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CHAPTER 6

PALYNOLOGY
The broad objective'of this part of the study was to examine the
palynology of both the four leaves of the Thick Coal at Longmeadow
Wood borehole, and their intervening and under and overlying
siliciclastic beds. Initially the most effective maceration technique
for removal of the miospores from the coal was determined. Following
this the leaves of c¢oal were divided into subsections on a
lithological basis and samples taken for maceration. All
siliciclastic subsections were macerated. 1In both cases slides were
made from each sample to allow an examination of the miospores
present. One hundred and twenty seven miospore species (species) were
identified and 19 new forms described. They were presented in a
systematic way so that comparison could be made with species described
by other authors. Special emphasis in this section was placed on a

study of the species of Densosporites found within the Thick Coal.

Following this the distribution of the relative percentages for
each species in each of the leaves of the Thick Coal were plotted and
subjected to statistical analysis. The distribution of seven of these
species were used to divide each leaf palynologically, and based on
this and sedimentological data from this and other localities a
palaececological interpretation of the Thick Coal was made. Finally
the species likely to be most useful in correlation of the leaves of

the Thick Coal were identified.



6.1 PRACTICAL TECHNIQUES

6.1.1 Sample Collection

Following from section 5.1.1 the coal cores were divided into
beds of different lithofacies and a sample about 30mm x 30mm in cross
section extracted from each bed. Each sample is termed a subsection

and was placed in a self sealing plastic bag.

6.1.2 Mechanical Preparation

Materials needed:- hammer, splitter, pestle and mortar, self
sealing plastic bég.
Each sample of coal was broken down with a hammer to less than S5mm3.
From this 25g. were separated using a splitter, _retaining the
remainder for possible future use. If the sample was believed to
contain silicate it went straight to chemical preparation. Coal
samples were placed in a mortar and crushed with a tapping motion of
the pestle until fine enough to pass through a 36 B.S. (0.42mm) mesh
sieve. After each sample had been mechanically prepared, all the
articles used during the preparation were cleaned thoroughly with a
brush and hot water and then dried.

If a composite sample consisting of several subsections was
required, then different weights of each subsection sample, relating
to their thickness, were combined to form the composite sample.

6.1.3 Chemical preparation

6.1.3.1 Removal of carbonates and silicates

Materials needed;-
Fume cupboard with 1lime tank, samples crushed to <-5mm3, 250ml.
polythene jars with pierced lids, stirring rods, dilute hydrochloric

acid, 40% hydrofluoric acid and distilled water.

10g. of sample which were believed to contain sgilicate were



placed in a 250ml. polythene jar and covered with dilute hydrochloric
acid to remove any carbonates that may be present. After effervescence
ceased the hydrochloric acid was removed by decantation and 30ml. of
40% hydrofluoric acid was added to the jar and left for 9 days at room
temperature, stirring several times each day. The solution was then
decahted off into a lime tank and the residue washed five or six times
with distilled water.

6.1.3.2 Maceration

Materials needed:-
Fume cupboard, samples, 100ml. beakers, 500ml. beakers, watchglasses,
sintered glass funnels - porosity 3, 1 litre Buchner flasks, rubber
air bulb, 30ml. glass vials, fuming nitric acid, concentrated nitric
acid, 1:1 dilute nitric acid, chromic acid, mould inhibitor, and
distilled water.

1g. of coal, previously crushed to pass a 36 B.S. mesh sieve or
the residue from previously prepared sample believed to contain
silicates, was placed in a 100ml. beaker. To this was added 50ml. of
fuming nitric acid (see section 6.1.4) and the beaker covered with a
watchglass. All were then placed in a fume cupboard for 12 hours (see
section 6.1.4) whilst oxidation released the spores from the sample.

When this had taken place the contents of the beaker were
transferred to a sintered glass funnel previously placed in a 1 litre
Buchner flask. Filtration then took place with addition of fuming
nitric acid until the filtrate was colourless. The residue was then
washed twice with 50ml. of concentrated nitric acid and once with
50ml. of 1:1 dilute nitric acid. The final part of filtration
consisted of washing the residue several times with distilled water.

At this stage air was blown back through the filter with a rubber air



bulb to check that it had not become blocked by small particles. The
gradual reduction in concentration of acid prevented flocculation of -
the particles which would increase filtration time. The residue was
then washed out of the funnel with distilled water into a labelled
30ml. glass vial and a few drops of mould inhibitor added. After the
residue had settled for a few days its thickness was measured.

All articles used during maceration were cleaned throughly with
hot water and dried. The sintered glass funnel was cleaned with
chromic acid (made of up 50g. of sodium dichromate dissolved in 50ml.
of distilled water, to which 2 litres of concentrated sulphuric acid
was added).

6.1.4 Determination of the most effective maceration technigue

The factors most likely to cause variation in length of time of
maceration are differences in rank or subseguent physical and chemical
weathering, as this means that the sample may already have undergone
some oxidation. For this reason it was necessary to discover the most
effective maceration technique for each sample or group of samples.

The two parameters which were most easily varied during
maceration, were the strength of acid and the time the sample was
immersed in the acid. Four coal samples were taken from a variety of
sites including the Thick Coal at Catchems Corner borehole, Longmeadow
Wood borehole and one sample from 30m. above the Thick Coal in Daw
Mill surface drift. They were prepared as described in the previous
sections and each sample divided into two, providing two sets of four
samples. 1g. from each of the four samples of the first set were
placed in separate beakers and 25ml. of concentrated nitric aciad
followed by 25ml. of fuming nitric acid was added. After 2 hours, 6

hours, 14 hours and 24 hours samples were taken, filtered, and



inspected microscopically. In all cases very little of the coal had
broken down so that only a few miospores were released. 1g. from each
of the four samples of the second set were placed in separate beakers
and 50ml. of fuming nitric acid was added. After 2 hours, 4 hours, 8
hours, 12 hours, 16 hours and 24 hours samples were taken, filtered
and inspected microscopically. After 2 and 4 hours not much cocal had
broken down, but the breakdown progressively increased until after 12
hours all the coal had broken down. Examination of miospores with thin
exines showed that guite a lot of colour was retained after 12 hours,
but that the colour progressively decreased until after 24 houfa it
was believed there was a possibility of some chemical disintegration,
For these reasons maceration of 1g. of coal with 50ml. of fuming
nitric acid for 12 hours, was chosen as the most effective maceration
technique.

6.1.5 Preparation of permanent miospore residue mounts

Materials required:-
Spore residue in a 30ml. glass vial filled with distilled water,
10ml. glass 3jar, Finne pipette, coverslips 22 x 40mm, slides,
cellosize solution, Elvacite, xylene, methylated spirits and labels.
The glass vial containing the spore residue was shaken gently for 30
sec. and then allowed to settle for 15 sec. to allow large woody
fragments to drop to the bottom. A Finne pipette was introduced into
the vial with its end near the bottom and a sample of 0.3ml., taken
whilst withdrawing the pipette from the vial. This was placed into a
10ml. glass jar, followed by 1.5ml. of a 2% aqueous solution of
hydroxethyl cellulose solution. (This was made up of 2g. of cellosize
with 2 drops of methylated spirit dissolved in 100ml. of hot water and

then filtered with fast filter paper). Using a pipette the sample was

mixed



throughly and evenly distributed on the surface of 3 coverslips. These
were allowed to dry in a dust free atmosphere at room temperature. To
each coverslip several drops of Elvacite in xylene was added, and the
coverslip gently lowered onto a clean glass slide. (The Elvacite
solution was made by adding 70 cc. of Analytical Grade Xylene to 40g.
of crushed Elvacite powder whilst stirring. Stirring was continued,
using a magnetic bead so as to avoid producing bubbles, until the
Elvacite was completely dissolved). The slides were left to set for
24 hours at room temperature. Any excess Elvacite was removed using
xylene. After labelling the slide was ready for use.

The advantages of these mounting media over others are that the
cellosize prevents clumping, dries to a thin film so that all
miospores are in the same plane of focus, and the Elvacite does not
require high setting temperatures and gives a clear permanent mount.

6.1.6 Microscopy

Two of the three slides prepared for each subsection or composite
sample were horizontally traversed at a magnification of 600 times
using a Watson Microsystem 70 microscope. Generally at least 500
miospores were counted as they passed between either end of a
calibrated scale and the horizontal distance travelled during scanning
was recorded. Each slide was then scanned at a lower magnification for
additional taxa not seen on the initial scan. Photographs were taken
with a 2Zeiss Photomicroscope II and the stage coordinates for the
photographed miospores relate to that microscope.

6.1.7 Use of the computer in assembling miospore data

Once the logging of the slides was completed, it was felt that
the use of a computer would ease in the manipulation of the data
produced. In this way the time taken to produce the results was

reduced and the accuracy achieved during calculation was increased.



' However, the only computer to which there was easy access was a
Commodore Pet 8032 expanded to give a 96k memory which was a little
small for the task and had a limited range of programmes.A commercial
programnr®entitled Visicale produced by Visicorp was used, and by
dividing the manipulations into suitable size batches it was hoped to
achieve the desired objectives.

6.1.7.1 Creation of the miospore count (mc) table
(Appendix 'C')

Because of the way the spread sheet was laid out it was decided
to place the subsection numbers horizontally along the top, so that
each column represented a subsection from a leaf at a given location
and each horizontal row represented a property of that subsection. The
first property fed in was thickness (cm) followed below by the second
digit of the lithofacies number, macrolithotype percentages, physical
and chemical properties, thickness of residue left after maceration
(Tr)mm, horizontal distance travelled during counting (Hd)em, the
number of miospore species recognised during counting and scanning,
and finally the number of miospores for each species recognised (Nm).

These figures ‘were fed into alternate columns until 13 of the
latter were filled (any more and after the manipulations listed below
the computer would run out ‘of memory). A formula was placed at the
bottom of the column to calculate the total number of miospores
counted (Tm) viz. Tm = Nm1 + Nms where s = number of miospore
species.

Each of these columns was saved as separate Data interchange
format (Dif) files 1labelled ‘mc’ according to éheir subsection
number. This process was continued wuntil all of the subsections
required had been counted and stored. They were then recalled to form

the 'miospore count' table,



6.1.7.2 Creation of the miospore species relative
percentage distribution table (Appendix 'D')

The "mc' Dif files were recalled into a table in which formulae
have previously been inserted, to convert the 'mc' files to percentage
(per) files.

In the space opposite *thickness of residue left after
maceration' a formula was inserted to convert this figure to ‘'volume

of residue left after maceration' (Vr) cu. cm. viz.

Vr = Tr x area cross section of vial(mm)
1000

i.e. Vr = Tr x TT 12.52 cu.cm.
1000

In the space opposite 'Horizontal distance travelled during
counting' a formula was inserted to convert this figure to ‘'Total
number of miospores/g coal' (Tmgc) viz.

Tmgc = (Tm)

(H@ x Wt) x 3 xLe x 2C x V
S

where

Tm = Total number of miospores counted

Hd = Horizontal dist;nce travelled during counting (cm.)
Wt = Width of traverse (0.00159cm.)

Lc = Length of coverslip (4.0cm.)

We = Width of coverslip (2.2cm.)

V = Original volume of water plus residue from 1g. of macerated coal

S = sample volume of original volume distributed between 3 coverslips
(0.3ml.)



In the space below this a formula was inserted to calculate the
number of species/500 miospores counted (Ns 500) viz.

Ns500 = Ns x 500
m -

In the spaces opposite the 'Number of miospores for each species
recognised' a formula was inserted to convert these to 'Relative
percentage of each miospore species' (Mst) viz.

Ms% = Nm x 100
Tm

Each of the columns was saved as a separate Dif file labelled
‘per' according to its subsection number. This process continued until
all of the 'mc' files had been converted to 'per' files and stored.
They were then recalled to form the miospore species relative

percentage distribution table.
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6.2 SYSTEMATICS

The objectives of the systematic description of miospores
within this study are to provide a framework for their
identification, and to facilitate comparison with those recognised
by other workers. Nomenclature for miospores within this section is
based upon the rules of priority and typification laid down in the
International Code of Botanical Nomenclature (1961). The
systematics are not treated taxonomically, because differences in
morphology provide a basis for distinguishing between species, and
so are independant of the principles of evolution and phylogenetic
relationships. Terminology used in the description of miospore
morphology in this study is based on Smith and Butterworth (1967)
and Grebe (1971).

6.2.1. Nomenclature of miospore species and genera

The formal treatment of miospore species and genera (synonymy,
type locality, diagnosis, description, remarks and comparison) is
the same as that in Smith and Butterworth (1967) unless otherwise
stated. Considerable use is made of Nader's (1983) systematics,
because the coals from which the miospores were derived are the
same age. Comparison of the miospores is important because those of
Nader (1983) came from the Northumberland Coalfield which possibly
had a different palaececological setting. Relative abundance and
prevalence of species are indicated wunder the heading of
occurrence.

The characteristics listed in the paragraph above refer to
miospores found in the four leaves of the Thick Coal (and the high

silicate subsections associated with them) at Longmeadow Wood
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borehole which are of Westphalian B age. Categories of abundance
used in this study have been modified from Smith and Butterworth
(1967) as follows:=-

Categories of Abundance

Percentages Used in this study Smith and Butterworth (1967)
Greater than 29.9 Very abundant )

} Abundant
10-29.9 Abundant )
5.00-9.99 Very Common ) Very Common
2,00-4.99 Common ) Common
1.00-1,99 Frequent )

)} Frequent
0.500-0.999 Occasional )
Present-0.499 Infrequent )

) Infrequent
Only one Present )

specimen seen

For each species under the heading of 'Occurrence' the range of
categories of abundance are given (as above) for each leaf of coal.
This is followed by the category of prevalence (vertical distribution,

(see below) for each leaf of coal.

Approximate number Category
of subsections per leaf of Prevalence
in which the species used in this study

has been found

Greater than 2/3 ) Throughout
1/3 - 2/3 Intermittent
Less than 1/3 Rare

Following this the range of categories of abundance for each

siliciclastic bed is given.
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Species are illustrated on plates (Appendix 'E'). Photographs are
taken of specimens derived from the Thick Coal at Longmeadow Wood
borehole unless otherwise stated. They illustrate typical specimens,
although where a range of morphological characteristics is present in
one species this is also illustrated. The names of the species are
given, together with (in order) their sample, slide and specimen
numbers, their location using a Zeiss stage and their photograph
number. Normally slides are inserted into the stage with the label at
the right hand side; when the label has been inserted on the left hand
side an asterisk precedes the location co-ordinates. All specimens

have been magnified X500 unless otherwise stated.

6.2.2. Suprageneric systematics

0

Many suprageneric classification systems of miospores have been
‘proposed. They began in Britain as a simple grouping of miospores with
similar morphological characteristics (Raistrick and Simpson 1933) and
grew rapidly abroad with some authors placing emphasis on the use of
one character only at each systematic level (Naumova 1939, Dettmann
1963) whilst others used a variety (Potonie and Kremp 1954, 1955,
1956a and b). The latter authors have produced probably the best known
system, which has been subsequently revised and amplified by many
authors (Potonie 1956, 1958, 1960, 1970, 1975; Dettman 1963; Neves and
Owens 1966; Smith and Butterworth 1967). Most of the genera found in
the present study occur in the suprageneric classification of Smith
and Butterworth (1967) and for this reason it is used by the author.

Those genera not recorded by Smith and Butterworth (1967) are

13
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inserted in the appropriate places, together with any new suprageneric
grouping proposed by the respective authors.

A summary of suprageneric classification is given in Table
6.1. The two major categories distinguishing spores from pollen are
Sporites (Potonie 1893) and Pollenites (Potonie 1931). These are
divided into major categories called anteturma (Potonie 1956) and four
other ranks of classification are used: turma, suprasubturma,
subturma, infraturma and subinfraturma.

Anteturma Sporites is divided into four turmae based on the
presence/absence, and type of dehiscence mark following three authors
- Triletes (Dettman 1963 following Reinsch), Monoletes and Aletes
(Ibrahim 1933) and Hilates (Dettman '1963). There are eight
suprasubturmae based on differences in wall stratification originally
described by Potonie and Xremp (1955, 1956) and expanded by Dettmann
(1963), together with contributions from Richardson (1965) and Smith
and Butterworth (1967). There are eight subturmae based on difference
in eguatorial features using the work of Luber (1935), Luber and
Schopf in Dettmann (1963), and Smith and Butterworth (1967). Sculpture
and equatorial thickening and/or extension provide the basis for
sixteen infraturma using the work of many authors and one infraturma
has been divided into four subinfraturmae by Smith and Butterworth
(1967) on the basis of differences in sculpture.

Anteturma Pollenites is divided into two turmae Saccites (Erdtman
1947) and Plicates (Plicata-Naumova 1937, 1939; Potonie 1960) on the
basis of the presence or absence of a longitudinal furrow. Turma
Saccites is divided into two subturmae on the number of bladders

present either one - Monosaccites (Chitaley) Potonie and Kremp 1954
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Table 6.1.A Known plant affinities of miospores found in this study

(Classification after Taylor 1981)

PLANT MEGAFOSSILS

MIOSPORES

in this study

Phylum Class Ocder Examples Genus Species
of Genus/
Species
TRIMEROPHYTOPHTA Psilotales Pertica Apiculiretusispora
LYCOPHYTA Lepidodendrales Lepidodendron Apiculatisporis irregulacis
Sellaginellales Selaginslla Cinguliszonates
canonbiensis
- Belaginella Cirratriradites
suessi; fraiponti
Lepiododendrales Sigillaria Crassispora kosankei
{Mazocarpon) -
o Sporangiostrobus Cristatisporites
Sellaginellales Selaginella Dengosporites
canonbiensis :
Lepidodendrales Polysporia Endosporites globlformis
mirabilis
. Paralycopodites Lycospora mictopapillata
Lepidodendrales Lepidophloios Lycospora pellucida
harcourti
. Lepidophloios )
halli ) Lycospora pusilla
. Lepidodendron )
hicki )
. Bigillariostrobus { Planisporites
. Sporangiostrobus Radiizonates
Protolepidodendrales { Spencerites Epencerispories
SPHENOPHYTA Sphenophyllales Eviostachya Acanthotriletes {pars)
" Bowmanites Calamospora (pars)
Equisetales Calamostachys .
Palaeostachya -
Calamostachys Crassispora (pars)
Bphenophyllales Bowmanites Laevigatosporites All species
bifurcatus
Equisitales Asterophyllites . .
multifolia
Sphenophyllales Sphenophyllum Reticulatisporites (pars)
dawsoni
Sphencphyllales Bphenophyllo~ Vestispora
stachys sp
PTERIDOPHYTA 7 ? ? Acanthotriletes (pars)
Piliopsida Filicales ? Aplculatasporites
. Marattiales Scolopteris Calamospora
. Pilicales . Camptotriletes
" . Senftenberglia Convolutispora {pars)
Coenopteridopsida | 3ygopteridales Bisaltheca Convolutispora {pars)
kansana
rilicopsida Marattiales Asterotheca Cyclogranisporites minutus
miltoni
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Table 6.1A (Cont) Known plant affinities of miospores found in this study

(Classification after Taylor 1981)

PLANT MEGAFOSSILS

MIOSPORES

in this study

Phylum

Class

Order

Examples
of Genus/
Bpecies

Genus

Specles

PTERIDOPHYTA
cont .se

Coenopter idopsida

Filicopsida

Coenopter idopsida

Fllicopsida

Coencpteridopsa

Filicopsida

Coenopter idopsa

Filicopsida

Zygopteridales

Marattiales

Pilicales

Filicales

Marattiales

tygopteridales

Filicales

Marattiales

Zygopteridales

Filicales

Bisaltheca )
musata ]
Cornyoptecis )
scottll )

MAcitheca
Bocolopteris
Sermaya
biseriata

Botryopteris
antiqua

Oligocarpia
?

Sphyroteris
cf. boenlshi

Botryopsis
forensis, globosa
Asterotheca
scolecopteris

Bisaltheca
musata

Pecoptacis cf.
platoni

Senftenbergia
pluncsa

Ankyopteris
brongniartil

Anachopteris
Senftenbergia
Botryoptecris

Pecopteris
hemitelioides

Biscaltheca
musata

Cornyopteris
scottii

Zygoptacis

Botryopsis
forensis

Cyclogranisporites

Cyclegranisporites
Dictyotriletes

Granulatispoltes

Leiotriletes

Lophotriletes

Punctatispories

Punctatospotites

Raistrickia

Savitrisporites
Triquitrites

Verrucosisporites

(pars)

(pars)
castansaeformis

{pars)

{pacs)

PTERIDOSPERMO
~PHYTA

Lyginopteridales

Medullosales

Staphylotheca
kilpatrickensis

Crossotheca
schatzalerensis

Crossotheca
crepini

Crossothec a

crepinij sagittata
schatzalerensis

Linopteris
subbrongniartil

Convolutispora

Cyclogranisporites

Granulatisporites

Punctatisporites

{pacs)

(pars)

(pars)

(pacs)
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Table 6.1A (Cont) Known plant affinities of miospores found in this study

{Classification after Taylor 1981)

PLANT MEGAPOSSILS

MIOSPORES
in this study

Phylum

Class

Order

Examples
of Genus/
Species

Genus

Species

PTERIDOSPERMO

=PHYTA cont .4»

CONIFEROPHYTA

.

Cordaitopsida

Coniferopsida

Cordaitales

Voltziales

Aulotheca
slongata,
hemingwayl
Whittleseya
elegans
Goldenbergla
glomecata
Halletheca
Dolerotheca
Rhetinotheca
Schoptitheca

Coraitanthus

gemmifer, scholeri
saportianus

' Lebachia

piniformis,
hypnoides

Walchianthus
crassus

Schopfipollenites

Plorinites

Potonieisporites

(pacs) means that the miospore specles occucrs in more than one phylum
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or two = Disaccites Cookson (1947); the former being divided into
three infraturmae.

In recent years papers produced by several American authors have
not used suprageneric classification folloﬁing objections raised by
Schopf (1969). He believed that "taxonomic assignment should be a
means of indicating an author's evaluation of phyletic affinity". At
the moment the relationships between miospores and their parent plants
is under investigation with a varying amount of success (Tableb.lA).
Schopf (1969) also considers that forms which in any way significant
botanically should be emphasised within any classification. Form
genera, defined by morphology and for which there are no known
botanical affinities, are not assignable to a family (Lanjouw 1966).
However, Potonie (1956, 1958, 1960) devised a classification using
turmae as indicators of rank which Schopf (1969) suggests are
"parataxa". These have never been sanctioned by the botanical code,
and duplicate and conflict with corresponding and well established
botanical nomenclature (Schopf 1962). This has resulted in some
American authors rejecting suprageneric classification and either
arranging miospore genera alphabetically (Urban 1971) or ordering them
in a similar way to Smith and Butterworth (1967) for convenience of
comparison with other literature (Peppers 1970, Ravn 1979, Ravn and

Fitzgerald 1982).

6.2.3. Systematic Descriptions of Miospores

Anteturma SPORITES Potonie 1893
Turma TRILETES (Reinsch) Dettman 1963
Suprasubturma ACAVATITRILETES Dettman 1963

Subturma AZONOTRILETES (Luber) Dettman 1963
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Infraturma LAEVIGATI (Bennie and Kidston) Potonie 1956
Genus LEIOTRILETES (Naumova) Potonie and Kremp 1954

Leiotriletes adnatus (Kosanke) Potonie and Kremp 1955

1950 Granulati-sporites adnatus Kosanke, p.20, pl.3, Fig. 9.

1955 Leiotriletes adnatus (Kosanke) Potonie and Kremp

Holﬁtzne. Kosanke 1950, pl.3, Fig.2, Maceration 573, slide 8.

Type locality. Coal 20 feet below the Carlinville limestone (No.8

coal), Macoupin County Illinois, USA.
piagnosis. (Kosanke 1950, p.20).

Size in micrometres. Holotype 35 x 36; 32 - 39, Schulze and 10% KOH

(Kosanke 1950).

Lejotriletes cf. adnatus (Kosanke) Potonie and Xremp 1955

Plate 1, Figs. 1, 2.

1983 lLeilotriletes cf. adantus (Kosanke) Potonie and Xremp in Nader,

p.35’ 91-1' fig 1 - 5 and 7.

Size in micrometres. 24(26) 33 fum. HNO3 (Nader 1983)

Northumberland, England; Westphalian B (ii) 18 (4) 29 (5 specimens)
fum. HNO3 Leaf 3, Thick Coal, Longmeadow Wood borehole Warwickshire,
England; Westphalian B.

Description. Amb triangular, sides straight to slightly convex or

concave, with rounded angles. Laesurae simple straight 2/3 - 3/4
spore radius, slight thickening along the edge of the commissure,
often open. Prominent contact area extending 2/3 length of the
laesurae. Exine laevigate to occasionally scabrate on proximal surface
only, thin, approximately 1 micrometre with few folds.

Remarks. Leiotriletes cf. adnatus differs from the type in its

smaller size and its straight to slightly convex or concave sides.

Comparison. Differs from Leiotriletes levis (Kosanke) Potonie and
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Kremp 1955 in smaller size and straighter sides and from Leiotriletes

sp.A which consistently has strongly concave sides.

Occurrence. Present to infrequent rarely in Leaves 2 and 4,
occasional rarely in Leaf 3. Occasional between Leaves 3 and 4.
Present below the Thick Coal.

Leiotriletes guennelii Ravn 1979

Plate 1, figs. 3'4.

1958 Lelotriletes parvus Guennel, p.57, text - fig.14, pl.2, fig. 7,

Non 1953 Leiotriletes parvus Naumova, p.44, pl.5, fig. 10.

Non 1958 leiotriletes parvus Nilsson, p.30, pl.1, fig. 1.

1967 Leiotriletes parvus Guennel, in smith and Butterworth p.122,

pl.1, figs. 3, 4.

1979 Leiotriletes guennelii Ravn, p.20, pl.1, fig. 1.

Holotype. (smith and Butterworth 1967, p.122).

Type locality. (Smith and Butterworth 1967, p.122).

Diag&csis. (Ravn 1979, p.20).

Size in micrometres. (i) Holotype 22; 16(20)28, Schulze )Guennel 1958)

(i1) 23(27)29 fum. HNO3 (Nader 1983), Northumberland, England;
Westphalian B, (iii) 18(21)26 (20 specimens) fum. HNO3, Leaf 3,
Thick Coal, Longmeadow Wood Borehole, Warwickshire, England;
Westphalian B.

Description. Amb triangular, sides concave rarely convex, angles well

rounded. Laesurae straight, 1/2 - 3/4 spore radius. Exine laevigate,
moderately thin approximately 1-1.5 micrometres, seldom folded, or
occasionally in gulagerous compression.

Remarks. (See discussion Ravn 1979, p.20).
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Comparison. (See discussion Ravn 1979, p.20 and Smith and Butterworth
1967, p.122).

Occurrence. Infrequent to common intermittently in lLeaves 1 and 3,
" present to very abundant intermittently in Leaf 2, present to common
throughout lLeaf 4. Occasional below the Thick Coal, and between lLeaves
1 and 2 and Leaves 2 and 3, present between Leaves 3 and 4, infrequent
above the Thick Coal.

Leiotriletes levis (Kosanke) Potonie and Kremp 1955,

Plate 1' figs. 5' 6.

1950 Granulati-sporites levis Kosanke, p.21, pl.3, fig. 5

1955 Leiotriletes levis (Kosanke) Potonie and Kremp, p.38.

1966 Ahrensisporites vagus Habib, p.640, pl.106, fig. 5.

1979 Leiotriletes levis (Xosanke) Potonie and Kremp, in Ravn, p.21,

pl.1, figs. 4, 8.
Holotype. Kosanke 1950, pl.3, fig. 5, Maceration 500B slide 2.

Type locality. Central pipe line - Liddle No. 1 (Friendsville Coal),

Wabsash County, Illinois, USA, Upper McLeansboro Group.
Diagnosis. (Kosanke 1950, p.21).

Size in micrometres. (i) Holotype 48 x 50, Schulze and 10% KOH,

(Kosanke 1950), (11) 35(36)41, fum. HNO, (Nader 1983)
Northumberland, England; Westphalian B.

Description. (Nader 1983) "Amb triangular, sides slightly concave to

convex with well rounded angles. Laesurae simple straight to slightly
fluxose, 1/2 = 3/4 spore radius. Contact area extending to end of
laesurae. Exine laevigate, moderately thick 1 = 2 micrometres with no
folding".

Occurrence. Occasional Farely in Leaf 1, present rarely in Leaf 2,

infrequent to occasional rarely in lLeaf 4. Present below the Thick

Coal.
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Leiotriletes priddyi (Berry) Potonie and Kremp 1955

Leiotriletes cf. priddyi (Berry) Potonie and Kremp 1555

in Smith and Butterworth 1967
Plate 1; figﬂ- 7-9'

1967 Leiotriletes cf. priddyi (Berry) Potonie and Kremp 1955 in Smith

and Butterworth, p.123, pl.1, figs. 5, 6.

Occurrence. Present to infrequent rarely in ILeaf 1, present to
frequent intermittently in lLeaf 2, rarely in Leaf 3, present to common
rarely in Leaf 4. Frequent to abundant below the Thick Coal,
occasional to frequent between Leaves {1 and 2, frequent between Leaves
2 and 3, infrequent between 3 and 4 and above the Thick Coal.

Leiotriletes sphaerotriangulus (Loose) Potonie and Kremp 1955,

Plate 1; figs. 10-13.
Occurrence. Present rarely in Leaf 1. Present below the Thick Coal.

Leotriletes sp.A

Plate 1, figs. 14, 15.

Size in micrometres. 18, 23, 24 (3 specimens) fum. HNO; Leaf 1 Thick

Coal, Longmeadow Wood Borehole, Warwickshire, England; Westphalian B.

Description. Amb triangular, sides concave, angles well rounded.

Laesurae simple, straight 3/4 spore radius, with a well defined
contact area, extending 3/4 the length of the laesurae. Exine
laevigate, thin, approximatelf 1 micrometre, no folds.

Comparison. L. guennelii Ravn (1979) is of similar size and shape but
lacks a contact area. In photographs of L. guennelii taken by Ravn
(1979) and Nader (1983) an incipient darkened area around the laesurae
is visible. The contact area of L. sp.A is much more clearly defined.

Leiotriletes sp.1 Ravn )1979) resembles L. sp.A but is larger.
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Occurrence. Present to occasional rarely in Leaf 1. Present between
leaves 1 and 2.
Genus PUNCTATISPORITES (Ibrahim) Potonie and Kremp 1954

Punctatisporites edgarensis Peppers 1970

1970 Punctatisporites edgarensis Peppers, p.82, pl.1, figs. 16, 17.

Holotype. Peppers 1970, pl.1, fig. 16, maceration 1402 D, slide 21,
co=-ordinates, 138.5 x 55.7.

Type locality. Lowel Coal, No. 5, Illinois, Pennsylvanian.

Size in micrometres. (i) Holotype 121.9 x 113.8; 90 (130.7) 152,8 (21

specimens) Schulze and KOH (Peppers 1970).

Punctatisporites cf. edgarensis Peppers 1970, in Ravn 1979

Plate 1, figs. 16-19.

1979 Punctatisporites cf. edgarensis (Peppers) Ravn pl.2, fig. 8.

Size in micrometres. (i) 132.1 Schulze and KOH (Ravn 1979) (ii)

74(84)96 fum.HNO3 (Nader 1983), Northumberland, England; Westphalian
A and B (iii) 40(68)95 (20 specimens) fum. HNO3, various leaves,
Thick Coal, Longmeadow Wood Borehole, Warwickshire, England;
Westphalian B.

Description. (Nader 1983) "amb rounded triangles with undulating

margin. Laesurae simple straight, 1/2 = 3/4 of spore radius, sometimes
open. The distal surface bears conspicuous, sharply bounded low
vermiform ridges, mainly around the spore margin, while on the
proximal surface the number of those structures is reduced and they
sometimes tend to merge with the rest of the spore coat. Exine
otherwise laevigate, 4 - 8 micrometres thick".

Remarks. The specimens described by Nader (1983) and those seen in the
present study are smaller than those described by Ravn (1979) perhaps

because of the different method of preparation.
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Comparison. Differs from the type possessing distinct and well defined
ridges on the distal surface. P. sinuatus (Artuz)

Neves 1961 has a more rounded shape and is not so strongly folded as
P. cf. edgarensis, although one “of the specimens figured by Smith and
Butterworth 1967, pl.2, fig. 2 may have distal ridges, but this is
unclear because the view is of the proximal surface.

Occurrence. Present rarely in Leaves 1 - 3. Infrequent below the Thick
Coal.

Punctatisporites obesus (Loose) Potonie and Kremp, 1955

Plate 3, figs. 1-3.
Remarks. Specimens as small as 76 micrometres have been observed in
this study.
Occurrence. Present to infrequent rarely in Leaves 1 - 3. Common
beneath the Thick Coal, present between Leaves 1 and 2, occasional
between Leaves 3 and 4.

Punctatisporites punctatus Ibrahim 1932

Plate 4, figs. 4-6.

Remarks. Specimens included in this species ranged in size from 32-84
micrometres, which 4is larger than the range given by Smith and
Butterworth (1967) 59-89 micrometres and Nader (1983) 49-75
micrometres. The exine is also thicker (1-3 micrometres) in some
specimens than in the original diagnosis (1-2 micrometres).
Comparison. See Smith and Butterworth 1967; also differs from P
minutus (Kosanke 1950) because of its larger size.

Occurrence. Present to infreguent intermittently in all leaves,
occasional at the base of Leaf 2 and in Leaves 3 and 4. Common below
the Thick Coal, occasional to very common between lLeaves 1 and 2,

infrequent between Leaves 3 and 4, occasional above the Thick Coal.
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Punctatisporites sp.A

Plate 2' figs- 7-9.

Size in micrometres. Minimum 42 x 51, maximum 59 x 71, average 50 (9

specimens) 40% HF and fum. HNO3, interseam parting between Leaves 3
and 4, Thick Coal, Longmeadow Wood Borehole, Warwickshire, England;
Westphalian B.

Description. Amb oval to elongate rounded triangular, margin smooth.

Laesurae simple, straight with one angle 90° or less, the other two
angles are obtuse. The length of the laesurae can vary in individual
specimens and between specimens from 1/2 - 4/5 spore radjius. Exine 1-2
micrometres thick, laevigate, with or without one compression fold.
Remarks. The range of exine thickness and length of laesurae are shown
in the photographs.

Comparison. The angles between the laesurae distinguish this from

other species of Punctatisporites. P. sp.A (Nader 1983) is similar but

has a thicker exine (2~3 micrometres).
Occurrence. Present rarely in ILeaves 1, 2 and 3. Present between
Leaves 1 and 2; infrequent between lLeaves 3 and 4.

Genus CALAMOSPORA Schopf Wilson and Bentall 1944

Calamospora breviradiata Kosanke 1950

Plate 2, figs. 10, 11.

Comparison. Three species of Calamospora with contact areas are

recognised in this study on the basis mainly of size following Smith
and Butterworth 1967 viz. C. parva Guennel 1958 smaller than 45

micrometres, c. cf. breviradiﬁta Kosanke 1950 in sSmith and Butterworth

1967 44-55 micrometres, and C. Dbreviradiata 55-75 micrometres. A

fourth species C. hartungiana (Schopf) Schopf, Wilson and Bentall

23



(1944) 74(81)103 found by Nader (1983) was not seen in this study. A
fifth species with a contact area C. cf. laevigata (Ibrahim) Schopf,
Wilson and Bentall in Smith and Butterworth 1967 is larger than C.

hartungiana and is also recognised by its thicker exine.

Occurrence. Present to frequent intermittently in leaves 1 and 4,
present to occasional rarely in Leaf 2, present rarely in Leaf 3.
Present above and below the Thick Coal.

Calamospora cf. breviradiata Kosanke 1950 in Smith and

Butterworth 1967
Plate 2, figs. 12-14.

1967 Calamospora cf. breviradiata Kosanke in Smith and Butterworth

Pl.2, figs. 5, 6.
Comparison. C. parva is smaller and usually has simple laesurae.
Occurrence. Present to very common throughout Leaf 1, intermittently
in leaf 2, infrequent to frequent rarely in Leaf 3, occasional to
common throughout Leaf 4. Present below the Thick Coal, present to
frequent between Leaves 1 and 2, occasional above the Thick Coal.

Calamospora laevigata (Ibrahim) Schopf, Wilson and Bentall

Calamospora cf. laevigata (Ibrahim) Schopf, Wilson and

Bentall 1944, in Smith and Butterworth 1967.
Plate 3; figs. 1‘3-

1967 Calamospora cf. laevigata (Ibrahim) Schopf, Wilson and Bentall

1944 in Smith and Butterworth, pl.2, figs. 10, 11.
Occurrence. Present rarely in all leaves. Present below the Thick Coal

and between lLeaves 1 and 2, and Leaves 2 and 3.
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Calamospora microrugosa (Ibrahim), Schopf, Wilson and

Bentall 1944
Plate 3, figs. 4-6

Remarks. A faint darkened area between the rays of the laesurae is
occasionally present.

Comparison. Two species of Calamospora without contact areas are

recognised mainly on the basis of size viz. those smaller than 75
micrometres are C. pallida (Loose) Schopf, Wilson and Bentall 1944 and

those larger than 75 micrometres C. microrugosa, following Smith and

Butterworth (1967). C. liquida Kosanke 1950, differs from C.

microrugosa only in possessing longer laesurae (Smith and Butterworth

1967), and it may be synonymous with C. microrugosa.

Occurrence. Present rarely in Leaf 1, present to frequent
intermittently in Leaf 2, and present rarely in Leaves 3 and 4. Common
below the Thick Coal and present between Leaves 3 and 4.

Calamospora nebulosa Ravn 1979

Plate 3' figs. 7-10.

1979 Calamospora nebulosa Ravn, p.24, Pl.3, figs. 8 =-12.

Holotype. Ravn 1979, Pl.3, fig. 9, slide 624 co-ordinates 139, 35.

Type locality. CP-19-4 Seam, Cherokee Group, Wapello County, Iowa,

USA. -
Diagnosis. (Ravn 1979, p.24)

Size in micrometers. (i) Holotype 85.2, 63-94 Schulze, 10% KOH and

48% HF (Ravn 1979) (ii) 56(77)89.5, fum. HNO3 (Nader 1983)
Northumberland, England; Westphalian B (iii) 42(68)85 (20 specimens)
fum. HNOj3, leaf 4, Thick Coal, Longmeadow Wood Borehole, Warwickshire,
England; Westphalian B.

Remarks. Specimeps as small as 42 micrometres in size have been

observed in this study. The size of the distally thickened area ia

variable and not always well defined.
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Comparison. Differs from other species in its thicker exine (2-2.5
micrometres) and in possessing a distal thickening.

Occurrence. Present to occasional rarely Leaves 1-3, present to
frequent rarely in Leaf 4. Present below the Thick Coal, occasional
between Leaves 1 and 2.

Calamospora pallida (Loose) Schopf, Wilson and Bentall 1944

Plate 3, figs. 11-13
Occurrence, Present to freguent rarely in lLeaves 1 and 3, present to
common intermittently in Leaf 2, occasional rarely in Leaf 4.
Occasiocnal to common below the Thick Coal, occasional to frequent
between Leaves 1 and 2, frequent between Leaves 3 and 4, present above
the Thick Coal.

Calamospora parva Guennel 1958

Plate 3, figs. 14-17.
Occurrence. Present to very common intermittently in Leaf 1 and
throughout the base of Leaf 2, infrequent to common throughout Leaf 3
and present to frequent intermittently in Leaf 4. Present to common
below the Thick Coal, common between Leaves 1 and 2, and Leaves 3 and
4, frequent between Leaves 2 and 3, present above the Thick Coal.

Calamospora pedata Kosanke 1950

Plate 4, figs. 1-3.

Size in micrometres, (i) Holotype 70.3 x 44.1, 41=75 Schulze and 10%

KOH (Kosanke 1950) (ii) 38(49)72, fum. HNO3 (Nader 1983)
Northumberland, England; Westphalian B.
Remarks. Some specimens have darkened contract areas.

Comparison. C. pedata is distinguished from other species of

Calamospora previously described by its thicker exine and presence of

a single fold producing an elliptical outline.
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Occurrence. Present to freguent rarely in all leaves. Present to
frequent below the Thick Coal, present between Leaves 2 and 3.

Calamospora cf. pedata Kosanke 1950, in Ravn 1979

Plate 4, figs. 4-=7.

1979 Calamospora cf. pedata (Kosanke) Ravn Pl.3, figs. 6, 7.

Size in micrometres. (i) 61, 92 Schulze, 10% KOH and 48% HF (Ravn

1979) (ii) 32 (55) 80 fum. HNO3+ (Nader 1983) Northumberland,
England; Westphalian B.

Description (Nader 1983) "amb lenticular due to compression. Laesurae,

ridged raised with distinct lips, sometimes of unequal length, 1/4 of
spore radius. Exine yellowish brown, laevigate moderately thick, a
faint contact area is present and a single major broad well developed
compression fold".

Remarks Some specimens observed had longer laesurae than those
mentioned by Ravn (1979) and Nader (1983).

Comparison. Ravn (1979) distinguishes this from the type because of

its short, raised laesurae with distinct lips, together with a contact

area.

Occurrence. Present to frequent intermittently in Leaves 1 and 4,
present to occasional intermittently in Leaf 2, infrequent rarely in
Leaf 3. Occasional to frequent between Leaves 1 and 2, occasional
between lLeaves 3 and 4 and above the Thick Coal.

Calamospora straminea Wilson and Kosanke 1944

Plate 4, figs. 8, 9.
Remarks. The spores examined in this study have a thick exine similar
to that observed by Smith and Butterworth (1967) and recognition of
this species is based on specimens having one or two marginal folds at

the most.
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Occurrence. Present to infrequent rarely in Leaf 1, present to
frequent intermittently in Leaf 2, present to occasional rarely in
Leaves 3 and 4. Occasional below the Thick Coal, and between Leaves 1

and 2.

Genus ADELISPORITES RAVN 1979

Type species. A. multiplicatus Ravn 1979.
Diagnosis. (Ravn 1979 p.25).

Comparison. Distinguished from Calamospora by its characteristic

folding resulting in a more or less hexagonal equatorial outline.

Adelisporites multiplicatus Ravn 1979

Plate 4, fig. 10.

1979 Adelisporites multiplicatus Ravn, p.25, pl. 4, figs 2-6.

Holotype. Ravn 1979, pl.4, fig.2, slide 1Cy co-ordinates 136.5 x 60.

Type locality. Seam CP-19-4, Cherokee Group, Wapello County, Iowa,

U.S.A.
Diagnosis. (Ravn. 1979 p.25).

Size in micrometres. 21-34 Schulze, 10% KOH,, and 48% HF (Ravn 1979).

Occurrence. Present to infrequent rarely in leaves 1 and 4, and
intermittently in Leaf 2. Present beneath the Thick Coal and present
to infrequent between Leaves 1 and 2.

Infraturma APICULATI (Bennie and Kidston) Potonie 1956

Subinfraturma GRANULATI Dybova and Jachowicz 1957

Genus GRANULATISPORITES (Ibrahim) Potonie and Xremp 1954

Granulatisporites adnatoides (Potonie and Kremp) Smith and

Butterworth 1967

Plate 4, figs. 11-14
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Size in micrometres. (i) Holotype 36, 30 =40 Schulze (Potonie and

Kremp 1955) (4i) 27(31)38 fum. HNO3 - (Smith and Butterworth 1967) .
Yorkshire, England; Westphalian B, (iii) 24(30)40 (20 specimens) Leaf
4,, Thick Cocal, Longmeadow Wood Borehole, Warwickshire, England;
Westphalian B.

Description. Amb triangular, angles broad, inter-radial margins

straight to slightly convex. Laesurae éimple, straight, often open,,
2/3 to 3/4 a;iore radius. A contact area is present extending nearly to
the ends of the laesurae. Exine thin, occasionally folded with an
ornament of closely spaced, but sometimes irreqularly distributed,
very fine grana.

Remarks. Smith and Butterworth (1967) noted that the exiﬁe poasease.s a
finely granulate ornament, although on some specimens observed in this
study the grana are unevenly distributed. L. adnatus (Kosanke 1950)
was described by Potonie and Kremp (1955) as finely granulose in the
region of the tetrad mark and on this basis would, 1like similar
specimens observed in this study be assigned t6 G. adnatoides. Ravn

(1979) made G. parvigranulatus Staplin 1960 and G. tenuis Peppers 1964

synonymous with G.adnatoides.
Comparison. This is the most finely ornamented of the species of

Granulatisporites recognised in this study. G.parvus (Ibrahim) Potonie

and Kremp 1955 is larger and has slightly coarser and more evenly
distributed ornament. G.cf.parvus (Ibrahim) Potonie and Kremp (1955)
illustrated in Peppers 1970 appears very similar to G. adnatoides.

G.microgranifer (Ibrahim 1933 has concave sides and the faint contact

area is not always visible.

Occurrence. Absent in Leaf 1, present to frequent rarely in Leaf 2,

present to abundant throughout Leaf 4. Occasional to freguent below
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the Thick Ccal, present between Leaves 3 and 4 and above the Thick
Coal.

Granulatisporites granulatus Ibrahim 1933

Plate 4, figs. 15=-17
Remarks. The grana range in size from 0.5 = 1.5 micrometres and are
fairly evenly distrubuted. Several specimens with convex sides were

observed. Ravn (1979) made Granitriletes granifer (Ibrahim) Dybova and

Jachowicz 1957a synonymous with G.granulatus.

Comparison. This is the most coarsely ornamented of the species of

Granulatisporites recognised in this study. Both G.microgranifer

Ibrahim 1933 and G.minutus Potonie and Kremp 1955 have a smaller
average size, and smaller size of ornament.
Occurrence. Present to occasional intermittently in Leaf 1 and rarely
in lLeaf 2. Present to frequent rarly in Leaf 3 and present to
occasional rarely in Leaf 4. Common below the Thick Coal, present
between Leaves 1 and 2 and Leaves 3 and 4.

Granulatisporites microgranifer Ibrahim 1933

Plate 4, figs. 18=-21.
Comparison. Distinguished from G. adnatoides (Potonie and Kremp) Smith
and Butterworth 1967 by its concave sides and from all other species

of Granulatisporites by its fine grade of ornament.

Occurrence. Present to very common often in leaves 1 and 2, freguent
to common often in Leaf 3, occasional to common often in Leaf 1.
Frequent to common below the Thick Coal, common to very common between
Leaves 1 and 2, occasional between Leaves 2 and 3, infrequent above
the Thick Cecal.

Granulatisporites minutus Potonie and Kremp 1955

Plate 4, figs. 22, 23.
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Remarks. The grana range in size from 0.5 to 1 micrometre and are
irregularly distributed.
Comparison. Distinguished from G.granulatus Ibrahim 1933 by its
slightly finer and more unevenly distributed crnament, and from other
species by its coarser grade of ornament.
Occurrence. Infrequent to common often in Leaf 1 and intermittently in
Leaf 2, present to frequent rarely in Ieaf 3 and intermittently in
Leaf 4. Occasional to freguent below the Thick Coal, and between
Leaves 1 and 2, occasional between lLeaves 3 and 4.

Genus CYCLOGRANISPORITES Potonie and Kremp 1954

Cyclogranisporites aureus (Loose) Potonie and Kremp 1955

Plate 4, figs. 24-27.
Comparison. This is the largest species (greater than 55 micrometres)
recognised in this study, and possesses the coarsest and most
regularly distributed grana.
Occurrence. Generally from present to infrequent rarely in most
leaves, frequent rarely in Leaf 1, present only in Leaf 4. Occasional
beneatﬁ the Thick Coal.

r

Cyclogranisporites minutus Bharadwaj 1957a

Plate 4, figs. 28-30.

Diagnosis. (Bharadwaj 1957a, p.38)

Comparison. Distinguished from C. cf.minutus Bharadwaj 1957a in Smith
and Butterworth 1967 which is larger (40-55 micrometres) and C.
cf.pressoides Potonie and Kremp 1955 which is considerably smaller.

Occurrence. Occasional rarely in Leaf 1, present to occasional
intermittently in Leaf 2, and present rarely in Leaves 3 and 4.

Present below the Thick Coal.
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Cyclogranisporites cf.minutus Bharadwaj 1957a in Smith and

Butterworth 1967
Plate 4, figs. 31=-32.

1967 Cyclogranisporites cf.minutus Smith and Butterworth p.143,

pl.4, figs. 4=7.
Comparison. Distinguished from other species by its size range (40-55
micrometres).
Occurrence. Infrequent to occasional rarely in lLeaf 1 and present to
occasional rarely in Leaf 2. Present to common below the Thick Coal,
occasional to frequent between leaves 1 and 2, occasional between
Leaves 2 and 3, infrequent between Leaves 3 and 4.

Cyclogranisporites pressoides Potonie and Kremp 1955

1955 Cyclogranisporites pressoides Potonie and Kremp, p.62,

pl.13, figs 187-190.

non 1956 Lycospora (Cyclogranisporites) pressoides (Potonie and

Kremp) Bharadwaj p.127, p.25, figs. 89-92.
Holotype. Potonie and Kremp 1955, p.62, pl.13, fig.187.

Type locality. Baldur seam, Brassert Colliery, Ruhr Coalfield,

Germany; Westphalian C.
Diagnosis. (Potonie and Kremp 1955)

Remarks. Spores figured by Bharadwaj (1957b) as Lycospora pressoides

differ from the type in their strongly ridged laesurae and equatorial

cingulum or curvaturae.

Size in micrometres. Holotype 21, 20-25, Schulze and KOH (Potonie and
Kremp 1955).

Cyclogranisporites cf.pressoides Potonie and Kremp 1955

Plate 5, figs. 1-6.
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Size in micrometres. 13(16)18 (20 specimens) fum.HNO3» Leaf 2 Thick

Coal, Warwickshire, England; Westphalian B.

Description. 2Amb circular or oval when folded, modified by the

ornament. Laesurae simple, straight, between 2/5 = 1/2 spore radius,
often two of the rays are open and the other hidden. Grana 0.5 = 1
micrometre in height and diameter, evenly cover the exine, with not
enough space to fit in further elements; 30-40 project from the
equator. Exine 1 micrometre thick often with a single fold.

Remarks. Differs from the type in being smaller and possessing shorter

laesurae.

Comparison. Distinguished from other species of Cyclogranisporites by

its smaller size. Apiculatisporis saetiger (Peppers) Peppers and Ravn

in Ravn (1979), originally Punctatisporites saetiger (Peppers 1964),

appears similar in size, distribution and size of ornament and
reduction of one of the trilete rays, although usually in
C. cf. Eréasoides the two rays remaining form an acute angle and
another difference is that A. saetiger is usually oval.

Occurrence. Present to occasional rarely in Leaf 1, frequent to very
common toward the top of Leaf 2, infrequent to frequent in Leaf 3,
absent in Leaf 4. Present between Leaves 1 and 2 and Leaves 3 and 4.

Cyclogranisporites sp.A

Plate 5; figs. 7-9

Size in micrometres. 34(50)59 (8 specimens) fum. HNO3+ Leaf 2, Thick

Coal, Longmeadow Wood borehole, Warwickshire, England; Westphalian B.

Description. Amb circular or sharply lenticular when folded; margin

minutely notched. Laesurae ridged, with distinct 1lips 1.5 - 2
micrometres wide, generally straight, sometimes curved when folded,

1/2 - 2/3 spore radius. Exine 1 - 1.5 micrometres thick, covered by
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evenly distributed closely space grana 0.5-1 micrometres in diameter.
Commonly a single fold is present.
Comparison. Distinguished from other species in this study because of

its raised laesurae and the nature of its folding. C.densus Bharadwaj
1957a has simple laesurae.
Occurrence. Present rarely in Leaves 1 and 2.

Genus APICULIRETUSISPORA Streel 1964

Type species. A.brandtii Streel 1964

Diagnosis. (Streel 1967, p.32 translated from Streel 1964, p.240)

Comparison. Differs from Cyclogranisporites, and Stenozonotriletes in

the distinct curvaturae and reduced sculpture in the contact area.

Retusotriletes is completely smooth.

Apiculiretusispora sp.A.

Plate 5, figs. 10-12.

Size in micrometres. (i) 20(22)24 (5 specimens) fum. HNO3 Leaves 1

and 2, Thick Coal, Warwickshire, England; Westphalian B.

Description. Amb circular, to oval margin barely modified. Laesurae

straight with narrow raised lips, extending almost to the eguator. The
ends of the laesurae are connected by curvaturae. Proximally
laevigate, distally ornamented by slightly irregularly distributed
minute grana about 0.5 micrometres in diameter and height. The
thickness of the exine at the eguator is 1 - 1.5 micrometres,
sometimes folded.

Comparison. Distinguished from other species of Apiculiretusispora

encountered in this study by its fine grade of ornament. A. sp.A and
A. sp.B (Nader 1983) are larger and have thicker exines at the
equator.

Occurrence. Present rarely in leaves 1, 2 and 4, present to infrequent
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rarely in Leaf 3. Present below the Thick Coal.

Apiculiretusispora sp.B

Size in micrometres. 13(16)19 (20 specimens) fum. HNO3+ Leaf 4,

Thick Coal, Longmeadow Wood Dborehole, Warwickshire, England;
Westphalian B.

Description. Amb circular, rarely rounded triangular. Laesurae simple,

straight, usually open, 1/3 to 2/3 spore radius, often the laesurae
are of different lengths; ends of laesurae connected by narrow
curvaturae which are wusually coincident with the eguator. Contact
faces laevigate, distal surface ornamented with spinae up to 1.5
micrometres high with pointed apices and small con; generally 1
micrometre in height and diameter, fairly closely spaced with about 20
- 25 elements projecting from the margin. Thickness of exine about 1
micrometre.

Comparison. The spinose ornament distinguishes this species of

Apiculiretusispora from others of the genus encountered in this study.

Occurrence. Present rarely in lLeaves 1, 2 and 3 present to frequent
intermittently in Leaf 4. Infrequent above the Thick Coal.

Apiculiretusispora sp.C

Plate 5, figs. 17-21.

Size in micrometres. 16(18)22 (5 specimens) fum. HNO3:+ Leaf 1, Thick

Coal, Longmeadow borehole, Warwickshire, England; Westphalian B.

Description. 2Amb circular to rounded triangular. Laesurae ridged,

about 1 micrometre wide, flexuose extending to the equator; ends of
the laesurae connected by curvaturae. Contact faces laevigate, distal
surface ornamented with coni and bacula up to 2 micrometres in height

and diameter but variable in size on individual specimens, sometimes
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with pointed apices, although the larger elements may have rounded
apices. Elements are fairly closely spaced about between 15=25
projecting from the margin. Thickness of the exine at the equator 1 =
2 micrometres, generally without folds.
Comparison. The lack of spinae, larger coni and bacula and greater
thickness at the equator distinguish A.sp.C from A.sp.B.
Occurrence. Present to occasional rarely in Leaf 1.

Subinfraturma VERRUCATI Dybova and Jachowicz 1957a

Genus CONVERRUCOSISPORITES Potonia and Kremp 1954

Converrucosisporites armatus (Dybova and Jachowicz) Smith

and Butterworth 1967

Plate 5 figs. 22-24.
Remarks. Specimens in this study range up to 46 micrometres in size,
sometimes the margins are convex, and the exine is between 1.5-2
micrometres thick.
Occurrence. Occasional rarely in Leaf 1, present rarely in Leaves 2
and 3. Present below the Thick Coal and between Leaves 1 and 2.

Genus VERRUCOSISPORITES (Ibrahim)

Smith and Butterworth 1967

Verrucosisporites donarii Potonie and Kremp 1955

Plate 5, figs. 25=29.
Remarks. Specimens observed in this study ranged from 33-77
micrometres in size, and the ornament consists of both verrucae and
rugulae.
Occurrence. Present rarely in Leaf 1 and present to infrequent rarely
in Leaves 2, 3 and 4. Infreguent below the Thick Coal, present to

occasional betweeen Leaves 1 and 2, present between Leaves 3 and 4.
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Verrucosisporites microtuberosus (Loose) Smith and

Butterworth 1967
Plate 5, figs. 30-33.

Remarks. Smith et al, (1964) made Microreticulatisporites verus

Potonie and Kremp 1955 synonymous with V. microtuberosus. Ravn (1979)

made Cyclogransporites pergranulus Alpern 1959 synonymous with V.

microtuberosus.

Comparison. V.donarii Protonie and Kremp 1955 is often smaller, and

V.microtuberosus differs from this species and V.verrucosus (Ibrahim)

1933 in possessing an ornament of small more closely packed verrucae
and an absence of rugulae.

Occurrence. Present to occasional intermittently throughout all
leaves, but frequent rarely in Leaf 4 and common rarely in Leaves 2
and 3. Occasional to common beneath the Thick Coal, occasional to
frequent between Leaves 1 and 2, frequent between Leaves 2 and 3,
present between Leaves 3 and 4.

Verrucosisporites sifati (Ibrahim) Smith and Butterworth

1967

Plate 6, figs. 1-5.
Remarks. Rugulae are sometimes present.
Comparison. The broad, low, well rounded and loosely packed verrucae
distinguish this species from V.donarii Potonie and Kremp 1955 and
V.verrucosus (Ibrahim) Ibrahim 1933.
Occurrence. Occasional rarely in Leaf 1 present to occasional rarely
in Leaves 1 and 4, present to frequent intermittently in ILeaf 3.
Present to common below the Thick Coal, present between Leaves {1 and

2, and lLeaves 3 and 4, frequent between Leaves 2 and 3.
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Verrucosisporites verrucosus (Ibrahim) Ibrahim 1933

Plate 6, figs. 6-8.

Remarks. Often rugulae are present. The verrucae are mostly between
1-1.5 micrometres high. The exine is between 1.5-2 micrometres thick.
Comparison. V. donarii Potonie and Kremp 1955 can be distinguished
from v. verrucosus by its closely psaced and mostly rounded verrucae,
a larger number of which project from the margin and the lack of
folding.

Occurrence., Present to infrequent rarely in Leaf 1, present rarely in
Leaf 2, present to occasional rarely in Leaf 3, present to infrequent
rarely in Leaf 4. Occastional below the Thick Coal and between Leaves
2 and 3.

Verrucosisporites sp.A

Plate 6; figs- 9=12.

Size in micrometres. 71(83)92 (15 specimens) fum. HNO3, and 40% HF

and fum.HNO3+ high silicate subsections beneath the Thick Coal,
Longmeadow Wood borehole, Warwickshire, England; Westphalian B.

Description. Amb oval to circular, rarely rounded triangular, with

crenulate margin. Laesurae simple, straight, approximately 1/2 spore
radius. Exine ornamented with a mixture of rugulae and verrucae with
roundea or flat apices. Verrucae vary from less than 1 to 3
micrometres in diameter whilst rugqulae are generally 1.5 micrometres
wide and up to 8 micrometres long. The height of the ornament is
generally 1-1.5 micrometres. Size of ornament varies within individual
specimens and the distributions of ornament varies between individuals
from very closely spaced to irregularly distributed with enough space
for further elements. Often the rugulae are arranged polygonally, with
a few verrucae in the centre of the polygon. Exine is between 3=5

micrometres thick, sometimes with one fold which follows the margin.
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Comparison. Distinguished from other species by the thickness of the

exine. Both V.donarii and V.microtuberosus Potonie and Kremp 1955 have

a closer spaced ornament, the former has few verrucae with flat topped
apices, the latter is more folded. V.verrucosus Ibrahim 1933 is
smaller and more folded. V. sp.A Nader 1983 is larger 79(94)106
micrometres and has a darkened contact area.

Occurrence. Present to infrequent rarely in Leaves 1 and 2, present
rarely in Leaf 3, present to frequent rarely in Leaf 4. Present above
and below the Thick Coal, and between Leaves 1 and 2, freguent between
Leaves 2 and 3 and occasional between Leaves 3 and 4.

Subinfraturma NODATI Dybova and Jachowicz 1957a

Genus LOPHOTRILETES (Naumova) Potonie and Xremp 1954

Lophotriletes commisuralis (Kosanke) Potonie and Kremp 1955

Plate 6' figs. 13-151

Size in micrometres. (i) Holotype 29.5 x 26; 25 = 34 Schulze and 10%

KOH (Kosanke 1950) (ii) 24(29)35 sSchulze and 5% KOH (Smith and
Butterworth 1967) Forest of Wyre Coalfield, England; Westphalian D.
(iii) 21(24)27 fum. HNO3 (Nader 1983) Northumberland, England;
Westphalian B. (iv) 21(24)26 (20 specimens) fum. HNO3: Leaf 4, Thick
Coal, lLongmeadow Wood Borehole, Warwickshire, England; Westphalian B.

Description. Amb triangular, angles rounded sides concave. Laesurae

simple straight (curved when compressed) 3/4 of spore radius,
sometimes extending nearly to the margin. Exine slightly less than 1,
to 1.5 micrometres thick, with an ornament of loosely spaced coni with
room for further elements. Coni vary in size on individual specimens
from 0.75 = 1.5 micrometres in width but are generally about 1
micrometre high, and clearly modify the margin. Often with one or more

folds.
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Comparison. Distinguished from other species of Lophotriletes by its

finer grade of ornament.

Remarks. Specimens photographed in this study and by Smith and
Butterworth (1967) show the loosely spaced ornament.

Occurrence. Present to frequent throughout Leaves 1 to 3, present to
very common throughout Leaf 4. Occasional to frequent below the Thick
Coal, occasional between Leaves 1 and 2, frequent between Leaves 2 and
3 infrequent between Leaves 3 and 4 and above the Thick Coal.

Lophotriletes granoornatus Artuz 1957

Size in micrometres. (i) Holotype 37, 35-41, method of maceration not

known (Artuz 1957) (ii) 27(35)44 fum. HNO3 (Smith and Butterworth
1967) Yorkshire Coalfield, England; Westphalian B.

Lophotriletes cf. granoonatus Artuz 1957 in Peppers 1970

Plate 5, figs. 16-19.

1970 Lovhotriletes cf. granoornatus Artuz in Peppers pl.5, figs. 18,

23.

1983 Lophotriletes granoornatus Artuz in Nader pl.8, figs. 5-9 and 23.

Size in micrometres. (i) 34(43)53 Schulze and 5% KOH (Peppers 1970)

(ii) 35(39)45 fum. HNO;3 (Nader 1983) Northumberland, England;
Westphalian B. (iii) 25(37)44 fum. HNO3 (20 specimens) Leaves 2 and
4, Thick Coal, Longmeadow Wood borehole, Warwickshire, England;
Westphalian B.

Description. Amb triangular, with broad rounded angles, sides convex,

one occasionally straight. Laesurae simple, straight, often unequal in
length ranging from 1/3 - 2/3 spore radius. Slightly darkened contact
area extends the length of the laesurae. Ornament of coni 0.5 to 2
micrometres wide (most 1 - 1.5 micrometres) generally 1 micrometre

high, but up to 2 micrometres, varying on individual specimens,
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irregularly distributed with large areas with little or no ornament.
Exine 1 = 2 micrometres thick often with one fold only.

Remarks. Specimens assigned to L. cf. granoornatus generally have

convex sides which is the same as the photograph in Artuz (1957, pl.2,
fic_;.13a). There also appears to be-a contact area on the photograph.
The;e two features together with the ornament described by Peppers
(1970) and shown in pl.5, figs. 18 and 23 make the specimens described

in this study very similar to L. cf. granoornatus Peppers 1970. Nader

(1983) found that his specimens of L. granoornatus Artuz 1957

consistently had straight to slightly convex sides, but made L. cf.

granoornatus Peppers 1970 synonymous with it.

Comparison. The consistent convexity of the sides distinguish L. cf.

granoornatus from the type, and this together with the thickness of

exine distinguish L. cf. granoornatus from other species of

Lophotriletes encountered in this stuéy.

Occurrence. Present to occasional intermittently in Leaf 1, present to
frequent intermittently in lLeaf 2, |present to infrequent
intermittently in Leaf 3 and infrequent to frequent intermittently in
Leaf 4. Occasicnal to frequent below the Thick Coal, present to
occasional between Leaves 1 and 2, occasional between Leaves 2 and 3
and Leaves 3 and 4.

Lophotriletes microsaetosus _(Loose) Potonie and Kremp 1955

Lophotriletes c¢f. microsaetosus (Loose) Potonie and Kremp

1955 in smith and Butterworth 1967
Plate 6, figs. 20-23.
1967 Lophotriletes cf. microsaetosus (Loose) Potonie and Kremp 1955 in
Smith and Butterworth, p.158, pl.6, figs. 10, 11.

Size in micrometres. (i) 21(25)32 fum. HNO3 (Smith and Butterworth
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1967) Ayrshire Coalfield, Scotland, Wesphalian B, (ii) 16(20)24 fum.
HNO3 (Smith and Butterworth 1967) Somerset Coalfield, England;
Westphalian D, (iii) 18(23)27 fum. HNO3 (20 specimens) Leaf 4, Thick

Coal, Longmeadow Wood Borehole, Warwickshire, England; Westphalian B.

Description. Amb triangular, angles rounded, sides concave rarely

straight. Laesurae simple, straight, often with a slight thickening
along the edge, 1/2 - 2/3 spore radius. Ornament consists mainly of
coni generally 2 micrometres high and wide although rarely they can be
up to 2 micrometres high and 3 micrometres wide. Other more spine-like
coni up to 2 micrometres high and about 1 micrometre wide are often
present between the larger elements. Size and shape of ornament varies
on individual specimens from fairly «closely to irregularly
distributed. Exine less than 1 micrometre to 1.5 micrometres thick,
often with one fold.

Comparison. Differs from L. commisuralis (Kosanke) Potonie and Kremp

1955 in its larger size of ornament. Ravn (1979) noted the similarity

between L.microsaetosus and Acanthotriletes aculeolatus (Kosanke)
Potonie and Kremp 1955, and although some specimens in this study had
more spinose coni than others, they always had several broad coni.
Occurrence Present to common throughout Leaves 1 and 2, present to
frequent throughout Leaf 3 and occasional to very common in Leﬁf 4.
Occasional to frequent beneath the Thick Coal, occasional between
lLeaves 2 and 3, infrequent between lLeaves 3 and 4 and above the Thick
Coal.
Genus WALTZISPORA Staplin 1960

Waltzispora prisca (Kosanke) Sullivan 1964

Plate 6; figs. 24-26.

1950 Triqutrites prisca Kosanke, p.39, pl.9, fig. 4.

1964 Walzispora prisca (Kosanke), Sullivan, pl.57, fig.24.
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Holotype. Kosanke 1950, pl.8, fig.4, maceration 587, slide 13.

Type locality. Battery Rock coal bed, Hardin County Illinois, USA.

Diagnosis. (Kosanke 1950, p.39-40).

Size in micrometres. Holotype 404, 36=45 Schulze and 10% KOH (Kosanke

1950) (ii) 35(37)42 fum. HNO3+ (Nader 1983), Northumberland,
England; Westphalian B.

Remarks. Sullivan (1964) transferred this species to Walzispora and
noted that it had an ornament of grana probably all on the distal
surface. The grana are up to 0.5 micrometres in diameter and
irregularly distributed. There is a faint narrow contact area
present. The exine is between 1-2 micrometres thick.

Comparison. W. planiangulata (Sullivan 1964 pl.57, figs. 25-30) has a

similar size range to W. prisca, but the former has a coarser
ornament.

Occurrence., Present rarely in Leaves 1, 2 and 3, present to infrequent

rarely in Leaf 4. Frequent beneath the Thick Coal, occasional between
Leaves 1 and 2:

Waltzispora sp.A

Plate 6, fig. 27.

Size in micrometres. 28, (1 specimen) fum. HNO3 Leaf 1, Thick Coal,

Longmeadow Wood borehole, Warwickshire, England; Westphalian B.

Description. Amb triangular, interradial margins concave, angles blunt

but slightly rounded, Laesurae simple, straight, about 2/3 spore
radius. Exine laevigate, between 1-1.5 micrometres thick.

Comparison. The angularity of the junction between the radial and
interradial margin is less distinctive than W. sagitta Playford 1962
and both this latter species and W. polita (Hoffmeister, Staplin and

Malloy) sSmith and Butterworth 1967 have a more angular radial margin.
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Occurrence. Present rarely in Leaf 1.
Genus ANAPICULATISPORITES (Potonie and Kremp) Smith and
Butterworth 1967

Anapiculatisporites minor (Butterworth and Williams)

Smith and Butterworth 1967
Plate 7, figs. 1, 2. °

Remarks. The spinae vary between 1=2 micrometres in height, and
between 0,75=1.5 micrometres in diameter, although they are
usually 1 micrometre in diameter.

Occurrence, Generally occasional to common throughout all leaves,
very common rarely in Leaf 1. Present to frequent below the Thick
Coal, infrequent to occasional between Leaves 1 and 2, frequent

above the Thick Coal.

Anapiculatisporites sp.A

Plate 7" figS- 3"5.

Size in micrometres. 20(22)24 (6 specimens) fum. HN03. Leaves 1

and 4, Thick Coal, Longmeadow Wood borehole, Warwickshire,
England; Westphalian B.

Description. Amb triangular, sides straight to slightly convex or
concave, with narrow angles equal in height and diameter from 1-2
micrometres with sharp pointed apices, between 15-45 elements in
total. Ornament restricted to the distal surface with very few
elements projecting from the margin. Exine thin, less than 1.0
micrometre with frequent folding.

Comparison. The ornament on A. minor is smaller in diameter and
more densely packed with a corresponding larger number of elements.
Occurrence, Present rarely in Leaves 1, 2 and 3, present to

infrequent rarely in Leaf 1.
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Genus ANAPLANISPORITES Jansonius 1962

Anaplanisporites baccatus (Hoffmeister, Staplin and

Malloy)
Smith and Butterworth 1967
Plate 7, figs. 6-10.
Occurrence. Present to frequent intermittently in Leaf 1, present
to very common intermittently in Leaf 2, present rarely in Leaf 3,
present to common intermittently in Leaf 4.

Anaplanisporites sp.A

Plate 7, figs. 11, 1l2.

Size in micrometres. 38, 53 (2 specimens) fum. HNO Leaf 2,

3!
Thick Coal, Longmeadow Wood borehole, Warwickshire, England;

Westphalian B.

Description.. Amb circular or rounded triangular. Distal surface
rounded in equatorial view, proximal surface flattened. Laesurae
not seen clearly, simple str;ight. Ornament made up of verrucae
between 2-6 micrometres wide and 1-2,5 micrometres high, very
widely spaced, about 15 elements in total. Ornament restricted to
the distal surface, proximal surface laevigate. Exine 1-1.5
micrometres thick with only one fold.

Comparison. Lophotriletes fulvus Ishchenko 1958 is similar but

larger (size range 50-65 micrometres) and no mention is made of
lack of proximal ornament. A sp.A. (Nader) is smaller and the
ornament consists of galea, \

Occurrence. Present rarely in Leaf 2,

Genus PUSTULATISPORITES Potonie and Kremp 1954

Pustulatisporites pustulatus Potonie and Kremp 1954

Plate 7, figs. 13-15.
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some specimens and coni have blunt apices and resemble bacula.

Comparison. A. cf. latigranifer is larger (55-90 micrometres) than

A. aculeatus (32-58 micrometres) with longer laesurae and is more

circular in shape.

Occurrence. Present to occasional intermittently in Leaves 1 and
3, present to frequent throughout Leaf 2, present to common rarely
at the top of Leaf 4. Occasional tq frequent beneath the Thick
Coal, and between Leaves 1 and 2, occasional between Leaves 2 and
3 and Leaves 3 and 4.

Apiculatisporis irreqularis (Alpern) Smith and

Butterworth 1967

Plate 7, figs. 22=-25.
Remarks. Where laesurae are disce:nable.they appear to be variable
in length. A. irregularis sometimes occurs in tetrads (Plate 7,
fig. 23). Although the ornament is very patchy it may be reduced

proximally.

Comparison. Cappasporites distortus Urban 1966 displays a similar

ornament to A, irregularis but it is confined to the distal
surface. Ravn et al. (in press) consider the two species to be

conspecific, and have proposed that they be assigned to

Granasporites irreqularis Alpern 1959. The sparsity and irregular

distribution of ornament distinguish this species from others of
the genus encountered in this study.

Occurrence. Present to very abundant throughout Leaf 1, present to
common throughout Leaf 2, occasional to very common throughout
Leaf 3, present to occasional intermittently in Leaf 4. Present

below the Thick Coal, occasional to requent between Leaves 1 and
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2, absent between Leaves 2 and 3, common between Leaves 3 and 4
and occasional above the Thick Coal.

Apiculatisporis latigranifer (Loose) Potonie and Kremp

1955

Apiculatisporis cf. latigranifer (Loose) Potonie and

Kremp
1955 in Smith and Butterworth 1967.
Plate 7, figs. 26, 27.

1967 Apiculatisporis c¢f. latigranifer (Loose) Potonie and Kremp in

Smith and butterworth p.l172, pl.7, figs. 20, 21.
Remarks. Sometimes a darkened contact area is present and
occasionally a single fold.

Comparison. The variety of shape and size of coni and their

loosely spaced distribution, distinguish A. cf. latigranifer from

other species of Apiculatisporis.

Occurrence, Present to occasional rarely in Leaf 2, present rarely
in Leaf 3. Absent in siliciclastic subsections.

Apiculatisporis spinosaetosus (Loose) Smith and

Butterworth 1967

Plate 7, figs. 28-30.
Remarks. The laesurae vary in size from 1/3 to 2/3 spore radius.
Ornament consists of pointed coni of varying size, verucae and
bacula with only slightly converging sides and apices which may be

truncate, rounded or partate. Ornament often reduced proximally.

Exine 1.5-2 micrometres thick.

Comparison. A. spinosaetosus is distinguished from other species

of Apiculatisporis by the combination of widely differing ornament.
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Raistrickia fulva has a more coarse ornament and the ornament of R.

irregularis Kosanke 1950 is larger.

Occurrence. Present to frequent throughout Leaves 1 and 2, present
to common throughout Ieaf 3, and present to occasional
intermittently in Ieaf 4. Present to occasional below the Thick
Coal, occasional between Leaves 1 and 2, present between Leaves 2
and 3, and frequent between Leaves 3 and 4.
Genus PLANISPORITES (Knox) Potonie 1960

Remarks. Although the generic diagnosis states (Potonie and Kremp
1954, p.129, emend. Potonie 1960, p.39, translation) Yase
completely covered by small coni of approximately equal size ...’
the species P. granifer has an ornament of different size coni and
verrucae.

Planigporites granifer (Ibrahim) Knox 1950

Plate 8, figs. 1=-4.
Remarks. Most of the specimens observed in this study have a
contact area and are less than 70 micrometres in diameter as shown
in Smith and Butterworth (1967) Plate 8, figs. 1-3.
Comparison. The triangular shape of P. granifer distinguishes it

from A. cf. latigranifer (Loose) Potonie and Kremp 1955 which has a

similar ornament although the latter does not possess verrucae.
Occurrence. Present to occasional rarely in lLeaves 1, 2 and 3,
present rarely in Leaf. Occastional to frequent below the Thick
Coal, present to occasional between Leaves 1 and 2, and infrequent
between Leaves 3 and 4.

Genus APICULATASPORITES (Ibrahim) Smith and Butterworth 1967

Apiculatasporites spinulistratus (Loose) Ibrahim 1933

plate 8, figs. 5-7.
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Remarks. A faint contact area extending the length of the laesurae
is usually present.
Comparison. The uniform small size and distribution of the ornament

differentiates this species from Apiculatisporis cf. latigranifer

(Loose) Potonie and Kremp 1955. Ravn (1979) suggested that A.

spinulistratus be transferred to the genus Apiculatisporis because

the basis of finer grade of ornament for separating Apiculatisporis

and Apiculatasporites was gquestionable, and it would eliminate

confusion between similar generic names.
Occurrence. Present to occasional intermittently in Leaves 1 and 3,
present to frequent intermittently in leaves 2 and 4. Present to
occasional below the Thick Coal, present to frequent between Leaves
1 and 2 and present between lLeaves 2 and 3.

Genus ACANTHOTRILETES (Naumova) Potonie and Kremp 1954

Acanthotriletes echinatus (Knox) Potonie and Kremp 1955

Plate 8' fiQSl g=-11.

1950 Spinoso-sporites echinatus Knox, p.313, pl.17, fig. 208.

1955 Acanothotriletes echinatus (Knox) Potonie and Kremp p.84. Non

1955 Acanthotriletes echinatus Hoffmeister, Staplin and Malloy,

p.379' pl.38, figs. 1, 2.

Size in micrometres. (i) Neotype 26 fum. HNO3 (Smith and

Butterworth 1967), (ii) 12(20)28 fum. HNO; type locality, (Smith
and Butterworth 1967), (iii) 19(25)30 fum. HNO3 (20 specimens) Leaf
4 (iv) 16(25)37 fum. HNO3 (20 specimens) seatearth below the
Thick Coal, (iii) and (iv) from Longmeadow Wood Borehole,
Warwickshire, England; Westphalian B.

Remarks. Maximum and mean sizes are larger than those gquoted by
Smith and Butterworth (1967). Spines are sometimes up to 1.5

micrometres in basal diameter.
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Comparison. The greater length of spinae, and more circular shape
distinguish A. echinatus from A. triquetrus Smith and Butterworth
(1967).

Occurrence. Present to freguent intermittently in Leaves 1 and 3,
present to frequent intermittently in Leaf 2, present to very
common in Leaf 4. Occasional to very common below the Thick Coal,
frequent between Leaves 1 and 2, occasional between Leaves 2 and 3
and present between Leaves 3 and 4 and above the Thick Coal.

Acanthotriletes triquetrus Smith and Butterworth 1967

Occurrence. Present to common rarely in Leaf 1, throughout Leaf 4,
present to frequent rarely in Leaf 2, occasional rarely in Leaf 3.
Occasional to frequent beneath the Thick Coal, present between
Leaves 3 and 4 and occasional above the Thick Coal.

Genus IBRAHIMISPORES Artuz 1957

Type species. I. microhorridus Artuz 1957

Diagnosis. (Artuz 1957 p. 246)

Comparison. Distinguished from Apiculatisporis and Acanthotriletes

by the length and the nature of the thorn like spines, which are
sometimes curved and have thickned tips.

Ibrahimispores sp.A

Plate 8, figs. 16-18.

Size in micrometres. 58 and 61 x 43 (2 specimens) fum. HNOj Leaf 2

Thick Coal, Longmeadow Wood Borehole, Warwickshire, England;

Westphalian B.

Description. Amb circular to rounded triangular. Laesurae

indistinct simple, straight about 3/4 spore radius. Exine covered
in closely spaced spinae with expanded bases which often join with

adjacent spinae giving a cuspate outline; about 35 elements
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projecting from the equator. Spinae are thin walled, possibly
hollow, up to 8 micrometres high and 9.5 micrometres in diameter,
with pointed apices which are thickened and sometimes falcate.
Exine fairly thick, with a poorly defined thickened area about 5.5
micrometres wide around the margin.

Comparison. Both I. microhorridus Artuz 1957 and I. brevispinosus

Neves 1961 are larger (92-110 and 70-100 micrometres respectively)
and have a slightly coarser ornament.
Occurrence. Present rarely in Leaf 2.
Subinfraturma BACULATI (Dybova and Jachowicz 1957a
Genus RAISTRICKIA (Schopf, Wilson and Bentall) Potonie
and Kremp 1954.

Raistrickia firma (Loose) Smith 1971

Plate 8' figs. 18=22.

1934 Verrucosi-sporites firmus Loose p.154, pl.7, fig. 30

1944 Punctati-sporites firmus (Loose) Schopf, Wilson and Bentall,

p.31

1955 Verrucosisporites firmus (Loose Potonie and Xremp, p.67,

p1¢13; figs. 203‘ 204.

1971 Raistrickia firma (Loose) Smith, p.81

Holotype. Potonie and Kremp 1955, pl. 13, fig. 203, after lLoose,
1934, pl. 7, fig. 30, Preparation III 18a, (m/U1).

Type locality. Bismark seam, Ruhr Coalfield, Germany; Upper

Westphalian B.
Diagnosis. (Potonie and Kremp 1955, p.67).

Size in micrometres. (i) Holotype 60; 60-70 Schulze (Potonie and

Kremp 1955) (ii) 33(41)45 fum. HNO3* (Nader 1983) Northumberland

England; Westphalian A and B. (iii) 36(39)44 (8 specimens), fum.
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HNO3, Leaves 1 and 2, Thick Coal, Longmeadow Wood borehole,

Warwickshire, England; Westphalian B.

Description. Amb circular to oval. Laesurae sometimes obscured by

the ornament, simple, straight 1/2-3/4 spore radius. Both the
proximal and distal surfaces are covered in bacula, either with
sub=parallel sides and rounded apices up to 3 micrometres in height
and diameter, or pilate expanding from the base in a mushroom
shaped structure up to 3 micrometres high and 4.5 micrometres wide.
The elements are closely spaced and in some cases the bases may be
fused, with 25-35 projecting from the margin. Exine thin rarely
folded.

Remarks. Smith (1971) after re-examination of spores from the type
material of the Bismark seam decided that baculate processes
dominated the ornament and for this reason transferred the species

to Raistrickia. The expanded and rounded apices of the bacula

resemble verrucae which may have led to confusion in the past.
Specimens found in this study are smaller than those in Potonie and
Kremp (1955). The sizes given above include ornament.

Comparison. Differs from other species of Raistrickia in the shape

of the bacula and in the large number of elements projecting from
the margin.

Occurrence. Present rarely in Leaf 1, present to infrequent rarely
in leaf 2, infreguent rarely in Leaf 4. Present below the Thick
Coal.

Raistrickia fulva Artuz 1957

Raistrickia cf. fulva

Plate 8, figs. 23-26
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Size in micrometres. (i) 34(40)46 (20 specimens) fum. HNOg

subsection below the Thick Ceoal, Longmeadow Wood Dborehole,
Warwickshire, England; Westphalian B.

Description. Amb oval to triangular. Laesurae rarely seen, simple,

straight, 2/3-3/4 spore radius. Ornament composed mainly of
verrucae, variable in size on individual specimens from 1.5
micrometres high by 3 micrometres in diameter, to 2.5 micrometres
high by 6.5 micrometres in diameter, generally with only slightly
converging sides and slightly rounded apices. Bacula also exist of
equal height (2.5 micrometres) and diameter and coni with rounded
apices varying in size from 1.5-3 micrometres in diameter and 1=1.5
‘micrometres high. Ornament is loosely spaced but occasionally some
of the elements are fused at their bases. Number of elements
projecting from the margin varies between 8=18. Exine varies
between 1-2.5 micrometres thick with occasional folds.

Remarks. The majority of elements which ornament the specimens of
R. fulva described by Smith and Butterworth (1967) are similar to
those seen on R. cf. fulva in this study with bases wider than
their heights. These are described as verrucae in this study.

Comparison. R. fulva is more circular in shape and has a thicker

exine. R. cf. fulva differs from other species of Raistrickia and

Apiculatisporis spinosaetosus (Loose) Smith and Butterworth (1967)

in possessing a much broader ornament. In Camptotriletes

bucculentus (Loose) Potonie and Xremp 1955 ridges are present as

well as coni, verrucae and fimbriate baculae.
Occurrence. Present to frequent rarely in Leaf 4. Present to

frequent below the Thick Coal and present between Leaves {1 and 2.

Raistrickia lowellensis Peppers 1970

1970 Raistrickia lowellensis Peppers, p.105, pl.8, figs. 3, 4.
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Holotype. Peppers 1970, pl.8, fig.3, maceration 1384-N, slide 11.

Type locality. Lowell coal, Carbondale Formation, Illinois, USA.

Diagnosis. (see Peppers 1970, p.105, 106).

Size in micrometres. Holotype 47 x 44, 33(46)50 Schulze and 5% KOH

(Peppers 1970).

Raistrickia cf. lowellensis Peppers 1970

Plate 8; figB- 27—30.

Size in micrometres. 38(47)64 (20 specimens) fum. HNO3+ all

leaves, Longmeadow Wood borehole, Warwickshire, England;
Westphalian B.

Description. Amb circular to oval. Laesurae simple, straight 2/3 to

3/4 of spore radius. The distal surface is covered with fairly
loosely spaced bacula which vary in shape and size on individual
specimens, up to 12 micrometres in height and 5 micrometres in
diameter. The majority are fan shaped with fimbriate apices which
occasionally branch, but elements with parallel sides and flat
apices also occur. On the proximal surface the elements are reduced

in size and number, with between 10 to 25 elements projecting from

the margin. A faint contact area is sometimes visible. Exine
between 1-1.5 micrometres thick often with a single fold or broken.
Remarks. Differs from the type in the reduction of ornament on the
proximal surface, some specimens possess slightly longer elements

and the exine is slightly thicker. A specimen of R. lowellensis

photographed by Ravn (1979 pl.8, fig.6) appears to show a reduction
of the ornament on the proximal surface.

Comparison. R. crocea and R. protensa Kosanke 1950 are larger with

longer bacula and thicker exines. R. superba (Ibrahim) schopf,

Wilson and Bentall 1944 lacks fan shaped projections. These last
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three species do not have a reduced ornament on the proximal

surface. R. irregularis Kosanke 1950 has bacula which have rounded

or blunt apices. R. cf. lowellensis resembles R. sp.A Nader (1983).

Occurrence., Present to freguent Ehroughout the lower half of Leaf 1
and the whele of Leaf 3, present to occasional intermittently in
lLeaf 2 and present rarely in the top half of lLeaf 1 and the whole
of Leaf 4. Infrequent to common below the Thick Coal, occasional
between Leaves 1 and 2 and Leaves 3 and 4, frequent between Leaves
2 and 3, and infrequent above the Thick Coal.

Raistrickia pilosa Kosanke 1950

Plate 9' figﬂc 1=-3.

1950 Raistrickia pilosa Kosanke, p.45 pl.11, fig.4.

Holotype. Kosanke 1950, pl.11, fig.4, Preparation 544, slide 2.

Type locality. No.7 coal bed, Fulton County, Illinois.

Size in micrometres. (i) Holotype 39.9 x 40.3 37-43 Schulze and 10%

KOH (Kosanke 1950) (ii) 32(36)40 fum. HNO3 (Nader 1983)
Northumberland, England; Westphalian A and B.

Remarks. Laesurae simple, straight 2/3 to 3/4 spore radius but
usually concealed by ornament. Generally the bacula are unbranched,
sometimes narrow gently toward the top, and have flat or partate
apices. Between 7-20 elements project from the margin. The exine
varies in thickness from 1.5-2.5 micrometres.

cOmEarison. Differs from other species of Raistrickia by its

smaller size and relatively long bacula, some of which are over 10
micrometres in length.

Occurrence. Present rarely in Leaf 1, present to infrequent rarely
in leaf 2 and infrequent rarely in Leaf 4. Occasional to common
beneath the Thick Coal, present between Leaves 1 and 2, and Leaves

3 and 4.
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Raistrickia saetosa (Loose) Schopf, Wilson and Bentall

1944

Plate 9, figs. 4-7.
Remarks. The majority of baculae are between 5-12 micrometres long
and 4 micrometres wide. The exine is between 1.5-2.5 micrometres
thick.
Comparison. The size and shape of the bacula together with their
similarity on any one individual and the low numbers of fimbriate

bacula separate this species from other species of Raistrickia. R.

saetosa also has a thicker exine than R. cf. lowellensis.

Occurrence. Present rarely in Leaves 1 and 4, and present to
infrequent rarely in Leaves 2 and 3. Frequent below the Thick Coal,
and present between Leaves 1 and 2 and leaves 3 and 4.

Raistrickia solaria Wilson and Hoffmeister 1956

Plate 9, figs. 8, 9.

1956 Raistrickia solaria Wilson and Hoffmeister, p.22, pl.1, figs.

18, 19.
Holotype. Wilson and Hoffmeister 1956, pl.1, fig.18, slide No.10,
WHIA.

Type locality. Croweburg coal, McNabb Mine, Catoosa, Rogers County,

Oklahoma, USA.
Diagnosis. (Wilson and Hoffmeister 1956, p.22).

Size in micrometres. (i) Holotype 58, 51=63.5 Schulze and 10% KOH

(Wwilson and Hoffmeister 1956) (ii) 40, 48, 54, fum. HNO3 (Nader
1983) Northumberland, England; Westphalian A and B (iii) 46(51)56

(5 specimens) fum, HNO3» various leaves, Thick Coal, Longmeadow

Wood borehole, Warwickshire, England; Westphalian B.

Description. Amb circular to oval. Laesurae simple, straight, 3/4

spore radius, sometimes extending to the margin. Ornament consists
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of closely spaced bacula, generally with sides which converge
slowly, with rounded, truncated or serrated apices. The bacula are
between 4-11 micrometres high and 4-6 micrometres in diameter.
Number of elements projecting from the margin is between 18-28.
Exine 1.5-2.5 micrometres thick.
Comparison. The closely spaced, broader bacula distinguish this
species from R. saetosa (Loose) Schopf, Wilson and Bentall 1944.
Occurrence. Present rarely in Leaf 2.

Genus SPACKMANITES Habib 1966

Type Species. S. ellipticus Habib 1966

Diaﬂoais. Habib 1966, p.638.

Comparison. This genus closely resembles Verrucosisporites and

Raistrickia; it differs from the former in the lack of verrucae,

and the latter in the tight packing and partial fusing of the
bacula,

Spackmanites ellipticus Habib 1966

Plate 9' figﬂ- 10-13'
Holotype. Habib 1966, pl.105, fig.17, slide LKC-12(63-64), wax
mount 39,

Type locality. Lower Kittanning c¢oal, Western Pennsylvania

(Allegheny Series, lLower Westphalian D).
Diagnosis. (Habib 1966, p.638).

Size in micrometres. (i) Holotype 60 x 51 (42 x 36 excluding

ornament) 50-67, Schulze and 8% KOH, (Habib 1966) (ii) 29(35)41 (12

specimens) fum. HNO3: various leaves, Thick Coal, Longmeadow Wood

borehole, Warwickshire, England; Westphalian B.

Description. Amb generally oval, sometimes circular. Laesurae not

seen clearly in any specimen. Exine covered with closely spaced,
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radially arranged, rod shaped bacula, expanding slightly and evenly
from the base and terminating with a undulating or flat apex.
Usually most of the bacula are fused together although this varies
between specimens, fusing taking place from the base or near the
top. Because of this, when the bacula are viewed end on a
reticulate pattern is created in the centre of the specimen (the
gize of the 'luminae' and 'muri' varying according to the size of
the bacula). The size of bacula are consistent within specimens but
varies between them from 1.5-3.5 micrometres wide and 3 to 6.5
micrometres high. Exine 1.5 micrometres thick, unfolded.

Remarks. The specimens found in this study are smaller than those
seen by Habib (1966) but most of this is probably due to the
different maceration technigue as ghown by Butterworth and Williams
(1954).

Comparison. Although Habib (1966) makes a distinction between s.

ellipticus and S. facierugosus (Loose) Habib 1966 on the basis of

the latter's circular outline and loosely packed bacula with
rounded apices, a range of variation between the two was observed
in this s8tudy. However none was as loosely packed as those

specimens of S. facierugosus illustrated by Butterworth and

williams (1954, £ig.1, 3), or Peppers (1970 pl.8, fig.18). A
similar range of ornament was observed by Ravn (1979) - see his

discussion. Raistrickia firma (Loose) Smith 1971 differs in having

shorter, mushroom shaped, unfused bacula.
Occurrence. Present to occasional rarely in Leaves {1 and 4, present
rarely in Leaves 2 and 3.

Infraturma MURONATI Potonie and Kremp 1954

Genus CONVULUTISPO}iA Hoffmeister, Staplin and Malloy 1955

Convolutispora sp.A
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Plate 9, figs. 14, 15.

Size in micrometres. 39(44)50 (6 specimens) fum. HNO3s various

leaves, Thick Coal, Longmeadow Wood borehole, Warwickshire England;
Westphalian B.

Description. Amb oval to circular, margin undulating, and notched,

with ornament projecting up to 2 micrometres from the surface.
Laesurae simple straight between 2/3 to 4/5 spore radius. Ornament
of low rugulae generally 4 micrometres wide, but longer because
many of them are joined. Spaces between rugulae are irregular and
elongate from 0.5-1 micrometre wide. Exine 3-4 micrometres thick
including ornament.

Comparison. Convolutispora sp.C is smaller, and the rugulae are

higher and more continuous. Convolutispora sp.B and sp.D have a

finer grade of ornament. In Convolutispora cerina Ravn (1979) the

ornament is restricted to the distal surface, and the ornament in

Convolutispora sp.2 Peppers (1970) is greater in height, but

otherwise both species appear similar to C. sp.A.
Occurrence. Present rarely in all leaves. Absent in siliciclastic
subsections.

Convolutispora sp.B.

Plate 9, figs. 16, 17.

Size in micrometres. 32(39)46 (7 specimens) fum. HNO3 Leaf 2,

Thick Coal, Longmeadow Wood borehole, Warwickshire, England;
Westphalian B.

Description. Amb generally oval, sometimes circular. Margin notched

with ornament projecting up to 1 micrometre from the surface.
Laesurae rarely visible, simple, straight between 2-3/4 spore

radius. Ornament of rugulae and verrucae which are occasionally
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joined and are generally 1-2 micrometres wide separated by
vermiculi 1-1.5 micrometres wide up to 3.5 micrometres long. Exine
thickness difficult to estimate because of the ornament, 2-2.5
micrometres including ornament.

Comparison. Convolutispora sp.D has a finer grade of ornament and

laesurae of variable length. The ornament in C. fromensis Balme and
Hassel 1962 and C. venusta projects further from the margin and C.
venusta is larger than C. sp.B. Two photographs of C. sp.A (Nader
1983, plate 11, figs. 17, 18 resemble C. sp.B.

Occurrence. Present rarely in Leaves 2 and 4. Present below the
Thick Coal.

Convolutispora sp.C

Plate 9' figso 18-23.

Size in micrometres. 22(32)38 (10 specimens) fum. HNO3:+ various

leaves, Thick Coal, Longmeadow Wood borehole, Warwickshire,
England; Westphalian B.

Description. Amb circular, margin smooth to undulating, sometimes

projecting up to 2 micrometres. Laesurae rarely visible, about 3/4
spore radius. Ornament of rugulae mostly joined together, leaving
small oval foveolae and elongate vermiculi generally about 1.5
micrometres wide. Occasional verrucae occur between the rugulae.
The ornament is much reduced or may be absent on the proximal
surface. Exine viewed from proximal surface between 1=1.5
micrometres thick.

Comparison. C. cerina Ravn (1979) is larger and the rugulae do not

project as far from the margin as C. sp.B. C.sp.A is larger, has a
thicker exine and the rugulae are smaller in height and width.
Occurrence. Present rarely in Leaves 1, 2 and 4. Present below the

Thick Coal.
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Convolutispora sp.D

Plate 9, figs.24-26

Size in micrometers. 37(45)54 (5 specimens) fum. HNO3, Leaves 1 and

4, Thick Coal, Longmeadow Wood borehole, Warwickshire england;
Westphalian B.

Description. Amb circular, margin barely modified (minutely

crenulated). Laesurae simple, straight, 1/2 to 2/3 spore radius,
one ray sometimes larger extending up to 3/4 spore radius. Ornament
of low muri generally 1.5 micrometres wide but up to 6 micrometres
long, with a majority of foveolae and occasional vermiculi both
irregularly distributed. Foveolae if circular 0.5-1 micrometres in
diameter, if oval up to 1.5 micrometres long. Vermiculi up to 5
micrometres long. Exine sometimes thickned in a 2zone up to 2
micrometres wide along each side of the commissure. Thickness of
the exine 2-3 micrometres.
Comparison. C. cerebra Butterworth and Williams 1958 is larger
55(72)83 with a thicker exine (5-9 micrometres including muri).
Apart from a slightly thinner exine (1-1.5 micrometres thick). Two
photographs of C. sp.A (Nader 1983, plate 11, figs. 19, 20)
resemble C. sp.D.
Occurrence. Present rarely in Leaves 1 and 4. Absent in high
silicate subsections.

Genus MICRORETICULATISPORITES (Knox) Potonie and Kremp 1954

Microreticulatisporites harrisoni Peppers 1970

Plate 9, figs. 27-29.

1970 Microreticulatisporites harrisoni Peppers, pl.9, fig.1.

Remarks. The muri are up to 1.5 micrometres in width.
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Comparison. This is the only species of Microreticulatisporites

with concave sides seen in this study. M.concavus Butterworth and
Williams 1958 has larger lumina and wider muri.

Occurrence. Present to occasional intermittently in Leaf 1, present
to.frequent intermittently in Leaves 2 and 4, present to infrequent
rarely in Leaf 3. Occasional beneath the Thick Coal, infrequent
between lLeaves 1 and 2 and present between Leaves 3 and 4.

Microreticulatisporites nobilis (Wicher) Knox 1950

Plate 9, figs. 30, 31.
Occurrence. Present rarely in Leaves 1 and 4. Absent in
siliciclastic subsections. This is a zonal index species used with

Florinites junior by Clayton et al. to define the Westphalian B and

the lower part of Westphalian C.

Genus SECARISPORITES Neves 1561

Type species. S.lobatus Neves 1961.

Diagnosis. (Neves 1961 p.260).

Comparison. Secarisporites is characterised by the lateral overlap

and fusion of lobate ornament in the equatorial region, which gives
rise to a discontinuous rim, and distinguishes it from the genus

Convolutispora Hoffmeister Staplin and Malloy 1955.

Secarisporites remotus Neves 1961

Plate 10' figs. 1_3.

1961 Secarisporites remotus Neves, p.262, pl.32, figs. 8=9.

Holotype. Neves 1961, pl.32, fig.9.

Type locality. Non-marine roof shales of the Pot Clay Coal,
Holymoorside, Derbyshire (Loc.13), Yeodonian stage.

Diagnosis. (Neves 1961).
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Size in micrometres. (i) Holotype 46, 35-50 Schulze and KOH (Neves

1961), (ii) 35(40)51 fum. HNO3 (Nader 1983) Northumberland,
England; Westphalian A and B.

Description. (Neves 1961)

Remarks. The number of elements projecting from the margin varies
between 8 - 14. The exine is approximately 2 micrometres thick.

Comparison. Convolutispora florida Hoffmeister Staplin and Malloy

1955 is similar although more elements which are smaller project
from the margin and they are more flattened rather than lobate,
Although no mention is made of it the ornamentation appears to be
reduced on the proximal surface in Hoffmeister Staplin and Malloy
(1955 P1.38 fig.5).

Occurrence. Present to infrequent rarely in Leaf 1, present rarely
in lLeaves 2, 3 and 4. Present below the Thick Coal, and between
Leaves 2 and 3.

Genus DICTYOTRILETES (Naumova) Smith and
Butterworth 1967

Dictyotriletes bireticulatus (Ibrahim) Smith

and Butterworth 1967
Plate 10, figs. 4-6.
Comparison. Differs from D.falsus Potonie and Kremp 1955 and D.

reticulocingulum (Loose) Smith and Butterworth 1967 in possession

of a laevigate proximal surface.

OCcurrenﬁe. Present to common intermittently in lLeaves 1 and 2,
present to very common intermittently in Leaf 3, present to
abundant intermittently in Leaf 4. Present below the Thick Coal,
between leaves 1 and 2 and Leaves 3 and 4. Occasional between

Leaves 2 and 3 and frequent above the Thick Coal.
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Dictyotriletes castaneaeformis (Horst) Sullivan 1964

Plate 10, figs. 7-=11.

Remarks. Ravn and Fitzgerald (1982) believe that D.castaneaeformis

is monolete (see also Ravn 1979) whilst _E,clatriformis (Artuz)

Sullivan 1964 is trilete. Both elongate and circular forms were
seen in this study although sutures were either not present or
indistinct.

Occurrence. Present to occasional rarely in Leaf 2, present rarely
in leaves 3 and 4. Present beneath the Thick Coal and between
lLeaves 1 and 2, occasional between Leaves 2 and 3.

Dictyotriletes falsus Potonie and Kremp 1955

Plate 10, figs. 12-14.
Remarks. Although there is variation in shape and size of lumina on
each individual, there is often more variation between individuals;
some of which may have larger lumina ranging in size between 4 = 10
micrometres whereas in others the range may be between 2 = 6
micrometres.

Ccmparison‘E.reticulocingulum (Loose) Smith and Butterworth (1967)

has thinner muri and a more varied size of luminae.

Occurrence. Present to infrequent rarely in Leaf 1, present rarely
in Leaves 2, 3 and 4. Infrequent below the Thick coal and present
between Leaves 1 and 2.

Dictyotriletes muricatus (Kosanke) Smith and Butterworth

1967

Plate 10, figs. 15-17.
Occurrence. Present to freqguent rarely in Leaf 1, and present to
occasional rarely in Leaf 2. Frequent below the Thick Coal, present

between Leaves 1 and 2.

Dictyotriletes reticulocingulum (Loose) Smith and
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Butterworth 1967

Plate 10, figs. 18-22.
Remarks. There appears to be a considerable range in width and
distribution of muri, which may suggest the presence of more than
one species.
Occurrence., Present to occasional rarely in Leaf 1, present rarely
in leaves 2, 3 and 4. Present beneath the Thick Coal, between
Leaves 1 and 2 and above the Thick Coal.

Genus CAMPTOTRILETES (Naumova) Potonie and Kremp 1954

Camptotriletes bucculentus (Loose) Potonie and Kremp

1955
Plate 10, figs. 23-27.

Size in micrometres. (i) Holotype 47.5 (ii) 45=75 Schulze (Potonie

and Kremp 1955) (iii) 50(56)67 fum. HNO3 (Smith and Butterworth
1967) various localities; Westphalian A and B (iv) 40(47)59 fum.
HNO3 (Nader 1983) Ncrthumberland,‘England; Westphalian A and B
(v) 31(45)61 (15 specimens) fum. HNO3+ various leaves, Thick
Coal, lLongmeadow Wood borehole, Warwickshire, England; Westphalian
B.

Remarks. The low ridges are generally 2 micrometres high, but often
coni and fimbriate low bacula are found on top of them, making them
up to 3.5 micrometres high. The striae are up to 8 micrometres
long. Exine between 1.5 = 2.5 micrometres thick. Specimens smaller
than those previously encountered have been found in this study.
Occurrence. Present to occasional intermittently in Leaves 1 and 2,
present intermittently in Leaf 3, present to infrequent rarely in
Leaf 4. Present to common beneath the Thick Coal, present to
occasional between Leaves 1 and 2 and infrequent between Leaves 3

and 4.
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Camptotriletes corrugatus (Ibrahim) Potonie and

Kremp 1954
Plate 10, figs. 28, 29.

1933 Reticulati=-sporites corrugatus Ibrahim, p,35, pl.5, fig.41.

1944 pPunctati-sporites corrugatus (Ibrahim) Schopf, Wilson

and Bentall p.30.

1950 Microreticulati-sporites corrugatus (Ibrahim) Knox

p1.5 VIII' figl 238&

1954 Camptotriletes corrugatus (Ibrahim) Potonie and Kremp,

p-104' P1t16; figs. 281, 290.
Holotype. Potonie and Kremp 1955, pl.16, £ig.239, after Ibrahim
1933' plas' figo41‘ Prepﬂration 331' 65 (Or].

Type locality. Bismark seam, Ruhr Coalfield, Germany; Upper

Westphalian B.
Diagnosis. (Potonie and Kremp 1955, p.104)

Size in micrometres. (i) Holotype 46, Schulze and KOH (ii) 40-50

Schulze (Potonie and Kremp 1955) (iii) 40(46.3)52 fum. HNO;
(Nader 1983) Northumberland, England; Westphalian A and B (iv)
37(48)61 (6 specimens) fum. HNO3v Leaves 1 and 2, Thick Coal,
Longmeadow Wood borehole, Warwickshire, England; Westphalian B.

Description. Amb rounded triangular, rarely triagular or circular.

Laesurae simple straight 2/3 to 3/4 spore radius. Exine covered
with well spaced low ridges and verrucae, arrete shaped in cross
section, generally 1 micrometre but up to 2 micrometres high. The
ridges anastomose, and are Jjoined in such a ﬁay as to form an
imperfect reticulation, with lumina of varying size on any
individual; but greater variability between individuals. Lumina

in size generally from 2 to 8 micrometres, although the
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maximum size is difficult to determine because some of the lumina
are incomplete. The ridges are generally between 1-1.5 micrometres
wide but up to 3 micrometres on larger specimens. Sculptural

elements are reduced on the " proximal surface. Exine 1 - 2
micrometres thick, rarely folded.

Comparison. The sculptural elements on C. bucculentus (Loose)

Potonie and Kremp 1955 are more varied, project further from the
margin and do not form a reticulate pattern.

Occurrence. Present rarely in Leaf 1, present to infrequent rarely
in leaf 2. Present below the Thick Coal, occasional between Leaves
1 and 2.

Camptotriletes sp.A

Plate 11, figs. 1-4.

Size in micrometres. 34(38)43 (15 specimens) fum. HNO3+ various

leaves, Thick Coal, Longmeadow Wood Borehole, Warwickshire,
England; Westphalian B.

Description. Amb triangular, sides straight to slightly convex,

angles well rounded. Laesurae simple, straight, sometimes of
unequal length, with one ray longer or shorter than the others; 1/2
- 3/4 spore radius. Ornament of small scattered coni approximately
1 micrometre high and wide and low ridges 1 micrometre in height
and generally 3 = 4 micrometres long, although they can be up to
6.5 micrometres long. Sculptural elements are loosely and
irregularly spaced and barely modify the margin. A faint contact
area is sometimes present. Exine 1 - 1.5 micrometres thick with

folds very rare.

Comparison C.bucculentus (Loose) Potonie and Kremp 1955 is larger

and the ornament is coarser and more varied. In C. corrugatus
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(Ibrahim) Potonie and Kremp 1954 the ornament forms an imperfect

reticulate pattern. Lophotriletes cf. granoornatus Artuz in Peppers

1970 is similar but the coni are larger and it does not possess
ridges. C. sp.A is very similar to C. sp.A Nader 1983.
Occurrence. Present to occasional intermittently in leaf 1 and
rarély in Leaf 2, pfesent rarely in Leaf 4. Present between Leaves
1 and 2.

Subturma ZONOTRILETES Waltz 1935

Infraturma AURICULATI (Schopf) Dettmann 1963

Genus AHRENSISPORITES Potonie and Kremp 1954

Ahrensisporites guerickei (Horst) Potonie and

Kremp 1954

Plate 11, figs. 5-8.
Remarks. Kyrtomes are very prominent, continuous ridges 5 - 10
micrometres in width and height usually undulating. Exine 1.5 = 2
micrometres thick.
Comparison. The more continuous, wider, undulating kyrtomes

distinguish A.guerickei from Triquitrites protensus Kosanke 1950

which can also be smaller.
Occurrence. Present to occasional rarely in Leaf 1, present rarely
in leaves 2, 3 and 4. Present to occasional below the Thick Coal,
infrequent to occasional between Leaves 1 and 2.
Genus TRIQUITRITES (wWilson and Coe) Potonie and
Kremp 1954

Triquitrites protensus Kosanke 1950

Plate 11' figs. 9-120

Size in micrometres. (i) Holotype 38 x 36.5; 33.5-39 Schulze and

108 KOH (Kosanke 1950) (ii) 32(39)48 fum. HNO3 (Nader 1983)
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Northumberland, England; Westphalian B (iii) 34(40)48 (10

specimens) fum. HNO3+ Leaf 1, Thick Coal, Longmeadow Wood

Borehole, Warwickshire, England; Westphalian B.

Description. Amb triangular, sides straight to slightly convex,

angles rounded, truncate or undulating. Laesarae straight, simple,
extending nearly to inner margin of radial crassitude, usually
open. Development of radial crassitude variable in length and
height on any individual, generally 3.5 = 6.5 micrometres in height
(radial length) extending onto the distal surface in the form of
arcuate ridges. These ridges are usually variable in prominence
decreasing in height poleward; although occasionally forming a
faint kyrotome, they more usually occur as a loop-like structure.
" Exine 1-2 micrometres thick, laevigate or occasionally with rare
verrucae, compression folds absent.

Remarks. Specimens described in this study have a size range
extending from that gj.ven by Kosanke (1950) i.e. 33.5-39
micrometres to the one given by Smith and Butterworth (1967) i.e.
38-51 micrometres for T.protensus. According to Smith and
Butterworth (1967) this species, despite possessing distal arcuate

ridges, belongs to Triquitrites due to the presence of radial

crassitudes.

Occurrence. Present to common intermittently in Leaf 1, present
rarely in leaves 2, 3 and 4. Present below the Thick Coal, and
occasional between Leaves 1 and 2.

Trigquitrites tribullatus (Ibrahim) Schopf, Wilson

and Bentall 1944
Plate 11, figs. 13, 14.

Occurrence. Present to infrequent rarely in Leaf 1, present to
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common rarely in Leaf 2, present rarely in Leaf 3. Present between
Leaves 2 and 3.
Genus TANTILLUS Felix and Burbridge 1967

Type species. T.triguetrus Felix and Burbridge 1967

Diagnosis. (Felix and Burbridge 1967, p.383)

Comparison. Distinguished by its triangular distal thickening which
is more concave than the spore body and usually truncated at the
apices.

Tantillus triquetrus Felix and Burbridge

1967
Plate 11, figs. 15-18.

1967 Tantillus triquetrus. Felix and Burbridge, p.383-384,

pl.65, figs. 4, 5.
Holotype. Felix and Burbridge 1967, pl.65, figs. 4,5, slide
03V16=11(6). Location 40.8 x 110.1.

Type locality. Springer Formation, Southern Oklahoma, U.S.A.

Mississippian/Pennsylvanian.
Diagnosis. (Felix and Burbridge 1967 p.383).

Size in micrometres. (i) Holotype 18 x 18, 16.5 = 25, Schulze and

KOH (Felix and Burbridge 1967) (ii) 26.5(27)32 fum. HNO3+ (Nader
1983) Northumberland, England; Westphalian A and B. (iii) 16(22)37
(15 specimens) fum. HNO3+ various leaves, Thick Coal, lLongmeadow
Wood Borehole, Warwickshire, England; Westphalian B.

Description. Amb triangular, sides slightly concave or convex,

angles rouﬂhed sometimes expanded. Laesurae simple, slightly
flexuose, extending 3/4 spore radius, usually obscured by the
distal thickening. Distal thickening consists of a triangular area

located centrally, which may expand at one or more ot its apices to
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form a T-shaped structure, this expansion is equal to the width of
the body. Exine laevigate to granulate (average diameter 1 - 1.5
micrometres) to minutely spinose, 1 - 1.5 micrometres thick.
Remarks. The size range is larger than that given by Felix and
Burbridge 1967. This together with the size variation in ornament
may lead to further speciation of the genus as suggested by Ravn
(1979).
Occurrence. Present to infrequent rarely in Leaves 1 and 4, present
rarely in Leaves 2 and 3. Infrequent below the Thick Coal, present
between Leaves 1 and 2 and above the Thick Coal.

Infraturma TRICASSATI Dettmann 1963

Genus REINSCHOSPORA Schopf, Wilson and Bentall 1944

Reinschospora speciosa (Loose) Schopf, Wilson and

Bentall 1944
Plate 11, figs. 19, 20. ;
Occurrence. Present rarely in Leaves 1, 2 and 3, present to

infrequent rarely in lLeaf 4. Present beneath the Thick Coal.

Reinschospora triangularis Kosanke 1950

Plate 11, fig. 21.
Occurrence. Present rarely in Leaf 2.
Infraturma CINGULATI (Potonie and Klaus) Dettman 1963
Genus KNOXISPORITES (Potonie and Kremp)
Neves and Playford 1961

Knoxisporites triradiatus Hoffmeister,

Staplin and Malloy 1955
Plate 11, figs. 22, 23.

1955 Knoxisporites triradiatus Hoffmeister, Staplin and Malloy,

p0391' p1l37' figat 11-12.
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Holotype. Hoffmeister, Staplin and Malloy 1955, pl.37, fig. 12,
slide 6, ser. 18, 939.

Type locality. Shale at 2087ft Carter No. 3 borehole (TCQ-82)

Webster County, Kentucky, U.S.A; Hardinsburg Formation, Chester
Series.
Diagnosis. (Hoffmeister, Staplin and Malloy 1955, p.391).

Size in micrometres. (i) Holotype 80 x 86, HF (Hoffmeister, Staplin

and Malloy 1955) (ii) 48(56)64 fum. HNO3:+ (Nader 1983)
Northumberland, England; Westphalian B (iii) 42(49)58, HF and fum.
HNO3+ immediately below the Thick Coal, Longmeadow Wood Borehole,
Warwickshire, England; Westphalian B.

Description. Amb circular to rectangular, rarely rounded

triangular, margin smooth. Laesurae straight, extending to inner
margin of the cingulum, usually accompanied by 1lips up to 1.5
micrometres wide, and bifurcating into two short branches near the
margin (Plate 11, fig. 22). Egquatorial thickening (cingulum) is of
similar size on individual specimens but ranges between 2.5-7
(average 4.8) micrometres. On the distal surface are three muri
between 4-10 micrometres wide radiating from the distal pole, and
joining the cinqulum in the interradial areas. The muri are often
folded. Exine laevigate, occasionally folded.

Remarks. The specimens in this study are smaller than the holotype.

Comparison. K.hageni Potonie and Kremp 1954 possesses 3 muri on the

distal surface, which form a triangle with apices towards the
interradial areas of the margin, and enclose a circular unthickened
area at the proximal pole.

Occurrence. Present rarely in ILeaves 1 and 2. Present to frequent

below the Thick Coal.
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Genus RETICULATISPORITES (Ibrahim) Neves 1964

Reticulatisporites polygonalis (Ibrahim)

Smith and Butterworth 1967

plate 11, figs. 24-26.
Occurrence. Present rarely in Leaf 1, present rarely in Leaf 2.
Present between Leaves 1 and 2.

Reticulatisporites reticulatus (Ibrahim) Ibrahim 1933

Plate 11, figs. 27-29.
Occurrence. Present rarely in Leaves 1, 2 and 3. Present to
occasional below the Thick Coal, occasional between Leaves 1 and 2
and Leaves 3 and 4, present between Leaves 2 and 3. This is a zonal

index species used with Raistrickia fulva by Clayton et al. (1977)

to define the Namurian C.
Genus SAVITRISPORITES Bharadwaj 1955

Savitrisporites concavus. Marshall and Smith 1965

Plate 12' figs. 1-4.

1965 Savitrisporites concavus Marshall and Smith, p.661,

pl.99, figs. 9-12.
Holotype. Marshall and Smith 1964, pl.99, fig.9, Preparation T78/1.

Type locality. Non-coaly seatearth of Swallow Wood seam, Elsecar

Main Colliery, Yorkshire; Lower Westphalian B.
Diagnosis. (Marshall and Smith 1965)

Size in micrometres. (i) Holotype 43, 29(34)43 Schulze and 5% KOH

(Marshall and smith 1964) (ii) 24(28)37 (15 specimens) fum. HNOj3
Leaf 2, Thick Coal, Longmeadow Wood Borehole, Warwickshire,

England; Westphalian B.

Description. Amb triangular, often elongated, sides slightly to

strongly convex, angles pointed to narrowly rounded, margin smooth
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to slightly crenulate. Laesurae simply, straight, reaching inner
margin of cingulum, suture often open. Cingulum present with a
sharply defined inner margin, slightly uneven in width on any one
individual from 2.5 = 4.5 micrometres. Ornament variable between
apééimena although some is always present. On the distal surface,
inciuding the cingulum, these may be both ridges up to 5
micrometres wide, of variable length and verrucae up to 3.5
micrometres in width and height. On the proximal surface are ridges
of irregular width bordering the commissure, giving it an
undulating edge.

Rarely foveolae occur, encircling the body poleward of the cingulum
(Plate 12, Fig. 3). Exine about 1 micrometre thick.

Remarks. The specimens in this study are slightly smaller than
those of Marshall and Smith 1965 which may be explained by the
method of maceration.

Comparison. S.nux (Butterworth and Williams) Sullivan 1964 is

larger and typically convex, S.asperatus Sullivan 1964 is of
comparable size, but its sides are less concave, it is more heavily

ornamented and the exine is thicker. S.triangqularis Bharadwaj 1955

is larger, has straight sides, and possesses a heavier distal

ornament. Murospora kosankei Somers 1972 lacks ridges bordering the

commisure and the distal surface is not so heavily ornamented.
Occurrence. Present rarely in Leaf 1, present to occasional rarely
in Leaf 2, present intermittently in Leaf 3 and present rarely in
Leaf 4. Present to frequent below the Thick Coal and present
between Leaves 2 and 3.

Savitrisporites nux (Butterworth and Williams)

sullivan 1964

Plate 12, figs. 5-=7.
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Occurrence. Present to occasional rarely in Ieaf 1, present to
infrequent rarely in lLeaves 2 and 3, present rarely in Leaf 4.
Present to very common below the Thick Coal, occasional between
Leaves 1 and 2, present between lLeaves 2 and 3 and infrequent
between Leaves 3 and 4.

Savitrisporites sp.A

Plate 12, figs. 8, 9.

Size in micrometres. 31(41)43 (3 specimens) fum. HNO3+ Leaf 1 and

3, Thick Coal, Longmeadow Wood Borehole, Warwickshire, England;
Westphalian B.

Description. Amb triangular, sides straight, rarely slightly convex

or concave, angles pointed well formed. Laesurae simple, straight
extending nearly to the inner margin of cingulum. Cingulum 3 - 4.5
micrometres wide. Distal ornament of small coni, wvariable in size
on any one individual, up to 1 micrometre high and 1.5 micrometres
in diameter, fairly closely spaced without room for further
elements., On the proximal surface low ridges are sometimes
developed which may be associated with the laesurae, giving the
sutures the appearance of having lips. Exine thickened distally in
the central area, so that a thinner 2zone of exoexine about 1.5
micrometres wide exists between it and the cingulum. Marginal
compression folds sometimes present.

Comparison. Gravisporties densus Habib 1966 has more pronounced

folds around the laesurae, an ornament of grana and is larger i.e.

45-55 micrometres. Cuneisporites rigidus Ravn 1979 does not possess

a cingulum, there is no distal thickening and the ornament consists

of grana. Savitrisporites trianqulus Bharadwaj 1955 is larger and

has a much coarser ornament of coni.
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Occurrence Present rarely in 1ILeaves 1 and 3. Absent in
siliciclastic subsections.
Suprasubturma LAMINATITRILETES Smith and
Butterworth 1967
Subturma AZONOLAMINATITRILETES Smith and
Butterworth 1967
Infraturma TUBERCULORNATI Smith and
Butterworth 1967
Genus GRUMOSISPORITES Smith and
Butterworth 1967

Grumosisporites varioreticulatus (Neves)

smith and Butterworth 1967
Plate 12, figs. 10, 11.

Ocvcurrence. Present rarely in Leaves 1 and 2. Absent in

siliciclastic subsections. This is a zonal index species used with

LY

Crassispora kosankei by Clayton et al.(1977) to define the Namurian

B.
Genus DIAPHANOSPORA (Balme and Hassel) Evans 1970

Type species. D.riciniata Balme and Hassel 1962

Diagnosis. (Evans 1970, p.68 amended from Balme and Hassel 1962)

Remarks. Balme and Hassel (1962) erected the genus Diaphanospora to

accommodate spores of similar morphology to Perotrilites Couper

1953 but which were considerably older, although some species of

Lower Carboniferous age have been assigned to Perotrilites (see

discussion in Peppers 1970 and Ravn 1979). Evans in his emendation

of Diaphanospora stressed the tenuous nature of the outer membrane

and did not use the term perispore. The use of the term perispore

when describing fossil material is not recommended following Grebe
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(1971). In this study the term exoexine is used to describe the
outer membrane, whilst the term intexine is used to describe the
coat of the spore body. As mentioned by several authors (Peppers
1970, Ravn 1979, Ravn and Fitzgerald 1982) the taxonomy of cavate

spores of this type (including Hymenospora) is difficult and in

need of further study.

Comparison. Differs from Hymenospora in possessing a thinner,

membranous, hyaline exoexine and in the manner of attachment of
exoexine to intexine.

Diaphanospora parvigracila (Peppers) Ravn 1979

Plate 12, figs. 12-15.

1970 Perotriletes parvigracilus Peppers, p.128, pl.13, figs. 5-7.

1979 Diaphanospora parvigracila (Peppers) Ravn, p.48, pl.18, fig.

11).
Holotype. Peppers 1970, pl.13, fig. 5. Preparation 1133-E, slide

37, co-ordinates 130.1 x 42.2.

Type locality. Uncorrelated coal beds between Colchester (No. 2)
and Cardiff Coals, Carbondale Formation, Illinois, U.S.A;
Pennsylvanian.

Diagnosis. (Peppers 1970 p. 128).

Size in micrometres. (i) Holotype 45.8 x 40.6, 42.5 = 52.3 Schulze

and 5% KOH (Peppers 1970) (ii) Body 29(35.2)43, overall dimensions
39(42.1)48 fum. HNO3 (Nader 1983) Northumberland, England;
Westphalian A and B. (iii) Body diameter, average 22(34)49, overall
dimensions average 26(38)51 (6 specimens) fum. HNO3 Leaves 1 and
2 and immediately below the Thick Coal, Longmeadow Wood borehole,
Warwickshire, England; Westphalian B.

Description. Amb oval to rounded triangular, margin smooth. Exine
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differentiated into two layers. Intexine 1 - 1.5 micrometres thicke.
Laesurae distinct, simple, straight, all variable in length on any
one individual from 1/2 to nearly full spore radius. Often one
angle between two of the laesurae is much smaller than the others.
The commissure is usually closed and accompanied by narrow lips
less than 1 micrometre wide. Exoexine is less than 0.5 micrometres
thick, translucent, usually extending less than 1 micrometre beyond
the margin of the intexine, rarely up to 3 micrometres. The
exoexine is frequently folded distally with few folds proximally.
Ornament of the exoexine is confined to a few scattered grana, that
of the intexine cannot be determined because it is obscured by the
exoexine. Compression folds rare.

Remarks. Most of the specimens observed in this study are smaller
than those previously observed, the intexine is slightly thinner,
and generally the laesurae are of different length with a smaller
angle between two of them.

Comparison. D.sp.A is more heavily ornamented with grana, has a
much greater number of larger folds, a slightly thicker intexine
and the exoexine generally extends further beyond the margin of the
intexine.

Occurrence. Present rarely in Leaves 1 and 2. Present below the
Thick Coal.

Diaphanospora sp.A

Plate 12, figs. 16-20

Size in micrometres. Body diameter average 36(41)48, overall

diameter average 41(46)54 (8 specimens) fum. HNO3» feaves {1 and

2, Thick Coal, Longmeadow Wood borehole, Warwickshire, England;

Westphalian B.
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Description. Amb oval to rounded triangular margin crenulate. Exine

differentiated into two layers. Intexine usually 2-4 micrometres
thick, rarely up to & micrometres. Exoexine is less than 0.5
micrometres thick, translucent‘ extending up to 2.5 micrometres
beyond the margin of the intexine. Laesurae distinct simple,
straight, sometimes variable in length on any one individual from
1/3 to 3/4 spore radius often with associated folds. Often one
angle between two of the laesurae is much larger or smaller than
the others. The commissure is usually open and rarely accompanied
by narrow lips. The exoexine is heavily folded distally with fewer
folds proximally and it forms the crenulate margin of the spore.
Ornament of the exoexine consists of fairly closely spaced grana
about 1 micrometre in heig.ht and diameter, that of the intexine
cannot be determined because it is obscured by the exoexine.
Compression folds rare.

Comparison. Dsp.1 Ravn (1979) is larger, the exoexine extends
further beyond the margin of the intexine and the laesurae are of
equal length. D.sp.1 Ravn and Fitzgerald (1982) is laevigate
distally and more rounded triangular in shape. D. sp. B Nader
(1983) is slightly smaller, not so heavily ornamented, and the
exoexine does not extend very far from the margin of the intexine.
Occurrence. Present rarely in Leaves 1 and 2. Present below the
Thick Coal.

Genus HYMENOSPORA Neves 1961

Type species. H. palliolata Neves 1961

Diagnosis. (Neves 1961 p.270) "Trilete iso-or microspores;

equatorial outline circular to subcircular. The exo-exine is
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attached to the int-exine in the region of the trilete mark. In .
addition the exoexine is deeply furrowed, and along the troughs of
the furrows the two membranes are still in contact. In the
compressed spores the exo-exine projects beyond the body margin as
a iaevigate, membranous zone.,"

Ccméarison. The more rigid exoexine distinguishes species of

Hymenospora from those of Diaphanospora.

Hymenospora multirugosa Peppers 1970

Plate 12, figs. 21-25.

1970 Hymenospora multirugosa Peppers, p.120, pl.13, figs. 8, 9.

Holotype. Peppers 1970, pl.13, fig. 8. Preparation 1384-U, slide
12, co-ordinates 125.6 x 43.1.

Type locality. Danville (No. 7) Coal, Carbondale Formation,

Illinois Basin; Pennsylvanian.

Diagnosis. (Peppers 1970. p.129).

Size in micrometres. (i) Holotype body 29.3 x 32.5, overall size

35.1 x 39.0, maximum diameter - body 32.5(33.5)39 =~ overall
dimensions 35.8(42)45.8, Schulze and 5% KOH (Peppers 1970) (ii)
body 21(25)30.5, overall dimensions 25.5(29.1)36 fum. HNO3 (Nader
1983) Northumberland, England; Westphalian A. (iii) maximum
diameter body 21(25)34 overall dimensions 26(31)44 (12 specimens)
fum. HNO3 ©Leaf 2, Thick Coal, Longmeadow Wood borehole,
Warwickshire, England; Westphalian B.

Description. Amb oval to circular or rounded triangular, margin

smooth to gently undulating. Exine clearly differentiated into

intexine and exocexine. Intexine 1 -~ 1.5 micrometres thick, about
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5/6 the radius of the exoexine, with laesurae simple, straight, 3/4
spore radius, often open. Occasionally narrow lips are present.
Ornament of the intexine cannot be determined with certainty
because it is concealed by the exoexine. Exoexine about 1
micrometre thick, with common folds in the polar areas especially
on the distal surface. They become fewer toward the margin so that
it is smooth. Ornament of grana about 0.5 micrometres in diameter,
closely spaced in the polar area but some present near the margin.
Compression folds rare.

Remarks. Neves (1961) in his diagnosis of the genus concentrates on
the furrows which are long, extending beyond the margin of the

spore body. Peppers (1970) in his diagnosis of H. multirugosa makes

no reference to furrows and none were seen in the present study.
Also Peppers considers the outer membrane to be a perispore,
although Neves in his diagnosis of the genus Hymenospora regards it
as an exoexine. Some of the specimens observed in this study were
smaller than those previously observed by the authors mentioned
above. ‘

Comparison. H.paucirugosa Peppers 1970 is larger and in both this

species and H.cf.paucirugosa the spore Dbody is indistinct.

H.caperata Felix and Burbridge 1967 has a smaller body and a
greater number of folds. (For comparison of species of

Diaphanospora with Hymenospora see Peppers 1970 p.129).

Occurrence. present to occasional rarely in Leaves {1 and 2, present
rarely in lLeaves 3 and 4. Occasional below the Thick Coal.

Hymenospora paucirugosa Peppers 1970

1970 Hymenospora paucirugosa Peppers, pl.30, p.13, figs. 10-13.
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Holotype. Peppers 1970, pl.13, fig. 10. Preparation 954-Ee, slide
18, co-ordinates 137.6 x 36.3.

Type locality. Colchester (No.2) Coal, Carbondale Formation,

Illinois Basin, Pennsylvanian.

Diagnosis. (abbreviated from Peppers 1970 p.130) Amb circular,
rounded triangular to elliptical often folded. The spores are
divided into a perispore 1 micrometre or 1less thick, which is
closely attached, especially on the proximal surface to an
indistinct body. Larger specimens seldom display any evidence of a
body. The laesurae are distinct and variable extending 3/4 to
nearly full radius of the body, often one ray is shorter than the
others and the ends may bifurate. The commissure may be hordered/by
lips about 2 micrometres wide. The body is probably laevigate; the
perispore is externally laevigate but finely infrapunctate to
infrareticulate. The central portions of the proximal and more

especially the distal sides are set with small anastamosing folds.

Size in micrometres. (i) Holotype body 54.0 x 54.0, overall size

62.1 X 65.0, overall size range, maximum diameter 55.3(67.3)82.6
Schulze and 5% KOH (Peppers 1970).

Hymenospora cf.paucirugosa

Plate 12, figs. 26=28.

Size in micrometres. Maximum diameter = intexine 34(41)51, =

overall dimension 39(46)54 (16 specimens) fum. HNO3 Leaves 1 and
2, Thick Coal, Longmeadow Wood borehole, Warwickshire, England;
Westphalian B.

Description. Amb circular to rounded triangular rarely elliptical.

Exine indistinctly differentiated into intexine and exoexine.
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Intexine probably 1 micrometre or less thick, about 9/10 the radius
of the exoexine. Laesurae are simple, straight, extending 1/2 to
3/4 radius of the exoexine although one may be shorter than the
others. Often they are obscured by folds. Ornament of the intexine
cannot be determined with certainty because it is concealed by the
exoexine. Eocexine about 1 micrometre thick with common folds in the
polar area (especially on the distal surface) becoming fewer toward
the margin. Ornament of grana about 0.5 micrometres in diameter,
loosely scattered over the surface of the excexine, but more
closely spaced toward the centre. Compression folds common.

Comparison. H.paucirugosa Peppers 1970 is larger although this may

be due to the different method of maceration.
Occurrence. Present to occasional rarely in Leaf 1, present rarely
in lLeaves 2 and 3. Present below the Thick Coal and occasional
between Leaves 1 and 2.

Subturma ZONOLAMINATITRILETES Smith and Butterworth 1967

Infraturma‘CRASSATI (Bharadwaj and Venkatachala)

Smith and Butterworth 1967.
Genus CRASSISPORA (Bharadwaj) Sullivan 1964

Crassispora kosankei (Potonie and Kremp) Smith and

Butterworth 1967

Plate 12, figs. 29-31.
Remarks. Ravn (1979) made C.plicata Peppers 1970 in part synonymous
with C.kosankei but excluded another part because it was
conspecific with C.annulata Ravn 1979.
Occurrence. Present to very common throughout leaves 1 and 4,
present to abundant throughout leaves 2 and 3. Infrequent to

frequent below the Thick Coal, freguent between Leaves 1 and 2,

84



common between Leaves 3 and 4 and abundant above the Thick Coal.
Used by Clayton et al. (1977) as a 2zonal index species with

Grumosisporites varioreticulatus for the Namurian B of Western

Europe.
Infraturma CINGULICAVATI Smith and Butterworth 1967
Genus SIMOZONOTRILETES (Naumova) Potonie and Kremp 1954

Simozonotriletes intortus (Waltz) Potonie and Kremp 1954

Plate 13, figs. 1-3.
Remarks. Sullivan (1958) described nine different varieties of the
species on the basis of modifications in sculpture. These
modifications were not considered enough to define new species. In
this work the following varieties have been observed, S. intortus

var. concavus, S. intortus var. intortus and S. intortus var.

polymorphosus.

Occurrence. Present to infrequent rarely in leaf 1, and present
rarely in Leaf 2. Present between lLeaves 1 and 2 and Leaves 3 and
4.
Genus DENSOSPORITES (Berry) Butterworth, Jansonius, Smith and
Staplin, 1964

Type species. D. convensis Berry 1937

Diagnosis. (Smith and Butterworth 1967, p.238, from Butterworth,
Jansonius, Smith and Staplin in Staplin and Jansonius 1964 p.101).

Comparison. Cingulizonates (Dybova and Jachowicz) Butterworth et

al. 1964 is distinguished by the presence of a cuesta, although

certain laevigate individuals of D. sphaerotriangularis are

similar., Radiizonates Staplin and Jansonius 1964 possesses radial

plications on the cingulum.

Cristatisporities (Potonie and Kremp) Butterworth et al. 1964 is

distinguished by its more prominent ornament which occurs as
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cristae on the cingulum, ornament which is undifferentiated between

the central area and cingulum on the distal surface, and its
irregular outline; certain individuals of a population of D. cf.
duriti (Plate 13, fig. 19) resemble certain individuals in a
population of C. connexus.

Tholisporites Butterworth and williams 1958 is distinguished by the

presence of a patina, but certain individuals in a population of D.

cf. anulatus (Plate 13, fig. 7) and D. cf. triangularis (Plate 14

fig. 22) have much thicker excexines in the distal polar area.
Lycospora (Schopf, Wilson and Bentall) Somers 1972 is distinguished
by its cunieform cingulum which does not extend far equatorially,
but certain individuals in a population of D. gracilis have a
similarly narrow cingulum (Plate 13, fig. 24, 25).

Asperispora Staplin and Jansonius 1964 is distinguished by its

indistinct intexine, distinct sutural ridges, distal setose coni or
verrucae and small width of cingulum, some individuals in a
population of D. cf. du.riti resemble this description.

Murospora Somers 1952 is distinguished in patellate forms by a
thickened exoexine in the central distal area, whilst in capsulate
forms the proximal central area is also thickened; certain
individuals in a population of D. cf. anulatus resemble this genus.

Cincturasporites Hacquebard and Barss 1957 is distinguished by its

thick exoexine, abrupt thickening of the cingulum (which is smaller
in radius than the central area) and distinct laesurae.

Labiadensites Hacquebard and Barss 1957 4is distinguished by

laesurae with prominent 1lips and its much larger size.

Tendosporites Hacquebard and Barss 1957 is distinguished by a wedge

shaped elongate cingulum that tapers to a thin edge at the equator.
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Monilospora Hacquebard and Barss 1957 is distinguished by cusp

shaped depressions on the outer half of the cingulum and a

crenulate margin.

Tumulispora and Clivosispora Staplin and Jansoniuas 1964 are both
distinguished by a thick exoexine which bears large bosses or
various arrangements of warts.

Minimasporites Jachowicz 1972 is distinguished by an increase in

thickness of the exoexine in the central area between the laesurae,
although certain individuals in a population of D. cf. anulatus
(pPlate 13, fig. 9) resemble this description.

Remarks. Although the genus Densosporites was first validly

proposed by Berry in 1937 the existence of thick walled spores with
a thin central area had already been noted by Reinsch (1884). The
description and illustration of the type species D. covensis Berry
1937 would today be considered inadequate and the type slide has
been destroyed. Spores within the genus were "characterised by a
thick opaque wall, thickness about 1/3 diameter of the spore,
central portion clear, no triradiate split". Emendation of the
genus by Schopf, Wilson and Bentall (1944) included forms now

assigned to Cristatisporites and Cingulizonates; Potonie and Kremp

(1954) excluded unornamented species (including the type species D.

covensis), which they assigned to the genus Anulatisporites;

Staplin and Jansonius (1964) noted the difference between laesurae
and sutural ridges, and the emended diagnosis of Butterworth et al.
in staplin and Jansonius (1964) - see above, forms the basis for

recognising the genus Densosporites in this work. Unfortunately in

their emendation no mention is made of the increased thickness of

the zona, as the term had been previously described (p.98) as being
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either 1light or dark, the latter not necessarily a function of
thickness. This was clarified by Smith and Butterworth (1967), who
made the term zona used in the emendation synonymous with cingulum

as defined on p.115-116. The genus Anulatisporites is no longer

required, as forms within this genus now fall within the genus

Densosporites.

The terms used in the description of the genus generally follow
Grebe (1971). The existence of an inner layer (intexine) was
discovered by Stach and Zerndt (1931) and it is separated from the
outer layer (exoexine) which means that denscospores are cavate.
This particular form of cavate is termed camerate, as _the
separation is not accompanied by a columellate infrastructure. This
morphological arrangement was demonstrated by Smith (1960) by means
of thin sections and specimens with the exoexine partially
destroyed. On examination of a slide containing densospores the
proximal polar part of the exoexine is often missing. A number of
terms have been applied to the egquatorial thickening of the
exoexine, Staplin and Jansonius (1964) used the term 2zona to
describe "a relatively wide rim extending beyond the margin of the
intexine including equatorial centrifugal -extensions in excess of
the normal exoexinal thickness", In this study the term cingulum
will be used as defined by Smith and Butterworth (1967) - "a
thickening of the exine or exoexine more or less confined to the
equator ... in cross section the outer edge of the cingulum may be
rounded or cunieform". It is thus distinguished from other types of
equatorial extension viz, crassitude - a localised thickening of

the exine usually rounded in cross-section as in Knoxisporites, or

with a gradational inner margin as in
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Crassispora; or the opposite viz. zona - an equatorial membraneous
extension of the exine or exoexine which is thickened very little

at the base as in Cirratriradiates. The width of the cingulum is

measured from the poleward edge of the exoexinal thickening to the
equator, and the total widfh of cingulum is divided by the total
spore diameter and expressed as a percentage.

Different species display a wide variety of sculpture although
generally they are laevigate proximally, and distally sometimes the
ornament on the cingulum differs slightly from the ornament on the
central distal area.

Two of the problems which impede the differentiation of species of

Densosporites are poor preservation and the gradation of

morphological characteristics. Difference in sculpture is the chief
means of distinguishing the species and the fact that there are
gradations in this and other morphclogical characteristics between

species of Densosporites make this task formidable. Corrosion of

individual species as a consequence of either chemical or
bacteriological action may result in the formation of vacuoles or

pits. The genera characterised by these i.e. Hymenozonotrileles

Naumova 1953 and Vallatisporites Hacquebard 1957 have been excluded

from the comparison of genera, as the vacuoles may be secondary,
and to compare them it would be necessary to examine the type
material. Individuals with vacuoles have been found from all of the

Densosporites species recognised in this study, and this is also

the case for individuals of other species e.g. Savitrisporites

concavus (Plate 12 fig. 3) and Laevigatisporites minor (Plate 17,
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fig. 16). Species of Densosporites in which vacucles form part of the

diagnosis have also been excluded from comparison in this study for

the same reason as the genera above. These include D. ruhus Kosanke

1950, Anulatisporites bacatus, A. coronarius, A. coronatus and A.
sacculatus Dybova and Jachowicz 1957, D. variabilis (Waltz) Potonie

and Kremp 1956, D. formosus Artuz 1957, D. irregqularis Hacquebard and

Barss 1957 and.g. cavus Urban 1971.

Densosporites anulatus (Loose) Smith and Butterworth 1967

Remarks. The mean cingulum width given by Smith and Butterworth (1967)

is between 29-43% of the mean spore diameter.

Densosporites cf. anulatus

Plate 13, figs. 4.14.

Size in micrometres.

Average Average ' 2Cx100
Spore Cingulum D
Diameter(D) width (C)

(i) 25.6(32.4)39.2 ©4.0(5.5)7.2 30(34)42

(23 specimens) fum.HNO3 Leaf 4

(ii) 24.0(30.9)36.4 2.4(4.6)6.8 20(30)44
(20 specimens) fum.HNO3 Leaf 2

(iii) 19.2(31.8)36.8 3.2(5.8)8.0 26(36)46
(21 specimens) fum.HNO3 Leaf 1

(i) to (iii) from the Thick Coal, Longmeadow Wood borehole,
Warwickshire, England; Westphalian B. The three populations examined
demonstrate a close relationship in cingulum width : diameter % and
spore diameter | (Fige 6.+1.A=C), 80 that the composite confining

envelope is not much bigger than the individual component populations

(Fig- 6-10D)-
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Description. Amb polygonal, circular, oval or rounded triangular.

Margin smooth, occasionally some specimens have coni projecting from
it. Laesurae generally indistinct except where central body is
thicker, sometimes ridged, straight or slightly flexuose extending to,
or just beyond the inner margin of the cingulum. Intexine thin
laevigate. Central area of exoexine usually thin but occasicnally
thickened both proximally and distally, sometimes between the
laesurae; laevigate. Cingulum narrow, generally uniform in width, mean
between 30-36% of spore diameter, only tapering slightly in thickness
towards the equator: proximally and distally laevigate, but
occasionally the distal surface may possess rare grana, or coni up to
1-5 micrometres high and wide with rounded apices, or verrucae up to 1
micrometre high and 3 micrometres wide with flattened apices.

Comparison. D. anulatus (Loose) Smith and Butterworth 1967 whose
populations were taken from Westphalian A or older strata, is
completely laevigate, no mention is made of thickening of the
exoexine in the centrall area and the cingulum width is larger. D.
gracilis Smith and Butterworth 1967 differs in possessing abundant

ornament on both the central body and cingulum. D. cf. triangularis is

larger with a wider cingulum (Fig. 6.7) D. simplex Staplin 1960 is
minutely granulose distally on the cingulum and has prominent raised

lips. Minimasporites minimus Jachowicz 1972 has a thickened exoexine

in the central area and some specimens of D. cf. anulatus resemble
this description. (Plate 13, fig. 9).

Occurrence. Present to common intermittently towards the top of Leaf
1, present to very abundant especially towards the top of Leaf 2,
present to very common throughout Leaf 3 and at the top of Leaf 4.

Infrequent to frequent below the Thick Coal, freguent to abundant
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between lLeaves 1 and 2, common between Leaves 2 and 3, and frequent
above the Thick Coal.

Densosporites duriti Potonie and Kremp 1956

1956 Densosporites duriti Potonie and Kremp p.117, pl.18, figs.

383, 384.
Holotype. Potonie and Kremp 1956 pl. 18, fig. 383.

Type locality. Zollverein seam, Friederich Heinrich Mine, Ruhr,

Germany; Essener Schichten, Westphalian B.

Diagnosis. (from Potonie and Kremp 1956 p.117, abbreviated
translation) Amb irregularly triangular to subtriangular, margin
smooth, occasionally modified by ornament. Laesurae unclear.
Cingulum of uniform width, not divided into a light and dark zonej;
ornamented loosely with blunt coni and ? verrucae (hockern). About
15-20 coni occur in the central area.

Size in micrometres. Holotype 68, 45-70 Schulze and KOH (Potonie

and Kremp 1956).

Densosporites cf. duriti

Plate 13, figs. 15-23.

Size in micrometres.

Average Average 2Cx100

Spore Cingulum D

Diameter(D) width (C)

33.6(43.7)60.0 6.0(9.0)14.0 29(41)54 (22
specimens)

fum.HNO3 Leaf 1, Thick Coal, Longmeadow Wood Dborehole,
Warwickshire, England; Westphalian B. (See also Figs. 6.2 and 6.7).

Description. Amb rounded triangular to oval or circular, rarely

polygonal. Margin variably modified either by large scallop shaped
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curves up to 8 micrometres wide and 5 micrometres high with a cone at
the apex, or often smaller scallops, or sometimes modified only by
small coni. Laesurae vary from simple to ridged and straight to
slightly flexuose, extending up to halfway across the cingulum,
Intexine thin, laevigate. Central area of exoexine thin, proximally
laevigate, distally with loosely scattered coni up to 2 micrometres
high and 2.5 micrometres wide with rounded or pointed apices,
occasionally pilate or galeate. Usually there are small coni up to 1.5
micrometres high and wide with pointed apices, although often the
ornament on individual specimens is of similar size. Cingulum varies
in width, mean 42% spore diameter, varying between tapering gently to
only tapering slightly in thickness towards the eguator: proximally
laevigate; distally with the same ornament as the central area
together with poorly defined ridges on some specimens. The exoexine of
the central area is thicker distally than proximally.

Remarks. Specimens show a wide variety of shape, equatorial
modification and ornament, although sharp coni appear to characterise
the species. It may be significant that where more than 1 specimen was

found Cristatisporites connexus also occurred within that population.

Comparison. D. duriti Potonie and Xremp 1956 differs in being larger,

and the ornament is larger and more blunt. D, cf. duriti is

distinguished from D. sphaerotriangularis Kosanke 1950 either by the

lack of a divided cingulum, or modification of the margin. It is also
slightly larger with the cingulum forming a smaller % of the spore
diameter (Fig. 6.7). It is distinguished from D. gracilis Smith and
Butterworth 1967 by its larger sgize and the cingulum forming a larger
% of the spore diameter (Fig. 6.7). The smaller size, lack of joined

verrucae and the cingulum forming a smaller % of the spore diameter
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distinguish it from Cristatisporites connexus Potonie and Kremp

1955. D. spinosus Dybova and Jachowicz 1957 resembles those
specimens which have mostly small pointed coni. D. spackmanii Habib
1966 differs in possessing large distal verrucae which modify the
outline more than D. cf. duriti. D. regalis (Bharadwaj and
Venkatachala) sSmith and Butterworth 1967 and D. aseki Potonie and

Kremp 1956 are larger. D. goniacanthus Dybova and Jachowicz 1957a

resembles some of the less sculptured forms. D. glandulosus Kosanke

1950 is smaller with a more strongly divided cingulum, but the
ornament resembles that found on some of the specimens of D. cf.
duriti.

Occurrence. Present to very common intermittently towards the top
of Leaf'1, present rarely in Leaf 2, frequent to common rarely in
Leaf 3, present rarely in Leaf 4. Present to occasional below the
Thick Coal and present between Leaves 1 and 2.

Densosporites gracilis Smith and Butterworth 1967

Plate 13; figs- 24-300

Size in micrometres.

Average Average 2Cx100
Spore Cingulum D
Diameter(D) width (C)
(i) Holotype 35, = fum.HNO3 (Smith and
27(35)42 4(6)10 Butterworth 1967)

Dicky Gobbler seam,
Derbys, England;
Westphalian B.
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Fig. 6.3 Densosporites gracilis : Analysis of 2 x Cingulum (C) wiéth/erv. diameter

(D)_% plotted against average diameter for populations indsubsections
showing confining envelope and line of best fit for data points
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(ii) 28(34)38 5(6)8 fum,HNO3 (Smith and
Butterworth 1967)
Barncraig Seam,
Michael Colliery, East
Fife Coalfield,
Scotland;
Westphalian B
(iii)23.2(29.8)39.2 2.8(4.8)7.2 24(32)45 (20 specimens)
fum.HNO3 Leaf 2

(iv) 26.4(31.7)37.6 3.2(5.7)7.6 27(36)46 (24 specimens)
fum.HNO3 reaf 1

Both (iii) and (iv) from the Thick Coal, Longmeadow Wood borehole,
Warwickshire, England; Westphalian B. The two populations examined
demonstrate a close relationship in cingulum width : diameter % and
spore diameter (Fig. 6.3.A,B) so that the composite confining envelope
is not much larger than the individual component populations (Fig.
6.3.C). |

Description. Amb rounded triangular, occasionally oval, circular or
polygonal. Margin usually modified either by small indentations or
occasionally by cones, rarely smooth. Laesurae not usually visible,
straight, sometimes ridged, usually extending onto the cingulum.
Intexine thin laevigate. Central area of exoexine thin, laevigate or
finely granulate proximally, mostly apiculate distally. This ornament
is fairly loosely spaced and varies between specimens, from coni 1~1.5
micrometres high and wide with pointed apices to a mixture of these
elements with coni 1 micrometre high and 2 micrometres wide with blunt
apices. Occasionally small spinae up to 1 micrometre high are present,
loosely and irregularly scattered. Cingulum narrow, generally uniform
in width, mean between 32-36% of total diameter tapering gradually in
thickness towards the equator: usually laevigate proximally; apiculate
distally with similar elements to those found in the central area, but
often sgpecimens have larger coni up to 4 micrometres high and 5

micrometres wide with pointed apices, widening at the base and

sometimes joined to other coni. The larger elements are close together
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with smaller elements loosely and irregularly scattered. The exoexine
of the central area is thicker distally than proximally.

Remarks. The laesurae where visible appear to be straight and not
fquuose and the mean cingulum width given by Smith and Butterworth
1967 is between 34-35% of the mean spore diameter.

Comparison. D. gracilis is distinguished from D. sphaerotriangularis

Kosanke 1950 by its smaller size, narrow cingulum (Fig. 6.3.8) and
smaller pointed ornament. D. cf. anulatus differs in being less
ornamented. D. lori Bharadwaj 1957a has a wider bizonate cingulum
although some specimens seen in this study resemble this description.

D. microcarbonicus (Artuz) Somers 1972 may be synonymous with D.

gracilis, because although the ornament in pl. V, fig, 31b (drawing of
photograph by Artuz) is described by Artuz 1957 as punctate, that
shown in pl. V figs. 31a (photograph) is noticeably coarser and
resembles small cones.

Occurrence. Present to common rarely in Leaf 1, present to very
abundant especially towards the top of Leaf 1, occasionally to very
common throughout Leaf 3, present to very common towards the top of
Leaf 4. Present to frequent below the Thick Coal, occasional to common
between Leaves 1 and 2, fregquent between Leaves 2 and 3, infreguent
above the Thick Coal.

Densosporites granulosus Kosanke 1950

1950 Denso-sporites granulosus, Kosanke, p.32, pl.6, fig. 8.

Holotype. Kosanke 1950, pl.6, fig. 8, maceration 625-A, slide 6.

Type locality. Willis Coal Bed, Gallatin County, Illinios, USA.

Diagnosis. (abbreviated from Kosanke 1950) Amb circular, laesurae
indistinct sometimes extending onto equatorial portion. Proximal

surface covered in small blunt granulose structures. Egquatorial
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portion of spore coat is over 40% of the diameter.

Size in micrometres. Holotype 52.5 x 48.3, 45-56 Schulze and 10% XOH

(Kosanke 1950).

Densosporites cf. granulosus

Plate 14, figs. 1-10.

Size in micrometres.

Average Average 32;100
Spore Cingulum D
Diameter(D) width (C)

(i) 28.8(35.7)46.4 11.2(15.6)22.4 36(44)51 (22 specimens)
’ fum, HNO3 Leaf 1

(ii) 28.8(37.7)48 12.8(16.6)20.8 38(44)53 (20 specimens)
fum. HN03 Leaf 1

(ii) and (iii) from the Thick Coal, Longmeadow Wood borehole,
Warwickshire, England; Westphalian B. The two populations examined
demonstrate a close relationship in cingulum width : diameter % and
spore diameter (Fig. 6.4.A,B) so that the composite confining envelope
is not much larger than the individual component populations (Fig.
6.4.C)e

Description. Amb rounded triangular to circular, oval or rarely
polygonal, margin smooth to minutely indented. Laesurae rarely
visible, indistinct, simple, straight often open, extending from just
onto the cingulum to near the eguator. Intexine thin laevigate.
Central area of exoexine thin, proximally laevigate, distally
ornamented with grana or minute coni with rounded apices up to but
generally less than 1 micrometre high and wide, closely spaced with
just enough space for further elements. Rarely there may also be
minute spinae. Cingulum generally uniform in width, mean 44% of total
diameter, tapering gradually in thickness towards the equator,

sometimes poorly divided into an inner thickned and outer thinner
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part: proximally laevigate; distally the ornament "is similar to the_
central area, but with occasional coni up to 1.5 micrometres high and
wide.

Comparison. D. granulosus Kosanke 1950 is slightly larger and the
grana occur on the proximal surface. D. cf. graulosus is distinguished
from other species in this study by its consistent ornament of grana

and minute blunt coni. D. microsilvanus Artuz 1957 and D. sp. Artuz

1963 are both larger (former 45-52, latter 40-55 micrometres) and have
wider cinguli (former 50%, latter 60% spore radius). D. granulatus
Dybova and Jachowicz 1957 is slightly larger (mean 45 micrometres).
D. hispidus Felix and Burbridge 1967 differs in that the distal
ornament is composed'of grana in the central area and bristle like
spinae on the cingulum about 1 micrometre in length. - |
Occurrence. Present to very abundant towards the top of Leaf 1,
present to infrequent rarely in Leaf 2, present rarely in Leaf 3.
Infrequent to ocgasional below the Thick Coal, frequent between Leaves
1 and 2. .

Densosporites sphaerotriangularis Kosanke 1950

Plate 14, figs. 11-20.

Size in micrometres.

Average Average 2Cx100
Spore Cingulum D
Diameter(D) width(cC)

(i) Holotype Schulze and 10% KOH
50.4x48.3 (Kosanke 1950) Illinois,
46-59 USA; Tradewater Group

(ii) 39(47)60 7.5(11)17 fum.HNO3, Somerset,

England; Westphalian D
or Stephanian A
(iii)26(50)59 5(12)18 fum. HNO3, East Fife,

Scotland; Upper
Westphalian B
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(vi) 40(47)61 8(12)17 fum. HNO3, Durham,
England; Lower
Westphalian B

(v) 38(47)59 . 8(12)1e fum. HNO3, Warks,
England; Upper
Westphalian A

(vi) 36.0(41.1)50.4 6.8(9.9)14.0 36(48)63 (21 specimens) fum.
HN03; Leaf 4.

(iix)33.6(40.6)48  6.8(9.1)12.8 37(45)58 (20 specimens) fum.
HNO3, Leaf 1

(ii) to (v) from Smith and Butterworth (1967)

(vi) to (viii) from the Thick’ Coal, Longmeadbw Wood Borehole,

Warwickshire, Engiand: Westphaliaﬁ B: The fhree popﬁlationa examined

demonstrate a close relationship in cinguium width : diameter % hﬁd

spore diameter iFig. 6.5.A-C) so that the composite confining envelope

is not much larger than thé individual co@pdnent poPGIatioﬂ; (Fig.

6+5.D) s

Deaéfiption. Amb rounded triangular fb circular, occasionally oval or

polygonal; margin smooth or ﬁiightly unéulating. Laesurae with narrow
ridges, flexuose, generally extendiné halfway across the cingulum,
rarely extending either only to the inner margin of the cingulum or to
the equﬁtor. Intexine thin laevigate. Central area of exoexine thin;
proximally iaeviaate or finely granuiate, distally with looseiy
scattered verrucae ﬂb‘fo'zlmicfometres high and 6 micrometres wide and
coni generally 2.0 micrometres high and 3 micrometres wide with blunt
apices. Cingulmm irregular in width, mean between 45-57% of spore
diameter, often divided Jinto .an inner thicker part and an 6uter
thinner pafﬁ or gradua11§ tapering iﬁ thickness towards the eguator;
proximally laevigate; disfally with the same loosely spaced ornament
as the central area,'aithough the verrucae may be larger -‘up to 5

micrometres high and 11 micrometres '1ong 4and there may be sﬁall

pointed coni about 1 micrometre high and wide, very loosely
104



scattered. The exoexine in the central area is slightly thicker
distallf than pfbximally. |

Remarks. The mean size range --is slighi:ly smahller than those t-;iv-en in
Smith a‘nd“ }.I%utt;rworth (1967) and the ornament of coni and verrucae
appea;.'s ‘restricted to the distal surfaée. The mean cingulum width
given -by. émith ;nd Butter:v;rr.h (1967) is Dbetween 47-52% of the mean
spore diameter. The ornament on the photograph of Kosanke 1950 pl.6,
fig. 7, and the description of an ornament of papillations similar to
those se:en 11;1 this study, seems at variance with the ornament on the
photographs of Ravn (1979 ﬁi.13, figs, 7, 8) and Ravn and Fitzgerald
(1982 pl.9, figs. 3, 4,) which more resemble specimens of D. cf.
duriti seen’in thié study. |

Comparison. The divided «cingulum, prominent rounded cones and

verrucae, and slightly smaller size (Fig. 6.7) distinguish D.

sphaerotriangularis from D. cf. triangularis and D. cf. duriti. D.

brevispinosus Hoffmeister Staplin and Malloy 1955 has an ornament of

widely scattered spinae, and appears in c¢ingulum and ornament to

occupy a position . midway between D.: sphaerotriangularis -and D. cf.

triangularis. D. dissimilis Felix and Burbidge 1967 differs in having

blunt spines proximally and distally on the. cingulum.although some

specimens of D. sphaerotriangulous observed in this study resemble

its D. (crassigranifer Artuz 1957 appears . to resemble D.

sphaerotrianqularis.

Occurrence. Present to very abundant especially towards the top of
Leaf 1, present to very abundant especially towards the top of Leaf 2,
occasional to very abundant throughout Leaf 3, present to abundant
especially towards the top of Leaf 4. Frequent to common below the

Thick Coal, common to very common between Leaves 1 and 2, occasional
between Leaves 2 and 3, common above the Thick Coal.
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Densosporites triangularis Kosanke 1950

Remarks. The mean cingulum width given by Smith and Butterworth (1967)
is between 47-49% of the mean spore diameter. They only recorded D.

triangularis from the Visean and Namurian but Ravn (1979) has found it

in strata probably equivalent in age to Westphalian B/C.

Densosporites cf. trianqularis

Plate 14, figs. 21-27.

Size in micrometres

Average Average 2Cx100
Spore Cingulum D
Diameter(D) width (C)
(i) 30.4(41.8)55.2 6.4(9.8)12.8 35(47)58 (26 specimens) fum,.
(ii) 32.0(38.6)47.5 8(9.5)12.0 40(49)59 (26 specimens) fum.
: . . : - HNO3, Leaf 2
(iii)32.0(40.8)55.2 6.4(9.4)14.4 36(46)58 (22 spebimens) fum.

HNO3, Leaf 2
(i) to (iii) from the Thick Coal, Longmeadow Wood borehole,
Warwickshire, England; Westphalian B. The three populations examined
demonstrate a close relationship in cingulum width : diameter % and
'spore diameter (Fig. 6.6.A-C), 80 that the composite confining
envelope is not much bigger than the individual component populations
(Fig. 6.6.D).,

Description. Amb polygonal _or. rounded trianqular, occasionally

circular or oval; margin smooth or minutely modified ﬁith rare coni.

Laesurae simple or ridged, slightly flexuose, extending up to, or just
onto the cingulum. Intexine thin, laevigate. Central area of exoexine
generally thin but occasionally thickened both proximally and
distally; laevigate generally, but one or t;o small coni may be

present and often many vacuoles are present giving rise to a foveolate
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Fig.6.6 Densosporites cf. triangularis: Analysis of 2 x Cingulum (C) width/

av. Diameter (D) %, plotted against average diameter for populations in

3 subsections showing confining ervelope and line of best fit for data points.
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ornament. Cingulum ir;egular in width, mean between 46-49% of spore
diameter, only tapering slightly in thickness towards the equator:
laevigate proximally and distally, but sometimes scattered minute coni
up to 1 micrometre high and wide with pointed apices occur on the
distal surface, rarely coni up to-3 micrometres high and wide with
rounded apices occur loosely scattered on the distal surface.

Comparison. D. triangularis Kosanke 1950 differs in being larger

(52-65 micrometres Xosanke 1950, 40(51)50 and 41(47)54 micrometres
Smith and Butterworth 1967), generally more triangular in shape and
the central . area is granulose to vermiculate -~ foveolate. D.

cuneicinctus Hoffmeister, Staplin and Malloy 1955 is also larger and

more triangular in shape. D. oblatus Habib 1966 usually has a bizonate

cingulum and verrucae up to 8 micrometres wide on the distal surface.

D. brevispinosus Hoffmeister Staplin and Malloy 1955 also has a

bizonate cingulum. D. pseudonnulatus Butterworth and Williams 1958 has

a graulate central area.: x

Occurrence. Present to abundant especially towards the top of Leaf 1,
present to abundant especially towards the top of leaf 2, present to
abun;.iant intermittently in.‘Leaf 3, present to abundant especially
towards the top of ‘Leaf 4. Occasional to frequent below the Thick
Coal, common to  abundant between Leaves 1 and 2, very common between
Leaves 2 and 3, common above the Thick Coal.

Genus LYCOSPORA (Schopf, Wilson and Bentall) Somers 1972

Type species. L. micropapillata (Wilson and Coe) Schopf, Wilson and

Bentall 1944.

Diagnosis. (Somers 1972 p.55)

Remarks. Somers (1972) reduced the number of species belonging to this
genus.- Initially she divided species within the genus into five groups
according to size and width of equatorial extension, and also
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ornament, using the oldest specific name for eacn viz. . L. brevis

Bharadwaj 1957, L. pusilla (Ibrahim) Somers 1972, L. pellucida
(Wicher) sSchopf, Wilson and Bentall 1944, L. .rotunda (Bharadwaj)

Somers 1972 and L. noctuina Butterworth and(william; 1958.

Thirty one species were re-examined and described, and many more

species designated Lycospora by a variety of authors were also

studied. Following this only four species were recognised ’and a

list of synonomies and provisional and probable synonomies given for

each one. Some of the species were further divided into "varieties"

and "tendencies" as follows:- (See Somers 1972 p.65-75).

I. Punctate or granulate

1. Lycospora orbicula (Potonie and Kremp) Smith and Butterworth 1967

with a very narrow cingulum (egual or less than 1 micrometre) and
no zona. L "

2. Lycospora pusilla (Ibrahim) somers 1972 with a clearly defined

cingulum. This species was divided into two "tendencies",
"tendency A" with a faint, reduced zona i.e. cingulum and zona /
total radius is low, and "tendency B" with a clearly defined,
well developed zona i.e. cingulum and zona ./ total radius is
high. This "tendency" was further divided into “tendency B4",
in which the cingulum and centrai area are laevigate or punctate
and "tendency By" in which the cingulum and central area are
granulate.

II. Verrucate or rugulate

3. Lycospora rotunda (Bharadwaj) Somers 1972, ornamented with

verrucae and with a clearly lobed margin.

4. Lycospora noctuina var. noctuina Butterworth and Williams 1958,

ornamented with irregularly distributed verrucae and rugulae and
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laevigate zona; and;E. noctuina var. reticulata Kruszewska 1963,
with rugulae arranged ;n a pseudoreticulum.
In this study‘a. nocéuina was not recognised, but it Qns possible to
diétinguiah consistently, pogulation; of five specieslof Lycospora.
Only L. rotunda completely accorded with the diagnoses and synonomies
given by Somers (1972), L. ?rugosa (Schemel) Smith

and Butterworth 1967 was separable from L. orbicula, and L. pellucida

was separable from L. pusilla.

Lycospora orbicula (Potonie and Kremp) Smith and
Butterworth 1967
Pla.te 14' figB. 28-300

1955 Cyclogranisporites orbiculus Potonie and Kremp, p.63, pl.13,

figso 177-1830

1967 Lycospora orbicula (Potonie and Kremp) Smith and Butterworth,

pa249' pl.ZD; figs- 16-1gl

1972 Lycospora orbicula (Potonie and Kremp) Smith and Butterworth,

in Somers (in part) p.71, pl.1, fig. 4;

pl.11, fig.2, pl.X1v, figs. 1=20.
Occurrence. Occasional to very common especially towards the base of
Leaf 1, ipfrequent to abundant especially towards the base of Leaf 2,
present to very common thfoughout Ieaf 3, present to abundant
throughout Leaf 4. Present to occasional below the Thick Coal,
occnaionai between leaves 1 and 2, frequent between leaves 2 and 3,

and Leaves 3 and 4, common above the Thick Coal.

Lycospora pellucida (Wicher) Schopf, Wilson and Bentall

1944
Plate 15' figsi 1-40.

1934 Sporites pellucidus Wicher, p.186, pl.8, fig.29.
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1944 Lycospora pellucidus (Wicher) Schopf, Wilson and Bentall,
p.54.

1950 Lycospora punctata Kosanke, p.45, pl.10, fig.7.

1950 Lycospora pseudoannulata Kosanke, p.45, pl.10, fig.3.

1955 Cirratriradiates uber Hoffmeister, Staplin and Malloy, p.383,

Pl.36, fig.24

1957a Lycospora microgranulatﬁ Bhara.dﬁaj +» P.104, pl .27 v

fig.18.

1957 Lycospora tenuireticulata Artuz, p.250, pl.5, £ig.32.

1957 Lycospora uzunmehmedi Artuz, p.250, pl.5, fig.33.

1960 Lycospora uber (Hoffmeister, Staplin and Malloy)

Staplin, p.20, pl.4, figs. 13, 17, 18, 20.

1967 Lycospora pellucida IWicher) Schopf, Wilson and Bentall

in smith and Butterworth, pl.20, figs. 7-9.

1972 Lycospora pusilla "tendence B4" (Ibrahim) Somers,
p-66-70; pl-XII, figt 17.

1§72 Lycospora pdsilla "tendence By" (Ibrahim) Somers,

poGG"'?O, pl.XII, fig.'h

1979 Lycospora pellﬁcida (Wicher) Schopf, Wilson and Bentall

in Ravn P1013' figo16.
Remarks. Specimens which appear to be punctate as well as those which
are granulate are included in L. pellucida in this study. L. uber,

(following sStaplin 1960) and L. punctata and L. pseudoannulata

(following Smith ahnd Butterworth 1967) were made synonymous by Ravn

(1979). He also made L. microgranulata, Bharadwaj | '1957a, L.

tenjureticulata and L. uzunmehmedi Artuz 1957 synonymous with L.

pellucida. Photographs and descriptions given in

the original publications, for all 6f the species 1listed in the
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synonomy, have been examined and accord with the specimens observed in
this study.

Occurrence. Present to very common throughout Leaves 1 to 3, present
to freguent throﬁghout Leaf 4. Present to very common below the Thick
Coal, common to very common between Leaves. 1 and 2, abundant between
Leaves 2 and 3, very common between Leaves 3 and 4 and above the Thick
Coal. -

Lycospora pusilla (Ibrahim) Schopf, Wilson and Bentall 1944

Plate 15, figs.5=10.

1932 Sporonites pusillus Ibrahim in Potonie, Ibrahim and Loose,

P.448, pl.15, fig¢19-

1933 Zonales-sporites pusillus Ibrahim, p.32, pl.2, £ig.20.-

1938 Zonotriletes pusillus (Ibrahim); Waltz in Luber and Waltz,

pl.13, fig.33 and pl.8, £ig.105.

1944 Lycospora pusillus- (Ibrahim), Schopf, Wilson and Bentall, p.54.

-

1950 Lycospora granulata Kosanke, p.45, pl.10, figs. 4,-6.

1957a Lycospora denticulata Bharadwaj, p.103, pl.27, £ig.9.

1957a Lycospora triangulata Bharadwaj, p.103, pl.27, figs.13, 14.

1957b Lycospora subjuga Bharadwaj, p.127, pl.25, figs. 84-86.

1967 Lycospora pusilia (Ibrahim) Schopf, Wilson and Bentall in Smith

and Butterworth, p.251, pl.20, figs. 10-12.

1972 Lycospora pusilla "tendence A" Somers, p.66=70, pl.X, fig.2.

1979 Lycospora granulata Kosanke in Ravn, pl.13, fig.15.

Remarks. L. pusilla shows a range of size of grana from less than 0.5

micrometres to 1 micrometre. L. granulata Kosanke 1950, L. denticulata

Bharadwaj 1957a L. triangulata Bharadwaj 1957a and L. subjuga

Bharadwaj 1957b were made provisionally synonymous with L. pusilla by

Somers (1972). L. denticulata and L. triangulata were made synonymous

with L. granulata by Ravn (1979). Photographs and descriptions given
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in the original publications, for all of the species listed in the_
synonymy, have been examined and accord with specimens observed in
this study.

Comparison. Smith -and Butterworth (1967) considered that there was
insufficient difference between L. pusilla and L. brevijuga Kosanke

1950, L. micropapillata (Wilson and Coe) Schopf, wilson and Bentall

1944 and L. parva Kosanke 1950 to justify the status of species.
Occurrence. Occasional to very abundant throughout but especially
towards the base of Leaf 1, present to very abundant throughout but
especially towards the base of Leaf 2, common to abundant throughout
Leaf 3, frequent to very abundant throughout but especially towards
the base of Leaf 4. Common to very common below the Thick Coal, common
to abundant between Leaves 1 and 2, common between Leaves 2 and 3,
abundant between Leaves 3 and 4, very abundant above the Thick Coal.
This is a zonal index species used by Clayton et al. (1977) to zone
the Visean V1-2.

Lycospora rotunda (Bharadwaj) Somers 1972

Plate 15, figs. 11=16.

1956 Lycospora torquifer (Loose) Potonie and Kremp, p.104, pl.17,

figs. 356-359 (not the holotype fig.355).

1956 Lycospora granulata (Kosanke) Potonie and Kremp, p.102, pl.17,

figs. 339-340. 2=

1957a Lycospora rotunda Bharadwaj, p.103, pl.27, figs.10-12.

1967 Lycospora ?granulata Kosanke in Smith and Butterworth, p.247,

p1.20, fig501-30

1972 | Lycospora rotunda (Bharadwaj) Somers, p.73, pl.1, figs.34-38,

-and pl.XV.

1979 Lycospora rotunda Bharadwaj in Ravn pl.13, figs.19, 20.

114



'1979 Lycospora L. cf.' torggifér (Loose) Potonie and Kremp in R&ﬁ,
pl.13, figs.17-18. T
Holotype. Bharadwaj 1957a, pl.27, f£ig.10 Preparation SI. No. 7325/11
IGeologischea Landesmat fur Nordreheim, Westfalen, Krefeld.

CIMP e, Somers 1972, pl.XV, fig.4. Preparation 125(3)2, Iniex,
Liege.

Type loéality. Constanze Seam, mine Gottelbofn, Saar Basin;

(¥

’hestphalian D.

CIMP -1ocality. Couche 16, sieéé de Houthalén,n'baﬁsin ‘de Campine,

Belgium; Zone de Genk, Westphalian A.
Diagnosis. Emendation in Somers 1972, p.73.

Size in micrometres. (i) Holotype ? 129-37 fﬁharédwaj 1957a). (ii)

CIMP type 33; 24-37 (Somers 1972). (iii) 27(32)37 fum. HNOj (Smith
and Butterworth 1967). Yorkshire Coalfield; Westphalian Be (iv)
29(33)39 fum. HNO3 (Nader 1983) Northumberland, England; Westphalian
B. (v) 20(26)31 (20 specimens) fum. HNO3» Leaf 2, Thick Coal,
Longmeadow Wood ﬂorehole, Warwickshire, England; Westphalian B.

Description. Amb rounded triangular, angles pointed or rounded, margin

lobate. Laesurae with narrow lips about 1 micrometre in héight and
width, flexuose, often exféhding to amb.-ciﬁguluﬁ generally between
1.5 to 2 micrometres wide, zona ‘1.5-3  micrometres
wide, the division between the inner thickened zone and flange not
always clear. Distal surface ornamented with grana and vefrucae with
rounded apices, Qarying in size from 1.5-2.5 micrometres in width,
about 1.5 micrometres high. Spacing varies between very loosely spaced
to irregularly Ecloaely spﬁcég. Proximal surface finely granulate.
lEkine thin, bccﬁsionally folded.

Remarks. Smith and Butterworth (1967)'notea that the ornament of their
specimens of L. granulata Kosanke 1950 was coarser than that given by
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Kosanke and because of this. used the name L. ?granulata; thé only
distinction they made between this and L. rotunda was in shape. Somers
(1972) made L. granulata (Kosanke) sensu Potonie and Kremp 1956 and
L. torquifer (Loose) Potonie -and Xremp 1956 synonymous with L.
rotunda; whilst noting that the holotype of L. torquifer illustrated
by Po;onie and Kremp did not belong to the genus Lycospora but the
three other specimens illustrated did.‘gf'cf. torgquifer Ravn 1979 was
made synonymous by him with: L. torquifer, and he noted that the size
of . ornament of this species was intermediate between L. granulata
Kosanke 1950 -and L. rotunda. Photographs and descriptions given in the
original publications for all of the species listed in the synonomy
have been examined and accord with specimens observed in this study.
Comparison.  The coarseness of ornament (1.5-2.5 micrometres)
distinguishes L. rotunda from L. pusilla (ornament less than 0.5
micrometres to 1.0 micrometre) and L. pellucida (ornament of puncti
and grana up to 1.0 micrometre). Ravn (1979) made L. nitida and L.
paulula Artuz 1957 synonymous with L. rotunda, but this practice is
not followed here as Somerg (1972) made these species synonymous with
L. noctuina.

Occurrence. Present to abundant throughout Leaf 1, present to very
abundant intermittently in Ieaf 2, infrequent to very abundant
throughout Leaf 3, and infrequent to abundant Ithroughout Leaf 4.
Present to common below the Thick Coal, common between Leaves 1 and 2
and Leaves 3 and 4, and occasional above the Thick Coal.

Lycospora rugosa Schemel 1951

Plate 15, figs. 17-20.

1951 Lycospora rugosa Schemel, p.747, text fig.4..

1967 Lycospora ?rugosa Schemel in Smith-and Butterworth, p.252, pl.20,

figs. 13-15.
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1972 Lycospora orbicula (Potonie and Kremp) Smith and Butterworth in

* Somers (in part) p.71, pl.I, fig.7.

Remarks. The size of the grana ranges from very fine (less than 0.5

micrometres) to Jjust less than 1 micrometre and barely modify the

margin.

Occurrence, Present to occasional intermittently in Leaf 1, present to

frequent rarely in Leaves 2 and 4, intermittently in Leaf 3. Present

below the Thick Coal, occasional to frequent between Leaves 1 and 2

and frequent above the Thick Coal.

Genus CRISTATISPORITES (Potonie and Kremp) Butterworth,

Jansonius, Smith and Staplin 1964

Cristatisporites connexus Potonie and Kremp 1955

Plate 15, figs. 21=25,

Size in micrometres.

Average Average
spore cingulum
diameter(D) width (C)

(i) Holotype 56
45=70

(ii) 41(54)66

(iii) 51(58)67

(iv) 37(47)59

2cx100
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Schulze Potonie and Kremp
1955

fum.HNO3 Lothians
Coalfield Scotland,
Lower Westphalian B

Schulze and 5% XOH,
Lancashire England, Lower
Westphalian B

fum. HNO; Warwickshire
Coalfield, England;
Upper Westphalian A.
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(v)36.8(46.7)53.6 7.7(10.5)15.2 36(45)52 (15 specimens) fum. HNO,
Leaf 1, Thick Coal,
Longmeadow Wood
borehole,

Warwickshire England;
Westphalian B

(ii) to (iv) from Smith and Butterworth (1967). (See also Fig. 6.8).

Description. Amb circular to rounded triangular, rarely polygonal,

margin modified by 21-45 elements. Laesurae usually not visible,
extending to the inner margin of the cingulum or Jjust onto it,
slightly flexuose. Intexine and visible. Central area of exine thin,
proximally granulate, distally with verrucae up to 5 micrometres in
heiéht and width joined at the base (cristae), often with small coni
or spinae on them, closely spaced. Cingulum varies in width, not
always well defined, mean 45% spore diameter, tapering in thickness
towards the margin; proximally granulate; distally with the same
ornament as the central area, but more closely spaced along the inner
margin of the cingulum and arranged in ridges, more scattered towards
the margin., The exoexiﬂe of the central area is thicker distally than
proximally.

Comparison. The coarser verrucate ornament and larger size distinguish

C. connexus from other species of Cristatisporites.

Occurrence Present to abundant intermittently in Leaf 1, present
rarely in Leaf 2, occasional rarely in Leaf 3, infrequent rarely in
Leaf 4. Occasional below the Thick Coal, present between ieaves 3 and
4.

Cristatisporites indignabundus (Loose) Staplin and Jansonius 1964

Plate 15, figs. 26-28.

Size in micrometres.

Average ‘Average 2Cx100
spore cingulum D
diameter(D) width (C)

119



SISAIOTU [ JSRAUeT( aods aferany

© . 00T % (g/o2)

(suswtoeds 9T1)
/Sy Mur] uoToesgng

syutod Bqep JOJ 3TJ 3S9q JO SUT] “ﬁmﬂnﬂ.ﬂ%mﬁhﬁgg /Oy UDTR0SSqNS UT UWOTeINdod B JOJ JSQaUeTP Soetans
3suTEde pe33oTd % (Q) S9INET] “AB/RPTA (D) UNTBUT) X ¢ JO STSATeW : SPUGeBSTIUT SRTdSTESID) 6'9 51

120



(i) Holotype 52.5 . Schulze Potonie and

50-80 Kremp 1955
: fum. HNO3s Cannock
(ii) 42(53)52.5 Coalfield, England;

Upper Westphalian B

(iii)41(51)58 : «-fums HNO3 Coalbrookdale
¥ Coalfield England; Upper
) A Westphalian B
(iv) 44(52)e61 fum. HNO3s Yorkshire,
. v England; Westphalian B

(v) 3208(4100’45.2 800{9-3)13-2 39(45)58 (15 Bpecimens) fum.
HNO3+, Leaf 2, Thick
Coal, Longmeadow Wood
borehole, Warwickshire,
England; Westphalian B .

(ii) to (iv) from Smith and Butterworth 1967. (See also Fig. 6.3.10).

Description. Amb circular to rounded triangular, margin modified by

between 29-53 elements. Laesurae nbt usually visible, extending onto
the cingulum. Intexine not visible. Central area of exoexine
thin, proximally punctate or finely granulate, distally ornamented
with cristae, coni and verrucae sometimes joined at the base, the
largest ornament up to 7 micrometres wide, closely spaced. Cingulum
varies in width mean 45% spore diameter often clearly divided into an
inner thickened 2zone and outer thinner =zone: proximally a ring of
spinae up to 3 micrometres long and 1 micrometre in diameter surround
the central area; distally with the same ornament as the central area,
except that the elements are more fused and the setose tips can
clearly be seen. ,
Occurrence. Present to frequent intermittently towards the top of Leaf
1, present to.common rarely in Leaf 2, and intermittently in Leaf 3,
present to infrequent rarely in Leaf 4. Present to infregquent below

the Thick Coal, present between Leaves 1 and 2, and leaves 2 and 3.

Genus CIRRATRIRADIATES Wilson and Coe 1940
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Cirratriradiates saturni (Ibrahim) Schopf, Wilson and

Bentall 1944

Plate 15, figs. 29=-32.
Occurrence. Present to occasional intermittently in Leaf -1, present to
frequent intermittently in Leaf 2, present to common throughout Leaves
3 and 4. Present beneath the-Thick Coal, present to occasional between
Leaves 1 and 2, present between Leaves 2 and 3 and Ieaves 3 and 4 and
occasional above the Thick Coal. Used by Clayton et .al. (1977) as a

zonal index: species with Triquitrites sinani for the -lowest part of

the Westphalian A.
Genus . CINGULIZONATES (Dybova and Jachowicz)
- Butterworth Jansonius, Smith and Staplin 1964

Cingulizonates loricatus (Loose) Butterworth and

Smith in-Butterworth et al. 1964

Plate 15, figs. 33-37.
Occurrence. Present to common rarely in Leaf 1, present to abundant
intermittently in Leaf 2, and Leaf 3, present to infrequent in Leaf
4. Present to very common below -the Thick Coal, present to common
between Leaves 1 and 2, occasional between. Leaves 2 and 3,b common
between leaves 3 .and 4.

Genus ,RADIIZONATES Staplin and Jansonius 1964

Radiizonates striatus (Knox) Staplin and Jansonius 1964

Radiizonates cf. striatus (Knox) Staplin and Jansonius 1964

Plate 16, figs. 1-3.

1967 Radiizonates cf. striatus (Knox) Staplin and Jansonius in Smith

and Butterworth, p.266, pl.20, figs.20, 21 )

Size in micrometres.. (i) Diameter 30(37.5)45, cingulum 1.5(5.5)8.5,

zona 1.5(4)8.5, fum.: HNO3 (Smith and Butterworth 1967) East Fife,
Scotland; Lower Westphalian B (ii) Diameter 26(32.4)40, cingulum
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3.2(4.9)6.4, 2zona 1.6(2.9)4.8 (20 specimens) fum. HNO3+ Leaf 3,
Thick Coal, Longmeadow Wood borehole, Warwickshire, England;
Westphalian B.

Description. Amb sub=-circular to rounded triangular. Laesurae usually

indistinct, slightly raised, extending to inﬁer margin of cingulum.
Intexine faint, laevigate. ‘The inner cingulum is egual in width or
larger than the outer zona, and has radial costae which usually extend
onto the zona. Central part of exoexine thin, usually laevigate,
distally rarely granulate, or with a few scattered verrucae.
Occurrence. Present to occasional rarely in- lLeaf 1, present to
frequent rarely in Leaf 2 and occasional to very common intermittently
in Leaf 3. Occasional to frequent below the Thick Coal, common to very
common between Leaves 1 and 2 and common between Leaves 2 and 3.

Radiizonates tenuis (Loose) Butterworth and Smith

(in Butterworth et al. 1964)
Plate 16, figs. 4-8. T L
Occurrence. Present to abundant intermittently in Leaf 1, present to
common -rarely in Leaf 2, present to' occasional rarely in Leaf 3,
present to very common rarely in Leaf 4. Present to occasional below
the Thick Coal, present between Leaves 1 and 2.
. Suprasubturma PSEUDOSACCITRILETES Richardson 1965
Infraturma,MUNOPSEUDOSACEATI Smith and Butterworth 1967
Genus SPENCERISPORITES Chaloner 1951

Spencerisporites radiatus (Ibrahim) Felix and Parks 1959

Plate 16, figs.9, 10.
Occurrence. Present rarely in Leaves 1 and 3, present to infrequent
rarely in lLeaf 2. Present between lLeaves 1 and 2.

Genus ENDOSPORITES Wilson and Coe 1940
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Endosporites globiformis (Ibrahim) Schopf, Wilson and Bentall

1944
Plate 16, figs. 11-13.

Comparison. The distinction between E. globiformis and E. zonalis

(Loose) Knox 1950 is made on the basis of the ratio of the body to
pseudosaccus dimension. Following smith and Butterworth (1967) an
arhitréry ratio of 50% is used to distinguish between E. zonalis

which has a larger and E. globiformis which has a smaller ratio than

50%.

Occurrence. Present to common rarely in Leaf 1, intermittently in Leaf
2, present to frequent rarely in Leaf 3, infrequent rarely in Leaf 4.
Present to frequent between Leaves 1 and 2, occasional between Leaves
3 and 4, common above the Thick Coal.

Endosporites zonalis (Loose) Knox 1950

Plate 16, figs.14=-17. : i
Occurrence. Present to common intermittently in Leaves 1, 2 and 3,
infrequent rarely in lLeaf 3. Present below the Thick Coal, present to
common between Leaves 1 and 2, common above the Thick Coal.
Genus RETISPORA Staplin 1960

Type Species. R. florida Staplin 1960

Diagnosis. (Staplin 1960 p.32)

Comparison. Distinguished from Endosporites Wilson and Coe 1940 by the
presence of a distal reticulate ornament on the exoexine.

‘'Retispora staplinii (Gupta and Boozer) Ravn and Fitzgerald '1982°

Plate 17, figs. 1=50.

1960 Endosporites ?parvus Staplin, p.33, pl.7, figs.8, 12.

non 1958 Endosporites parvus Guennel, p.50-51, text fig.11, pl.1,

fig5.16317-
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1969 Endosporites staplinii Gupta and Boozer p.78.

1976 Endosporites cf. micromanifestus (Hacquebard 1957); Tillement

Peniguel and Guillemin, p.438, pl.1, fig.27.

1979 Endosporitéa staplinii Gupta and Boozer 1969; Ravn p.43, pl.14,

figs. 9=-11.

1982 ‘Retispora staplinii (Gupta and Boozer) Ravn and Fitzgerald p.143,

pl.10, figs.1-8.

Holotype. Staplin 1960, pl.7, fig.9, sample Imp. 1707, .1-49.4 x 116.5.

Type Locality..Golata formation, West-Central alberta, Canada.

Size in micrometres. (i) Holotype excexine 33, intexine 17, exoexine

range 24-35, intexine 16-20, HF, schulze and 5% KpCO3 (Staplin 1960);
Golata FM, Chesterian, Mississipian. (ii) exoexine 32 (36.5)39,
intexine 22(23.7)25.5 fum. HNO3 (Nader 1983) Northumberland, England;
Westphalian B (iii) exoexine 26(32)40, dintexine 18(21)27 (20
specimens) fum. HNO3, Leaf 1, Thick Coal, Longmeadow Wood borehole,
warwickshire, England; Westphalian B.

Description. Amb of i:seudosaccus rounded ¢triangular to circular,

margin irregular,. crenulate. Leasurae . raised, often flexuose,
approximately equal to the radius of the central body, although often
they continue to the margin of the pseudosaccus.Intexine forming the
central body is about 1.micrometre thick, circular in outline although
it may be modified by small folds. It is finely granulate and attached
proximally to the exoexine, about 1/2 to 5/6 spore radius. Exoexine
forms a thin pseudosaccus which has a few folds on the proximal
surface and is ornamented on the distal surface with irregular,
discontinuous muri about 1 micrometre in width and 1less than 1
micrometre in height. The muri form a very imperfect reticulation,
which is best deveioped in the polar area where lumina vary in
diameter from 2-7 micrometres; towards the margin the lumina are
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larger and more imperfect. Limbus sometimes present up to 1 micrometre_
wide.

Remarks. Ravn and Fitzgerald (1982) found muri up to 4 micrometres in
width which is much greater than those found in the present study.

Comparison. Both R. florida Staplin 1960 and R. lepidophyta (Kedo)

Playford 1976 have a more regular, distinct distal reticulate
ornament.
Occurrence, Common to abundant rarely in Leaf 1, present in Leaf 3.
Frequent between Leaves 1 and 2,

Infraturma POLYPSEUDOSACCATI Smith and Butterworth 1967

Alatisporites pustulatus (Ibrahim) Ibrahim 1933

‘'Plate 17, £igs.6,7.

Occurrence.'Present to infrequent rarely in Leaf 1, present rarely in
Leaves 2, 3:and 4. Not seen in siliciclastic subsections.

Turma MONOLETES Ibrahim 1933

Suprasubturma ACAVOMONOLETES Dettmann 1963

Subturma AZONOMONLETES Luber 1935 -

Infratuoma LAEVIGATOMONOLETES Dybova and Jachowicz 1957a

Genus LAEVIGATOSPORITES Ibrahim 1933

.Laevigatosporites dunkardensis Clendening 1970

1969 Laevigatosporites plicatus Clendening, p.263, pl.3, figs.1-7.

non 1968 Laevigatosporites plicatus Kar, p.120-121, pl.1, £igs.28,29,.

1970 Laevigatosporites dunkardensis Clendening, p.788.

Holotype. Clendening 1969, pl.3, fig.1, Maceration 3709, slide 1.

Type Locality. Washington Formation, Dunkard coal, Monongalia County,

West Virginia, Pennsylvanian.

Diagnosis. (Clendening 1969).
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size of micrometres. (i) Holotype 80.5 x 53.7, length 46-95, width

30-60 Schulze and 10% KOH (Clendening 1969) (ii) 48(68.3)112 fum.

Hﬂoa(Nader 1983) Northumberland, England; Westphalian B.

Laevigatosporites cf. dunkardensis

Plate 17, figs.8-11.

Size in micrometres. 30(50)74 (20 specimens) fum.HNO3, Leaf 1, Thick

Coal, Longmeadow Wood borehole, Warwickshire, England, Westphalian B.

Description. Amb° oval, usually irregular due to folding, margin

smooth. Laesurae simple, straight, 1/2-3/4 of spore radius, although
often hidden by folds. Exine laevigate, thin, with many folds which
have no specific orientation relative to the long axis of the spore.

Remarks. L. dunkardensis is larger.

Comparison. L. cf.dunkardensis is distinguished from other species of

the genus by its heavy folding.

Occurrence. Occasional to common throughout Leaf 1, infrequent to very
common throughout Leaf 2, infrequent to abundant throughout Leaf 3,
present to common throughout Leaf 4. Fregquent to common below the
Thick Coal, very common to abundant between Leaves 1 and 2, abundant
between Leaves 2 and 3, very common between Leaves 3 and 4 and
occasional above the Thick Coal.

Laevigatosporites minor Loose 1934

Plate 17, figs.12=16.
Comparison. A size boundary of 35-65 micrometres is employed in this
study to distinguish this species fi‘om L. minimus, which is smaller
than 35 micrometres "and L. vulgaris which is larger than 65
micrometres, following Smith and Butterworth 1967.
Occurrence. Frequent to abundant throughout Leaf 1, occasional to very
abundant throughout Leaf 2, very common to abundant in Leaf 3, common

to abundant throughout leaf 4. Frequent to common below the Thick
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Coal, very common to abundant between Leaves 1 and 2, very common
between Leaves 2 and 3, abundant between Leaves 3 and 4, common above
the Thick Coal.

LaevigaéorSporites vulgaris (Ibrahim) Ibrahim 1933'I

Plate 17, £igs.17-19.

Remarks. Although some specimens are folded (Plate 17, £ig.18) the
majority have relatively few folds.
Occurrence. Present to frequent intermittently in Leaf 1, present to
occasiocnal rarély'in Leaf 2, present rarel} in Leaf 3, presént to
infreqﬁent rarely in Leaf 4. Occasional between ILeaves 1 and 2,
infrequent between Leaves 3 and 4. |

Infraturma SCULPTATOMONOLETES Dybova and Jachowicz 1957a

Genus PUNCTATOSPORITES Ibrahim 1933

Punctatospofitéé minutus Ibrahim 1933

 Plate 17, figs.20-25.

Size in micrometres. (i) Holotype 25.5 Schulze and KOH (ii) 21-28

Schulze (Potonie and Kremp 1956) (iii) 21(25)30 Schulze and KOH (Smith
and Butterworth 1967) Lancashire, England; Westphalian B (iv)
16(25.7)35 fum. HNO3 (Nader 1983) Northumberland, England; Westphalian
B (v) 12.8 (18.2)24.8 (20 specimens) fum. HNO3 Leaf 1 (vi)
18.4(22)26.4 (20 specimens) fum. HNO3, Leaf 2. (v) and (vi) from the
Thick Coal Tongmeadow Wood borehole, Warwickshire, England;
Westphalian B.

Description. Amb oval to subecircular, circular in polar view margin

barely modified. Laesurae distinct, simple or slightly ridged,
slightly curved, 1/2-3/4 spore length, sometimes showing an incipient
trilete condition. Sometimes the laesurae is not visible if the spore

is viewed from the distal surface. Ornament of very fine grana about
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0.5 micrometres in diameter, varying from loosely to closely spaced on
different individuals. Exine between 0.5-1 micrometre thick, with some
specimens possessing one or two secondary folds.

Comparison. Fabasporites pallidus Sullivan 1964 is alete and slightly

smaller (13-23 micrometres).
Occurrence. Present to common intermittently in leaf 1, occasional to
abundant intermittently in Leaf 2, present to abundant intermittently
in Leaf 3, present to abundant throughout Leaf 4. Occasional below the
Thick Coal, infregquent to freguent betweén Leaves 1 and 2, occasional
between lLeaves 2 and 3, common between Leaves 3 and 4.
_ Turma HILATES Dettmann 1963

Suprasubturma CAVATIHILATES Smith and Butterworth 1967

_Subturma AZONOCAVATIHILATES Smith and Butterworth 1967

Infrapurma EPITYGMATI Spode in Smith and Butterworth 1967

Genus VESTISPORA (Wilson and H9f£meister} Wilson and Venkatachala

1963.

Vestispora costata (Balme) Spode in Smith and Butterworth 1967

Plate 17, figs.26~28.
Remarks. Laesurae simple, straight, about 1/2 spore radius.Muri about
2 micrometres wide and 1 micrometre high which are rarely branched and
separated by up to 12 micrometres.
Comparison. Distinguished from other species in this study by its
unmodified costae which are only rarely branched.
Occurrence. Present rarely in Leaf 1, present to common intermittently
in the bottom half of Leaf 2, present rarely in lLeaf 3, present to
infrequent rarely in Leaf 4. Present between Leaves 3 and 4.

Vestispora laevigata Wilson and Venkatachala 1963

Plate 18' figs., 1; 29
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Remarks. The laesurae in this study extend from 3/4 to full intexine
radius and may be enclosed in folds. Both intexine and exoexine may be
folded.

Comparison. Distinguished from other species of the genus by its
almost laevigate exoexine.

Occurrence. Infrequent rarely in Le;f 2.

Vestispora pseudoreticulata Spode in Smith and Butterworth 1967

< Plate ‘18, figs.3-5.
Remarks. ‘Primary muri ‘are 2=-3 micrometres wide and about 2 micrometres
high, enclosing 1large polygonal lumina up to 12 micrometres in
diameter. The carinae are up to 2 micrometres wide and 1 micrometre
high and enclose lumina 2=3 micrometres in diameter. Exine 1-=1.5
micrometres thick.
Comparison. Distinguished from other species of Vestispora seen in
this study by the well developed secondary reticulum.
Occurrence. Present to occasional rarely in ILeaf 1, present to
frequent intermittently in Leaf 2, present rarely in Leaf 3, present
to infrequent rarely in Leaf 4. Frequent above the Thick Coal.

' Vestispora tortuosa (Balme) Spode in Smith and Butterworth 1967

Plate 18, figs.6-8.
Remarks. Primary muri are 1.5-3 micrometres wide and “"about 1
micrometre high, occasionally branching and enclosing large polygonal
luninlae. The carinae are up to 2 micrometres wide and up to 3
micrometres long so that they do not form a secondary reticulum,
Exoexine about 1.5 micrometres thick.

Comparison. Distinguished from V. pseudoreticulata which has a 'strong

secondary reticulum and from V. costata which is not carinate.
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Occurrence. Present to infrequent intermittently in Leaf 1, present to
frequent rarely in Leaf 2, present rarely in Leaf 3. Not observed in
siliciclastic subsections. .

Turma ALETES Ibrahim 1933

Subturma AZONALETES (Luber) Potonie and Kremp 1954 {

Genus FABASPORITES Sullivan 1964

Fabasporites exilis Clendening 1967 .

1967 Fabasporites exilis p.316, pl.1, figs.7,8.

Holotype. Clendening 1967, pl.1, fig.7, maceration 3500, slide 20.

Type Locality. Little Washington coal, Washington County, U.S.A;

Pennsylvanian. .

Diagnosis. (Clendening 1967, p.316).

Size in micrometres. (i) 21(25)30 Schulze and 10% KOH (Clendening

1967)

Fabasporites cf. exilis

Plate 18, figs.9=-12.

Size in micrometres. (i) 11(17)22 (20 specimens) fum. HNO3, Leaf 1

(ii) 11(20)28 (20 specimens) fum. HNO3, Leaf 4; both from the Thick

Coal, Longmeadow Wood borehole, Warwickshire, England; Westphalian B.

Description. Amb oval to c¢ircular, margin usually unmodified. Exine

about 1/2 micrometre thick usually laevigate but may be ornamented
with loosely spaced fina grana. A single major compression fold,
usually parallel to the long axis simulates the appearance of a
monolete suture because it is often accompanied by a lighter
thinner zone along part of the length of the fold. This major fold may
be hidden by the large number of secondary folds which may be present.
Comparison. F. exilis is slightly larger and laevigate to punctate.

F. pallidus Sullivan 1964 is often bean shaped with only occasional

131



crescentic folds and although essentially laevigatelmay possess dome
shaped gf&nules.~§. molestus and‘g; parvus Clendening 1967 are both
smaller and laevigate and the latter has a thicker exine.

Occurrence. Occasional to véry abundant throughout the lower half of
Leaf 1, present to very abundant throughout Leaf 2, frequent to
abundant throughout Leaf 3, occasional to very abundant throughout
Leaf 4. Present bélow the Thick Coal, occasional to common between
Leaves 1 and 2, abundant betwéen Leaves 2 and 3 and Leaves 3 and 4,

common above the Thick Coal. o :

Fabasporites parvus Clendening 1967

1967 Fabaspofiées p;rvua, p.§17, rl1, £igs.9,10.

Holotype. Clendening 1967, pl.1, fig.g, maceration 3500, slide 20.

Type Locality. Little Washington coal, Washington County, USA;

Pennsflvanian.
Diagnosis. (Clendening 1967, p.317).

size in micrometres. (i) 12(15)18 Schulze and 10% KOH (Clendening

1967) (ii) 8(15.1)18.4 (20 specimens) fum. HNO3, Leaf 1, Thick Coal,

Longmeadow Wood bofehole, Warwickshire, England; Westphali&n B

Description. Amb oval to elliptical, margin usually unmodified. Exine

between 1-1.5 micrometres thick, usually laevigate, aithough on some
specimens loosely spaced vefy fine grana may be present. A single
major compression fold usually parallel to the long axis simulates the
appearance of a monolete ‘Buture. Sometimes the spore is folded
parallel to the long axis giving an elliptical shape; often other
secondary”folds are present.

Comparison. The apec@mehé described as F. pallidus by Nader (1983)

appear similar to this species but are larger, 16(23)33 micrometres.

132



Occurrence. Occasional to very common intermittently in Leaf 1,
present to common intermittently in Leaf 2, infrequent to common
intermittentlf in . ILeaf 3, present to common throughout .Leaf ‘1.
Occasional below the Thick Coal, present to freguent between Leaves 1
and 2, occasional between Leaves 2 and 3, frequent between Leaves 3
and 4.

Anteturma POLLENITES Potonie 1931

Turma SACCITES Erdtman 1947

Subturma MONOSACCITES (Chitaley) Potonie and Kremp 1954

Infraturma ARADIATES Bharadwaj 1957a

Genus. FLORINITES Schopf, Wilson and Bentall 1944

Florinites florina Imgrund 1960

Florinites ct. florini Imgrund 1960.
Plate 18, figs.17-20. |
1967 Florinites cf. florina Imgrund 1960 in Smith and Butterworth,
p.302, pl.26, figs.3-5.-

Comparison. F. cf. florini, unlike F. mediapudens (Loose) Potonie and

Kremp 1954 which it closely resembles, lacks a distinct body. Two
other species of Florinites wh;ch lack a distinct body are separated
from F. cf. florini using the criterion of size following Smith and
Butterworth 1967. An arbitrary size limit of 50 micrometres is used to
differentiate F. millotti Butterworth and Williams 1954 (size range,
saccus max. length 32(37)48 micrometres) from F. cf. florini (size
range, saccus max. length 50(66)79 micrometres), whilst F. pumicosus
(Ibrahim) schopf,Wilson and Bentall 1944 is larger (size range, saccus
max. length 77(93)117 micrometres). Sizes from Smith and Butterworth

(1967). Wilsonites cf. delicatus Kosanke 1950 is slightly larger and

consistently possesses an indistinct body with a trilete mark.
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Occurrence. Present to occasional rarely in Leaf 1, present to
freguent rarely in Leaf 2, present to infregquent rarely in Leaf 3,
infrequent to frequent rarely in Leaf 4. Very common to abundant below
the Thick Coal, pr'esent to freguent between Leaves 1 and 2, present
between Leaves 2 and 3, occasional between Leaves 3 and 4, fregquent
above the Thick Coal.

Florinites mediapudens (Loose) Séhopf, wilson and Bentail 1944

‘Plate 18, figs.21-24.
Remarks. When folding of the body is less intense a vestigial trilete
mark may be observed often with one ray longer than the others (Plate
18, fig.23), or an apparent monolete suture. The body is randomly
folded and thicker than the saccus.
Comparison. F. similis Kosanke 1950 is larger (saccus max. length

112-161 micrometres Smith and Butterworth 1967, 88(111)137 micrometres

Nader 1983) and has a thicker. body than F. mediapudens (saccus
max.length 50(58)72 micrometres Smith and Butterworth 1967) and F.
triletus Kosanke 1950 has a thicker body with a distinct trilete
mark. It is possible that certain specimens may possess some of the

characteristics of the genus Potonieisporites viz. elliptical shape of

amb, " crescent.ic" folds of the body at right angles to one another,
variable germinal aperture, much thicker body than saccus; although
not all of these characteristics are ever present in one specimen
(rPlate 18, fig.23).

Occurrence. Present to very common throughout Leaf 1, intermittently
in Leaf 2, present to common throughout Leaves 3 and 4. Present to
common below the Thick Coal present to occasional between Leaves 1 and
2, occasional between leaves 3 and 4 present above the Thick Coal.

Florinites millotti Butterworth and Williams 1954

Plate 18, figs.1,2.
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Remarks. The muri are about 1. micrometre wide enclosing lumina
generally less than 1 micrometre in diameter.
Occurrence. Present to occasional rarely in Leaves 1 and 2 present

rarely in Leaf 4. Present to occasional below the Thick Coal.

Florinites pumicosus (Ibrahim) Schopf, Wilson and Bentall 1944

: Plate 19, figs.3,4.

Comparison. F. visendus (Ibrahim) Schopf, Wilson and Bentall 1944 is
larger (saccus max. length 122(151)186 micrometres) than F. pumicosus
(saccus max. length 77(93)117 micrometres). Sizes from Smith and
Butterworth (1967).

Occurrence. Occasional rarely in Leaf 1, present to infregquent rarely
in Leaf .2. Occasional to frequent below the Thick Coal, infrequent
between Leaves 3 and 4, present above the Thick Coal.

Florinites similis Kosanke 1950

. Plate 19, figs.5,6.

Remarks. Peppers (1970) after. remacerating the sample from which the
holotype was taken found specimens with the same characteristics as
the holotype, but with a clear trilete mark. Several of the specimens
observed in this study exhibit .this feature, often with one laesura
longer or shorter than the others (Plate 19, £fig.6). The body is
laevigate to finely granulate, Compression. folds affecting body and
saccus are cCommon.

Comparison. Smith and Butterworth (1967) believe examination of
specimens from the type locality may show that F. similis is

synonymous with F. volans (Loose) Potonie and Kremp 1956. According to

Peppers (1970) Guthoer1i9porites magnificus Bharadwaj 1954 is

morphologically similar to F. similis.
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Occurrence. Present rarely in Leaf 1, present to occasional rarely in
Leaf 2, present rarely in Leaf 3, present to infrequent rarely in Leaf
4. Occasional to frequent below the Thick Coal.

Florinites triletus XKosanke 1950

Plate 19, figs.7-9.
Holotype. Kosanke 1950, pl.12, fig.3, maceration 574, slide 3.

Type lLocality. Shoal Creek coal bed McLeansboro Group, Bond County,

Illinois, USA, Pennsylvanian.
Diagnosis. (Kosanke 1950 p.50).

Size in micrometres. (i) Holotype saccus 52.9 x 65.1, 49-69, body 33.6

x 27.3, 25=-36 Schulze and 10% KOH (Kosanke 1950) (ii) Saccus max.
56(64.5)77, min. 35(54.8)72; body max. 24(35.6)51, min. 24(31)41.5
fum. HNO3 (Nader 1983) Northumberland, England; Westphalian A-B (iii)
Saccus max. 44.8(49.6)54.4, min. "35.2(38.4)41.6; body max. 25.6(28)32,
min. 24(27.7)30.4 (5 specimens) fum. HNO3, various leaves, Thick Coal,
Longmeadow Wood borehole, Warwickshire, England; Westphalian B.

Description. Amb oval to circular margin smooth or minutely indented.

Body sharply defined, slightly oval to circular, forming 55-65% of the
saccus along the major axis of the saccus. Body much thicker (1-2
micrometres) than the saccus, rarely folded, finely granulate.
Laesurae distinct on the proximal surface of the body, sometimes
varying in length on individual specimens from 2.5-6.4 micrometres
long. Saccus laevigate externally, but with infrareticulate sculpture,
sometimes with slightly darker margin. Muri slightly less than 1
micrometre wide, enclosing lumina which increase in size towards the
equator to a maximum of 2.5 micrometres in diameter. Distal furrow
rarely visible.

Comparison. F. triletus is distinguished from other species of

Florinites seen in this study by the clearly visible trilete mark and
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thick body. F. similis is larger; has a variably developed trilete
mark and is often more folded. F. cf. volans Ravn 1979 appears similar
to F. triletus but is larger.

Occurrence. Present to infrequent rarely in Leaf 1, pfesent rarely in
Leaf 2, present to occasional rarely in lLeaf 4. Present below the

Thick Coal.

Florinites visendus (Ibrahim) Schopf, Wilson and Bentall 1944

Plate 19, figs.10-12.
Occurrence. Present rarely in Leaf 2. Not observed in siliciclastic
subsections.
Infraturma TRIRADITES (Pant) Bharadwaj 1955
' Genus WILSONITES Kosanke 1959

Wilsonites delicatus Kosanke 1950

Wilsonites cf. delicatus Kosanke 1950

Plate 20, figs.1-3.

1967 Wilsonites cf. delicatus Kosanke in Smith and Butterworth, p.308,

pl.24, figs. 41, 42.
Remarks. Specimens with a saccus as small as 56 micrometres have been
observed in this study which is smaller than the size range 68(90)12.4
guoted by Smith and Butterworth (1967). The laesurae vary.in length
from 2/3 to almost the entire body radius.
Occurrence. Present to infrequent rarely in Leaf 2, present rarely in
Leaves 3 and 4. Occasional to common below the Thick Coal.

Infratuma VESICULOMONORADITI (Pant) Bharadwaj 1956

' Genus POTONIEISPORITES Bharadwaj 1954

Type Bpecieé._g. novicus Bharadwaj 1954

Diagnosis. (Bharadwaj 1954, p.520)
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Comparison. Differs from species of Florinites in possessing a
consistently oval or elliptical outline, characteristic crescentic.
folding of the body, and in usually possessing a monolete suture.

Potonieisporites elegans (Wilson and Kosanke) Habib 1966

1944 Florinites elegans Wilson and Kosanke, p.330, fig.3.

1964 Potonieisporites elegans (Wilson and Kosanke) Wilson and

Venkatachala, p.67 and 68, figs.1, 2.

we

1966 Potonieisporites elegans (Wilson and Kosanke) Habib, p.648, 649,

pl.108, fig.3.
Holotype. Wilson and Kosanke, fig.3, 1944.

Type Locality. Angus Coal Mine, Iowa, Des Moines Series.

Diaggosis. (See diagnosis in Habib 1966, p.648, emended from Wilson
and Kosanke 1944, p.330).

Size in micrometres. (i) 135-215, central body 85-110,Schu1ze and 8%

KOH (Habib 1966) (ii) 100 x 137 to 145 x 200, body 70 x 72 to 102 x
108, Schulze and KOH (Felix and Burbridge j967) (iii) 95(118) 144, body
55(70)82, fum. HNO3 (Nader 1983).

Potonieisporites cf. elegans

Plate 20, figs.4,5.
| ]

Size in micrometres. Saccus max. 67(87)99, min. 59(63)69, body max.

41(50)66, min.22(32)43 (5 specimens) fum. HNO3, Leaves 1 and 2, Thick
Coal, Longmeadow Wood borehole, Warwickshire, England; Westphalian B.

Description. Monosaccate, monolete to trilete, amb elliptical to oval

in outline, margin smoo;h, central body sharply defined circular to
oval in shape. The maximum length of the central body is usually along
the same axis as the m;ximum length of thehaaccus andupccupies about
2/3 its length. It is characterised by a pair of crescentic folds

parallel or at right angles to the length of the body and other
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crescentic folds more or less at kight angles to the first foldé.
Itﬁay be laevigate to ‘bunctate. The suture is typically monolete
éxtending between 1/3 to 2/3 across the body, sometimes with a medial
deflection hﬁlfway aloné its length. At this point commonly a short
vestigial third'ray may be present making the suture trilete. Saccus
extends about 1/4 the diameter onto the céntral body on the proximal
Burfaée, and is exﬁerﬁally iaevigate and internally irregularly
reticulate with lamina between 1.5-3 micrometres in size.

Coggarison. Differslfrom‘g. elegans (Wwilson and Kosanke) Habib 1966 in

being smaller in éiie;‘Potonieisporites -3 18 A ﬁéder 1983 is smaller in

size (saccus 45(66)87 micrometres).
Occufrenée. Present rarely in Leaves 2 and 3. Absent in siliciclastic
subsections.

Genus COSTATASCYCLUS (Felix and Burbridge) Urban 1971

Type 5pecies..c. crenatus Felix and Burbfidge 1967.

Diagaosis. (Urban-1971, p.114, emended from Feiix and Burbridge 1967,
p.411).

COmEEfiéon. Differs from speciéé of Florinites and PotohieisPOrites in

possessing a very thick body on the distal surface of which are
raaiating.ribs and in the mode of compressiOn which'may cause the
spores to appear bisaccate.

Costatascyclus crenatus (Felix and Burbridgé).Urban 1971

Plate 20, figs.6-8.

1967 Costatascyclus crenatus, Felix and Burbridge, §.411, p1.64,

fig.6.

1971 Costatascyclus crenatus (Felix and Burbridge) Urban, p.114-115,

pl . 25;\ figs 04-9 .

- Holotype. Felix and Burbridge 1967, pl.64, figs. 5, 6, slide
03vie-11(5).
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Type Locality. Springer Formation, Southern Oklahoma, usa

Mississipian/Pennsylvanian. A= o

Diagnosis. (See diagnosis in Urban 1971, p.114-115 emended from Felix
and Burbridge 1967, p.411).

Size in micrometres. (i) Saccus 77 x 125 to 110 x 165, body 54 x 72 to

60 x 84 (ii) saccus max. length 141(130)128, min. length 111(89)80,
body max. length 61(56)51, min. length 48(45)44 (3 specimens) fum.
HNO3, Leaf 2, Thick Coal, Warwickshire, England; Westphalian B.

Description. Monosaccate, monolete, amb oval with an indentation on

one side, margin smooth, central body sharply defined oval to circular
in shape. The body occupies about 2/5 the length of the saccus, with
its long axis parallel to the major axis of the saccus, about 3
micrometres thick. It usually has one fold and is apparently
laevigate. The suture is about 1/4 the length of the body, orientated
parallel ‘to the major axis, and has a medial deflection halfway along
its length. The saccus is closely attached to the proximal surface of
the central body, but folded into four or five major areas and further
folded to give a verrucate appearance (referred to as botryoidal' by
Urbabn 1971). It is attached to the central portion of the body on the
distal surface. From the point of attachment extending for 1/4 the
radius of the body are between 20 to 30 radiating ribs formed by the
folding of the saccus as it expands outwards. The saccus is externally
laevigate and infrareticulate and possesses several long radial folds.
Remarks. The indentation in the amb gives the spore a bisaccate
appearance,

Comparison. Florinites similis Kosanke 1950 occasionally has a trilete

mark and lacks the radiating ribs.

Occurrence. Present rarely in Leaf 2. 2Aabsent in high silicate

subsections.,
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Subturma DISSACITES Cookson 1947
Genus PITYOSPORITES (Seward) Maneum 1960

Pityosporites kittanningensis Habib 1966

1966 Pityosporites kittanningensis Habib, p.650, pl.108, figs.11, 12.

Holotype. Habib 1966, pl.108, fig.11,slide IKC-12.(51-52)1, 26.8 x

116.0.

Type Locality. Lower K Kittanning seam, Western Pennsylvania, USA;
Allegheny Series, Lower Westphalian D.
Diagnosis. (Habib 1966, p.650).

Size in micrometres. (i) Holotype 70 x 47, 60-78, central body 36-58

Schulze and 8% KOH (Habib 1966).

Pityosporites cf. kittanningensis

Plate 21, figs.1,2.

Size of micrometres. Maximum length of grain 109, 128; depth of grain

73, 84, depth of sacci 73, 82, width of body '32=-38 (2 specimens) fum.
HNO3, Leaf -2 Thick Coal,.:Longmeadow Wood borehole, Warwickshire,
England, Westphalian B.

Description. Alete bisaccate grain; central body almost circular,

sacci elliptical in lateral view. Central boedy indistinct about 1
micrometre thick, punctate. Two sacci are attached distally to the
body in the polar area and proximally to the body near the equator,
each inclined between 35-55 degrees from the proximal-distal axis.
They are of similar size and externally laevigate and internally
infrareticulate. There appear to be both primary ﬁuri about 1
micrometre wide enclosing lumina up to 6 micrometres in diameter, and
secondary muri less than 1 micrometre wide enclosing lumina about 1
micrometre in diameter. A poorly defined furrow is present distally

between the two sacci.:
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Comparison. Both P. westphalensis Williams 1955 (length of grain

38.7(47)50.8 micrometres) and.P. kittanningensis Habib 1966 (60-78)

micrometres) are smaller than P. cf. kittanningensis. The size range

of P. zapfei Potonie and Klaus 1954 (70-120 micrometres) is comparable

with P. cf. kittanningensis, - but in the idealised drawings (figs.

9,10) and photographs (pld.10, £igs.9,10) the central body is much
larger than the sacci.

Occurrence. Present rarely in Leaf 2.

Pityosporites westphalensis Williams 1955

N

Plate 21, figs.3=5.

Remarks. Muri are slightly less than 1 micrometre thick and enclose
lumina 1-2 micrometres in diameter.
Occurrence. Present to frequent intermittently in Leaf 1, present to
common rarely in Leaf 2, present intermittently in Leaf 3, present
rarely in Leaf 4. Infrequent to occasional below the Thick Coal,
frequent between Leaves 1 and 2. |

Turma PLICATES (PLICATA Naumova 1937, 1939) Potonie 1960

Subturma PRAECOLPATES Potonie and Kremp 1954

Genus SCHOPFIPOLLENITES Potonie and Kremp 1954

Schopfipollenites ellipsoides var. corporeus Neves 1961

Plate 21, figs.6,7.
occurrence. Infregquent rarely in Leaf 1, present rarely in Leaf 2.
Occasional below éhe Thick Coal.
INCERTAE SEDIS
Spore Type A
Plate 21, figs.8-16.

Size in micrometres. 20.8(24.6)30.4 HF and fum. HNO3, seatearth

immediately below the Thick Coal, Longmeadow Wood borehole,

Warwickshire, England; Westphalian B.

N
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Description. Amb oval, often circular, rarely polygonal, margin barely

modified by the ornament. Trilete, laesurae straight, simple, usually
open, often indistinct or to;n, extending between 1/3-2/3 spore
radius, sometimes of unequal length. Ornament of costae about 0.3
micrometres wide and high, separated by about 1 micrometre, rarely
branching, appear generally sub-parallel to the margin. Costae vary in
glarity between specimens and are often reduced proximally. Exine
between 1-1.5 micrometres thick.

Comparison. The ornament appears similar to the genus Vestispora
although no central body is visible.

Occurrence. Present rarely below the Thick Coal.
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6.3 DISTRIBUTION OF MIOSPORES IN THE THICK COAL AT LONGMEADOW WOOD
BOREHOLE

The Thick Coal at Longmeadow Wood borehole comprises four leaves
of coal separated by siliciclastic interleaf partings (Fig.5.45).
Division of the Thick Coal at this location into 116 subsections
(samples) was by recognition of lithofacies (see principally section
5.3.10)« All the subsections (5) making up the interleaf partings (3)
and the siliciclastic subsections above the Thick Coal (1) and some of
those below the Thick Coal (4) were counted for their miospore
content. Of the 104 coal subsections making:up the four lea§es 83
subsections were counted for their miospore content, in such a way
that in only Fwo cases were uncounted subsections next to each other
(Appendix °'C'). It was hoped that the choice of subsections would
adequately cover different lithofacies, chemical analyse?, and
miospore assemblages.

The basic data files were.compiled using the method shown in
section 6.1.7.1., for all of the subsections counted at Longmeadow Wood
Borehole and the miospore count table was constructed (Appendix 'C').
For purposes of comparison with other authors the miospore species
relative percentage distribution table was produced (Appendix ‘D).

6.3.1 Analysis of the miospore species relative percentage
distribution table (Appendix 'D')

Because percentage distribution of miospore species is the basis
for the analysis of miospore data used by many palynologists, most of
the work in this study is carried out using data from Appendix 'D'.

A vast amount of data is contained in Appendix 'D'. In order to
identify the most potentially useful miospore species (species) a

statistical analysis concerning their prevalence and abundance in
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TABLE 6.2 The 57 most prevalent species within coal subsections

Number of coal subsections
in which the species occurs

1 Lycospora pusilla 82
1 Laevigatosporites minor 82
3 Lycospora pellucida 80
4 Laevigatosporites cf. dunkardensis 79
4 Fabasporites cf. exilis 79
6 Crassispora kosankei 72
6 Florinites mediapudens 72
8 Anapiculatisporites minor 71
9 Granulatisporites microgranifer 66
9 Lycospora rotunda 66
1 Lycospora orbicula 63
12 Calamospora cf. breviradiata 60
13 Punctatosporites minutus 57
14 Densosporites sphaerotriangularis 56
15 Apiculatisporis irregqularis 55
16 Cifratriradiates saturni 54
11 Lophotriletes cf. microsaetosus 54
- 17 Fabasporites parvus 53
i8 Lophotriletes commisuralis 52
19 Dictyotriletes bireticulatus 51
20 Calamospora para 50
20 Densosporites anulatus 50
20 Apiculatasporites spinulistratus 48
23 Verrucosisporites microtuberosus 48
24 Leiotriletes gquennelii 47
25 Acanthotriletes echinatus 46
26 Densosporites cf. triangularis 45
27 Granulatisporites minutus 42
27 Endosporites zonalis 43
29 Apiculatisporis spinosaetosus 41
30 Lophotriletes granoornatus 40
31 Raistrickia cf. lowellensis 39
32 Lycospora rugosa 38
34 Densosporites gracilis 33
34 Apiculatisporis aculeatus 32
35 Leiotriletes cf. priddyi 30
36 Anapiculatisporites baccatus 30
36 Calamospora straminea 30
39 Microreticulatus harrisonii 29
40 Calamospora cf. pedata 28
41 Calamospora pallida 27
41 Punctatisporites punctatus 27
43 Acanthotriletes triguetrus 26
43 Camptotriletes bucculentus 26
43 Cingqulizonates loricatus 26
43 Endosporites globiformis 26
47 Calamospora breviradiata 25
48 Calamospora nebulosa 24
48 Cristatisporites indignabundus 24
48 Pityosporites westphalensis 24
51 Granulatisporites adnatoides 22
51 Radiizonates tenuis 22
_ 51 Vestispora pseudoreticulata 22
54 Cyclogranisporites cf. pressoides 21
55 Apiculatisporis abditus 21
56 TaEVigatosporites Vulgaris 20
56 Florinites cf.florini 20
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TABLE 6.3 The 46 most prevalent species within siliciclastic

subsections
Number of siliciclastic subsections
in which the species occurs
1 Lycospora pusilla 10
1 Lycospora pellucida 10
1 Calamospora parva 10
4 Leictrdetes cf. priddyi 9
4 Laevigatosporites cf. dunkardensis 9
4 Laevigatosporites minor 9
4 Fabasporites cf. exilis 9
8 Florinites cf. florini 8
8 Florinites mediapudens 8
8 Densosporites sphaerotriangularis 8
8 Densosporites anulatus 8
8 Densosporites triangqularis 8
8 Dictyotriletes bireticulatus 8
8 Acanthotriletes echinatus 8
8 Verrucosisporites microtuberosus 8
8 Granulatisporites microgranifer 8
8 Punctatisporites punctatus 8
18 Apiculatisporites spinosaetosus 7
18 Densosporites gracilis 7
18 Lycospora orbicula 7
’ 18 Cirratriradiates saturni 7
18 Cingulizonates loricatus 7
18 Radiizonates cf. striatus 7
24 Leiotriletes guennelii 6
24 Calamospora pallida 6
24 Cyclogranisporites cf. minutus 6
24 Lophotriletes commisuralis 6
24 Lophotriletes granocornatus 6
24 Lophotriletes cf. microsaetosus 6
24 Apiculatisporis irregularis 6
24 Raistrickia cf. lowellensis 6
24 Camptotriletes bucculentus 6
24 Reticulatigporites reticulatus 6
24 Savitrisporites nux 6
24 Crassispora kosankei 6
24 Lycospora rotunda 6
24 Punctatosporites minutus 6
24 Fabaporites parvus 6
39 Granulatisporites adnatoides 5
39 Granulatisporites minutus 5
39 Verrucosisporites sp. A. 5
39 Anapiculatisporites minor 5
39 Apiculatisporis aculeatus 5
39 Apiculatisporis cf. latigranifer 5
39 Apiculatasporis spinulistratus 5
39 Florinites pumicosus 5
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Table 6.5 Siliciclastic subsections: 37 species listed in descending order
of frequency of occurrence within the abundance categories
(All species occurring at greater than the freguent category
of abundance are listed)

Maximum Very Abundant Very Common Freguent
Abundance Abundant Common

1. Lycospora pusilla 35.4 1 3 1 5 0
2. Laevigatosporites minor 14.7 3 2 2 2
3. Llaevigatosporites cf.

dunkardensis 15.1 2 3 2 1
4. Fabaporites cf. exilis 18.6 2 1 2 2
5. Lycospora pellucida 16.4 1 4 4 0
6. Densceporites cf.

trianqularis 11.4 1 2 2 1
7. Densosporites cf. anulatus 15.4 1 1 1 3
8. Leiotriletes cf. priddyi 14.1 1 1 0 3
9, Florinites cf. florini 12.7 1 1 0 2
10. Crassispora kosankei 14.9 1 0 1 3
11+ Densosporites '

spaerotriancqularis 7.39 2 4 1
12. Granulatisvorites

microgranifer 5.77 2 3 1
13. Radiizonates cf. striatus 7.39 2 2 1
14. Punctatisporites punctatus 4,35 . 1 3 0
15. Cingulizonates loricatus 5.20 1 2 0
16. savitrisporites nux 6.15 1 0 0
17. Acanthotriletes echinatus 9.06 1 0 0
18. Calamospora parva 3.42 7 2
19. Lycospora rotunda 4.33 3 0
20. Densosporites agracilis 4.72 2 2
21. Florinites mediapudens 3.08 T2 0
22. Endosporites zonalis 3.21 2 0
23. Granulatisporites

granulatus 3.36 2 0
24. Verrucosisporites

microtuberosus 2.17 1 4
25. Calamospora pallida 3.42 1 3
26. Lycospora orbicula 2.23 . 1 2
27. Punctatosporites minutus 3.11 : 1 1
27. Raistrickia cf. lowellensis 4.04 1 1
27. Cyclogranisporites cf. . )

minutus 2.15 1 1
30. Apiculatisporis

irreqularis ’ 4.84 - 1 1
31. Endosporites globiformis 2.00 1 1
32. Verrucosisporites sifati 2.48 1 1
33, Camptotriletes bucculentus 2.17 1 0
34. Punctatisporites obesus 2.46 1 0
35. Raistrickia pilosa 2.17 1 0
36. Calamspora microrugosa 2.17 1 0
37. Wilsonites cf. delicatus 2.17 1 0
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subsections was carried out. Because of possible fundamental
differences between coal and siliciclastic subsections the analysis
for each was kept separate.

| The most prevalent species in.coal subsections are 1listed in
Table 6.2 whilst those prevalent species in siliciclastic subsections
are listed in Table 6.2. Several species Bccur near the tﬁﬁ of both

tables e.g. Lycospora pusilla and L. pellucida, and several species

occurring high in one table appear lower down or not at all in the

other table e.g. Florinites cf. florini, Leiotriletes cf. priddyi.

Abundance has been divided into eight categories (section 6.2)

bésed on Smith and Butterworth (1967) and ﬁhe distribution of the fiva
most abundant categories is plotted for coal sub;éctions (Table 6.4)
and siliéiclastic subsections (Table 6.5), together;with the maxim;ﬁ
abundance for each species. If the first 3§ apeciéa in Tgbiéé 6.4 .and
6.5 are compafeé it can be seen that. both tébles have Lycospora
pusilla at their head as was the case for the prevalence tables.

Similarly Faba5pori£e5 cf. exilis occurs the the top of both tables as

' 1
it did with the prevalence tables. However, Table 6.3 shows several

species of Densosporites néar the top whereas lLaevigatosporites minor

and L. cf. dunkardensis take their place in Table 6.5 indicéting a

greater importance of Densosporites in the coal subsections. Both

abundance tables have some species. of Densosporites at higher

positions than the prevalénca tables suggesting maxima which are
vertically more restricted. Several species occur in one table but not

another.
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6.3.2 Division of the leaves of the Thick Coal using
palynological data.

It is believed that if coal subsections can be defined using
palynological data the Thick Coal can be dividedﬁ_ into a number of
beds so that a palaeocecological interpretation can be made. This type
of analysis was attempted by Smith (1957) who studied five Westphalian
B seams in the Yorkshire Coalfield in the centre of the Pennine
Basin. He concluded that three phases could be recognised
corresponding to high numbers of two species of the genus Lycospora,

and one species from each of the genera Laevigatosporites and

Densosporites, and that these phases occurred sequentially. Other

authors have carried out similar analyses in France (Corsin et al.
1967), Canada (Hacquebard & Donaldson 1969) and Russia (Koval'chuk and
Uziyuk 1973) but only recorded miospore genera. Use of miospore genera
is likely to make the palaeocecological interpretation more difficult
as it increases the possibility of grouping miospore species whose
parent plants may have existed in different habitats. An advance was
made by sSmith (1962) working in the Yorkshire Coalfield, in the
recognition of four phases, each characterised by an association of
miospore species, although often one species was dominant. A similar_
analysis using miospore assemblages was carried out in the USA by
Habib (1966) .

The use of miospm_:a associations is the best means of defining
coal subsections by palynological methods, because it helps to ensure
that the assemblage is autochthonous. However, it was decided to
determine whether definition could be achieved using only a few
miospore species. Twenty one species occur abundantly (sensu smith &

Butterworth 1967) ie. greater than 10% in the leaves of Thick Coal
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(Table 6.4). Seven of these species are prevalent enough (Table 6.2)

to define all the coal subsections viz. Densosporites cf. anulatus

(Loose) Smith & Butterworth 1967; D. gracilis Smith & Butterworth

1967; D. sphaerotriangularis Kosanke 1950; D. cf. triangularis Kosanke

1950; Lycospora pusilla (Ibrahim) sSchopf, Wilson & Bentall 1944;

Laevigatosporites minor Loose 1934; and Fabasporites cf. exilis

Clendening 1967. Because they make up the bulk of the miospore
population they are called bulk characterising species (bcs). These
seven species can be arranged to give four miospore types. Three types
are formed from inéividual bes viz. L. pusilla bes, F. cf. exilis bes
and L. minor bcs. When the distribution of the four species of

Densosporites were examined it was found that they often occurred

together. For this reason they are grouped to give the fourth miospore

type Densosporites spp. bcs.

Using the data from Appendix 'D' relative percentages of the four
miospore types were plotted against-subsecti.ons in which they occurred
(Fig 6.10). Where subsections have not been counted, values have been
interpolated from adjacent counted subsections. From Fig.6.10 it can
be seén that each coal subsection and many siliciclastic subsections
have at least one of the miospore types exceeding 10%. It was
therefore necessary to devise a test of significance which can be
applied to each subsection to determine which miospore type defines
it. Because it is likely that different plants produced different
numbers of miospores, and that their dispersal pattern and rate of
destruction before and after incorporation within the coal was also
different, it is probable that the significance of each miospore type
is governed by a different relative percentage. This relative

percentage is calculated by averaging those subsections containing in
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excess of 10% (lower values are excluded because some may be
allochthonous) for each miospore type, and using this value as a test

of significance viz. 47% Densosporites spp. bcs; 18% for L.minor

bes; 22% for F. cf. exilis bcs, and 32% for L. pusilla bes. .In Fig.
a thick line has been drawn beside each miospore type which is higher
than the average calue and therefore considered significant.Where two
miospore types are significant the line has been drawn between them,
and where a subsection contains no significant miospore type the line
has been drawn nearest or between the most significant miospore type.

Examinations of Leaves 1 and 4 (Fig.tl0) reveals a trend from
right to left, commencing with subsections defined by L. pusilla bcs
(the initial miospore type) and passing upward into those defined by

F. cf. exilis bcs, L. minor bcs and Densosporites spp. bes (the climax

miospore type). These leaves display what can be described as a
'normal miospore (type) succession'; although firstly at the base of
Leaf 1 there is oscillation between subsections defined by L. pusilla
becs and F. cf. exilis becs, and secondly at the top of the same leaf
there is a return to subsections defined by L. minor bcs. Leaves of
coal in which the climax miospore type is present are termed
'long-residence' histosols. This normal succession compares well
(apart from F. cf. exilis bcs) with the sequential relationship
obtained by Smit.h (1957) of Lycospore to Transition to Densospore
phases, and is similar to those observed by Corsin et al. (1967) in
Westphalian C coals and Habib (1966) in Westphalian D age coals. Smith
(1962) recognised a fourth phase, termed Incursion, which was

characterised by the association of Crassispora kosankei (Potonie &

Kremp) Smith & Butterworth 1967 and Punctatosporites minutus Ibrahim

1933. Although both of these species occur abundantly in many

153



subsections within the leaves of the Thick Coal (Appendix 'D') no
association between them has been observed by the author. It is‘
possible that the 'indeterminate thin exines' in the Lycospore phase
(smith 1962) may correspond to the species F. cf. exilis, although
this species may not have existed in such abundance in the seams
inv;stigated by sSmith (f962), or filtration may have caused its
removal from the samples.

In Leaf 2 there appear to be two 'miospore (type) cycles', the
first existing Bétween the base of the leaf and subsection 459, and
the second from subsection 459 to the tdp”of the leaf. A cycle is
formed when the sequence in a normal miospore succession is mirrored
in coal subsections lying directly above it, in the order a, b, ¢, 4,
c, b, a. The firét cycle commences at the base of the leaf with-
subsectionls- defined by alternations of F. cf. exilis bcs and L.
pusilla bcs, followed in the normal miospore succession by subsectidns

defined by E'.' minor becs and Densosporites spp., bcs to subsection

463. In the subsections immediately above this there are oscillations
between vﬁriaus mioépofe types culminating in L. pusilla bcs in
subsection 459. From this subsection a second cycle is initiated
passing up through L. minor becs to subsections dominated by

Densosporites spp. bcs towards the top of the leaf. Above this to the

top of the leaf a return through L. minor becs to F. cf. exilis bes is
visible. This cyclic sequence is similar (apart from the recognition
of F. cf. exilis bcs) to that observed by Smith (1962) within two
Westphalian B seams from the Yorkshire Coalfield ie. The Swallow Wood
and Hazel se;ms.

The division of Leaf 2 into two parts in the middle of subsection

459 compares favourably with the division of this leaf made by
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sedimentological méans (section 5.4.7.3). In the latter case the line
of separation was placed in subsection 460 on the basis of the
percentages of the coal macrolithotypes 'Bright' and ‘'Bright finely
lensed with dull'. °

Leaf 3 is unusual in that it commences with subsections defined

by Densosporites spp. bcs and L. minor bes but returns through an

oscillating sequence to subsections defined by E_.' cf. exilis bcs and
L. pusilla bcs at the top of the leaf.

The siliciclastic palaeosols between the leaves contain moderate
percentages of the miospore types which occur in the coal subsections
immediately below or above. Between Leaves 1 and 2 ‘where the
siliciclastic palaeocsol is divided into 3 subsections a seguence is
observable which reflects the bcs in both the under- and overlying
leaves. Above leaf 1 there is no relationship between the bcs in the
underlying coal subsections and the overlying siliciclastic
subsection. Subsections below Leaf 1 contain only low percentages of
the bcs. It is unfortunate that the subsection immediately below the

Thick Coal does not contain miospores.
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6.4 PALAEOECOLOGICAL AND SEDIMENTOLOGICAL INTERPRETATION OF THE THICK
COAL

Many of fhe palaeéecological interpretations of Westphalian coal
seams were ;:arried out during the 1960s (Butterworth 1964, 1966;
Habib 1966; Habib & Groth 1967; Hacguebard & Donaldson 1969; Smith
1962, 1968). since_that time our understanding of the palaeocecology of
modern histosols (Anderson & Muller .1975, Cohen & Spackman 1972,
Haseldonckx 1977) and the environments in which they develop (Barber
1981; Cohen 1974, 1983; Coleman et al. 1970; McCabe 1984; and Moore &
Bellamy 1974) has been considerably extended. With this documentation
as a d;tabaae it is now possible to attempt a more complete
palaeocecological analysis of .the miospore successions seen in the
leaves of the Thick Coal, and to understand the determinants of the
spatial and teméoral distribution of those coal leaves.

6.4.1 Factors likely to affect miospore successions

Tﬁe factors believed to influence the creation of miospore
successions observed in the four leaves | of the Thick -Ccml at
Longmeadc* Wood borehole can Be divided into climatic and edaphic
~ factors, which are discussed with refefence to sedimentation in the
Pennine Basin, ané particularly the formation of the Thick Coal.

6+4.1.1 Climatic factors

Climati; controi was proposéd by Smith (1962) and endors;d by
Chaloné; & Muir (1968) to account for part of the sequence of
palynological changes detected in Westphalian coal seams. Smith (1962)
attributed the shift from his.TTansition to Densospore phase to an
increase in both precipitation and atmospheric humidity. However, if

histosol accumulation was more or less continuous at different
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localities throughout the Pennine Basin (Elljott 1985) and these
exhibit similar miospore successions (Smith 1957, 1962; this work) it
would be impossible for a change of climate to be the only factor
controlling these successions within a leaf.

Climatic change is also believed to have occurred slowly during
the Westphalian (Phillips' and Peppers 1984), and not with the
frequency necessary to allow the full development of seguences in a
number of seams (Smith 1964) formed 6ver relatively short intervals of
geological time. Smith (1962) also suggested that the absence of
Densospore phase in Westphalian Cage coals in Britain, in contrast to
its occurrence in seams of Westphalian A and B age, might be due to
inadequate precipitation during this Stage of the Westphalian. This
interprei:ation was supported by Butterworth (1966) who studied the
worldwide distribution of densospores. Unfortunately, the evidence
presented by Phillips and Peppers (1§84) for a drier climate over the
North American = North European continental plate during the
Westphalian B and C when compared with the Westphalian A and D does
not fit the interpretations of Smith (1962) and Butterworth (1966). .

Histosols can develop in a variety of climates providing
accumulation of plant debris exceeds its degradation. Decay of plant
debris proceeds more rapidly under aerobic conditions but these are
prevented by waterlogging, so that one of the critical factors in
preservation j..s that part of the hydrological cycle which existed
within the histosol. This has been summarised in "the form of an
equation by Bellamy (1972):-

Inflow + Precipitation = Outflow + Evapo (transpiration) + Retention.
From this it may be seen that water may be supplied in two ways,

either entirely by precipitation or by a combination of precipitation
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and groundwater. In this respect climate is partly responsible for the
type of histosol which can develop, for only where precipitation is
great enough to retain the water table near to the surface of a mire
can an ombrophilous (Kulczynski 1949) bog evolve from a rheophilous
(Kulczynski 1949) swamp. Both of these types of mire would have been
able to develop in the Warwickshire Coalfield because, as ‘shown
previously, the climate envisaged for Westphalian B times was tropical
- pure equatorial.

6.4.1.2 Edaphic factors

The interpretation of miospore successions within leaves of coal
makes the fundamental assumption that the miospores forming them are
autochthonous and represent a local population of parent plahta. In
both European (Tauber 1965) and tropical forests (Anderson & Muller
1975) it has been found that the majority of miospores have only
travelled a few hundred metres from the plants which produced them.
Changes in flora growing on Westphalian histosols are therefore likely
to have taken place because the plants were limited by their ability
to cope with changing edaphic conditions.

'The distinction between the mode of formation of rheophilous
high-ash histosols and ombrophilous low ash histosols has already been
made in the 1lithofacies associations 'Very poorly drained
siliciclastic dominated palaeosol/s' and ‘Long-residence' histosols
respectively. The Thick Coal is a group of 'Long-residence' histosols
which are believed to have formed in ombrophilous bogs. Anderson
(1983) published the results of a survey of tropical peats of Western
Malasia which showed that edaphic factors subject to the greatest
variation in ombrophilous bogs are water table position and the

percentage of certain minerals. Variations in the water table during
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the dry season are minimal at the mire periphery (9-1icm) and at a
maximum in the centre (up to 19cm), whilst during the wet season the
water table may rise above the level of the mire surface at its
periphery (Anderson 1964). Results from the. central 19%m of a 25km
transect from the bog edge to céﬁtre, showed that phosphorous contents
were reduced by over half (510 to 203 p.peM.) - whilst potassium
contents were reduced by over one third (360 to 214 p.p.m). There was
little variation in pH (3.3 to 3.6). It is believed that these edaphic
variations are’ sufficient to produce the sequence of six plaﬁt
communities recognised by Anderson & Muller (1975) in raised mires in
NW Borneo, although the predominant control is probably that of water
table variation. It should be noted that ash content along the 19knm
transect (Anderson 1983) varied from 3.6% by weight’ towards the edge
to 1.2% at the centre.

RheoPhiloﬁa swamps do not appear to create a sequence of numerous
plant communities but instead produce an alternation of plant
communities due to oscillations of wet and dry conditions. Cohen
(1974) recognised two types of histosol in the Okefenockee Swamp on the
basis of their macrofloral remains. Marsh plants produced histosols
that were diagnostic of wet conditions, whilst trees and shrubs
produced histosols .diagnostic of drier conditions. A similar
distribution of vegetation was observed by Spackman EE.El; (1969) in
the freshwater environment of the Everglades in southern Florida, but
in the coastal environment of the Everglades a separate type of
vegetation'}ecognised by Spackman et al. (1969) was shown to have
formed under marine influence. Previously (Spackman et al. 1966) had
shown the coastal vegetation to be transgressing onto the freshwater

vegetation.
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The transgressioh model above was used by Habib et al. (1966) ané.
Habib & Groth (1967) to explain miospore successions in a Westphalian
D age coal of Pennysylvania. They believed the change from a Lycospore -
assemblage zone at the base of leaves through intermediate zones to a

Densosporites assemblage zone at the top could be explained by the

increasing influence of salinity on the vegetation. This was because
where this full succession occurred beds of brackish/marine origin
rested directlj'( ‘on fop of the coal, whereas at other localities

without the Densosporiteé assemblage 2zone the coal was overlain by

beds of freshwater origin. The use of. this model to explain similar
miospore successions seen in the leﬁves of the Thick Coal can be
rejected on the basis -that these histosols we.ré 'accumulating. in a
depositional setting distant from marine influenée; An indicator of
marine mudatonés overlying anl is often a high ievel of sulphur
within the coal (williams & Keith 1963). Sulphur values for the leaves
of the Thick Coal are low e.g. Figs.-‘ 5.45, 5.46 when Icompared with
those values obtained from leaves lying below marine bands in'"-the
Warwickshire Coalfield (in excess of 9% by weight).

Smith (1962) initially believed climate to be partially
responsible for the Densospore phase, but that chéngea in water 1eve1‘
either as a result of isostacy, eustacy, or accumulat.i.on of peat -were
paraﬁount in the formation of the other phases. lLater Smith (in Smith
& Butterworth 1967 p.86; and Smith 1968) postulated that a retreatiﬁg
waterfront would occur as peat .built: up from what can be inﬁerpreted
as a reheophilous swamp covered by a roughly constant depth of water,
to an ombrophilous bog with a water table below the feat surface.
These changes in 'édaphic conditions were. considered aufficient to

account for the succession Lycospore to Transition to Densospore
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phases (smith, in Smith and Butterworth 1967, and Smith 1968). An
advancing waterfront caused by subsidence increasing abové the rate of
peat production would reverse the succession. Smith, in Smith and
Butterworth {{967), and SQith (1968) believed the Incursion phase to
be produced by faster flowing floodﬁaters carrying siliciclastic
sediment in suspensioﬂ across the surface of the peat.

The miospore successions illustrated by Smith (1962, 1964, in
Smith and Butterworth 1967) took place in leaves of coal which are low
in ash content (generally less than 10% by weight) and this is also
true of the leaves of the Thick Coal (Figs.5.45, 5.46). It is believed
that in, active depositional settings, low=-ash- histosols are more
likely to develop where the surface of the bog is raised above
groundwater flood level, although it is possible that rheophilous
swamps could also produce low-ash histosols. Staub & COhep (1979)
suggested that clay could be flocculated by acid swamp waters, dumping
it at the edge of the swamp, although the ash contents of the
histosols: which they studied were still in excess of 12% (Renton et
al. 1979). Alternatively if deposition of siliciclastic sediment was
not taking place near the swamp a low-ash histosol.could be produced.
Also, at some stage the luxuriance of the vegetation may have aided
the exclusion of sgiliciclastic particles from the histosol by
decreasing the flow rate of water passing across its surface
(Robertson 1952). The effect of diagenetic processes outlined by Cecil
et al. (1979) and Renton and Cecil (1979) may also have contributed to
the proéuction of low-ash histosols.

However, if the rheophilous swamp was at  first continually
covered by water as proposed by Smith in Smith and Butterworth (1967),
then in an active depositional setting within the Pennine Basin, it is
believed that siliciclastic sediment would become incorporated in the

mire to produce either a siliciclastic palaeosol or a high-ash
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histosol. The ash values for samples obtained by Spackman et al,
(1969) in a rheophilous swamp range from 10-56%. It appears therefore
that the palynological successions observed by Smith (1962, 1964,
1967) took place within ombrophilous bogs.

6.4.2 Interpretation of the Thick Coal at Longmeadow Wood
borehole

The model proposed to account for miospore successions in the
leaves of the Thick Coal at Longmeadow Wood borehole is illustrated by
éxamining this sequence (including the siliciclastic sediments) from
the base upwards. Prior to the formation of the Thick Coal at this
locality, it is postulated that the rate of aubsidehce reduced from
its higher rate, resulting in the near total filling of all waterlain
areas by a variety of 'Channel fill' and 'Lacustrine' deposits. This
led to the creation of an environment in which a rheophilous swamp
developed, Seﬁiment, input was low and discontinuous, and at times
better drained resulting 'iﬁ the formation of the association
'‘Alternate poorly and imperfectlf drained siliciclastic palaeosol/s'.
In contrast with those miospores found within leaves of coal it is
believed that many of the miospores within siliciclastic sediment were
allochthonous. One of the main reasons for this is beéause the water
moving across the sediment sﬁrface would have been quite capable of
transporting miospores. A discussion of the distribution of miospores
within siliciclastic sediments has been given by Marshall & Smith
(1965)« The low values of all miospore types in the subsections below
the Thick Coal are attributed to the great distance between this and
the nearest ombrophilous bog which was producing them.

When flooding from groundwaﬁera carrying siliciclastic sediment

ceased at this locality, the remaining area of shallow water was
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colonised by vegetatidn which produced L. pusilla bcs observed in
subsactiorié at the base of Leaf 1. This type c:-f vegetation would be
able to survive a partially exposed water table during the wet season
(cf. Anéerson 1964a) although during the dry seasons the water table
probably lay just below the surface of the bog. Initially, some of
those mechanisms outlined previously to prevent siliciclastic
sedimentation reaching the bog surface may have operated. The
vegetation whiéh produced L. pusilla bcs may be regarded as eguivalent
to one of the priricipal species recognised in phasic community I of
Anderson & Muller (1975). An increase in variation of the water table
may have resuited in the growth of vegetation producing F. cf. exilis
bes and where several adjoining subsections are defined by F. cf,
exilis bcs it is presumed that the continued accumulation of the
histosol was responsible for the change in hydrological conditions, as
in the middle of Leaf 1. Hoﬁever, because of the oscillations between
subsections defined by L. pusilla bcs and':g'_. cf. exilis bcs towards
the base of Leaf 1, the change in these conditions may only have been
small and in this case may be accounted for by a prolonged dry season.

As the surface of -the bog became more raised it is postulated
that the changes in hydrological ‘conditions outlined bjr Anderson
(1964a) took place, creating a habitat for the growth of vegetation
producing L. m" bcs following that of F. cf. exilis in the upper
half of Leaf 1. These two miospore ty;')es are the intermediate stages
of the miospore succession observed in Leaf 1, and may be comparable
to several of the phasic communities (II-V) recognised by Anderson &
Muller (1975). It is believed that the creation ot. a flat-topped bog
plain with the greatest variation in water table during the year

enabled the climax vegetation to grow. This included those plants

163



producing Densosporites spp. characterising the miospore type,

defining subsections towards the top of Leaf 1. It is possible that
this vegetation could correspond to phasic community VI (Anderson &
Muller 1975) which is found extensively in the centre of inland bogs
in Sarawak. <

The mids'pore succession observed in Leaf 1 is very similar to
that in Leaf 4, except that the underlying siliciclastic palaeosol
contains moderate percentages of three miospore types probably derived
from adjacent histosols. In both of these leaves the succession is the
simplest type formed during the progressive creation of an
ombrophilous bog. It is postulated that, when dealing with similar
changes in vegetati;:»n, the most rapid creation of a fully'raiSed bog

(recognised in Weét:phalian coals of the Pennine Basin by the presence

of Densosporites spp. bcs) will occur when the greatest differential

exists between the lower rate of subsidence in the area of the bog and
the higher rate outside it. Both Leaves 1 and 4 have similar
thicknesses of coal defined by other miospore types (84 and 75cm

respectively) before Densosporites spp. bcs is reached. In Leaf 2

there is an extended sequence of subsections defined by L. pusilla bcs

and F. cf. exilis forming 116;:111 of coal before Densosporites spp. bcs
is reached, implying a lower differential rate of subsidence for this
leaf. However, those seams examined by Smith (1957, 1962) towards the
centre of the Pennine Basin, have subsections containing abundant

Densosporites sphaerotriangularis (one of the species characterising

Densos;x.;rites spp. bcs) at a much earlier stage in their growth,

between 46-68cm from their base. This may imply a greater differential

rate of subsidence for the areas covered by these seams.
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It is Dbelieved that reversal of the previously mentioned
subsidence rates eventually resulted in the bog surface becoming
lowered wuntil groundwater carrying siliciclastic sediment floods
across it. The most rapid increase in rate of subsidence observed in
the leaves of the Thick Coal is evident in Leaf 4, where the bog was
terminated whilst -covered in the «c¢limax vegetation producing

Densosporites spp. bcs. Overlying this leaf. the siliciclastic

subsection has been interpreted as ‘'Lacustrine suspension deposits'
with the large percentage.of L. pusilla bcs derived from a distant bog
in the appropriate developmental state. In contrast to this the

miospore succession from Densosporites spp. bcs to F. cf. exilis bes

at the top of Leaf 2 may be a response to a lower rate of subsidence.
The-surface of the bog could have become depressed causing water table
variation to.return to that suitable first for the vegetation which
produced L. minor bcs and then ‘Fo cf. exilis bcs. A similar situation
exists at the top of Leaf 3 where the uppermost coal subsection is
defined jointly by F. cf. exilis bcs and L. pusilla bcs. At the top of
Leaf .1 the rate of- subsidence may have been sglow at first

(Densosporites spp. bcs to L. minor bcs) but then have increased more

rapidly, although the overlying siliciclastic sediments contain
moderate percentages of the miospore types found in the uppermost
subsection of Leaf .2, testifying to the close proximity of vegetation
producing these miospores.

The presence of two miospore cycles in Leaf 2 can be attributed
to two episodes of reduced subsidence, separated by one of increased
subsidence in this area. South' of Longmeadow Wood borehole the
increased rate of subsidence has resulted in a split in lLeaf 2
comprising a siliciclastic palaeosol, which 3km away has increased in
thickness to 0.3m (Fig.7.3). - : -
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The effect of drainage in determining the type of vegetation
growing on the bog can be confirmed by an interpretation of the base

of Leaf 3. At its base the unusual occurrence of a subsection defined

jointly‘ by Densos.p;::ritea spp. bcs and L. m bc.s, and the presence
of these miospore tg_,'pes in the ‘o\‘rerlying subse;tions, may be related
to the underlying siliciclastic palaeosol. This fine grained sandstone
is penetrated by in gitu roots and spread over a wide area. Although
it appears that a slow increal'se in ﬁhé rate of subsidence was taking
place during the accumulation of the preceeding leaf, it is postulated
that this Bubsidence ceased prior to the deposition of the fine
grained aaﬁdstone. At this time the bog surface could have been low
enoug}h to allow small channels, unconfined by steep levees, to move
across it carrying a tractional bed load of fine grained sand. During
high stage events sand could be fransported from the chﬁnnel in sheet
floods forming a layer on thé bog surface. When flow cea:aed and the
surface became elevated, the sand would -all-ow drainage into the

underlying peat forming a surf&ce suitable for the parent plants which

produced both Densosporites spp. bcs and L. minor bes.
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6.5 CORRELATION OF THE LEAFES OF THE THICK COAL BY PALYNOLOGICAL
MEANS

It is possible to use the information in Appendix D to determine
if any miospore species (species) can be used as an aid to correlation
of the leaves of thej Thick Coal. Two methods of correlation were
attempted in this study. Fistly by use of the presence or absence of
species within leaves (Table 6.6), and secondly by use of increases

and decreases in relative percentage between under and overlying

leaves (Table 6.7).

6.5.1 Method of determining mosﬁ useful species

3§ éhe relative percentages in Appendix ‘D' for individual
subsections within leaves are weighted according to the thickness of
the subsection, added together and divided by the total thickness of
subsections, an average relative percentage for each species within
the leaf can be calculated. Where subsections within a leaf have not
been counted values were interpolated from adjacent subsections. The
greater the relative percentage at which a species occurs within
leaves, the more likely it is to be significant if it is missing from
any leaf. For this reason the 25 species listed in Table 6.6 are
graded according to their average relative ‘percentage within a leaf
and those occurring below 0.05% are excluded. (Maxima within
subsections are considerably greater than this). Only species witﬁ a
minimum occurrence éf 1% which increase by more than 3 times in
adjacent leaves of the Thick Coal are included in Table 6.7. Those
species which change the most between leaves are likely to be mdst
useful.i

6.5.2 Discussion of results

/
Welsh and Smith (1980) reported on the palynology of leaves of

the Thick Coal at three locations to the east of Longmeadow Wood

borehole. ;
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Table 6.6 Miospore species present in at least one leaf but missing

from one or more other leaves of the Thick Coal

LEAF LEAF LEAF LEAF

1 2 3 4
Species occurring at greater than 0.499
Cyclogranisporites cf. pressoides X X X
Anaplanisporites baccatus X X 0 X
Densosporites cf. duriti X 0 X X
D. cf. granulosus X X X 0
Radijizonates cf. striatus X X X 0
Retispora staplinii X 0 0
Species occurring at greater than 0.099
Leiotriletes cf. adnatus 0 X X X
Granulatisporites adnatoides 0 X X X
Apiculiretusispora sp.C X 0 0 0
Verrucosisporites verrucosus X 0 X X
Dictyotriletes muricatus 0 0 X X
Camptotriletes sp. A X X 0 X
Tricquitrites protensus X X X 0
Hymenospora paucirugosa ‘ X X X 0
Vestispora tortuosa X X X 0
Species occurring at greater than 0.049
Leiotriletes levis ' X X 0 X
Leiotriletes sp. A X 0 0 0
Punctatisporites obesus X X X 0
Converrucosisporites armatus X X X 0
Raistrickia fulva X 0 0 0
R. pilosa X X 0 X
Triquitrites tribullatus X X X 0
Tantillus triguetrus X X 0 X
Reticulatisporites polygonalis X 0 X X
Florinites millotti X X 0 0
F. pumicosus X X 0 0
F. similis X X 0 X

KEY:

X = present

0 = not present
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Table 6.7 Miospore species with minimum occurrence of 1% which increase

by more than three times in adjacent leaves of the Thick Coal

LEAF Amount of LEAF Amount of LEAF 2Amount of LEAF
1 increase increase 3 increase _i

[¥)

Leiotriletes guennelli x 3

Calamospora cf.breviradiata X 6 x 8

E- parva

Lophotriletes commisuralis

x 3
x 3

L. microsaetosus

Apiculatisporis irregularis

x 3
x 6

Acanthotriletes echinatus

Dictyotriletes bireticulatus

x5
X 4
x 3

Crassispora kosankei

Densosporites cf. anulatus 15

D. gracilis
D. cf. triangqularis

"
w

Lycospora orbicula x 8 15

L. Egllucida

..I.‘.‘ rotunda

W W b K

Cingulizonates loricatus

Radiizonates cf. striatus

R. tenuis

_mﬂq'l"l"tﬂlﬂ’:t‘t"t"t*t‘l."t"t“l"b':b‘
"

=S o S S - -~ -~ = - o S = - B+ B < B B = B o N N o - - A - A o

Lo B o < - B - = B« = A A N T - o O < - o O - A < -

b« S @ S D T - S - - A = o B o - - S« - B o BN - B < - Y R~ - B -

Endosporites zonalis

Laevigatosporites cf.

dunkardensis H H H x 3 L

KEY: _

L = Jlow relative % abundance
H = high relative % abundance
0 = not present
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Firstly, they found that Savitrisporites concavus Marshal and

Smith 1965 and S. nux (Butterworth and Williams) Sullivan 1964 were
missing in Flints Green borehole from the equivalent of leaves 2, 3
and 4 at -Ipngmeadow Wood borehole .- Both of these species are present
in all leaves dt'Longmeadow"Wood borehole.

Secondly, they found at the same borehole that Densosporiites

gracilis Smith and Butterworth 1967 was confined to the equivalent of
the upper part of Leaf 2 and Leaves 3 and 4 at Longmeadow Wood
borehole. Again this species is present in all leaves at Longmeadow
Wood borehole although at a markedly greater relative percentage in
Leaf 2 (Table 6.7).

In the same borehole they found that Crassispora kosankei

(Potonie and Kremp) Smith and Butterworth 1967 occurred at a minimum
in the equivalent of the lower part of Leaf 2 at Longmeadow Wood
borehole..' This is also the case for C. kosankei in Longmeadow Wood
borehole although its relative percentage abundance is also low in
Leaves 1 and 4.

High relative percentages of Dictyotriletes bireticulatus

(Ibrahim) smith and Butterworth 1967 were found by Welsh and Smith
(1980) in the equivalents of Leaves 3 and 4 at Longmeadow Wood
borehole. Although this species occurs in high relative percentages in
Leaf 4 at Longmeadow Wood borehole it occurs in relatively 1low
frequencies in the leaves below it.

None of the other species found in Tables 6.6, 6.7 were mentioned
by Welsh and smith’ (1980). Only by comparison of the leaves of the
Thick coal at several localities can the usefulness of species listed

in Tables 6.6, 6.7 be determined.
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CHAPTER 7

DISCUSSIONS AND CONCLUSIONS

The study of the vertical distribution .- of 1lithofacies
associations in borehole cores gives an indication of depositional
en;ironments which were laterally continguous. Similarly the vertical
depgsition of miospore types can be related .to their lateral
distribution. Using this data simplified depositional models were
constructed to show these lateral relationships. The mechanisms
controlling these gpatial relationships can be inferred from a study
of modern depositional environments, which are likely to be similar to
those occurring in the Warwickshire Coalfield during the lower
Silesian. Factors affecting the control of these 1lithofacies
associations temporally are also discussed, with particular reference
to the structural and palaeogeographical framework within which
deposition took place.

7.1 DEPOSITIONAL MODELS

Correlation of coal seams within the. Warwickshire Coalfield has
shown that both 'Long-residence histosol/s' and seams within the
lithofacies association 'Very poorly drained siliciclastic dominated
palaeosols' were widespread over areas exceeding the boundaries of the
Coalfield. Succeeding these are a variety of 'Lacustrine' lithofacies
associations, the basal members of which are often equally as
widespread as the preceding 'Paldeosol' associations. Therefore in
this study the depositional models reflect the domination of either
'Palaeosol' or ‘'Lacustrine' lithofacies associations. This is in
contrast to previous Westphalian A/B models proposed to account for
deposition within the Pennine basin by authors who recognised few
'Palaeosol' associations, and inferred that 'Lacustrine' associations

commonly occurred in close proximity to them (Scott 1976, 1978; Guion
1978; Fielding 1984a).
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7.1.1 Lacustrine model 2

The layout of the lacustrine model follows the vertical
relationships observed between lithofacies associations within the
Warwickshire Coalfield, and also the spatial arrangement of channels
and their products shown by other authors working on the Westphalian
deposits of the Pennine basin (Scott 1976, 1978; Guion 1978; Fielding
1984a, 1986). Because the model has been drawn to show the greatest
variety of lithofacies associations within the confines of the scale
chosen, a major distributary has been included. As a result, the
association 'Lacustrine suspension deposits' is not shown on the
surface of the model but underlies it, representing thelfirat stage of
lake infill. The crevasse channels are shown relatively straight and
at a high angle to the channel from which they are derived, and the
minor distributary channels are shown as sinuous bodies following
Fielding (1986). Because the surface of the model represents the final
stages of lake fill, there are scattered areas where the association
'Impoverished siliciclastic palaeosol/s' has developed. At a great
distance from the major distributary channel the association 'Very
poorly drained siliciclastic palaeosol/s' is beginning to accumulate.

7.1.2 Palaeosol model

In this model the distribution of miospore types found in the
lithofacies association 'Long-residence histosol/s' is shown, with the

climax vegetation associated with Densosporites spp. bcs miospore type

in the centre of a flat topped ombrophilous bog. Areas of vegetation
associated with the other miospore types are shown adjacent to

Densosporites spp. bcs, but from the underlying beds it can be seen

that each of these types must at one time have covered the bog

surface. Drainage channels are shown crossing the association
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'Long-residence histosol/s': The boundary Dbetween the latter
association and the two other 'Palaeosol' associations is fairly sharp
and shows that either association can underlie ‘lLong-residence
histosol/s'. The boundary between 'Very poorly drained siliciclastic
dominated palaeosol/s' and 'Alternate poorly and imperfectly drained
siliciclastic palaeosol/s' is gradational and lobate and in the beds
underlying the surface of the model deposits of one association can be
found within the other. A channel belt is shown crossing the latter

two lithofacies associations.
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7.2 MECHANISMS CONTROLLING DEPOSITION

It is believed that rate of subsidence was the most important
factor governing whether sedimentation was characterised ei1:-.her by
deposits similar to those 'in the' 'Palaeosol' or 'Lacustrine' models.
bnly when both rate of subsidence and depth of water were low could
extensive 'Palaeosol' associations form. The great thicknesses of coal
within the"rlithofacies association 'Long-residence histosol/s' attests
to long periods of time. during which' these conditions prevailed.
Increase in the rate of subsidence above the rate of histosol
accumulation is presumed to have caused the drowning of the mires in
which 'Long-residence histosol/s were accumulating, changing
telmatic/terrestial conditions to subagueous conditions. It has been
shown (section 6.4.2) that increase in the rate of subsidence was
variable, and sometimes so rapid that vegetation could not adjust to
it. Following and during high rates of subsidence lakes were formed
which were ' terminated by their infilling with a variety of
'Lacustrine' associations and 'Channel fill deposits' as 'l;.he rate of
subsidence decreased.

7.2.1 Mechanisms controlling the lithofacies associations in the
'Lacustrine' model.

It is believe;i that the most important control on t.‘nela
distribution of lithofacies associations within the 'Lacustrine' model
waé the position of channels and their réléted products. Majolr changes
in channel lc;cation were probably brought about following avulsion.
This is often caused by crevasse channels taking more of the water
away from the original channel (Speight 1965). The change from a
Crevasse to a distributary channel is only likely to happen if the

area is well drained (Kruit 1955) so that the water can follow an
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advantageous gradient. Because of this, channels were probably
attracted towards 1akési"undergoing more rapid subsidence than the.
surrounding area. Foll'o'wing the arrival of major and minor
distributary channels, crevasse channels formed on a random basis as a
res;ult' of water breaking through the levees during flood events.
Sediment from the channels was discharged into the lake by a
variety of means. Although initially unconfined, following incision
into the delta plain over a few years, levees formed from the
lithofacies association ‘'Lacustrine siltstone dominated depbsi.t.a'
developed as a result of overbank flooding. At the mouth of the
channels, depending on their type, crevasse splays or distributary
mouth bars formed the lithofacies association ‘Lacustrine thickly
interbedded coarse and fine deposits'. Beyond the mouths of these
channels the lithofacies association 'Lacustrine dominantly coaréening
upwards deposits' was produced by a mixture of coarse grained bedload
and finer grained sediment in suspension, as the splays and bars moved
into the lake. Large areas of lakes which were at a great distance
from channels cai‘i‘ying giliciclastic sediment received only fine
grained mud in suspension together with floriclastic debris to form
the 1lithofacies association 'Lacustrine 'auspenaion éeposits'. (The
presence of a major distributary channel on the surface of the model
preélt;des the occurrence of 'Lacustrine:suspension deposits' on the
Qurface because of the scale involved). Lakes were slow to fill at
first, but folldwing the attraction of channels to them, they rapidly
filled by the processes outlined "above, because the rate of
sedimentation exceeded the rate of subsidence. The decrease in depth
of water allowed plants to periodically colonise the surface promoting

the "development of the lithofacies association 'Impovériahed
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siliciclastic pélaeosol'. This probably happened in small areas at
first, but as the locus of deposition moved away, establishment of the
lithofacies association 'Very poorly drained siliciclastic dominated
palaeosol/s' occurred.

7.2.2 Mechanisms controlling the lithofacies associations in

- the '"Palaeosol' model.

It is believed that the most important control on distribution of
‘Palaeosol' lithofacies associations was drainage, mﬁre specifically
the position of the water table level relative to the depositional
surface. Following from the previous model, when subsidence rates were
low but slightly variable and water depths were fairly shallow, the
lithofacieg association 'Very poorly drained siliciclastic dominated
palaeosol/s' formed. Within it short-residence histosols accumulated
often with high ash contents  relating to the proximity of
siliciclastic deposition. During periods of slightly higher subsidence
lacustrine. sediments were deposited which were almost immediately
subject to pedogenesis, following plant colonisation in the shallower
waters created by the recent deposition of sediment.

Sustained low rates of subsidenée in areas initially distant from
siliciclastic deposition permitted the formation of the lithofacies
association 'Long-residence histosol/s'. The miospore successions and
cycles obgserved in the leaves of the Thick Coal took place as a result
of sgeral growth, corresponding to the way in which phasic plant
communities develop:in Sarawak (Anderson & Muller 1975). This type of
growth is termed hydroseral because it resulted mainly from variation
in water table during the creation of an ombrophilous bog, similar to
those discussed by Anderson (1964, 1983) in tpe Far East. The growth
of ombrophilous bogs was permitted by the tropical-pure eguatorial

climate in the central and southern Pennine Basin during Westphalian B
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times. Changes in climate were believed by sSmith (1962) and
Butterworth (1966) to _be responsible. for the stratigraphic

distribution of Densosporites. The miospore successions within leaves

of coal reveal differing rates of subsidence. When accumulation of
plant remains kept pace with subsidence the same edaphic conditions
and therefore the same vegetation persisted, lea@ing to increased
thicknesses of coal of the same miospore type. A succession of
miospore types was created due to ,change in edaphic . conditions
outlined above, when plant accumulation exceeded the rate of
subsidence. The most rapid change in edaphic conditions, resulting in
the fastest change from initial (L. pusilla becs) to climax

{Densosporif,es spp. bcs) miospore type was brought about by a large

differential between the lower rate of. subsidence in the area of the
bog and the; higher rate outside it. i.atér; wimen accumulations of plant
remai;xs became 1e§s than the rate of subsidence it was possible to
complete a miospore cycle, with the climax miospore type reverting to
the ihitiai type due to a féversal of ;adaphic conditions. However, if
the rate of subsidence in the area of the bog was too great plant
growth was terminated by drowning before ‘reversion to ht.he initial
mioapo}:e type could take place.

When better drained cdndi;tions prevailed and the rate of
subsidence Qas low, histosols were either not produced or not
preserved, resulting in the occurrence of the lithofacies association
'Alternate poorly and imperfectly drained siliciclastic palaeosol/s'.
It is believed that the mean high water table often lay at some
distance below the surface so that brown or red mottled palaeosol
lithofacies formed. From the close vertical proximity of this

association and the previous two, it appears that drainage conditions
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could change rapidly in this part of the Pennine basin. This situation
may also occur laterally explaining the lobate boundary between this
and the other two associations.: The channel shown crossing the
lithofaces associations 'Alternate poorly and imperfectly drained
siliciclastic palaeosol/s' and 'Very poorly drained siliciclastic
dominated palaeosol/s' provided the surrounding areas with sediment by
the variety of processes listed in the previous section.: However as
water depths were shallow, or the water table lay below the surface,
any deposits formed were rapidly penetrated by roots and converted
into 'Palaeosol' lithofacies.

7.2.3 Mechanisms controlling deposition of - the' lithofacies
association Marine deposits

Pﬁ;sical factors affecting deposition ksub;idence, drainage,
sedimentary proces;es) opérating within the basin of deposition
discussed above, a?e tgrmed'intrabasinal. Mechanisms controlled by
processes occur?ing beyond the basin of déposition are termed
extrabasinal, and‘ it is believed that extrabasinal processes were
responsible bfor the distrifution if 'Marine deposits'. Eustatic
control of sea level (section 5.4.1) .has beenl suggested as the
mechanism controlling diatributién of the ﬁamurian and Westphalian
Marine bands in the Warwickshire Coalfield. Whether the changes in the
volumes of oéean were caused by melting of ice or sea floor spreading

is still a subject of discussion.
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7.3 FACTORS CONTROLLING SUBSIDENCE

It is apparent from the previous discussion that aubaidenca
played an important role in-the control of depositional environments
during the lower Silesian in the Warwickshire Coalfield. The
mechanisms believed to control subsidence, and evidence of their
direct effect on sedimentation are discussed below.

Two main processes responsible for subsidence were believed to
have been in operation during the deposition of 1lower Silesian
sediments ‘in the Coalfield. Compactional subsidence occurred when
sediment was loaded from above. The two extremes which occur in Coal
Measure rocks are sandstones, -where coﬁpaction ‘is believed to be
relatively low, and floriclastic palaeosols where sediment loading may
reduce the thickness of a histosol by up to four times (Elliott
1985). Although compaction undoubtedly contributed to the overall
subsidence it is believed that the effects of structurally generated
subsidence were much greater.

Structurally generated subsidence is believed to have been
controlled by the prevailing tectonic regime (section 4.5). It is
presumed that structural subsidence was accomplished by'faulting at
depth, as no evidence to suggest fault expression at the surface has
been found in the Warwickshire Coalfield during the lower Silesian. To
understand the basin evolution of the Warwickshire Coalfield would
reguire a more sophisticated analysis of regional structural data,
which is beyond the scope of this study. However, the effects of
structural subsidence can be seen on both a local and regional scale.

On a local scalé (10's km2) Broadhurst and France (1986) have
shown that intermittent fault movement affecting sedimentation was
most easily detected in association with floriclastic palaeosols (coal

seams) because of the length of time necessary for their formation.
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This should be especially true of the 'Long-residence histosols' found
in the Warwickshire Coalfield. Also the flat tops to the ombrophilous
bogs in which some histosols accumulated should make them highly
sensitive to changes in rates of subsidence. It is hypothesised that
if faulting controlled the splitting of leaves of coal, the lines of
split should be approximately linear, corresponding with the
subsurface fault contreolling them. Lines of split corresponding to an
0.3m interval between the leaves of the Thick Coal (Fig.7.3) form an
approximately straight sided triangle limiting the area of the Thick
Cocal. (The 1lines continue some distance beyond their plotted
positions). Trends of the 3pli£ lines are very similar to the three
structural trends mentioned in section 3.3 and demonstrate that all
three must have been active during deposition of the leaves of the
Thick Coal.

On a major scale it is believed that structural subsidence caused
the changes in thickness seen on the isopachtye maps for the Nawmurian,
Westphalian A and Westphalian B (Figs.4.9=-11), and changes in the
southern limit of deposition (or northern edge of the Wales-Brabant
Island) for these times. It is postulated that structural subsidence
began earlier in the north, accounting for the presence of Namurian
sediments in that area, and gradually progéessed southwards explaining
the overlap of Namurian and Westphalian A sediments onto the
basement, Structural subsidence is also believed to have been more
rapid in the north with a resulting increase in seam intervals when
compared with the centre and south of the Coalfield where a condensed
sequence has formed (Figs.3.1=-4). Although faulting has been shown to
affect deposition in the Warwickshire Coalfield locally, the gradual

. change in thickness of the Westphalian A and B deposits may be the

182



Fig. 7.3 Positions of the 0.3m split lines between leaves of the
Warwickshire Thick Coal Note: these split lines delimit

the extent of the Thick Coal and extend beyond the
positions shown.
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result of the Cocalfield behaving on a regiocnal scale as a single
structural block. Itis possible that the large thickness of relatively
undisturbed Cambrian strata (over 1km at outcrop) may have had a
stabilising .influence on the rate of subsidence. At the northern end
of the Coalfield and beyond into the South Derbyshire Coalfield the
rapid increase in thickness of loyer Westphalian sediments may have
been accomplished by a reactivation of the larger numbers of faults

present in these areas.
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7.4 ENVIRONMENTAL SETTING

Previous authors (Elliott 1969, Scott 1978, Fielding 1984b) have
interpreted lower Silesian sediments which accumulated in the Pennine
basin as deltaic deposits and this interpretation is believed to be
correct for those in the Warwickshire Coalfield. Comparison has been
made with modern deltaic environment and terms suéh as alluvial, and
upper and lower delta plain have been used tec further characterise the
environmental setting.

Fielding (1984b) believed one of the major controls on deposition
in the Durham Coalfield was the gradual southward progradation of the
Pennine delta system, He believed this resulted in a change from a
lower delta plain setting characterised by common marine bands,
shore line mgrine reworked sandstones and a paucity of coal seams in
late Namurian and early Westphalian A times, to an upper delta plain
with few marine bands and common, thicker, more widespread coal seams
in late Westphalian A and Westphalian B times.

A similar situation exists in the north of the Warwickshire
Coalfield. In Namurian and early Westphlian A times sedimentation was
dominated by ‘Lacustrine' and 'Marine' deposits, with occasional
coarse sandstones and 'Palaeosol' deposits including the lithofacies
association (:ﬁ}ternate poorly to imperfectly drained siliciclastic
palaeosol/s’ /(ﬁigl;z.v?. the first thick workable coal seam (Stanhope)
marine bands are rare, and a combination of ‘Lacustrine' and
'Palaeosol' deposits from the bulk of the sediments including thick
widespread coal seams. If the change in frequency of marine inundation
and increase in thickness and prevalence of coal seams took place at
approximately the same time at either end of the Penniné basin, it may
be better to interpret the change in terms of extrabasinal mechanisms

rather than delta progradation.
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To. the south of the .Warwickwickshire Coalfield Westphalian A
sediments are dominated by palaeosol deposits, often formed of the
lithofacies aésociati;n 'Alternate poorly to imperfectly drained
siliciclastic palaeosol/s', and marine bands are poorly developed or
absent. In these respects the Westphalian A sediments are alluvial in
character. It ﬁay hoﬁever, be better to regard these deposits as the
product of a toPographical control exerted by the proximity of the
Wales-Brabant' Island, from which freshwater flowed 1limiting marine
transgressions,- and -near whicﬁ locally bettef drained conditions

persisted when compared with the north of the Coalfield.
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APPENDIX 'B' Key to symbols used in graphic logs '

Bl) LITHOFACIES SYMBOLS

Inorganic

Organic

.Litrnlogv Struchures Structures

e

—

1

L

1

11l
11

111

i

7L

(i

Il

raey

1M

[l
111

Il
L1

11}

1

i
L1}

1.

1.2

1.3

1.4

1.5

1.6

1.7

1.8

2‘1

2.2

2.3

2.4

2.5

2.6

2.7

2.8

2.9

MISTONE, massive, medium to dark grey

MIDSTONE, massive, with abundant plant
fragments.

MISTONE, messive, dark grey to black
MISTOE, massive with marine/brackish fana

MDSTONE, with coal lenses

MIDSTONE, perallel stratified dark grey
to black/medium grey

MISTONE, medium grey with derk grey
mxstone leses

MIDSTONE melange

MUDSTONE SILTY, messive medium to dark grey

MIDSTONE SILTY, messive with abundant plant
fragments

MISTONE SILTY, with coal lenses

MDSTONE SILTY, parallel stratified with
mxistone

MISTONE SILTY, medium grey with dark grey
mudstone lenses

MDSTONE SILTY, parallel stratified with
sandstone

MUISTONE SILTY, with undulating sandstone
laminae

MISTONE SILTY, with lenticular sandstone
stratification

MIDSTONE SILTY, wavy stratified with
sandstone
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APPENDIX Bl) contimued LYTHOFACIES SYMBOLS

Inarganic  Organic
Lithology Structures Structures

—— 2) 2.10
=g [Ty 2.1
=l=0 P, 2.12
e 3.1
e X| =2
Prmriez 44 4 v =
—— ;-l‘_—. '—-—L 3.3
. B
=== =
=R N g 3.4
e 424 =
— s .- 3.5
=g |@

= e >0
HE=RAGN 2.8
DEEERP— th
it N 3.9
: .l.l NJ NS
:-.:: -~ 3.10
== 311
== S 2 3.12
—e= f
— . f 3.13

MUDSTONE SILTY, slurried

MIDSTONE SILTY, with load casts
MJUDSTONE SILTY, melange

SILTSTONE, massive, pale to medium grey

SILTSTONE, massive,with abundant plant

fragments

SILTSTONE, parallel stratified with sandstone

SILTSTONE, with undulating sandstone laminae

SILTSIONE, with sandstone mini lenses

with lenticular sandstone
stratification

SILTSTONE,

SILTSTONE, wavy stratified with sandstone

SILTSTONE, ripple drifted with sandstane

SILTSTONE/sandstone with small scale
cross stratification

SILTSTONE with convolute sandstone
stratification

SILTSTONE, slurried

SILTSTONE with load structures

SILTSTONE melange
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APPENDIX Bl) contimued LITHOFACIES SYMBOLS

Inorgenic Organic
Lithology Structures Structures

" .
. -

.: .o. ". : 4‘1
.. - .l "

.-. o.l-:': % 4.2
el | e 4.3
- ” 4.4
Seand | eeN 4.5
.',.- ,'- '. ':: :.:(t‘,\ _ 4.6
s ® " .' __,_‘E‘

M l' O‘ 3 ‘. )

.t . p—] 4.7
...l.'. .: : oec 408

L s ~ 4.9

AL G 4.10
gy v b3 4.11
f j 4,12

L 501

- -. o * /('(\ 5.2
¢ @ & @
v @ *,

5.4

: l.' L\\-’/ 5.3
s O
1}
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SANDSTONE ,

SANDSTONE ,

SANDSTONE

SANDSTONE,,

SANDSTONE,

SANDSTONE,,

..I

FINE, massive, pale grey
to off white

FINE, wavy stratified

FINE, flaser stratified

FINE, ripple drifted with
siltstone

FINE, with small scale
cross lamination

FINE/Siltstone with small
scale cross lamination

FINE, parallel laminated

FINE, with rare clasts

FINE, with cavolute
siltstone stratification

FINE, slurried

FINE, with load structures

FINE, melange

MEDTUM TO OOARSE GRAINED,
massive

MEDIUM TO COARSE GRAINED,

with small scale cross
stratification

MEDIUM TO COARSE GRAINED,
with large scale cross
stratification

MEDIUM TO COARSE GRAINED,
with rare clasts



Appendix Bl) contirued LTHOFACIES SYMBOLS
Inorganic
Structures Organic

Lithology + Colorr  Structures

e, E,n int. 6.1 CONGLOMERATE, intraformational
oo d
N -
%o ool | ext. 6.2 CONGLOMERATE extra formational
- g ? L6t 7.1 ERECCIA, intraformational
Avp
%057‘ ext. 7.2 BRECCIA,extrafarmational
%% &S | 7.3 ERECCIA.of plant stems
— A 8.1 SEATEARTHmudstone grey
gl A sz SEATEAR,mudstone silty, grey
== A 8.3 SEATEARMH siltstone,grey
o A 8.4 SEATEARTH,sandstone,grey
g § Br A |85 SEATEARTH, mudstone, brown
s ] | B A |86 SEATEARM,muistone silty,brown
— i B A |87 SEATEARM,siltstone,brown
E Br. /( 8.8 SEATEARTH,sandstone,brown

— — RN 8.9 mm,mmwaﬁ!wm,
— 1 it A ) with red mottling

= [ R

p= 11_: A | 8.10 sEAmEARTH mudstore silty grey end/or trown,
=1 LI with red mottling

st e o SEAREARTH siltstone grey and/or brown,
e 111 /( : with red mottling
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Appendix Bl) continued LITHOFACIES SYMBOLS

Qualifying Organic
Lithology Remarks Structures

//\ 9.1 SIBSEATEARTH, grey
//\ 9.2 SUBSEATEARTH, brown

- Un 10.0 COAL (lithofacies unspecified)

10.1 (OAL, camel

10.2 COAL, grey, dull, gramlar

A " 0.3 (OAL, grey, predominantly dull,
S finely lensed with bright

COAL, grey, mainly dull,

10.4 finely lensed with bright
1.5 CDAL, black, mainly bright,
' finely lensed with dull

10.6 (DAL, black, bright, massive

D7V

T
$t
¢4

10,7 COAL, grey, fusainous, soft

10.8 OOAL, grey, fusainous, hard

N
P
ﬁ 10.9 COAL, plus siliclastic sediment.

B2) SYMBOLS NOT ATTACHED TO LITHOFACIES

11, 1op of example
P e Erosive )
Abrpt !
~ = ===  Abnpt passage ) Nature of contact
L e
~€~1-14 Bottom of example
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APPENDIX B2contimued SYMBOLS NOT ATTACHED TO LITHOFACIES

fe

_(_I.)_
a
-

¢

o %P9

200\ Whkoen = 2@@ef oce

Minerals
Siderite laminae
Siderite nodule

Siderite lens
Siderite bed
Vertically elongate

siderite root nodules

Siderite patch
Sphaercsiderite
Pyrite

Orgenic structures

Famna
Nor—-marine bivalve
Ostracods

Fish

Flora

Plant fragments unspecified

Leaves gerus specified

Leaves gerus unspecified

Plant frond
Lycopod leafy shoot
Cordaites

Stem unspecified
Medullosa
Sigillaria

b) Flora (continued)

@ Lepidodendron
@ Calamites
Stigmaria ficoides

¢) Ichnofossils

Burrows vertical
Burrows horizental
Cochlichnus
Planolites
Pelecypodichnus

Speocharte
Guilielmites

Small curved tracks and trails
Faecal pellets

Sedimentary structures

Train drift

Parallel laminae with gentle
erosion surfaces

Faint parallel laminae

NP B-ORNP [ =

1
|
|

AN Symmetrical ripples
b Clast
Colour
Oc Ochreous
(-; G Green
Pu. Purple
10° Dip of stratification
Quantities
(( )) Very rare

() e



APPENDIX E

Plates illustrating all miospore species
encountered in this study



PLATE 1

Fig No.

1.

20

3.
4.

5.

6.

7.

9.

10.

1.
12.
13,
14.
15.

16.

17.

18.

19,

leiotriletes cf. adnatus (Kosanke) Potonie and Kremp 1955 in
Nader 1983; 5T9/2=1=19; 25.0/66.5; 8=10; Un-named seam at
512.52m, Solomon's Temple borehole, Warwickshire; Westphalian B.

L. cf. adnatus, 5T8/2-1-10; 15.0/70.1; 8-24; Four Feet seam at
5.35.39m; Solomon's Temple borehole, Warwickshire; Westphalian B.

Lejiotriletes guennelii Ravn 1979; Lmw 515/12-1-12; 3.0/61.3; 17=34.

L. guennelii; Lmw 452a-3-c; 2-3/69-1; 23-27.

Leiotriletes levis (Kosanke) Potonie and Kremp 1955; Lmw 515/5
1/2-1-10a; 25-5/68.0; 20-20.

L. levis; Low 512-3-B; 27.3/71.5; 23-28.

lejotriletes cf. priddyi (Berry) Potonie and Kremp 1955 in Smith
and Butterworth 1967, Lmw 515/5.5=1=14; 7.3/79.6; 20-28.

L. cf. priddyi; Lmw 515/5.5-1-24; *3-2/75.9; 20-40.
L. cf. priddyi; Lmw 515/12-1-3; 12.2/65.9; 17=35.

Leiotriletes sphaerotriangulus (Loose) Potonie and Kremp 1954; Lmw
515/12=-1=12, *3.2/80.8; 17=2.

L. sphaerotriangulus; Lmw 515/5.5-1=30; 3.3/75.3; 21=17.

L. sphaerotriangulus; Lmw 502-1-7; 14.1/73.7; 23-29.

L. sphaerotriangulus; Lmw 514/14=3-2; 29.1/69.5; 35-38.

leiotriletes sp. Ay Lmw 486=3-B; 5.4/81.2; 23=30.

Eo | Jo ) Ay Lmw 498'3'0] 1503/8104, 23-31.

Punctatisporites cf. edgarensis Peppers 1970 in Ravn 1979; Lmw
515/12=2-10; *4.1/75.3; 19-=37.

P. cf. edgarensis; Lmw 515/12-2-10; *4.1/75.3; 19-38; distal
surface

P. cf. edgarensis; S5T4/2-2-14; *26.1/73.0; 4-36; Un-named seam at
569.12m, solomon's Temple borehole, Warwickshire; Westphalian A.

P, cf, edgarensis; Lmw 515.,12-1-33; *3.8/68.0; 18.9.
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PLATE 1

17




PLATE 2

Fig No.

1. Punctactisporites obesus (Loose) Potonie and Kremp; 1955 Lmw
438/14-3~-Cp 24.3/69.5; 23.32.

2. P. obesus; ST/9/2-1-5; 20.1/63.5; 8.7; Un-named seam at 512,52m,
‘Solomon's Temple borehole, Warwickshire; Westphalian B.

3. P. obesus; ST10-1-10; 29.4/71.0; 7-9; Un-named seam at 505.43m
Solomon's Temple borehole, Warwickshire; Westphalian B.

4. Punctactisporites punctatus Ibrahim 1932; Lmw 515/5.5=1-56;
19-6/8500' 21.2.

5. P. punctatus; Lmw 515/12=1-17; *4.6/79.9; 17-7.

6. P. punctatus; Lmw 515/5.5-3-4; 18.9/82.8; 23.21.

Te Punctatisporites sp. A; Lmw 474-2-R1; 18.5/71.8; 23-36.

8. P. sp. A; Lmw 438/14-1-R1; 6.4/79.8; 23-35.

9, 2- 8D. A Lmw 515/12-3-31’ 13-0/73.6’ 35=-1.

10. Calamospora breviradiata Kosanke 1950; Lmw 496-1-6c; 1.0/66.5;
23=37.

11. C. breviradiata; Lmw 4336-1-R2; 19.0/57.8; 24-44.

12. Ce. cf. breviradiata Kosanke 1950 in Smith and Butterworth 1967;
504-2-2; 3.9/61.4; 24-2.

13. C. cf. breviradiata; Lmw 475-1-6b; 10.3/68.7; 24-11.

14. C. cf. breviradiata; Lmw 478-3-B; 8.8/68.5; 24-4.
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PLATE 3

' Fig NO.

1. Calamospora cf. laevigata (Ibrahim) Schopf, Wilson and Bentall 1944
in smith and Butterworth 1967; Lmw 515/12=-2-22; 12.7/72.9; 19-11;
mag. X200.

2. c. cf. laevigata; Lmw 474-2-B1; 20.4/66.1; 31-28.

3. C. cf. 1aev;gata; Lmw 477a=3-=A; 23.2/73.2; 24-6; detail of
Caleurae.

4. Calamospora microrrugosa (Ibrahim) Schopf, Wilson and Bentall 1944;
Lmw 515/12=-1=2; 8.5/66.7; 17-38.

5. C. microrugosa; Lmw 515/12-1-43; 24.1/86.8; 18-20.

6. C. microrugosa; Lmw 474-3-A; 7.2/68.3; 24-8.

7. Calamospora nebulosa Ravn 1979; Lmw 515/12=-2-5; 7.8/64.3; 18=-25.

8. C. nebulosa; Lmw 515/5 1/2-1-1; 8 7.2/86.3; 19-18.

9. C. nebulosa; Lmw 426.2-1-7; 10.3/68.7; 24-11.

10 C. nebulosa; Lmw 496-1-11; 25.0/70.9; 31-30. '

11. Calamospora pallida (Loose) Schopf, Wilson and Bentall 1944; Lmw
515/5 1/2"'1'53[ *702’ 64-73 21-43.,

12. C. Ellida: Lmw 498-1-R7;1 81.5; 31-31.

13. C. pallida; Lmw 515/12-1-41; 65.4; 18-18.

14. Calamospora parva Guennel 1958; Lmw 428-2-R2; 21.6/52.5; 24-16.

15. C. parva; Lmw 440a-1=17; 4.7/69.6; 24-14.

16+ C. parva; Lmw 458b=-3-F; 2.4/72.9; 24-15.

17. C. parva; Lmw 458b-1-R3, 5.9/61.9; 13-19.

oY o
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BLATE 4

FiE No.

1. Calamospora pedata Kosanke 1950; Lmw 478=-2-B1; 4.5/82.2; 31-32.

2. El Eedata; Lmw 458b‘1'P1’ *103/73053 13"2-

3. C. pedata; Lmw 515/5.5-1-43; 29.3/80.5; 21-32.

4. Calamospora cf. pedata Kosanke 1950 in Ravn 1979; Lmw 4835a-1-7;
5.9/63.5; 24-18.

5. go cf. Eedata; Lmw 515/5.5'3"2} 26.4/62.9; 22=39.

6. Eo ct. Eedata; Lmw 459-3"31 2000/61.4’ 24-17.

7. C. cf. pedata; Lmw 515/5.5-3-11; 4.3/62.0; 22-44.

B. Calamospora straminea Wilson and Kosanke 1944; Lmw 459-1-3Db;
*3,1/69.0; 24-3.

9. C. straminea; Lmw 515/5.5-1-18; 20.5/70.9; 20-34.

10. Adelisporites multiplicatus Ravn 1979; Lmw 458b-3-~k; *4.5/61.4;
24-20.

11. Granulatisporites adnatoides (Potonie and Kremp) Smith and
Butterworth 1967; Lmw 423=2-17; 29.3/56.3; 24-22.

12. G. adnatoides; Lmw 424a-3-E; 21. 3/56.5; 24-25.

13. G. adnatoides; Lmw 424a-3-F; 25.3/76.5; 24-23.

14. G. adnatoides; Lmw 424a-3-Gl 17.4/75.2; 24-24.

15. Granulatisporites granulatus Ibrahim 1933; Lmw 515/5.5-3-30b;
24.8/72.9; 23-12,

16. G. granulatus; Lmw 515/12=1~7b; 8. 1/82.1; 17-41.

17. G. granulatus; Lmw 515/12-1-27b; 26.3/78.1; 18-41.

18. Granulatus microgranifer Ibrahim 1933; Lmw 515/12=1-14; 18.9/69.9;
17-14.

19, G. microgranifer; Lmw 489-1-1; 20.0/58.4; 24-2B.
20. G- microgranifer; Lmw 4246-1-6; 30.5/63.7; 24=26.
21, G. microgranifer; Lmw 430-1-4, 18.7/63.2; 24-27.

22. Granulatisporites minutus Potonie and Kremp 1955; Lmw 448-1-B1;
28.1/64.5; 14-10.

23. G. minutus; Lmw 484-1-2; 7.3/68.3; 24=-29.

24. Cyclogranisporites aureus (Loose) Potonie and Kremp 1955; Lmw
515/5.5=1=20; 17.9/72.6; 20-36.

25. C. aureus; Lmw 515/12-1-31a; 19.6/79.0; 18.3.

26. C. aureus; Lmw 515/12=-1-11; *0.8/81.5; 17-1.

27. C. aureus; Lmw 515/5,5-3-30a; 24.3/73.8; 23-11.

28, Cyclogranisporites minutus Bharadwaj 1957; Lmw 515/5.5=1=33a;
*7.9/71.7: 21=20.

29. C. minutus; Lmw 475-1-7a; 19.2/73.4; 24-30.

30, C. minutus; Lmw 477c=-1-6; 16.6/63.0; 24-31.,

31. cYclograniaporitea cf. minutus Bharadwaj 1957 in Smith and
Butterworth 19673 Lmw 515/5.5=1=263 16.2/74.4; 20-42.

32, C. cf, minutus; Lmw 467-1-4; 20.0/60.0; 13-33.
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PLATE 5

Fig No.

1. Cyclogranisporites cf. pressoides Potonie and Kremp 1955; Lmw
515/12=1=18; 24.6/71.4; 17=8.

2 c. cf. Eressoides; Lmw 515/12-1-18; 24.6/71.4; 35-33; mag. X1000.

3. C. cf. pressoides; Lmw 443-1-B1; 3.7/63.8; 24-33.

4. C. cf. pressoides; Lmw 443-1-B1; 3.7/63.8; 24-36; mag. X1000.

5. C. cf. pressoides; Lmw 515/5.5-1-35; 15.5/77.9; 21-24.

6. C. cf. pressoides; Lmw 515/5.5-1=35; 15.5/77.9; 21.25; mag. X1000.

7. cYclograniaporit.es sps A; Lmw 474-3-Bi; 11.9/73.7; 25-9.

8+ C. 8p. A; Lnw 474-3-Bii; 12.0/73.7; 25-10.

9. c. sp. A7 Lmw 474-3-Bii; 12.0/73.7; 25-8; distal surface.

10, Apicullretuslapora sp. A; Lmw 505-1-3; 16.5/58.5; 25-15.

11. A. sp. A; Lmw 505~1-3; 16.5/58.5; 25-16; distal surface.

12. A- 8pe. A; Lmw 478=-3-E; 5.5/62.8; 25-13.

13. Apiculiretusispora sp. B; Lmw 446-1-1; 29.8/60.5; 25-25.

14. A. sp. B; Lmw 453b-1-1; 2.7/62.1; 25-26.

15. A. sp. B; Lmw 423-1-5; 25.6/64.8; 25-18.

16. A. sp. B; Lmw 423-1-5; 25.6/64.8; 25-18; mag. X1000.

17. Apiculiretusispora sp. C; Lmw 495-1-10; 71.2/66.9; 35-41; mag.
X1000.

18. A. 8p. C; Lmw 495-1-10; 71.2/66.9; 35-41 mag. X1000.

19. A. sp. C; Lmw 495~1-2; 25.0/59.5; 35-39; mag. X1000.

"20. A. sp. C; Lomw 495-1-2; 25.0/59.5; 25-24.

21, A. sp. C; Lmw 496-3-A; 30.3/63.8; 25-28; distal surface.

22. Conerrucosisporites armatus (Dybova and Jachowicz) Smith and
Butterworth 1967; Lmw 474-3=E; 29.5/74.1; 25-31.

23. C. armatus; Lmw 515/12=1-1; *1.7/84.9; 17-33.

24. C. armatus; Lmw 516/14=5-11; 20.5/72.6; 22-29.

25. Verrucosisporites donarii Potonie and Kremp 1955; Lmw 465=-3-B5;
16.2/57.3; 25=34; distal surface.

26, V. donarii; Lmw 516/14-2-16; 16.8/80.8; 22-33; distal surface.

27. }_f-. donarii; Lmw 515/12=2-16; 20.5/68.6;7 19-4.

28, V. donarii; Lmw 515/12-2-16; 20.5/68.6; 19-5; distal surface.

29. V. donarii; Lmw 438/14-3-K; 11.7/67.4; 31-35.

30. Verrucosisporites microtuberosus (Loose) Smith and Butterworth
1967; *4.9/68.3; 25-36.

31. V. microtuberosus; Lmw 515/12-2-28; 15-2/82.7; 19=17.

32. V. microtuberosus; Lmw 516/14=2~10; 15-2/74.6; 31-39.

33. V. microtuberosus; ST4/2-3=7; 5.5/73.1; 6=9; Un-named Seam at
569.12m, solomon's Temple borehole, Warwickshire; Westphalian A.
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PLATE 6

Fig No.

1. Verrucosisporites sifati (Ibrahim) Smith and Butterworth 1967; Lmw
515/5.5=1=48; 2.,9/68.0;7 21=37.

2. V. sifati; Lmw 515/12-1-6; 12.9/67.1; 17-39.

3. V. sifati; Lmw 515/5.5~1~-25; 15.9/73.9; 20-41.

4. V. sifati; Lmw 515/5.5-1-31; *5.4/74.3; 21-18.

5. V. sifati; Lmw 477a-3-G; 30.3/65.8; 25-39.

6., Verrucosisporites verrucosus (Ibrahim) Ibrahim 1933; Lmw 446-3-R1;
30,7/61.0; 25-41.

7. !o verrucosus; Lmw 516/14-2-8; 6.5/75.3; 22=27.

8. V. verrucosus; Lmw 515/5.5-1-54; *1.9/64.4; 21-44.

9, Verrucosisporites sp. A; Lmw 452b-1-3; *4.5/78.9; 31-38.

10. V. Bps Ay Lmw 515/5.5-3-16; 12-3/72.0; 22-4.

11. V. sp. A; Lmw 515/12-1-4; 26.9/65.4; 17-36; distal surface.

12, V. sp. A; Lmw 452b-1-3; *4.5/78.9; 31-36; distal surface.

13. Lophotriletes commisuralis (Kosanke) Potonie and Kremp 1955; Lmw
515/12-1=36; 12.7/81.8; 18-13.

14, L. commisuralis; Lmw 433b-1-R6; 3-9/63.8; 26-21a.

15, L. commisuralis; Lmw 515/5.5-1-21; 7.8/72.8; 20-37.

16, lophotriletes cf. granoornatus Artuz 1957 in Peppers 1970; Lmw
449=3=A; *4.6/74.3; 31=40,

17+ L. cf. granoornatus Lmw 432-1-9; 22.3/59.2; 26-22.

18. L. cf. granoornatus Lmw 515/5.5-3-7; 15.4/78.9; 23-8.

19, L. cf., granoornatus Lmw 515/12-1-30; 4.4/78.9; 18-2.

20, lophotriletes cf. microsaetosus (Loose) Potonie and Kremp 1955 in
smith and Butterworth 1967; Lmw 515/5.5-1=51; *10.5/66.7; 21-40.

21, L. cf. microsaetosus; Lmw 431-3-5c; 29.2/71.4; 26-24.

22. L. cf. microsaetosus; Lmw 498-1-R6, 18.9/76.9; 26-26; gulaferous
compression.,

23, L. cf. microsaetosus; Lmw 428-2-R1; 7.7/59.2; 26-23.

24. Waltzispora prisca (Kosanke) Sullivan 1964; Lmw 515/12-2-21;
23.9/71.8; 19-9,

25, W. prisca; Lmw 423-2-14; 21.4/79/1; 31-41.

26, W. priscay Lmw 514a./14-3-B1; 4.1/62.3; 26-28.

27. Waltzispora sp. A; Lmw 42-1=18; ¥3.5/67.5; 26=29.
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PLATE 7

Fig No.

1. Anapiculatisporites minor (Butterworth and Williams) Smith and
Butterworth 1967; Lmw 428=-2-R6; 30.6/68.6; 26-30.

2. A. minor; Lmw 436b=-1=6c; 5.5/73.6; 26=32.

3. Anapiculatisporites sp. A; Lmw 427a=-1-2b; 27.1/62.9; 26-33.

4. A. sp. Aj; Lmw 504-2-8; 26.8/77.3; 31-43; equatorial view.

5. A. sp. A; Lmw 515/12-2-18; *4.2/80.0; 19-6; distal surface.

6o Anapiculatisporites baccatus (Hoffmeister, Staplin and Malloy)
Smith and Butterworth 1967; Lmw 511=1=1; 14.1/66.8; 31-2; tetrad.

T A. baccatus; Lmw 461=3=G; 6.1/62.0; 26=37.

8. A. baccatus; Lmw 473b-2-2e; 21.3/80.1; 31-1; equatorial view.

9, A. baccatus; Lmw 461-1-2; 19.4/63.8; 26-35; eguatorial view.

10. ES. baccatus; Lmw 480-1-4; 9.5/58.6; 26-39; distal surface.

11. Anapiculatisporites sp. A; Lmw 458b=-1-R2; 16.1/60.5; 13-17;
equatorial view.

12, A. sp. A; Lmw 4586-1-G6; 17.0/59.1; 13-17; equatorial view.

13. Pustulatisporites pustulatus Potonie and Kremp 1954; Lmw
438/14=3=-63 16.3/59.6; 26=40.,

14. 2. Euat'l.‘l.lﬂtlIS} Lmw 438/14-3-Gl 21.0/7302’ 26=-41.

15. P. pustulatus; Lmw 438/14-3-G; 21.0/73.2; 26-42, distal surface.

16. Apiculatisporis abditus (Loose) Potonie and Kremp 1955; Lmw
472-1-6a; 9.6/73.8; 26=44.

17. A. abditus; Lmw 472-1-6a; 9.6/73.8; 26-43; distal surface.

18. A. abditus; Lmw 492-3-GBii; 29.8/79.1; 31-17; equatorial view.

19. Apiculatisporis aculeatus (Ibrahim) Smith and Butterworth 1967; Lmw
515/52=1=34; 1.9/77.8; 21=23; distal surface.

20. A. aculeatus; Lmw 515/5.5-1-556; 7.3/84.9; 21-1.

21. A. aculeatus; Lmw 454-1-8; 3.5/61.6; 26-3.

22. Apiculatisporis irregularis (Alpern) Smith and Butterworth 1967;
Lmw 485a-3-H; 11.0/63.8; 26-5.

23. A. irregularis; Lmw 461-1=4b; 4.0/63.9; 26-6; tetrad.

24. A. irregularis; Lmw 490b-2-R5; 18.6/73.3; 26-8.

25. A. irregularis; Lmw 443-1-B2; *4.8/70.1; 26-7.

26. Apiculatisporis cf. latigranifer (Loose) Potonie and Kremp 1955 in
Smith and Butterworth 1967; Lmw 440b=1-4; 12.2/68.9; 26-10.

27, A. cf. latigranifer; ILmw 448=1-167 25.8/71.1;7 26=9,

28, Apiculatisporis spinosaetosus (Loose) Smith and Butterworth 1967;
Lmw 490c-1~8; 3.4/80.0; 27-20.

29. A. spinosaetosus; Lmw 461-3-D1 6.1/69.8; 26-12.

30. A. spinosaetosus; ST4/2-3-15; 23.0/81.5; 6=-16; Un-named seam at
569.12m, Solomon's Temple borehole Warwickshire; Westphalian A.
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PLATE 8

Fig No.

1.

2.
3.
4.
5.

6.
7.

8.

9.

10.
1.
12.

13.
14.
15.
16.
17.
18.
19.

20.
21,
22,
23.
24.
25,
26,
27.

28,
29,
30.

Planisporites granifer (Ibrahim) Knox 1950; Lmw 449-1-8a;

20.0/40.13 11~7.

P. granifer; Lmw 515/5.5-1-12c; 5.6/69.9; 20.24.
P. granifer; Lmw 515/12-3-84; 33.0/80.8;35-4.

P. granifer; Lmw 443-2-BK; 17.3/71.0; 27-21.

Ebiculatasporities spinulistratus (Loose) Ibrahim 1933; Lmw

467=-3=4; 8.8/71.9; 27=-24.

A. spinulistratus; Lmw 437-3-Fii; 29.1/81.3; 27-22.
A. spinulistratus; ST4/2-2-2; 19.5/62.0; 5-20; Un-named seam at

569.12m, Solomon's Temple borehole, Warwickshire; Westphalian A.
Acanthotriletes echinatus (Knox) Potonie and Kremp 1955; Lmw

424b=-1=1; 30.6/76.3; 27-25.

‘éi echinatuS' Lmw 515/12-1-31b’ 19.6/79.9, 18-4.

A. echinatus; Lmw 515/5.5-1-5; *2.3/81.8; 19-24.
A. echinatus; Lmw 515/5.5-1-59; 27.3/85.5; 22-17.
Acanthotriletes triquetrus Smith and Butterworth 1967; Lmw 435-3-C;

11.2/81.8; 27=27.

A. triquetrus; Lmw 515/12-2-1; *8.4/83.5; 18-=21.

A. triquetrus; Lmw 515/12~2-14b; 10.1/69.2; 19-44.
A. triquetrus; Lmw 515/1-2-; 14.4/76.9; 27-26.

Ibrahzm;spores 8p. Ay Lmw 469-1-2; 27.8/72.7; 27-29,.

I. sp. A; Lmw 449-2-1; 10.8/69.1; 27-31.

I- sp. A; Lmw 449-2-1; 10.8/69.1; 14-8; distal surface.
Raistrickia firma (Loose) smith 1971; ILmw 515/12-2-24; 22.0/76.6;

35-44.

R. firma; Lmw 515/12-1-20; 16.0/75.3; 17-10.

R. firma' 494 3-A’ 307/74.1' 27-32.

R. firma: Lmw 515.,12-2~9; *8,1/83.8; 19-36; distal surface.
Raistrickia fulva Artuz 1957; Lmw 515/12=2-19; *6.5/79.9; 19-7.

R. fulva; Lmw 515/5.5-3-38a; 29.1/83.9; 23-19.

R. fulva; Lmw 515/5.5-1-3b; 8.7/66.1; 19-22.
R. fulva; Lmw 515/12-1-7a; *8.1/82.2; 17-40.

Raistrickia cf. lowellensis Peppers 1970; Lmw 424b-1-10; 26.2/85.0;
27=33.

R. cf. lowellensis; Lmw 508b-3=A; 22.2/68.7; 27-40.
B’ ct. 1owellen3183 Lmw 485&‘3-3’ 26.2/76.5, 27-38.
Re cf. lowellensis; Lmw 449=-3-L; 16.8/76.6; 27=35.
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Fig No.

1.
2.
3.
4.

5.
6.
7.
8.

9.

10.
1.
12.
13.
14.
15.
16.
17.
18,
19.
20.
21,
22,
23,
24.
25.
26.
27.

28,
29.
30.

31.

Raistrickia pilosa Kosanke 1950; Lmw 513b-12-1-4; 23.5/70.1; 27-43.

Re Eilosa; Lmw 514a/14-1=J; 20.4/81.2; 27-44.

Re Eilosa, Lmw 473b=3=0; 22.8/80.2; 27-42,

Raistrickia saetosa (lLoose) Schopf, Wilson and Bentall 1944; Lmw
473a=3~-B; 4.6/75.3; 27-37.

R. saetosa; Lmw 495-1-8a; 25.9/77.0; 27-3.

R. saetosa; Lmw 496=1-9b; 13.5/69.2; 31-6; distal surface.

R. saetosa; Lmw 515/5.5-1=5b; 29.1/85.1; 22-15; distal surface.
Raistrickia solaria Wilson and Hoffmeister 1956; Lmw 449-3-F;
*5-1/70.8! 27=5.

R. solaria; Lmw 471-3-D; 14.3/77.0; 27-7.

Spackmanites ellipticus Habib 1966; Lmw 480-1-G3; 21.4/74.8; 31=7.
S. ellipticus; Lmw 495-1-6; 1.8/67.8; 27-13; distal surface.
_S_- ellipticus; Lmw 473a-3-C; 13.5/78.2; 27-10.

S. ellipticus; Lmw 473a-3-C; 13.5/78.2; 27-11; distal surface.
Convolutispora sp. A; 485b=1-9; 24.1/74.7; 28-22.

C. sp. A; Lmw 426-1-Ci; 24.5/66.5/28-20.

Convolutispora sp. B; Lmw 453a-=1-R3; 25.1/71.0; 28=-23.

C. sp. By Lmw 515/5.5-1-8; 17.9/68.5; 20-18.

Convolutispora sp. C; Lmw 504-2-9; 18.5/69.0; 31-9.

Eo sp. C; Lmw 485&"3"J, 5.0/73-43 28-26.

C. sp. C; Lmw 492-3~-ci; 3.0/71.6; 28-24; distal surface.

C. 8p. C; Lmw 515/5.5=-1-12a; 8.7/76.3; 20=25.

C. sp. C; Lmw 515/5.5-1-12a; 8.7/76.3; 20~-24; distal surface.
C. 8p. C; Lmw 484-3-C; 12.1/76.6; 28-37; distal surface.
Convolutispora sp. D; ILmw 426/2=1=10; 24.7/81.2; 28=27.

Eo sps D; Lmw 492=-1-9; *4601/82-8} 28=29.,

C. 8p. D; Lmw 504~-2-1; *39.0/79.5; 31-8.
Microroeticulatisporites harrisonii Peppers 1970; Lmw 442b=-3-C;
16-2/81.2’ 28=31.

M. harrisonii; Lmw 515/5.5-1-38; 5.0/78.9; 21-28.

M. harrisonii; Lmw 473a-3-A; *46.7/75.6; 28-32.
Microreticulatisporites nobilis (Wicher) Knox 1950; Lmw 491=3-C;
6.4/80.5; 28=33.

M. nobilis; Lmw 490c~3-H; 20.1/80.9; 28-35.
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PLATE 10

Fig NO.

1. Secarisporites remotus Neves 1961; Lmw 448-1-19; 4.0 x 72.1; 12-9.

2. S. remotus; Lmw 474-3-F;26,.4/84.0; 28-36.

3., S. remotus; Lmw 488-3-B; 12.3/73.6; 28-1.

4. 'Eictyotriletes bireticulatus (Ibrahim) Smith and Butterworth 1967;
Lmw 449-3=Eii; 5.1/66.5; 12=5.

5. D. bireticulatus; Lmw 428-2-B; 12.5/72.1; 28-39.

6. D. bireticulatus; Lmw 449-1-8b; 4.7/72.0; 28-40; equatorial view.

7. -ﬁictyotrietes castaneaeformis (Horst) Sullivan 1964; Lmw
515/5.5-1-13; *2.9/79.8; 20-27.

8. D. castaneaeformis; Lmw 515/5.5-3-38b; 29.8/79.3; 35-31.

9. D. castaneaeformis; Lmw 515/5.5-3-38b; 29.8/79.3; 35-32; Mag.
X1000.

10. D. castaneaeformis; Lmw 455-3-C; 23.8/74.5; 28-41.

11. D. castaneaeformis; Lmw 458b=-1-G4; 1.9/66.7; 28=43.

12. Dictyotriletes falsus Potonie and Kremp 1955; Lmw 515/12=2-26;
1807/79-43 19"140

13. 2- falsus; Lmw 485a-1-6; 9.9/70.9; 28-44.

14. D. falsus; Lmw 515/12-2-2; *5.0/85.5; 18-22.

15. Dictyotriletes muricatus (Kosanke) Smith and Butterworth 1967; Lmw
515/12-1-16; *6.5/78.6;3 17-6.

16, D. muricatus; MHG-1-2; *4.1/82.9; 31-11; Leaf 2, Thick Coal; Moat
House Farm borehole, Warwickshire; Westphalian B.

17. D. muricatus; Lmw 492-1-16; 20.5/71.5; 28-2.

18. Dictyotriletes reticulocingulum; (Loose) Smith and Butterworth
1967; Lmw 515/5.5=3-24; 10.7/73.7; 23-5.

19. D. reticulocingulum; Lmw 515/5.5=3=24; 10.7/73.7; 23-5; distal
surface.

20. D. reticulocingulum; Lmw 515/12~1-2b; 21.4/77.5; 18-38.

21. D. reticulocingulum; Lmw 515/5.5; *8.9/83.0; 19-23.

22, D. reticulocingulum; Lmw 443-2-BL; 30.8/72.9; 28-4.

23. Camptotriletes bucculentus (Loose) Potonie and Kremp 1955; Lmw
449=1-1; 5.3/6504} 28=6.

24. g. bucculentus Lmw 515/5.5=-1-23; *12.2/75.4; 20-39.

25. C. bucculentus Lmw 508b-3-F; 8.0/76.9; 28-10.

26. C. bucculentus Lmw 508b-3-F; 8.0/76.9; 28-9; distal surface.

27. C. bucculentus; Lmw 484-3-B; 14.0/71.8; 28-8.

28. Camptotriletes corrugatus; (Ibrahim) Potonie and Kremp 1954; Lmw
515/12=2=203 27.2/71.4; 19-8,

29.

C. corrugatus; Lmw 515/5.5-3-49; *41.0/84.5; 31-12.
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PLATE 11

Fig No.

1. Camptotriletes sp. A; Lmw 434-1-4; 10.5/82.8; 28-13.

2. C. sp. A; Lmw 481-1=5; 20.5/70.7; 29-19.

3. C. 8pe A; Lmw 473a-1-1; 5.9/72.5; 29-17.

4. C. sp. A; Lmw 490a-3=3b; 26.7/78.4; 29-20.

5. Ahrensisporites guerickei (Horst) Potonie and Kremp 1954; Lmw
515/12-1-23 *9,.,5/72.3;17-14.

6. A. guerickei; Lmw 515/12=-2=-6; 13.2/64.3; 18-26.

7. A. guerickei; ILmw 515/5.5-1=37; 10.0/78.7; 21=27.

8. A. guerickei; Lmw 515/5.5=1-32; *12.4/71.9; 21-19; equatorial view.

9. "Friquitrites protensus Kosanke 1950; Lmw 490c-3-B; *30.9/81.6;
29"220 '

10. T. protensus; Lmw 515/5.5-3-1; *6.2; 22-38.

11. T. protensus; Lmw 515/12=-1-37; 2.8/82.0; 18-14.

12. T. protensus;.lmw 515/12=1-35; *65.4/68.9; 18=-12.

13. Triquitrites tribullatus (Ibrahim) Schopf, Wilson and Bentall 1944;
Imw 446-1-9b; 26.6/72.9; 29-24.

14, T. tribullatus; Lmw 453b-3-f; 30.5/67.7; 29-25.

15. Tantillus triquetrus Felix and Burbridge 1967; Lmw 489-1-3a;
8.6/66.6; 29-29. .

16. T. triquetrus; Lmw 515/5.5-1=50; 17.1/82.3; 21-39.

17. T. triguetrus; Lmw 430b-3-B; *5.1/70.8; 29-26.

18, T. triquetrus; Lmw 443-2-BM; 10.4/74.0; 29-27.

19. Reinschospora speciosa (Loose) Schopf, Wilson and Bentall 1944; Lmw
460/2-3D; 24.4/73.9; 29-31.

20. R. speciosa; Lmw 492-1-G12; 9.4/71.9; 29-33.

21. Reinschospora triangularis Kosanke 1950; ST8/2-1-3; 0.1/61.1; 8-19.

22, Knoxisporites triradiatus Hoffmeister, Staplin and Malloy 1955;1
Lmw 461~-1-6; 20.6/81.6; 29-34.

23. K. triradiatus; Lmw 476-3-Fi; 1.2/71.9; 29-35.

24. Reticulatisporites polygonalis (Ibrahim) Smith and Butterworth
1967; Lmw 516/14-2-12; 24.6/75.0; 22-30.

25. R. polygonalis; Lmw 516/14-2=12; 24.6/75.0; 22-31; distal surface.

26« R. polygonalis; Lmw 516/14~-2-4; *7.3/78.5; 22-24.

27. Reticulatisporites reticulatus Ibrahim 1933; Lmw 502-3-B;
42.7/73+41 29=40; distal surface.

28. R. reticulatus; Lmw 428-2-R3; 23.5/67.1; 29-39; distal surface.

29,

R. reticulatus; Lmw 515/12-3-B2; 30.0/71.9; 35-2.
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PLATE 12

Fig No.

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.

Savitrisporites concavus Marshall and Smith 1965; Lmw 514a/14-1-E;

L
*7.,1/76.2; 29-43.
S. concavus; Lmw 450-3-C; 7.5/81.73 29-1.
s. concavus; Lmw 451-1-B2; 29.1/75.0; 14-27.
S. concavus; Lmw 513b/14-3-G; 30.9/73.3; 29-44.
Savitrisporltes nux (Butterworth and Williams) Sullivan 1964;

ST4/2=1-4b; 7.1/71.0; 3-27; Un-named seam at 569.12m Solomon's
Temple borehole, Warwickshire; Westphalian A.

S. nux; Lmw 514a/14-3-7; 4.9/81.3; 29-2.
S. nux; ST4/2-1-5; 18.5/71.1; 3-35; Un-named seam at 569.12m,

Solomon's Temple borehole, Warwickshire; Westphalian A.
savitrisporites sp., A; Lmw 490c-1-9; 18.1/81.1; 29-5.

Se 8pe A; Lmw 445-3-C; 15.4/72.7; 29-3.
Grumoaisporites varioreticulatus (Neves) Smith and Butterworth

19673 Lmw 475-1-9; 23.0/66.9; 29-6.

G. varioreticulatus; Lmw 475-3-A; 12.6/71.0; 29-8.

Diaphanospora parvigracila (Peppers) Ravn 1979; Lmw 515/5.5=3=7b;

*2.,3/83.0; 22-40.

D. parvigracila; Lmw 449-1-7; 12.0/72.8; 30-20.
D. parvigracila; Lmw 449-1-7; 12.0/72.8; 30-19; distal surface.
D. parvigracila; Lmw 494-1-2; 8.3/66.7; 30-18.

Diaphanospora sp. A; Lmw 485b-3-B; 11.5/76.8; 30-21.

Bo sp. A} Lmw 515.5 1/2'3"17b[ 600/7005’ 22-6.

D. 8pe Aj Lmw 515.,5-3-17b; 6.0/70.5; 22-7; distal surface.
P-t sp. A; ILmw 515.,5--1-52; 28.2/82.8; 21~41.

D. sps A; Lmw 515.5~1-52; 28.2/82.8; 21-42; distal surface.

Hymenospora multirugosa Peppers 1970; Lmw 428=3-B; 26.1/77.0;

30-24 .

H. multirugosa; Lmw 515/12-1-21; *6.2/73.7; 17-11.

H. multirugosa; Lmw 515/12-1-24; 8.4/77.5; 18-26; distal surface.
H. multirugosa; Lmw 515/12=1-32b; *0.3/68.9; 18-7.

H. multirugosa; Lmw 515/12-1-32b; *0.3/68.9; 18-7; distal surface.
‘Hymenospora cf. paucirugosa Peppers 1970; Lmw 515/12-3-B5;

2415/68-23 35"50

H. paucirugosa; Lmw 452b-1-B1; 20.1/40.0; 14-32.
H. paucirugosa; Lmw 508b-1-D; 22.7/74.3; 30-25.

Crassispora kosankei (Potonie and Kremp) Smith and Butterworth

1967; Lmw 443-2-G1; 12.2/81.6; 30-27.

C. kosankei; Lmw 459-3-A; 25.7/74.7; 30-29; equatorial view.
C. kosankei; Lmw 425/2-1-14; 14.0/68.2; 30-28; tetrad.
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PLATE 13

Fis No.

1. Simozonotriletes intortus (Waltz) Potonie and Kremp 1954; Lmw
489=3=D; *39.0/67.6; 30-32.

2. S. intortus; Lmw 491-3-B; 25.5/85.3; 30-30.

3. S. intortus; Lmw 494-3-E; 22.1/85.4; 30-31.

4. Densosporites cf. anulatus (Loose) Smith and Butterworth 1967; Lmw
490c=-3=-G; *2.9/82.1; 30-41; eguatorial view.

S. D. cf. anulatus; Lmw 490c=3-A; *2.9/69.3; 30-40; tetrad.

6. D. cf. anulatus; Lmw 457a=3-Ga; 18.5/66.4; 30-1.

7. D. cf. anulatus; Lmw 427a=-3GA; 4.6/75.2; 30-42.

8. D. cf. anulatus; Lmw 453b-1-G; 10.9/78.3; 30-39.

9, D. cf. anulatus; Lmw 451-2-1; 32.1/70.5; 14-26.

10. D. cf. anulatus; Lmw 490c~1-G1; 29.8/65.3; 30-2.

1. D. cf. anulatus; Lmw 450-1-G1; 0.1/73.9; 30-38.

12. D. cf. anulatus; MHH-1-G1; B8.8/81.4; 30-37; Leaf 3, Thick Coal,
Moat House Farm borehole, Warwickshire; Westphalian B.

13. D. cf. anulatus; MHH-1-G1; 8.8/81.4; 30-36; distal surface; Leaf 3;
Thick Coal, Moat House Farm borehole, Warwickshire; Westphalian B.

14. D. cf, anulatus; Lmw 493-1-G5; 26.9/82.3; 30-33.

15. Densosporites cf. duriti; Potonie and Kremp 1956; Lmw 492-1-G9;
12.1/83.0; 30-11; equatorial view.

16. D. cf. duriti; Lmw 515/5.5-1-17; 14.2/70.8; 20-32.

17« D. cf. duriti; MHC-1-G1; 3.2/71.7; 30-3~-; Leaf 1; Thick Coal; Moat
House Farm borehole; Warwickshire; Westphalian B.

18. D. cf. duriti; Lmw 445=-3=-G3b; *6.1/83.5; 30=7.

19. D. cf. duriti; Lmw 492-1-G3; 5.4/81.0; 30-5.

20. D. cf, duriti; Lmw 492-1-G11; 16.9/72.9; 30-8. :

21. D. cf. duriti; Lmw 492-1-G11; 16.9/72.9; 30-9; distal surface.

22. D. cf, duriti; Lmw 492-3-GB; 29.8/79.1; 31-16; tetrad proximal
focus.

23. D. cf. duriti; Lmw 492-3-GB; 29.8/79.1; 31-17; tetrad distal focus.

24. Densosporites gracilis Smith and Butterworth 1967; Lmw 445-1-7;
18.5/59.5; 14-13.

25. D. gracilis; Lmw 445-1-7; 14.7/66.5; 31-18; distal surface.

26. D. gracilis; Lmw 453a-1~B1; 14.9/68.1; 32-4; distal surface.

27, _12. gracilis; Lmw 489-1~G5; 3.6/70.0: 32-1.

28. D. gracilis; Lmw 492-3-GC; 26.2/63.9; 32-6; tetrad.

29. D. gracilis; Lmw 455=1-2; 20.1/40.0; 12-31; equatorial view.

30.

D. gracilis; Lmw 493-1-G7; *41.1/66.9; 32-5; equatorial view.
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PLATE 14

Fig No.

1.
2.
3.
4.
5.

6.

e
8.

9.
10.

1.
12.
13.
14.

15.
16.

17.

18.
19.

20.
21.
22.
23,
24.
25.
26.
27.
28,

29.
30.

Densosporites cf. granulosus Kosanke 1950; Lmw 491-3=-G3; 9.4/82.9;
32-70

D. cf. granulosus; MHD=3-GC; 19.8/77.5; 32-9; Leaf 1; Thick Coal;

Moat House Farm borehole; Warwickshire; Westphalian B.

D. cf. granulosus; MHD-3-GC;19.8/77.5; 32-8; distal surface; Leaf

1; Thick Coal; Moat House Farm borehole; Warwickshire; Westpahlian

D. cf. granulosus; Lmw 467-3-I; 19.0/79.1; 32=11.

D. c¢f. granulosus; Lmw 467-3=-I; 19.0/79.1; 32--12; distal surface.
D. cf. granulosus; Lmw 492-1-G12; 10.1/72.0; 32-13; circle of
vacuoles present.,

D. cf. granulosus; Lmw 474-1-G1; 7.5/68.3; 31-10; medial focus.
D. cf. granulosus; Lmw 491-1-G13; 19.0/79.4; 32-18; equatorial
view.

D. cf. granulosus; Lmw 491-1-GS; 6.0/69.8; 32-16; equatorial view.
D. cf. granulosus; Lmw 491-1-GS; 6.0/69.8; 32-16; equatorial view;
mag. X1000.

Densosporities sphaerotriangularis Kosanke 1950; Lmw 452a-3-GB;
12.2/74+.5; 32=19; distal surface.

D. sphaerotriangularis; Lmw 451-1-1f; 20.0/40.1; 12-16.

D. sphaerotriangularis; Lmw 490c-3-G6;1 3.9/75.6; 32-23.

D. sphaerotriangularis; Lmw 490c-3-G; 9.2/70.9; 32-22; distal
surface.

D. sphaerotriangularis; Lmw 451-1-3a; 20.1/40.0; 12-20.

D. sphaerotriangularis; Lmw 451-1-1d; 10.0/40.1; 12-15; distal
surface.

D. sphaerotriangularis; Lmw 490c-3-G1; 25.1/65.8; 32-20; distal
surface.

D. sphaerotriangularis; Lmw 489-3-G; 26.5/76.8; 32-24; tetrad.
D. sphaerotriangularis; Lmw 452b-2-GA; *42.0/82.2; 32-27;
equatorial view.

D. sphaerotriangularis; Lmw 491-3-G3b; 9.3/82.8; 32-25; equatorial
view,

Densosporites triangularis Kosanke 1950; Lmw 452a=3-B; 1.2/71.8;
32-31.

D. triangularis; Lmw 451-1-G2a; 11.3/69.7; 12-18; circles of
vacuocles present.

D. triangularis; Lmw 515/5.5-1-61a; 1.1/64.8; 22-20; distal
surface.

D. triangularis; Lmw 490c=-1-G3; 26.9/80.1; 32-28.

D. triangularis; Lmw 490c-1-G3; 26.9/80.1; 32-29; distal surface.
D. triangularis; Lmw 489-1-2; 14.5/66.7; 32-33; eguatorial view.
D. triangularis; Lmw 515/12-1-44; 4.6/69.2; 35-34; vacuoles in
central area.

Lycospora orbicula (Potonie and Kremp) Smith and Butterworth 1967;
Lmw 480=-3-I; 19.5/74.3; 32=35.

L. orbicula Lmw 480-3-F; 14.5/79.1; 32-34.

L. orbicula Lmw 480-3-J; 0.1/73.3; 32-36; equatorial view.
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Fig No.

1. Lycospora pellucida (Wicher) Schopf, Wilson and Bentnall 1944; Lmw
449=3=-Ei; 5.1/67.2; 12=5. '

2. L. Eellucida; Imw 480-3-GS; 19.9/67.8; 32-39.

3. L. pellucida; Lmw 515/5.5-3-26; 12.3/79.5; 23~7.

4. L. pellucida; Lmw 461-1-16; 14.3/66.9; 33-26; equatorial view.

5. Lycospora pusilla (Ibrahim) somers 1972; Lmw 480-3-GC; 33-27.

6. L. pusilla; Lmw 473b-2-GBii; 12.2/72.4; 33-29.

7. L. pusilla; Lmw 473b-2-GC; 21.0/70.8; 33-31.

8. L. pusilla; Lmw 473b-2-GB; 12.0/73.2; 33-32; tetrad.

9. L. pusilla; MHA-3-A; 11.3/66.6; 33-33; Leaf 1, Thick Coal; Moat
House Farm borehole; Warwickshire; Westphalian B; equatorial view.

10. L. pusilla; Lmw 480-3-GG; 30.1/78.5; 35-8; equatorial view.

11. Lycospora rotunda (Bharadwaj) Somers 1972; Lmw 515/5.5=1-11;
16.1/69.4; 20-23.

12. L. rotunda; Lmw 480-3-GH; 25.4/82.2; 33-38.

13. L. rotunda; Lmw 515/5.5-1=33b; *7.5/71.9; 21-21.

14. L. rotunda; Lmw 477c-1-1; 21.3/66.6; 33-39; equatorial view.

15. L. rotunda; Lmw 459-1-G2; 17.3/73.3; 33-37; equatorial view.

16. L. rotunda; Lmw 440b-1-8a; 22.3/72.9; 33-40; equatorial view.

17. Lycospora rugosa Schemel 1951 (in Smith and Butterworth 1967); Lmw
515/12-2-2; 1.4/64.6; 18-23.

18+ L. rugosa; Lmw 480-3-GA; *39.5/82.3; 33-41.

19. .E. ruggsa: Lmw 515/5.5"'1‘613} 28.9/66.7; 19-26.

20, L. rugosa; Lmw 443-1-B8; *4.9/71.0; 33-42.

21, Cristatisporites connexus Potonie and Kremp 1955; Lmw 495-3-6;
5.7/64.6; 33-44; distal surface.

22, C. connexus; Lmw 515/12-2-15; 12.7/68.1; 19-2.

23. C. connexus; Lmw 515/12-2-15; 12.7/68.1; 19-3; distal surface.

24. C. connexus; Lmw 492-3-GD; *43.9/83.6; 33-4; equatorial view.

25. C. connexus; Lmw 492-3-GH; 9.5/71.8; 35-43; tetrad.

26. Cristatisporites indignabundus; (Loose) Staplin and Jansonius 1964;
Lmw 515/5.5~1=-19; *7.0/79.1; 20-35.

27. C. indignabundus; Lmw 465-3-B1; 2.9/88.6; 33=7.

28. Eo indignabundus; Lmw 475-3-D; 21.2/7107' 33-9.

29. Cirratriradiates saturni (Ibrahim) Schopf, Wilson and Bentall 1944;
Lmw 480-3-F; 22.8/78.6; 33-14; equatorial view.

30. C. saturni; Lmw 460-1-9; 19.5/73.5; 33=15.

31. C. saturni; Lmw 477c-3-B; *41.3/78.3; 33-12.

32. C. saturni; Imw 515/5.5-3-34; *3.5/73.2; 23-16.

33. Cingulizonates loricatus (Loose) Butterworth and Smith (in
Butterworth et al. 1964); Lmw 515/12-1-39; 16.5/82.9; 18-16.

34. C. loricatus; Lmw 473b-3-A; 11.8/64.5; 33-16.

35. C. loricatus; Lmw 473b-3-A; 1.8/64.5; 33-16; high focus.

36. C. loricatus; Lmw 473b-2-F; 15.0/84.2; 33-19; tetrad.

37.

C. loricatus; Lmw 473b-2-F; 15.0/84.2; 33-18; tetrad, high focus.
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PLATE 16

Fig No.

8.

9.

10.

1.

12.

13.

14.

15.

16.

17.

Radiizonates cf. striatus (Knox) Staplin and Jansonius 1964 in
Smith and Butterworth 1967; Lmw 440b-1-G4; 26.4/80.1; 34-4.

R. cf. striatus; Lmw 440b-1-G2; *5,9/82.3; 34-1.
R. cf. striatus; Lmw 440b-1-1; 23.3/66.5; 34-3.

Radiizonates tenuis (Loose9 Butterworth and Smith (in Butterworth
et al. 1964); Lmw 494-3-9; 6.3/78.0; 34-10.

Re. tenuis; Lmw 492=1-=14a; 2.8/77.0; 34-7.
Re. tenuis; Lmw 492-1-8; *43.5/83.3; 34-6.
Re. tenuis; Lmw 494-3-8; 6.2/74.8; 34-9.

R. tenuis; Lmw 494-3-6; 13.1/71.9; 34-8.

Spencerisporites radiatus (Ibrahim) Felix and Parks 1959; Lmw

S. radiatus; Lmw 460/2-2-C; 7.8/82.5; 34-12; detail of central
body.

Endosporites globiformis (Ibrahim) Schopf, Wilson and Bentall 1944;

E. globiformis; Lmw 460/2-3-F; 1.6/83.3; 34-15.
E. globiformis; Lmw 449-2-5; 17.8/84.2; 34-14.

Endosporites zonalis (Loose) Knox 1950; Lmw 515/5.5-1-Ja; 8.5/65.9;
19-21.

E. zonalis; Lmw 473b-2D; 18.7/81.0; 34-20.
E. zonalis; Lmw 480-1-G1; 25.3/65.1; 34-18.

E. zonalis; Lmw 460-2-1-6; 7.3/70.6; 34-19.
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Fiﬂ No.

1. Retispora staplinii (Gupta and Boozer) Ravn and Fitzgerald 1982;
Lmw 490¢c~-2-G6} 20-1/40.0[ 34-26.

2. R. staplinii; Lmw 490a=-2-G5; 23.4/79.3;34-24.

3. R. staplinii; Lmw 490b=1=8B; 21.7/72.9; 34-21.

4. R. staplinii; Lmw 490a=-1-1; 13.9/66.8; 34-23.

5. 'ﬁl -t321iniil Liw 483-14-31 14-9/78.8' 34-22.

6. Alatisporites pustulatus Ibrahim 1932; Lmw 494-1-3; *38.5/84.1;
34-270

7. A. pustulatus; Lmw 494=3=D; 11.0/82.4; 34-28.

B. Laevigatosporites cf. dunkardensis Clendening 1970; Lmw
515/5.5=3=103 5.0/64.5; 22=43.

9. L. cf. dunkardensis; Lmw 515/12-1-38; 10.9/82.8; 18-15.

10, L. cf. dunkardensis; Lmw 515/5.5-1-2; 21.9/64.7; 19-19.

11« Er cf. dunkardensia; Lmw 515/12‘1'34&[ 24-0/8100} 18=10.,

12. laevigaosporities minor loose 1934; Lmw 461=2=3; 17.8/75.3; 34-29.

13, L. minor; Lmw 515/12=1=9; *3.3/81.7; 17-43.

14, L. minor; Lmw 515/12-1-40; 20.1/83.6; 18=17,

15, L. minor; Lmw 515/12=1-42; 18.4/85.4; 18-19.

16. L. minor; Lmw 515/5.5-1~9; 28.4/68.8; 20-19.

17. Laevigatosporites vulgaris Ibrahim 1933; Lmw 515/12=1-64;
21.5/85-4’ 35=35,

18« L. vulgaris; Lmw 495-2-G1; 8.4/82.7; 35-37.

19. L. vulgaris; Lmw 494=-1-G1; 11.4/81.9; 35-36.

20. Punctatosporites minutus Ibrahim 1933; Lmw 449-=1-4; 14.1/68.6;
34'310

21+ P. minutus; Imw 477c-3-A; 20.1/81.1; 34-32.

22, P. minutus; Lmw 515/5.5=1=46; 10.4/80.8; 21=35.

23. P. minutus; Lmw 442b=1-6; 24.1/76.7; 34-30.

24, P. minutus; Lmw 438-14-3-B; 20.4/68.5; 23-33; ‘'trilete' suture.

25 P. minutus; Lmw 515/12-1-29; 1.3/78.0; 18-1; 'trilete' suture.

26. Vestispora costata (Balme) Spode in Smith and Butterworth 1967; Lmw
437-2-G2y 22.4/85.0; 34-35.

27. V. costata; Lmw 480-2~G1; 19.8/65.0; 34-34.

28, V. costata; Lmw 461=1=17; 29.3/80.2; 34-37; tetrad.
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PLATE 18

Fig No.

1. Vestispora laevigata Wilson and Ventkachala 1963; Lmw 512/2-2-G1;
14.1/79.4; 35=12.

2. V. laevigata; Lmw 480-1-6; 16.3/71.8; 35-9.

3. Vestispora pseudoreticulata Spode in Smith and Butterworth 1967;
Lmw 467-3-E; 18.4/72.5; 35-13.

4. V. pseudoreticulata; ST8/2-2-173 1.1/74.0; 10-34, Un-named seam at
335.39:11, Solomon's Temple borehole, Warwickshire; Westphalian B.

5. V. pseudoreticulata; Lmw 449-2-4; 11.5/83.2; 35-14; operculum.

6. Vestispora tortuosa (Balme) Spode in Smith and Butterworth 1967;
Lmw 437-2-G1; 27.5/69.2; 35-17; detail of ornament.

7. V. tortuosa; Lmw 436b-3-C; 38.1/68.3; 35-16.

8. V. tortuosa; Lmw 515/12=-1=4; 28.9/80.3; 35=-15; tetrad.

9. ?abasporites cf. exilis Clendening 1970; Lmw 433b=-1=G1; 1.5/71.9;
35-19.

10, F. cf. exilis; Lmw 433b-1-G3; 5.8/79.1; 35-21.

11. F. cf. exilis; Lmw 504-2-G3; 33.0/79.0; 35-22.

12, F. cf. exilisy; Lmw 511/2=3=-c; 0.1/76.9; 35-23.

13. Fabasporites parvus Clendening 1970; Lmw 504~2-G7; 16.5/75.2; 36-4.

14. F. parvus; Lmw 504-2-G4; 33.0/81.3; 36=3.

15. E- Earvua: Lmw 504‘-2"G2: 33.0/?2.5, 36-2.

16. Eo EEI'VI.IB: Lmw 511-2-3-D] 1401/75.5! 36=-9,

17. Florinites cf. florini Imgrund 1960 in Smith and Butterworth 1967;
Lmw 461=2=2; 2.5/68.5; 36-11.

18. -F_o cf. flnrin:l.; Lmw 475"2"5[ 4-1/72-3} 36=-12.

19. F. cf. florini; Lmw 513b/12-2-3.1; 20.6/78.8; 36-13.

20, F. cf. florini; Lmw 515/12-1-8; 12.9/67.1; 17-42.

21. Florinites mediapudens (Loose) Potonie and Kremp 1956; Lmw
513b/12-1-11; 9.1/73.6; 36=-19.

22. F. mediapudens; Lmw 475-3-K; 16.8/66.7; 36-24.

23, F. mediapudens; Lmw 495-3-B; 29.5/80.3; 36-15.

24. F. mediapudens; Lmw 475-3-G; 6.1/84.2; 36-17.
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Fiﬂ NO.

1.

2.

3.

4.

5.

6.

7.

9.

10.

11.

12.

Florinites millotti Butterworth and Williams 1954; Lmw 496-~1-9a;
17.5/69.1; 36-26.

F. millotti; Lmw 496-1-14; *8.2/86.5; 36-28.

Florinites pumicosus (Ibrahim) Schopf Wilson and Bentall 1944; Lmw
513b/12-1-10; 14.0/71.7; 36=29.

F. pumicosus; Lmw 438/14-3-P; 13.0/84.8; 36-30.

Florinites similis Kosanke 1950; Lmw 461-1=19; 5.0/75.1; 36=-31.

F. gimilis; Lmw 461=-3-H; 1.8/73.7; 36-33; trilete suture.

Florinites triletus Kosanke 1950; Lmw 504-1-1; 19.0/66.6; 37=-26.

F. triletus; Lmw 425/2-2-1; 17.5/77.8; 37-24.
F. triletus; Lmw 496-3-F; 26.1/73.8; 37-25.

Florinites visendus (Ibrahim) Schopf, Wilson and Bentall 1944; Lmw
461-2-3; 12.0/79.5; 37-28.,

F. visendus; Lmw 461-3-I; 17.9/79.9; 37-29; trilete suture.

F. visendus; Lmw 461-1-5; 27.6/71.6; 37-27.
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Fig No.

1. Wilsonites cf. delicatus Kosanke 1950 in Smith and Butterworth
19673 Lmw 496=2=3; 27.1/83.9; 37=32.

2. W. cf. delicatus; Lmw 434-1-6; 3.0/76.4; 37-30.

3. W. cf. delicatus; Lmw 504-2-7; 29.3/74.3; 37-33.

4. Potonieisporites cf. elegans (Wilson and Kosanke) Habib 1966; Lmw
449-2-6; 20.1/79.9; 37-35.

5. P. cf. elegans; Lmw 463-1-G4; 25.9/71.3; 37-36.

6. Costascyclus crenatus (Felix and Burbridge) Urban 1971; Lmw
475=3=-13 26.6/85.0; 37=41.

7. C. crenatus; Lmw 475-3-I; 26.6/85.0; 37-40; high focus.

8. C. crenatus; Lmw 459-1-8; 8.5/78.3; 37-39.
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4.
5.

6.

7.

8.

9.

10.

11.

12.

13.

14.

15.

16.

PLATE 21

Pityosporites cf. kittaningensis Habib 1966; Lmw 476-1-3;

15.6/71.5; 37-44.

P. cfe. kittaningensis; Lmw 434-1-7; 1.4/81.0; 37-43.

Pityosporites westphslensis Williams 1955; Lmw 490a-2-G10;

0. 1/77.9’ 37-2.

P. westphalensis; Lmw 485a~2~G1; 12.8/64.5; 37-4.

P. westphalensis; Lmw 485a-2-G1; *39.9/64.6; 37-6.

Schopfipollenites ellipsoides var. corporeus Neves 1961; Lmw

508=3-G; 28.2/70.1; 37=7.

S. ellipsoides var. corporeus; Lmw 512/2=1-=3; 12.5/72.9; 37-10.

Spore
Spore
Spore
Spore
Spore
Spore
Spore
Spore

Spore

type
type
type
type
type
type
type
type

type

A;
Az
A;
A}
A}
Ap
A
Az

Ay

Lmw

Lmw

Lmw

Lmw

515/5.5=3-48; *6.9/69.5; 23-26.
515/5.5~-1=36; *6.9/71.7; 21-=26.

515/12-2-8; 25.0/62.5; 19-33.

515/12-2-12; 5.8/63.1; 19-41.

515/5.5-3-23; 1.4/75.03 22-8.

515/5.5=3=31; 27.0/74.5; 23-13.
515/5.5-1-6a; 28.9/66.7; 19-25.
515/5.5-1-6a; 28.9/66.7; 19-27; high focus.

516/14-2-5; *3.5/77.8; 22=25.
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