was approxunately 30 feet (with a 
range of between 10 - 5Q feet in some cases). This is not sufBcient with which to buUd up a 
detaUed biostratigraphy, and many of the key bioevents occur over relatively short mtervals 
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of both space and tune. An example of this is the prolific developmentof diatoms in the 
later Paiaeocene which can allow a very fine subdivision of that particular interval within 
the succession. A summary of the top depths of the various King biozones recorded m the 
offshore boreholes is given hi Text Figure 18. 

Contemporary economic factors also play their part. Not surprismgly, most of the scientific 
mterest apphed to Palafeocene microfossils is centred on offshore hydrocarbon plays where 
the principal hydrocarbon reservoh is of the same or shnilar age. In these areas, sample 
spacing is usually much more firequent, with core and sidewaU cores often being taken in 
addition to the ditch cuttmgs. The majority of weUs studied here are driUed in areas where 
the primary economic target Ues weU below the Tertiary. The post-ChaUc elastics m these 
areas are, in efifect, just an obstacle to be penetrated as quickly as possible with relatively 
httle interest in theh biostratigraphical relationships. 

Notwithstandmg the caveats mentioned above, geological factors also mfluence the 
appUcation of microfossUs recorded here to a biostratigraphic framework. The estabhshed 
biozonations of this stratigraphic interval as apphed to the North Sea offshore (e.g. Kmg, 
1989; Mudge & Copestake, 1992 etc.) were initiaUy erected in areas which were 
palaeoenvhonmentaUy different to the present area under study. Palaeoenvhonments of the 
Paiaeocene of the study area (see below) were generaUy shaUower and more subject to the 
rise and faU of sea-level arid dehaic mfluences than those of the "mam" part of the Central 
and Northem North Sea. Surface and bottom water characteristics were also subtly 
different and parts of the area were more removed from the active Hebridean tectonic 
centre of North Atlantic openmg, which fimdamentaUy influenced the microfaunal and floral 
distribution pattems m the North Sea Basin at the thne. 

Nevertheless, certain biostratigraphic "events" were recorded fairly consistently throughout 
the area of study and some correlate quite weU with simUar events throughout the enthe 
North Sea Basin. Text Figure 19 shows the hst of "bioevents" known to be present 
throughout the latest Cretaceous to Early/Middle Eocene and the degree to which this 
event has been recorded (e.g. good, probable, possible or absent). The foUowing Ust of 
biostratigraphic events are recorded hi this study and are thought, therefore, to have usefiil 
potential for correlation within the general Southem North Sea area (i.e. events may be 
more or less consistently and/or reUably recorded elsewhere). Note that events are 
dominated by first downhple occurrences ("tops") to attempt to minimise the effects of 
cavmg. 
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Event Age Degree of 
FDO=Fiistpownhole Occurrence Uncertainty* 
LD0=Last Downhole Occurrence ' , ' _ .(l-5=highesi-lowest) 

T.R.=TotaI Range 

T.R. S.navarroana Early Eocene 1 
consistent Acarinina spp. Early Eocene 3 
¥.D.O. G.chascanona Early Eocene 3 
T.R. V.decorata (sensu stricto. and afif.) Early Eocene ' 4 

. F.D.O. S.Unaperta grp. (consistent) intra-E; Eocene • 1-2 
L.D.O. B.aksuatica intra-E. Eocene- ' A • 
T.R. S.zS.spectabilis intra-E. Eocene 4 
F.D.O. B.trigonalis intra-E. Eocene 4-5 
F.D.O. G.hiltermanni intra-E. Eocene 4-5 
Influx S. linaperta grp. lower E. Eocene 2 
T.R. T.brevispira lower E. Eocene 2-3 
L.D.O. Bulimina sp.A sensu King lower E. Eocene 2-3 
L.D.O. Ramplectens s.s. lower E. Eocene 2-3 
LI).O. A.capitatus . lower E. Eocene 3 
L.B.O. Cancris sp.A sensu King lower E. Eocene 4-5 
F.D.O. Coscinodiscus sp. 1 basal E. Eocene 1 
T.R. Coscinodisctis sp.2 basal E. Eocene 1-2 
F.D.O. Triceratium spp. basal E. Eocene 2-3 
F.D.O. Coscinodiscus sp.20/26 sensu G.S.S. basal E. Eocene 2 
F.D.O. Coscinodiscus sp.8 sensu G.S.S. basal E. Eocene 3 
F.D.O. reworked microfaunas top Late Paiaeocene 5 
T.R. B.midwayensis Late Paiaeocene 3 
TS^A.obtusa Late Paiaeocene 3-4 
F.D.O. S.spectabilis s.s. intra-L. Paiaeocene 3 
F.D.O. abund. & diverse agglutinants intra-L. Paiaeocene 3 
F.D.O. cibicidiid-dominated assemblages iritra-L. Paiaeocene 3 
F.D.O. Kconversa intra-L. Paiaeocene 4-5 
F.D.O. S.thanetatm intra-L. Paiaeocene 4-5 
F.D.O. Cdayi intra-L. Paiaeocene 4-5 
F.D.O. and/or Influx C./eMcw/am lower L. Paiaeocene 3 
F.D.O. Eoglobigerina spp. lower L. Paiaeocene 4-5 

Dependent on reliability of event and/or it's frequency recorded 
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F.D.O. M.uncinata 
F.D.O. M.praecursoria 

lower L. Paiaeocene 4-5 
lower L. Paiaeocene 4-5 

_____ basal Late Paiaeocene - upper Early Paiaeocene mterval 
nonnally missing in Southem North Sea area 

F.D.O. abundant planktonic taxa (chalk-preserved) intra-E. Paiaeocene 1-2 
F.D.O. selmensis intra-E. Paiaeocene 4 
T.R. G.eugubina/fringa grp. basal E. Paiaeocene' 5 

basal Early Paiaeocene • - ?upper Late Maastrichtian mterval 
normally missing in Southem North Sea area 

T.R. P.elegans Late Maastrichtian 2 
T.R. R.fi-ucticosa Late Maastrichtian 4 
F.D.O. G.praerihillensis Maastrichtian 1 
F.D.O. Rugoglobigerina spp. Maastrichtian 3 
F.D.O. P.laevis Maastrichtian 1 
F.D.O. G.nitidus Maastrichtian 2 
F.D.O. G.pertusa Maastrichtian 2-3 
F.D.O. O.navarroana Maastrichtian 2-3 
F.D.O. B.draco Maastrichtian 3 
F.D.O. C.beaumontianus Maastrichtian 4 
F.D.O. B.incrassata intra-Maastrichtian 3 
F.D.O. E.aculeata Early Maastrichtian 4 
F.D.O. B.miliaris Early Maastrichtian 4 
F.D.O. A.cretacea Early Maastrichtian 4 
F.D.O. B. laevigatus Late Campanian 5 

Although not attempted here for the reasons outlined above and below, a separate micro-
biozonation scheme specific to the Southem North Sea area (i.e. distmct firom Kmg, 1989 
and Mudge & Copestake, 1992) could be justified given access to more sample material. 
This scheme would place more emphasis on the calcareous benthonic forahiimfera. 
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10.S.Palaeoenvironment 

Conditions during the latest part of the Cretacepus (Maastrichtian) in the,study area were 
rather "benign" with respect to the foraminifera in that seas were comparatively deep, well 
oxygenated, warm and covered much of the present-day land surface. Tectonic activity 
within the study area and around the margins was, to all intents and purposes, extremely 
limited and had very httle, or no eflfect on the geological processes occurring at the thne. 
Sediment supply from submerged sources (and the few small emergent islands) was sparse 
and the primary source of sedhnentation was the calcareous hard parts of marine 
phytoplankton (nannofossils) together with calcareous matter from other biological 
sources. Ambient temperatures at these latitudes were thought to be comparatively wanner 
than at present and probably somewhat drier as well. The marine envhonment supported 
thri\dng micro and macro planktonic and benthomc faunal and floral communities. 

These overall conditions resulted in the deposition of the Chalk Group (offshore) and the 
well-known chalk sequences of southem England and other countries surroundmg the 
North Sea Basin. Shnilar carbonate sequences have been recorded worldwide, testifying to 
the uniform, ahnost global conditions prevailmg during those thnes. 

Towards the end of the Maastrichtian stage, the relatively benign palaeoenvhonmental 
settmg deteriorated progressively vwth evidence from many sources indicating the 
evolutionary decline of many representatives of the plant and animal kmgdom, culminating 
in the well-known mass extinction at the end of the Cretaceous. A multitude of hypotheses 
have been proposed to account for this event rangmg from evolutionary "decay" to 
cometary hnpact and the so-called Nemesis rogue-star. A fiiU discussion of these theories is 
beyond the scope of this work, although resuhs indicate that the extinction event was not 
completely "successfiil" and that a few taxa recorded in this study survived to cross the 
boimdary into the Tertiary. 

The boimdary in Northwest Europe is often marked by an apparent break in deposition 
although m Denmark, the boundary is thought to be as complete as possible and is 
represented (albeit perhaps somewhat diachronously) by the so-called Fish Clay layer of 
tWn marls. 

The Cretaceous - Tertiary extinction event comcided with a basinvwde regression although 
this .was short-hved and open marine conditions soon retumed to most of the region 
although the sea never re-achieved hs earher size m terms of area or depth. Tectonically, 
conditions were still relatively quiescent and carbonate deposition resumed with the 
deposition of the Danian hmestones of Denmark and the Ekofisk Formation, of the North 
Sea ofifshore. 
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At about this time, the early manifestations of tectonic activity to the northwest of the study 
area (i.e. the incipient openmg of the area between NW Europe and Greenland to form the 
North Atlantic Ocean) began to exert an influence on geological processes occurring in the 
North Sea Basm. 

Lhnestone deposition (of the Ekofisk Formation) continued mto the early part of the 
Paiaeocene although subsequent uplift has eroded miich of this fi-om aU but the central parts 
of the basin. Deposition of these hthologies took place under comparatively shaUow marine 
conditions though at depths greater than normal wave-base mfluence as evidenced by the 
sedhnentary features displayed hi the onshore Damsh sections. 

The junction between the "true" Umestones of the Ekofisk Formation and that of the 
overlymg marly Maureen Formation is very seldom continuous and conformable. It is 
therefore difficult to mterpret precisely the prevailing environments of deposition during 
this important phase of North Sea history although the primary cause of the fimdamental 
change in depositional reghnes is thought to be the incipient opening of the North Atlantic 
ocean and hs subsequent effects on sea levels. 

Carbonate deposition was not abruptly "switched off" towards the end of the Early 
Paiaeocene (Danian), but rather it seems that clastic deposition began to graduaUy increase 
- steadUy "dUutmg" the effects of the previous carbonate reghne. This is not readUy 
observed at onshore locahties but is evidenced by the occmrence of marly hthologies (the 
Maureen Formation and its equivalents) observed hi many offshore boreholes. 

Progressively however, the sedhnents fi-om the North Sea Basm became whoUy clastic-
dominated during the early part of the Late Paiaeocene (Thanetian). The majority of 
sediments of this age firom the study area were deposited under shaUow shelf seas, 
somewhat distal from a deltaic complex buUdmg out fi-om the west or southwest. 

Microfaxmal assemblages fi-om onshore U.K. locaUties mdicate distal delta-fi-ont conditions 
(PegweU Bay) with progressive sUting up of the basm resulting in the more proximal delta 
fi-ont sUts of Reculver and, eventuaUy, the marginal and non marine sediments of the 
Woolwich and Readmg Beds. Sediments thought to be broadly contemporary with the 
PegweU Marls firom onshore Denmark (the Kerteminde Marl) appear to have been 
deposited under similar conditions. WhUst water depths were comparatively shaUow (see 
below) the bottom waters appear to have been normaUy (or nearly so) oxygenated. 

In some parts of the study area particularly towards the north, i.e. into the southem reaches 
of the Central Graben, evidence for increased water depth (due to bashi subsidence) is 
recorded. Due to poor water chculation at depth, bottom waters m these parts of the basin 
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were poorly or non-oxygenated and this had a significant influence on the .resulting fiDssil., 
microfaunal and floral assemblages, resulting in the widespread occurrence of the so-called 
"Rhabdammina biofacies". However, the majority of boreholes m the southern part of the 
study area continue to mdicate at least reasonably well oxygenated bottom waters. 
Microfaunal distribution pattems fi-om this part of the study area were more likely 
influenced by a relatively mobile shoreline, moving m response to minor sea level 
fluctuations over a shallow shelf gradient. 

Meanwhile to the northwest of the region as a whole, opening of the North Atlantic ocean 
continued apace. The resultmg aissociated volcanic activity culmmated m the deposition of 
ash-rich sediments across much of Northwest Europe, especiaUy during latest Paiaeocene' 
and earUest Eocene thnes. The ofl:en abundant diatomaceous microflora recorded in 
association with these sediments are not thought to be a direct result of surface water 
enrichment by volcanic sUica, rather as the result of strong nutrient input into the Bashi via 
the northward excursion of low-latitude water masses. 
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Appendix 1: Palaeontological Distribution 
Charts 

The first part of this appendix contains a hst of the mdividual taxa (grouped in alphabetical 
order within broad group-types) recorded in the work and a sunple histogram reflecting 
theh- total abundances m each of the boreholes/locahties studied. 

The second part of Appendix 1 consists of scaled vertical (i.e. depth stratigraphic) 
distribution charts for the mdividual offshore and onshore boreholes' which are plotted 
usmg the "StrataBugs" database system. Data is presented in histogram format based on 
numerical counts of specimens in each sample. 30mm of histogram length represents a 
count of 100 specimens. Interpreted chronostratigraphy and biozonation is included on the 
charts as weU as significant biostratigraphical events and bar-charts showing relative 
percentages of different microfaunal groups (eg. diatoms, agglutinated taxa, planktonic 
taxa etc.) for each sample. Bar charts are not displayed for the Wormingford Mere onshore 
borehole as the vast majority of specimens are interpreted as reworked. 

For onshore sections, the "StfataBugs" database cannot be used as sample spacing is 
normally too small (i.e. ofl;en less than 1 metre between samples) for the database to cope 
with. Species distribution is therefore presented on a series of charts created using an 
"Excel" spreadsheet. Symbology is shghtly different fi-om those used on "StrataBugs" 
charts: 

Sample Abundance Numeric 
O rare/present 1 - 4 
O common 5 - 9 
• very common 10-25 
• abundant 25 plus 
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DISTRIBUTION OF TAXA THROUGHOUT THE STUDY AREA 
1 F O S S I L T Y P E S : A G G Aggtut lnated Foramln t ren i 

C A L C s l c a r e o u s Ben thon i c Foramfn l fe ra 
P L A P lank ton io F o r a m l n l f e n 
S I L S i l i c e o u s M ic ro fo f l s l l * (Rad lo l a t l a . D i a t o m s etc . ) 
O S T O s t n i c o d a 
O T H O t h e r f oss i l t y p e s 

r • O C d U R R E W C E S : ( luest lonablQ . p resen t tHit Ident i f icat ion Is uncer ta in 
ram I.e. c .<10 s p e c i m e n s throughout the w h o l e s e c t i o n 

• • modera te l y c o m m o n I.e. 0 . 10 *50 s p e c i m e n s throughout the w t io le s e c t i o n 

• • • • 
c o R v n o n 
v e r y c o m m o n I.e. e .10O-2D0 s p e c i m e n s throuohout t h a vA\o\6 s e c t i o n 

• • • • • abundant I.e. o .>200 s p e c i m e n s throughout the s ^ o l e s e c t i o n 

U.K. OFf-SHORE U.K. OMSHOKE DENMARK ONSHORE 
TAXON 

TYPE 21/26-10 29/2 S-1 49/10-1 49/20-2 49/24-2 49/24-3 49/24-4 49/25-2 WOR.MERE PEG.BAY RECULVER LUND.CLIFF STEV.KLT Genus species TYPE 21/26-10 29/2 S-1 49/10-1 49/20-2 49/24-2 49/24-3 49/24-4 49/25-2 WOR.MERE PEG.BAY RECULVER LUND.CLIFF STEV.KLT 
AmmobacuUtes spp. ACX3 • 
Ammodiscus crataceus AGO • • • • • • 
Ammodiscus penivlattuj AGG • • • • 
Bathysiphon discreta AGO • • • • • • • 
ClavuUna AGG • 
Cribrosiomoldes scitulus AGG • • 
Olbrostomoldas S£p. AGG • • 
Qaudrylna hlltetmmalint AGO • • • 
Qhmosplra charoldaj AGO • • • • • 
Olomosplra Rordtalts AGG • • • • 
Ohmosplrelta itoodl AGG • • ? • • • • • 
Haphphra^moldos / Cyclamnllna spp. AGG • • 

Haphphragmoldes / Rccurvoldes spp. AGG • • 
Haphphragmoldgj waiter! AGO 
KarrerleUa conversa AGG • • 
Marssonella spp. AGG • 
Matattzia varlatu AGO • • 
PraecyslammlHa ^lahi^ertnaeformls AGG • ? 
Recurvotdes wallerl nr. AGO • • 
Reophax pllullfer AGO • 7 
Retlculophraamtum amptectens AGO • • ? 
RttlcuhplwaRmlum omplecma (aff.)(.' R.spA King) AGO • • 
Rtllculophraamlum placenta AGO • • 
Raticulophra^mlum spp. AGO • • 
Rhlzammlna Itldlvlsa AGO 
Rzehakina epigoiia AGO • 
Rzehakina sp.J (OradsMn & Serxgrtn) AGO • 
Saicoslmolllna sp.KInx AGO 1 • 
Spiroplectammina adantsl AGO • • • ? 
Splrophctammhta carinata AGO • 7 
Splraptectammhta itavarroana (T.plummerae) AGO • 7 • 
Spfropteclammhia spectablUs AGO • • 7 
Splrophctammina speclabltls (aff.) (sensu King) AGG • 
SplropUctammlna thanetana AGO • • • • • • • • 
Thurammbia spp. AGG 7 • • • 
Trochammina deformls AGG • 
Trochammina'. ghblgerlnlformls AGG 
Trochammim spp. AGG • • • 
Trochammina? volupta AGO 7 
Atabamlna obtusa CAL • • • • • • 
Alabamina solnasensis CAL • 
Allomorphlna trlgotta CAL 7 • 
Anf^ulo^avallnella bettenstaedll CAL ? 
Angulogcrina spp. CAL 7 
AnomaUna spp. CAL • • • • 
Anomalinoldgs acuta CAL • 
Anomalittoldes capitatus CAL • • • • 
Anomatlnoldes noblUs CAL • • • • 
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DISTRIBUTION OF TAXA THROUGHOUT THE STUDY AREA 
1 F O S S I L T Y P E S : A O Q Agglut inated FontmlnJrera 

C A L C a l c a r e o u s Ben thon lc Fora in ln l fe ra 
P L A P l a n M o n i e Foramln l fo ra 
S I L S H e e o u s M i c r o f o s t l l i (RaOlo la i t a , O la ton is e tc . ) 
O S T O s t r a c o d a 
O T H O l l w r f o s s i l t y p e s 

1 O C C U R R E N C E S : 1 ques t ionab le - present tHjt Ident i f icat ion Is uncer ta in 

u ra re I.e, c .<10 s p e c i m e n s throughout the vrtiole s e c t i o n 

mm modera te ly c o m m o n I.e. 0 .10-50 s p e c i m e n s throughout the w h o l e s e c t i o n 

mmm c o m m o n I.e, C S O - I O O s p e c i m e n s throughout the w h o l e s e c t i o n 
• • • • v e r y c o m m o n 1 ,0 ,0 ,100-200 s p e c i m e n s thrtHjghout the wt io lo s e c t i o n 
• • • • • BtKJndant 1 , 0 . 0 2 0 0 s p e c i m e n s throughout the w h o l o s e c t i o n 

U.K. OFFSHORE U.K. ONSHORE DENMARK ON.SHOKE 
TAXON 
Gcnui speclM TYPE 21/2 «-lD 29/25-1 44/2-1 < 49/10-1 49/20-2 49/24-2 49/24J 49/24-4 49/25-2 WOR.MERE PEG.BAY RECULYER LUND-CLIFF STEV.KLT 
4stacolus sp.nov. CAL • • • • • 
Astarlgerhw aberystwythi CAL 7 
BoIMm Incrassata (Inc. B.l.gl^antea) CAL • • 
BolMm spp. CAL • 
BoUvinoides decoratus CAL • 
Bollvlnoldes draco CAL • • • • 
Bolivlnoldes laevigatus CAL • 7 • • 
BoUvinoides miliaria CAL • 
BolMnoldes palaeocenlcus CAL 7 • 
Brlzallna spp. CAL 
Buccella proptngua CAL 7 
Bullmlna aksuatica CAL • • • . • • 
BuUmlna midwayensis CAL • • • • 
Bullmlna spA.iang CAL • • • 
BuUmlna spp. CAL • • • 
Bullmlna trigonails CAL ? • • • • • • • • • • • • 
Cancris spA (King) CAL 7 
CeralobuUmlna contraria CAL • • 
Cibicides beaumontianus. CAL 7 7 • • 
Cibicides cantii CAL • • • • • 
Cibicides cosstvolauni CAL 7 • • • • • 
cibicides cunobetlnl CAL 7 • • 
cibicides lobatulus CAL • • • 
cibicides mariae CAL • • 
cibicides pseudomlgerlanus CAL • • • 
cibicides simplex (cf.) CAL • • 
cibicides spp. CAL • • • • • • • • 
cibicides tenellus CAL 7 • • • • 7 
cibicides tmgerlanus (cf.) CAL • • • 
cibicides wesll CAL • 
cibicidoides alleni CAL • • • • 
cibicidoides dayi CAL • 
cibicidoides dutemplet gr. CAL • • • • • 
cibicidoides eocaenus CAL • 
cibicidoides pachyderma CAL 7 7 7 • • 7 
cibicidoides pygmeus CAL • • 
Cibicidoides succedetts CAL • 7 7 
Cibicidoides staanaensls CAL • 
Cibicidoides truncanus CAL • • • 7 • • 
Conorolatlles aptlensis CAL 7 
Cyiharlna plumoldes CAL 
Dentallna cotel CAL • • a 
Oenlallna irankel CAL 
Dentallna glaessnert CAL • • 
Dentallna plummerae CAL • 
Dentallna spp. CAL • • • • • • • • 
BIphldlum spp. CAL 7 
Bouvtfterina aculeata CAL • • • • 
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DISTRIBUTION OF TAXA THROUGHOUT THE STUDY AREA 
I F O S S I L T Y P E S : A G O A g g U l n a t f l d Foramtn i rera 

C A L C a l c i r a o u s B s n t h o n l c F o r a m l n l l e f a 
P l A P lankton io F o n m l n l f e n 
S I L S l l l c o o u a M l c f o f o s s l l s (RaC lo la r l a . O l o t o m s etc . ) 
O S T O s t r a c o d a 
O T H O t h e r toasit t y p e s 

1 O C C U R R E N C E S : 7 quas t i onab le p resen t but Ident i f icat ion Is uncer ta in 

• r a m t .e, c .< ' lo s p e c i m e n s throu^hotA the wt^ola s e c t i o n 

modera te l y c o m n w n I.e. C . 1 O 5 0 s p e c i m e n s throughout the sMtwIa s e c t i o n 

c o m m o n I.e. C .5O-100 s p e c i m e n s throughout tha w t w i a s e c t i o n 

• • • • • 
v e r y coimttwii 
atMjndart I.e. 0 2 0 0 s p e c i m e n s tt irouohout t he wno le s e c t i o n 

U.K. OKt-SHORE U.K. ONSHORE DENMARK ONSHORE 
TAXON 

TYPE 21/26-lD 29/25-1 44/2-1 49/10-1 49/20-2 49/24-2 49/24-3 49/24-4 49/25-2 WOR.MERE PEG.BAY RECULVER LUND.CLIFF STEV.KLT Gcnui ipoctes TYPE 21/26-lD 29/25-1 44/2-1 49/10-1 49/20-2 49/24-2 49/24-3 49/24-4 49/25-2 WOR.MERE PEG.BAY RECULVER LUND.CLIFF STEV.KLT 
Bouvtgerlna spp. CAL • 
Bplslomlmlli vitrea CAL aaa 
Bpontdos spp. CAL • • • a a a 
Fro»dlcutarla tenulsslma CAL a 
QaveUmlla baltica CAL 
QaveUmtla beccarllfbrmls CAL • aaa 
OavelltiQUa bembix CAL a 
Oaveltmlla danica CAL a a 
OavellmUa lomeiana CAL 
QavetlmUa pertusa CAL • a 7 a 
Oavcllmlh spp. CAL • • • • • • a 7 9 aaa aa aaa 
Oavellmlla voltzlanagr. CAL • • • a a a aaa aaa 
aimidullna laevigata CAL a ? aa 
Ohborotalltts mlchellnlona CAL 
GloborotallUs 'PP. CAL 7 
aiobttUna- ampulla CAL a a aa 
QuItuUm problema CAL a a aa a 
Qyroldtna soldanit girardana CAL • • a a a a 
Oyroldlmldt) angustlumblUcatus CAL a a 
Oyroldlmldts danvlUensls var. gyroidinoides CAL a a a 
Oynldlmlda nitidus CAL • • aaa a J 
Qyroidtnoidej octacamerata CAL 
ayroldlmldes spp. CAL M a a a a a 
Hantstna orblculare CAL a 
Htltrolipa pegwaltensis CAL a a 
Hoeglmdlna elegans CAL 7 
Lagena geometrica CAL a 
Lagena Inomata CAL 7 a 
Lagena spp. CAL • • 7 a 
Lamarkina paleocenica CAL a 
Lenttcutlna klagshamnensis CAL a 
Ltntlcullna multiformis CAL 7 7 a a 
Lenttcutlna schreltert CAL a 
Leiitlcullna spp, ' CAL • • aa a a a aa aa a 
Lenttculina turbinatus CAL aa 
Llngulogavelinelta? gyroldlnaefbrmis CAL 
Loxostomum eleyl CAL a 
Mdrglnullna - gracilis CAL a 7 
Marglnullnopsis paleocenlcus CAL 
Metonts . pomplllloldes CAL • a a a a 
Neoepantdes karsteni CAL a 
Nodosaria konlnckl CAL a 
Nodosaria latefugala CAL a a a 7 
Nodosaria minor CAL 
Nodosaria sptnesctns CAL aa 
Nodosaria spp. CAL • • aa a a a a a 
Nonion appllnae CAL a a 
Nonion laeve CAL 7 a a 
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DISTRIBUTION OF TAXA THROUGHOUT THE STUDY AREA 
F O S S I L T Y P E S : A G O Agglut lnatad Fo famln t fe ra O C C U R R E N C E S : ? ques t i onab le t vesen t but Ident i f icat ion i s uncer ta in 

C A L C a l c a r e o u s San thon l c Foratn ln i rera • r a r e i .e. c .<10 s p e c i m e n s t lvoughout the w h o l e s e c t i o n 
P L A P lank lon io Fo ram lnKo ra modera te l y c o m m o n I.e. 0 .10*50 s p e c i m e n s throughout the wtwto s e c t i o n 
S I L S i l i c e o u s M i o o r o s s l l s (Rad lo la r ia . D i a t o m s etc.) c o m m o n I.e. 0 . 5 0 - 1 0 0 s p e c i m e n s throughout tho w h o l e s e c t i o n 
O S T 
O T H 

O s t r a c o d a 
O t l i a r fosBj l t v o e s 

v e r y c o m m o n I.e. c . 1 0 0 - 2 0 0 s p e c i m e n s throtjghout the wt io le s e c t i o n 

wuiai IU3INI tji^oa Bbundant 
U.K. o m u o R E U.K. ONSHORE DENMARK ONSHORE 

TAXON 
TYPE 21/2 6-lD 29/25-1 44/2-1 49/10-1 49/20-2 49/24-2 49/24-3 49/24-4 49/25-2 WOR.MERE PEG.BAY RECULVER LUND.CLIFF STEV.KLT Genut spcclos TYPE 21/2 6-lD 29/25-1 44/2-1 49/10-1 49/20-2 49/24-2 49/24-3 49/24-4 49/25-2 WOR.MERE PEG.BAY RECULVER LUND.CLIFF STEV.KLT 

NonioittUa cretacea CAL • • 
Osanguiaria navarroana CAL • • • 
OsanguJarla spp. CAL • ? 
PararotaUa spp. CAL ? ? 
PataUlna spp. CAL ? 
Planularia belerana CAL • 
PlanuUna costosa CAL ? 
Planulina spp. CAL ? 
Polymor£hlrtldae undifferentiated CAL • • • 
Praehulimlna taevis CAL • • • • 
Pravbullmhta spp. CAL • ? • • 
Prae^lobobuUmina ovala CAL ? 
Protelphidium hofkeri CAL 
Pseudonodosaria spp. CAL • 
Pullenia quatemaria CAL • • 
Pullenta quinqueloha CAL • • • • 
Pulsiphonina - prima CAL • 
puadrimorphtna allomorphinoides CAL • • • 
OuinquQiocuUna reicheli CAL • 
QulnquelocuUna spp. CAL • • 
Reusella spp. CAL • 
Reusella szajnochae ssajnochae CAL • 
RosaUna binkhorsti CAL • 
Rosalina squamiformis CAL • 
Sagrlna selseyensia CAL • 
Saracenaria hartingi CAL • 
Saracenaria spp. CAL • • • 
Slgmomorphtna soluta CAL • 
Siphonina reticulata CAL • • • • 
Sphaeroidina bulloldes CAL • • • 
Stensioeina pommerana CAL • • 
Sahstomella pseudoscripta CAL • 
Stilostomella spp. CAL • 
Stlhstomella subsptnosa CAL • 
Tappanina selmemis CAL ? • • 
Trifarina spp. CAL • 
Tritaxia spp. CAL • 
Turrllina brevispira CAL • ? • • • • • 
Uvtzerhta hatfesi CAL • • 
Uvi^erina eocaena CAL • • 
Uvlgerina . farinosa CAL • 
Uvlf^erlna fiermantca CAL • 
Uvigerina spp. CAL • • 
Uvigerina tenuipustulata CAL • 
Vaglnutlnopsis decorata CAL • • • • • 
Vaglnullnopsis decorata (off.) ("Ksp-B King) CAL ? • • 
Vaglttutlnopsls decorala subsp A (King) CAL • • 
Balrdia spp. OST • 
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DISTRIBUTION OF TAXA THROUGHOUT THE STUDY AREA 
1 F 0 3 8 I L T Y P E S : A Q G AgcjIutinDtftd Fora i r tn l fa ra 

C A U C a l c a r e o u s BenUionIc ForamintTera 
P L A Planktonio Foramtn l fera 
S I L S l l c e o u s M l c r o f o s s l l s (Radlota;1a. D ia toms M c . ) 
O S T O s t r a c o d a 

O T H Other f oss i l t y p e s 

1 O C C U R R E N C E S : 7 • quos t lonab ia present but Iden l l l l ca t ion Is uncer ta in 
• ra ra I.e. c .<10 s p e c i m e n s throuohout tho w tw le s e c l l o n 

• • modera te ly c o m m o n 1.0. c . 1 0 - 5 0 s p e c i m e n s throuohout the wt io le s e c t i o n 

• • • c o m m o n I.e. c . 5 0 - 1 0 0 s p e d m s n s throughout the M ) O l e s e c t i o n 

• • • • v o r y c o m m o n I.e. c . l O O - S O O s p e c i m e n s throughout tho \fct»Ia s e c t i o n 

• • • • • at}undant I.e. O 2 0 0 s p e c i m e n s throughout the wt io lo s e c t i o n 

O.K. OM'SUORE U.K. ONSHORE DENMARK ONSHORE 
TAXON 

TYPE ZJ/26-1D 29B5-1 44/2-l> •9/10-1 49/20-2 49/24-2 49/24^ 49/24-4 49/2S-2 WOR.MERE PEG.BAY RECULVER LUND.CLIFF STEV.KLT Genus spoclu TYPE ZJ/26-1D 29B5-1 44/2-l> •9/10-1 49/20-2 49/24-2 49/24^ 49/24-4 49/2S-2 WOR.MERE PEG.BAY RECULVER LUND.CLIFF STEV.KLT 
Cyamocytheridea OST ? 
CylheroptaroH spp. OST • ? 
Hazetlna thanettnsts OST • 
Ostracodo widtffertntlattd. OST • • • 
Brachiopoda undifferentiated OTH • 
Fish teeth wtdtffcrenttated OTH • 
Spheres/Discs undifferentiated OTH 
Abathomphalus mayaroensis PLA 
Acarinina bullbrooki "group" PLA • • 
Acarinina mckamtal "f^up" PLA • 
Acarinina soldadoensis "group" PLA • . • • ? 7 
Acarinina witeoxensls "/^roup" PLA J i mum 
Archaeoghblfiertna cretacea PLA • 
Catapsydrax spp. PLA • • 
Chiloguemhelina cubensis PLA • • • • • • • • • 
Bogloblgerlna edita s.l. PLA • • • • • • • • 
Boghbizerina eobulloldes S.I. PLA • • • • • 
Bo^lobixerlna spp. PLA • • • • • • 1 ? 
Boghblfierlna trlvlalls (aff.) PLA • 
Boffhblgerlna trivlalls S.I. PLA • 
Qlobanamalina micro PLA • • • • • m • • 
Qlobanomalina wllcoxetuls PLA • • • M • • • • • • • • • • • • • • • • • • • 
QloblRerlna chascanona PLA • • • • • 
OloblfterUta danvlllensis PLA • • 
QlobiRerlna eugubina /fringa "group" PLA • 
Oloblfierlna Inaequlsplra PLA • 
Qloblzerlna officinalis PLA ? • • 
Oloblf^erlna pataffonlca PLA • • 
Kjlootgstma 
aiMgirl>stUoldes 

spp. 
prarlehlttensls 

PLA 
PLA • • • 

• • • • • 
• • • • • • • • • • 

• 
m • • 

aioblgirtntlloldiii spp. PLA m 
Olobocotma daubfety^ensls PLA • ? ? ? • • • 
Oloborolalla archaeocompressa PLA • 
ahboromha baunsbergensis P U ? ? 
aioboromllti tnconstans PLA ? 
Qhborotalla perclara PLA • 
aiobarolalla planocompressa PLA • ? ? 
Oloborotalla poJycamera PLA • 
Oloboroulla praescltula s.l. PLA • • 
aioborotallB reissi PLA 
Oloborotatla spA ?sp.nov. PLA 
Qlobcrotalh sp.B ?sp.nov. PLA 
aiobommlla spp. PLA • • • m 
Qhbotruiicatla bulloldes PLA • 

QtabotrwiCamUa 
lliutelana 
havanensis 

PLA 
PLA 

H • 
Ouembetltria triseriata PLA • • • • • 
Hedbtrgetta holmdelensis PLA • • aa 
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DISTRIBUTION OF TAXA THROUGHOUT THE STUDY AREA 
F O S S I L T Y P E S : AGO A g g U l n a t e d Forarr tn l fdra O C C U A R E t t c E S : 7 questloflat>le p resen t t u l Idor l inea t lon Is uncer ta in 

C A L 

PLA 
C a l e t r e o u s Gen thcn ie Fo ramlnK f i ra 
P lan ldon io Forani ln^rafa 

• 
•'• " 

r a t a 
modera te l y c o m m o n I.e. O.10-60 s p e c i m e n s Ihrouohoul tho who le s e c t i o n 

S I L S l l Jcaous MIc in fDss l l s ( R B d l o l a i l a , D I a l o m i e tc . ) • • • c o m m o n I.e, c . S O - I O D s p e c i m e n s throughout tho w h o l e s e c t i o n 

O S T O s t r a c o d a • • • • v e r y c o m m o n I.e. c,10(}-200 s p e c i m e n s throughout the w t io le s e c t i o n 
O W O l l w r t o s t l l t y p e s • • • • • aDundanI I.e. c.>2t30 s p e c i m e n s throughout the wt io le s e c t i o n 

U.K. OFFSHORE U.K. ONSHORE DENMARK ONSHORE 
TAXON 

TYPE 21/26-lD 29/25-1 44/2-1 49/10-1 49/20-2 49/24-2 49/24-3 49/24-4 49/25-2 WOR.MERE PEG.BAY RECULVER LUND.CLIFF STEV.KLT G e n u s species TYPE 21/26-lD 29/25-1 44/2-1 49/10-1 49/20-2 49/24-2 49/24-3 49/24-4 49/25-2 WOR.MERE PEG.BAY RECULVER LUND.CLIFF STEV.KLT 
Htlerohallx spp. PLA • • • • • • ••••a • • • • 
Morozovetla praecttrsorla PLA 7 7 • 
MorozoveUa pseudobullotdes PLA • • • • • ' • • 7 7 7 
Morozovelta pseudobulloldes (cf.) PLA • 
Morozovella unclnala PLA 7 7 ? 
Planorotaltlej chapmani PLA 7 7 • 7 7 
Planorotatltes compressa PLA • • • 
Pseudotextularia elegans PLA ? • ' 
RacemlRUembellna fructicosa PLA • 
Rugogloblgertna rugosa PLA 
Rugogloblxerlna spp. PLA 7 • • 7 
Subbollna frontosa PLA 7 
Subbotina llnaperta "group" PLA • ' • 
Subbotina thtaper' •'/eocaana PLA 
Subboiina triangularis PLA • • • 7 
Subbotina trllocutlnoldes PLA • • 
Undlfferenllated hispid ptanktottlcs PLA • • 
BolboformO' clodlusi SIL • 
Cenosphaera lenttcuiarls SIL 7 7 
Cenosphaera spp. SIL • 7 
Coscinodiscus. sp.Ot (Bellenstaedt) SIL 7 • • • • • 
Coscinodiscus 3P.02 (Bettenitaedt) " SIL 7 7 • • • 
Coscinodiscus sp.OS(aSS) SIL • 
Coscinodiscus sp.l6(aSS) SIL ' • 
Coscinodiscus sp.ian6(ass) SIL • • 
Coscinodiscus spp. SIL • • 
Diatoms undifferentiated SIL • • 7 7 
Uadlotarla undifferentiated SIL . • 
Trlcerallum cf abyssorum SIL 
Trlcerattum sp.Ol (OSS) SIL 
Triceratium sp.03 (OSS) SIL • 
Trlcerallum spp. SIL 
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DISTRIBUTtON OF FORAMINIFERA IN THE PEGWELL BAY SECTION. KENT 
SPECIES O =present (1-4) O ==common (5-9) 
""1 I I I I I 1 ' I- I I ^ I I I I I f r" 

• ==v.common (10-25 =abuncl. (25+1 
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Vertical scale in metres 

FORIVIATION 

2 2 2 2 
CO M o « 

7i 70 

q 
71 
O 

1 ^ 
SAiVlPLE 

LITHOLOQY (Schematic) 

Hazelina tlianetensis (ostracod) 
Splroplectanimina thanetana 
Cibicides cunobellni 
Cibicides mariae 
Anomalinoides nobilis 
Cibicides cassivalaunl 

O O Protelphidiwn hofkeri 
0 0 0 0 O O Guttulina problemma 
o o o Cibicides cantii 

Bulimina trigonalis 
"Nodosaria" latejugata 

O O Heterolepa pegwellensis 
Pullenia quinqueloba 
Reworked Late Cretaceous Foraminifera 

O O 
?Pararotalia sp. 
POlandulina laevigata 
Globulina ampulla 

O O o o Epistominella vitrea 
Sigmomorphina soluta 
cibicidoides alleni 
Cibicides succedens 

o o o Asterigerina aberystwythi 
Pulsiphonina prima 

0 0 O Nonion applinae 
Nonion laeve 
Nonionella cretacea 
Eouvigerina aculeata (reworked) 
Bolivina incrassata (reworked) 
?Morozovella pseudobutloides (reworked) 
?Cyamocytheridea magna (ostracod) 
?Praeglobobulmlna ovata 
Bolivinoides laevigatus (reworked) 
?Subbotina triangularis 
Gyroidinoides danvillensis var. gyroidinoide: 1̂ Coscinodiscus sp, (pyritised) 
Recurvoides sp. 

O O Barren of Microfauna 
?Planorotalltes chapmani 





IVertical scale in metres 

S E L A N D I A N ( ^ T H A N E T ) FORMATION 

SAMPLE 

LITHOLOGY (Schematic) 

Bulimina trigonalis 
Gavelinella beccariiformis 
Lenticulina turbinatus 
Lagena geoihetrica 
Bullmlna midwayensis 
Matanzia varians 
Pullenia quinqueloba 
Dentallna colet 
Dentallna phimerae 
Dentaltna glaessnert 
Alabamina solnasensis 
Cibicidoides siiccedens 
Gyroidinoides angustiumbilicatus 
Lenticulina klagshamnensts 
Astacohis hartingi 

O Globorotalia spp. 
Gutlullna problema 
Astacolus sp. nov. 
Cibicidoides alien! 
Alabamina obtusa 
Globigerina (ajf. "ciperoensis") 
Glandulina laevigata 
"Globigerinelloides? " spo. 
Frondicularia tenulsslma 
Nodosaria latejiigata 
Lamarkina paleocentca 
Nonionella cretacea 
Cibicides spp. 





SAMPLE 

LITHOLOQY (Schematic) 

O O • O O Heteohelix spp. 
Globlgerlnelloldesprarlehillensfs 
fiedbergella holmdelensis 
Guembelitria triseriata 
Reuselta szajnochae siajnochae 

O O Eouvigerina aculeata 
Osangularia navarroana 
Pullenia quinqueloba. 

•< O O • Gavelinella ex gr. voltziana 
Rugoglobigerina spp. 
Praebulimina laevis 
Cibicides beaumontianus 
Quadrimorphina allomorphinoides 
Lenticulina spp. 

^ O Stensioeina pommerana 
Bolivinoides decoratus 
Bolivina incrassata 

o • • o o ?Gavelinella/cibicides spp. 
0 O Stilostomella spp. 

Bolivinoides paleocenicus 
O O Tappanina selmensis 

Cibicides tenellus 
Glomospira charoides 
Pullenia quaternaria 
Morozovella pseudobullotdes 

O o Morozovella cf, pseudobulloides 
Chiloguembelina spp. 
Globoconusa daubjergensis 

O • Indeterminate (small, priy pres.) planktonics 
Subbotina tilocullnoides 
Eoglobigerina trivialis 
Eoglobigerina aff. trivialis 
Eoglobigerlna eobulloides simplicissima 
Eoglobigerina eobulloides "group" 

6 Eoglobigerina edita "group" 
Lagena inornata 
Rosalina squamiformis 
Marginulina spp. 





Appendix 2: Plates 

As discussed in the systematics chapter, the vast majority of taixa recorded'in this'study are 
well known and have been previously illustrated many times. Therefore illustrations of all 
taxa described herein are not provided. However, drawings of those taxa less commonly 
recorded / illustrated from European sections,, or of taxa provisionally designated as "new" 
are given in the following two plates. ' 

I 
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Reticulophragmium amplectens subs[).A sensu King Astacolus ?sp.nov. 

Globorotalia sp.A ?sp.nov. Globorotalia sp.B ?sp.nov. 

Coscinodiscus sp.8 sensu G.S.S. Coscinodiscus sp.l6 5ew^ G.S.S. 

Coscinodiscus sp.20/26 •̂ew«< G.S.S. | Triceratium cf. T.abyssorum 

PLATE 1 (scale bar = 0.5mm) 
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Triceratium sp:l sensu G.S.S. Triceratium sp.3 sensu G.S.S. 
C 

Cenosphaera lenticularis 

• E F 

G H 

PLATE 2 (scale bar = 0.5mm) 





P A L A E O G E N E E O C E N E OR Y O U N G E R 

S ^ 
t t t 
S 2 ^ 
o o o 
^ ^ ^ 

OS 

Dopth 

Bod 

Period/Epoch 

Samples 

^ Cht logu«Tibol ina j :ub«nj js_ 

ChlloguarTitxIina cutxnti^ 
H9i«rohellx spp 
Ae«r1n)na »cldadc«n»i» grp _ 

Archaeofllobioerin* jpp 
Globi5enn«t)oid<) ipp 

H«db«rB«lla »pp 

Het«roh«lix tpp 

Lexostomum (leyl 
St«nslo«!n* btcc-aniforml} 

Donta'Ina ipp 
Eouvijonna »cu)«3la 
G«'/«'in*Ila batic* 
Ga'(^fln<!l» kynelana 
G t n l i M i l i ipp 

— \ GyroidinoWej nitidi;*_ 
Lenl'iculina ichr«ner1__ 
Llnjulina t«n«r» grp 
Marginulina gr»ci]i» 
Hvioitria tpp 
Planularta b«ierana 
Pr»i?bu(irnlna l»(>v1j 
Priebutimlna ipp 
St«r,»lo«!na pooim«nrt_« 
Tappanina i « t m » n j i i 
Trttarta ipp _ 
GWx>fotail1«» michelini8ria_ 
Sp^»'?^oidipa buMoido 

Sampio Counts 

f 

•2 

Biostratigraphic Comments 

Chart Key 
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^ ? ^ 3 ? $ 
8 g 8 i § 
^ ? ^ ^ ^ 

EARLY 
P A L A E O C E N E 

1 > 1 E P A L A E O C E N E 

DANIAN f THANETIAN 

E A R L Y E O C E N E 

YPRESIAN 

a a 9 M a « « 
8 8 S 3 ^ i5 3 
8 S 8 ? 8 $ ^ 

8 
8 

8 

3 

I T • 

Depth 

Period/Epoch 

Age 

Zone 

Zone 

Zone 

Samples 

Chltogusmbolini cub«nsi» 

Globsnomalini wilconerisij 
Ctobofofali* »pp 
Gk>bar>om«lini mici i 
Pi»norofa[rt«» ohapmani 
Siibbotina linaporia j ' p 
GtobarwriBlini mitri_ 
Gk>b'S6fin» tpp. 

7 Gtobofofalia haijnsb«fj(>oji«_ 
Globofutalia sp, a ('?»p.r>ovJ_ 
Gu«mb«lrtri» triieriala _ 
Mofotos'Oll* psetKjobullotde* 

/ 

(0 

1—r-r 

{ a I J J J 

H ii i5 I* 

PlarKxo(alrt«« eomp(«is«_ 
Subtwlini tri»r>gulari$ 
Gk>t)'3*fina in«qui»pira 
Subbofjni trlloculirioid** 
Eofltobi^^fini adila tl 

Ec>atobi3»rini «<:>bulk)ic(e» tl 

Eo3lot)'3«fini spp. 

Gk>b<>fo<alia •tchaec<c)rnpi(_»4S«_ 

Gk>tiO(o(alia lncon5t«ni_ 
_MofOfo\-«l!a uncinaia 

Globcxrtalia plartocomp<«ssa 
Globwtrlalia archaoocompr«sii_ 
Glotxxofalia plariocorrpKesji 
Pjeudoleiflularia a'e^anf 
Globanorra'ira pfairiehillentii 
L»rtticulin« sf'p 
Tumlina bcevispiil 
CtbicWokl** allBTil 
Ciblctdea spp 
Bulinnioa Ir'joriati* 
BuHmIni »pp _ 
Cib(cidok5«» dirtimplel jip. 
GiveCmellt spp. 

Epontde* spp 
Rosalint btnkhofiti 
Anomallni spp, 
GivelinoHa »pp, 
Pullofiia quirtq-j«loba 
Spha»fo(diri» bultoidti 
L»flen» spp, 
S'phonint teliculala 

_Glomospiri charotdei 
Ammodiscua cttrtaceui 

_Clomotpira jordialif 
HapicphtajfTvoidts 'c>x(anxmin_» »pp,_ 
Bathysiphon dsctet i 
Glomo!.piieni >voodl 

_J^_Co»cinC)di»cu» »p,_1 (bett»nstae<;N)_ 
i_Coscir>cK)i»cu» »p, _2 (b«tt»fistaedy_ 

Cc>icinodiK:u5 spp 
I C*rio»pha«' i ipp 
j C«oc>»ph»«'t ?pp 

2 

Sample Counts 

Biostratigraphic Comments 

Chart Key 
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8 8 

LATE P A L A E O C E N E 

THANETIAN 

L A T E S T 
P A L A E O C E N E -

EARLIEST E O C E N E 

EARLY 
E O C E N E -

THANETIAN • 
YPRESIAN YPRESIAN ; 

?4 

3 - 4 

23 

o -J 
S 88 8 

t 
I 

8 8 ? 8^? 

m m 

\ 

8 8 8 8 8 8 ? ? $ 8 8 8 8 8 

I 
r 

— 

n • 
tn m -

n3 
n 

n 

n 
TO 

LJ' 
• a ' 

V 

5 8 

1? 

Depth 

PorJod/Epoch 

Age 

Zone 

Zone 

Zone 

Zone 

Samples 

Globanomalmj wllcoxen»ij_ 
GloblB«riM »pp 

Gioboro(j'ia pofj'caTvera 
G'otxxotalia Ip • (?ip nov ) 

Cotwotalla ip b (?ip nov) 

Ecigiotij*rina ediUjI 
Gtoborota'ia ipp _ 
Chlto^uflmbelini cub<riji» 
Mofarovella p»«ur)obullold«j_ 
Olobo(nj(v:ana llrinalaria 
Planofotalitai ehapmaal 
Hadberjalla hotmdalaniij 

H»1eri>h«Ii)( ipp 

P»»ixlo<«»lL;iai1a »l»gan» 

Rac«mlguomb«llna hiictIco»a 
Gk>blj«dnenold95 pf»r)«h;|leriil»_ 
Rua'^g'ot>'a*rina IPP 
Cib lc ld« i ipp 
AAoma!ina ipp 
Gyrotdlria loWanll grp 
Saracenaria ipp 
BotMnoldsi draco 
GivatinaHa ipp 
Oyrotdinoldsj nHid_J» 
CĤ '̂ glJlBrla Ipp 
Pi>fyTTvorpMnl<J«« (jnd.fI«f|ntiBl*d}_ 
Praebulimina laivi* 
Pracbuiimlna ipp 
OiiTfluiarla ravar-paia 
Ammobaculit«i ipp 
Ammodiicwi crf-ac^ui 

Haplophrtflmoid«j /cyclammina ipp 

Haplophrajmold** wilt«rl 
IndfltannlnaU agglutinated foraminlfaf . 

Karrar^tla apicutaii 

I Rtticuiophragmlum acutidorawtijm_ 
Rtticulophragmluol ampl»c<«ni 

[ Eplroplectamrrilna fiavarroa^a 
Trochammina d«'omilJ 

Trochammina globigarintfofmli 

Bathyjlphon diicfeta 

Karrariella ap^cu|a.^l 
Raophax ipp 
Rtticulophragmlum aft amplecteni 
Rhlzammln* Indiviia 

Spiroplectammina ip«ctaWlii 
Tnschammlna ipp 
Haplophf»gmold« /r><:urvotd<i ipp 
Mar^wva'ta ipp 
Rtticulophngmlum i p f 
Glomoipira trregularii 
Amrnodiscui pervManm 
Reticulophragmium ampl9Ct«ni_ 
Glomoipira giirdia'il 
Gtomotptn ch»ro<d«» 

Cribwlomoldei i p p _ 
Splro|igmollin«I|a_i;)_ •_(Vlng, jsesj 
Mart^onefla i cp 
Cojclnodiicus ipp_ 
Coictnodiicu^ ip 1 (betlanstaedt) 

Coicinodiscui i p 2 fb«n«nsla»d1) 

Tric«rat'um d iby^wrum 
7 I Co^clnodijcun ip 2 (b«tt«nstaedt) 

^ Trtcerjiium i p 1 (gi») 

I Trtcaratium i p 3_(flM) 
Trtc«ralium ipp 

Co»clr>odi»cu^ Ip 20 (a<») 

Ostracc^Ja (undiffcrtniatcd) 
Indetanrilnata i p h « r i v ' d ' S C i 

•2 

Sample Counts 

Biostratigraphic Comments 

Chart Key 
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LATE C R E T A C E O U S LATE P A L A E O C E N E 

7EARLY MMSTRICHT IAN • 
LATE MAASTRICHTIAN 

THANETIAN 

EARLY E O C E N E 

T -

Depth 

iSrvS Period/Epoch 

YPRESIAN 

• • 

7 2 2 . 2 3 

7 3 - 4 
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I 11 
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Zone 

Zone 

Zone 

Zone 

Samples 

Cobiparlrvi officinalis 
Subbotina llnap«rta prp 

Globlg«r1na ipp 
Glotwjtalla po>ycam«ra 
Subbotina trianjularli 
MofWovella uncinata 
Subbotina llnap«rta.'»oc««n*_ 
Chltoflu«mb«llna cub«n ih 
Globanomalina micra 
Guemb«!i1rla trisarlata 
Acarinina i p p 
Globijarinelloldel prarlohillensii 

, Hedb«r5«lla holmdalenjli 
H»t«roh«llx i p p 

Ro20fllobla«r1na i p p 

G(obotr\;ncan«:la havan«njis 
Indelarmlnala planMonIc fofamlnlftra 

RujojIoblBSrlna tugoia 

Bulimina mlAviyensis 
CiblcWoWes dut«mplei prp 
C<blcldold«i Iruncanus 
Lenficulina ipp^ 
Nodosaria i p p 
Saracanaria i p p 
Anomatina groiwrugosa 
Vaalnullnopsls at. docorata 
Bulimina akjuatica 
Gavsllnella ipp 

Gyr-cJdina loldan][ grp 
Ptanulina i p p 
Earac«nar1a I p p 
Bullmlna I p p 
Clblcklold«i tnjncanui 
BotMna I n c r i M i t a 
Bullmina trtjonalis 
Gav«tln«lla vcJUlan* grp 

A/iomalina gronanjgosa 
C>l>lcldel Ipp 

Ckntalina ipp 
Gyfold(nold«s ipp 
Pullenia quinqu«lol>a 
Turrilina brevispira 
Bulimina mi<^Ai)^n»is 
CiblcWei cf ungorianui (murriy at al . 
Eponld«i ipp 
Melonls pofnpllIicld«5 (Inflated) 
BolMnold«s draco 
Givellnatla p e r i j ^ 
Pnebulimlna lae'/ts 
Etensioolna boccarlrfofmls 

Etilojtomella ps«udoscripta 
Oyrotdirwdes nitidus 
BoiMnotd«s paiaeocanlcui 
Ceu-'tstrlna i f p 
G»'<^'in«Ila nobilis 
Gay«lln«!la p«rlusa 
BolMnoldes palsoocenicus 
BolMnoldes millarli 
Lajgna spp 

Ammodiscul peruvtanus 
Indetermlnata agglutinated foramlnlfer,. 
Reticuiophragmlum â T amplectans 
Reticulophragmium amplecteni 
Ammodiscus crataceus 

Bathysiphon discrata 
Matarvla virtani 
Troohammlna deformli 
Giomospin charoides 

Glomospira hreguiaris 
Reticulophragmium spp 
Splroplectammlna afT ipoctabilis 
Splroplectammlna navairoana 
Spiroplectammina ip«ctabllis 
Gtomiospira gor-dia'l* 

HaplophngmoldflS /cyclammln* i p p 

Karrerlella aplcularli 
Praecy^tammlna globigerlnaeformls 
Recurvoides waled grp 
Reticulophragmium acutidofasatum 
Reticulophragmium erblculara/rotundido . 
Rhi7ammina Indivtsa __ 
Thurammina papillate 

Cribro5lomold«l scltulus 

Coscinodiscus i p 1 (bettenslaedl) 
Coscinodiscus i p p _ 
Coscinodiscus Ip 1 (bettenstaedt) _ 
Coscinodiscus Ip 7 (botlenstaedt) 
Cenosphaera tenticularts 

Oitracoda (urxJifTereniated) •2 

Sample Counts 

Biostratigraphic Comments 
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t 
"TACIOUS 

i 7MAASTRICHT1AN • I 

LATE P A L A E O C E N E ' i i ' 

THANETIAN 

EARLY 
E O C E N E 

YPRESIAN 

- - - - - - - - - - - ,- - . . _.. . . m 

723 

w -* o 
O O O 4rl 

^ 8 8 8^ 8 
1 

• — 

i i 
I 

V 

• a n 

'BE 
, -

1 • • — — - — — • — — " — — — 
GyToidiriold«» »pp , -
Lagflna »pp 

Lanticuiina multlfofmls 
wm Lant'iculina «pp 

, . -
MaloTitj pomplllloida) (lnfla1«<i) , . -

m 0 Nodosaria i p p 

Pullonia quinqueloba 

Turrilina brevljpira 

^ . . . . . ^ , ^ LMcerina eocaena 
LMgerlna jermanlca 
LWjerlna i p p 

LMgerlna tenuipustulata 
Asterlaerlna bartonlana 

m r x 1 r Bulimina i p a^Vlng, 1959) 
Bullmlna i p p 

Bulimina Irlgonaiis 

CibickJoldes luccedens 
Cibicidoides lAjr>canus 
Planulina pa'merae 

Tappanina lelmensis 
T - -

AnocnaMna grosserugosa 

Bulimina trtgona'is 
*- ^ ^ ^ ^ ^ "r^ ' ? ? CiblcldoWes truncanus 

Gyfoldina lotdanii grp 

Anonia'ina i p p 

Nodosaria koninckll 

? Uvtgertna tenuipustulata 

Saracenaria i p p 

Bullmlna aksuatica 

Bulimina i p a (VIng, 19S9) 
Vaginulinopsis decoata 

Eponldei i p p 
- ^ — ^ 

0«'v«tlnena i p p 

Elphonlna reticulata 

Clblcldei boeurnontianus 
Polymorphinldae (urxlflerentlaietf) 

7 Praebulimina i p p 

Ouadrlmorphina allomorphinoides [ 

Oulnqijoloculina i p p I '1 

^ 1 
[ L-J Indeterminate agglutinated foramlniter... ? Splroplectammlna carinata ? 

Bathyslphon d.screta 1 
Cribrostomoides i p p 1 
Karrerielta apicularii li p 

^ ' • • • - • • ' r - t - ^ 1—irr7 TTV? Reticulophragmlum amplectenj i 
1 _ J L _J ^ ' [_j —(— LJ Rhijammina Indivisa 

Sp*rDpl«ctammlna n«v»rTO«n« 

1 ^ 1 • ' I.U ' 
1 -1 • LJ Ammodl icul creta ceui 1 

U - - j_n._j Okxriosplra charoides 
1 

Karreriella ipp 
Praecystammlna g'oblBerinaefomnli 

L J crL7 r.:3 Thurammina paplllata 

Ammodlicus peruvianus 
* ' * " • " * • * " * ""• ~ ' 

: . ; . . '. 
Cribfostomoldes icltulus ^ 

Haplophragmoides /cyclammlna i p p 

Glomospira irregularis 
4. j—J. Trochammina i p p 

„ 
RecuriWdes wslerl grp ^ 

„ 
Glomospira gordia'is . .. „ 
Hiplophraamoldes /recurvoides spe 

Cosclrwdlicui i p p 
• Cosclrwdiscus ip 1 (betlenstaedt) ^ 

wm Coscinodiscus sp 2 (betlenstaedt) 

? Cenosphaera ipp 

Cenosphaera ipp 

' 8 8 I 
X » D 

li 

Depth 

Period/Epoch 

Age 

Zone 

Zone 

Zone 

Zone 

Samples 

Acarinina buItbrooW grp 

Catapsydrax ipp 

Globanomalina micra 

Globanomalina wllcoxeniis 

Gioblgerlna officina'is 
Acarinina loldadoensis grp_ 
Globlgerina ipp 

Eubbotina )lnap«rta grp 

Eoglobigerlnaat. trtvla!is_ 
Planorota'ltes c h a p m « n l _ 
Acarinina ipp 

Eubbotina triangularis 

GioboTOtalla haunsberjensjt 
Gioh-viŷ 'i* prflfl̂ îtiil* %\ ^ 
Eogloblgerlna trtvlalls 

? I QiotOfotjila planocompfessa 
Pl»norot«lltes compreisa 
Brtfallna ipp _ 

Ctt>lclde» »pp 

Ciblctdoldes dutemplei grp 

Sample Counts 
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LATE P A L A E O C E N E 

THANETIAN 

8 

I?;} 7LATE P A L A E O C E N E • - - ' 
; EARLY E O C E N E i ; , : : . ^ . - T 

L i . , Ĵ ::-:̂  ,Jj:;r 
YPRESIAN 

7 l b - 7 l c 

• M a 
•f:..v J . -

- 722-723 I 

8 
8 8 

-J 
s 8 

8 

p 
8 8 8 8 

3 

f ! ^ 1 i 

I ! M 

nrstii 

Depth 

Period/Epoch 

Age 

Zone 

Zone 

Zone 

Samples 

Cesclnodiscus »p 20 (gsi) •2 

— t 
— I 

CibJcidel ipp 
Donta'Ina tpp 
Bullmlna tiiflonalis 
Cibicidold«) dut«mpl«|grp 
S'phoninj reticulata 
Anoma'ina spp 
Cibici<}.:ldfls «ucced«ni__ 
Cibicides tenellus 
Anomalinoides »cuta_ 
Cibicidoides »pp 
Eporides spp 
Gevelinella pertusa 
G/roidinoldei_spp 
Pjtellina spp 
Gave'ineMa spp _ 
Nodosaria spp 
Gavelinctla volt?iana grp 
Ga-/eilneila bembh 
Osangularia spp 
Angulofla'/elinella beetlenstae<fti 
Gtobijerina patagonica 

uioejgenna chascanona 
GloNgerina danvillensis 
Globlgerlna spp 
Eubbotina linaportj grp 
G'obanofnalina ¥»<lcoxen5is_ 
Chiloguemljriina eubgnsis 

J? 5" O $ 
^ (D (X) 1̂  

£L g I 
o 
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-» M </) 4̂  
•-i ft =• SS g P I K 
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? 1 Cenoipl-aeT leniiculens •3 

Biostratigraphic Comments 

Chart Key 

If f I 

> 
cr 
<D 
a o 
CO 
3 

Q 
'(/) 
C O 
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• DANIAN 

LATE P A L A E C C E N E 

THANETIAN 

EARLY E O C E N E 

YPRESIAN 

1c 5-77 

1 i l b - i c 

g 
8 

O 10 

88 

is 
8 

I 
I 
•) 
o 
8 8 8 8 $8 8 

S 
8 

• • 1 1 • 1 
" I B II 

T T - - T T T -

n in " n n 

.J 
- T -

V 

I 
E 

I .J J e 

It 
I 

Depth 

Period/Epoch 

Age 

Zone 

Zone 

Samples 

j Acainlna »old»docn»i» grp 

Acjrinlna ^t'lcoxensia grp _ 

ChlloflU«rpb«lina cubonais 

Giobanoma'ina mlcri 

Globarvomahna wllcoxensia 

' Giob(g«rin« chaicaoona 

f Glob<g«rin» tpp 
I 

, Gic*^otalla pfaojclfula »l_ 

?R T M(Xo?ov«lla p r a « c u r j o r i _ 

I Subbotina trlar>gular1» 

_ I Subbotina linaperta grp 

—t 

MofMovetla uncinata 
Moro?ove(Ia praecurjona 
Subbotina tnlocuHnoidej 

Eoglobigerina »pp _ 
Glotjoconuva dajbjcrgensis_ 
GueTibe'itria tnjeriata 
Mofojovella pti^udobul'oidoi 

Cifclcidej i p p 

CrbickJoidej duternplel grp 

Cibicidoides pachyderma 

Eponidos ipp 
Gyroidina loldanii grp 

Gyoidinoides ipp 

Sipivyilna reticulata 

Sphaeroidina bulloides 

Chbicldes tenellus 
Lenticulina multitormis 
Pullenia quinqueloba 
Turr'lina brev»5pir» 
Anoma'ina Ipp 
Bulimina tngona'is 
Ceratobulimina contra^la 

Giobofctalites ipp 

Uvigerina spp 
Vaglnulinop.sls docorata 
Vaginulincpsil ip _b (Ving J&eSJ _ 

Alabamina obtjsa 
Bulimina mid'A^/ensis 
Melonis pompillioldes (inflated) 

I Cibicidoides truncanus 
I Elphldlum ipp 
I Nodosada ipp 

Bulimina aVsuatica 
Lenticulina ipp _ 

Quadrlmorphina a'lomicifphlnoldes_ 
Denta'ina ipp 
Gavelinella ipp 

Tappanina selmensis 
Splroplectammlna adam5i_ 
KaTerloHa ipp 
Bathysiphon discrete 

Reticulophragmium amplectens 
Splroplectammlna ipectabllii 
Glomosplri charoides 

Cosclrvxjiscus ipp _ 

^ Cesclnodiscus tp I Cbettenstacdt) 
Cenosf hai-ra spp 
Cytherapteron spp •2 
Boltjofonma clodiusl _ 

Barren of microfauna 

Sample Counts 

Diostratigraphic Comments 
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LATE C R E T A C E O U S 

WAASTRICHTIAN 

\ LATE 5 
( P A L A E O C E N E - T 
) EARLY E O C E N E L" 

) _ { 

^ / 7THANETIAN. 
YPRESIAN 

l a -
lb 

722 - 2 J 

8 
8 

8 8 8 

... I 

I I 

-1 -3 - — n -

9i 

Dopth 

Period/Epoch 

Age 

Zone 

Zone 

Zone 

Samples 

G toba rvyna lin»_iTilcr» 

Ctobarvxnalir* wllcoxensis 

GlobiB«rina officlnans 
Globi8*'^ria »pp 

Mix«ov«l la pr»ecurjona_ 
Subbotina triangijlarta 
Eogloblgarlna »pp 

Giob<g«r1nellotd«j prart«hill«nsls_ 
Globoconusa daubjergensis 
Globofotalia eugublrAfilnga 

Subbotina linaporta grp 
Subbotina linaperta'eocaena 
CWIoguembclina cubensis 

Wof07ovtna pseudobullol<Jes_ 
Eogloblgertna adita tl 
UuemMmna tnsenata 
Heterohelix tpp 

Moroiovella cf pseudi^buNoldes (bicrw,. 
P»eod<Mex1ularia e'egani 
Globorotalia spp 
Alabamina obtusa 
Bulimina aksuatica 
Bulimina tr^gonaHs 
CiblcWesspp 
Cibicides tenellus 
C'blcldoldes pachyderrna^ 
Cibicidoides truricanus 
Dentalina tpp 
Eponldes tpp 
G/roldinotdes spp 
Lenlicuiina multiformis 
Lenticulina tpp 

Melonis pomplll^oldes (inflated) 
Nodosarta »pp _ 
Potymorphlnldae (und(fTerentiate<i}_ 
Qua'jrtmofphina a'ti^morphlnoldes^ 
Siphonlna reticulata 

Uvlgertna tpp 
Cibtcldotdes tuccedens 
Turrilina bre'/tsplri _ 
Bulimlna tp a(Vlng 19C9J_ 
CiblcWes beaurrvontianus 
Gsvelinella voltfiana grp 
Gyroidina toldanil grp 
Ptanuiina pa'merae 
Piaelxilimlna laevis 
Pullenia quinqueloba 
Viginuiinopsls dccoata 
BolMnoldes lae'/lgatus _ 
CiblcWoldes dutemplc^grp 
G»'/tlinelta perlu^a 
Eouvigerina aculeata 
G«veilnella tpp 
BolMnoides draco 
Gaudryina hmerrnafVii[ 
Karreriefla tpp 
Reopha< tpp ^ 
Epiroploctammlna adam5[ 
Glomosplri charoides 
Ammodiscus ereiaceus 
Glomospira Irregularis 
Thurammina papillata 
Balhysiphon discrete 
Pj-aecystammina fllobigerinai^tormls 
Coscinodiscus sp 2 (bcttenstietJt) 
Balrdia tpp 
Ostracoda tundiffereniated) 

I Brachiopod hajments 

Sample Counts 

Biostratigraphic Comments 
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LATE 
C R E T A C E O U S 

-J 
g 

LATE P A L A E O C E N E 

8 g 

7LATE P A L A E O C E N E - E A R L Y E O C E N E ^^^^'^ ^EO^E^NV ''"^'^^^ 

i CAWPANIAN -
EARLY 

i WAASTRICHTIAN/ 
THANETIAN 7THANETIAN - YPRESIAN YPRESIAN - LUTETIAN 

5 - 7 7 

7 3 - 7 4 

70-22 

a 
g 

8 

s 
8 8 

» I ^ 
8 8 8 

• I " I I 

1 

T T -

n ~ra n 

r3 

1 

Depth 

Period/Epoch 

Age 

Zone 

Zone 

Zone 

Zone 

Samples 

Globariomalin* mlcr» 

Globanomalina v»ilcoxen5ij 

Globigcrina chaioartofia 
Globijerlna jpp 
Globorotalla praeicHula tl 
Plartorotalitei chaprnari[_ 
Subbotina linaperia jrp 
Subbotina triangularis 

Acarinina wilcoiensis grp 

Aearinlna bullbfooKi grp 

Subbotina trilocu'lnoldes 
Gtoblgerirvelloldes prariehillensis 
Hedbergella holmdelensis 
Heterohelix spp 
Alabamina_cbtu*a_ 
Anomaiina grosserugosa 
Bulimina aksuatica 
Bulimlnaap a (Vlng, 1959] 
Bulimina spp 
Cibicidoides •'leni 
Gyroidina soldanil grp _ 
Lenticulina mult_rforTTijs_ 
Lenticulina spp 
Pullonia quinqueloba _ _ 
Ouadrimorphina a'lcimorphlnoJdes_ 
Siphonina retkrulata 
Uvigerina batjesi 
Uvigerlna aocaena 
Vajinulinopsis docorata 
Nodosaria latejugata 
Sphaeroidina bulloldes 
Cibicidescf, timplex 
Cibicides spp 

I 
-r 

Cibicidoides pygmeus 
Hoeglundina e'egans 
Pulsiphonina prima 
Sagrina l e l se /ensls 
Turrilina bre'/lspira 
Vaginulinopsis d«cora1ajjjbspjlJVing,. 
CiblcWes tenellus 
C'bicldolde S I uccedeni 
C'blcldes ct ungerianus (munay tt al.^ 
Oyroldinoldes danvillensis var. gyrold .. 
Givellnela vo(l / l»najrp_^ ^ 
Pracbolimlna laevis ^ 
Eouvigerina aculeata 
Ga'/elinella danica 

^ GavellneHa volt/la na grp 
Praobulimlna lae'/is 
Epiroplectammlna adarns[ 
Gaudryina hlltermanr|l_ _ _ 
Spirosigmoilinella sp • (Vlng J989J_ 
Splropledammina na'/arroana 
Glomospira charoidas 
Glomospirella woodi 
Karreriella apicularis 
Ammodiscus cretaceus 
Coscinodiscus spp 
Oslracoda (undiffe'eniated) •2 
Ba7en of mlcro'auna •3 

Sample Counts 
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H LATE 
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LATE 
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EARLY E O C E N E 

YPRESIAN 

'1 

Ic 5b 7 ; 

720 . 23 

8 8 8 8 ^ 
t 
1 O g g 
8 8 8 8 8 

S g « 
8 8 8 

Dopth 

Period/Epoch 

Ago 

Zone 

Zone 

Zone 

Zone 

w o ro 

<i> 2 3 7 

-1 3 
<D 

« t «« « • 

Samples 

GlobanofTMlin* wilcoxenjis 

Glofcia«r1n* »pp 

G(obiB«rin4 chaic*rwia 

Actrinlna ^ilcox»nsi» grp _ 
Chiloguembelina cubenji* 

Catapsydrix spp 
Globorotaiii reissi 

Eubbotina linaperti grp 
Subljotina Imapcrta'eocaena 
Globanoma»in» miora 

Globigerlna daiv<tlensls 
Subbotina ftontosa 
Acainlna bullbrootd grp ^ 

_ Eubbotina triangularis 
Acainlna mckannai grp 
Aeartnlna app 

7 _ ] Mororovona praeoursoha 
7 Plaoorotjliles chapmani 
7 Acarinina bunbrooltl grp 

Acadnlna aoldadocnsls grp_ 
Morofovella pcaecurjofja 
Eegioblgertna ipp 
Wofoiovella pseudobulloides 
Eubbotina trilooulinoldes 
Globlgerinelloldes prarlehillensls 
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Uvigerina eocaena 
Anoma'inoides eaprtatus 
Uvigerina farinosa 
Bullmlna aVsuatica 
Ceratobulimlna^conlrarla 
Cibicides ipp 

Cibicidoides a'leni 
D«nta)lna colei 
Gyroldinoides arigirttiumbilicatus^^ 
Nodosaria iplnescens 
Nodosaria spinescens 
Pullcnia quinqueloba 
Pulsiphofiina prima 

Ouadrimorphina a'lomorphino]des_ 
Siphonina reticulata _ 
Turrilina bre'/ispira 
Bulimlna mIcjA'a/ensis 
Bulimina ip a (liing _196_9] 
Bulimina trigonalis 
Cibicides vi-esti 
Cibicidoides pygmeus 
Melonis pompillioides (infated) 
Uvigerina batjesi 
Buccella propingua 
Bullmlna ipp 
Cibicides tenellus 
Cibicidoides eocaenus 
Cibicidoides truncanus 
Dentalina spp 
Lenticulina ipp 

Neoeponldos kanteni 
Nonion lae'.^ 
r*i *'w<*'i* 
Vajinulinopsis d e c o r i t i 

Vaginulinopsis d e c o r a t a subsp a (V tng _ 

Cibictdes cf u n g e n a n u s _ ( m u r T a y at »l^__ 
Cibicides kJbatuius 
Ciblcidoidej truncanus_ 
Guttulina problcma 

I 
3 

7R g y r o l d ^ Gyroidinoldes danvillensis var 
Neoeponides kartteni 
Pseudonodosana ipp 
Pulsiphonina prima 
Uvigcrlna tarinosa 
Bolivina cooKei 
Ctbicides cassivelauni 
Cibicides cf ilmplex 
Cibicides cunobelini 
Denta'ina colei 
Gyroidlnoldes dan'/i|lcnsis_v»r gyoid^ 
Alabnmlna et^usa 
Gs'/elinella danica 
Nonion lae'/« 
AJat>3mlna yv^lcoxensis 
Cancris sp a (liing, 1989] _ 
Nodosaria lalejugata 
Trtfjrlna Ipp 
Cibicidoides lusanensis 
Astacolus sp nov 
Gyroidinoldea danvillen5ls_vir gyroid , 
Lenticulina gutticosljta 
Aitacolus sp nov 
Cibicides d ur^enanus (munay et a l 
CibiC(d<5ides da/1 
Glaridulina laevgala 
Globulina ampulla 
Lenticulirva multiformis 
Nod<:sarla lo'ejugata ^ 
Sphaeroidina bulloides 
Stilostomella lubspinosa 
Gs-/elin«Ila danica 

j 

Gyroidlna toldanil grp 
Lenliculina muttiforrnis 
Bolivina IrKrassata 
Bolivtna incrassata gigantea_ 
Bolivinoides draco _ _ 
Bolivinoides lae-ztgatus 
Bullmlna trigonaiis 

Cibicides beaurrwntianus 
Ga'^liriella nobilis 
G«'/elinella p«rl js« 
Ga-v«:inella tpp 

Gavelinella voUfiana grp 

Gyroidlnoides nrtidus 

Nod<5Saria i p p 

Osangular^ na'/arroana 

Praebulimina lae-/ti 

Pu'lenia qualemaria 
Oulnque'ocullna reicheli 
Oulnque'oculina tpp 
Spiropleclammina adarnsi 
Gaudf^na hiltermannl 
•R^ehaVina" ip 1 (gr»d i berg)_ 
RzehaVlna epigona 
Splropledammina dentata 

Cribrostomoides tcitulus 
Trochammina tpp 
Clawlina angtica 
HapJophragmoldes ipp 
Ammodiscus cretaceus 
Bath/siphon diScreta 

tf. 

GlomiOSpin charoides 
Glomospira gordiaii5_ 
Glomosplrella v.-oodi 
Glomospirella tp a (Vlng 1969] 
Epiropiodammina tpedabilis 
Ammodiscus p e n j v i a n u s 
Cla-Ajlina angtica 
Reticulophragmium ipp 
Splroplcdammina t h a n e l a n a 

TT 

Coscinodiscus i p 1 (betlenstaedt) 
Coscinodiscus spp 
Ostracoda (undifTereniatedj 
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