
PALYNOLOGY OF THE PALAEOCENE AND EA~ EOCENE 

OF THE LONDON BASIN. 

by LYNN OLIVE ALLEN Msc. 

University College London. 

Thesis submitted for the degree of 
Doctor of Philosophy in the 

University of London. 

April, 1982. 



- 2 -
PALYNOLOGY OF THE PALAEOCENE AND EARLY EOCENE 
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LYNN O. ALLEN. 

ABSTRACT. 

To date no detailed examination of the spore/pollen con

tent of the Thanet Beds and Woolwich and Reading Beds (late 

Palaeocene) of the London Basin has been undertaken. The pre
sent investigation aims to record the diversity in the plant 
microfossils (particularly miospores) present in the late 

Palaeocene to early Eocene deposits of the London Basin~ to 
determine their geographical and stratigraphical distribu

tion~ and to compare the microfloras with those previously 

described from adjacent areas of northwest Europe, the North 

Sea Basin and North America. 

Samples were examined from nine main sections which in

clude the Thanet Beds, various facies of the Woolwich and 

Reading Beds, the Blackheath and Oldhaven Beds and the Lon

don Clay. Part of the sequence at Alum Bay, Isle of Wight 

(the Reading Beds to basal Bracklesham Beds) was also 

studied for comparison. 
In all two hundred spore/pollen taxa are distinguished, 

ten of which are new species, twenty are identified only to 

generic level and at least thirty-five are considered to be 

reworked. 

The presence of dinoflagellate cysts, acritarchs and 

other algqe is also recorded although no detailed taxonomy 

is given. 
Although most of the spore/pollen taxa present O.ccur 

throughout the strata examined it has been possible to re

cognise a series of microfloral associations based mainly on 

changes in relative abundance of both the miospores and the 

acid resistant microplankton. 1) Thanet Beds: a microflora 

defined on dinoflagellate cyst taxa, correlating with the 

northwest European Deflandrea speciosa Zone. 2) Woolwich and 

Reading Beds: two distinct, local spore/pollen floras: and 

one dinoflagellate cyst/pollen association, correlating with 

the Apectodinium hyperacanthum Zone of Costa & Downie 1976: 

3) London Clay/basal Bracklesham Beds; two spore/pollen 

associations; a lower, reworked microflora and an upper one 

marked by the incoming of stratigraphically restricted taxa. 
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INTRODUCTION. 

While early Tertiary spores and pollen from the Contin

ent are very well known, particularly from Germany, Belgium 
and France, there have been comparatively few studies of 

equivalent deposits in southern England (Chapter 3). These 

include the important contributio~of Sein (1961) and 

Pallot (1961). Their work is based on comparisons with the 
pollen of extant genera and with contemporaneous fossil 
macrofloras. Both interpret the fossil assemblages in terms 

of present day climate and ve~etation. Gruas-Cavagnetto 

(1976a) records a diverse microflora from some 24 isolated 

samples from the late Palaeocene to Oligocene of southern 

England and lists stratigraphically significant species. 

She also reports briefly on the Woolwich Beds microflora 

from ,Swans combe (1970). Fowler is currently investigating 

Eocene sediments of the Hampshire Basin. 

Thus, to date, no detailed examination of the spore and 

pollen content of the Thanet Beds and Woolwich and Reading 

Beds of southern England has been undertaken. 

From the close similarity between the early Tertiary 
deposits of southern England and adjacent areas' on the Con

tinent (Chapter 1) one would expect that the microfloras of 

both areas would be very similar. The main aim of this in

vestigation therefore, is to describe in detail, for the 

first time, the spores and pollen present in the Woolwich 

and Reading Beds, as part of a more extensive study of 

spore/pollen floras of the late Palaeocene to early Eocene 

(Thanet Beds to London Clay) of southern England. Particular 

attention is also paid to the Woolwich and Reading Beds 

since, with their marked facies variations, there is poten

tial for the recognition of distinct, facies controlled, 

microfloral associations. 

During the initial stages of the study it was hoped that 

some species would prove to be stratigraphically restricted 

and of value for correlation. It became apparent, however 

that the majority range throughout the formations examined 

and the very few that are at all limited are extremely rare 

(Chapter 5.3 section 4). 
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Dinoflagellate cysts have been of much gre~ter value for 

correlation within the Tertiary. Their distribution in 

southern Englamd, from the Thanet Beds to the London Clay, 

is already well documented from the work of Williams (1963), 

Hussain (1963), Costa & Downie (1976) and Denison (1977) 

(Chapter 1.2 and Chapter 3.2). In the present work dinofla

gellate cysts, acritarchs and other algae are only treated 

at a superficial level. No detailed taxonomy is given, they 

are recorded as broad morphologial groups similar to those 
recognised byDOwnie, Hussain & Williams (1971) and by Deni
son (1977). These are invaluable for environmental interpre

tation. The dinoflagellate cyst zones previously recorded 

in the Thanet Beds and Woolwich and Reading Beds are recog

nisable but only the Dracodinium solidum (Costa & Downie 

1976) Zone is distinguished in the London Clay. 

Sections have been studied along an east-west line 

across the London Basin, from Pegwell Bay in the east to 

the Newbury area in the west. These include all facies of 

the Woolwich and Reading Beds as well as Thanet Beds and 

London Clay. The Leaden Roding Boreholes from Essex give the 

most northerly samples of Reading Beds and a more complete 

section of London Clay than is now available from Herne 

Bay. Spot samples were collected through the London Clay at 

Alum Bay (Isle of Wight) for comparison with the more marine 

sequence from the London Basin. 

Palynological analysis of these samples has given a 

moderately rich and diverse microflora which compares well 

with those previously described on the Continent. Over 200 

species of spores and pollen are recognised, including re

worked forms. 

From the results of the quantitative analysis of spores/ 

pollen and microplankton/algae, a series of distinct micro

floral associationsis identified. In spite of these quanti

tative variations the spore/pollen assemblages from the 

Thanet Beds to the lower half of the London Clay are consid

ered to be part of a single microfloral unit. The local 

facies differences result from the distribution patterns 

of the parent plant communities and sedimentological pro

cesses during deposition. 
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The only significant change in the microflora occurs 

near the top of the London Clay at Alum Bay and continues 

through the basal Bracklesham Beds. Here several strati

graphically restricted species appear although they are 

rare and fbrm a minor part of the total microflora. 

This investigation therefore provides new data on the 

detailed distribution of spores and pollen in the late 

Palaeocene and early Eocene of southern England and confirms 

the stratigraphic value of the dinoflagellate cysts already 
known from the literature. Stratigraphic markers amongst 

the spores and pollen are few however, and are sporadic in 

occurrence. New forms appear towards the top of the London 

Clay but are comparatively rare. 

The data presented here confirm the general unity of 

the flora of southern England and adjacent areas on the 

Continent during the late Palaeocene and early Eocene. 

Quantitative variations in the microflora of the Woolwich 

and Reading Beds point to the existance of local plant 

communities whose spores and pollen dominated the micro

floras accumulating in the vicinity. 



CHAPTER 1. 
- 14 -

GEOLOGICAL BACKGROUND. 

1.1 DISTRIBUTION OF TERTIARY STRATA IN AND AROUND THE 

BRITISH ISLES. 

This investigation deals with the palynology of the 

Palaeocene and early Eocene rocks of the London Basin, one 

of the largest areas of Tertiary outcrop in the British 

Isles. Recent exploration in the shelf seas surrounding 
Britain has shown that the on-shore Tertiary sequences re

present only a small part of thick, widespread Tertiary 

deposits which extend across the North Sea Basin and the 

English Channel into north-west Europe. 

In this chapter the distribution and age of the var

ious Tertiary deposits in and around the British Isles are 

briefly reviewed. (Fig. 1.1, after Curry, Adams, Boulter, 

Dilley, Eames, Funnell and Wells 1976). 

The largest areas of outcrop of Tertiary sedimentary 

rocks are concentrated in southern England; the London and 

Hampshire Basins, with the third largest area, the Lough 

Neagh outlier, in northern Ireland. Smaller, isolated de

posits occur elsewhere including Devon, Cornwall, Derby

shire, East Anglia and, as interbasaltic sediments, in the 

Tertiary igneous province of north-west Britain. 
The onshore Tertiary succession -is incomplete having 

several stages absent or only represented by thin deposits. 

The earliest stages, Danian and Montian, are absent and the 

oldest Tertiary deposits are the Thanet Beds (Thanetian) 

which rest unconformably on the Senonian Chalk in the London 

Basin. The rest of the Palaeocene and some of the Eocene are 

present there (Woolwich and Reading Beds to Bagshot Sands) 

but the latest Eocene and Oligocene stages are not repre

sented in the London Basin (Fig.l.2). 

The palaeogene sequence in the Hampshire Basin is more 

complete. Although the Thanet Beds are absent the overlying 

succession contains deposits of Late Palaeocene to early 

Middle Oligocene age (Reading Beds to Hamstead Beds, 

Hamstead Formation of Curry et a1. 1978). 

The sediments of the London and Hampshire Basins have 

long been considered to have been laid down in a more wide

spread basin of deposition, the Ang1o-Franco-Be1gian Basin 
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of Stamp (1921) or Anglo-Paris-Belgian Basin of Curry 

(1967). Borehole evidence from the English Channel confirms 

the continuity of deposits through this area. Curry (1962) 

describes an outlier between the Isle of Wight and Cher

bourg which contains a sequence of Reading Beds, London Clay 

and Bracklesham Beds comparable with sequences in the 
Hampshire and London Basins. More recent work (Auffret et 
ale 1975, Curry & Smith 1975) has shown a south-easterly 

continuation of deposits from the Hampshire Basin towards 
Dieppe, the Dieppe Basin(Fig. 1.1), which contains Thanetian 
limestones, equivalents of the Woolwich and London Clay 

Formations, the Bracklesham Group and possibly the Barton 

Formation (Curry et ale 1978, p.23). A smaller area of Pala

eogene deposits which also contains probable Woolwich Beds 

and London Clay occurs about 75krn north-west of Le Havre 

(Auffret & Gruas-Cavagnetto 1975). The succession there is 

thinner than that in the Dieppe Basin and probably contains 

non-sequences (Curry et ale 1978). 

Knox & Ellison (1979) and Knox & Harland (1979) des

cribe a Palaeocene to early Eocene ash-series from the North 

Sea, Denmark, northern Germany and north-east Netherlands 

and compare and correlate it with a similar deposit at the 

base of the London Clay in the Harwich area of the London 

Basin. Knox & Harland (1979) conclude that during the late 

Palaeocene and early Eocene the London and Hampshire Basins, 

and neighbouring basins on the Continent, were areas of de

position on the margins of an extensive North Sea Basin, 

consequently they contain sequences which are less complete 

than those in the central North Sea. There is evidence of 

a late Palaeocene regression followed by a transgression 

which extended first across the southern North Sea area, 

Germany, the Netherlands, East Anglia and eventually across 

the rest of southern England, Belgium and northern France 

(see page 36 below). 

Kent (1975) summarises data on the Tertiary deposits 

of the North Sea Basin. Sediments were deposited in a single, 

unfaulted, subsiding basin which trends north to south, 

swinging to the south-east, towards the Netherlands, in the 

southern part. The complete Tertiary sequence is thickest 

in the central North Sea, close to the Ekofisk Field 
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(S60 40'N 30 20'E), where 3,SOOm have been recorded (Heybroek 

et a1. 1967) of which 1,40Om are Palaeogene including 400m 

Palaeocene, and 700m Eocene (Curry et a1. 1978, p.24). In 

the central North Sea the Tertiary begins with Danian 

chalks followed by Palaeocene sands, particularly on the 

western side of the basin. Various environments of deposi
tion have been suggested for these sands but their origin 
remains controversial; they may represent off-shore bars, 

r 
lobate deltas or t~idites. Most of the Eocene and later de-
posits are shales and in the central part of the North Sea 

depositon appears to have been continuous from Eocene to 

Pliocene times with progressive shallowing of the basin 

during the Neogene (Kent 1975, p.454, 455). Correlations 

within the basin are believed to be accurate but links with 

on-shore sequences are few since facies are often different 

(Curry et al. 1978, p.24). 
As a result of recent work, particulary in palynology, 

the age of isolated Tertiary deposits in south-west England 

is now better known. 
The Petrockstow and Bovey Basins (Fig. 1.1), which 

contain non-marine Tertiary sequences, are fault-bounded 

depressions along the Greencliff-Sticklepath-Lustleigh

Torquay wrench fault zone (Edwards 1976, p.17). The same 
fault line extends north westwards into the Bristol Channel 

and bounds another Tertiary basin north-east of Lundy Is

land, the Stanley Bank Basin (Fletcher 1975, Boulter & 

Craig 1979). Palynological analyses of borehole material from 

these basins have shown them all to be Oligocene in age in 

their highest deposits, while some of the deeper, undated 

deposits may be Eocene in part (Curry et al. 1978, Wilkinson 
et al. 1980). Thus the Petrockstow deposits range from late 

Eocene to early Oligocene (C. Turner quoted in Curry et al. 

1978, p.27); the highest 300m of the 1,20Om sequence in the 

Bovey Basin have been dated as early to middle Oligocene 

(Boulter & Wilkinson 1977) and the highest 33.8Sm of a 340m 

sequence in the Stanley Bank Basin are also of middle 

Oligocene age (Boulter & Craig, 1979). 

The small sand deposit ~t St. Agnes in Cornwall was 

previously believed to be Pliocene in age but that too has 



- 18 -
been shown to be middle Oligocene by palynological s~udies 

(Boulter & Wilkinson 1977). 
Only the youngest Palaeogene deposits occur in the 

Lough Neagh outlier, Ireland. Wilkinson et ale U98~ date the 

upper part of the sequence, Lough Neagh Clays, as Chattian 

and the sequence as a whole as middle to latest Oligocene. 

A Chattian age has also been determined for non-marine 

deposits which overlie Tertiary basalts in the Canna Basin, 

north-west of the island of Canna in the Sea of the Hebrides 
(Evans, Wilkinson & Craig 1979). This is the most northerly 

of the Oligocene basins containing non-marine deposits found 

on the western side of Britain so far. 

A variety of dates has been suggested for the inter

basaltic sediments from this area. In Antrim and London

derry Watts (1970) suggests they may be of Palaeocene age. 

Palynological studies of the interbasaltic deposits of the 

Isle of Mull however have suggested dates as diverse as 

Maastrichtian (Srivastava 1975) and Miocene or early Plio

cene (Simpson 1961). Boulter (in Curry et ale 1978, p.30) 

suggests that a Palaeocene age is more likely and comments 

that this also agrees with ages deduced from radiometric 
evidence. 

There is controversy over the age of the Tertiary 

deposits in the Llanbedr (Mochras Farm) Borehole. Herbert

Smith (1971) concluded that the lower part of the succession 

is middle Oligocene and the upper part early Miocene. 

Wilkinson & Boulter however, re-examined the material and 

tentatively dat~the whole sequence as Chattian (late Oligo

cene) (quoted in Curry et ale 1978, p.28). 

Seismic surveys in the Celtic Sea indicate the presence 

of well-bedded rocks which overlie dated Upper Cretaceous 

beds and are believed to be mainly Palaeogene in age {Curry 

et ale 1978, p.23). These deposits are still poorly known, 

dates of early Eocene and late Eocene or Oligocene are 

reported from two separate localities by Warrington & Owens 

(1977) and they also report Miocene sands from a core in an 

area about l20km north-west of the Scilly Isles. 

Widespread Palaeogene deposits occur in the western 

approaches of the English Channel (Fig. 1.1) and include 
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deposits of Danian to Oligocene age (Curry et al. 1965, 

(1970). 
Although extensive Neogene deposits are reported from 

the North Sea Basin (Kent 1975), Neogene outcrops in the 

British Isles are very limited in their stratigraphical 

range and geographical extent. They occur in Kent (Lenham 

Beds, late Miocene), East Anglia (Coralline Crag, late 

Pliocene), Cornwall (St. Erth Beds, age uncertain possibly 

late Pliocene) and Derbyshire (Brass·ington Formation, Miocene 
to Pliocene boundary) (Curry et ale 1978). 

Thus, although the Palaeogene sediments of the London 

Basin form one of the largest areas of outcrop of Tertiary 

strata in the British Isles, they represent only a small 

portion of the total Tertiary sequence. The area is impor

tant however since it contains the complex sedimentary 

sequences, with stratigraphical breaks and diverse facies, 

characteristic of deposition at the margins of a large sedi

mentary basin. The faunas and floras may contain elements 

from both the marginal facies and the main basin which may 

enable correlations to be made between them (Curry et ale 

1978, Knox & Harland, 1979). 

1.2 CORRELATION OF EARLY TERTIARY DEPOSITS OF SOUTHERN 

ENGLAND AND NORTH-WEST EUROPE. 

In this section various aspects of the probLems of 

correlating early Tertiary deposits of Britain .and north

west Europe are considered briefly. 

Correlation between the early Tertiary deposits of 

southern England and adjacent areas of north-west Europe 

has always been difficult and remains controversial. Most 

difficulties arise from the present geographical isolation 

of Tertiary sediments which were originally laid down in a 

single basin of deposition but which have become separated 

as a result of post-depositional folding and erosion. 

Furthermore, these shallow marine and non-marine sediments 

show considerable lateral changes in facies which make litho

stratigraphical correlations difficult. Many of the fossils 
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FIGURE 1.2 RELATIONSHIPS BETWEEN VARIOUS MICROFOSSI L ZONATIONS AND THE EARLY 

TERTIARY DEPOSITS OF THE LONDON BASIN AND THE ISLE OF WIGHT. 

THIS IS A COMPOSITE DIAGRAM BASED ON TWO DISTINCT CORRELATIONS: 

Ii) Correlation of the planktonic foraminiferid and calcareous nannoplankton zonation. after Hardenbohl 

& Berggren (1978). 

A after Bolli (1967a, b, c, 1966) and Stainforth at II. (1976). 

B Ifter Blow (1969) Ind Berggren & Vln Convering (1974). 

C after Martini & Worsley (1970), Martini (1970,1971) and Muller (1974). 

(ij) Correlation of dinoflagellate cyst zones with calcareou. nlnnofo.U zonation and with the lithostrati

graphic unit. of southern England, aft.r Costa & Muller (1978) with modifications to thellthostrati

graphy after Curry at al. (1978) Ind King (1981). 

CONTROVERSIAL LEVELS WITHIN THE PALAEOCENE AND EARLY EOCENE. 

a* Haq & Lohmann (1976) correlate the ba. of the M. vllllCOlnsl. and Npt (D. multirediatus) Zonas. 

b* Haq & Lohmann (1976) place the ba .. of the M. edgeri Zone below the baM of the NP10 (M. con-

tortus) Zone. Caro at II. (1975) place it high.r, above the baM of NP10. Bignot 81 Moork.ns (1976) 

do not recognise a M. edgari Zone but place this junction (top M. vl18lCQensis Zone) abo .. the bite 

of NP10. Curry at al. (1978) correlate the base of P6 with the baM of NP10. 

c* Haq & Lohmann (1975) place the bas. of the M .• ubbortinae Zona below the baM of NP11 (D. 

binodo.u.), Caro at II. (1975) place it above the base of NP11. 

d* Caro at aI. (1975) pllce the base of the G. formosa formosa Zone within NP11. Bignot & Moorbns 

(1975) tentatively place it high.r, within NP12 (M. tribrachiatus) 81 do .. King (1981) • 

• * Curry at aI. (1978) correlate the base of P8 with the base of NP13 (D. lodoensis) Zone. 

BASE OF THE EOCENE: 

v* At the base of M. edgari, NP10 (M. contortus) Ind Watzeli.lliastre Zonas after Costl lit aI. (1978), 

Hardenbohl & Berggren (1978) Ind King (1981). 

BASE OF THE LATE EOCENE: 

w* At the ba. of P12, Curry at II. (1978). 

x* At the bl .. of NP17, Costl & Muller (1978). 

y* Near the top of NP17, Haq & Lohmlnn (1978). At the base of NP18, Hardenbohl 81 Berggren (1978). 

BASE OF THE OLIGOCENE: 

z* Base of NP21, Costa & Mull.r (1978). Curry at II. (1978) and Haq & Lohmann (1978). Base of 

P.micra Zone, Hardenbohl & B .... r.n (1978). 

BOUNDARIES OF LITHOSTRATIGRAPHIC UNITS: 

r* Base of the Thanet Bed. aft.r Curry at II. 1978 • 

• * Base of the London Clay in the London Besin i, within the A. hyperacanthum Zone, .fter Knox 81 
Harland 1979. 

t* Base of the London Clay lifter Costa 81 Muller (1978); King (1.1) ....... the oIdeIt London CllY at 
Alum Bey Is Division A3, equlVlI.nt to the W. meckelfeldensls Zone of Co ... Downie 1178. 

u* Costa & Muller (1978) piece the top of the London Clay In IOUttwn England at the baM of NP13 

(D.lodoensis). King (1981) pI_ it within NP12 but at. higher lenlln the London BasIn than In the 
1,1. of Wight. 
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they contain are also facies controlled and are only 

suitable for local correlation. 
Within the last thirty years however, several diffe

rent groups of microfossils have been used to establish 
zonal schemes which facilitate long-distance correlation 

between Tertiary successions (Curry et ale 1978, p.13-15). 

The most widely used groups include planktonic foramini

ferids (Bolli 1957, 1966, Banner & Blow 1965, 1969, 

Berggren 1969 and Stainforth et ale 1975), calcareous nanno

plankton (Bramlette & Riedal 1954, Bramlette & Sullivan 1961, 

Hay et ale 1967) and dinoflagellate cysts (Eaton 1971, 1976, 

Ca~o 1973, Costa & Downie 1976, Costa et ale 1978, Ioakim 

1979). Correlations have been made between these zonal 

schemes (Martini 1970, Martini & Worsley 1970) and Harden

bohl & Berggren (1978) link them with a numerical ("geo

chronometric") time-scale. Martini (1971) indicates the 

relationship between the nannoplankton zones and many 
" standard reference sections. Costa & Muller (1978) corre-

late dinoflagellate and nannoplankton zones from north-west 

Europe and the north-east Atlantic and revise the boundaries 

of several dinoflagellate zones in the Palaeogene deposits 

of southern-England. 

Although these zonations have been useful for estab

lishing correlations in Tertiary deposits they do have their 

1imitations~ the significant fossils are often absent and 

several workers disagree on the details of correlation be-
ft 

tween different zonal schemes. Some of the main cOfroversial 

levels in the Palaeocene and early Eocene are indicated in 

Figure 1.2. For this figure correlation between the two 

planktonic foraminiferid zonations and nannoplankton is 

taken from Hardenbohl & Berggren (1978) and the relationship 

between dinoflagellate and nannoplankton zonations and the 

lithostratigraphic units of the London and Hampshire Basins 
" follows Costa & Muller (1978). It cannot be assumed however, 

that all of these zones have been recognised in sections 

from southern England and no direct correlation is implied 

between the planktonic foraminiferid zones and either the 

dinoflagellate zones or lithostratigraphic unit,s. 
Most lithological units of the London and Hampshire 

Basins were named during the late 19th and early 20th 
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centuries (Curry 1958). More recently attempts have been 

made to standardise the nomenclature in accordance with the 

principles stated in the reports of the International Sub

commission on Stratigraphic Classification (Hedberg 1972a, 

b) but the lithostratigraphical units have not always been 

adequately defined and ambiguities have arisen (Stinton 1975, 

Cooper 1976, Curry et ale 1978, King 1981). The traditional 

nomenclature has therefore been retained in this study. 
The oldest Tertiary deposits present in southern 

England are the Thanet Beds (Fig.l.2) which occur only in 
the London Basin. They are overlain by the Woolwich and 

Reading Beds, some part of which is present in both the 

London and Hampshire Basins. The succeeding Blackheath and 

Oldhaven Beds have a very limited distribution and are re

stricted to an area east of Guildford. The London Clay is 

widespread and occurs in both basins, overlain by only the 

Bagshot Beds (early-middle Eocene) in the London area but 

in Hampshire and the Isle of Wight it is succeeded by a more 

complete Palaeogene succession comprising the Bracklesham, 

Barton, Headon and Osborne Beds, the Bembridge Marls and 

Hamstead Beds (early Eocene-middle Oligocene). 

Figure 1.3 (after Berggren 1971) shows both the 

original designation of early Tertiary stages and later 

modifications now in general use in north-west Europe. Most 

of these names originated on the continent and are conse

quently difficult to apply to the British succession. After 

reviewing the palaeontological and lithological evidence 

from British and European sequences Curry (1967) concludes 

that, in the early Palaeogene, the Thanet Beds are Thanetian, 

the Woolwich and Reading Beds and Blackheath and Oldhaven 

Beds are Sparnacian, and the London Clay and part of the 

Bagshot Beds are Ypresian. French workers have generally 

interpreted the British succession differently and also in

clude the London Clay in the Sparnacian (Feugueur 1963, 

Blondeau, Cavalier, Feugueur & Pomerol 1965). 

In spite of progress in correlation there is no inter

national agreement on the position of the Palaeocene-Eocene 

boundary. Curry et a1. (1978) summarise the arguments in 

favour of several alternatives. Pomerol (1973, 1975, 1977) 

and Plaziat (1975) suggest it should be placed at a marked 
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change in mammal faunas which approximately corresponds with 

the base of the planktonic Foraminiferid Zone P5 (see Fig. 

1.2). This occurs towards the base of the Woolwich and 

Reading Beds. A few people (Hay & Mohler 1967 and Kapellos 

& Schaub 1975) place the top of the Palaeocene at the top 

of the Ilerdian but this stage is difficult to recognise in 

north-west Europe and its top only roughly corresponds to 

the Foraminiferid Zone P7. The original definition of the 

Palaeocene (Schimper 1874) included a series of beds now 

regarded as Thanetian, Sparnacian and Cuisian although 

Schirnper placed the London Clay in the Eocene. In 1885 Von 

Koenen redefined the Palaeocene to correspond to the Montian, 

Thanetian and Sparnacian stages with the base of the Eocene 

at the base of the Ypresian. Most American and some Europ
ean workers (Bolli 1957a, Berggren 1965, Stainforth et ale 

1975, Martini 1971, Costa et a1. 1978 and Curry et ale 1978) 

agree with Von Koenen and favour a boundary at the base of 

the London Clay, near the base of the Foraminiferid Zone 

P6b (roughly equivalent to the base of the Nannoplankton 

Zone NPIO and of the Wetzeliella astra Dinoflagellate Zone). 

But Eames (in Davies 1975) pOints out that the lowest part 

of the London Clay belongs to the Foraminiferid Zone,P6a and 

must therefore be referred to the Palaeocene. This view is 

also supported by the more recent work of Knox & Harland 

(1979) and King (1981). 

1.3 THE PALAEOCENE AND EARLY EOCENE DEPOSITS OF THE LONDON 

BASIN AND THEIR ENVIRONMENT OF DEPOSITION. 

As described above (Section 1.1) the London Basin con

tains the oldest Tertiary strata present in Britain, the 

Thanet Beds, the Woolwich and Reading Beds, the Blackheath 

and Oldhaven Beds and London Clay (Fig. 1.2). 

Since these deposits were first studied in .the early 

part of the 19th century their lithology, distribution, 

faunas and floras have been described in some detail (see 

for example Boswell 1915; Chandler 1961, 1962, 1964; Cooper 

1976; Curry 1958, 1965; Gamble 1968; Gurr 1963; Hawkins 1946, 

1955; Hester 1965; King 1981; Prestwich 1850, 1852, 1854: 
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Reid & Chandler 1933~ Stamp 1921~ Ward 1978~ Whitaker 1866, 

1872, 1889~ Wrigley 1949). 

The Thanet Beds. 

The Thanet Beds overlie Senonian Chalk with a marked 

unconformity. Curry (1965, p.155) estimates that a period of 

about 15 million years must have elapsed between the de

position of the highest Chalk at Ramsgate and deposition of 
the Bullhead Bed, (the basal Thanet Beds) and Wrigley (1949) 

suggests that at least 150m of Maastrichtian Chalk must 

have been removed by erosion. 

The Thanet Beds outcrop only in the eastern part of the 

London Basin, in an area extending from the Kent Coast near 
Ramsgate westwards as far as Epsom in Surrey and northwards 

to the vicinity of Ipswich in Suffolk and Gestingthorpe in 

northern Essex. This northern limit is poorly defined since 

the Thanet Beds are lithologically very similar to the over

lying Woolwich Bottom Bed and are not easy to distinguish in 

records of boreholes (Boswell 1915). From their maximum 

thickness of about 35m in the east the Thanet Beds thin 

westwards to about 6 metres in the London area and eventu

ally die out near Epsom. 

The basal unit, the Bullhead Bed is composed of unworn, 

green-coated flints in a matrix of dark green glauconitic, 

silty sand and clay~ it is comparatively thin (up to 1.5m) 

but is widespread, extending beneath the entire outcrop 

of the remaining Thanet Beds. These consist of glauconitic 

fine sands, silts and silty clays. Whitaker (1872) recog

nised three divisions in the east which thin westwards and, 

near Rochester, are replaced by a single sand unit. 

Wrigley (1949) suggests that the Thanet Beds were de

posited in shallow marine conditions adjacent to a land 

area with low relief~ the presence of unbroken bivalves 

which are not waterworn implies a low energy environment and 

the fishes (according to Leriche) are decidedly littoral. 

Haynes (1958) points to the unworn flints in the Bullhead 

Bed as evidence of rapid inundation. This was followed by 

the establishment of marine conditions with a period of 

maximum marine transgression (represented by the Upper 
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Pegwell Marls, see p.4l below) during which subsidence 

outpaced deposition. The faunas are characteristic of 

outer shelf (outer neritic) environments and may indicate 

depths greater than 50m. The upper part of the Thanet Beds 

(the Reculver Silts) represent deposition in very shallow 

water during the regressive phase. 

There is no general agreement about the climatic regime 

which prevailed during the deposition of the Thanet Beds. 
Haynes (1958) considers that the presence of the cool-water 

genera Astarte and Cyprina indicates a cool sea in a tem

perate or mediterranean climate and the absence of larger 

and porcellanous foraminifer ids and low average size of the 

fauna is taken as further evidence of cool conditions. 

Wrigley however (1949, p.45) favours a sub-tropical rather 

than boreal climate and pOints out that although the 

molluscs Astarte, Aporrhais and Cyprina are accepted as in

dicative of a boreal sea, these genera do occur in the 

London Clay at Sheppey in sediments which also contain a 

"rich and varied tropical flora". He cites other genera 

which also occur in the French Thanetian, including fish, as 

indicative of warm water. 

The Woolwich and Reading Beds. 

The basal unit of the Woolwich and Reading Beds, the 

Bottom Bed, marks a major marine transgression which ex

tended across the London Basin, south through the Hampshire 

Basin and into the English Channel (Curry et ale 1978). 

The Bottom Bed overlies Thanet Beds (where these are 

presen~ but in the west of the London Basin oversteps them 

to rest directly on the Chalk. Both the Thanet Beds and the 

Chalk commonly contain borings filled with glauconitic sand 

brought down from above. The bored surface is interpreted 

(Hester 1965) as an inshore, intertidal wave-cut platform 

which was swept clear of deposits before the deposition of 

the Bottom Bed. 

In the London Basin the Woolwich and Reading Beds 

as a whole are thickest in the Chertsey area (c.25-35m) 

with a sub-basin centred on Newbury where c.25m are 
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recorded (Hester 1965). Deposits are thinner in the east 

where they are overlain by the Blackheath and Oldhaven Beds. 

The basal part of the Bottom Bed comprises a pebble 

bed of flints in a matrix of glauconitic sand and contains 

abundant oysters, Ostrea bellovacina, at some horizons, 

particularly in the west of the London Basin. Prestwich 

(1854) reported them as far west as Newbury and they were 

seen in this area during excavations for the construction of 

the M4 motorway (see p.61 below). The pebble bed is poorly 

developed in north-west Kent and eastern Essex and in these 
areas the Bottom Bed may be difficult to separate from the 

underlying Thanet Beds. The rest of the Bottom Bed, parti

cularly towards the east, is composed of marine sands and 

silts, usually very glauconitic. In the London area, the 

marine deposits are sometimes overlain by mottled clays of 
fluvial origin. Locally these show evidence of emergence in 

the upper part (see discussion Chapter 5.3). At the extreme 

east of the basin, (e.g. at Oldhaven Gap) the Bottom Bed is 

the only representative of the Woolwich and Reading Beds; if 

higher members were deposited they were removed by erosion 

before the deposition of the Oldhaven Beds. 

In the Reading and Newbury area the Bottom Bed is more 

complex and of irregular thickness due to erosion before the 

deposition of the overlying strata (Hawkins 1955, Hester 

1965). Hawkins (1946, p.170, fig.26) describes an exposure 

at Theale near Reading where the Bottom Bed comprises a 

basal, glauconitic, pebble bed (O.2m) overlain by a series 

of glauconitic sands and loarns (c.l.35m), with occasional 

flint pebbles. These are followed by pale grey silty clays 

(c.l. 2m), within which there is a layer (c.10cm) of "peat of 

matted leaves". The clays are succeeded by thick, cross

bedded sands, typical of the Reading facies of the Woolwich 

and Reading Beds (see below). The Bottom Bed at Theale (as 

defined by Hawkins, 1946) compares well with the Pincents 

Kiln section, in which the clays are full of poorly preserved 

leaves and leaf impressions. There is no massive leaf accum

mulation comparable to Hawkins's "peat" however. 

In the later publication (1955, p.415), Hawkins men

tions difficulty of recognising the top of the Bottom Bed. He 
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comments that "if it (the Bottom Bed) is to be considered 

as a marine facies contrasting with the normal estuarine 

development, and if glauconite is taken as an index of 

marine conditions, the thickness of the bed as thus deter

mined shows an extraordinary variation". Using these criteria 

only the glauconitic sands and loams at Theale and Pincents 

Kiln should be included in the Bottom Bed. Samples of the 

clays from Pincents Kiln that I have examined do contain 
rare dinoflagellate cysts however, evidence of some marine 
influence during deposition. This is a problem which can 
only be resolved by more study of the Reading Beds. 

Where the higher parts of the Woolwich and Reading Beds 

are present, west of Kent, they are a complex series of 

sands and clays which show three distinct facies (Fig. 1.4 

and Fig.l.5 after Hester (1965) and King (1981». 

1. The Reading Beds. These occur in the west and north of 

the London Basin, extend southwards into the Hampshire Basin 

and are also known from the English Channel south of the 

Isle of Wight (Curry 1962). They comprise thick sequences 

of sands and mottled clays which are laterally impersistent. 

Usually the sands underlie the mottled clays but they fre

quently interdigitate and either may be absent. It is rare 

however for the sands to overly the mottled clay. 

The sands are often orange, yellow, red or white in 

colour and show large and small scale cross-bedding. They 

occasionally contain pebbles, clay flakes and clay lenses 

which may contain leaves, fruits and seeds (Collinson & 

Crane, 1978). In the west of the London Basin, Hawkins 

(1955, p.4l6) reports a lignite seam from these sands in a 

borehole (No.1) in the Enborne Valley, "resting on a bed 

of gannister-like sand permeated by innumerable branching 

tubes of pyrite containing carbonaceous matter that can 

hardly have been other than the remains of rootlets". He 
suggests this is a continuation of a seam reported c.6.5km 

(3\ miles) further south at Ewhurst by Prestwich (1854, 

p.96-97). The Reading Leaf Bed of Newton (in Blake 1903) 

was recorded about 3.6m above the base of the Reading Beds 

near Reading. 
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The mottled clays are very varied, ranging from white 

or pale green, to red, blue-grey, or maroon and show evidence 

of sun-cracks in places (Hawkins 1946). In the Hampshire 

Basin, in Sussex and coastal areas of East Anglia mottled 

clay predominates and commonly rests directly on the Bottom 

Bed (Hester 1965). 
Hawkins suggests the lower part of the sequence, in 

the Reading area (the Bottom Bed sensu Hawkins 1946), re
presents marine deposition of sands and silts, followed by 
the development of sand-banks and mud-flats with a series 

of small islands separated by tidal creeks, at the seaward 

end of a delta. Vegetation covered the islands and led to 

the~development of "lignitic peat" while leaves falling into 

stag~ant pools produced leaf-beds in pipe-clay (1946, p.169). 

These beds have little lateral or vertical continuity since 

islands were gradually submerged and new channels and new 

islands formed. The Bottom Bed deposits were then covered 

by the main part of the Reading Beds which were deposited at 

the landward end of the delta (Hawkins 1946, p.170). 

The sands and mottled clays of the Reading Beds are now 

generally accepted as fluvial deposits (Hester 1965, Curry 

1965), possibly part of a braided river system (Collinson & 

Crane 1978). 
2. The Woolwich Beds. These occur above the Bottom Bed in 

the central part of the London Basin (see Fig.l.4 and Fig. 

1.5), at Newhaven on the south coast, in the Dieppe area of 

France, and have been recorded in the eastern English 

Channel (Fig. 1.1) (Auf fret & Gruas-Cavagnetto 1975, Curry 

& Smith 1975). 

The most characteristic unit is the Woolwich Shell Bed, 

a series of dark grey clays and yellow sands with abundant 

molluscs, particularly Corbicula, Brotia and Tympanotonous 

which indicate brackish-water conditions of deposition. 

Evidence of more marine conditions of deposition is found in 

most sequences where thin beds of oysters, Ostrea spp. occur 

at the base of, or within, the Shell Beds. At Shorne Wood, 

Swanscombe and in the Crystal Palace Borehole (Rept. Inst. 

Geol. SCi., No.77/l0, 1978, p.9), these directly ove~ly 

lignitic horizons and indicate a marine incursion following 
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a period of freshwater deposition. Lignitic horizons occur 

only locally. Chandler (1923) described a lignite seam. 

15-75cm thick at the base of the Shell Beds at Shorne Wood, 

Kent. Elsewhere transported lignitic debris is common, as 

in the sand immediately below the Shell Beds at Swanscornbe 

(Brown & Priest 1924, Curry 1961, pers. observation). In 

the area around London an Upper Shell Bed can occasionally 

be distinguished, separated from the Lower Shell Bed by 

mottled clays. In a very limited area (see Fig. 1.4) a thin 
(20cm), grey, argillaceous limestone, the Paludina Band, 

ha.s been reported within the Upper Shell Bed (Prestwich 

1854, Rickman 1861, Dewey & Bromehead 1921, Berry & Cooper 

1977). It contains the fresh-water fossils~, Viviparus, 

Planorbis and Hydrobia. Curry (1962) also reports a fresh

water marl within the Shell Beds at Swanscornbe. 

Above the Shell Beds in some sections (e.g. Charlton) 

is a series of well-stratified yellow sands and loams with 

thin laminae of clay known as the Striped Loams (Bromehead 

in Dewey et ale 1924). At some localities they contain 

plant remains, particularly in the Lewisham area, where, at 

Loam Pit Hill, they were reported to contain "a large 

number of leaves" and were named the Plant Bed by Lavis 

(1876). They are also known as the Leaf Bed of Lewisham 

(Pitcher et ale 1967). 

3. Intermediate Facies. In the central part of the London 

Basin, between the Reading Beds and the Woolwich Beds, is an 

intermediate facies in which wedges of mottled clays and 

cross-bedded sands typical of the Reading Beds interdigi

tate with typical Shell Beds (Fig. 1.4, and 1.5). The most 

westerly occurrence of the Shell Beds, near Guildford, 

occurs within a sequence of typical mottled clays (Curry 

1958) • 
The whole Woolwich Beds complex (facies 2 and 3) seems 

to have been deposited in a low lying coastal area, probably 

adjacent to an estuary. Some of the sand bodies may repre

sent beach barriers or bars. The Shell Beds represent fresh 

to brackish-water lagoons with adjacent mud flats, behind 

which fluviatile deposits, consisting of coarse channel 
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sands and fine alluvial sediments, were laid down. As in the 

Reading Beds in the west of the Basin, the mottled clays 

provide evidence of periodic drying out and the development 

of mudcracks in the alluvial deposits. Lateral migration of 

these various environments has produced the complex se

quences recorded in the Woolwich Beds (Hester 1965, Curry 

1965, Berry pers. comm.). 

Blackheath Beds, Oldhaven Beds and London Clay Basement Bed. 

The Blackheath and Oldhaven Beds have usually been 

interpreted as lateral equivalents overlying the Woolwich 

Beds (Curry 1965), but the relationship between them is not 

clearly understood. The Blackheath Beds occur in south east 

London and extend into adjacent parts of Kent and Surrey. 

They are composed of cross-bedded sands and gravels with 

abundant, well-rounded flint pebbles and with occasional 

shell lenses. The faunas they contain are marine, estuarine 

and fresh-water, and may in part be reworked from the 

Woolwich Beds. At several localities the Blackheath Beds 

channel deeply into the Woolwich Beds (e.g. at Charlton) and 

in outliers near Caterham even cut through them to rest 

directly on the Chalk. They may represent tidal channel 

deposits cutting mud flats at the landward end of an 

estuarine complex (Curry 1965). 

Traditionally the Oldhaven Beds are considered to be a 

sandy facies occurring to the east of the Blackheath Beds 

and laterally equivalent to them. They comprise current

bedded glauconitic sands with occasional pebble and shell 

horizons and marine (estuarine) faunas (Curry 1965, p.158). 

Wrigley (in White 1931) and Curry (1965) suggest that the 

faunas become less marine towards the west. Recently how

ever, King (1981) has re-examined the Oldhaven Beds and 

London Clay Basement Bed and has reinterpreted the strati

graphical relationships between them. He sees no evidence of 

brackish faunas in the Oldhaven Beds sensu stricto and con

siders that marine faunas not only occur throughout their 

outcrop but that these beds actually overlie the Blackheath 

Beds, which contain brackish faunas (Fig. 1.5). 
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The term 'London Clay Basement Bed' is usually applied 

to the basal metre or so of the London Clay. It is sandy, 

glauconitic and contains a shallow marine fauna without 

any estuarine or fresh-water species (Curry 1965). 

King shows that the London Clay Basement Bed is in 

fact composed of several members which are lithologically 

and faunally distinct and which are separated by sediment

ary discontinuities. He considers most of the Basement Bed 
in the west of the London Basin, and in the Hampshire Basin, 

to be laterally equivalent to the Oldhaven Beds. 

London Clay and Bagshot Sands. 
The London Clay proper is a dark brownish or bluish 

grey marine clay with varying quantities of silt and fine 

sand. It extends across both the London and Hampshire Basins, 

attaining its greatest thickness east of London (155m), and 

in the south east of the Hampshire Basin (130m), becoming 

thinner westwards. 

Early attempts at correlation between the London Clay 

of the London and Hampshire Basins (Wrigley 1940, Davis & 

Elliott 1958) were not entirely successful due to differ

ences in lithology and fauna. In the last decade however, 

the dinoflagellate zonations of Costa & Downie (1976), Costa 

et a1. (1978) and Eaton (1971, 1976) have enabled correl

ations to be made within Britain and also between the 

British and north-west European sections. 

Furthermore, the recognition of ash-bearing sediments to

wards the base of the London Clay in East Anglia (Knox & 

Ellison 1971, Knox & Harland 1979) has been extremely use

ful for correlation with Denmark, north Germany and se

quences in the North Sea. The ash-series in the North sea 

Basin occurs within the Apectodinium hyperacanthum Dino

flagellate Zone of Costa & Downie (1976) (latest Palaeo

cene). It consists of up to 150 individual ash beds inter

bedded with marine sediments but is not always complete. In 

the southern North Sea and in East Ang1ia the lower part 

of the ash-series is missing and, locally in the central 

North Sea, the upper part may be cut out (Knox & Harland 

1979). Knox and Harland suggest that the absence of the 

ash-series from the sequence at 01dhaven Gap implies that 
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the basal London Clay there is younger than that containing 

the ash-series in East Anglia. This view is supported by 

the recognition (Costa et ale 1978) of the younger Wetzeli

ella astra Zone in the basal London Clay at Oldhaven Gap. 

Knox & Harland consider that, after a late Palaeocene re

gression the sea was restricted to the central part of the 

North Sea Basin. Later, during the deposition of the ash

series a 'London Clay' transgression extended southwards 

over the southern North Sea, Germany, Netherlands and East 
~\~ 

Anglia. Only afterldeposition had ceased did the sea trans-

gress the south of England, Belgium and northern France. 

King (1981) doubts that marine deposition in the late Palae

ocene was ever as restricted as Knox & Harland imply. 

The London Clay is composed of clays and silty clays 

through most of the London Basin. Diverse floras, particul

arly fruits and seeds, have been described from these de

posits (Reid & Chandler 1933 and Chandler 1961, 1962, 1964; 

see Chapter 3). Sandy facies are more common within the 

London Clay in the west of the London Basin and in the 

Hampshire Basin. There a series of three to five minor tran

sgressive/regressive cycles has been recognised (King 1981), 

each marked by a basal pebble horizon or glauconitic sands 

overlain by a sequence which coarsens upwards from clay at 

the base to silty sands above. Faunas alter with these 

changes of facies. A period of maximum transgression is 

recognised in the middle of the London Clay where litho

logies are less sandy and both macro- and microfaunas 

indicate deep-water (180-36Om) conditions of deposition 

(Curry 1965). Above this level in the western areas the 

sandy lithologies of the regressive phase of each succeeding 

cycle become more pronounced until the last cycle is almost 

entirely sand. Typical London Clay sediments accumulated 

only in the east of the London Basin at this time. King 

(1981) suggests that these sequences represent progressive 

progradation of marginal sandy facies into the basin of 

deposition. Ultimately, in the overlying Bracklesham Group, 

extensive fluviatile and intertidal deposits were laid 

down in the Hampshire Basin. In the major part of the 

London Basin lithologies are more uniform and fine-grained 
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and the transgressive/regressive cycles can only be recog

nised by faunal changes. Eventually, even in the London 

Basin, typical London Clay deposits were overlain by the 

laminated and pure sands of the Claygate Beds and Lower Bag

shot Beds. The Bagshot Beds of the London Basin are mainly 

marine sands with subordinate clayey bands and, in part, 

correlate with the Bracklesham Group of the Hampshire 
Basin. 

Wealden Island. 

Prestwich (1852) and subsequent authors, notably Stamp 
(1921) and Wooldridge (1926) postulate the existence of a 

"Wealden Island" during the early Tertiary against which 

the London Clay, Thanet and Woolwich Beds thinned and which 

provided material (particularly flint pebbles) during the 

deposition of the Blackheath Beds. Later authors (Wrigley 

1940, Davis & Elliott 1958, Curry 1965) consider, however, 

that the available evidence is inconclusive. King (1981) 

compares the present Wealden anticlinal structure with the 

Jurassic-Cretaceous troughs in the southern North Sea which 

"inverted" to anticlinal structures during mid-Palaeocene, 

pre-Thanetian times (Heybroek 1975). He believes the 1so

pachytes of the London Clay presented by Wooldr1ge (1926, 

Fig. 19), which suggest the presence of a "Wealden Island", 

are based on incomplete and misleading data. His new data 

do not provide any reliable evidence of thinning of the 

London Clay towards the Weald', nor of any change in facies 

1n that direction (King 1981, Fig. 40). The presence of 

the Wealden Island during the early Tertiary therefore 

remains unproven. 
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CHAPTER 2. SAMPLE COLLECTION AND ANALYSIS. 

2.1 SECTIONS STUDIED. 

The sections examined lie in a line roughly east to 

west across the London Basin. They were chosen to include 

examples of most early Tertiary stratigraphical units from 

the Thanet Beds to the London Clay including the various 

facies of the Woolwich and Reading Beds. The position of the 

main localities studied is shown on Figure 1.41 Figure 2.1 

summarises the stratigraphical units present and intervals 

sampled at each site. Most emphasis has been placed on the 

Thanet Beds and Woolwich and Reading Beds which were sampled 
in greater detail than either the Blackheath and Oldhaven 

Beds or the London Clay. A wider sample interval was also 

taken through the two borehole sequences (Leaden Roding and 

South Lambeth Road) than at the actual outcrops. 

One section from the Hampshire Basin: Alum Bay (AB) , at 

the western end of the Isle of Wight, was sampled to provide 

material from the near-shore facies of the London Clay for 

comparison with the typical London Clay of the London Basin. 

The main features of each section are summarised below 

with brief notes on their palynological content. Details of 

the microfloras are given in Chapter 5. Lithological sum

maries are shown on Figures 2.2 to 2.11 and lithological 

descriptions of each sample collected are given in Tables 1-

13 in Appendix 1. 
The sections in the London Basin fall naturally into 

four groups: 

GROUP 11 comprising sections in the extreme east of the Bas~ 

in in which Thanet Beds are well-developed: Pegwell Bay (PB) 

and Oldhaven Gap (OG). 

PEGWELL BAY, Cliffs End Section: TR 35456439 and Car Park 

Section: TR 34856410 (Appendix 1, Table 1). 

The basal part of the Thanet Beds (approx. 15m) is ex

posed here, c.7.5m in the Cliffs End Section and a higher 

c.7m behind the Car Park (see Ward 1977 for a detailed map 

of the localities). Figure 2.2 shows the main lithologies 

and positions of the samples collected; divisions of the 

Thanet Beds follow Haynes (1956) and Ward (1977). Both 
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Figure 2.2 
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sections are capped by Drift and are generally weathered in 

the upper part. Nevertheless all beds have yielded palyno

morphs, although these are sparse in the coarser Cliffs 

End Greensand Bed and the Bullhead Bed. The entire sequence 

falls within the Deflandrea speciosa dinoflagellate Zone of 
Caro (1973). 

Cliffs End Section. 

The base of the Thanet Beds is exposed in this section. 
The Bullhead Bed, a thin conglomerate (O.15m) composed of 

green-coated flints in a matrix of glauconitic silty sand, 

overlies a thin tabular flint band at the top of the Chalk. 

The overlying Cliffs End Greensand Bed (Ward 1977) is also 

very glauconitic; this silty sand (c.O.75m thick) contains 

small, scattered flint pebbles and is bioturbated through

out, particularly near the top. Most of the rest of the 

section comprises the Stourmouth Clays (c.4m), alternating 

silts and sandy clays, bioturbated at some levels and con

taining occasional carboni sed wood fragments (e.g. PB 8). 

The Lower Pegwell Marls are the highest Thanet Beds unit 

present here. They are massive silts and clays with the bas

al c.0.4m comprising bioturbated silts with numerous small 

burrows (2-4m) filled with silver sand (the Crepidula Band). 

Although the upper part of the sequence is heavily leached 

samples contain moderately rich and diverse microfloras 

(Chapter 5). 

Car Park Section. 

A higher part of the sequence is exposed in the Car 

Park Section, the Upper Pegwell Marls (silty clays) and the 

Reculver Silts (sandy silts). The junction is marked by a 

well-developed shell bed at the base of the Reculver Silts 

and a second, less persistent, cross-bedded shell bed occurs 

about 1m above the junction (PB 19). All samples examined 

contain moderately rich microfloras although palynomorphs 

are generally pale, probably the result of the deep weather

ing of the section. 

OLDHAVEN GAP: c. TR 20706870 (Table 2 in Appendix 1). 

The beds exposed in the cliffs between Herne Bay and 

Reculver dip gently to the west (at approximately 3°) and 
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Figure 2.3 
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include the upper c.17.5m of the Thanet Beds, the Woolwich 

Bottom Bed (c.5.25m), the Oldhaven Beds (c.7m) and the· basal 

c.3m of the London Clay (Figure 2.3). The main part of the 
London Clay is no longer exposed in the cliffs which have 
been levelled and grassed as part of the coastal defences, 
but it is occasionally exposed on the foreshore at low tide 
(Ward 1978). Samples were collected from the cliff section 
east of Herne Bay from c. TR 20586868 to Oldhaven Gap it
self (TR 20706870) and also from the headland about 750m 
east of Oldhaven Gap, at c. TR 21406902. 

Thanet Beds. 

Only the highest Thanet Beds (Reculver Silts) are pre
sent at this locality (c.17.5m). They comprise silty clays 
and sands, glauconitic in part, with several distinctive 
shelly horizons (Ward 1978). The lowest one, the Eutylus 

cuneatus Bed, outcrops in the cliff section near the head

land (TR 21406902) below a well-developed concretion band 
(the Reculver Tabular Band), and is also exposed in the 

foreshore there. It is a pale grey silty sand (OG 1) more 
clayey towards the base (OG 28) with abundant bivalves, 

particularly Arctica morrisi and rarer !. cuneatus. The 
Arctica morrisi Bed which overlies the concretion band is 

more sandy and shows evidence of bioturbation. Both of these 

horizons were sampled (OG 28, OG 1, OG 2) and contain mod

erately diverse microfloras. 
Most of the cliff between the headland and Oldhaven 

Gap is obscured by landslip and is complicated by small
scale faults (Ward, 1978). East of Oldhaven Gap the upper 
part of the Thanet Beds is exposed, including the Astarte 

tenera and Corbula regulbiensis Beds. The former comprises 

silty sands and clays, glauconitic in part, with a diverse 
bivalve fauna including ~. tenera and Corbula regulbiensis. 
Ward (1978) reports rare vertebrate remains and abundant 

rolled wood from this level and considers seeds (particul

arly of lodes) and pine cones to be more common here than 

in any other unit of the Thanet Beds (see Chapter 3). The 

~. regulbiensis Bed in the cliff face is generally de-calc-
ified. 1t is a ver~ glauconitic silt~ sand characterised b~ 
'l.arge, ric'h'l.y g'l.auconitic clusters or "nests" 
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(usually silicified) of Corbula regulbiensis. A foreshore 

sample was processed from this interval (OG 7). Palynomorphs 

are common in all samples processed from these horizons. 

There has been controversy over the position of the 

junction between the Thanet and Woolwich and Reading Beds at 

this locality. There is no marked change in lithology and 

the thick pebble bed recorded at the base of the Woolwich 

and Reading Beds further west is not present here. Prestwich 
(1854) originally placed the junction at the base of the C. 
regulbiensis Bed since he considered that there were faunal 
changes at that level and this boundary was accepted by 

others (Whitaker 1866, 1872; Hester 1965). Further work 

(Gardener 1883, Wrigley 1949) however showed that there are 

in fact no significant faunal differences between the Cor

bula regulbiensis and Thanet Beds. Gurr (1963) redefined 

the junction and placed it at the base of the thin pebble 

bed about 2m above the £. regulbiensis Bed (now known as the 

Beltinge Fish Bed) from which he obtained a fish fauna con

taining several species which appear for the first time in 

the English Palaeocene, being absent from the £. regulbien

sis and Thanet Beds. This junction is now generally accepted 

(Curry 1965, Ward 1978). 

Woolwich and Reading Beds. 

The Woolwich and Reading Beds at this locality are en

tirely marine and consist of a poorly defined basal pebble 

bed (the Beltinge Fish Bed, c.O.25m thick) and the Woolwich 

Marine Bed (about Sm thick). The Woolwich Shell Beds were 

either not deposited in this area or were removed prior to 

the deposition of the Oldhaven Beds (Hester 1965). 

The Beltinge Fish Bed is a glauconitic, silty clay with 

occasional small, rounded, black flint pebbles, large green

coated sand grains and common pyrite. Wood fragments and 

rare seeds (lodes multireticulata and Vitis sp.) have been 

recorded as well as a vertebrate fauna including sharks 

teeth and vertebrae (Gurr 1963, Ward 1978). The base is 

extensively burrowed into the underlying Thanet Beds. 

Sample OG 9 from this horizon contains a microflora trans

itional between the Thanet and Woolwich Beds assemblages, 

possibly the result of bioturbation. 
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The grey-green, glauconitic silty sands of the Woolwich 

Marine Bed are bioturbated throughout. Samples from the low

er 2-3m (OG 11, OG 12) have yielded moderately rich micro

floras but only rare palynomorphs were obtained "from the 

more sandy upper part (OG 14). 

Oldhaven Beds 

The Oldhaven Beds at this locality have been described 
as the Herne Bay Member of the Oldhaven Formation (King 

1981). They comprise c.7m of glauconitic, cross-bedded 
sands with occasional clay and shell lenses. In places there 

is a basal pebble bed composed of rounded, black flint 

pebbles in a matrix of sand and silty sand. Samples OG 16 

and OG 17 were taken from clay lenses within and above the 

basal pebble bed but did not yield palynomorphs. Several 

shelly horizons were also sampled but contained only sparse 

microfloras (OG 18, OG 19) or were barren (OG 21). One 

foreshore sample (OG 27) from a channel in the base of the 

Oldhaven Beds was collected by Mr. C. King. This contained 

a rich microf1ora with a considerable amount of reworking. 

London Clay. 

In this section there is no evidence for the presence 

of the ash-series recorded in the basal London Clay in 
Essex. This has led Knox and Harland (1979) to suggest that 

the oldest London Clay at Oldhaven Gap is slightly younger 

than the basal London Clay in Essex. King (1981) refers it 

to the Walton Member, Division A2 of the London Clay Form

ation (Figure 1.5) and believes Division Al (Swanscombe 

Member) to be absent. Costa, Denison and Downie (1978) re

cognise the Wetzeliella astra dinoflagellate Zone at the 

base of the London Clay at this locality. Two samples were 

collected from this unit, OG 25 from cross-bedded silty 

sand and clay about O.15m above the base and OG 26 from 

silty clays about O.7m above the base. The lower sample 

contains a sparse microflora, the assemblage from OG 26 

is richer and more diverse. 
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GROUP 2; comprising sections in the centre of the London 

Basin which show well-developed Woolwich facies of the Wool

wich and Reading Beds; Charlton (CH) , Shorne Wood (JL) and 

Swanscombe (SW). 

CHARLTON SAND PIT, Maryon Park: TO 419786 (Table 3 in 

Appendix 1). 

The Charlton Sand Pit (formerly known as Gilbert's 

Pit) wasde&gnated a Site of Special Scientific Int~rest by 
the Nature Conservancy Council in 1962. The samples I have 
examined were collected in December 1970 when members of the 

Tertiary Research Group, under the direction of A.J.Rundle, 

cleaned and measured a complete sequence from the top of 

the Thanet Beds, through the Woolwich Bottom Bed, the Wool

wich facies of the Woolwich and Reading Beds and the Black

heath Beds. My thanks are due to Dr. Adrian Rundle for the 

stratigraphical interpretation of this section. Details of 

previous studies of the biota of this and adjacent local

ities are given by Rundle (1972). 

The succession is summarised in Figure 2.4 which also 

shows the position of samples collected. 

Thanet Beds. 
No samples were collected from the Thanet Beds which 

are fine, whitish, glauconitic, slightly clayey sands. The 

upper 1.5m are penetrated by burrows with clay infills, 

extending down from the pebble bed at the base of the Wool

wich Beds (Rundle 1972). 

Woolwich and Reading Beds. 

The Woolwich Bottom Bed consists of a thin basal pebble 

bed (c.0.25m) succeeded by c.4.6m of mottled sandy silts 

and silty sands, clayey towards the base and more sandy and 

glauconitic towards the middle. Sample CH 1 was taken from 

the glauconitic sandy silt between the small, well-rounded, 

black flints of the pebble bed. It contains a sparse micro

flora with several reworked taxa (Chapter 5). This fine

grained material has been carried down into the Thanet Beds 

by bioturbation. Samples from the higher levels of the 

Woolwich Bottom Bed were either barren (CH 3, glauconitic 

sand) or contained only a very sparse microflora (CH 2, 
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sand with clay lenses). CH 4 (0.4Om below the Shell Beds) 

contains taxa more characteristic of the Shell Beds, per

haps as a result of bioturbation. 

Sediments typical of the Woolwich facies are well devel

oped at this locality. The Shell Beds are c.2.4m thick and 

comprise grey clays, sandy in places with abundant molluscan 

shells. Oysters are common at several levels (CH 5, CH 6), 
closely packed in a dark grey clay matrix~ other taxa re
corded include abundant bivalves, Corbicula cuneiformis and 

£. cordata which are present throughout the unit, the gast
ropods Brotia melanioides and Tympanotonus funatus, common 

near the top of the unit (CH 9, CH 11, CH 10) and the fresh

water gastropod Hydrobia spp. which occurs in isolated len

ses (e.g. CH 8) (Rundle 1972). This fauna indicates depos

ition in brackish, off-shore lagoons (Pitcher e~ ale 1967) 

with occasional fresh-water and marine influence. Very rich 

and diverse microfloras occur throughout although preserv

ation is sometimes poor. Taxa present include dinoflagellate 

cyst species typical of the Apectodinium hyperacanthum Zone 

(formerly Wetzeliella hyperacantha) of Costa and Downie 

(1976). 

The highest member of the Woolwich Beds here, the 

Striped Loams, is also reported from the neighbourhood of 

Lewisham and Greenwich (Curry 1958) and has sometimes been 

referred to as the Leaf Bed of Lewisham (Pitcher et ale 

1967). At the base the Striped Loams are well-bedded, lam

inated silts and clays with common sandy layers, a thin 

shell seam c.l.3m above the base (CH 19) and unidentifiable 

leaf impressions on the bedding planes at c.0.9m above the 

base (CH 18). This part of the sequence is probably equiva

lent to the laminated beds at the top of the Shell Beds at 

Swans combe (e.g. SW 38). Above this laminated sequence mas

sive, fine-grained sands and silts predominate, with occas

sional clay seams (CH 21). Ophimorpha burrows at c.2.5m 

above the base indicate a marine environment of deposition 

for that part of the sequence. Microfloras in the lower part 

of the unit are generally similar to those of the Shell 

Beds, but the highest sample examined (CH 21) is sparse, 

lacks Apectodinium spp. and contains more acritarchs and 

Areoligeraceae. 
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Blackheath Beds. 

The Blackheath Beds channel deeply into the Etriped 

Loams and are about 3m thick at the measured section. Small, 

well-rounded black pebbles occur in a sparse matrix of 

silty sand with shelly lenses towards the base. No samples 

were collected from this unit. 

SHORNE WOOD near Cobham, Kent: TO 67306980 (Table 4 in 
Appendix 1). 

Excavations in this area were described by R.H.Chandler 

(1923) during the construction of the A2 trunk road. Similar 

sections were again exposed near Shorne Wood in 1964 when 

the A2 was widened to motorway standard. At that time the 

section was sampled by Messrs. S.W. Hester and A.Morter of 

the Institute of Geological Sciences and some of this mat

erial was kindly made available to me for exami~ation in 

1970. The exact position of samples above a datum is not 

recorded in the I.G.S. Sample Register, consequently only 

approximate positions of samples within each bed can be 

shown in Figure 2.5. From the thickness of the lowest Shell 
Bed (Bed 5) and the number of samples collected through it, 

it appears that this bed at least was sampled continuously 

(channel samples). 

Woolwich and Reading Beds. 

A few samples were processed from the Woolwich Bottom 

Bed but these contained very sparse microfloras. 
The Woolwich facies at this locality is particularly 

interesting since, at the base, it contains a well-developed 

organic rich horizon, described as a lignite by Chandler 

(1923). In the original road cutting this varied from O.lSm 

(6") to 0.6m (2') in thickness and in the later section 

ranged from 0.6m to 1.2m (1964, I.G.S. Sample Register and 

Martin 1976). Chandler comments on the lack of woody struc

ture in his samples which was confirmed by microscopical 

analysis (by Prof. A.C.Seward quoted in Chandler 1923, 

p.140) " ••• no trace of any wood and all that I can identify 

consists of very imperfectly-preserved remains of what I 

think are leaves. The material seems to consist of a mass 
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of decomposed vegetable matter, but what the original plants 

were it is absolutely impossible to say". 

Martin (1976, p.173) considers this deposit is better 

described as a lake mud. However, although the material I 

have examined (JL 864 to JL 867) is generally friable and 
lacks macroscopic wood it is composed almost entirely of car

bonaceous material and has none of the clay content one would 

expect in lake sediments. Samples JL 869 to JL 880, from the 
north side of the carriage-way, show more structure; woody 
debris with clear cellular structure is present in JL 871 

and JL 880. Some sand lenses are present in several of these 

lignite samples (JL 864, and JL 865 from the south side of 

the carriage-way and JL 879 from the north side) and areevi

dence of some terrigenous influx during formation. Chandler 

(1923) reported a thin dark grey to black clay c.O.2m (8") 

thick beneath the lignite; in the later section this was 

apparently c.0.9m (3 1
) thick (I.G.S. Sample Register). Cer

tainly this deposit is more likely to be lacustrine inorigin. 

In contrast to the lignite horizon at Swans combe the 

thickness and persistence of the lignite seam at this local

ity suggests it was deposited here (whether in a lake or as 

a terrestrial deposit) and has not undergone post-deposi

tional transport. 
The more friable lignites from the south side of the 

carriage-way (JL 864-JL 867) contain rich microfloras, as 

does JL 879. The other more indurated samples from the north 

side of the carriage-way (except JL 879) only yielded very 

sparse assemblages including fungal spores or were barren 

of palynomorphs. 

The Shell Beds (particularly Bed 5) have been sampled 

in detail at this locality. All shelly horizons have yielded 

rich microfloras, including JL 910, a lightly consolidated, 

ferruginous, yellowish brown sandstone with abundant bivalve 

fragments. The least productive samples were the light olive 

grey sands and clays from Bed 7. 

The striped sands and clays (Striped Loams) which occur 

further to the west were not recorded in the original sec

tion and the Blackheath Beds were reported to rest erosively 

on Bed 9 (unfossiliferous brown clay) nearly cutting into 

Bed 8 (the upper Woolwich Shell Bed) in places (Chandler 
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1923, p.139). The highest of the Woolwich Beds recorded in 
the 1964 cutting however was Bed 8. 

SWANSCOMBE, Northfleet Quarry, Kent: TQ 598730 (Table 5 

Appendix 1). 

The Blue Circle Cement Co. Ltd. have a large quarry 

(their Northfleet Works) near Swanscombe in Kent which has 

been in operation for many years for the extraction and pro
cessing of the Chalk. The early Tertiary deposits are con

sidered as "overburden" and are gradually being removed, in 

the process new sections from the Thanet Beds to basal Lon

don Clay are exposed. These are adjacent to the sections in 

road cuttings through Swanscombe Hill described by Stamp & 
Priest (192U, and Curry (1962). At this locality c;19m 

of Thanet Beds overlie the Chalk and are succeeded by Wool

wich and Reading Beds, Oldhaven Beds and basal London Clay. 

Since neither the Thanet Beds nor the Woolwich Bottom Bed 

were well exposed when the section was sampled in 1971 only 

the Woolwich Shell Beds and underlying carbonaceous sands 

were collected (Figure 2.6). 

Woolwich and Reading Beds. 

As at Charlton the pebble bed at the base of the Wool~ 

wich Bottom Bed is well-developed (c.0.3m thick) and is ex

tenSively burrowed into the top of the Thanet Beds. The rest 

of the Woolwich Bottom Bed (c.4.7m) is very glauconitic at 

the base, with cross-bedded sands above. 
The carbonaceous horizon immediately below the Woolwich 

Shell Beds is a buff sand full of lignitic debris, mainly 

in the fcr.m of well-worn, charcoalified clasts which appear 

to have been transported and deposited with the sand some 

distance from the source. The environment of deposition of 

this bed thus differs considerably from that of the thick 

lignitic seam at Shorne Wood. Sample SW 23 yielded an impov

erished microflora which includes both fresh-water and 

marine microplankton. 

Above the carbonaceous sands are ferruginous, shelly 

sands, lightly cemented at the base (SW 24). These are over

lain by typical Woolwich Shell Beds which contain abundant 
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molluscs and microfloras comparable with those recorded at 

Charlton and Shorne Wood. Microfloras from the adjacent 

Swanscombe Park road cutting were described by Gruas-Caveg

netto (1970). Within the Shell Beds is a discontinuous band 

of grey-green marl, up to 7.Scm (3") thick (SW 33), which 

contains a rich micro flora with the fresh to brackish-water 

colonial alga Pediastrum. From this band in the Swanscombe 

Park road cutting Curry (1962) obtained a fauna which in

cludes very small molluscs, Planorbis hemistoma, Bithinella 

websteri and Lapparentia pygmaea. He also recovered oogonia 

of Charophytes identified as a new species of Stephanochara, 

a genus previously unknown below the upper Eocene (Curry 

196/ , p.262). 

The fossiliferous Shell Beds are overlain b:' c.1. 20m 

of laminated grey clay and fine sand which are intensely 

bioturbated (SW 38). These may be equivalent to the lamin

ated beds at the base of the Striped Loams at Charlton. 

The remainder of the sequence was not accessible at the 

time samples were collected but has been exposed by later 

excavations. The laminated clays in the Woolwich Beds are 

succeeded by an unnamed sand unit which contains very well

preserved Ophiomorpha burrows in the lower part (suggesting 

marine conditions of deposition) but locally, in the highest 

metre, another carbonaceous horizon occurs similar to that 

beneath the Shell Beds. Small, brown, carbonaceous clasts 

occur within the sand along the sets of small-scale cross

bedding. A thin clay unit overlies these sands and has been 

carried down into them by bioturbation. 

Oldhaven Beds and London Clay. 

King (1981) refers the Oldhaven Beds at this locality 

to the Herne Bay Member of the Oldhaven Formation (see 

Figure 1.5) and, in the overlying London Clay Formation, 

recognises both the Swanscombe and Walton Members (Div

isions Al and A2 respectively). 

GROUP 3; contains the two boreholes, South Larnbeth Road, 

London (SL) and Leaden Roding, Essex (LR) which have se

quences of thick Thanet Beds, Woolwich and Reading Beds of 
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Intermediate or Reading Facies and London Clay (Appendix 1. 
Table 6). 

SOUTH LAMBETH ROAD BOREHOLES:~Q 304772 

Mr.A.D.King kindly gave me splits of samples from Bore

holes 8 and 13 drilled in the South Lambeth Road, London 
during 1968. 

The sequence in Borehole 8 ranges from Thanet Beds 

through the Woolwich and Reading Beds (c. 12m) into the Lon
don Clay, 25m+ (Figure 2.7). 

Thanet Beds. 

The Thanet Beds comprise c.lOm of glauconitic, fine 

silty sands; no distinct shelly horizons are recognisable. 

Microfloras are generally sparse to moderately rich al

though a few samples were barren of palynomorphs. 

Woolwich and Reading Beds. 

The base of the Woolwich and Reading Beds is marked by 

a clear pebble bed which, at the base, has a matrix of glau

conitic sand (SL 19 which has a moderately rich microflora) 

and above, a matrix of mottled sandy clay (SL l8-SL 16). 

Above the pebble bed is an unnamed sand unit which was not 

sampled. The rest of the Woolwich and Reading Beds are in 

the Intermediate facies with mottled clay (samples SL115-

SL 11) followed by typical Shell Beds (SL lO-SL 8), ?Striped 

Loams (SL 6 and SL 7) and a second lense of mottled clays 

(SL 5- SL 1). The mottled clays are either barren or contain 

very sparse palynomorphs, the Shell Beds and ?Striped Loams 

contain rich and diverse microfloras. 

In Borehole 8 no samples were available from the high

est part of the Woolwich and Reading Beds but this interval 

is covered by samples from the neighbouring Borehole 13. 

Here an upper lense of Shell Beds occurs (SL 40). The pre

sence of an Upper Shell Bed is typical of the Intermediate 

facies in this area, as is the development of the thin, 

freshwater limestone, the Paludina Band within it (Hester 

1965, Berry & Cooper 1977, see Figure 1.S herein). Although 

the Paludina Band is present in Borehole 13 (Mr. A.D. King 

personal communication) samples were not available for 

analysis. 
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London Clay. 

Samples were studied at c.6m intervals through the 

London Clay (SL 5l-SL 42); all are clays or silts and con

tain moderately rich assemblages. 

LEADEN RODING BOREHOLES, Essex: TL S94l36 (Table 7 in 
Appendix 1). 

The Essex River Authority drilled two boreholes at Lea
den Roding during 1970 and this material was kindly made 

available to me in October of that year. The first borehole 
(TL 594136) penetrated London Clay (c.2lm), Woolwich and 

Reading Beds (c. 12m) including the Reading facies and enter

ed the top of presumed Thanet Beds. The second, adjacent 

borehole continued through the Thanet Beds and bottomed in 

Chalk (Figure 2.8 and Table 7 in Appendix 1). 

Material from both boreholes has been used to give com

plete cover from the Chalk through to the London Clay, \·Ti th a 

fairly wide sample interval (c.2.Sm-Sm) throughout. 

Thanet Beds. 

The basal 18m are presumed to be Thanet Beds with the 

Bullhead Bed at the base. They comprise glauconitic and silty 
sands, greenish-grey in colour and underlie a mottled, 

reddish-brown and yellow pebbly sandstone which is inter

preted as the Bottom Bed of the Woolwich and Reading Beds. 

Microfloras typcial of the Thanet Beds occur in the samples 

LR 34, LR 36 and LR 38 but those from higher levels (LR 31 

and LR 29) are too sparse to be diagnostic (Chapter S). 

Woolwich and Reading Beds. 

The boreholes lie within the belt of the Reading facies 

of the Woolwich and Reading Beds as depicted by Hester (1965) 

(Figure 1.4). Certainly the Shell Beds typical of toe Wool

wich facies are not present here and the basal pebble bed 

is overlain by a series of silty sands with scattered flint 

pebbles and by clays, mottled in part, which resemble the 

Reading facies. Microfloras are generally sparse (LR 24, 

LR 22) but samples contain rare dinoflagellates, evidence of 

marine influence during deposition. Sample LR 22 contains 

very rare elements which are more typical of the Woolwich 
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than the Reading facies (Pistillipollenites mcgregorii and 

Pentaporoites belgicus). 

London Clay. 

The exact junction with the London Clay is not clearly 

defined lithologically but has been taken at the more pebbly 

horizon LR 15. Typical London Clay, olive grey and brownish 

grey silty clays, occur at LR 14 and above and have yielded 
moderate to abundant microfloras. Rare, pyritised diatoms 

were recovered from LR 16, LR 10 and LR 7. The assemblage 

recovered from LR 17 appears to be transitional between the 

Woolwich and Reading Beds and the London Clay. 

GROUP 4, comprises sections in the west of the London Basin 

in which Reading Beds (Bottom Bed and Reading facies) are 

present; Pincents Kiln (PK), a temporary exposure adjacent 

to the M4 motorway north-west of Reading (M4) and several 

localities from which isolated samples of the Reading Beds 

were examined; Waterloo Kiln in Reading (WK), Knowl Hill 

north-west of Reading (KH) and Cold Ash Quarry near Newbury 
(NB). 

PINCENTS KILN: SU 653722 (Table 8 in Appendix 1). 

As stated above (Section 1.3 p.24) the sequence in the 

Reading Beds at Pincents Kiln (c.4.5m) is very similar to 

that described near Theale by Hawkins (1946). 

In Section 1 (Figure 2.9) the glauconitic sands (PK 11-

PK 15) and silty clays (PK 17 and PK 18) at the base of the 
Reading Beds contain impoverished microfloras, too sparse 

to count. They probably correspond to the Bottom Bed as de

fined by Hawkins (1955). The grey silty clays above (which 

contain common, fragmentary angiosperm leaves and charcoal 

fragments) and the associated silty sands (PK 20 to PK 24) 

generally yield rich microfloras including rare acritarchs 

and very rare dinoflagellate cysts, indicating brackish and 

possibly marine influences during deposition. 

Section 2 has a thicker development of the upper silty 

clay unit; moderately rich microfloras, with rare acritarchs 

were recovered from it (PK 29, PK 34 and PK 35). 
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Figure 2.9 
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ISOLATED SAMPLES FROM THE READING AND NEWBURY AREA. 

Several isolated samples were processed from the Reading 
Beds from the western end of the London Basin. 

M4 MOTORWAY near Reading (Appendix 1, Table 9). 

During the construction of the M4 Motorway west of Read
ing in 1971 various horizons of the Reading Beds were exposed 

in cuttings or in sand pits adjacent to the carriage-way. 

Samples were collected from several localities includ
ing: (i) lenses of pale yellowish grey clay from within cross

bedded sands from the vicinity of Furze Hill, north of New
bury (SU 512740) and elsewhere (e.g. SU 499741): (ii) typ

ical mottled clay from the cutting north of Coombe Wood 

(SU 551737) and (iii) glauconitic sands and the basal pebble 

bed from a section north of Bussock Wood (SU 467728), north 

of Newbury. These were all either barren or yielded only 

sparse palynomorphs. 

In the section north of Hewins Wood (SU 601738) west of 

Reading, (Figure 2.10) about 3m of the Bottom Bed were ex

posed, including the Ostrea bellovacina Bed. This is a glau

conitic sand which is full of oysters and yielded a sparse 

microflora including rare acritarchs and dinoflagellates 

(M4/7(1». The silty clays higher in the sequence are gener

ally ironstained, have leaf impressions at some horizons 

and show some evidence of bioturbation. Only very sparse 

microfloras were obtained from this unit. 

WATERLOO KILN, Reading,Berkshire. (Appendix 1, Table 10). 

Leaf impressions from the Reading Leaf Bed were col

lected from this section by Professor (then Mr.) W.G. 

Chaloner in 1952. The exposure has since been filled in and 

built over. My sample, WK (a pale, yellowish brown, sandy 

Silt) was taken from the matrix of one of these specimens 

(B.M.N.H. reference number v. 56968). It contains a moder

ately diverse microflora including extremely rare acritarchs. 

KNOWL HILL SAND PIT near Reading, Berkshire: SU 819798 

(Appendix 1, Table 11). 

Five samples were collected in 1971 from the mottled 

clays in this sequence. They r~nge in colour from dark grey 

through red to grey green and are quite rich in haematite. 

(Not recorded in Appendix 1). None of them yielded 



- 62 -

Figure 2.10 

M4 MOTORWA Y (c.0.25 Km north of Hewins Wood) SU 601738 

pbSCUf6(l 

-L - 10- M4/7 (4)* -----
-- -----L 
_. 

U - .... ---
M4n(3)* 

--Bottom BlId -- -
-----
--- - Key: Sse FiguffJ 2.9 ---- -- --

Dlttu ~M&i!H ........ "'.'.".1.. 
~~~; . r BIId { ...... ~ .. 
·~ii:~~.~: 

CHALK 



- 63 -

palynomorphs. The underlying Reading Leaf Bed was not visible 

at that time but it had been exposed during the constr~ction 

of a drainage trench in 1960 and a sample was collected then 

by Mr. R. Ashfield; R 1154 in Prof. W.G. Chaloner's collec

tion (=KH herein). This sample contains a moderately rich 
microflora including some acritarchs. 

COLD ASH QUARRY, near Newbury, Berkshire: SU 501713 
(Appendix 1, Table 2). 

Dr. P.R. Crane is currently working on plant macro

fossils, particularly fruit, seeds and leaves from this loc

ality. The fossils occur in clay and silt pockets within 

cross-bedded sands of the Reading Beds, between c.5m and 

c.l5m above the Chalk. In 1976 he sent me two samples of 

silty claystone, both containing angiosperm leaf remains, so 

that the macro- and micro-floras might be compared. NB 1 is 

a light olive grey silty claystone and NB 2 a yellowish 

grey silty claystone. Both contain rich microfloras which 

include very rare acritarchs. 

ISLE OF WIGHT. 

ALUM BAY, Isle of Wight: SZ 305853 (Appendix 1, Table 13). 

Samples were collected during a Geologists' Association 

field trip in May 1974, led by Messrs A.D. & C. King. Spot 

samples were taken from each of the Divisions A to D of the 

London Clay Formation as defined by Mr. C. King and the 

measured section (Figure 2.11) is based on the diagram he 

produced for participants (see also King 1981, Fig.3l). 

Reading Beds and 01dhaven Formation. 

Five samples were processed from the Reading Beds at 

Alum Bay but they were either barren or contained only one 

or two palynomorphs. One sample was examined from the Old

haven Formation (sensu King 1981) and contained a moderately 

diverse microflora (AB 45). 

London Clay. 

The London Clay at this locality comprises a series of 

transgressive/regressive cycles, the regressive phase be

coming more pronounced towards the top of the sequence 
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(King 1981). The exact position of each sample above the 

base of the London Clay was not recorded but several come 

from clearly defined horizons (King 1981, Fig. 33); AB 47 

from the Astarte horizon near the base of Division A3; AB 50 

from the equivalent of the Planktonic Foraminiferid Datum 

of Wright (1972); AB 53 from the Pinna horizon within Div

ision B2; AB 56 from the Glycimeris horizon within Division 
C. Samples AB 47 to AB 56 contain rich microfloras with a 
high percentage of reworking. There is a marked change in 

the microflora at AB 58 and above and reworking becomes 
rare (Chapter 5). 

Bracklesham Beds. 

Samples AB 57 to AB 63 are from the Bracklesham Beds 

as defined by Eaton (1976). AB 57 is from the base of 

Eaton's Bed 1 and sample AB 63 and AB 64 come from the lam

inated beds within Eaton's Bed 2. Messrs. A.D. & C. King 

consider this unit to be transitional between the London 

Clay and Bracklesham Formation (personal communication). 

Isolated samples were examined from higher in the 

succession to establish whether there are any marked floral 

changes above the London Clay. AB 68 is from a horizon con

sidered by Mr. A.D.King to be equivalent to Fisher's Bed 

IV of the Whitecliff Bay section and AB 70 is from the 

Leaf Bed which he considers to be roughly equivalent to 

Fisher's Bed VIII. Both yielded rich microfloras (Chapter 
5 and Appendix 2). 

2.2 PROCESSING OF SAMPLES. 

Collection. 

Most of the lithologies collected are soft sediments. 

Sections were cleaned with a spade or trowel to expose 

unweathered rock as far as possible. Samples were then 

collected with a clean trowel and placed in labelled heavy 

duty polythene bags which were sealed by a double fold and 

secured by several staples. 

Processing. 
The processing techniques used were intended to ex-

tract the maximum number of palynomorphs from the sediments. 

Since the lithologies involved vary from moderately clean 
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sands to organic rich clays and lignites there seemed little 

point in standardising the amount of sediment processed, 

much larger samples were used of the sands from the Thanet 

Beds, Woolwich Bottom Bed and other unpromising lithologies 

than of the clays, such as the London Clay and Woolwich 
Shell Beds. 

In recent years there has been much interest in the 

total organic content of sediments including the organic de
bris other than palynomorphs. This investigation however 

deals only with the palynomorphs and no attempt was made to 
preserve the other organic debris. 

Samples other than lignites. 

The basic technique involved the removal of carbonates 

with hydrochloric acid (HCL); removal of silicates with 

cold hydrofluoric acid (HF); treatment with hot hydro

chloric acid to remove any calcium flour ide which might have 

formed during HF treatment; heavy liquid separ~tion using 

zinc bromide solution at specific gravity 2.0; oxidation 

with concentrated nitric acid! alkali treatment; mounting 

in glycerine jelly + Safranin 0 stain. 

The procedure adopted was as follows:-

1. For clays and siltstones a piece was cut from the 

centre of a block, broken into small pieces (less than Smm) 

and placed into a polyprop~lene beaker or test-tube. Uncon

solidated sands were placed directly into a beaker. 

2. The sample was tested for reaction with 10% HCL. If 

this was positive conc. HCL was added and left until the 

reaction ceased. If the reaction was vigorous or prolonged 

the HCL was changed several times. The sample was washed 

until neutral in distilled water. 

3. Cold HF (40%) was added, the sample was stirred, cov

ered and left overnight or longer. Breakdown was usually 

rapid, when the sample stood in HF for longer periods the 

reaction had usually ceased within the first few hours. It 

was rarely necessary to change the HF. The HF was decanted 

and the sample washed in distilled water by centrifugation 

until neutral. 

4. Conc. HCL was added and the sample was heated in a 

water-bath to remove any calcium fluoride which might have 
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formed during HF treatment. After being neutralised a water 

mount was checked for total organic content. Where organic 

debris was abundant and occurred as clumps containing miner
als oxidation preceeded the heavy liquid separation (flot

ation). Some of the very organic sediments in which most 
mineral was removed by HF treatment were not floated (e.g. 
Woolwich Shell Beds from Shorne Wood) • 
5. Concentrated nitric acid was added to the resique, stir
red and either left to stand for several minutes or was di

luted after a few seconds and the sample was centrifuged 
immediately. The liquid was decanted and the sample washed 
several times in distilled water. Oxidation was usually 

followed by alkali treatment. After washing, 5-25% ammonia 

solution was added to the residue which was stirred, left 

to stand (c.30 secs. toc .30 mins.), then diluted, centri

fuged and the liquid decanted. The residue was washed sev

eral times in distilled water. 

6. After centrifugation the residue was transferred to 

one or more small glass test tubes (15ml). Zinc bromide 

solution of 2.0 specific gravity was added and the sample 
was st~rred then shaken vigorously until the sediment was 

thoroughly dispersed. 
7. Samples were centrifuged at c.2,500r.p.m. for 15 mins. 

to effect separation. 
S. The upper organic fraction was pipetted into one or 

several large, clean test-tubes which were then filled with 
distilled water to which one or two drops of diluted HCL 

were added. The sample was centrifuged to concentrate the 
organic fraction in the bottom of the tube, the liquid was 

decanted and the residue washed twice more in distilled 

water by centrifugation. During this process a water mount 

was examined to gauge the abundance of palynomorphs. 

9. After the final centrifugation the liquid was decanted 

and the test tube inverted over a filter paper to allow the 

last drops of water to run out. Several drops of warm 

glycerine jelly (either unstained or stained with "Saf

ranin 0") were added to the residue and stirred gently. One 

or two drops of the residue were then pipetted onto slides, 

coverslips were added and the slides were gently warmed on 

a hot plate to allow the glycerine jelly to spread to the 
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edge of the coverslip. The remainder was transferred to 

storage tubes. Slides were sealed with clear nail polish 
or paraffin wax. 

Lignites (Shorne Wood Section). 

The friable lignites from the south side of the carr

iage-way were broken into small pieces (c.5mm) and placed 

in a glass beaker. 5% KOH was added and left for c.2 hours. 
Small portions of the residue were taken, neutralised and 

water mounts checked periodically. Samples JL 865, 866 and 
867 broke down in 2 hours, JL 864 took 8 hours. The samples 

were then neutralised and passed through a coarse sieve 
(177 microns) to separate large pieces of plant debris 

including megaspores and seeds. The fine fraction of JL 866 

was washed and mounted in glycerine jelly. The other samples 

were placed in 40% HF overnight before being neutralised, 

washed and mounted. The wet coarse fractions were examined 

under a low power binocular microscope, seeds and mega

spores were picked out and mounted in glycerine ~elly. 

The more brittle lignites from the north side of the 

carriage-way needed treatment with concentrated nitric acid 
(JL 879 for 2 hours, JL 877 overnight) followed by 6% 

ammonia solution for 5 minutes before washing and mounting. 

JL 869 was treated with concentrated nitric acid for one 

hour followed by l~ hours of Schulze's Solution, before 

ammonia treatment as above. 

comments on the processing technique used. 

The use of micromesh sieves of various designs has 

become increasingly popular and is an extremely useful tech

nique for the concentration of palynomorphs and the prod
uction of clean preparations free from the very fine organic 

debris which can obscure palynomorphs and make examination 
of slides so laborious (Neves & Dale 1963, Streel 1965). 

Nevertheless,at the time this investigation was begun I felt 
that, with the small size of much of the angiosperm pollen 

and many of the acritarchs present in the Tertiary samples, 

there was a real danger of losing material. Consequently I 

decided not to sieve samples which were to be counted al

though at a later date samples CH 6E, PB l3E and PB l6E 

were sieved with a 10 micron nylon sieve to provide cleaner 

specimens for photography. 
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2.3 COUNTS. 

Smith & Butterworth summarise some of the published 

views on the validity of palynological counts (1967, p.l05, 

106). Various authors suggest that between 150 and 1,000 

individuals should be counted if the results are to be re

presentative of the total assemblage although Barkley 

(1934, p.288) sees no advantage in counting mpre than 200 

specimens and Dimbleby (1957, p.14) demonstrates graph

ically that the rate of increase of species recorded de

clines rapidly after about 250 specimens have been counted. 

He finds: that all species present at 1% or more are re

corded within the first 250 grains. 

Cross (1950, ~23) suggests the diversity of the flora 

and the relative abundance of individuals should also be· 

considered in determining the size of a count. This is a 

view supported by Wilson (1959). He states that a sample 

will be sufficiently analysed if between 150-200 grains are 

counted but, where many species are present, or where one 

or two species are very abundant, the less abundant taxa 

may not be recorded in the first 200 grains. He describes 

a species-spectrum curve in which the number of specimens 

counted is plotted against ~he number of species recorded. 

The curve trends upwards as the number of species observed 

increases with additional counted specimens. When the 

number of species in the assemblage is nearly exhausted the 
curve flattens strongly. After this "break-off pOint" few 

additional species will be added regardless of the number of 

specimens counted. 
Preliminary examination of samples from the Shorne 

Wood and Pincents Kiln sections showed that several lith

ologies contain rich and diverse microfloras. It seemed 

unlikely that a count of 250 individuals would be repre

sentative of the microfloras as a whole. Species-spectrum 

curves were therefore plotted for samples from the lignite 

and the Woolwich Shell Beds at Shorne Wood (JL 867 and 

JL 887 respectively) and from the Reading ~eds at Pincents 

Kiln (PK 4). 

As -expected the "break-off point" occurred earliest in 

the least diverse assemblage, the Woolwich Beds Lignite, 

JL 867 (Figure ~.12), after a count of 230 when 24 species 
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BREAK-OFF 
POINT 

New slide introduced 

100 300 
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Figure 2.12 Species spectrum curve for sample JL 867: 
Woolwich Beds lignite 

had been recorded; only 4 additional species were recorded 

after a total count of 450 specimens. In contrast, the other 

samples needed counts well over 250 to reach "break-off 

point"; it occurred at 810 in PK 4 (after 65 species had 

been recorded, Fig. 2.13) and at 1,200 in JL 887 when 95 

species were recorded (Fig. 2.14). Clearly a count of 250 

grains would not record all of the species present in these 

assemblages. 

Nevertheless it is impracticable to count as many as 

1,000 specimens for every sample. From consecutive counts of 

250 grains (recorded during the count of 1,500 on sample 

JL 887) it is clear that the relative abundance of the 

commoner taxa is established during a count of the first 

250 specimens. The problem lies with the rarer taxa which 

are important as evidence of the diversity of the micro

flora, which may be useful in establishing local and re

gional elements of the flora or may be of stratigraphical 

value. But it is well known that many variables influence 

the distribution and preservation of palynomorphs in 
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sediments (see Chapter 5) and a combination of these factors 

diminishes the value of accurate percentage data for rare 

taxa, a simple record of their presence or absence is 

equally useful. 

The following method was therefore adopted in order to 

establish the relative abundance of the common taxa but also 

to record as many of the rarer taxa as possible. Firstly 

250 spores and pollen were counted (at a magnification of 
x 400 with x 1000 for specific identification as necessary). 
Then one or more extra slides were scanned at a lower magn
ification (x 100 with higher magnification as necessary) 

to record any additional species. This is not quantitative 

and the number of additional specimens scanned depended 

entirely on the richness and diversity of each sample. 

Although this investigation deals primarily with spores 

and pollen it was considered important to have some record 

of the acid resistant microplankton also present. During 

the initial count of 250 spores/pollen any dinoflagellate 

cysts and acritarchs or other algae encountered were re

corded. The number of microplankton counted per 250 pollen 

and spores is consequently very variable, ranging from 0 

in JL 864 (Woolwich Bed Lignite) to 708 in PB 8 (Thanet 

Beds).It was then possible to express each spore/pollen 

taxon as a percentage of the total spores and pollen, sim

ilarly microplankton as a percentage of the total micro

plankton. Total spores/pollen and total microplankton were 

also recorded as percentages of the total microflora, but 

these data are strongly influenced by processing techniques 

and should be treated with caution (see Chapter 5). The 

results of the counts arepresentedinChapter 5 and Appendix 

2. 

2.4 PHOTOGRAPHY. 

Transmitted light was used for routine photography and 

taxonomic studies but several taxa were also examined and 

photographed with the scanning and transmission electron 

microscope. 

Strew mounts and single spore mounts used for photo

graphy are in the author's private collection, as are the 

S.E.M. stubs, specimens used for scanning electron 
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photomicrographs which were later mounted in glycerine 

jelly and T.E.M. grids. The slide number and England 

Finder location for each specimen illustrated by transmitted 

light are given on the plate explanations. 

Transmitted Light. 

The taxonomic studies were made on specimens in strew 

mounts, examined by transmitted light: most of the illu

strated specimens corne from these slides. Only a few single 
spore mounts were made since many of the more significant 
taxa occur in low numbers and are not easy to locate at 
low power on an open strew mount, their small size also 

makes handling difficult. 

Light photomicrographs were taken using a Zeiss photo

microscope and Pan F or FP 4 black and white film. Most 

were printed at a magnification of x 1000. (See plate ex

planations) • 

Scanning Electron Microscopy. 

The scanning electron microscope has been used for the 

study of several fossil angiosperm species (Kedves & Stanley 

1976a, b: Kempf 1973: Laing 1975; Rouse & Srivastava 1970: 

Stanley & Kedves 1975) and gives useful additonal morph

ological data, particularly on the external ornament of 

individual taxa. Unfortunately it is not always easy to 

identify specimens from scanning electron micrographs alone, 

particularly the less distinctive triporate/triatriate 

pollen and small tricolpate/tricolporate grains where 

aperture type and internal exine features are of greater 

importance for specific identification. The study of fossil 

pollen grains with the S.E.M. is most useful when the same 

specimen can also be identified by transmitted light. 

Some of my first S.E.M. studies were made on strew 

mounts: the pollen residue in water was allowed to dry 

directly onto the stub. Although reasonable photographs 

were obtained (see Monocolpopollenites tranauillus, Pl.3 

fig. 13 ) it was impossible to recover individual speci

mens for later examination by transmitted light. 

Alternative methods were tried. For species which 

occur in "clumps" (e.g. Nyssapollenites sp. A) small groups 

were picked from a watermount with a brush and placed 
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separately onto a stub. With the larger size of each group 

and its isolation on the stub it was usually possible to 

transfer it to a microscope slide and mount in glycerine 

jelly once S.E.M. examination was complete, although some 

specimens were lost. 

The most successful method for single specimens was to 
pick them individually using a micro-picker 

and to mount several grains close together within a grid on 
a circular glass coverslip the same diameter as the stub. 
The micro-picker, which was made in the workshop of the 
Dept. Botany and Microbiology, University College London, 
is a modification of the device designed by Kidson & 

Williams (l97l). It clamps onto the xlO objective of the 

palynological microscope so allowing sufficient space for 

movement between the objective and microscope slide. A 

single paint brush hair is mounted, with a drop of candle 

wax, into a thin metal arm which is adjusted manually until 

the tip of the hair is visible in the field of view. The 

metal arm can be raised and lo~ered by means of a knurled 

screw and the specimen is picked up by the paint brush 
hair. Several drops of the pollen/spore residue in water 

were put on a microscope slide and allowed to dry and the 

coverslip on which specimens were to be mounted was placed 

towards the end of the same slide. The strew mount was 
scanned, a specimen selected and transferred to the cover
slip using the micro-picker. In most cases no glue was 
used, but occasionally specimens were mounted in a thin 
smear of "polyvinylpyrolidone" adhesive. The coverslip was 

then fixed to the stub with several layers of doublesided 
"Sellotape" before being coated by evaporation of gold

palladium in a Polaron sputter coater. After study the 

coverslip was easily removed and mounted on a slide with 

glycerine jelly for examination by transmitted light. Un
fortunately, although very thin, the gold-palladium coating 

is liable to crack as the specimens are mounted in glycerine 

jelly. They remain identifiable but are not suitable for 

photography. 

I am grateful to Mr. P.D.Moore for the Dept. of 

Crystallography, Birkbeck College, for operating the 5tereo

scan 52 and to Mr. M. Gay (formerly of the Dept. of 
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botany and Microbiology, University College London) and 

Prof. W.G.Chaloner for operating the Cambridge Stereoscan 

S600. 

Transmission electron microscopy. 

Kedves & Pardutz (1970, 1973) describe the ultra

structure of several early Tertiary angiosperm species and 

Kedves and Stanley (1975, 1976a, b) use a combination of 

S.E.M., T.E.M. and transmitted light for the analysis of 

their specimens. In their 1970 paper Kedves & Pardutz 

illustrate nine species but point out that, in order to 

obtain sufficient material suitable for publication, they 

needed 5-10 specimens of each species and prepared and 

studied 150 "blocks" (grains mounted in resin). Kempf 

(1973) comments on the difficulty of handling dispersed 

fossil miospores because of their small size and used 

Miocene Alnus pollen from anthers for his scanning and 

transmission electron micrographs. 

The lignites in the Woolwich and Reading Beds at Shorne 

Wood contain several whole anthers of Platycaryapollenites 

platycaryoides as well as abundant dispersed grains. The 

wall structure of this species is particularly interesting 

since, when seen in transmitted light it has a 'series of 

crossing arcs which appear to be exine thinnings although 

these are frequently associated with folds. The presence of 

anthers made this an ideal subject for transmission electron 

microscope studies. For comparison, dispersed grains were 

examined with the S.E.M. 

Specimens were prepared as follows. After maceration 

of the lignite, sample JL 865, as described above (Section 

2.2, p. 5~ the residue was passed through a 124 micron 

mesh sieve and the coarse fraction was searched for anthers 

and large clusters ofPlatycaryapollenites platycaryoides. 

These were picked, mounted in water and their identification 

was checked. Specimens were then dehydrated, gradually 

transferred from absolute alcohol into acetone (which is 

miscible with araldite) and stained with aceto-carmine 

before being embedded in a thin film of araldite on a 

glass slide. The araldite was cooked at 600 C for 24 hours 

until set and then cut to form a small cube around each 

specimen. A prepared capsule of araldite was trimmed to a 
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pOint at one end, the top cut off and a cube containing a 

specimen fixed to it with a drop of araldite. The capsule 

was baked as before until the ara1dite was set and the tip 

of the capsule was cut square close to the specimen. Ultra

thin sections were cut on a Porter Blum u1tratome with a 

diamond knife and mounted on copper grids. 

I am indebted to Dr. Celia Cave (Dept. of Botany & 

Microbiology, University College, London 1972) ~or advice 

on the preparation of specimens for transmission electron 
microscopy and for actually cutting the ultra-thin sections 
for me. The T.E.M. was operated by Graham Lawes of Birk

beck College, University of London. 
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CHAPTER 3. PALAEOBOTANICAL BACKGROUND. 

3.1 SUMMARY OF PLANT MACROFOSSILS DESCRIBED FROH THE 

PALAEOCENE AND EARLY EOCENE OF SOUTHERN ENGLAND. 

Plant remains were discovered from several Palaeocene 

and early Eocene horizons in Britain during the nineteenth 

century. These are well documented in the descriptions of 

contemporary excavations by Gardner (1883), Prestwich (1850, 

1852, 1854), Webster (1814), Whitaker (1866, 1872, 1889) 

and Blake (in Monckton 1903). Some of these specimens were 
identified (or re-identified) and described by Hooker (1854, 

1855), Gardner and Ettinghausen (1879, 1880, 1882), and 

Gardner (1880, 1883-1886). 

The most comprehensive recent work is that of Reid & 

Chandler (1933) and Chandler (1961, 1964). They reassess 

some 'of the early identifications and describe much new 

material. Chandler (1964, p.2) comments that at least 140 

genera and some 500 species (mainly fruits and seeds) have 

been described from the London Clay, although Collinson 

(1978) pOints out that many of these taxa are only known 

from single specimens. Table 3.1 (after Chandler 1961 and 

1964) lists the taxa recovered from each of the Palaeocene 

formations and those which also occur in the London Clay 

and younger Palaeogene strata. For the complete floral list 

for the London Clay see Chandler 1961. Additional fruit, 

seeds and leaves from the London Clay are identified by 

Collinson (in George & Vincent 1977) and thirteen taxa are 

listed by Cooper (1977). 

In contrast to the diversity of the London Clay mat~ 

erial comparatively few taxa have been described from the 

Palaeocene horizons; Chandler (1964) lists only three 

species from the Thanet Beds (two species of Pinus and 

Osmundites dowkeri Carruthers)~ and about 24 species (fruits 

and seeds) from the Oldhaven Beds but these are generally 

poorly preserved. A few additional taxa have been recorded 

since~ for example rare Canticocculus sp. and common seeds 

of lodes multireticulata Reid & Chandler, from the Astarte 

tenera Bed in the Thanet Beds near Herne Bay (Ward 1978). 

Chandler (1961, 1964) records about 40 species of 

fruits, seeds and leaves from the Woolwich and Reading 



Table 3.1 
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TABLE 3.1 !' 

EXTANT GENERA RECOGNISED. 
1 .. ! A. .. 
: M ::1 >-

i 
:§ 1 i i 

.!! U (.) m 
~ t i 1 .c:' i 8 .. .! :I Family or • 0 

section Genu. and .pecie. ~ ~ iii 6 .3 > 

Equisetaceae Equisetum .p. (2) • • 
O.mundaceae Osmunda dowkeri (Carruthit's) Ch. x • 
Schizaeaceae Anemia subcretacea (Sa.) G. & Ett. x • x 

Lygodium prestwichi (G. & Ett.) G. x 
Lygodium .p. (2) • 

Pinaceae Pinus macrocephalus (L. & H.) G. x • • 
Pinus prestwichi G. x 
Plnussp. • 

Taxodineae Sequoia coutt.iae Heer. x x x 
Sequoia sp. • 

Cupressin .. e Libocedru. adprnsa G. x • • 
Betulaceae Carpinu. davi.! Ch. x • 
Menispermaceae Cocculus? serratus (Ch.) Ch. x + 

Tinospora excavata R. & Ch. x x • 
Hamamelidaceae Liquidamber palaeocenlca Ch. x + 
Rutaceae Phellodendron costatum Ch. x + x 

Zanthoxylon sp. • • 
lcaclnaceae Natsiatum eocenicum Ch. x x x x 
Vitaceae Vitis .p. (3) • • • 
Theaceae Cleyera? cooperi (Ch.) Ch. x 

Cleyera? Itigmosa (Ludwig) Ch. x x x x 
Cleyera? warreni (Ch.) Ch. x 

Flacourt!aceae 1Oncoba varlabilis (Bowerbank) R. & Ch. x x • 
Haloragidaceae Haloragis .p. • + 
Cornaceae Mastixia .p. • • • 
Symplocaceae 7Symplocu •• p. • • • 
Caprifollaceae Aballa palaeocanica Ch. x • 

Sambucus .p. • • 
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TABLE 3.1 

B. ORGAN·GENERA RECOGNISED. 

..; i ! c: 

i!' = .. 
i .s: 

'0 
II 6 

~ a: • >-..; • J j 0 1;: 
1i .. 

~ 'j c: f Family or 
0 

i i 'I 1 8 
section Organ genus and species ~ as ~ > 

Cupreui_ Cupressistrobus gardneri Ch. x + x 
Potamogetonaceae Limnocarpus cooperi Ch. x + • 

Limnocarpus? magnus Ch. x 
Limnocarpussp. • 

Gramineae ' Genus? + + 
Cyperaceae Caricoidaobvata Ch. x • 

Caricoides minima (Ch.) Ch. x 

Pal mae Genus? + + + 
Fagaceae Ouercinium porosum Brett. x + • 
Nymphaceae ?Palaaonymphaea sp. (-Carpolithes ovulum Brong.) • + • 
Menilpermacaee Canticocculus cooperi Ch. x + + 

Genus? + 
LaUI'8ClH Laurocarpum sp. (Cinnamomum sp.?) • • • 

Laurocerpum spp. (5) • 
Laurocarpum spp. (2) • 

Leguminolll Leguminolites gardneri Ch. x + + 
Leguminolites Ip. x 

Genus? (Caesalpinoideae) + 
Euphorbiacaee Genus? + + + 
Anacardiaceae GenuI? (Rhus? or Pistacla7) + + + 

Edenoxylon .emulum Brett (1966) x 

Rhamnacaee Genus? + + 
Comaceae Eomutixia rugosa (Zenker) Ch. x ? + x 
Epacridacaee Genus? + + + 
Apocynaceae Apocynospermum lakense Ch. ? + x 

Genul? + 
eercidiphvlllC888 Jenkin .. ". apocynoides R It Rh. preservation x x 

Carpolith .. gardneri Ch. variants of the 
lime orlln 

x • • 
(Crane 1978) 

KEY. 

Taxa p .... ent Abbreviations 

x • speel .. Brong. · Brongniart H. · Hutton 

• . genus Ch. Chandler L. · Lindlev 

+ • familv Ett. · Ettlnghausen R. · Reid 
G. · Gardn. S. · $apol1l 
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Beds, most specimens coming from comparatively few, rest-

ricted horizons. In the Reading area most are from the int

erval between the marine Bottom Bed and the mottled clays. 

Hooker (1854) describes fragmentary leaves from the Read

ing Leaf Bed, 10' (c. 3m) above the Chalk in the railway 

cutting at Reading and Gardner (1886, p.400, quoted in 

Chandler 1961, p.68) reports leaf beds in Katesgrove Pit, 

in which one bed is almost wholly made up of leaves of 
Plantanus with fruits of the same common in the bed above. 

(Chandler 1964, p.68 refers these to the Hamamelidaceae: 

Liquidambar palaeocenica in part). Further specimens from 

the Reading Leaf Bed in the Waterloo Brickyard, Reading are 

described by Newton (in Monckton 1903) and are compared with 

Hooker's material. Chandler (1964, p.89) lists more mater

ial, nine different taxa, including leaves, fruits of 

Liquidambar palaeocenica and pods and twigs of Carpolithes 

gardneri which Chaloner collected from the Reading Leaf Bed 

at Waterloo Kiln in 1952. Further evidence of the abundance 

of plant material in the Reading Beds is given by Hawkins 

(1946), who describes a "peat of matted leaves" (c.2m above 

the Chalk) at Theale near Reading and a similar lignitic 

seam in a borehole in the Enborne Valley (1955) which he 

compares with one noted at Ewhurst, about 6.5krn to the south, 

by Prestwich (1854). 

Lignites have also been reported within the Woolwich 

facies of the Woolwich and Reading Beds from the central 

part of the London Basin, between London and Shorne Wood, 

Kent. Whitaker (1872) and Lavis (187'6) mention a seam 3-6" 

(7.5-15cm) thick within the Plant Bed at Loam-pit Hill, 

Lewisham and another occurs at St. Mary Cray (Whitaker 

1872). The lignite searn below the Shell Beds at Shorne Wood, 

Kent, is well known from Chandler's description (1923) and 

from later excavations nearby (see Martin 1976). Other iso

lated occurrences are known from borehole data (e.g. the 

Crystal Palace Borehole see p.32 above). 

Most of the plant remains have come from the unit above 

the Shell Beds, the Striped Loarns (i.e. the Plant Bed of 

Lavis (1876) and the Leaf Bed of Lewisharn, Pitcher et al. 

(1967». Many leaves and some seeds were found in this 

unit at Loam-Pit Hill (Lavis 1876). Also from Lewisham, 
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TABLE 3.2 

TAXA RECORDED FROM COLD ASH QUARRY NEAR NEWBURY. 

(after Crane 1977). 

Cercidiphyllum leaf 

Cercidiphyllum fruit (Caroolithes gardneri Ch.) 

Cercidiphyllum seed 

Carpinus winged fruit extinct Betulaceae, closely 

Carpinus isolated nutlet related to Carpinus and Corylus 
Craspedromous leaf type (cf. Betulaceae) 

Rhododendron seed 
Rhamnospermum bilobatum Chandler 

Pitted seed (cf. Vaccinium) 

Leguminosites gardneri Chandler 

Legume pods and leaflets (possibly Legurninoseae) 

Spiny fruit (superficial similarity to Onobrychis) 

Monocot. leaf fragments 

Rhizome fragments (3 types). 

Carnptodromous leaf type (heterogeneous) serrate 

(probably Juglandaceae) 

Cam~todromous entire leaf type, Lauraceaephyllurn 

stenolobatus (Lauraceae). 
"Aralia looziana'·' Sap. & lotar. = Platanus schimperi 

(Platanaceae). 

"Acer" leaf type 

Entire margined leaf type (heterogeneous, few characters) 

Conifer leafy shoot (small scraps only). 

At least 15 further taxa including 8 other reprQductive 

structures, dicotyledonous leaves, megaspores (Mineri

sporites spp., Horstisporites spp.) and fungi. 
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Hooker (1855) describes the seeds Carpolithes ovulum 

Brong., later referred to Palaeonymphaea sp. by Chandl.er 

(1961). Seed vessels and monocotyledonous and dicotyledonous 

leaves were found in the Woolwich Beds at Counter Hill near 

Lewisham (Prestwich 1854) including Asplenium (later re

ferred to Pteris (?) prestwichii by Gardner & Ettinghausen 

(1879) and then to Lygodium prestwichii (G. & Ett.) Gardner). 

Other specimens recorded from the Woolwich Ballast Pit 
include Carpolithes? (in Prestwich 1854) and Whitaker (1889) 

lists taxa identified by Gardner from several localities, 

particularly Libocedrus adpressa Gardner from the Leaf Bed 

at Widmore, Bromley; Liriodendron gardneri Sap. from Dulwich 

and Lygodium prestwichii (Gard. & Ett.) Gardner from Lewis

ham, Croydon and Dulwich. 

The most interesting recent finds of plant fossils corne 

from Cold Ash Quarry near Newbury, from a series of clay 

and silt pockets within the cross-bedded sand unit near the 

base of the Reading Beds. The rich and diverse assemblages 

are particularly important because of their high proportion 

of angiosperm leaves as well as fruits and seeds. Mr. Peter 

Crane is currently investigating this material. Various 
fruits and seeds have already· been described including 

Rhododendronseeds (Collinson & Crane 1978), fruit and leaves 

of the Ceridiphyllaceae, winged fruits of the Carpinus 

type, putative Leguminous pods, Leguminosites gardneri 

Chandler and various angiosperm leaves (Crane 1978). Collin

son (1978) recognises dispersed anthers and seeds tenta

tively referable to Vaccinium and Cleyera. 

Table 3.2 is taken from a field trip handout prepared 

by Mr. P. Crane (October 1977) and summarises the taxa he 

had recorded from Cold Ash Quarry at that time. The Cercid

iphyllum types are considered to belong to an extinct genus 

similar to modern Cercidiphyllum, similarly the Carpinus 

winged fruit and isolated nutlets are believed to be ex

tinct Betulaceae, closely related to Carpinus and Corylus. 

The legume pods are possibly Leguminoseae and are assoc

iated with related leaflets. The camptodromous entire leaf 

type is referred to Lauraceaephyllum stenolobatus and 

"Aralia looziana" Sap. & Mar. is in fact Platanus schimperi 

(Crane personal communication). 
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Comparison of macro- and microfloras from the London 

Clay (Ma Khin Sein 1961, Chandler 1961) has shown that the 

same taxa are not necessarily·present or equally represented 

in the macro- and microfloras. The macrofossil finds from 

Cold Ash Quarry are therefore particularly relevant to the 

present study; although only two palynological samples have 

been examined the results compl~ment the macrofossil data 
and help to give a more complete inventory of the Reading 
Beds flora as a whole (Chapter 5). 

3.2 SUMMARY OF PREVIOUS PALAEOCENE AND EARLY EOCENE 

PALYNOLOGICAL STUDIES IN BRITAIN, NORTHWEST EUROPE 

AND NORTH AMERICA. 

Pollen and spore assemblages from the Tertiary of north

west Europe are well known from the p~oneering work of 

Potoni~ (1931, 1934), potonie & Venitz (1934) and from the 

works of Thomson, Pflug, and Krutzsch during the 1950s 

(including Thomson & Pflug 1953, Pflug 1953, Krutzsch 1958). 

Many of the taxa they describe are long-ranging and are im

portant constituents of the Palaeocene and early Eocene 

microfloras of southern England. Other significant additions 

to the early Tertiary microfloras of Europe have been made 

by Kedves (many papers on Hungary and the Paris Basin, part

icularly 1960, 1961, 1969, 1970, 1974); Gruas-Cavagnetto 

mainly on the Paris Basin (1966, 1967a, b, 1968, 1977) and 

Roche on Belgium (1965, 1968, 1973a, and b and, with Schu

macker-Lambry, 1973). Krutzsch has continued to publish 

taxonomic and stratigraphic data (1962a, 1966, in G6cz~n et 

ale 1967, 1968, 1970 and, with Vanhoorne, 1977). 

Similarly, many of the acid resistant microplankton 

taxa reported from early Tertiary sediments on the Contin

ent also occur in southern England (see Pastiels 1948, 

Klumpp 1953, Alberti 1959, 1961, Morgenroth 1966, De Con

inck 1969, 1971, Gocht 1969 and Caro 1973). 

Figures 3.1 and 3.2 sumrnar~e the publications (mainly 

on pollen and spores but with a few on acid resistant micro

plankton) which are relevant to the present investigation. 

Data from Britain, northwest Europe and north America are 

included. 
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on Palaeocene and early Eocene deposits of Britain 

and other parts of northNest Europe. 



E. 
EUROPE PALAEOCENE EOCENE 

Thanet 1 w. Be R'I London 
< Probable British equivalent Beds Beds Clay 0 c: 

Thanetian ? t French terminology (after Curry et at 19691 : ~ Sparn..:ian 
... 
~ ... 

Lower Upper .. 
Bel9ian terminology (after Roche 197381 Montian Vpresian .. 

Landenian 
.. 

I Early Eocene (after Krutzsch 1966 I Germen terminology 
? ·Sparnac.' + ·Vpr .. : and Kr. & V. 19771 

De Coninck 1968 

Krutzsch & Vanhoorne 1977 
Pastiels 1948 

CD 

Roche 1966.1968 m 
r-

Roche 1970 e 
c: 

Roche 19738,b ~ 

Schumaker· Lambry & Chateauneuf 1976 

Schumacker - Lambry at Roche 1973 

Chllteauneuf & GruM . CaylgMtto 1968 

GruM . ClYegnetto 1966. 1967a.b. 1968 
." 

GruM' Cavagnetto 1972 :II - ,. 
GruM' CaYBgnetto 1977 z n 
Keely .. 1969,1970 m 

Ollivier . Pierre 1970 

Alberti 1961 
I 

Gocht 1969 

- Klumpp 1953 ~ 

Krutzsch 1958.1966. 1970 m 
:II 

Krutzsch. Pcbalek 8& Spiegler 1960 
~ ,. 
Z 

Morgenroth 1966 < 
Pflug 1953 

Thomson at Pflu9 1963 

Auffret & GruBS - CaY8gnetto 1976 

Cato 1973. 1976 

Goczan et at 1967 0 .... 
GruM - Cevagnetto 1976b % 

m 
Htri...tier et aI. 1979 :D 

(It 

loakim 1979 

Keely .. 1963 



(") 
::D 
m .... 
> 
(") 
m 
0 
C en 

."r-
3! . iii 

PALAEOCENE EARL Y & MIDDLE 

EOCENE 
-< 
0 

f Landenian c 
C ~ 

S. Ypresian Lutetian 'I Probable European equivalent 

Thanetian I Sparnacian 

... • j' !!l (after Fairchild & EI.ik 19691 ~ ... 
!l • 

Midway I Wilcox I Claiborne after Fairchild & Eisik 1969 

: after Stanley 1965 and Fort Union Formation : Leffingwell 1971 

- Dlm.sa 1979 

Drugg 1967 

EI.ik 19681,0 

Eisik 1974 

Eisik & Dilcher 1974 

Fairchild & EI.ik 1969 

Freljeriksen 1980 

Frederiksen & Christopher 1978 

Leffingwell 1971 

Nichols 1973 

--- Nichols & Ott 1978 

Nichols & Trlverse1971 

Norton & Hall 1967 

Potter 1976 

Sriv ... va 1972 

Stanley 1965 

Stover, Eisik & Fairchild 1966 

Tschudy 1973 

Tschudy 1975 

Williams 1974-

William. & Brideaux 1975 

Wodahouse1933 

Figure 3.2 A selection from the palynological 

literature on Palaeocene and early Eocene 
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There have been comparatively few publications dealing 

with pollen and spore assemblages of Palaeocene and early 

Eocene age from Britain. Amongst the earliest work is that 

of Simpson (published posthumously in 1961) which describes 

material from the Tertiary Igneous Province, from inter
basaltic sediments of Mull and adjacent areas. Although 

Simpson considers this assemblage to be Oligocene-Miocene 
in age, later workers disagree. Martin (1968) describes 

several species of the late Campanian-Danian genus Aquila

pollenites from these deposits and Phillips (1974) recog

nises assemblages dominated by reworked material. The de

posits were also studied by Srivastava (1975). He con

cludes that they are of Maastrichtian age although Boulter 

(in Curry et ale 1978) questions this interpretation and 

favours a Palaeocene-Eocene age. 

Several palynological studies of early Tertiary sedi

ments from southern England are predominantly taxonomic. 

Macko (1961) and Sein (1961) describe taxa present in 
the London Clay although the latter also includes some in

formation about the Woolwich and Reading Beds. Ma Khin Sein 

compares the fossil taxa with pollen from extant genera and, 

from their present ecological requirements, she extrapolates 

the possible climatic conditions which prevailed in southern 

England during the deposition of the London Clay. Pallot's 

study (1961) also compares fossil and extant taxa and she 

c.onsiders the ecological implications for the fossil micro

flora. Although her material (Eocene-Oligocene) is consider

ably younger than mine her assemblages are useful for com

parison and for establishing the upper limit of some of the 

taxa found in the Palaeocene and early Eocene. Durand & 

Ollivier-Pierre (1969) briefly examined the Thanet Beds, 

Woolwich and Reading Beds and London Clay, as well as 

younger formations, in their search for fossil Nipa pollen, 

although they only record it from horizons above the Lon

don Clay. 

Publications which are of direct relevance to the 

present investigation include Gruas-Cavagnetto (1970a), in 

which a microflora from the Woolwich and Reading Bed~ at 

the Swans combe Park road cutting is described. In her 1976a 
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paper Gruas-Cavagnetto summarises the stratigraphical dist-

ribution of taxa obtained from British sections and gives the 

results of pollen counts on samples from the Thanet Beds (5), 

the Woolwich and Reading Beds (5, including two of my 

samples, from the Lignite and the Woolwich Shell Beds at 

Shorne Wood) and the London Clay (4), as well as from younger 

strata. Martin (1976) describes megaspore and microspore 

massulae of Azolla anglica Martin and Salvinia cobhamii 

Martin from the lignite within the Woolwich and Reading Beds 

at Shorne Wood and presents a pollen diagram based on four 

samples through the lignite (see discussion Chapter 5.3). 
As part of her study of plant macrofossils from south

ern England Collinson (1978) gives results of palynological 

analyses of samples from the Reading Beds from Cold Ash 

Quarry near Newbury and compares the micro flora with the 

plant macrofossils recorded from the same site (Collinson 

& Crane 1978, Crane 1978). Dr. K. Fowler is currently 

studying spores and pollen from Eocene to Oligocene sedi

ments of the Hampshire Basin, including the higher parts of 

the London Clay at Alum and Whitecliff Bays. 

Since the early 1960s several theses have been written 

on acid resistant microplankton from Palaeocene and early 

Eocene strata of southern England. Hussain (1967) records 

assemblages from the Thanet Beds to the London Clay and 

Williams also describes dinoflagellate cysts from the Lon

don Clay (1963 and in Davey et ale 1966). Data from both 

of these works are summarised in Downie, Hussain and 

Williams (1971) in which a se~ies of microplankton assoc

iations is described. Denison (1977) also defines dino

flagellate cyst associations from the Thanet Beds to London 

Clay and compares these with microfloras described from 

northwest Europe. 

Several dinoflagellate cyst zones and associations have 

been recognised through the early Tertiary in northwest 

Europe. The Deflandrea speciosa Zone in the Ilerdian of 

Spain (in part equivalent to the late Palaeocene) was esta

blished by Caro (1973) but the zonal index species was not 

recognised in the British succession until Harland (in 

Knox and Harland 1979) suggested that Q. speciosa and Q. 
oebisfeldensis were synonymous. The latter is present in 
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the Thanet Beds (Denison 1977, Harland 1979 and personal 

observation). Hussain (1967), Downie, Hussain and Willians 

(1971) and Denison (1977) record a distinctive Areoligera 

association in the Thanet Beds of the London Basin. Hussain 

also recognises a new species of Eisenackia which occurs 

commonly at that level although rare specimens do occur in 

the London Clay. This form is also described by Denison (as 

Eisenackia minima, 1977) and was published as Alisocysta 
margarita by Harland (1979) who considers it to be a useful 

Thanetian marker. It appears to have a widespread distri

bution since Caro illustrates a specimen from Spain (1973), 

Drugg (1967) and Damassa (1979 , as Alisocysta rugolirat~ 

record it in the Danian of California and it occurs in the 

late Palaeocene of the North Sea (Harland 1979, Ioakim 197~ 

personal observation). 

The Woolwich facies of the Woolwich and Reading Beds 

contains assemblages characterised by species of Apectod

inium (formerly Wetzeliella). These are the Wetzeliella 

associations of Hussain (1967), Downie et ale (1971) and 

Denison (1977). Costa & Downie (1976) use various species 

of Wetze1iella (a taxon now revised to include Apectodinium, 

Kisselovia and Rhombodinium) to establish a series of 

eight zones, ranging in age from late Palaeocene to Oligo

cene and recognisable in France, Belgium and Germany as 

well as in Britain. These, and other Wetzeliella Zones are 

also recognised in southern England by Denison (1977) and 

Costa, Denison and Downie (1978), in the English Channel 

(Auffret & Graus-Cavegnetto 1975 and Gruas-Cavagnetto 

1976b), in the North Sea (H~ritier, Lossel & Wathne 1979, 

Ioakim 1979 and Knox and Harland 1979) and in Spain and 

southern France (Caro 1973). 

In contrast, Eaton (1976) bases his zonal scheme for 

Eocene strata of the Isle of Wight on a variety of differ

ent genera and incorporates Wi1li~s's data to cover the 

London Clay sequences at the base of his sections. Although 

Eaton's material is younger than mine his data are useful 

for demonstrating the upper limits of some of the Palaeo

cene and early Eocene taxa. In their 1980 publication 

Bujak, Downie,Eaton and Williams combine their data to 

produce a zonation based on dinoflagellate cyst.s from the 
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London Clay to the Barton Beds (early Eocene to Oligo

cene). 

A considerable volume of work, both on pollen and 

spores and on acid resistant microplankton is available on 

early Tertiary sections from North America. A small selec

tion of papers is listed in Figure 3.2. 

One difficulty in comparing north American and Europ

ean pollen assemblages arises from the practice, favoured 

by some American authors, of assigning fossil spores and 
pollen to recent genera (Stanley 1965, Elsik 1974). Most 

European workers in contrast generally use form-generic 

names (Thomson and Pflug 1953, Kedves 1960 and others, 

Krutzsch 1961, Roche 1965 etc. and Gruas-Cavagnetto 1968), 

although, in her most recent works Gruas-Cavagnetto does 

place greater emphasis on the probable botanical affinities 

of the fossils (e.g. 1976a, 1977). 

Elsik's descriptions of pollen and spores from the 

Palaeocene of Texas (1968a, b) are of direct relevance to 

the current investigation, as are the discussion of assem

blages from Palaeocene-Eocene lignites from different de

positional environments (Nicols and Traverse 1971) and the 

taxonomic studies of small triatriate pollen (Nichols 

1973, Frederiksen and Christopher 1978, Nichols and Ott 

1978). The work of Tschudy (1973a), Elsik (1974) and Elsik 

and Dilcher (1974) suggests that the stratigraphic ranges 

of severai taxa in No~th America differ slightly from their 

European equivalents. 
The papers of Stanley (1965) and Drugg (1967) include 

dinoflagellate cysts as well as pollen and spores. Other 

publications useful for comparison with the British dino

flagellate assemblages include several papers on Canadian 

sections by Williams (1974 and later), and Williams and 

Brideaux (1975). 
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CHAPTER 4. SYSTEMATIC SECTION 

This chapter is divided into two parts. The first 

deals primarily with spores and pollen but also includes 

very brief comments on the few seeds and fruits found in 

the Woolwich and Reading Beds~ and the second part deals 

with the acid resistant microplankton, dinoflagellate cysts, 

acritarchs and other algae. 

Selected species are illustrated on plates 1-24. 

4.1 SPORES AND POLLEN 

Nomenclature and Classification 

There is no general agreement amongst Tertiary palyn

ologists as to whether form-genera or extant genera are the 

most appropriate for dispersed Tertiary pollen. Some authors 

have used only fossil names and have based their supra

generic classification on morphology (Thomson & Pflug 1953, 

Potonie, 1956, 1960, 1966, Elsik 1968)~ others have used 

form-genera but have attempted to determine the botanical 

affinity of the fossil polleh and have used a natural 

(botanical) supra-generic classification, placing the genera 

into appropriate extant families (Gruas-Cavagnetto 1968, 

1977); yet others have placed the fossil pollen into extant 

genera whenever possible (Traverse 1955, Fairchild & Elsik 

1969) or have used a mixture of extant and fossil genera 

(Stanley 1965, Tschudy 1973, Frederiksen 1979, 1980). On 

the whole workers in northwest Europe have tended to use 

form-genera and to follow the morphographic classification 

of Potoni' (1956 et. seq.) while North American workers have 

more frequently placed fossil material into extant genera. 

There are several arguments against using extant 

genera for dispersed fossil pollen. From the botanical pOint 

of view there is usually insufficient evidence to prove that 

the whole fossil plant closely resembles the extant genus 

even though the fossil pollen is remarkably similar (e.g. 

Platycarya, Alnus, Nyssa). The pollen of many recent genera 

.has not yet been studied and so is not available for com

parison with fossil material. In every fossil assemblage 
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of dispersed pollen very few forms are distinct enough to 

be compared directly with extant genera, another type of 

nomenclature is therefore needed for the remainder, the 

major part of the assemblage. 

Most of the pollen types found in southern England 

have already been described under form-genera in the lit

erature from northwest Europe. In order to facilitate com

parison between these microfloras and those recovered from 

southern England I also have used form-genera and the mor
phographic classification of potoni~(l956 ~. seq.). I have 

tried to follow the International Code of Botanical Nomen

clature, Leningrad 1975 (Stafleu et al. 1978) as far as is 

practicable. In addition, the botanical affinity is also 

given for each species described wherever this is known. 

Descriptions. Since most of the species I have found in 

southern England have already been described in the liter

ature only selected taxa are dealt with in detail. All re

maining taxa are listed, some with an illustration and some 

with a short li~t of published illustrations which I con

sider to be typical of the taxon. 

All identifications and synonomy lists are based 

solely on the examination of illustrations, no type material 

has been examined. 

The groups considered in some detail include: 

i) genera in which species show considerable morpholo

gical variation and inter-gradation (e.g. Sparganiaceae

pollenites); 
ii) certain morphological groups in which the differenti-

ation of genera or species is controversial (e.g. the Momi

pites Group); 

iii) species which I have studied with the scanning or 

transmission electron microscope (e.g. Pistillipollenites 

mcgregorii). 

iv) species which have oniy been recorded rarely in the 

literature; 

v) new species. 

These forms are described and/or compared with simi

lar species; the dimensions are given for specimens from 

southern England (based on 10 specimens unless stated 
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otherwise); the botanical affinity is noted; general com

ments are made on the distribution in southern England 

(Observed distribution) and the distribution as previously 

reported in the literature (Reported distribution) is 

summarised. Further details of the distribution of indiv

idual taxa in southern England are shown in Appendix 2. 

New species. 

Several of the species described below are recognised 

as new. However, since species created in a thesis do not 

fulfil the criteria necessary for effective publication 

(I.C.B.N. 1978, Art. 29, 32) these are treated informally 

here. Each is placed in the appropriate genus as "species 

A" etc., specific epithets will be chosen before publica

tion. For each species one "typical specimen" has been 

chosen instead of a holotype. Descriptions are based on a 

minimum of five specimens, more where they are available. 

Terminology. 

Most of the descriptive terms I have used are de

fined in the "Morphologic Encyclopedia of Palynology" 

(Kremp 1965). Those listed below have a variety of defini

tions, my usage is as follows: 

Ektexine/endexine: I have followed Faegri & Iversen 

1950, p.16. (see Kremp 1965, p.44) "where the exine is more 

complex, it is possible to distinguish between two layers, 

an inner and an outer, which are called, respectively ende

xine and ektexine. The inner layer forms a continuous homo

genous membrane" Measurements of endexine and ektexine given 

in the descriptions below refer to these two layers. 

Foot layer of the ektexine: In some of my specimens, 

however, two distinct layers are visible within the homo

genous endexine; the outer one probably corresponds to the 

foot layer (i.e. the basal, non-sculptured portion of the 

ektexine) and the inner one to the more restricted "endex

ine" in the terminology of Larson, Skvarla & Lewis, 1962 

(Kremp 1965, p.156 and fig.545). 

Tectum Erdtrnan 1952, p.19 see Kremp 1965, p.166 and 

fig.648; equivalent to tegillum Erdtrnan 1952, p.471 "an 
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ectosexinous, + homogenous layer usually distinctly separ-

ated from the nexine by a baculate zone "(endosexine)" (Kremp 

1965, p.166). 

Costa (plural costae): Traverse 1955, p.95 (see 

Kremp 1965, p.32) "Endexinous thickenings under the rims of 

furrows or germpores". 

Margo (plural margines): Traverse 1955, p.93. "A 

narrow zone bordering a furrow. The margo is different from 

normal exine in ektexinous features, either in sculpture, 

and/or thickness. The ektexine is usually thinner in the 

margo than in normal exine, but may be thicker". 

Ornament: I use this term in the same way that Faegri 

& Iversen use "sculpture" (1950, p.25-27, see Kremp 1965, 

p.100). "Sculpturing elements; those elements which project 

beyond an imaginary even surface, either the endexine in 

intectate pollen or an imaginary surface touching the lower

most parts of the tectum". Equivalent to Potonie & Kremp 

1955 (in Kremp 1965, p.105) "Sculpture - Only those form 

elements which stand out in relief on the surface of the 

exine can be called sculpture". 

Scabrate: "flecked; with minute pits or elevations 

less than 1 micron in size" (Couper 1958, see Krernp 1965, 

p.106). 

Simplibaculate/duplibaculate/multibaculate: Erdtrnan 

1952. "muri etc., supported by a single row of bacula are 

simplibaculate". (Erdtrnan 1952, p.459 and Krernp 1965, p.141, 

fig.s 724, 725). The bacula in fig.725 are the supporting 

rods of the clavae. Similarly duplibaculate refers to two 

rows of supporting bacula (Erdt. 1952, p.462 and Kremp 1965, 

p.41, fig.720) and multibaculaterefers to more than two rows 

of bacula (Erdt. 1952, p.465 and Krernp 1965, p.92). 

Structure: "In tectate pollen grains one can differ

entiate in analogy to pollen sculpture types the following 

structure types according to the distribution of granulae 

beneath the tectum" (Iversen & Troels-Smith 1950, see 

Kremp 1965, p.102). Equivalent to Erdtman 1943, p.52 

"structure, texture; different patterns in surface view usu

ally more or less 'granular', not produced by eventual 

sculpturing of the exine but by formative elements within 

the exine" (see Kremp 1965, p.159). 
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Ruga (plural rugae): Thomson & Pflug 1953, p.20, 

translation from Kremp 1965, p.134" • col pi of appro-

priate structure which stretch parallel to the equator". 

ANTETURMA: SPORITES H. potoni~ 1893. 

TURMA: TRILETES Reinsch emend. Dettmann 1963 
SUBTURMA: AZONOTRILETES Luber emend. Dettmann 1963 

INFRATURMA: LAEVIGATI Bennie & Kidston emend. Potonie 1956 

Genus: HYDROSPORIS Krutzsch 1962 
" Type species: ~. azollaensis W. Kr. 1962 

Hydrosporis levis W. Kr. 1962 

Plate 1, figs. 1,2. 

1976 Salvinia cobhamii Martin, pl.28, fig.5. 

1977 Hydrosporis levis W. Kr. 1962; W. Kr. & Vanhoorne, 

p.8, pl.3, fig.9-1l, pl.9, fig.10-ll. 

Comments. Microspore massulae, without visible glochidia 

(plate 1, fig. 4), occur in the lignite horizon in the 

Woolwich and Reading Beds at Shorne Wood (sample JL 865). 

Microspores are clearly visible within teased microspore 

massulae (plate 1, fig. 1,2) although no dispersed specimens 

were seen. They are small, trilete spores, generally 

rounded triangular to circular in shape with a smooth exine. 

Size. 10 specimens, 17.5 (27.0) 32.0 microns. 

Comparison. Martin (1976) describes microspore massulae and 

microspores of Salvinia cobhamii from this locality. His 

description and illustration of the microspores (pl.28, 

fig.5) and the massulae (pl.27, fig.7) appear identical with 

the material recorded in the present study. However, Martin 

comments that the classification of fossil Salvinia species 

depends on both the leaves and on the spore bodies and that 

there is little evidence that the microspore massulae are 

at all species-diagnostic(p.180). The present material is 

therefore placed in the most suitable species for dispersed 

spores. 

Botanical affinity. Krutzsch & Vanhoorne (1977, p.9) relate 
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~. levis to Azolla or Salvinia. The similarity with Martin's 
material makes affinity with Salvinia more likely. 

Observed distribution. Present only in the lignite sample 

JL 865 from the Woolwich and Reading Beds at Shorne Wood. 

Reported distribution. See Krutzsch 1962a. 

Genus: LEIOTRILETES (Naumova) potoni~ & Kremp 1954 

Type species: ~. sphaerotriangulus (Loose) Pot. & Kemp 1954 
Leiotriletes spp. 
Plate 1, fig. 5,10. 

Observed distribution. Large, smooth trilete spores of this 

general morphology occur fairly commonly in the lignitic 

horizon in the Woolwich and Reading Beds at Shorne Wood. 

Individual species have not been determined. 

OTHER TAXA: 

Dictyophyllidites harrisii Couper 1958 

Stereisporites spp. 

Triplanosporites sinuosus (Pflug 1952) Thomson & Pflug 1953. 

See plate 1, fig. 3 and Roche 1973, pl.l, fig.20,21. 

INFRATURMA: APICULATI Bennie & Kidston emend. Potonie1956 

Genus: TEGUMENTISPORIS Krutzsch 1963. 

Type species. Trilites tegumentis Krutzsch 1959. 

?Tegumentisporis sp. 

Plate 1, fig. 7,8,11,12. 

Comments. Tegumentisporis rugulus (W. Kr. 1959b) W. Kr. 

1963 in Krutzsch & Vanhoorne (1977, p.13, p1.40, fig.7-10) 

is similar but probably not identical. 

Observed distribution. Separate species have not been iden

tified. The genus is never common but is most characteristic 

of the Reading facies of the Woolwich and Reading Beds at 

the western end of the London Basin, the Pincents Kiln and 

Cold Ash Quarry sections. 

OTHER TAXA: 

Baculatisporites comaumensis (Cookson 1955) Potoni~ 1956. 

Concavissimisporites verrUCQ5US De1court & Sprumont 1955 

(re"lorked) • 

Lepto1epidites spp. (reworked) 
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Osmundacidites wellmanii Couper 1953. 

Pilosisporites trichopapillosus (Thiergart) Delcourt & 

Sprumont 1955 (reworked). 

Trachysporites fuscus Nilsson 1958 (reworked). 

Uvaesporites argenteaeformis (Bolchovitina) Schultz 1967 

(reworked). 

INFRATURMA: MURORNATI potoni~ & Kremp 1954 

Cicatricosisporites dorogensis Potonie & Gelletich 1933. 

See plate 1, fig. 14 and Krutzsch 1958, pl.l, fig. 22-

25; Roche 1973, pl.2, fig.1-3. 

Cicatricosisporites paradorogensis Krutzsch 1959. 

See plate 1, fig. 15 and Roche 1973, pl.2, fig.4-6; 

Krutzsch & Vanhoorne 1977, pl.7, fig.l, 2. 

Cicatricosisporites spp. 

Klukisporites spp. (reworked in part). 

Lycopodiumsporites clavatoides Couper 1958 (reworked in 

part). 

Lycopodiumsporites spp. 

Taurocusporites segmentatus Stover 1962 (reworked). 

SUBTURMA: ZONOTRILETES waltz 1935 

INFRATURMA: CINGULATI potoni~ & Klaus emend. Dettmann 1963 

Genus: POLYPODIACEOISPORITES Potoni6 1956 

Type species. Polypodiaceoisporites (al. Sporites) speciosus 

(R.Pot. 1934b) Potonie 1956. 

Polypodiaceoisporites macrospeciosus (R. Pot. & 

Gell. 1933) Potoni~ 1956 

Plate 1, fig. 16. 

1961 Polypodiaceoisporites potoniei (R. Pot. & Gell.) 

Kedves subfsp. minor; Kedves p.136, pl.7, fig.22,23 

only. 

1965 Polypodiaceoisporites macrospecioslls (R. Pot.) Kedves 

1961: Roche p.428, pl.l, fig.5,6,7. 

1973 Po1ypodiaceoisporites potoniei Kedves 1961, subfsp. 

major Kedves 1961: Roche, p.40, p1.2, fig.17,18. 

1977 Polypodiaceoisporites potoniei (R. Pot. & Ge11. 1933) 
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Kds. 1961; Gr.-Cav. pl.2, fig.l,2. 

Comments. The London Basin material is comparable to speci

mens of E. "potoniei" illustrated by Kedves (1961, see 

above). This species was not validly published however and 

Krutzsch (1967a) considers it to be a junior synonym of 

E. macrospeciosus. 

Observed distribution. Rare but persistent in the Woolwich 
and Reading Beds. Not separated from other species of 
Polypodiaceoisporites in counts. 

" Polypodiaceoisporites marxheimensis (Murriger & Pflug 

Plate 1, fig. 9. 

1952 ex Thomson & Pflug' 1953) 

Krutzsch 1959b. 

" 1953 Cingulatisporites marxheimensis (Murr. & Pf. Th. & 

Pf. p.S8, pl.l, fig.13-1S. 

Polypodiaceoisporites sp. cf. P. marxheimensis. 

Plate 1, fig.6,13. 

" 1968 Cingulatisporites cf. marxheimensis (Murr. & Pflug) 

Th. & Pf.; Nakoman, pl.2, fig.4,5. 
" 1977 Polypodiaceoisporites marxheimensis (Murr. & Pflug. 

1952 ex. Th. & Pf. 1953) W. Kr. 1959b; Krutzsch & 

Vanhoorne p.18, pl.8, fig.1-5. 

Comments: Krutzsch & Vanhoorne (1977, p.18) consider their 

specimens to be syrnonyrnous with specimens illustrated by 

Thomson & Pflug (1953, pl.l, fig.13-l5), reproductions of 
" Murriger & Pflug's original material. The ornament differs 

however; the type species has verrucate rather than rugulate 

distal ornament. The rugulate ornament is clear in both 

Nakoman's and Krutzsch & Vanhoorne's illustrations and also 

in the London Basin material. 

Botanical affinity. Kedves (1967, p.542, 544) notes that the 

botanical affinity of the gen~s is difficult to establish 

but considers that affinity with pteris is the most likely. 

Observed distribution. Separate species have not generally 

been distinguished in counts. The genus occurs irregularly 



- 97 -
in the Woolwich and Reading Beds and London Clay but is 

never common. 

Reported distribution. Genus; Sparnacian to Bartonian (Pa1ae

ocene -late Eocene, Kedves 1963); Oligocene-Miocene (Thomson 

& Pflug 1953), Palaeocene (Krutzsch & Vanhoorne 1977). 

OTHER TAXA: 
" Contignisporites EEoblematicus (Couper 1958) Doring 1965 

(reworked). 

Densosporites sp. (reworked). 

Kraeuselisporites reissingeri (Harris 1957) Morbey 1975 

(reworked). See plate 1, fig. 19 and Orbell 1973 (as 

Heliosporites reissingeri) pl.3, fig.14; Morbey 1975, pl.9, 

fig.lO-13. 

Limbosporites lundbladi Nilsson 1958 (reworked) 

Lycospora sp. (reworked). 

INFRATURMA: AURICULATI Schopf emend. Dettmann 1963 

Appendicisporites spp. (reworked). 

Ischyosporites spp. (reworked). 

Trilobosporites spp. (reworked). 

Triquitrites spp. (reworked). 

INFRATURMA: TRICRASSATI Dettmann 1964 

Carnarozonosporites sp. 

Coronatispora valdensis (Couper 1958) Dettmann 1963 

(reworked). 

G1eicheniidites senonicus Ross 1949 ex Decourt & 

Sprurnont 1955 (reworked in part). 

SUPRASUBTURMA: PERINOTRILETES Erdtman 1948 emend. 

Dettmann 1963 

Genus: DENSOISPORITES Weyland & Krieger 1953 emend. 

Dettmann 1963 

Type species: Q. ve1atus Weyland & Krieger 1953 

Densoisporites ve1atus Weyland & Krieger 1953 

Plate 1, fig. 17,18. 

1958 Densoisporites perinatus Couper, p.145, p1.23; 
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fig. 6-9. 

1963 Densoisporites velatus Weyland & Krieger; Dettmann 

p.84, pl.19, fig.4-6. 

Comments. Specimens from the London Basin compare well 

with Couper's and Dettmann's illustrations and 

may be reworked. However, Miocene specimens of Lusati-

sporis cf. perinatus shown in Krutzsch 1963 (pl.30, fig. 

10,11) and of cf. Lusatisporis Krutzsch 1963, in Sontag 

(1966, pl.5, fig. lc,ld) are also very similar. It is 

possible therefore, that some of the specimens included 

here may be in place Tertiary specimens rather than re

worked Mesozoic material. 

TURMA: MONOLETES Ibrahim 1933 

SUBTURMA: AZONOMONOLETES Luber 1935 

INFRATURMA: LAEVIGATOMONOLETES Ibrahim 1933 

Genus: LAEVIGATOSPORITES Ibrahim 1933 

Type species: ~. vulgaris Ibrahim 1933 

Laevigatosporites discordatus Pflug 1953 

Plate 2, fig.l. 

1953 Laevigatosporites discordatus Pf., in Th. & Pf., 

p.59, pl.3, fig.39-44. 

Comments. Distinguished from Laevigatosporites haardti by 

its larger size and its more spherical shape. 

Botanical affinity. Polypodiaceae (Gruas-Cavag~etto 1968). 

Observed distribution. Fairly common in the lignite in the 

Woolwich and Reading Beds, otherwise rare. 

Reported distribution. ?Danian-middle Oligocene (Thomson 

& Pflug 1953), Palaeocene of Belgium (Roche 1965, Krutzsch 

& Vanhoorne 1977). 

Laevigatosporites haardti (R. Pot. & Venitz 1934) 

Thomson & Pflug 1953. 

Plate 2, fig. 3. 

1953 Laevigatosporites haardti (Pot. & Ven.) Th. & Pf., 

p.59, pl.3, fig.27-28. 
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Botanical affinity. Polypodiaceae (Gruas-Cavagnetto 1968). 

Observed distribution. Common in the lignite horizon of the 

Woolwich and Reading Beds (JL 867); sporadic elsewhere. 

Reported distribution. Known throughout the Tertiary, 

Danian-Pliocene (Thomson & Pflug 1953), Palaeocene of 

Belgium (Roche 1965, Krutzsch & Vanhoorne 1977). 

/ 
INFRATURMA: SCULPTATOMONOLETI Dybova & Jachowicz 1957 

Verrucatosporites favus (Potoni~) Pflug & Thomson 1953. 

Ornamented spores, undifferentiated. See plate 2, fig. 2. 

TURMA: HILATES Dettmann 1963 

Aequitriradites spp. (reworked). 
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ANTETURMA: POLLENITES potoni~ 1931 

TURMA: SACCITES Erdtman 1947 

SUBTURMA: MONOSACCITES Chitaley emend. Potoni6 & Kremp 1954 

INFRATURMA: ARADIATES Bharadwaj 1957a 

Florinites sp. (reworked) See plate 2, fig. II. 

INFRATURMA: ALETISACCITI 

Perinopollenites elatoides Couper 1958 (?reworked). 

INFRATURMA: SACCIZONATI Bharadwaj 1957 

Callialasporites dampieri (Balme) Sukh Dev 1961 (reworked) 

See plate 2, fig.5. 

Callialasporites trilobatus (Balme) Sukh Dev 1961 (reworked) 

Cerebropollenites mesozoicus (Couper 1958) Nilsson 1958 

(reworked). See plate 2, fig.4 and Norris, 1969, pl.l09, 

fig.ll,12. 

Inaperturopollenites turbatus Ba1me 1957 (reworked) 

SUBTURMA: DISACCITES Cookson 1947 

Alisporites microsaccus Couper 1958 (reworked). 

Parvisaccites radiatus Couper 1958 (reworked). 

Podocarpidites sp. (?reworked). 

Quadraeculina anellaeformis Maljavkina 1949 sensu 

Schulz 1967 (reworked). See plate 2, fig.8 and Orbell 1973, 

pl.3, fig.15. 

Vitreisporites pa11idus (Reissinger) Nilsson 1958 (reworked) 

See plate 2, fig.IO. 

Bisaccate pollen, undifferentiated. See plate 2, fig.6,7. 

SUBTURMA: STRIATITES Pant 1954 

Taeniaesporites sp. cf. !. noviaulensis Leschik'1955 

(reworked) See plate 2, fig.9. 
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TURMA: ALETES Ibrahim 1933 and KRYPTAPERTURATES 

Potoni~ 1966 

SUBTURMA: AZONALETES Luber emend. Potonie & Kremp 1954 

Araucariacites australis Cookson 1947 (?reworked). 

Inaperturopo11enites dubius (Potonie) Pflug & Thomson 1953. 

Inaperturopol1enites hiatus (Potoni~) Pflug & Thomson 1953. 

See plate 2, fig.18 and Thomson & Pflug pl.5, fig.14-20. 
Inaperturopollenites polyformosus (Thiergart) Pflug & 

Thomson 1953. See plate 2, fig.13,14 and Thomson & Pflug 
pl.5, fig.2l-25. 

Spheripollenites scabratus Couper 1958. 

See plate 2, fig.16,17 and Couper 1958, p1.31, fig.12,13. 

Comments. Although this genus is defined as being mono

porate none of the specimens I have seen have a true pore, 

merely a small thin area over the pole, often very indis

tinct and not always present. Small spherical pollen, com

parable to Spheripollenites scabratus Couper 1958, occur 

at most horizons examined. Some specimens are probably 

reworked, particularly those associated with Classopol1is 

torosus and other Mesozoic forms, others however have 

similar preservation to the Tertiary species and may be 

in place. 

INFRATURMA: CIRCUMPOLLINI Pflug 1953 emend. Klaus 1960 

Classopollis echinatus Burger 1965 (reworked). 

Classopollis torosus (Reissinger) Ba1me 1957 (reworked). 

See plate 2, fig.15 and Orbell 1973, pl.l, fig.7. 

Corollina meyeriana (Klaus) Venkatachala & G6cz~n 1964 

(reworked). 

Granuloperculatipo1lis rudis Venkatachala & G6cz~n 1964 

(reworked). 

Rhaetipollis germanicus Schulz 1967 (reworked). See plate 

2, fig.19 and Orbell 1973, pl.2, fig.3; Morbey & Dunay 

1978, pl.4, fig.7. 

/ TURMA: PLICATES Naumova 1937, 1939 emend. Potonie 1960 

SUBTURMA: PRAECOLPATES Potoni~ & Kremp 1954 

Eucommiidites minor Groot & Penny 1960 (reworked) 

Eucommiidites troedssonii Erdtman 1948 (reworked). 
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SUBTURMA: MONOCOLPATES Iversen & Troe1s-Smith 1950. 

Genus: MILFORDIA Erdtman 1960 

Type species: Milfordia incerta subsp.incerta (Th. & Pf. 

1953) Krutzsch 1961d; p1.5, fig.34 Th. & Pf. 1953 (as 

Inaperturopo11enites incertus subsp. foveo1atus). 

1953 

1958 

1960 

1960 

1961 

1970c 

Milfordia incerta (Th. & Pf. 1953) Krutzsch 1961d 

Plate 3, fig.l. 

Inaperturopo11enites incertus Pf. & Th. subsp. foveol
atus p.66, p1.5, fig.34 only. 

incertus Gruppe; W.Kr. p.521, p1.10, fig.41,42,43. 

"Inaperturopo11enites" incertus Th. & Pf.; W.Kr. in 

W.Kr., Pcha1ek & Spiegler,p1.2, fig.11. 

Mi1fordia hypo1aenoides Erdt., p1.1a, p.46. 

Restio sp. ~. Ma Khin Sein, p.131, p1.8, fig.71,72. 

Mi1fordia incerta (Th. & Pf. 1953) W.Kr. 1961d; W.Kr. 

p.72,74, p1.9, fig.sl-26. 

1971 Centrolepis sp. Machin, p1.2, fig.13. 

1976 Mi1fordia incerta (Th. & Pf. 1953) W.Kr.; W.Kr. & 

Vanh. p.24, pl. 11, fig.16. 

Size. 29.0 (37.5) 48.0 microns. 7 specimens. 
Comparison. The genus is distinguished from the monoporate, 

foveolate genus Restioniidites E1sik 1968 by the presence of 

a colpus with jagged margins, surrounded by easily detach

able exine fragments. 
Botanical affinity. Erdtman (1960, p.46,47) considers the 

jagged margin of the colpus, surrounded by easily detachable 

exine fragments as characteristic of some recent restion

aceous plants, including Hypolaena lateriflora, and he refers 

Milfordia to the Restionaceae or Centrolepidaceae. Ladd 

(1977) illustrates the pollen of several other extant species 

from genera within the Restionaceae and Centrolepidaceae 

which have similar general morphology and particularly simi

lar apertures (centrolepidoid, surrounded by loose exine 

fragments) e.g. Calorophus lateriflorus, fig.l and Restio 

stenostachyus, fig.16. 

Observed distribution. Rare. Present in the Thanet Beds, 

Woolwich and Reading Beds, London Clay and Bracklesham Beds. 

Recorded distribution. Krutzsch (1970a, p.325) gives the 

first occurrence of this form in Central Europe as Middle 
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to Upper Danian: it has general distribution by the Eocene, 

is more sparse by the Upper Oligocene but isolated examples 

do occur up to the Middle Miocene. 

Genus: SPINIZONOCOLPITES Muller 1968 

Type species: Spinizonocolpites echinatus Muller 1968, p.ll, 

pI. 3, fig. 3. 

Spinizonocolpites echinatus Muller 1968. 
Plate 3, fig. 2,3. 

1968 Spinizonocolpites echinatus Muller, p.ll, pl.3, 

fig.3. 
1968 Spinizonocolpites baculatus Muller, p.ll, pl.3, 

fig.2. 

1968 Spinizonocolpites baculatus Muller; Germ., H.& Muller 

pI. 4, fig. 2. 

1968 Spinizonocolpites echinatus Muller: Germ., H. & 

Muller, pl.4, fig.3. 
1969 Spinizonocolpites baculatus Muller: Durand & o. -

Pierre, p.Sl, pl.3, fig.3. 
1976a Spinizonocolpites baculatus Muller; Gr.-Cav. pl.3, 

fig.12,13. 

Comments. Although Muller (1968, p.ll) separates 2' echinatus 

from 2' baculatus on the shape of the spines and on the 
larger size and coarser wall structure of ~. baculatus, he 

states that transitional forms do occur. Other authors 
have recognised the difficulties of separating the two 

species particularly Germeraad, Hopping and Muller (1968) 

who group both species together and Durand & Ollivier-

Pierre (1969, p.Sl) who record transitional forms. All 

specimens recorded in the present study have been placed 

in 2' echinatus. 
Botanical affinity. Complete specimens, in which two 

hemispheres are preserved, are probably related to the palm 

Nipa. Where there is only one "hemisphere" the specimen 

could be interpreted as a monocolpate pollen grain (rather 

than zono-colpate) and affinity with Nuphar or Nymphaceae 

is possible (Collinson, personal communication 1980). 
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Observed distribution. Rare. Only recorded from A~um Bay, 

samples AB54, AB58 i.e. London Clay, Divisions B-D of .King 

1981; in the Bracklesham Beds AB57,AB60, AB63 and AB64 (Beds 

1 and 2 of Eaton), AB68 (roughly equivalent to Fisher's Bed 

IV) and AB70 (roughly equivalent to Fisher's Bed 8). 

Reported distribution. Spinizonocolpites echinatus !.~. is 
reported as rare in the Senonian of Sarawak, is present in the 

Palaeocene and Eocene and is known throughout the remainder 
of the Tertiary up to the Recent in that area (Muller 1968, 

p.l2). The~. echinatus group is reported throughout the 

late Cretaceous and Palaeogene in the Caribbean, Venezuela 

and Nigeria (Germeraard et ale 1968). 

In Europe the genus is reported from the Sparnacien 

superieur to the Cuisian, occurring in France, 

the Paris Basin, Loire Atlantique, the Pau region and Borde

lais, in Belgium and in the Cuisian and Lutetian of Spain 

(Gruas-Cavagnetto 1977, p.54,55). 

Collinson et ale (1981) report the genus from the 

Ypresian and Lutetian (upper part of the London Clay Form

ation to the top of the Selsey Formation, Bracklesham Group) 

at Whitecliff Bay, Isle of Wight and in the Ramnor Inclosure 

Borehole, Hampshire Basin. Gruas-Cavagnetto (1976a) records 

a similar distribution in the Hampshire Basin. The genus has 

not been recorded in the London Basin. 

OTHER TAXA: 

Chasmatosporites apertus (Rogalska) Nilsson 1958 sensu 

Schulz 1967 (reworked) 

Chasmatosporites major Nilsson 1968 (reworked). 
I 

Chasmatopollenites sp. see plate 2, fig.12. 

Clavatipollenites sp. see plate 3, fig.4,5,7,8. 

Observed distribution. Details of distribution not recorded. 

Illustrated specimens from Woolwich Beds (Oldhaven Gap 

OG12), Bracklesham Beds (Bed 1 sensu Eaton, AB57, Alum Bay). 

Liliacidites spp. Undifferentiated. See plate 3, fig.6. 

Monoco1popollenites tranqui11us (Potonie) Thomson & Pflug 

1953. See plate 3, fig.9-13 and Thomson & Pflug 1953, pl.4, 

fig.25,26,29,35,39,40; Gruas-Cavagnetto 1968, pl.2, fig. 

10. 
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Monocolpopollenites sp. undifferentiated. 

Ovalipollis ovalis Krutzsch 1955 emend. Klaus 1960 (re

worked). See plate 3, fig.23 and Herngreen & De Boer 1974, 

pl.l, fig.9; Morbey & Dunay 1978, pl.4, fig.3. 

SUBTURMA: DICOLPATES Erdtman 1947 

Dicolpopollis luteticus (Gruas-Cavagnetto 1967b) Gruas-

Cavagnetto 1976d. 

See plate 3, fig.14,17, aff. Q. luteticus fig.18,i9 and 

Gr.-Cav. 1968, pl.2, fig.11-2l (as Disulcites luteticus). 

Comments. The specimen illustrated on plate 3, fig. 18,19 

(Q. aff. luteticus) shows greater variation in the size 

of the lumina of the reticulate ornament than is usual 

for D. luteticus. Both morphological types have been in

cluded in Dicolpopollis spp. in counts. 

" SUBTURMA: TRIPTYCHES (Naumova 1939) Potonie 1960 and 
I PTYCHOTRIPORINES (Naumova 1937?, 1939) Potonie 1960 

Comments. Tricolpate and tricolporate pollen is common at 

some horizons in the early Tertiary deposits ot' southern 

England, particularly the small, long-ranging species Cupuli

feroidaepollenites (librarensis/microhenrici group), Tri

colpites parvus, and Tricolporopollenites cingulum. Fraxino

pollis variabilis and other small reticulate tricolpate 

pollen (Tricolpopollinites retiformis group) are less common 

while most other species are generally rare, with only a 

few specimens in each sample. Identification of the non

descript forms is difficult under these circumstances. Con

sequently only those species with distinctive morphology 

have been distinguished below, the others have been placed 

in broad, undifferentiated groups; Tricolpate spp. and 

Tricolporate spp. in the counts. 

Genus: CUPULIFEROIDAEPOLLENITES potonie, Thomson & Thier
I gart 1950 ex Potonie 1960. 

Type species: Cupuliferoidaepollenites lib1arensis Thomson, 

in Pot., Thoms. & Thierg. 1950, pl.B, fig.26. 
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Cupuliferoidaepollenites spp. (liblarensis/micro-

henrici group). 

Plate 3, fig.20-22, cf. fig. 15,16. 

1953 Tricolpopollenites 1ib1arensis (Th.) Th.& Pf. subsp. 

liblarensis (Th.) Th.& Pf. p.96,97, pl.ll, fig.lll-

132; subsp. fallax (R.Pot. 1934) Th.& Pf. pl.ll, 

fig.133-l5l. 

1953 Tricolpopollenites microhenrici (R.Pot.) Th.& Pf. 

subsp. intragranulatus Pf. p.96, pl.ll, fig.8l,82,84, 

87,89,99,100 only. 

1968 Tricolpopollenites liblarensis (Th. 1950) Th.& Pf. 

1953 subfsp. liblarensis (Th. 1950) Th.& Pf. 1953; 

Gr.-Cav., p.62, pl.6, fig.2; subfsp. fallax (R.Pot. 

1934) Th.& Pf., p.63, pl.6, fig.3,4. 

1973 Trico1popollenites lib1arensis (Thomson) Th.& Pf. 

1953; Tschudy, pl.4, fig.31-33. 

1976 Cupuliferoidaepollenites sp. (14-19 micron size) 

Potter, pl.2, fig.18-19. 

Comments. The pollen included here are all small (less than 

20 microns long), prolate and have long colpi which almost 

reach to the poles. Occasionally there are very indistinct 

"pores" (= geniculus of Thomson & Pflug 1953, p.96). Wall 

structure is variable. In such small grains it is often 

difficult to distinguish between surface ornament and 

internal wall structure; the granular, baculate, fossulate 

and rugulate structures described by Thomson & Pflug (1953, 

p.96). Specimens from southern England often appear 

granular in outline and have an indistinct baculate or 

granular structure at the poles (pl.3, fig. 20,21 and 

compare Th.& Pf. 1953, pl.ll, fig.87) but in plan view, 

in the centre of the specimen, the exine appears smooth 

plate 3, fig. 20. More rarely the exine has a 

rugulate or fossulate structure (plate 3, fig.16) 

comparable to Quercoidites cf. Q. microhenr!£!, pl.2, fig.ll 

in Frederiksen(1980). 

Specimens of this type fall within (a) !.1iblarensis 

(Th.) Th.& Pf. subsp. liblarensis (Th.) Th.& Pf. and 

(b) subsp. fallax (R.Pot.) Th.& Pf. and also (c) !. micro

henrici (R.Pot.) Th.& Pf. subsp. intragranulatus Pf. I have 
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been unable to separate these three subspecies consistently. 

Thomson and Pflug themselves comment that specimens trans

itional between !. liblarensis and !. microhenrici subsp. 

intragranulatus do occur, particularly in the early 

Tertiary (1953 p.96). I have therefore placed all 

variations in a broad liblarensis/microhenrici group. 

£. cf. liblarensis (see below) probably falls within 
!. liblarensis subsp. fallax as described by Thomson & 

Pflug but is readily distinguishable from the liblarensis/ 

microhenrici group by its consistently smaller size (less 

than 14 microns length), its completely smooth exine and 

by its tendency to oblique compression. 

OTHER SPECIES: 

Cupuliferoidaepollenites cf. liblarensis Th. 1950 

ex Potonia 1960. See plate 4, fig. 1,2. 

Comments: These small, subprolate, tricolpate pollen are 

similar to the liblarensis/microhenrici group (see above) 

but are smaller; less than 14 microns in length, are 

generally completely smooth without any exine structure or 

ornament and (as a result of their subprolate shape) are 

more frequently preserved in oblique orientations. 

Genus: MARGOCOLPORITES Ramanujam 1966 ex Srivastava 1969a 

Type species: Margocolporites tsukadae Ramanujam 1966 (sub

sequently designated by Srivastava 1969a). 

Margocolporites cf. lihokus Srivastava 1972. 
Plate 4, fig. 3-6. 

cf.1972 Margocolporites lihokus Srivastava, p.264, pl.20, 

fig.3-5. 

Comments. London Basin specimens are prolate to subprolate, 

rather than oblate spheroidal, and are smaller than Sriva

stava's specimens (equatorial diameter 23 microns rather 

than 34-45 microns). They are entirely similar in the 

presence of clear costae (margo of Srivastava), large 

lalongate pores and in the reticulate ornament, with lumina 

larger on the mesocolpia becoming smaller towards the poles 
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and colpi. Srivastava includes Eksik's specimens of 
Tricolporopollenites kruschi (1968, pl.32, fig.4-5, and 

pl.33, fig.1-3, 8) within M. lihokus but in these grains the 

muri of the reticulum are coarser than in the London Basin 

material. 

Size. Length 33 microns. Equatorial diameter 23 microns; 
2 specimens. 
Botanical affinity. Unknown. 
Observed distribution. Rare, recorded only from the Reading 
beds of Pincents Kiln and the London Clay at Leaden Roding. 
Reported distribution. Palaeocene of Alabama, Srivastava 
(1972). 

Genus: NYSSAPOLLENITES Thiergart 1937. 

Type species. Nyssapollenites (al. Pollenites) pseudo

cruciatus (R.Pot. 1931a, p.328, pl.l, fig.10) Thiergart 
1937. 

Nyssapollenites sp. A. sp. nov. 

Plate 4, fig. 8-11. 

Description. (Based on 10 specimens). Pollen grains oblate 
to spheroidal, tricolporate, ~ommonly preserved in oblique 
orientation. In polar view outline triangular with convex 
sides. Colpi indistinct, long, reaching three quarters 

of the way to the pole; bordered by narrow costae up to 1 

micron wide but sometimes poorly defined ~late 4, fig.8). 

Pores rounded to oval, c.S microns in diameter, very slightly 
1alongate, surrounded by distinct but irregular endannuli 

1.5 microns thick. 
The exine is two layered, tegi1late, 1.0-1.S microns 

thick in the mesoco1pia. The endexine is homogenous, equal 
in thickness to the ektexine. In some specimens two 
layers are visible within the endexine ~late 4, fig.9), 

the endexine and foot layer of Larson !1~. (1962). The 

ektexine is pilate; the heads (capita) of the pi1a are well 

defined and are in contact forming a tegillum. The capita 

project to give the grains a granular outline. In plan 

View grains are also distinctly granular in appearance, 

grana may be isolated or aligned in short, straight or 

arcuate rows(p1ate 4, fig. 8}. 
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Ornament, as distinct from structure, is difficult to 

determine with the light microscope (see plate 4, fig. 9) 

but SEM examination shows an irregular rugulate to striate 

ornament (plate 4, fig. 10). 

Adjacent to the endannuli the exine thins to less 

than 1 micron. This thinning occurs in all exine layers, 

including the bacula of the pila, so that the thinned zone 

appears to consist of only the endexine (sensu Larson et ale 
1962) with irregular remnants of the foot layer of the 
ektexine ( plate 4, fig. 8,9,11) and an outer tegillum. 

Details of the ornament over these thinned areas are 

difficult to resolve with the light microscope. but SEM 

studies show the rugulate to striate ornament continuing 

across them to the edge of the colpi (plate 4, fig. 10,11). 
Size. Polar view, 4 specimens; 25.0 (28.75) 30.5 microns; 

equatorial view, 1 specimen; polar axis 21.0 microns, 

equatorial axis 22.5 microns. 

Typical specimen. l?K4jS, single spore mount. Plate 4, fig.8; 
diameter 29.5 microns. Locality; Woolwich and Reading Beds, 

sample PK 4, Pincents Kiln, near Reading. GR: SU 653722. 

Comparison. Differs from Nyssapollenites sp. ~ in the 

nature of the pores which are lalongate and more gaping, in 

the less hexagonal amb and the granular outline produced 

by the well developed capita of the pila. Tricolporo

pollenites kruschi is a broad species and specimens 

comparable to Nyssapollenites sp. ~. and sp. ! may have 

been included in it. However, the indistinct nature of the 

colpi, and pronounced exine thinning adjacent to the 

endannuli distinguish Nyssapollenites sp. ~ and sp. ~. 

Botanical affini~. Probably Nyssaceae. 

Observed distribution. This is a characteristic but rare 
element in the Woolwich and Reading Beds at the western 

end of the London Basin. It occurs as clusters in PK 4 and 

is probably a representative of the local flora there. 

It is very rare in the Thanet Beds, South Lambeth Borehole 

and the London Clay from the Leaden Roding Borehole. 

Nyssapollenites sp. ~. sp. nov. 

Plate 4, fig.7. 

Description. (Based on 8 specimens). Pollen grains tricol-
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porate, oblate to spheroidal. Most commonly preserved in 

polar compression, outline rounded triangular to hexag.onal, 

with straight to weakly convex sides. Colpi indistinct; 

slit like, rarely gaping at the equator; long, almost 

reaching the poles. Colpi bordered by poorly defined 

costae, c.l micron wide, which continue into the endannuli 

at the pores. Pores circular to oval, "tight", rarely 

gaping, weakly lolongate, c.3 microns in diameter but 

difficult to measure because of the well developed endannuli 

up to 2 microns thick. 

The exine is tegillate, 2.0-2.5 microns thick in 

the mesocolpia comprising endexine (in which foot layer and 

endexine sensu Larson et ale 1962 are visible, both c.O.S 

microns thick) and pilate ektexine. Bacula and capita are 

c.O.S microns high. Individual capita are poorly defined 

and not always discernible, they are fused to form a 

tegillum but do not project above it. Grains are therefore 

generally smooth to weakly undulating in outline. It is 

difficult to distinguish ornament from structure; ~rains 

have a granular to microreticulate appearance in plan view. 

Adjacent to the endannuli the exine thins to c.O.S 

microns, this thinning is visible as areas of lighter exine 

radiating from the endannuli. The bacula appear to be 

absent from this area. 

Size. 7 specimens; polar view 21.75 (24.0) 26.0 microns 

Typical specimen. PK6/3l, single spore mount, plate 4, fig. 

7; diameter 25 microns. Locality; Woolwich and Reading 

Beds (sample PK 6) at Pincents Kiln, Berkshire G.R: 

SU 653722. 

Comparison. See discussion for Nyssapollenites ap. ~. above. 

Botanical affinity. Probably Nyssaceae. 

Observed distribution. Recorded only from the Woowich and 

Reading Beds at Pincents Kiln, where it is rare. 

OTHER SPECIES: 

Nyssapollenites sp. 

See plate 4, fig.12,l3,l6. 
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Genus: RHOIPITES Wodehouse 1933 

Type species: Rhoipites bradleyi Wodehouse 1933, p.5l3, 
Fig.45. 

Rhoipites sp. A. sp. nov. 

Plate 4, fig.14,15, 17-22. 

Description. Pollen grains tricolporate, rarely tetracol

poratei spheroidal to subpro late in shape, rounded triangular 

in polar view, frequently preserved in oblique orientation. 

Colpi long, bordered by obvious costae, continuous around 

the polar end of the colpi and 1.0-1.5 microns deep in 

optical section (plate 4, fig.17,2l). Pores large, shape 

poorly defined, ?circular to oval, lalongate, length (polar 

extension) 3.5-6 microns, width 4.0-8 microns. Exine 1.5-

2.0 microns thick, with inner homogenous layer (endexine) 

about twice as thick as ektexine. In some specimens with 

differential staining two distinct layers are visible within 

the endexine and probably represent the endexine proper and 

the foot layer of the ektexine (terminology of Larson, Skva

ria & Lewis (1962) illustrated in Kremp, 1969, fig.545). 

Ektexine with reticulate ornament; muri supported by pila 

0.5-1.0 micron high, heads clearly visible, giving a beaded 

appearance to the outline of the grain. Lumina of reticulum 

irregular in shape and variable in size, 0.5-1.5 microns. 

Muri less than 1 micron wide. 

Size. Diameter (polar view) 22.5 (23.0) 23.5 microns, 3 

specimens; equatorial view, length 18.0 (22.0) 23.5 microns, 

width 17.5 (18.5) 21.0 microns, 6 specimens. 

Typical specimen. Plate 4, fig.15,17,18. Samples PK6b; EF: 

W43 Second example; PK6/34 single spore mount; plate 4, fig. 
19. 

Locality. Pincents Kiln, near Theale, Berkshire. 

Comparison. Rhoipites globosus Stanley 1965 is similar in 

size and ornament but lacks the thick endexine present in 

Rhoipites sp.~. Tricolporopollenites fsp. ~. Ollivier

Pierre 1974, (p.45, pl.24, fig.13-l4c) is very similar, it 

differs only in its smaller, better defined pores and nar

rower costae. Similarly Tricolporopollenites crassiexinus 

Krutzsch & Vanhoorne 1977 (p.75, pl.42, fig.24-28) has much 

smaller pores (c.2 microns) and narrower costae. 
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Botanical affinity. Unknown. 

Observed distribution. Present in the Woolwich and Reading 

Beds at Pincents Kiln. Rare elsewhere (see Appendix 2). 

Rhoipites sp. ~. sp. nov. 

plate 4, fig.23-26, Plate 5, fig.1-3. 

Description. (Based on 15 specimens). Pollen grains sub

prolate, rarely prolate, frequently preserved in oblique 

orientation. Tricolporate, colpi long, almost reaching the 

poles; usually narrow, parallel sided, rarely gaping. Colpi 

bordered by costae, thickest (2.0 - 2.5 microns) near the 

equator adjacent to the pores and tapering towards the poles 

where they merge with endexine of normal thickness. Costae 

most obvious when seen in lateral compression (plate 5, 

fig.l,2) often appearing indistinct in plan view(plate 

4, fig.23) or in grains in oblique orientation (plate 

4, fig.25). Pores large, 3.5 - 6.5 microns, circular to 

oval, usually interrupted by wedge-shaped slits 2.5 - 5.0 

microns long, extending parallel to the equator (pl.4, fig.26, 

pI. 5, fig. 2). Exine 1. 5 - 2.0 microns thick in the 

mesocolpia, two-layered, endexine and ektexine of equal 

thickness. Endexine homogenous, two layers discernible in 

some specimens. Ektexine pilate, supporting rods (bacula) 

and heads of pila (capita) of equal thickness; tegillum 

formed by fusion of the capita. Ornament scrobiculate to 

reticulate (p1.4, f1g.24, pI. 5, fig.3), formed by pits within 

the outer surface of the tegillum. Scrobiculi rounded to 

oval in shape, usually less than 0.5 microns in diameter, 

intervening muri 0.5 - 1.0 micron wide, often showing a 

granular structure (columellae seen in plan view) which may 

obscure the scrobiulate ornament (plate 4, fig.26). 

Size. Equatorial view, 5 specimens; length 25.0 (27.5) 

32.0 microns; width 17.0 (21.0) 23.5 microns. 

Typical specimen. NBl(4);300963, plate 5, fig.1-3; 

length 26.0 microns, width 17.0 microns. Locality, 

NB 1, Reading facies of Woolwich and Reading Beds, 

sample 

Cold 

Ash Quarry, near Newbury, Berkshire. GR: SU 50171'3. 

Comparison. The scrobiculate ornament and distinctive pore 
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structure distinguish this from other tricolporate pollen. 

Retitricolporites macrodurensis (Th.& Pf. 1953) Roche & 

Schuler 1976 (pl.ll, fig.20-22) from the Oligocene of 

Belgium has similar wall structure and ornament but is more 

prolate in shape and lacks the slit-like equatorial exten

sions of the pores which characterise Rhoipites sp. ~. 

Rhoipites cryptoporus Srivastava 1972 is more distinctly 

reticulate and pilate, with conspicuous capita, in contrast 

to the almost smooth outline of Rhoipi~ sp.~. Pore 
structure is also different. 

Botanical affinity. Possibly Araliaceae, see specimens 

illustrated by Gruas-Cavagnetto and Bui 1976. 

Observed distribution. Fairly common in sample NB 1 from 

Cold Ash Quarry, near Newbury, rare elsewhere. 

OTHER SPECIES: 

Rhoipites psinnus Stanley 1965. 
See plate 5, fig.4 and pl.42, fig.17-22 Stanley 1965. 

Size. 6 specimens, equatorial diameter; 13.0 (13.25) 14.0 

microns; 3 specimens, polar axis 11.5, 13.5, 15.0 microns. 

Observed distribution. Fairly common in the Reading facies 

of the Woolwich and Reading Beds at Pincents Kiln, very 

rare elsewhere. 

Reported distribution. Infrequent to common in the late 

Cretaceous and Palaeocene of South Dakota (Stanley 1965). 

Genus: TRICOLPITES Cookson ex Couper 1953. 

Type species: Tricolpites reticulatus Cookson 1947; sub

sequent designation Couper 1953. 

1965 

1971 

Tricolpites parvus Stanley 1965 

Plate 5, fig.5-14, cf. fig.15-17. 

Tricolpites parvus Stanley; p.322, pl.47, fig.28-3l. 

Tricolpites parvus Stanley 1965; Leffingwell p.44, 

pl.8, fig.4a,b. 
?1977 Tricolporopollenites eocaenicus W. Kr.& Vanh. p.75, 

pl.32, fig.4-9. 
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Comments. Although all specimens included here are compar-

able in general morphology there is considerable variation 

in the details of the calpus. The pollen grains are oblate 

to spheroidal; exine is 1.5-2 microns thick with a homogen

ous endexine, usually twice as thick as the ektexinei ek

texine is reticulate, lumina are usually less than 1 micron 

wide. In some specimens there is no sign of a colpal mem
brane (plate 5, fig.5, compare Stanley 1965, pl.47, fig.30, 

31), some have a complete, granular colpal membrane (plate 

5, fig.6,7) while others have a torn, folded colpal membrane 
which appears similar to costae (plate 5, fig.lO,ll). 

This species is distinguished from other small reti

culate pollen grains by the relative thickness of the end

exine. I do not agree with Elsik who includes !. parvus in 

Tricolpopollenites hians (Stanley) Elsik 1968. 

Observed distribution. Present in all formations examined. 

Reported distribution. Early Palaeocene, South Dakota 

(Stanley 1965); Lance and Fort Union Formations (Maastrich

tian and early Palaeocene respectively) of Wyoming 

(Leffingwell 1971). 

Tricolpites sp. ~. sp. nov. 

Plate 5, fig.18-2l. 

Description. (Based on 10 specimens). Pollen grains pro

late, tricolpate, occasionally with geniculi: colpi long, 

almost reaching the poles: apocolpia small, 2-3 microns in 

diameter. Exine 0.75-1.0 micron thick in the mesocolpia 
tapering to less than 0.5 microns adjacent to the colpi. 

Endexine very thin, less than 0.5 microns: ektexine 0.5-

c.l.O micron, pilate, with reticulate ornament on the mes

and apocolpia; muri less than 0.5 microns wide; lumina 

rounded or elongated in shape, never angular, ranging from 

less than 0.5 to 1.5 microns, most commonly less than 1 

micron. Colpi bordered by smooth to scabfte areas, up to 

2 microns wide (margines sensu Faegri & Iversen 1950). 

~. 10 specimens: length 14.5 (16.0) 19.5 microns: width 

10.5 (11.5) 13.5 microns. 
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!ypical specimen. JL 867b;250962, plate,S, fig.20,21. 

length 16.5 microns; width 13.0 microns. Locality, sample 

JL 867, Woolwich Shell Beds from a temporary exposqre in 

a road cutting at Shorne Wood, Kent, GR:TQ 673698. 

Comparison. Tricolpites sp. ~ is distinguished from other 

small reticulate, tricolpate pollen by the broad, smooth to 

scabrate margines. Tricolporopollenites diversireticulatus 

Roche 1973 (pl.5, fig.55) and!. esteouleae Ollivier

Pierre 1974 (pl.6, fig.9-l0, pl.7, fig.2) are similar in 

size and in their reticulate ornament but both have weak 

pores and clear costae. 

Botanical affinity. Unknown. 

Observed distribution. Common in the lignite at the base 

of the Woolwich Shell Beds at Shorne Wood, Kent; rare in 

the Woolwich Shell Beds. Very rare elsewhere. 

Tricolpites sp. ~. sp. nov. 

Plate 5, fig.22-24. 

Description. (Based on 10 specimens). Pollen grains 

subprolate, tricolpate, occasionally with geniculi. Colpi 

long, almost reaching the poles, margins ragged. Exine 

1.5 - 2.0 microns thick, two layered, ektexine twice as 

thick as endexine. Endexine homogenous, c.0.5 microns 

thick. Ektexine pilate, supporting rods (bacula) and 

heads of pila (capita) of equal height; tegillate, tegillum 

formed by fusion of the capita. Ornament scrobiculate 

(plate 5, fig.22 ), pits circular to oval, less than I 

micron wide, usually c.0.5 microns. Bacula closely 

spaced, in plan view giving a granular to microreticulate 

appearance (structure) which can mask the scrobiculate 

ornament (plate 5, fig.24). 

~. Equatorial view, 5 specimens; length 24.5 (27.75) 

32.0 microns; width 22.0 (24.0) 28.0 microns. 

Typical specimen.JL 865c;328982, plate 5, fig.22,23; 

length 32.0 microns,width 28.0 microns. Locality;JL 865; 

lignite horizon within the Woolwich and Reading Beds, 

at Shorne Wood, Kent, G.R. TQ:67306980. 

Comparison. The scrobiculate - reticulate exine distin

guishes this from other tricolpate pollen. ~oipites sp. B 
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(herein) has similar exine structure but is clearly 

tricolporate. Specimens of Favitricolporites baculoferus 

(Pf.) Srivastava with poorly developed costae are super

ficially similar but the capita are better developed and 

the pila more widely spaced making the pilate nature of 

the exine more obvious. However transitional forms do occur. 

Botanical affinity. Unknown. 

Observed distribution. Generally rare in the Woolwich and 
Reading Beds, lignite and Shell Beds, at Shorne Wood. 

Fairly common in the Reading facies of the Woolwich and 
Reading Beds at Cold Ash Quarry, nr. Newbury and at Knowl 
Hill. 

Tricolpites sp. ~. sp. nov. 

Plate 5, fig.26-28. 

Description. (Based on 10 specimens). Pollen grains oblate 

to spheroidal, generally comp~essed in polar view: tricol

pate; reticulate. Colpi long, extending two-thirds of the 

way from the equator to the poles, each bordered by a 

narrow ridge less than 0.5 microns wide (margo of Chmura 

1973). Colpal membranes usually preserved, composed of 

two zones, a smooth area adjacent to the "margo", 1.5 -

2.0 microns wide, and a central, granular area 1.0 - 1.5 

microns wide (plate 5, fig.26,27). Exine 0.5 - 1.5 

microns thick, two layered; endexine thin, less than 0.5 

microns; ektexine baculate, bacula 0.5 - 1.0 micron high. 

Ornament reticulate, lumina irregular in shape and size, 

varying from less than 0.5 microns to 2 microns in length 

but fairly even in size on individual grains (compare 
plate 5, fig.28, less than 0.5 - 1.0 microns and plate 5, 

fig. 26,27, generally 1. 5 microns). Muri narrow, less than 

0.5 microns, simplibaculate with bacula at junctions of 
muri. 

~. Polar view, 9 specimens, 24.0 (25.75) 31.0 microns. 

Typical specimen. PK21D(2) EF:L47/2, plate 5, fig.26,27: 
diameter 23.0 microns. Locality: sample PK 21, 

Reading facies of the Woolwich and Reading Beds, Pincents 

Kiln, Berkshire, GR:SU 653722. 
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Comparison. Tricolpites concinnatus Chmura 1973 (p.l09, 

pl.22, fig.IS-18), from the Late Cretaceous (Campanian

Maastrichtian) of California, is very similar. It differs 

in the more regular, angular shape of the lumina and poorer 

development of colpal membranes. The size of the reticul

ation in the present material also appears more variable, 

with a gradation from specimens with lumina 0.5 - 1.0 

microns to those with lumina 1.5 - 2.0 microns. 

Tricolpites sp. £. differs from Retitrescolpites 

anguloluminosus Anderson in the smaller, more irregularly 

shaped reticulum and the presence of colpal membranes, 

although Chmura (1973, p.109) notes remnants of colpal 

membranes in some of her specimens of ~. anguloluminosus. 

Botanical affinity. Possibly Hamamelidaceae. Chmura 

considers !. concinnatus to be generally similar to the 

pollen of Bucklandia (Hamamelidaceae). 

Observed distribution. Rare in the Reading facies of the 

Woolwich and Reading Beds, Pincents Kiln. 

Genus: TRICOLPOROPOLLENITES Pflug & Thomson 1953. 

Type species: Pollenites dolium R. potoni~ 1931a, p.329, 

pl.2, fig.22. 

1931b 

19s1b 

19S1b 

1951b 

/ 
Tricolporopollenites cingulum (Potonie 1931) Pf. 

& Th. 1953. 

Plate 5, fig.26,29. 
/ 

Pollenites cingulum R. Potonie; p.26, pl.1, V45a, 

46a,b, 48b, 60a,d, 6lc, 62c only. 

Cupu1iferoipol1enites pusil1us Pot. pl.20, fig.69. 
/ 

Pollenites fusus R. Pot. 1931: Potonie, p1.20, 

fig.80-83. 
/ Pollenites cingulum R. Pot. 1934: Potonie p1.20, 

fig.84-87. 

1953 Tricolporopol1enites cingulum (R. Pot.) Pf.& Th.; 

subsp. fusus (R. Pot.) Pf.& Th.: p.lOO, p1.12, 

fig.15-27: subsp. pusillus (R.Pot.), Pf.& Th.: 

p.100, pl.12, fig.28-41: subsp. oviforrnis (R.Pot.) 

Pf.& Th.; p.lOO, pl.12, fig.42-49. 
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1968 Tricolporopollenites cingulum (R.Pot. 1931) Th.& Pf. 

1953 subfsp. oviformis (R.Pot. 1931) Th.& Pf. 1953~ 

Gr.-Cav. pl.?, fig.l,3~ subfsp. pusillus (R. Pot. 

1934) Th.& Pf. 1953; Gr.-Cav. pl.7, fig.2. 

1976a Tricolporopollenites cingulum (R.Pot. 1931) Th.& Pf. 

1953 oviformis Th.& Pf. 1953; Gr.-Cav. pl.3, fig. 

22,23. 

1980 Castanea sp. Christopher et ale pl.3, fig.15,16. 

1980 Cupuliferoipol1enites spp. Frederiksen, pl.2, fig. 

21-23. 

Comments. There is considerable variation in this species. 

T~omson & Pflug (1953) recognised several subspecies and 

, P~oni~ himself raised several of these to species Level 

~ (1951a,b). However, the distinction between them is not 

always clear, I have 

its broadest sense. 

Botanical affinity. 

therefore used the species cingulum in 

/ 
Castanea (Potonie 1960, p.98), 

Castanea, Castanopsis (Gr.-Cav. 1976, plate explanation, 

pl.3, fig.22,23). 

Observed distribution. Present in all formations examined 

except the Oldhaven Beds. 

Reported distribution. Widespread in central Europe, from 

Palaeocene to Miocene (Thomson & Pflug 1953). Present in 

the U.S.A. from at least the base of the Tertiary in the 

Gulf Coast (Fairchild & Elsik 1969) and from the Palaeocene 

to Oligocene in South Carolina (Frederiksen 1980). 

Tricolporopollenites ~sfeldensis Krutzsch 1969a. 

Plate 5, fig.30-33, Plate 6, fig.1-3. 

1976a Tricolporopollenit~ mansfeldensis W.Kr. 1969a; 

Gr.-Cav. pl.2, fig.25,26. 

cf.1974 Tricolporopollenites milonilO.-Pierre, p.84, pl.5, 

fig.7-ll. 

1977 Tricolporopollenites mansfeldensis W.Kr. 1968; 

W.Kr. & Vanh., p.69, pl.43, fig.29-32. 

1978 cf. Tricolporopollenites milonii O. Pierre 1976 

(=1974 herein); Collinson p1.9.2, fig.14. 

non 1977 Tricoloporopol1enites fsp. (ex.gr. mansfe1densis 

W.Kr.); W.Kr.& Vanh. p.69, p1.29, fig.14-21. 
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Description. Pollen grains spheroidal, 3-4 colporate; 

colpi short, parallel-sided, about half the length of the 

grain; endoapertures greatly elongated equatorially 

(rugae of Thomson & Pflug 1953 p.20), barely shorter than 

the colpi; colpi bordered by very wide costae (thickened 

endexinous pads), oval in outline and interrupted at the 
equator by the parallel-sided rugae (~late 6, fig.l ). 

Exine at poles and between apertures 1.0 - 1.5 microns 
thick, two layered. Ektexine scabrate to weakly fossulate, 

endexine smooth, occasionally with irregular channels and 
grooves particularly at the edge of the costae (see 
plate 5, fig.31-33, this may be a preservational 

feature). 

Size. Polar view 6 specimensj26.0 (29.5) 31.0 microns; 

length (equatorial view) 1 specimen; 26.0 microns. 

Comments. The distinction between !. mansfeldensis·and 

!. milonii is not clear, it is possible that the latter is 

a junior synonym. Quadrapollenites vagus (Stover) Elsik 

has similar endexinal thickenings but is more prolate in 

shape and lacks well developed rugae. 

Botanical affinity. Unknown. 

Observed distribution. Common at some horizons in the 

Woolwich and Reading Beds from Cold Ash Quarry, Newbury 

(cf. Collinson, 1978, who reports cf. !. milonii as forming 

30% of her Assemblage 1 from Cold Ash Quarry). Rare 
elsewhere. 

Reported distribution. London Clay, Lower Bagshot Beds and 

Fisher Bed VII (Gruas-Cavagnettol976a); regionally present 

in the early Tertiary of central Europe (W.Kr.& Vanh. 1977). 

Tricolporopollenites megareticulus Krutzsch & 
Vanhoorne 1977 

Plate 6, fig.4-7. 

1977 Trico1poropollenites megareticulus W.Kr. & Vanh. 

p.81, pl.34, fig.36-42. 

Comments. This species is characterised by the very large 

reticulum (lumina 4-5 microns wide) and,in specimens from 

the London Basin, by the separation of the reticulate 

layer (?ektexine) from a distinct, homogenous inner layer 
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(?endexine), see plate 6, fig.4,7. Krutzsch and Vanhoorne 

comment on the obscure nature of the apertures in the 

endexinei however well developed endo-colpi are visible 

in some of my specimens although they do not gape to the 

sarne extent as the colpus in the "ektexine" (plate 6, fig. 

6,7). No endopores have been seen. 

The distinction between this species and Retitres

co1pites anguloluminosus (And.) Frederiksen is not clear. I 
have included in !. megareticulus only specimens with large 

lumina which also show a distinct homogenous endexine and 
a separation of the exine layers. It is possible however 
that this is a preservational feature and that !. megare

ticulus is a junior synonym of ~. anguloluminosus. 

Size. 7 specimens, equatorial diarneter~ 22.0 (26.0) 33.0 

microns, small compared with Krutzsch & Vanhoorne's Belgian 

material (30-40 microns). 

Botanical affinity. Unknown. 

Observed distribution. Very rare, only seen in the Woolwich 

and Reading Beds. 

Recorded distribution. Middle Palaeocene-early Eocene in 

Central Europe (W.Kr. & Vanh. 1977). 

OTHER SPECIES: 

Trico1poropollenites aceroides Krutzsch 1961d 

See plate 6, fig.13,14 and Krutzsch 1961d, p1.5, fig.125-

128 ; W.Kr. & Vanh. 1977, pl.32, fig.39-41. 

Trico1poropollenites baculatus Krutzsch 1961d 

Tricolporopollenites duplibaculatus Gruas-Cavagnetto 1966. 

See plate 6, f1g.8-12 

and Gr.-Cav. 1966, pl.2, fig.13-15. 

~. 5 specimens, length 23.5 (25.0) 27.0 microns. 

Tricolporopollenites iliacus (R.Pot. 1931d) Pf. & Th. 1953 

See plate 6, fig.16 and forma medius Pf. & Th. 1953 in 

Gr.-Cav. 1968, p1.7, fig.18-20, and 1976a, p1.7, fig.16. 

Trico1poropollenites krusch1 (R.Pot. 1931c). Th. & Pf. 1953 

See plate 6, fig.22,23 and Chateauneuf & Gruas-Cavagnetto 

1968, p1.3, fig.8. 

Tricolporopo11enites margaritatus (R.Pot. 1931a) 

Th. & Pf. 1953. 
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See plate 6, fig.15 and Th. & Pf. 1953, pl.14, fig.74. 

Tricolporopollenites megaexactus (R. Pot. 1931b) Th. & Pf. 

subsp. exactus (R. Pot.) Th. & Pf. 1953. 

See plate 6, fig.20,21. 

Tricolporopollenites microiliacus Pflug & Thomson 1953. 

Tricolporopollenites salardae Gruas-Cavagnetto 1976a. 

Tricolporopollenites cf. sittlerii Roche 1973. 

See plate 6, fig.24 and Gr.-Cav. 1976a pl.2, fig.21 onlYi 
not Roche 1973, pl.6, fig.18-19. 

Tricolporopollenites sp. ~ 

See plate 7, fig.l,2,5 and Gr.-Cav. 1977 (thesis) pl.12, 

fig.1-4, p.138 (as "Tricolporopollenites srivastavai"). 

Comments. The verrucate ornament is slightly finer on my 

specimens, grains are otherwise comparable to "T. sriva

stavai". 

Observed distribution. Alum Bay only, AB 60, AB 63, 

Bracklesham Beds, Bed 1 sensu Eaton 1976. 

Reported distribution. Cuisian, Paris Basin (Gr.-Cav. 1977). 

OTHER TAXA: 

Aesculiidites circumstriatus (Fairchild 1966) Elsik 1968. 

See plate 6, fig.17-19 and Fairchild 1966, pl.2, fig.3a-

3c (as Tricolpites circumstriatus}i Elsik 1968, pl.27, 

fig.lO-18i Chat. & Gr.-Cav. 1968, pl.4, fig.21-22 (as 

Tricolpites fsp. P.160). 

Size. 10 specimens, equatorial diameter, polar viewi 

15.0 (17.0) 19.0 microns. 

Comments. The arrangement of the ornament, concentric 

about the poles, distinguishes this from other tricol

porate species with striate-reticulate ornament. 

?Brevicolporites sp. 

See plate 7, fig.18,19. 

Comments. Too few specimens for positive identification, 

superficially similar to Brevicolporites colpella Anderson 

1960, pl.6, fig.11-14. Included in "brevicolpate/col

porate pollen" in counts. 
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/ 

Cornaceoipollenites parmularius (R.Pot.) Potonie 1960. 

See plate 7, fig.6,8-l0 and 

Tricolpopollenites magnus Kedves 1965b in Gr.-Cav. 1976a, 

pl.l, fig.1S,24: Tricolporopollenites parmularius 

(R.Pot.) W.Kr. 1960 cf. parmularius in W.Kr. & Vanh. 1977, 

p1.29, fig.1-8. 

Size. 10 specimens; length 37.5 (40.25) 45.0 microns. 

Observed distribution. Relatively common in the lignite 

horizons of the Woolwich and Reading Beds, otherwise 

very rare. 

Cupanieidites eucalyptoides 

See plate 7, fig.13 and 

W.Kr.& Vanh. 1977, pl.17, 

Krutzsch 1962a 

Krutzsch 1970, 

fig.13-1S. 

ICyrillaceaepollenites sp. (unidentified) 

See plate 7, fig.14-16. 

p1.6, fig.130; 

Comments. Too few specimens were recovered for definite 

identification. The pollen grains are oblate, preserved 

in polar view and are characterised by very short colpi, 

between 1/3 and 2/3 of the radius. Exine is thin, up to 

1 micron, and is smooth to scabrate. No definite pores 

have been seen but the thinning of the exine adjacent to 

the colpi at the equator suggests the presence of pores 

with pronounced equatorial elongation. Similar specimens 

are recorded by Tschudy 1973, pl.4, fig.20,21 as 

C~rillaceaepollenites of the pollenit~ ventosus type 

(B.17) and Frederiksen 1980, pl.3, fig.24,?25 as 

Pseudolaesopollis ventosa (Pot.) Frederiksen. 

Duplopollis golzowense Krutzsch 1961d 

See plate 7, fig.12 and Krutzsch 1961d, pl.2, fig.43-

45. 

Comments. Only a single specimen recorded, from the 

Thanet Beds at Oldhaven Gap. 

Duplopollis myrtoides Krutzsch 19S9 

?Faguspollenites sp. 

See plate 7, fig.7. 

Comments. Similar to Faguspol1enites Raatz 1937 (as in 

Potonie 1960, p1.6, fig.116) in the spheroidal shape and 

very short co1pi but no definite pores seen. Too few 

specimens for positive identification. Included in 

"brevico1porate pollen" in counts. 
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Favitricolporites baculoferus (Pflug 1953a) Srivastava 1972 

See plate 7, fig .11 and Thomson & Pflug 1953, pl.14, 

fig.4,5; Elsik 1968, pl.26, fig.l,2 only (both as 

!E!£0lporopollenites baculoferus); Gr.-Cav. 1968, pl.6, 

fig.26 only (as Tricolpopollenites vermiculatus); 

Srivastava 1972, pl.16, fig.1-9 and Christopher et ala 

1980. pl.l, fig.5-7. 

cf. Favitricolporites baculoferus (Pflug 1953a) 

Srivastava 1972 
See plate 7, fig.17. 

Comments. Specimens of this type appear to be transitional 

between ~. baculoferus and Tricolpites Spa ~. Wall 

structure is generally similar to the scrobiculate to 

reticulate exine of Tricolpites SPa ~ although the 

reticulation is more obvious than in that species. The 

capita of the pila are not as well developed as in F. 

baculoferus but the tricolporate apertures with weakly 

developed costae are closer to the latter species than to 

Tricolpites Spa ~. 

Observed distribution. 

facies of the Woolwich 

Quarry, near Newbury. 

Fairly common in the Reading 

and Reading Beds at Cold Ash 

Fraxinoipollenites variabilis Stanley 1965 

See plate 7, fig.3,4, plate 8, fig.1-3, cf. fig.4,5 

and Stanley 1965, pl.45, fig.29-30, 32-33 only; Gr.-Cav. 

1976a, pl.l, fig.28; Schumacker-Lambry 1978, pl.14, 

fig.1-4, (as Tricolpopollenites hians); NOT Fraxinoi

pollenites variabilis Stanley in Leffingwell 1971, 

pl.8, fig.8-l0; NOT Potter 1976, pl.2, fig.37, as 

Aesculiidites variabilis (Stanley 1965) Nichols 1970 

(colpate form). 

Comments. From the literature this species appears to be 

the most appropriate for my material. However, specimens 

illustrated as ~. variabilis by several authors are not 

comparable (see above and Tricolpites cf. !. variabilis 

Stanley 1965 in Christopher et ale 1980). Of the London 

Basin material plate 7, fig.3, plate 8, fig.I,2 are the most 

characteristic (comparable with Stanley 1965, p1.45, 

fig.33,34) while the shorter ornament on plate 8, fig.3 
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is closer to that on the holotype (Stanley 1965, pl.45, 
fig. 29-30) • 

Pentapollenites spp. (undifferentiated). 

See plate 8, fig.6-10 and 

f. pentangulus (Pflug 1953a) Krutzsch 1958, pl. 10, fig. 

5-7; Gr.-Cav. 1976, pl.6, fig.8; W. Kr. & Vanhoorne 1977, 

pl.16, fig.1-9; and f. laevigatus W. Kr. 1962 in Gr.-Cav. 
1968, pl.9, fig.18. 

Retitrescolpites anguloluminosus (Anderson 1960) 

Frederiksen 1979 

See plate 8, fig.l1-13,17 and Anderson 1960, pl.6, fig.15-

17, pl.8, fig.17,18 (as Tricolpites anguloluminosus); 

~impson 1961, pl.18, fig.10,12 (as Bucklandia prebasalt

ica); Stanley 1965, p.320-321, pl.47, fig.18-23 (as 

Tricolpites bathyreticulatus); Elsik 1968, p.624, pl.24, 

fig.15-16, pl.25, fig.l; Christopher 1978, pl.2, fig.15 

(as "Retitricolpites" sp. A), pl.2, fig.18 ("Retitricol

pites" sp. D) and pl. 2, fig. 19 ("Reti tricolpites" sp. E); 

Frederiksen 1979, p.139, pl.l, fig.13 and 1980, p1.2, 

fig.18,19 (as Retitrescolpites anguloluminosus (Anderson) 

Frpderiksen). 

Spinaepollis spino sus (R. Pot. 1931) Krutzsch 1961d 

See plate 8, fig.15,16 and as "Gruppe 79 spinosoide Formen" 

w. Kr. 1958, pl. 10, fig.32-39; as Sernapollenites duratus 

Stover 1966, pl.l, fig.7a-di Spinaepo11is spinosa Freder

iksen 1980, p1.2, fig.17. 

~. 6 specimens; equatorial diameter 25.0 (27.0) 29.5 
microns. 

Botanical affinity. Unknown. Although several authors 

have commented on the presence of similar ornament in 

various extant families; Lauraceae (Pflug 1953a), Euphor

biaceae (W. Kr. 1961), Thymelaceae (Elsik 1968). None of 

these types have similar apertures to Spinaepol1is 

spinosus. 

?Spinu1aepo11is spp. 

See plate 8, fig.14,18,19 and Spinulaepollis sp. in Gruas

Cavagnetto 1974, pl.5, fig.32. 

Observed distribution. Rare, forms comparable to plate 8, 

fig.19 are present in the Reading facies of the Woolwich 

and Reading Beds at the western end of the London Basin. 
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Striate tricolpate/tricolporate pollen, undifferentiated. 

See plate 6, fig.25. There is considerable morphological 

variation in this group, individual species have not been 

distinguished. 

Tricolpopo11enites retiformis Th. & pf. 1953 

See Trico1popo11enites gr. retiformis Gr.-Cav. 1968, pl.6, 

fig.6-7, 12-15. 

SUBTURMA: / 

POLYPTYCHES (Naumova 1937, 1939) Potonie 1960 

Genus: POLYCOLPITES Couper 1953 

Type species: Polycolpites clavatus Couper 1953, p.63, pl. 

8, fig.123,124. 

Po1yco1pites sp. ~. sp. nov. 

Plate 8, fig.20-26. 

Description. (Based on 5 specimens). Pollen grains spher-

oidal, polyco1pate, with five or six, colpi; the precise 

number is difficult to determine in the uncompressed grains 

in equatorial view. Colpi short, in polar view they extend 

about one third of the way to the pole. In equatorial view 

colpi range from 5.75-12.5 microns in length, usually 5-7 

microns. In some specimens structures similar to narrow, 

poorly defined costae are visible at one aperture in optical 

section, interrupted by an apparent lolongate endopore. 

Exine comparatively thick for the size o£ the pollen, 1-1.5 

microns. Endexine very thin, less than 0.5 microns,· ektexine 

c. 1 micron, pilate with closely spaced delicate pila the 

heads of which unite to form a tegillum (plate 8, fig.2l,25). 

In plan view exine is granular (plate 8, £ig.26) to micro

reticulate, with limina c.O.S microns (plate 8, fig.20,24). 

Size. Polar view, 1 specimen (5 colpi); diameter 22.25 mic

rons. Equatorial view, 3 specimens; polar axis 17.5 (18.0) 

18.5 microns; equatorial axis 18.5 (19.0) 19.5 microns. 

Typical specimen. PK 210(3) EF:V32/l, plate 8, fig.23,24. 

Equatorial axis 19.0 microns; polar axis 18.5 microns. Loc

ality; Sample PK 21; Woolwich and Reading Beds at Pincents 

Kiln near Reading GR:SU 653722. 

Comments. The number of colpi is not always easy to deter

mine because of the thick exine and the tendancy of grains 
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to be preserved in equatorial view. For the same reasons 

it is difficult to examine the structure of the colpi 

and to decide whether true pores or costae are present. 

Comparison. This species is distinguished by the combined 

characters of small size, spherical shape and the close 

spacing of the delicate pila. 

Botanical affinity. Unkown. 

Observed distribution .. Very rare, only S specimens recorded 

to date, two in sample PK 21 from the Woolwich and Reading 

Beds at Pincents Kiln and three from the Woolwich Marine 

Beds at Oldhaven Gap, sample OG 12. 

SUBTURMA: P'lYCHOPOLYPORINES (Naumova 1937, 1939), 

Potonie" 1960 

Tetracolporopollenites manifestus (R.Pot.) Th. & pf. 1953 

subsp. ellipsoidus Pf. 

See plate 8, fig.28 and Thomson & Pflug 1953, pl.lS, 

fig.35,36; Gruas-Cavagnetto 1976c, pl.5, fig.lO-13. 

Comments. Included in Tetracolporopollenites spp. in 

counts. 

Tetracolporopollenites spp. 

See plate 8, fig.27,29,30. 
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TURMA: / 
POROSES (Naumova 1937, 1939) Potonie 1960 

SUBTURMA: MONOPORINES (Naumova 1937) Potonie 1960 

Genus: PANDANIIDITES Elsik 1968. 

Type species: Pandaniidites texus Elsik 1968, p.314, pl.15, 

fig.6. 

Pandaniidites texus Elsik 1968. 

Plate 9, fig .1-4. 

1968 Pandaniidites texus, Elsik p.314, pl.15, fig.6. 

Size. 12 specimensj19.5 (23.0) 28.5 microns, pore diameter 

about 4 microns. 

Comparison. Echigraminidites moravicus W. Kr. 1970 is more 

robust and has thicker spines. 

Botanical affinity. Pandanus Palmae (Elsik 1968, p.314.) 

Observed distribution. Generally rare in all formations 

from the Thanet Beds to London Clay, most consistent in the 

Woolwich and Reading Beds; fairly common at some levels in 

the Lignite and Woolwich Shell Beds; not recorded in the Old

haven Beds. 

Reported distribution. Palaeocene of Texas. 

Genus: RESTIONIIDITES Elsik 1968. 

'I'ype species: Monoporopol1eni tes .hungaricus Kedves 1965, 

p.SO-Sl, fig.1-6. 

Restioniidites hungaricus (Kedves 1965) Elsik 1968. 

Plate 9, fig.5. 

1953 Inaperturopollenites incertus (Pf.& Th.) subsp. 

fossulatus; Th.& Pf. p.66, pl.S, fig.36. 

1961 Restio sp. ~. Ma Khin Sein, p.132-133, pl.8, fig.73, 

74. 

1966 Monulcipollenites confossus Fairchild; in Stover, 

E1sik & Fairchild p.3, p1.1, fig.3-6. 

1968 Restioniidites hungaricus (Kedves 1965) E1sik; p.313, 

pl.1S, fig.13. 

1968 Monoporopo11enites hungaricus Kds. 1965: Gr.-Cav. 

p.73, pl.9, fig.4. 

1971 Monoporopollenites sp. A. Machin, p1.2, fig.14. 
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1977 Milfordia hungarica (~edves 1965) W. Kr.& Vanh; 

W.Kr.& Vanhoorne, p.24, pl.ll, fig. 17-18. 
Description. Pollen grains oval, frequently folded; mono

porate, aperture generally oval, between 4-5 microns long 

and 1.5-3 microns wide, a weak annulus often present although, 

in a few specimens, the aperture margin is ragged. Exine 

1 - 1.5 microns thick, endexine and ektexine of equal thick

ness; ornament foveolate, pits less than 1 micron in diameter 

and irregularly distributed. 

~. 7 specimens; 32.0 (35.0) 40.0 microns diameter. 

Comparison. Elsik describes the aperture as monoporate or 

"monulcoid", it is never as elongate as the monocolpate 

aperture of Milfordia Erdtman 1960. R. minimus differs only 

in its smaller size, less than 30 microns. 

Botanical affinity. Restionaceae (Elsik 1968). Ladd (1977, 

p.13) describes this monoporate, annulate aperture type as 

"graminioid" and illustrates it in several extant pollen 

species from genera in the Restion.aceae and in the Flagel

lariaceae. He suggests that some of the specimens found by 

Elsik could be restionaceous pollen or could represent 

members of the Flagellariaceae. 

Observed distribution. Rare from Thanet Beds to London Clay 

(except Oldhaven Beds). May be fairly common in Woolwich 

Shell Beds. Less common than R. minimus. Rare to fairly 

common in the Bracklesham Beds at Alum Bay. 

Reported distribution. This form has a wide geographic 

distribution in the Palaeocene: Belgium (Roche 1968), Paris 

Basin (Gruas-Cavagnetto 1968), Aquitaine ("Sparnacian", 

O.-Pierre 1970) and Texas (Elsik 1968): in the Eocene of 

Central Europe (Krutzsch 1970) and Hungary (Kedves 1974) ;but 

it is less common in the Oligocene and very rare in the 

Miocene of Central Europe (Krutzsch 1970). 

1961 

1970c 

1974 

Restioniidites minimus (W. Kr. 1970) Kedves 1974. 

Plate 9, fig.6. 

Restio sp. ~ Pallot, p.86, pl.l3, fig.79. 

Milfordia minima W. Kr. p.76, pl.l0, fig.7,8. 

Restioniidites minimus (W. Kr. 1970) Kds. p.26, pl.ll, 

fig.1-3. 

~. 13 specimens~ 22.5 (27.0) 29.5 microns. 
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Comparison. The smaller size distinguishes this from 

B. hungaricus, aperture structure and ornament are similar. 

Some of the grains included in Restio sp. ~ by Ma Khin 
Sein 1961, p.132, fall within the size range of B. minimus. 
Observed distribution. Rare~ present from Thanet Beds to 
London Clay (except Oldhaven Beds); may be fairly common at 
some levels in the Woolwich Shell Beds. Slightly more 
common than B. hungaricus. Rare to fairly common in the 
Bracklesham Beds at Alum Bay. 
Reported distribution. General distribution in Europe from 
Eocene to Middle Oligocene, less common in younger beds, 
youngest occurrence Miocene (Krutzsch 1970). 

Genus: SPARGANIACEAEPOLLENITES Thiergart 1937 

Type species: Sparganiaceaepollenites polygonalis Thiergart 

1937 p.307, pl.24, fig.ll. 

Comments. Several distinct taxa appear to have been placed 

in Sparganiaceaepollenites cuvillieri (Gr.-Cav.) Roche by 

various authors (see below). In the material examined from 
Southern England three distinct reticulate ornament patterns 

are recognised on large specimens of Sparganiaceaepollenites 
although there are transitional forms. The following species 
have been distinguished: 

Sparganiaceaepollenites cuvillieri (Gr.-Cav. 1966) 
Roche 1968. 

Plate 9, fig.lO,11,14. 

1966 Monoporopollenites cuvillieri Gr.-Cav. p.60, pl.2, 

fig.8-10, ?11, 112. 
1968 Monoporopollenites cuvillieri Gr.-Cav. 1966~ Gr.-Cav. 

p.73, pl.9, fig.5,7,8. 
cf.1968 §pargan1aceaepollen1tes (monoporopollenites) 

cuv111ieri (Gr.-Cav. 1966) Roche; p.160, p1.2, fig.1l, 

12. 
non 1976 ppargan1aceaepo11enites cuvi111eri (Gr.-Cav.) 

Roche 1968; Gr.-Cav. p.38, p1.1, f1g.6,7. 

non 1977 §pargan1aceaepol1enites cuv1111er1 (Gr.-Cav. 1966) 

nov. comb. (sic); W. Kr. & Vanh. p.26, pl.12, 

fig.1-3. 
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Description. Grain spheroidal, monoporate. Exine is rigid, 

1-2 microns thick, endexine and ektexine of equal thickness, 

reticulate. Muri duplibaculate to multibaculate, generally 

wider in the vicinity of the pore, bacula generally indist

inct. Lumina are irregular shapes, 1 - 2.5 microns long with 

no obvious differentiation of lumina size away from the pore 

(as occurs in ~. cf. cuvillieri ). 

~. 32 microns~ one specimen. 
Comments. Similar to ~. cf. cuvillieri in the presence of 
multibaculate muri and in the general rigidity of the exine 
but it differs in the absence of large lumina opposite the 
pore. There are probably gradations between this form and 

~. cf. cuvillieri. Although Gruas-Cavagnetto (1976, pl.l, 
fig.6,7) illustrates specimens of !. cuvillieri with larger 

lumina opposite the pore, her description and illustrations 

of the holotype (1966, pl.2, fig.7-l0) show an even reti

culation over the whole surface. I have excluded from S. 

cuvillierii s.s. specimens which show a marked increase in 

mesh size. 

Observed distribution. Rare in the Woolwich facies of the 

Woolwich and Reading Beds. 

Reported distribution. Common in the Sparnacian of the Paris 
Basin, France (Gruas-Cavagnetto 1966,1968), present in the 

Woolwich Beds at Swanscombe (Gruas-Cavagnetto 1970) • 

1973 

Sparganiaceaepollenites cf. cuvillieri 

Plate 9, fig. 7 ,9,13,16. 
Sparganiaceaepollenites (monoporopollenites) cuvi1-

lieri (Gr.-Cav. 1966) Roche 19681 Roche, p.70, p1.S, 

fig.22,23, non fig.24. 
1977 pparganiaceaepollenites cuvi1lieri (Gr.-Cav. 1966) 

nov. comb. (sic)~ W. Kr.& Vanh. p.26, pl.12, fig.1-3. 

Description. Pollen grains spherical to oval, monoporate, 

pore margin indistinct. Exine rigid, 2 microns thick. End

exine and ektexine of equal thickness. Ektexine with a 

reticulate ornament, muri up to 2 microns wide, dup1ibacu1ate· 

to mu1tibacu1ate, occasionally with small lacunae within the 

walls (plate 9, fig.7,13). Lumina around the pore are small, 

generally less than 2 microns, on the opposite hemisphere 

they are larger, more irregular, up to 4 microns long and 
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separated by wide, multibaculate muri. The bacula which 
support the muri are distinct, giving the grains a granular 

appearance in some focal planes (plate 9, fig.7). 

~. Diameter 33 microns. One specimen. 

Comments. Krutzsch and Vanhoorne's specimens show the marked 

difference in lumina size which is typical of the London 

Basin material. It is probable that there are forms with 
less pronounced differences in lumina size which are tran

sitional to S. cuvillieri s.s. 

Botanical affinity. Similar pollen occurs in the Spargani

aceae and Typhaceae although the latter occurs more frequently 
in tetrads. Punt (personal communication September 1972) 

remarked that the specimen illustrated in plate 9, fig. 

7,9,13,16 is very similar to modern Sparganium ~mersum 
(syn.~. simplex). 

Observed distribution. Very rare. Occasionally present in 

Woolwich and Reading Beds, Woolwich facies, especially the 

lignite horizon at Shorne Wood. 

Recorded distribution. Upper Landenian of Belgium, (Roche 

1973, Krutzsch and Vanhoorne 1977). 

Sparganiaceaepollenites magnoides Krutzsch 1970a 

Plate 9, fig.8,12,15, plate 10, fig.l,2, cf.3. 

19700 Sparganiaceaepollenites magnoides W. Kr., p.82, pl.13, 

fig.14-23. 

1976 Sparganiaceaepollenites cuvillieri (Gr.-Cav. 1966) 

Roche 1968; Gr.-Cav. pl.l, fig.6,7. 
Description. Grains spheroidal to oval, monoporate, with a 

reticulate ornament which is markedly coarser opposite the 

pore. Exine thin, 1.5 microns, frequently showing secondary 

folding; endexine 0.5 microns, ektexine 1.0 microns. Orna

ment is distinctive; lumina near the pore are small, 1.0-1.5 

microns, separated by duplibaculate muri up to 1 micron 

wide. On the opposite hemisphere lumina are noticeably 

larger, of irregular shapes, averaging 2.5 microns but often 

up to 5 microns; muri are usually narrow, irregular in 

width, simplibaculate or duplibaculate, only rarely multi

baculate. The bacula which support the walls are usually 

• clear. 
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Rize. Diameter 29.5 (40.5) 48.0: 30 specimens. 

Comparison. The exine of ~. cf. cuvillieri is generally 

more rigid and has much wider multibaculate muri on the 

surface opposite the pore. S. retibaculus W. Kr. & Vanh. 

1977 is larger (60-75 microns) and is more obviously multi

baculate, although its ornament appears transitional between 

2. magnoides and 2. cf. cuvillieri. Other species seen in 
the present material are either simplibaculate or lack the 
marked differences in lumina size typical of this species. 

Botanical affinity. Probably Sparganiaceae. 

Observed distribution. This is the most common of the large 

Sparganiaceaepollenites species present in the London Basin. 
Generally rare, most consistent in the Woolwich facies of 

the Woolwich and Reading Beds, particularly the lignite 

horizon at Shorne Wood where it may be very common (JL 865, 

JL 867). Also present in the London Clay at Alum Bay. 

Reported distribution. See Krutzsch 1970a. 

1961 

1971 

Sparganiaceaepol1enites reticulatus (Dokt.-Hrebn. 

196~ Krutzsch & Vanhoorne 1977. 
Plate 9, fig.17-l9. 

Monoporopo1lenites sp. C 

Monoporopollenites sp. C 

Pallot, p.90, pl.15, fig.87. 

Machin, pl.2, fig.18. 
1976 Undescribed monoporate pollen, Martin, pl.27, fig.4,5. 

1977 Sparganiaceaepollenites reticulatus (Dokt.-Hrebn. 

1960) W. Kr. & Vanh. p.25, pl.ll, fig.19-2l. 

Description. Grains spheroidal, monoporate with an annulus, 

and occasionally an operculum (Martin 1976, pl.27, fig.4,5 
and pI. 9, fig .17 herein) • pore clearly defined, diameter 

about 2 microns. Exine thin, about 1 micron, with a deli

cate, reticulate ornament. Bacula present only where muri 
jOin: bacula less than 1 micron high: muri less than 0.5 

microns wide: lumina adjacent to the pore about 1 micron, 

over the rest of the grain varying from 1-2 microns. 

~. 20.0 (23.5) 28.0 microns; 5 specimens. 

Comments. The forms described by Krutzsch & Vanhoorne 1977, 

p.26 are slightly larger, 30-40 microns, but are otherwise 

identical. 

The presence of an annulus is not typical of 

§parganiaceaepollenites Thiergart. However, these specimens 
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differ from the monoporate genus Ag1aeoreidia (Erdtman) 

Fowler 1971 which does possess an annulus but generally 

has more bilateral symmetry and an ornament with sharply 

defined areas of coarse and fine reticulation. 

The annulus and very delicate reticulation separate 

this from other species of Sparganiaceaepo1lenites. 

Botanical affinity. Unknown. 

Observed distribution. Occurs in the Woolwich facies of the 

Woolwich and Reading Beds, the lignite, Shell Beds and 
Striped Loams. 

Reported distribution. Upper Eocene of the Isle of Wight 

(Machin 1971); Upper Landenian of Belgium, (Krutzsch"& 

Vanhoorne 1977), Miocene of Poland (Doktorovitcz-Hrebnicka 
1960) • . 

§parganiaceaepo11enites sparganioides (Meyer 1956) 

Krutzsch 1970c 
Plate 9, fig.20,21. 

1961 Sparganiaceae:Typhaceae sp. D. Pa11ot; p.81-82, p1.2~ 

fig.68. 

1970c Sparganiaceaepollenites sparganioides (Meyer) W. Kr. 

p.80,84,85; pl.12; fig.1-36. 

Comments. The present specimens are slightly smaller than 

those of Krutzsch (1970c) but are otherwise identical. The 

imperfect reticulum has very irregular, often elongate, 

lumina; muri are clearly simplibaculate and sometimes appear 

discontinuous. The species is distinguished from ~. poly

gonalis by the larger, more irregular reticulum and more 

obvious, simp1ibaculate muri; from Sparganiaceaepollenites 

!eticulatus by the imperfect reticulum; and from other 

species of Sparganiaceaepo1lenites by its smaller size. 

~. 21.0 (23.5) 26.0 microns; 20 specimens. 

Observed distribution. Present in the Woolwich facies of 

the Woolwich and Reading Beds, especially the lignite at 

Shorne Wood and in the Woolwich Shell Beds. 

Reported distribution. Oligocene of the Isle of Wight, 

(Pallot 1961); Middle Oligocene to Miocene of North Central 

Europe, (Meyer 1956, Krutzsch 1970). 
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Sparganiaceaepollenites sp. A sp.nov. 

Plate 10, fig.5. 

Description. Pollen grains spheroidal, frequently with 

secondary folding. Monoporate, with pore diameter up to 

7 microns. Exine 1-1.5 microns thick; endexine smooth, 

0.5 microns, ektexine up to 1 micron thick. Ornament 

reticulate, muri about 0.5 microns wide, simplibaculate to 

duplibaculate but the bacula are indistinct. Lumina 

irregular, sometimes elongate, ranging from 0.5-2 microns, 

large and small lumina irregularly distributed over the 

surface. 

Size. 31.5 (35.0) 38.5 microns; 5 specimens. 

Typical specimen. Plate 10, fig.5; JL 863>; 4151125; size 

35.0 microns. Locality; Lignite horizon within Woolwich 

and Reading Beds at Shorne Wood, Kent, GR:TQ 67306980. 

Comparison. Differs from ~. cf. cuvillierii and ~. magnoides 

since there is no differentiation into areas of large and 

small lumina and clear bacula are absent. Distinguished 

from S. cuvil1ierii by its narrower muri and less rigid 

exine. 

Botanical affinity. Probably Sparganiaceae. 

Observed distribution. Rare in the Woolwich facies of the 

Woolwich and Reading Beds and in the London Clay. 

/ 
SUBTURMA: DIPORINES (Naumova 1937) Potonie 1960 

Genus: DIPORITES Van der Hammen 1954 

Type Species: D. grandiporus Van der Hammen, p.91, p1.6, 

fig. lower right. 

1968 

1974 

Diporites iskaszentgyorgyi Kedves 1965. 

Plate 10, fig.6. 

Diporites iskaszentgyorgyi Kds. 19651 Gr.-Cav. , 

p1.8, fig.24. 

DiEorites iskaszentg~org~i Kds. 1965; Gr.-Cav. , 

fig .1. 

p.75, 

p1.3, 

1976a Diporites iskaszentgyorgyi Kds. 19651 Gr.-Cav., p1.5, 

f1g.7,11,18. 

Botanical affinity. Burmanniaceae (Dictyostega), Gruas-
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Cavagnetto 1976a. 
Observed distribution. Recorded only from Alum Bay; Lo~don 

Clay (Division C-D) and Bracklesharn Beds. Absent from the 
Woolwich and Reading Beds throughout the London Basin. 

Reported distribution. This form is stratigraphically use

ful. Kedves comments that the species occurs in Hungary 

only in the Sparnacian and reports it from the Sparnacian 

of the Paris Basin. Gruas-Cavagnetto (l976aJ records it from 

the Lower Bagshot Beds, Bournernouth Freshwater Bed and 

Fisher Beds III and V. 

SUBTURMA: TRIPORINES (Naumova 1939) Potoni~ 1960 

Genus: COMPOSITOIPOLLENITES R. Pot. 1960. 

Type species: Pollenites rhizophorus R. Pot. 1934b, 

p.94, pl.5, fig.25. 

Compositoipollenites rhizophorus (R. Pot. 1934b) 

R. Pot. 1960 subsp. rhizophorus. 

Plate 10, f1g.7,9-ll. 

1934 'pollenites rh1zophorus R. Pot. p.94, pl.5, f1g.25. 

1953 Intratriporopollenites rhizophorus (R. Pot.) 

pf. & Th. subsp. ge1seltalensis Pf.: Th. & Pf: p.88, 

pl.lO, fig.2-6, not fig.l. 

1958 "rhizophoroide" Formen; W. Kr. p.52l, pl.lO, fig. 

20-3l. 
1961 Intratriporopollenites rhizophorus (R. Pot.) Pf. & Th. 

subsp. geiseltalensis Pf.; Ma Khin Sein, p.256, pl.26, 

fig.285. 
1977 Compositoipollenites rhizophorus (R. Pot. 1934b) 

R. Pot. 1960 subsp. rhizophorus; W. Kr. & Vanh. p.62, 

pl.26, fig.1-3. 
Description. Pollen grains spherical, triporate with clear 

annuli. Exine 1.5 - 2 microns thick, tegillate with 

supra-tegillar spines 3.5 - 6 microns long and 1.5 - 2.5 

microns in basal diameter. Exine clavate, tegillum links 

heads of clavae which produce a granular appearance in 

transmitted light (plate 10, £ig.7,10). Scanning 
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electron micrograph (plate 10., fig. 11) shows a foveolate 
ornament in the surface of the tegi11um, between the spines • 
.§ize. (excluding spines') 23.5 (28.0) 35.0 micronsj20 

specimens. 

Comparison. £. rhizophorus subsp. burghasungensis is distin

guished by its more delicate, shorter spines. £. rhizo
phorus subsp. giganteus Roche 1968 and £. rhizophorus subsp. 

iodesoides W.Kr. & Vanh. 1977 are both larger with robust, 
long (6 - 8 microns) spines. 
Botanical affinity. Not Compositae. Probably Icacinaceae, 
genus lodes (Krutzsch 1961, p.328). 

Observed distribution. It occurs throughout the Woolwich and 
Reading Beds and is commonest in the Reading area (9.6% 

in NB 1). Present also in the Thanet Beds (rare), the 
01dhaven Beds (OG 27, OG 22) and the London Clay. 

Recorded distribution. Krutzsch 1970, p.335 reports C. rhiz

ophorus s.l. from the early Palaeocene to the late Eocene 

(Pg.-zone 3ab - 18). It occurs in the Upper Landenian of 
Belgium (Roche 1968, W. Kr.& Vanh. 1977). Ma Khin Sein (1961) 

reports it from the early Eocene of the Isle of Wight. 

CompoSitoipollenites rhizophorus~. Pot.) R. Pot. 1960 

su~sp. burghasungensis M6rr.& Pf. ex Th.& pf.1953. 

Plate 11, fig.1,2. 
1951 "Burghasungerl'-Typus Murr. & Pf., pI. 5, fig. 33. 

1953 Intratriporopo11enites rizophorus (R.Pot.) Th.& Pf. 

subsp. burghasungensis Murr.& Pf.1 Th.& Pf., p.88, 

p1.9, fig.126-l28, 131, 132. 
1961 lodes sp. Ma Khin Sein, p.20S, pl.19, fig.202. 
1977 Compositoipollenites rhizophorus burghasungensis 

M6rr. & Pf.1 w. Kr. & Vanh., p.62, p1.26, fig.4-7. 
1980 Malvacipollis sp. Frederiksen pl.l, fig.36,37,38. 

Description. Pollen grains spherical, triporate with clear 

annuli. Exine thin, about 1 micron, tegillate1 the tegi11um 

links heads of clavae which forms the columellate layer. 

Tegil1ate structure not always discernable. Supra-tegillar 

ornament of delicate spines and occasional granules~ spines 

narrow-based, 1 micron or less, height always less than 3 

microns, usually 2-2.5 microns. 

Size. (excluding spines) 23-.5 (25.5) 29.5microns~ 7 specimens 
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Comparison. The size of this subspecies overlaps with that 

of f. rhizophorus ss., however the more delicate spines dist

inguish f. rhizophorus subsp. burghasungensis. Transitional 

specimens do occur. 

Botanical affinity. 

than f. rhizophorus. 

Probably lcacinaceae, closer to lodes 

Ma Khin Sein (1961, p.205) considered 

her specimens to agree with recent lodes ovalis and !. vit

~ from China, except for their slightly curved spines. 
Observed distribution. Generally rare, less common than C. 
rhizophorus SSe 

Reported distribution. Upper Landenian of Belgium (Roche 

1968, and Krutzsch & Vanh. 1977); late Eocene to early 

Oligocene (Thomson and Pflug 1953). 

1968 

Compositoipollenites rhizophorus (R. Pot.) R. Pot. 

1960 subsp. rninirnus Roche 1968. 

Plate 11, fig. 3. 

Compositoipollenites rhizophorus (R. Pot.) Pot. subsp. 

rninimus Roche, p.164, pl.2, fig.22-24. 

1977 Compositoipollenites rninimus W. Kr. & Vanh.; p.63, 

pl.26, fig.23-24. 

1980 Malvacipollis sp. Frederiksen pl.l, fig.34,35. 

Description. Pollen grains spherical, triporate with clear 

annuli; indistinct colpi may be present. Exine thin, about 

1 micron, thickening to 2-3 m'icrons at the pores. Ornament 

of very delicate spines, up to 1.5 microns high, generally 

1 micron or less in basal diameter. 

Size. 17.5 (19.0) 21.0 microns; 4 specimens. 

Comparison. It differs from the other subspecies of C. 

rhizophorus in the combined features of small size and 

delicate ornament. 

Botanical affinity. Uncertain. 

Observed distribution. Generally rare, fairly common in the 

Reading facies of the Woolwich and Reading Beds (PK 20). 

Repo~ted distribution. Upper Landenian of Belgium (Roche, 

1968; W. Kr. & Vanh. 1977 (Pg-zone 11). 
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?Compositoipollenites sp. 

Plate II, fig.4,5,9,10. 

1968 Indetermin~ no. 2 Gr.-CaV. p.78, pl.9, fig.16,17. 

cf. 1977 Compositoipollenites fsp. ~ w. Kr. & Vanh. p.63, 

pl.26, fig.2l. 

Description. Aperture type indeterminate, possibly inaper

turate. Grains spherical to oval, frequently folded. Exine 

thin, about 1 micron, with an ornament of closely spaced 

conical spines, 1.5-2 microns high and with similar basal 

diameter. In some specimens exine appears intragranular 

intrabaculate. 

Size. 17.5 (21.0) 29.0 microns~ 20 specimens. 

Comparison. Indetermine no. 2 Gr.-Cav. appears to be identi

cal. Krutzsch and Vanhoorne's specimens are considerably 

larger (35-40 microns) but have the same wall structure, 

ornament and obscure apertures~ they are certainly closely 

related to the present material. 

Species of Compositoipollenites ss are characterised 

by prominent pores and therefore differ from this form. 

Botanical affinity. Unknown. 

Observed distribution. Rare through the Woolwich and Read

ing Beds, most persistent in the Shell Beds, also present 

the London Clay at Alum Bay, becoming fairly common in hori

zons transitional to Bracklesham beds (AB 63, AB 64). 

Reported distribution. Gruas-Cavagnetto 1968 reports this 

form as present in low percentages in the Sparnacian of the 

Paris Basin. 

Genus: INTRATRIPOROPOLLENITES Pf. & Th. 1953. 

Type species: Intratriporopollenites instructus (R. Pot. & 

Ven.) Pf. & Th. 1953, p.87, pl.lO, fig.2l. 

Intratriporopollenites microreticulatus Mai 1961. 

Plate II, fig.6,7. 

1961 Intratriporopollenites microreticulatus Mai, p.64, 

pl.10, fig.6-7, (ex. W. Kr. 1958, pl.9, fig.23a,23b). 

Size. 19.5 (26.0) 36.0 microns; 10 specimens. 

Comparison. Most grains are smaller than those described by 

Mai (1961, p.64, 28.0-38.5 microns), but are otherwise 

identical. The smooth outline-and micro-reticulate structure 
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with lumina c.O.S microns diameter, discernible only at high 

magnifications, distinguishes this from other species. 

Botanical affinity. Tiliaceae. 

Observed distribution. Rare, present in the Woolwich and 

Reading facies of the Woolwich and Reading Beds and in the 
London Clay. 

Reported distribution. Rare in 

Zone 7b), regular to frequent 

Eocene (Pg.-Zones 8-15), very 
middle Eocene and late Eocene 
(Krutzsch 1970). 

the middle 

from middle 

rare in the 
(Pg.-Zones 

Palaeocene (Pg.-

Palaeocene-middle 
upper part of the 

16-17) of Europe 

1961 

1968 

1970 

Intratriporopollenites pseudinstructus Mai 1961. 

Plate 11, fig.8,11-l4. 

Intratriporopo1lenites pseudinstructus Mai, pl.lO, 

fig.19-23. 

Intratriporopo1lenites pseudinstructus Mai 1961; 

Gr.-Cav. p.S8, pl.S, fig.14-17. 

Intratriporopo11enites pseudinstructus Mai 1961; 

O.-Pierre, pl. 11, fig.lsa,lsb. 

Description. Grains oblate, rounded triangular "Ji th apertures 

in the centre of the sides, trico1porate, rarely tetracol-

porate. Colpi short, but usually obvious, reaching one-

third of the way to the pole. Pores oval with polar exten~ 

sion, surrounded by clear endannuli. Commonly there is 

differential staining of the endexine at the polar extension 

of the pores. Apertures usually protrude slightly at the 

equator and occasionally show a separation of exine layers 

forming a vestibulum (pl.ll, fig.14). The scanning electron micro
graph shows a colpus underlain by a granular endannu1us. 

Exine about 1.5 microns thick between the colpi, endexine 

and ektexine of equal thickness. Reticulate ornament clear, 

lumina 0.5-1.5 microns in diameter. 

~. 25.0 (31.0) 39.0 microns; ten specimens. 

Botanical affinity. Tiliaceae. 

Reported distribution. Lower Palaeocene to Lower Oligocene 

in Germany (Mai 1961), Sparnacian of the Paris Basin (Gr.

Cav. 1968), Upper Landenian of Belgium (Roche 1969). 

Observed distribution. See Appendix 2. 
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Intratriporopollenites sp. A sp. nov. 

Plate 11, fig.15,16,18,19. 

Description. Pollen grains obla~e, amb round to rounded 

triangular. Grains tricolporate or 4-colporate with aper

tures in the middle of the sides. Colpi short, reaching 

about one-third of the way to the pole, generally narrow, 

not always discernable. Pores oval, with polar elongation, 
(as long as the colpi); and clear endannuli up to 3 microns 

thick. Exine 1-1.5 microns thick between apertures, ektexine 
clavate, up to twice as thick as endexine. Reticulate orna

ment with simplibaculate muri, lumina less than 1 micron 

on one hemisphere', more irregular and noticably coarser 

over the other, 1-1.5 microns. 

~. 28.0 (30.5) 33.0 microns; 10 specimens. 

Typical specimen. Plate 11, fig.15,16,18; JL 865a; 401990; 

32.0 microns. Locality, lignite horizon within the Woolwich 

and Reading Beds at Shorne Wood, Kent. GR:TQ 673698. 

Comparison. Wall structure is the same as in I. pseudin

structus but the coarser reticulum over one hemisphere 

distinguishes this species. I. megainstructus W. Kr. & Vanh. 

1977, pl.25, fig.7,8, has similar variations in lumina size 

but is considerably larger, 50 microns. 

Botanical affinity. Probably Tiliaceae. 

Observed distribution. Rare, irregular occurrence in all 

facies of the Woolwich and Reading Beds and in the London 

Clay, Divisions B,C at Alum Bay. Not recorded at Pegwell 

Bay or Oldhaven Gap. 

OTHER SPECIES: 

Intratriporopollenites sp. 

See plate II, fig.17. 

~. 3 specimens; 25.0, 28.5, 34.0 microns. 

Comparison. This differs from the species of Intratriporo

pollenites listed above in the combination of weak annulus, 

very thin exine and the ornament of an imperfect reticulum. 
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MOMIPITES GROUP 

Several generic names are in use for small pollen 
grains attributed to the primitive Juglandaceae. The 

pollen is triatriate, triangular in outline with concave 
to convex sides, and may have exine thinnings, folds or 
thickenings of various patterns. The family appears to 
have been more diverse in North America than in northwest 
Europe during the early Tertiary but occurs abundantly in 
the Woolwich and Reading Beds in the London Basin and at 
comparable horizons in France (Gruas-Cavagnetto 1968). 

The group as a whole has been reviewed in three recent 

papers (Nichols 1973, Frederiksen & Christopher 1978 and 

Nichols & Ott 1978) and considerable taxonomic revision has 

been made. All three papers point to the close morphologic 

and phylogenetic relationships between species of the 

primitive Juglandaceae but, as yet, there is no general 

agreement on which morphological features should be used to 
define genera. 

Momipites was created by Wodehouse in 1933 for 

spheroidal or oblately flattened triporate pollen grains, 

somewhat triangular in outline, closely similar to extant 

Momisia and Corylus. More recently the genus has been 

interpreted in several different ways. Stanley (1965) and 

Leffingwell (1971) consider Momipites to lack any kind of 
exine thinning over the poles. In contrast Nichols's emend

ation of Momipites (1973) broadens the genus to include 

species which possess a variety of patterns of exine thin
nings, thickenings and folds. (I consider most of these 
features to be more characteristic of the genera Maceppoli
pollenites Leffingwell 1971, Platycaryapollenites Nagy 1969, 

or ~licatopollis Krutzsch 1962 see below). Frederiksen & 

Christopher (1978) exclude from Momipites those species with 

multiple thin spots or with triradiate folds and thickenings 

(typical of Maceopolipollenites and Plicatopollis respecti

vely in this study). They include forms without thinned 

exine or with a thinned area (simple or ring-like) over one or 

both poles. This interpretation is much closer to Wodehouse's 

original definition. 
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The following genera are used in this study, their 

characteristics are discussed below. 

1) Momipites Wodehouse 1933 

2) Maceopolipollenites Leffingwell 1971 

3) ~latycaryapollenites Nagy 1969 

4) Plicatopollis Krutzsch 1962 

In the counts individual species have been distin

guished wherever possible but most samples also contain 
r 

poorly orientated or coreded grains of this general ~ype 

which could not be identified with certainty. These are all 

included in a single "Momipites"-group which includes 

specimens from all four of the above genera and probably 

corresponds to the Momipites-Plicatopollis-~tycaryapol

lenites complex of Frederiksen (1979). 

Genus: MOMIPITES Wodehouse 1933 

Type species: Momipites coryloides, Wodehouse 1933 p.Sll, 

fig. 43. 

Comments. According to the diagnosis (Wodehouse 1933, p.Sll) 

this genus includes spheroidal, or oblately flattened, 

triporate pollen grains somewhat triangular in outline. 

Wodehouse makes no mention of thinnings in the exine but 

comments on the close similarity of ~. coryloides to Momisia 

and Corylus (which lack exine thinnings) and states that 

it differs from recent Engelhardtia spicata only in its 

larger size. The latter however may have a large, simple, 

polar thinning (see Stone & Broome, 1975, fig.10). 

I have included in Momipites only small, triatriate 

pollen with either a simple polar exine thinning or with

out any exine thinning. Forms with a ring-like polar 

thinning or with multiple circular thinnings are placed in 

Maceopolipo11enites. 

Momipites coryloides Wodehouse 1933 

Plate 11, fig. 20,21. 

1933 Momipites cory1oides Wodehouse, p.S11, f1g.43. 

1978 ~omipit!! cory1oides Wodeh.J F.' C., p.128, 129, p1.1 

fig .1. 
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Comments. Some of the specimens recorded have a large 

thinning over one pole but this is not always present. 

Size. 10 specimens; 21.5 (26.5) 30.5 microns. 

Comparison. Momipites strictus F.& C. 1978 is very 

similar and is difficult to separate, it is characterised 

by straight rather than convex sides and by narrowly 

rounded corners. Maceopolipollenites tenuipolus has a ring

like rather than simple thinning around the pole but is not 

easy to separate when the thinning is poorly developed. 

Botanical affinity. See above. 

Observed distribution. Not separated from ~. tenuipolus in 

counts. Comparatively rare but the ~. tenuipolus group 

is present in small numbers in all formations except the 

01dhaven Beds. 
Reported distribution. Palaeocene and Eocene of North 

America. 

~omipites quietus (R.Pot. 1934b) Krutzsch 1972 

Plate 13, fig.1. 

1934 Pollenites quietus R. Potonie, pl.4, fig.18. 

1958 quietus-Gruppe W. Kr.; pl.8, fig.38-43. 

1970a Momipites ex gr. quietus (R.Pot. 1931c) W. Kr.: 

w. Kr. p.346, pl.6, fig.133, pl. 15, fig.149. 
1974 Momipites quietus (R.Pot. 1934) W. Kr. 1972; Kedves 

p.49, pl.18, fig.13-15. 

1976 Triatriopollenites engelhardtioides Roche 1973: 

Gr.-Cav. pl.6, fig.5, pl.lO, fig.8. 

Comments. This species is characterised by its small size and 

by its well-defined, straight-sided triangular outline. A 

simple exine thinning is occasionally present over one pole. 

Botanical affinity. Engelhardtia (Gr.-Cav. 1976). The 

figure of recentEngelhardtia roxburghiana in Stone & Broome 

(1975, fig.lb) is very similar. 

Observed distribution. Alum Bay only, Bracklesham Beds. 

Reported distribution. Krutzsch 1970 records rare specimens 

from Pg.-zones 8-11 (middle Palaeocene to basal Eocene), it 

occurs regularly to frequently from Pg.-zone 12 (early 

Eocene) and is widespread in the middle Eocene. 
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Genus: ~CEOPOLIPOLLENITES Leffingwell 1971 

Type species: Maceopolipollenites triorbicularis Leffing

well 1971, p.30, pl.7, fig.5a,b. 

Comments. The genus is distinguished from other small, 

triangular, triatriate genera by the presence of thinned 

exine over the pole in one hemisphere. Thinnings may be 

single; ring-like or Y-shaped, or multiple; circular or 

triangular, but not elongate (pseudocolpi) as in Platycarya

Qollenites Nagy 1969. There is no triradiate thickening 

or folding over the pole as in Plicatopollis Krutzsch 1962. 

I have placed specimens with a single, large polar 

thinning in Momipites Wodehouse 1933, see below. 

1971 

1978 

1978 

Maceopolipollenites rotundus Leffingwell 1971 

Plate 11, fig.22,23. 

Maceopolipollenites rotundus Leffingwell pl.7, fig.7. 

Momipitesventrifluminis Nich.& Ott: p.l02, pl.l, 

fig.9-l4. 

Plicatopollis spp. of the ~. triorbicularis type, 

Fr.& Ch.; pl.2, fig.1-4. 

Description. Pollen grains oblate, rounded triangular in 

outline; triporate, with large, clear atria 7-10 microns 

wide and occasionally with slight annuli. Exine generally 

1 micron or less between apertures, ektexine up to three 

times as thick as endexine. The species is characterised 

by three (rarely four) rounded exine thinnings grouped around 

the pole on one hemisphere. 

Size. 10 specimens; 17.5 (23.0) 26.0 microns. 

Comparison. Separated from ~. triorbicularis by the· convex 

rather than concave sides, and by its slightly larger size al
though their size ranges do overlap. (~. rotundus 24~34 microns, 

M. triorbicularis 20.2-26.4 microns). 

Nichols and Ott, 1978 consider small variations in 

size (2-3 microns in the modal diameter of 50 specimens) to 

be significant in distinguishing species in "Momipites". 

They therefore recognise Momipites ventrifluminis as a 

separate species since it is smaller than Momipites rotundus 

(21-27 microns, with a modal diameter of 24.5 microns). 
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nowever, this method of separating species is not practi-

cable since single specimens of intermediate size cannot 

be assigned to either species. I consider ~. ventriflu

minis to be a junior synonym of ~. rotundus. 

Plicatopollis lunatus Kedves 1974 is superficially 

similar but is distinguished by the presence of triradiate 

"endoplicae" (whether thickenings or folds) which extend 
over one pole. 

Botanical affini~. Primitive Juglandaceae. Leffingwell 

describes the pollen morphology of the genus as intermediate 
between that of modernE~elhardtia and Alfaroa and of Carya 
( 19 71, p. 30) • 

Observed distribution. Irregularly distributed throughout 

the London Basin, from the Thanet Beds to the London Clay, 

most persistant in the Reading Beds at Pincents Kiln where 

it reaches 4.4% (PK20). Also present in the London Clay 

and Bracklesham Beds (4.4% in AB 70) at Alum Bay. 

Reported distribution. Common in the Palaeocene of Wyoming 

(Leffingwell 1971, Nich.& Ott. 1978); and in the Danian -

Ypresian equivalents of South Carolina (F. & c. 1978). 

Maceopolipollenites tenuipolus (Anderson 1960) 

Leffingwell 1971. 

1953 Triatriopollenites coryphaeus (R.Pot.) Th.& Pf. subsp. 

microcoryphaeus R.Pot.; Th.& Pf., p.80, pl.8, fig.lO, 

34 only. 
1960 Momipites tenuipolus And., pl.7, fig.14. 

1971 Maceopolipollenites tenuipolus (And.) Leffingwell, 

p.3l, pl.7, fig.4. 
1973 Momipites tenuipolus And.; Nichols, p.l07, pl.l, 

fig.16-l9 only. 

1973 Maceopolipollenites tenuipoluSi Tschudy, pl.l, fig.2. 

1978 Momipites anellus Nich.& Ott; p.103, pl.l, fig.22-25. 

1978 Momipites leffingwellii Nich.& Ott; p.103, pl.l, 

fig.27-30. 

Comments. Only specimens with a ring-like exine thinning 

around one pole have been included in this species. Speci
mens with a Single, large polar thinning have been placed 
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in Momipites coryloides. There is probably gradation bet

ween these two forms however and M. tenuipolus has been 

included in Momipites coryloides in counts. 

I consider Momipites anellus and~. leffingwellii of 

Nichols & Ott to fall within the range of variation of 

Maceopolipollenites tenuipolus. Maceopolipollenites amplus 

Leffingwell is larger (29-37 microns) than M. tenuipolus 
(14-20 microns). 

Botanical affinity. Primitive Juglandaceae (Leffingwell 
1971). 

Observed distribution. Comparatively rare in the London and 

Hampshire Basins. Included with Momipites coryloides in 
counts. 

Reported distribution. Palaeocene in North America. Late 

Eocene to early Oligocene in Europe (Thomson & Pflug 1953). 

Genus: PLATYCARYAPOLLENITES Nagy 1969 

Type species: Platycaryapollenites miocenicus Nagy, p.474, 

pl.53, fig.25,26. 

Comments. This genus comprises small triporate pollen grains 

characterised by "2 or 3 interwoven arcoid bands" (Nagy 

1969). Frederiksen & Christopher (1978) expand Nagy's 

description by describing the apertures as atriate, lacking 

distinct annuli or labra and by making it clear that the 

arcoid bands are slits or elongated areas of thin exine 

(pseudocolpi). They consider that specimens have a geAeral 

resemblance to the pollen of modern Platycarya but are 

considerably different in detail, particularly in the 

number and arrangement of the pseudocolpi. They suggest 

that fossil specimens which are morphologically similar 

to the pollen of modern Platycarya Siebe & Zucco should be 

placed in that genus. This view is also held by Elsik 

(1974), Leopold & MacGinitie (1972) and Tschudy (1973). 

However, I consider that the fossil genus Platycarya

pollenites is more appropriate, particularly for specimens 

from the early Tertiary. 

The genus Plicatopollis Krutzsch 1961 differs since 

the exine thinnings are shorter and they are usually 
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associated with triradiate thickenings or folds over 

the poles (Frederiksen & Christopher 1978). 

1958 

1968 

1977 

1977 

Platycaryapollenites anticyclus (Krutzsch & Vanhoorne 

1977) comb. nov. 
Plate 13, fig.4,5,9. 

microcoryphaeus - Gruppe; W.Kr., p.518, 519, pl.8, 
fig.8,9 only. 

Groupe coryphaeus; Gr.-Cav., pl.4, fig.10,12 only. 

Platcaryapollis cf. anticyclus W.Kr. & Vanh.: p.45, 
pl. 20, fig.17,18. 

Platycaryapollis anticyclus W.Kr. & Vanh.; p.45, pl. 
20, fig.19,20,21. 

Description. Pollen grains oblate, amb rounded triangular, 

triporate with clear intragranular atria, no labra or annuli. 

Exine about 1 micron thick, two-layered but the very thin 

inner layer (?endexine) is only occasionally discernible. 

Granular ornament visible in well-preserved specimens. 

Exine thinned over each pole in a distinctive pattern; one 

long arcuate thinning and one short, wedge-shaped thinning 

are present over one surface (as in ~. platycaryoides, see 

plate 12, fig.2,3), the opposite surface has a horseshoe

shaped to triradiate thinning. Granular ornament is con

tinuous across this thinned exine. 

Size. 20 specimens; 15.0 (18.0) 21.0 microns. 

Comparison. The species differs from~. platycaryoides only 

in the presence of a horseshoe-shaped to triradiate thinning 

on one hemisphere. 

Observed distribution. Fairly cornmon in the Woolwich facies 

of the Woolwich and Reading Beds, lignite horizon and Shell 
Bed. 

Reported distribution. Present in the Sparnacian (lignitic 

sands) of the Paris Basin (Gr.-Cav. 1968), and in the 

earliest Eocene (Pg.-zone 11) .of Belgium (W.Kr. & Vanh. 
1977). 
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Platycaryapo11enites p1atycaryoides (Roche 1969) 

comb. nov. 

Plate 12, fig.1-7. 

1953 Triatriopollenites coryphaeus (Pot.) Th.&Pf. subsp. 

punctatus (R.Pot.) Th.&Pf.; Th.&Pf. p.80, pl.8, 

fig.15,20,21, cf. fig.26,31,32 only. 

1953 Triatriopollenites coryphaeus (Pot.) Th.&Pf. subsp. 

microcoryphaeus (R.Pot.) Th.&Pf.; Th.&Pf. p81, pl.8, 

fig.43,58,59 only. 

1958 

1968 

microcoryphaeus - Gruppe W.Kr. p.518,519, p1.8, 

fig.1-5, 7,11 only. 

Triatriopol1enites fsp.1 - cf. Platycarya Gr.-Cav. 

pl.4, fig.7. 

1969 Triatriopo11enites platycaryoides Roche, p.135, pl.l, 

fig.19. 

1973 Platycarya spp. Tschudy pl.2, fig.30,3l only. 

1976 Triatriopollenites platycaryoides Roche 1969; Gr.-Cav. 

p1.1, fig. lB. 

1977 Platycaryapo11is saxonis W.Kr. 1969; W.Kr.&Vanh. 

p.44, pl. 20, fig.1-3. 

1978 Platycarya sp. Nichols & Ott, pl.2, fig.14. 

1978 Platycarya platycaryoides (Roche) Frederiksen & 

Christopher; F.&C. p.138, pl.3, fig.3,4,5,6. 

Description. 

General features: Pollen grains oblate, amb rounded 

triangular; triporate, pores meridionally elongated with 

clear intragranular atria, no labra or annuli. Exine 1-1.5 

microns thick between pores, endexine thinner than ektexine, 

not always recognisable. Two exine thinnings (pseudocolpi) 

occur on each hemisphere, one an elongated arc, the other 

wedge shaped (see plate l2,fig.3). In flattened grains, in 

transmitted light, the pseudocolpi appear as three crossing 

arcs (plate 12, fig.2), a pattern similar to that in recent 

Platycarya (see Stone & Broome 1975 Fig.la). Under the 

scanning electron microscope an ornament of small cones is 

clearly seen and continues across the exine thinnings (seen 

as depressions in plate 12, fig.3). With transmitted 

light the ornament appears granular but is only discernible 

in well-preserved speci~ens under high pOwer. 
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Wall structure: Ultra-thin sections were made from 

small groups of ~. platycaryoides and were examined with a 

transmission electron microscope. The detailed wall 

structure of the fossil ~. platycaryoides is very similar 

to that of extant Platycarya strobilacea as illustrated by 

Stone & Broome (1975, Fig.2c). Plate l2,fig.4 shows a 

section through a complete pollen grain with three areas of 

thin exine separated by exine of normal thickness. There 

are three distinct wall layers; a thin, homogenous, inner 

layer (nexine of Stone & Broome); a middle, granular layer 

(endosexine); and an outer, homogenous layer (ektosexine, 

tectum). Both the endo- and ektosexine are about twice as 

thick as the nexine. In the pseudocolpi the nexine remains 

of normal thickness but both sexine layers thin considerably, 

this is entirely comparable with the exine structure in P. 

strobilacea (Stone & Broome 1975, Fig.2c). In the fossil 

material slender channels cross the tectum (plate 12, fig. 

4,5). Stone & Broome report similar channels in several 

species of the Juglandaceae, particularly Alfaroa costari

censls (Fig.5b) and Oreomunnea pterocarpa (1975, Fig.4b). 

Both Platycaryapollenites platycaryoides and Platycarya 

strobilacea have an ornament of short cones which is con

tinuous across the thin exine (1975, Fig.2c and plate 12, 

flg.4,5 herein). 

Aperture structure: The apertures of the fossils 

are slightly different from those in f. strobilacea. As 

plate 12, figs.5,6,7 show, the nexine becomes segmented and 

disappears before reaching the pore, forming an atri~. In 

Platycarya strobilacea however, the nexine tapers to extinc

tion near the pore without becoming segmented. A further 

difference is in the thickening of the granular endosexine 

in f. strobilacea (Fig.2f) while in the fossils the endo

sexine thins towards the pore. The absence of homogenous 

nexine near the pore in Platycaryapollenites platycaryoide~ 

may allow the granular endosexine to appear more prominent 

and probably accounts for the granular structure of the 

atria when seen in transmitted light. 
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Size. 100 specimens; 14.0 (18.0) 21.0 microns. 

Comparison. This species is distinguished from others·in 

the genus by the characteristic pattern of the pseudocolpi 

(as illustrated in plate 12, fig.2). 

Botanical affinity. Juglandaceae, probably Platycarya 

(Roche 1969, Frederiksen & Christopher 1978, Nichols & 

Ott 1978). 

Observed distribution. Very common to abundant in the 

Woolwich facies of the Woolwich & Reading Beds (the lignite 

horizon and the Woolwich Shell Beds); present in smaller 

amounts in the Reading facies and the London Clay: rare to 

fairly common in the Thanet Beds. 

Reported distribution. Widespread distribution in western 

Europe from the Palaeocene to Miocene, particularly common 
in the Palaeocene of the Paris Bain (Gr.-Cav. 1968): 

present in North America, early Eocene (Sabinian stage) of 

Wyoming (Nichols & Ott 1978). 

Genus: PLICATOPOLLIS Krutzsch 1962 

" Type species: Pollenites plicatus R. Potonie 1934b, p.55, 

p1.2, fig.19. 

Comments. The diagnostic features of this genus, as. defined 

by Krutzsch (1962, p.277) are the symmetrically arranged 

exine thinnings. "Plicen" Le. exine thickenings or folds, 

are treated as less important and Krutzsch suggests they 

may even be secondary characters. The genus was reviewed 

by Nichols (1973) who placed most species in Momipites, and 

by Frederiksen & Christopher (1978) who placed greater 

emphasis on the presence of triradiate polar structure and 

recognised four distinct morphological types within the 

genus: 

1) Forms with three thin spots but no obvious thickened 

triradiate structures over the pole, e.g. specimens of the 

Plicatopollis triorbicularis type. I include these in 

Maceopolipollenites rotundus Leffingwell. 

2) Forms with triradiate structures but no apparent thin 

spots e.g. Plicatopollis cretaceae. This form was not re

corded in the present study. 
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3a) + 3b) Forms with both three thin spots on at least 

one hemisphere and with triradiate structures. This 

group is subdivided into a) plicate forms, i.e. the trira

diate structure consists of folds or thickenings involving 

both the end- and ektexine, e.g. specimens of the Plicato
pollis plicata type and b) endoplicate forms, i.e. the 
triradiate structure consists of folds in the endexine 

only, so that separation of the exine layers forms a 

narrow tube between endexine and ektexine (see Thomson & 

Pflug 1953, p.2l, 35-37) e.g. specimens of Plicatopollis 
lunata type. 

Frederiksen & Christopher attempt to differentiate 

between these two polar structures and conclude that, 

in forms with plicae (3a, ~. plicata type), the exine is 

probably not thickened at all, but is merely folded. I 

agree with this interpretation. The London Basin 

material shows no evidence of polar thickening of the 

exine, although pronounced folds are present. The typical 

appearance of these grains seems to result from their 

distinct spherical shape (in contrast to the oblate pollen 

of other genera of primitive Juglandaceae). As the pollen 

is flattened the arcuate exine thinnings control the 

position of the polar folds (see Krutzsch 1958, pl.9, 

fig.10,12; Tschudy 1973, pl.2, fig.32,33 and Plicatopollis 

swasticoidus herein, plate 13, fig.2,3). 

In contrast, grains with endoplicae (3b, ~. lunata 

type), have aclear triradiate zone, usually darker than 

the surrounding exine, which Frederiksen & Christopher 

interpret as thickened exine rather than true endoplicae. 

I have not seen any definite specimens of this type in 

the material from southern England. However, Maceopoli

pollenites rotundus is relatively common and Frederiksen 

& Christopher (1978) do stress that intergradations are 

common between this (=~. triorbicularis) and the P. lunata 
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types in their material. They comment on the difficulty 

of deciding whether the polar exine is of normal thickness 

or is actually thickened in certain specimens. 

Plicatopollis swasticoidus (Elsik 1974) nov. comb. 

Plate 13, fig.2,3. 

1969 Platycarya sp. Fairchild & Elsik, pl.37, fig.lO. 

1974 Platycarya swasticoida Elsik, p.94, pl.2, fig.30,31. 

1977 P1atycaryapo11is triso1utionis W. Kr. & Vanh. p.44, 

p1.20, fig.4,S,6,7. 

1978 Platycaryapollenites swasticoidus (Elsik) Frederik

sen & Christopher; F. & Ch. p.136, pl.2, fig. 23-26. 

Description. Pollen grains spheroidal, triangular in out

line with convex sides; triporate, weak atria sometimes 

visible, no annuli. Exine smooth, about 1-1.S microns 

thick, 2-layered: three arcuate exine thinnings present on 

each hemisphere usually reaching the equator near an aper

ture (plate 13, fig.2,3). No triradiate exine thickenings, 

but the long polar axis allows grains to fold adjacent to 

the pseudocolpi. 

Size. 10 specimens: 16.S (19.S) 21.S microns. 

Comparison. The spheroidal shape and pronounced polar folds 

present in this species are more characteristic of Plicato

pollis than Platycaryapollenites. Frederiksen & Christopher 

(1978) note that this species intergrades with specimens of 

the f. p1icata type, however, the arrangement of exine 

thinnings in R. swasticoidus is usually distinctive. 

Platycaryapollenites platycaryoides also has a different 

pattern of exine thinnings and is oblate rather than 

spheroidal. 

P. swasticoidus has been included in Plicatopollis 

spp. (undifferentiated species) in counts. 

Botanical affinity. Primitive Juglandaceae. 

Observed distribution. Included in Pliacatopollis spp. 

(undifferentiated species): present in low percentages at 

most horizons studied, fairly common in the Woolwich Shell 

Beds. 

Reported distribution. P. swasticoidus is common in the 
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early Eocene of South Carolina (Frederiksen & Christopher 

1978) and Wyoming (Elsik 1974). Pollen of this general 

morphology, included in Plicatopollis spp., has been widely 

reported in the Palaeocene, Eocene and early Oligocene of 

northwest Europe (Thomson & Pflug 1953, as Triatriopollenites 

plicatus; Gruas-Cavagnetto 1968; Kedves 1974). 

Genus: PISTILLIPOLLENITES Rouse 1962. 

Type species: Pistillipollenites mcgregorii Rouse 1962, p.206, 
pl.l, fig.2. 

1962 

1966 

1968 

1968 

Pistillipollenites mcgregorii Rouse 1962. 

Plate 13, fig.6-8, 10,11. 

Pistillipollenites mcgregorii Rouse; p.206, pl.l, 
fig.2. 

Triporopollenites bullis Gr.-Cav. p.60, pl.3, fig.9, 

10, 13-16. 

Pistillipollenites mcgregorii Rouse; Elsik p.638, 

pl.34, fig.9, pl.35, fig.l,2a,b,c,3a,b. 

Pistillipollenites bullis (Gr.-Cav. 1966); Gr.-Cav. 

p.76, pl.lO, fig.l,2. 
1970 Pistillipollenites macgregorii Rouse; Rouse & 

Srivastava pl.1-4, fig.1-25. 

Comments. Elsik (1968) emended the genus to include tricol-
poidate or tricolpoidorate forms. Gruas-Cavagnetto, 1968, p. 

76, also mentions the presence of colpi. In the present mat

erial apertures are generally obscure, often hidden by elong

ate sculptural elements next to the apertures, no definite 

colpi were seen. The main scultural elements, gemmae , are 

very variable in number and in distribution over individual 

grains. Scanning electron micrographs of the London Basin 

material show a micro-verrucate ornament between the gemmae 

which is not resolvable wi th the light microscope (plate 13, 

fig.IO,ll),this is comparable to the ornament shown by Rouse 

& Srivastava (1970, e.g. pl.l, fig.7). However the baculate 

structure they describe is not discernible in my material. 

~. 30 specimens; 15.0 (21.0) 25.0 microns. 

Botanical affinity. Uncertain. Rouse 1962 compares the 

ornament of f. mcgregorii with that of, recent Rusbyanthus 

but comments that R. cinchonifolius (Erdt. 1952) has 
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tricolporate apertures. Elsik notes that the ornament in 

some genera of the Caesalpinaceae is similar. Gruas

Cavagnetto (p.76) comments that J.L.K. Warter 1966 found 

similar forms in the early Eocene of Mississippi which he 

related to Bauhinia (Legurninosae). Rouse & Srivastava 

(1970, p.291) conclude that the affinity of ~. mcgregorii is 

uncertain. 

Observed distribution. Not present in the Thanet Beds. 

Characteristic of the Woolwich facies of the Woolwich & 

Reading Beds; fairly common at some levels within the 

lignite horizon at Shorne Wood (JL 856,5.2%; JL 879, 4.4%) 

but not recorded in the Reading facies at the western end of 

the London Basin nor in the Woolwich Marine Beds at Oldhaven 

Gap. Occasionally present in the London Clay and Brackle

sham Beds at Alum Bay. 

Reported distribution. The species has wide geographic 

distribution, occurring in Europe, U.S.S.R, Alaska, Western 

Canada and U.S.A. Except for a Cenomanian record in 

Oklahoma it has been recorded most commonly from the Upper 

Palaeocene to Middle Eocene (Rouse & Srivastava p.287) • 

Elsik (pers. comm. 1972) remarks that Pistillipollenites 

sp. is seen in abundance only in the late Palaeocene to 

early Eocene in the Gulf Coast of North America; it occurs 

rarely in the middle Eocene but may be reworked there. In 

Central Europe (W.Kr. & Vanh 1977, p.59) it is present 

from the middle Paleocene to early Eocene (Pg.-zones 9-13b). 

Genus: SUBTRIPOROPOLLENITES Thomson & Pflug 1953 

Type species: Subtriporopollenites anula~ Th.& Pf. subsp. 

notus Th.& Pf.19S3 p.8S, pl.9, fig.49. 

1958 

1970 

§ubtriporopollenites anulatus (Pf.& Th. 1953) 

W.Kr. 1961 subsp. anulatus W.Kr.196l. 

Plate 13, fig.17. 

anulatus - Gruppe W.Kr. p.S18, pl.7, fig.41,42 only. 

Subtriporopollenites anulatus - Gruppe W.Kr. p.344, 

pl.13, fig.120. 

~. 24.5, 36.5, 39.0 microns, three specimens measured. 

Comparison. This species is closest to Subtriporopollenites 

constans but differs in the thinner exine and absence of 
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verrucate ornament. Small forms, less than 20 microns 

(subsp. nanus) are transitional to £. constans. 

Botanical affinity. Primitive Juglandaceae. 

Observed distribution. Rare. Subspecies nanus rare in 

Thanet Beds, Woolwich & Reading Beds and London Clay. 

Reported distribution. Subtriporopollenites anulatus -

Gruppe (subsp. anulatus and nanus)present throughout the 

Palaeocene and Eocene of central Europe (Krutzsch 1970). 

Subtriporopollenites anulatus (Pf.& Th.1953) subsp. nanus 

Th.& Pf. 1953. 

See Plate 13, fig .16 and Krutzsch & Vanhoorne 1977, pI. 21, 

fig .10-11. 

1958 

1960 

1970 

1973 

1973 

1977 

Subtriporopo11enites constans Pf. 1953 subsp. 

constans W.Kr. 1961. 

Plate 13, fig.14,15. 

constans - Gruppe W.Kr. p.5l8, pl.7, fig.37-39. 

Subtriporopo11enites constans subsp. constans Pf: 

W.Kr. in W.Kr., P. & S.,pI.2, fig.66. 

§ubtriporopollenites-constans-Gr. (kleinere Formen) 

W.Kr., p.345, pl.14, fig.132. 

Subtriporopollenites spissoexinus Roche subfsp. 

nanus; Roche p.65, pl.4, fig.43,44. 

Subtriporopollenites constans Pf. 1953 subfsp. 

constans W.Kr. 1961: Roche p.6l, pl.4, £ig.35-38. 

Subtriporopollenites constans Pt. 1953 subsp. ~-

tans: W.Kr.& Vanh., p.57, pl.22, £ig.2-8. 

Description. Amb circular to rounded triangular, some grains 

have a slight depression over one pole. Grains triporate, 

pores equatorial to subequatorial with atria usually clear 

and strongly intragranular, but occasionally indistinct. 

Exine 1.5 to 2.5 microns thick, ektexine twice as thick 

as endexine, lamellar with a granular structure and a 

verrucate to rugulate ornament. Verrucae range from 1-3 

microns in diameter but are less than 1 micron high (see 

plate 13, fig. 14) , 

depression. 
rugulae predominate over the polar 
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Size. 10 specimens; 19.5 (22.5) 26.0 microns. 

Comparison. Specimens with a very weak, verrucate ornament 

and a smooth or granular outline are transitional to small 

specimens of Subtriporopollenites anulatus. The distinction 

between ~. constans sl. and Triporopollenites undulatus Pf. 

1953 is not clear, transitional forms, with equatorial pores 

do occur. 

Botanical affinity. Primitive Juglandaceae (Krutzsch, 
1961) . 

Reported distribution. Present in the? Danian toPalaeocene 

of Hannover (Pflug 1953), the Thanetian to Cui sian of the 

Paris Basin (Kedves 1967, Gruas-Cavagnetto 1968), the Upper 

Montian and Upper Ladenian of Belgium (Roche 1967) and 

reported by Krutzsch (1970, as the ~. constans group, 

smaller form) from the Palaeocene to Middle Oligocene of 

Central Europe, although he says that in the Upper Eocene 

and above this can hardly be separated from the ~. anulatus 

group. 

1960 

1968 

1970 

Subtriporopo11enites constans Pf. 1953 subsp. magnus 
W.Kr. 1961 

Plate 13, fig.18-23. 

Subtriporopollenites constans magnus W.Kr. in W.Kr., 

P.& S, pl.2, fig.67. 
Subtriporopo11enites constans Pf. 1953 subfsp. magnus 

Kr. 1960 (sic); Gr.-Cav. p.55, p1.5, fig.6-8. 

Subtriporopo11enites constans Pf. 1953 subfsp. magnus 

W.Kr. 1961; Kedves & Pardutz, p.568,569, p1.6, 

fig .1-6. 
1973 Subtriporopollenites spissoexinus subfsp. spissoexinus 

Roche, p.65, p1.4, fig.34,40-42. 

Comments. The morphology, structure and ornament are the 

same as in S. constans subsp. constans except for the 

larger size; exine is 1.5-3 microns thick, verrucae are 

3-4 microns in diameter. It is interesting to compare the 

detailed wall structure seen in the present material at 

magnifications of 1000 with that shown in Kedves & Pardutz's 

transmission electron micrographs (1970, pl.6). With the 

T.E.M. the exine is seen to be composed of a comparatively 
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solid "sole" (cL the endexine in plate 13, fig .22,23 herein) . 

Outside this is a thick baculate layer, which is only 

recognisable as a granular texture in specimens viewed with 

the light microscope (pl.13, fig.20,23), although the T.E.M. 

shows the baculae to be irregularly arranged, but mainly 

radial (Kedves & Pardutz 1970, pl.6, fig.6). This baculate 

layer probably corresponds to the thick lamellar structure 

which forms the main part of the exine as seen with the 
light microscope (pl.13, fig.22,23). The outer wall layer 

is a smooth tectum with suprategillar verrucae (1970, pl.6, 

fig.4,5). The tectum cannot be distinguished with the 

light microscope but the verrucae are clear both in plan 

view and from the wavy outline of the grains (pl.13, fig.18,19). 

Kedves & Pardutz show that the sole is absent in the pore 

region and the baculate layer thickens (1970, pl.6, fig.6), 

this would account for the strongly intragranular atria 
seen in my material (e.g. plate 13, fig.21,23). 

Size. 30.5 (33.5) 39.0 microns; 10 specimens. 

Comparison. Differs from ~.constans subsp.constans in its 

larger size; Triporopollenites undulatus and !. vado~ 
Pf. differ in the absence of atria but there may be tran

sitional forms. 

Botanical affinity. Primitive Jug1andaceae (Krutzsch 1961). 

Observed distribution. This is a distinctive element of 

the Woolwich facies of the Woolwich and Reading Beds although 

it is never common. 

Reported distribution. Widespread throughout northwestern 

Europe from the Palaeocene to .early Eocene in Westbranden

burg (Krutzsch ~ ale 1960), Central Europe (Krutzsch 1961), 

Paris Basin and Kent (Gr.-Cav.1968, 1970), and Belqium 

(Roche 1973, Krutzsch & Vanhoorne 1977). 

1953 

1958 

Subtriporopollenites magnoporatus (Pf.& Th. 1953) 

W.Kr. 1961 subsp. magnoporatus 

Plate 14, fig.1,2. 

Intratriporo-pol1. magnoporatus Pf.& Th.; Pf. p1.24, 

fig.68 only. 

magnoporatus Gruppe W.Kr. p1.7, f1g.34,35, cf. f1g. 

32-33. 



1968 

1969 

1970 

1970 
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Subtriporopollenites magnoporatus (Pf.& Th. 1953) Kr. 

1960; Gr.-Cav. p.56, pl.5, fig.lO. 

Subtriporopollenites magnoporatus (Pf.& Th.) W.Kr. 

1961 subfsp. tectopsilatus; Roche fig.25. 

Subtriporopollenites magnoporatus Kr. 1960 subfsp. 

magnoanulus Roche 1967; Gr.-Cav. pl.l, fig.3l. 

Subtriporopollenites magnoporatus magnoporatus (Th.& 

Pf.) W.Kr. 1961; W.Kr. p.344, pl.4, fig.89, pl.ll, 
fig.67. 

Description. Pollen grains triporate, annulate with large 

atria about 7 microns in diameter. Exine complex, composed 

of a thin endexine, about 0.5 microns thick, which does 

not reach the pore; and an ektexine comprising three layers; 

a thin homogenous (? foot) layer about 0.5 microns, which is 

not always distinguishable from the endexine; a distinct 

baculate layer between 0.5 and 1 micron thick: and a thin, 

smooth tegillum. At the pores the homogeneous ektexine 

swells to form an annulus about 2.5 microns thick, and the 

baculate layer thins above it (plate 14, fig. 1 ). Pore 

diameter, about 2 microns. 

~. 28.0 (29.0) 31.5 microns. 

Comparison. This form differs from Subtriporopollenites 

supracirculus in the annulate pores, its stronger development 

of baculae and its larger size. S. constans _ §. • .J:.: lacks 

annuli and has a lamellar exine. 

Botanical affinity. Primitive Juglandaceae (Krutzsch 1961). 

Observed distribution. Rare, present in the Woolwich facies 

of the Woolwich & Reading Beds. 

Reported distribution. Danian to Hiddle Palaeocene (Pg.

zones 4-9), rare in Lower to Middle Eocene (Krutzsch 1970). 

1953 

1958 

1960 

1961 

Subtriporopollenites subporatus W.Kr. 1961 

Plate 14, fig.3. 

Intratriporopollenites magnoporatus Pf.& Th., p.86, 

87, pl.9, fig.95,96 only. 

anulatus-Gruppe W.Kr. pl.7, fig.40,44 only. 

"Intratriporopollenites" subporatus Kr.i in W.Kr., 

Pschalek & Spiegler, pl.2, fig.63. 

Subtriporopollenites subporatus W.Kr: p.308, pl.2, 
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fig.39,40. 

1968 Subtriporopollenites anulatus Pf. & Th. 1953 subfsp. 

anulatus Kr. 1960; Gr.-Cav. pl.5, fig.l. 
1970 

1977 

Subtriporopollenites subporatus W. Kr.; W. Kr. pl.4, 

fig.90, pl.ll, fig. 54, p.344. 

Subtriporopollenites subporatus W. Kr. subfsp. sub

poratus; W. Kr. & Vanh. p.47, pl.2l, fig.1-9. 

Description. Grains rounded triangular with three sub-equa
torial pores and large granular atria. Exine complex, 2-3 

microns thick; endexine thin, less than 0.5 microns; ektex

ine composed of several layers, an inner, homogeneous layer, 
a middle baculate layer and an outer thick, lamellar layer. 
Size. 2 specimens; 25.5, 29.5 microns. 

Comparison. This species differs from ~. magnoporatus in 

the sub-equatorial position of the pores, in the absence of 

annuli and in the presence of a thick lamellar ektexine; S. 

constans subsp. magnus has a verrucate ornament; and the 

exine of S. anulatus is thinner. 

Botanical affinity. Juglandaceae (Krutzsch 1961, page 309). 

Reported distribution. Krutzsch 1970 reports it from Pg. 

zone 4-l3b, early Palaeocene to early Eocene, althou~h it is 

very rare from the late Palaeocene and early Eocene (Pg. 
zones 10-13b). 

OTHER SPECIES: 

Subtriparopollenites intrastructurus Krutzsch & Vanhoorne 

1977. 
See plate 13, fig.12,13 and W. Kr. & Vanh. 1977, pl.23, fig. 

8-19; Triporopollenites microgranulatus Frederiksen 1980, 

pl.l, fig.23-29 is very similar but annuli are better devel
oped. 

Genus: TRIATRIOPOLLENITES Pflug 1953a 

Type species: Triatriopollenites rurensis Pflug & Thomson 

p.79, pl.7, fig.95. 

Triatriopollenites confusus Zak11nska1a 1963 

Plate 14, f1g.5-7,9. 
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1953 Trivestibulopollenites betuloides Pflug; Th. & Pf. 

pl.9, fig.27,28 only. 

1967 Triatriopollenites confusus Zaklinskaia 1963; Brat

zeva, pl.l, fig.F. 

1969 Triatriopollenites costatus Norton, p.40, pl.5, 

fig.19. 
1969 Paraalnipollenites confusus (Zaklinskaia) Hills & 

Wallace, p.141, pl.17, fig.1-8. 

1974 Triporopollenites sp.l (cf. Betula); McIntyre p.22, 

fig.13. 

non 1974 Paraalnipollenites confusus (Zaklinskaia) Hills & 

Wallace 1969; McIntyre pl.22, fig.14. 

Description. Pollen grains triporate, oblate to spheroidal; 

outline, rounded triangular with very convex sides and pro

truding apertures; secondary folding cornmon. Triporate,very 

slight annuli occasionally recognisable; atria not usually 

discernible; distinct labra present. Exine scabrate, 1.0-

1.5 microns thick between apertures, endexine and ektexine 

of equal thickness but not always discernible. 

A ring-like exine thinning surrounds each pole leav

ing a circular island of darker (?thicker) exine (pl.l4, fig. 

5,7,9). There is considerable variation in the extent of 

secondary folding. This is pronounced in specimens typical 

of Paraalnipollenities confusus sensu Hills & Wallace (e.g. 

pl.l4, fig.5,6) but there is gradation to specimens in which 

secondary folding is virtually absent (p1.14, fig.7,9). The 

latter appear transitional to Triatriopollenites subtrian

gu1us although the exine is thicker than is usual in that 

species. 

Size. 10 specimens (polar view) 17.0 (22.5) 27.0 microns. 

Comments. I interpret the "arci" described by Hills and 

Wallace (1969) as secondary folds. Since specimens from the 

London Basin do not possess the arci or false pores described 
as diagnostic of the genus Paraalnipol1enites (Hills & 

Wallace 1969) these specimens are retained in Triatrio

pol1enites. They differ from species of Maceopolipollenites 

(which also may have a ring-like polar thinning) by their 

spheroidal shape and the presence of labra and from species 

of Plicatopollis by the circular, rather than triradiate, 

polar "thickening". 
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Botanical affinity. Unknown. ?Betulaceae. 

Observed distribution. Characteristic of the Reading facies 

of the Woolwich and Reading Beds at the western end of the 

London Basin, generally common at Cold Ash Quarry and 

Pincents Kiln (PK 34), otherwise rare. 

Reported distribution. Palaeocene of U.S.S.R. (Zaklinskaia, 

1963); Basal Palaeocene (?Danian) of the Zeya-Bureya de

pression U.S.S.R. (Bratzeva, 1967); Maastrichtian and Pala

eocene of Bathurst Island, arctic Canada (Hills & Wallace 
1969); Maastrichtian of Canada (McIntyre 1974, as Triporo
pollenites sp.l). 

1961 

1965 

Triatriopollenites subtriangulus (Stanley 1965) 

Frederiksen 1979. 

Plate 14, fig.10-12. 

Corylus mullensis Simpson, pl.13, fig.14 only. 

Carpinus subtriangula Stanley, p.29l, pl.43, fig. 

13-16. 

1967 Comptonia sp. Bratzeva, pl.l, fig.E. 

1979 Triatriopollenites subtriangulus (Stanley) Frederik-

sen; pl.15l, pl.2, fig.19-22. 

Size. 10 specimens; 21.5 (26.0) 30.0 microns. 

Comments. Specimens compare well with those illustrated by 

Stanley (1965) and Frederiksen (1979) a1bhough the thin 

polar area described by Frederiksen is not obvious. The 

exine is thinner than that in Triatriopo11enites triangulus 

Frederiksen 1979 and has a more distinct granular structure 

than that species. The granules in the atria are also more 

distinct and occasionally are aligned in indistinct rows. 

Botanical affinity. Stanley (1965) suggests affinity with 

Carpinus but Frederiksen (1979) considers that T. subtri

angulus has more in common with Comptonia. 

Observed distribution. Rare in the Woolwich and Reading 

Beds, most frequent at the western end of the Londo~ Basin. 

Recorded distribution. Early Tertiary of Mull (Simpson 1961): 

Pala~ocene (Fort Union Member) of South Dakota U.S.A. 

(Stanley 1965); Aquia and Marlboro Formations (Danian

Thanetian equivalents) in Virginia U.S.A. (Frederiksen 1979). 
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OTHER SPECIES: 

Triatripollenites aroboratus Pflug 1953a 

Not distinguished from Triporopollenites robustus Pflug 

(see below). 

Triatriopollenites roboratus Pflug 1953a. 

See plate 14, fig.8,15 and Pflug 1953a, pl.7, fig.7l; 

Roche 1973, pl.4, fig.16; W. Kr. & Vanh. 1977, pl.19, fig. 
3,4. 

Triatriopollenites trangulus Frederiksen 1979. 

See plate 14, fig.4 and Frederiksen 1979, pl.2, fig.23-26. 

Genus: TRIPOROPOLLENITES Thomson & Pflug 1953. 

Type species: Triporopollenites coryloides Pflug 1953a in 

Th. & Pf. p.84, pl.9, fig.20. 

1960 

1961 

1973 

Triporopollenites p1ektosus Anderson 1960. 

Plate 14, fig.13,14,16-18, cf.19,20. 

Triporopollenites p1ektosus Anderson, p1.27, pl.4, 

fig.14, p1.S, fig.16. 

Celtis Ma Khin Sein, p.167, pl.14, fig.141. 

Triporopollenites praetenuis Chmura, p.145, p1.32, 

fig.13. 
cf.1974 ThomsonipollissabinetownensisElsik, p.9S, p1.2, 

fig.47-49. 

1976a Thomsonipo11is cf. sabinetownensis E1sik 1974: Gr.

Cav. pl.l, fig.14,19,20. 

1977 Triporopollenites kedvesi (Gr.-Cav. 1967) Gr.-Cav. 

1976; Gr.-Cav. pl.6, fig.13,14. 

Description. Outline circular to rounded triangular, fre

quently folded. Grains triporate, rarely 4-porate, one of 

more pores sub-equatorial pores annulate usually large for 

the size of the grain (2-3 microns in diameter). Exine thin, 

less than 1 micron to 1.5 microns in the middle of the sides, 

increasing to 2 microns at the pores. Most grains have a 

weak granulate to baculate structure which is most obvious 

at the pores under high magnification. 

~. 15.0 (19.5) 24.5 microns. 

Comparison. The combination of thin, lightly structured 

exine and large, annulate pores distinguish this from other 
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small triporate pollen. 

There seems to be a complete gradation from rounded 
grains with a distinct baculate structure (plate 14, fig.16 

equivalent to !. sabinetownensis Elsik) through rounded 

grains in which the baculae are not obvious (plate 14, fig.14 

equivalent to !. cf. sabinetownensis in Gruas-Cavagnetto, 

1976a, pl.l, fig.14) to folded grains having a triangular 

outline and a weak granular to baculate structure visible 
at the pores (pL 14, fig .17,18 equivalent to !. cf. sabine

townwensis in Gruas-Cavagnetto, 1976a, pl.l, fig.19,20.). 

Some of the specimens referred to Triporopollenites kedvesi 

by Gruas-Cavagnetto (particularly 1977, pl.6, fig.13,14) 

appear to belong here. 

Botanical affinity. Chmura (p.l45) notes that pollen 

similar to !. praetenuis is produced by some species of the 

Moraceae (eg. Humulus lupulus): by the subfamily Celtoideae 

(except ~elkova) of the Ulmaceae (especially Celtis sinensis 

var. japonica) and by the family Urticaceae, although the 

latter includes very small pollen (10-20 microns). Ma Khin 

Sein (1961, p.167) considers ~is sinensis var. japonica 

to be the most similar recent type. 

Observed distribution. Sporadic distribution in all format

tions examined except the Oldhaven Beds. 

Reported distribution. Upper Cretaceous, Palaeocene and 

early Eocene in North America; Mexico, California and the 

Gulf Coast (Anderson 1960, Chmura 1973, Elsik 1974); 

Sparnacian of the Paris Basin (Gr.-Cav.1977); Eocene of the 

London Basin and the Isle of Wight (Ma Khin Sein 1961). 

Triporopollenites robustus Pflug 1953a 

Plate 14, fig.2l-25. 

1953a Triporopollenites robustus Pf.; Th.& Pf. p.82, pl.8, 

fig.140-l48. 
1953b 

1958 

1972 

1973 

Triporopollenites robustus; Pf. pl.22, fig.2l-32. 

robustus - Gruppe W.Kr., pl.7, fig.45,46. 

Casuarinidites granulabratus (Stanley) Srivastava; 

Srivastava, pl.9, fig.2. fig.?, NON fig.11,12. 

!riporopollenites robustus (Mftrr & Pf. 1951) Th.& Pf. 
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1978 

1980 
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1953; Rochep1.4, fig.l,2,3. 

Triporopollenites spp. of the !. robustus type; 

Tschudy pl.2, fig.l,2. 

Triporopollenites sp. A (thin walled); Tschudy, pl.2,. 

fig.3,4. 

Casuarinidites pulcher (Simpson 1961) Srivastava 
1972; Frederiksen & Christopher, p.141, pl.3, fig.24. 

Casuarinidites sparsus; Fr.& Ch. p.142, pl.3, fig. 
25-27. 

Casuarinidites pulcher (Simpson 1961) Srivastava 

1972; Christopher et ale pl.l, fig.3,4. 

~. 20 specimens; 22.0 (28.5) 36.5 microns. Another 

(large) specimen measured 43.5 microns. 

Comments. This species is very variable in wall thickness 

and aperture structure. It grades into Triatriopollenites 

aroboratus, which has distinct atria. I would include in 

!. robustus the specimens referred to Triatriopollenites 

aroboratus Pflug by Elsik (1968, pl.18, fig.lO,11,13a) and 

Tschudy (1973, pl.2, fig.7). Specimens of both types have 

been included in T. robustus in counts. 

In North American studies, pollen of this type has 

generally been placed in various species of Casuarinidites 

ego Frederiksen & Christopher (1978). Frederiksen (1979) 

found the variation in Casuarinidites so great that he could 

not separate species but grouped them as Casuarinidites spp. 

(see also Christopher et ale 1980, p.109). 

Botanical affinity. Casuarinaceae. Pollen of similar 

morphology is referred to Casuarina by Simpson (1961), 

Srivastava (1972) and Frederiksen & Christopher (1978). 

Observed distribution. Present in small numbers in all 

formations examined from the Thanet Beds to Bracklesham Bed~ 

Reported distribution. Palaeocene-basal middle Oligocene 

in Central Europe (Thomson & Pflug 1953); Palaeocene and 

Eocene of U.S.A. (Elsik 1968, Srivastava 1972, Tschudy 1973). 

Casuarinidites Eulcher, Midwayan-Claibornian (Danian

Lutetian equivalents) in the Gulf Coast U.S.A. (Christopher 

~ al. 1980). 
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OTHER SPECIES: 

'l'riporopolleni tes spp. undifferentiated. 

See Plate 14, fig.26-28. 

OTHER TAXA: 

Caryapollenites triangulus (Pflug 1953a) Krutzsch 1961d. 

See plate 15, fig.3,4 and Pflug 1953a, pl.9, fig.58, 

60 (Subtriporopollenites simplex (R. Pot.& Ven.) Pflug 

subsp. triangulus Pflug 1953a); Kr.& Vanh. 1977, pl.20, 

fig.27, 28. 

Comments. In counts C. triangulus is included with C. 

circulus and f. simplex in the group Caryapollenites spp. 

Gallopollis minimus Gruas-Cavagnetto 1967. 

See plate 15,fig.l,2,5-7 and Gr.-Cav. 1968, p1.10, fig.6-

28 (subspp. minimus and concaviformis); W.Kr.& Vanh. 1977, 

p1.19, fig.24-26 (as Triatriopo11enites concavifor~ 

Zaklinskaja 1963). 

~abrapo11is 1abraferus (R. Pot. 1931b) Krutzsch 1968 

See plate 15, fig.lO and W.Kr. 1958, p1.9, fig.24-25 

(as 1abraferus-Gruppe): W.Kr. 1968, p1.1, fig.1-13. 

Labrapol1is globosus (Pflug) Krutzsch 1968. 

Labrapollis cf. globsus, plate 15, fig.9 

pl.l, fig. 36,37. 

see W. Kr. 1968, 

Pentaporoites be1gicus Krutzsch & Vanhoorne 1977. 

See plate 15, fig.8 and W.Kr.& Vanh. 1977, p.38, p1.17, 

fig. 7-12: W.Kr. 1970, pl.9, fig.9; Gr.-Cav. 1977, p1.8, 

fig. 7. (See Chapter 5, p.276). 

Trivestibulopollenites betuloides Pflug 1953. 

Included in Triporopollenites spp. in counts. 

INFRATURMA: NORMAPOLLES Pflug 1953b. 

Genus: INTERPOROPOLLENIT~ Wey1. and & Krieger 1953 

Type species: Interporopollenites proporus Weyl.& Krieg. 

1953, p.20, pl.l, fig. 34. 

Interporopo1lenites proporus Weyl.& Krieger 1953 

Plate 15, £ig.12-l4. 

1967 Interporopollenites proporus Weyl.& Krieg; Goczan et. 
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a1. p1.8, fig. 11-15, p.469. 

Size. 30.0, 33.0 microns, 2 specimens. 

Botanical affinity. Unknown. 

Observed distribution. Very rare. One specimen from the 

Reading facies of the Woolwich and Reading Beds at Knowl 

Hill; one specimen from the Thanet Beds, South Lambeth 
borehole. 

Reported distribution. Species are poorly differentiated. 

The genus is reported from the late Cretaceous, early Cam

panian (Goczan et ale 1967); early-middle Palaeocene (Pg.
Zones 1-9) and early Eocene (Pg.-zone 13) Krutzsch 1970, 
p.327. 

OTHER TAXA: 

Basopollis orthobasalis (Pflug 1953a) Pflug 1953b 

See plate 15, fig.16,17 and Pflug 1953a, pl.6, fig.25; 

Pf.1953b, p1.2l, fig.45: Krutzsch 1970, pl.7, fig.158. 

Brosipollis striatobrosus (Krutzsch 1961) Krutzsch 1968a. 

See plate 15, fig.ll,15 and Krutzsch 1961d, pl.4, fig.9l-

93 (as Trivestibulopollenites striatobrosus); Krutzsch 

1970, pl.12, fig.83; Gr.-Cav. 1976a, p1.3, fig.13,14. 

Nudopol1is endangulatus (Pflug 1953a) Pflug 1953b. 

See plate 15, fig.20 and Pflug 1953a, pl.6, fig.37-42 

(as Extratriporopollenites endangulatus): Pflug 1953b, 

pl.25, fig.22-24: G~czan et a1. 1967, pl.ll, fig.24-29; 

Roche 1973b, pl.l, fig.14. 

Comments. Differs from N. terminalis in the presence of a 

longer pore-canal and in its non-granular atria. 

Nudopollis terminalis (Pflug 1953a) Pflug 1953b. 
See plate 15, fig.21-23 and Pflug 1953a, p1.6, fig.31. 

(as Extratriporopollenites terminalis); Pflug 1953b, p1.2~ 

fig.1-3: Krutzsch 1958, pl.8, fig.25-30 (as terminalis

Gruppe): Krutzsch 1970, pl.12, fig.85 (as lie endangu1atus 

subsp. endangulatus); Roche 1973b, pl.l, fig.15; Tschudy 

1973, pl.2, fig.18,20 (as Nudopollis spp. of the N. 

terminalis type). 

Comments. Distinguished from ~. endangulatus by the 

presence of granular atria (see Pflug 1953a, p.7l). Some 

specimens appear to have a vestibulum (plate IS, fig.21-23) 
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although Pflug considers them to be absent from this genus 

(1953b, p.108). ~. endangulatus and~. terminalis have 

been recorded together, as Nudopollis spp., in counts. 

Plicapollis pseudoexcelsus (Krutzsch 1958) Krutzsch 1961d. 

See plate 15, fig.18,19 and Krutzsch 1958, p1.8, fig.34-

37; Gr.-Cav. 1968, pl.3, fig.5-l8. 

Pompeckjoidaepollenites subhercynicus (Krutzsch 1954a) 

Krutzsch 1967. 

See plate 15, fig.24,25 and Gruas-Cavagnetto 1968, pl.2, 

fig.27,30,31~ Roche 1973, pl.3, fig.25,26,27~ w. Kr. & 
Vanh. 1977, pl.14, fig.27-28. 

Thomsonipollis magnificus (Th. & Pf. 1953) Krutzsch 1960b. 

See plate 15, fig.26 and G6cz~n et ale 1967, pl.17. fig. 

17-19~ Srivastava 1972, pl.23, fig.12-lS. (see Chapter 5, 

p.277). 

Thomsonipollis magnificoides Krutzsch 1960b. 

Trudopollis harnrnenii Roche 1969. 

See plate 16, fig.1-3 and Roche 1969, pl.l, fig.23~ Gruas

Cavagnetto 1974, pl.l, fig.4~ Gr.-Cav. 1977, pl.l, fig. 

2-4. (See Chapter 5, p.276). 

Vacuopollis concavus (Pflug 1953a) Krutzsch 1960. 

Vacuopollis semiconcavus Pflug 1953b. 

See plate 16, fig.9 and Pflug 1953b, p1.20, fig.3-9. 

Comments. The indistinct conclave described by Pflug 

(1953b, p.l04) is not visible in my material. Not separated 

from y. concavus in counts. (See Chapter 5, P~275). 

~ 
SUBTURMA: POLYPORINES (Naumova 1937) Potonie 1960 

INFRATURMA:STEPHANOPORATI Van der Hammen 1954 

Genus: REEVSIAPOLLIS Krutzsch 1970b 

Type species: Pollenites triangu1us Marnczar 1960, p.220, 

pl.14, fig.202. 

Reevsiapo11is triangu1us (Marnczar 1960) Krutzsch 1970b. 

Plate 16, fig.4,5. 

1968 Indetermine No.3 (Polyporopollenites si1esiae Maz. 

1960); Gr.-Cav. p.79, pl.10, fig.3,4. 
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Bombacidites fsp; O.-Pierre p.llO-112, pl.14, fig. 
9a-12. 

1970a Reevsiapollis triangulus (Mamczar 1960) W.Kr.; W.Kr. 

p1.6, fig.136. 

1970b Reevsiapollis triangulus (Mamczar) W.Kr.; W.Kr. pl.5, 

fig.21,22, pl.6, fig.4-6. 

Description. Pollen grains oblate, with three or more aper

tures, most commonly four or five. Apertures colporate, 

with short colpi; the endexine thickens towards the pores 

and in some grains separates from the ektexine to form a 
vestibulum, although it is rare to see a vestibulum at 

every aperture in a single grain. Ornament is reticulate, 

with luminae up to 1.5 microns over the poles but becoming 

finer towards the equator. 

~. 15 specimens; 13.5 (14.5) 17.5 microns. 

Comparison. Although Gruas-Cavagnetto (1968, p.79) describes 

the ornament of her specimens as rugulate, a clear reticu

lation can be seen in her photographs. R. eocenicus Krut

zsch has more pronounced apertures but the specimens of R. 

eocenicus illustrated by Krutzsch & Vanhoorne (1977, pl.28, 
fig.3,4,8) are very similar to my material. 

Botanical affinity. Sterculiaceae, Reev!!! (Krutzsch 1970b 

and Petrov & Drazheva-Stamatova 1972). 

Observed distribution. Sporadic occurrence in all formations 

examined. 

Recorded distribution. Wide geographical distribution : 

through central Europe from Palaeocene to Pliocene (Krutzsch 

1970a); early Eocene-Pliocene of U.S.S.R., Turkey, Poland 

(Petrov & Drazheva-Stamatova 1972). 

Genus: STEPHANOPOROPOLLENITES Pflug & Thomson 1953. 

Type species: Stephanoporopollenites (a1. Pol1enites) 

hexaradiatus Thierg. 1940 pl.12, fig.32-33 ex Pf.& Th. 

1953 p.90. 

Stephanoporopollenites hexaradiatus Pf.& Th.1953 

subsp. sem-itribinae W.Kr. 1961d. 

Plate 16, fig.8. 

1961d Stephanoporopo11enites hexaradiatus Pf.& Th. subsp. 
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semitribinae W.Kr., p.306, p1.2, fig.31-32. 

Stephanoporopo1lenites hexaradiatus subfsp. semitri

binae W. Krutzsch 1961: Roche, p.134, fig.15,16. 

1970a Stephanoporopollenites .hexaradiatus subsp. semitri

binae W.Kr. 1961; W.Kr. p.329, pl.5, f1g.l08, pl.9, 

fig .1. 

1972 Stephanoporopo11enites hexaradiatus semitribinae; 

Chat.& Roche p.254,256, f1g.10. 

Comparison. This subspecies is similar to S. hexaradiatus 

subsp. tribinae in having pores arranged in pairs with a 

marked equatorial constriction separating one pair from the 

next. The outline between the pores of each pair is 

straight in ~. hexaradiatus subsp. tribinae but is concave 

in ~. hexaradiatus subsp. semitr1binae. 

Observed distribution. Very rare. Recorded from the Thanet 

Beds of the South Lambeth borehole and Pegwell Bay and from 

the Woolwich and Reading Beds at Pincents Kiln (PK 20). 

Recorded distribution. The subspecies ranges from Biddle to 

Upper Palaeocene of boreal Central Europe (Pg.-Zone 7a-10, 
;' ;' 

Goczan et al., 1967, p.505). Roche (1969) reports it from 

the Montian and Landenian of Belgium, and Kedves (1967a, 

p.16) from the Thanetian Zone II of the Puy-de-Dome. 

Stephanoporopo11enites hexaradiatus Pf.& Th. 1953 

subsp. tribinae W.Kr. 1961d. 

Plate 16, fig.6,7. 

1961d Stephanoporopollenites hexaradiatus subsp. tribinae 

Krutzsch, p.307, pl.2, fig.33-34. 

1967a Stephanoporopollenites hexaradiatus tribinae W. Kr; 

Kedves, p.15,16, pl.17, fig.1-8. 

1969 Stephanoporopollenites hexaradiatus tribinae W. Kr. 

1961; Kedves, p.391, pl.ll, f1g.33,34. 

1969 Stephanoporopo11enites hexaradiatus subfsp. tribinae 

W.Kr. 1961; Roche, p.134, fig.14. 

1970a Stephanoporopo11enites hexarad1atus tr1binae W. Kr. 

1961: W.Kr. p.329, pl.5, f1g.l23, pl.10, f1g.29. 

Botan1cal affinity. Unknown. 



- 170 -

Observed distribution. Rare, recorded from the Thanet Beds 

of Pegwell Bay; present in the Woolwich and Reading Beds, 

the Woolwich Marine Beds at Oldhaven Gap, the Reading Beds 

at Pincents Kiln and the woolwich Shell Bed at Charlton. 

Not recorded above the Woolwich and Reading Beds. 

Recorded distribution. The subspecies is recorded from the 

middle Palaeocene to Lower Eocene in boreal Central Europe 
(i.e. Pg.-Zone 7b-13a, Goczan et al. 1967, p.SOS). Kedves 

(1967a, p.16) considers ~. hexaradiatus ~.l. to be resticted 

to the Palaeocene which he defines as extending to the top 
of the Thanetian. He records it in the Thanetian Zone II 

and III of the Paris Basin (1969) and the Thanetian of the 

Puy-de-Dome (1967a) but it is absent from the Sparnacian 

of the Paris Basin (Gr.-Cav. 1968) and from the Sparnacian 

of La Sennetiere, Loire Atlantique (O.-Pierre 1970). Roche 

reports it in the Landenian of Belgium (1969). 

Genus: ULMIPOLLENITES Wolff 1934. 

Type species: Ulmipollenites undulosus Wolff 1934, pl.7S, 

pI. S, fig. 2 S. 

1960 

1961 

1961 

1968 

1970 

1971 

1977 

1977 

1980 

Ulmipollenites tricostatus (Anderson 1960) 

Frederiksen 1980 

Plate 16, fig.14-l7. 

Ulmoideipites tricostatus And., p.20, pl.4, fig.9-ll, 

pl.6, fig.4,S, pl.7, fig.8. 

Planera mullensis Simpson, p.447, pl.14, fig:11 only. 

?Phyllochlamys sp. Pallot, p.116, p1.20, fig.13S. 

Triatriopollenites kedvesi Gr.-Cav.; Gr.-Cav. pl.4, 

fig.13 only. 
Triatriopollenites curryi Gr.-Cav., p.73, pl.1, 

fig.9,10. 

Ulmipollenites sp. Tschudy, pl.4, fig.17 only. 

Po1yporopollenites eoulmoides W. Kr. & Vanh. p.64,6S, 

pl.27, fig.11-14. 

Triporopollenites curryi (Gr.-Cav. 1970) Gr.-Cav. 

1976; Gr.-Cav. p1.6, fig.1S,16. 

Ulmipo11enites tricostatus (Anderson 196.0) Frederiksen 
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p.148, pl.l, fig.41. 

Size. 13.00 (17.5) 22.5 microns. 

Comparison. Specimens studied compare well with Anderson's 

illustrations; they are sub-triangular, have three depressed 

pores about 2 microns in diameter, and have a thin exine, 

(one micron) which thickens slightly towards the pores. 

Anderson describes "beaded ribs" which parallel the sides of 

the grain and join above the pores as characteristic of the 
species, although in some grains the ribs are reduced to 

poorly defined. Some of the specimens from the London Basin 
show clear beaded ribs (plate 16, fig.l4,15) although there 

is a gradation to others which merely have slight folds 

(pl.16, fig.17). The strength of the ornament, verrucae and 

rugulae, ranges from barely perceptible to 1 micron high. 

Most grains show a clear depression over one pole, which may 

be a thinning in the exine; sculpture continues across it 

but is less well defined (see plate 16, fig.14,16 ). 

Pal lot illustrates a triporate form, ?Phyllochlamys 

sp. (Moraceae), which she says is very similar to recent 

Planera japonica but is larger, 14-16 microns, and has a 

less markedly scabrate exine (.1961, p.116). This form 

compares well with the specimens of g. tricostatus with 

weak ornament. 

!. curryi Gr.-Cav. 1970 is probably identical. The 

marked folds which run from one pore to the other (p.73, pl. 

1, fig.9,10) are equivalent to the beaded ribs of g. trico

status. Although Gruas-Cavagnetto describes the surface as 

smooth to chagrenate her illustrations show an undulating, 

verrucose ornament. In 1977, pl.6, fig.15,16 she refers 

her specimens to the Ulmaceae. 

Botanical affinity. Ulmaceae. Anderson intended the genus 

Ulmoideipites to accommodate ulmaceaeous pollen including 

forms similar in morphology to ~~, Ulmus, Zelkova and 
Hemiptelia. 

Observed distribution. Present throughout the London Basin 

from the Thanet Beds to the London Clay. 

Reported distribution. Maastrichtian of Montana (Tschudy 

1971); Uppermost Cretaceous to Palaeocene of New Mexico 

(Anderson 1960); Palaeocene of Mull (Simpson 1961); Palaeo

cene of the Paris Basin and Swanscombe, Kent (Gruas-Cavag-
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netto 1968, 1970); Palaeocene of Belgium (Krutzsch & Van-

hoorne 1977); Eocene to Oligocene of the Isle of Wight. 

(Pallot 1961). 

Ulmipollenites spp. 

Comments. Grains included here are all small, with rounded 

triangular to circular outline and three or more equatorial 

pores with slight annuli. Exine is thin, with a polar 

depression and a verrucate to 'rugulate ornament. Arci are 
rarely present. 

Size. 7 specimens; 13.0 (17.5) 22.0 microns. 

Comparison. Similar forms are reported by Leopold in Penny 

(1969) as Ulmus or Zelkova type, pl.16-6, fig.29: by Fair

child & Elsik (1969) as Planera sp., p.85, pl.38, fig.40 and 

by Leffingwell (1971) as Ulmipollenites sp., pl.6, fig.6a,6b. 
Observed distribution. Irregular distribution at all horizons 

studied in the London Basin and Alum Bay. 

Reported distribution. Widespread throughout the Tertiary 

of northwest Europe and North America. 

OTHER TAXA: 

Alnipollenites trina (Stanley 1965) Norton 1969 

Seeplate 16, fig.10,11 and Stanley 1965, pl.43, fig.4,5 

(as Alnus trina): Norton & Hall 1969, pl.5, fig.20 and 

Frederiksen 1980, pl.l, fig.21,22 (as Alnus trina). 

~lnipo11enites ~us potoni~ 1934b 

Seeplate 16, fig.12,l3 and po1yvestibu1opollenites ver

us (R.Pot.) Pflug 1953 in Th.& Pf. 1953, p.90, pl.10, 

fig.62-76; polyvestibu1opo1lenites eocenicus Krutzsch & 

Vanhoorne 1977, p.63, pl.27, fig.1-3: Polyvestibulo

pollenites quadratus W.Kr.& Vanh. 1977, p.64, pl.27, fig. 

4-6. 

?Nothofagidites sp. 

See "Nothofagidites boureaui" Gruas-Cavagnetto 1977 

(thesis), pl.8, fig.28 and Ch.& Gr.-Cav. 1968, pl.4, fig. 

23 as Nothofagidites fsp. 

Observed distribution. Very rare, isolated specimens in 



- 173 -

the Alum Bay section, London Clay Division B,Ci Brackle
sham Beds (AB 57, AB 60 and AB 64). 

Parsonidites britannicus Gruas-Cavagnetto 1976a. 
See plate 16, fig.19,20 and Gr.-Cav. 1976a, pl.8, 

fig.9-12. 

Observed distribution. Alum Bay, Bracklesham Beds, equiv

alent to Fisher Bed IV. 

Polyatriopollenites stellatus (R.Pot.& Ven. 1934) Pflug 

1953b. 
See plate 16, fig.18 and Pot. 1931, pl.2, fig.V47b (as 

~ollenites stellatus); Th.& Pf. 1953, pl.lO, fig.85-94 

(as Polyporopollenites stellatus); Pflug 1953b, pl.24, 

fig.47; Gr.-Cav. 1976a, pl.lO, fig.3 (as Polyporopol

lenites stellatus). 

INFRATURMA: PERIPORITI Van der Hammen 1956. 

Genus: ERDTMANIPOLLIS Krutzsch 1962a 

Type species: Erdtmanipollis pachysandroides W.Kr. p.28l, 

pl.8, fig.1-8. 

Erdtmanipollis sp. 

Plate 16, fig.22. 

Comments. Specimens found in southern England show the 

croton ornament, composed of radial rectangular elements 

and occasional larger wedge-shaped elements, typical of the 

genus. The number of pores is indeterminate. 

~. 27 microns, one specimen. 

Comparison. Pachysandra cretacea Stanley 1965 (p.294,295, 

pl.44, fig.1-9) is very similar but specimens from the 

London Basin are too poorly preserved for direct comparison. 

Botanical affinity. Gray and Sohma (1964) made detailed 

studies of recent Pachysandra and Sarcococca of the Buxaceae, 

two genera which are panporate and have croton ornament with 

both rectangular and wedge-shaped elements. They found 

fossil Erdtmanipollis to compare most closely with Pachy

sandra in terms of overall size and number of pores; they 

showed that most species of Pachysandra are over 42 microns 

in diameter while all except one species of Sarcococca 
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are less than 42 microns. In terms of size alone the 

London Basin material is therefore closer to Sarcococca. 

Observed distribution. Only two specimens were found in the 

present study, one from the Reading Beds at Pincents Kiln, 

(PK 4), and the second from the Woolwich Beds (marine 

facies) at Oldhaven Gap (OG 11). It is possible that 
the former may be reworked (either from within the early 

Tertiary or from the Cretaceous) since it did not accept 

Saffranin 0 stain in the same way as the Compositoi

pollenites spp. and Intratriporopollenites spp., both 

genera which occur fairly commonly at that locality and 

which appear to be of local contemporaneous origin. The 

presence of common Classopollis torosus (a characteristic 

Mesozoic species) is further evidence of reworking. 

Recorded distribution. Erdtmanipollis is now well known 

from the Upper Cretaceous and the Tertiary and has wide 

geographic distribution in North America, U.S.S.R. and 

central Europe. Dr. Linda Phillips (pers. comm. 1974) 

found a single specimen in the Tertiary volcanic province 

of the Scottish Western Islands which was associated with 

a temperate flora, of probable Palaeocene age. 

It is interesting to note that Erdtmanipollis is 

always very rare; Gray and Sohma (1964) consider this 

scarcity to be due to an inability to enter the sediment 

rather than absence of the genus, or of low pollen production. 

They suggest that the tendancy of Pachysandra and Sarococca 

to grow on ravine slopes above small streams would lead to 

chance entry of pollen into depositional basins, and account 

for the sporadic fossil records which occur in the Cretaceous 

and Tertiary. 

Genus: PERSICARIOIPOLLIS Krutzsch 1962 

Persicarioipollis persicarioides Krutzsch 1966. 

1966 

1968 

Plate 16, f1g.21,25. 

Persicarioipollis persicarioides W.Kr: p.30, pl.4, 

fig.16-21. 

Persicarioipollis persicarioides Kr. 1966: Gr.-Cav. 

p.78, pl.lO, fig.5,lO. 
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Size. 2 specimens, 20.0, 26.0 microns. 

Botanical affinity. Krutzsch (1966) lists several families 

which contain genera with similar ornament, of these the 

Polygonaceae, particularly Persicaria pro parte and Polygo~ 

pro parte, are closest. 

Observed distribution. Very rare, only three specimens 

were found in the Woolwich Shell Beds at Shorne Wood, and 

one from the Woolwich and Reading Beds in the Leaden Roding 

Borehole, Essex (LR 17). 

Reported distribution. Gruas-Cavagnetto (1968, p.78) reports 

a single specimen from the Sparnacian of Sinceny. Krutzsch 

(1970) records the species from the middle Palaeocene (Pg -

Zone 9), early Eocene (Pg-Zones 12-13) and middle Eocene 

(Pg-Zone 15) of Central Europe. 

OTHER TAXA: 

Periporopollenites spp. 

See plate 16, fig.23. 

INFRATURMA: DIPLAPERTURATE POLYPORINES Potonie 1966 

Genus: INTERPOLLIS Krutzsch 1961d 

Type species: 

Th.& Pf. 1953, 

Pflug 1953b. 

Intratriporopollenites ~l!ngensis Pf., in 

pl.IO, fig.26, p.89,90. Lectotype designated 

Comments. This genus has generally been described as tri

aperturate (Pflug 1953a, p.89: Krutzsch 1961d, p.305; 

Goczan et al. 1967, p.467). Krutzsch and G6czan et al. con

sider each aperture to consist of a single endopore with 

twoe~osures,one in each surface. It is obvious from their 

photographs however, and from the material examined from 

southern England, that the grains are 6-porate with three 

sub-equatorial pores present on each surface. Where endopores 

(?atria ) are visible there is one associated with each 

exopore. 
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Interpollis rnesselensis Krutzsch 1961d 

Plate 17, fig.2-4. 

1961 Interpollis rnesselensis W.Kr., p.306, pl.l, fig.27-

28. 

1961 Olacaceae Genus B sp. ~ M.K.S., p.211,212, pl.19, 

fig.212,213. 

1970 Interpollis rnesselensis W.Kr. 1961; W.Kr.p.327, pl.12, 

fig.72. 

Comparison. This differs from other species of Interpollis 

in the absence of an equatorial invagination but is compar

able in pore and exine structure. 

Size. 7 specimens; 19.0 (20.5) 24.5 microns. 

Botanical affinity. Probably Olacaceae. This form appears 

closer to pollen of recent Anacolosa than other species of 

Interpollis. 

Observed distribution. Comparatively rare, present in the 

Woolwich facies of the Woolwich and Reading Beds, Lignites 

and Shell Beds, and in the London Clay. A single specimen 

was recorded in the Thanet Beds at South Lambeth (SL 21). 

As far as I know this record is the earliest occurrence of 

this species. 

Reported distribution. Lower to Middle Eocene of Europe 

GOczan et ale 1967; Eocene of the Isle of Wight (M.K.S. 

1961) • 

Interpollis supplingensis (Pf. 1953a) Krutzsch 1961d 

Plate 16, fig.26-30. 

1953 Intratriporopollenites supplingensis Pf., p.89, pl.10, 

fig.26-37. 

1961 Interpollis microsupplingensis W.Kr., p.305, pl.l, 

fig.22-23. 

1961 Olacaceae Genus ~. sp. ~ M.K.S., p.210, pl.19, fig. 

210, 211. 

1967 Interpollis supplingensis (Pf. 1953) W.Kr.1961; 

Gbczan et al. p.467,468, pn8, fig.l-lO. 

1968 Interpollis supplingensis (Pf.1953) Kr. 1960; Gr.-Cav. 

p.59, p1.4, fig.26. 
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1968 Interpollis microsupplingensis Kr. 1960; Gr.-Cav. 

p.60, pl.4, fig.27,28. 

1973 Interpollis supplingensis W. Kr. 1961; Roche, p.55, 

pl.3, fig.47-49. 

1977 Interpollis microsupplingensis W. Kr. 1961d; W. Kr. & 

Vanh. p.28, pl.13, fig.6-8 only. 

Size. 20 specimens; 17.5 (20.5) 26.0 microns. 

Comments. The distincition between !. supplingensis and I. 

microsupplingensis is based only on size; the former is 

greater than 20 microns, the latter is 20 microns or less 

(Krutzsch 1961d, p.305). However, this separation does not 

hold in practice; Goczln et ale (1967) illustrate several 

specimens of !. supplingensis which are smaller than 20 

microns, while Krutzsch and Vanhoorne (1977, p.28) state 

that specimens of !. microsupplingensis from Epinois range 

up to 30 microns. Specimens from the south of England range 

from 17.5-26.0 microns. Since!. supplingensis has priority 

I have placed all of my specimens in that species. 

Botanical affinity. Probably Olacaceae (M.K.S. 1961). 

Observed distribution. Rare, present in Thanet Beds at Old

haven Gap, the South Lambeth Borehole, throughout the Wool

wich and Reading Beds, rare to fairly common in the London 

Clay. More characteristic of the Woolwich facies. 

Reported distribution. Maastrichtian to lower middle Eocene , / 
of Europe (Goczan et ale 1967); Sparnacian of the Paris 

Basin (Gr.-Cav. 1968); Upper Montian and Upper Landenian 

of Belgium (Roche 1969, W. Kr. & Vanh. 1977); Eocene of the 

Isle of Wight (M.K.S. 1961). 

OTHER SPECIES: 

Interpollis velum Krutzsch 1961d See plate 16, fig.24. 

OTHER TAXA: 

Anaco1osidites pseudoeff1atus Krutzsch 1959b 

See plate 17, fig.1 and Krutzsch 1970, p1.8, fig.17l. 

TURMA: JUGATES (Jugata Erdtman 1943?) p~toni~ 1960. 

SUBTURMA: TETRADITES Cookson 1947 
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Ericipites spp. 

See plate 17, fig.lO and Thomson & Pflug 1953, p.112, pl. 

15, fig.67-70 (Tetradopollenites callidus (R.Pot.) Th. & 

Pf.) and pl.15, fig.75-77 (Tetradopollenites ericius (R. 

Pot.) Th. & Pf.); Gruas-Cavagnetto 1968, pl.9, fig.9 (Tet

radopollenites callidus (R.Pot.) Th. & Pf. 1953). 

Riccisporites tuberculatus Lundblad 1954 (reworked) 

See plate 17, fig.7 and Morbey & Dunay 1978, pl.4, fig.13. 

FRUITS AND SEEDS 

Several fruits and seeds were found in the li9nite 

horizon within the Woolwich and Reading Beds at Shorne Wood, 

particularly in samples JL 866 and JL 867. 

I am indebted to Dr. Margaret Collinson for identifi

cation of these specimens. Four main types were recovered: 

1. Family Typhaceae; probably Typha. 

Plate 17, fig.15 whole specimen. 

Comments. Gunther & Hills (1972, pl.7, fig.20,22,23 and 25) 

illustrate specimens of Costatheca tenuis (Dijkstra) Hall 

which appear to be identical with my material. 

2. Family Typhaceae; Typha-like seed with part of the fruit 

attached. 

Plate 17, fig.14 whole specimen. 

Plate 17, fig.13 detail of wall layers; inner hexagonal 

transverse cells of the seed and outer, longitudinal cells 

of the fruit. 

Plate 17, fig.8 whole specimen. 

Plate 17, fig.ll de~ail of operculum. This is similar to 

that found in recent Typha, see also Collinson 1978, pl.8.1. 

3. Carpolithes sp. ~. Collinson 1978; monocotyledonous 

fruit. 

Plate 17, fig.5 whole specimen. 

Plate 17, fig.9 detail of cell structure. 

Plate 17, fig.6 part of another specimen. 

4. Unidentified fruit. 

Plate 17, fig.12. 
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4.2 ACID RESISTANT MICROPLANKTON; DINOFLAGELLATE CYSTS, 

ACRITARCHS AND OTHER ALGAE. 

Introduction. 

In this brief study of the dinoflagellate cysts and 

other algae present in the London Basin only the most common 

species, or particularly distinctive forms, have been iden

tified. As Appendix 2 shows, the number of specimens counted 
from each horizon was usually very low and only the presence/ 
absence (rather than percentage occurrence) of most species 

was recorded. 

In this section the algal species recognised are 

listed, including several reworked specimens. Some of the 

most common species or those characteristic of a particular 

horizon are illustrated and either a very brief synonymy is 

given or several published illustrations of specimens which 

I consider to be identical with my material are cited. These 

comparisons are based entirely on illustrations, no type 

material was examined. Species are not described in detail 

since the majority are already well documented in the liter

ature, however brief comparisons are made in some cases. The 

observed distribution of selected species in southern Britain 

and occurrences reported in the literature (Reported distri

bution) are summarised. 

No supra-generic classification is used Since, to date, 

there is no general agreement on which morphmlogical features 

have most significance for classifying genera. Furthermore, 

our knowledge of the relationships between living dinofla

gellates and fossil dinoflagellate cysts is still very limited. 

Genera are therefore arranged alphabetically in three main 
groups; (i) dinoflagellate cysts, p.179, (ii) acritarchs, 

p.198, (iii) other algae, p.200. 

(i) DINOFLAGELLATE CYSTS. 

Genus: ACHOMOSPHAERA Evitt 1963 

Achomosphaera alcicornu (Eisenack 1954) Davey & 

Williams 1966a 

Plate 18, fig.6,7. 
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1954 Hystrichosphaeridium alcicornu Eisenack, p.6S, pl.10, 

fig.1-2, text-fig.S. 

1966 Achomosohaera alcicornu (Eisenack) D. & w.: p.SO, 
t 

pl.5, fig.3. 

1969 AchomosEhaera alcicornu: Gocht, p.34, pl.4, fig.1-8, 

1976 AchomosEhaera alcicornu: S.-L. & Ch. pl.4, fig.6. 

Comments: Eaton (1976, p.236) points out that the only dif

ference between this species and SEiniferites Eseudofurcatus 

(Klumpp) Sargeant 1970 is the presence of paraplate bound

aries in the latter. Both species have been included in the 

Spiniferites group in counts. 

Observed distribution. Common in the Thanet Sands. Present 

in the London Clay. 

ReEorted distribution. Eocene to middle Miocene (D. & w. 
1966): Palaeocene to middle Oligocene (Gocht 1969): Palaeo

cene to early Miocene of the North Sea (Ioakim 1979). 

Genus: ALISOCYSTA Stover & Evitt 1978 

1961 

Alisocysta margarita (Harland) Harland 1979 
Plate 18, fig.3,4. 

Eisenackia crassitabulata Defl. & Cooks~ Alberti, 

p.32, pl.3, fig.19. 

1967 Eisenackia circumtabulata Drugg: S.-L. & Ch., pl.l, 

1979 

1979 

fig.l,2. 

AgerasEhaera margarita .Harland: p.29-30, pl.l, fig. 

1-12, pl.2, fig.l-l0. 

Alisocysta rugolirata Darnassa: p.193-l96, pl.3, 

fig.7-11. 

Observed distribution. Present in the Thanet Beds at Pegwell 

Bay, up to 9% of microplankton at some horizons. 

Reported distribution. Danian of California (Darnassa 1979): 

Heersian (=early Landinian) of Belgium (Schumacker-Lambry & 

Chateauneuf 1976): Thanet Beds of southern England and 

Thanetian of North Sea (Knox & Harland 1979): late Palaeo

cene to earliest Eocene of Germany (Alberti 1961). 
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Genus: APECTODINIUM Costa & Downie 1976 ex 

Lentin & Williams 1977. 

Comments. Costa & Downie (1976, p.608) designated Wetzel

iella homomorpha as the type species of Wetzeliella subgen. 

~ectodinium. In 1977 Lentin & Williams raised Apectodinium 

to generic level. 

Although the species listed below have been distin

guished there is considerable morphological variation within 

the genus. Costa & Downie (1976, p.S94) consider that "dis
crimination between species is often difficult due to the 

continuous variation in the critical morphological characters 
and the abundance of intermediate forms". Only Apectodinium 

homomorphum and ~. parvum have been separated in the countis 

although the latter probably includes some of the forms 
t<. 

trans~nal to~. guinquelatum. The presence/absence (rather 

than percentage occurrence) of other species is shown in 

Appendix 2. In the text-figures showing dinoflagellate cyst 

distribution (Chapter 5) all species are included in the 

group "Apectodinium sp.". 

1955 

1968 

1973 

Apectodinium homomorphum (Deflandre & Cookson 1955) 

Lentin & Williams 1977. 

Plate 18, fig.9-1l, cf.fig.8. 

Wetzeliella homomorpha Defl. & Cooks; p.254, pl.5, 

fig.7. 

Wetzeliella homomorpha Defl. & Cooks; De Coninck, 

p.20, pl.3, fig.3-6, 111. 

Wetzeliella homomorpha Defl. & Cooks.; Caro, p.363, 

pI. 5, fig.lO. 

Observed distribution. Abundant in the Woolwich Shell Beds; 

rare at the base of the Oldhaven Beds (sample OG 27); pre

sent in the London Clay at Alum Bay. 
Reported distribution. Widely distributed in the late Pala

eocene and early Eocene of northwest Europe and the North 

Sea. Particularly common in the Sparnacian facies, in the 

Apectodinium hyperacanthum Zone, and at some levels in the 

Bracklesham Beds Beds at Alum Bay (Costa & Downie 1976, 

Ioakim 1979). Total range, late Palaeocene to Oligocene; 
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equivalent to nannoplankton zones NP9-NP23 of Martini,1970 
(Costa & Downie 1979). 

Apectodinium hyperacanthum (Cookson & Eisenack 1965) 

Lentin & Williams 1977 

Plate 19, fig.l. 

1965 Wetzeliella hyperacantha Cookson & Eisenack; p.134-

135, pl.16, fig.3-6. 
1973 Wetzeliella hyperacantha Cooks. & Eis.; Caro, p.364-

365, pl.5, fig.5. 
1976 Wetzeliella (Apectodinium) hyperacantha Cooks & Eis.; 

Costa & Downie, p.609, pl.5, fig.6. 

Observed distribution. Rare in the woolwich Shell Beqs. 

Reported distribution. Palaeocene (Cooks, & Eis. 1965); 

middle Palaeocene-early Ilerdian, equivalent to Woolwich & 

Reading Beds (Caro 1973); late Palaeocene-early Eocene, Wool

wich Beds to basal London Clay, Wetzeliella (~.) hyperacantha 

Zone (Costa & Downie 1976); early Eocene (~. hyperacanthum 

Zone) in the North Sea (Ioakim 1979); late Palaeocene, equi

valent to Martini's (1970) nannoplankton zones NP9 and base 

NPlO (Costa & Downie 1979). 

1961 

1969 
1968 

Apectodinium parvum (Alberti 1961) Lentin & 

Williams 1977 

Plate 19, fig.2,3. 

Wetzeliella (Wetzeliella) parva Alberti; p.8-9, pl.l, 

fig. 14-18. 

Wetzeliella parva Alb.; DeConinck, p.20, pl.3, fig.20. 
Wetzeliella parva Alb.; Gr.-Cav. p.92, pl.13, fig.S. 

Comments. The distinction between ~. parvum and ~. qu~nquel

atum is not always clear, transitional forms do occur. 

Observed distribution. Woolwich and Reading Beds, common to 

abundant in the Woolwich Shell Beds. 

Reported distribution. Late Palaeocene to early Eocene: 

Woolwich Beds to basal London Clay in Britain, Landenian in 
" " " Belgium and Palaozan to ?Untereozan 1 in north Germany (Costa 

& Downie 1976), equivalent to Martini's (1970) nannoplankton 

zones NP9 and base NPlO (Costa & Downie 1979). 



1948 

1966 

1973 

1973 

1979 

1979 

1979 
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Apectodinium gUinguelatum (Williams & Downie1966b) 

Costa & Downie 1979. 

Plate 19, fig.6. 

Hystrichosphaeridium geometricum Pastiels (pars.); 

p.41, pl.4, fig.4,8. 

Wetzeliella (Wetzeliella) homomorpha var. quinguelata 

W. & Downie; p.191, pl.18, fig.7. 

Wetzeliella homomorpha var. guinguelata W. & Downie; 

Caro, p.364, pl.2, fig.5. 
Wetzeliella homomorpha subsp. guinguelata (W. & 

Downie 1966) Lentin & Williams; p.141. 

Apectodinium quinquelatum (Williams & Downie) Lentin 

& Williams 1977 (sic); Ioakim p.91, pl.19, fig.4. 

Wetzeliella (Apectodinium) guinquelata (W. & Downie) 

Harland p.67, pl.l, fig.ll, pl.2, fig.16. 

Apectodinium guinguelatum (Williams & Downie) Costa 

& Downie; p.43. 

Observed distribution. Present in the Woolwich Shell Beds. 

Reported distribution. Occasional in the Sparnacian of the 

Paris Basin (Gruas-Cavagnetto 1968); middle Palaeocene-middle 

Ilerdian (equivalent to early Eocene) of Spain (Caro 1973); 

early Eocene, London Clay, in Britain (Williams & Downie 

1966b); early Eocene in Belgium and Germany (Pastiels 1948, 

Alberti 1961) and in the northern North Sea (Ioakim 1979). 

Total range, latest Palaeocene to late Eocene, equivalent to 

Martini's (1970) nannoplankton zones, top NP9 to NP18 (Costa 

& Downie 1979). 

Genus: AREOLIGERA Lejeune-Carpentier 1938 

Comments. Species of Areoligera and Glaphrocysta are common 

at some horizons in the Thanet Beds and the Woolwich and 

Reading Beds. In counts most specimens have been placed in 

a broad group which includes species from both of these 

genera. A few individual species have been recorded as 

"presen~'but usually without any quantitative data (see 

Appendix 2). 
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Areoligera senonensis Lejeune-Carpentier 1938 

Plate 19, fig.4,9,11. 

1969 Areoligera senonensis L.-C.: Gocht, p.56, pl.8, fig. 

4-6, text-fig. 41. 

1975 Areoligera senonensis L.-C.: Williams, pl.l, fig.5. 

Observed distribution. Present" in the Thanet Beds at Pegwe11 
Bay. No detailed record of its distribution made. 

Reported distribution. Late Cretaceous, Senonian (Lejeune

Carpentier 1938): Palaeocene and early Eocene in southern 
Britain (Davey & Williams 1966 and Downie et ale 1971): 

Palaeoc~ne and early Eocene in the North Sea (Ioakim 1979). 

'Areoligera sp. 

Plate 19, fig.12,13. 

Comments. Specimens are most similar to A. cassicula Drugg 

1970, p.811, Fig.2B,3A-B. This species has a series of 

"annular complexes of intratabular processes" in which the 

distal ends are connected to form a lace-like pattern. Drugg 

comments that in some specimens the paratabulation is obscure, 

the same is true of some of the material from the Thanet Beds. 

None of my specimens show the broad, flattened distal con

nections common in Drugg's material. 

Observed distribution. Thanet Beds at Pegwell Bay. 

Genus: CLEISTOSPHAERIDIUM Davey, Downie, Sarjeant & 

Williams 1966 

"C1eistosphaeridiurn" group 

Plate 19, fig.5,7. 

Comments. This is a very broad group of chorate cysts with 

nontabular processes which are numerous, relatively short, 

delicate and distally closed. Several archeopyle types occur. 

In counts the following species have been placed here. 

a} Cordosphaeridiurn microtriaina (Klumpp) Eisenack 1963b 

see De Coninck 1969, pl.8, f1g.28-29, pl.9, f1g.l-4: 

b} f. uncinispinosurn De Con1nck 1969, see De Con1nck 

pI. 9, fig.6-8; 
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c) Operculodinium centrocarpum (Defl. & Cooks.) Wall 

196~ see Hystrichosphaeridium centrocarpum Defl. & Cooks. 

1955, pl.8, fig.3,4; Q. centrocarpum in Wall 1967, pl.16, 

fig.l,2,5 and plate 23, fig.ll,12 herein; 

d) Lingulodinium machaerophorum (Defl. & Cooks.) Wall 

1967, see Hystrichosphaeridium machaerophorum Defl. & Cooks. 

1955, pl.9, fig.4,8; ~. machaerophorum in Wall 1967, pl.15, 

fig.16-l7; 

e) Undifferentiated chora~e cysts of this general morph-

ology, see plate 19, fig.5,7 herein. 

Observed distribution. The group is relatively common in the 

Thanet Beds, the Woolwich and Reading Beds (particularly in 

the centre of the London Basin) and in the London Clay. 

Genus: DEFLANDREA Eisenack 1938 emertd. Lentin & 

Williams 1976 

Deflandrea dartmooria/oebisfeldensis 

1959 

1969 

1969 

1974 

1976 

1979 

Plate 20, fig.2,3,5-7,ll. 

Deflandrea oebisfeldensis Alberti; p.95-96, pl.8, 

fig.lO-13. 

Deflandrea oebisfeldensis Alb.; De Coninck p.17, pl. 

2, fig.3-4, 8-10. 

Deflandrea oebisfeldensis an phosphoritica; De Con-

inck, pl.2, fig.13-14. 

Deflandrea oebisfeldensis Alb.; Gr.-Cav. pl.l, fig.13. 

Deflandrea speciosa; S.-L. & Ch. pl.5, fig.3-4. 

Deflandrea oebisfeldensis Alb.; Knox & Harland pl.2, 

fig.1-9. 

1979 Deflandrea oebisfeldensis Alb.; Ioakim pl.8, fig.7. 

1979 Deflandrea dartmooria Cooks. & Eis. 1965; Ioakim pl. 

8, fig.3. 

Comments. This form is characterised by the presence of weak 

paratabulation on the periphragm, indicated by an ornament 

of low cones typically arranged in intratabular clusters or 

in rows (plate 20, fig.3,6) and by the archeopyle. 

From the literature it is obvious that the distinction 

between the three species ~. dartmooria, D. oebisfeldensis 

and D. !Eeciosa is not clear. De Coninck (1969 p.17) des

cribes his specimens as D. phosphoritica to D. oebisfeldensis; 
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they have an ornament comparable to that seen in the London 

Basin material (see his pl.2, fig.13-14).De Coninck comments 

on the variation in the shape of his specimens, they range 

from elongated forms close to D. dartmooria and D. oebis

feldensis to larger but shorter specimens like ~. phosphor

itica subsp. australis Cooks. & Eis. 1961. Similar varia

tions occur in specimens I have included in ~. dartmooriaj 

oebisfeldensis from the London Basin. Few authors have re

cognised Q. dartmooria Cooks. & Eis. 1965. The apical and 

antapical horns are perhaps more elongated than in D. oebis

feldensis and the paratabu1ation is better defined. I con

sider most of the specimens I have recorded to be transi
tional between D. dartmooria and Q. oebisfeldensis. 

Observed distribution. Characteristic of the Thanet Beds 

although never abundant. 

Reported distribution. D. oebisfeldensis, Thanetian to 

Ypresian (varie1ongituda Zone of Costa & Downie 1976). Knox 

& Harland (1979) consider D. dartmooria SSe to be restricted 

to the Thanetian. 

Deflandrea sp. ~. 

Plate 20, fig.8-l0. 

Comments. Specimens are most similar to De Coninck's illu

strations of Deflandrea aff. tenera Krutzsch (De Coninck 

1969, p.17, pl.l, fig.20-22). Other superficially similar 

forms include Def1andrea wetzeli Morgenroth 1966 and some 

specimens referred to Def1andrea denticulata Alberti 1959 

forma minor De Coninck 1969 (e.g. De Coninck p1.l, fig. 

16-17), although the later has larger apical and antapical 
horns. 

Observed distribution. Common at some levels in the Wool

wich Beds (see Appendix 2). 

Reported distribution. Ypresian of Belgium (De Coninck 1969). 
Geiselodinium tenerum (Krutzsch) Stover & Evitt 1978 was 

originally described from freshwater levels within leaf

bearing, coally horizons in the brown coals of Geiseltal 

(Krutzsch 1962). 
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OTHER SPECIES: 

peflandrea heterophlycta Deflandre & Cookson 1955 

See plate 20, fig.12 and Defl. & Cooks. 1955, p.249-

250, pl.5, fig.6, text-fig.5; Ioakim 1979, p.43, pl.7, 

fig.l,J. 

Deflandrea phosphoritica Eisenack 1938 

See plate 20, fig.13 and Eis. 1938, p.187, text-fig. 6; 

Defl. & Cooks. 1955, p.249, pl.4, fig.5; Morgenroth 1966, 

p.8, pl.l, fig.3; Williams & Downie 1966c, p.2Jl, 

pl.26, fig.9; Gocht 1969, p.9, pl.6, fig.5; Eaton 1976, 

p.290, pl.17, fig.l. 

Genus: DRACODINIUM Gocht 1955 

Dracodinium solidum Gocht 1955 

Plate 21, fig.l. 

1966b. Wetzel~ella (Wetzeliella) solida (Gocht) Williams 

& Downie, pl.20, fig.7. 

1979 Dracodinium solidum (Gocht) Costa & Downie sous 

presse; Ioakim, pl.19, fig.ll. 

Comments. Williams & Downie (1966b, p.195) transferred 

Dracodinium solidum to Wetzeliella subsp. Wetzeliella thus 

removing the type of the genus and making Dracodinium super

fluous (Lentin & Williams 1977, p.55). However, subsequent 

reorganisation of the genus Wetzeliellas.1. has taken place 

(see Vozzhenikova 1967, Costa & Downie 1976, Lentin & 

Williams 1977, Harland 1979 and Costa and Downie 1979) and 

Dracodinium has been reinstated as a valid genus (Costa & 

Downie 1979, p.43). 

Observed distribution. Rare in the London Clay at Alum Bay 

(AB 52 and AB 54). 

Reported distribution. Early-?late Eocene of Germany (Gocht 

1969): rare in the London Clay of the London Basin and the 

Isle of Wight (Williams & Downie 1966b); early Eocene in 

Belgium, early to late Eocene in England and Germany (Costa 

& Downie 1976); early-middle Eocene in the North Sea 

(loakim 1979); total range from early-late Eocene, equiva

land to Martini's (1970) nannoplankton zonesNPI1-NP14, 
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?NP14-?NP19 (Costa & Downie 1979). 

Genus: GLAPHROCYSTA Stover & Evitt 1978. 

Comments. As stated above, specimens of Glaphrocysta and 

Areo1igera have been included in a single group for counts. 

There is considerable morphological variation within both 

genera and individual species are not always easily differ
entiated. 

, 

Glaphrocysta ordinata (Williams & Downie 1966c) 
Stover & Evitt 1978 

Plate 21, fig.8,9,11-13,15, plate 22, fig.l,3. 

196p Cyclonephelium ordinatum W. & D., p.225-226, pl.25, 

fig.3. 

1969 Cyclonephelium ordinatum W. & D.; Gocht, p.58-60, 

pl.8, fig.1-3, text-fig. 42. 

1979 Areoligera senonensis L.-C.; Ioakim, pl.2, fig.ll. 

Observed distribution. Common at some levels of the Thanet 

Beds at Pegwell Bay. Present in the Woolwich & Reading Beds 

(Shell Beds and Striped Loarns). 

Reported distribution. Early Ilerdian of Spain, equivalent 

to late Palaeocene-early Eocene (Caro 1973); late Palaeo

cene-early Eocene (Thanet Beds to London Clay) of southe~n 

England (Hussain 1967); early Eocene of north Germany (Gocht 

1969); early Eocene of southern England (Williams & Downie 

1966c) and North Sea (Ioakim 1979); early-middle Eocene in 

the Hampshire Basin (Bujak et ale 1980). 

Glaphrocysta pastielsi (Deflandre & Cookson 1955) 

Stover & Evitt 1978 

Plate 21, fig.2-6. 

1948 Membranilarnax cf. 1iradiscoides Wetzel: Pastiels 

pl.S, fig.1S. 
1969 Cyclonephelium pastielsi Def1. & Cooks.: Gocht, p.60, 

pl.8, fig. IS. 

Comments. The species is characterised by narrow trabeculae 

which link processes distally. There are no areas with 
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reticulate distal "platforms'" as occur in G. exuberans. 
Observed distribution. Woolwich Beds and London Clay' 

Most specimens belonging to this species have been recorded 

as Glaphrocysta sp. in counts consequently no information 

is available on the detailed distribution of the species in 

the London Basin. 

Reported distribution. Eaton (1976, p.259) suggests that 

several records of this species are mis-identifications. He 

considers the only reliable records to be those from the 
lower Eocene of Belgium (Pastiels 1948, De Coninck 1965, 
1968) and from northern France (Gruas-Cavagnetto 1968). 

Gocht (1969) records it from the Untereoz~n 1 of north 

Germany. 

Glaphrocysta cf. retiintexta (Cookson 1965a) 

Stover & Evitt 1978 

Plate 22, fig.5. 

cf.1965 Cyclonephelium retiintextum Cooks. p.88, pl.ll, 

fig.4. 

Observed distribution. Illustrated specimen from the Thanet 

Beds at Pegwe11 Bay, detailed distribution not recorded. 

Reported distribution. Late Cretaceous, Victoria, Austra

lia (Cooks. 1965a). 

OTHER SPECIES: 

Glaphrocysta aff. exuberans (Defl. & Cooks. 1955 ex 

Eaton 1976) comb. nov. 

See Cyclonephelium aff. exuberans Defl. & Cooks. ex Eaton 

1976, p.256-267, pl.7, fig.7; Cyclonephelium pastielsi 

Defl. & Cooks. in W. & Downie 1966c, pll5, fig.2 . 

Observed distribution. Thanet Beds at Pegwell Bay. 

Genus: HAFNIASPHAERA Hansen 1977 

Hafniasphaera sl. 

Plate 21, fig.14. 

Comments. The genus comprises chorate cysts with a sub

spherical or ovoid central body, composed of two layers, 
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(endophragm and periphragm) either or both of which may 

contain numerous, evenly distributed vesicles (vacuole.s) 

(Hansen 1977, p.13). The vesicles may be spherical or, when 

interconnected, form a fine reticulum within the cyst wall. 

Processes are intertabular, formed by the perip~gm and are 

solid or hollow, with or without vesicles. The archeopyle 

is precingular. Paratabulation is indicated by the presence 

of sutural crests, weak bulges in the periphragm, by the 

alignment of vesicles, or by the arrangement of processes 

only (see Hansen p.13 for details). 
I consider the illustrated specimen (plate 21, fig.14) 

to be comparable to Hystrichosphaeridium sp. C (in Gruas

Cavagnetto 1968, pl.18, fig.14,16); Baltisphaeridium cf. 

tripodes Morz-Kerf. 1966 ~n Chateauneuf & Gruas-Cavagnetto 

1968, pl.6, fig.5,6); Hystrichosphaera sp. (in De Coninck 

1969, pl.7, fig.30,3l) and Achomosphaera sagena (in Ioakim 

1979, pl.l, fig.6). 

In counts several additional species have been in

cluded in Hafniasphaera sl., particularly Achomosphaera 

sagena Davey & Williams 1966a, Hafniasphaera septata (Cook

son & Eisenack 1967) Hansen 1977 and Spiniferites crassi

pellis (Deflandre & Cookson 1955) Sarjeant 1970. 

Observed distribution. See Appendix 2. 

Reported distribution. Spiniferites crassipellis is a long

ranging species, recorded from the late Cretaceous to the 

Miocene (Clarke & Verdier 1967). Achomosphaera sagena is 

reported from the Cretaceous (Cenomanian to Senonian, Davey 

& Williams 1966a, Clarke & Verdier 1967), Danian-Thanetian 

of the North Sea (Ioakim 1979) and the Eocene of southern 

England (Bujak et ale 1980). Hafniasphaera septata occurs 

from the Danian to the early Eocene (as Spiniferites sep

tatus Drugg & Stover 1975). The genus Hafniasphaera is 

particularly characteristic of the Danian (Hansen 1977). 

Genus: HYSTRICHOKOLPOMA Klumpp 1953 

Hystrichokolpoma mentitum McLean 1974 

Plate 22, f1g.2,4. 

1974 Hystrichokolpoma mentitum McLean, p.66, pl.8, fig. 

1-5. 
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Comm~. Harland (1979, p.33) mentions the general simil

arity between ~. rnentit~ and Alisocysta margarita. He 

suggests that the former might be an extreme variant in the 

morphological range of ~. margarita, having exceptionally 

high penetabular membranes. 

Observed distribution. Thanet Beds at Pegwell Bay, rare. 

Reported distribution. Mclean records it as extremely rare 

(only three specimens, less than 1% of the total micro

plankton) in the late Palaeocene, Aquia Formation of Mary

land and Virginia U.S.A. 

Genus: HYSTRICHOSPHAERIDIUM Deflandre 1937b emend. Davey 

& Williams 1966b. 

Hystrichosphaeridium sp. cf. ~. patulum Davey & 

Williams 1966b. 

Plate 22, fig.6,9,11. 

cf.1966 Hystrichosphaeridium patulum Davey & W.: p.60, pl.lO, 

fig.5. 

1969 

1977 

cf. Hystrichosphaeridium patulum Davey & W.: De 

Coninck, p.35, pl.lO, fig.7,8. 

Adnatosphaeridium ? willieriae De Coninck 1976: 

De Coninck, p.40, pl.l, fig.5,6. 

Comments. My specimens are most similar to those illustr

ated by De Coninck (1977). ~.patulum and ~.? willieriae 

appear to be very similar in general morphology: they 

both have two types of processes, (one broad and tubular, 

the other very narrow), which are both expanded distally. 

De Coninck describes thread-like extensions which link the 

distal ends of the processes in ~.? willieriae. This 

feature is not visible in my specimens from the London 

Basin although the everted to~of the broad, flimsy tubular 

processes lying behind the very thin processes sometimes 

give the appearance of trabeculae. The broad processes 

are often linked proximally (plate 22, fig.9). I have 

been unable to determine the number of processes on my 

specimens, at some levels of focus the narrow processes 

look almost as if they might be thickenings along the 

broader processes. The holotype of H. patulum has fewer 

processes than A.? willieriae and specimens from the London 
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Basin but is otherwise similar. 
Observed distribution. Thanet Beds. 

Reported distribution. London Clay, Isle of Wight (Davey & 

Williams 1966b); Ypresian in the Kallo Borehole, Belgium 

(De Coninck 1969); H. stephanophorum occurs in the middle 

and late Oligocene of the lower Rhine, Germany (Benedek 

1972). 

Hystrichosphaeridium tubiferum (Ehrenburgh 1838) De

flandre 1937b emend. Davey & 

Williams 1966b. 

Plate 22, fig.7,10,12. 

1966 Hystrichosphaeridium tubiferum (Ehr.) Defl.; Davey & 

W., p.56-57, pl.lO, fig.2. 

1968 Hystrichokolpoma bulbosa (Ehr.) emend. Morg. pl.45, 

fig.4-5 only. 

1976 Hystrichosphaerdium tubiferum (Ehr.) Defl.; Eaton, 

p.272, pl. 11, fig.4. 

Observed distribution. Common in the Thanet Beds. 

Reported distribution. Cretaceous (Albian and younger, Davey 

& Verdier 1971) to lower Eocene (Davey & W.1966b). Danian 

(Morgenroth 1968). Eaton (1976, p.272) suggests that speci

mens reported from sediments younger than early Eocene are 

most probably species of Homotryblium Davey and Williams 

1966. 

Genus: INVERSIDINIUM McLean 1973b 

Inversidinium exilimurum McLean 1973b 

Plate 24, fig.l. 

1973b Inversidinium exilimurum McLean, p.730-732, pl.90, 

fig.1-9. 

1976 Inversidinium exilimurum McLean 1973; Schumacker-

Lambry & Chateauneuf p1.7, fig.9. 

Observed distribution. Rare in the Thanet Beds at Pegwe11 

Bay and Oldhaven Gap. 

Reported distribution. Maastrichtian to early Eocene of 

offshore Labrador (Ioakim 1979); late Palaeocene (McLean 

1973b, S.-L. & Ch. 1976). 
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Genus: MICRODINIUM Cookson & Eisenack 1960a 

]Microdinium sp. 2 Schumacker-Lambry & 

Chateauneuf 1976. 

Plate 23, fig.2-4. 

1976 ?Microdinium sp. 2 S.-L. & Ch., p.270, pl.l, fig.7,8. 

cf. 1974 Membranosphaera sp. Harris, pl.4, fig.5,6. 

Comments. The specimens from the London Basin compare well 

with that illustrated by Schumacker-Lambry & Chateauneuf. 

A paracingulum and parasulcus are distinguishable although 

they are poorly defined. The ornament of short, straight 

processes appears to be non-tabular. Some processes are 

linked proximally (plate 23, fig.2,4) and all appear to be 

linked distally by delicate trabeculae. 

Membranosphaera sp. of Harris (1974) from the Palaeo

cene of the Ninetyeast Ridge in the Indian Ocean, is very 

similar and may be eqUivalent. 

Poorly orientated specimens, which may belong to 

this species have been placed in a separate group, aff. 

?Microdinium sp.2. 

Observed distribution. Cornmon. at some levels in the Thanet 

Beds at Pegwell Bay. 

Reported distribution. Present in the Heersian (base of the 

Landenian) Belgium (S.-L. & Ch. 1976); Palaeocene, Indian 

Ocean (Harris, 1974). 

Genus: PHTHANOPER1D1NIUM Drugg & Loeb1ich 1967. 

1975 

1977 

Phthanoperidinium crenulatum (De Coninck 1975) 

De Coninck 1977 

Plate 23, fig.16-18. 

Peridinium crenu1atum De Coninck, p.96, pl.17, 

fig.5-7, 12-13, 14-15. 

~hthanoperidinium crenu1aturn (De Coninck 1975) 

De Coninck, pl.6, fig.27,28,29. 

Description. Cysts rhomboidal in outline, ± small apical 

horn. Paratabulation (not determined) indicated by denti

culate parasutural crests; archeopy1e intercalary, type 31. 
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Size. (2 specimens measured) Length 48-52 microns; width 

44-48 microns. 

Observed distribution. Present in the Thanet Beds (Palaeo

cene) at Oldhaven Gap and Pegwell Bay. 

Reported distribution. Ypresian in Belgium (De Coninck 

1975, 1977). 

Genus: SENTUSIDINIUM Sarjeant & Stover 1978 

Sentusidinium sp. 

Plate 22, fig.14, plate 23, fig.l. 

Comments. Some of the specimens recorded from the London 

Basin may be reworked, others, from their preservation, 

appear to be in situ. 

Observed distribution. Rare in the Thanet Beds; present in 

the Reading Beds at the western end of the London Basin; 

rare in the Woolwich and Reading Beds in the centre of the 

~ondon Basin; common at some levels of the London Clay at 
Alum Bay (probably reworked). 

Genus: TRICHODINIUM Eisenack & Cookson 1960 

?Trichodinium sp. 

Plate 23, fig.8,13,14. 

Comments. The specimens included here are equivalent to 

"Trichodinium spinatum" Denison (unpublished thesis 1977, 

p.15, pl.l, fig.5). Vectidinium stoveri Liengjarern ~ ale 

1980 is superficially similar (see 1980, pl.490, pl. 54, 

fig.7). 

The cysts are generally spheroidal in outline but 

frequently show secondary folds. The surface has a dense 

cover of granules and short spines (up to c.3 microns long) 

which are broad at the base and narrow to hair-like pro

jections distally. The apical tuft or horn which Denison 

describes has not been seen in the present material. A 

weakly defined paracingulum is the only indication of 

paratabulation. The archeopyle is not discernible but in 

several specimens the cyst splits along the paracingulum 

and rare hemispheres (epicyst or hypocyst) occur. Further 

study is necessary to determine whether this splitting 



- 195 -
is related to archeopyle formation but if this proved to be 

the case the species would need to be transferred to a more 

appropriate genus. In counts this species is combined with 

Tubidermodiniurn sp. in ?Trichodiniurn sp. 

Observed distribution. Common in the Woolwich Shell Beds, 

occasional specimens in the London Clay. 

Reported distribution. "Trichodiniurn spina~" occurs in 

the Woolwich and Reading Beds, Shell Beds, at Charlton, 

Upnor, Bean, Erith and Newhaven (Denison 1977). y. sto~ri 

is thought to be a non-marine dinoflagellate cyst, 

possibly a good indicator of oligohaline conditions. It is 

recorded from the upper Headon and Lower Hamstead Beds 

(late Eocene-Oligocene) of the Isle of Wight (Liengjarern 

et al. 1980). 

Genus: TUBIDERMODINIUM Morgenroth 1966 

Tubidermodiniurn sp. 

Plate 23, fig.15. 

Comments. These specimens are identical to "Tubidermodiniurn 

granulaturn" Denison (unpublished thesis 1977, p.25, pl.l, 

fig.12). 

The cysts are sub-spherical to spherical with well 

defined, smooth pandasutural zones and an intratabular 

ornament of granules c.2-3 microns high. Denison describes 

the archeopyle as epitractal but the few specimens recorded 

here are folded and too poorly orientated to confirm this. 

In counts Tubidermodiniurn sp. is combined with 

?Trichodiniurn sp. since, in poorly preserved and folded 

specimens the two species are not easily separable. 

Observed distribution. Rare in the Woolwich and Reading 

Beds Shell Bed. 

Reported distribution. Woolwich and Reading Beds Shell Bed 

at Charlton, Upnor, Erith, Bean, Newhaven and its equivalent 

at Cap d'Ailly, France (Denison 1977). 

OTHER SPECIES RECORDED: 

Achomosphaera ramulifera (Deflandre) Evitt 1963. 

A. ~gena Davey & Williams 1966a. 
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Adnatosphaeridium aemulum (Deflandre) Williams & Downie 

1969 (reworked) 

A. caulleryi (Deflandre) Williams & Downie 1969 (reworked). 

A. reticulense (Pastiels) De Coninck 1969. 

A. robustum (Morgenroth) De Coninck 1975. 

?A. patulum Williams & Downie 1966. 

See plate 18, fig.5 and W. & D. 1966, p.217, pl.25, 

fig.l,2; Caro 1973, p.343, pl.3, fig.l; Thalassiphora 
pelagica (Eis.) Eisenack & Gocht in Gocht 1969, pl.5, 

fig.8 only. 

Apteodinium ~ranulatum Eisenack 1958 (reworked). 

Athigmatocysta glabra Duxbury 1977 (reworked). 

Cordosphaeridium fibrospinosum Davey & Williams 1966b. 

See plate 19, fig.lO and D. & W. 1966b, p.86, pl.5, fig.5; 

Gocht 1969, p.43, pl.2, fig.3-4; Eaton 1976, p.253, pl.6, 

fig.6; Ioakim 1979, p.30, pl.4, fig.7. cf. C. fibf2-

spinosum plate 18, fig.l herein. 

Cordosphaeridium gracile (Eisenack 1954) Davey & 

Williams 1966b. 

See D. & W. 1966b, p.84, pl.3, fig.8; Cordosphaeridium 

inodes gracilis (Eis.) Gocht 1969, pl.l, fig.1-8. 

~ordosphaeridium inodes (Klumpp) Eisenack 1963b 

See plate 20, fig.4 and Hystrichosphaeridium inodes 

Klumpp in Defl. & Cooks. 1955, pl.8, fig.7; Cordosphae

ridium inodes subsp. inodes (Klumpp) Gocht 1969, p1.1, 

fig.11-12; C. inodes De Coninck 1969, p1.8, fig. 15. 

Cordosphaeridium spp. 

See plate 19, fig.8 and plate 20, fig.1. 

ftenidodinium elegantulum Millioud 1969 (reworked) 

Cribroperidinium edwardsii Deflandre & Cookson 1955 

(reworked) . 

fyc1onephe1ium distinctum Deflandre & Cookson 1955 

(reworked) • 
Dingodinium a1bertii Sarjeant 1966c (reworked). 

Diphyes colligerum (Deflandre & Cookson 1955) Cookson 1965a 

See plate 21, fig.7,10 and Hystrichospheridium colligerum 

Def1. & Cooks. 1955, p.278, p1.7, fig.3; piphyes co11i

gerum Cooks. 1965a, p.86-87; Davey & W. 1966b, p.96-97, 

p1.4, £1g.2-3; Gruas-Cavagnetto 1968, p1.12, £1g.19; 

De Con1nck 1969, p.33, p1.9, £1g.13-18. 
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Gardodiniurn trabeculosurn (Gocht). Alberti 1961 (reworked). 

Glaphrocysta divaricata (W. & D.) Stover & Evitt 1978. 

Gonyaulacysta ambigua (Deflandre) Sarjeant 1969 (reworked). 

Q. dangeardii Sarjeant 1968 (reworked). 

Q. jurassica (Deflandre) Norris & Sarjeant 1965 (reworked). 
See plate 23, fig.5 and Sarjeant 1975, pl.2, fig.6. 

Q. longicornis (Downie) Sarjeant 1969 (reworked). 
Hafniasphaera septata (Cookson & Eisenack) Hansen 1977. 

Homotrybliurn pallidum Davey & Williams 1966b. 

See plate 22, fig.8,13 and D. & W. 1966b, p.l02, pl.12, 
fig.4,6. 

Homotrybliurn sp. See plate 22, fig. 15. 

Hystrichodiniurn voigtii (Alberti) Davey 1974 (reworked). 

Kisselovia tenuivirgula (Williams & Downie) Lentin & 

Williams 1976. 

Leptodinium mirabile Klement 1960 (reworked). 

Microdiniurn sp.; plate 23, fig.lO. 

aff. ?Microdiniurn sp. 2 Schurnacker-Lambry & Chateauneuf 1976. 

Nannoceratopsis gracilis Alberti 1961 emend. 

Evitt 1962 (reworked). 

See plate 23, fig.7 and Alberti 1961, p.30, pl.7, fig.6; 

Nannoceratopsis deflandrei Evitt 1961b, p.308, pl.l, 

fig.1-14; ~. senex van HeIden in Davey & Riley 1978, 

pl.3, fig.5. 

Nannoceratopsis pellucida Deflandre 1938 emend. 

Evitt 1961b (reworked). 

Oligosphaeridium complex (White) Davey & Williams 1966b. 

Palaeostomocystis laevigata Drugg 1967. 

• 

See plate 23, fig.6 and Drugg 1967, p.35, pl.6, fig.14,15; 

Drugg & Stover 1975, pl.5, fig.12; Williams & Lentin 1975, 

pl.2, fig.12; Schumacke~Lambry & Chateauneuf 1976,pl.7, 

fig.12,13. 

Observed distribution. Common in the Thanet Beds. 

Reported distribution. Maastrichtian and Danian (Drugg 

1976; Campanian to early Palaeocene (Drugg & Stover 1975, 

Williams & Lentin 1975); Palaeocene, lowest part of the 

Landenian (?reworked) (S.-L. & Ch. 1976). 

Pareodinia ceratophora Deflandre 1947c emend. Gocht 1970b 

(reworked). 
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Polyspnaeridium subtile Davey & Williams 1966b. 

Prolixosphaeridium sp. 

Spiniferites cingulatus (Wetzel) Sarjeant 1970. 

S. cornutus (Gerlach) Sarjeant 1970. 

S. crassipellis (Deflandre & Cookson) Sarjeant 1970. 

S. Eseudofurcatus (Klumpp) Sarjeant 1970. 

S. ramosus (Ehrenberg) Loeblich & Loeblich 1966. 

Stephanelytron redcliffense Sarjeant 1961a. 

See plate 23, fig.9 and Sarjeant 1961a, p.llO, pl.lS, 

fig.ll; Davey & Riley 1978, pl.3, fig.2. 

Comments. Reworked. A single specimen recorded from the 

Striped Loarns in the Woolwich and Reading Beds at Charlton 

(CH18). Reported range of the genus is late Callovian 

to early Kimmeridgian (Davey & Riley 1978). 

Thalassiphora spp. (not illustrated). ?Thalassiphora sp., 

See plate 18, fig.2. 

Wanaea sp. (reworked). 

Wetzeliella lunaris Gocht 1969. 

See plate 23, fig.19 and Gocht 1969, p.13, pl~lO, fig.1-3; 

Eaton 1976, p.302, pl.19, f1g.2. 

Observed distribution. The illustrated specimen is from 

the London Clay at Leaden Roding (LR14), otherwise in

cluded in Wetzeliella spp. in counts. 

Reported distribution. Lower and middle Eocene (Eaton 

1976); early Eocene, equivalent to Martini's (1970) nanno

plankton zones NPII-NP13 (Costa & Downie 1979). 

(ii) ACRITARCHS 

Genus: BALTISPHAERIDIUM Eisenack 19S8. 

Baltisphaeridium sp. B. Gruas-Cavagnetto 1968. 

Plate 24, fig.2,3. 

1968 Baltisphaeridium sp. B. Gr.-Cav. p.97, pl.18, ~ig.1-2. 

1968 Baltisphaeridium fsp. (PL26) Chateauneuf & Gruas-

Cavagnetto, pl.7, fig.5. 

1970 Baltisphaeridium PL26; Gr.-Cav., pl.2, fig.25. 

Comments. The specimens from the London Basin compare well 

with those listed above. Their processes are similar to 

those of the paratype of Ba1tisphaeridium funginum Morgenroth 

(1966, pl.3, fig.8) but they are considerably longer (lO-

IS microns rather than 3-4 microns as in B. funqinum) and 
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are different from the very short, mushroom shaped processes 

of the holotype (Morgenroth 1966, pl.3, fig.7). 

Observed distribution. Present in the Woolwich and Reading 

Beds, the Shell Beds, in the central part of the London 

Basin (Charlton and Swanscombe) and in the Reading Beds at 

Pincents Kiln. Rare in the London Clay. 

Reported distribution. Rare in the Sparnacian in the 

Paris Basin (Gr.-Cav. 1968); Sparnacian (Argile et lignites) 
in the Le Tillet and Mountjavout boreholes, Paris Basin (Ch. 

& Gr.-Cav. 1968); present in the Woolwich Beds at Swanscombe 
(Gr.-Cav. 1970). 

Genus: HOROLOGINELLA Cookson & Eisenack 1962a 
Horologinella apiculata Cooks. & Eis .. 1962a 

Plate 24, fig. 11. 

1962a Horologinella apiculata Cooks. & Eis. p.272, pl.37, 

fig.4. 

Horologinella incurvata Cooks. & Eis. 1962a. 

1962a Horologinella incurvata Cooks. & Eis., p.272, pl.37, 
fig.S. 

1969 Horologinella incurvata Cooks. & Eis.; De Coninck, 

p.44, pl.13, fig.16-18. 

Comments. Stover & Evitt (1978, p.54) consider only the type 

species of Horologinella, ~. lineata, to be a dinoflagellate 

cyst, all other species are regarded as acritarchs. They are 

preparing a paper to transfer these to a new acritarch genus. 

In counts~. apiculata and~. incurvata have been re

corded as Horolosinella spp. 

Observed distribution. Horologinella spp. are never common 

but occur in the Thanet Beds from most localities in the 

London Basin and are very characteristic of the Thanet Beds 

microplankton association. 

Reported distribution. Cookson and Eisenack (1962a) report 

~. apiculata from the Campanian and ~. incurvata from prob

able lower Eocene sediments from Western Australia. De 

Coninck (1969) reports ~. incurvata from only one horizon 

in the Ypresian of the Kallo borehole, Belgium. 
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OTHER SPECIES RECORED: 

Comasphaeridium cometes (Valensi) De Coninck 1969 

See plate 24, fig.4 
fig.34-4l. 

and De Coninck 1969, p.58, pl.16, 

Cymatiosphaera eupeplos (Valensi) Deflandre 1954 

See De Coninck 1969, p.55, pl.16, fig.14-17. 
Cymatiosphaera punctifera Deflandre & Cookson 1955 

See plate 24, fig.8,12 and Defl. & Cooks. 1955, p.289, 
pI. 7, fig. 14. 

Cymatiosphaera tortuosa De Coninck 1969 

See De Coninck 1969, p.55, pl.16, fig.18-l9. 
Leiospheres (undifferentiated) • 

• 
Trigonopyxidi~ ginella (Cooks. & Eis.) Downie, & 

See plate 24, 

3, fig.18-20~ 

fig.l0. 

Sarjeant 1965 

fig.7 and Cooks. & Eis. 1960a, p.ll, pl. 

Schumacker-Lambry & Chateauneuf 1976, pl.7, 

Comments. Considered to be an acritarch by Schumacker-

Lambry 1978, p. 52. 

Observed distribution. Rare in the Thanet Beds, possibly 

reworked. 

Reported distribution. Cretaceous, late Albian to Maast

richtian (Williams & Lentin 1975); Palaeocene, early 

Landenian (Sch.-L. & Ch. 1976). 

Micrhystridium spp. 

Veryhachium spp. 

(iiia) OTHER ALGAE: CHLOROPHYTA. 

Genus: PARALECANIELLA Cookson & Eisenack 1970 

Paralecaniella indentata (Deflandre & Cookson) 

Cookson & Eisenack 1970 
Plate 24, fig.6. 

1955 Epicephalopyxis indentata Defl. & Cooks. p.292, p.9, 

fig.5-7. 
1968 Epicephalopyxis indentata Defl. & Cooks. 1955~ Gr.

Cav. p.99, pl.1S, £ig.10-13. 

Observed distribution. Irregular occurrence from Thanet Beds 

to London Clay. At some horizons in the Oldhaven Beds at 
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Oldhaven Gap it forms 90% or more of the total microplankton 

(OG 19, OG 22). 

Reported distribution. Palaeocene to Miocene (Defl. & Cooks 

1955, Cooks. & Eis. 1970). 

Genus: PEDIASTRUM Meyen 1829 

Pediastrum sp. 

Plate 24, fig.15. 

1969 Pediastrum spp.; Evitt (in Tschudy & Scott), pl.18-1, 

fig.13. 

Observed distribution. Common to abundant at some horizons 

of the Woolwich Shell Beds, otherwise occasionally present 

in that formation and in the London Clay. 

Reported distribution. Although living Pediastrum, a colo

nial green alga, is exclusively a freshwater organism fossil 

species have been recorded in marine sediments associated 

with marine microplankton (Evitt 1963, Stanley 1965). These 

authors suggest that the fossils have been transported from 

freshwater lakes or streams into a marine environment of 

deposition. 
The genus is widely distributed in Crebaceous to 

Recent sediments including the early Cretaceous of Pakistan 

(Evitt 1963); the Cretaceous of North America (Tschudy 

1969) and North Africa (personal observation); the Eocene 

Green River Shales of Utah, U.S.A. (Stanley 1965); the early

late Eocene of off-shore Labrador and the North Sea (Ioakim 

1979); the Neogene of Sumatra (Wilson & Hoffmeister 1953); 

the Tertiary of Venezuela (Tschudy 1969) and the Cenozoic of 

Australia (Cookson 1953). 

(iiib) OTHER ALGAE: ZYGNEMATACEAE - TYPES. 
/ 

Genus: OVOIDITES Potonie ex Thomson & Pflug 1953 

Comments. The distinction between this genus and ~chizosporis 

Cookson & Dettmann 1959 is not clear. Stanley (1965, p.267) 

suggests that the latter is mom spherical to spheroidal in 

shape while Ovoidites is distinctly fusiform. He considers 

that the detailed subdivision of Ovoidites by Krutzsch 



- 202 -

(1959) is unjustified and that some of Krutzsch's species 

should be assigned to Schizosporis. The fact that Van Geel 

and Van der Hammen (1978) recognise spores of the genus 

Spirogyra (Zygnemataceae) which are morphologically similar 

to specimens which have been included in both Ovoidites (e.g. 

Spirogyra sp. (Type 3a), pl.4, fig.45) and in Schizosporis 

(Spirogyra sp. (Type 1), pl.3, fig.34-41) further suggests 

that the separation into two genera is probably not justi

fiable. Van Geel and Van der Hammen (1978) consider the 

reticulate forms to be comparable to Ovoidites and the 

smooth forms to Schizosporis. It is important to note 

however, that the type species of Schizosporis is reticu

late (see Cookson & Dettmann 1959) . 

1953 

1965 

1966 

1968 

Ovoidites ligneolus CPotoni') Thomson & Pflug 1953 

Plate 24, fig.5. 

Ovoidites ligneolus (Potoni~) Th. & Pf. p.113, pl.15, 

fig. 100. 

Ovoidites ligneolus potoni~ ex Th. & Pf; Stanley p.316, 

pl.32, fig.12-13. 

Ovoidites fsp. 6, Sontag, pl.79, fig.la-d. 

Ovoidites microligneolus W. Kr. 1959; Gr.-Cav. p.80, 

pI. 9, fig. 4 -5. 

Observed distribution. The genus is present in the lignite 

within the Woolwich and Reading Beds at Shorne Wood and 

Swanscombe. 

Reported distribution. Sparnacian in the Paris Basin (Gr.

Cav. 1968); middle Eocene in Germany (Th. & Pf. 1953); Mio

cene in Germany (Sontag 1966). 

Genus: SCHIZOSPORIS Cookson & Dettmann 1959 

~hizosporis parvus Cooks. & Dett. 1959. 

Plate 24, fig.18, 19. 

1959 

1965 

Schizosporis parvus Cooks. & Dett. p.216, pl.l, 

fig.15-20. 

Schizosporis laevigatus Stanley p.268, pl.23, f1g.6-7, 

pl. 37, f1g .4-5. 
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1968 Ovoidites boureaui Gruas-Cavagnetto pl.ll, fig.1-2. 

1977 Ovoidites sp. Gr.-Cav. pl.21, fig.8. 

1977 

1977 

Ovoidites sp. 1 Gr.-Cav. 

Ovoidites sp. 3 Gr.-Cav. 

pl.21, fig.5. 

pl. 21, fig .10. 

1977 Ovoidites elongatus (Hunger 1952) W. Kr.; Gr.-Cav. 

pl.21, fig.9. 

1978 Spirogyra species (Type 1) Van Geel & Van der Hammen 

pl.3, fig.34-41, pl.4, fig.42. 

Observed distribution. See below. 

Schizosporis spriggi Cookson & Dettmann 1959 

Plate 24, fig.9. 

1959 Schizosporis spriggi Cooks. & Dett. p.216, pl.l, 

fig.l0-14. 

1968 Ovoidites globus. Gruas-Cavagnetto p.80, pl.ll, fig. 

6,7,11. 

1968 Ovoidites globus Nakoman pl.7, fig.7. 

1968 Schizosporis texus Elsik p.284, pl.4, fig.ll only. 

Comments. Cookson & Dettmann's specimens have a slightly 

thinner wall than Q. globus of Gruas-Cavagnetto and of 

Nakoman, they are otherwise identical. 

Observed distribution. The genus is present in the lignite 

within the Woolwich and Reading Beds at Shorne Wood and 

Swanscombe. 

Reported distribution. Cretaceous and Tertiary of Australia 

(Cooks. & Dett. 1959); early Tertiary of northwest Europe 

(Gr.-Cav. 1968, 1977)r early Tertiary of North America 

(Stanley 1965, Elsik 1968); Miocene of Turkey (Nakoman 

1968). 

Genus: TETRAPORINA Naumova 1939 ex Bolkhovitina 1953 

Tetraporina pellucida Naum. ex Bolk. 1953. 

Plate 24, fig.~3. 

1966 Tetrapidites Klaus 1950; Sontag pl.aa, fig.5a-c 

only. 

1977 Tetrapidites laevigatus W. Kr. & Vanhoorne p.4, 

pl.l, fig.14/l5. 
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1978 Mougeotia spec. (Type 3) zygospores, Van Geel & Van 

der Hammen p.383, pl.l, fig.13-l5. 

1978 Mougeotia spec. (Type 2) Van G. & Van der H. p.383, 

p1.2, fig.18. 

1978 Mougeotia sp. Van G. & Van der H. pl.2, fig.17. 

Conunents. This form was originally described as "angiosper

mous pollen with four pores" (Naurnova 1939, quoted in Jan

sonius & Hills 1976, card no. 2877) although Scott, Barg

hoorn & Leopold (1960) note a striking similarity to the 
" modern unicellular green alga Tetraedon. Krutzsch (1962) sug-

gests it is related to freshwater microplankton. More re

cently Van Geel & Van der Hammen (1978) have illustrated 

zygospores of ~ougeotia (Zygnemataceae) which are very simi

lar to Tetraporina pellucida. 

Observed distribution. Present in the lignite within the 

Woolwich and Reading Beds at Shorne Wood and Swanscombe. 

Reported distribution. Carboniferous (Kosanke 1969); Tert

iary (Krutzsch 1962); Palaeocene (Krutzsch & Vanhoorne 1977); 

Miocene (Sontag 1966); Pleistocene (Van Geel & Van der 

Hammen 1978). 

Indeterminate Type 1 

Plate 24, fig.lO. 

Conunents. In wall structure and in the presence of an equa

torial "suture" this form is morphologically similar to 

Ovoidites and Schizosporis. It differs in its outline which 

is triangular with rounded angles and concave sides. The 

form probably represents another form-genus in this algal 

group. 

Observed distribution. It occurs in association with Schizo

sporis parvus, ~. spr~, Ovoidites ligneolus and Tetra

porina pellucida in the lignites within the Woolwich and 

Reading Beds at Shorne Wood and Swanscombe. 

(iiic) OTHER ALGAL SPECIES RECORDED. 

Botryococcus sp. 

Crassosphaera sp. 

Tasmanites sp. 



Pterospermopsis helios 

Pterospermella spp. 

(iv) MISCELLANEOUS. 

- 205 -

Diatoms; plate 24, fig.16,17. 

Microforaminiferid test linings (probably reworked). 

?Fungal spore; plate 24, fig.l4. 
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CHAPTER 5. DISTRIBUTION OF PALYNOMORPHS IN THE SECTIONS 

EXAMINED AND BRIEF COMPARISON WITH OTHER EARLY 

TERTIARY MICROFLORAS. 

INTRODUCTION. 

In this chapter the results of the quantitative analyses 

are presented, the microfloral associations which character
ise each formation are described and the distribution of 

selected species is considered in detail. 

The quantitative data are summarised in Figs. 5.1-5.17 
which show the relative proportions of the most common (or 

significant) species,or groups of morphologically similar 

species,through each section. Tables A2.l-A2.l0, in Appendix 

2, give the actual percentage occurrence of individual spec

ies in each sample studied. 

Figs. 5.1-5.17 also show the relative proportions of 

spores/pollen to microplankton/algae within the total micro

flora. On the whole the microplankton percentages I record 

are lower than those given for similar sections by dinofla

gellate workers (Downie et ale 1971, Eaton 1976, Denison 

1977). Furthermore, acritarchs usually form a higher percent

age of the microplankton in my material. This may be a result 

of the preparation technique, where microplankt?n workers 

have concentrated the larger dinoflagellate cysts by use of 

micromesh sieves, but at the expense of smaller acritarchs 

and pollen. 

As explained in Chapter 2, it must be emphasised that 

these results are based on counts of only 250 spores/pollen 

from each sample (and on variable numbers of microplankton/ 

algae). Although they adequately show the relative abundance 

of the commoner species the counts are not large enough to 

distinguish variations between rarer species, those below 

2%, i.e. less than 5 specimens in 250. I do not consider the 

actual percentage recorded for these species to be signifi

cant and have therefore taken all occurrences of less than 

2% simply as an indication that the species is present in the 

sample. 

The following descriptive terms are used in the dis

cussion below: rare = less than 2%: fairly common = 2-4.9%: 

common = 5-14.9%; very common 15-30%: abundant = greater 

than 30%. 



Srourmourh C/,yS 

11 
II 
I 
I I I I 

~ ~ ~ ~ ~ ~ ~ 
... UI Q) - -c - ~ 

[: 
~ 

n n 
n n 

n 

THANETBEDS 

P~I/M"1r R«ul_ Silu 

I{ 
I 

I") CD c ~ 
1I)r- l:l~ I "'-I")"" I")~ 
:::!~ :::!" 

~ 
~ 

0", 
~ ~<: 

0 0; 
~ 
~ 

01> 
<:~ 

Tri/tlre spores undifferentiared 

Mono/ere spar", 

Monoco/popol/Bnir .. rflnquil/u, 

Monoco/popol/enenire, spp. 

Iib/.rtNlsi,/microhenrici group 

vlri,bi /i,/parvu, group 

Trieo/pare pol/en undifferenriared 

p.,nrapol/enires sp. 

Trieolpor.rt! pol/en 

Po/yeo/pires sp. 

Resriomidires spp. 

c.ryapolltlnlres spp. 

Composiroipol/enirt!' spp. 

/nrflrriporopol/I!ni !l!' spp. 

Nudopol/iS/P/ie'pol/i, spp. 

Trudopol/is hammeni 

Normapol/es undifferentiared 

P/arycaryapol/eniles p latycaryuld<'s 

P/icaropol/is IPP. 

Momipires/Maceopolipol/e"il es 
spp. 

Gal/opol/is minimus 

SUblrinoropol/." i leS IPP· 

r---l Triatriupu lleflltes spp. 

Tt;poropuJ/e" ,les ' U IJ/lSI "l 

rU/ llllfl / lolIl ' II I I, .'S l / ' / ' 

1\/1II11f1111.·II/I " ))/ I/ I 

1II I, 'f /wlll) l /',' 

Stt'p lJdflU/ lcuuIWIlf,.,",t l.') ""~ .I'.JC/I., III)) / 

UJ" "1 1u llt'III I I...'S 51'1' 

.., .... 
"" C 
'1 
(1) 

V' ... 

~ 
~ 

'" r-,... 
~ 
~ 

~ ... 
i' 

i 
~. 

" .... 
~ 
5' 

1 
t 
ii" 

" a 
c:: 
~ 



IfI3/orouw UJ!UBfJOdOJQaH:J 
/ ·dds "'1!.xxhtt,./l11I:J 

UII/Iod aJe:JJf1S!8 

"'" ct: 0!: 

- 208 -

~~--~----~--------~ 
i 

5: 

~ 

~ 
o~ ______ ~ __________ ~ __ ~ __ L-L-~ __ -L~~ 

I I I 

lilt 

I I I:] 
~ ~ Q ~ ~ ~ en '0 ">-
en ~ ~:c: ~ ~ ~ ~ ~ ~ ~~ ... "'0 ~g 

rr=J 
~~ 

}'I 
I I I I 

ltv ... V 

I II 
()~ 

_Ill 
I r I .... If) 

V 

.& 
0 

Sf Jew 1/-M6a,j 

5038.13N"tIH.1 

.ro 

Qj ... 
" t7' .... 
""' 



..., .... 
• Q 
c ., 
f'l 

'" 
'" 

~ 
~ .... .... 
~ 
~ 

~ ... 
i' 
'\) 

! 
~. 
o ... 
~. 
) 
o ... 

i 
[ 
t 

Sro",,,,oll'h Clays 

TH4NETBEOS 

Pt!gWe/l Marls ReclllVf!r Sil rs 

n- i ------ T? 
~. j--, -r---r-V 

("') OJ "' .... "'-c)." 
::!Z: 

~ ~ ~ - '" '" 
~ ~ ~ ~ ~ 
Q)-- - -

C) - '" '" 

0", 
~ ." 

~:<:: Q) 
<:) 

Oi r.; 

,----, - -- ,- --, 

t; r-J1TTl n 
-r--T---'-' 

n 

~ 

rT--r---r-.-r--.---.----------~------,_O 

C) ~ 
~~ 

I I I I 
C):x, 
::!." 
Ol> 
:<:::x, 

"" 

Ali.oeysta margarira 

Areoli~ra/Glllp"rocysr. spp . 

Chorllre cysrt undifftJrlNlri"red 

Deflandrell spp. 

? Microdinium sp. 2 Sch. - L. & a.. 

F>.1/Jt!ostomocysri"HVif/lltll 

Spiniferitt!l ~oup 

Or~r dinoflllgt!/lare cy.t • 

Horologine/lll spp. 

Leiosphtlft!l 

Other Acrit.rchs 

Crsssosphaerll + Pttlfosptlrmella .pp. 
Paralecllnie/lll indent.t. 

Ovoiditt!f spp_ + Botryococcul 

~ Microplankton/Orher algH 

~ 

g: 
Spores /po/len 

~ 

~------------~ ________ -i ____ -LI -
~ 

- 601: -



Woolwich 

O--{ r:~::[ T-Bll~r 
I I I I I I , 

o 
l "" I 

.. 
:! 
J 

000 
ClG)t') 

llii-"" 
00000000 
t') t') t') t') t') t') t') t') 

t.JU\~ '0:---;:::; ~ t:! 

[: II I II 
~ 

" 
'T 

1 
,...-T-- - ,-

\1 \ II I \ \ I 
~--

\1 ' II 

1\ \ \ I I 

,.. 

,..-, 

-r--

...---
rr-r 

.---

rr---' 

. - () \ ? -

00 
G)G) 

bl~ 

--- ..., 

T""' 

-r"'l 

Tri/ete sporeJ undifferenriared 

Monolerll spore, 

Monocolpopol/enireJ rflmquillu, 

-Tl Monaco/p.le poI/lin 

'l /ibl.ren,iJ/microhonrici group 

-----r vllrillbili,/pIIrvu, group 

--~ Tricolpste pollen undifferenti.tBd 

Pentspollenite, sp. 

Tricolporopollenires cingulum 

TricolporopolleniteJ spp. 

r- ReJtioniiditeJ/ 
$parlJllnillCeaepol/enite. spp. 

Ci1ryapollenireJ spp_ 

CompositoipolleniteJ spp. 

IntrBrriporopol/enire. spp. 

r Nuuopol/is / Plicapol/is spp. 

True/opul/is hamm,,"i 

Vacuopol/is sp . 

Normapolles undifferentiared 

~ Plarvearyapollenire. plarycaryoides 

r Plica topol/is spp. 

r-. MUlllipire. /MaceopulljJul/clllrL" gluup 

Gal/opol/IS ",illim" • 

'~ ... 
.0 
c: .., 
(II 

V' 

w 

o ... 
t) 

~ 

~ 
~ 
::Q 

t
i' 

I 
g, 
~ 
:;' 

~ 
~ 

I 
Ii' 
=> 

i 



..., 

... 
'" C 
'1 
/1) 

'" 
w 

o ,.. 
I:;) 

~ 
~ 
~ 

~ 
~ 

~ ;; 
~. 

I 
g, 

~ . 
l 
t 
~ 

I 

Thane l Beds 
Woolwich . Loncon 

Reading Beds lind Olr/haven BCds

aJ,a oc 
000 
c;)C)C) 

~-'" 

000 
c;)C)C) 

"' '''-... 

BOIt0:3] 
000 
C) C) c;) 

10 _ -

- '" 
o 0 
C) C) - '" ... -... 

00 
c;) c) 

~~ 

Cl 
[ '" I 

... 
3 
J 

[; r 
'1 Svbtriporopol/enitM spp. 

n r Trilllriopollenilt!S spp./Momlpitt!S IPP. 

,.... 

~ r ~ 
- '-.'~ 

- ........ ---.--.---.... ,------- ------,-, 

11 

~ rn 

n 
rrr----n 

n 
---f' 

~ 
·----·--11 

r-'---~ 

~-. r'Ti--T---~....---------r--

~ ~'ri--r---T-,-....------, 
,.., 

~ 

~ 
~ 
[ ... a 

I.- V\ 
- "" 

~ -

- HZ -

Triporopollenitt!S robusrus 

Triporopol/en i tt!S IPP . 

Alnipol/enilt!S Spp. 

Interpollis spp. 

"'nporatll pollen undifftNfNItilll«f 

Ulmipol/tNJilft spp. 

BiSJICCIII'II polltlfl 

In~uropol/tNJitt!S hilltus 

Inll{JMturopoiltmires spp. 

?~rinopol/tmires ttllltoides 

Sphtlripol/tlflires group 

CI_opolli, torow, 

Cllllilllllsporirt!S SPP.l 
Ceooropollenires ~soroicu. 

Orhen 

Cl 

~ 

~ Sport!S/pollen 

~ 

~ 
Micropllll1kronlOlhtJr lllgae 

~ 



"l .... 
'" c:: 
'1 

'" 
'" 

o 
l"
\;) 

~ 

~ 
~ 
~ 
:l;) 

~ 
~. 

I 
o ... 
~. 

i 
~ 
~. a 
'l) .. 
~ g 
11-

~ 

Thonel 8t!(/. 

U~ 
London 

"'''.~, ""'[(3' .. 
<::> 

'" 3 
I ! I 

000 000 
C;)C;)C'l C;)C'lC'l 

~-'" t.>u." 

00 000 0 0 
C'lc;) c;)c;)c;) C'l c;) 

tll~ '" IO::~ .. 
" 

Ap«rodinium spp. 

t~ ' - -1 Art!Oligttra/G/aphrOCYSI. spp. 

~ 

Tl r Chor,~ cysts undiffttrt!flti.~ 

-,---, o.fI,OO,.., spp. 

I .' 11 SpinifflritBS spp. 

r 11 r------,-
Orhttr dino"~II,rtl cyril 

r---'-- Horologiflflll. spp. 

r -" Ltlimp/lem 

r 
Acrillf'Ch. undifftlrtlnri.r.d 

r Cn"mphHrtI~rosPtlfTTltlll. spp. 

~-- .- -~r-----~----'-' "'''''tIC.ni"lI. indfNIr.t. 

I. II 0 
Micropl.nlclonlOthttr "gtItI 

~ 
~ 
i'i 
<: .. 
[ 

- ~tZ -

~ 

~ 

~ 

~ 

I I ~ 

Sportn lpoll/lfl 



WOOLWICH AND READING BEDS 

Boltom B«J Shell 8«1 Str;p«i LOMnI 

0<1" ,1""11 r 
~ ~ ~ ~~ ~~ ~ ~~~~~~ ~ 

'" ... ,",,0, 'OQI :: ~ c;~'D~;:: ~ 

.[: fl 
~ ~ 

,'11 

'I I ' i fi I i 

~ Ii 1 1 1 'II I 

,....., 'I ' i I 'Ii i 

; ;i 

r II I ' I Ii' I 

r 1\ I I 11111 

[I 1\ I I 111\1 

II I \\111' 

~ 

II I II'r 

,........ "., 

~ T"T rr1 

<:) 

t 
... 
I 

tr 
J 

Tril.t. SPOrM undiffKMti.t«i 

Monoltlttl spor .. 

Monacolpopol/enittl. trMlquillu. 

Monacolp.ttl pollen 

Di col/»t, pollen 

IIbl.ren.i.lmierohllnriei group 

vr/eblli.l/»rvu. group 

Trleolpet, POl/WI undifferMtillt«1 

TricolporopolllNllt,. cingulum 

Trieo/por .ttl poI/tin undifftlfflfltietrd 

srri,ttl trieolp,te!rricolporettl pollWl 

CU{Mnitlidite. spp. 

P,nd.niidire. te)(u, 

RtI.tioniidites spp. 

Sp8rgtlnitIClulepol/lNlites spp. 

--.,...-----..--~__r.,'~'r' r, -----, Caryapollenittn spp. 

r"1 '1 r 

I r 

n 
~ 

,......, n n 
- ( Tc -

Compolito;pollen;ttl. spp. 

Incr.triporopollenites .pp. 

PisrillipolllNli te. mClI'tIgOrii 

Nudopolli. I Plie.pol/is spp. 

Norm.polles undifferentiated 

Platycaryapollenites platycaryoides 

Plicaropollis spp. 

'0] ... 
oQ 
C 
'1 
III 

vo 
vo 

!i » 
l:J ,.. 
d 
~ 

~ 
i' 

I 
o ... 
~. 
~ 
t 
~ 
a 
~ 



- ,Y /''- / 
- ~[ l -

<:) 

~ Spores/pol/M 

~ 

~ 

!! 

~ 

Microp/ani<tonlOther a/!}8tI 



.., ... 
.a 
c 

" II) 

'" 
a-

{) 

~ 
~ ,.. 
;j 
~ 

~ .. 
~. 

i 
~. 
~ 

~. .., 
~ 
o ... 
:3 
~ . .. 
" § 
01-

<Q" 
~ 

WOOLWICH AND READING BEDS 

Bottom Bed Sh~" Bed Striped L~ms 

[J 
~ ~ 

'" 

n 
n-

~ 

~l I ~ c ~ 
L 'I -.-...J 

II I I I IIII I 

~ ~~ ~~ ~ ~~~~~~ ~ 
... U'l0) ceQ) :: ~Q;o;~~:::: ~ 

l 

~ 
...... 

nw 
1--'---' TJ 

<"IT 

n rr 

-, 

? Adnarosphaeridium parulum 

Apectodinium spp. 

Areoligeral Glaphrocysra spp . 

Cordosphaeridiuml Homorryblium spp. 

Chorate cysts undifferentiated 

Deflandrea spp. 

Spiniferites spp. 

? Trichodinium group 

Orh"r dinoflBgt!lIare cysts 

L"iospheres 

Acritarchs undifferen tiated 

Pars /Beanie/Is indentllt8 

Prldiastrum sp. + Botryococcus 

Ovoidices + Schirosporis spp. 

II 11111 c 

~ Microp lankton I Other alg.Je 

~ 

~ Spores /pollen 

~ 

1-~--~--------~§ 

- t , I;" -



Lignit. 

8 
.... ... 
~ 

t: · 
~ 

T 

T 

.,. 

T 

T 

1. 

.. 

T 

1 

~ 
WOOLWICH AND READING BEDS 

~~ Woolwich Shell Bllds 

~. ~ .. ~ g' aLignit
• 

Ig !: .......... c...., \".. ..... c.... ......... 
~ Q.: r-r-,...,.... r-,... ,... ,.... r-

-ED88 
:;: :. 

i' ~ 
113 
i ~ 

.. ~~~Q) ~Q) ~ ~ <c 
.... "'O)~ "'~ (J( 0 ~ 

,... n 

TTl1 

fl 
Oil' 

IIII \1 III 

rr"IT 

~ 

r---->"T 

.......-rr 

~ 

11 ~ 

.... .... 
~ 

-. 

;::: ::: 
~ ~ 

.... .... 

~ 
",'"" a .. 

f -' '1 Trilete spores undifferent;'tlld 

'n 

·----·r 

r
----r--l 

LNV~tosporit .. di~J:j:i 

Monaco/popol/enil" tr.nqull/us 

Monaco/popol/enittls spp. 

Dicolpate poI/tin 

SlNI/ tricolfUte pol/en 
(/ibl.ffHlSi./v.iMJiII./pM"vu./ 

Trico/pittll sp. A 

Tricolp.te pol/en undiftr.nt;'tlld 

Trico/poropol/enittl. cil"lflUium 

Tricolpor.ttl polMn undiff",enl;'l«J 

Str;'ttl tricolp.,elrricolpor.,. pollan 

CufUn~idit" .pp. 

Ericipil8' sp. 

Plndaniidites texus 

RtlSlioniidittlS spp. 

SplN!}IIniKeaepol/eniles spp . 

OIryapo/leniles spp. 

Composiloipol/eniles spp. 

r---' Intralriporopol/enil/1S spp. 

Pi'li/lipol/lmiles mCflrlJflOr;, 

I Nudopol/is/P/ic"Pol/is spp. 

Normapol/es undi/("runlialed 

- 911 -

..., ... 
"" c ... 
~ 

'" 
-.J 

~ 
~ 

~ 

~ , 
! 
\5' a 
() .... 
i 
!s. 
~ 

! 
~ 
! 

1 



[: 
~ 

..., 

.... 
.0 

" " f1) 

lI' 

.., 

~ 
0 
~ 
~ 
", 

::IIi 
0 
0 
!=l 

~ 

~ 
i' 
'" ~ 
~ 
~. 

~ 
i 
:;' 

~ 
~ 

~ 
i 

i 

Li9'" rf' 0 ~ Li9'" re 

WOOL WICH AND READING BEDS 

~ 
Woolwich Shell Bf!tls 

a ~O a ---r ~ l i ~ ~ ~ 
1 5 -' I --Y- 0 C~\ 

o -.... 0" 
:;) " 
~ a 
'1i 3 
1 1) 
~ ~ <.. 

" Ct> 

~ 

r 

~ S " ,-",- ,- c.... c.... "-
~... ,..... ,....,...r- ,..... ,....,.... ,.... ,.... r-

'" Ci: ~~~~~~~ 10 10 ~ 
" ~ Vi ~'-I Vi "Vi 0 ~ 

1 ' 
---l 

"...-r-r - ' I -r - ---"T 

I'll II 

'I 
I I 'I 

~T' 

v/v~ 

/ 
- -----. 

- L 1<. -

<.. 

" 
~ 

~ 

~ 

<.. '--,... ,... 
~ ~ 
" '" 

----, 

--r----' 

-~ 

-r---

--,.-----, 

--- r-' 

.--

r 
----, 

~ 

vi 
I L_ 

'<: .. 
Ci: .. 

PI.rvC4ry·poll,m i ret 
p l.rvc.ryoid", 

Plicllfopo/lis spp. 

Tr;'rriopollM/ irtlS spp.l 
Momipittll spp. 

G./Iopollis mlnimus 

SubrriporopollM/ir", spp. 

Triporopo/ltlflir", robusrur 

Triporopo/ltlflires spp. 

Inrt!rpollis spp. 

Ulmipolltmir". spp. 

8iucc.r. poll"" 

l",pmuropollM/ir", spp. 

?Perinopolltmir", "I.ro idtll 

Spht!ripollKlirtJS group 

CllIssopollis rorows 

Orhf!rf 

c 

~ 

~ o 

SpOres/po/lM 

g: Microp lonkron/orht!r ./~. 

~ 

8 
'" 



..., 

... 
'" c:: .., 
'" Y' 
(l) 

~ 
0 

~ 
'" ~ 
8 
\:) 

~ ... 
i' 

! 
~. 

0 ... 
~. 
~. 
" ... 
" ,.. 
a 
" Ii-.... 
It. 

i 

~r 
',... 
Q) 

~ 

~ 

'" III 

~ 
WOOLWICH AND READING BEDS Hel . I. oWO:WiChShgel~8edSo 

I 0 ....-- .,_. 
~ S I I 

o ~ 
~ g. 
~ :) 

~f 
I c; 
~ c: 
~s ............. ,c....'-'-'-,'- t..... c..... c..... '-

""t:~,...,....r---,....,....,...r-,....,.... r- ,.... r-,.... 
~ 

t~ 
Q 
III 

SIi?~SIi?~ ~~ :s ~ ~ ~ ~ ~ 'f 
l.!""iS)'-4 l11" l11 0 f\,) _ (.j ..... f\) 

r 

" 

~ §§S~ 
§ 

-

r'-

- B lZ -

r 
r----' -, 
--, 

? A dfllltosph""ridium ".tulum 

Apecrooinium spP. 

Art!Oligeral GllJphrocystlJ spp. 

Cordosph""ridiuml 
Homotryblium spp. 

Charllte cysts undifft!fMti.r.d 

Spinift!fi~. spp . 

? rrichodinium group 

~ Dinoflllf1tJlIlI~s undiffllnmti.r.d 

~ Llliosphe~ 

r----' Acritarchs undifferentiated 

P,Iralecaniellll indentlltll 

Pe<iillStrum sp. 

Ovoidit"./shizosporis!Ttltr/IPari". 



( 
t-) 

~ 

~ 

[~ 

t-) 

~ 

~ 

WOOLWICH AND READING BEDS 

Woolwich $MI/ B«1I 7 Striptld 

1 
t-) 

~ 

~ 

~ 
~ ~ 
!::: ~ 

P 'I 
Q <II ... OlIO 
I I I ~~ 

Trilfltfl spores undiff.rtmtuted 

LHVigatosporitllS discord.tusl 
h .. rrJti 

Monoco/popol/""itllS tr.nquil/u. 

Monoco/popol/tIn.nit" spp. 

liblllrtll'lsislmicrohtJt1rici group 

v.ri.bili./pllrvu. group 

~-----,-----~--~~ 
Trieo/pllt. pol/1m undifferenti.tfld 

III 

~- 1 

Trieolporopol/tlnittls einf/Ulum 

Trieolporopol/tlnites spp. 

Rflstioniidittl. spp. 

SpllfganillCtlllflpol/tJt1it •• spp. 

Compoutoipol/.nit.s spp. 

Intr.triporopol/flnit ••• pp . 

Pistillipol/enit •• mcgregorii 

Plic.pol/i. pseudOlixeelsu. 

PI.tye.ryIlPol/enite.pl.tyCilryoidft 

PliCiltopol/is spp. 

Momipitesl Maceopo/ipollenites 
group 

Tri.triopol/enites spp. 

Gal/opol/is minimu. 

Subtriporopol/lN'lilfl' spp. 

Triporopol/enites plelctosus 

Triporopol/enites robustus 

Triporupol/lmiIUS'pp. 

Interpul/is spp. 

--"I Ulmipo/lul1Il.' >PI'. 

BiSIJccate pollc.'" 

IT Inaperruropolltmift!l hidtus 

--- 1 /fldperturopol/ell1leS spp. 

Ot/.ers 

- b iZ -

"l .... 
"l 

" " 10 

'" 
'" 

~ 

i 
!'I 

~ 
i' 

I 
o .... 

~. 
~ 
~ 
~ 

t 
i 



"'1 ... 
.a 
" '1 
rn 

'" .... 
o 

~ 

~ 
':' 

~ .. 
~. 

~ 
~. 
~ 

~. 

i 
~ 
:3 
~. 
iii' 

" ,.,. 
g 

f 

f~ c 
If' 

[ 
~ 
tl 

~ ::; . 
.;;-
~ 
!;. 
~ 
;; 
~ 

~ 
~ 

WOOLWICH AND READING BEDS 

Woolwich Shell Berls 

, 
~ 
t::l 

Ij 
~ 
!j 

~ 
'" '" 

) Striped 

l' 
~ 
i;l 

c::::. ~ -
, '" :3 

I I 

Apectodinium spp. 

Areoli'lera! Glaphrocystll $pP. 

Chordosph~ridium! HomOlryblium 
$pp. 

Chorale cysts undifferanti/ltBd 

Spiniferirrn spp. 

fi ? rrichodinium group 

Other d inoflllfJl!lIlItrt cysrr 

LeiosphtN'f!s 

Other Acrit.rchs 

Paralecaniella indent6ta 

Pr!rli~stnlm sp . 

~ros~rmelliJ sPp. 

Ovoiditl1S! Schizosporis! 
Ttltrapodn. spp. 

c 

~ 
MI,rof'1 .... k!;;"lof\.~r ""'r 

~ 

~ r /f"II.t..,. 
~ 

----_______ -L§ 

- Ol7 -



Ttynet Beds Woolwich .nd RtNJding 
Bed. 

t "I, 11 i ~ G ! 
'" "'''' "'''' '" '" '" ~ "'''' .... ,... ,...,... r-"" r-,....,.... '" ,.... r- ", 

... tll~ ~ co C5 0) - <! t~ ~ 

t " .. . .. 
~ 

n 

rr 
1Tl 
fT1 

nn 

1'1 
~.,--

~ 

" . . ;;; 

..., 

'I 

'l 

r 
n 

n 

r 
1 

.., 
'l 

'1 

'1 

r 

r 

London CIi,y 

~ I~? , t ' f 
I I ~ 
~~ ~ ~ ~ ~:;; 
u.~ ~ ~ t ~~ 

II 

,--.,------
' ----r - -

00 

Tri/ele spore. 
undi fferenlia 100 

Morro/ele spores 

Monaco/popol/ef,iles 
tralJquil/us 

Monoco/pilt" pol/err 

lib/arerrsis /n,icrohenrici 
group 

vllriilbilis/parvus group 

Trico/pale poll"" 
undiffererrti.ted 

Tr icolporopol/enites 
ci"l1ulum 

Tricolporopol/enites spp. 

Cupanieidites spp. 

Tetracolporopol/enites spp. 

Panuarriidites texus 

Restioniidfles spp. 

SparganiiICuiM1pulleflftes spp. 

Caryapoll'Jlli l es spp. 

Composito;pullt:fI;WS spp. 

/nrral"poropollen iles spp 

P,slillipolleniles f1ICgfL'gOfll 

Labra/Jul/IS SP/}. 

Nudopol/isl P/,capoll" spp 

." ..... 
<J:l 
t: ., 
Ib 

V' 

..... ..... 

~ 
c::: 
~ 
~ 
~ 
", 

~ 

t 
~. 

'" d 
"R 

i' 
" ... 
~ 
5' 

1 
~ 
~ ... 
" a 
~ 

- ----,-
No""apulles um ll"ere"tlilled 

Plica topollis sl'P. 

MOfllipites /Maceupu/ipol/t""ces 
spp. 

Triair iupu/lcllli t.'S SI)P 

- [ \- 1 -



.., ... 
,n 
r: .., 
" 
v ' 

~ 
c: 
~ 
r
l> 

~ 
." 

~ 

~ 
~. 

I 
~ 

~. 
~ 
'iJ' 
~ 
i ., 
~ 
!" 

Th8nt!t Beds Woolwich lind Re.1r/ing 
Beds 

London Clay 

CJ=:LIO i [~--- " 
a a 

'" '" '" r- r- r-

~ ~~ 
"'''' .- r-

"'_10 

[; ~r 

--~-- ..... ~. 

'" '" '" r- '" '" r-,. r--,.... r"rl ,.....,.... I'T) 

-'" C) 

~-.---, 

~ ...... ~ o - (:) 0 
. (;J oq 

~ 

I ' .- - r-r-- I' 

,....--y-.-- -- , .., 

• II I' 
" 

......, 

,...., 

1'1 II 
...., 

n 

nn ,-, 

'-' 

r-- '- \ ----
\ '" 

- ZlZ -

'" '" r- r-

'" ~ 

I 

n 

'-... l-- --

In 
r-... 
to 

'" r-... ." 

.'--' 

I 

'" r-... ... '" r-... 
'" 

~'-------L-

to 
to C) ... 3 
~ ~ 
." 
:t a 
r
." 

~ .. 
PI8ry r aryapollenites 

plarycllfyo ;c/t!S 

G811opollis minimu. 

Subtriporopollenitt!S spp. 

TriporopollMites robl/stu. 

Triporopollenite. spp. 

Alnipollt!nires SPP. 

Interpolli. spp. 

Ulmipollt!nites spp. 

8isacc8re pollen 

In8perruropoilMirttr hi.tu. 

IlJItperruropollt!nites spp. 

)Perinopollenites elaroides 

Spheripollenites group 

CiMSOpoilis torows 

OIlh'8/asporites spp/ 
Cerebropollenites mesoroicu. 

Others 

C) 

~ 

~ SporeslpollfIIJ 

~ 

~ 

8 
.'R 

Micropllmkton l orher 8/_ 



Thantt 8ed$ Woolwich WId RtI.cJing 
811<h 

e,l, " ,[ ~ 0 
~ ~~ ~ ~ "'''' '" ~ "'''' ,....,.... ,.... ,." ,....,.... 
~ tl!~ ~ iO C;O) - <! ~~ 

!> 

II> 
0 
1I 
", 

~ 
f · 
", 

~ 
0() i;; 

---.---

f: -r-r r ~ 
~ 

r---n-- l - -'l -, 

.., .. 
~-Tl l '0 

c .., 
'" v ' 
~ ,.....,. 
IV 

~ I I' 
c: .... 
:x: ,.... 

I' ). 

~ 
II> 
", 

~ 

~ 
,.- I 

i' 'I r 
'\:) 

~ 
~ 
Q' a 
0 II I I .... 

~. 

i 
l ~ 

:3 
~. 

~ ,.. 
8 ..... .. -, t if 

n 
-, 

- u:z: -

London '.:/{,y 

~ 
I I 

'" '" '" '" '" ,.... ,.... ,.... ,.... ,.... 

~ ~ ~ ~ .... .... 

n 

~ 

Q) 

<:) ~ 3 
L...L-.J Ii , 0 ,.... 

'" ", ,.... 

~ ~ 

I 

<:) 

~ 

~ 

g: 

~ 

~ 

" 
AlisocyHIf spp. 

Apec,odinium sPP. 
' We,uliell. spp. 

Areo/igera/Glllphrocyrt. 1PfJ· 

Chorll'~ cySII undiffer,mti.r.d 

Dtlf/llndrea spp. 

? Mlcrodinium $p. 1 
Sch. - L. & CII. 

PlfllM!O.tomocy.ti. IHVi~tII 

SpiniftrittlS group 

? rh.'II.jpho,. spp./ 
? AdnlltosphHridium ".tulum 

? rrichodinium SPP. 

Omtlr dinof/IIgtIII.r. ern. 

Horoloqintlll •• pp. 

Llliosphef'ft 

Acri'"rr:hs undifftlnmti.ttld 

CrassosphlMr. + PttIros{»rTTIttll • 
",p. 

",,.ltlCllni,,lI. indllnt.r. 

Prtdi.strum + 8otryococcu. 

Schirospori. + rllt,.porina 

Pyritist1d dilftom. 

Microp!lInlcton/othtlt' .,V" 

Sporr!S /polltln 



Th_r B«1s 
Woolwich 

and London Clay o IT",B~'I 
• '" I ,.... ,.... ,.... ,....,.... r

~ ~ ~ 
r
~ 

r
~ .... 

,.... 
~ 

,.... 
~ 
1.1 

CIQ g 
~ '\) 

:;. ~ . 
o <i 
<i' ~ 

g. 

CIQ 
o .... :l 
L.L.w..J 

~ ~ ~ '" 
~ ~ ~ 

[: ~-
~ ,.----,- -

--.---, 

r--r--I 

m 
IT! 
1lT----

-,---. 

.--.-----. -
,---,--, 

~ 

r--~ r 

'" '" -... '" .... 

n 

.. C5 

\-, 1 

--,- .-....-..---..--~~-r---

--r- , -- --,- --

'" 

Tri/tlrtlrporBS undiff",enriared 

LHVi~rosporir •• dilCord.ru./h .. rdri 

Monaco/popol/.,.,it., tranquil/u, 

Monoco/popoIlMenire. rpp. 

Iib/.rMsi./microhtNIrici group 

.tlritlbili,/pllfVU. group 

Trico/ partl polltNI undifflrtNIriared 

Trico/poropol/tNlir .. cin~/um 

Trico/poropolltlnirtl, spp. 

OJpllf1itlidiltlIIPP. 

T.rraco/poropolltNIirtll IPP. 

"l .... 
':l 
" I) 

V' 

.... ... 
,.... 

~ 
I:) 

~ 

g 
~ 
&' 
II 

i' 
~ 

1-
o ... 

RtllrioniidirtlS/ Sp4r~niac .. epollenirflllPp. ~ 

c.r,,,,~,.,;~ 'Pp. t 
Inrrarriporopol/tH1ir..rpp. 

Nu(}opol/i. / Plicllpol/i. IPp. 

Normapolle. undiffertNIriBred 

PlarycaryBpol/tlnirtl. plarycllryoidtlf 

Plicatopolli. spp . 

Momipire. /MiJCeopolipol/enire. SPp. 

Gal/opol/i. minimu. 

TriBtriopo/lvnite. IPP. 

SlIbtriporupo/lvllit •• spp~ 

TrliJoropol/enites rolJustus 

~ 
a 
~ 

I ,-----"T ,---, Triporopol/fJll ittls spp. 

- 1'77 -



.., .... 
a 
c 
'1 ..., 

V' 

,... 
~ 
I:) 

~ 
II 
g 
~ 
~ .. 
~. 

~ 

~ 

i 
g, 
~ 
;; 

~ 
~ 

~ 
i 

n',l"'" nf'lls 
Wnnlwlch 

flf)(f 
npor/l"q Rpr/s 

Lomloll C/.1Y 

l ,l iD ~ ... 

bl <:> 
~ 

<ll 
... 3 

0 :3 LL.LLJ 
~ 8 
~ 
0 ;;; ... ,... ,... ,... 

II II II '" 
~ ~ ~ 

[ : r-o 

~ ~ 

rr 
ITl 

T 

-r 

""v 
'--- . 

,...,... ,... 
II II II 
'" I\J _ 

... '" '" 

, . 

n 

,... 
II 

<: 

,... 
II 

c; 

..... 
II 

'" 

j'----
v,,-V 

- S7.l -

..... 

'" "" 
~ 
G' 
~ 

Aln;pollenires SflP. 

Inlerpol/is spp. 

Ulmipol/enirl!S spp. 

BiS6CC81t! poll"" 

Inap!!rWropol/enir!!s hr6rus 

InllPl!"(Jmpol/en irl!l spp. 

?~rinopol/.nires elaroid!!s 

Sphe,iool/enites group 

ClinsopolliJ rn rnSII$ 

Callialasporilf!S spp.! 
C~,ebropollenires mesoroicus 

Othen 

c 

I\J 
<::> 

... 
<::> 

g: 

~ 

§ 

Sparp.s looll!!n 

Micrnpllmkton/Othe' lI lgM 



.., 

.... 
cQ 
c: ., 
III 

V' 

>-' .. 
r-

~ 
I:) 

~ 
:n 
g 
~ 

~ 
i 

I 
~ 

~ 
5' 

I 
~ 
3 

f ,.. 
g 
l1-

f 

[ 0 

~ 
~ 

Woolwich 
Thanet Boos lJnd London Clay 

Readmg8eds 

O f O ,-r-r =J f g Q) 

3 0 ... 3 

l L.........L-J 

0 '" ~ ,...,....,....,.... ,....,.... 
'" :n:n:n:n :n:n 

~ ~ ~ ~ c:; '-4 

r- r- r-
:n :n :n 
~ 5: ~ 

,... 
:n .., 

--, 
-,- ~ .... ----~-~ 

r----r 
.-----, 

I n 

" 
rn 

rr 

~ 

'1 

lIT 
--.----. 

~ ~ 
C 
=> 

Alisoeysta spn. 

Ap«:r(Xl;nillmtWtI" f!/;~II. sPP. 

A~/i9"r./G//Jphroeysta spp . 

eordosphlltJridium spp. 

Chora~ cysts undifferantiated 

~"andrea spp. 

? Microdinium sp. :1 Sch.-L. & Ch. 

PltIHOstomocystis I~igst. 

Spiniferites group 

? Trichodinium spp. 

Other dinoflagellata cyst, 

Horologinel/a spp. 

Laiosph(!rt!S 

Acritarchs undifferentiated 

Crassosphaera + Pterosperme/la sPP. 

Pa.,/IJCsniel/a inden fata 

OllOiditt!S + SchilO$poris spp. 

PyritiSttd diatom, 

r-~'--------Y-'---r----.--~---rO 

~ 

... 
o 

~ 

~ 

_ ___ ---L'§ 

-n7. -

MicrolJlmA ton /Oth"r .I!JIM 

Spores/po/len 



U"I .... 
on 

dnOJ6 ,m""'lIodl/odoa:x!W/ "llldwIUW 

·dds SIIl0cJ01'~I/d 

pall!1I1IRJtllJ!pun SRlloriflWJOIV 

dds ,alIUIIII0cJoJod,JleJ11I/ 

·dds '''IIUIIIIOd,OIISOdllf()J 

·dds SIJ1IUall0deAJBJ 

·dds $lJIIIJlJ/fOd""IJJeIU~JBdS 

·dds UIIPllUOIISIJt/ 

odJ IBI!dP!J3 

-dds ul.IUIJ/lOdoJod/o:J!Jl 

SISUIJP/IJJfUflW 
SIJI.IUIJIIOdOJod/o"!Jl 

wn/nlJul:J 
SBIIU./lOdoJOd/o:JIJl 

u./lod 
IIII!JOd/o:J/lJlro/O:JIAaJ8 

cJnoJ6 SllNro/f!f.lql!!JIM 

dnoJ6 !"!JUllqOJ"!wls!'UIIJelq!1 

·dds Sal!U8UIJ/lodod/o:JOuoW 

snll!nbUIIJI SIJI!U./IocJod/ooouoW 

S"JOds ala/ouoW 

S038 !IN/Ot1'31J 

- ~2 7 -

L-L-

• ! 

1 II I 

1 

II 

• -4.__ _ __ ...... ~ ..... !'-'!'-

LL...... 1 _ ~I .l..-.wl I......J Q-

S038 !IN/Ot1'31J 



(For Pincents Kiln 

]~"~'~"J 

KNOWL HILL 

W-KH 

'" WATERLOO KILN Cl .... t:J- WK 
.., 
~ 
<: 
Ci COLD ASH OUARRY 

~ t:=:::J- NB 2 ct: 

c:::::::::r- NB 1 

PINCENTS KILN 

S«riOll 2 

D"~ PK 34 

'" PK29 
Cl S«riOll A .... .., 
~ t:::::::J-- PK 4 <: 
CS 
~ 

S«rion 1 

ct: 

o"~ PK 23 
PK 21 
PK 20 
PK 19 

a 
.i: 
e 
0 
<> 

.~ 
~ 
0 
Q. 

.~ 
~ 
.!! 
~ 

r 

~ 

t 
o 10 20$ 

! 

a 1Ii 

.~ ~ 

~ ~ 
~ ~ ·s ~ .d ~ 

.!! 

.~ ~ ~ 
-<: 

~ ~jl ~ .~ ci 

.~ ~ ~ .~ ~ ~ .~ I .~ i ~ 
t 

'0 0i: 
~ .~ 

:::: 
Q. .. 0 c 

'% e :::: :.:: c:: Q. Q. 

o 8. 0 ~ ~ 1 ~ ~ ! e 
Q. Q. a 
's .~ ~ e 0 o .!! Ii Q. .. 

.~ .S ! i 1 ~ j t .!! ~t .s 
~ ~ « ~ ct t; .!: 

.. 
~ ~ a § 
~ .!! 

~a .. 
';: .. 
" !! ~e :::: 

~ "c;E 0 
Q. 

~~ e 0 

" ~ 00 
t: .!; ·s Q. t " ~o 
i ~ -<:q -£ 
.!: ~o Cl 

I 
~ 
~ 
L-

~l[L=-llllrLt;L-- ~ I [l r 
>- t ..... t-- I t--- lit-

~ lIt 
Ii: 

\lll\~ ~t-~Ul 
Figure 5 . 15 SECTIONS AT THE WESTERN END OF THE LONDON BASIN: 

Re/.rive proporriOlls of nvin ~/polltlfl fI'OUP'. 

~ 
0 
~ 
~ 
0 

~ 

0 20 40 60 

1 .. 
~ 
Q 
a 
~ 
c:: 
.!! 

~ 
.\1 
~ 

80 100 ~ 

\ 

/ 
/ 

/ 

"-
l 

IV 
IV 
ex> 



London Cle., 

B2 
~f 
:..L2 

~ 
:t. :t. :t. :t. 
QI QI QI QI 

~ ~ l;: ~ 

:t.:t. :t.:t. 
QIQI QIQI ...... ~~ ." .... 

[; fill 
~ 

r fll 

C/O 

:t. 
QI 

~ 

B'IIC/c/~sh6m Bed. 

: DiviliOfll 

ODe 
:t. :t. l> ). l> ). 
QI QI QI QI QI QI 

~ g: ei! & ;:: 

.--. 
'l r---1 

p n 
'l ..---, 

fI ,-------, 

n, 
r 

~ ~ I' 

~ n 
... ,-------, 

~ 

~ 

... 
c;:) ;;; f I 

Trilele IpCJrfll undifferenrieled 

Mono/el. Iporo. 

Monoco/popol/.,il •• IrM/quil/u. 

Monaco/pele pol/en 
undiff.,.nlieled 

SpilliLonacoipiln spp. 

Dieo/p.I. pol/en 

/ib/".,Ii./mic,oIHIn,ici group 

veriebili./pMVU' (JrOup 

Trico/p.te pol/., 
undifferentieled 

Trico/poropolllNlilft einflU/um 

Trico/poropollenile. ili«u. 

Trico/porele pol/en 
undiffluen,i.,ed 

- , .- ----" ,.--, SI""te t"colp.te/ rricolpur.,. pol/en 

-'---, ~ Tetraco/poropollellites spp. 

,-,---.-----, ,---. Restioniidlles spp. 

-,~~~~~~--~~--~----- l -

SpargilniactNlepol/ellites spp 

.---~-

-r-1-r 
- GO? -

r-' 

Dlporites isAauentgyorgYI 

GJlryapoll""ites spp. 

Compos/toipol/eniles spp. 

Pistillipollenites mcgregorii 
Intralrlporopol/enil es spp. 

Nudopol/is/ Plicapol/is spp. 

.., ... 
.a 
~ 

" f1I 

U' 

.... .,.. 

l> ,... 
i 
~ 
~ 
~ 

l 
i' 

l 
i' 
o ... 
~ s· 

1 
~ 
~ 

i 



- 230 -

!HIIJO L-.J 
'n~IOZ011H.U 

.J!U.ffOdoJ~Jr.;1 'dds s<JJ pOdsllfll!ffr:J 

!mOJOJ !!ffOdoMt:) 
~ II 

dnoJ6 UJ!U.ffOdptlc/os I 
IIIp!OJllf' UI!Uflffodou!J"'i I 

'dds UJluellodoJnJJ.~UI I II i '----' 

I I 

.i 

I 
1 

I I I i 
'n/II! II U1,1WflodOJnJAd1llJ1 '!< 

~ 
",.JJlM "JI:»,UII'Mft(! 'Q 

II II 
,S 

U.flod 8JIIXIft!B 
~ I 

'dds .JfUlffod/wtn .. Q. 
'----' 

,~ 
'dds'lIfOtVaJuf ~ 

~ 'dds 18J/U.ffod!U/tl 
).: 

'dds -J/ueffodo.JodIJ.1 L......J II ~ 
~ 'fU'nqoJ .J!uetfodOlOdfJ.1 

-----..I ,I ~ 
'I( 

'dds "/uetfOdoJodfJJqns ~ 

L '" 'ddrl8J!ueffOdo,UJII!J.1 I, I , ~ 
on 

dfJO.l6 

L QI .,/uetfOd!fOd~WlI8J!dICJ.JOtf .. 
::l 
t1' ... 

Inw/Ulw '!ffodof,.9 "-

'dds '!ffodoJ"'IftJ 

-",o~lIfd "J/utl"o~Iv.'N.ftJ ~ 

1»J./Ju .... JJlpun -fl0cltlwJON '----' 
j :] 

R 18 ~ :d ~ "- ~ :g .... ~ ~ :X~ " .... .... .... ~~ 
III ItI ItI ItI ItI III ItI ItI CQ III ItI ItICQ III II) 
"( 'I( "( 'I( 'I( 'I( 'I( "( 'I( 'I( 'I( '1('1( 'I( 'I( 

DOl 
II I 

~ 
I I I I I I I 

'!' I J 
~ 0 

~ 

'" 
.UOt'I'tO ai' lB IS If c: 

spas wellsaJlI:Jf!JS l.el:1 uopuo7 l 
'§.t 
(5 



--, 
.Q 
c 
~ 

· 1 

h ,.. 
~ 
"" h 
:-<: 

~ 
~. 

~ 
~. 
g, 

~. 

i 
g, 
3 
/I' 

~ 
~ 
~ 
g 
0;-

~ 

a 
~~ 
~ 

[0 
~ 
M 

~: 
h h "'.., ...... '" ~ 

,.-.-

IlIB~ 

, I 
h h 

"'''' 
~~ 

-- I I 

r---

II 

Lomlon Clay 

B2 C/o --r---
I 

h h h h h 

'" "" '" "" '" :.:J ~ ~~ g: ~ 

Brack lesharn 8('r ls 

D;visions 

5 - -~n0 )-_, __ , ~/ \J 
h h h h h h 

"" '" "" "" ' n '" '" '" ~ ~ OJ) Col " c 'l) 

'" ~ 
... 

0 3 , , 

Apecfodinium S(J(J. 

A~/iqt!r. spp.IGIBphrocysrB 
spp, 

-rr-J -
1 T r- l O1orate cysrs undiffuentiBtr!d 

I 

0 
~ 

Orocooinium solidum 

Microoinium spp. 

Spiniferites group 

n Other dinofllH}elfBre CysTS 

1 Leiospher ... 

I A""'_", "OO".~" .. ., 

Crassosphaera + T4SmBnittn + 
PrerospermelfB spp. 

ParBlecanielfiJ indentBtll 

Pedi6lfrum + Botryococcul 

Ovoidi tes / Schirosporis spp. 

-=-=--=---'l =-1 c MicroplBnkton /OrMr . lgMt 

~ 

... 
C 

~ 

~ 

Spores /pol/en 

----- - 1 s:i 

T(Z 



- 233 -

5.1 MICROFLORAL ASSOCIATIONS 

Although most of the palynomorphs reported from the 

early Tertiary of the London Basin are long-ranging it is 

possible to recognise several distinct microfloral associ

ations based on the relative abundance of different taxa. 

I use the term micro floral assemblage to refer to the total 

microfloral content of an individual sample. Each micro

floral association comprises a group of assemblages which 

are generally similar in the relative proportions of the 

common forms and in the presence of rarer but significant 

species. In most cases the mi'crofloral association coin ... 

cides with a lithological unit. e.g. the Thanet Beds, the 

lignite within the Woolwich and Reading Beds, the Reading 
Beds etc. 

The following microfloral associations are recognised: 

Thanet Beds: Alisocysta/?Microdinium Association (A/M). 

Woolwich Bottom Bed: Areoligera/Glaphrocysta + Deflandrea 

Assocation (A/G+D). 

Woolwich and Reading ·Beds, Lignite: Platycaryapollenites 

platycaryoides/Sparganiaceaepollenites spp. Association 

(P/S) • 

Woolwich Shell Beds and Striped L.oams: ~ycaryapollenites 

platycaryoides/Apectodinium spp./?Trichodinium spp. 

Association (P/A/T). 

Reading Beds: Momipites spp./lntratriporopollenites spp. 

Association (M/I). 

London Clay: Classopollis torosus (reworked) Association 

(C(R». 

London Clay and basal Bracklesham Beds; Dicolpopollis spp./ 

Spinizonocolpites spp. Association (D/S). 

(i)THANET BEDS: Alisocysta/?Microdinium Association (A/M). 

This microfloral association is best developed at 
Pegwell Bay but is also present in the Thanet Beds at 

Oldhaven Gap, South Lambeth and Leaden Roding (Figs.S.l-S.4 

and 5.11, 5.12 and Appendix 2). 

Spore/pollen assemblages generally lack diversity and 

are characterised by common to abundant bisaccate and 

inaperturate pollen (including Inaperturopollenites hiatus) 
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with common to very common small tricolpate pollen of the 

variabilis / parvus group. The triatriate pollen Plat~

caryapollenites platycaryoides is only rare to fairly 

common in comparison with the much higher concentrations 

characteristic of the Woolwich facies of the Woolwich and 

Reading Beds. The Normapolles, represented by ~udopollis 

spp. and Plicapollis pseudoexcelsus, are generally rare but 

occur consistently and are occasionally very common (PB 1). 

Several long-ranging genera occur in insignificant amounts, 

Alnipollenites, Caryapollenites, Compositoipollenites, 

Restoniidites and Subtriporopollenites. One rare species 

which is characteristic of this assocation is Trudopollis 

hammenii while very rare Stephanoporopollenites hexaradiatus 

tribinae and S. hexaradiatus semitribinae occur at Pegwell 

Bay and South Lambeth. 

The accompanying microplankton association is also best 

developed at Pegwell Bay. Here significant elements are 

common to abundantAreoliger¥Glaphrocys~ spp. with rarer 

Alisocysta margarita, ?Mic~dini~ sp.2 Sch.-L.& Ch. 

(together with aff. ?Microdinium sp.2), Palaeostomocystis 

laevisata and Horolosinella spp. Deflandrea dartmooria/ 

oebisfeldensis occurs consistently. Not all of these 

elements are equally well represented in the other sections 

although the overall associati9n is comparable. Areoligera/ 

Glaphrocysta spp. are never as abundant as at Pegwell Bay 

while Alisocysta marsarita was not recorded at Oldhaven Gap 

and this species, ?Microdinium sp.2 (sl.) and Palaeostomo

cystis laevisata only occur in the lower part of the Thanet 

Beds at South Lambeth. 

~OOLWICH AND READING BEDS 

Four separate microfloral associations are recognised 
within the Woolwich and Reading Beds. 

(ii) Woolwich Bottom Bed: Areoligera/Glaphrocysta + Deflandrea 

Association (A/G+D) 

Several samples were examined from this unit at Oldhaven 

Gap, Charlton and Shorne Wood and single samples from South 

Lambeth (SL 19) and Leaden Roding (LR 24). 

This is the least distinctive of the microfloral 
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associations recognised from the London Basin having a 

spore/pollen association very similar to that in the Thanet 

Beds and a non-diagnostic microplankton association. Thus 

spore/pollen assemblages are characterised by common to 

very common bisaccate and inaperturate pollen, fairly common 

tricolpate pollen of the variabilis/parvus group and minor 

amounts of long-ranging genera. The microplankton assemb

lages comprise abundant acritarchs, common to very common 

Areoligera/Glaphrocysta spp. and fairly common Deflandrea 

spp. (including Q. dartmooria/oebisfeldensis) but generally 
lack the species which are characteristic of the Thanet Beds 

association. The presence of ?Microdinium sp.2 Sch.-L. & 

Ch. at the base of the Woolwich Bottom Bed at Charlton 

(CH 1) is probably the result of reworking. 

Samples CH 4 and SL 19 are much more similar to the 

overlying Woolwich Shell Beds assocation with very common or 

abundant Platycaryapollenites Elatycaryoides and abundant 

Apectodi~ spp. The assemblage in LR 24 is too sparse to 

count but ?Trichodinium sp. is present suggesting that 

this also is a transitional assemblage. Similarly, samples 

from Shorne Wood, JL 856, JL 858 and JL 863, contain very 

rare palynomorphs but include Apectodinium parvum near the 

top of the unit, at JL 863. 

(iii)Woolwich and Reading Beds, Lignite: Platycaryapollenites 

~latycaryoides/Sparganiaceaepollenites spp. Association 
(P/S). 

This rnicrofloral association is only present at 

Shorne Wood, in the Lignite beneath the Woolwich Shell Beds, 

and probably represents a local micro flora i.e. one that 
was deposited at or near to the site of pollen/spore 

production (see discussion below, 5.2). 

Assemblages lack diversity but, in contrast to the 

Thanet Beds and Woolwich Bottom Bed associations, contain 

only very rare bisaccate and inaperturate pollen. Amongst 

the angiosperm pollen,porate forms are much more common 

and diverse than the tricolpate and tricolporate species. 

The association is characterised by an abundance of 

Elatycaryapollenites platycaryoides (JL 864, JL 865 and 
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JL 879) with abundant Sparganiaceaepollenites spp. (at 

JL 866 and JL 867). Less common but noticeable elements 

include Laevigatosporites haardt!, ~. discordatus, Mono

colpopollenites tranquillus, Pistillipollenites mcgregorii, 

Nudopollis spp. and Plicapollis pseudoexcelsus, and Gallo

pollis minimus. 

The only algae recordea are rare specimens of Ovoidites 

ligneolus, Schizosporis parvus, ~. spriggi, Tetraporina 

pellucida and Indeterminate No.1, all of which probably 

have affinity with the Zygnemataceae and are of freshwater 

origin. The leiospheres also are most probably freshwater 
algae. 

The lignitic horizon at the base of the Woolwich Shell 

Beds at Swanscombe (SW 23) appears to be entirely different 

in origin, the lignitic clasts were probably transported. 

The associated sands and claystones contain a sparse micro

flora which includes dinoflagellate cysts (Apectodinium sp.) 

as well as leiospheres of unknown origin, the presumed 

Zygnemataceae Ovoidites ligneolus, Schizosporis parvus, 

and ~. spriggi and the colonial alga Pediastrum. 

(iv)Woolwich Shell Beds and Striped Loams: Platycaryapollenites 

platycaryoides/Apectodiniurn spp.I?Trichodinium spp. 

Association (PlAIT). 

The Woolwich Shell Beds were examined from Charlton, 

Shorne Wood, Swanscombe and from the South Lambeth Road 

Boreholes while the Striped Loams were mainly studied at 

Charlton. 

This is a very distinctive and diverse microfloral 

association. The most common spores and pollen are the 

same as those which dominate the lignite at Shorne Wood, 

however there is considerable diversity in the rarer 

species and bisaccate and inaperturate pollen become more 

common again. Platycaryapollenites platycaryoides is 

generally very cornmon to abundant and dominates assemblages, 

Sparganiaceaepollenites spp., monocolpate pollen and 

Laevigatosporites spp. are fairly cornmon while rare but 

persistent species which are particularly characteristic 

of this association include Pistillipollenites mcgregorii, 
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Dicolpopollis spp., Restoniidites spp., Labrapollis labraferus 

and Subtriporopollenites constans magnus. Pentaporoites 

belgicus is extremely rare (recorded only at CH 5, CH 8, 

CH 16, JL 887 and LR 22, see below). 

In contast to the microfloral Association PIS (Lignite) 

dinoflagellate cysts are an important constituent of this 

association. ~pectodinium spp., particularly!. parvum and 

!. homomorphum, are usually abundant and are accompanied by 
common to abundant ?Trichodinium spp. Cordosphaeridium 

spp. and Homotryblium spp. are also characteristic aOlthough 

they are generally rare and chorate cysts (undifferentiated) 

are sometimes abundant. Acritarchs are never as abundant 

as in the Thanet Beds and Woolwich Bottom Bed. At some 

levels the freshwater colonial alga Pediastrum is abundant, 

probably indicating local influxes of freshwater (e.g. 

JL 905, JL 942, sw 33). 

There are no major changes in the spore/pollen 

assemblages in the Striped Loams at Charlton. Triporate 

pollen becomes common at the top of the sequence (CH 21), 

in the more sandy facies but otherwise assemblages are the 

same as those through the Shell Beds. There is- a change in 

the microplankton in this same sample however, with the 

absence of Apectodinium spp. (previously abundant),a marked 

reduction in ?Trichodinium spp. and a distinct increase in 

Areo1igera/G1aphrocysta spp. and acritarchs (see discussion 

in Section 5.3). 

The Woolwich and Reading Beds in the Leaden Roding 

Boreholes are mainly of Reading facies (Fig.l.4) and contain 

rather nondescript assemblages that are similar to those 

present in the western part of the London Basin, mainly in 

their low percentages of llitycaryapollenites platycaryoides. 

It is interesting to note however, that species usually 

typical of the Woolwich facies also occur here rarely 

(Tables A2.5, A2.6). These include ?Trichodinium spp., 

Apectodinium homomorphum, !. parvum, Dicolpopo11is spp., 
Pistillipollenites mcgregorii and Pentaporoites belgicus. 

This suggests that the boundary of the Intermediate facies 

of the Woolwich and Reading Beds may be extended slightly 

further north to include Leaden Roding. 
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(v)Reading Beds: Momipites spp./lntratriporopollenites spp. 

Association (Mil). 

Samples from the western end of the London Basin, 

(Pincents Kiln, Cold Ash Quarry, Waterloo Kiln and Knowl 

Hill) contain assemblages that are moderately diverse in 

their tricolporate pollen and in the triporate (triatriate) 

pollen of the Momipites group. The most characteristic 

featuresof the association are the very common tricolpate 

pollen (including the variabilis/parvus group, Tricol

poropollenites anguloluminosus and!. retiforrnis), the 

common and diverse Momipites group (including Maceopoli

pollenites spp., Momipites coryloides and undifferentiated 

triatriate pollen) and only rare to fairly common 

Platycaryapollenites platycaryoides. Compositoipollenites 

spp. and lntratriporopollenites spp. are more common 

here than in any other association. In addition there 

are several species which appear to be of local origin. 

Their abundance varies considerably from one sample to 

another and they are not always present. Nonetheless these 

also are characteristic of this microfloral association. 

They include Nlssapollenites spp., Tricolporopollenites 

mansfeldensis, Rhoipites sp. A and Triatriopollenites 

confusus (see 5.3 below). 

Microplankton are extremely rare in this association 

(Table A2.8) and mainly comprise acritarchs with Areoligera/ 

Glaphroclsta spp., undifferentiated chorate cysts (including 

~altisphaeridiurn sp. ~. Gr.-Cav.) and rare Spiniferites spp. 

(PK 23, PK 24, PK 4). 

Spores and pollen are extremely sparse in the samples 

examined from the M4 Motorway. They are shown as actual 

numbers, rather than percentages, in Appendix 2 (Table 

A2.7). Microplankton are generally rare and comprise 

mainly acritarchs with Areoligera/Glaphrocysta spp. and 

chorate cysts including Cordosphaeridiurn spp. (M4/7{l), 

M4/7(2» • 

Oldhaven Beds 

This unit was mainly examined at Oldhaven Gap but 

assemblages are generally too sparse for the recognition 
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of a distinct micro floral association. The richest sample 

from the glauconitic sands, OG 22 (not shown in Appendix 2) 

contains rare bisaccate and inaperturate pollen, smooth 

trilete spores and Laevigatosporites haardti with reworked 

Callialasporites dampieri, Lycospora sp. and Classopollis 

torosus. The microplankton comprises only the acritarchs, 

~icrhystridium spp. with Paralecaniella indendata which 
"dominates" the assemblage (30 specimens). OG 27 is aty

pical, coming from a channel in the base of the Oldhaven 

Beds. This has a rich microflora which is transitional 

between the Woolwich Bottom Bed and London Clay. The 

presence of common small tricolpate pollen, very common 

bisaccate and inaperturate pollen and low percentages of 

Platycaryapollenites platycaryoides is characteristic of 

both associations but the high proportion of reworking in 

the OG 27 assemblage is more typical of the London Clay. 

This includes common Classopollis torosus with Cerebro-

120llenites mesozoicus, Callialasporites dampieri, Vitrei

sporites pallidus, Quadraeculina anellaeformis and 

Lycospora sp. (see Table A2.l, Appendix 2). Microplankton 

are comparatively sparse but do include Apectodinium 

homomorphum and ~. parvum which usually characterise the 

Woolwich facies of the Woolwich and Reading Beds, together 

with Deflandrea dartmooria/oebisfeldensis and Hafnia

sphaera sp. The presence of Nannoceratopsis gracilis is 

further evidence of the reworking of early-middle Jurassic 

material. 

The single sample from the Oldhaven Formation (sensu 

King 1981) at Alum Bay, AB 45, contains an assemblage which 

is indistinguishable from the overlying London Clay 

Formation. 

LONDON CLAY AND BASAL BRACKLESHAM BEDS. 

Sections of the London Clay have been examined from 

the South Lambeth and Leaden Roding Bore~oles in the London 

Basin together with two samples from the base of the unit 

at Oldhaven Gap. A more complete sequence through the 

London Clay into the basal Bracklesham Beds was studied 

at Alum Bay, Isle of Wight. 
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There has been controversy over the position of the 

top of the London Clay at Alum Bay, Isle of Wight. Prest

wich (1846) placed it at the top of his Bed 6 (see Fig.2. 

11), White (1921) placed it considerably higher, at the 

top of Prestwich's Bed 13 while more recently, Eaton 

(1976) and King (1981) have placed the junction at the 

top of Prestwich's Bed 7. The London Clay and Bracklesham 

Beds are therefore discussed below as one unit which 
contains two distinct microfloral associations. 

The microfloral change takes place within Division 
C-D (King 1981, see Fig.2.ll herein) with assemblages in 

samples AB 56 to AB 47 belonging to the Classopollis 

torosus (reworked) Association typical of the London Clay 

in the London Basin (sections at Leaden Roding and South 

Lambeth) and samples AB 58 to AB 64 belonging to the 

DicolpoEollis/Spinizonocolpites spp. Association. 

(vi) London Clay: Classopollis torosus (reworked) Association 
(C(R». 

This association lacks diversity. It is dominated 

by common to abundant bisaccate pollen and Inaperturo

eollenites hiatus with higher percentages of Tricolporo

Eollenites cingulum (generally common to very commo~) 

than in any other microfloral association. Trilete spores 

and monocolpate pollen are also common while small 

tricolpate pollen are rarer than in other marine deposits 

(e.g. Thanet Beds). However, the most significant elements 

are Classopollis torosus (common to very common), which 

is considered to be reworked, and the associated common/ 

very common Spheripollenites spp. and ?Perinopollenites 

elatoides. It is probable that these too are reworked 

although it is difficult to prove this. Other reworked 

species which occur in the London Clay include the 

Carboniferous genus Lycospora, Rhaetic species Riccisporite~ 

tuberculatus and Rhaetipollis germanicus as weil as longer

ranging Mesozoic species Vitreisporites pallidus, ~

bropollenites mesozoicus, Callialasporites dampieri and 

Chasmatosporites spp. (Appendix 2). 
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Assemblages from the base of the London Clay at Old

haven Gap (OG 25, OG 26) are different, Classopollis 

torosus, Spheripollenites spp. and ?perinopollenites 

elatoides are rare, as is Tricolporopollenites cingulum. 

Tricolpate pollen is more common than at other 
localities. However, the fairly common/common Platycary-' 

apollenites platycaryoides at Oldhaven Gap does correspond 

to the more common occurrence of this species at the base 
of the London Clay in the South Lambeth and Leaden Roding 
Boreholes. 

Microplankton in this association are comparatively 
diverse but no attempt was made to identify all species 

present, "other dinoflagellate cysts" are therefore wellre
presented in Figs. 5.12, 5.15 and 5.16. Chorate cysts 

(undifferentiated) are also common. The rare occurrenceof 

Dracodinium solidum in Division B2 at Alum Bay, AB 52 and 

AB 54,confirms the presence of the Dracodinium solidum 

Zone of Costa & Downie (1976, 1979). 

(vii}London Clay to basal Bracklesham Beds:Dicolpopollis spp./ 

~inizonicolpites spp. Association (D/S). 

This microfloral association is present only at Alum 
Bay, in samples AB 58 to AB 64. It is distinguished by 

a marked decline in the species so characteristic of 
Association C(R), Classopollis torosus, Spheripollenites 

spp. and ?Perinopollenites elato~ and in bisaccate 

and inaperturate pollen (although the latter still remains 

conunon) • 

The association is diverse and is characterised by 

several significant species which occur more conunonly here 

than in the underlying unit. These include tricolpate 
pollen, Monocolpopollenites tranguillus, Dicolpopollis spp., 

Nudopollis spp. and Plicapollis pseudoexcelsus. Also 

characteristic are rare species which nonetheless occur 

consistently, Spinizonocolpites spp., Tricolporopollenites 

iliacus,!. margaritatus, Restoniidites spp., Pompeckjoidae

pollenit~ subhercynicus (8% at AB 63) and Interpollis spp. 

Finally there are several rare species which first appear 

(stratigraphically) here. Although they only occur 
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sporadically they form an important element in this micro

floral association; Diporites iskaszentgyorgyi, Thomsoni

pollis magnificus, !. magnificoides, Brosipollis striato

bossus, Anacolosidites pseudoefflatus and Tricolporopol

lenites sp. ~ (= "!. srivastavai" Gr.-Cav. unpublished 1977). 

The highest samples examined, AB 63 and AB 64, contain 

very rare algae, only acritarchs, leiospheres and Ovoidites 

ligneolus. Acritarchs are also generally abundant in the 

remaining samples, AB 58 to AB 60, with Ovoidites !igneolus 
and Schizosporis sp. at AB 57 and AB 60. However, the most 
characteristic feature of the microplankton in the lower 

part of this association is the presence of Areoligera/ 

Glaphrocysta spp. (abundant at AB 57) and of Apectodinium 

spp. at AB 57. 

Bracklesham Beds. 

Samples AB 68 and AB 70 corne from higher in the Brackle

sham Beds and no separate microfloral associations have 

been distinguished. Significant species from these 

samples are considered below, in section 5.3. 

5.2 FACTORS INFLUENCING THE DISTRIBUTION OF PALYNOMORPHS 

IN SEDIMENTS 

(i) Relationships between miospore assemblages, plant com

munities and depositional environments. 

Any fossil miospore assemblage recovered from a 

sediment is only a small part of the total microflora which 

was originally produced. During transport and burial a 

variety of factors will act upon the assemblage to deplete 

it and to change the relative proportions of its various 
constituents. 

The diversity of the original pollen rain is deter

mined by the composition of the "parent" plant community, 

but it is debatable whether the pollen rain can ever 

reflect the true proportions of individual species within 

that community since the amount of pollen produced by 

different species is very variable. In general wind 
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pellinated species produce large quantities of pollen and 

are often over-represented in the micro flora while ins~ct 

pollinated species produce small quantities of pollen and 

are consequently under-represented (Whitehead 1969, Proctor 

& Yeo 1973). 

Nevertheless it is often possible to recognise micro

floras of local origin. Coals, particularly if they are 

associated with rootlet beds or seat-earths,are usually 
interpreted as swamp deposits (Cohen & Spackman 1977). 

Similarly lignites represent local plant accumulations or 

swamps within a variety of depositional environments, 

including fluvial, deltaic or lagoonal (Nichols & Traverse 

1971). Some lake and lagoonal sediments may also contain 

spores/pollen produced by the local vegetation (Tauber 1967). 

Comparatively few microfloras are of local origin 

however, the vast majority have undergone some transport

ation. Some miospores are trapped and decay amongst the 

vegetation and never enter the drainage system or air stream, 

others are destroyed during transportation. Wind-borne 

pollen may be carried long distances, Erdtman (1943) notes 

long-distance transport of pollen across the North Atlantic 

and the pollen of Pinus and Picea forms up to 20% of total 

pollen in samples from the Canadian arctic, 400km north of 

the forest (Lichti-Federovich & Richie 1968, Collinson 1978). 

Part of a water-borne assemblage may be deposited within the 

drainage system, on levees, on the flood plain or within 

distributary channels, before it reaches the main basin of 
deposition. 

Once in the marine environment the miospores behave 

as sedimentary particles. Sorting and winnowing occur, the 

larger, heavier types are deposited near shore while the 

smaller or lighter elements remain in suspension and are 

carried off-shore where their ultimate distribution may be 
determined by currents (Muller 1959, Cross et ale 1966, 

Tschudy 1969). Cross ~ ale (1966) show that nearshore 

areas with coarse sediments have lower pollen concentrations 

than areas slightly further off-shore with finer-grained 

sediments. Some of the very highest absolute frequencies 

of pollen in the Gulf of California occur in silty sediments, 
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either silty-clay or clayey-silt, with 42,000-65,000 grains/g 
of bottom sediment in water of 30-250 fathoms. The greatest 

diversity also occurs in these areas slightly off-shore, 

particularly near the mouths of rivers while diversity and 

absolute numbers of pollen and spores decline further off
shore (Muller 1959, Cross et ale 1966). 

From these general principles it is possible to recog

nise local and regional elements within the early Tertiary 

microfloras from southern England and to distinguish depos

itional sites which are local, intermediate or distant in 
terms.of proximity to parent vegetation (section 5.3). 

ItfiS more difficult to make assumptions about the hab

itat of ;~he plants which produced the fossil microflora. Al

though s9me Tertiary pollen is very similar in morphology to 

that of ~ particular extant genus, and in such cases it may 

be possible to accept affinity between them, the living 

members of the genus may occupy a variety of habitats. For 

example, different species of Taxodium live in lowland 

swamps (!. 'disticnurn) and i~ upland forests (!. ascendens, 

Braun, 1964), some species of Restio and Centrolep, is in

habit dry regions but others grow in swamps: (Machin 1971). 

One group of plants in which it is possible to assume 
that the habitat of the fossil was similar to that of the . 
recent relative is the group of aquatics, including the 

Typhaceae/Sparganiaceae and Salviniaceae. The same appears 

to be true for the palms, for Nipa and for Sarcococca and 

Pachysandra (Grey & Sohrna 1964, Machin 1971, Co11inaon 1978). 

Machin (1971) makes various palaeoco10gical interpretation 

of Tertiary microfloras based on the assumption that the 

"habitat requirements of the recent genera identified as 

microfossils have not appreciably altered during their 

recognisable history". 

There must be cases, however, where a genus has changed 

its ecological requirements during a long geological history. 

Certain taxa a~e much more restricted in their present 

geographical distribution than during the Tertiary. The 

Restoniaceae and Centro1epidaceae are now restricted to the 

southern hemisphere (Ladd 1977), Reevsia Lindl. is endemic 
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in south-east Asia (Petrov & Drazheva-Stamatova 1972) and 

some of the Jug1andaceae, Enge1hardtia, Platycarya and 

Pterocarya, are now restriced to the Old World although they 

are present in Tertiary pollen floras in North America 

(Stone & Broome 1975). The presence of abundant P1atycarya

type pollen, of local origin, in the early Tertiary lignite 

at Shorne Wood, Kent, in a lowland, probably coastal 

environment, suggests a change in habitat for this genus 
(see Section 5.3 below). 

One can only speculate on the distribution of plants 

belonging to extinct groups such as the Normapolles or the 

primitive Juglandaceae by the association of their pollen 

with types of "known" affinity. 

In sediments older than the Tertiary interpretations 

become even more speculative. In spite of the limitations 

several authors have interpreted miospore assemblages in 

terms of the distribution and ecological requirements of 

different members of the plant" community (Neves 1958, 

Chaloner 1958, Smith 1962, Habib 1966, Hughes & Moody Stuart 

1967, Machin 1971, Batten 1975, 1977). Others have 

discussed the relationships between fossil miospore assemb

lages and different sedimentary environments (Neves 1958, 

Muir 1964, Hopping 1967, Nichols & Traverse 1971, Batten 
1973). 

{iiWactors which influence the distribution of dinoflagellate 

cysts in sediments 

Although many studies have been undertaken of the 

distribution of the motile stage of living dinoflagellates 

(see discussion in Lentin & Williams 1980) comparatively 

little is known about the occurrence of dinoflagellate 

cysts. The most comprehensive work to date is that of 

Wall ~t a1.(l977) who examine the distribution of cysts 

in the water column and the underlying sediments from 

estuarine, continental shelf, slope and rise zones and 

abyssal plains from the North and South Atlantic Oceans 

between 620 N and 270 S, including the Caribbean and 

Mediterranean Seas. Their work shows that cyst" distribution 

is influenced by two major trends, firstly an inshore-off-
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shore trend and secondly, a longitudinal or climatic trend. 

They recognise four marine environments, estuarine, n~ritic 

(coastal), transitional neritic-oceanic and oceanic (pelagic) 

defined on both waterrnass (in which the cysts are produced) 

and on the topographic zone beneath it (in which the cysts 

are ultimately buried). Different species are seen to 

attain their peak abundances in either estuarine, shelf, 

slope-rise or abyssal zone sediments while a few species 
are limited in distribution to off-shore sediments and do 
not occur inshore of the continental shelf. Taking lati
tudinal differences into account the authors distinguish 

those species which are restricted to particular environments 
or have their peak occurrence uhere. These include estuarine 
species restricted to temperate or tropical-subtropical 

areas, or cosmopolitan estuarine species which are not 

climatically restricted: neritic species and neritic oceanic 

species which are mainly cosmopolitan; and oceanic species 

which only occur in tropical-subtropical areas. In more 

temperate areas the cysts which occur in the oceanic 

environment are also found in shelf sediments. As well as 

distributions of individual species distinct cyst associ

ations are defined which occur in similar environments, 

related primarily to climate and proximity to shore. 

In general species diversity tends to increase seawards, 

partly because of mixing with more oceanic species but also 

because many species which occur in the slope-rise zone 

sediments are probably not recent in age or are allochthonous 

estuarine-neritic modern specimens. Cyst densities per gram 
of sediment also tend to increase off-shore but mainly 

because of sedimentological factors. 
Certain species are even more specialised and do not 

occur in areas where there are fluctuations in salinity or 

in high energy environments where strong currents and 

turbulence occur. Thus they are restricted to more stable 

marine environments such as small bays and inshore areas 

in cool temperate and tropical-subtropical latitudes and 

to pelagic subsystems in tropical and warrn-terrnperature 

latitudes. The recognition of such restricted types in 

fossil assemblages should be extremely useful for palaeo-
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ecological and·palaeoenvironmentalinterpretations. 

The authors conclude that, although there is a large 

oceanic component amongst dinoflagellates as a whole, the 

production of "fossilizable" cysts by living dinoflagellates 

is an adaptation of life in the unstable-unpredictable 

hydrographic regimes which are typical of shallower-water 

environments along continental margins and around oceanic 
islands (Wall et al. 1977). 

Within the early Tertiary of southern England Downie 

et al. (l97l) recognise a series of dinoflagellate cyst 

associations based on the relative proportions of morph

ologically similar cyst groups and relate these to open mar

ine and brackish environments. They suggest that the sequence 
of associations may be used to define transgressive/re

gressive cycl~5in the early Tertiary. Denison (1977) 

discusses fos~~l dinoflagellate cyst associations from the 

early Tertiary of southern England in relation to n~trient 
supply, variations in salinity, proximity to shore and 

energy of environment (see section 5.3 below). 

5.3 DISTRIBUTION PATTERNS OF SELECTED SPECIES: DISCUSSION 

AND INTERPRETATION. 

The microfloral associations defined above (section S.l) 

can be interpreted both in terms of environment of deposition 

and site of spore/pollen production. Certain associations 

occur in local deposits~ others are "distant" in that most 

of the spores and pollen they contain appear to have been 

transported considerable distances before deposition~ and 

for other associations the depositional site is "inter

mediate",between the local and distant environments~ they 

contain a mixture of palynomorphs of comparatively local 

origin together with others from further afield. The acid 

resistant microplankton present in each association give 

valuable information about the environment of deposition. 

Individual spore/pollen species show variations in 

their distribution pattern which suggests that at some 

localities they are of local origin while at others they 

form part of the regional, transported element. 

In most associations there is a background microflora 
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of common small tricolpate and tricolporate pollen together 

with species which occur sporadically throughout the early 

Tertiary sequences,but usually in comparatively low percent

ages. These are considered to corne from a widespread region

al flora with the plants that produced them only rarely 

(if ever) growing adjacent to the site of deposition. 

They include species of Alnipollenites, Ulmipollenites, 

Caryapollenites, Intratriporopollenites, Compositoipollenites, 

Subtriporopollenites and the Momipites group, with Triporo

pollenites robustus, T. plektosus and Subtriporopollenites 

intrastructurus. 

1. LOCAL SITES OF DEPOSITION. 

(i) Woolwich facies; Lignite. 

Assemblages of local origin and deposition are present 

in the lignites in the Woolwich facies of the Woolwich and 

Reading Beds at Shorne Wood, Kent. The features which 

distinguish this as a local assemblage are firstly abundance; 

several species occur here more abundantly than at any 

other locality (e.g. sparganiaceaepollenites spp., 

Pistillipollenites mcgregorii), and some rare species occur 

more consistently here; secondly, several species occur in 

clusters, sometimes large enough to suggest that they may be 

from whole anthers (e.g. Platycaryapollenites platycaryoides); 

thirdly, the presence of megaspores (e.g. of the Salvini

aceae, Martin 1976) and of seeds (of Typhaceae-type); and 

finally, the sediment itself, a relatively thick, in situ 

lignite. 

The following local elements occur: 
Platycaryapollenites platycaryoides. 

This species has its maximum occurrence (62.4%) in the 

lignite sample JL 865 which also contains large clusters 

of pollen (pl.12, fig.l), possibly whole anthers. This 

distribution suggests that the trees were growing more or 

less at the site of deposition, dropping pollen and anthers 

directly into the swamp below. The species remains common 

throughout the lignite although at the top of the sequence, 
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JL 866 and JL 867, its apparent decline (to 16% and 10% 
respectively) is a response to the over representation of 

Sparganiaceaepollenites spp. 

Sparganiaceaepollenites spp. 

The genus is very common to abundant in JL 867 and 

JL 866 (25% and 33% respectively) and probably indicates 

in situ deposition within a reed bed. Further evidence 
for the very local origin of the micro flora is the presence 

of fairly common Typha-type seeds in the same two samples 
(see pI. 17) • 

Norrnapolles; undifferentiated Plicapollis pseudoexcelsus 

and Nudopollis terrninalis and N. endangulatus. 

This group is more common in the lignite than at most 

other localities (but see also the Bracklesham Beds at 

Alum Bay), and reaches its maximum in the same two samples 

.as Sparganiaceaepollenites spp. Perhaps this indicates 

a habitat adjacent to the reed bed for the plants which 

produced Normapolles-type pollen. Martin (1976) suggests 

that they may have been part of the riparian forest. 

Salviniaceae. 

Comparatively rare microspore massulae of Salvinia

type (=Salvinia cobhamii Martin 1976) occur in the sample 

JL 865 although no megaspores, nor dispersed microspores, 

were observed. Martin (1976) records megaspore and micro

spore massulae of both Salvinia and Azolla in the lignite 

at Shorne Wood, but only in his basal sample, R1434 (see 

discussion below). 

Pistillipollenites mcgregorii. 

Although never abundant this species occurs most 

consistently in the lignites and has its maximum, 5%,. in 

sample JL 865. Occasional clusters of a few grains also 

Occur at this level. Martin (1976) records over 10% of 

£. mcgregorii in sample R1434, in association with Salvini

aceae. This leads him to suggest that Pistillipollenites 

also may have been produced by either a waterside or even an 
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aquatic plant. It may be significant that its peak in sample 

JL 865 also coincides with my only record of Salviniaceae. 

Rouse & Srivastava (1970) review the distribution of 

P. mcgregorii in the late Cretaceous and early Tertiary of 

North America and, from the pollen morphology and its 

frequent occurrence in clumps, they suggest that ~. mcgregorti 

was probably entomophilous, or was produced in clusters 

inside relatively closed flowers. They take these characters, 

and its distribution in relatively fine-grained sediments in 

fairly narrow stratigraphic zones, to indicate deposition 

close to source rather than after long-distance transport 

by water or wind. Nichols & Traverse (1971) also favour a 

local (indigenous) origin for this species in the lignites 

in the Wilcox Group in East Texas. They suggest that the 

plants producing this, and other indigenous pollen types, 

lived in coal-forming swamps within a fluvial environment 

(the Mount Pleasant Fluvial System). 

Laevigatosporites haardti and L. discordatus. 

These species are never abundant but occur fairly 

commonly in the lignite, and probably come from members of 

the local fern flora. 

Smooth trilete spores. 

Large fern spores, of Leiotriletes-type, occur 

consistently through the lignite. Although they only show 

as rare in the counts they are a conspicuous element on the 

slides (possibly because of their large size) and like the 

Laevigatosporites spp., are co~sidered to be of local origin. 

Palmae. 

Monocolpopollenites tranquillus is generally more common 

here than elsewhere. Machin (1971) records similar palm 

pollen (Thrinax, pl.2, fig.ll) associated with aquatic plants 

but points out that a few accounts of the present-day ecology 

of Thrinax describe it as a plant of shore-lines or of drier 

ridges within swamp (1971, p.856). 
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Tricolpites sp. A. 

This species is of unknown affinity. It is very common 

in JL 864 where several large clusters were recorded but is 

only sporadic elsewhere, even within the lignite. One pos

sible explanation of this limited distribution is that the 

plant was normally a comparatively rare (? or scattered) 

forest element so that an occurrence at the edge of the site 
of deposition was purely accidental. 

Zygnemataceae-types. 

The lignite samples all contain rare specimens of one 

or more algal species which are probably attributable to 
the Zygnemataceaei Ovoidites, Schizosporis, Tetraporina and 

Indeterminate Type 1. Van Geel & Van der Hammem (1978) des

cribe spores (zygospores and/or aplanospores) of Spirogyra 

and Mougeotia which are morphologically similar to Ovoidites/ 

Schizosporis and Tetraporina respectively. They pOint out 

that, although comparatively little is known about the 

ecology of various species, many forms seem to prefer 

relatively extreme conditions such as temporarily standing 

water or strong daily fluctuations in pH or temperature. 

Although they are usually found in fresh water, some species 

occur in brackish environments and are often present in 

small lakes and pools or in the littoral zone of larger 

lakes. They conclude that the presence of zygospores and/ 

or ap1anospores of Zygnemataceae is indicative of stagnant, 

shallow fresh-water habitats. The occurrence of these 

forms in the Woolwich facies lignite sequence therefore 

indicates t~e occasional presence, even if only temporary, 

of a certain amount of open water. 

A comparison of the microfloras from two sites within 

the lignite reveals lateral differences in floral distri

bution (site Ri Martin 1976, samples R1434-Rl439 and site JLi 

samples JL 864-JL867 herein). 

For Martin (1976, p.183) the section records the 

shallowing of a lake by the encroachment of reeds and then a 

possible reflooding. He suggests that the Juglandaceae, and 

perhaps the plants which produced the Normapolles pollen, 

formed riparian forest which advanced and was consequently 
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over represented during the drying phase, while the Cupuli

ferae (Tricolpopollenites liblarensis and related species) 

were a more long-distance component (1976, p.183). 

The various stages of this sequence, open water, devel

opment of reed beds, advance of the forest, can be distin

guished at both sites but they occur in a different order 

and are not equally well developed. 

The open water phase is best represented by sample 
R1434 which contains Salviniaceae and about 30% of small 
tricolpate pollen of the Tricolpopollenites liblarensis 

group (probably with affinity to Cupuliferae). Perhaps this 

was near the centre of the lake since the abundance of the 

more regional pollen, and relative scarcity of local ele

ments, suggests there was a considerable break in the forest 

cover. In contrast, there is little evidence for open water " 

conditions at site JL until sample JL 865 which does con

tain rare Salviniaceae but is dominated by Platycaryapollen

ites platycaryoides (62.4%), including many pollen clusters. 

This is much more indicative of deposition at the very edge 

of the lake with pollen from the forest vegatation which 

surrounded the open water dominating the assemblage and 

masking spores from the aquatic plants as well as any re

gional elements which might be present. 

The period of open water at site JL appears to have been 

followed by infilling and the encroachment of reeds since 

samples JL 866 and JL 867 are dominated by Sparganiaceae

pollenites spp. (25%-33%) and also contain Typha-type seeds, 

with only 10%-16% of f. platycaryoides. The single produc

tive sample from the north side of the carriage-way, JL 879, 

with an assemblage of Sparganiaceaepollenites spp., ~3.6%; 

f. platycaryoides 36.8% and Normapolles, 9.2%, also repre

sents the reed bed phase. 

There is no comparable abundance of Sparganiaceaepoll
enites spp. at site R, where it forms only about 3% in 

samples Rl435 and Rl436 and is accompanied by 30%-50% f. 
platycaryoides with Normapolles and Gallopollis minimus 

(possibly one of the forest elements). In the highest 

sample, R1439, c.3% Sparganiaceaepollenites spp. occur with 

only 15% R. platycaryoides while there are increases in G. 
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minimus, Normapolles and the T. liblarensis group. Although 
Martin uses the presence of Sparganiaceaepollenites spp. to 

suggest this as a period of reed encroachment these mixed 

assemblages seem more indicative of deposition at a site 

at the edge of the reed bed which received pollen from 

both the forest and reed communities. 

The lignite therefore represents a period of emergence 

after the deposition of the marine Woolwich Bottom Bed and 
prior to submergence during the deposition of the Woolwich 

Shell Beds. As shown in Chapter 2,lignites occur at this 
horizon at several localities, some with associated rootlet 

beds, e.g. in the temporary exposures along the M25 motorway, 

at Aveley (G. Ward, personal communication). The lignite at 

Swanscombe appears to have undergone minor transport or 

redeposition since it occurs as clasts within bioturbated 

clays and sands. The lignite is most similar in lithology 

to those from the north side of the carriage-way at Shorne 

Wood, which were generally barren of palynomorphs. In the 

Swans combe sample the microflora is very sparse and contains 

marine microplankton (Apectodinium spp.). It probably comes 

from the associated clays rather than the lignite itself. C. 

King (personal communication) ,suggests that the lignite may 

have been in situ relatively close to its present position 

but was eroded and redeposited during the subsequent trans

gression. Elsewhere in the central and eastern part of the 

London Basin there is also evidence of emergence at a com

parable level. In the Intermediate facies of the Woolwich 

and Reading Beds and also further east (e.g. at Charlton) 

the marine sands of the Bottom Bed are overlain by fluvial 

mottled clays. Towards the top, this fluvial unit locally 

contains calcareous nodules, possibly caliche deposits (e.g. 

the Concretion Bed of Rundle 1972, present in some parts of 

the exposure at Charlton, north west of the section I 

collected), and sun cracks. At Upnor, Kent, purple sand

stones at the top of the Bottom Bed are interpreted as soil 

horizons while further west, silicified sandstones and 

ferruginous staining are b~lieved to be related to soil

forming processes (Berry; C. King; personal communication). 
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(ii) Reading facies of the Woolwich and Reading Beds. 

Samples examined from the western end of the Lond.on 

Basin generally come from the lower part of the unit, below 

the mottled clays. The base of the sequence is represented 

in the M4 motorway section, north of Hewins Wood and samples 

contain marine microplankton (see below) but very few spores 

and pollen. At Pincents Kiln the section also immediately 

overlies the Chalk but the basal samples contained such 
sparse microfloras that no quantitative data were collected. 
The silty clays which form most of the exposure contain 

numberous fragmentary leaves and leaf impressions and con

tain rich spore/pollen assemblages with rare dinoflagellate 

cysts and acritarchs, suggesting some brackish to marine 

influence during deposition. This section could perhaps be 

considered as intermediate in terms of depositional site, 

however the microfloral assemblages are very similar to those 

recovered from the two samples from Cold Ash Quarry, from la 

lense of silty clay which occurs within massive cross-bedded 

sands underlying the mottled clay. The sedimentological evi-
\ensu 

dence suggests that the claYl~ deposited as isolated 

pockets within a braided river system and the associated 

macroflora also pOints to a local source. The single samples 

from Waterloo Kiln and Knowl Hill are from the same part of 

the sequence, below the mottled clay, and contain similar 

microfloras, all part of the Microfloral Association M/l. The 

distribution patterns of selected species in the western 

part of the London Basin are therefore considered together 

below. 

(a) Local elements within the microflora. 

Triatriopollenites confusus. 

This species is common in the two samples from Cold Ash 

Quarry (NB 1, 8.4%~ NB 2,13.2%), very common towards the 

top of the section at Pincents Kiln (PK 34, 23.6%) and rare 

to fairly common, less than 4%, through the rest of the 

section. Even so, it is more persistent in this area than in 

the Woolwich facies or at any other section examineq and is 

characteristic of the Mil Microfloral Association. 

The comparative abundance of the species at Cold Ash 

Quarry perhaps indicates local origin there. Crane 
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illustrates pollen of this type which he found adhering to 

the perigone surface of the nutlet Palaeocarpinus laciniata 

(1981, Fig.38,39). He assigns this fossil to the tribe Cory

leae of the Betulaceae but pOints out that it exhibits the 

nutlet characters of Carpinus but the bract arrangement of 

Corylus. He considers the pollen that he illustrates to be 

similar to Carpinus triangularis (sic.) Stanley (1965) (= 

Triatriopollenites subtriangulus herein) and compares it with 

a scanning electron micrograph of extant Corylus avellana 

(Fig.37). I think that the fossil specimens illustrated are 

closer to Triatriopollenites confusus. Crane pOints out that, 

although the illustrated form is the most abund~nt, several 

of his perigone cuticle preparations have a variety of pollen 

grains adhering to the outer surface. (These do include 

grains of Triatriopollenites subtriangulus, personal observa

tion ). He concludes that the evidence is insufficient to in

dicate that the pollen he illustrates is in anyway botanic

ally associated with the fruits. The issue is further com

plicated by the existence of pollen specimens which seem to 

be transitional between T. confusus and T. subtriangulus 

(plate 14, fig.7,9). 

Momipites/Triatriopollenites spp. group. 

The primitive Juglandaceae appear to show greater di~ 

versity in these localities than further east. There is no ' 

dominance of Platycaryapollenites platycaryoides as occurs 

in the Pis and PlAIT Microfloral Associations from the Wool

wich lignite and Woolwich Shell Beds, the species forms only 

c.3% of assemblages, compared to its common-abundant occur

rences in the Woolwich facies. In contrast, Maceopolipollen

ites rotundus and Triatriopollenites subtriangulus occur more 

consistently in the Pincents Kiln and Cold Ash Quarry sec

tions and undifferentiated species of the Momipites/Triatrio

pollenites group are generally more common here. 

Intratriporopollenites spp. 
This genus occurs throughout the London Basin and also 

at Alum Bay but is usually ,sporadic. It is consistently pre

sent through the Pincents Kiln section, generally at 5% or 

less, and is slightly more common at Cold Ash Quarry and 
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Waterloo Kiln. This is a characteristic element of the Mil 

Association. 

Compositoipollenites spp. 

The peak occurrence of Compositoipollenites spp. oocurs 

at Cold Ash Quarry; 11.2% in NB 2 where there are also some 

small clusters (plate 10, fig.·9). Crane (personal communi

cation) reports the genus as very common in his site C at 

this locality. It remains fairly common in sample NB 1 (2.4%) 
and at Waterloo Kiln (4.2%) and occurs consistently at 

Pincents Kiln with its maximum occurrence of 4% in PK 20. 

Although it is never abundant the genus is a very character

istic element of the Mil Association. It does occur elsewhere 

in the London Basin and at Alum Bay but is sporadic. Its more 

persistent occurrence at Pincents Kiln suggests it was of 

comparatively local origin and had not been transported far 

while at Cold Ash Quarry it is probably of local origin. 

The pollen morphology suggests affinity with the Ioacin

aceae, particularly lodes (Krutzsch 1961, Sein 1961) a tro

pical to subtropical genus (Machin 1971). 

Tetracolporopollenites spp. 

Pollen of this type has been referred to the Sapotaceae, 

evergreen trees chatacteristic of the tropical and lowland 

rain forest, but also found in the shoreline vegetation of 

the south Florida Keys (Machin 1971). 

This form is most common at Cold Ash Quarry (5.2% in 

NB 1) and occurs consistently at other sections in the area, 

but normally at less than 2%. The only other microfloral 

association where it is as perSistent is the DIS Association 

at Alum Bay, in the upper London Clay to basal Bracklesham 
Beds. 

Inaperturopollenites hiatus and I. polyformosus. 

Inaperturopollenites hiatus has a variable distribution 

in ihis area, it is least common at Cold Ash Quarry (4.8%, 
NB 2), forms about 11% of the microflora at the base of the 

Pincents Kiln Section 1 and has peaks of 30.8% (PK 23); 

25.2% (PK 4); 23.2% (PK 29) and 19.2% (WK). The distribution 

of the species throughout the London Basin is also variable, 

in general it is common to abundant in tbe marine deposits 

but can also be common in "intermediate" depositional areas 
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(e.g. Woolwich facies, Woolwich Shell Beds). 

Inaperturopollenites polyformosus is generally rare, 

present mainly in the upper part of Pincents Kiln Section I 

and in Section A and having irregular distribution through 

the rest of the London Basin and at Alum Bay (Appendix 2). 
Pollen of·l. hiatus type is generally considered to 

have affinity with the Taxodiaceae. Simpson illustrates sim
ilar forms under the names Taxodium and Cunninghamia (1961, 

pl.l, fig.8 and pl.2, fig.3, Taxodium distichiforme·Simp., 

comparable to extant!. distichum Rich., pl.l, fig.8a,9a; 
Cunninghamia rugosa Simp., pl.l, fig.lO, comparable to ex

tant f. lanceolata Lamb., pl.l, fig.10a). Gruas-Cavagnetto 

(1977, p.4l) suggests affinity with Taxodium and possibly 

Glyptostrobus and Cunninghamia. 

Inaperturopollenites polyformosus is distinguished from 

l. hiatus by the presence of a distinct papilla but a small 

papilla is visible in some specimens of l. hiat~ and is 

certainly present in the recent Taxodium pollen examined by 

Simpson (1961, p.429 and pl.l, fig.9a) and in fossil speci

mens referred to cf. Glyptostrobus by Machin (1~7l, pl.l, 
fig.IO). 

Fowler et al. (1973) suggest 'that dispersed taxodiac

eous pollen which gape open, or in which the papillae cannot 

generally be seen (i.e. l. hiatus type) is likely to belong 

to the Taxodium morphological group. The distinction between 

the two species is not entirely clear therefor~I have only 

included specimens with a definite papilla in !. polyformo

~ (e.g. plate 2, fig.13,14 herein). 
Gruas-Cavagnetto. (1977) suggests l. polyformosus is 

related to extant Sequoia, Metasequoia and ~tomeria al
though affinity with Glyptostrobus is also a possibility 

(Machin 1971). 

Today Taxodium is an important element within river 

swamps of Florida (Machin 1971, Gruas-Cavagnetto 1977) but 

also lives in upland forest (Braun 1964). Glyptostrobus is 

endemic to forests in southern China, between 220 -260 N, in 

low lying areas and coastal swamps while Cunninghamia also 

occurs in China as an important element in forests in moun

tains but has an rutitudinal range from sea level to 2,OOOm 

(Gruas-Cavagnetto 1977). 
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It is most probable that pollen of this broad morpholo

gical type, !. hiatus-!.polyformosus, was produced by more 

than one genus and that the parent plants occupied habitats 

as varied as the modern Taxodiaceae. This, in part, would 

explain the very variable distribution pattern of !. hiatus 

in the early Tertiary deposits, with pollen corning from a 

local flora at certain localities (e.g. perhaps Pincents 

Kiln) and from a mixture of local and more distant (perhaps 

higher altitude) species into the marine deposits. 

Bisaccate pollen. 

Different genera have not been distinguished but some 

of the pollen probably has affinity With,Pinus. According 

to Fowler et ale (1973) the presence of Pinus need not sug

gest remote source areas of drier upland communities since 

modern pine species can grow at low altitude in subtropical 

climates. Today the genus grows in lowland, wet habitats 

iri Florida, often occupying only slightly elevated, though 

poorly drained areas, within or on the landward side of 

swamps. 

Bisaccate pollen forms about 5% of the microflora in 

the Pincents Kiln sections, slightly less at Cold Ash Quarry, 

and may be of comparatively local origin in these deposits. 

Tricolpate/tricolporate pollen. 

Tricolporate pollen is generally more diverse in the 

M/l Association than elsewhere in the London Basin. Small 

tricolpate pollen of the liblarensis/microhenrici and vari

abilis/parvus groups are relatively common but the majority 

of tricolpate and tricolporate pollen species are ;are. Al

though there are only a few specimens on each slide these 

rarer species occur consistently, sometimes as small clusters, 

and form conspicuous elements in the microflora. The most 

significant species are listed below. 

Tricolporopollenites mansfeldensis. 
This species appears to have been of local"origin at 

Site A at Cold Ash Quarry since it forms 16.4% of the micro

flora in sample NB 1, including several clusters of grains, 

and in another sample from the same lens , Collinson records 

as much as 30% (1978, as!. milionii). There is evidence of 

lateral changes in the microflora within this lense, since 
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at NB 1 T. mansfeldensis is very rare. It is only sporadic 

in other sections in this area, less than 1% in Secti~ns 1 

and A at Pincents Kiln. Under these circumstances the abun
dances at Cold Ash Quarry suggest a local source for this 
pollen. 

Nyssapollenites ~. A and Nyssapollenites sp. B. 
Although recorded at 1.2% or less in the counts several 

specimens of both species occur in each slide in samples 
from Section 1 at Pincents Kiln. Nyssapollenites sp. ~ also 
occurs in clusters in sample PK 4 (plate 4, fig.9,10) and 
appears to be of local origin there. It has not been recog
nised at Cold Ash Quarry or Know1 Hill but is present in the 

sample from Waterloo Kiln and rare specimens are present in 

the Woolwich Shell Beds at Swanscombe and Shorne Wood. 

Nyssapollenites sp. ~. has only been recorded from 

Section 1 at Pincents Kiln. 

Rhoipites sp. A. 

This species is mainly restricted to the Pincents Kiln 

sections, it occurs as.clusters in PK 21 (plate 4, fig.22) 

and is fairly common (3.6%) in PK 4 and PK 23 (2%). Several 

specimens were also recorded in sample PK 6 (Section A) which 

was not counted. Rhoipites sp. ~. is present at Knowl Hill 

but not at Cold Ash Quarry nor Waterloo Kiln. 

Other trico1pate, trico1porate species. 

Species which are generally rare and very localised or 

sporadic in distribution include Tricolpites sp. ~. (occa

sionally as small clusters, e.g. at PK 21); Rhiopites sp. ~. 

(NB 1, 4%; PK 21, 1.2%); Tricolpites sp. ~. and specimens 

transitional to Favitrico1porites baculoferus (particularly 

NB 1, NB 2 and WK); ~. baculoferus; ?Spinulaepo11is sp. 

(only in samples WK and KH) and undifferentiated "brevico1-

pate" pollen includin~ ?Cyri11aceaepol1enites spp. (p1.7, 

fig.14-16), mainly at Cold Ash Quarry and Waterloo Kiln. 

Although rare and of unknown affinity, the presence of these 

species emphaSises the diversity of the surrounding vegeta
tion. 

(b) Regional elements within the microflora. 

Reworking. 

One of the most distinctive Mesozoic pollen types which 



- 260 -
frequently occurs reworked in the Tertiary is Classopollis 

torosus (Pflug 1953, Elsik 1968, Nichols & Traverse 19.71, 

Frederiksen 1980). This pollen occurs sporadically in the 

Pincents Kiln sections, at about 2% and is also present at 

Cold Ash Quarry. 

Very rare Carboniferous spores a~e present, Lycospora 

sp. (in NB 1, PK 20 and PK 4) and Triquitrites sp. (PK 23), 

with the late Triassic species Ovalipollis ovalis at PK 21 

and PK 24 and occasional specimens of the Mesozoic species 

Vitreisporites pallidus, Chasmatosporites spp., Cerebro

pollenites mesozoicus and Callialasporites dampieri in the 

Pincents Kiln sections. Their presence indicates that mater
ial derived from the erosion of older deposits, somewhere 

within the drainage system, was transported into the pools 

or creeks where Tertiary sediments were accumulating. 

Microplankton. 

Denison (1977) records "Cyclonephelium conopium" (un

published species) from the base of the Reading Beds at 

Pincents Kiln but I have only recovered very sparse micro

floras, with rare acritarchs, from comparable levels. 

Through the rest of the sequence at Pincents Kiln micro

plankton are rare (see actual numbers of total microplankton 

in Appendix 2) and are mainly acritarchs. Rare dinoflagellate 

cysts occur in PK 4, PK 23, PK 24 and include undifferenti

ated Areoligera/Glaphrocysta species, chorate cysts and 

Spiniferites spp. Crane (personal communication) has one or 

two specimens of Spiniferites sp. from Cold Ash Quarry but 

considers that they are most probably reworked since Classo

pollis torosus is present in the same samples and the sedi

mentological and macrofloral evidence suggest the deposit 

was formed ~ithin a braided river system without direct 

connection with the sea. 

Samples from the M4 Motorway section, north of Hewins 

tiood, also contain microplankton (Appendix 2). They are 

most common in the basal sample M4/7(1) (from the Ostrea 

bellovacina Bed, Fig.2.l0) and M4/7(2) and have moderately 

diverse assemblages. Dinoflagellate cysts present include 

Areoligera/Glaphrocysta spp., Cord'Osphaeridium sp., Homotry

blium sp., Achomosphaera ramulifera and undifferentiated 
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chorate cysts, together with common acritarchs. The sparse 

microfloras from the remaining samples are dominated by 
acritarchs. 

(iii)Comparison with the macroflora. 

Comparative studies of macrofloras and microfloras have 

shown that they compliment each other; both are needed to 

describe the total flora (Sein 1961, Machin 1971, fow\~r 

et ale 1973). While the macroflora frequently is biased 
towards local species which have been deposited where they 
grew, orto species which live near water and so could be 
transported easily, the microflora often contains many 

spores and pollen transported by wind or water from entirely 

different communities. A combination of microfloral and 

macrofloral evidence will therefore give a broader picture 

of the vegetation as a whole. It may be difficult, however, 

to relate the fossils to present day plant communities. 

Although rich and diverse microfloral assemblages occur 

in samples from Crane's Site A at Cold Ash Quarry and from 

Pincents Kiln, comparatively few species have a morphology 

which is sufficiently distinct to allow them to be referred 

to extant genera or even families. Those which can be re

cognised at family level include Milfordiaincert~ Restonii

dites minimus and B. hungaricus (Restionaceae, Centrole

pidaceae), Inaperturopollenites hiatus, !. polyformosus, 

and I. dubius (included in Inaperturopollenites spp.) 

(Taxodiaceae) and Maceopolipollenites rotundus, Momipites 

spp. (Juglandaceae). Only the following types recorded from 

these sections have definite morphological similarity with 

a single extant genus; Intratriporopollenites (Tilia), 
Nyssapollenites (Nyssa), Ca~yapollenites (Carya), Composit

iopollenit~s rhizophorus (lodes), Pandaniidites texus (Pan

danus), Platycaryapollenites platycaryoides (Platycarya), 

Alnipollenites verus (Alnus), Reevsiapollenites (Reevsia) 

and Tricolporopollenites iliacus (Ilex). Nevertheless it is 

by no means certain that the plants which produced these 

pollen were identical with the modern genera. 

Similarly, some of the macrofossils have no exact mod

ern equivalent. From Cold Ash Quarry, Crane describes (1981) , 
bracts and fruits of Pa1aeocarpinus 1acinata which, although , 

" 
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referable to the tribe Coryleae of the Betulaceae, exhibit 

a combination of characters which does not occur in any 

extant genus. He concludes that, although the fossil is most 

similar to Carpinus the bract arrangement would probably be 

regarded as sufficient justification for a new genus in the 

taxonomy of extant Betulaceae. These fossils are closely 

associated with the leaves Craspedodendromophyllum acutum 

Crane which also show a combination of features not exhib

ited by any modern genus. Although leaves of this general 
morphological type have previously been attributed to the 

Betulaceae, Crane notes that several other families have a 

similar leaf architecture and affinity with them cannot be 

ruled out entirely. The close association of these leaves 

and the fruits and bracts of R. laciniata at Sites A and B, 

and their virtual absence at other sites at Cold Ash Quarry, 

leads Crane to suggest that they are both parts of the same 

plant species and that most of fossils were deposited close 

to where they grew. The associated pollen type is not yet 

known. Possible candidates are the triatriate pollen Tria

triopollenites confusus, ~. subtriangulus and forms transi

tional between them which occur commonly at site A. These 

have been found adhering to the surface of the nutlet P. 

laciniata (see discussion under "Triatriopollenites 
confusus" ) . 

The commonest macrofossils in ~ites A and Bare Trocho

dendroides ("Cercidiphyllwn") leaves. These are associated 

with fruits and seeds which are known to have been borne 

by the same plant (Crane 1981). It is probable that this 

also was of local origin, but, as yet, the associated pollen 

type is unknown. 
For most other families present as macrofossils (see 

Table 3.2) no associated pollen type has yet been recognised 

in the microflora. An exception is the Ericaceae which are 

represented by Rhododendron seeds (Collinson & Crane 1978) 

and by dispersed anthers and seeds, tentatively referred to 

Vacciniwn (Collinson 1978). Although it is present, pollen 

of Ericaceous affinity (Ericipites spp.) is extremely rare 

in the area as a whole and is only represented by single 

specimens in sample NB land NB 2 (Appendix 2). 

The leaves Lauraceaephyllum stenolobatus occur at Cold 

Ash Quarry but are also abundant at Pincents Kiln. One of 
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their distinctive characteristics is the presence of resin 

bodies (Crane, personal communication). These survivepalyn

ological processing and are present in my palynological pre

parations from Pincents Kiln. In this situation they provide 

an oblique piece of evidence for the presence of Lauraceae 

although dispersed resin bodies, without the macrofossils, 

would be of little significance. Unfortunately no pollen 

which could be assigned to the Lauraceae has been identified. 

At Cold Ash Quarry several lines of evidence pOint to 

a local origin for the macroflora; firstly the macrofossils 

themselves, particularly the close association of different 

organs from a single plant, and the concentration of fossils 

of one family in particular sites and their virtual absence 

from others; secondly the sedimentological evidence which 

indicates that the silt and clay pockets were deposited 

within a braided river system', each isolated from the others. 

The microflora is comparatively diverse but does contain 

several species which are more abundant here than at other 

localities, particularly Tricolporopollenites mansfeldensis, 

Triatriopollenitesconfusus, Compositoipollenites rhizophorus, 

Rhoipites sp. ~. and Tetracolporopollenites spp. These may 

be of local origin. Elements which have probably been trans

ported into the deposit are the rare reworked Classopollis 

torosus and Spiniferites sp. and possibly some of the more 

ubiquitous pollen types which may come from-a variety of 

sources, small tricolpate and tricolporate pollen, bisaccate 

pollen ,and Inaperturopol1enites hiatus. Collinson and Crane 

(1978) consider it possible that the Rhododendron seeds may 

have undergone some transport before desposition. 

The leaf-bearing horizons at Pincents Kiln are much 

more continuous than the isolated silt and clay lenses 
which contain the macrofossils at Cold Ash Quarry. There 

is no evidence for the presence of an active, high energy 

river system here, the depositional area appears to have 

been more coastal (from the presence of rare dinoflagellate 

cysts and acritarchs), with the leaves being deposited in 

stagnant pools or sluggish backwaters at the seaward end 

of a delta. The microflora is generally similar to that at 

Cold Ash Quarry, although the individual "local" sp~cies 

are not necessarily the same; Nyssapollenites spp., 
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Intratriporopollenites spp. Compositoipollenites spp. and 

at one level, Triatriopollenites confusus. The higher 

percentages of Taxodiaceous pollen (!. hiatus) and bisaccate 

pollen, may either be from local or distant sources while 

the very common small tricolpate pollen (particularly varia

bilis/par~ group) has probably been transported consider

able distances from a variety of sources. 

2. DISTANT SITES .. OF DEPOSITION. 

These depostional sites are only "distant" in the sense 

that the spore/pollen component of the microflora has gen

erally been transported long distances before deposition. 

They are all marine and consequently contain marine micro

p~ankton which are of comparatively local origin and their 

distribution is controlled by factors such as salinity, 

proximity to shore, temperature variations, turbulence etc. 

(see 5.2 above). Variations in the distribution patterns of 

both groups are considered below. 

The distant depositional sites include the marine de

posits of the Thanet Beds, Woolwich Bottom Bed and the 

London Clay which contain Microfloral Associations A/M, 

A/G+D and C(R). The Oldhaven Beds would also fall into this 

category but as the microfloras are so sparse they are not 

considered further (see Appendix 2 for OG 27). 

Spores and pollen. 

In general, all spore/pollen assemblages from these 

deposits contain a high proportion of bisaccate pollen, 

inaperturate pollen and small tricolpate pollen with some 

small tricolporate pollen and smaller quantities of several 

stratigraphically long-ranging genera. 

The main characteristics of each Microfloral Associa

tion are presented in section 5.1 above. The spore/pollen 

assemblages have much in common. Most of the species re

corded are distant elements and occur elsewhere, nearer to 

source, in the local and intermediate depositional sites. 

Three groups are recognised; 

a) Dominant species; pollen which is produced abundantly, is 

easily transported by wind or water, appears to survive 

long-distance transportation and consequently is common to 
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abundant within the microflora. This includes bisaccate 

pollen, Inaperturopollenites hiatus and Inaperturopollenites 

spp. (probably all of Taxodiaceous affinity), small"tricol

pate pollen of the variabilis/parvus group and (mainly in 

the London Clay, C(R) Association) Tricolporopollenites 

cingulum. As shown above the parent plants which produced 

the bisaccate and inaperturate pollen may have occupied a 
variety of habitats and probably also had a widespread 

distribution. The same may have been true for the tricolpate 

and tricolporate pollen producers. Thus the pollen which 

accumulated abundantly in the marine environment may have 

come from a wide area, including coastal lowland and more 

distant, possibly upland, sites. 

b) Rare species; species which are rare to fairly common in 

this environment but may be common or abundant at local or 

intermediate depostional sites. These include Platycarya

pollenites platycaryoides, Monocolpopollenites spp., Nudo

pollis spp., Plicapollis pseudoexcelsus, Compositoipollen

ites spp. and Sparganiaceaepollenites spp. (mainly in the 

London Clay). The plants which produced this pollen may have 

been fairly localised in distribution (particularly so for 

the Sparganiaceaepollenites-plant) and their pollen trans

ported into the marine depositional area. The fairly common 

occurrence of trilete spores at some localities (Thanet 

Beds at Pegwell Bay, London Clay at South Lambeth and Alum 

Bay) is anomalous since such spores are frequently deposited 

close to river mouths or comparatively near to shore (sec

tion 5.2). They may in part be reworked, particularly in 

the London Clay at Alum Bay and in sample PB 13 (from the 

Crepidula Band at Pegwell Bay) where definite reworked 

species are common. Others must be contemporary, Tertiary 

specimens. The majority are smooth forms, so it is possible 

that these would not sink as rapidly as the heavier, orna

mented species. They would remain in suspension longer and 

ultimately form part of the "distant" microflora. 

Other rare species are very sporadic through these 

sediments. They all occur at other localities but although 

they may be more consistent there, they are never common. 

These include the genera Restioniidites, Caryapollenites, 

Ulmipollenites, Alnipollenites, Subtriporopollenites, 
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Interpollis and Triporopollenites robustus. Restoniidites 

(and Milfordia incertal are common in brackish deposits 

later in the Tertiary (Machin 1971), presumably in inter

mediate depositional sites. Their scarcity in various envir

onments in the Palaeocene and early Eocene may therefore 

result from the sporadic occurrence of the parent plants at 

that time. For the other genera perhaps the plants were 

scattered through the whole region, rather than occurring 

in localised stands, and the preservation of this pollen in 

marine deposits is the result of chance survival in spite of 

transportation and depositional processes. 

c) Reworked species; these occur in all of the marine de

posits but are particularly common in the London Clay. They 

range in age from Carboniferous to Cretaceous with the maj-
I 

ority being long-ranging Jurassic-Cretaceous species. The 

occurrence of individual species is documented in Appendix 

2, they include the following: 

Carboniferous; densospores, and the genera Lycospora, Flor

inites, Triquitrites. 

Triassic/Rhaetic; striate bisaccate pollen. 

Mainly Rhaetic; Ovalipollis ovalis, Rhaetipollis germanicus; 

Riccisporites tuberculatus, Limbosporites lundbladi. 

Early and middle Jurassic; Quadraeculina anellaeformis, 

Chasmatosporites spp. (up to Callovian), Kraeuselisporites 

reissingeri. 

Long-ranging Mesozoic (mainly Jurassic and Cretaceous): 

Classopollis torosus, Callialasporites darnpieri, l. turbat

~, Cerebropollenites mesozoicus, Coronatispora valdensis, 

Contignisporites problematicus, Podocarpidites sp., Vitrei

sporites pallidus. 

Cretaceous; Pilosisporites trichopapillosus, Trilobosporites 

spp. 

The commonest reworked species in all of the marine 

deposits is Classopollis torosus. Other species are sporadic 

in the Thanet Beds but occur consistently in the London Clay 

in the Leaden Roding and South Lambeth Boreholes and even 

fairly commonly at Alum Bay. These include the Mesozoic 

forms Callialasporites darnpieri, Cerebropollenites meso

zoicus and Vitreisporites pallidus. ~he richest and most 
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diverse reworked assemblages occur in the London Clay at 

Alum Bay. Associated with the species listed above are 

several which are rare and sporadic in distribution else

where but are more consistent here, particularly Lycospora 

spp., Riccisporites tuberculatus, Quadraeculina anellaefor

mis and Chasmatosporites spp. 

It is conceivable that the Carboniferous spores might 

come from eroded Rhaetic or early Jurassic deposits since 
reworked Lycospora sp. and densospores are well known in 
rocks of those ages (Schulz 1967), alternatively they may be 

derived from the direct erosion of Carboniferous sediments. 

Thus, from the reworking, it is evident that rocks of 

diverse ages (certainly Rhaetic to Cretaceous and probably 

also Carboniferous) were undergoing active erosion during 

the deposition of these early Tertiary marine sediments. The 

particular abundance of reworked material in the Alum Bay 

section is a reflection of its more marginal position 

(Chapter 1.3). 

Microplankton. 

As Wall et al. (1977) show, different dinoflagellate 

cyst species have their peak occurrences in distinct envir

onments. Their distribution is determined by a combination 

of many factors such as salinity, temperature, nutrient 

supply, water depth, distance from shore. While some species 

are tolerant of marked variations in salinity and tempera

ture or of tubbulence, others require stable conditions. 

Although it is safe to assume that the distribution of early 

Tertiary dinoflagellates was controlled by similar factors 

it is not always easy to determine the critical factors for 

individual genera. 

The work of Downie et al. (1971) and Denison (1977) 

shows that certain genera or groups of genera are dominant 

in different formations in the early Tertiary of southern 

England. In spite of the comparatively small number of 

microplankton counted in the present study the distribution 

of the main morphological groups corresponds reasonably 

well with these earlier reports. 

Areoligera/Glaphrocysta group. 

This morphological group is most characteristic of the 
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more arenaceous deposits in the early Tertiary, particularly 

the Thanet Beds and Woolwich Bottom Bed~1 

It dominates assemblages in the upper part of the 

Thanet Beds at Pegwell Bay, forming 40-52% of the micro

plankton at the top of the Stourmouth Clays, in the.Upper 

pegwell Marls and the basal Reculver Silts. It is much rarer 

at other localities, making up no more than 10% of assem
blages in the Thanet Beds at Oldhaven Gap, Leaden Roding and 
South Lambeth and c.15% in the Woolwich Bottom Bed at Old
haven Gap. Other significant occurrences are in the sandy 

facies of the Striped Loams at the top of the Woolwich and 

Reading Beds at Charlton (c.20%) and at Alum Bay. There it 

is present in silty claystones at the top of the London 
Clay (AB 58, c.14%) and in sands at the base of the Brackle

sham Beds (AB 57, c.30%). Rare specimens also occur in the 

lagoonal deposits (low energy, brackish) of the Woolwich 

Shell Beds. 

These distribution patterns suggest that the Areoli

gera/Glaphrocysta group could tolerate low salinity (as 

could several other groups, especially Apectodinium spp.) 

but was particularly tolerant of high energy conditions 

which were too extreme for other brackish water species. 

Alisocysta margarita, ?Microdinium sp. 2 Sch. -L. & Ch., 

Palaeostomocystis laevigata, Horologinella spp. 

These species are mainly restricted to the Thanet Beds. 

All are most persistent at Pegwell Bay, although each is 

generally less than 5% of the total microplankton. They are 

all present at the base of the Thanet Beds in the South 

Lambeth Borehole and at Leaden Roding, although ~. margar

ita, f. laevigata and Horologinella spp. are very rare 

there. Only Horologinalla spp. and aff. ?Microdinium sp. 2 

occur in the Thanet Beds at Oldhaven Gap. 

The few records of Horologinella spp. in the London 

Clay, at Oldhaven Gap and Leaden Roding, may be the result 

of reworking. However, it is possible, even though both 

Horoliginella spp. and~. laevigata occur consistently in 

the Thanet Beds, than they may also be reworked there. The 

former has a stratigraphic range of Campanian-?early Eocene 

while P. laevigata is known from the Maastichtian and 
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Danian, although it also occurs commonly at certain hori

zons in the lower Landenian (= lower part of the Thanetian) 

at Gelinden-Overbroek, Belgium (Schumacker-Lambry 1978). 

Acritarchs. 

Downie et ale (1971) record concentrations of acritarchs 

in the lower part of the London Clay at Herne Bay and again 

in the Claygate Beds which overlie it at Kingston, west of 
London. They compare this dominance of acritarchs with the 

abundance of acanthomorph acritarchs which Wall (1965) found 
associated with the transgressive and regressive phases of 
Liassic cycles of sedimentation. In the fully marine stage 
the acritarchs were more diverse. The same pattern holds 

for the London Clay with acanthomorph acritarchs abundant 

during transgressive and regressive phases while more di

verse suites of dinoflagellates (dominated by Spiniferites 

spp.) are characteristic of open marine conditions. 

The Micrhystridium Association (abundant acanthomorph 

acritarchs) of Downie et ale was recorded in the basal 

c.30m of London Clay at Herne Bay (1971). All of the London 

Clay sequences that I have examined from the London Basin 

come from this lower part of the sequence and contain abun

dand acritarchs, but so do the samples from the Thanet Beds 

(except Pegwell Bay) and the Woolwich Bottom Bed. Perhaps 

the dominance of acritarchs throughout the London Clay at 

Alum Bay reflects the regressive nature of the upper part 

of the sequence. Similarly, the upper part of the Thanet 

Beds (the Reculver Silt) at Oldhaven Gap, which is the most 

regressive part of this formation, contains a high propor

tion of acritarchs. 

3. INTERMEDIATE SITES OF DEPOSITION. 
In the Woolwich facies of the Woolwich and Reading Beds 

and the upper London Clay to basal Bracklesham Beds at Alum 

Bay spore/pollen assemblages ·are diverse since they contain 

a mixture of local and distant elements. Both sequences were 

deposited in brackish to shallow marine environments and 

consequently have microplankton assemblages dominated by 

species tolerant of restricted conditions. 
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(i) Woolwich facies of the Woolwich and Reading Beds. 

Spores and pollen. 

In general the spore/pollen assemblages are very simi

lar to the local microfloras recorded in the lignite hori

zon at Shorne Wood. It is evident that many species were 

transported only short distances accumulating in brackish, 

lagoonal (Woolwich Shell Beds) or nearshore sediments 
(Striped Loams). 

(a) Local elements within the microflora. 

These are primarily species which are characteristic of 

the PIS Association in the lignite at Shorne Wood. Platycar
yapollenites platycaryoides remains very common to abundant 

and is associated with fairly common Sparganiaceaepollenites 

spp., Laevigatosporites spp., Monocolpopollenites tranquillus 

and Nudopollis spp./Plicapollis pseudoexcelsus.' The latter 

is common at Shorne Wood and at the base of the Shell Beds 

at Swanscombe and Charlton but becomes rare higher in the 

sequence. Further west (at South Lambeth) and north (Leaden 

Roding) the group is generally rare throughout the Woolwich 

and Reading Beds. 

Several other species which occur in the lignite re

main fairly common in the Shell Beds at Shorne Wood but are 

rare at Charlton, Swanscombe and in the Shell Beds at South 

Lambeth, particularly Gallopollis minimus and ~istillopoll

enites mcgregorii while Pandaniidites texus, rare but con

sistent at Shorne Wood and Charlton is very sporadic else

where. 

(b) Intermediate elements within the microflora. 

Three genera which are very characteristic of the wool

wich Shell Beds and Striped Loarns (except at' South Lambeth) , 
although they are usually only rare or fairly common, are 

Dicolpopoll is" Restoniidi tes and Interpollis. Dicol£Dpolhs was 

not recorded in the lignite and the others occur there 

sporadically. The concentration of these forms in this area, 

centred on Shorne Wood, and their virtual absence from both 

the lignite and the marine (distant) depositional sites dis

cussed above, suggests that they are of comparatively local 

origin. In contrast, the small tricolpate and tricolporate 
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pollen which is common at each of the localitie~.probably 

comes from an extensive regional flora and may be both of 

local and distant origin. 

(c) Distant elements within the microflora. 

It is apparent from the diversity of the microflora that 

pollen was being transported into the lagoon from a variety 

of sources. The local elements are very well represented 

while the distant elements mainly comprise very common Ina

perturopollenites spp. (including!. hiatus) and possibly 

rare bisaccate pollen. The latter may in fact be of local 

origin since it does occur rarely in the lignite at Shorne 

Wood and there is no appreciable increase in abundance in 

the Shell Beds. Alternatively, if it is from a distant 

source, it is greatly overshadowed by the wealth of local 
pollen. 

Reworking is rare, it comprises mainly Classopollis 

torosus, Calia11asporites dampieri and Cerebropollenites 

mesozoicus. 

The Leaden Roding borehole is in an area that is usually 

considered to be within the Reading facies of the Woolwich 

and Reading Beds (Figure 1.4). Certainly there are no typical 

Woolwich Shell Beds in the borehole, silty clays and sands 

predominate. The spore/pollen assemblages mainly comprise 

distant elements, tricolpate and tricolporate pollen, abun

dant Inaperturopollenites hiatus and bisaccate pollen (as 

common as in the marine Thanet Beds and London Clay). Species 

which are local in the Woolwich facies are rarer here, most 

noticeably Platycaryapollenites platycaryoides, Spargania

ceaepollenites spp., Monocolpopollenites spp., Nudopollis/ 

Plicapollis spp. and monolete spores. These, with the very 

rare specimens of Pistillipollenites mcgregorii,Dicolpopollis 

sp. and Pentaporoites belgius (very rare even in the Wool

wich facies) are all distant elements au this locality. 

Microplankton. 

Microplankton assemblages from the low energy, brackish 

deposits of the Woolwich Shell Beds and the laminated beds 

at the base of the Striped Loams are dominated by species 

which are known to tolerate brackish conditions, species of 

Apectodinium and the ?Trichodinium group. The former, which 
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includes ~. homomorphum, A. parvum and rare ~. hyperacanthum, 

is very abundant. It usually occurs at 20% or more but 

reaches peaks of 87% at Shorne Wood, 72% at Charlton, and 

85% at South Lambeth. ?Trichodinium group is much more vari

able, it is comparatively rare at Shorne Wood (around 3% 

except for an occurrence of 12.6% at JL 910), it ranges from 

2.4% - 46.4% at Charlton and 8.2% - 29% at Swanscombe. The 

most westerly occurrence for both groups (Ln the London 

Basin) is at South Lambeth where Apectodinium spp. are well 

represented (see above) and ?Trichodinium group occurs at 

c.lO%. Interesting changes occur in the upper, sandy part of 
the Striped Loams at Charlton (Fig.2.4). Apectodinium spp. 

are abundant in sample CH 17 but are absent from CH 21 which 

has a mixed assemblage of Areoligera/Glaphrocysta spp. and 

acritarchs. ?Trichodinium group is absent from both samples. 

Denison (1977) also records Apectodinium spp., without the 

Trichodinium group, in the more arenaceous deposits towards 

the top of the Bottom Bed at Charlton. He suggests t~erefore, 

that Apectodinium spp. are more tolerant of turbulence, and 

a high energy environment, than ?Trichodinium group. The 

presence of rare specimens in the ?Reading facies of the 

Woolwich and Reading Beds at Leaden Roding (LR 24, LR 22 and 

LR 17), indicates brackish conditions at that locality. 

From the fauna there is evidence of fluctuations in 

salinity through the Woolwich Shell Bed. Some of these are 

reflected in the microplankton assemblages. Oysters, indi

cating less brackish conditions, occur at Swans combe in sam

ple SW 30 and there is a marked increase in Spiniferites spp. 

(a more open marine genus) in the same sample. This relation

ship is not so obvious at Charlton where samples CH 5 and 

CH 6 contain oysters but, although Spiniferites spp. are 

present they show no associated increase. Freshwater faunas 

are present in CH 8 at Charlton (particularly Hydrobia). Here 

there is a marked decline in the total microplankton per

centage and an increase in ?Trichodinium spp. No freshwater 

algae (e.g. Pediastrum) were recorded however. In contrast 

the freshwater 'marl' at Swans combe , SW 33, has 24% Pedia-

,strum sp. The highest percentages of Pediastrum were recorded 

in the Shorne Wood section where JL 905 and JL 942 have 65% 

and 84% respectively. In both cases there are no obvious 
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differences in the accompanying spore/pollen assemblages. 

(ii) Upper London Clay to basal Bracklesham Beds at Alum Bay. 

There is a marked change in the microflora within the 

section examined at Alum Bay. As described above, the lower 

part of the London Clay (samples AB 47-AB 56) contain a 

microflora indicative of a distant depostional site. The 

upper part of the section comprises the most regressive part 

of the London Clay together with the basal Bracklesham Beds: 

sands and laminated beds with lignitic horizons (AB 58-

AB 64). Here distant elements, including reworked species, 

decline but there is an increase in several species which 

only occur sporadically in the underlying London Clay. These 

are believed to be of comparatively local origin here. The 

upper London Clay to basal Bracklesham Beds are considered 

to have been intermediate in terms of depositional site 

since the microflora is diverse and comprises a mixture of 

local and regional elements. 

(a) Local elements in the microflora. 

These include rare to fairly common Monocolpopollenites 

tranquillus, Picolpopollis spp. and Interpollis spp. with 
common Nudopollis/Plicapollis spp. and rare Pistillipollen

ites mcgregorii, Spinizonocolpites spp. and Tricolporopoll

enites iliacus. Except for the last two species this group 

is also significant in the Woolwich Shell Beds. All are 

assumed to have been produced by plants growing fairly near 

to the depostional site. Machin refers to pollen of Plica

pollis pseudoexcelsus type as Myrica sp. ~. (1971, plate 2, 

no.23) and suggests it is probably a swamp species. Its re

lativeabundance here. at Alum Bay, in contrast to its virtual 

absence from the more marine deposits below, and its occur

rence in similar quantities in the comparable intermediate 

depositional site of the Woolwich Shell Beds, point to a 

local origin. Spinizonocolpites spp. (Nipa-type pollen) is 

rare but consistent here. This unit correlates with the 

London Clay which outcrops at Sheppey (Divisions D-E) and 

which contains such abundant Nipa fruits (King 1981). No 

Spinizonocolpites spp. has been found in the London Basin 

however. It is probable that the parent plants lived at 
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the edge of the depostional basin, at what is now the west-

ern end of the Hampshire Basin, and that their pollen accum

ulated in sediments near to where the plants grew while the 

fruits floated long distances before finally sinking and 

being incorporated into the sediment. 

(b) Distant elements in the microflora. 

These are much more difficult to define than in the 
underlying marine environment. Inaperturopollenites hiatus 

is generally less common than in the earlier London Clay but 
at least a proportion of it is probably from distant sources. 

Bisaccate pollen is generally rare, perhaps because of an 

over-representation of species of more local origin. Tricol

pate pollen (liblarensis/microhenrici group and undifferen

tiated species) is much more common than in the lower part 

of the London Clay and is generally diverse. This group 

probably includes some elements derived from the regional 

vegetation as well as others from more local sources. 

(c) Other significant species. 

Another characteristic of this unit is the appearance 

of several very rare species which are stratigraphically 

useful. Their ranges are described below (P.276). 

A single specimen of Spinizonocolpites spp. was recorded 

in the London Clay (Division B2, sample AB 54), but the 

species does not occur consistently until this upper London 

Clay/basal Bracklesham Beds unit. Other species which appear 

within the interval are Diporitesiskaszentgyorgyi, Brosi

pollis striatobbssus, Thomsonipollis magnificus, !. magnifi

coides and Anacolosidites pseudoefflatus. Several of the 

tricolpate and tricolporate species also seem to be more 

characteristic of these and younger deposits but the detailed 

distribution of individual species was not recorded. 

(d) Microplankton and other algae. 

These shallow marine deposits contain only rare micro

plankton, mainly acritarchs but with Areoligera/Glaphro

£ysta spp. in samples AB 58 to AB 60 and Apectodinium spp. 

at AB 57. The peak occurrence of the former coincides with 

arenaceous deposits, AB 57, confirmation of its tolerance 

of turbulent oonditions. The presence of Apectodinium spp. 

and Ovoidites ligneolus in the same sample suggests a 
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brackish environment wi.th influx of freshwater. Freshwater 

influence is indicated at other horizons by the presence 

of Ovoidites sp., Schizosporis spp. or Pediastrurn sp. 

4. STRATIGRAPHICALLY RESTRICTED SPORES AND POLLEN. 

In spite of the rich and diverse microfloras recovered 
from the early Tertiary sediments of southern J Eng1and com

paratively few species are stratigraphically restricted and 

these are always rare. As shown in the systematic section 

(Chapter 4) many range throughout the interval examined 

while others range from the late Cretaceous into the Neogene. 

Several species are restricted to the Thanet Beds and 

Woolwich and Reading Beds including; 

Vacuopo1lis spp. (y. concavus and V. semiconcavus); perSis

tent in the Thanet Beds at Pegwe11 Bay, 01dhaven Gap and . 
South Lambeth. Single specimens recorded in the Woolwich 

Marine Bed at 01dhaven Gap (OG 11) and in the Reading Bottom 

Bed at Pin~ents Kiln (PK 21). G6cz~n et aL list the range of 

y. concavus as Maastrichtian-early Eocene. Gruas-Cavagnetto 

(1976a) does not record it above the Thanet Beds. y. semi

concavus is described from the early Campanian (G6cz'n et a1. 
1967). 

Stephanoporopo11enites hexaradiatus subsp. semitribinae. 

Very rare, single specimens recorded from the Thanet Beds at 

Pegwe11 Bay (PB 11, PB 12), South Lambeth (SL 29) and from 

Reading Bottom Bed at Pincents Kiln (PK 20). Reported from 

the Montian to Thanetian (Pg.-zones 7a-10, Krutzsch 1970a). 

Stephanoporopo11enites hexaradiatus subsp. tribinae. 

Rare, isolated specimens recorded from the Thanet Beds at 

'Pegwe11 Bay (PB 11), Woolwich Marine Bed at 01dhaven Gap 

(OG B), Reading Bottom Bed at Pincents Kiln (PK 4, PK 20) 

and from the Woolwich Shell Bed at Charlton (CH 6, listed in 

"Others" in Table A2.3, Appendix 2). Reported from the middle 

Palaeocene to lower Eocene in qentra1 Europe (Pg.-Zone 7b-
1 ,,'" 3a, Goczan et a1. 1967) and to the top of ,the Thanetian Zone 

III of the Paris Basin (Kedves1969). Gruas-Cavagnetto 

1~76a) records it only in the Thanet Beds and Woolwich Bottom 

Bed at Herne Bay. 
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Trudopollis hamroenii. Rare·in the Thanet Beds at PegwellBay, 

Oldhaven Gap, South Lambeth and Leaden Roding. A single 
specimen was recorded in the Reading Bottom Bed at Pincents 

Kiln (PK 20). Reported to range to the top of the Thanetian 
(l.G.C.R. Project 124, The northwest European Tertiary 
Basin, Report No.6, Dec. 1980). Roche (1973) reports it 
from both Landenian Ll and L2 (the latter is equivalent to 
the Sparn~cian = Woolwich and Reading Beds) • 

Pentaporoites belgicus. Extremely rare, recorded only in the 
Woolwich and Reading Beds. Single specimens noted in the 
Woolwich Shell Beds at Shorne Wood (JL 887), at Charlton 
(CH 5, CH 8) and the Striped Loarns (CH 16), also in undiff
erentiated Woolwich and Reading Beds at Leaden Roding 
(LR 22). This is the first record of this species in the 
British Tertiary. Reported from Pg.-Zone 11 (basal Eocene 

= "Sparnacian") (Kr. & Vanh. 1977). Krutzsch (1970a) des

cribes it as rare and reports it from the lowest Eocene 

(Pg.-Zone 11) to middle Eocene. 

The second group of species which are at all restricted 
stratigraphically first appear towards the top of the London 

Clay at Alum and persist into the Bracklesharn Beds. On the 
Continent most of these range from within the Sparnacian 

upwards. These forms have not been recorded at any other 

section in the present study. 

Spinizonocolpites spp. Single record at AB 54 (London Clay 

Division B), consistent from AB 58 (Division D) through 
basal Bracklesham Beds. Reported from upper Sparnacian 

and younger (Gruas-Cavagnetto 1977). 

piporites iskaszentgyo~. Rare specimens recorded from 
London Clay Division D (AB 58) and basal Bracklesham Beds 
(AB 64). Reported from the Sparnacian of the Paris Basin, 
the early Eocene of Hungary and southern England (Lower 

Bagshot Beds and Bracklesharn Beds) and from the Bournemouth 
Freshwater Beds (Gruas-Cavagnetto 1977). 

Anacolosidites pseudoefflatus (same reported distribution 

as A. efflatus). Single specimen from basal Bracklesham 
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Beds (AB 60). Reported from Pg.-Zone 13-18, early Eocene, 

not present in basal Eocene (=Sparnacian) (Krutzsbh 1970a). 

Gruas-Cavagnetto (1976a) reports ~. efflatus from the Upper 

London Clay from Lower Swanscombe, Southampton. 

Brosipollis striatobossus. Single specimen recorded in the 

Bracklesham Beds (AB 60). Rare specimens reported from Pg.

Zone 11-13a (=Sparnacian + basal Eocene) and irregular 

occurrence from Pg.-Zone 13b-16 (early-middle Eocene) 
Krutzsc~ (1970a). Present in the early Eocene of the Paris 

Basin (Gruas-Cavagnetto 1977) and in the Lower Bagshot Beds 

of Dorset (Gruas-Cavagnetto 1976a). , 

Thomsonipollis magnificus and !. magnificoides. Single speci

mens of each species recorded in the basal Bracklesham Beds 

(AB 60). This species is very characteristic of the early 

Eocene of Germany (Pg.-Zones 13a, 13b and 14) but no com

parable abundance level has been recorded in the rest of 

northwest Europe (Krutzsch 1970a). Common in the late Pala

eocene Rockdale Lignite in Texas (Elsik 1968, Nichols & 

Traverse 1971). 

Twp species were only recorded in the samples examined 

from higher in the Bracklesham Beds. Parsonidites britanni

~ (AB 68, early Eocene) was described from the Bourne

mouth Freshwater Bed (early Eocene) by Gruas-Cavagnetto 

(1976a). Polyatriopollenites stellatus (AB 70, middle Eocene) 

is known from the middle Eocene to Miocene in central 

Europe (Thomson & Pflug 1953) from the late Eocene and Oli

gocene of the Paris Basin and the Middle Headon Beds (late 

Eocene) and Upper Hamstead Beds (middle Oligocene) of the 

Hampshire Basin (Gruas-Cavagnetto 1977). 

5. DINOFLAGELLATE ZONES RECOGNISED. 

The detailed distribution of individual species was 

not recorded in the present investigation. It has been pos

sible, however, to recognise several of the dinoflagellate 

zones already described in the literature. 

Deflandrea speciosa Zone. This was defined by Caro (1973) 

in the southern Pyrenees (northeast Spain), on the presence 
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of D. speciosa in an interval beneath the basal occurrence 

of Apectodiniurn hyperacanthurn. The top of the zone is in 

the calcareous nannoplankton zone Heliolithus riedeli (see 

Fig.l.2) which coincides with the English Thanetian (i.e. 

Thanet Beds)but its base is not defined. 

Alisocysta margarita Informal Zone of Knox et al. (1980). 

This is recognised in Palaeocene sequences in the central 

North Sea and is characterized by the presence of ~. marga
rita, Deflandria dartmooria and Hafniasphaera septata 

(Cooks. & Eis.) Hansen. The authors consider it to be of 

Thanetian age and probably equivalent to the Deflandrea 

speciosa Zone as depicted by Costa & Downie (1976). Elements 

which chatacterise both of these independantly defined zones 

occur in the Thanet Beds. As discussed above (Chapter 4.2) 

the species Q. speciosa, Q. oebisfeldensis and Q. dartmooria 

are very similar, if not identical. This form is present in 

the Thanet Beds at Pegwell Bay, Oldhaven Gap and South 

Lambeth. Alisocysta margarita is associated with it at 

Pegwell Bay and is also present in the Thanet Beds at Leaden 

Roding. Hafniasphaera spp. (which include~. septata) also 

occur in the Thanet Beds at Pegwell Bay, Oldhaven Gap, South 

Lambeth and Leaden Roding. But it must be emphasised that ~. 

septata ~.has not been separated from similar morphological 

types and this group is also recorded in the London Clay at 

South Lambeth. 

Apectodinium hyperacanthurn Zone (Costa & Downie 1976), an 

interval between the incoming (base) of the genus Apectodin

ium to the first occurrence of Wetzeliella mecke1feldensis. 

It is recognised in Britain in the Woolwich Beds at Charlton, 

Erith and Upnor and in the base of the London Clay at White

cliff Bay and Herne Bay (Costa & Downie 1976, p.600). The 

Wetze1iella astra Zone was later established between these 

two zones (Costa et a1. 1978) and replaces the ~. hyper a

canthum Zone in these last two sections. King (1981, p.113) 

suggests that the ~. hyperacanthum/!. astra zone boundary 

proab1y lies within the lowest part of his Division A2 

(=Wa1ton Member); this is the lowest part of the London Clay 

present at Herne Bay and Whitec11ff Bay. 
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The zone is recognised from northeast Spain (Caro 

1973), from the upper Landenian of Belgium and the upper 
.. " " part of the Palaozan, Untereozan 1 in Germany (Costa et al. 

1976). Gruas-Cavagnetto (1968) records similar assemblages 

from the Paris Basin; including the Sables de Sinceny 

(equated with Blackheath and Oldhaven Beds by Curry et al. 

1978) and the Sparnacien inferieur at Mont-Bernon. More 
recently the ~. hyperacanthum Zone has been recognised in 
various parts of the North Sea; Knox et al. record it in 

the U.K. sector of the central North Sea, Ioakim (1979) has 

a similar zone in the northern North Sea and Heritier et al. 

(1979) recognise a Wetzeliella hyperacantha and ~. homomorpha 

assemblage (zone nt IIa lower) in the Frigg gas field, 

northern North Sea. This is probably equivalent to the A. 

hyperacanthum Zone recognised onshore in norbhwest Europe 

but the authors propose a Thanetian age. 

In all of the occurrences listed above other species 

of Apectodinium tend to be more common than A. hyperacanthum. 

The same is true of assemblages from this zone in the Wool

wich Shell Beds in the London Basin. Here assemblages are 

dominated by~. hom~phum, ~. parvum and A. quinquelatum, 

with only very rare ~. hyperacanthum. 

Costa & Downie (1976) establish a series of zones based 

on various genera in the Wetzelliaceae. Several of these are 

reported through the London Clay. 

Unfortunately I have recorded very few specimens of the 

Wetzelliaceae in the London Clay sections. I have· examined" 

The only useful form is Dracodinium solidum, present in 

Division B at Alum Bay (AB 52, AB 54), which indicates the 

presence of the Dracodinium similis Zone at this level. King 

(1981, Text-fig. 52) equates the base of Division B with the 

base of this zone. 

6. SUMMARY OF MAIN FEATURES OF THE EARLY TERTIARY MICRO
FLORA IN SOUTHERN ENGLAND. 

In sections examined from the London Basin there is no 

major change in the spore/pollen flora from the Thanet Beds 

to the top of the London Clay. Th.e majority of species re

corded persist through the whole interval and assemblages 

from the Thanet Beds and the London Clay are very similar. 
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Apparent floral differences in the Woolwich and Reading 
Beds are due to quantitative variations, different species 
dominate in each facies. Thus two distinct spore/pollen 
microfloral associations occur. a) At the western end of the 

London Basin, in the Reading facies, a mixed microflora 
characterises the Reading Bottom Bed and the succeeding 

fluvial deposits. The association (M/I) contains diverse 
tricolpate and tricolporate pollen, Momipites group and 
several other triporate species which are locally dominant. 
The most typical forms are species of Compositoipollenites, 
Intratriporopollenites and Nyssapollenites with Triatrio
pollenites confusus (+!. subtriangulus), Tricolporopollen
ites mansfeldensis and Rhoipites sp. !. The spores and 

pollen of this association are believed to have been pro
duced by plant communities growing close to the depositional 

site. The upper part of the association, in the fluvial de

posits, may be contemporaneous with the spore and pollen 

association (P/S) which characterises deposits of Woolwich 
facies in the central part of the London Basin. It occurs in 
the lignite at the top of the Bottom Bed and (as the P/A/T 
Association) persists through the Woolwich Shell Beds. 

b) This second distinctive micro flora (P/S and P/A/T Assoc
iations) is dominated by Platycaryapollenites platycaryoides 
with subsidiary Sparganiaceaepollenites spp., Laevigato
sporites spp., Monocolpopollenites tranquillus, Nudopollis/ 
Plicapollis pseudoexcelsus, ~illipollenites mcgregorii 

and Dicolpopollis spp. This microflora is also considered 
to be of local origin. Thus two distinct plant communities 

existed in the London Basin at approximately the same time, 
in the late Palaeocene. There is slight evidence of mixing 
of spores and pollen from both communities, in the Woolwich 
and Reading Beds of the Leaden Roding Borehole. 

However, when aSRemblages from the Alum Bay sequence 
are compared with those from the London Basin, there is a 
change in the microflora towards the top of the London Clay 

(at the top of Prestwich's Bed 6 (1846». The new associa

tion (D/S) persists through the lower Brack1esham Beds. 

The most obvious quantitative changes are the decline 

in bisaccate pollen, and in reworked taxa (especially 
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Classopollis torosus and Spheripollenites spp., which is 
probably reworked) and a marked increase in small tricolpate 
pollen. Association DIS has much in common with the PIS 
Association recorded in the Woolwich Shell Bed and Striped 

Loarns, particularly in the relative importance of MQnocolpo

pollenites tranquillus, Qicolpopollis spp. (probably Palmae) 

and Nudopollis/Plicapollis pseudoexcelsus and in the pres
ence of Interpollis spp. and Pistillipollenites mcgregorii. 
Both microfloras comprise spores and pollen which accumulated 
near to the source vegetation as well as other, more region
al species, and both sequences were deposited in nearshore, 
probably brackish, environments. The microfloral change at 
Alum Bay may therefore be a response to facies change. 

Compared with the underlying London Clay C(R) Associa
tions at Alum Bay, several additional species appear Or 

become more common, in the DIS Association. Sp~nizonocol
pites spp. become consistent while very rare specimens of 

Analocodites pseudoefflatus, Brosipollis striatobro~, 
Thomsonipollis spp. and Diporites iskaszentgyorgyi appear. 

Samples from this level were included in the London Clay by 
Ma Khin Sein (1961). It is interesting to note that, accord

ing to Chandler (1961, p.6l), she found no marked floral 
changes to be discernible throughout the deposition of the 

London Clay. 

Published data are generally too imprecise for the 

exact stratigraphic bases of~hese species to be pin-pointed 

within the early Tertiary. Their appearance at this level 

may be controlled by facies, since rare specimens are rec
orded in the Sparnacian of the Paris Basin although they are 

all absent from the Late Palaeocene Woolwich Shell Bedsl 
Striped Loarns, the most similar facies in older British 
sequences. The absence of Spinizon2£olpites spp. from 
the London Clay in the London Basin, in spite of the 
abundance of Nipa fruits in the upper part of the formation 
points to some facies control in the distribution of this 
pollen type. All the evidence suggests that Spinizono

colpites spp. (and Nipa fruit) appeared in northwest 

Europe in the Sparnacian (Durand andOllivier-Pierre 1969). 

In the sarnples I examined from Alum Bay the genus first 

appears (AB 54, single specimen) in King's Division 
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B2 of the London Clay (1981) but does not become consistent 
until Division D. 

Since I have argued against assigning fossil pollen to 

extant genera I am reluctant to speculate on the climatic 

conditions which prevailed during the deposition of these 

early Tertiary sediments although much has been written on 

the subject (Sein 1961, Chandler 1964, Chaloner 1968, Daley 

1972, Gruas-Cavagnetto 1977, Collinson et ale 1981). The 

following points can be made, however. Previous climatic 

interpretations have assumed for the fossil plant the clim

atic and ecological tolerances of its presumed living re

latives (Sein 1961, Machin 1971, Gruas-Cavagnetto ]977). 

Thus, traditionally, tropical elements are taken to include 

Nipa and lodes; essentially tropical and subtropical forms 

include Salvinia, Azolla, Calamus, Reevsia, Sapotaceae; warm 

temperate to subtropical elements include Platycarya, Nyssa, 

Taxodium, Glyptostrobus and temperate forms include Alnus, 

Carya, Tilia (Gruas-Cavagnetto 1977). Pollen which is believ

ed to have affinity with each of these taxa occurs at various 

levels in the late Palaeocene to early Eocene of southern 

England and all except those comparable to Nipa, Salvinia, 

Calamus and the Sapotaceae occur in every formation. 

It is difficult to assess the relative significance of 

each of these climatic indicators in such mixed assemblages. 
Taxodium-type pollen occurs commonly at some level in all 

formations for example. Platycaryapollenites (Platycarya

type) forms part of the background assemblage from the Thanet 

Beds to London Clay, although it is only abundant in the 

Woolwich facies of the Woolwich and Reading Beds. Platycarya 

however, is also a frequent macrofossil in the London Clay 

(Machin 1971). Bisaccate pollen (in part probably equivalent 

to Pinus) is common to abundant in Thanet Beds, where Pinus 

spp. are the most common plant macrofossil (Chandler 1964). 

Perhaps this pOints to a relatively local source (but see 

discussion on Nipa above, P.28l). Yet bisaccate polien is 

also very common through most of the London Clay (compare 

Figs. 5.2, 5.3, 5.11, 5.13 and 5.16). The tropical indicators 

in the microflora are generally rare throughout, even in the 

London Clay where macrofossil evidence has been used to 

suggest trop~cal conditions (Chandler 1964). Even so, 
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Compositoipollenites spp., with probable affinity to rodes, 
are locally very common at Cold Ash Quarry. 

As Daley points out (1972, p.18l, following Dorf, 1959 
and Reid and Chandler, 1933), climatic interpretations 

should be based on the total plant assemblage. He concludes 

that the mixed London Clay flora is related to a climatic 
type which is apparently unrepresented today, with tempera
tures lower than is normal for strictly tropical climates, 
with little seasonal variations in temperature, particularly 
no frosts, and with very high rainfall and humidity. 

Nevertheless it seems unlikely that all Tertiary 
representatives of modern genera had exactly the same 
ecological or climatic requirements as their living rela
tives (Dilcher 1973, Graham 1973, Gruas-Cavagnetto 1977). 

Climatic interpretations therefore remain controversial. 

r believe the changes in relative abundance of indiv

idual taxa recorded in this early Tertiary sequence (Thanet 

Beds to London Clay) are related to facies rather than 
climatic fluctuations. From the micro floral evidence it 
seems likely therefore that similar climatic conditions 

prevailed during the deposition of the early Tertiary 
sequence from the Thanet Beds to the base of the Brackle

sharn Beds. 

There is greater qualitative variation in the micro
plankton assemblages. Although many species persist through 
the whole interval there are distinct associations which, 
although influenced partly by lithology and salinity, are 

also stratigraphically significant. Thus the Thanet Beds 
are dominated by long-ranging species of Areoligera and 
Glaphrocysta associated with Deflandrea dartmooria/oebis
feldensis but also have a group of speciesl.which are mainly 
restricted to this formation (Alisocysta margarita, ?Micro
dinium sp. 2 Sch.-L. and Ch., Horologinella spp. and 
Palaeostomocystis laevigata). 

Assemblages from the Woolwich Shell Bed and basal 

Striped Loarns are dominated by Apectodinium spp. character

istic of the ~. hYperacantha Zone (Costa & Downie 1976) and 

of stratigraphic significance in the late Palaeocene. In 

sections examined in the present investigation London Clay 
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assemblages are dominated by acritarchs and lack a distinct 
dinoflagellate cyst association. However, the work of Willi

ams & Downie (1966a,b) and Costa & Downie (1976) has shown 

the presence of age restricted species. 

5.4 BRIEF COMPARISON WITH OTHER EARLY TERTIARY MICROFLORAS. 

From the details of distribution given in the systema

tic section (Chapter 4) it is apparent that most of the taxa 

recognised during this study are already well known from 

early Tertiary sequences in adjacent areas on the Continent. 

Most work on the spores and pollen has been carried out in 
France, Belgium and Germany (Chapter 3). There are also con

siderable similarities with microfloras from eastern and 

southeastern U.S.A. (Elsik 1968, Nichols & Traverse 1971, 

Frederiksen & Christopher 1978, Frederiksen 1979). 

The similarity between dinoflagellate cyst assooiations 

of southern England and those recorded on the Continent is 

also discussed above (Chapter 5.3, section 5). The Thanetian 

assemblages from Belgium deserve more comment however. 

Schumacker-Lambry and Chateauneuf (1976) 4escribe assem

blages from the Marne de Gelinden (Stratotype of the Heer

sian, i.e. lowest part of the Landinian, equivalent to the 

lower part of the Thanet Beds (Curry et al. 1978, Table 2). 

The authors describe assemblages dominated by Spiniferites 

(as Hystrichosphaera) and Achomosphaera, forming 20%-65%, 

with the Areoligera/Glaphrocysta (as Cyclonephelium) group 

up to 25% and acritarchs forming about 30% of the total 

microplankton. Deflandrea spp. are rare but include Q. speci

~. They suggest the Gelinden association as a whole is most 

similar to the Thanetian of the Paris Basin as described by 
Gruas-Cavagnetto (1972), the Ypresian of Belgium (De Coninck 

1968) and the Spiniferites and Areoligera assemblages of 

Downie et al. 1971. Certain of the elements which are chara

cteristic of the Thanet Beds (although generally rare) are 
thu.. ~ 

also recorded. However'Lspeciesknot listed by Downie et al. 

and therefore not considered for comparison. These include 

Palaeostomocystis laevigata, ?Microdinium sp. 2, Inversidin

ium exilimurum and Alisocysta margatlua (as Eisenackia cir

cumtabulata). The latter alone would preclude correlation 

with either the Ypresian of Belgium or the Spiniferites 
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association (in the London Clay) of southern England. There 

is however good correspondence with the Thanet Beds assembl

ages, particularly at Pegwell Bay. 

Spore/pollen assemblages from the Marne de Gelinden 
~ 

are described by Sch~acker-Lam~y and Roche (1973). In the 
relative proportions of individual species they differ from 

the Thanet Beds assemblages, particularly in the low percent

ages of Inaperturopollenites spp. (1% or less). Small tri
colpate pollen (Tricolpopollenites hians = variabilis/parvus 

group herein) with other tricolpate pollen and Tricolporo

pollenites cingulum form 53% of the total; Triatriopollenites 

spp. (including Platycaryapollenites platycaryoides) form 

15%, bisaccate pollen only 5% and the Normapolles 7%. However, 

amongst the rarer species are several which are also charac

teristic of the Thanet Beds, although they are rare there, 

in particular Trudopollis hammenii, Vacuopollis semiconcavus 

(which is limited to the Heersian in Belgium) and Stephano

poropollenites hexaradiatus subsp. tribinae (does not range 

above the Heersian in Belgium, although in the Paris Basin 

it is known from the Thanetian III and in central Europe it 

ranges into the early Eocene (p.l69). The authors consider 

that their assemblages are very similar to those from the 

different formations of the Thanetian Zone II of the Paris. 

Basin (=Thanet Beds in part) but are different from the Than

etian Zone III assemblages (=Woolwich and Reading Beds in 

part). 

In her many papers on the early Tertiary of the Paris 

Basin Gruas-Cavagnetto has listed a rich and diverse micro

flora but generally without quantitative data. Her early 

paper, (1968),is useful in providing percentage frequency 

counts for samples from various Sparnacian horizons, which 

she first described in 1967(c). The sediments include lign

ites, clays with molluscs and pebbly sands and are similar 

to the British Woolwich and Reading Beds and Blackheath and 

Oldhaven Beds. Assemblages contain similar species to those 

recorded in the London Basin but the relative proportions 

are generally different. The spore/pollen assemblages from 

the clays and sand, for example, in the Sable de Sinceny 

at Sinceny, and sections at Saint-Maurice and Thionville

sur-Opton,are dominated by Plicapollis pseudoexcelsus, and 
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Platycaryapollenites platycaryoides (as Triatriopol1enites 

coryphaeus), both usually 30% or more with subsidiary amounts 

of tricolpate pollen, and Subtriporopollenites spp. At Saint

Maurice f. platycaryoides dominates forming c.60% of assem

blages which, as well as the species lis'ted above contain 

Intratriporopollenites spp., 5-10% and Palmae (including 

Monocolpopollenites tranquillus)c.5%. At other sections Pli
capol~ psuedoexce1sus predominates over P1atycaryapollen

ites p1atycaryoides. Although f. pseudoexcelsus is fairly 

common in the Woolwich Shell Beds at Shorne Wood it is com

paratively rare in the Shell Beds at other sections; it never 

reaches the dominance characteristic of the Paris Basin sam

ples. Assemblages from the lignites are also generally domin

ated by different genera. At Saint-Maurice and at Arpenty, 

2 km. away, lignites havv c.15% and 45% of Triporopollenites 

robustus, c.lO% of Triporopollen~ megagranifer, and 9-15% 

of Plicapollis pseudoex£elsus with (at Arpenty) 18% Tricol

poropollenites c.ingulum and 3% palm pollen (including 2% 

Dicolpopollis luteticus). Both of these groups are absent at 

Saint-Maurice. Sparganiaceaepollenites spp., so character

istic of the Woolwich facies in the London Basin, is occa

sionally present, as in the Guitrancourt sect~on but exceeds 

'10% only in the sartds and 1ignitic sands at Saint-Leger-aux

bois. Here it is associated with Ovoidites spp. in the sandy 

lignite. In the section at Banthelu (lignitic clays) assem

blages are dominated by spores (c.50%) particularly Laeviga

tosporites haardti, Leiotriletes adriennis and Cicatricosi

sporites dorogensis. Although forms similar to the first two 

are significant in the Woolwich lignites at Shorne Wood they 

never reach such abundance. Gruas-Cavagnetto (1967c) suggests 

that the assemblages with abundant !. robustus, ~. tranqui

llus, Sparganiaceaepollenites and spores are all of local 

origin while assemblages with abundant ~. platycaryoides and 

~. pseudoexcelsus were produced by vegetation growing at the 

edge of a lake or marsh. 

In spite of these differences in relative proportions 

the overall microflora is very similar to that in the Wool

wich facies in the London Basin. Microplankton assemblages 

are also comparable, Apectodinium spp. dominate, sometimes 

up to 96% as at Mont-Bernon. They are all typical of the 
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Apectodinium hyperacantum Zone. Costa et ale (1978) include 

the whole of the French Sparnacian, up to the Sable de 

Sinceny, in this zone. 

Krutzsch and Vanhoorne (1977) illustrate spores and 

pollen from lignite samples from the Upper Landinian of Bel

gium, from Epinois and from a borehole at Locksbergen. These 

also are dominated by Plicapollis pseudoexcelsus. Various 
species of Platycarapollenites (as Platycaryapollis) "are 

recognised including E. levis. (E. platycaryoides in part). 

The latter is described as occurring regularly in the Epinois 
section and Locksbergen borehole. Tricolpate and tricolporate 

pollen are more diverse than in the lignite at Shorne Wood 

but several species are common to all three sections, part

iculary Sparganiaceaepollenites cuvillieri, Subtriporopoll

enites cons tans magnus, Pistillipollenites mcgregorii (abun

dant at some levels), Nudopollis endangulatus +!. terminal

is, Tricolporopollenites parmularius, Hydrosporis le~is, 

Leiotriletes spp. and Laevigatosporites spp. (probably~. 

haardti and~. discordatus in part). Very rare elements in 

the Belgian lignites, Pentaporoites belgicus and Stephano

poropollenites hexaradiatus subsp. tribinae also occur very 

rarely in the Woolwich Shell Bed, but do not range higher. 

Krutzsch and Vanhoorne consider these samples to be 

from Pg.-Zone 11 of basal Eocene age. However, the Upper 

Landenian is usually correlated with the French Sparnacian 

and Woolwich and Reading Beds, which are considered to be of 

late Palaeocene age (Roche 1970, Curry et ale 1~78). Al~hough 

the microfloras have different dominant species there is 

general similarity in the consistant and rarer forms. 

Certain elements which are characteristic of the late 

Palaeocene and early Eocene in northwest Europe are also 
well known from eastern or southeastern U.S.A., particularly 

Pistillipollenites mcgregorii (first described from north 

America), Normapolles, including various species of Nudopo

llis, also Caryapollenites spp., Triporopollenites robustus, 

Restoniidites spp. (Elsik 1968) and Spinulaepollis spinosus 

(as Sernapollenites duratus Stover 1966). More recent papers 

reveal other similarities, Interpollis microsupplingensis 

and Anacolo$idites sp. (Frederiksen 1979); Compositoipollen

ites rhizophorus subsp. burghasungensis (as Malvacipollis 
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sp.) and Subtriporopollenites anulatus subsp. nanus (Freder

iksen 1980). 

Other genera, which are characteristic of the north 

American assemblages have not been reported in Europe, most 

notably Choanopollenites Stover 1966, Holkopollenites Fair

child 1966, Kyandopo11enites Stover 1966 while Thomsonipollis 

spp., which is common in this area, ,is rare in northwest 

Europe, except in Germany (Krutzsch 1970a). Several recent 
papers on early Tertiary palynology of eastern and south

eastern U.S.A. concentrate on the primitive Juglandaceae 
(Nichols & Ott 1979; Frederiksen & Christopher 1978). Many 

species are recognised and the group appears to be more di
verse there than in Europe. 

Thus the late Palaeocene and early Eocene microfloras 

of southern England are very similar to those recorded at 

similar stratigraphic levels in adjacent areas on the Con

tinent and appear to have considerable similarity with the 

early Tertiary microfloras of southeastern U.S.A. 
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CHAPTER 6: GENERAL CONCLUSIONS 

1. The late Palaeocene to early Eocene deposits of southern 

England (Thanet Beds to basal Bracklesham Beds) contain 

rich and diverse spore/pollen assemblages, some 200 

species are distinguished. The microflora is generally 

similar to those already known from the Continent. 

2. There is no marked change in the microflora within the 

interval investigated. Several common forms range 

throughout, particularly bisaccate pollen, Inaperturo-

polleni tes hiatus, Cv..pv...liE.I(.re-\J0J2.l?o\l~V'\,tu liblarensis/ 

microhenrici group, +n'C,Qlp""~ pO\\eVl of Th~ variabilis/ 

parvus group, Tricolporopollenites cingulum group, 

Platycaryapollenites platycaryoides and Nudopollis/Pli

capollis pseudoexcelsus group. 

3. There are changes in the relative abundance of the 

common forms listed above and of other rare species 

which may locally become abundant and dominate assembl

·ages. These changes are considered to be related to the 

distribution patterns of the parent plants and to the 

influence of sedimentological and other processes during 

deposition. They are not thought to be the result of 

climatic change. 

4. From these variations a series of distinct microf1oral 

associationsmay be recognised. The most significant of --"--------- .. 
these are: 

(a) The Thanet Beds are characterised by long-ranging 

spores and pollen (particularly Inaperturopollen

ites matus and bisaccate pollen), associated with 

a distinctive dinoflagellate suite, the Areoligera/ 

Glaphrocysta group. 

(b) The lignite in the Woolwich facies of the Woolwich 

and Reading Beds has an assemblage dominated by 

Platycaryapollenites platycaryoides or Spargania

ceaepollenites spp. This is believed to be a local 

microflora. 

(c) A second local association occurs in the Reading 
----~ .. -. 

facies of the Woolwich and Reading Beds, at the 

western end of the London Basin. This is 
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characterised by triporate pollen, particularly 

Triatriopollenites confusus with Intratriporo~ 

pollenites spp. and Compositoipollenites spp. 

(d) The spore/pollen assemblages in the Woolwich Shell 

Beds are similar to those in the lignite. This 

association is distinguished by abundant dinofla

gellates, Apectodinium spp., characteristic of the 

Apectodinium hyperacanthum Zone (Costa & Downie 

1976). 

(e) Most of the London Clay is characterised by long

ranging spores and pollen, with common reworking 

and microplankton assemblages dominated by acri
tarchs. 

(f) Towards the top of the London Clay and in the over

lying basal Bracklesham Beds at Alum Bay the spore/ 

pollen association is broadly similar to that in 

the Woolwich Shell Beds. It is distinguished by the 

presence of consistent Spinizonocolpites spp. and 

Dicolpopollis luteticus. 

5. In each association certain spore/pollen species are 

distinguished as coming from local or distant sources. 

The depositional sites are discussed in terms of prox

imity to the source vegetation, thus local, distant and 

intermediate sites are recognised. 

6. There are very few stratigraphically restricted species 

and these are rare. Those which occur in the Thanet Beds 

± the Woolwich and Reading Beds are Trudopollis hammenii, 

Stephanoporopollenites hexaradiatus subsp. Vacuopollis 

semiconcavus and Pentaporoites belgicus. A second group 

appears at the top of the London Clay and in the basal 

Bracklesham Beds. The most significant of these is 

Spinizonocolpites spp. which is consistent in the base 

of the Bracklesham Beds. 

7. The assemblages of dinoflagellate cysts, acritarchs and 

other algae recorded here conform with published zonal 

schemes, established for the early Tertiary in the rest 

of Europe and the North Sea. The following zones are 

recognised:-
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(al The Thanet Beds are within the Deflandrea speciosa 

Zone of Caro (1973) and the Alisocysta margarita 

informal zone of Knox et ale (1981). 

(b) The Apectodinium hyperacanthum Zone is recognised 

in the Woolwich and Reading Beds, from the upper 

part of the Woolwich Bottom Bed into the Striped 

Loams and also in the base of the Oldhaven Beds. 
(c) Assemblages from the London Clay correspond to the 

Micrhystridium association of Downie et ale (1971). 

Only one of the Wetzelliacea zones of Costa & Dow
nie (1976) has been distinguished, the Dracodinium 
similis zone within King's (1981) Division B~ at 

Alum Bay. 

8. Thus the new data obtained during the present investi

gation confirm the similarity between late Palaeocene 

and early Eocene microfloras from southern England and 

adjacent areas on the Continent, particularly France, 

Belgium and Germany and show certain similarities with 

microfloras from eastern and southeastern U.S.A. 
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INDEX TO TAXA DISCUSSED IN CHAPTER 4. 

This is not intended to be a complete list of the spec

ies recorded above, only those discussed in the systematic 

section (Chapter 4) are included. 

Aesculiidites circumstriatus, p.12l, p1.6, fig.17-19. 

?Compositoipo1lenites sp. p.138, pl.ll, fig.5,9,10. 

Compositoipollenites rhizophorus subsp. burghasungensis 
p.136, pl.ll, f1g.1,2. 

Composito1pollenites rhizophorus subsp. minimus, p.137, 
pl.ll, fig.7. 

CompoSitoipollenites rhizophorus subsp. rhizophorus, p.135, 

pl.10, fig.7,9-11. 

Cupu1iferoidaepol1enites cf. lib1arensis, p.107, p1.4, 

fig.l,2. 

Cupuliferoidaepollenites spp. (lib1arensis/microhenrici 

group). p.l06, pl.3, fig.20~22, cf. fig.15,16. 

?Cyrillaceaepollenites sp. p.122, pl.7, fig.14-16. 

Densoisporites velatus, p.97, p1.1, f1g.17,18. 

Dicolpopo11enites luteticus, p.105, pl.3, fig.14,17. 

Diporites iskaszentgyorgyi p.134, p1.l0, fig.6. 

Erdtmanipo1lis sp. p.173, p1.16, fig.22. 

?Faguspol1enites sp. p.122, pl.7, fig.7. 

cf. Favitricolporites bacu1oferus, p.l23, p1.7, fig.17. 

Fraxinopo11is variabilis, p.123, pl.7, fig.3,4, pl.8, 

fig.1-3, cf. pl.8, fig.4,5. 

Hyprosporis levis, p.93, pl.1, fig.1,2. 

Interpo1lis messelensis. p.176, p1.17, fig.2-4. 
Interpo11is supp1ingensis, p.177, pl.16, fig.26-30. 

Interporopol1enites proporus, p.165, p1.15, f1g.12-14. 

Intratriporopo1lenites sp. A. p.140, p1.11, fig.15,16,18,19. 

Intratriporopo11en1tes sp. p.140, p1.11, fig.17. 

Intratriporopo1lenites microreticulatus, p.138, pl.11, 

fig.6,7. 
INtratriporopollenites pseudinstructus, p.139, p1.11, 

f1g.8,11-14. 

Labrapol1is 1abraferus, p.165, pl.15, fig.10. 

Laevigatosporites discordatus~ p.98, p1.3, f1g.39-44. 

Laevigatosporites haardti, p.98, pl.2, £ig.3. 

Maceopo1ipol1enites rotundus, p.l44, pl.ll, £ig.22,23. 
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Maceapolipolleni tes tenuipolus, p. 14-5' • 

Margocolporites cf. lihokus, p.107, pl.4, fig.3-6. 

Milfordia incerta, p.102, pl.3, fig.l. 

Momipites coryloides, p.142, pl.ll, fig.20,21. 

Momipites quietus, p.143, pl.13, fig.l. 

?Nothofagidites sp. p.172. 
~~ 

Nudopollis endangu~s, P.166, pl.15, fig.20. 

Nudopollis terrninalis, p.166, pl.15, fig.21-22. 
Nyssapollenites sp. A. p.l08, pl.4, fig.8-11. 

Nyssapollenites sp. B. p.l09, pl.4, fig.7. 

Pandaniidites texus, p.127, pl.9, fig.1-4. 

Parsonidites britanicus, p. 113, pl.16, fig.19,20. 

Pentaporoites belgicus, p.165, pl.15, fig.8. 

Persicarioipollis persicarioides, p.174, pl.16, fig.21,25. 

Platycaryapollenites anticyclus, p.147, pl.13, f1g.4,5,9. 

Platycaryapollenites platycaryo1des, p.148, pl.12, f1g.l-7. 

Plicatopollis swasticoidus, p.152, pl.13, fig.2,3. 

Pistillipollenites mcgregorii, p.153, pl.13, fig.6-8,10,11. 

Polyatriopollenites stellatus, p.l13, pl.16, fig.18. 

Polycolpites sp. A. p.125, pl.8, fig.20-26. 

Po1ypodiaceoisporites macrospeciosus, p.95, pl.1, fig.16. 

cf. P. marxheimensis, p.96, pl.l, fig.6,13. 

Reevsiapol1is triangulus, p.167, pl.16, f1g.4,5. 

Restoniidites hungericus, p.127, pl.9, fig.5 

Restoniidites minimus, p.128, pl.9, £ig.6. 

Rhoipites sp. A. p.lll, pl.4, £ig.14,15,17-22. 

Rhoipites sp. B. p.112, pl.4, fig.23-26, p1.5, £ig.1-3. 

Sparganiaceaepo11enites cuv111ier1, p.129, p1.9, 

f1g.10,11,14. 
Sparganiaceaepollen1tes cf. cuv1l11er1, p.l30, pl.9, fig. 

7,9,13,16. 
Spargan1aceaepo11enites magnoides, p.131, p1.9, £ig.8,12,15, 

pl.10, fig.1,2. 

Spargan1aceaepol1enites reticu1atus, p.132, p1.9, f1g.17-19. 

Sparganiaceaepol1enites sparganioides, p.133, p1.9, 

----'I ... - £1g.20,21. 
/lIGOULf' .... ~ \UI.& 

Spargani h sp. A. p.134, p1.10, fig.5 

Spheripo11enites scabratus, p.101, p1.2, fig.16,17. 

Spinizonoco1pites ech1natus, p.103, p1.3, £ig.2,3. 
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Stephanoporopollenites hexaradiatus subsp. semitribinae 

p.169, pl.16, fig.8. 

Stephanoporopollenites hexaradiatus subsp. tribinae 

p.169, pl.16, fig.6,7. 

Subtriporopollenites anulatus subsp. anulatus, p.lS4, 

pl.13, fig.17. 

Subtriporopollenites anulatus subsp. nanus, p.lS5, pl.13, 

fig.16. 

Subtriporopollenites constans subsp. constans, p.155, pl.13, 

fig.14,15. 

Subtriporopollenites cons tans subsp. magnus, p.156, pl.14, 

fig.18-23. 

Subtriporopollenites intrastructurus, p.159, pl.13, 

f1g.12,13. 

Subtriporopollenites magnoporatus subsp. magnoporatus 

p.157, pl.14, f1g.l,2. 

Subtriporopollenites subporatus, p.lS8, pl.14, f1g.3. 

?Tegument1sporis sp. p.94, pl.l, f1g.7,8,11,12. 

Triatriopollenites confusus, p.159, pl.14, f1g.S-7,9. 

Triatriopollenites subriangulus, p.16l, pl.14, fig.lO-12. 

Tricolp1tes sp. A. p.114, pl.S, f1g.l8-2l. 

Tricolpites sp. B. p.llS, pl.S, f1g.22-24. 

Tricolpites sp. C. p.116, pl.S, fig.26-28. 
Tr1colpites parvus, p.113, pl.5, f1g.S-l4, cf. f1g.l5-l7. 

Triporopollen1tes plektosus, p.162, pl.14, f1g.13,14, 

16-18, cf.19,20. 

Triporopollenites robustus, p.163, pl.14, f1g.21-25. 

Tr1colporopollen1tes cingulum, p.117, pl.5, f1g.26,29. 

Trico1poropollen1tes mansfe1dens1s, p.118, pl.S,- f1g.30-33, 

pl.6, fig.1-3. 
Tr1colporopollen1tes megaret1culus, p.119, pl.6, f1g.4-7. 

Trudopollis hammeni1, p.167, pl.16, f1g.l-2. 
Ulmipo11enites spp. p.172. 

Ulmipollenites tricostatus, p.170, pl.16, fig.14-17. 

Vacuopollis concavus, p.167. 

Vacuopollis sem1concavus, p.167, pl.16, fig.9. 
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Achomosphaera alcicornu, p.179, pl.18, fig.6,7. 

Alisocysta margarita, p.180, pl.18, fig.3,4. 

Apectodinium homomorphum. p.18l, pl.18, fig.9-l1. cf. fig.8. 

Apectodinium hyperacanthum, p.181, p1.19, fig.1. 

Apectodinium parvum, p.182, p1.19, fig.2,3. 

Apectodinium quinquelatum, p.183, pl.19, fig.6. 

Areoligera sp. p.184, pl.19, fig.12,13. 

Areo1igera senonensis, p.184, pl.19, fig.4,9,11. 

Baltisphaeridium sp. B. p.198, pl.24, fig.2,3. 

"C1eistosphaeridium" group p.184, pl.19, fig.5,7. 

Deflandrea sp. A. p.186, p1.20, fig.8-l0. 

Def1andrea dartmooria/oebisfe1densis, p.185, pl,20, 

fig. 2,3,5-7, 1I. 

Dracodinium solidum, p.187, p1.21, fig.1. 

G1aphrocysta ordinata, p.188, pl.2l, fig.8,9,11-13,15, 

pI. 22, fig.1, 3. 

G1aphrocysta pastie1is, p.188, p1.21, £ig.2-6. 

Glaphrocysta cf. retiintexta, p.189, p1.22, fig.5. 

Hafniasphaera sl. p.189, p1.21, fig.14. 

Horo1ogine11a apicu1ata, p.199, p1.24, fig.11. 

Horo1ogine11a incurvata, p.199. 

Hystrichoko1poma mentitum, p.190, p1.22, fig.2,4. 

Hystrichosphaeridium sp. cf. H. patu1um, p.191, p1.22, 

fig.6,9,1l. 

Hystrichosphaeridium tubiferUm, p.192, p1.22, £ig.7,10,12. 

Indeterminate Type 1, p.204, pl.24, £ig.10. 

Inversidinium exi1imurum, p.192, p1.24, £ig.1. 

?Microdinium sp. 2, p.193, p1.23, fig2-4. 

Ovoidites ligneo1us, p.202, pl.24, fig.5. 
Para1ecanie11a indentata, p.200, p1.24, £ig.6. 

Pediastrum sp. p.201, pl.24, £ig.15. 

Phthanoperidinium crenu1atum, p.193, p1.'23, fig .16-18. 

Sentusidinium sp. p.194, p1.22, fig.14, p1.23, fig.1. 

Schizosporis parvus, p.202, p1.24, £ig.18,19. 

Schizosporis spriggi, p.203, p1.24, fig.9. 

Stephane1ytron sp. p.198, p1,23, fig.9. 

Tetiaporina pe11ucida, p.203, pl/24, fig.13. 

?Trichodinium sp. p.194, p1.23, £ig.8,13,14. 
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Trigonopyxidia qineIIa, p.200~ pl.24, fig.7. 

Tubidermodinium sp. p.19S, pl.23, fig. IS. 

Wetzelielia Iunaris, p.198, pl.28, fig.19. 
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PLATES 

The location of each specimen is given either as 

an England Finder reference or as the vernier 

reading from Paleoservices' Leitz Microscope No.1. 
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PLATE 1 

All figures x1000 unless otherwise indicated. 

Fig. 

1 Hydrosporis levis Krutzsch 1962. Microsp~re within 

microspore massu1a, JL865A(2);EF:Q14. 

2 Hydrosporis levis Krutzsch 1962. Detail from fig.4, 

microspores within massu1a, JL865A(4);EF:H47/3. 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17,18 

19 

Trip1anosporites sinuosus (Pf.) Thomson & Pflug 1953. 

PK6b;EF:D29/4 x500. 

Azo11a/Sa1vinia microspore massu1a, JL865A(4), 

single mount x200. 

Leiotri1etes sp. PK6/10, single spore mount. 
" Po1ypodiaceoisporites sp. cf. P. marxheimansis (Murr. 

& Pf. 1952 ex Th. & Pf. 1953) Krutzsch 1959b. 

PK21D(2);EF:U37/4. 

?Tegumentisporis sp. PK21D(3);EF:K31. 

?Tegumentisporis sp. PK4b;EF:C53. 
" ~ypodiaceoisporites marxheimensis (Murr. & Pf. 1952 

ex Th.& Pf. 1953) Krutzsch 1959b. JL865b;448972 x500. 

Leiotri1etes sp. JL865b;3851071. 

?Tegumentisporis sp. SL10/19, single spore mount. 

?Tegumentisporis sp. PK6/20, single spore mount. 
" Po1ypodiaceoisporites sp. cf. P. marxheimensis (Murr 

& Pf. 1952 ex Th. & Pf. 1953) Krutzsch 1959b. 

JL867a;282q48 x500. 

Cicatricosisporites dorogensis Pot. & Ge11. 1933. 

JL898a;EF:L46 x500. 

Cicatricosisporites paradorogensis Krutzsch 1959. 

JL898a;EF:032/2 x500. 

Po1ypodiaceoisporites macrospeciosus (R.Pot.& Ge11. 

1933) Pot.1956 PK6/9, single spore mount. 

Densoisporites ve1atus Wey.& Krieger 1953. A49/2; 

3571081. 17 Proximal face, 18 optical section. 

Kraeuse1isporites reissingeri (Harris 1957) Morbey 

1975. OG27(4);3551004. 
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PLATE 2 

All figures xlOOO unless otherwise indicated. 

1 Laevigatosporites discorda~ Pflug 1953. JL865b; 

2901092. 

2 Ornamented monolete spore, JL898c;EF:D29/3. 

3 Laevigatosporites haardti (R.Pot.& Venitz 1934) Th.& 

Pf. 1953.JL864b;350990. 

4 Cerebropollenites mesozoicus (Couper 1958) Nilsson 

1958.PK4/l;EF:037/3 x500. 

5 fallialasporites dampieri (Balme) Suk Dev 1961. 

OG27(4);245990 x500. 

6 Bisaccate pollen, undifferentiated,JL867c;4l2ll08. 

7 Bisaccate pollen, undifferentiated,PK4/2;EF:T42 /1 

x500. 

8 Quadraeculina anellaeformis Maljavkina 1949 sensu 

Schulz 1967. PK200(1);EF:M34. 

9 Taeniaesporites sp. cf. T. noviaulensis Leschik 1955. 
l.J 

x c. 900 CH18~ 395925. 

10 Vitreisporite~ pallidus (Reissinger) Nilsson 1958. 

LR17b;320985. 

11 Florinites sp. OG7D(4);2321060 x500. 

12 Chasmatosporites sp. OG27(4);453ll05. 

13 InaperturopoJlenites polyformosus (Thiergart) Pf.& 

Th. 1953.0G27/(4);364955. 

14 Inaperturopollenites polyformosus (Thiergart) Pf.& 

Th.1953.PK2lD(2);EF:G47/2. 

15 Classopollis ~~ (Reissinger) Balme 1957.PK56; 

EF:Q30/3. 

16 Spheripollenites scabratus Couper 1958.PK2lD(3); 

EF:K45/2. 

17 Spheripollenites scabratus Couper 1958.0GlC(2); 

428l09l. 

18 lnaperturopollenites hiatus (Potonie) Pf.& Th. 1953. 

PK4/l;405985. 

19 Rhaetipollis germanicus Schulz 1967.LRl7/l;46ll09l. 
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PLATE 3 

All figures xl000 unless otherwise indicated. 

1 Milfordia incerta (Th.& Pf.) Krutzsch 1961d.JL865b; 

2651072. 

2 

3 

4,5 

6 

7,8 

9-13 

14,17 

15,16 

18,19 

20-22 

23 

Spinizonocolpites echinatus Muller 1968.AB57(2); 

265935. 

£. echinatus Muller 1968.AB60(3);2911008. 

Clavatipollenites sp. AB57(2);298912. 

Liliacidltes sp. AB57(2);3451082. 

Clavatipollenites sp. OG12(2);340919. 

Monocolpopollenites tranquillus (Pot.) Th.& Pf.1953. 

9 AB60(3);4601031. 10 Cluster of several specimens, 

JL865b;401911 x500. 11 JL865b;EF:X35. 12 JL866b; 

4191071. 13 S.E.M. Stub 81 (strew) xl000. 

Dicolpopollis luteticus (Gr.-Cav. 1967b) Gr.-Cav. 

1976d. AB60(2);3821059. 

Cupuliferoidaepollenites spp. (liblarensis/micro

henric~ group) PB8a;515975. 

Dicolpopollis aff. luteticus,JL865c;3311082. 

Cupuliferoidaepollenites spp. (liblarensis/micro

henrici group). 20. AB60/3;3211009. 21 JL867b; 

2521122. 22 JL867b;2581118. 

Ovalipollis ovalis Krutzsch 1955 emend. Klaus 1960. 

PK21D(2);2631002. 
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PLA'rE 4 

All figures x1000 unless otherwise indicated. 

Fig. 

1,2 Cupu1iferoidaepo11enites cf. 1ib1arensis Th.1950 ex 

Pot. 1960. 1 JL898/3; EF:W40 x1500. 2 JL867a; 

EF:G33/3 x1500. 

3-6 Margoco1porites cf. 1ihokus Srivastava 1972. 

3 PK5c;EF:S43/2. 4 PK5d;EF:R36/2. ~ LR14/2; 

3041112. 

7 Nyssapo11enites sp. B. sp. nov. PK6/31, single 

spore mount. 

8-11 Nyssapo11enites sp. A. sp. nov. ~ PK4/5, single 

spore mount, specimens from a cluster. 10 S.E.M. 

of part of a cluster, x1000. Stub 85c, specimens 

later mounted in glycerine jelly, S85x. 11 Same 

specimen, detail of aperture. S.E.M. x3000. 

12,13 Nyssapo11enites sp. PK21D(2);EF:R37. 

16 Nyssapo11enites sp. PK20aiEF:G45/1. 

14,15,17-22 Rhoipites sp. A. sp. nov. 14 PK5biEF:P33/1, 

oblique orientation to show wall structure and costae 

which continue around the end of the co1pus 15,17,18 

Typical specimen, PK6biEF:W43. 15,17 To show struc

ture of pores and costae. 18 Reticulate ornament. 

19 Polar view, PK6/34, single spore mount. 20,21 

PK21d(2)iEF:K39/1. 22 Cluster of pollen grains 

PK21D (1) iEF:A31. 

23-26 Rhoipites sp. B. sp. nov. 23,24 JL898ciEF:D28/1. 

25,26 PK21D(2);EF:G46/4. 
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PLATE 5 

All figures xlOOO unless otherwise indicated. 

Rhoipites Spa ~. sp.nov. Typical specimen, NB1(4); 

300963. ~L£ Costae and pore structure, 3 scrobi

culate to reticulate ornament. 

4 Rhoipites psinnus Stanley 1965. PK4/1;EF:031/3. 

5-14 Tricolpites parvus Stanley 19~5. 5 Oblique 

orientation, showing wall structure, PK21D(1}; 

EF:F28/2. 6 Specimen with granular colpal membrane 

preserved and microreticulate ornament, 7 another 

focal plane, wall structure, SL9a;3851020. 

~ Specimen with torn col pal membrane, PK21D(1); 

395918. 11 PK21D(3);EF:K50/2. 12-14 PK21D(3); 

EF: L51. '0 'PK~\ l>(~~ Ef : L'5"I/+. 
15-17 Tricolpites cf. parvus Stanley 1965. OG28(4); 

480942. 

18-21 Tricolpites Spa ~. Spa nov. 18 Part of a large 

cluster, JL864b;3l0l040 x500. 19 Detail of 2 grains 

from fig.18, x1250. 20,21 Typical specimen 

JL867b;250962. 20 Reticulate ornament on the 

mesocolpium, 21 smooth margines adjacent to the 

cOlpus. 

22-24 !ricolp~ Spa ~. Spa nov. 22,23 Typical specimen, 

JL865c;328982. 22 Scrobiculate ornament, 

23 wall structure, granular to microreticulate 

structure. 24 Another specimen, oblique orientation 

showing ragged edges to the colpi, JL866c;280922. 

25 Tricolporopollenites cingulum (Pot.) Pf.& Th.1953. 

LR14/l;397952. 

26-28 Tricolpites SPa £. SPa nov. 26,27 Typical specimen, 

showing details of the colpal membranes and the 

reticulate ornament, PK21D(2);EF:L47/2. 

~ Specimen with finer reticulate ornament, PK21D(2); 

EF:U42. 

29 Tricolporopollenites cingulum (Pot.) Pf.&Th. 1953. 

JL887/l;46l970. 
continued ••• 
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PLATE 5 continued 

EJ.,S: • 
30-33 Tricolporopollenites mansfeldensis Krutzsch 1969a. 

30 Very broad endexinous thickenings (costae) 

adjacent to the colpi, OGS(3);33393S. 31 Equatorial 

view showing broad costae interrupted by equator

ially elongated rugae, NB1(4);408913. 32 Polar 

view, NB1(4);477931. 33 Polar view showing endex

inal grooves, possibly a preservational feature, 

NB1(4);478926. 
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PLATE 6 

All figures xlOOO unless otherwise indicated. 

1-3 !ricolporopollenites mansfeldensis Krutzsch 1969a. 

!~ Oblique specimen with four apertures, showing 

broad costae interrupted by equatorially elongated 

rugae, NB1(3);482934. 3 NB1(8);4131048. 

4-7 Tricolporopollenites megareticulus Krutzsch & 

Vanhoorne 1977. 4 Polar view showing separation 

of the reticulate ektexine from smooth endexine, 

JL898a;EF:026/l. 5 JL88Sb;380982. ~ JL898/3; 

EF:W47/4. 

8-12 Tricolporopollenites duplibaculatus Gr.-Cav. 1966. 

! Mid-focus showing costae and. wall structure, 

SLI0/7, single spore mount. 9,10 PK6/4, single 

spore mount. 9 Costae and wall structure, 

12 reticulate ornament. 11 JL86Sc;specimen lost. 

12 SLIOa;412981. 

13,14 Tricolporopollenites aceroiJQ-S (Pot.) Pf.& Th. 1953. 

13 S.E.M. showing striate ornament xlOOO. Stub S81 

(strew mount). 14 JL898a;EF:S27. 

15 ~ricolporoPollenites ~garitatus (Pot.) Th.& Pf. 

1953. PK21D(2);EF:047/4. 

16 Tricolporopollenites iliacus (Pot.) Pf.& Th. 1953. 

JL887/l;454982. 

17-19 Aesculiidites circumstriatus (Fairchild) Elsik 1968. 

17 Polar view showing striae concentric about the 

pole, LR14/1;3711078. 18~ Equatorial view, 

18 ornament, 19 mid-focus, JL90Sa;specimen lost. 

20-21 Tricolporopollenites megaexactus (Pot.) Th.& Pf. 

1953 subsp. exactus. 20 PKSc;EF:N50. 21 PK4/3; 

EF:036/4. 

22,23 Trico1poropollenites kruschi (Pot.) Th.& Pf. 1953. 

22 JL887c;272942. 23 SL9a;2901067. 

24 !ricolporopollenites cf. sittlerii Roche 1973. 

25 JL887/l;428984. Striate trico1pate/tricolporate 

pollen, undifferentiated, JL867a:283950. 
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PLATE 7 

All figures xlOOO unless otherwise indicated. 

Tricolporopollenites sp. A. AB60(2};311987. 

Fraxinopollis variabilis Stanley 1965. 

3 SL9a;4451075. ~. SLIO/ll, single spore mount. 

CornaceoiEollenites parmularius (Pot.) Potoni~ 1960. 

6 JL865a;3521008. ~ S.E.M. oblique polar view 

showing scabrate ornament xlOOO. Stub S81 (strew 

mount). 9 JL865b;265973. 10 Equatorial view 

with ?weak costae or folded colpal membrane, 

JL865a;428982. 

7 ?Faguspollenites sp. AB64(2};405961. 

11 Favitricolporites baculoferus (Pflug) Srivastava 

1972. JL898a;EF:E38. 

12 Dupl2Eollis golzowense Krutzsch 1961d. OG7(2); 

3371040. 

13 

14-16 

17 

18,19 

Cupanieidites encalyptoides Krutzsch 1962a. 

JL898/3;EF:W40/4. 

?Cyrillaceaepollenites spp., undifferentiated. 

14 AB57(2};4081092. 15 AB57(2};328l008. 

16 WKc/l;EF:J39/4. 

cf. Favitricolporites baculoferus (Pflug) Srivastava 

1972. Part of a cluster, tricolporate pollen 

with weak costae, NB1(4);441l088. 

?Brevicolporites sp. 18 AB57(2};323l052. 

19 AB60(3);450915. 
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PLATE 8 

All figures xlOOO unless otherwise indicated. 

Fraxinopollenites variabilis Stanley 1965. 

!L£ PK21D(3)iEF:K51/3. 3 OG28(4)i3501062. 

cf. Fraxinopollenites 

~~E211enites spp. 

~ AB57(2)i293958. 

variabilis. OG28(4)i4521070. 

~ PK20D(1)i416970. 

10 AB57(2)i308960. 

11-13,17 Retitrescolpites anguloluminosus (Anderson 1960) 

Frederiksen 1979. 11,12 Oblique polar view, 

PK4/1iEF:G50. 13,17 Equatorial view, JL898a; 

EF: E42/l. 

14 ?Spinulaepollis sp. 14 JL864;3221052. 

15,16 

18,19 

20-26 

27 

28 

29,30 

31 

Spinaepollis spinosus (R.Pot. 1931) Krutzsch 1961(~. 

JL898aiEF:P47. 

?Spinulaepollis sp. 18 PK35A/2i4351045. 

19 WKc/l;EF:H35/1. 

Polycolpites sp. ~. sp. nov. 20-22 Oblique 

equatorial view OG12(1)iEF:U42/9. 21 Mid-focus 

showing pilate exine. 22 Two of the colpi on 

the oPPosite surface. ~3,24 'I'ypical specimen, 

PK21D(3)iEF:V32/l. 23 Mid-focus, 24 showing 

two short colpi and granular exine. 25,26 Another 

specimen, equatorial view, OG12(2) iEF:S35. 

25 Showing two colpi and exine with closely 

spaced delicate pila. 26 Opposite surface with 

reticulate to granular exine pattern. 

Tetracolporopollenites sp. JL898aiEF:X34/2. 

Tetracolporopollenites manifestus (R.Pot.) Th.& Pf. 

1953. AB68(3)i460938. 

Tetrac£!poropollenites sp. 29 NBl(4);456924. 

30 P~4/3iEF:R48/3. 

Tricolpate pollen, undifferentiated. PK23ciEF:N36/l. 
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PLATE 9 

All figures xlOOO unless otherwise indicated. 

Pandaniidites texus Elsik 1968. 1 S.E.M. showing 

spinose ornament. Aperture not visible, x1500. 

Specimen later mounted in glycerine jelly, 

S84c;EF:P38/3. 2 Folded specimen showing 

monoporate aperture, JL866c;3l8l092. 3 JL866b; 

3001070. 4 JL866c;299l085. 

Restioniidites hungaricus (Kedves) Elsik 1968. 

JL865c; 2351101. 

Restioniidites minimus (W.Kr.1970) Kedves 1974. 

JL898a;EF:R43. 

7,9,13,16 Sparganiaceaepollenites cf. cuvillieri JL866c; 

407917. 7 Reticulate ornament, with small 

lumina adjacent to 

the mur 1. 9 ,13 , 16 

multibaculate muri 

the pore and lacunae within 

Showing duplibaculate to 

of the reticulum with large 

lumina away from the pore. . 

8,12,15 Sparganiaceaepollenites magnoides Krutzsch 1970a. 

8 JL865b;392ll20. 12 JL867c;280940. 15 JL866b: 

3781029, showing variation in lumina size and 

simpli-duplibaculate muri. 

10,11,14 ~arganiaceaepollenites cuvillieri (Gr.-Cav. 1966) 

Roche 1968. JL865b;292l095. 10 Wider muri 

adjacent to the pore,. 11 thick endexine, 

17-19 

20,21 

12 even distribution of large and small lumina. 

Sparganiaceaepollenites reticulatus (Dokt.-Hrebn). 

W.Kr. & Vanh. 1977. 17 JL885b;268988. 

!8,19 JL898/2;EF:04~. 18 Showing annulus and 

increase in lumina size away from the pore, 

!~ simplibaculate muri. 

§parganiaceaepollenites sparganioides (Meyer 1965) 

W.Kr. 1970c. 20 JL867b;249970. 21 JL867a; 

435973. 
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PLATE 10 

All figures xlOOO unless otherwise indicated. 

Fig. 

1,2 Sparganiaceaepollenites sp. 1 S.E.M. of whole 

specimen showing reticulate ornament, x c.1300. 

3,4,8 

5 

7,9-11 

2 Detail of duplibaculate muri x c.3900. Speci

men mounted in glycerine jelly S32b. 

Sparganiaceaepollenites spp. undifferentiated. 

3 JL867c~43ll009. 4 JL867c~359935. 8 JL867c~ 

4251002. 

Sparganiaceaepollenites sp. A. sp. nov. 

Typical specimen JL865b~4l5ll25. 

Diporites iskaszent~yorgyi Kedves 1965. AB68(3)~ 

3921075. 

Compositoipollenites rhizophorus (R.Pot.) R.Pot. 

1960 subsp. rhizophorus. 7 SLIOa~455950. 

9 Cluster of several specimens, NB2(3)~4551029 

x c.750. 10 Specimen showing exine structure 

and suprategillar spines, JL865a~359l0l2. 

11 S.E.M. to show detail of ornament, pitted 

exine between the spines x4000. Stub 84a. 
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PLATE 11 

All figures x1000 unless otherwise indicated. 

1,2 Compositoipo11enites rhizophorus (R.Pot.) R.Pot. 

1960 subsp. burghasungensis. 1 JL866a;3551088. 

2 PK20D(1);EF:G36/2. 

3 Compositoipol1enites rhizoph~ (R.Pot.) R.Pot. 

1960 subsp. minimus JL934/2d;418962. 

4,5,9,10 l£ompositoipo11eni~ Spa 4 AB57(2) ;3301128. 

5 AB57(2);4071115. 1,10 JL898a;EF:N46/3. 

6,7 Intratriporopo11enites microreticu1atus Mai 1961. 

LR14/2;3201090. 

8,11-14 Intratriporopo11enites pseudinstructus Mai 1961. 

8 LR17a;327992. 11 PK4b;EF:H34/1. 12 Whole 

specimen, S.E.M. showing very short co1pi and 

reticulate ornament x1000 (specimen lost). 

13 S.E.M.,detail of aperture, x3000. 14 LR17b; 

290911. 

15,16,18,19 Intratriporopo11enites SPa A. SPa nov. 

17 

20,21 

22,23 

15,16,18 Typical specimen JL865a;401990. 15 Fine 

reticulate ornament on one ~urface, 

reticulation on opposite surface. 

39/2. 

16,18 coarser 

19 PK4/1;EF:C 

Intratriporopo11enites SPa JL867c;3721048. 

Momipites cory1oides Wodehouse 1933. 20 SL27/2; 

3881065. 21 PK21D(2);EF:V47/3. 

Maceopo1ipo11enites rotundus Leffingwell 1971. 

22 PK20D(1);EF:G36/4. 23 PK20D(1);EF:H34/4. 
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PLATE 12 

Platycaryapollenites platycaryoides (Roche 1969) 

comb. nov. 
Part of an anther, JL865b;42397l x500. 

JL865c;305lll2 xlOOO. 

S.E.M. to show pattern of exine thinnings and 
ornament of small cones, x2000. 
T.E.M. Grid B3. xlO,OOO. Section through whole 

specimen showing three layered exine (see text) 

with areas of 'normal' and thin exine. Note 

the ornament of small cones and the narrow 

channels which cut the tectum. 

5-7 Another specimen T.E.M. Grid B3, a series of 

5 

6 

7 

sections through the aperture. 

xlO,OOO oblique section gives anomalous thickness 

to tectum and endosexine at top left. Nexine 

becomes discontinuous and dies out before 

reaching the pore. 

xc. 15,750. section through the pore showing 

atrium without nexine and segmented nexine at the 

edge of the atrium. 

xlO,OOO section through atrium showing continuous 

tectum, thinned endosexine and the nexine seg

mented within the atrium but continuous beneath 
exine of normal thickness,away from the aperture. 
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PLATE 13 

All figures x1000 unless otherwise indicated. 

Momipites quietus (R.Pot. 1934b) Krutzsch 1972. 

AB68(3) ;4421102. 

P1icatopo11is swasticoides (E1sik 1974) comb. 

nov., JL883a;328951. 

P1atycaryapo11enites anticyc1us (Krutzsch & 

Vanhoorne 1977) comb. nov. 4 JL865f;4421000. 

5 S.E.M. showing exine thinnings and ornament 

of cones, x1500. Stub 81, strew. 9 JL865f; 

3601018. 

6-8,10,11 Pistillipollenites mcgregorii Rouse 1962. 

6 JL865a;2791128. 7 JL865b;291971. 

12,13 

14,15 

16 

17 

8 Specimen with ornament only at the apertures, 

JL865a;272970. 10 S.E.M. detail of ornament, 

gemmae and fine grana, x3000. Stub 81, strew. 

11 S.E.M. of another specimen showing elongated 

ornament adjacent to the aperture, x1500. Stub 

81, strew. 

Subtriporopo11enites intrastructurus Krutzsch & 

Vanhoorne 1977. 12 SL96;2451005. 13 JL866a; 

2411022. 

~btriporoPo11enites constans Pf. 1953 subsp. 

constans. 14 JL898a;4421115. 15 JL865a; 

3021092. 

SubtriEoroEo11enites anu1atus (Pf. & Th. 1953) 

subsp. nanus, PK17D(3);EF:D47. 

§ubtriE2roE211enites anu1atus (Pf. & Th. 1953) 

W.Kr. 1961. subsp. anu1atus, JL867b;2881128. 

continued. 0 0 
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PLATE 14 

All figures xlOOO unless otherwise indicated. 

Fig. 

1,2 Subtriporopollenites magnoporatus (Pf.& Th. 1953) 

w. Kr. 1961 subsp. magnoporatus, JL865a;282l000. 

3 Subtriporopollenites subporatus W. Kr. 1961. 

JL865a;294938. 

4 Triatriopollenites triangulus Frederiksen 1979. 

5-7,9 

PK20D(1);EF:J32. 

Triatriopollenites confusus Zaklinskaia 1963. 

5 PK4/l;EF:K42. 6 PK2lD(2);EF:040/2. lL2 Speci

mens transitional to Triatriopollenites subtriangulu~. 

7 PK2lD(2);EF:V37/l. 9 PK2lD(2);EF:K38/3. 

8,15 Tria triopollenites roboratus Pflug 1953b. 8 JL867a1 

3211089. 15 JL866c;32l9l0. 

10-12 Triatriopllenites ~triangulus (Stanley 1965) 

Frederiksen 1979. 10 OGA/a;349l038. 11 KH. /3; 

EF:04l/l. 12 JL866c;27092l. 

13,14,16-18 

13 

16 

18 

Triporopollenites plektosus Anderson 1960. 

JL866c;3l0ll02. l! PK21D(3);EF:Y32/l. 

JL867a, specimen lost. 17 JL865c;350l078. 

JL865/b;44l969. 

19,20 

21-25 

26-28 

cf. Triporopollenites plektosus, folded specimens 

with triangular outline. 19 JL865b;448974. 

20 JL865b;4l8l085. 

Triporopollenites robustus Pflug 1953a. 

21,22 Thin walled specimens showing baculate 

structure. 21 JL866c;2589l5. 22 JL866a;275l03l. 

II Specimen with thick exine and an inner body, 

JL887/3;4l5l099. 24 Specimen with thick ektexine~ 

JL887/2;398l076. 25 Large, thin-walled specimen, 

transitional to Triatriopollenites aroboratus, 

JL887/2;452962. 

Triporopollenites sp. undifferentiated. 26 JL867b; 

2551090. 27 AB60(3) ;4981011. 28 AB60(3) ;320910., 
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PLATE 15 

All figures xl000 unless otherwise indicated. 

Fig. 

1,2,5-7 

1 

Gallopollis minimus Gruas-Cavagnetto 1967. 

JL866c;3011103. 2 JL864a;4621048. 5 Cluster 

of Gallopollis minimus x c.900, JL887/2;428970. 

6 JL864a;3301017. 7 JL864a;417978. 

3,4 faryapollenites triangulus (Pflug 1953a) Krutzsch 

1961d. JL898/3;EF:T32. 

8 Pentaporoites belgicus Krutzsch & Vanhoorne 1977. 

JL887/1;3821075. 

9 Labrapollis cf. glob~ CH17c(1);355999. 

10 Labrapollis labraferus (R. Pot. 1931b) Krutzsch 

1968. JL865f;2751021. 

11,15 Brosipollis striatobrosus (Krutzsch 1961) Krutzsch 

1968a. AB60(2);3721100. 

12-14 !nterporopollenites proporus Weyl.& Krieger 1953. 

SL31/2;331952. 

16,17 Basopollis orthobasalis (Pflug 1953a) Pflug 1953b. 

JL866a;4221018. 

18,19 ?licapollis pseudoexcelsus (Krutzsch 1958) Krutzsch 

1961d. 18 JL898c;EF:F57/3. 19 JL867b;368918~ 

20 Nudopollis endangulatus (Pflug 1953a) Pflug 1953b. 

JL898aiEF:M24. 

21-23 Nudopollis terminalis (Pflug 1953a) Pflug 1953b. 

21 JL864b;4751092. 22 JL898a;EF:E30. 23 AB64(2); 

4111022. 

24,25 pompeckjoidaepollenites subhercynicus (Krutzsch 1954a) 

Krutzsch 1967. JL898aiEF:L40/4. 
26 Thomsonipollis magnificus (Th.& Pf. 1953) Krutzsch 

1961b. AB60(2);486962. 
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PLATE 16 

All figures x1000 unless otherwise indicated. 

1-3 Trudopo11is hammenii Roche 1969. 1 Aperture struC

ture, PB13(1):3451058. 2 Another specimen, optical 

section, 3 ornament,OG1c(2):2051089. 
4,5 Reevsiapo11is triangu1us (Mamczar 1960) Krutzsch 1970b. 

4 JL867/c:4011079. 5 KH/1, specimen lost. 

6,7 Stephanoporopo11enites hexaradiatus Pf.& Th. 1953. 

subsp. tribinae W.Kr. 1961d. 6 OGB/3:4521051. 

7 PK20D(1):EF:M33/4. 

8 Stephanoporopo11enites hexaradiatus Pf.& Th. 1953. 

subsp. semitribinae W.Kr. 1961d. SL29/1~4081065. 

9 Vacuopo11is semiconcavus Pflug 1953b. JL867/b~ 

3701032. 

10,11 A1nipo11enites trina (Stanley 1965) Norton 1969. 

10 OG28(4)~4511032. 11 OG28(4)~3721121. 

12,13 

14-17 

18 

19,20 

21,25 

22 

23 

24 

26-30 

/ 
A1nipo11enites verus Potonie 1934b. 12 JL865f~ 

3321014. 13 JL865b~3501025. 

U1mipo11enites tricostatus (Anderson) Fredericksen 

1980. 14 x1250 CH6E(1)~4351091. 15 AB63(2)~ 

4001002. 16 JL865a~2821078. 17 JL885a:4621047. 

Po1yatriopo11enites stellatus (R.Pot.& Ven.) Pflug 

1953b. AB70(2)~332915. 

Parsonidites britannicus Gruas-Cavagnetto 1976a. 

19 AB68(3)~4ll1102. 20 AB68(3)~4451l02. 

Persicarioipollis persicarioides Krutzsch 1966. 

21 LR17/l~363952. 25 JL898c:EF:D27/2. 

Erdtmanipollis sp. PK4/l9, single spore mount. 

Periporopollenites sp. OGllc(1)~38897l. 

Interpol1is velum Krutzsch 1961d. LR14/2~3671062. 

Interpo11is supplingensis (Pf.1953a) Krutzsch 1961d. 

26,27 JL887/2~265l058. 28,29 JL887/2~402l078. 

30 JL866b~27g1052. 
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PLATE 17 

All figures xlOOO unless otherwise indicated. 

1 Anacolosidites pseudoefflatus Krutzsch 1959b. 

AB60(2);483990. 

2-4 Interpollis messelensis Krutzsch 1961d. 2 JL865b; 

2551079. lLi JL864b;4l8909. 

5,6,9 Carpolithes sp. ~ Collinson 1978; monocolyledonous 

fruit. ~ Whole specimen x50. 9 Detail of cell 

structure x80, JL866Fc;348l03l. 6 Another specimen, 

cell structure x80, JL866Fc;285l0l7. 

7 Riccisporites tubercula~ Lundbland 1954. PB13(1); 

445975. 

8,11,13,14 ~ha-like seed with part of the fruit attached. 

8 Whole specimen x50. 11 Detail of operculum 

x c.130,JL866Fa;422l055. 13,14 Another specimen, 

JL867Fc;339l072. 13 Detail of cell structure, 

x c.130. ~! Whole specimen x50. 

10 Ericipites sp. NB1(4);439982. 

12 Unidentified fruit x50, JL867Fc;378l042. 

15 Family Typhaeceae; probably Typha, fruit x80 

JL867Fd;205979. 
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PLATE 18 

All figures x500 unless otherwise indicated. 

cf. Cordosphaeridium fibrospinosum JL885b;305ll05. 

?Thalassiphora sp. JL898a; e:r:Gfo/, • 
Alisocysta marg~ita (Harland) Harland 1979. 

3 PB8b;359l095 xlOOO. 4 PB8b;4l4924 xlOOO. 

?Adnatosphaeridium patulum Williams & Downie 1966. 

OG9C(3);475l084. 

Achomosphaera alcicornu (Eisenack) Davey & Williams 

1966a. 6 PB8c/3;445982. 1 PB13(1);298l002. 

cf. Apectodini~ homomorphum (Defl.& Cooks.) Lentin 

& Williams 1977. AB57(2);380l045. 

A2ectodinium homomor2hum (Defl.& Cooks.) Lentin & 

Williams 1977. 9 JL898a;295978. 10 JL898/2; 

EF:Q39/3. 11 Detail of processes, xlOOO JL898/2; 

EF:Q39/3. 
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PLATE 19 

All figures x500. 

1 ~pectodinium ~racant~um (Cooks.& Eis.) Lentin & 

Williams 19-7. CH6E(1};340928. 

2,3 Apectodinium parvum (Alberti) Lentin & Williams 

1977. 2 SL10/16, single mount. 3 JL898/7;395ll20. 

4,9,11 Areoligera ~~nsis Lejeune-Carpentier 1938. 

~L2 PB13(1};3l0945. 11 PB12/1;322925. 
5,7 "Cleist0§.Ehaeridium" group. 5 CH16D(2};330l038. 

J CH16D(2};35l99l. 

6 Apectodinium quinquelatum (Williams & Downie) 

Costa & Downie 1979. SL40/2;305948. 

8 Cordosphaeridium sp. PB8b;3451095. 

10 Cordosphaeridium fibrospinos~ Davey & Williams 

1966b. CH17c(2};2751032. 

12,13 Areoligera sp. PB16(4};3321092. 
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PLATE 20 

All figures x500 unless otherwise indicated. 

1 Cordosphaeridium sp. PB8c/3:3921062. 

2,3,5-7 Def1andrea dartmooria/oebisfe1densis. 

2,3,5,6 OGB/4:3729'~. 7 PB8c/2:4821053. 

11 PB8c/3;4711121, x400. 

·4 

8-10 

12 

Cordosphaeridium inodes (Klumpp) Eisenack 1963b. 

PB8b:3621092. 

Def1andrea sp. ~. ~ CH18D(2):4131095. 9 SL10/10, 

single mount. 10 CH18D(2) :2821121. 

Def1andrea heteroph1ycta Deflandre & Cookson 1955. 

AB52(2):5131032. 

13 Def1andrea Ehgsphoritica Eisenack 1938. OG27(4); 

338989. 
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PLATE 21 

All figures x500 unless otherwise indicated. 

1 Dracodinium solidum Gocht 1955. AB52(2);46l995. 

2-6 Glaphrocysta pastielsi (Defl.& Cooks. 1955) Stover & 

Evitt 1978. 2 Detail of trabeculae xlOOO, 3 same 

specimen showing apical archeopyle, OGB/3;44ll085. 

~ Another specimen, AB49(3);358990, 4 detail 

of trabeculae xlOOO. 

7,10 Diphyes colligerum (Defl.& Cooks.) Cookson 1965a. 

7 SL29c(2);33ll022. 10 CH17c(2);378l072. 

8,9,11-13,15 Glaphrocysta ordinata (Williams & Downie 

1966c) Stover & Evitt 1978. 8,11 PB8c/3;470l078. 

9,12 PB8c/3;32598l. 13,15 PB8c/3;485968. 

14 Hafniasphaera sp. LR17/l;459l06l. 
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PLATE 22 

All figures x500 unless otherwise indicated. 

1,3 Glaphrocysta ordinata (Williams & Downie 1966c) 

Stover & Evitt 1978. 1 Specimen with operculum 

attached, PB8c/2;275945. 3 PB8c/2;402l062. 

2,4 Hystrichokolpoma mentitum McLean 1974. PB8c/2; 

4201094. 

5 Glaphrocysta cf. retiintexta (Cookson 1965a) Stover 

Evitt 1978. PB8c/2;392985. 

6,9,11 Hystrichosphaeridium sp. cf. ~. patulum Davey & 

Williams 1966b. 6 SL29c(1);448l05l, x750. 

9,11 SL29c(1);450l02l,x c.900. 

7,10,12 Hystrichosphaeridium tubiferum (Ehrenburq 1838) 

Deflandre 1937b emend. Davey & Williams 1966b. 

7 PB8c/3;44l9l2. 10,12 PB8c/3;448l09l. 

8,13 Homotryblium pallidum Davey & Williams 1966b. 

14 

15 

JL898a;359955. 

Sentusidinium sp. 

Homotryblium sp. 

PK2lD(2);432974 x750. 

JL898/7;279987. 
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PLATE 23 

All figures x500 unless otherwise indicated. 

1 Sentusidinium sp. LR3B/1;342926 x750. 

2-4 ?Microdinium sp. 2 Schumacker-Larnbry & Chateauneuf 

1976 x1000, PB8b;392918. 

5 Gonyau1acysta jurassica (Def1.) Norris & Sarjeant 
1965. AB47(2);488988. 

6 Pa1aeostomocystis 1aevigata Drugg 1967. x1000, 

PB8b;3641062. 

7 Nannoceratopsis gracilis Alberti 1961 emend. Evitt 

1962. x c.750, OG27(4);3211035. 

8,13,14 ?Trichodinium sp. 8 CH6E(1);302982 x750. 

13 CH6E(1);4321090 x750. 14 CH12D(1);3341020 

x500. 

9 Stephane1ytron redc1iffense Sarjeant 1961a. 

10 

11,12 

CH18c(2);4121044. 

Microdinium sp. 

Opercu1odinium 

LR17 II; 320941. 

AB52(2);422915, x1000. 

centrocarpum (Def1. & Cooks) Wall 1967. 

11 Whole specimen, 12 x1000, 

detail of process. 

15 Tubidermodinium sp. CH6E(1);422965. 

16-18 Phthanoperidinium crenu1atum (De Coninck) De Coninck 

1977. 16 OG28(3);4901012. 17,18 OG28(3);3051058. 

19 Wetze1ie11a 1unaris Gocht 1969. LR14;356952. 
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PLATE 24 

All figures x500 unless otherwise indicated • 

.l'"is... 

1 Inversidinium exi1imurum McLean 1973b. SL29c(2); 

3021072. 

2,3 Ba1tisphaeridium sp. ~. Gruas-Cavagnetto 1968. 

~ PK4/2;3621035. 3 CH16D(2)j4511081. 

4 Comasphaeridium cometes (Va1ensi) De Coninck 1969. 

x1000, PB8b;362968. 

5 Ovoidites 1igneo1us (Pot.) Thomson & Pflug 1953. 

JL 898/7;2951010. 

6 Para1ecanie11a indentata {Def1.& Cooks.)Cookson & 

Eisenack 1970. OG22(2);3751005. 

7 Trigonopyxidia gine11a (Cooks.& Eis.)Downie & 

Sarjeant 1965. OG28(4);3601042. 

8,12 Cymatiosphaera punctifera Deflandre & 

8 x c.1600. OGB/1;specimen lost. 12 

4851054 x1000. 

Cookson 1955. 

OG28(4); 

9 Schizosporis spriggi Cookson & Dettmann 1959. 

JL867c;322938. 

10 Indeterminate Type 1. JL865b;445962. 

11 Horo1ogine11a apicu1ata Cookson & Eisenack 1962a. 

x1000, PB8b;3221060. 

13 Tetraporina pe11ucida Naumova ex Bo1khovitina 1953. 

x c.750, JL864bi4401095. 

14 ?Funga1 spore x1000, NB1(1)i3001000. 

15 Pediastrum sp. x750, JL942cj4021045. 

16,17 Pyritised diatoms. 16 SL50, water mount, specimen 

lost. 17 SL51, water mount, specimen lost. 

18,19 Schizosporis parvus Cookson & Dettman 1959. 

18 x750, JL864bi275930. 19 Cluster of several 

specimens x500, JL866c;2551078. 
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APPENDIX 1: 

LITHOLOGICAL DETAILS OF SAMPLES COLLECTED. 

KEY -
* Sample counted or examined in detail. 

+ Sample with sparse microflora, or barren. 
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1. PEGWELL BAY 

CAR PARK SECTION (TR.34BS64l0) 

THANET BEDS. 

Reculver Silts. 

PB 19 (1.04m above base of Reculver Silts) Silty sand, 
dusky yellow 5Y6/4, with common shells. 

PB lB * (0.5m) Silt, yellowish grey 5Y7/2. 
PB 17 (O.OSm) Shell seam with matrix of silty sand, 

yellowish grey 5Y7/2. 

Upper Pegwell Marls. 

PB 16 * (1.4Sm below base of Reculver Silts) Silty clay, 
yellowish grey, SYBIl. 

PB 15 (2m) Silty clay, yellowish grey, SY7/l. 

CLIFFS END SECTION (TR.3S4S6439) 

THANET BEDS 

Lower Pegwell Marls. 

PB 14 (6.20-6.2Sm above the Chalk) Clayey silt, yellowish 
orange, 10YR6/4, bioturbated. 

PB 13 * (S.4S-S.S0m) Crepidula Band. Silt, light olive grey, 
SY7/l, with small burrows (c.4mm) filled with fine 
sand, light grey, N7. 

Stourmouth Clays. 

PB 12 * (4.43-4.4Bm above the Chalk) Glauconitic clayey 
silt, yellowish grey, SY7/2, bioturbated, iron
stained. 

PB 11 * (3.43-3.4Bm) Glauconitic silty with clay lenses, 
yellowish grey, SY7/2. 

PB 10 * (3.00m) Glauconitic sandy silt with clay lenses, 
yellowish grey, SYBIl. 

PB 9 (2.B3m) Silt, yellowish grey, SY7/2, iron-stained. 
PB 8 * (2.23-2.2Bm) Silt, yellowish grey, SYBIl, with rare, 

small, carbonised plant fragments. 
PB 7 (1.S-1.6m) Clayey silt, yellowish grey, SY7/2, 

bioturbated. 
PB 6 (1.3-l.4m) Clayey silt, with streaks of fine silty 

sand, yellowish grey, SY7/2, bioturb ated, Some 
iron-staining. 

PB 5 * (l.OS-l.lSm) Glauconitic sandy silt, yellowish grey, 
SYBIl, bioturbated. 
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THANET BEDS continued 

Cliffs End Greensand Bed. 

PB 4 (O.74-0.79m above the Chalk) Glauconitic silty sand, 
greyish orange, lOYR/2. 

PB 3 * (O.33-0.39m) Glauconitic, fine silty sand, greyish 
orange, lOYR7/4, bioturbated. 

PB 2 (O.18-0.26m) Glauconitic sand, light greenish grey, 
SGY8/l, bioturbated. 

Bullhead Bed. 

PB 1 * (Scm above the Chalk) Glauconitic, fine silty sand, 
moderate yellowish brown, lOYR6/4: matrix from 
Pebble Bed. 
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2. OLDHAVEN GAP. (TR 20706870) Composite Section. 

SECTION 3. (TR 20586868 east-north-east to TR 20686872) • 

LONDON CLAY. 

OG 26 * (O.7m above base of London Clay) Glauconitic silty 
clay, dark yellowish brown, IOYR4/1. 

OG 25 * (0.15m) Silty clay with lenses of fine sand, light 
olive grey, 5Y5/1, small-scale cross-bedding. 

OLDHAVEN BEDS. 

OG 24 + 

OG 23 + 

OG 22 + 

OG 21 + 

OG 20 + 

OG 19 + 

OG 18 + 

(0.5m below base of London Clay) Very fine glau
conitic sand, pale yellowish brown, 10YR6/2. 
(I. SSm} Glauconitic fine sand, pale yellowish brown, 
lOYR6/4. 
(2.65m) Very fine glauconitic sand, pale yellowish 
brown, IOYR6/4. 
(3.7m) Glauconitic, silty sand, pale yellowish 
brown, 10YR6/2, with abundant bivalves. 
(4.75m) Glauconitic, very fine sand, pale yellowish 
brown 10YR6/2. 
(S.65m) Glauconitic, very fine silty sand, pale 
yellowish brown, 10YR6/4, with common bivalves. 
(5.9m) Poorly sorted, glauconitic, fine sand, 
moderate yellowish brown, 10YR5/4, with bivalves 
and occasional rounded black flint pebbles and 
clay lenses. 

OG 17 (6.2m) Lense of silty clay at the top of the pebble 
bed, dark yellowish brown, 10YR4/2. 

OG 16 (6.5m) Lense of silty clay within the pebble bed, 
dark yellowish brown, lOYR4/2. 

OG 27 * (Foreshore sample from channel in base of O~dhaven 
Beds). Laminated silty clay, moderate brownish grey, 
5YR5/1. 

WOOLWICH AND READING BEDS. 
Woolwich Marine Beds. 

OG 15 + (7.0m below base of London Clay) Glauconitic, fine 
silty sand, pale yellowish brown, lOYR6/4. 

OG 14 * (8.Om) Very fine, glauconitic sand, pale yellowish 
brown, lOYR6/4, bioturbated. 

OG 13 + (9.05m) Very fine, glauconitic, silty sand, pale 
yellowish brown, 10YR6/4, bioturbated. 

OG 12 * (9.7m) Silty sand, pale yellowish brown, 10YR6/4. 
OG 11 * (10.7m) Glauconitic silty sand, dusky yellow, 

5Y6/2. 
OG 10 + (11.2m) Silty sand, yellowish grey, SY8/l, bio

turbated. 

Be1tinge Fish Bed. 

OG 9 * (11.7m) Glauconitic, silty clay, light olive grey, 
5Y6/1, bioturbated with some gypsum, pyrite, char
coal fragments and small, rounded flint pebbles. 
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THANET BEDS. 

OG 8 + (l2.03m) Poorly sorted silty sand, very glaucon
itic, light olive grey, SY6/1, bioturbated. 

Corbula regulbiensis Bed. 

OG 7 * (Foreshore sample) Very glauconitic silty sand, 
light greenish grey, SGY7/1, with Corbula regul
biensis. 

SECTION 2. (East of Oldhaven Gap, TR 20736874) 

THANET BEDS, continued. 
Astarte tepera Bed. 

OG 6 + (2.8Sm below base of Woolwich and Reading Beds) • 
. Silty sand, light olive grey, SY6/1, glauconitic, 

iron-stained, bioturbated. 
OG 5 * (3.17m) Silty clay, pale yellowish brown, 10YR6/4, 

glauconitic, with charcoal fragments and abundant 
bivalves including Astarte. 

OG 4 + (3.4m) Silty sand with clay lenses, moderate yellow
ish brown, lOYRS/4, glauconitic, bioturbated with 
much charcoal and cornmon Astarte. 

OG 3 * (3.6m) Poorly sorted glauconitic sand, light olive 
grey, SY6/1, with Corbula. 

SECTION 1. (Headland c.7SOrn. east of Oldhaven Gap, 
TR 21406902). 

THANET BEDS. 
Arctica morrisi Bed. 

OG 2 * (0.9m above Concretion Band) Silty sand, light olive 
grey SYS/2, with glauconite and abundant bivalves 
Arctica morrisi, bioturbated. 

Eutylus cuneatus Bed. 

OG 1 * (0.2m below Concretion Band). Glauconitic silty 
sand, dusky yellowish grey, SY6/2. 

OG 28 * (Foreshore sample, below Concretion Band). Silty 
clay, light grey, N7, with pyrite and bivalves, 
Eutylus cuneatus and Arctica morrisi. 

SPOT SAMPLES. (Bishopstone Gap, TR 20706870). 
OG B * 

OG A * 
Woolwich Marine Beds (c.O.lm above base). 
Silty sand, light olive grey, SY6/l, glauconitic. 
Thanet Beds, Corbula regulbiensis Bed. 
Glauconitic silty sand, greenish grey, SGY6/1. 
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3. CHARLTON SAND PIT, MARYON PARK. (TQ 419786) 

WOOLWICH AND READING BEDS. 

Striped Loarns 

Marine Sand Unit. 

CH 20 (10.S9m above base of the Woolwich Bottom Bed) 
Finely laminated sand, yellowish grey, SY8/1; 
and silty clay, greenish grey, SGY6/1: biotur
bated. 

CH 21 * (10.16m) Bioturbated clay, greenish grey, SGY8/1: 
with lenses of fine sand, yellowish grey SY8/1; 
some iron-staining. 

Laminated beds. 

CH 17 * (9.02m) Fine sand, yellowish grey, SY8/1: with 
thin lenses of clay, light olive grey, SY6/1: 
considerable iron-staining. 

CH 16 * (8.78m) Light olive grey clay, SY6/l; with silt 
lenses, moderate yellowish brown, 10YR6/4. 

CH 19 * (8.S3m) Light olive grey clay, SY6/1: with 
abundant shells, Corbicula cuneiformis. 

CH 15 * (8.48m) Iron-stained silty clay, medium light 
grey N6; and fine sand, yellowish grey, SY8/~: with 
common wood fragments and gypsum. 

CH 14 (8.l8m) Laminated silt, yellowish grey, SY7/2, and 
medium grey, NS: with lenses of fine sand, pale 
yellowish brown, 10YR6/4. 

CH 18 * (8.lSm) Laminated clayey silt, light olive grey, 
SY6/1; with lenses of silty, fine sand, dark 
yellowish orange, 10YR6/6: occasional leaf im
pressions on bedding planes. 

CH 13 (7.87m) Finely laminated clayey silt, medium light 
grey N6; gypsum. 

CH 12 * (7.67m) Finely laminated silty clay, moderate 
yellowish brown, 10YRS/4, pale yellowish brown, 
10YR6/2, and medium grey, NS: with silty partings, 
dusky yellow, SY7/4: much gypsum. 

Woolwich Shell Beds. 

CH 10 

CH 11 * 

CH 8 * 

CH 9 * 

(7.l4m-7.19m) Stiff clay, light olive grey, SY6/1: 
with lenses of abundant fragmentary shells of 
Corbicula, and Brotia melanioides. 
(6.99m) Laminated clay, medium olive grey, SYS/l; 
with some Corbicula fragments and Brotia melani
oides; much gypsum on bedding planes. 
(6.40m) Very ferruginous laminated clay, light 
olive grey, SY5/2; with fragmentary molluscs 
Corbicula cordata and C. cuneiformis and lenses 
of fine sand, moderate-yellowish brown, 10YRS/4, 
with Hrdrobia; much gypsum on bedding planes. 
(6.27m Clay, medium olive grey, SYS/l; with sandy 
lenses, moderate yellowish brown, 10YRS/4: abundant 
fragments of Corbicula cordata, C. cuneiformis, 
Brotia and Tympanotonus; much gypsum. 
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Woolwich Shell Beds. continued. 

CH 7 (S.77m) Iron-stained silty clay, medium greenish 
grey, 5GY5/1; with shell fragments as above, 
gypsum common. 

CH 6 * (5.61m) Shelly clay, medium olive grey, SYS/l, with 
small lenses of sand, light olive grey, 5Y6/1; 
common Corbicula cordata and C. cuneiformis with 
Ostrea sp. -

CH 5 * (4.93m-4.99m) Shelly clay, olive grey, 5Y4/1, with 
shells as above. 

Woolwich Bottom beds. 

CH 4 * (4.39m) Mottled clay, moderate yellowish brown, 
lOYR5/6, dusky yellow 5Y6/4 and yellowish grey, 
5YB/l, bioturbated. 

CH 3 + (3.66m) Fine glauconitic sand, greyish yellow, 5YB/4 
and dusky yellow, 5Y6/4. 

CH 2 * (O.76m) Fine glauconitic sand, dusky yellow, 5Y6/4: 
with lenses of laminated silty clay, greenish grey 
5GY6/1. 

CH I * (O.13m) Poorly sorted glauconitic sand, pale olive, 
IOY6/2 (matrix of pebble bed) • 
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4. SHORNE WOOD (near Cobham, Kent, TO 67306980) 

This material was obtained from the Institute of Geological 
SCiences from samples collected by Messrs. S.W. Hester and 
A. Morter in September 1964 when a new carriage-way on the 
A2 was under construction near Cobham, Kent.(I.G.S. sample 
numbers JL 856-JL 942). The section shown in Fi.gure 2.5 was 
copied from theI.G.S. Sample Register but, as there is no 
record of the exact height above base of each sample 
collected, only their approximate positions within each bed 
can be shown. 

SECTION FROM SOUTH SIDE OF CARRIAGE-WAY. 

WOOLWICH AND READING BEOS. 

Woolwich Shell Beds. 

JL 942* 

JL 937* 

JL 936+ 

JL 934+ 

JL 933+ 

JL 932 
JL 931* 

JL 912* 

JL 910* 

JL 909 

JL 905* 

JL 901 

JL 898* 

JL 895 

Bed 8. 
Silty clay, dark yellowish brown, lOYR4/2, with 
abundant shell fragments. 
Silt, light olive grey, 5Y6/l, with clay lenses, 
moderate yellowish brown, 10YR5/4, with abundant 
shell fragments. 
Sand, moderate yellowish brown, lOYR5/4, with 
abundant shell fragments. 
Silty clay, moderate yellowish brown, 10YR5/4, 
with abundant shell fragments. 
Bed 7. 
Clay, light olive grey, 5Y6/l, with sand lenses, 
pale greenish yellow, lOY8/2, iron-stained, with 
some very small gypsum crystals. 
Fine sand, light olive grey, sY7/2, iron-stained. 
Fine silty sand, light grey, N7, iron-stained on 
fracture planes, with a few shell fragments. 
Bed 6. 
Siltstone, light brown, 5YRS/6, with many shell 
fragments. 
Bed 5. 
(5E) Lightly consolidated sandstone, pale yellowish 
brown, 10YR6/2, with abundant shell fragments. 
(50) Clay, brownish black, 5YR2/l, iron-stained, 
with some shells and abundant gypsum. 
(50) Laminated clay, dusky yellowish brown, lOYR2/2, 
iron-stained, with abundant shells and some gypsum. 
(50) Laminated clay~ dark grey, N3, with lenses of 
sand, moderate yellowish brown, lOYR5/4, with common 
Corbicula spp., some gypsum. 
(50) Clay, dark grey, N3, with abundant shells in
cluding Corbicula sp., iron-stained, some gypsum. 
(50) Clay, greyish black, N2, with silt lenses, 
moderate yellowish brown, lOYR5/4, shells and much 
gypsum. 
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Woolwich Shell Beds. 

Bed 5. continued 
JL 892 (50) Laminated clay, greyish black, N2, and 

moderate yellowish brown, lOYR5/4, with some shells 
and gypsum. 

JL 889 (SC) Clay, greyish black, N2, with abundant bivalves 
and gastropods, some gypsum. 

JL 887* (SC) Shelly clay, greyish black, N2, and moderate 
yellowish brown, lOYRS/4, some gypsum. 

JL 885* (5B) Laminated silty clay, greyish black, N2, with 
lenses of silt, moderate yellowish brown, lQYRS/4, 
many shells, Corbicula sp., iron-stained, somegysum. 

JL 884 (5B) Laminated silty clay, brownish black, SYR2/I, 
with many shells and much gypsum, iron-stained. 

JL 883* (SA) Shelly clay, moderate yellowish brown, lOYR5/2, 
with lenses of glauconitic sand, dusky yellow SY6/4; 
carbonaceous partings. 

Lignite Bed 4. 
JL 867* (40) Lignite, black, Nl, dull, blocky fracture, some 

woody structure visible: gypsum present. 
JL 866* (4C) Lignite, greyish black, N2, and brownish black, 

SYR2/I, friable, dusty, with blocky fracture. 
JL 865* (4B) Lignite, brownish black, 5YR2/l, friable, dusty 

with blocky fracture. Some patches of sand, gypsum 
present. 

JL 864* (4A) Lignite, brownish black 5YR2/I, friable, very 
dusty with silty laminae, light brownish grey, 
5YR6/l, some gypsum present. 

Woolwich Bottom Bed 

JL 863+ 

JL 860+ 

Bed 3. 
Poorly sorted glauconitic sand, light olive IOYRS/2, 
with some shells. 
Poorly sorted glauconitic sand, light olive lOYRS/2. 
Bed 2. 

JL 85S+Sandstone, moderate yellowish brown, lOYRS/4, with 
many well-rounded black flint pebbles, up tolcm.lon~. 
Glauconitic fine silty sandstone, light greenish 
grey, SGY8/l. 

SECTION FROM NORTH SIDE OF ROAD. 

WOOLWICH AND READING BEDS. 

Lignite. 

JL 880+ Lignite, olive black, SY2/l, massive, with clear 
cellular structure on some surfaces, dusty, blocky 
fractures, shiney on broken surfaces. 

JL 879* Lignite, black, Nl, massive, dusty, clearly laminated 
with small patches of ?sand and gypsum. Woody 
cellular structure in places. 
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WOOLWICH AND READING BEDS. 

Lignite, continued 

JL 877+ Lignite, black, Nl, massive, shiney on fractures, 
faint lamellar structure. 

JL 874+ Lignite, greyish black, N2, massive, dull, shiney 
on fractures, weak lamellar structure. 

JL 871+ Lignite, greyish black, N2, with dull and shiney 
laminae, dull layers predominate. Cellular structure 
visible on some surfaces. 

JL 869+ Lignite, black, Nl, massive, well laminated, shiney 
and dull layers (O.25mrn), shiney conchoidal fractures. 
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5. SWANSCOMBE~ Northfleet Quarry, Kent (TQ 598730) 

WOOLWICH AND READING BEDS. (Composite Section) 

Woolwich Shell Beds. 

SW 38 * (4.16m above lignitic horizon). Laminated clay, 
medium dark grey, N4, and fine sand, yellowish 
grey, sY8/1. 

SW 37 * (3.6Sm). Silty clay, greenish grey, SGY6/1, with 
abundant shell fragments. 

SW 36 (3.3Om). Clay, medium greenish grey, SGYS/l, with 
many shell fragments and much fine gypsum. 

SW 35 (3.28m). Clay, medium greenish grey, SGYS/l, with 
many shells, gastropods and molluscs. 

SW 34 (3.2Om). Clay, medium olive grey, SYS/l, with 
many shell fragments and small gypsum crystals. 

SW 33 * (2.74m "Marl" horizon). Very calcareous siltstone, 
moderate brown, SYR4/4, with molluscs, very small 
gastropods less than 2mm long and very rare ostra
cods (unidentified). 

SW 32 (2.44m). Clay, medium grey, Ns, with partings of 
fine sand, yellowish grey SY8/1, with molluscs and 
very small (2mm) gastropods. 

SW 31 (2.13m). Silty clay, medium olive grey, sys/l, 
with abundant shells, molluscs and gastropods. 

SW 30 * (1.83m). Silty clay, moderate olive grey, sYs/l, 
with abundant gastropods and with lenses of fine 
sand, yellowish grey, SY8/1. Much gypsum present. 

SW 29 (1.S2m). Laminated silty clay, light olive grey, 
SY6/2, and fine sand, yellowish grey, SY7/2. 
Gastropods and bivalves present; much gypsum. 
Bioturbated. 

SW 28 (1.22m). Silty clay, medium olive grey, Sys/l, 
with lenses of fine sand, yellowish grey, SY8/1; 
rare very small shell fragments; bioturbated. 

SW 27 (1.07m-l.02m). Silty clay, brownish grey, SYRS/l, 
with lenses of fine sand, yellowish grey, sY8/1; 
some shell fragments and much gypsum. 

SW 26 * (0.76m). Silty clay, dark yellowish brown, 10YR4/2 
and olive grey SY4/l; lenses of fine sand; many 
mollusc shells. 

SW 25 (0.46m). Sand, moderate yellowish brown, lOYRS/4, 
with abundant shell fragments. 

SW 24 (6.1Sm). Lightly cemented sandstone, pale yellow
ish brown, 10YR7/2, to brownish grey, sYR/l, with 
shell fragments (oysters). 

SW 23 * (Lignitic horizon). Sand, ironstained, pale greyish 
orange pink SYR7/1, with lignitic clasts, thin 
lenses (2mm) of medium grey clay with shell frag
ments. 
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6 •. SOUTH LAMBETH ROAD BOREHOLES. (TQ 304772) 

,BOREHOLE B. 

LONDON CLAY. 

SL 42 * 

SL 43 

SL 44 * 
SL 4S 

SL 46 * 

SL 47 

SL 4B * 

SL 49 

SL 50 * 
SL 51 * 

(7.l6m below surface) Clay, moderate yellowish 
brown 10YR5/2, with very small shell fragments 
and gypsum. 
(9.l4m) Clay, pale yellowish brown, 10YR6/2, 
with small carbonaceous fragments. 
(l2.19m) Silty clay, light olive grey, 5Y6/1, 
with very fine gypsum and black mineral streaks. 
(IS.24m) Silty clay, moderate yellowish brown, 
10YR5/2, with small gypsum crystals. 
(lB. 29m) Silty clay, pale yellowish brown, 
lOYR6/2, with gypsum and small carbonaceous 
fragments. 
(21.34m) Silty clay, light olive grey 5Y6/1, 
with very fine carbonaceous fragments and gypsum. 
(24.3Bm) Silty clay, light olive grey, 5Y6/1, 
with gypsum and black ?mineral streaks. 
(26.97m) Clayey silt, light brownish grey, 5Y6/1, 
with small carbonaceous fragments and many small 
gypsum crystals. 
(30.4Bm) Clayey silt, moderate yellowish brown, 
lOYR5/2, with much gypsum. 
(33.S3m) Fissile clay, light olive grey, SY6/1, 
with abundant gypsum and small carbonaceous frag
ments. 

WOOLWICH AND READING BEDS. 

Mottled clay. 

SL 1 * 

SL 2 

SL 3 

SL 4 

SL 5 

(3B.71-39.17m. below surface) Mottled, soapy 
clay, light greenish grey, 5GB/I, moderate yellow
ish brown, lOYRS/4. 
(39.17m) Mottled, soapy clay, greenish grey, 
SGY6/1 and light olive grey, SY6/1. 
(39.62m) Mottled soapy clay, light greenish 
grey, 5GB/I, yellowish brown, lOYR6/4 and dark 
reddish brown, lOR3/4. 
(40.7Om) Mottled clay, moderate brown, 10YRS/4 
and light greenish grey, 5GB/l. 
(41.15m) Mottled silty clay, moderate yellowish 
brown, lOYR5/4 and light greenish grey, 5GB/I. 

?Striped Loams. 

SL 6 * 

SL 7 

(42.22m) Laminated clay, dusky yellowish brown, 
lOYR2/2 with carbonaceous partings and silt, 
yellowish grey, 5YB/l, bioturbated. 
(42.67m) Sand, yellowish grey, 5YB/l, with silty 
layers, olive black, 5Y2/1 and carbonaceous 
partings. 
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SOUTH LAMBETH ROAD, BOREHOLE 8 continued. 

Woolwich Shell Bed. 

SL 8 (43.28m) Fine sand, light olive grey, 5Y6/l, 
with small shell fragments. 

SL 9 (43.74m) Laminated silty clay, olive grey, 
5Y4/l, and light olive grey 5Y6/l, with shell 
fragments. 

SL 10 * (44.2Om) Silty clay, light olive grey, 5Y6/l, 
with many shells. 

Mottled Clay •. 

SL 11 + (45.26m) Mottled silty clay, pale olive 10Y6/2, 
moderate yellow, 5Y7/6 pale red, 5R6/2 and white, 
N9. 

SL 12 (45.42m) Marl, white, N9; pale red, 5R6/2; 
light olive grey, 5Y6/1 and light olive brown, 
5Y5/6. 

SL 13 (45.72m) Mottled clay, pale greenish yellow, 
10Y8/2, pale red 5R6/2 and dark reddish brown, 
10R3/4. 

SL 14 (46.79m) Mottled clay, light greenish grey, 
5G8/l, pale red, 5R6/2 and dark yellowish orange, 
10YR6/6. 

SL 15 (47.24m) Mottled silty clay, moderate yellowish 
brown, lOYR5/4, dark yellowish orange, lOYR6/6 
and light greenish g~ey, 5G8/l. 

Pebble Bed. 

SL 16 (49.38m) Mottled sandstone, moderate yellowish 
brown, lOYR5/4, moderate greenish yellow, 10Y7/4 
and greyish red, lOR4/2, with well - rounded flint 
pebbles. 

SL 17 (49.99-S0.29m) Mottled sandy clay, moderate yellow-
ish brown, 10YR5/4 and dark reddish brown, 10R3/4, 
with many flint pebbles. 

SL 18 (50.44m) Mottled sandy clay, moderate yellowish 
brown, 10YRS/4, moderate greenish yellow, 10Y7/4 
and dark reddish brown, 10R3/4, with many pebbles. 

SL 19 * (50.9m) Sandstone, greyish olive, 10Y4/2 are 
moderate brown, 5YR4/4, with many flint pebbles. 

THANET BEDS. 

SL 20 (5l.82-52.l2m below surface) Glauconitic sand, 
light olive grey, 5Y5/2. 

SL 21 * (53.04m) Glauconitic silty sand, moderate olive 
brown, SY4/4 with some shell fragments. 

SL 22 + (53.34-53.57m) Glauconitic silty sand, moderate 
olive brown, 5Y4/4, with clay lenses, pale olive 
lOY6/2. 

SL 23 (54.25m) Glauconitic sand, light olive grey, 
5Y5/2. 
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THANET BEDS continued. 

SL 24 + (54.86-55.09m) Fine silty sand, light olive grey, 
5Y6/l. 

SL 25 + (55.78m) Sand, light olive grey, 5Y5/2. 
SL 26 + (56.39-56.59m) Fine silty sand, light olive grey, 

5Y6/l. 
SL 27 * (57. 3m) Fine silty sand, light olive grey, 5Y5/2. 
SL 28 + (57.9l-58.14m) Fine silty sand, light olive grey, 

5Y5/2. 
SL 29 * (58. 83m) Sand, olive grey, 5Y4/l. 
SL 30 + (59.44-59.74m) Fine silty sand, light olive grey 

5Y5/2. 
SL 31 * (60.96-6l.l9m) Silty sand, dark yellowish brown, 

10YR4/2. 
SL 32 (62.48-62.64m) Silty sand, dark yellowish brown, 

lOYR4/2. 

BOREHOLE 13. 

WOOLWICH AND READING BEDS. 

Upper Shell Bed. 

SL 40 * (36.58-37.08m below surface) Fissile silty clay, 
medium olive grey, 5Y5/l, with some broken shells 
and very small charcoal fragments. 

Lower Shell Bed. 

SL 41 * (43.89-44.35m) Laminated silty clay, light olive 
grey, 5Y6/l, with many shell fragments. 
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7. LEADEN RODING BOP~HOLES (TL 594136) (Samples from the 

Essex River Authority). 

BOREHOLE 1. 

LONDON CLAY. 

LR 1 

LR 2 

LR 3 * 
LR 4 

LR 5· 

LR 6· 

LR 7 * 
LR 8 

LR 9 

LR 10 * 
LR 11 
LR 12 
LR 13 
LR 14 * 

LR 15 

(4l.l5m below surface) Silty clay, light olive 
grey, 5Y6/l, with very small gypsum crystals and 
many assorted pebbles, up to 5rnm. long. 
(42.67m) Silty clay, moderate yellowish brown, 
10YR5/2, many pebbles up to 4mm long, abundant 
gypsum. 
(44.2Om) Silty clay, moderate yellowish brown, 
10YR5/2, with small pebbles and much gypsum. 
(45.72m) Silty clay, light olive grey, 5Y6/l, 
with pebbles up to lern. long and small gypsum 
crystals. 
(47.24m) Silty clay, medium olive grey, 5Y5/l, 
with many pebbles, and London Clay conretions 
about 2.5cm. long, very calcareous. Much gypsum. 
(48.77m) Silty clay, light brownish grey, 5YR6/l, 
with small pebbles and much gypsum. 
(50. 29m) Silty clay, light brownish grey, 5YR6/l, 
with small pebbles and much gypsum. 
(51. 82m) Silty clay, light brownish grey, 5YR6/l, 
with gypsum and small carbonaceous fragments. 
(53. 34m) Silty clay, light brownish grey, 5YR6/l, 
with much gypsum. 
(54. 86m) Silty clay, dark yellowish brown, 10YR4/2. 
(56. 39m) Silty clay, medium olive grey, 5Y5/l. 
(59.9lm) Silty clay, olive grey, 5Y4/l. 
(59.44m) Clay, medium olive grey, SYS/l. 
(60.96m) Silty clay, olive grey, 5Y4/l, and light 
olive grey, 5Y6/l, wi~h a few small pebbles, cal
careous. ~ 

(62.48m) Silty clay, pale yellowish brown, 10YRs/~, 
with small pebbles up to 3mm. long, some gypsum. 

WOOLWICH AND READING BEDS. 

LR 16 

LR 17 * 
LR 18 

LR 22 * 

LR 23 
LR 24 * 
LR 25 

(64.0lm) Fine sand, yellowish grey, sY8/l, with 
streaks of clay, light olive grey, sY6/l, cal
careous. 
(65.s3m) Silty clay, light olive grey, sY6/2, with 
patches of fine sand, pale greenish yellow 10Y8/2. 
(67.06m) Sandy clay, light olive grey, sYs/2, with 
flint pebbles up to llmm. 
(68.58) Silty clay, moderate yellowish brown, 
10YRs/2, with some rounded flint pebbles up to 4mm. 
long. 
(70. 10m) Clay, light olive grey, 5Y7/l. 
(7l.02m)Silty sand, greyish brown, SYR3/3. 
(7l.63m) Very fine sandstone, mottled dark reddish 
brown, 10R3/4, and dusky yellow, 5Y6/4, with many 
pebbles. 
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WOOLWICH AND READING BEDS continued. 

LR 26 (73.l5m) Sandstone, mottled, moderate brown, 
5YR3/4, dusky yellow 5Y6/4, and greyish yellow 
green 5GY7/2, with small pebbles and shell frag
ments. 

THANET BEDS. 

LR 19 
LR 20 
LR 21 

(74.68m) Fine sand, yellowish grey, 5Y7/2. 
(76.20m) Fine sand, light olive grey, SY6/l. 
(77.72m) Glauconitic fine to medium sand, light 
olive grey, 5Y6/l, with small charcoal fragments. 

BOREHOLE 2. 

WOOLWICH AND READING BEDS. 

LR 27·+ (7l.63m below surface) Sandstone, moderate red
dish brown, 10R4/4, and dusky yellow, 5Y6/4, with 
silty sandstone, pale yellowish brown, lOYR2/2 
and flint pebbles. 

LR 28 (73.l5m) Silty sandstone, mottled, moderate 
yellowish brown, lOYR/4, pale olive, IOY6/2, and 
moderate brown, 5YR3/4, with small flint pebbles 
up to 1.5cm. long. 

THANET BEDS. 

LR 29 + (74.68m) Glauconitic silty sand, light olive brown, 
5Y5/4. 

LR 30 (76.20m) Glauconitic fine sand, olive grey, SY6/2. 
LR 31 + (77.72m) Glauconitic fine sand, light olive grey, 

5Y6/l, with some gypsum. 
LR 32 (79.25m) Glauconitic fine sand, light olive grey, 

SYS/2. 
LR 33 (80.77m) Glauconitic fine sand, light.olive grey, 

SYS/2. 
LR 34 * (82.30m) Glauconitic fine sand, moderate olive 

brown, 5Y4/2. 
LR 3S (83.82m) Glauconitic silty sand, light olive grey, 

5Y5/2. 
LR 36 * (8S.34m) Glauconitic silty sand, medium olive grey 

5Y5/1, with gypsum. 
LR 37 + (86.87m) Glauconitic fine sand, light olive grey, 

SYS/2, light olive grey, SY6/l, and dusky yellow, 
SY6/4. 

LR 38 * (88.39m) Silty sand, dark yellowish brown, lOYR4/2, 
and dusky yellowish brown, lOYR2/2, with gypsum. 

LR 39 + (89.92m) Sandy silt, dark yellowish brown, lOYR4/2, 
with very small gypsum crystals. 

Bullhead Bed. 

LR 40 (9l.44m) Glauconitic silty sand, olive grey SY3/2, 
and pale olive, lOY6/2, with large flint pebbles, 
2cm. long and cobbles of chalk, up to 7.Scm. 
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8. PINCENTS KILN. (SU 653722) 

SECTION A. Not shown on Figure 2.9, near to Section 1. 

READING BEDS 

PK 6 * 

PK 5 * 

PK 4 * 
PK 3 + 

PK 2 + 

PK 1 + 

(1. 83m above Chalk) Clay, brownish grey, 5YR4/1, 
with leaf impressions. 
(1.68m) Clay, brownish grey, SYR6/17 with sandy 
lenses, pinkish grey, SYR8/1, with charcoal steaks. 
(1.68m) Clay, brownish grey, SYR6/1. 
(0.91m) Clay, medium dark grey, N4, with lenses 
of coarse, glauconitic sand, dusky yellow green 
5GY5/2. 
(0.61m) Glauconitic fine sand with silt partings, 
greenish grey, 5GY6/1. 

~.(0.08-0.1Sm) Coarse glauconitic sand, greyish 
~olive green, SGY3/2, pebbles of chalk and flint. 

SECTION J,:. 

READING BEDS. 

PK 2S (2.31-2.24m above Chalk) Silt, light olive grey, 
SY7/1. Iron-stained. 

PK 24 * (2.11-2.03m) Silty sand with a few sand patches, 
light brownish grey SYR6/1, with some carbonaceous 
fragments. 

PK 23 * (1.82m-I.90m) Laminated clay, medium grey NS, with 
lenses of silt, light greenish grey, SGY8/1, and 
white sand, occasional charcoal fragments. Iron
stained. 

PK 22 (1.80-1.72m) Silty clay, medium light grey, N6, 
with lenses of silt, yellowish grey, SY8/1, 
occasional charcoal fragments and much gypsum. 

PK 21 * (1.S7-1.49m) Wavy bedded silty clay, light brown
ish grey, SYR6/l, with irregular patches of silt 
and sand, yellowish grey SYBIl, occasional leaf 
impressions. 

PK 20 * (1.42-l.34m) Sand, light brownish grey, SYR6/1, 
with irregular carbonaceous patches and charcoal 
fragments. 

PK 19 * (1.19-1.14m) Wavy bedded clay with silt layers, 
light brownish grey, 5YR7/1. Iron-stained. 

PK 18 * (O.9l-0.84m) Clay, olive grey, SY4/1, with 
lenses of fine sand, greyish yellow, SYB/4. Iron
stained. 

PK 17 * (O.BI-O.71m) Clay, medium grey, NS, with silt 
patches, yellowish grey, SY8/1. 

PK 16 + (0.71-0.66m) Wavy bedded clay, medium greenish 
grey, SGY6/l, with silt lenses, light greenish 
grey, SGY8/l. 

PK IS + (O.S8m) Glauconitic sand, greyish green, lOGYS/2, 
with occasional laminae of glaucontic clay, green
ish grey, SGY6/1. 

PK 14 (O.SS-O.SOm) Glauconitic sand, pale yellowish 
green, lOGY8/l, with clay lenses, yellowish grey, 
SY7/2 and flint pebbles about 2mm long. 
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SECTION 1. 

READING BEDS. continued. 

PK 13 * (0.3S-0.30m) Glauconitic sand, light greenish grey, 
5G8/1. 

PK 12 * (0.20-0.1Sm) Glauconitic sand with flint pebbles, 
light greenish grey, SG8/1. 

PK 11 + (O.OSm) Glauconitic sand, greyish green, 10YR6/6, 
iron-stained, with chalk fragments and flint 
pebbles. 

PK 10 + (base) Chalk, white, N9, with borings filled with 
glauconitic sand, greenish black, SG2/l, and glau
conitic clay, light olive grey, SYS/2. 

SECTION 2. 

READING BEDS. 

PK 3S * (4.0-3.96m above Chalk) Silty clay, light brownish 
grey, SYR6/l, with small carbonaceous fragments and 
occasional leaf impressions. 

PK 34 * (2.44-2.38m) Clay, very light grey N8, with lenses 
of silty clay, light brownish grey, SYR7/l and sand, 
yellowish grey, SY8/l; abundant impressions of 
dicotyledonous leaves. 

PK 33 (2.0-l.9Sm) Laminated silty clay, light brownish 
grey, SYR7/l, with lenses of sand, pale yellowish 
brown, IOYR6/2, with occasional fragmentary leaf 
impressions. 

PK 32 (1.6S-l.6m) Silty clay, light grey, N7, inter
bedded with sandy silt, pale yellowish brown, 
10YR6/2, with abundant fragmentary leaf impressions. 

PK 31 + (1.27-l.22m) Glauconitic sandy silt, light grey, 
N7, with lenses of glauconitic sand, light green
ish grey, SG8/I, iron-stained. 

PK 30 + (l.16-l.l2m) Silty clay, light grey, N7, with 
lenses of silt, white, N9, with occasional leaf 
impreSSions. 

PK 29 * (1.12-1.06m) Laminated silty clay, light grey, 
N7, with silt partings, very light grey, NB. 

PK 28 + (0.76-0.7Im) Wavy bedded silty clay, light olive 
grey, SY6/1, with silt partings, yellowish grey 
SY8/1, iron-stained. 

PK 27 (0.66-0.S8m) Glauconitic sand, greyish olive 
green SGY3/2, with clay lenses, yellowish grey 
SY8/l, and flint pebbles. Iron-stained. 

PK 26 + (0.20-0.1Sm) Glauconitic sand with clay ~enses, 
yellowish grey, SYBIl, and large pebbles of flint 
and chalk. 
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9. M4 MOTORWAY, VARIOUS EXPOSURES IN READING BEDS. 

Furze Hill: SU 512740, Sand pit west of the bridge. 

M4/l + Bulk "channel" sample, 19cm thick. Laminated silty 
clay, yellowish grey 5Y8/l and medium grey, N5, with 
lenses of unsorted silty sand, yellowish grey, 5Y8/l 
and leaf impressions c.14-l5.25cm from base. 

M4/2: SU 499741, Sand pit north of carriage-way. 

M4/2a+ Silty clay, yellowish grey, SY7/2, some contamination 
from recent roots. 

M4/2b+ Unsorted sandy silt, light olive grey, SY6/l, with 
rare charcoal clasts and sandy patches, dark yellow
ish orange, 10YR6/6, ?bioturbated. 

M4/2c Interbedded coarse sand (grains fairly well rounded), 
pale yellowish brown, 10YR6/2 and unsorted silty 
sand, yellowish grey, SY8/l. 

Coombe Wood: SU 551737, Southern side of carriage-way. 

M4/3c+ Silt, yellowish grey 5Y8/l, with rare small charcoal 
clasts. From a lense within main sand body c.3m below 
mottled clay. 

M4/3b Mottled silty clay, dusky red, 5R3/4 an~ brownish 
grey, 5YR4/1. 

M4/3a Mottled clay, micaceous, yellowish grey, SY7/2, 
moderate yellowish brown, 10YR5/4 and dusky red 
5R3/4. From c.0.3m above base of mottled clay unit. 

Bussock Wood: SU 467728. Drainage trench in centre of 
carriage-way. 

M4/S(8)+(4Scm above Chalk) Glauconitic silty sand with silt 
lenses, greenish grey 5GY6/l, bioturbated. 

M4/5(7) (42cm) Poorly sorted, glauconitic silty sand, light 
olive grey, SY6/2. 

M4/5(6) (38cm) Laminated silty clay, light olive grey, SY6/l 
with lenses of glauconitic sand. 

M4/5(5)+(20cm) Silty, glauconitic sand, greenish grey 5GY6/l. 
(Matrix of flint pebble bed) • 

M4/5(3) (2cm) Clay, light olive grey, 5Y6/l and glauconitic 
sand, light olive grey, SYS/2. Many small chalk 
pebbles. 

M4/S(2) (2cm; lateral equivalent of M4/S(3» as above. 
M4/S(1) (2cm; lateral equivalent of M4/S(2) and (3». 

Laminated clay, dusky yellow, 5Y6/4, with chalk frag
ments. 
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HEWINS WOOD: SU 601738. Northern side of motorway, about 

0.2S km north of Hewins Wood. 

M4/7(4) * (3m above Chalk) Laminated silty clay, 
light olive grey SY6/1, leaf impressions. 

M4/7(3) * (2m) Silty clay, medium olive grey SYS/l 
and fine sand, yellowish grey, SY8/l. Leaf 
impressions. 

M4/7(2) * (SOcm) Micaceous, silty sand, moderate 
yellowish brown, 10YRS/l. 

M4/7(1) * (18cm) Ostrea bellovacina Bed. 
Unsorted glauconitic, silty sand, light 
olive grey, SYS/2, abundant oysters. 

10. WATERLOO KILN, Reading. 

WK + Matrix from sample of Reading Leaf Bed, 
B.M.N.H. sample V. S6968. 
Sandy silt, pale yellowish brown, 
10YR7/1. 

11. KNOWL HILL SAND PIT: SU 819798 

KH * Laminated silt, yellowish grey SY7/2 
and sand, light olive grey, SY6/1 with 
leaf impressions. 
(Sample collected by Mr. R. Ashfield 1960). 

12. COLD ASH QUARRY, near Newbury, Berkshire: SU 501713 

NB 1 * 

NB 2 * 

(Lens A within Reading Beds sand, c.7.5m 
above Chalk). Silty claystone, light olive 
grey, SY6/l, partings with abundant, broken, 
large leaves, most with carboni sed c~ticle 
present. 
(Lens A within Reading Bed sand, c.7.Sm 
above Chalk, lateral equivalent of NB 1). 
Silty claystone, yellowish grey 5Y7/2, with 
leaf impressions and occasional leaf remains. 
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13. ALUM BAY. Isle of Wight (SZ 305853). 

Spot samples collected on the Geologists' Association Field 
Trip, May 1974 led by Messrs. A. and C. King. Samples taken 
as examples of the Division A-C of the London Clay Formation 
recognised by Mr. C. King (see King 1981, Fig. 31). 

BRACKLESHAM BEDS (sensu Eaton 1976). 

AB 70 * 

AB 68 * 

Bed 2 

AB 64 * 

AB 63 * 

AB 62 

AB 61 

AB 60 * 
AB 59 

Bed 1 

AB 57 * 

Leaf Bed (? = Fisher Bed 8) Clay, light brownish 
grey, SYR6/1, with fragmentary, carbonaceous leaf 
impressions. 
(? = base Fisher Bed 4) Silty sand, medium grey, 
NS, with more silty lenses. 

(Eaton 1976). 

Poorly sorted silty sand, yellowish grey, SY8/l, 
with silty partings, brownish grey, 5YR4/l, and 
common fragmentary lignite, probably transported. 
Poorly sorted sand, yellowish grey, SY8/l, with 
some charcoal, and abundant lignite, probably 
transported. 
Silty claystone with sand lenses, medium olive 
grey, 5Y5/l, bioturbated. 
Poorly sorted, glauconitic, silty sand, light 
olive grey, 5Y6/l, with laminae of sandy silt, 
olive grey 5Y4/l. 
Silty claystone, medium olive grey, 5Y5/l. 
Very poorly sorted silty sand, light olive grey, 
5Y6/l, with some glauconite. 

(Eaton 1976). 

(From channel into underlying sand). Unsorted 
silty sand, pale yellowish brown, lOYR6/2, with 
lignite fragments. 

LONDON CLAY FORMATION. 

Division C. (King 1981). 

AB 58 * Silty clay, medium brownish grey, 5YR5/l, with 
carbonaceous patches. 

AB 56 * Fine silty sand, moderate yellowish brown, 10YR5/2, 
with molluscs, Glycimeris sp. 

Division B2. (King 1981). 

AB 55 * Silty clay, medium olive grey, 5Y5/l, with 'silty 
sand partings, yellowish grey, 5Y8/l, Gypsum 
present. 

AB S4 * Glauconitic silty sand, pinkish grey, 5YR8/l, 
interbedded with silty clay, medium olive grey, 
5Y5/1. 

AB 53 (Pinna horizon). Silty clay, moderate yellowish 
brown, lOYRS/2, with charcoal fragments and common 
bivalves, Pinna sp. 
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Division B2 continued. 

AB 52 * (Shell horizon). Silty clay, moderate yellowish 
brown, 10YR5/2, with small, fragmentary bivalves 
and gastropods. 

AB 51 Silty clay, moderate yellowish brown, 10YR5/2. 

Division Bl. (King 1981). 

AB 50 * (A level with diverse small bivalves and molluscs. 
Planktonic Forarniniferid marker of Wright 1972). 
Silty clay, moderate yellowish brown, 10YR5/2, 
with some mica and rare, small gastropods. 

Division A3. (King 1981). 

AB 49 * (Top of Division A3, horizon with gastropods and 
Turritella). Poorly sorted, glauconitic, sandy 
silt, moderate yellowish brown, 10YR5/2. 

AB 48 Siltstone, moderate yellowish brown, 10YRS/2. 
AB 47 * (Astarte horizon near base of Division A3). Silty 

clay, medium brownish grey, SYR5/l, with molluscs, 
including Astarte. 

AB 46 (Nodular horizon). Unsorted, glauconitic, silty 
sand, moderate yellowish brown, with clay pellets. 

OLDHAVEN FORMATION. (King 1981). 

AB 45 * (Tilehurst Member). Cross-bedded, glauconitic, 
poorly sorted fine sand, light olive grey, SY6/l. 

READING BEDS. 

AB 44 ~ (c.70cm below pebble bed at base of Oldhaven 
Formation). Silty clay, mottled yellowish grey, 
SY6/l and moderate yellowish brown, 10YRS/4. 

AB 43 + Silty clay, pinkish grey, SYR8/l. 
AB 42 + Mottled clay, light olive grey, SY6/l and moderate 

red, SR4/6. 
AB 41 + (from fissure in Chalk). Sandy clay, N7, light 

grey, with some fragments of Chalk, white, N9. 
AB 40 + (from solution hollow in Chalk). Poorly sorted 

silty sand, pale. yellowish brown, 10YR6/2. 
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APPENDIX 2: 

PERCENTAGE OCCURRENCE OF PALYNOMORPHS IN 

PALAEOCENE AND EARLY EOCENE SECTIONS 

FROM SOUTHERN ENGLAND. 

A2.l, A2.2 

A2.3, A2.4 

A2.5, A2.6 

A2.7, A2.8 

Pegwell Bay, Oldhave Gap. 

Charlton, Swanscombe, Shorne Wood. 

Leaden Roding, Soutlh Lambeth Road, 

Cold Ash Quarry, Waterloo Kiln, 

Knowl Hill M4 Motorway, Pincents 

Kiln. 

Table A2.9, A2.l0 Alum Bay. 

KEY 

(R) reworked. 
0.4 % occurrence. 
+ species present but % occurrence not recorded. 

* less than 250 spores/pollen counted. 
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TABLE A2.1 PERCENTAGE OCCURRENCE OF SPORES AND POLLEN IN PALAEOCENE 

AND EARLY EOCENE SECTIONS AT P~;G WE1.1. !lAY AND OLDIIAVLN GAP . 

Smooth trilete spores 
B«ullJtisporires cOffllJumttnsis 
C8mlJroronosporitlJS sp. 
Cic. tricosisporites dorogensis 
CiclJ tricosisporites sPp. 
Conti{}niJporittts problem.ricu. 
Coron.tlsporlf v./densi. (R) 
D~nloisporiteJ ~/.tu$ 

D~nsosporite. sp. (R) 
GleicheniidittJs .enonicus 
Ischyosporites sp. 
Krlfeu~li.porites reissingeri (R) 
Leio trilete. sp. 
Lycopodiumsporites clllvlltoides (R) 
Lycopodiumsporites .pp. 
Lycvsporlf sp. (R) 
OrmundlfCidites spp. 
Pilosispori t. s trichoP/fpil/osus (R) 
Sterei.pori te, sp. 
lT~umenti,porl' , po 
Trilobosporlt lJS spp. (R) 
Trilet. sporn (undifferentilt ttld) 
LIf~ilPtosporit/J$ discord.tu, 
LIf~ilPto,porit/J$ hlllJrdti 
Vlrruallosporites f.vu, 
Mono/~ tll ,po,." (om.menrtld) 
C81/i./upori tes d.mpitlri (R) 
C.llilllllsporitIllIPP. (R) 
In.perturopoIlMi t., turbltu, (R) 
Cerebropol/Mites mesoroicu, (R) 
FlorinitllllP. (R) 
Bi$6CClt. pollen undifferentillttld 
P.rviuc:ci ttn redi.tu, (R) 
PodoClrpldite •• pp. (R) 
OulKirleCu/inlf Ifnelllfeformi, (R) 
Vi treisporite' p lfl/idus (R) 
ArlluclJrllfCitesllust"li, 
In.perturopol/enitBl hilltus 
In'P/frturopollenite, poly formolU' 
In' P/frturopollenites spp. 
lPlrinopolleni tes e/lftoides 
Spheripol/enites group 
CllSwpolli, tOrolU' 
ChMmll tosporiteslPP. (R) 
C/lfvlftipolleni tes ' pp. 
LilillCidites spp. 
Milfordi. incertlf 
Monoco/popol/enites tranquil/u. 
Monoco/popol/eni tesspp. 
CornllCtJOipol/enites pllrmuillrius 
/ibllfren, i, /microhenrici group 
Cupu/i feroida.pol/.nites cf. libl,rensis 
F rex inopolli, v,ri.bilis 
RetitrfJSCo lpites enguloluminosus 
Tricolpites parvus 
Trico/pites sp. A 
Trieo /popol/eni tes retiformi, 
Tricolpste pol/en undifferentiated 
Brevicolp.te!colporote pol/en 
F, vit rico lporites bacu/o ferus 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
2 5 
26 
2 7 
28 
2 9 
30 
3 1 
32 
33 
3 4 
35 
3 6 
37 
38 
39 
40 
4 1 
42 
43 
4 4 
45 
4 6 
4 7 
48 
4 9 
50 
5 1 
52 
53 
54 
55 
56 
57 
58 
59 
60 

PFCWI"II BAY . , . , , ._-----"-- -
CLI FFS END SECTI ON CAR PARK SECTION 

---- - -------- - ---- -
Thanct Beds 

Bullhead J Stourmouth _~Wel1:~u1ve r 
Bed I~reen~ Clays Marl s Silt Bed _ ._ _ ___ _ ___ . ____ . _ ._ 
PDl PD3· pn 5 PBR 1'111 0 P[J 1 1 PH12 PIl13 P[J 16 1'8 18 r-- ._- - -- - . 

8 . 4 2 . 8 3. 6 

+ 

0 . 4 
+ 

• 
• + 

t 0. 4 + 
• 0.4 0 .4 0.4 

0 . 4 

• 3. 2 1. 6 
t t 

+ 0. 4 

0. 4 1.0 3.2 2 . 8 1.2 3 . 6 B.O 3. 6 2 . B 1.6 
0.4 

0 . 8 0 . 4 0.8 1.2 0 .4 O.B 0.4 
+ 

O.B 
0.4 + + 1. 2 + 

1.2 0.8 1.2 1. 2 
0 .4 

0 . 4 t + + + 1. 6 1.6 o.B 

8 .0 18 . 0 20 . 0 15 . 6 18 . 0 30 . 0 9.6 26 .4 34 .0 50 . 4 
0 . 4 

0.8 
+ 

0.4 O. A 0.4 
0 .4 

18.4 25.0 17. 2 23 . 6 10.0 9.6 )) . 6 1. 2 4 .0 0.8 

16.0 22 . 5 15.2 13.2 17 . 6 9 . 6 1.6 1. 6 0 .8 1. 6 
0 . 8 1. S 1 .2 1.2 3.6 2.0 + 2 .0 0. 4 0.8 

0 . 8 () . 4 2. (l 3.2 + 1.2 0.4 0.4 
0.4 1.2 5.(, 2 . 8 15 . 2 2. 8 3.2 

+ + 1.6 . 
0 . 8 

1 . (, O.B + 
0. 8 1. 0 3.6 2 . 0 2.0 3 . 2 2 . 8 1.2 0. 4 

0.4 
4.4 3 . 5 3.2 0.0 1. 2 1. 6 4. 0 
5.6 J . 0 J • G 2.0 1.6 1 . 2 + 0 .4 

] .5 (,.0 7.2 7.2 3. (, 8 . 4 1.6 1. 2 0. 8 
1. 2 1 . ~) n.4 n . '1 2.0 + 0.4 0 . 8 0. 8 
0 . 4 1 . (, l.B (, . H 2 . ·1 8 . 4 (, .0 8 . 0 4. 0 

0 . 4 
2. 0 4 • ., 2 . 8 I.G 2.8 2.8 1. 2 1.2 
2 . 0 2 . 5 I . (, I . 2 1.2 2.A 3 . 2 2.4 3 . 6 i. 2 

-- "- - . .- ~ . 

1 
2 
3 
4 
5 
6 
7 
B 
9 

10 
11 
12 
13 
14 
1 5 
16 
17 
18 
19 
20 
2 1 
22 
23 
24 
25 
26 
27 
2B 
29 
30 
31 
3 2 
3 3 
34 
35 
3 6 
37 
38 
39 
40 
41 
42 
43 
44 
4S 
46 
47 
48 
49 
50 
51 
52 
53 

54 1 
5 5 
5 6 
57 
58 
5<) 
60 
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OLDHAVEN GAP 

Thane t Beds Woo lwich ~haven London 
Be s Beds Clay 

,.-
pGl OG1 4 OG28 OG2 OG3 OG5 OG7 OG9 OGll 0r.12 0r.2 7 OG25 OG26 

1 1.2 + + 2 .4 1 . 2 0.4 4.0 1 
2 0 . 8 + 2 
3 0 . 8 3 
4 0. 4 4 
5 + 0 . 4 0 .4 5 
6 + 6 
7 0 . 4 7 
8 0 . 4 8 
9 + 9 

10 + + 0.4 10 
11 + 11 
1 2 i 12 
13 + 13 
14 1.2 + 14 
15 + 1 5 
16 + + + 0 .8 + 16 
1 7 + 0 .4 + 17 
18 + 1 8 
19 0 .8 0 .8 19 
20 + O. B 20 
21 + + 2 1 
22 0 . 8 2 . 0 3 . (, 0.4 1 .2 0. 4 4 . 4 1.2 2.0 3.2 0 . 8 22 
23 0 . 4 + 0. 4 23 
24 0.4 1.2 0 . 4 0 .4 0 . 4 1. 2 1. 6 0.8 1. 2 + 0 . 13 24 
25 0 .4 25 
26 0.4 + 0 . 4 26 
27 + + 0 .4 0 .4 • + 27 
28 + 1.6 0.8 28 
29 + 0. 4 + + + • 29 
30 0.4 0 . 8 0. 4 0. 4 + 0. 8 2 . 0 30 
31 + 31 
32 2 . 8 6 . 4 12 . 8 5.2 7.(, 7.2 6.4 7.2 3.2 + 13 . 6 16.0 12.8 3 2 
33 0 . 8 + 0 .4 33 
3 4 0. 4 + 0 . 4 3 4 
35 + 35 
36 0 . 4 0. 4 0.8 1. 2 0. 4 36 
37 0 .4 37 
38 7 . 6 27 . 6 28.4 24 . 4 27.2 22.8 2tl . 0 14. 0 8 . 0 13 . 6 6 . 8 10.4 38 
39 1. 6 4 . 4 6. 4 3.6 1. 2 ) • 2 39 
40 9 . 6 B.O !l . B 2.4 7.2 7.2 B.B 0 .4 1. 6 B.O 4.8 9 . 6 40 
41 1. 6 2 . 0 1. 2 0. 4 1 . (, 0 . 8 1.6 1. (, 5 . 2 4 I 
42 + ; ; + 0 .4 2.0 4 2 
43 1.2 + O. B 1 . 2 I . (, 1. 2 0 . 8 1. 6 3 . 2 7. 2 + 1 .6 4) 

44 1. 2 44 
45' + 4 5 
46 1.2 0 . 8 ) . 2 + + 0. 4 4 6 
47 o. B 47 

1
48 0.4 2 .4 O . U 1.6 3.6 i 1.2 0 .8 48 
49 0 .4 2 . 0 0. 4 2. 8 0 .4 2 . 4 1. 6 0 . 4 ) • U 1. 2 2 . 0 4 9 

150 + 50 
5 1 1. 6 + 0 . 8 1. 6 2 . 0 2.0 0 . 4 2 . 4 4. 0 O . B 0 .4 2 . 8 51 
:; 2 2 . 8 0.8 0 .4 2 . 0 0 .4 + 3 . 6 1.6 0 .4 0.8 0 . 4 52 
53 6 . 8 2 . 8 3 . 2 10 .4 3 . 6 3 . 6 3 . 6 10.8 11. 6 2. 4 4.4 2 . 4 53 
5 4 0 .4 0 . 4 0 . 4 ; + 0 . 4 1.2 0 .4 0 . 4 5 4 
S5 21. 2 14. 0 G. B 8 . 4 7 . 2 10.8 9.6 10.4 6 . 0 7. 2 1. 6 1 . 2 51j 
56 0 . 4 5G 
57 1.2 O.B 3 . 2 0 . 4 0 .4 2 . 0 3 . 2 J.6 1. 2 ) . 2 6 . 8 3 . 6 57 
58 6 . 0 0 . 4 4.8 2 . 0 3 .2 5 . 2 3 . 2 6.0 B.8 4 . 0 5 . 2 4 . 4 58 
59 0 . 4 • + + 0 . 4 59 
60 0 . 4 0 . 4 + 0 .4 + + 60 



TABLE A2 . I c ontinued 

M~rpocolporites lihokus 
Nyssapol/enites spp. 
Pent8pol/enites sp. 
Spinaepol/is spinosus 
lSpinulaepollis sp. 
Str/~tll tricolpatelrrlcolpor~te pol/en 
Tricolporopol/enites aceroldes 
T. cingulum 
T. duplibacu/~tus 
T. iliacus 
T. kruschi 
T. margaritatu. 
T. megIJtJx «tu. 
T. m~Breticulu. 
T. SIIl,udall 
T. cf . • ittlllri 
Tricolporopol/enius sPp. 
CupIJnillidites .pp. 
Duplopol/i. golzo~nsi. 
Polyeolpite •• p. 
Tetracolporopol/enites spp. 
Ericipites sp. 
Pllndllniidites texu. 
R~tion;;dites minlmus 
R. hun(JIJricus 
S. sPllr(JIJnioides 
Spa~niaceIJepol/enites spp. 
Ba.opol/i. onhoblJUlil 
Csryapol/enites spp. 
Compositoipol/Ilnitlls rhizophorus 
C. minimus 
7Compositoipol/enitBS sp. 
Normllpol/es undifferenrillttJd 
Glll/opol/is minimus 
Inrrlltriporopollenites microreticul'tus 
I. pseudinstruecus 
Inrra triporopol/llnites .pp. 
ubr~pollislabra'lIfu, 

M. tenuipolu.IM. coryloides 
M. rotundus 
Nudopol/is endsngulatusltllrminalis 
Platycllryllpol/enites platycaryoidlll 
Plicspol/is (JItJUdOt1xcelws 
Plicatopolli. spp. 
Pomp«kjoidlltJpol/enites lubhercynicus 
Subtriporopol/enites .nul.tul 
S. anulstussubsp. nanus 
S. constlln$ .ubsp. con.t.n. 
S. constllns subsp. mllgnus 
S. intra.tructurus 
Subtriporopol/llnitllS .pp. 
Triatriopol/enites confulus 
T. robora tus 
T. subtriangulus 
Triatriopol/eniteslMomipites group 
Triporopollenites plektosus 
T. robustus 
Triporopol/enites spp. 
Trivestibulopolltlnites spp. 
Trudopollis hammllnii 
Vacuopol/is spp. 
Alnipol/enites trina 
A. verus 
Erdtmanipol/is spp. 
Interpol/is messelensis 
I. supplingensis 
PanporBte pol/en undiffllrentiBttJd 
Reevsi.pollis triangulus 
S. hexarBdistus subsp. semitribinae 
S. hexarBdiBtul .ubsp. tribinae 
Uimipollenites tricostatus 
Vlmipolleniles spp. 
Interporopollenites laevigalus 
Others 

61 
62 
63 
64 
65 
66 
6 7 
6B 
69 
70 
71 
72 
7 3 
74 
75 
76 
77 
78 
79 
BO 
8 1 
B2 
83 
B4 
85 
B6 
87 
B8 
89 
90 
91 
92 
93 
94 
95 
96 
97 
98 
99 

100 
101 
102 
103 
104 
105 
106 
107 
lOB 
109 
110 
111 
112 
113 
114 
115 
11 6 
117 
11B 
119 
1 20 
1 21 
122 
123 
124 
12 5 
12 6 
127 
12B 
129 
130 
131 
132 
133 
134 
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PB1 PB3· PBS pn8 
-- -

0 .4 
0.4 

1.2 

0 . 4 

0 . 4 0 . 8 
0 .4 

0.4 

b.4 

0.4 
0.5 

0.4 0.8 

2 . 8 0. 5 
4.8 2. 5 3 . 2 4. 0 

12.4 1. 0 1. 6 1.. 2 
1. 0 0 . 4 

0 .4 

0.4 0. 5 + 

0.8 0.5 0.4 
0 . 4 

4.8 5 . 0 1. 2 1.2 
0 . 8 0 . 5 

0 . 5 1. 6 0 .4 
7.2 1.0 3. 2 I. (, 

0 .4 
0 . 5 0 . 4 

0 .4 
0.4 0 . 5 0 . 8 

O . B 

2.8 2 . 0 
2 . 0 1. 6 

1. 2 
----

PB1 0 PBll PB 12 PBl3 PB I 6 PB18 
r---

6 1 
0 .4 0. 4 62 

0 .4 0.4 0 . 8 63 
0 .4 6 ~ 

6~ 

+ 66 
67 , 

0 .4 3.2 0 . 4 0 .4 6 B : 
69 , 
70 

+ 7 1 
0.4 72 

1 . 2 + 73 
7 ~ 

1. 6 7 5 
O.B 76 
0 .4 3.2 2 . 8 0 .4 1.2 0 .4 77 
0 .4 7 h 

7 ') 
0. 4 O . 4 So 

B I 
0 .4 82 

B1 
B4 

0 .4 0. 4 B:i 
B 
B7 
88 

0 .4 0. 4 0.4 8 9 
0.4 0 .4 90

1 0. 4 0.8 0.4 91 
0.4 92 

0.8 0 .4 0.4 93 : 
0 . 4 94 

0 . 4 9 5 
0.4 0 . 8 96 , 

97 
98 

0.8 + 1.2 99 
I OU 

2.0 2.4 0.8 10 1 
4. 0 2 .4 2.0 1.2 4.8 O.B 10 2 
1. 6 0 . 8 0 .8 3 . 2 2.0 6 .8 10 ] 
0 . 0 + 0. 4 0 .4 10 4 

0. 4 10', 
10 6 

0 .4 + 10 7 
1.2 108 

109 
1.2 11 0 

111 
0 . 4 11 2 : 

+ 0 .4 1.6 11 3 ' 
0.4 114 , 

3 . 2 0 .4 2 . 0 3 . 2 4.0 4.4 11 5
1 0 . 4 0.4 11 6 

0 .4 0 .4 2. 0 1. 6 2.0 11 7 ' 
O.B 1. (, 0 .4 3 . 2 1.6 2.4 11 B 1 

+ 11 '1 
O . R + 0 .4 12n 
0 .4 12 1 

I 12 2 
0 .4 • 1. 6 12 1 

12 ·1 
12", 

0 .4 0. 4 12(, 
127 
120 

0 .4 0 .4 1 2 1) 
+ 0 .4 1 30 

0 .4 0. 4 13 1 
I 0 .4 1.2 0.4 1 32 

0 . 8 I ) 3 
2 . 4 O. B + I ] 4 
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-- ,------" '- ---.------,--
OC2 80C I 0(;2 0(;3 ()(;S OC7 OG9 DC ll oel2 OC I4" o(;n 0(;25 0(;2(, 

1--- ----- -- ----I--61 0 .4 61 
62 0 . 8 0.8 0 . 4 0.8 1.2 0.8 0.4 62 
63 0 . 4 + + + 63 
64 + + 64 
65 0 .4 0.4 65 
66 66 
67 0.4 + 67 
68 10.0 4.8 1.2 4.4 5 . 6 4.4 2.4 0.8 2.0 2.0 0.8 0 . 8 68 
69 0.4 + + 69 
70 0 . 4 + 70 
71 + 71 
72 + + .. 72 
73 0.8 6 .4 3 . 6 0 . 4 0 . 8 2.0 0.4 0.4 1. 2 73 
74 0 .4 74 
75 0.4 .. + .. 75 
76 0.4 0.4 0 .4 76 
77 3.2 6.4 4 . 0 7 . 2 5.2 7.2 1.6 3 . 2 1. 6 4 . 4 1. 2 1. 2 77 
78 O.l:! 78 
79 + 79 
80 1.2 80 
81 + 81 
82 • + + 82 
83 + 0.4 83 
84 .. + .. 84 
85 0 .4 0 . 4 0.8 85 
86 0.4 86 
87 + 0.4 0. 4 87 
88 0 . 8 + 88 
89 0. 4 0.4 0.4 0.8 + + 0 .4 0.4 89 
90 0.4 -I + 0.8 0.4 1. 6 + 90 
91 0 .4 + + 91 
92 0 .4 0.4 92 
93 + 0. 4 0 .4 1.2 0 . 4 0.4 93 
94 + 0 .4 0 .4 1.6 1.2 1.6 0.8 94 
95 + + 0. 4 + + 0 . 4 + 95 
96 0 .4 0 .4 1.2 0 . 4 96 
97 + 0.4 1.2 0 .4 0.4 0 .4 0.4 97 
98 0 .8 0.4 + 98 
99 1.6 1.2 + 0.8 0.8 + 4.8 0.8 99 

100 0.4 0 . 4 0 . 4 0.8 + 2.8 0.4 2 . 0 1.6 100 
101 0.4 0 . 4 + + + 0.4 + + 101 
102 1.6 2. 4 2.4 2 .4 0.4 0 .8 2.8 3 . 6 2 . 8 0 . 8 6 . 0 11. 6 102 
103 0 . 8 + 0.8 0. 4 0. 4 + 1.2 + 4.4 ... 9 . 2 3 . 6 103 
104 0.4 .. 1. 2 + + 0 .4 0 . 8 0 .4 3.2 1.2 104 

105 + + + 105 
106 + 0 . 4 106 
107 0 .4 + + 0.4 107 
108 108 
109 0.4 0 . 4 109 
110 0.8 2.0 110 
111 0.4 0.4 0.4 0.4 III 
112 1.2 0 .4 + 0.4 + 0.8 + 0.4 11 2 
113 + + + 113 
114 0.4 0 . 4 + + . 114 
115 4.8 0.8 2. 0 2 . 8 3.6 5 .2 0 . 4 2 . 0 10 . 4 2.0 10 . 4 6.4 11 5 
11.6 0.4 0 . 4 0.4 2 . 0 0 .4 1. 2 1.2 116 
11 7 0.8 + 1. 2 0 .4 + 0 .4 + + 3. 6 1.6 0 .8 117 
118 1. 2 0.8 1. 6 2.4 0 . 8 1.2 1. 2 3.6 3 . 2 -I- 1. 6 3.2 5.6 118 
119 0.4 119 
120 + ... 120 
121 0 .4 0 .4 + + 12 1 
122 122 
123 0 . 8 + + 0.8 1. 2 1.6 0 . 8 0.4 123 
124 0.4 124 
125 0.4 0.4 + 0.4 125 
126 + 0.4 • 0.4 12(, 
127 0.4 127 
128 0.4 1 211 
1 29 DC) 
lJO 110 
131 0.4 + 0. 4 2 . 0 2.1l 2 . 0 0. 8 1. 2 ... 3 . 2 2.0 1 ) I 
lJ2 + 0.4 0 .8 0 . 4 0 . 4 13. 
133 1 )3 
13 4 0.8 1.2 0 .4 0.4 1. 2 0.4 0. 4 0.8 134 
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TABLE A2 . 2 PERCENTAGE OCCURRE NCE OF MI CROPLANKTON AND OTHER ALGAE I N PALAEOCENE 

AND EARLY EOCENE SECTIONS AT PEGWELL BAY AN D OLDHAVEN GAP . 

DINOFLAGELLA TE CYSTS 
AchomosphtterlllJlcicornu 
AchomMphlJl!'" .pp. 
Alisocy.t. mary"i t. 
Af>«;todinium homomorphum 
A. parvum 
Af>«;todinlum spp. 
Anoliger.IGllJphrocy.t. 
ArtIOlige",ltmonensi./coronat. 
ArtIOliger •• pp. 
Cho",trI cysts undi ff.ffmtl.trId 
C/elsto.phlJl!rldlum group 
CorrJo.phtteridium fibrospino.um 
C. lnodes 
CcrrJOIphlJl!ridium .pp. 
Defl.ndre. d.rtmoori •• ,. 
D. dentlcul.t •• ubsp. minor 
D" fllJndrell.PP. 
Diphyef colligerum 
GI/JPhrocy.t. di v.ric.tum 
G. exub/!",n. 
G. orrJin.tum 
G/aphrocy.t. 'PP. 
GonYIHJI«yrt. jur.wu I R) 
GonYIlUI«y.t. sp. 
H.fnlasphlJl!"'SPP. 
Homotryblium Pllllidum 
Hyrtrlchokolpofflll mMtitum 
Hystrichosphllllridium PlItulum 
H. tubifervm 
Hystrichosphllllridium spp. 
In~flidlnium exlllmurum 
Llngulodlnlum mllChllllrophorvm 
1Microdinium .p. 2 S.·L. 01 Ch. 
.ff. 1Microdinium sp.2 
Microdlnium 'P. 
Nllfm~f1Itopsi. grw:lIi. IR) 
Oligosphllllfidium complu 
OptJrrulodinlum CtNItrocllrpum 
P,,11IIIO.tomocyrti. IlIIIVigat. 
P"reodinl. cer.tophof1l I R) 
S.ntuUdinium Ipp. I1R) 
Spinl"'ri t", cinllul.tus 
S. comutu. 
S. f1Imow. 
S. p~udofurcatu. 
Splnif",lrn .pp. 
Trigonopyxidla gin.lI. IlR) 
PhthenoptJridinium c,.nul.tum 
Dinoflllf/ttll.m undiff.rentlatrld 
ACRITARCHS 
Ccmasphllllfidium cometn 
Cymatlolphee", spp. 
HorologlMIi. Ipp. 
Lelolphe,.. 
Mlcrhyltridium spp. 
Vtlryh«hlum SPP. 
Acrltllrch. undiff.,."tl.ttld 
OTHER ALGAE 
CrllSSolphllllf1l Ip. 
T.umnltfl •• p. 
P"",I«:ani"lI. IndMt.ta 
~I"'rum 
Pterospermell •• pp. 
lOvoid/ttlllp. 
Botryococcu. 
Tor.I mlcropJ.nlcton 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
1 9 
20 
21 
22 
23 
2 4 
25 
26 
27 
28 
29 
30 
3 1 
)2 
33 
3 4 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 

50 
51 
5 2 
53 
54 
55 
56 

57 
58 
59 
60 
G1 
62 
(,3 

PEGWELL BAY 
CLI FFS END SECTION CAR PARK SECTION 

Tha net Beds 

Bu llhe ad J Stourmo u th ~wel~~ulver Bed Green~ Cl a ys Mar l s Silt Bed 
PB l PB3 PBS PB8 PD I 0 PDll PB12 PI313 PD16 P13 18 

+ 3.0 1. 0 1 
0 . 8 + + 1.1 1. 6 2 

0 . 2 0.2 0. 9 1. 9 4 . 2 1.6 + + + 3 
4 
5 

+ f 
17 . 8 47.4 11. 3 12 . 5 5 . 5 18.3 51. 2 10 . 3 19 . 7 35 . 4 7 

+ + + 20 . 9 16.6 5 . 9 R 
1.4 3 .7 ~ 

10.7 12.7 10.0 0.5 10 
2 . 4 3 . 5 13.7 14 . 2 4 . 2 2 . 2 1.5 3 . 2 11 

2 .7 1 ~ 
+ + + + 13 

0 . 8 0 . 2 2. 4 1. 9 + 1. 1 3 . 7 2 .8 1 4 
+ + 6 . 6 5 .3 11.8 15 

+ H 
1.8 3 . 5 13.8 2. 2 4. 5 5.6 4.4 + 0 .7 1 7 

18 
+ + + 1 9 

1.6 20 
+ 5 . 3 2 1 

• 22 
23 
24 

+ + + 1.0 25 
+ 26 

0.5 + 27 
28 

0.9 + + 3 . 3 0 .7 2 .7 29 
)() 

0 .4 + 0 . 7 3 1 
)2 

1. 8 2.4 7.9 8 .8 1. 8 2.4 1. 1 + 33 
2.4 4. 4 1. 0 34 

35 
36 

0 . 2 • + 37 
+ 38 

10 . 9 11 . 9 4.4 /; . 9 6 . 4 + 1 5 . 4 0 . 7 39 
40 

+ 3. 0 2 .7 41 
4 2 
43 

+ + + 44 
+ + + 45 

0. 4 2.0 4.4 + ... + 6 . 6 3. 7 10. 2 4 6 
+ 47 

+ 6 . 8 0.5 48 
0 .8 4.5 4. 4 18. 6 2. 7 5 . 6 2 .4 2 . 2 4. 5 49 

2 . 6 3 . 7 3 . 9 6.7 3 . 7 4 . 2 7 . 0 1.1 0.7 50 
2.8 0.2 3 . 9 0.7 6 . 4 5 . 6 + 3.3 1.5 0.5 51 
0 . 2 1. 2 0 . 5 4. 0 2 . 7 1. 4 + 52 

23 .3 7. 3 7. 9 3.0 18.3 5.6 6 . 0 3 . 3 0.7 0.5 53 
27 . 8 8.1 1 4.8 5 . 6 40.3 25.3 1.0 14. 3 12.8 3 .8 5 4 

2 . 6 0 . 5 1 . 4 55 
0. 8 0 . 2 4.4 5.6 14.0 56 

0.9 1. 1 1.5 57 
58 

0.6 + 1.1 1.5 7.5 59 
60 

1.2 0 .2 0.9 0 . 9 6 . 4 1.5 1.0 61 
0 . 7 62 

+ + + + 63 
491 402 202 708 109 72 250 9 1 132 186 
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OLD HAVEN GAP 

Th a ne t Beds Wo olwich 
~haven 

Be ds Be d s 
London 
Clay 

OG2 8 OGI OC2 OG3 OC 5 OC 7 Or. 9 Or.ll OG 12 0 (; 14 OG 27 0(; 25 OG26 

1 + 1 
2 2 . 3 + 2 .7 2 
3 3 
4 2 .7 4 
5 2 .7 5 
6 2 .7 6 
7 2 . 3 3.5 15.8 7 
8 + + + 8 
9 2 .4 3 . 5 3 .7 + 14. 2 9 

10 7 . 1 6. 4 11.0 10 
11 10 . 3 15 . 8 6 . 9 7. 2 9 . 2 3.5 7.1 2 .7 1.4 11 
12 + 1 2 
13 + + + 13 
14 + 2 . 3 3 . 3 . 6 + + 2 .7 14 
15 + + 0.5 1. 5 ... 15 
16 16 
17 3. 6 2 .1 2 . 3 + 1.8 0 . 5 10 .6 7.1 + + 17 
18 .. 18 
19 19 
20 .. 20 
21 + + 2 1 
22 + 8 . 5 S . .1 5 . 0 + + 7 . 1 .. 22 
23 + 23 
24 7.1 + 24 
25 + 1.1 + 2 .7 25 
26 26 
27 27 
26 2 . 3 28 
29 + 29 
30 2.3 1.1 + 30 
31 31 
32 + 32 
33 33 
34 2 . 3 + + 34 
35 2 . 7 35 
36 .. 36 
37 37 
36 2.3 + 1. 7 + '+ 38 
39 39 
40 + 40 
41 2.3 4 .6 5 . ) .. + 3. 5 10 . R .. .. 41 
42 + 42 
.j) + 43 
44 13 . 8 2 . 3 fl. 6 J . G .. 2 . 7 44 
45 45 
46 2 . J 1 . 7 46 
47 + 47 
48 11 .6 48 
49 2.3 8 . 3 8 . 5 5 . l 5 .4 13.9 lJ. O IO.fl 4. I 49 

50 4 . 6 + 4 . 2 4. (, 5 . 1 9 . 1 + .. 8 . 2 4 . 4 50 
51 6. 9 4.7 5 . 3 6 . 9 9 . I 7 . 5 17.3 21.4 .\ 9 . 6 3.3 51 
52 4. 6 1.1 2 . 3 3 . (, 0.5 6 . 6 52 
53 16 . 2 22 , (, 8 . S I , R 1.r. 3. 0 l . S IO . B 2 . 7 1 . ) S) 
54 ·14 . I 3El.O 28 . (, " ) . j 4 'J . h I)~ . 7 411. 6 38.0 5 J. 4 14 . /. 17 .U (,3 . (l 7(, . ') ') 4 
55 2 . 3 1 . 0 ]. 5 1 .4 1.1 ')r, 

Sf) ], 0 35 .7 2 . 7 2 . 8 2 . 2 "(, 

57 2 . 3 1. 8 + .. 2 . 2 57 
56 + 58 
59 2. 4 1.1 6 . 8 + 1. 5 7 .1 2.7 59 
60 + + 60 
6 1 + + .,. 

I + 5 . 5 + 61 
62 

I 
6 2 

63 + + + + 6 3 --- --- - --- - -- - .- --- - ---- .-
43 8 4 94 43 5(, 54 188 63 28 14 37 7 4 60 

----- - - --. 



- 40B -

TABLE A2.3 PERCENTAG E OCCURRENCE OF SPORES AND POLLEN IN PALAEOCENE SECTIONS 
AT CHARLTON , SHORNE WOOD AND SWAN SCOMBI:: . 

Trl/.t. IPOres undifferenti.tBd 
Smooth tri/.tBIPOTes 
Appmdiei.porit •• IP. 
8I1Cu/.ti.pori tt1s!Osmundecidites spp. 
Cie.tr/eOlisporitn dorogensis 
C. p.rBdofOgensi. 
Dtmsoisporites ve/.tus 
Densoisporitn IP. 
Glilichl!niidites senon;cu, 
Hydrosporis /.vi. 
K/uk isporittls IPP. 
LyeopodiumlPoritn e/sv.toides 
LyeolPorelP. 
PilOIisporir •• IP. 
Po/ypodisctlO/lPOrites mecrOlPtlCiOluS 
P. ef. mtlfxh.imensi. 
St.rei.por/t··IP. 
lTllgUm.ntilPori.sp. 
Tr/p/.nospor/res .inuow. 
Trlqultrites sp. 
UVtIttI{JOrites .rgentll.formi. 
LMvifllltOlPOrittll discorrhltu. 
L. hMrdtf 
lAevig"tolPorltes spp. 
Orfl/H1!entBd mono/'te spor .. 
C4I1i'/'lPorltes d.mpwrl (R) 
In.".rturopol/.nittll curb.cu. (R) 
C4rebropoll.nites mesozoleu. (R) 
8 iSIICUt. pol/m undiff"·.,,ti.tBd 
I'IIrvilJJCelt .. redi.tu. (R) 
Stri.t. bfsecut. poI/lin (R) 
Vitrelrporit •• pel/idu. (R) 
AfJlUellrillCita lIU.tr.li. (RJ 
l",perturopollt1flites hi.tu. 
I. po/yformu. 
''''{Mrturopollmites .pp. 
lPerinopollenites ./.toides 
Sph.rlpollenitB. group 
C/tlUopollil torosu. (R) 
Chum.to.porittllspP. (R) 
C/lIVlltlpol/.nites spp. 
LlllltCidittlllPP. 
Milfordi. /ncert. 
Monaco/papol/Mita t"nquillu. 
Monoco/pol/tlnite.spp. 
Diw/eittllSPp. 
Corn~tIOipol/enit., plfmu/"iu. 
lib/.rensi. /mieroh.nrici group 
Cupuliferoidlltlpol/enitfl cf. 1ib/,rM.is 
FrtlJlinopolli. v"illbl/i. 
/ib/.rensit/microhenrieiIVllfi.bili. fJP. 
R.tltresco/pitll •• ngu/o/uminOlu, 
Trico/pites p.rvus 
Trico/pite.sp. A 
Trieo/pitlllsp. 8 
Trico/pltes sp. C 
Trieo/popol/en/leS retiformi. 
Trieolp't. pollen undifferenti,ted 
AI!SCu/iidites circumstri.tu. 
8revicoipete!co/pof8te pollen 
Fwitrieo/porites bacu/of.rus 
MafTloco/porites /ihokus 
NYlSBpolltmites sp. A 
NYlSBpollMite. spp. 
PenttlpollMitllf sp. 
Rhoipltllf psinnu. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
lB 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
5 4 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 

Bottom 

CIII CH2 

4.0 1.6 
O.B 4.4 

+ 
0 .4 

+ 0.4 

1.2 

+ 
0.4 

+ 
0.4 
0.4 

2.0 1.6 
19.6 16 .8 

0 . 4 

0.4 
0.8 

28.0 10.0 

3 . 2 10.8 
+ 

1. 6 2.0 
1.6 2 . 8 

0.8 
0.4 

1.2 O. B 
0.4 2.0 

2 . 8 1.6 
0.8 + 
5.2 0 . 4 

+ 

4.0 3. 2 
2.0 1.6 

0.4 0 .4 

0 .4 
0 .4 

C IIIIHI.'I'O N 

Wool wich & Readi ng Deds 

Bed Sh e ll Beds 
Striped 

Loams 
CH4 CIl 5 CB6 ClI9 CII B Cll1 1 ClI12 

0 . 8 3 . 6 2. 4 2.0 1 
O.B 2 . 4 1. 2 + 2.B 2 

3 
+ 4 

0. 4 + 5 
O.B 6 

+ 7 
8 

0.4 9 
10 

O. B 0.4 0. 4 0 .4 11 
+ 12 

0.4 0 .4 13 
14 

+ + + 15 
16 

+ 17 
+ + 0. 4 + IB 

+ + + 19 
20 
21 

+ + + + 22 
0 .4 + 0. 4 0.8 1.6 0.8 23 

24 
+ 0 .4 0.8 0.4 25 

+ 26 
0 .4 27 

0.4 0 .4 0 . 4 + 28 
0 .4 0.4 1.2 1.6 + 1.6 29 

30 
31 

0 .4 + 32 
0 . 4 + + 33 

7 . 2 4.0 8 . 4 9 . 6 6.0 14 .4 9 .2 3 4 
1.2 1.2 1.2 + + 0.4 35 
5 . 6 2.4 3 .2 2.8 2 . 8 2 . 4 8.0 36 
0.4 + 2 .4 37 
0.8 + 0 .8 3e 
0 .4 O.B + 0 .8 0. 4 2 . 8 39 

40 
41 

1.2 0 . 4 0. 4 0. 4 42 
43 

0. 4 3 . 2 6.4 2 . 4 3.6 2.0 2 . 8 44 
4. 0 3.2 2. 0 2 . 0 2 . 8 1.2 0 .8 4 5 

1.2 0. 4 46 
+ + 47 

5.2 4. 0 3.2 4. 8 4 . 8 3.6 0.8 48 
0 . 8 1.2 1.6 3.2 1.2 0. 8 4 9 
0 . 4 2.4 4. 0 2 . 0 7.2 3.2 1.6 50 

51 
0. 4 0.4 0.8 2 . 0 0.4 1.2 0. 4 52 

0 .8 1 . 2 1.2 O.t! 3.6 53 
+ 0 .4 0 .4 0.8 0 .4 0.4 0 : 4 54 

55 

0 . 8 0 . 8 0 . 4 1.2 
56 

2.0 2 . 0 57 
1.6 2 . 4 1.2 2 .4 3.2 4 . 0 2.8 58 
+ + 1.2 0 . 8 0 . 8 0 .8 59 

60 
+ 0 .4 61 

62 
63 

0 .4 I 0 .4 + 64 
0 .4 + 65 

66 



CHARLTON SWANSCOMBE SHORNE WOOD 
! 

" c. :.l wi ch , f<ka ding Beds Woolwich , Reading Beds Woolwich , ReAding Beds . Striped l..oams Lig -
Shell Beds Lignite Woolwich Shell Be ds nite 

CH18 " -~ 15 CII19 CII16 CH17 CII21 SW23 SW26 SW30 SW33 SW37 SW38 JL864 JL865 JL866 JL867 JL879 JL885 JL887 JL905 JL910 JL912 JL931 JL937 JL942 

1 0.4 1 1.6 0.8 2.0 of 1 0.4 0.4 1.2 1 1.2 + 0.4 1.6 0.4 3.2 3.2 1.2 3.2 4.4 1.6 1.2 9.2 1 
2 0.4 . 1 .6 1.2 .. of 2 0.8 0.4 0 . 8 2.0 2 .. .. of .. .. .. 2 
3 , 3 3 3 

I 
4 I of 4 0.4 4 4 
5 of of 0.4 of of 5 0.4 0.4 0.8 5 .. .. of .. .. 5 
6 0.4

1 
of .. 6 of 6 6 

7 ! 7 7 7 
8 

I 
.. 8 8 8 

9 I 9 0.4 9 9 
10 i 10 10 + 10 
11 I 11 0.4 11 .. .. 11 
12 I of 12 of 12 12 
13 i .. 13 13 13 
14 .. 14 14 14 

I 15 15 .. 15 .. .. + + 15 
16 .. I .. 0.4 .. 16 16 .. 16 
17 17 17 .. 17 
18 .. of 0.4 .. 18 18 18 
19 .. 19 19 19 
20 20 20 20 
21 21 0.4 21 21 
22 0.4 of .. 22 0.4 0.4 .. 22 22 
23 1.2 l .2 0.8 2 . 8 1.2 23 0.4 0.4 1.2 23 23 
24 24 24 1.2 4.4 .. 8.0 0.8 4.0 6.8 2.4 2.8 1.6 1.2 0.4 1.6 24 
25 0 .4 0.4 25 .. 25 + + + 25 
26 .. 26 26 0.8 26 
27 + 27 .. 27 27 
28 0.4 28 0.8 28 28 

29 1.2 1.2 1.2 0.4 0.4 2 .4 29 + 0 . 8 0.4 2.0 29 + + + + .. + + 0.4 0.8 0.4 2.4 0.8 29 

30 30 30 
30 

31 + 31 .. 31 
31 

32 -+ 0.4 0.4 32 0.8 32 32 
33 33 33 

33 

34 7.6 : 9.6 9.2 6.4 10.8 6 .• 8 34 14.0 19.2 14.0 8.0 16.0 34 8.0 + + 0.4 0.4 0.4 8.8 14 .8 6.7 34 

35 + 1..2 35 0.4 35 
35 

36 6.8 ! 6. 4 5.6 4.8 2.4 11.2 36 0.4 3.2 2.0 1.6 6.0 36 1.2 2.0 2.0 2.0 2.8 6.0 19.2 1.2 36 
37 0.4 I + 0.4 37 0.4 0.4 37 0 . 4 2.8 1.2 2.0 0.4 0.8 37 

38 2.4 : 1.2 1.2 0.8 .. 0.8 38 38 
0.8 0.4 1.2 38 

39 1.2 0.8 0.4 0.4 0.4 .. 39 0.8 + 39 
0.4 0.4 2 .0 0.4 39 

40 : 0.4 40 0.4 40 
40 

41 0.4 41 41 
41 

42 0.4 of 0.4 0.8 42 1.2 1.6 1.2 42 
+ of 0.8 42 

0.4 
43 43 43 + 0.4 43 

44 2.0 0.8 2.4 4.4 2.8 1.2 44 3.2 1.6 2.0 44 13 . 2 11.6 6.0 + 5.2 11.2 3.2 6.4 4.8 3.2 1.6 2.0 2.5 44 
0.4 -+ 

45 2.0 0.8 1.6 1.6 0.8 2.8 45 + 1.2 0.8 1.2 0.8 1.2 45 0.4 0.8 4.4 0.4 2.8 4.4 6.0 0.4 3 .2 10.1 45 

46 .. , of 0.4 0.4 46 + 0.4 46 0.8 + + 0 .4 46 

47 0.4 + 0.4 + 47 0.8 47 + .. 47 

48 3.6 2 .0 2.4 1.6 3.2 0.8 48 4.4 2.4 2.0 7.6 2.0 48 48 

49 0.4 0.8 1.2 0.8 .. 49 0.4 0.4 0.4 2.4 49 .. .. .. .. .. + 1.2 .. + 4 9 

50 4.4 5 .2 6 .4 6.4 4 .4 3.2 50 .. 0.4 1.2 2.0 2.4 3.2 50 50 

51 51 51 6.0 2 . 0 4.8 7.6 2 . 0 6.8 4.4 9.2 10.4 10.0 5.6 10.4 9 .2 51 

52 2.0 0.4 0.4 0.4 + 1.2 52 0.4 .. 0.8 52 + + + + 52 
53 2 . 8 2 .8 1.2 1.2 3.6 53 0.4 1.6 3.2 2.8 1.2 53 + + + + .. + 1.2 .. .. 53 

54 .. 0.4 .. 54 .. 0.4 54 20.0 1.6 2.0 .. 0.4 54 

55 55 55 .. .. 0.4 .. 55 
56 0.4 56 56 56 
57 0.8 .1.6 2.0 2.4 3.6 4.0 57 0.4 1.2 2.0 1.6 2.0 57 0.8 0.4 + 0.4 1.2 1.2 0 . 4 1.6 0 .8 1. 6 4.4 .. 57 

58 2.0 .1.6 2.8 3.6 0.4 .. 58 2.4 3.2 4.0 0.8 2,8 58 0.4 2.8 0.8 1.6 0.4 1.6 2.0 2.0 0.4 2.8 4.4 0.4 58 
59 1.6 1.2 .. 0.8 2.4 59 .. 0.8 59 + + .. + + + + 59 
60 60 0.4 60 60 
61 0.4 0.4 0.4 .. 61 0.4 61 + + .. .. 61 

62 .. 62 62 62 

63 63 0.4 0.4 63 + .. 0.4 63 

64 1.6 0.8 .. 0.4 0.( + 64 0.4 6 4 6 4 

65 .. 65 0.4 .. 0.4 65 65 
66 + 66 66 66 
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TABLE A2.3 cont i nued 

.-_+-,C_"_l _ 1 Clt 2 Clt4 e l l S Clt 6 CII ') CII8 e lill CIIl 2 
Rhoipit~sp. A &7 0 .4 67 
Spin~pol/i. spinow. G 8 + + ~ ~ 
?Spinu/~polli. sp. 69 I 
Stri.t. trico/~t./rricolporBre pollen 70 , 0 . 4 0 . 4 0 . 4 O . 4 O . 4 + 70 
Tricolporopol/enites «eroides 7 1 , O . 4 O . 8 1 . 2 + O . 4 O . 4 7 1 
T. !»cul.tu. 7 2 7 2 
T. cingulum 7 3 O . 4 1 • G 8 . 8 4 . 8 8 • 8 9 . !J 10 . 0 ') • 2 7 1 
T. dublil»cul.ru. 7 4 + 7 4 
T. kruschi 7 5 0 • 4 + 7 S 
T. m.tn.f.ld.n,i. 7 6 I 7 G 
T. mBrpsrir.ru. I 7 7 ' 0 . 4 7 7 
T. meg«x«ru. 7 8 I 0 . 81 0 . 8 7!l 
T. mega~riculu. 79 I 0 . 4 0 . 4 0 . 4 7 ') 
T. ulard.. I 80 I I . 21 o . 8 O. 4 80 
T. ct . • ittl.ri 8) I 0 . 4 0 . 41 o . 4 O . " 8 1 
Tricolporopoll.nites spp. 82 O . 4 1 . 6 2 . 0 2 . 0 2 . 8 2 . 4 2 . 4 8 2 
Cu~ni.idit., spp. 83 I + + 0 . 4 83 
T.trscolporopoll.nitllS .pp. 8 4 84 
EricipirllS sp. 85 0 . 4 I 8 S 
Pand.niidites t'xu. 86 I 0 . 4 0 . 4 0 . 8 0 . 4 O . 4 + 8 Ii 
Rntioniidir" minimu. 87 0 . 8 + 0 . 4 I 0 . 8 • 0 . 8 + 0 . 4 87 
R. hung.ricu. 88 . i I I. (, 0 . 8 8e 
RIStioniidir. spp. 89 , 8 ') 
~ni«_pollttnites cuvillieri 90 9 0 
S. ct. cuvl//;''; I IJ I c) I 

S. m~noid.. I Y2 0. 4 1.l 0 . 11 n .H 0 . '1 , 9 2 
S. "tleul.tu, ~ 3 , () . " () • U , o. " ') 1 
S. lperpsnlolde. 9 4 1 I . 2 () . 4 0 . " 1. Ii O . 4 ') 4 
~rpBniBCtIHpoJl.nit" .p. A 95 • 9 5 
S~nillClMPoJl.nite.spp. 9G 0 . 41.2 ' 1 .61.61.(, n . B 0 . 41. 22. 8 9G 
8.opol/i. orrhol»sBli. 9 7 I 97 
s.sopolli.sp. 98 I 0 4 1 9 8 
ClJrylPoJl,nit'. spp. YY. I () : " I 0 . 4 0 .4 99 
CompositoipoJlenir" rhiLOphofUS II. 100 O . 8 I O . 4 100 
C. rhizophOfU. wbsp. burgh.sungensi, ) 0 1 , 0 . 4 1 o. 4 101 
C. minimu. 102 0 .4 0. 4 1 I + + 102 
7ComPOlitoipoJl.nitnsp. 103 I 0 .4 0.8 + 0 .4 0 . 8 0 . 4103 
NOrmBpollnundiffer."tiar.d 104 ' 0 4 0 . 4 0 . 8 0 .4 104 
G./lopolli. minimu. , 105 0 . 4 0 . 4 1 1 : 2 'I I. 2 0 . 4 1. 2 0 . 8 O . 4 10 5 
Intratriporopo"enit~ microreticulatus : 106 1.2 0. 4 0 .4 + I 1.2 106 
I. PSludinstructu. ' 107 0 . 4 + 0 . 8 1. 2 0 . 4 I. 2 1 o . 8 O . 4 10 7 
Intfltriporopoll.nit, •• p. A 1108 0 .4 0 . 4 108 
Intr.triporopo/l,mite. spp. undifferentiated 109 0 . 8 0 .8 0 .4 0 .4 0.8 0 .4 109 
LBb"polli. globow. ! 110 ' 1 10 
L IBbrafMJ. III I 0 . 8 ). 2 0 . 4 + 0 . 4 + + I 11 
MIIC«JpoJipollenitn rotundur I 112 , + O . 4 + 1 1 2 
M. tenuipolu.IMomipir,. coryloides 11 3 I I O. 4 1 O. 8 0 . 4 I 1 ) 
Nudopolli.lHldangullltu.lt.rmin.li. 11 4 I O. 4 i + 0 . 8 0 . 4 + 0 . 8 + I O . 8 + I 14 
Pi.tillipoll.nites mcgregorii 115 I O . 4 + 1. 2 + I 1 5 
PlatYCBry,pollenite .. nticYClu~ 11 6 O . 4 O . 4 O . 8

' 
+ 1 J(, 

P. pl.rycaryoid.. I 1 17 G . 4 I ( , . 8 2 2. 8 ' 2(, . 4 2 4. 811 (, . 8 I 8 • 4 2() . 4 1 (, . 0 1 1 7 
Plicapolli. pseudoexc.l.u. I I 8 o . 41 6 ., 41 (, • Il I 4 . " J. 2 I . (, 0 . A I 2. I! I. 2 1 1 H 
Plicatopolli.spp. I I I) () . 4 (, . /j I 2 . 'I :> • ,I 2 • () 1 . 4 1. l 2 . () II I) 
Pomp«kioidaepollenit~ subhercynicus I 2u I () . 4 (\ . 4 I 20 
Subtriporopollenites .nu/atus II. I 2 I I I I I 2 I 
S. anul.tus .ubsp. nIInus I 2 2 () • 'I I I I 2 2 
S. con.t.ns (sl.) I 2) I () . ,I I I 2 ) 

S. intraSrructufU. I 24 I O . 4 0 • 4 I (1. HI 1. 2 (\ . R I. 2 I . G I 2 " 
S. m.gnoporatu. I 2 S I 1 I 2 r, 
S. subpor.rus I 2 L I :u. 
Subtriporopo/l"'it~ spp, 127 u . b n ." 1 2 7 
Tri.triopollenite. confuw. 1 28 1 2 . 0 o . '" 0 .. 1 128 
T, robor.tus 1 29 O . 4 0 . 4 1 1 2 9 
T. wbtriangulu. 1 ) 0 I () . 4 1)0 
Trilltriopoll.nites spp. I 1 I I. , is 4 . 4 I 1 . fl 1 • 2 1 • ,',' .. . A A • () 2 • 4 ? . 4 1 '\ I 
Triporopol/'nit~ p/~ktosus I 3) () . HI.? 0 . 4 1 •• ' I I. 2 1 • (, I. I. I j l 

r;r:::'~~~:'enitesspp. : ~.; 1(:;, 2 . 0 1 ' (' 1 (, . Il

l 
;; :~ ~ :~ ~ : (; 1: (, 1

1

: ~ .; II 
AJnipoll~nitf!S trin. 1 j '... I 1 I 1 r) 

A. V.,u. I ) (, I • (, " 2 . 0
1 

o . 4 () . 4 , I 1 (, I 
Interpol/is messelensis I 1 37 O. 4 () . 41 11 7 

I. supplingen.is ' 1 ) e + 1 I. 2 O . " 2 .01 1 . (; : o . 8 0 . 81118 1 
I,velum 13 '1 . '1.(, 0 .4 0 . 4 • I l'l l 
Interpol/is spp. undifferentiated , 1 ~ 0 U . 4 O . " (). ,I 0 . . 1 II 4 () i 
Pentsporoites belgicus 1 4 1 , () . ·1 () . 4 1 I ,1 I I 
Perslcarioipollenites persicafloides 1 4 2 l 1 4 2 
Reevsiapollis triangulus I 4 ) ,. . () . 4 I 4 1 
Ulmipol/enites tricostatu. ' I 44 3 . (, 1 . (, ) . r. ( I . H I . (, o . 8 1 'I I 
Ulmipollenites spp. II 4 ', I O . 4 O . B 0_. 8_ 0 ." I 4 r, 
Others ~ -'-__ --'- O . 4 () . 4 I. (, + O . 4 1 4( , 



CI1l8 CH15 CIl19 CI1l6 CH17 CIl21 SW23 Sw26 sW30 SW33 SW37 SW38 JL864 JL865 JL8G6 JL867 JL879 JL885 JL887 JL905 JL910 JL912 JL931 JL937 JL942 

67 + 0 .4 67 67 67 
68 68 68 + 68 
69 0.4 69 69 0.4 + + 69 
70 0.4 + + 0.8 70 70 + 2.0 0.4 0.4 1.2 0.4 2.4 0.8 2 .0 0.8 70 
71 + + 0.4 0.8 0.4 71 1.2 0 . 4 1.2 71 + + + 71 
72 + 72 72 + 72 
73 12.4 11. 2 11.2 7.6 3.2 73 1.2 7.2 6.0 4 . 8 4.0 73 0.4 0.8 2.4 2.8 5 .6 4.8 7.2 8.8 1.6 73 
74 O. B 74 + + 74 + 74 
75 + 0.4 + 75 0. ·4 + 75 + + 75 
76 0.4 76 76 76 
77 + 0.8 77 O~ 4 0.4 0.4 77 + 77 
78 0.4 0.4 + 0.4 + 78 1.2 1.6 0.8 0.8 78 0.4 0.4 + 2.4 78 
79 + 79 79 + + + 79 
80 0.8 + 2.0 + 80 0.4 1.2 0.8 2.4 80 + + + + 80 
81 0.4 0.4 + 0.4 81 0.8 0.4 O.B 0.8 81 1.2 + + + + 0.8 81 
82 2.0 1.2 2 .0 4.0 2.0 + 82 + 5.6 4.0 2.8 2.8 82 0.4 1.6 1.2 2.8 0.8 1.2 O.B 0.4 1.2 1.6 82 
83 + 0.4 0.8 83 0.8 83 O.B 0.4 O.B + 3.3 83 
84 + 0.4 + 84 0.4 84 + 84 
85 85 + + 85 + + + + + 0.4 85 
8 6 + 0.4 0.4 + 0 . 4 86 + 86 + 2.0 0.4 + 0.8 + 86 
87 + 0.8 + 2 .0 87 0.4 0.4 2.0 0.4 87 0.4 3.2 + 87 
88 1.2 0.8 + + 0.8 88 1.6 1.6 0.8 0.4 0.4 88 + + + + 88 
89 89 89 0.4 1.2 + + 1.6 + 2.B B9 
90 0.4 90 0 .4 90 + 90 
91 0.4 91 0.4 91 + 91 
92 0.8 1.2 0.8 0.4 + 92 0.4 1.2 2.0 0.4 O.B 92 + 92 
93 + + + 0.4 + 93 0.8 0.4 0.8 + 2.4 93 + + + + + + + + + 93 
94 + 0.8 + + + 94 1.2 0.4 94 + + + 6 . 0 + + + 94 
95 + 95 0.4 0.8 95 + + + 95 
96 3.2 3.2 1.6 6.0 0.4 96 1.2 0.4 0.4 2.0 96 1.2 3.6 33.2 25.2 13.6 2.0 4.4 2.0 3.6 1.6 1.2 3.2 2. 5 96 

97 97 97 + + 0.4 0.4 97 

9B 98 9B 9B 

99 0.8 0.8 0.4 0 . 4 + 2.4 99 + 0.4 + 0.4 99 + + + + + 0.4 + 0.4 + 99 

100 0.4 + 0.4 100 + 0.4 0.4 100 + + 100 

101 + 101 + 101 + + 101 

102 + + + + 0.4 102 0.4 0 . 4 102 102 

103 + 0 . 8 + + 0.4 103 + 1.2 0.4 + 103 0.4 + 0.4 + O.B 0.8 O. B 1. 6 103 

104 0 . 4 0.4 2 . 0 104 + 0.8 104 4.0 + 15 . 6 14 .B 9.2 3.6 6.4 4.0 5.2 3.2 10.0 6 .0 O. B 10 4 

105 + + O.B 0.8 O.B 1.6 105 0.4 2 . 4 1.2 3.2 105 9.6 2.0 7.6 8.0 6 . 0 2.4 3.2 2.8 1.6 2.0 4 . B 2.8 0.8 105 

106 1.6 0.8 0 . 4 0.4 106 + + 0.4 + 106 + + + + + 106 

107 + 0.8 0.4 + 0.4 107 + 0.8 107 + + + + + + + 2 .0 107 

lOB 0 .4 1.2 0.4 + 108 + + + 108 + + + + + + + lOB 

109 + 0.4 o.B + 0.4 109 0.4 0.4 0.4 109 0.4 1.6 + + 1.6 0.4 0.4 1.2 0.8 O.B 109 

110 + + 110 + 0.4 110 110 

III 1.2 0.4 0.4 0 . 8 + III III 0.4 0.4 + 0.4 0.4 0.4 III 

112 0.4 0.4 112 + 0.4 + + 112 + 11 2 

113 + 0.8 O.B + ll3 + + 0.4 113 11 3 

114 + + 114 + 0.8 114 114 

115 + + 0 .4 + + 0.4 115 :.. + 0.8 ll5 1.2 5.2 1.2 0.8 4 . 4 0.8 0.4 0.8 0.4 + 0.4 O.B 11 5 

116 1.2 + 116 0.4 116 116 

117 16.8 22.8 12.4 14.4 33.2 17.2 117 + 32.8 16.8 29 .6 23.6 17.6 117 37.6 62.4 16 .0 10.0 36 . 8 42.4 35.6 36.0 33.6 23.2 30.0 26.4 3 9.5 117 

118 2.0 0.4 1.2 1.2 1.2 0.8 118 + 10.4 5.2 0.8 0.4 2.0 118 11 B 

119 2.4 1.2 4.8 4.0 3 . 2 119 1.2 1.2 0.4 6.0 119 + 0.4 2 .0 0.4 0.8 0 . 8 0 . 8 119 

120 120 + 120 0 . 4 0.4 + + 0.4 + O.B 0.4 120 

121 121 121 + 1 21 

122 + + 122 122 + + + + + + 1 22 

123 + + + 123 0.4 + 123 + + + 0 . 4 0.4 + + .. + 123 

124 + 1.2 0.8 1.2 2.8 1.2 124 + 0 . 8 1.6 0.8 124 0.4 + + + + + + + 124 

125 + 0.4 125 0.4 125 + 125 

126 126 126 + + 1 26 

127 1.2 127 127 + + 0.8 + 0.4 0.4 0.4 0.4 0.8 + O.B 1 27 

12B + + 0.4 0.4 + + 128 + 0.8 0.4 128 0.4 + + 128 

129 129 129 + + + 0.4 + + + 1 29 

130 0.4 + + 130 0.4 130 130 

131 2.8 4.0 8.0 8 . 8 1.2 4.0 131 4.8 2 . 8 3 . 6 5.2 0.4 131 0.8 2.4 1.6 O.B 1.6 0.4 O.B 1.6 3.2 1. 6 131 

132 0.4 0.8 0.4 0.8 0.8 4.0 132 0.8 0.8 0.8 0.8 + 132 2.4 + 2 . 0 + + 3. 6 1.2 + O. B 13 2 

133 + 0.8 0.4 0.4 + 133 2.0 + + 1.2 133 0.4 2 . 0 + o.B + 7 . 6 2.0 0.8 0 . 8 0.4 1. 6 .. 133 

134 + 0.4 1.2 1.2 10.8 134 + 4.8 1.6 2 . 0 1.2 2.0 134 0 . 8 3.2 3.2 0.8 1.6 4 .0 0 . 8 2.0 1.6 2.4 3. 2 1 34 

135 + 135 .. 135 135 

136 0.4 136 + + 0.4 136 0.4 1 36 

137 + 0.4 137 0.4 0.4 0.8 0.4 137 + + + + + + + 13 7 

138 1.6 0.4 0.4 2.0 0.4 1.6 138 0.4 + 1.2 0.4 + 138 + + '+ + + + + + O. B 13B 

139 0.4 + + + 0.4 139 0.8 0.4 0.4 139 + 0.4 + + + + 139 

140 140 140 1.6 2.4 0.8 + 1.2 14 0 

141 + 141 141 + 141 

142 142 142 + 14 2 
143 + 0.4 + 143 143 + 14 3 
144 0 . 8 0.4 1.2 3.2 1.6 + 144 + 2.0 2.8 0.8 2.4 4.4 144 + + + + .. + O.B + 144 
145 5.6 145 2.0 145 + 0.4 4.4 0.8 .. 0.8 0 . 4 0.4 .. 2 .4 0 . 8 14 5 
146 1.2 O.B 146 0.4 0.4 0.4 0.4 4.0 146 1. 2 0. 8 146 
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TABLE A2.4 PI:;RCENTAGE OCCURRENCI:; OF 111 CROI'LIINKTON liND OTHI:;R ALGIII:: 

IN PALAEOCENE SECTION S liT CHIIRLTON, SII ORNE WOOD liND 
SWA NSCOI1B E. 

DINOFLAGELLATE CYSTS 
7 AdMtosphM!ridium ,utulum 
AptIctodinium homomorphum 
A. qulnqutJl.tum 
A. hy~~nthum 
A. ,urvum 
AptIctodinium spp. 
AreolifItJr./GI.phrocyst. Ilroup 
CI.istosph.ridium group 
Cordosph.ridium fibrospinosum 
Cordosph.ridium .pp. 
D.fI.ndre. d.rtmoor;' .1. 
o.fI.OOre. sp. A 
D.fI.ndre. spp. 
DiphYfl colli(/tJrum 
GI.phrocysr. OrdiMr. 
GI.phrocysr. spp. 
Homotryblium spp. 
Homotryblium p.llidum 
HystrichasphM!ridium spp. 
L."todinium mi,.bil. (R) 
Li~/odinium rrlM:h.rophorum 
7 Microdinium sp. 2 Sch.-L. & Ch. 
N.fIfIOCM.topsi. grecili. (R) 
N. ~IIucid. (R) 
Oligosp~tJridium campltJlt 
O{JMQJlodinium C.nfroc.rpum 
PI/HOltomocystis /Hvi~r. 
~ntusidinium IPp. (7R) 
Spin/feritts r~osus 
Spin/f"i,.s .pp. 
St.p~fItJ/ytron sp. (R) 
7 Trichodinium group 
TubicJ.rmodinium sp. 
DinoflllfItJII.t" undi".renti.t~d 
ACRITARCHS 
B.lrisph.ridium sp. B Gr .. lAv. 
CO"""~tJridium com.t" 
Cym.tiosph..,. spp. 
Hor%l/iMII. SPp. 
L.~ l~iosphtJ,., 
L.iasp"'", 
Mycrhystridium spp. 
V~ryhtJchium .pp. 
Acritllrrhs undi"~rtJnti.ted 
OTHER ALGAE 
Cr."osphaefl .p. 
P.rtJItJCtJni~JJ. indent.t. 
Ndi •• trum .p. 
Pt~ro'I»fmtJJJ. 'p. 
Ovoidim ligMOlu. 
Schizospori. ,urvus 
S. lPr' llIli 
T.tflporin. ~IIucid, 
Ind. t"mi""t. TYI» , 
Botryococcu. 'p. 
OTHERS 

Microfo"minif.rid linings 
Total micropl. nk ton 

) 

" 
) 

4 
5 
n 
7 
8 
') 

H) 
1 1 
12 
1 ) 
14 
15 
16 
17 
lil 
19

1 

20 
21 
221 
23, 
24: 
251 
26 1 
27 
28 
29 
)0 
) 1 
)2 
)) 
34 

) 5 
36 
37 
38 
) 9, 
1,°1 

, '1 1 
'; 2 ! 

~ 31 

.: 41 ,.s 
·;r,1 
.; 71 
.J L 
·11) 
IJ( ll , . 
" 
':I:' , , 
' . 

I~ ·1 
~ 

CIIIII<LTON 

Wcolwich and Reading Beds 

Bottom Bed Shel l S Beds 
triped 
Loarns -- - -

Clil CII2 CII4 CI15 Cll f> ( 119 CII8 Cl ill C 111 2 -- --
) . 2 0.5 1.6 
7 . 1 )3. 0 17 . ) 2.7 7 . & 4. 3 ~ . 2 2 

3 
2.4 • 4 
4.8 ) . 7 2. & 2 . 1 ~ 14.0 S . 2 5 

22.6 27.7 /l.O 21.(, 

23. ()I 
1.2 l 

9 . 2

1 

2 .1 9. I 2 . 6 J.2 
17 . 8 7 .4 17 . I S.B A . 0 

2 . ) , t 1. 2 1.1l I 
! 2 . ) 

r} . 0 & 
I.n 7 
1.0 8 

9 
10 
11 

I 8 . 5 1. I r) .4 I 
1 .. I 7. (, 

( , .(, 12 
I J 

I 1. 2 1 . J 0.5 1.0 14 

I I 

I 

I 
.. 5 . S 

t 

15 
16 
17 
18 
19 
20 

4. 6 I 21 
22 

I 2.3 
2) 
24 

1. 2 25 .. t .. .. , .. t , 
1 2 .1 1 

~ 26 
27 
28 

t A.J 1 . 7 (, . I S.9 
25.5 .. 2 . 0 2') 

30 
31 

2 .4 22.2 12.0 29 . 7 46 . 4 42.7 )1.0 32 

6.9 8.5 7 . 1 3 . 7 ).9 
33 

9 . 9 2 . 6 3. 0 34 

6 . 0 2 . 6 .. 1.0 2. ) .. 1.2 1.8 + :' . 9 
2.3 2. 1 1. 1 , 1.0 + 0.5 

2.1 

I 11.4 1 )2.8 8 · ) 1 3 . 7 1. 31 )0. ) I 57.4 6 . 0 5 .4 '). III I .7 I S. 21 11.4 , 
1. 2 j 

1 
1 

I 

1 

1 

I 1 
·1 . () 1 

~ 35 
1. 0 36 
1. 0 37 

38 
39 
40 

-1. °

1

41 
42 

2 . 0 43 

44 
1 • (I 4 '. 

I 

2 . 1 
2 . 1 t I • 1 

4(, 

47 
4 A 
49 

1 
I 

I 
, 

I I I , I I 

I 

43 -- ----
I I 11 W, 

47 84 '> 4 I r} 18 ~ 
--'--~-

r"lO 

C, I 
',2 
',I 

r. 4 

')1> 



CHARLTON SWA NS COMBE SHORNE WOOD 

woolwich & Read ing De ds Woolwich & Reading Be d s Woolwich and Reading Beds 

St riped Loarns 
Lig- Shell Beds 
nite Lignite Woolwich She ll Beds 

Clil8 CII15 CIIl9 CH16 CII17 CH21 SW2 3 SW26 SW30 SW33 sw37 SW38 JL864 JL865 JL8 66 JL867 JL879 JL885 JL887 JL905 JL910 JL912 JL93 JL937 JL942 

1 + + 1 + 11 + + + 0.8 + 1 

2 6 . 5 7 .4 10.7 6 .0 2 + 5 . 4 1.8 7.0 20 . 4 I 2 + + 7 . 1 2 
3 

I + 3 3 0 . 7 3 
4 + 4 3 . 3 1.8 0 . 9 1.7 4 + + 4 

5 8 . 0 9 .2 7. 7 1 5 .0 5 5 . 5 0.9 9.0 12 . 3 5 + + 3.1 5 

6 21. 3 4 2 . 6 31.7 33 . 3 72 . 0 6 1.5 37.7 8.2 8.2 15.8 6 70 . 3 85 . 2 23 . 8 64 . 3 87.4 11.0 53 . 6 14.0 6 
7 0.7 21. 6 7 + 2.2 0.9 + 1.7 2.0 7 1.2 0.8 4.8 + 7 
8 1.6 15 . 4 19 . 0 7.1 21. 9 8 1.0 16.6 25.6 7 . 3 13.0 4.0 8 3.7 1.2 0.6 3.4 0.3 27 . 4 12 . 7 8 
9 0.7 1.0 + 9 4 . 0 . 9 9 

10 1.2 10 1.7 tlo + + + + 10 
11 11 

U 
11 

12 5 .0 1.8 2.3 2.0 + 12 + 12 
13 4.1 13 13 
14 0.7 1.0 + + 14 1.1 0.9 14 0 . 8 14 
15 1. 0 15 1.8 0.8 

15 + 15 
16 16 + + 16 
17 17 1.1 16 

17 17 + + + + 
18 18 

18 18 
19 19 

19 14.8 3 . 6 3.2 3.9 0.7 5 . 5 10.0 19 
20 20 20 
21 21 4.4 11.0 1.7 20 

21 21 11.0 
22 22 22 
23 + 23 :22 23 
24 24 23 24 
25 25 24 

25 '25 26 + + 26 + + 
126 + 26 

27 27 27 27 
28 + 28 28 2 . 4 + 28 
29 + 1. 8 0 .7 1.0 + 29 1.1 19 . 3 2 . 6 6 . 1 29 + + + 29 
30 5.8 30 30 5 .5 30 
31 + 31 31 31 
32 41.0 31.5 12 .4 11.1 + 32 9 . 9 8.2 21.1 28 . 9 10.2 32 3 . 7 2.4 2 . 5 12.6 1.7 4.5 32 
33 33 33 33 
34 2 . 3 4.0 4.1 2 .4 34 11.0 5.5 0.9 4 . 4 8.0 34 3.6 2 . 5 0 . 8 1.0 7.0 8 . 2 0 . 8 34 

35 2 .3 + + 35 1.1 1.8 0.9 + 35 + 3.1 + 35 
36 3.1 1.0 36 0 . 9 36 36 
37 2.0 4.5 37 0.5 1.1 2 . 0 37 0.8 37 
38 38 38 38 
39 39 39 + + 10 .1 1.8 0.6 4 . 4 2.4 0.9 0.8 39 
40 11.5 1.8 3 . 1 3 . 0 5.1 4 . 1 40 53.5 3 . 3 2 . 7 7 . 3 2 . 0 40 4.4 1.7 0.8 1.8 40 
41 5 . 0 3.7 3.1 + 4 . 1 37 . 5 41 4.4 9.1 4.5 3.4 22.4 41 + 1.8 7 . 8 0.3 7.1 6.2 + 41 
42 0.7 1.0 42 12 . 2 42 4 2 
43 43 2.7 11.9 43 0 . 4 4 3 

44 + 44 44 0.4 44 
45 + 45 1.1 45 + + + 45 
46 + 0.7 1.0 + 46 0.5 23.8 4.4 6.1 46 3.7 64.7 0 . 4 2.4 1.8 84.0 4 6 
47 0.8 47 0 . 5 0 .8 47 47 
48 + 48 2.5 48 + + + 1.8 + 

I 
48 

49 0 .7 49 2.5 + 49 + 50 .0 27.3 11.1 2 . 4 49 
50 50 24.5 50 100 72.7 !i'8 ·1 "3.0 + 50 
51 51 2 . 0 51 + 50 .0 + + 25 .6 51 
52 52 52 + + 52 
53 + + 53 53 + + 53 

54 54 5 4 5 4 

61 54 1 29 99 97 241 200 90 109 109 114 49 1 2 11 9 39 5 4 82 159 230 294 127 110 250 
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TlIBLE lI2 . 5 PERCENTAGE OCCURRENCE OF SPORES liND PO LLEN IN PALlIEOCENE 
AND ElIRLY EOCENE SECTIONS AT LEADEN RODING AND SOUTH LAMBETH . 

Trilete spores (undifferentiated) 
Smooth trilete spores (undifferentiated) 
Baculatisporites/Osmundacidites spp. 
Csmllrozonosporites sp. 
Ciclltrico.i.porites dorogensis 
C. pllfadorogensis 
Cicatricosi.porites spp. 
Coronlltispora va/densis (R) 
Densoisporites ve/atus 
Densosporites sp. (R) 
Dictyophyllidites harrisi (R) 
G/"icheniidites senonicus 
Klukisporites 'P. 
Lepto/epidites .p. 
Lycopodiumsporites c/avatoides 
Lycopodiumsporites sp. 
Lycospora sp. (R) 
Pi/osisporites sp. (R) 
Polypodiaceoisporites macrospeciosus 
P. ct. marxheimensis 
Stereisporites sp. 
TllUrocusporites sp. (R) 
?T egumentispori. sp. 
Tri/obosporittll sp. (R) 
Uvaesporittllllrgentellformis (R) 
Aequitriradittll sp. (R) 
LlIIIVifllJtosporites discordatus 
L. h_roti 
LlIIIVifllJtospor(ttll spp. 
VemJClltosporfttll fllvus 
Dffl/Imen~ mono/er. rpores 
Cllllfll/asporittll dllmpieri (R) 
C/l1Ii./.rporites triloblltu. (R) 
Centbropol/en/tes mesozoicus (R) 
/nllPerturopol/enittn turn.tu. (R) 
BisllCCllte pol/en undiffel'Mtiated 
ParvisllCCite. radistu. (R) 
PodOQrpidites rp. (?R) 
QulldrHCulina sn"I/aeformis (R) 
Strillt" bisaccate pol/en (R) 
Vit,.isporites pllllidu. (R) 
Araucllriacites IlUstrlllis (R) 
/nllpertUropol/enittn hilltus 
/nllperturopol/"n/tes po/yformosu, 
inllperturopol/enittn rpp. 

?Per/nopolJenittll ,,'stoides 
Spheripol/enittll group 
C/IISS0pol/i. torow, (R) 
RhllBtipolli. germsnicus (R) 
OIl1SfflIItospor(tes SPP. (R) 
Liliscidites SPp. 
Milforoill incerta 
Monocolpol/enite, tranqUil/us 
Monaco/POpol/enites sPp. 
Dl/lIl/pollis ovali, (R) 
Rice/sporites tubercu(atus (R) 
Disu/cites sp. 
Cornaceoipol/"nites pllnnu/ariu, 
/ib/llrensf,lmieroh""riei gpo 
cupuliferoidaepol/enittll cf. lib/arensis 
Fraxinopollis vsrillbi/i. 
Retitfl!SCo/pites IIngu/o/uminosus 
Trico/pites pafVIJS 
Trico/pires sp. A 
Trieo/popol/enites retiformis 
frico/pate pol/en undifferentiated 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
1 8 
1 9 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
3 7 
38 
39 
~O 

41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
5 4 
5 5 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 

Thane t Beds 

LR38 LIl 36 LR34 

2 . 0 1.2 0 . 8 
3.6 
0 . 4 

+ 

0 . 4 

0.4 
+ 

+ 

+ 0.8 

0 .8 

1.6 0.4 
1.2 

4.4 10.0 6 .4 

0 . 8 
+ 0 .4 

44.8 10 . 8 23.2 
1.6 2.0 
2 . 4 10 .4 1. 6 

0 . 8 0 .4 
0 . 4 1.2 
0 . 4 

0 .4 

+ 
0 . 4 

0.8 2 .4 

0.4 

2.0 1.2 2 . 0 
0.4 3.2 

13.2 2 . 8 5.6 
2 .4 0 . 4 1.6 
3.2 12.8 10 .0 

0 .4 
2.4 1.2 0 .4 
1.6 6 .B 10.4 

LEADEN RODING 

Woolwich & 
London Clay Reading Beds 

LIl24 LR22 LIl 17 LR14 LRIO LR7 LR3 

5 . 2 3. 6 8 .8 1.6 3 . 6 6 . 8 
+ + + 
+ + 

+ 
+ 
+ 
+ 

+ 

+ + + 
+ + + 

+ 
+ 

+ 
+ 
+ 

+ 
+ 

0.4 + 
0 . 8 + 1.6 0 . 4 0.4 

+ 0 . 4 + + 

2.8 0 .4 0.8 1. 6 1.6 2.8 
+ 0.4 

+ 7.2 4.0 5.2 4. 0 8 . 8 12.0 
+ 0 .4 

0 .4 0 . 4 

+ 
+ 0 .4 1.6 0.4 0 . 4 0 . 8 1.2 

+ + 
+ 16.4 25 . 6 18 .0 20 . 4 28.0 14.0 
+ + 
+ 6 . 0 10 . 0 13 .2 9.6 10 .0 
+ 2 . 4 3.2 5.2 0.8 3.6 9.2 

8 . 4 9 . 6 1.6 4 . 0 7 . 6 18 . 0 
+ 2.0 6 . 0 2 .8 2.4 2.4 7.2 

+ 
+ + + 0. 4 

+ 0.4 0 . 8 + 
0 .4 

1.2 0 . 8 0 .4 
0 . 8 0 .4 6.0 4.0 1.2 4 . 0 

+ 
+ 

+ 0 . 8 0.4 0 . 8 2 . 0 2 .4 0.4 
0.8 0 . 4 1. 2 
3. 6 2.0 2.0 0.8 0 . 8 

0 . 4 1.6 0 . 4 
2.8 4 . 4 4 . 8 0 . 8 0.4 

0 . 4 
+ 2 . 0 2 . 0 0 . 8 4 . 0 0 . 8 
+ 4.0 2 . 0 2.0 1.2 2 . 8 1.2 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
6 1 
62 
63 
64 
65 
66 
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SOUTH LAMBETH ROAD BOREHOLES NO. 8 AND NO . 13 

Woolwich & Reading Beds 
Thanet Beds Borehole London Clay 

Borehole No. 3 No .13 

SL3l SL29 SL27 SL21 SL19 SLI0 SL6 SLl SL41 SL40 SL51 SL50 SL48 SL46 SL44 SL42 

1 2 . 8 2 . 0 0 . 8 1.2 7.6 2 . 0 1.2 13.6 1.2 1.6 4.4 2 . 8 6.4 8.8 8.8 10.4 1 
2 0 .4 + + 0 . 4 + + + + + + 2 
3 + + 3 
4 + + 4 
5 + 0 . 4 + + 5 
6 6 
7 7 
8 + 8 
9 + + + 9 

10 0 . 4 0 . 4 + + 10 
11 0 . 4 + • 11 
12 0 .4 0 .4 0 . 4 12 
13 + 

I 
+ + 13 

14 + 14 
15 + + + + + + 1 5 
1 6 + + 16 
1 7 + 17 
18 + + 18 
19 + + + + + 19 
20 + 20 
21 + 0. 4 + 21 
22 22 
23 + + 23 
2 4 24 

25 25 
26 + + 26 
2 7 0 . 4 + 27 
28 0.8 0 . 8 0.4 2 . 8 2 . 0 1.2 + 0.8 2 . 4 0.4 1. 6 4.0 1. 6 28 
29 14 . 0 29 
30 + 30 

31 + 0 . 4 0 . 4 0 . 4 31 
32 + + 0 . 4 2.8 2 . 8 32 

3 3 + 0 .4 + 33 
3 4 1. 6 0 . 4 0. 4 + + 0 . 8 0 . 8 2.8 + + 34 

35 + 0 .4 0.4 0 . 4 + 35 
36 8.8 4 . 4 8 . 8 7.6 6.4 + + + 0 . 4 1.2 5.2 11. 6 11. 6 10.8 10 . 4 10.0 36 

37 0 . 4 1.2 + 0 . 4 + + + 3 7 
38 + + 38 
39 + 39 
40 40 
41 0 . 4 0 .4 1.2 + 4 . 8 1.6 0 . 8 41 
42 0 . 4 0 .4 0 .4 + 1.6 4 2 
4 3 32.0 26 . 8 3 4 . 4 1 4.0 21. 2 10 . 8 6 . 8 8.4 8.8 7 . 6 30 .0 19 . 2 28.0 6 . 8 23 . 2 32 . 4 4 3 
44 0 . 8 2.4 0 . 8 1.2 44 
45 8 . 4 5 .6 7.6 ~ . 2 0.4 0 . 4 0 . 4 8.8 0.4 1.2 20 . 8 1.6 4S 
46 4 . 4 1.6 2 . 4 1.2 5 . 6 0 .4 0 .4 1.2 0 . 4 3.2 4 . B 7.6 3 . 6 5.6 5 . 6 46 
47 0 .4 1. 2 0.4 O. B 0 . 4 0 . 8 2 . 0 3.6 12 . B 3.6 14.8 47 
48 .1. 6 1.2 1.2 3 . 2 1. 6 + + 0 . 4 O.B 6 . 8 8.4 4.8 7 . 6 8.0 14 . 8 48 
49 + 49 
50 + + 0.4 + 50 
51 1. 6 1.2 0 . 8 1.2 0 . 8 1. 6 1. 6 1. 6 + Sl 
52 0 . 8 52 
53 0 . 4 3 . 6 0 . 4 0.8 1.6 4 . 0 0 .4 0 . 4 1. 6 1.2 S3 
5 4 + 1. 2 1.2 1.2 4.4 5 . 2 4 . 0 4 .4 6. 4 2 . 0 1. 2 2 . 8 7.6 1. 6 4 . 4 1. 2 S4 
55 + 55 
56 + 56 
57 57 
58 + 0 . 8 0 . 8 0 .4 + 58 
59 2 .4 0 . 4 1. 6 0 . 4 5 . 2 6 . 4 15 . 2 9.6 7 . 6 9 .6 0 . 8 7.2 6 . 8 0 . 8 4. 0 0. 4 59 
60 + 0 . 4 0 . 8 1. 6 + + + + + + + 60 
61 2.8 6 . 8 2.8 12 . 4 + + + + + 1. 6 + + 6 1 
62 0 . 8 1.6 0 . 4 0 . 4 + 0 . 8 6 2 
63 6 . 0 1 4 . 8 12 . 0 1.2 + + + + 0 .4 + + 63 
64 1. 6 0.8 + + 1.2 0 . 8 64 
65 2 . 0 0 . 8 0 .4 2 . 4 2 .4 1.6 6 . 4 3 . 2 2.8 2 . 0 5 . 2 1. 2 0 . 4 65 
66 3 . 6 2 .4 0.8 8 . 8 0 . 4 0 .4 2 . 8 0 . 8 1.6 1.6 2. 0 0 .4 1.6 2 . 4 0 . 4 66 
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TABLE A2 . 6 PERCENTAGE OCCURRENCE OF MICROP LANKTON AND OTHER ALGAE IN 

P ALA EOCEN E AND EARLY EOCENE SECT ION S AT LEADEN RODING 

DINOFLAGELLATE CYSTS 

Achomosphaera alcicornu 
Achomosphaera sp. 
?Adnatosphaeridium patulum 
Alisocysta sp. 
Apectodinium homomorphum 
A. parvum 
Apectodinium spp. 
AreoligeralGlaphrocysta spp. 
Cordosphaeridium spp. 
Cleistosphaeridium group 
Deflandrea dlJrtmooris .1. 
D. phosphoritica 
Deflandrea spp. 
Deflandrea sp. A 
Glaphrocysta ordinata 
Glaphrocysta spp. 
Gonyaulacysta dangeardii (R) 
Gonyaulacysta spp. 
Hafniasphaera spp. 
Hystrichokolpoma mentitum 
cf. Hystrichosphaeridium patulum 
H. tubiferum 
Hystrichosphaeridium group 
Inveffidinium exilimurum 
Lingulodinium machaerophorum 
Microdinium spp. 
7Microdinium sp. 2 Sch.L&Ch. 
afl. ?Microdinium sp. 2 
Oligosphaeridium complex 
Operculodinium centrocarpum 
Palaeostomocystis laevigata 
Pareodinia ceratophora (R) 
Sentusidin/um spp. (?R) 
Spiniferites group 
Stephanelytron sp. (R) 
?Tha/assiphora pelagica 
?Trichodinium sp. 
Wanaea digitata (R) 
Wetzeliella spp. 
Undifferentiated chorale cysts 
Dinoflagellates undifferentiated 
ACRITARCHS 
Comasphaeridium cometes 
Cymatiosphaera SPp. 
Horologinells spp. 
Leiospheres 
Micrhystridium spp. 
Veryhachium spp. 
Acritarchs undifferentiated 
OTHER ALGAE 
Crsssosphaera sp. 
Botryococcus 
Paralecanie/ls Indentsta 
Pediastrum .p. 
Pterospermells spp. 
Ovoidites ligneolus 
Schizosporis psrvus 
Tetrsporinll pellucida 
OTHERS 
Dilltoms (Pyritised) 
Microforaminiferid linings . 

Toral mIcroplankton 

AND S OUT H LMlDET H. 

Th a nct Beds 

LR 38 LR3 6 LR34 

1 + 
2 
3 
4 2 . 9 
5 
6 
7 
8 2 . 2 4.5 1.4 
9 + 2.9 

10 34 . 4 
11 
12 
13 
14 
1 5 4.5 
1 6 
17 
18 2 . 3 
19 2.3 
20 + 
21 1.1 
22 + 
23 2 . 2 + 
24 
25 
26 
27 6 . 6 + 8 . 8 
28 4.4 
29 
30 
31 1.1 + 
32 
33 1.1 
34 5 . 5 6 . B 7.4 
35 
36 
37 
38 
39 
40 
41 6 . 8 2.8 

42 1.1 
43 4.4 6 . 8 4.4 
44 5 . 5 
45 4.4 9 .0 23.5 
46 25.4 5 4.5 44 . 0 
47 
48 

49 + 
50 
51 
52 
53 2.3 1.4 
54 
55 
56 

57 
58 

90 44 68 

LEAD EN RODING 

Woolwich & 
London Clay 

Reading Bed s 

LR24 LR22 LR17 LR14 LRlO LR7 LR3 

1 
0.8 2 

3 
4 

3 . 0 + 4.1 + 5 
+ 6 

7 
+ + 0.8 0. 4 8 

1. 0 1.2 9 
8.3 21.1 11. 0 + 9.5 6 . 6 12.3 10 

11 
+ 12 

0.9 3 . 3 0 . 8 13 
14 

+ IS 
16 
17 

+ 0 . 8 18 
+ + 19 

20 
21 

+ 22 
2.5 1. 2 23 

24 
8 . 3 + 25 

0 . 9 26 
2 .7 27 

28 
29 

+ + 30 
31 
32 

+ 0 . 8 0 .8 33 
3.0 3 . 0 0.9 3.3 5.6 34 

0.4 35 
+ 36 

8.3 3 . 0 2.5 0 .8 37 
38 

+ 4.1 + 0.8 39 
6 .8 40 

3.0 12.0 29 .9 4. 6 4 .6 5.4 41 

3 .0 6.0 1 5 .2 23 . 3 4 . 4 42 
8.3 6.0 7.0 2 . 7 1.9 5 . 0 0 .8 43 

2. 0 1.3 2.8 2.5 44 
8 . 3 18.1 B. O 16.5 17.1 6.6 25.7 45 

41.6 33.3 42.0 29.9 42.7 28 . 3 30 .8 46 
6.0 8 .0 2 . 8 4.1 7.1 47 

16.6 5.0 48 

0 .9 49 
50 

1.3 0 .4 51 
+ 52 

+ 53 
+ 54 

+ 0.4 55 
56 

+ + 57 
58 

12 33 100 7 3 105 120 253 
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SOUTH LAMBETH ROAD BOREHOLES NO . 8 AND NO . 13 

Woo lwich & Reading Be ds 

Thanet Beds 
Boreho l e No .?' 

Borehole 
London Cl ay 

No .13 

SL31 SL29 SL27 SL21 SL19 SLI0 SL6 SLl SL41 SL40 SL51 SL 50 SL48 SL46 SL 44 SL 4 2 

1 1 

2 + + + 2 

3 0 . 7 0 . 5 3 

4 + + 4 

5 + 5 

6 6 

7 39.0 40 . 6 85 . 9 + 54.0 26 . 8 7 

8 2 . 0 5 . 1 5.0 4.5 18 . 2 2 . 4 + 0 . 9 3 . 4 6 . 5 8 

9 + + 2 . 2 1.2 + 9 

10 26 . 8 14 . 6 18.4 2 . 2 9 . 4 3 . 8 19. 5 13 . 4 3.4 4 . 3 10 

11 + 0 . 7 + + 11 

12 1 2 

13 1.3 3.7 1.0 1.7 + 1.7 + + 6 . 5 13 

14 3 . 4 14 

15 1 5 

16 + + + 16 

17 1.7 17 

18 18 

19 + + 19 

20 20 

21 21 

22 22 

23 2 . 7 2 . 9 2 . 0 2 . 8 23 

24 0 . 7 0 . 5 24 

25 25 

26 26 

27 0 . 7 + 0 . 5 27 

28 6 . 1 8 . 1 2 . 7 28 

29 + + 29 

30 30 

31 1.3 1.4 31 

32 3 .4 32 

33 0 . 5 0 . 6 2 . 4 1.7 33 

34 11 . 4 6 . 6 5.0 2.8 11.0 8 . 5 34 

35 
35 

36 0 . 5 36 

37 10.3 10.4 5 . 1 7 . 9 37 

38 1.7 2 . 2 38 

39 + 39 

40 5 . 2 2 . 1 16 . 9 19 . 6 11.1 23 .9 40 

41 4 . 7 0 . 7 6 . 9 3 . 4 12.9 10 . 4 9.0 3 . 0 2.4 2.4 10 . 1 5 . 6 18 . 3 15 . 5 28 . 3 41 

42 8 . 8 5 . 1 12 . 8 3 . 4 + 4 . 9 + 1.7 + 42 

43 0 . 7 16 . 2 10 . 0 1. 5 2 . 4 3 . 7 + 1. 7 43 

44 0 . 7 0.5 0 .6 44 

45 Hl . 8 6 . 6 8 . 2 7 . 3 3 .6 19 . 8 14 . 2 2 . 4 9 . 8 8 . 4 16 . 8 7 . 2 37 . 6 10 . 8 4 5 

46 13 . 6 23. 6 30.8 53 . 0 + + + + 47.5 + + 41. 7 + + 46 

47 0 . 7 9.0 4. 8 2.4 2 . 8 3 .4 4.4 + 47 

48 10 . 3 7 . 3 5.1 45 . 5 1. 5 17. 0 1.2 62 .7 53 .3 1.7 31.0 17 . 4 48 

49 0 . 6 + 4 9 

50 + + + + 50 

51 6.7 2.9 3 . 3 1.1 + 51 

52 18 . 2 + 17. 5 17.0 52 

5 3 0 .7 0 . 6 2 .4 0 . 9 53 
54 54 
55 2 . 4 + 55 
56 0 . 5 56 

57 + + + 57 
58 + + + 58 

148 135 183 179 77 96 78 11 63 41 81 59 107 59 45 4 6 
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TABLE A2.7 PERCENTAGE OCCURRENCE OF SPORES AND POLLEN IN THE 

PALAEOCENE SECTIONS FROM THE WESTERN END OF 

THE LONDON BASIN . 

Smooth trilete spores (undifferentiated) 
8/ICUlatisporites comaumensis 
Cicstricosisporires spp. 
Densoisporires IItJllItus 
G/eicheniidites ",nonicus 
Leiotriletes sp. 
Lycopodiumsporites clavatoides 
L ycopodiumspori tes spp. 
L ycospora spp. (R) 
OsmundllCidires spp. 
PolypodillCeGisporites mllCrospeciosus 
Stereisporites spp. 
TlIurocusporites segmentllcus (R) 
7 Tegumentisporis sp. 
Triplllnosporites sinuosus 
Triquitrites sp. (R) 
Trilete sponn undifferentiated 
Reworked trilete sponn (undif~rentiated 
LHvigatosporites discordlltus 
L. h/JIJrdti 
LHVigatosporites spp. 
Verrucstosporires fNUS 
Monolete sponn (ornamented) 
C8/1illlasporitllS dllmpi,ui (R) 
C8rebropol/enires mesozoicus (R) 
8iSllCClIte pol/en 
Podocerpidites sp. 
Vitreisporites pel/idu. (R) 
ArllUCllrillCite • .ustr.li. 
InapMturopollenires hilltu. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 

COLD ASllj WATERLOO J 
QUARRY KILNj KNOWL) 

HILL 

Reading Beds 

NBI NB2 WK KH 
1 • 

2 .4 (1) 

+ 

+ 
1.2 0.8 

+ 

+ + 

0.4 1 + + 

0.4 

1.2 0.4 
+ 0.4 0.4 (1) 

0 .4 

0 .4 
2 .4 0 . 8 4 .0 9.2 ( 2) 

+ 

(2 ) 
7.6 4.8 19.2 6 . 4 (9 ) 

M4 MOTORWAY 

M4/7 
2· 3 • 

(1) 

(1 ) 

(2) (1 ) 

(1) 

(1) 

(1) 
(2) 

4 • 

(1) 

( 2) I. polyformosus 
lnaperluropollenites 'PP. 
7 Perinopol/enires elatoides 
Shttripollenites IIroup 
CllISSopolli. tarosus 
Eucommiidites 'Pp. 
ChlIsmato.porites 'PP. (R) 

32 
33 

1.6 2.8 1.2 (46 ) ( 28) (10) (12 ) 

LllillCidite •• pp. 
Milfordia iocHtll 
Monocolpopo/lttrJires tranquil/us 
Monocolpopollenites spp. 
Ovelipolli. oVlllis (R) 
liblilrensisimicrohenrici group 
CUpuliferoidlMpollenites cf. libl.rensis 
Ff'8xinopo/li. Vlriabili. 
RatitrfllColplte.anguloluminosus 
Tricolpites pervus 
Tricolpites sp. A 
Tricolpites .p. 8 
Tricolpites sp. C 
Trlcolpopollenites retlformis 
Tricolpopol/enites 'PP 
Trleolpete pol/en undifferentiated 
Brevleolpete/colporate pol/en 
7 eyrlll«-pol/enite. spp. 
Fwitricolporites blICulofllrtJ. 
NyJSIIpO//enites 'P. A 
NyJSIIpO//enites 'P. B 
NyJSIIpO/lenltes 'Pp. 
""'t~lIenltes spp. 

0 . 4 
34 0 .4 
35 2 . 0 
36 
37 
38 
39 
40 
41 
42 
43 0 . 4 
44 0 . 8 
45 3 . 2 
46 2 .4 
47 0 .4 
48 
49 1. 2 
50 • 
51 0 .4 
52 
53 2 . 0 
54 
55 
56 + 

57 
58 
59 0.4 
60 

( 2) 
0 . 4 

+ ( 2) 
(1) 

0. 4 0.4 
0 .4 

+ 0.8 
0.8 0.4 0 . 8 (1) 

1.6 0 .8 
0.8 3 . 2 
3.2 2.4 13.2 ( 1) 
2.0 2 .4 2.0 
+ + + 

0.4 1.2 0.8 
3.2 4.4 

2.4 4.0 8 . 4 

8.0 4.8 10.4 
5.6 

+ 1.2 

0.8 

0.4 0 .4 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
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PINCENTS KILN 

SECTION 
SECTION 1 A SECTION 2 

Reading Be ds 

PK 1 7 PK19 PK20 PK21 PK23 PK24 PK4 PK29 PK3 4 PK35 

1 1.6 1 + + 1 
2 + 2 2 
3 + 0.4 3 3 
4 + 4 4 
5 5 5 
6 2 2 . 0 2 . 0 2 . 0 3.2 2 . 0 1.6 6 6 
7 + 7 7 
8 8 + 8 
9 + 0.4 9 9 

10 0.4 0 .4 10 10 
11 + + + + 11 11 
12 + 12 12 
13 + 13 13 
14 1 1. 6 0 . 8 0.4 1.2 14 14 
15 + + 1 5 15 
16 + 16 16 
17 1 2 . 0 0 . 4 0 . 4 17 1.2 1.2 3 . 2 17 
18 0 .4 18 1.8 18 
19 19 + 19 
20 1 0 . 8 0 . 8 + 1.2 0.4 20 0.6 20 
21 21 0.8 21 
22 + + 0 . 4 0.8 22 + 22 
23 23 0.4 1.2 23 
24 + 24 24 
25 0.4 0.4 + 25 25 
26 4 3 . 6 4.8 2.0 4.8 1.2 4.8 26 9 . 2 1.2 2.8 26 
27 0.4 + 27 + 27 
28 0 .4 + + 28 28 
29 1 29 + 29 
30 16 10 . 8 12 . 8 10 . 8 30 .8 16.0 25 . 2 30 23.2 9 . 5 16 . 8 30 
31 1 2 . 8 1.6 3.6 2.4 31 0 . 6 31 
32 8 4 . 8 2.4 8 .0 4 . 0 3.6 5 . 2 32 3 . 2 8.0 8 . 0 32 
3 3 0 .4 0 . 8 0 . 8 33 33 
34 0 . 8 + 34 0 .4 + + 34 
35 5 2 . 0 2 . 0 1.2 1. 6 2 . 0 0.8 35 2 . 4 1.2 35 
36 36 36 
37 + + 0.8 37 37 
3 8 0.4 38 + + 38 
39 + + + 39 0 . 4 39 
40 0 . 4 1. 2 + 0 . 4 40 4.0 40 
41 0 . 4 0.4 0 . 4 0.4 1.2 41 1.6 1.6 41 
42 + + 42 42 
4 3 1 1. 6 1.6 2 . 4 2.8 2 . 0 0 . 8 43 0 . 8 2 . 4 43 
44 0 . 8 0 . 8 0 . 8 44 3 . 6 4.0 44 
4 5 8 4 . 0 4 . 8 5.6 4 . 0 5 . 6 2.0 4 5 8 . 8 1. 2 4 5 
46 4 . 0 0 . 8 0 . 8 0 .4 0 . 4 46 1.2 1. 2 0.4 46 
47 7 + 6.4 6 . 4 0 . 8 11 . 2 10 . 8 47 1.2 0. 6 47 
48 0 . 4 48 1. 2 48 
49 2 + + 49 0 . 6 49 
50 1.2 0 . 8 50 50 
51 7 . 2 5 . 6 0 . 4 13 . 6 1.2 1.6 51 16 . 4 3 . 7 20 . 4 51 
52 1.2 + 52 52 
53 9 20 . 0 5 . 6 8 . 4 3 . 2 4. 0 2 . 8 53 5 . 6 1.2 J . 2 53 
54 54 54 
55 0 .4 0 . 4 55 55 
56 0 . 4 + 0 . 4 56 56 
57 + 0 . 8 0 .4 + + 57 0 .4 57 
58 0 .4 + 1.2 + 0 . 4 58 58 
59 0 . 4 0 . 4 0 . 4 59 59 
60 + + + 60 60 



TABLE A2 .7 con t inue d 

Rhoipites sp. A 
Rhoipites sp. 8 
Spinaepol/is spinosus 
? Spinulaepol/is sp. 
Striate tricolpate/tricolporate pollen 
Tricolporopol/enites Dceroides 
T. cingulum 
T. duplibaculatus 
T. iliacus 
T. mansfeldensls 
T. margaritatus 
T. megaexactus 
T. megareticulus 
T. sa/ardae 
T. sittleri 
Tricolporopollenites spp. 
Cupanieidites 'p. 
Tetracolporopollenites spp. 
Ericipites sp. 
Pandaniidites texus 
Restioniidites minimus 
R. hungaricus 
Sparganiaceaepollenites cuvil/ieri 
S. magnoides 
Sparganiaceaepollenites sp. A 
Sparganiaceaepol/enites spp. 
8asopol/is orthobasalis 
Caryapol/enites spp. 
C. rhizophorus subsp. rhizophorus 
C. rhizophorus subsp. burghasungensis 
Compositoipol/cnites minimus 
? Compositoipol/enites sp. 
Normapolles undifferentiated 
Gal/opol/is millimus 
Intratriporopol/enites microreticulatus 
I. pseudinstructus 
Intratri,ooropol/enites sp. A 
Intfa lriporopol/enites spp. 
M. telluipolus/ M. corylaides 
Maceopolipol/enites rotundus 
Nudopol/is elldangulatus/terminalis 
Platycaryapol/enites anticye/us 
P. platY~'aryoidt's 
Plicapol/is pseudol!xcelsus 
Plicatopollis spp. 
Pompeck;oiriaepollenites subherr:ynicus 
S. anuldtus subsp. anulatus 
S. anulatus subsp. nanus 
S. cons tans subsp. cons tans 
S. constans subsp. magnus 
S. intrastructurus 
Subtriporopol/cnires spp. 
Triatriopollenites confusus 
T. roboratus 
r. subtrianglllus 
Tri3triopollcnites/Momipires spp. 
Triporopollenites plektosus 
T. robustus 
Triporopollenites spp. 
Trudopollis hammtmii 
Vacuopallis sp. 
Alnipol/enites trina 
A. verus 
Erritmanipollis spp. 
Interpol/is messelensi, 
I. s:Jpplingensis 
Interporopol/cniles sp. 
Panporafe pollen undifferentiated 
Reevsiapollis triangulus 
S. hexaradiatus subsp. tribinae 
Ulmipol/enites lricostatus 
Ulmipo/tenites sPp. 
Others 

NB 1 

61 
6 2 4. 0 
63 
64 
65 
66 
67 7.6 
68 0 . 4 
69 
70 16.4 
71 
72 
73 
74 
75 
76 5.2 
77 
78 5.2 
79 + 
80 
81 
82 
83 
84 
85 
86 
87 
88 0.8 
89 1.2 
90 0.4 
91 0.8 
92 
93 
94 1.6 
95 1. 6 
96 4 . 0 
97 0.4 
98 0.4 
99 1. 2 

100 1.6 
101 
102 
103 1.6 
104 2.0 
105 0.8 
106 
107 
108 
109 + 
110 
III 
112 
113 8.4 
114 
115 
11 6 5. 6 
117 0.8 
118 + 
119 0.4 
120 
121 
122 
123 0.4 
124 
125 
126 
127 
128 
129 0.8 
130 
131 0.4 
132 
133 + . 
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NB2 WK KH M4/ 7 
1 " 2 " 3 " 4" 

1.6 61 
62 
63 

3. 6 2 .0 6 ,1 
1.6 0.8 65 

66 
3.2 {ll 67 

0.8 0. 4 + (1) 68 
69 

+ 70 
71 

0.4 72 
0.8 0.4 73 
0.4 0 . 4 1.2 74 
0.4 + + 75 
2.8 3.6 0.4 {ll 76 

0.4 0.4 77 
0.4 0.4 78 

+ 79 
+ 80 

81 
82 
83 
84 
85 

+ 0.4 86 
87 

0.8 88 
9.6 3.6 + 89 
1.2 90 
0.4 0.8 + 91 

92 
0.4 0.4 93 
0.8 0.8 1.6 94 
4.0 3.2 95 
1.6 1.6 0.4 96 
1.2 0.4 97 
0.4 0.8 2.0 98 

99 
0.8 1.6 1.2 100 

0.4 101 
102 

1.6 3.6 3.2 103 
3.6 5.6 2.4 104 
0.4 0.4 105 

106 
107 

+ 108 
+ + 109 

110 
1.2 0.8 O. B III 
0.4 0.4 0.4 112 

13.2 0.8 0.4 113 
0.4 114 

+ 0.4 + 115 
7.2 3.6 8.8 {ll 116 
O. B 0.4 2 .8 117 
0.4 118 
2.8 3.2 5.6 119 

120 
121 

0.4 122 
0.4 0.4 123 

124 
125 
1 26 

+ 1 27 
0.4 12 8 

1.2 0.8 + 1 29 
130 

2.4 131 
13 2 

2.0 1.2 (4 ) 133 
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PK17. PK19 PK20 PK2 1 PK23 PK24 PK4 PK29 PK34 PK 35 
-

61 3 0 . 4 0.4 1. 2 0 . 4 2.0 3 . 6 61 61 
62 1. 2 62 62 
63 + 63 63 
64 64 + 64 
65 0. 4 65 65 
66 66 0 . 4 66 
67 0.4 2 . 8 4 . 8 4.4 5 . 6 5.2 67 0 . 8 0.6 67 
68 + 0 . 4 + 0. 8 0 . 4 68 68 
69 + 69 69 
70 0.8 0. 4 0 . 4 + 70 70 
71 + + + 71 71 
72 0 . 4 2 . 8 2.0 + 72 0. 4 72 
73 + 73 73 
74 0 .4 0.4 + 0 . 4 74 + 74 
7 5 0 . 4 75 75 
7 6 1 3 . 2 5.2 6.8 1. 2 4 . 4 6.4 76 0 . 8 0.6 3 . 2 76 
77 0 . 4 C . 4 77 77 

7 8 1 0. 4 1. 6 + 0 . 4 1. 6 0.4 78 78 
79 0 . 4 + + + + 79 79 
80 0 . 4 + 80 + 80 
81 1.2 + 0. 8 0. 4 0 . 8 81 0. 4 + 81 
82 1. 2 0 .4 8 2 8 2 
83 + 83 83 
84 + + + 0. 4 8 4 84 
85 + 8 5 + 85 
8 6 + 0 . 4 + 86 86 
87 + 87 87 
88 1.2 + + 88 0.4 88 
89 1.6 1.6 + + 0 .4 0.4 89 0 .8 8 9 

90 0. 4 0 .4 + + 90 90 
91 0.4 2 .0 + + 91 0.6 91 

92 + + 92 92 
93 0. 4 + 93 0. 6 + 93 
94 + 94 0.4 1.2 94 
95 8 3 . 2 2.0 2 . 8 0 . 8 0 . 4 95 0. 4 0. 4 95 
96 2.4 2.0 0. 8 0. 8 2 .0 2 . 0 96 0.8 0. 4 96 

97 + + 0.4 97 + 97 

98 3 1.2 1. 2 0.8 1.6 0 . 4 98 0. 6 2 . 0 98 

99 1 1.2 0 .4 0 . 4 0. 8 0 . 4 99 0. 8 2.0 99 
100 2 0 . 8 4 . 4 1.6 0. 4 2.0 + 100 lo B 2 .0 100 
101 + + + 101 101 
10 2 + + 102 102 
103 2 2. 8 2 . 0 1. 2 2 . 0 2. 0 2 .0 10 3 2 . B 2 . 4 10 3 
104 2 1.6 1.2 1. 2 1.6 1.6 1.2 104 1. 6 3.1 + 104 
105 0 .8 0.4 0 . 8 0 . 4 105 1.2 0.6 0. 4 10 5 
106 106 + 106 
10 7 107 0 .4 107 
10 8 0 . 4 10 8 + 108 

109 + + 10 9 109 
110 + 110 110 
111 1 0.8 111 + 11 1 
112 11 2 112 

113 3.6 3 .2 1. 2 0.4 2 . 0 2.4 11 3 0 .4 23 . 6 1.6 113 
114 0 . 4 0 .4 + 0. 4 + + 114 114 

115 1 0 . 4 2.0 1. 6 1. 6 2 .0 0.4 115 0. 4 115 
116 4 5 . 6 4 . 4 4.8 0 . 8 5.6 1. 2 116 4.4 10 . 6 9.6 116 
117 0.4 0 . 4 0.8 0 . 8 117 1. 2 0.4 117 
118 0 . 8 + 1.2 0 . 4 118 0. 4 0 . 4 118 
119 2.8 0.4 4 . 0 3. 2 2 . 8 1. 6 119 1. 6 21.0 2.0 119 
120 + 120 120 
12 1 + 121 1 21 
122 0 . 4 + 0.4 122 + 1.6 122 
1 23 + + 0.4 123 0.4 1 23 
124 + 1 24 124 
125 0.4 0. 4 125 125 
1 26 + 126 1 2 6 
1 27 1 27 1 27 
128 1 28 0.6 128 
129 0 . 4 + + + 129 12 9 
130 + + 1 30 130 
131 0. 4 0. 4 + 0. 4 0 . 4 131 0.6 0. 4 13 1 
132 0. 4 + 132 132 
133 1.2 1.2 0 . 4 + 0. 8 133 0. 8 0 . 6 2.8 133 
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TABLE A2.8 PERCENTAGE OCCURRENCE OF MICROPLANKTON AND OTHER ALGAE 

IN THE PALAEOCeNE SECTIONS FROM THE WES TERN END 
OF THE LONDON BASIN . 

DINOFLAGELLATE CYSTS 
Achomosphaera ramulifera 
Areo/igera senonensis 
Arco/igera sp. 
AreoligcralGlaphrocysta $Pp. 
Cleistosphaeridium spp. 
Cordosphaeridium fibrospilJosum 
C. gracilis 
C. inodes 
Cordoshpaeridium $PP. 
Glaphrocysta ordinatum 
Glaphrocysta spp. 
Gonyaulacysta spp. 
Homotryblium pallidum 
Homotryblium spp. 
Hys trichosphaeridium group 
Hystrichosphaeridium tubifenJm 
Linyulodinium machaercphorum 
Sentusidinium spp. (R?j 
Spinifedtes ramosus 
Spiniferites spp. 
Dinoflagellates undifferentiated 
ACRITARCHS 
Comasphaeridium cometas 
Cymatiosphaera spp. 
Leiospheres 
Horologinella sPp. 
Micrhystridium spp. 
Veryhachium spp. 
Acritarchs undifferentiated 
OTHERS 
Crassosphaera sp. 
Paralecaniella indentata 
Pcdiastrum sp. 
Pterospermella sp. 
Schizosporis parvus 
S. spriggi 
Botryococcus 
Microforaminiferid linings 
Total microplankton 

COLD ASH 
QUARRY 

NBl NB2 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
2l 

22 
23 20.0 
24 10.0 20.0 
25 
26 80.0 40.0 
27 
28 10.0 

29 
30 
31 
32 
33 20.0 
34 + 
35 
36 

10 5 

WATERLOO J M4 MOTORWAY KILN 
KNOWL ) HILL 

Reading Beds 

M4/7 
\~K KH ( 1) (2) (3 ) (4 ) 

1.1 1 
3.2 2 
3.8 + 3 
6.5 28.9 4 

25.0 5.9 20 .3 5 
6 

0.5 7 
0 .5 8 
0.5 9 
6.5 + 10 
5.4 + 11 

12 
+ 13 

0.5 + 14 
17.4 15 

+ 16 
0 .5 + 17 
2.6 18 

19 
20 

6.6 10.8 4.3 2.2 16.6 21 

1.1 22 
23.3 7.0 + 2.8 23 

6.6 8.1 4.3 20 .2 24 
25 

25.0 63.3 32.1 31. 9 68 .5 83 . 3 26 
+ 27 

25.0 10. 1 5.6 28 

1.6 29 
1.1 0.6 30 

25.0 31 
+ 32 

33 
+ 34 

+ 35 
36 

4 30 184 69 178 11 
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PINCENTS KILN 

SECTION 1 
SECTION SECTION 2 A 

Reading Beds 

PK17 PK19 PK20 PK21 PK23 PK24 PK4 PK29 PK34 PK35 

1 1 1 
2 + 2 2 
3 3 3 
4 4.2 + 5.5 4 4 
5 + 14.9 11.0 5 2.5 5 
6 + + 6 6 
7 7 7 
8 8 8 
9 + 9 9 

10 10 10 
11 11 11 
12 + 12 12 
13 13 13 
14 14 14 
15 8.3 2.1 5.5 15 3.4 15 
16 5.5 16 16 
17 17 17 
18 4.2 7.1 18 18 
19 8. 5 7.1 11.0 19 19 
20 + 20 20 
21 16.6 5.6 + 11.0 21 1.3 10.3 11.0 21 

22 8.3 2.1 + 16 .5 22 5.2 22 
23 16.6 4.2 23 3 . 9 10 . 3 22.0 23 
24 16.6 16.6 11.1 10.0 8.5 24 5 . 2 6 . 9 22.0 24 

25 + 5 . 5 2 5 9.0 25 
26 50.0 16.6 43.3 90.0 44.7 78.6 27.5 26 72.7 68 .9 33.0 26 
27 8 . 3 16 .7 + 27 27 
28 33.2 23.3 4.2 7.1 28 6 . 9 28 

29 29 29 
30 + 30 30 
31 2.1 31 31 
32 16.6 32 32 
33 + 33 11.0 33 
34 + 34 6.9 34 
35 + 35 35 
36 + 36 36 

6 12 18 10 47 14 18 77 29 9 

\ ", 
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TABLE A2 . 9 PERCEN'l'AGE OCCURRENCE OF SPORES AND POLLEN IN THE PALAEOCENE 

AND EARLY EOCENE SECTION AT ALUH BAY , I SLE OF WIGHT . 

Smooth trilete spores (undi ff. I 
Appendicisporires spp. (HI 
8acularisporites comaumensis 
Camarozonosporites sp. 
Cicatricosisporitcs dorogensis 
C. paradorogensis 
Cicatricosisporites spp. 
Contignispori(es problematicus (RI 
Coronatispora valdensis (R) 
Densoisporites velatus (RI 
Densosporitcs spp. (R) 
Gleicheniidites senonicus 
Klukisporites spp. 
Kraeuse/isporites reissingeri (RI 
Limbosporites /undbladi (RI 
Lycopodiumsporites clavatoides 
Lycopodiumsporites spp. 
Lycospora sPp. 
Osmundacidites spp. 
Pilosisporites rrichopapil/osus (R) 
Po/ypodiaceoispnrites macrospeciosus 
P. marxheimensis 
Stereisporites spp. 
Taurocusporites segmentatus (R) 
lTegumentisporis sp. 
Trachysporites fuscus (R) 
Trilobosporices spp. (R) 
TriquitriteHpp. (R) 
Uvaesporites argentcaeformis (R) 
Ornamented trilete spores 
Reworked spores undifferentiated 
Laevigatosporites discordatus 
L. haardti 
VernJcatosporites favus 
Ornamented monolete spores 
Csllialasporites dampieri (R) 
C. trilabatus (R) 
In6perturopol/enites turbatus (RI 
Cerebropol/enites mesozoicus (R) 
Bisaccate pol/en undifferentiated 
Parvisaccites radiatus (RI 
Podocarpidites sPp. (?R) 
Ouadraeculina ancl/aeformis (RI 
Vitreisporites pal/idus (R I 
Araucariacites australis (RI 
IntJperturopol/enites hiatus 
I. polyformosus 
Inaperturopollenites spp. 
7Perinopol/enites elatoides 
Spheripol/enites group 
Classopol/is echinatus (RI 
C torosus (R I 
Granulopercu/atipol/is rudi, (R) 
Rhaetipol/is germaniClis (RI 
Eucommiidites sPp. 
Chasmatosporites sPp. (R) 
Clavatipollenites sPP. 
Liliacidites sPp. 
Mi/i{ordia incerta 
Monaco/popol/enites tranquil/us 
Monoco/pOpol/cnites spp. 
Ovalipo/lis ovalis (HI 
Hiccisporites tUbercu/atus (HI 
Spinizonoco/pites sPp. 
Disu/cites SPP. 
Cornaceoipol/enites parmularius 
/iblarCf}sis/,!,icrohenrici group 
Cupullferoldaepol/enites cf. /iblarensis 
Fraxinopollis variabi/is 
Hetitrescolpites angulo/uminosllS 
Tricolpitos paNlJs 
Trico/pites sp. A 
T"·,.,,ln"'Il~ tn I) 

. oldhavej 
Fmn. 

" AB45 AB47 

1 5 .2 6.0 
2 
3 + 
4 
5 0.4 
6 
7 
8 
9 

10 
11 0.4 
12 
13 + 
14 
15 
16 
17 
18 3.6 1.2 
19 0.4 
20 
21 
22 
23 + 
24 
25 
26 
27 
28 
29 + 
30 1.6 2.0 
31 
32 
33 0.4 0.4 
34 
35 0.8 
3 6 1.2 
37 
38 0.4 + 
39 1.6 2.0 
40 9.2 7.6 
41 0 . 8 0.4 
42 + . 
43 1.6 + 
44 0.4 0.4 
45 + 
46 6 .0 14.0 
47 
48 22.0 8.0 
49 8.8 3.2 
50 4.8 11.2 
51 
52 9.2 4.8 
53 
54 + 
55 0. 4 
56 0 .8 
57 
58 
59 
60 0.4 
61 3.2 0.4 
62 
63 + 
64 
65 
66 
67 0.8 2.0 
68 0.4 
69 1.2 1.6 
70 0.8 
71 1.2 0.8 
72 

ALUM BAY 

London Clay 
Divisions of King 1981 

B C - D 
AB 49 AB50 AB52 AB5 4 AB55 AB 56 AB58 

3 . 6 4.4 4 . 8 1.2 3 .6 5.6 3.2 1 
+ 2 

0.4 0.4 + 3 
+ 4 

+ + 0.8 + 5 
+ 6 

+ + 7 
+ + + 8 
+ + + 9 
+ + + + 10 
+ + + + + 11 

+ + + 12 
+ + + 13 
+ + + 14 
+ 15 

+ + 0 . 4 0.8 16 
+ + + 17 

0.8 0.4 + + + 0.4 18 
+ + 0 . 8 19 
+ + 20 

+ + 0.4 + 21 
+ 0.8 + + 22 

23 
+ 24 

+ 0.8 0.4 25 
+ 26 

+ 27 
+ 28 

+ 29 
1.2 1.2 1.6 2.8 2.0 0.8 30 
0.4 + 0.4 31 

32 
0 .8 0.8 0.4 0.8 0.4 + 33 

+ + + 34 
0.8 0.4 1.2 1.6 1.2 35 

+ 0.8 + 0 . 4 0.4 0.4 36 
+ + + + + + 37 
+ + + + + 38 

0.4 2.0 1.2 1.2 0.8 2.0 + 39 
6.4 11. 2 8.4 4.0 10.0 6.0 2.0 40 
0.8 + + 41 

+ + 0.4 42 
+ + + + 43 

2.4 + 0.4 1.2 + 0.4 + 44 
0 . 4 1.2 0 . 4 0.8 45 

11.2 25.2 13 . 6 26.4 15.6 13.6 7.6 46 
47 

8 .0 5.2 4.0 7 .6 13.2 8 . 8 4.0 48 
2.8 12.0 0.8 2.4 2 .0 2 . 8 49 

13.2 4.4 8.0 4.4 10.0 13.2 4.0 50 
0.4 51 

11.6 7. 6 6.0 2.4 6.0 14 .0 4.4 52 
+ 53 

+ + 54 
+ + 0.4 0.8 55 

0.4 + + 0.4 + 0.8 56 
+ + 57 

0.4 + + 2.4 58 
59 

+ 2.0 0.4 0.8 3.2 60 
1.6 2.4 0.8 1.2 61 

+ + 0.4 62 
+ + + + 0.4 63 

+ 0.4 64 
+ 0.8 4.4 65 

0 . 4 0.4 66 
1. 6 2 .0 5.6 1.6 0.4 1.6 2.4 67 
0.4 0.8 0 .8 2.8 68 
2 . 4 0.4 2.8 2.8 2 .0 0.8 2.0 69 
0.4 0.4 70 
0.8 + 0. 4 0.4 3.6 71 

0 .4 72 
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ALUM BAY 

BRACKLES HAM BEDS 

Eaton's Be ds ? Fi sher ' s 
Beds 

1 2 I V VIII 

ABS7 AB60 AB63 AB64 AB68 AB7 0 

1 2. 8 2.4 0.4 1.6 2 . 0 2.0 1 
2 2 
3 + 3 
4 + + 0.4 4 
5 + 5 
6 + 6 
7 · 7 
8 8 
9 + 9 

10 10 
11 0.4 11 
1 2 12 
13 13 
14 14 
15 15 
16 + 16 
17 17 
18 1.2 18 
19 + 19 
20 20 
21 0.4 + + 21 
22 0.8 + 22 
23 + 23 
24 24 
25 25 
26 26 
27 27 
28 28 
29 29 
30 0.4 30 
31 + 31 
32 0.4 0.4 32 
33 0.8 + 1.6 0.8 0.8 33 
34 0.4 0.8 0.4 + 34 
35 2.0 · 0.4 0.4 35 
36 36 
37 37 
38 38 
39 39 
40 1.2 3.2 1.2 + 40 
41 41 
42 + 42 
43 43 
44 44 
45 0.4 45 
46 9.6 8.8 1.2 0.4 + 46 
47 + 0.4 0.4 47 
48 2.8 0.8 2.4 0.8 0.8 48 
49 0.4 49 
50 2.4 3.2 50 
51 0.8 51 
52 0.8 0.4 + 0.4 0.4 52 
53 53 
54 54 
55 0.4 55 
56 56 
57 + 57 
58 2.0 3.2 0.8 0.4 0.4 58 
59 0.4 1. 6 + 59 
60 1. 2 2.4 6 . 0 4.4 6.4 5 .6 60 
61 0.4 0.4 2.4 0 . 8 61 
62 62 
63 63 
64 1.2 0.8 + 0.4 0.4 + 64 
65 2.4 + 2.4 1.6 1.2 1.2 65 
66 0.4 66 
67 8. 8 1 6 . 4 18.0 1 6 . 4 1 6 .8 4 .8 67 
68 4. 8 3.6 1.6 2. 8 1.2 0 . 8 68 
69 1. 6 2 . 8 4.0 1. 2 0.4 0. 4 69 
70 0 .4 0 . 4 70 
71 0 . 4 + 0.8 0.4 71 
72 0 .4 0 .4 0.4 72 
73 0 .4 73 
74 1. 6 1. 6 1. 2 0 . 4 0 . 4 0. 4 I 74 



TABLE A2 .9 continued 

Aescu/iidites circum$1riatus 
Brevico/pate/co/porate pol/en 
Favitrico/porires bacu/oferus 
Margoco/porites lihokus 
Nyssapol/eniles spp. 

, Pemapol/enites spp. 
Rhoipiles sp. A 
Rhoipites sp. B 
Striate trico/pates/tricolporates 
Trico/poropol/enites aceroides 
T. eingu/um 
T. off. cingulum 
T. duplibacu/atus 
T. iliacus 
T. krusehi 
T. margaritatus 
T. megaexactus 
T. megaretieu/us 
T. sa/ardae 
T. cf. sittleri 
Trico/poropol/enites sp. A 
Tricolporopol/enites spp. 
Cupanieidites spp. 
Duplopol/is myrtoides 
Tetraco/poropol/enires spp. 
Po/yco/pites sp. 
Ericipites sp. 
Pandaniidites texus 
Resrioniidires minimus 
R. hungaricus 
Sparganiaceaepol/enites magnoides 
S. retieu/atus . 
S. sparganioides 
Sparganiaceaepol/enites spp. 
Diporites iskaszentgyorgii 
Brosipol/is srriatobossus 
Caryapol/enites spp. 
Compositoipol/enites rhilophorus ss. 
e. rhizophorus burghasungensis 
C. minimus 
lCompositoipol/enites sp. 
EXlr8 triporopollenites SPp. 
Gal/opolliJ minin)us 
IntrDtriporopollenires mierorericu/atu, 
I. pseudinstructus 
Intriltriporopollenites sp. A 
Intratriporopol/enites sPp. 
L8brapol/is g/obosus 
L. labraferus 
Maceopolipol/enites rotundus 
M. tcnuipol/us/Momipi(es cory/aides 
Momipites Quietus 
Nudopol/is endangu/atus/termina/is 
Pistil/ipollen ites mcgrgorii 
Platycaryapol/enites p/atycaryoides 
Plicapol/is pseudoexce/sus 
Plica topol/is spp. 
Pompeckjoidaepol/enites subhercynicus 
Subtriporopol/enites anu/atus 
S. constans sl. 
S. intrastructurus 
Sub triporopollenites S?~. 
Thomsonipol/is magnd/cus 
T. magni fico ides 
Triarriopol/enites roboratus 
Triatriopollenites spp. 
Triporopol/enites plektosus 
T. robustus 
Triporopollenites spp. 
Alnipolleniles trina 
Alnipollenltes verus 
Anacolosidites P'eudoefflatus 
Intcrpolli. messelens,. 
I. suplingensis . ' 
I. velum 

'lNothofagidites 'P. 
Parsoniidites britanicul 
Polyatriopol/enite. stell.t 
RcevsiDpol/is triilnuulu, u, 
Ulmipollcnites tricostaru, 
Others 

7 6 
77 
78 
79 
80 
81 
82 
83 
84 
85 
86 
B7 
8B 
89 
90 
91 
92 
93 
94 
95 
96 
97 
98 
99 

100 
101 
102 
103 
104 
105 
106 
107 
108 
109 
110 
111 
112 
113 
114 
115 
116 
117 
118 
119 
120 
121 
122 
123 
124 
1 25 
126 
127 
128 
129 
130 
131 
132 
133 
134 
135 
136 
137 

' 138 
139 
140 
141 
142 
143 
144 
145 
146 
147 
148 
149 
150 
151 
152 
153 
154 
155 
156 

AU4 5 AB4 7 AB49 

+ 

0.4 

2.8 12.4 10.0 

0 . 8 
+ 

0. 8 1.2 0.8 
0.4 0.4 

2.4 3.6 2.4 

0.4 

0.4 

0.4 + 

0.8 + 

0.4 

0.4 

0.4 

0.4 
2 . 0 2.0 1. 2 

0 .8 1. 2 
0.4 0 .8 0.4 

+ 

0.4 

0.4 
1.2 0.8 1.2 

0.8 
0 .4 0.4 

0 . 8 0 .4 0.4 
0 . 4 

+ 

0. 8 1.2 + 
0.8 
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AB50 AB52 AB54 AB55 AB56 AB5 8 

+ 76 
O.B O.B 2.4 + 77 

0 . 4 78 
+ 0.4 79 

0 .4 + 0 . 8 80 
0.4 + 81 

0.4 0.4 82 
+ i- 83 

0.4 0.4 1.2 84 
1. 2 + 85 

6 . 0 19 . 6 13.2 11. 6 9 . 2 12.0 B6 
B7 

0.4 O.B + BB 
+ 89 

+ 90 
1.6 91 

0.4 2 .0 2.4 0.8 O.B 1.6 92 
93 

0.4 0.4 + 94 
0.8 95 

96 
0.4 1.2 3.2 2.4 2.0 5.2 97 

0.4 98 
99 

1.2 0.8 100 
+ 101 

0.4 102 
103 
104 

0.8 105 
1.6 106 

107 
+ 0.4 108 

+ 109 
+ 110 

III 
+ 0.4 0.4 0.4 + 112 

+ 0.4 113 
+ 114 
+ + 115 

+ + 0.4 116 
117 

0.4 118 
+ 0 . 8 + 119 

+ 0.4 + 120 
0.4 + 121 

0.4 0. 4 122 
123 
124 

+ 125 
126 
127 
128 

0.4 + 129 
1.6 2.0 3.6 0.8 2.0 4.0 130 

+ 0.4 0.4 4.4 131 
0.4 0 .4 0.4 2.4 132 
0.4 + 0.4 133 

+ 134 
135 

0.4 0.8 0.8 0.4 0.4 136 
0.4 137 

138 
139 

+ 140 
1.6 0.8 1.6 1.2 0.4 3.2 141 

0.8 0.4 0 . 8 142 
0.4 0.8 143 

1.6 0.8 0.8 0.4 0.8 2 . 4 144 
145 

+ + 146 
147 
148 

0.4 2 .0 149 
0.4 0.4 150 

+ + 151 
152 
153 
154 

0 . 8 0.8 0 . 4 0.4 0 . 8 2.4 155 
1.2 1.2 0 . 4 156 
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A857 ABGO AB63 AB64 A868 AB70 

76 76 
77 + + + + 0.4 77 
78 0 . 4 0.4 78 
79 79 
80 + 0 . 8 0.8 0.4 0 . 8 80 
81 1.2 + 1.2 81 
82 + 82 
63 + 63 
64 0.4 1.2 0.4 64 
65 0 .4 65 
66 2 . 0 5 . 6 7.2 16 . 6 20 . 0 16.6 66 
87 0 .4 2.6 20.4 67 
66 0.4 0.8 68 
89 + 0 . 8 0.4 1.6 0 .8 0.6 89 
90 + + 1.2 90 
91 4 . 0 0.8 0 . 4 0 . 4 91 
92 0.8 0 . 8 1.2 1.2 5.6 4.6 92 
93 93 
94 0.4 2 .4 2.4 0.4 1.2 94 
95 0.4 0.4 + 0 .4 1.2 95 
96 + + 96 
97 3.2 2.4 5.2 5 .2 6.4 2 . 4 97 
98 0 . 8 98 
99 0 . 8 0.4 99 

100 0.4 + 0.4 3.2 2 .8 1.6 100 
101 101 
102 102 
103 0 . 6 103 
104 0.4 0.4 1.6 104 
105 1. 6 + 0.4 1. 6 0.4 + 105 
106 0.8 106 
107 0.4 107 
108 108 
109 2.4 0.4 0.8 109 
110 + + llO 
111 + 111 
ll2 0.4 0.4 + 0 . 4 0.4 ll2 
ll3 0 . 8 + + 113 
114 0.4 114 
115 + 115 
116 0.8 1.2 1.6 2.0 0.4 + 116 
117 + 0.8 0.4 117 
118 0.6 2 . 4 0.4 1.2 0.4 118 
119 + 119 
120 + 0.8 + 0.4 120 
121 121 
122 0.8 122 
123 0.8 123 
124 0.4 124 
125 0.4 0.4 1.6 4.4 125 
126 0.4 126 
127 0.4 3 . 2 127 
128 + 8.8 4.4 0.8 128 
129 + 0.4 + 129 
130 3.6 3.6 0. 8 0.4 130 
131 13.2 2.0 2.8 2.8 1.6 0 . 8 131 
132 0.8 + + 0.4 132 
133 + 8.0 0.8 0.8 + 133 
134 0.8 134 
135 + 135 
136 1.2 0.8 0.4 1.2 1.2 136 
137 0 . 8 0 . 4 137 
138 + 138 
139 + 139 
140 140 
141 0.8 2.0 1.2 2.4 1.2 5 . 2 141 
142 0.4 + 0 . 4 0 . 4 0.4 142 
143 + 2.4 1.2 0.8 + 143 
144 1.2 2 .8 5.2 3 . 2 3 . 2 2 .0 144 
145 0.4 + 145 
146 0.4 + 146 
147 + 147 
148 0.8 + 148 
149 2.6 + + + 149 
150 150 
151 + + + 151 
152 + 152 
153 + 153 
154 0. 4 + 154 
155 0.8 0 . 8 0 . 4 0.4 0 . 8 155 
156 0 . 4 0 . 8 2 . 0 O.~ 1 . 2 1.2 156 
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TABLE A2.10 PERCENTAGE OCCURRENCE, OF MICROPLANKTON AND OTHER ALGAE 
IN THE PALAEOCENE AND EARLY EOCENE SECTION AT ALUM BAY, 
ISLE OF WIGHT. 

D/NOFLAGELLA TE CYSTS 
Aehomosphaera spp. 
Adnatosphaeridium aemu/um (R) 
A. caul/eryi (R) 
A. reticu/ense 
A. robustum 
7 Adnatosphaeridium patu/um 
Apectodinium homomorphum 
Apectodinium spp. 
Apteodinium granu/atum (R) 
Areo/igera spp. 
Areo/igeraIG/aphroeysta spp. 
Athigmatoeysta g/ahra (R) 
C/eistosphaeridium spp. 
Cordosphaeridium spp. 
Cribroperidinium spp. (R) 

. Ctenidodinium e/egantu/um (R) 
Ctcnidodinium spp. 
eyc/oneplle/ium dis tine tum (R) 
Deflandrea phosphoritica 
Deflandrea spp. 
Dingodinium a/bertii (R) 
Dracodinium solidum 
Dyphes colligerum 
Gardodinium trabecu/osum (R) 
G/aphrocysta ordinata 
G/apllrocysta spp. 
Gonyau/acysta ambigua (R) 
G. jurassica (R) 
G. longicornis (R) 
GonyaulacystIJ Ipp. 
Hafniasphaera Ipp. 
Homotryb/ium pallidum 
Homotryb/ium spp. 
Hystrichodinium voigtii (R) 
Hystrichokolpoma spp. 
Hystrichosphaeridium tublferum 
Hystrichosphaeridium spp. 
Kisselovia tenuivirgu/a 
Lingu/odinium machaerophorum 
7 Microdinium sp. 2 Sch.·L. & Ch. 
Microdinium spp. 
Nannoceratopsis gracilis (R) 
Operculodinium centrocarpum 
Po/ysphaeridium subtile 
Prolixosphaeridium spp. 
Sentu5idinium spp. 
Spiniferites cingulatus 
S. ramosus 
Spiniferites spp. 
Dinoflagellates undifferentiated 
ACRITARCHS 
Comasphaeridium comMes 
eymatiosphaera spp. 
Leio fusa jurassica (R) 
Loiospheres 
Micrhystridium spp. 
Vctyhachium spp. 
Acritarchs undifferentated 
OTHER ALGAE 
Crassosphacra sp. 
Tasmanites sp. 
Paralecaniella indcntata 
Pcdiastrum :p. 
Ptcrosperme/la $Pp. 
Ovoidi tes ligneolus 
Schizosporis sp. 
Botryococcus sp. 

Total microplankton 

oldhavel 
Fmn. 

AB45 AB47 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 1.1 1.3 
12 
13 3.4 3.8 
14 1.3 
15 
16 
17 
18 + 
19 
20 
21 + 
22 
23 
24 
25 
26 _. -
27 
28 + 
29 
30 
31 + 
32 
33 
34 
35 
36 
37 1.3 
38 
39 
40 
41 5.6 
42 
43 + 
44 
45 1.1 + 
46 3.4 1.3 
47 
48 1.3 
49 
50 10.1 6.3 

51 + 2.5 
52 6.8 
53 1.1 
54 19.2 6.4 
55 33.0 64.1 
56 3.4 10.2 
57 

58 1.1 
59 
60 7.9 
61 
62 2.3 
63 
64 
65 

r--- -- ----
88 78 

ALUM BAY 

London Clay 
Divisions of King 1981 

A B C-D 
AB49 AB50 AB52 AB54 AB55 AB56 AB58 

+ 
+ 

+ 
+ 

+ 
+ 

+ + + + 
+ + + 

+ 
+ + 

+ 2.8 
+ 

6.6 7.1 12.8 8.2 7.8 3.3 11.0 
+ + + 

+ + + 
+ + 

1.4 + 
+ + 
+ + 

+ + 
+ + 
+ + 

+ + 
+ + + + 

1.4 11.0 
+ 

+ 
+ 1.4 + + + 

+ 3.3 + 
+ 

+ 
+ 

+ + 
3.3 3.2 2.7 

+ 
+ 

1.4 12.8 2.7 
+ 

+ + + + 
+ + 

3.2 
6.6 2.9 6.4 + 3.9 

+ + 
+ + + 
+ + + 

3.3 1.4 3.2 5.5 6.6 2.8 

3.3 2.9 
6.6 1.4 3.2 2.7 3.3 

1.4 + 
3.3 17.3 9.6 8.3 19.6 16.7 13.8 

59.9 54.9 41.8 66.6 60.7 66.6 58.2 
4.3 3.2 2.7 3.9 

3.3 + + 1.9 
+ + 1.9 

3.3 + 

+ 

+ + + + 
r-

30 69 31 36 51 30 36 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 

51 
52 
53 
54 
55 
56 
57 

58 
59 
60 
61 
62 
63 
64 
65 

... --..... ..... _ _ ..... __ -_~ ... __ __ ' ...... ~ _ _ _ 8 .... ~ ........ . ... _., 
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ALUM BAY 

Bracklesham Beds 

Eaton's Beds Fisher's 
eds 

1 2 IV VIII 
AB5 7 AB6 o AB6 3 AB 64 AB 6 8 AB70 

1 1 
2 2 
3 3 
4 4 
5 5 
6 6 
7 + 7 
8 14.7 8 
9 9 

10 6 .6 10 
11 11 
12 12 
13 11. 6 6.6 + 33.3 13 
14 2.9 14 
15 15 
16 16 
17 17 
18 18 
19 19 
20 + 20 
21 21 
22 22 
23 23 

24 24 

25 26.4 + 25 
26 2.9 + 2& 

27 27 
28 28 

29 29 

30 2.9 30 
31 31 
32 32 
33 + 33 
34 34 

35 35 
36 36 
37 2.9 + 37 
38 + 38 
39 39 
40 2.9 40 
41 2.9 41 
42 42 
43 + 43 
44 44 
45 45 
46 46 
47 47 
48 + 48 
49 49 
50 2.9 28.5 33.3 50 

51 51 
52 6.6 52 
53 53 
54 8.8 20.0 57.1 14.2 33.3 54 
55 14.5 33 . 4 100. 14.2 57.2 55 
56 56 
57 57 

58 6.6 58 
59 59 
60 + 60 
61 6.6 61 
62 62 
63 2.9 28.5 63 
64 13.3 64 
65 65 

34 15 1 7 7 3 


