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ABSTRACT

Miospore assemblages are described from the Carboniferous

succession in North Wales. The assemblages fall into two groups;

o
those from the Visean and those from the Namurian. They do not

form a continuous sequence as the Upper Visé;n deposits yielded no
recognisable microflora and a hiatus therefore exists between the
two groups.

The Visé;n assemblages were obtained from a series of non-marine
shales. Palynological investigation indicates a Lower to Middle
Viséén.age for these deposits. Comparisons are made between the
microflora of the North VWales deposits and other Lower Carboniferous
assemblages from England (Forest of Dean), Russia, Spitsbergen and
Mississippian assemblages from Canada.

The Namurian assemblages were obtained from a series of marine
and non-marine shales, and from one coal seam; they ranged in age from
Namurian A to Namurian C with reference to the standard sequence of
goniatite stages. The composition of the Namurian microflora is shown
to undergo progressive change throughout the period. Comparisons with
other assemblages shows a degree of similarity between the North Wales
deposits and deposits of the same age from Northern England (Pennines),
Scotland and Europe.

The question of the existence of Carboniferous floral provinces,

based on microfloras, is considered and an assessment of the present

position is made.

In the systematic descriptions of the assemblages two new genera,

Umbonatisporites and Diversizonotriletes, are proposed and a total ol
viversizonotriletes,

twenty-seven new species erected.
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1.

INTRODUCTION

When used in conjunction with all other sources of available
information, plant microfossils can be used to interpret and correlate
virtually all kinds of sedimentary rock and also yield information on
regional palaeo-ecology.

The study of plant microfossils is called palynology; a term

first used by Hyde and Williams in 1944. The word comes from the i

Greek 'paluno', denoting a scattering type of distribution. VWhilst
palynology includes the study of all plant fragments, in a more |
restricted sense it is considered to be the stui} of fossil spores, pollen,
phy to-plankton and fungi of microscopic size.

In 1884 Reinsch reported fossil spores from Carboniferous
deposits but the first major studies in palynology were on deposits of
Quaternary age; von Post worked on pollen in Scandinavia and was

amongst the first to realise the potentialities of pollen analysis. It

was not until a much later period that the significance of the method in
the study of older sediments was realised. The information obtained
from such studies was applied to stratigraphical and palaeo-ecological
problems. Palynology has expanded greatly since the time of these

pioneers, especially during the last thirty years; the use of plant

microfossils as stratigraphical and palaeo-ecological indices is now a
universal practice in deposits of all ages in which the fossils are
found.

In the course of g detailéd study of the macroflora from the
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Lower Carboniferous deposits in North Wales, Lacey (1952a, 1952b, 1955,‘
1962) produced evidence that microfloras of a potential stratigraphic
and palaeo-ecological value were present in the area.
Cn the basis of macroscopic plant and faunal remains, Lacey

(1952a)suggested a correlation between the Lower Carboniferous Series

of North Wales and that of Scotland and northern England.

The purpose of the present study is, firstly to describe
systematically the spores present throughout the Visé';n and Namurian
sequence in North Wales, secondly to attempt lto define the transition
between Lower and Upper Carboniferous deposits on the basis of the
microflora and thirdly to correlate the assemblages from the Carboniferéufs
of North Wales with those from other parts of the United Kingdom and the
World.

A detailed study of assemblages from shales within the Lower
Carboniferous Series yielded disappointing results. From twenty-five
samples examined only th'ose from one locality, the Basement Series,
produced a well preserved microflora, although several others contained
a few poorly preserved spores. The samples obtained from the shales oi" |
the Upper Carboniferous Millstone Grit Series were in general of good
quality, although in some instances the spores were poorly preserved.

In addition to samples collected from natural exposures of the Upper

Carboniferous, further material was obtained from a borehole, which

provided the most complete sequence through the series in the North

Flintshire ares.




PALAEOGEOGRAPHY AND STRATIGRAPHY

The Carboniferous succession throughout North Wales rests
unconformably on Lower Palaeczoic rocks and consists largelf of a
series of limestones, which are underlain by Basement Beds and which
are followed by cherts, shales and sandstones. They were deposited
in a series of shallow shelf seas and deltas and*wgre,”for&the most
part, accumulated in relativelysh3110W'water,~onlyalittlé*diétance
from the shore. The limestones were laid down in ai$g?¥é§*qf clear
water, off-shore deposits. As‘time'progressed the seasagecame shalloﬁér
and gradually silted up, resulting in the succeeding rocks,rtheIMillstone

Grit and Coal Measures, being characteristically of delta and swamp
facies. h’ o o ‘k~r‘{ -

In general throughout the main oqtcroP,,the beds dip eastwa;éé;ifft
of f the Lower Palaeozoic rocks. The basalrcongloperates af*the Lowei"q
Carboniferous Series are found towards the wes£hq£,§he{regio£;Lto tﬂé‘!'
east of these occur the massive Limestope1Series;*thheseﬁgre ;ﬁgceeq§deo
the east of the Vale of Clwyd, by the Millstone Grit Series, whichﬁis; ¢
jtself followed by Coal Measures towards the English’Border‘(Text-’*
figure 1).

The strata of the Carboniferous system have been classified by - .

means of faunal remains. The limestone is zoned by means of corals and

brachiopods and has been shown to fall within the'Dibunthzllum.zone‘

(Neaverson 1929, 1943, 1945, 1946).  The upper limit of the Lower

Carboniferous is marked by the lamelllbranch,Posidonia becheri CNeaverson,




Llanddulas

Coal Measures

Millstone Grit

Carboniferous Limestone Scale of Four Miles to One Inch

Text-figure | Distribution of Carboniferous Deposits in North Wales
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. *ifi‘;' - 1‘l - | | | ﬂ*‘i | 5.
1943) and the base of the overlyingJMillstone Gr1t by P031donia'cor£ngata.,
The stratigraphy of the Millstone Grit has been worked out using faunal
remains, especially'goniatites, follow1ng the demonstration of the‘great
value of these fossils by. Bisat (1924) Throuéhout the area n complete
'aection of the Millstone Grit sequence from.the basal cherts to the} .
Lower CoalJMeasures is fonnd.,tltﬁﬁf ' ;,l, t - o
Tezt-f;gure 2 snene”the:Bnb-divisiené'of tne'Carboniferous*
successioninﬁNontniwales'based:on.faunelxnenéine'anduittholbgy. J

*' -

The Basement Beds 1ie unconfarmably on Ordovician.rocks in.the

£

Menai Straits regiom. Greenly'(1928) indicates that the series con51st

»

of conglomerate-sandstones, shales and.thin.limestones and places them
at the base of the Dl sub-zone. The shales of this series, which .

outcrop on the shore a little way to the west of the Railway'brldge, have |

yielded plant remnins. 'Walton (in Greenly, 1928) and.Lacey (1952b) have

described the following plant macrofossils fnom.the loca1ityz-

" \ - 1 -

Knorria cf. imbricata Sternberg. | L

Stiggér{a.%icnides* éie}nbéré.
Rhodea sn.ﬁ | | |
Telangiun'sp.

Dipletnema sp;* :

o andﬁLycoPOd:megaspores and a seed-like structure.

14-

t

In the same: paper, Lacey (l952b) gave a. prellminary indication

of the rich microflora; . more‘than.thirty species assigneble to thirteen -

l\‘

genera were recorded.

The basal Conglqmerates are also found in the Lligwy area of <

-
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Anglesey resting on Devonian rocks (Greenly, 1919). From this area, to -

the south and east, along the coast to Eed‘ﬁharfﬁBay'and cnﬂto‘Pufiin -

&

Island, there are further outcrcps of limestone of the Dl*and*DZ sub;
zZones., The limestone forms the Great Orme and continues towards Coluyn
Bay. From.Old.Colwyn, Llanddulas to Abergele, onto Dcnbigh and south-

ward to the head of the Vale of Clwyd a belt oijower Carbcniferous rocks

= ¥

forms a fringe on.the northern.and eastern.margin of the DenbithMoors.

The limestone rests unconformably.on'the edge of a dissected plateau*of

Silurian mndstones*and grits.“ The region between Old Colwyn and Buthin

is in the D1 sub—zone, overlapped hy 8 thick series of conformable, S

b

unfossilifercus purple sandstones, which are assigned to the D2 sub-zone

.."

bwﬂHeaverson*(l945).“* The eastern side of the Vale of Clwyd is marked

by small strips of*faulted, Carboniferous limestone,:nhich rangesifrom

RN

& - L]
n - #*l. s w4 » ¥
o
™ a "'".Iu _ ' 3
+ - . . T
O 1 ﬁ. €. . .
e - - 1
1 - . ) . !
- -
L + Tt * =
d A
11 v L] o -1-4-1.

- 1 1
Lo - ~ o

Limestone quarrles at four localities in this region.have yielded

L

a351gnable plant remainsg (Lacey l952b 1955, l962);they are 1n o ;1?1
Dedighshire, at Graig quarry, Denbigh- Pen-y-craig quarry,anthin- and

the Llanddulas quarries; 1n north Flintshire, quarries'close to Dyserth.

i

These localities are all in the Dl sub zone and the following is a

composite 1list of plants from all the localities.‘ T o

Le idostrobo h 1lum fimbriatum.(Kidston) Allen

,"\-

Lepidodendron perforatum.Lacey
jonesii Lacey N . E

%

Le 1dodendr
hepidodendrOpsis recurvifolia,haoey‘

- Clwydia decussata Lacey-
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Archaeosigillaria stobbsii Lacey

Stigmaria ficoides Sternberg. | Y

Archaeocalamites radiatus Brongniart.

Bowmanites tenerrimus Hoskins and Crosse.

Bythotrepis plumosa Kidston.

B. nodosa Lacey

, F

Knorria acicularis Goppert.

Rhacopteris subcuneata eKidston"

)
q 1
1 * v > r . ':L
-
" - - b A
- 5

. weissi Walton

1=

R. of. geikiei Kidston. = .

Caiathiog dxserthen31e Lacey

e :‘ - . ™ m o -

Lycopod megaspores.

s
o v 1 . 4 - ] | . * 4 *'H
¥ L 4 -‘\i 1 + s - - - - - ¥
1 1 - -
- E + T 1 L ‘4 % = }

To the north and eastern side of the Clwyd range, the" Carboniferous
Limestone, along with.thefMillefone Grit, forﬁs a.fringe‘ef conspicﬁoue

foothills. The development of theILimestene serles in the‘northern area

ir

is considerably dlfferent from.that of the Vale of Clwyd, yet both are

{ ‘ Y. i

of the D2 sub-zone. ﬁ In this area the 1;meetones show a repid_variation 

¢

in facies. o .' | *F”‘**wt' O
From.a quarry'in the BlackﬁLimestone at Teilia, Fllntehlre, the

following plants have beephrecorded (Kidston, }889;@ Walton, 1926 1928,

- . - v - 3
a a y L ~ 4
% x
[ ]

-

1931).

Archaeocalamites scrobiculatus Schloth.

¢
.I

Lepidodendron cf. ealaﬁiteideeginéthorst_ . o =
L. cf. obovatum Sternberg.

Adiantites antiquus Ettingshausen.



Adiantites machaneki Stur.
A. tenuifolius G'éppert.

Calathiops ecularis GOppert.

C. glomerata Walton

C. Renieri Walton

Diplopteridium feilianum Walton

Diplope€tmema dissectum Brongniart.
D. bermudensiforme f. typica Kidston.

Holocospermum ellipsoideum Ggi)pert.
Neuropteris antecedens% Stur.

Rhacopteris machaneki Stur.
R. circularis Walton.

R. fertilis Walton.:

R. petiolata Ggppert. , .

R. robusta Kidston.

Rhodea tenuis Gothan

Spathulopteris ettingshauseni Feistmantel.
Sa clavigera Kidston.

Sphenogteridium capillare Wé.l-l;on.
"
S. pachyrrachis Goppert.

S. crassum Lindley and Hutton.

Sphenopteris obfalcata Walton.

S. cf. filiformis Xidston.

In north Flintshire the Carboniferous Limestone is followed

by a massive chert and a thick shale series called the Holywell Shales.
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In Denbighshire, to the south, the limestone is overlain by a sandy
series, the Cefn-y-Fedw sandstone. The Holywell Shales and Cefn-y-Fedw
sandstone are of the same age, the difference in facies being due to the
types of deposition. In the north the clear sea was sullied by muds,
which were favourable to the establishment of a goniatite fauna, and
formed the Holywell shales. At this time the area to the south was
deposited in clear water and the formation was a sandstone with
subordinate bands of sandy shales, cherts or limestones. The Holywell
Shales are capped by the Gwespyr Sandstone and the Cefn-y-Fedw series
"by the Aqueduct Grit. These deposits mark the top of the Millstone Grit
series in North Wales. Scattered plant remsins are found throughout
the region, but no well preserved flora has been described from this
area.

Samples were taken from shale bands both in natural exposures
and in quarries in the Lower Carboniferous Series throughout the area
described above. The effects of weathering were reduced to a minimum
by tsking samples from well below the surface. Field samples from
the Millstone Grit Series were confined to the Holywell Shales and taken

from exposures in stream sections (Wood, 1936; Jones and Lloyd, 1943).
The most complete section was fromfthe core of tﬁe borehole sunk at
Abbey Mills, Flintshire in 1933. Representative samples from ithis core

were obtained from the Geological Survey Office, Leeds.

The location of the productive samples in the relevant parts of

the sections at Abbey Mills, Holywell and Rhydymwyn are shown in Text- *

figure. J.



Text-figure 3. Stratigraphical columns of the Abbey llills No. 4

Bore, the exposures around Holywell and at Rhydymwyn.
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Abbey Mills TEXT FIGURE 3
No.4 Bore
m—m- Anthracomya bellula Rhy dy mwyn
! I
AM 1 +~M-M- Gastrioceros cumbriense _________________—_________._.: | :
Coal
UC 21
H_olyvyell ' »y
District ' !
AM 2 : :
UcC 1 Gastrioceras cancellatum <M
UC 2
UC 3
Reticuloceras superbilingue
Reticuloceras bilingue
/UC s Reticuloceras grac
AM 3 m-m- Reticuloceras grocile
AM 4 Uc © Reticuloceras reticulatum
AM S Reticuloceras sp. H% i ,
' nconstans
AM 6+4-m-m- Hormoceras cf. striolatum ggi Reticuloceras
U

Homoceras eostriolatum

Homoceras smithi
Homoceras proteum

Anthracoceras

S
Anthracoceras cﬁpﬁuucilobum
Anthracoceras sp.  Productus

Anthracoceras cf pauciloburr®P-

Cravenoceras edalensis .
Vertical Scale

: Feet

AM 14 E umorphoceras bisulcatum O
AM1 g

AM 1 50
AM17 Cravenoceras cowlingense

AM18 Eumorphoceras SPp. 100
AM19

2“ 2? -M— Caoneyella cf membranaocea

Al 23
AM 2

200
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The eleven foot shale band of the Basement Series exposed on

the Caernarvonshire side of the Menai Straits in Vaynol Park has
yielded a rich microflora. The varied nature of this assemblage indicates
a more extensive macroflora than is realised from the previous records.
Assemblages from the other Lower Carboniferous sites were poor. The
majority contained no recognisable plant spores and the remainder had
only poorly preserved microfloras with few species. This can be
attributed in a large part to the parent rock, whose porous nature allows
a great deal of natural oxidation, thus destroying the plant remains.

Many well preserved assemblages were recovered from outcrops
of the Holywell Shales; in particular those from the Reticuloceras Zone
in Coed Pen-y-Maes, north of Holywell and those from the Gastrioceras
zone in Panton Hall Dingle, to the north-east of Holywell. From the
Abbey Mills borehole twenty-three samples, ranging through the series,
were examined (Text-figure 3). Of these, eleven yielded determinable
microfloras, five had no remains at all and the remaining seven had
poorly preserved plant remains.

One coal sample was obtained from the Gwespyr Sandstone of the
Ruby Brick Works, Rhydymwyn (Jones and Lloyd, loc. cit.). This produced
g microflora which is markedly differen;c from those of the shale samples.

In all some seventy samples have been examined; details of

locality and horizon are given in an Appendix.

Comparison of the standard Carboniferous stages of Europe with
the Misslssippian succession of North America has been the subject of

much controversy (Table A). Early work by Moore (1937) established a
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direct correlation between the Kinderhook and Osage series of North
America and the Tournaisian of Europe. Weller et al. (1948) further
concluded that the Meramec series is to be correlated with the
Viséan and that the Viséan-Namurian boundary of the European sequence
could not be satisfactorily compared to the North American succession
due to the earlier appearance of the goniatite Eumorphoceras there.
Using goniatites as evidence, Moore (loc. cit.) established
the equivalence of the late Chester series of North America to the
Eumorphoceras and part, or all, of the Homoceras zones in Europe.
Elias (1956) came to the same conclusion and further states that the
early Eumorphoceras species, which had been found in North America,
were not the same as the early European ones. He concluded that
the Lower Namurian was equivalent to the late Chester stage and that
the Viséan-Namurian boundary was within the Chester series, approx-
imately at the base of the Elvira group.
Higgins (1961) compared the results of his work using conodonts
as stratigraphical indicators in North Staffordshire to similar studies
in North America. The conclusion he reaches is that on the basis of

conodont stratigraphy the correlation is similar to that obtained using

goniatites (Table 4).



TABLE A

EUROPEAN N. AMERICAN
CLASSIFICATION CLASSIFICATION

m
> % NAMURIAN A,

O
TOURNAIS|£

r | Y o vinem % om 2 N . = = k 3 1. = T 11 &
'able A. Comparison between the Lower Carbonilerous

CHESTER

MERAMEC

OSAGE

MISSISSIPPIAN

.
L

KINDERHOOK

LOWER CARBONIF'EROUS-

Succession in Burope and the Micssissippian in N. America
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15.

REVIEW OF CARBONIFEROUS PALYNOLOGY.

Henry Witham.(1833) was the first person to investigate the
microscopic structure of coal, with the object of proving its vegetable
origin. He noted features which he was "inclined to consider indicative
of a monocotyledcnous plant". Bennie and Kidston (1886) commented that
these features noted by Witﬁam.were inxfact numerous microspores embedded
in the coal. Binney (1870) recorded the occurrence of both micro- and
megaspores from Carboniferous cones and Williamson (1878, 1886) described
and figured many spores, both isolated and in.association with’sporaﬁgiat

The first major work concerned with Carboniferous microfloras
was published by Reinsch (1884). In it both micro- and megé,spores are
described from a number of CarBoniferous localities in central Russia and
Saxony. Reinsch believed that certain of the microfossils he described :
were of algal origin and that the flange surrounding -them was a parasitic
growth. Two years later Bennie and Kidston (loc. cit.) refuted this
theory and stated that the microfossils observed by Reiﬁsch were indeed
'a type of spore and that the flange surrounding them was an integral fart of
their structure. The precise geological horizons are not stated in
Reinsch's work but the work remains g useful‘reference for workers in the
field of Carboniferous palynology.

Fresh impetus was given to the study of spores in coals when the

technique of thin sectioniné'was developed; workers both in the United
States of America(Theissen, 1920) and in.the Unlted.Kingdom (Slater et al.,'

1930) used this method. 1In general, the true shape and morphology of" the

3porés is difficult to work out from thin sections of coal but the method ha:

o Aokt ! e,
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been extensively used in stratigraphical work.

Lower Palaeozoic microfloras became the centre of attraction for
many workers in the 1930 s. In Germany Potonié (1931), Loose (1934)
Ibrahim (1933), and Wicher (1934) worked mainly on Upper Carboniferous
deposits. Potonié{produced an artificial classification which he used
for stratigraphic purposes. He gave the name 'Sporites' to all spores
and added a descriptive pre-fix to designate a ﬁgenus“.

In Russia, Luber and Waltz (1938) produced a systematic and
statigrarhical account of the microfloras from Russian coals of
Tournaisien and Viséan age. The coals from horizons in European Russia,
which are in part Tournaisian, in part Visé;n in age, were characterised
by a microflora dominated by zonate spores. The Karaganda Basin coals,
which are of Viséan age, and so more or less contemporaneous, have
microfloras dominated by prominent spinose-tuberculate sculptured, azonate
spores. By‘reason of this difference in gross morphology, observed in
spores from geographically separated assemblages of a similar age, Luber
and Waltz concluded that the microflora of the Karaganda basin was
wcharacterised by strict endemism". In 1941 Luber and Waltz extended
their earlier work to cover deposits from the Devonian through to the
Permian. Many of the spores were re-figured and, in addition, new
species were described. The microfloral assemblage from the Lower

Carboniferous of North Wales has many features in common with those
descrived by these authors.

Detailed work on the study of dispersed spores in the United

Kingdom was started by Raistrick and Simpson (1953), who attempted a
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correlation of coal seams from the Northumberland area on the basis of their
microfloras. Raistrick continued these studies working mainly on
assemblages from coals of the Lower Carboniferous series (1934, 1938),
He made no attempt to assign his specimens to '"genera"; each had an
identifying letter and number.

The correlation of coal seams using spores was extended by Millot
(1939) who described microspores from the coal seams of north Staffordshire.

Knox (1938, 1939) drew attenticn to the similarity in structure
between the spores of modern Bryophyta and Pteridophyta and those found in
Carboniferous coals. She concluded that whilst they had many features
in common, no close compariscons could be drawn. This work was extended
in 1950 to cover spores of e€xtant Lycopodium, Phylloglossum, Selaginella
and Isoetes and their possible relationship to Carboniferous spore éypes.

In 1937 EBerry described spores from the Pennington coal of
mepnessee, U.S.A., following the classification used by the German workers.
Recognising the diversity which existed in the methods of classification,
Schopf, Wilson and Eentall (1944) produced an annotated list of Palaeozoic
spores, drawing together previously described species and assigning them
to a definite position in their system of classification. They based
their system on the International Rules of Botanical Nomenclature of 19031.
Kosanke (1950) used plant spores in the correlation of Pennsylvaniean

coals from Illinois. The diversity of spore assemblages from different
areas within the sequence was thought to be due to ecological factiors.
Potonié'andKremp (1954) set out & morphographical system of

classification which is now widely used. Potonig'(l956, 1958 and 1960)

has furthered this work, reviewing publications and setting out the
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describeﬁ genera according to his classificatory system. The same

authors in two publications (Potoni€ and Kremp, 1955, 1956) described

spore assemblages from the Upper Carboniferous coals of Germany. Spores
from the Lower Carboniferous sediments of the Donetz basin, in Russia, are
described by Ishchenko (1956, 1958). The first paper has many new species
from the western extension of the basin and sets out detailed stratigraphical
ranges for the spores. The second is concerned with deposits from the
Dnieper-Donetz basiny in it Ishchenko describes three microfloral suites,
for the Tournaisian, vis€an and Namurian, all based on limited species
distribution and relative abundance.

Hoffmeister, Staplin and Malloy (1955) described assemblages from
coals and shales of the Hardinsburg formation in Illinois and Kentucky,
U.S.A. This is in the Chester series of the Upper Mississippian and has
been shown to be equivalent to Upper Vis;an-NamuianA strata in Europe
(Elias 1960, Higgins 1961). In this work, Hoffmeister et al., pointed out
that spore and pollen counts from shales are more representative of the
flora than those from coal deposits alone.

In 1957, Hacquebard and Barss published apper on Carboniferous
spore assemblages obtained from a coal in the South Nahanni River area,
Canada. Recent work on the geology of the region (Hawker in Playford 1962a)
has shown the coal to be of middle, perhaps upper Chesterian age, which
placas it equivalent to the Upper Visé;nANamurian A in Europe. Hacquebard

and Barss showed the flora to be similar to those of a similar age from

Russia and suggested the existence of a "northern" floral province in

e

Lower Carboniferous times.
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Hacquebard (1957) described microspore assemblages from the
Horton series of Nova Scotia; These are of Tournaisian age and have much
in common with Upper Devonian deposits from Russia. Hacquebard argues that
there is an indication of a continuation of the Devonian microflora
upward into the Lower Carboniferous, such as is seen in the upward
continuation of ths macroflora.

Small spore floras from the Scottish Limestone Coal group were
first describted by Knox (1948); the differencesbetween the spore floras of
these deposits and those from the productive Coal Measures were noted
and the assemblage characterised by the occurrence of certain restricted
species. The classification used in this study was similar to the
alphatetical, numerical one used by Raistrick (loc. cit.).

This work was expanded and extended to include tﬁeUpperﬂLimestone
group by Butterworth and Williams (1958). The classification proposed
by Potonie and Kremp (loc. cit.) was used and broad changes in the
ncharacters of successive assemﬁlages" were noted.

Using microspore species and ;haracteristic.assemblages from
coals, Butterworth and Millot (1960) divided the British Carboniferous
into zones.

Love (1960) descrived microspores from the Lower 0il Shale group
in Scotland. He equated the microflora to the Campfotriletes verrucosus
zone of Butterworth and Millot (loc. cit.). Several genera had their
downward range extended to include the Lower Oil Shale group as a result

of this work.

Coals and Shales from central England have been described by Neves
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(1958, 1961). The work is basel on a series of samples taken from the
established sequence of goniatite stages and is valuable in correlation.
Neves (1958) pointed out that different microspore assemblages are
obtained in samples from differing lithologies.

Staplin (1960) described spore assemblages from the Golata
formation of Alberta, Canada. This flora is of Lower Chesterian age. 1In
the paper he designates a "typical Upper Mississippian assemblage"™ which
is comparable to those froﬁ.Rnssia.(Luber and Waltz, 1941), and the
Limestone Coal group of Scotland (Butterworth and Williams, 1958). With
reference to work of the Imperial 0il Laboratories, Staplin states that
the assemblage obtained by Hgcquebard and Barss (1957) is from a somewhat
older deposit than the Golata series.

In 1960 Hacquebard, Barss and Donaldson produced a paper on the
stratigraphical significance of small spore genera, ranging from Namurian A
to Westphalian B In this paper a numler of microspore suites are
described which are lmportant in defining the age of a deposit. The
species used as indicators differ from those in the parallel study of Butter-
worth and Millot (loc. cit.); the samples were obtained from many different
l1ithologies which may explain this discrepancy.

In 1961 Hughes and Playford gave a preliminary description of micro-
spore assemblages from the Lower Carboniferous of Spitsbergen. The age

of this series is considered to range from Tournaisian to Viséan and

possibly into the Lower Namurian. The Tournaisian microflora is dominated
by cingulate-zonate forms which have a relatively coarse detailed sculpture.

A more detailed account of these assemblages im later given by Playford
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(1962 and 1963 ). Two distinctive microfloras, the Rarituberculatus
assemblage and the Aurita assemblage, were recognised. These occur
in succession in a Sandstone which is otherwise unfossiliferous. The

Rarituberculatus assemblage is characterised by the presence of

Lophozonotriletes rarituberculatus (Luber) and is indicative of
Tournaisian age; the Aurita assemblage by Murospora aurita (Waltz)
indicating Viséan age.

sullivan (1964a, 1964h) has recorded spore assemblages of
Tournaisian, Viséan and Lower Westphalian age from the Forest of Dean
basin, Gloucestershire. The Vise’an assemblage is of a $2 age, which
places it slightly lower than the deposits from the Basement series of
North VWales. The latter has much in common with the deposits from
the Forest of Dean. The occurrence of Tetrapterites visensis (Sullivan
and Hibbert, 1964) in both of the deposits is of particular interest
since these are the only two recorded finds of this genus so far.

Sullivan and Marshall (in press) have worked on Viséan spores
from Scotland. Comparison with microfloras from other areas of a

similar age indicates that a great amount of regional variation exists.



22

PREPARATION OF SAMPLES.

The majority of samples studied from the Carboniferous succession
were dark, silty shales. Those from the Holywell Shale group ranged
in colour from blue to blue-grey; towards the bottom of the succession
the samples were more calcareous. The shales from the Limestone
gseries were black, calcarecus and highly friable. The shale from the
Basement series was grey in colour and calcareous. One coal sample was
studied from the top of the Millstone Grit series.

In the initial stages several varying methods of treatment were
attempted until a standard procedure was established. During the
preparations particular care was taken to ensure that all the apparatus
was clean in order to avoid contamination.

In all cases the shale or coal sample was mechanically crushed
to a size of about 3 mms. square, then transferred to a beaker and
covered with 10% Hydrochloric acid to remove the carbonates. The
sample was theniwashed with distilled water, placed in a polypropylene
beaker, where it was covered with 40% "Analar" Hydrofluoric acid to remove
all silicate minerals. At this staée‘the beaker was placed in a water
bath maintained at 40o C and left until the shale had broken down. The
length of treatment varied from three days for the friable shales, to
five days for the harder, grey shales.

The residue was diluted and decanted to remove the acid. The
remaining humic matter in the residue was then oxidised by fuming nitiric
acid; this step of the preparation was most critical as over-coxidation

of the residue would selectively destroy the spores. A constant check
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was maintained over this period to ensure that the oxidation process did
not affect the spores in any way. The residue was then transferred to
a sinter-glass Buchner funnel of 150 porosity, where it was washed with a

solution of 5% potassium hydroxide to remove the products of oxidation.

The fine organic debris remaining was removed by washing and filtration using |

the technique devised by Neves and Dale (1963). Here the sample, suspended
in the washing water, is subjected to repeated. short periods of aeration
which prevents the fine debris from blocking the pores of the sinter-glass
filter and produces a "clean" sample suitable for microscopic examination.
The residues were stored in small phialsy the spores had adequate
natural colour and no staining was necessary.
Permanent slides using "Cellosize"® (Jeffords and Jones, 1959) and

Canada Balsam as the mountant were made. Later preparationsused a
mounting medium prepared from a thermo-setting plastic of the type used in
embedding kits. This proved to be a satisfactory mountant, having a

- refractive index of about 1le53. It has been stated that preparations
using such thermo-setiing plastics have remained in good conditions, free
from yellowing, after a period of ten years.

The coal sample was first placed in Hydrofluoric acid for twenty-
four hours, washed, then placed in Schulze soiution for a further period
of eighteen hours; this latter oxidation stage is most critical and was
carefully checked. TWhen this stage had been completed the sample was
washed and filtered to remove the fine debris as with the other shgle

samples. Storage and mounting were also the same.

In addition to the permanent mounts, open slide preparations

were made using glycerine jelly as a mountant. From these 1t was possible
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to pick out single spores when required which were subsequently made up
into single grain slides, sealing the glycerine jelly containing the
spore with paraffin wax.

Systematic counting of the assemblages, using five ﬁundred
spores, enabled a quantitative assessment of the microfloras to be
made. Some of the Holywell Shale and Limestone series samples yielded

microfloras of such poor quality that counting was impossibvle.

A thorough morphological observation of species within the
assemblage was based on an examination of all the prepared slides, in

addition to those used in the counting.
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CLASSIFICATION AND MORPHOLOGY.

"A natural classification of spores is at present practically
impossibie, since so few of the spores so far described have been
found in organic connection with the parent plant. It is thus
necessary to formulate an artificial system using the various morph-
ological features which have been found to be of diagnostic wvalue".

In this statement Knox (1950) established the basis upon which the
current classification is founded, emphasizing the difficulties involved
in this type of work.

The great number of plant spores and pollens which have been
described presents many problems in classification and this has led to
much diversity of opinion. The need to establish a morphographic
classification for dispersed spores was also emphasized by Potoniér(l95ea).
In this work he pointed out that the use of form genera by palaecobotanists
for classification of particular parts of plants implies no degree of
natural affinity; 1t is necessary to have a "morphographic system
which serves to review the whole material".

Such a morphographic system_of’cléssification.was originally set
up by Potonié and Kremp (1954) and later elaborated by them (Potonié and
Kremp, 1955, 1956; Potoﬁig; 1656, 1958, 1960). It is this system which

is used in the present study. In it, species with significant character-

istics are classified within the circumscription of form genera. These

genera are grouped together according to certain definable,broad features

into supra-generic ranks and so on.
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Al though the system established by Potonie and Kremp, using the
binomial system is in general use amongst palynologists, it is never-
theless realised that the use of latinised nomenclature could be
misleading, since the use of this might be taken to imply formal names
for taxa within a natural system of classification.

From studies of fossilised fructifications, the botanical affinities
of a number of dispersed spore genera are known (Allen, 1961; Chaloner
1953a, 1953b, 1954, 1958a, 1958b; Sen, 1958; Potonié', 1962; Hibbert
and Bggert, 1965). The fossil record for "Sporae dispersae" far
exceeds that for fructifications, so that the conclusions which can be
drawn are limited. Wherever these affinities are knowp, attention is
drawn to them in the following systematic descriptions.

Considerable confusion has arisen as a result of the rapid
expansion of Palaeozoic palynology. Many closely similar species have
been described under different names, and inadequate descriptionstby
various workers have added to the disorder. A review of the literature
makes it apparent that a great deal of synonymy exists and much work
remains to be carried out on the classification of dispersed spores before
the problem can be resolved.

Sdhon'(1964) states that a species must have some "demonstrable

time significance" in stratigraphy, in addition to having distinctive

morphological feafures, in order to remain wvalid.

Terminology.

In this study the term miospore (Guennel, 1952) is used 10

indicate fossils which are smaller than 200 microns, "including homospores,
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true microspores, small megaspores, pollen grains, and pre-pollen" in

preference to microspore. In Botanical usage a microspore is a product

of reduction divison and subsequently produces the male gametophyte. It

is not correct to assume that all dispersed spores of a size '"less than
200u" are microsporesy the termmiospore is more acceptable. The botanical
definition makes no reference to relative or specific size; rather is

it a definition of function which is hardly detectable in "Sporae diapersae".i

The morphological terminology followed in this present study is
primarily that recommended to the International Commission for the
Microflora of the Palaeozoic (Couper and Grebe 1961). Combinations of
established terms are used to cover variations in ornamentation .
encountered, rather than the setting up of new terms.

The outer layer of the spore wall (exine) is called the exo-
exiné and this can bear structural and sculptural elements. The inner,
undifferentiated layer is called the intexine (Potonié'and.Kremp, 1955).

The term laesurae is used to define the proximal polar dehiscence
mark (Playford 1962). It is synonymous with the term Y-mark and
commisures. It does not have the same meaning as laesurae used by
Staplin and Jansonius (1964); here the term is confined to the proximal
mark on'the intexine. The term Haptotypic structure which combines

the features of the proximal mark on both the exo-exine and the intexine,

as used by Staplin and Jansonius, is synonymous with laesurae as used here.

The term lips is used to describe conspicuous structures which are

immediately adjacent to the laesurae (Playford loc. cit-)..

The measurements of equatoriaiﬁdiameter were made on spores in
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fﬁll polar view; the maximum median length of triangular spores is
taken as the equatorial diameter.

As an aid to the classification of the taxa recorded in the
following systematib description, a catalogue of dispersed spores and
pollens from the Palaeozoic was built up from abstrations of published
work. Some 1,225 entries were filed according to the system established
by Potonie and Kremp (1954).

In the following systematic descriptions of the miospores,
type and other figured specimens are referred to by a preparation
gslide number, followed by teast-west' and 'north-south! meéﬁanical
stage readings. The stagé readings are from Leitz Laborlux No.
582096 in the Department of Botany, University College of North Wales,

Bangor, where the material is deposited.
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SYSTEMATIC DESCRIPTIONS.

Anteturma SPORITES H. Potonie 1893
Turma TRILETES (Reinsch) Potoniéﬁand.Kremp 1954
Subturma AZONOTRILETES Luber 1935
Infraturma LAEVIGATI (Bennie and.Kidston) R._Potonié'l956

’
Genus LEIOTRILETES (Naumova) Potonie and Kremp 1954

"Type species L. sphaerotriangulus (Loose) Potonié and Kremp 1954

Discussion. Staplin (1960) assigned simple, laevigate, triangular,
trilete spores of Mississippian age to the genus Deltoidospora Miner (1935).
This genus had previously been confined to post Palaeozoic spores,
Palaeozoic spores of this type being assigned to Leiotriletes. He stated
that "the argument that there is g separation in time between Miner's
3peciés and species referable to Leiotriletes has little validity where
form genera are concerned". Playford (1962), whilst agreeing with
Staplin, assigns his 3porés from the Palaeozoic to Lejotriletes awaiting
further resolution of the problem. The arguments put‘forward by Staplin
are certainly worth considering, and may be expanded to cover several other
genera of simple spores occuring over a wide range of the geological
column. His reference to the Article 64 of the International Code of

Botanical Nomenclature is somewhat vague as this deals with the rejection
of names which are homonyms", that is if the name is spelled exactly like

a name previously and validiy'published", which does not appear to be the
position here. There is undoubtedly a need to establish the relationship

between form genera based on similar characters, but from different

horizons; until such a comprehensive study is undertaken, Lelotriletes
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is retained for simple, laevigate, triangular, trilete spores from

Palaeozoic deposits.

Affinities. Species of Leiotriletes have been described from fern
fructifications by W.and R. Remy (1957). Potonie (1962) has referred

the spores of Qligocarpia gutbieri Ggpﬁert to Leiotriletes adnatus ard

those of QOligocarpia éliveriH. Potonié; to Leiotriletes sphaerotriangulus.

Leiotriletes inermis (Waltz) Ishchenko 1952

Plate 1, fig. 1.

1938 Azonotriletes inermis Waltz, in Luber and Waltz,
p. 11; Plate 1, fig. 3, Plate 5, fig. 58 and

Plate A, fig- 2e

1952 Leiotriletes inermis (Waltz) Ishchenko,

p. 93 Plate 1, figs. 2, 3.

1955 Asterocalamites inermis (Waltz) Luber,
p. 403 Plate 1, figs 20, 21.

7
1955 Leiotriletes inermis (Walz) Potonie and Kremp 1964

Pe 37

escription of specimens. Spores radial, trilete; amb triangular

with rounded apices, sides convex to almost straight. Laesurae distinct,

straight, simple extending from one-half radius to almost the equatorial

margine Exine 1 - 2u thick, laevigate.

Dimensions (40 specimens) Equatorial diameter 30 - 42 (mean 41p)
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Remarks. The length of the laesurae on the specimens described

here are often shorter than those described by Playford (1962). They
approach the size given for L. inermis (Waltz) var. gracilis Ishchenko
(1956). |

Occurrence. Menai Straits Shales; Visean.

Previous records. Lower Carboniferous of the U.S.S.R. and Spitsbergen,
Upper Mississippian of Canada (Playford and Barss, 1963).

Leiotriletes subintortus (Waltz) Ishchenko 1952 var

rotundatus Waltz 1941,

Plate 1, fig- e

1941 Azonotriletes subintortus Waltz var. rotundatus Waltz in Luber

and Waltz, pp. 13 - 14; Plate 2 fig. 15b

1952 Leiotriletes subintortus (Waltz) Ishchenko var. rotundatus Waltz;

Ishchenko, p. 1ll. Plate 1., fig. 7.

Description of sypecimens. Spores radial, trilete; amb sub-triangular

with rounded apices, sides convex. Laesurae distinct, straight, simple
extending almost to the smooth equatorial margin. Exine 1 - 2 p thick,

laevigate.

pimensions. (50 specimens) Equatorial diameter 24 - 45: ( mean 36 )

Occurrence. Menai Straits Shales; Viséan

Previous records. Russian Lower Carboniferous (Luber and Waltz 1351;

Ischenko 1956, 1958) and the Lower Carboniferous of Spitsbergen (Playford,

1962)
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Leiotriletes ornatus Ishchenko 1956
Plate 1. fig. 4
1956 Leiotriletes ornatus Ishchenko.

p. 223 Plate 2, figs. 18 - 21

1960 Spore type 1 (Love) in Playford 1962

Description of specimens. Spores radial, triletej; amb triangular
with rounded apices. Laesurae straight, distinct, simple, length almost
equal to the radius of the spore. Lips prominent and dark, 3 - 4r wide,

often thickened at the apices. Exine 34 thick, laevigate.

Dimensions. (14 specimens) Equatorial diameter 30 - 51t (mean 39u).

Remarkse. Although only a few specimens were found they were assigned
to L. ornatus. L. turgidus (Marshall and Smith,1965) is somewhat
larger, has a thicker exine and wider lips. The equatorial exinal folding

(Playford, 1962, p. 575) is observed in one specimen.

Occurrence. Menal Straits Shales, Holywell Shales; Visean -

Naunmurian B.

Previous Records Middle Viséan to Mamurian A of Russia (Ishchenko,

1956); Viséan of Scotland (Love, 1960); Lowér Carboniferous of

Spitsbergen (Playford, 1962) and the Tournaisian of South Wales
(Sullivan, 1964).

Lejiotriletes tumidus Butterworth and Williams 1958

Plate 1’ figi 3.

Description of specimens. Spores radial, trilete; amb sub-triangular
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with rounded apices and straight to slightly convex sides. Laesurae

distinct, almost reaching to the equator of the spore, accompanied by
folds parallel to the rays; 1lips 2 - 3 wide. Exine approximately

¢ thick, laevigate.
Dimensions. (42 specimens) Equatorial diameter 30 - 52u (mean 421 )

Comparison. The thinner exine and less prominent lips serve to

distinguish this spore from L. ornatus.

Occurrence. Menal Straits Shales, Holywell Shales; Visgan -

Namurian C.

Previous records. Lower Namurian of Scotland (Butterworth and

Williams, 1958). Namurian A of Stainmore (Owens and Burgess, 1965).

Leiotriletes auritus Ishchenko 1956
Plate 1, fig. 10.
1964 Leiotriletes sp. Vigran,
p. T3 Plate 1, figs. 1, 2.
Description of specimens. Spores radisl, trilete; amb sub-triangular
with rounded aspices and convex sides. Laesurae distinct, straight,
length one-half to two-thirds spores radius; the railsed lips, which are

sinuous, expand at the termination of the laesursae. Exine 2 - 3-5u thick,

infrapunctate (oil immersion).

Dimensions. (5 specimens) Equatorial diameter 50 - 94n. (mean 78k).

Comparison. The size range is greater than that given.by'IschenkO

for L. auritus, otherwise the two are similar. Vigran (1964) describes
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a spore which is closely similar %o L. auritus; the variation which
she describes in exine structure is probably due to preservation. In
addition, Lelotriletes sp. is described as being indistinguishable from
the inner body of the two-layered spore Calyptotriletes plicatus. There
are no specimens of the latter type in this assemblage so no confusion

arises. The spore described by Vigran is accordingly transferred to

L. auritus.
Occurrence. Holywell Shales; Namurian A - C.

Previous records. Lower Namurian of Russiaj; (Ishchenko 1956).

Middle to Upper Devonian of Vestspitsbergen (Vigran 1964).

Genus PUNCTATISPORITES (Ibrahim) Potonie and Kremp 1954.

Typre species P. punctatus Ibrahim 1933

Affinities Psilophytopsida

Punctatisporites glaber (Naumova) Playford 1962.
Plate 1, figs 5, 6, 8.

1941. Azonotriletes platirugosus Waltz in Luber and Waltz
Pe Plate 1, Fig. 1.

1938 Azonotriletes glaber (Naumova) Waltz in Luber and Valtz,
p. 8 Plate 1, fig. 2, and Plate A, Fig. 3.

1952 Leiotriletes glaber (Waltz) Ishchenko,
ppe 15 - 14; Plate 2, Figé. 15, 16.

7
1955 Calamospora glabra (Naumova) Potonie and Kremp,

p. 47
1955 Punctatisporites nitidus Hoffmeister, Staplin and Malloy,

pp. 383 - 384; Plate 36, Fig. 4.
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1955 Punctatisporites ? callosus Hoffmeister, Staplin and Malloy,
p. 392; Plate 39, Fig. Te
1956 Leiotriletes glaber Naumova; Ishchenko,
pp. 18 - 19; Plate 1, Figs T, 8.
1956 Leiotriletes platirugosus (Waltz) Ishchenko,
p. 16; Plate 1, Fig. l.
1958 Punctatisporites cf. nitidus Hoffmeister, Staplin and Malloy;
Butterworth and Williams,
p. 3613 Plate 1, Figs. 7, 8.
1960 Punctatisporites curviradiatus Staplin,
p. 73 Plate 1, Figs, 17, 20.
1962 Punctatisporites glaber (Naumova) Playford,
pp. 566 - T3 Plate 78, Figs. 15, 16.

1964 Punctatisporites platirugosus (Waltz) Sullivan,
p. 33 Plate 57, Figs, T, 9.

escription of specimens. Spores radial, trilete; amb circular.

Laesurae distinct, simple, straight, length one-third to two-thirds spore

radius. Exine about le51 thick, rarely folded.
Dimensions. (50 specimena) Equatorial diameter 30 - 72¢. (mean 521 )

Remarks. The only distinguishing feature between P. glaber and

A —

P. platirugosus was ihe presence of parallel sided equatorial folds in

the latter. The presence of such a feature in a simple spore is likely

to be due to compression; since both of these spores had a similar exine
thickness it is not likely that P. platirugosus was inherently more

susceptible to folding, accordingly the species is here included in P. glaber.



Occurrence. Menai Straits Shales, Holywell Shales; Visean -
Namurian A - C.

Previous records. The species is widely recorded from the
Carboniferous successions in Europe, North America, Spitsbergen and

Russia, Upper Mississippian of Canada (Playford and Barss, 1963).

Punctatisporites cf. obesus Neves 1958

Plate I, Fig. 9.

pPescription of specimens. These spores range in size from 88 - 11l7i.
The lsesurae are not split open; distinct, straight and may have folds
running alongside. In the original description, Potonie and Kremp (1954)
distinguish P. obesus by the split of the laesurae, caused on compression.
It has not yet been established whether this is of major significance to

the specific diagnosis, or whether P. cf. obesus can be included in the

original circumscription.
Occurrence. Menal Straits Shales; Holywell Shalesj Visgan-Namurian A

Previous records. Namurian C of North Staffordshire (Neves, 1958).

Punctatisporites irrasus Hacquebard 1957
Plate 1, Fig. T

escription of specimens. Spores radial, trilete; amb circular to
sub-circular. Laesurae distinct, straight, one half of radius to almost

equator in length. Occasionally low lips (lu) are developed. Commonly

the laesurae are gaping anddark areas around the contact faces can be
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seen which are caused by the folding back of the exine. Exine 1 - 2u

thick, laevigate to infrapunctate (oil immersion).
Dimensions. (30 specimens) Equatorial diameter 58 - 89: (mean T4u)

Remarks. Spores with "dark intertectal areas"™ were included in
this species by Sullivan (1964a); none of this type was included in the

original description by Hacquebard.

/
Occurrence. Menal Straits Shales; Visean.

Previous records. West Gore, Horton Bluff, Canada,(Hacquebard, 1957)-

Lower Limestone Shales, Forest of Dean, Glourestershire, (Sullivan, 1964a).

Punctatisporites sinuatus (Artuz) Neves 1961.

Plate 1, Fig- 11!
1957 Sinuspores sinuatus Artuz
p. 254.

1958 Punctatisporites densoarcuatus Neves,
p. 63 Plate 2, Fig. 7.

1958 Punctatisporites coronatus Butterworth and Williams,
p. 3603 Plate 1, Fig. 12.
1961 Punctatisporites sinuatus Neves,

p. 252 - 253.

Description of specimens. Spores radial, trilete; amb sub-circular

to oval (compressed). Laesurae distinct, more or less straight, length

ane-half to two-thirds spore radius; accompanied by thin lips; on a few

specimens the laesurae were split open. Exine laevigate to infrapunciate
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(0il immersion). Large broad folds are present around the equatorial
periphery of the spore; there may also be several other smaller folds

on the distal surface of the spore.

Dimensions. (30 specimens) Equatorial diameter 77 - 122u. (mean 98u).

Remarks. Neves transferred Sinuspores sinuatus (Artuz) to the genus
Punctatisporites on the grounds that the small amplitude folds of the
exine were secon