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SYNOPSIS 

The fossil flora of the Drybrook Sandstone of Lower Carboniferous 

(Middle to Upper Visean) age is investigated. Mechanical excavation of 

the principal locality at Hazel Hill, Nr, Drybrook, provided many new 

plant macrofossils which are preserved as compression/impressions and 

as fusainised material. Although weathering has rendered much of this 

material unidentifiable, some parts of the exposure yielded quite 

large plant parts which have, hitherto, been known only as isolated, 

vegetative organs. In addition to this, fine morphological and 

anatomical details were identified in many of the floral 

representatives, which resulted from a detailed correlation of 

compression/impressions with fusainised material. The flora consists 

of 27 elements which include, 9 lycophytest 4 pteridosperms, 8 

fern/gymnospermsp 4 sphenopsids and two elements which might represent 

algal filaments. Particular emphasis is placed on the detailed 

description of the lycophyte and pteridosperm elements which 

constitute the main part of the flora. Comparison of the Drybrook 

Sandstone flora with other Lower Carboniferous assemblages reveals 

that some of the characteristic elements such as Clwydi Lacey, 

Diplopteridium Walton, Eskdalia Kidston and Dichotanqium gen. nov., 

also occur at localities in North Wales and the Calciferous Sandstone 

serieg of Scotland northern England. Some emphasis is placed on the 

comparison of plants which are known in detail, so that a more 

realistic understanding of plant distribution is achieved. The 

difficulties in assessing the distribution of Lower Carboniferous 

floras is discussed, and it is believed that, the data presently 

available from the fossil record &o-e-too inadequate, to erect realistic 

world, floral provinces. 
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CONTENT AND LAYOUT 

This thesis consists of two volumes; one consisting of ten chapters of 

written text with tables and Text. figs, and another containing fifty 

two plates with accompanying plate legends. The inner part of the 

written volume (chapters 3-8) contains systematic descriptions with 

accompanying sections of comparison and discussion. The tables and 

Text. figs pertaining to references in the text are arranged at the end 

of each relevant chapter. The plates are arranged according to the 

sequence and number of chapters. 
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CHAPTER (1) INTRODUCTION 

IDWER CLRBONIFEROUS PALAEOGDOGRAPHY 

Recent reconstructions of the major continental plates in the Lower 

Carboniferous indicate that the two major continents; Laurussia and 

Gondwanaland were separated during the visean . Three additional land 

masses are variously placed to the North and East of Laurussia and are 

known as Siberia,, Kazakhstania and China (Ziegler,, Scotese et al. 

1979, Ziegler et al. 1981, Morel and Irving 1978). The 

palaeolatitude of Great Britain is often put on, or just below the 

palaeomagnetic equator. There is evidence that a series of 

uplands and basins existed in the British Isles which underwent a 

series of transgressions throughout the Lower Carboniferous or 

Dinantian (George et al. 1976). The deposits that were laid down 

around the land masses to the north of England and Scotland include; 

the Oilshales,. Cementstones and Limestones of the Calciferous 

Sandstone series. Dinantian macrofossil floras are known from many 

localiti,,! s in this region. Further south, a substantial landmasst 

known as st. Georges Land is believed to have existed across the 

southern part of the midlands and reached as far west as Ireland. The 

Dinantian sequences are dominated by offshore limestones such as-the 

Avonian sequence of the Bristol district and the Lower Brown and Upper 

Black Limestones in North Wales. An exception to the widespread 

occurrence of limestones around St Georges Landr are occasional 

outcrops of clastic deposits such as the upper Cromhall Sandstone of 

the Avonian sequence and the Drybrook Sandstone of the Forest of 

Dean. 
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GEODCGICAL SETTING 

The Forest of Dean basin lies twenty to twenty five miles north of 

Bristol and is approximtelylO miles long in a north-south direction 

and 7 miles wide from east to west. The area lies between the Wye and 

Severn valleys and"represents a localised outlier of Carboniferous 

rocks (Text. fig 1.1A). The margin of the basin mostly consists of 

Lower Carboniferous rocks which are unconformably overlain by 

sedimentsýincluding coals of Westphalian age (Text. fig 1.1C). The 

Lower Carboniferous rocks of this area consist of limestones 'and a 

siliclastict arenaceous deposit which is known as the Drybrook 

Sandstone (Sibly 1912). The deposit is believed to be of fluviodeltaic 

origin (Wells and Kirkaldy 1967, Anderton et al. 1979), although 

Jones (1984) has recently questioned this on the basis of facies 

analysis from various parts of the Forest of Dean. - 

The Drybrook Sandstone thickens from 23 m near chepstow to 120 m at 

Cinderford before thinning again further north. It is divided into two 

parts along the western margin by a northward-thinning tongue of 

limestone, known as the Drybrook Limestone (Trotter 1942). This 

division is not present along the eastern or northern parts of the 

basin. In the north east of the Forest of Dean the Lower Carboniferous 

strata are attenuated and form the Wigpool Syncline (Text. fig 1.1B). 

The Drybrook Sandstone outcrops at several localities herer notably on 

Plump Hill known at the Edgehills quarry which is on the east side of 

the syncline, and the smaller locality on the west margin at 

Puddlebrook, known as the Hazel Hill quarry. 

At Hazel Hill the unconformity between the Drybrook Sandstone and 

the Westphalian D Trenchard group is clearly visible. At Plump Hill 

the Drybrook Sandstone is conformable on the Whitehead Limestone 
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below, and is overlain by some controversial sediments known as the 

Edgehills Sandstone (Sullivan 1964) which have previously been 

assigned to the Westphalian A using reiospore evidence (Sullivan 1964, 

Spinner 1985). 

AGE OF THE DRYBROOK SANDSTONE 

The Lower Carboniferous age of the Drybrook Sandstone was first 

recognised by Vaughan(1905). Sibly (1918) consequently identified a 

zone then known as the main Seminula Zone (S), on the basis of 

brachiopods obtained from the Drybrook Limestone. This scheme has been 

superceded for the British Dinantianr by a series of transgression 

cycles (George et al. 1976). The Dinantian meiospore zonation 

schemes of Neves et al. (1972) and Clayton et al. (1977,1978) 

are also widely referred to now. Using the miospore data of Sullivan 

(1964) an Asbian/Holkerian age of the Drybrook Sandstone,, or a level 

equivalent to the TC zone (Clayton gt L1.1978) is indicated. This is 

substantiated by the presence of Perotriletes tessellatus and the 

Genus Schultzospora. Clayton et al. (1978) point out that the 

upper part of the TC Zone is marked by the incoming of several, quite 

short ranging species which include Cribosporites cribellatus 

Sullivan. Clayton et al. included C. cribellatus from Sullivan's 

microflora from Plump Hill. The assignement to the TC Zone is further 

justified by the identification of the megAýpore Carbaneuletes 

circularis Spinner, which was previously recorded from the Lower 

Asbian, TC Zone of N. West England (Butterworth and Spinner 1967, 

Spinner 1983). This species was found in additional material of 

Sullivan's from Plump Hill which was re-investigated by Spinner 

(1985). 

Sullivan pointed out that there were few similarities between his 
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Visean microflora and that of Lele and Walton (1962). Loele and 

Walton's spores are very poorly preserved, and in this study good 

palynological preparations were only found at the Hazel site in fine 

lenses of dark shale which were unaffected by weathering. It is hoped 

that the results of this work will be published elsewhere. Until the 

microflora, from Hazel Hill is compared with Sullivan's datar the 

plant-bearing shale at Hazel Hill is assumed to be the same age as the 

TC zone or Asbian/Holkerian of the Upper Visean. Other evidence for 

this correlation includes the finding, of plant macrofossils at the 

Edgehills; quarry, which are typical of the Hazel Hill flora. These 

include small fragments of Lepidostrobophyllum firrbriatum and 

Diplopteridium holdeni which are present in narrow shale bands 

between, and on the surface of the massively bedded sandstone 

respectively. These are not to be confused with the problematical 

plant remains inr and associated with, the Edgehills Sandstone. 

DESCRIPTION OF THE EXPOSURE AT HAZEL HILL 

The Hazel Hill locality lies inmediatly to the North of the village 

of Drybrook at Nat. grid. Ref. 647184. Follow the northward road from 

the main crossroads in Drybrook for one kilometre and turn right at 

the minor crossroads. The quarryýentrance is 300 metres on the right. 

The locality is a site of special scientific interest (S. S. S. I). and 

permission to collect has to be obtained from the Owners (Mr. Collier 

of Collier and Brain Ltdr Drybrook village) and the Nature Conservancy 

Council. The quarry was working in the first third of this century to 

extract the pink to orange Drybrook Sandstone for building stone and 

glass manufacture. 

The section is visible for 24 metres and consists of massively 

bedded Drybrook Sandstone with evidence of channel bases (Text-fig 

1.3B). Conformity with the Whitehead Limestone is not visible here but 
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the unconformity with the Westphalian D Trenchard, conglomerate is 

clearly visible at the top of the section. Plant fossils are found in 

various parts of the section and include poorly preserved cast/moulds 

of lycophyte axes in coarse sandstone (Bed 15) and some quite large 

axes of Stigmaria, (Bed 9) in a narrow band of irregularly bedded 

silty shale (Text. fig 1.2). The fossil plants that constitute this 

study come from a shale band between 0.9 and 1.3 m thick (Bed 3). The 

shale band containing the plants represents a channel fill sequence 

showing rapid abandonment. The shale is finely banded and is 

interpreted to represent a series of overbank fines. A series of 

adjacent channels (Text. fig 1.3B) may have provided this material. The 

final infilling of the plant bed channel was by sands which show a 

general upward fining trend. This probably occurred at a relatively 

slow rate which allowed for all levels of this to be. bioturbated by 

worms. 

DEPOSITIONAL ENVIRONMENT 

The width to depth measurement of the channels is low with an 

approximate value of 10. As the channel width to depth ratio is 

believed to decrease towards the shoreline (Reading 1978, p. 104), an 

interaction with marine sediments might be expected. Both Thomas 

(1972) and Lele and Walton (1962) suggest an element of marine or 

brackish influence in the depositional environment. Lele and Walton 

based this inference on the presence of the problematical Conularia 

organism which they suggest is almost certainly of marine origin. 

Thomas (1972) suggests that a brackish water environment existedr as 

he reports the supposed fucoids which Lele and Walton mention,, and an 

assymetrical shell which is either a lamellibranch of the 

Modiola-Curvirimula group, or a brachiopod of the genus Lingula. 
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Either of these shell types might suggest a brackish water 

environmnt. 

MODES OF PRESERVATION 

ne usage of terrm which refer to the variety of preservation types 

at this locality require some explanation in the light of current 

ideas regarding plant fossil formation. The following term are 

referred to throughout the descriptions and discussion in the text. 

(A) Flattened cornpressions: 

These contain little or no three dimensional structure of the 

organic material or the mineral inpression surface. The fossil 

consists of a flattened cuticular filmr or layers of films, which 

might contain small amounts of particulate coaly matter. They are 

interpreted to have been deposited with little or no sediment 

accretion between the three dimensional parts of the plant organ such 

as leaves and appendages. It is also considered likely that this 

material was in a state of partial decomposition prior to deposition 

and burial. As a result the vegetative structures provided little 

resistance to the surrounding rratrix during burial and conpression and 

failed to produce any significant inpression structures. 

(B) Three dimensional conpressions / inpressions (rmulds): 

Preservations which show more evidence of three dimensional 

structure. These include fossils where a space or chamber (containing 

varying amounts of organic material) have mantained a significant 

degree of three dimensional structure. This type of preservation 

may (but rarely at this locality) include specimens where sediment has 

invaded the spaces within parts of the plant such as the pith cavity 
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or the empty chambers of seed cupules. This material is also 

interpreted to have been buried rapidly,, but under conditions where 

the sediment accreted around the plant appendages,, of material which 

was in a less decomposed state than -those'in (A). Both types (A) and 

(B) are variably affected by compression or flattening and soýe of 

the three dimensional structures approach those of (A). Some of the 

three dimensional moulds which lack organic material might have once 

contained fusainised, material. 

(C) Fusainised plant material: 

This includes plant material which is black, highly fragile and 

often contains structurally preserved plant morphology and anatomy. It 

is quite different to the particulate, coaly material found in 

vitrinised compression material. Fusainised material is also affected 

by compression or flattening as, in many cases, the cellular details 

are crushed. Cellular details may appear 'homogeneous and smootht 

whereas in other' parts of the same specimen quite good cellular 

details are visible. Fusainised material is very common as comminuted 

plant debris (cpd) and is a main coriponent of palynological 

preparations from the locality. 

Both the flattened compressions (A) and the three dimensional 

impression/compressions could be 'described in general terms as 

comressions. I distinguish *them at this locality, principally because 

of the difficulty sometimes encountered in comparing plant organs 

which probably represent the same structure but which are preserved as 

completely flattened films and as three dimensional structures, which 

are closer to the original shape as seen in life. Schopf (1975) 

defines a "coalified compression 'type" and distinguishes it from 
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material preserved as "authigenic preservations". He suggests that the 

cementation of particles or minerals form a resistant mould around the 

plant structure which way prevent further distortion by conpression. 

He states; " Authigenic preservation characteristically preserves 

fossils as they appeared when the matrix was soft at the time of 

deposition". It is difficult to say whether the cementation process 

itself protects the three dimensional structure of the plant organ or 

whether the relative compressability of the surrounding matrix itself 

preventedcompression and flattening of the three dimensional plant 

structure. Spicer (1977) recorded fine-grained, iron-rich material 

which forms a fine impression around the surface of plant material. 

This process, which occurs shortly after burial, may also impart some 

resistance to distortion. The material from Drybrook varies 

considerably in the degree of distortion from originally three 

dimensional structures. This is believed to reflect differences in; 

rate of matrix sedimentation; the extent of decomposition of the plant 

material prior to burial and the compressability of the matrix, which 

may be affected by cementation at the plant surface/matrix interface 

or at deeper levels in the surrounding matrix. Schopf (1975) admits 

that the distinction between coalified compression and authigenic 

preservation is not clear and the range of preservations observed here 

would seem to corroborate this. 

The third type of preservation, represented by fusainised-material 

has been studied only relatively recently (Alvin 1971,1974). Schmidt 

(1967) successfully sectioned fusainised Callixylon and observed 

wall differentiation with the TEM. Some controversy exists concerning 

the formation and origins of fusain. Some workers refer to the 

material as fossilised charcoal (Alvin 1971,19741 Batten 1975t cope 

and Chaloner 1980, Scott and Collinson 1978), while otýers regard this 
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assunption as unfounded and accept the possibility that the fusain may 

be formed by a number of processes (Schopf 1975, Beck et al 1982). 

Although a full discussion of fusain and its origins is not intended 

here two recent papers serve to illustrate the differences in opinion, 

which surround the subject of fusain and its formation. Cope and 

Chaloner (1980) use the presence of "charcoal" in the fossil record as 

an indicator of forest fire or conflagration, which they interpret 

further to predict the levels of atmospheric oxygen in the geological 

record. This is based on the assunption that conflagration of plant 

material can not take place until a threshold of oxygen above 0.3% of 

the present level exists, * when carbon monoxide combusts. Contrary to 

this Beck et al (1982) point out that charcoal can be produced 

naturally in the absence of oxygen (Browne and Davis 1973). ' They also 

show that the Callixylon wood they describe contains wall 

differentiation and wrinkles around the pit apertures of tracheids 

which they interpret to represent evidence of the orientation of 

microfibrils. Cope and Chaloner (1980) identify homogeneous cell walls 

which they attribute to the process of charcoal formation. As pointed 

out above, the material from Drybrook, shows a combination of these 

features even on the sane specimen, so the correlation between cell 

wall differentiation and plant material which 'has not suffered 

conflagration becomes less clear. I 

Other workers have recomended that fusain should be divided into 

more than one category and include "biofusinite", formed- by the 

progressive oxidation and degradation of plant tissue, and 

"pyrofusinite", formed by conflagration (Schopf 1948). Rather than 

forming a dogmatic opinion on whether this material originates from 

forest fires or not, Beck et al (1982) suggesE that the material may 

be derived from various causes. This approach is followed here . Until 
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the effects of conflagration on plant material are more definitely 

known in experimentally produced fusain (Scott 1976) and fossil 

fusain, and critically studied using the TEM, it is unlikely that 

the variable extents of cell wall homogenisation can be interpreted as 

evidence of conflagration or not. 

ADDITIONAL REPORTS OF 104M CARBONIFEWUS PLANTS IN THE FOREST OF 

DEAN DISTRICT 

Several reports of fossil plants are known from various localities 

in the Forest of Dean area in addition to those at the Hazel Hill. 

Arber (1907) records plant fossils from the limestone cliffs north of 

Chepstow which were collected by M. P Price and are now in the 

Sedg wick Museum Cambridge. The material is poorly preserved and 

consists of blackp carbonaceous compressions and impressions in a hard 

brown limestone. There are two specimens of fronds which 

bifurcate and form two secondary pinnae comprised of highly segmented 

pinnules. This material bears some similarity to the fronds of 

Dipl22teridium Walton (Chapter 6), which is a common element at the 

Hazel Hill locality. However, the poor preservation of this material 

and the shortage of specimens, make a detailed comparison impossible 

particularly as many other types of Lower Carboniferous frond'have 

this type of morphology. Associated with the fronds, but not 

attached, are some poorly preserved impressions of paired cupules and 

one of these has a small branchlet in attachment. These are also 

similar to the cupulate structures found in connection with 

Diplopteridium holdeni at Hazel Hill. Arber's directions to the 

locality are not clear and although several visits were made to some 

likely places, the only evidence of'-plant fossils was a small band of 
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weathered mudrock which contained highly fragmented plant debris. The 

lithology is quite unlike that of Price's specimens and it is unknown 

whether Arber's locality is still in existence. 

The single quarry at Plump Hill known as the Edgehills 

Quarry, contains a complex, highly folded succession of sediments at 

the uppermost part of the section. As mentioned earlier this quarry 

did generate plant fossils which are common to the Hazel Hill locality 

but these are some distance from the upper layer which Sullivan (1964) 

refers to as the Edgehills Sandstone. The bedding in this part of the 

quarry is obscure and the microfossil evidence presented by Sullivan 

(1964) and Spinner (1985) which indicates a Westphalian A age is 

controversial because a band of grey to brown shale in this part of 

the section contains Archaeocalarnites which is widely believed to be 

confined to the Lower Carboniferous. Associated with the sphenophyter 

which is very common, are some slender,, ' afimbriate lycopod 

sporophylls. Several specimens of lycopod axis were found in some 

friable, weathered sediment above the Archaeocalamites band which had 

broadly fusiform leaf cushions with leaf scars. This type of stem was 

also absent from the hazel Hill quarry. 

Apart from Archaeocalamitesf which is a very rare element at 

Hazel Hill the other macrofossils from the top of the Edgehills Quarry 

are unlike those from Hazel Hill. The situation is perplexing 

because the grey/brown shale containing Archaeocalamites did 

not produce spores, so this band cannot be compared with Sullivan's 

Lower or Upper Carboniferous microfloras. 

Sullivan's (1964) spore assemblages came from two quarries; the 

Visean one came from his quarry (A) and the Westphalian one from his 

quarry (B). Only one quarry now exists as a result of excavation and 

landscaping and it is his larger of the two (Quarry B) which seems to 
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be the one still in existance, judging from his log of the exposure 

and the position and aspect of the quarry on his map (Sullivan 1964). 

In this case the top part of the section should represent the 

Edgehills Sandstone. However it is odd that Sullivan did not 

specifically- mention the Archaeocalamites because it is so common. 

He refers to some plant material at the Edgehills sandstone band as; 

"orientated plant casts". 

It is clear that in the intervening years since Sullivan's work,, 

subsequent alterations and weathering has resulted in the disc-hotearance 

of one quarry and the possible disturbance and alteration of the 

other. The uppermost part of the Edgehills quarry requires further 

excavation, in order to accurately identify the bedding around the 

unconformity if it still exists. 

PREVIOUS PALAB0130TANICAL INVESTIGATION OF THE HAZEL HILL FIDRA 

The earliest record of plant fossils from the Drybrook Sandstone is 

of Lepidodendron sp, (Wethered 1883,, p. 215) after which Sibly (1912, 

p-420) stated that no other determinate plant fossils were present, 

although it is not clear whether they are referring to the Hazel Hill 

quarry. Allen (1961) described the lycophyte sporophyll 

Lepidostrobophylium fimbriatum (Kidston) from the site and 

recorded the presence of a different type of Lepidostrobophyllum 

sp., Halonia sp. and some "fern-like leaves". Lele and Walton 

(1962) subsequently described a poorly preserved meiospore assemblage 

from the shale band and included brief descriptions of the following: 

Scutellocladus variabilis Lele and Walton. 

"Lepidophyllum" cf fimbriatum Kidston. 
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cf. Stigrraria (Brongniart) 

Diplopteridium holdeni Dele and Walton. 

Sphenopteris obfalcata Walton 

Sphenopteris cuneolata Lindley and Hutton. 

Archaeopteridium tschermaki (Stur) KicLstcvt 

Telanqium sp. Benson 

Calathiops sp. Goeppert. 

Thomas (1972) described a small leafy shoot which he suggested 

represented a moss and named the specimen muscites plumatus. Thomas 

and Purdy (1982) redescribed and renamed the material which Lele and 

Walton referred to as Scutellocladus and -assigned the material to 

Tomiodendron Radczenko 1956 emend Meyen. In the same paper Tho, &s and 

PurcL! j described some rare ovules or seeds which they assigned to 

Carpolithus puddlebrookense. 
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CURRENT SPECIES LIST OF THE HAZEL HILL FLORA 

Lycopsida: 

Angarodendron macroligula sp. nov. 

Clwydia microphylla. sp. nov. 

Drybrookia lingulata, gen. et sp. nov. 

Drybrookia obovata gen. et sp nov. 

Eskdalia fimbriophylla sp. nov. 

Eskdalia variabilis (Lele and Walton) emend. nov. 

Lepidostrobophyllum fimbriatum (Kidston) emend. Allen. 

Malanzania plumata (Thomas) comb. nov. cmencL. 

Stigmaria s]2. 

Sphenopsida: 

Archaeocalamites sp-A 

Archaeocalamites sp-B 

Sphenophyte Type C 

Sphenophyte Type D 

Pteridospermopsida: 

Carpolithus puddlebrookense Thomas and Purdy 

Dichotangium quadrithecum gen. et sp. nov. 

Diplopteridium holdeni Lele and Walton. emencL. 

Telangiopsis rugosa sp. nov. 

Fern/Gymnosperms: 

Archaeopteridium tschermaki Kidston 

Cornutheca spinensis gen. et sp. nov 

Rhacopteris weissii Walton 
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Sphenopteris obfalcata Walton 

Pinnule segment Type A. 

Pinnule segment Type B. 

Others: 

Algal filament Type 1. 

Algal filament Type 2. 
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AIMS OF STUDY 

The initial intention of this study was to describe the macro plant 

assemblage as fully as possible. Particular emphasis is placed on 

"whole plant reconstruction" and the identification of connections 

between plant organs which are otherwise normally- found as isolated 

units. It is believed that this approach will generate information of 

more biological significance than a detailed description and taxonomic 

analysis of poorly preserved vegetative, isolated parts whose 

biological affinity is unknown. In this way it will be noticed that 

more effort has been expended in coffpa ring and correlating 

reproductive organs, fertile branch systems with potential parent 

plants (Chapters 3-6). 

, It became obvious *that a fusainised element of the flora exists 

which yielded a surprisingly high level of preservation. Where 

sufficient evidence exists, the features identified from fusainised 

material is combined with that of the impressions and 

conpressions, even at the level of diagnosis. -It is believed that this 

approach is justified because the-inpressions or moulds formed around 

fusainised material my be directly compared with. those derived from 

non-fusainised material. The correlation between the preservation 

types is therefore more acceptable than between compressions and 

permineralisations. As a result the plants known from compressions and 

fusainised material can be conpared, to a limited extent, with 

contemporaneous permineralised fossils because of the anatomical 

details generated by the fusainised material. Some of the plants 

described here are discussed with respect to anatomically known plants 

but a level of caution is necessary because of the unknown effects 
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of fusainisation on plant cell walls. Certain features such as the 

distribution of tracheids and their pits, and the distribution of 

epidermal cells and stomata, are features which are*readily conparable 

with permineralised plant material. 

Because of the allocthonous nature of the plant bed and the highly 

fragmentary nature of the plants themselves relatively few elements of 

the flora are known as anything approaching "whole plantsw. In 

addition to thisi what fragmentary remains that there are have been 

severely affected by weatheringr particularly by the movement of water 

through the bedding planes. one of the unfortunate aspects of this is 

that the microfossils are very poorly preserved and were never found 

in reproductive organs apart from some poorly preserved megaspores. 

Some of the floral elements are known in more detail and 

conplexity than others and it is these which might be understood to 

represent the main elements or the best understood conponents of the 

flora. These are relatively few in nunber compared with the rest of 

the elements or taxa which conprise the species list for the locality. 

These elements of the flora represent the best means of comparison 

with floral elements from other localities and ages, simply because a 

larger suite of characters is. known which can be more confidently 

compared with other fossils which might be similarly preserved and 

described. 

The recent tendancy among some workers to make evolutionary, 

palaeoecological and palaeogeographical statements using taxa with a 

limited biological understanding, will be dealt with in chapters (9) 

and (10). 

The sections dealing with the systematics of each taxon mostly 

avoid the assign ment to suprageneric ranks such, as family and order. 

In some cases when a group of plants or plant organs -are considered 
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to be sufficiently well known, they are assigned to an order or 

family. The majority of taxa from this locality are therefore 

understood to represent provisional form genera. 
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CHAPTER 2 

METHODOLOGY AND MATERIALS OF STUDY 

Excavation and collection: 

Two mechanical excavations were carried out at the Hazel Hill 

locality with a J. C. B in the sumers of 1983 and 1984. This 

successfully removed part of the massively bedded sandstone that was 

overlying the softer shale band which constitutes the plant bed. 

Although this exposed quite a substantial part of relatively 

unweathered shale, the fragments of plant-bearing rock rarely exceeded 

20 cm in diameter. Areas of the plant bed were sequentially excavated 

by hand and, some effort was made to record the precise vertical and 

lateral position of each specimen or slab from a pre-determined grid 

system. It became obvious that a quantitative survey of the plant bed 

would be unfruitful because of the high level of weathering and 

irregular bedding. If a detailed log of the plant bed was made at one 

vertical position it was found to bear little res, emblance to another 

taken 1.5 m away. In addition to this the bedding planes which might 

be well expressed in one position were often found to lense out after 

only a few centimetres, so that quantitative surface estimates of 

plant fossils were severely limited. Because the ratio of well 

preserved to unidentifiable plant material was lowl a maximum effort 

to find well preserved material was favoured and any quantitative 

approach was abandoned. 

As it was necessary to' split the blocks of shale to expose well 

preserved cleavage planes, the material was stacked in boxes and 

transported back to Bristol where much of the actuýl searching for 
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material took place. In this way approximatly 4 tons of shale was 

searched for well preserved plant fossils. As a result large amounts 

of the plant debris, which occupies much of the bedding planes could 

be scanned under the dissecting microscope, and the well preserved, 

but inconspicuous fragments were identified which might otherwise have 

gone unnoticed. 

Preparation and observation: 

Specimens were uncovered (degagement) using sharpened tungsten wire 

and fine entomological pins. Cuticle was observed by either removing 

small fragments directly from the conpression or applying several thin 

layers of cellulose nitrate (in anyl acetate), which when dry, was 

carefully peeled away or dissolved from the matrix in 40% HF. Isolated 

cuticles did not usually require maceration in Schultze's solution as 

natural oxidation had rendered the well preserved cuticles light brown 

to yellow and clear. The peel technique was useful in obtaining slides 

of large areas of organic films, such as the organisation of leaves on 

an axis. Very occasionally thin cuticle was visible in film pulls 

which was too delicate too remove directly with needles. Cuticle which 

was removed directly was cleaned or washed in distilled water or 

demineralised'in 40% HF. Sometimes a brief treatment in 4% Armnia was 

necessary to remove coaly material which adhered to the inner surface 

of the cuticle. Film pulls were also de-mineralised in 40% HF for 

about one hour and these were washed and occasionally cleaned in an 

ultrasonic bath. Film pulls were mounted in "Elvacite" dissolved in 

xylene. This embedding medium has excellent optical qualities and 

certain other advantages over glycerine jelly. It sets rigidly and is 

not susceptible to the development of clouds of dark organic material 

which sometimes diffuses from coaly material in glycerine. Although 
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the mount is permanent, material can be retrieved and remounted by 

_simply 
redissolving in xylene. When necessary, cuticle was mounted 

between two coverslips so that both surfaces could be observed under a 

high power objective. 

various types of material were prepared for the SEM. These 

included; cuticle; pieces of impression surface; silicone rubber 

replicas and fusainised material. The cuticle was prepared and cleaned 

as for light microscope preparations, and was either stuck to the stub 

with double sided tape or Araldite. Silicone rubber replicas were 

successfully adhered to the aluminium stubs with "Dow-Corning" 

silicone adhesive. The replica material was Dental "silflo" (Flexico, 

Developments Ltd. UK). 

Fusainised material was either uncovered and lifted directly from 

the matrix, or if delicate structures were embedded in the shale it 

was either uncovered as far as possible and viewed while still in the 

matrix or dissolved out completly in HF. Small blocks of matrix 

containing the specimen were carefully cut away with a hacksaw. 

Some specimens might survive a limited period in HF before breaking up 

and some of these partially embedded specimens were briefly 

demineralised in HF. Well preserved fusain withstood couplete 

demineralisation in 40% HF, and then submerged in hot 50% HC1 for ten 

minutes to remove insoluble flourides. Specimens which could not 

withstand this treatment were bathed in HF for a minute or two,, 

washed, and mounted on stubs while still partially embedded in the 

matrix. After treatment in HF, specimens were washed for up to 8 hours 

before a final rinse in distilled water. They were dried at room 

temperature to prevent twisting and fracturing of the fusainised 

tissue which occurs if the material is dried rapidly under a lamp or 

hot plate. 
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Many fusainised specimens were destroyed during attempted 

demineralisation. If numerous cracks were visible in the material, 

under the dissecting microscope, it was usually an indication that the 

specimen would fall apart when wet. Well preserved material has a 

smooth and shiny appearance and clear cellular details are often 

visible under the dissecting microscope. This type of material would 

normally withstand demineralisation. Small specimens such as 

fusainised leaves and pinnule segments were stuck to the stub with 

double sided tape so that after observing one surface, the specimen 

could be carefully dissolved away in acetone and turned over to 

observe the other side. Larger specimens had to be surrounded as far 

as possible with silver dag (silver conductive paint) to ensure 

electrical conductivity with the stub, and so reduce charging of the 

specimen. The silver dag has to be applied while semi-dry otherwise 

the liquid invades the specimen by capillary action and destroys any 

fine detail. All specimens prepared for the SEM were sputter-coated 

with gold for periods of between five to twenty minutes with a 

modified "Polaron" sputter coating machine. Long periods of coating 

were also found to reduce chargingr and at the relatively low 

magnifications used in this study, no overcoating effects were 

observed. The material was stereo scanned using a low current voltage 

of 9 to 10 KV at magnifications between X30 and X2000, and up to 16 KV 

at higher magnifications. The material was observed using a Cambridge 

S4 and a Phillips P. 504B Stereoscan electron -microscopes. Light 

microscope observations were undertaken with an Olynpus SX dissecting 

microscope and an Olyupus BH compound microscope with a PM-6 Olynpus 

camera attachment. Macrophotography of the material errployed a 

standard 35 mm Pentax camera with extension tubes. Carefully 

orientated, oblique lighting was used with twin, quartz-halogen light 
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sources on a standard enlarging platform. Photography of specimens 

emersed in liquids, unfortunatyly, had to be avoided because the rock 

matrix of this material is very succeptible to disintegration when 

wet. -1. 
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CHAPTER 3 

LYCOPHYTE AXES 

In the following chapter three types of lycophyte axis are 

described. Whenever possible attention'is drawn to as large a range of 

preservations as possible so that, the impression surface, the stem 

and leaf cuticle and the fusainised material all combine to contribute 

as much information to each plant as possible. The size of the axes 

and branch systems is severely limited by the extent of fragmentation 

prior to preservation, and by the relatively small size of shale 

fragment that can actually be excavated from the locality. The three 

axes include two new combinations of the genus Eskdalia Kidston 

emend. Thomas and Meyen, and one new species of the genus 

Anqarodendron Zalesky emend. Meyen. 

Class LYCOPSIDA 

Genus ESKDALIA Kidston,, emend Thomas and Meyen 1984, ý- 

Eskdalia variabilis (Lele and Walton) comb. nov, emend. 

PL. 3.1 to PL. 3.15 (all figs), Text. figs 3.1 to 3.6 (all figs). 

SYNONYMY 

1962 Scutellocladus variabilis Lele and wa, lton, p. 138, PL. 19, figs 

1-6. 

1982 Tomiodendron variabilis Thomas and Purdy, in pars, p. 134, figs 
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5,6 only. 

EMENDED DIAGNOSIS 

Loeafy shoots 25 cm in length and 1 to -8 mm in width. Branching 

dichotomously, at angles of 2d to 66. Stem diameter decreases at each 

dichotomy. Microphylls depart from axis in steep uneven parastichies, 

leaves falcate, 4 to 12 mm in length and 1.2 to 2.2 mm in width, 

widest at a point one fifth of the distance from the base. Leaf bases 

differentiated into expanded leaf cushions, 2.0 by 1.2 mm to 4 by 2.0 

M. Leaf cushions longitudinally oval, occasionally rhomboidal, 

lateral parts expanded, lower region differentiated to form pointed 

heel. Lower leaf cushion marked by vertical keel continuous with 

midrib of leaf. Intercushion areas of stem, 100 pm to 1.0 mm wide, 

with longitudinally arranged cells, 60 by 12 to 40 by 9 pm. False leaf 

scars present. Hypodermis, 60 to 130 pm thick, zone of parenchyma 300 

to 400 pm wide, composed of isodiametric to slightly angular 

parenchyma cells 30 to 60 pm in diameter. Vascular trace of false leaf 

scar 140 pm wide, exarch, protostelic with tracheids 5 to 26 Pm in 

diameter. Vascular trace departing from main stele at angle of 25. 

Ligule pit located at base of microphyll lamina, slightly raised, 250 

pm long by 200 )am wide,. with of oval to pentagonal epidermal cells. 

Ligule pit aperture 130, um long and 30 
jum wide. Adaxial surface of 

leaf consisting of longitudinally alligned and elongated epidermal 

cellst 40 by 13 to 70 by 15 pm, anticlinal walls smooth and periclinal 

walls flat, end walls angled and interlocking. Lower epidermis with 

longitudinally arranged, elongate or diamond-shaped cellst 30 by 14 Pm 

to 34 by 15 pm. Stomata sinple, 35 to 40 Pm long, 35 pm wide, arranged 

longitudinally. Guard cells superficial, surrounded by-4 to 6 narrow, 

epidermal cells. Stomata confined to longitudinal bands at each side 
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of midrib, with frequency of 80 to 90 per mml. Stomatal aperture 12 lim 

long by 5 pm wide, outer surface of guard cells smooth. Stem cortex, 

200 to 500 pm thickr consisting of oval to isodiametric, cells 

arranged in three zones. An outer layer of narrow elementsf a middle 

region of larger cells and an inner region of small cells. Cells of 

cortex 4 to 12 
jum 

in diameter. Stele of axis, 300 to 400 )1m wide, with 

tracheids 8 to 22 pm in diarieter, exarch with protoxylem points. 

Tracheids with scalariform thickenings of inner wall, outer wall with 

strands of thin wall material. Strobili small, 18 by 9 to 25 by 14 m 

in length and width, terminal on unbranched portion of vegetative axis 

that is 1 to 2 mm wide . Sporophylls spirally arranged, 6 mm long and 

4 mm wider broadly pointed with entire margins. Sporangia oval, 2.75 

mm long by 1.8 mm wide, spores unknown. 

TYPE MATERIAL 

Lectotype: 

V2433 (B. M. N. H) (Lele and Walton 1962),, selected by Thomas and Purdy 

(1982) 

Specimens substantiating emended. diagnosis and new combination: 

PB11106. Impression, PL. 3.2, figs 4,5t Text. fig 3.2 1-3. 

PB11059. Compression, P1.3.11figs 5,, 6,, Text. fig 3.3 C. 

PB11103. Impression, PL. 3.1, figs 9110,11, Text. fig 3.3 F. 

PB11102. Inpression. Pl. 3.1, figs 14,15f Text. fig 3.3 G. 

PB11015. Compression, Slide nos. H114, H115, PL. 3.3tfigs 1-8. 

PB11170. Compression, Slide no. H88, PL. 3.4, figs 1-4. 

PB11040. Compression, PL. 3.4, figs 7,8, Text. fig 3.1 B. 

PB11153. Fusainised, PL. 3.5rfigs 1-7, PL. 3.6, figs 1-6. 

PB11157. Fusainisedf PL. 3.7, figs 1-9, PL. 3.8, figs 1-5-* 

PB11150. Fusainised, PL. 3.1l, figs 1-3, PL. 3.12, figs 1-4. 
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PB11152. Fusainised, PL. 3.13, figs 1-3, PL. 3.14, figs 1-6, PL. 3.15, figs 

INTRODUCTION 

Lele and Walton (1962) described some Lycophyte axes from this 

locality which they assigned to their new Genus Scutellocladus. More 

recently Thomas and Purdy (1982) reinvestigated Lele and, Walton's 

specimens in addition to some new material. Contrary to Liele and 

Walton's findings these workers identified a number of features 

including; raised leaf cushionst wings, heels, ligule pits and a 

structure they suggested represents an infrafoliar bladder or 

aerenchyma. In the light of this new information they assigned all the 

material to Tomiodendron Radczenko, emend Meyen. Both of these 

accounts recognise the fact that the narrower stems more often consist 

of longitudinally elongated, oval leaf cushions, whereas in the 

larger axes the leaf cushions are rhomboidal in the larger axes. 

Attachment of leaves to the wider stems is very rare whereas leaf 

attachment to the narrower stems is frequent. The two axes are 

separated here on account of their quite differant types of leaves. 

The "infrafoliar bladder" of Thorpas and Purdy (1982) is interpreted to 

represent the impression made by part of the vascular trace or 

hypoderval keel of the leaves and leaf cushions. For these reasons the 

two lycophyte stems'are separated into two species, and assigned to 

the form genus Eskdalia Kidston, emend Thomas and Meyen 1985. 

Numerous fusainised fragments are described and form an essential part 

of this new interpretation. 
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DESCRIPMON 

Gross morphology and branching: 

The size and extent of branching among these leafy shoots is 

limited by the size of the fragments collected from the locality, and 

the extent of fragmentation prior to deposition and preservation. Most 

specimens are of relatively short lengths of axis which rarely show 

branching apart from one or two dichotomies. When extensive branch 

systems are found, dichotomies are visible every few centimetres 

(PL-3.2, fig 4, Text. fig 3.1 At 1,2,3). This specimen is one of the most 

extensive, and reaches a' length of 22 cm. Although the specimen is a 

poorly preserved inpression, a decrease in stem diameter-and leaf, and 

leaf cushion size is observed from the proximal -to the most distal 

areas (Text. fig 3.2,1-3). The shoot on'the left of the specimen 

(PL. 3.2, fig 4, arrow) is 7.0 mm wide at the base and each internode is 

narrower than the one preceeding it, so that the terminal shoot is 

only 1.5 mm in width. The first two dichotomies are'4 cm apart but 

towards the distal areas the dichotomies become more frequent 

(Text. fig 3.2,3). The branches produced by each dichotomy are 

separated by an angle of d to d. 

, Terminal apices of vegetative shoots were identified in stems of 

varying diameter (PL. 3. lffigs 11214). The microphylls are arranged in 

the same way as other vegetative axes apart from at the apext where 

they are more closely arranged, and form a dense, oval cluster. At 

first, these sEructures appear to represent strobilit but the 

identification of small, compact cones attached to other specimens 

would suggest they are vegetative (PL. 3.4, figs-T-7t Text. fig 3.1 S). 
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Morphology of stem surface and leaf cushions (Introduction): 

The fine morphology of these stems is highly variable. They are 

characterised as having longitudinally elongate, oval, or somewhat 

rhomboid leaf cushion outlines, which" are delimited by narrow grooves 

or ridges (PL. 3.1. P1.3.2j Text. fig 3.3 A-I). The variation seen in 

the leaf cushion perimeter is believed to reflect differences in the 

degree of compression or flattening, and the level at which the line 

of cleavage passed through the fossil when the rock was split. The 

latter process was considered to be the major factor in producing, 

what Thomas and Purdy (1982) describe as preservation polymorphs. The 

range of forms seen here, appears to result from differences in the 

original mode of preservation and the extent of compression, 

flattening and sediment accretion. Some of the preservation polymorphs 
identified by these authors are more often found among stems which are 

preserved as three dimensional impressions and compressions. 

While describing the range of compressions and impressions, it is 

important to take into account the morphological variation resulting 

from; (1) complete or partial compression, (2) impression surfaces 

which are more three dimensional and which reflect the original 

morphology of the plant more closely, (3) the position and path of'the 

line of cleavage. In the following description each of these factors 

is considered in an attempt to compare, on a detailed basis, the range 

of leaf cushion morphologies, which at first, appear to represent a 

range of different forms. This information may then be related to the 

morphology seen in impression surfaces that are known to have formed 

around fusainised shoots, and consequently correlated with the fine 

structure observed in fusainised material. 

UNWERsrff 
OF BRISTOL 
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Fine morphology of leaf cushions (impressions and conpressions): 

The leaf cushions are arranged in a lepidodendroid phyllotaxy with 

two uneven parastichies without evident orthostichies. They are 

slender and oval to rhomboidal in outline, with dimensions ranging 

from 2.0 to 4.0-mlong and 1.2 to 2.0 mm wide. Each is separated by a 

system of narrow ridges or grooves which represent inter cushion 

areas. These sometimes possess cuticle which lacks stomata 

(PL. 3.11fig 7t PL-3.3, figs 1-8). The attachment of small persistentr 

falcate leaves is a consistent feature (PL. 3.11figs 1-11,13,16, 

Text. fig 3.2). 

Flattened compressions: 

These stems are flattened to such a degree that little of the 

original three dimensional structure of the leaf cushions remains 

(Pl. 3.1, figs 5,6,7,8, PL. 3.2, fig 6, Text. fig 3.3 B, C). The leaf 

cushions are separated by inter-cushion areas of thicker cuticle 

between 0.2 and 0.5 m wide. Two features suggest that the oval areas 

represent originally raised structures that have subsequently been 

flattened. one is the presence of a slight depression or groove just 

inside the leaf cushion perimeter (PL. 3.1, fig 6, arrow). 

Secondly,, if the edge of the leaf cushion perimeter is carefully 

uncovered with fine needles, the outermost region of the inter-cushion 

cuticle is sharply folded (PL. 3.3, figs 1,2,3,6,7). This is observed 

even in the smallest leaf cushions on the narrowest stems. In two 

specimens the cleavage plane has passed along the inner surface of the 

stem cuticle so that the folded, marginal parts of the cuticle descend 

into the matrix (Pl. 3.1, figs 5,7). In one specimen the cleavage plane 

has passed across the outer surface of the leaf cushion so that the 

leaf cushion outline is seen in "surface view" (PL. 3.2, fig 6). The 
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leaf cushion outline res embles that predicted by Thomas and Purdy 

(1982 fig 4A), where the line of cleavage has passed over the outer 

surface of the stem. 

The type of leaf cushion just described is diagramatically 

represented in TL-xt. fig 3. ý I a-b. The leaf cushion seen in surface 

view (Ib) consists of inter-cushion cuticle with a double layer around 

the leaf cushion margin. In longitudinal section (Ia) the microphyll 

cuticle is embedded in the matrix above, and the lower extension of 

the leaf cushion, or heel, is partially hidden at the base. The 

profile is one that has undergone considerable flattening, and is 

referred to here as a Type I polymorph (Text. fig 3.5 V. 

Partially flattened, compressions and impressions: 

Stems preserved more three dimensionally but nevertheless still 

partially flattened, display a wider variety of leaf cushion 

morphology. However, they are still the same approximate size and 

shape as those described above. Other factors which produce the 

various structures include, the angle of the leaves to the stem and 

the amount of sediment accretion which occurred around the leaf 

cushions and microphylls, at the time of deposition. The most 

flattened specimens approach the Type (I) leaf cushions described 

above (PL. 3.1, figs 9,10,16). 

Several specimens exhibit limited three dimensional relief 

(PL-3-1, figs 12,14,15). The leaf cushion impressions are visible as 

raised areas, depressions, or are level with the inter-cushion 

areas. The fragments of cuticle which disappQ&r into the matrix around 

the leaf cushion perimeter (PL. 3.1, fig 14, arrow), and the descent of 

the microphylls into the matrix (Text. fig 3.4 11 a, b), indicate that 

an impression of the outer surface of the stem is observed, as viewed 
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from "inside the stem" (Pl. 3.1, figs 9,10,11,12,14,15, Text. fig 3.3 

F, G). Two additional surface structures are present on these stems. 

These include the wings or narrow bands of sediment around the upper 

half of the leaf cushion margin (Pl. 3. l, figs9jlOj Text. fig 3.3 F) and 

a small V-shaped or oval depression in the centre of the leaf cushion 

impression surface (PL. 3.1, figs 14,15, Text. fig 3.3 G). 

The leaf cushions with obvious wings are referred to as Type (II) 

polymorphs. The wings represent the spaces between the expanded, leaf 

cushion and the ster6 surface, which has become infilled with sediment. 

They are visible in slightly larger leaf cushions than the Type (I) 

forms, and represent the same type of three dimensional leaf cushion. 

A longitudinal section through one of these leaf cushions (Text. fig 

3.4 IIa) shows that sediment has accumulated between the lowermost 

portion of the adaxial leaf surface, and the thin cuticle of the 

cushion margin, which is continuous with the thicker cuticle of the 

inter-cushion areas (Text. fig 3.4 11 ararrow). The -narrow band of 

sediment extends to a variable degree around the lateral margins of 

the leaf cushion and is often crescentic in outline (Text. fig 3.4 

IIb). 

The V-shaped or linear depressions that are occasionally visible on 

the leaf cushion impression surface occur in preservation polymorphs 

referred to as Type(III). Faint indications of these were observed in 

one specimen that was referred to as a Type (II) polymorph (PL-. 3.1, fig 

1). The depressions sometimes occur as isolated notches, which 

at first, appear to have no relationship with the departure of the 

leaf from the stem. Similar structures observed on larger leaf cushion 

impressions, have been interpreted to represent infrafoliar bladders 

or aerenchyma, (Thomas and Purdy 1982). The depiessions are central on 

the leaf cushion and approximabily 0.5 to 0.75 mm in length 



33 

(Pl. 3.1, figsl4,15, Text. fig 3.3 G). The depressions on this specimen 

consist of an upper longitudinal notch which expands basally into a 

rounded depression. In another specimen, the depressions are visible 

as simple longitudinal 'grooves (PL. 3.1, fig 12, Text. fig 3.3 A). 

Among the flattened, Type (I), polymorphs a carbonaceous area or a 

slightly darker cuticular line is visible in the sane position 

(PL. 3.2, fig 6, PL. 3.1, fig 6, arrow). Both of these are continuous with 

the leaf midrib, on attached microphylls (Text. fig 3.3 C, D, E, I). These 

structures are interpreted to represent a continuation of the keel'or 

midrib of the abaxial surface of the leaf, which is continuous with 

the middle and lower areas of the leaf cushion. The continuation of 

the leaf cushion depression with the leaf midrib is most clearly seen 

in impressions of stems which have retained their three dimensional 

structure or been preserved as fusainised material (Text. fig 3.3 1). 

The partial compression of a leaf cushion and the formation of the 

isolated depression or notch, is summarised inatxt. fig 3.4 IIIa-c. It 

is possible that the keel is comprised of fibrous, hypodermal tissue 

which is more resistant to compression than the rest-of 'the leaf 

cushion surface. As a result of this an impression is formed of the 

keel base, and an oval, linear depression or notch is visible on the 

leaf cushion surfaces of partially flattened, three dimensional 

preservations., 

In both Type (II) and (III) polymorphs, small crescentic areas of 

sediment are frequently visible, which represent the sediment 

accretions between the. overhanging, basal heel and the stem surface 

(PL. 3.1, fig 10, arrow). 

Another category of leaf cushion polymorph, has a high level of 

three dimensional relief which is less affected by compression than 

the forms described above (Pl. 3.2, figsl-3, Text. fig 3.3 H). 'There is 
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evidence that at least one impression surface is derived from 

fusainised material (PL. 3.9, figs 1-5) and there is a strong suggestion 

that these stems may be treated synonymously with the more flattened 

preservations. These are referred to as Type (IV) polymorphs. 

one specimen preserved as-a three dimensional impression lacks any 

organic material apart from a few traces of blackr organic material 

which might be fusain (PL. 3.2, figs 1-3). 

Another specimen has fusainised material adhering to the impression 

surface and ýsome of this was removed and stereo-scanned. The 

impression surfaces of these two specimens exhibit a range of features 

visible on the leaf cushion surface, which result from their complex, 

three dimensional structure (PL. 3.2, figs 2,3, Text. fig 3.3 H 1-7). The 

leaf cushion perimeters and inter cushion areas are of the same, size, 

shape and distribution as those described above. 

The leaf cushion impressions have a variety of grooves and 

depressions which indicate the positions of the leaves departing from 

the axis. One specimen consists of a stem 6 mm wide and 95 mm long, 

which terminates in a single dichotomy. The leaf cushions are visible 

as seen from "inside" the stem with the'leaves and leaf cushions 

descending into the matrix (PL. 3.2, figs 2,3). There is a range of 

depressions on the leaf cushion surfaces which are roughly triangular 

in shape (Text. fig 3.3 H 1). Sometimes these depressions have vertical 

and horizontal grooves extending across the surface of the leaf 

cushion. The lateral grooves represent the lateral extent of the 

departing leaf lamina, whereas the vertical grooves represent the 

vertical extent of the midrib or keel (Text. fig 3.3 H 2r3). The 

vertical and horizontal extensions are sometimes only visible as 

shallow depressions. 

The leaf cushions near to the lateral edges of the stem exhibit 
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single or paired grooves that traverse the leaf cushion surface 

diagonally (PL. 3.2, fig 31 Text. fig 3.3 H 4,6). This feature is 

present, to a lesser extent in the Type (II) polymorphs (PL. 3.1, figs 

10111rl5). Quite substantial portions of attached laminae are visible 

in connection with the most marginal leaf cushions'(PL. 3.2, fig 3). 

Parallel and diagonal grooves are visible on the leaf cushions and 

these are continuous with the edges of the laminae. The orientation of 

the diagonal grooves depends on which side of the stem the leaf 

cushion is on. In those positioned on the right the grooves depart-in 

that direction and vice verca. -The bands of sediment separating each 

diagonal groove from the leaf cushion perimeter, is equivalent in 

these asymmtricall leaf cushions, to the symmetrical wings, visible 

in the Type (II) polymorph (Text. fig 3.3 H 5). Along the central 

region of the stemr the depressions which mark the entry of the leaves 

into the matrix are symmetrical. It appears that the lateral 

microphylls are displaced after partial compression, which produces an 

asymmetrical system of grooves (Text. fig 3.3 H416), whereas the 

central or median microphylls are symmetrical (Text. fig 3.3 Hl, 2,3,5). 

The symmetrical and asymmetrical arrangement of the- persistant leaves 

and leaf cushions is seen in many of the preservation polymorphs, but 

particularly in the (Type IV) which are the most three dimensional. 

Fusainised 'stem impressions have the same structures and 

morphological variation as the specimen just described. The organic 

material is black, very brittle and three dimensionally preserved. 

After removal of some of the fusainised leaf cushions, part of the 

mineral matrix was removed to reveal a complex mineral castr which 

occupied the spaces between the leaves, the leaf cushions and the main 

axis (PL. 3.9, figs 3,4). The fusainised leaves remained in the matrix 

and are lying almost parallel to the axis (PL. 3.9, fig 2). The proximal 
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surface-of the cast formed between the stem and the abaxial surface 

of the leaves, is an inpression surface of three dimensional leaf 

cushions, which are essentially the same as the Type (IV) 

polymorph. The structures visible, include; symmetrical and 

asrmmetrical wings or shoulders, a basal heel, and a central, 

approximatrly triangular leaf depression, associated with horizontal 

and vertical, furrows. The type (IV) polymorph is shown diagramatically 

in longitudinal section in Text. fig 3.4 IV. The whole structure is 

considerably less conpressed or flattened than the others, 

particularly where the leaf departs from the leaf cushion. A heel is 

present which is also more obvious in this material. The Type (IV) 

polymorph includes,, the, three dimensional inpressions formed around 

fusainised stems. 

Summary of leaf cushion variation: 

IA range of preservation polymorphs is shown in a single three 

dimensional diagram, which attempts to illustrate differences in the 

extent of compression of each type. The diagram illustrates the 

impression surfaces of leaf cushions, where the attached leaves 

descend into the matrix and the line of cleavage has passed along the 

inner surface of the stem, without passing through the leaf 

cushions. Four polymorphs are identified and include; (I) 

Flattened, oval leaf cushions with few surface features apart from a 

double layer of cuticle around the leaf cushion perimeter. (II) Three 

dimensionally preserved leaf cushions which are partially flattened 

and possess wings and shoulderst representing sediment accretion 

between the leaf and stem. (IIA) Leaf cushions near the edge of the 

axis which possess asrmetrical wings. (III) Flattened three 

dimensional impressions, where the keel is visible. as an isolated 
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notch or depression. (IV) Leaf cushions which are preserved more three 

dimensionally and are the least flattened. These possess rounded to 

triangular depressions with lateral and vertical furrows. A variation 

of this type (IVA) is seen among marginal leaf cushions where the 

attached lamina is displaced to the left or right which is visible 

along the surface of the cleavage plane (IVA). The Type (IV) 

impressions possess features that are visible in fusain-impressions. 

Stem cuticle: 

Cuticle from the shoots was observed by removing small fragments, 

directly from the compression with fine needles (PL. 3.3tfigs 1-9)r or 

by preparing amyl acetate peels to various parts of the specimen. The 

former method gave much better results of cellular details at high 

magnification. The peel preparations corroborated the information from 

direct observation of the impressions and compressions, particularly 
with regard to the arrangement of the leaves on the stem and the 
distribution of thick -inter-cushion cuticle and the thinner cuticle 
from the leaf cushions and laminae (PL. 3.4, figs 1-4). 

Cuticle from the inter-cushion areas is thicker than that of the 

leaf cushion which is only visible in the distal parts of the folds 

around the leaf cushion perimeter (PL. 3.3, fig 6, arrow). In these areas 

the cuticle becomes so thin that the ridges indicating the arrangement 

of anticlinal walls disappear. The epidermis of the inter-cushion 

cuticle lacks stomata. Between the vertical margins of the leaf 

cushions the epidermal cells are longitudinally arranged, and 

elongated, with angular end walls (PL. 3.3, figs 2,9). The cells are 40 

by 9 pm to 60 by 12 pm in length and width. The anticlinal walls are 2 

to 3 )1m thick and both walls are smooth. Immediatdy above the leaf 

cushion perimeter the cells are oval or angular, and . 20 to 25 pm in 
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diameter with anticlinal walls 6 to 7 pm thick (PL. 3.3, fig 6). The 

cells inmdiatply below the leaf cushion are arranged vertically and 

are shorter than those of the lateral areas (PL. 3.3, figs 7,8). 

Leaf cuticle and leaf morphology: 

A peel taken, from one specimen shows the arrangement of leaves and 

the anticlinal outlines of the lamina epidermal cells (PL. 3.4, figs 

1-4). The leaf epidermis is very rarely preserved and the cuticle is 

usually a light orange colour if cellular details are visible. one 

leaf which is attached to the stem has a well preserved lamina cuticle 

(PL. 3.4, fig 2r3,4). The edges of the lamina are marked by arrows 

(PL. 3.4, fig 2). A dark, carbonaceous ridge is visible along the 

centre of the microphyll which probably represents the midrib. At each 

side of this, are narrow folds in the cuticle and a series of fine 

striations indicating the anticlinal ridges of the epidermal 

cells (PL. 3.4, fig 4). It is impossible to say which surface of the 

leaf the cellular details are from, and although stomata are not 

visible, this might be because of the extreme thinness of the 

cuticular material. The cells are between 40 and 70 pm long and 13 to 

15 pm wide, with angular end yalls. The thicker cuticle of the 

intercushion areas is visible at the base of the leaf lamina, but is 

heavily obscured by carbon deposits (PL. 3.4, fig 2). 

The leaves are,, falcate to acuminate and broadest-at a point just 

abover or one fifth of the distance from, their point of attachment 

(PL. 3.11figs 6,7). They are 4 to 12 mm in length and 1.2 to 2.2 mm in 

width. Both the margins and the midrib consist of slightly darker 

cuticular material than the rest of the lamina. In some instances the 

line of cleavage has passed across the outer surface of shoots, which 

have densely arranged leaves, and the abaxial surfaces of numerous 
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microphylls are seen in surface view (PL. 3.1, figs 3,13). 

Attachment of cones: 

Nine unbranched axes, identical to some of the narrower shoots 

described above, were found in attachment with small conr-ect cones 

(PL. 3.4ffigs 5-81'Text. fig 3.1 B). One consists of a group of three 

cones. Although the stems are broken off at the base, it is probable 

that they were all integrated on the same shoot system (PL. 3.4, figs 

5,6). All three cones are preserved as three dimensional casts and 

moulds. The other specimen is a flattened compression with no organic 

material apart from some minute cuticle fragments (Text. fig 3.1 B). 

The cones are 18 to 25 mm long and 9 to 14 mm wide. They are attached 

to a vegetative axis which is 2 mm in diameter. The basal stems 

are undifferentiated apart from the fact that, unlike most, other 

vegetative shoots of this width, they are always unbranched for at 

least 50 mm. The leaf cushions are oval and spirally arranged, bearing 

small, falcate microphylls (PL. 3.4, fig 8). The specimen with three 

cones shows some three dimensional information in the arrangement of 

sporophylls and sporangia (PL. 3.4, fig 6). The sporophylls are arranged 

in tight'spirals so that, the distal parts of the laminae overlap. The 

abaxial surfaces of several sporophyll casts are visible (PL. 3.4, fig 

6jarrow). The sporophylls are 6 mm long and about 4 mm wide at their 

broadest pointr which is about halfway along their_length. They depart 

from the axis at 90* and terminate with broad points. There is no 

evidence of spines or fimbriations along the sporophyll margins. The 

more finely preserved conpression does not show three dimensional 

structure but quite clearly shows the differentiation between the 

sporophylls, the sporangia and the cone axis (PL. 3.4, fig 7, Text. fig 

3.1 B). The strobilar axis is 1.6 mm in width and, terminates in a 
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distal, club-shaped expansion. The sporophylls and strobilar axis are 

a darker colour than the areas occupied by the sporangia. The 

sporophylls are slightly reflexed at their point of departure from the 

strobilar axis and are sharply recurved at their mid-point. The 

sporangia are oval and 2 to 3 rnm long by 1.8 mm wide. Although 

repeated attempts at spore extraction were attenpted, with peel 

preparations and by macerating small areas of conpression, 

identifiable microfossils were not obtained. There were no fine 

impression details such as megaspore impressions or spines visible*in 

the sporangial regions. 

FUSAINISED MATERIAL 

The inpression surfaces of some fusainised lycophyte shoots have 

been described above and compared with stem compressions and partially 

flattened impressions derived from -unfusainised material. The 

conparison reveals sufficient similarities to suggest little reason 

for separating the different types of preservation. The following 

description deals with fusainised stems at various levels of 

decortication with and without attached leaves. A number of isolatedl 

fusainised leaves are described, and these are believed to have been 

attached to these stems. 

External morphology of stems and leaf cushions: 

Two fusainised specimens are illustrated prior to demineralisation- 

in 40% HF and observation with the S. E. M (PL. 3.7, figs 1-3, PL. 3.9, figs 

1,2,5). one specimen was 40 M in length and 4 mm in diameter, and 

apparently unbranched (PL. 3.7, fig 1). Few details are visible in 

untreated material apart from the leaves departing from the stem and 

some protuberances on the stem surface. The raised structures 
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represent miniature leaf cushions which are mostly covered by mineral 

material. The specimen was uncovered as far as possible with fine 

needles, immersed in 40% HF for ten minutes and gently agitated, and 

washed for three hours (PL. 3.7, figs 2.3). Expanded leaf cushions are 

visible and those alligned parallel to the line of cleavage have false 

leaf scars, which were formed when the rock was split. The leaf 

cushions to the side of the stem are attached to laterally displaced 

leaves (PL. 3.7, fig 2-51 PL. 3.8, figs 1,2). The leaf cushions are 

broadly oval in surface view (PL. 3.8, figs lr2). The leaf lamina is 

attached to the upper half of the leaf cushion and the lowest part of 

the leaf cushion is differentiated to form an extended heel, which is 

pointed and 250 pm wide at the base (PL. 3.7, fig 8, PL. 3.8, fig 2). The 

leaf cushions are expanded above their points of attachment with the 

stem, and overhang much of the inter-cushion areas, except in the 

region above the adaxial surface of the leaf (PL. 3.8,, fig 1,4,, 5). A 

characteristic feature is the extension of the keel in a downward 

direction from the midrib of the leaf, which consists of a ridge of 

hypodermal tissue (PL. 3.8, figs 2,3). The leaf cushions are 1.6 mm 

long, 1.2 mm in width, and arranged in two uneven parastichies. The 

epidermis of the stem surface *and the leaf cushions is poorly 

preserved. There are no consistent features on the stem or leaf 

cushion surfaces which represent stomata. The epidermal cells of the 

leaf cushion are apparently oval to irregular (PL. 3.7, fig 71 

PL-3.9, fig 8). Below the point of leaf attachment, the outer surface 

of the epidermis (which might represent cuticle) contains disc-shaped, 

sometimes aperturate protuberances (PL. 3.8jig 3, r P1.3.9jfig 81 

PL. 3.15, figs 6,7). Similar structures are visible on the epidermal 

cells of the abaxial, but not adaxial,,. surface of isolated 

microphylls (PL. 3.14, figs 1-6, PL. 3.10, figs 1-5, P1.3.11, figs 1-4). 
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In another specimen stomata are only visible on the most distal 

limits of the abaxial leaf cushion surface (PL. 3.15, figs 6,7, 

PL. 3.9, fig 6, arrow). These areas of the "leaf cushion" have false leaf 

scars which are flatter in profile than the specimen'described above 

(PL. 3.8, fig 2), and way represent a transitional area between the leaf 

cushion and the leaf, or the basal-most part of the leaf lamina. This 

is particularly visible in one specimen (PL. 3.15tfig 7), where a 

gradual increase in stomatal frequency is seen from the basal area at 

the leaf cushion, to the distal area where stomata are numerous. One 

of the leaf cushions removed from the specimen in PL-3-9rfigs 1,5 was 

demineralised in 40% HF and observed with the s. e. m (PL. 3.9, figs 6-8). 

The stem is 7 mm in diameter and twice the width of the fusainised 

stem described above (PL. 3.7, fig 1). The leaf cushion is 2 mm long and 

1.7 mm wide. Above the point of leaf attachmentj, the upper leaf 

cushion occupies a limited, but raised triangular area (PL. 3.9, fig 6). 

This part of the leaf cushion is more highly developed 'than the 

equivalent area in the smaller stem. (PL. 3.8, ' 'fig 4). This specimen 

also has limited epidermal details of the inter-cushion areas 

(PL. 3.9, fig 7). It consists-of longitudinally' elongate cells, which 

are arranged axially. The homogeneous appearance of the cell outlines, 

seen in surface viewr particularly in the region of the anticlinal 

wallst might support the suggestion that the cuticle is thinner on 

the leaf cushions than in the inter cushion areas. Both the outline 

and arrangement of the inter-cushion cells and the difference in 

cuticle thickness between the cushions and the inter cushion areas, 

compare well with the observations from the compression material. The 

false leaf scar in this specimen has a similar profile to that of 

detatched fusainised leaves (PL. 3.12, fig It PL. 3.15, fig 1). A keel is 

Present which extends down from the position of the -detached leaf 
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midrib (PL. 3.9, fig 6). In part of the keel the epidermal cells have a 

more irregular shape and outline than the rest of the epidermis, and 

appear. to constitute 'a raised portion of the epidermis. It is 

conceivable that two situations explain this structure . The 

first is that the specimen is upside down and the raised structure 

represents a ligule pit, of the type seen in isolated leaves 

(PL. 3.111figs 1-3). The second is that the raised area represents 

an infrafoliar bladder or some type of aeration tissue. Howeverr the 

shape of the false leaf scar, the position of the keel, and the 

similarity of these structures with those seen in other fusainised 

stems (where the orientation of the specimen is definitely 

known)f exclude the first suggestion. Apart from their, shaper the 

epidermal cells of this area are unmodified and appear to have the 

same outer surface cuticle as the rest of the leaf cushion. Because 

of thisr and the fact that the structure overlies a thick ridge of 
hypodermal tissue,, it does not seem likely that the it represents 

aerenchyma. The apparently differentiated structure seen here, is 

therefore interpreted to represent a cluster of epidermal cells 

overlying part of the hypodermal keel on the leaf cushion surface. 

False'leaf scar and leaf cushion, anatomy: 

The false leaf scars are rhomboid to triangular and 0.5 to 1.2 mm 

in length by 0.9 to 1.2 mm in width. Their shape and variability 

correspond well with the depressions identified in Type IV leaf 

cushions from the impression material. The anatomy visible in the 

fractured areas compares closely to that observed in isolated 

microphylls (PL. 3.12, figs 1-4). 

The hypodermis is 60 to 130 ym thick and consists of 4 to 10 

rounded, thick walled elements that are 8 to 30 pm in diameter 
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(PL. 3.8, fig 3). The hypodermis varies 'in thickness and is most 

pronounced in the region of the lateral angles which are continuous 

with the lateral edges of the microphyll (PL-3.7, fig 61 PL. 3.8, figs 

2,4,5). The hypodermis is also thick in the region of the keel. Inside 

the hypodermis there is a zone of parenchyma 300 to 400 pm wide, which 

consists of isodiametric to angular'cells which are thin walled and 30 

to 60 )am in diameter (PL. 3.8, fig 3). The vascular trace to the 

microphyll is positioned centrally and up to 140 pm in diameter. The 

tracheids vary from very narrow elements about 6 pm in diameter-to 

larger tracheids that are 25 to 30 pm wide (PL. 3.7, fig 9, PL. 3.8, fig 

3). The distribution of the large and small elements, which probably 

represent metaxylem and protoxylem tracheids, is probably exarch 

(PL-3.7, fig 9). After demineralisation very few laminae remained 

attached to the stem and nearly all of them disintegrated. Part of one 

lamina is seen in attachment with one leaf cushion (PL. 3.7, fig 5), but 

the surfaces were not preserved well enough to generate any epidermal 

details*or stomata. 

Morphology and anatomy of the cortex and stele: 

The majority of fusainised stems are decorticated and the leaf 

cushions have been completly removed. The surface morphology consists 

of the outer cortex of the stem (PL. 3.5, figs 1-5). Three fragments of 

a quite extensive fusainised shoot are illustrated (Text. fig 3.6 A). 

The specimen is poorly preserved and apart from the anatomical details 

of the cortex. The middle region of the branch system is severely 

weathered. The fusainised axis is 2.3 mm in width at the base 

(PL. 3.51fig 5). The internodes resulting from each dichotomy are 

successively narrower so. that the terminal fragment is 1.2 mm in 

diameter (PL. 3.51fig 4). The type of branching is the sane as the 
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shoots preserved as compressions and impressions. In addition to this 

the shape, size and distribution of leaf cushion bases are identical 

to that seen in the non-fusainised material. This similarity is 

sunmarised in Text. fig 3.61 where the intercushion grooves, visible in 

the fusainised material, are equivalent to the intercushion areas 

identified in the impressions and ccmpressions. 

The fragments of stem are considered to be decorticated uniformly, 

as the amount of relief around the margin of each oval area is 

constant. The oval areas represent differentiation of the outer 

cortex, inmdiatly below the areas occupied by leaf cushions 

(PL-3.5, figs 4,5). They are arranged in unequal parastichies. Vertical 

orthostichies are sometimes visible, but careful observation shows 

that the leaf cushions are actually arranged in a very steep spiral. 

The oval areas are 1.8 to 2.2 mm . long and 0.9 to 1.4 mm wide. The 

perimeters are slightly raised above the inter-cushion areas and the 

inner, concave oval areas. (PL. 3.5, figs 3,4,5). The outer surface is 

comprised of longitudinally arranged cortical cells -which are poorly 

preserved and fragmentary, when seen in surface view (PL. 3.5rfig 2). 

In transverse section the cortical cells are well preserved beneath 

the outer layer, and their differentiation to form the raised areas 

around the oval margins is visible (PL. 3.5, fig 7, Pl. 3.6, figs 1,2j. A 

circular space which represents the absent vascular trace is present 

just below the mid-point of each oval area. The trace is continuous 

with 'the main stele. A fragment of cortex is viewed distally 

(PL-3.5, fig 6) and proximally (PL. 3.5, fig 7). The vascular trace 

departs from the main stele at an angle of &to 2Cý. The cortex is 

Aivided into three zones; an inner and outer region consisting of 

narrow elements (PL. 3.6, figs 2j7), and a middle region of wider 
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elements (PL. 3.6, figs 2,7). The cells are isodiametric to oval in 

cross section and vary from 8 to 36 um, in diameter (PL. 3.6, fig 8). At 

high magnification the inner surface of the cortical cells is 

ornamented by spiral bands or grooves. It is difficult to say whether 

this represents genuine wall ornamentation or checking and-rupturing 

of the wallt owing to the stresses produced by drying or fusainisation 

(PL. 3.6rfig 8). There is sane differentiation between'the 'walls of 

adjacent cells, which include 'small circular aperturest which might 

represent inter-cellular spaces. Narrow grooves and cracks might 

indicate the separation of adjacent cells along the middle lamellae. 

Decorticated stems of this sort rarely contain vascular tissue which 

for some reason is often either collapsed,, fused (PL. 3.6, fig 7) or 

absent. 

A transverse view of a dichotomy indicates that a wide band of 

cortical tissue separates each vascular trace after the division of 

the stele (PL. 3.6, figs lr2). The right branch of this dichotomy was 

broken cleanly,, in an attempt to find vascular tissue (PL. 3.6ffig 

l1arrow). After an additional treatment in 40% HF and subsequent 

recoating and observation with the s. e. m, -a limited portion of the 

main stele was discovered (PL. 3.6, figs 3-6). 

The stele is 300 to 400 um in diameter and exarch. The metaxylem 

elements are central and the protoxylem elements are visible at*the 

periphery (PL. 3.6, fig 3). It is possible that the areas of protoxylem, 

represent protoxylem points, but the incompleteness of the section 

makes this uncertain. The tracheids are 8 to 22 um in diameter and 

rhomboid to pentagonal in cross-section (pl. 3.6, figs 3A). There are 

distinct, scalariform, wall thickenings and each scalariform bar is 

1.5 to 2.5 um thick (PL. 3.6, fig 6). The outer part of the walls are 

differentiated to form vertical strands which are sometimes seen to 
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link the horizontal bars. They are normally visible as projecting 

tooth-like structures when seen in transverse section (PL. 3.6, fig 5). 

Microphylls: 

over fifteen isolated microphylls were discovered, of which five 

gave fine morphological and anatomical structure. Most of the 

specimens were fragmentary and 'many were destroyed during 

demineralisation in HF. Some fusainised leaves are illustrated prior 

to any treatment (PL. 3.9, figs 9,10). one of the specimens has minuter 

whiter crystalline deposits which are adhere to the stomata in a band 

to each side of the midrib. Because of the difficulty in finding 

specimens with well preserved fine structurer the fine morphology and 

anatomy of these leaves is only known from isolated specimens. 

However, there is considered to be sufficient evidence to link these 

leaves (on morphological and anatomical 'similarities) with the 

fusainised and corpression/inpression, material. 

All the leaves are falcate, 1.2 to 2.2 mm wide and up to 8 mm long, 

and consist of a flattened lamina with a single, ridge-like midrib or 

keel (PL. 3.10, fig 11 PL. 3-13ifig lt PL. 3.15, figs 1.3). The adaxial 

surface lacks stomata and consists of longitudinally elongated 

epidermal cells which are axially arrangedr and 83 by 12 jam to 40 by 

21 jum in length and width (PL. 3.10tfigs 1,3,4,5, PL. 3.1l, fig 2). The 

end walls are angled or pointed (PL. 3.10,, figs 2,, 3). One specimen has a 

very well preserved adaxial surface where the epidermis consists of 

cells with smooth anticlinal and periclinal walls (PL-3.101fig 213). 

In some areas the outer periclinal walls have parted from the 

anticlinal walls, and the closely adpressed, anticlinal walls are 

clearly visible (PL. 3.10, figs 3,4). High magnification of the inner 

surface of the periclinaI walls indicates that they are minutely 
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striated (PL. 3.10, fig 4). The distal tip of this specimen is 

preserved, and the epidermis is relatively undifferentiated 

(PL. 3.10, fig 5). This microphyll is only 1.0 mm wide and 2.8 mm long, 

but in certain parts of the lamina margin there is a suggestion of 

lateral outgrowths (PL. 3.10, fig l1arrows). 

Two additional specimens which are both 1.2 mm wide, show evidence 

of a ligule pit (PL. 3.1l. figs 1-4). This structure is raised above the 

adaxial surface of the leaf and is 250 p long and 200 jam wide. The 

aperture is 130 pm long and 30 pm wide (PL. 3.1l, figs 2.3). Epidermal 

cells surrounding the pit aperture,, differ to those from the rest of 

the adaxial surface as they are shorter and rounded (PL. 3. llffig 3). 

The ligule pit is positioned centrally, at the base of the- leaf 

lamina, directly above the midrib (PL. 3.1l, fig 1). 

The abaxial surface consists of a rounded midrib or keel with a 

flat area of lamina to each side which contains stomata (PL. 3.13, fig 

1). The epidermis is comprised of cells which are rectangular to 

diamond-shaped and arranged less regularly than those on the abaxial 

surface (PL. 3.13, fig 3, PL. 3.14, fig 2). The cells are 30 by 14 ym to 

34 by 15 pm in length and width. The positions of the anticlinal walls 

are visible as grooves (PL. 3.14, fig 2). One feature peculiar to the 

abaxial, epidermal cells is the presence of small, circular to oval 

structures with a "saddle"-like--appearance on the outer surface of-the 

cell wall. These are quite uniform in appearance and are located in 

the middle region of the cells (PL. 3.14, figs 1,2,5). It is difficult 

to say whether they represent hair bases, glands or some kind of 

cuticular or cell wall ornamentation. it is possible that they are 

artefactual and related to fusainisation. The disc margins are smooth 

and there are no fracture marks or scars that might indicate broken 

hair bases. They appear more like the folds produced by shrinkage or 
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partial collapse of the periclinal wall and the overlying cuticle. The 

structures are not found on the adaxial epidermis. It is possible that 

the abaxial cuticle is thinner than that from the adaxial surface, and 

is therefore more vunerable to shrinkage as a result of fusainisation. 

Stomata are confined to the flat areas of the lamina and terminate 

in the lower quarter of the midrib (PL. 3.13, figs 2.3. PL. 3.151fig 3). 

Their average density is 80 to 90 per vmt and they are separated 

from each other by 2 to 6 epidermal cells (PL. 3.13, fig 3). They are 

axially alligned and are 35 to 40 )im long by 30, um wide. Each stoma 

and its surrounding epidermal cells form a slight depressiono, and the 

guard cells are superficial (PL. 3.14, fig 1). Each guard cell is 

kidney-shaped and has a smooth outer cell wall, and lacks any ridges 

or rims around the stomatal aperture. The guard cells'are fused at 

their distal points of contact for one quater to one third of their 

length. The stomatal aperture is 12 
jum 

long and 5,. pm wide 

(PL-3.14, figs lr2,6)-The guard cells are surrounded by 4 to 6, 

relatively unmodified epidermal cells which are alligned towards the 

guard cells (PL. '3.14, fig 4). The anticlinal walls of this stomatal 

complex are clearly visible as the outer periclinal walls have 

fortuitously broken away to reveal the anticlinal walls of the guard 

cells and the surrounding epidermis (PL. 3.14, fig 4). 

In another stoma of the same specimen (PL. 3.14, fig 5), part of a 

nearby epidermal wall has fragmented and reveals two cells that are 

partially underlying the adjacent guard cell. A transverse section of 

a pair of guard cells also shows a narrow epidermal cell which is 

partially overlain by one of the guard cells(PL. 3.14, fig 31arrow). If 

this specimen is compared with the uncovered stomatal complex in 

PL. 3.141fig 4l it appears that the epidermal cells that imrediatly 

surround the guard cells, would have been partially overlain by the 
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outer parts of the lateral guard cell wall. The guard cells in 

PL. 3.14, fig 3 are located above an open spacer which provides a 

passage through the thick walled hypodermis. 

The surface of the midrib is covered with undifferentiated 

epidermal cells which are similar to those among the stomata 

(PL. 3.13ffigs 213). 

Microphyll anatomy: 

Transverse sections of fusainised microphylls provide limited 

anatomical details which are closely comparable with the anatomy seen 

in the false leaf scars of fusainised stems. The leaves possess 

an hypodermis 2 to 6 cells thick, consisting of cells which are 8 to 

40 pm in diameter, and are isodiametric to oval in cross-section 

(PL. 3.12, figs-112F PL. 3.15, figs 1,2). The midrib is well developed in 

all the material, and consists of thick walled, fibre-like cells which 

form a compact ridge or keel of tissue (PL. 3.1l, fig 4, PL. 3.15, figs 

1,4r5). In some specimens both the hypodermal cells and the elements 

constituting the keel have a spiral ornamentation, which my be the 

result of checking (PL. 3.15, figs 4r5). Apart from fibre tissue, little 

anatomy is visible in fusainised leaves. The presumed parenchymatous 

tissue constituting the middle region of the lamina is always crushed 

and has an homogenised appearance (PL. 3.12,, fig 1, PL. 3.15, figs l, '2). 

In one specimen there is an indication of a vascular trace which is 

located above the midrib, in line with the ligule pit (PL. 3.12, fig 

l, arrow). A region of very small, angular elements is visible in 

transverse section, which are similar to the small protoxylem elements 

in the vascular traces of fusainised leaf cushions. 
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Eskdalia fimbriophylla sp. nov 

PL. 3.16, figs 1-12, PL. 3.17, figs 1-13t Text. figs 3.6 D-G. 

1962 Lepidophyllum cf. f irrbriatum Lele and Walton, P. 139, 

PL. 20, figs 18-20. 

1982 Tomiodendron variabilis Thomas and Purdy, in' pars, P. 134, figs 

4,7,8,11,12. 

DIAGNOSIS 

Stems between 5 and 40 mm broad with expanded leaf cushions, 2.5 by 

2.0 to 6.0 by 4.0 mm. Leaf cushions rhomboid, arranged in steep 

spirals with two uneven parastichies. Leaves 35 by 4 mm to 60 by 9 mm. 

Midrib pronounced, lateral margins, firbriate with spines up to 0.6 M 

long. Leaf cushion ligulate, perichnos or infrafoliar bladder 

absent. Leaf cushions and detached leaves with oval to bilobed 

impression of -expanded vascular trace or keel, 0.2 to 1.2 mm in width. 

Tracheids of leaf trace up to 30 )lm in diameter with multiseriate, 

ovalf pitsf 4.0 jim in diameter. Leaves rarely attached, inter-cushion 

cuticle with longitudinally arrangedf oval to rectangular cells, 

lacking stomata. Ligule pit adaxial on leaf cushion. 

TYPE MATERIAL 

Syntypes: 

PB12002. Conpression, PL. 3.16, figs 1-3. 

PB12015. compression, PL. 3-17, figs 1,2. 
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PB12005. Compression, PL. 3.17tfigs 3,4, Text. fig 3.6 E. 

PB12064. Compression, PL. 3.17, fig 6. 

PB12068. Fusainised, PL. 3.17, figs 9-13, Text. fig 3.6 G. 

TYPE LOMITY AND AGE 

Hazel Hill quarry, Puddlebrook, Nr. Drybrook,, Forest of Dean, 

Gloucestershire. upper visean. 

DESCRIPTION 

The stems range between 5 and 40 mm in width,, to at least 10 cm in 

length. The size is severely limited by the degree of fragmentation of 

the material prior to preservation', and the size of the rock fragments 

extracted from the locality. The axes branch by equal dichotomy at 

angles between 30*and 70w(PL. 3.15, figs 4,5,, 7). Rhomboid leaf cushions 

are arranged in steep spirals and form two uneven parastichies 

(PL. 3.15, figs 5F8110). The leaf cushions vary from 2.5 by 2.0 to 6.0 

by 4.0 nn. Leaves are very rarely found in attachment but occur 

conmnly as isolated units (PL. 3.17,, figs 5-8). only eight specimens 

were found with leaves attached and three are illustrated here 

(PL. 3.15#figs 1,2,4,6). The leaves depart from the axis at an angle of 

200to 30. One stem branches dichotomously and the stem surface of each 

branch is obscured by a dense cluster of tapering leaves (PL. 3.15ffig 

1). Close inspection of the attached laminae, indicates that the 

leaves have a dense midrib and lateral spines (PL. 3.15, fig 2). 

The leaf cushions are visible as either depressions or raised 

rhomboid areas which project from the stem surface (PL. 3.16, figs 

8,9,10,11). In this specimen one part consists' of depressions which 

represent the moulds formed around the leaf cushioný (PL. 3.16tfigs 

8,9), while the counterpart (PL-3-16ifigs 10,11) consists of sediment 
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infills of leaf cushions which have a "positive" three dimensional 

structure, and res emble the shape of the leaf cushion as seen in life 

(PL. 3.16, figs 10,11). In three dimensional preservations such as 

these, the position of the line of cleavage affects which parts of the 

leaf cushion are visible. The ligule pit is situated on the adaxial 

surface of the leaf cushion, between the lamina and the stem, and may 

or way not be visible according to whether the cleavage plane passes 

through it. This was clearly demonstrated in leaf cushions of this 

size by Thomas and Purdy (1982, figs. 4CF 8,9112). The leaf cushion 

seen in PL. 3.161figs 9,11, arrows, is the polymorph described by the 

above authors as type c, where the cleavage plane has passed through 

the middle of the leaf cushion and has longitudinally "sectioned" the 

space occupied by the ligule pit. 

The leaf cushions are separated by inter-cushion areas which may 
be up to 5 mm wide. Cuticle removed f rom, one specimen gives a clear 

indication of the complexity of the raised leaf cushions and the 

extent of folding produced by compression or flattening (PL. 3.16, fig 

12t PL. 3.16ifig 3). The distal edge of the leaf cushion cuticle is 

folded parallel to the inter-cusbion cuticle of the stem. The cuticle 

between the stem surface and this point, represents the thicker 

cuticle of the basal part of the leaf cushion (Text. fig 3.6 F). The 

more distal leaf cushion cuticle and the laminae are absent in this 

specimen, presumably as a result of leaf loss. Many isolated leaves 

show evidence of their area of attachment to the rhomboid leaf 

cushions. The proximal part of the leaf is expanded . The sides of 

this expanded region are curved and the basal margin of the leaf 

cuticle is irregular and has a torn appearance (PL. 3.17, figs 5,6,7, 

Text. fig 3.6, D). Around the lateral margins of the-basal area, the 

cuticle is darker and a lighter region occupies the central area 
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(PL. 3.17, fig 7). These areas probably represent' double and single 

layers of cuticle aspectively. The inner margin of the double cuticle 

layer in the detatched leaves, probably corresponds to approxin-atly 

the same level, as the edge of the distal leaf cushion cuticle seen in 

PL. 3.16, fig 12, arrowt Text. fig 3.6 D, arrow. The leaves vary in size 

from 35 by 4 to 60 by 9 mm . one of the largest leaves (PL. 3.17, fig 8) 

has a pronounced midrib of dark carbonaceous material and well defined 

lateral margins, with small forward pointing spines. It appears that 

the leaves were readily lost from the stem without forming true leaf 

scars, and that quite substantial parts of the distal leaf cushion 

were lost with the leaf laminae. 

Some of these axes show evidence of a small oval area in the middle 

of the leaf cushions which were believed to I reresent. infrafoliar 

bladders (Thomas and Purdy 1982). However, the attachment of these 

char&cteristic leaves which have a strongly developed midrib with an 

expanded base, allow a different interpretation of these structures. 

The base of the midrib in detached leaves,, contains a dark 

carbonaceous area, which is continuous with the midrib and 1.5 to 3.0 

mm wide. This basal area often -has a clefted outline (PL. 3.17, figs 

5,6,7). Two stems which are both flattened compres sions, have a 

similar structure occupying the central region of the leaf cushion 

areas (PL. 3.17, figs 1-4). In one specimen, which lacks attached 

laminae, the oval areas are slightly raised. Where the line of 

fracture has passed through this raised area, a lighter layer of 

sediment beneath the carbon-stained part of the impression surface 

is visible (PL-3.17, fig llarrow). A similar structure is seen in a 

specimen with attached laminae, where the line of cleavage has passed 

through the elevated areas (PL. 3.17, figs 314F Text-fig 3.6 E, 1,2,3). 

In this specimen the elevated areas are clefted at the base and 
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res emble, the clefted midrib'bases of isolated leaves (PL. 3.17, fig 

6). The leaf cushions in this specimen are separated and orientated at 

rather irregular angles which indicates that the stem surface was 

partially fragmented prior to deposition. 

Fusainised leaves: 

7wo large fusainised leaves were discovered, which on close 

inspection, showed remarkable similarities to the microphylls 

preserved as compressions. The fusain-irnpression of a specimen that 

was removed from the matrix,, has a wide lamina which has a brokenr 

firrbriate margin. A wide midrib is partially embedded in the matrix 

and a clefted, oval expansion is present at the base of the midrib 

(PL. 3.17, fig 9t Text. fig 3.6 G). When observed with the SEMr the base 

of the midrib is clearly differentiated to form a raised clefted 

region at the base of the microphyll (PL. 3.17, fig 10). Although the 

surface of the leaf is poorly preserved the tissue constituting the 

midrib descends into the leaf lamina at the clefted area. High 

magnification of the midrib surface, further along from the clefted 

part, indicates that the midrib consists of flattened and partially 

crushed tracheids (PL. 3.17, fig 11). They are about 30 pm in diameter 

and contain simple, multi seriate pits which are oval and about 4jam 

in diameter PL. 3.17, figs 12,13). Because the tissue constituting the 

basal cleft is so poorly preserved, it is not possible to say whether 

it is comprised of the tracheids visible in the region of of the more 

distal midrib. However, it is likely that it either constitutes part 

of the vascular trace, or a basal area of fibre cells constituting the 

midrib, which is usually found imiTediatyly below the vascular trace in 

lycopod leaves. The tracheid walls are finely striated*with a series 

of semi-circular markings which are arranged concentrically around the 
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pit apertures. It is possible that these represent groups of 

microfibrils constituting the outer cell wall (PL. 3.17, fig 13). 
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DISCUSSION 

preservation polymorphs and correlation between preservation types : 

Thomas and Purdy (1982) demonstrated that some of the variation in 

the leaf cushion outlines of T. variabilis is produced by the 

variable position of the line of cleavage which "sectionsw the leaf 

cushions preserved as compressions and impressions. In this study, the 

two most frequently encountered of these are their types A and B 

(Thomas and Purdy 1982, fig 4). In these, the line of cleavage has 

either Passed over the outside surface of the leaf and leaf cushion 

(Type A),, or very close to the basal part of the leaf cushion (Type 

B). The Type A polymorph gives rise to a surface view of the leaf 

cushion showing the lateral, wing expansions,, the basal heel and 

the attached leaf (PL. 3.1, figs 3,13, PL. 3.2, fig 6). In the Type B 

polymorph the leaf cushion bases are visible as simple ovals on both 

part and counterpart (PL. 3.1, fig 16, PL. 3.2, fig 5). Both of these 

states are visible in fusainised stems of E. variabilis., the Type 

A,, in specimens where the leaf cushions are preserved intact 

(PL. 3.7,3.8), and the Type B in decorticated, fusainised stems, 

(PL. 3.5, figs 4,5). 

Additional variation of the leaf cushion surface in E. variabilis 

is identified in this study. The variation includes the folds or wings 

which may be symmetrical or osym: metrical, and the depression in the 

central part of the leaf cushion. These are visible in impressions 

where the line of cleavage has passed through the spac6t occupying the 

middle of three dimensional stem impressions. The impression surfaces 
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are seen as if from inside the stem and the leaf cushions are 

unaffected by the fracture line (Text. fig 3.5). The leaf cushion 

outlines are oval and represent the most basal part of the leaf 

cushion (Thomas and Purdy 1982, fig 4B). The variation seen among 

these is also treated in a preservation polymorph sense. The isolated 

depressions visible in the central leaf cushion area are shown to 

represent a partially flattened extension of the leaf keel or midrib. 

In the most three dimensional impressions this structure was seeri to 

be continuous with the leaf midrib, but in some of the rmre flattened 

specimens it appears as an isolated notch or depression. Fusainised 

leaf cushions show evidence of a strong hypodermal keel which extends 

downwards across the lower leaf cushion. This interpretation is 

supported by other evidence from inpressions and compresions where the 

leaf cushion keel is visible as a dark cuticular area or ridge 

(PL. 3.1, fig 6, arrow 21 PL. 3.2rfig 6). 

The two additional preservation polymorphs (Types CtD) identified 

by Thomas and Purdy (1982) are more frequently observed in stems with 

larger rhomboidal leaf cushions referred to here as E. finbriophylla. 

The line of cleavage either passes through the ligule pit (Type C) or 

just distal to it (Type D). It is these polymorphs which these authors 

have photographic evidence for (Figs 8,9,11,12). These two 

combinations are the most frequently found polymorphs of 

E-fimbriophylla in this study, and are usually visible in three 

dimensionally preserved, impressions. The reason for this is perhaps 

explained by the size and three dimensional extent of the stem 

fragments, and the likelihood that the line of cleavage will pass 

through the line of weakness above the inter-cushion areas. This is 

believed to be particularly likely as E. fimbriophylla stems do not 

occur as cylindrical inpressions with a hollow space, like many well 
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preserved stems of E. variabilis, but as single layers of cortex 

with raised leaf cushions. This species is also preserved as flattened 

compressions with a poorly defined impression surfaces. It was in this 

form that Type A polymorphs were found of E. fimbriophylla where the 

line of cleavage had passed over the surface of the flattened 

compression showing the attachment of the large,, firrbriate leaves. 

This is the only instance 
-1where 

Type A polymorphs were seen in 

material assigned to E. fimbri2phylla. This is probably because the 

leaves are nearly always detatched along with part of the distal, leaf 

cushion cuticle. 

A large number of specimens contribute information towards the new 

interpretation of E. variabilis and include isolated leaves 

and variously fragmented axes and stems preserved as compressions, 

impressions and fusainised material. It is believed that there is 

sufficient evidence to treat all the information from these separate 

organs and modes of preservation as part of a single plant. 

Some effort was made to describe the fine morphological details of 

stems preserved at various levels of compression, from flattened 

cuticular sheets to three dimensional impressions. The partially 

flattened impressions demonstrate the size, shape and position of the 

laterally expanded areas of the leaf cushion and the basal heel. These 

correspond well, with the features seen in the well preserved, 

external morphology of fusainised stems. There is evidence that the 

inter-cushion epidermis which is visible in cuticle from compression 

material contains similar cells ro those visible in the same areas of 

fusainised axes. The hypodermal keel which is visible as a cuticular 

area in flattened compressions, and as a groove or notch in three 

dimensional impressions, is equivalent to the ridge of fibre-like 

cells observed in the fusainised material. Decorticated fusainised 
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stems show the same size, shape and arrangement of ovals (leaf cushion 

bases) as the majority of inpressions and compressions of the same 

stem diameter. 

Correlation of fusainised, isolated leaves with compression/ 

impression and fusainised stems : 

The most tentative connection in this complex of plant organs is 

the inclusion of several well preserved leavesr which are only found 

as isolated fusainised units. For some reason the leaves attached to 

the fusainised stems lacked fine structure. Thereforer the description 

of the leaf epidermist stomata and anatomy is from isolated 

units. However,. it is believed that a sufficient number of 

morphological and anatomical similarities -exist between isolated 

leaves and stems, to treat the isolated, fusainised leaves as part 

of E. variabilis. These include the following : 

(I) overall size,, shape and presence of sinple midrib, in comparison 

with, attached but less well preserved, fusainised microphylls. 

(II) Similarity of the lamina base, as seen in transverse 

section,, conpared with the anatomy and outline of the false leaf scars 

of fusainised leaf cushions. 

(III) The same type of stomatal morphology and arrangement, in the most 

distal parts of the leaf cushions and those of isolated leaves. 

(IV) The presence of raised discs or saddle-like protuberances on the 

abaxial leaf surface and the area of the leaf cushion below the false 

leaf scar. 

(V) The size and shape of epidermal cells visible in the cuticle of 

leaves attached to compressions, and the adaxial epidermis of 

fusainised leaves. 
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The atribution of these well preserved leaves to this leafy shoot 

allow the assunption that E. variabilis is ligulate. The ligule pit 

is located at the base of the microphyll lamina rather than on the 

adaxial surface of the leaf cushion. 

Leaf detaOment, and false leaf scars : 

The leaves are interpreted as persistent in both types of stem. The 

high frequency of isolated E. fimbriophylla leaves on the bedding 

planest and the extreme rarity of their attachment to the stermf might 

suggest that leaf abscission took place. However, leaf abscission 

areas were not seen and the distal regions of the leaf cushion 

cuticle and the basal areas of isolated leaves are irregular and 

often have a torn appearance. It seems likely that most of the axes 

which reached the depositional environment had lost their leaves 

because of partial deconposition and mechanical agitation. 

OOMPARISON 

comparison of E. variabilis and E. fimbriophylla : 

Both Lele and Walton (1961) and Thomas and Purdy (1982) recognise 

the fact that the leaf cushions on the narrower leafy shoots are more 

consistantly oval, and those found on the larger axes have a more 

rhomboidal outline. The material discovered in this study has shown 

that the larger axes with rhomboidal leaf cushion outlines bear large 

spiny leaves, with a broad midrib, which consists of large tracheids 

with oval pits. These leaves are quite different to the much smaller, 

falcate leaves which are attached to the narrower stems. The stems are 

separated at the specific level principally for this reason, although 

there are other similarities and differences which require further 



62 

discussion. 

The inter-cushion distance is significantly shorter in 

E. variabilis and the stem epidermis consists mostly of slender, 

vertically elongated cells. Although the ranges of stem width overlap 

between the two species, the differences in; leaf type, leaf cushion 

outline, ligule pit position and inter-cushion distance, distinguish 

them. 

The stem are similar in other ways which include; the lateral 

expansions of the leaf cushion,, a basal heel and a hypodermal or 

vascular keel which is continuous with the leaf midrib and the lower 

and middle region of the leaf cushion (Table 3.1). 

Although the above argumentreccomends separation of the two stews 

further investigation of additional material might indicate that the 

two types are part of the same plant. All the peel preparations and 

compressions of the small falcate leaves of E. variabilis, show no 

evidence of a finbriate margin. However, one isolated, fusainised 

microphyll, which is very finely preserved, shows a suggestion of 

lateral outgrowths along the lateral margins (PL. 3.101figs 1,5). These 

would probably pass undetected- compression material. The outgrowths 

could represent a less well developed manifestation of the spines seen 

in the larger microphylls of E. fimbriophylla. 

COMPARISON OF THE SPECIES OF ESKDALIA FROM HAZEL HILL WITH OTHER 

LYCOPHYTES 

Since Lele and Walton's description of Scutell0cladus variabilis, 

much new information has been contributed concerning Lower 

Carboniferous Lycophytes. Meyen (1972,1976) revised a number of genera 

based on compressions and impressions. He identified'structures such 

as ligule pit casts, false leaf scars and expanded leaf cushions, 



63 

which had previously been overlooked. Some stems referred to as 
Eskdalia Kidston (1883), were originally thought to represent a fern 

rachis, but subsequently shown to be a ligulate lycophyte, with oval 

areas which were believed to represent leaf scars (Thomas 1968, 

Chaloner 1967). More recently the concept of this genus ýas been 

altered on the basis of a. new interpretationj which suggests that the 

oval areas actually represent conpressed leaf cushion surfaces and 

that the leaves were persistent (Thomas and Meyen 1984b). Thomas and 

Purdy assigned the Drybrook axes to Tomiodendron Radczenko emend. 

Meyen 1972 , in favour of Eskdalia on account of some structures 

which they interpret as infrafoliar bladders. They also mention that 

the position of leaf of leaf attachment in Eskdaliaj is nearer to 

the upper edge of the leaf cushion. 

The interpretation of this material necessitates the removal of the 

stems from Tomiodendron because of the absence of an infrafoliar 

bladder. Thomas and Meyen (1984b)give the following generic diagnosis 

for Eskdalia; "Leafy lycopod shoot. Leaves in low angle spirals. 

Basal attachment areas of leaves (leaf cushions) with heels and 

sometimes shoulders. Ligule pit at apex of leaf cushion,, often 

appearing as ridge. one sinple vascular trace slightly above middle of 

false leaf scar. No pQrichnos present. " Emendation of Lele and 

Waltons genus would not significantly differ to this and as Eskdalia 

has priority, the material is assigned to this genus. The fusainised 

material, particularly that showing the outer morphology of the leaf 

cushions of E. variabilis clearly corroborate Thomas and Purdy's 

(1982) and Thomas and Meyen's (1984b)three dimensional interpretations 

of the leaf cushions preserved as impres5ions and compressions. , 

Conparison with other species of Eskdalia: 
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. Additional features, not included in the generic diagnosis of 

Eskdalia are closely conparable between the Drybrook shoots and 

E. minuta Kidston, E. kidstonii Thomas and meyen, and E. siberica 

Thomas and Meyen. Table 3.1 illustrates some of these. Both 

E. variabilis and E. fimbriophylla exhibit evidence of a keel or 

midrib whichp in the fusainised specimens of E. variabilis, is 

clearly visible as a hypodermal ridge on the lower leaf cushion 

surface. Meyen and Thomas (1984b) identify similar ridges on the leaf 

cushion of which they say; "The central ridges shown on the ovals are 

most probably the very basal expressions of laminae midribs 

(keels) rather than any feature formed by abscission. " This is clarly 

a common feature of all four species. The position of the ligule pit 

is variable. If the ligulate fusainised, leaves do belong to 

E. variabilis, then a similar situation exists in its variable 

position between E. variabilis and the species described by Thomas and 

Meyen (1984a, Text. figs A, E). 

The size ranges of epidermal cells in E. minuta, 

E. kidstonii and E. siberica are up to at least twice the' 

dimensions of both E. variabilis and E. fimbriophylla. The 

charecteristic lumps identified in E. minuta (Thomas 1968) are not 

found in either of the Drybrook axes. In E. variabilis some 

protuberances were found in the lower region of fusainised leaves 

which might be derived from the cuticle. However, the structures 

identified by Thomas are up to 100 by 50 um, which is much larger. 

They also overlap the anticlinal walls and are distributed in the 

cuticle on the adaxial surface of the leaf cushion. 

E. variabilis branches frequently, particularly towards the more 

distal parts of the shoots. E. fimbriophylla - dichotomises 

occasionally but this might reflect the fact that extensive specimens 
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were rare. only E-kidstoni is recorded as branching, and the fact 

that some of the shortest specimens were seen to divide was 

interpreted by these authors as evidence that the plant was only 

sparsely branched. 

Another difference which separates E. variabilis is the 

attach ment of a small compact cone. No other species of'. Eskdalia is 

known to be associated with fructifications, indeed, apart from some 

questionable sporophylls, none of the Lower Carboniferous 

representatives from the Russian floras have been found in connection 

with fructifications (Meyen 1972,1976). Unfortunatily the lack of in 

situ, microfossils limits comparison with other lycophytes, whose 

reproductive parts are known. However, if additional cones among 

genera such as Eskdalia are discovered they may serve as a more 

natural way of distinguishing stem such as these. 

Lacey (1962) describes a lycophyte stem from the Lower Brown 

Limestones of N. Wales which is very similar to the axes assigned to 

E. fimbriophylla. The stems are preserved as flattened compressions 

in a hard, coarse matrix. He describes sheets of cuticle which appear 

identical to those found on sýems of E. fimbriophylla. There is a 

cuticularised ligule pit at the leaf cushion apex, above an oval to 

rhomboidal leaf perforation. Lacey's interpretation of the cuticles 

and impressions, suggest that the leaf cushion boundary is broadly 

fusiform and surrounds a central perforation or "leaf scar". His 

illustration suggests the presence of quite substantial grooves which 

separate the leaf cushions, and are pointed at the apex and the 

base (Lacey 1962, p. 134, Text. fig 5A). Comparison with the new 

interpretation of Eskdalia and the Drybrook axes would suggest a 

different interpretation. The fusiform "leaf cushion! boundaries are 

not as distinct in the actual material as his illustrations suggest 
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(Lacey 1962, p. 134, Text. fig 5B). Lacey (1962) also refers to some 

folds around the actual perforation margin, which correspond to the 

complex arrangement at the edge of the leaf cushion in other species 

of Eskdalia (Lacey 1962, Text. fig 5B). It seems more likely that the 

perforation margins represent the perimeter of expanded leaf 

cushions. These either descend into the matrix or represent the edge 

of the cuticle where the distal part of the leaf cushion and leaf, has 

been detarched. Parts of L. perforatum still have microphylls 

attached which, although not as well preserved as E. fimbriophylla, 

have pronounced, carbonaceous midribs and broad areas of attachment 

with the stem. Their dense arrangement on the stem surface, have a 

very simiar appearance to the leafy axes of E. fiTrbriophylla. Because 

the matrix of the Welsh material is dark and coarse, the-edges of the 

laminae are not preserved finely enough to say whether they are 

fimbriate or not. The stem epidermis of L. perforatum is similar to 

E. fimbriophylla and consists of variably shaped, polygonal to oval 

cells, which are, however, larger and up to 90 by 35 um. Lacey (1962) 

points out some oval# carbonaceous areas in the middle of the leaf 

cushions (perforations), which Lacey interprets as a vascular scar. 

From its size and shape it seems most likely that these structures 

are equivalent to the oval, clefted structures seen in 

E. firrbriophylla. The ligule pit in L. perforatum is similar in size 

and position to that seen in E. fimbriophylia. 

Lacey also describes a number of other specimens which are too 

poorly preserved to compare closely with L-perforatum. He refers to 

this material as cf. Lepidodendron perforatum and additional 

specimens as, Lepidodendron types AjB and C. Because many lycophyte 

stems are now known to possess ligule pits even though they are not 

always visible, it is likely that most of these additional stems 
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belong to L. perforatum. 

In his reappraisal of E. minuta Thomas (1968) discussed the 

possibility that some stem cuticles from the Lower Carboniferous of 

the Moscow basin were sufficiently similar to compressions of 

E. minuta, to assign, them to the genus Eskdalia. This material has 

a long history of systematic treatment and interpretation. Auerbach 

and Trautschold (1860) described the isolated cuticles firstr and 

regarded the perforations to result from 'the deta ch ment of whole 

leaf cushions. They named the material Lepidodendron tenerrimum. 

Eichwald (1854) described some compression material, including some 

impressions which he assigned to Lepidodendron olivieri. Zalessky 

(1915) proposed that L. tenerrimum was a synonym of this new 

material. According to Thomas and Meyen (1984b) this impression 

material is now lost. Goeppert believed that the perforations marked 

the point of exit of the vascular trace to the leaves and assigned the 

material to, Lepidodendron obovatum, Sternberg, whereas Zeiller (1882) 

interpreted the gaps as due to the falling of the leaves, and assigned 

the material to Bothrodendron. Zeiller mistakenly figured the 

material upside down and suggested that the perforations resulted 

from an enlargement of the gaps formed by the leaf scar and the ligule 

pit opening. Nathorst (1914) assigned the Russian cuticles to the 

genus Porodendron which was previously used by him for some material 

from Spitsbergen. However, both Zeiller and Zalessky (1915) 

re-assigned the material to Le2idodendron and interpreted the small 

strips of cuticle in the adaxial position to represent part of the 

leaf cuticle. Walton (1926a)re-examined the cuticles and interpreted 

the adaxial, cuticle strips to represent the cuticular lining of the 

ligule pit, and assigned the material to Bothrodendron. Bode (1929) 

had a rather different interpretation which suggested that the upper 
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flap of cuticle represented the rolling up of the cuticle over the 

abscission surface when the leaf fell off. He assigned the material to 

the eligulate genus Porodendron. Finally, with the use of careful 

light microscope observation and sectioningf Wilson (1931) proved that 

the flaps of cuticle actually represented cuticularised ligule pits. 

The lower portion of the cuticle below the perforation consisted of 

thinner cuticle which she interpreted to represent part of a very 

small triangular leaf cushion. Thomas (1968) regarded this material as 

synon, ymous with Eskdalia and this was followed by Meyen (1972,, 1976) 

and Thomas and Meyen (1984b). The last authors point out that the 

impression/compression material which Zeiller synonymised cannot be 

foundr although they identified leaves attached to a narrow shoot, and 

structures res_embling heels, in Zeiller's illustrations. 

The outline of the leaf perforation in the Russian material is 

certainly similar to the axes from Drybrook. The arrangement and size 

ranges of the epidermal cells also falls within the range of these 

stems. However,, without more definite information concerning the more 

distal parts of the leaf cushions, such as wings and heelsf the actual 

leaf cushions of this material, if they existf way have been quite 

different. There is also no way of knowing whether structures such 

as the vascular keel or an extension of the midrib onto the leaf 

cushion surface was present in these stems., 

Valmeyerodendron triangularifolium Jennings 1972 was described 

from the Lower Carboniferous, Salem Limestone series in Illinois. 

Contrary to Jennings's interpretation Thomas and Meyen (198Q rightly 

point out that the stems he describes are probably ligulate. Some of 

the leaf cushion areas are similar to E. variabilis and 

E. fimbriophylla in shape and size, and are longitudinally oval to 

rhomboidal. Jennings also includes some stems in the same species 
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which have transversely elongated leaf cushions with lateral aýgles. - 

However, it is possible that these are part of a transitional, 

morphological series. Jennings points out that the leaves of 

Valmeyerodendron are broadly triangular. These differ considerably 

to the small falcate leaves of E. variabilis and the acuminate, 

fimbriate leaves of E. fimbriophylla. 

Crookall (1966) describes a lycopod leaf which is very similar to 

those attached to., E. fimbriophylla, which is only known from one 

specimen in the Lower Carboniferous of the Scremerston Coal group of 

Northumberland. The specimen is linear-lanceolate to acuminate and 40 

rnm long and 4 mm broad. There is a strong midrib and the lateral 

margins are fimbriate. The basal area is expanded and the lower margin 

of this region is irregular. If the specimen represents a sterile leaf 

and not a sporophyll, it is very similar indeed to those attached to 

E. fimbriophylla. UnfortunabEy Crookall"s illustration, does not show 

whether the midrib is expanded or clefted at the base. 

Tunguskadendron borkii Thomas and meyen (1984c) is a middle to 

upper Carboniferous lycophyte from middle Siberia. The material is 

preserved as compressions and the epidermal arrangement of the stem 

and leaves is known. Although this material lacks raised leaf cushions 

and ligule pits there are some similarities with the Drybrook species 

of. Eskdalia. The stem surface between the leaf bases lacks stomata 

and consists of longitudinally elongated cells which are, however 

larger than those in both E. variabilis. and E. fimbriophylla. The 

size shape and and distribution of the stomata and epidermal cells of 

the leaves of T. borkii are closely comparable with E. variabilis. 

The rather low frequency observed on fusainised leaves (70 to 80 per 

mm') is about the same asthat stated for T. borkii'which has'about 

65 per rrm - The irregular shape of the cells in the abaxial epidermis, 



70 

and the orientation of stomata is close to that seen in 

E. variabilis. However, the inter-stomatal epidermal cells have 

anticlinal, end walls which are less pointed than those of 

E. variabilis, and are more often rectangular. Thomas and Meyen 

(1984c) also describe oval areas on the stem surface, some of which 

have leaf laminae in attachment. These have a surface epidermis which 

is like that of the, leaf epidermis and contain stomata. Some other 

ovals which are more comnon, consist of larger, longitudinally 

arranged cells which they interpret to represent leaf-scars. Although 

the ovals in T-borkii are superficially similar to E. variabilis 

the present interpretation of this Siberian rraterial differentiates it 

from the Drybrook material. 

Brasilodendron (Carrutherst 1869) Chaloner et al (1979) from 

the early to middle Permian of Brasil consists of fusiform leaf 

cushions which bear sigmoid, fimbriate leaves. Like E. variabilis the 

upper field of the leaf cushion is little developed and the lower leaf 

cushion is well expressed. Two, superficial stomatal bands were 

identified on the abaxial surface of the leaves. Stomata were 

apparently abseht from the leaf cushion, although the authors admit 

that this may be due to the small fragments of cuticle available. The 

stomata are more strictly confined to the lateral bands than those 

seen in the fusainised Eskdalia leaves and the leaf cushions 

apparently lack a vertical keel and a basally expanded heel. 

A number of Lycophyte genera are known from the Lower Carboniferous 

of Africa (Danze-Corsin 1960, Lgjal-Nicol 1978, Mensah and Chaloner 

1971). Many of these are assigned to genera such as Lepidodendropsis 

Lutz (1933), Prelepidodendron and Sublepidodendron. More recently 

some forms have been assigned to Tomiodendron varium (Radczenko) 

Meyen 1972 and Ursodendron Radczenko 1960 by De Rouvre 1984. Both 
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Mensah and Chaloner (1971) and Thomas (1978) point out that these 

genera have been previously conpared on rather arbitrary characters, 

particularly as much of. the material is poorly preserved. It is only 

with some difficulty that a meaningful comparison can be made with 

many of the taxa generated by the French workers with material which 

is more fully described. Comparison with more fully described species 

of Lepidodendropsis clearly separates the Drybrook species of 

Eskdalia from this genus. 

Mensah and. Chaloner (1971) describe inverted pear-shaped leaf 

cushions of. Lepidodendropsis sekondiensis in low angle spirals. The 

material is quite well preserved and the author's illustrated material 

clearly demonstrates that the leaf cushion outlines; "taper basally, 

becoming flush with the stem surface, before the converging edges 

meet; ". This is quite different to the well developed leaf cushion 

base and expanded heels of the Drybrook axes. 

, Tongmans (in Jongmans and Van der Heide 1955) points out that such 

a distinction using the leaf cushion base as a critical structure is 

only possible in well preserved material. Perhaps the soundest feature 

that separates Lepidodendropsis (or at least two species of this 

genus) from. E. variabilis, is the presence of a small compact cone 

attached terminally to a narrow, vegetative axis. Fertile axes of 

Lepidodendropsis devoogdi from the Lower Carboniferous of Peru, 

consist of unmodified sporophylls with adaxial sporangia, ' which are 

not organised into a strobilus Jongmans (1954 PL. 21, fig 20). The 

fertile areas of Lepidodendropsis vandergrachti are similar and also 

lack cones (Jongmans, Gothan and Darrah 1937). 

The difficulties encountered in assessing the generic limits of 

genera such as Lepidodendropsis and their possible significance will 

be discussed more generally in Chapters (9) and (10). This genus, in 
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particular, is of special interest as it has been referred to as 

constituting a major widespread and ubiquitous element in the so 

called "Lepidodendropsis floras" in the Lower Carboniferous. 

comparison with permineralised lycophytes: 

Both the stelar and cortical anatomy conform to the general 

distribution and fine structure of tissues in the lepidodendralean 

lycophytes. The fusainised branching twigs represent the distal parts 

of a determinate growth pattern,, where, all the tissues are primary. 

The primary cortex conforms to the general arrangement seen in 

permineralised lycophyte axes, although this material is from much 

narrower stems than are usually described (Seward and Hill 1900j, 

Eggert 1961, Dimichele 1981). Three fairly distinct zones are visible 

which may represent the inner and outer zones of smaller elementsl and 

a middle cortical layer of larger, isodiametric cells. The outer layer 

of cortical cells does res; emble that described by Eggert (1961), 

which consists of narrow,, thick walled elements res embling 

collenchyma. 

The stele consists of tracheids which res_emble those described 

from mst lycopods. The fine structure includes broad scalariform bars 

which constitute the "late" part of the cell wall, and evidence of an 

inner wall layer coniposed of narrowr vertical fimbrils, which form 

bridges between the vertically adjacent scalariform bars. The fimbrils 

were first identified by Witham (1883). Although there is a repeated 

association between scalariform bars and these striations among 

Lycopods, some variation is found in the thicknqss of the bars and the 

appearance of the vertical fimbrils. For example,. the vertical 

fimbrils in Clwydia microphylla sp. nov. (chap 4) are more robust 
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and are sheet-like with rounded aperturesf whereas the tooth-like 

emergences seen in E. variabilis have a more delicate appearance. 

There is some controversy as to whether the thin fibrillar wall is 

part of the primary or secondary cell wall. Barghoorn and Scott (1958) 

believed that the fimbrils represent part of the primary wall, whereas 

Chican et al. (1981) suggest that they represent an altered 

part of the secondary wallr which has formed as a result of 

contraction and tearing of a thin layer that once connected the 

thicker scalariform, bars. The position of the broken pegs at the 

innermost position of the cell wall in, E. variabilis may indicate 

that they represent part of the primary wall. Further comparison and 

discussion of these structures is continued in chapter (4). 

meyer-Berthaud (1985) recently described some' quite slender, 

permineralised axes from the Tournaisian of the Montagne Noire in 

France. Trabicaulis Meyer-Berthaud (1985) lacks well developed leaf 

cushions. In longitudinal section the emergences which depart from the 

stem and which were presumably attached to the leaves, are not 

expanded basally to form a heel,, or laterally to form wings 

(Meyer-Berthaudi, 1985, PL. 2jfig 6,7). Landeyrodendron Meyer-Berthaud 

is a new genus of which she describes two species. Both of these 

consist of axes between 10 and 15 mm in diameter, with oval areas of 

leaf attachment which are slightly contracted at the base. Their size 

and shape is quite similar to those of E. variabilis. The leaves are 

persistent and the oval areas are described as leaf cushions. The oval 

areas represent the proximal areas of leaf bases which are only 

slightly extended from the surface of the stem. The cells constituting 

the surface are very similar to the longitudinal elements visible 

inside similar oval areas in decorticated stems of E. variabilis 

(Meyer-Berthaud 1985, PL. 5, fig 8). However, the stems lack expanded 
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areas of leaf cushion and the vascular strands, which are at the same 

angle of departure as E. variabilis, are accompanied by an abaxial 

perichnos trace. This is evidently absent in- E. variabilis- as the 

parenchymatous cells, visible in false leaf scars of the fusainised 

leaf cushions, closely surround the the vascular trace. 

Oxroadia gracilis Alvin (1964) lacks expanded leaf cushions and 

the leaves are recurved rather than directed distally. 7he attached 

fructification of Alvin's material is also quite different to the 

strobilus attached to'E. variabilis. 

DISCUSSION OF LEAVESt LEAF CUSHIONS'AND STOMTA 

Andrews and Murdy (1958) point out the situation among arborescent 

Lepidodendrids, that during the early stage of ontogeny before the 

development of a branching leafy crown, the ratio of 

non-photosynthetic to photosynthetic tissue was low. Thomas (1966) 

characterised the lepidodendroid stoma which was identified on 

cuticles extracted from the surface of leaf- cushions. He mentioned 

that this might increase the photosynthetic capability of the 

lepidophyte main axis and therefore, to some extent, help to explain 

the situation outlined by the authors above. This point was raised 

again by Chaloner and Collinson (1975 ) who calculated estimates of 

stomatal frequency on impression material of Sigillariar which they 

considered to be homologous with the leaf cushion surface of 

Lepidodendron. Both Thomas (1966) and Chaloner and Collinson (1975) 

infer that the presence of stomata indicates that the underlying 

tissue was photosynthetically active. 

Chaloner and Collinson (1975) also point out the conclusions 

reached by Salisbury (1927) concerning the stomatal frequencies of 
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extant woodland plants and their possible correlation with their 

ecology. Salisbury detected a generally positive correlation between 

stomatal frequency and aridity or exposure. Dry or exposed conditions 

were reflected by hik stomatal frequencies and humid environments are 

more often associated with low frequencies. Enormous variation was 

noted between canopy or "sun" leaves and more basal "shade" leaves 

among the arborescent species which might be a reflection of a 

humidity gradient. Salisbury also pointed out that the 

non-chlorophyllous areas of variegated Ilex contained more stomata 

than the adjacent green areas. Because of the large number of 

variables which effect stomatal frequencies from Salisbury's work (the 

above are just a few) it seems highly unlikely that any ecological 

correlation is possible in highly fragmented fossil material. Another 

difficulty is that Salisbury's data is based on angiosperms whereas 

the ontogenyp the type of secondary tissue constituting the main trunk 

and the anatomy of the leaves of the Lycophytes under consideration 

are all quite different. The relationship of the stomatal frequency 

in controlling gaseous diffusion and transpiration might be 

quite different. There is also the possibility that the areas of 

tissue underneath the stomatiferous, leaf cushion epidermis is 

non-photosynthetic. 

However, the stomata in. E. variabilis are confined to abaxial bands 

on the leaf with little evidence of any on the leaf cushion surface. 

The stomata have a mean frequency of 80 to 90 per mm. Conpared with 

the frequencies found in species of Lepidodendron (Thomas 1966) and 

Sigillaria (Chaloner and Collinson 1975) this is a good deal lower. 

Only one species, Lepidodendron veiltheimii has a similar frequency 

of 60 per mm2. The majority of other species have frequencies between 

200 and 350 per mmý The number recorded by Chaloner and Collinson 
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(1975) for Sigillaria is between 540 and 1100 which is far greater 

than any of the other reported frequencies. The stomatal frequency of 

E. variabilis is from the abaxial surface of the microphyll and it is 

possible that this may be the reason for the large difference. 

Unfortunatly there is no available data regarding the stomatal 

frequencies of leaf material. The low frequency of stomata in 

E-variabilis might represent a humid habitAtif a correlation with 

salisbury's findings are accepted,, but a comparison such as thist as 

stressed above, is highly speculative. 

ribe small falcate leaves of E. variabilis conform to the overall 

morphology of the sirrple type of lycophyte leaf described by Graham 

(1935). This type of lycophyte leaf has a simple outline with a single 

vascular trace and midrib. The stomata are confined to superficial 

bands at each side of the midrib. other similarities include the 

hypodermis and a mesophyll of rounded, parenchymatous cells. The 

vascular trace of these leaves are also similar, in possessing a small 

vascular trace of narrow, angular tracheids. None of Graham's material 

contained the large tracheids with oval pitst characteristic of 

E. fimbriophylla. The guard cells of E. variabilis differ slightly 

to the transverse sections of guard cells observed by Graham (1935r 

figst 23,25,37,49) and lack the rim which surrounds the stomatal 

aperture. Like E. variabilis the permineralised sections show little 

development of the stomatal pit which is described by Thomas (1974). 

In E. variabilis there is an indication that part of the epidermal 

cells may be slightly superimposed by the outer edges of the guard 

cells. This is quite different to the arrangement identified in 

numerous species of lepidodendrid by Thomas (1974). 

Although the fusainised leaf cushions are. not perfectly 

pteserved, the available material suggests that the stomata are 
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confined to the abaxial surface of the leaves. There is strong 

evidence that the leaf cushion contains an hypodermis which is 

strongly developed along the median part of the leaf cushion into a 

keel. It seems likely that the role of the expanded leaf cushions in 

E. variabilis is a supportive one rather than photosynthetic. 

The overall size of both E. variabilis and E. fimbriophylla is 

unknown. Both axes show a distinct narrowing of the internodes after 

each dichotomy, and the inter-cushion areas lack the wrinkles and 

secondary epidermis which indicate the surface compensation of deeper 

secondary cortical expansion (Thomas 1970). Because of the generally 

small size of plant organs at the locality it is possible that 

pre-depositional sorting prevented larger lycophyte axes from entering 

the depositional environment. However, the decrease in stem diameter 

towards the distal parts of the branch systems, perhaps indicate that 

the plants were not herbaceous, at least not to the extent that 

Clwydia microphylla. sp. nov. (chapter 4) is believed to have been. 

It is certainly arguable whether the two axes described here were 

originally part of the same plant. If this is-shown to be the case the 

branch system would show a clear example of heterophylly (Eggert 1961, 

Chaloner and Meyer-Berthaud 1983). In a morphometric study of stem 

width - and leaf length among a variety of 

Lepidodendrids, the latter authors point out that a 

correlation exists between stem width and leaf length where; "The 

broadest stems bear the longest leaves". The number of leafy stems 

of E. fimbriophylla from Drybrook are insufficient for quantitative 

analysis, but at least two specimens of E. fimbriophylla with large 

spiny leaves in attachment were narrower than the broadest stems of 

E. variabilis which has smaller, falcate unfimbriate leaves. This is 

not compliable with Chaloner and Meyer-Berthaud's growth model, and 
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would appear to be another reason for separating the two stems. 
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Genus Angarodendron Zalessky emend. Meyen 1976. 

Angarodendron macroligula sp. nov. 

PL. 3.18, figs 1-13,, PL. 3.19, figs 1-7 Text. fig 3.7 A-E. 

DIAGNOSIS 

Stemsf 25 to 60 m broad with transversley elongated leaf cushionst 

leaves unkxiown. Leaf cushions 2 by 2.5 to 4 by 6 mm in length and 

width. Lateral angles rounded to acute, overall shape, transversely 

oval to rhomboid. -Upper leaf cushion flattened with large ligule pit, 

lower leaf cushion laterally expandea into wide heel. oval depression 

or infrafoliar bladder present, in middle region of leaf cushion. Leaf 

cushions arranged in spirals forming two uneven parastichies, vertical 

orthostichies sometimes present. Inter-cushion areas wide, 3 to 8M 

in width. Stem cuticle thinner towards margin of leaf cushion. 

Epidermal cells oval to isodiametric, aligned in direction of nearest 

leaf cushion. Cells above leaf cushion isodiametrict up to 30 Pm in 

diameter, cells at sides and below leaf cushion, 60 to 105 
jum, 

in 

length, 40 to 60 pm in width. Ligule pit large up to 2 mm, long 

with expanded base. 

TYPE MATERIAL 

Syntypes: 

PB13002. Coupressionr PL. 3.18, figs 1,2, Text. fig 3.8 A. 

PB13012. Conpression, PL. 3.18,, figs 5,, 6. 

PB13011. Conpressionj PL. 3.18, figs 10,11, Text. fig 3.8 BjC. 
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PB13010. Conpressiont PL. 3.18, figs 8,9. 

PB12072. Conpression, pl. 3.19, figs 1-7. 

TYPE IDMITY AND AGE 

Hazel Hill quarry, Puddlebrook, Nr. Drybrook, Forest of Dean, 

Gloucestershirer Upper Visean. 

DESCRIPTION 

Twenty five specimens of a defoliated stem were found which range 

from 25 to 60 p in diameter. None of the specimens show any evidence 

of branching but this could have resulted from the limited size of 

fragments available. Cuticle was cor=nly found adhering to the 

impression surfaces (PL. 3.18, figs 2,3,5), but the best preserved 

cuticle was discovered in fine grained lenses of sediment, where the 

organic material is unweathered, and the inorganic impression surface 

is poorly preserved. The cuticles are treated synonymously with the 

stem impressions? because they have the same epidermal features which 

are sometimes just visible in the cuticles adhering to well preserved 

leaf cushion impressions. 

The leaf cushions are arranged in two uneven parastichies at angles 

of 50* and 7Cý (PL. 3.18, figs 1,3? 5). Vertical orthostichies are 

occasionally present (PL. 3.18, figs 7). The inter-cushion areas are 

smooth and the thick cuticle occupying these areas,, consists of 

undifferentiated, oval cells which lack stomata (PL. 3.18, fig 12, 

PL. 3.19, figs 1F213). Two specimens (PL-3.18, figs 3,5) show a series of 

grooves which are visible in the middle of the inter-cushion area, and 

which suggest the presence of fusiform leaf cushions separated by 

narrow inter-cushion grooves (PL. 3.18, fig 4, arrow). However, because 

this feature is inconsisttnt among the impressions, and in the absence 
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of any cellular differentiation in the cuticle from these areas, the 

transversely elongated areas are believed to represent the leaf 

cushions (PL. 3-18, figs 8,9,10,11). The leaf cushions are 2 by 2.5 to 4 

by 6 mm in length and width. The upper margins are arched and are 

differentiated from the stem surface abruptly, where a pronounced 

ridge or rim is visible (PL. 3.18, figs 2.4,61 Text. fig MD IJI). The 

lower margin departs from the stem surface less abruptly and where the 

lower and upper margins meetp an acute lateral angle is sometimes 

present. This is observed quite clearly in the cuticles, where the 

upper margins are angular at their junction with the lower margin 

(PL. 3.18rfig 121 PL. 3.191fig 1). Innediatdy above the lower margin the 

leaf cushion is raised and forms a wide heelf which protrudes above 

the surface of the stem and almost meets the lateral angles 

(PL. 3.18, figs 8,9,10111). In this region the cuticle becomes thinner 

(PL. 3.18, fig 12F P1.3-19, fig 3). All the impressions lack any 

substantial cuticle in the central area of the leaf cushion, and this 

is a reflection of what was probably thinner cuticle on the leaf 

cushion surface, or an indication of the position of the leaves before 

detac6ment- The ligule pit Js visible in the impressions as a 

slender cast, which is continuous with the upper margin of the leaf 

cushion (PL. 3.18ffigs 216, Text. fig 3.7, CID) The ligule pit is 1.5 to 

2.0 mm in length and expanded at the base which represents an oval 

space. The ligules visible on the isolated cuticles have only part of 

the ligule pit cuticle, and are normally visible as a single flap of 

cuticle and not a tube PL. 3.18, figs 12,13, PL. 3.19, fig lF2). One 

cuticle does have part of a ligule which almost forms a tube 

(PL. 3.18, fig 13, Text. fig 3.7, B). 

An oval depression is present in the middle region of the leaf 

cushion (PL. 3.18, figs 7-11, Týext. fig 3.7 CI). A stem with small leaf 
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cushions, which are 2.5 mm wide, have small oval areas which are 

partially superimposed by the ligule pit cast (PL. 3.18, fig 2, arrow, 

Tex t. fig 3.7 A). The oval depressions on the larger leaf cushions are 

up to 4M wide and have a smooth outer margin (PL. 3.18, figs 9,11, 

Text. fig 3.7 BjCjII) 

Description of cuticle: 

The cuticle is thick in the inter-cushion areas and becomes 

considerably thinner at the perimeter of the leaf cushion (PL. 3.18"fig 

121 PL. 3.19ffig 1). Imediatly above the ligule pit there is a zone of 

isodiametric to oval, epidermal cells up to 30 pm in diameterr which 

extend for much of the distance along the upper margin (PL. 3.19, figs 

2.4). The anticlinal ridges are wide and rugose, and the periclinal 

walls are rough. The cells in the central areas of the inter-cushion 

cuticle are oval and between 60 and 105 pm in length. These are not 

orientated in any direction, and the anticlinal ridges are rugose and 

the periclinal walls are smooth (PL. 3.19, fig 7). The cells below the 

lower margin are oval and mostly longitudinally arranged. They are 

between 40 and 60 W in length and have smooth anticlinal and 

periclinal walls (PL. 3.19, fig 6). In the thin cuticle irmmdiately below 

the perforation, the cells are irregularly shaped and 30 to 60 pm in 

diameter (PL. 3.19, fig 5). The antic1nal walls are smooth and narrow 

and the periclinal walls are smooth. The cells to either side of 

the leaf perforation are oval and longitudinally arranged 

(PL. 3.19, fig 6). 

DISCUSSION AND COMPARISON 

In the absence of attached leaves, it is difficult to say whether 
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the oval depression represents infrafoliar aerenchyma or the area 

once occupied by the leaf base. The depression margin is not sharply 

differentiated as would be expected if it represented a leaf scar. 

Alternatively if the leaves were not abscissed but were lost on 

account of partial decomposition and mechanical detatchement, a poorly 

defined false leaf scar, might be expected. Perhaps the only 

indication of the position of leaf attachment on these stems is the 

sharply delimited upper margin of the leaf cushiong which might 

represent the acute angle formed between the stem surface and the 

adaxial surface of the attached leaf. The attachment of the leaf in 

the upper part of the leaf cushion, might suggest that the depression 

occupying the lower area is unrelated to the position of leaf 

attachment. A suggested reconstruction of the position of leaf 

attachment is shown in a diagranuaticalo, longitudinal section of a 

leaf cushion (Text. fig 3.7 E). Because of the position of the 

depression and its close similarity to those present on the leaf 

cushions of Angarodendron zalessky, emend Meyen 1976, the structure 

is 'tentatively interpreted to represent -an infrafoliar bladder 

although there is no fine structure available to prove it. 

The central depression occupies at least one half of the leaf 

cushion width and its perimeter is not sharply differentiated 

(Text. fig 3.7 D IIII). It is for this reason that the area is not 

believed to represent a leaf scar. It seems more likely that it 

represents an actual depression of the leaf cushion surface. A 

tentative reconstruction of the leaf cushion, with a hypothetical leaf 

base in attachement is shown in Text-fig 3.7 F. There is little 

evidence that the depression represents an infoliar bladder or 

aerenchyma, but its position and similarity to some depressions 

visible in some Russian lycophytes is suggestive of such a structure. 
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The stems are sindlar in size to E. fimbriophylla and an 

argument could be put forward to suggest that the transversely 

elongate leaf cushions represent rhomboidal leaf cushions after 

secondary, cortical expansion of the stem. Howeverr there was no 

evidence of secondary epidermal growth in the inter cushion areas of 

the cuticles. 

Using the suite of characters adapted for their key of 

Carboniferous lycophyte shoots and stems (Thomas and Meyen 1984ý)j and 

interpreting the central depression as equivalent to the structures 

seen in the Russian stemst this material is most suitably assigned to 

the genus Angarodendron Zalessky 1918, emend. Meyen 1976. Meyen 

gives the following emended generic diagnosis: " LC minuter 

transversely elongated, lenticular to nearly square with occasional 

sLcl with distinct contour often underlined by cuticular fold. Corner 

folds and heel are common. LP small, strongly cutinised. IB 

larger sometimes occupies more than half of LC diameter. " (LC= leaf 

cushion, SLC= subsidiary leaf cushion, LP-- ligule pitt IB-- infrafoliar 

bladder). 

meyen describes and figuýes two species, out of which 

Angarodendron obrutschevii Zalessky 1918, is the better known. The 

position of the ligule pit and the central depression or infrafo liar 

bladder are very similar to the Drybrook material, although the ligule 

pit in A. obrutschevii is not expanded at the base. Angarodendron 

is also characterised by the cuticular folds at the lateral angles. 

There is an indication in some of meyen's illustrations of fusiform 

outlines or grooves in the inter-cushion areas which are similar to 

those observed in some of the specimens from Drybrook (Meyen 1976, 

PL. 12, figs 93,95). The Drybrook stems do not show any evidence of 

branching which is also true for the Russian material. 
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The material is distinguished from, Tomiodendron Radczenko emend. 

meyen 1972 by its transversely elongated leaf cushion outline, and it 

differs to Lophiodendron Zalessky emend Meyen 1976, by its more 

distinct ligule pit. Ursodendron Radczenko emend. Meyen 1972 is 

similar in having a transversely elongated leaf cushion with corner 

folds and conspicuous ligule pits. However the material reviewed by 

Meyen appears to lack infrafoliar bladders or depressions. 
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Text. fig 3.1 

Eskdalia variabilis 

(A) Extensive branch system showing at least seven dichotomies which 
become more frequent towards the distal region. 'Ibe various parts 
referred to as(l), (2) and (3) are seen in more detail in Text. fig 3.2. 
PB11106 (XI-4). (B) Connection of strobilus to unmodified leafy shoot. 
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Text. fig 3.2 

Eskdalia variabilis (specimen PB11106'). 

(1) Basal part of shoot with evidence of two dichotomies and a 
reduction in stem width after each branching. (2) Middle part of 
branch with possible dichotomy (arrow). (3) Distal part of branch 
system with with at least four divisions. The stem diameter and leaf 
cushion outlines are significantly smaller to those in the more 
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T, ext. fig 3.3 

Range of leaf cushion morphology and 
preservation polymorphs in E. variabilis. 

(A) Small oval to rhomboidal leaf cushions with single, isolated 
impression of keel. PB11029 (X2). 

(B) Longitudinally oval, slender Type (I) leaf cushions, with little 
three dimensional structure. PB11106 (X6). 

(C) Flattened compression of Type (I) preservation with leaf in 
attachment and a continuation of the keel, visible as a cuticular 
line. PBl1059 (X7.5). 

(D) Leafy shoot where the line of cleavage has passed over the outer 
surface of the attached leaves. PB11024 (X2). 

(E) Flattened compression where the line of cleavage has passed over 
the outer surface of the flattened leaf cushions, so that their 
external outline is seen in surface view. PB11121 (Xl. 5). 

(F) Type (II) preservation,, with more three dimensional structure, 
including sediment accretions or wings around the upper and lateral 
margins of the leaf cushions. PB11103 (X5). 

(G) Type (III) preservation with isolated depressions which represent 
the impressions of the keel which is continuous with the midrib of the 
leaf. PB11102 (X5). 

(H) Type (IV) preservation with a large variety of impression surfaces 
and depressions including; (1) simple rounded triangular depression; 
(2) Depression with vertical and horizontal grooves; (3) Central, 
depression with well expressed impression of the keel below the leaf; 
(4), (5), (6) Asiýmmetrical and symmetrical wings; (7) Featureless leaf 
cushion surface. - PB11096 M). 

(I) Impression surface of fusainised, stem which clearly shows the 
continuation of the keel on the abaxial surface of the leaf, with the 
lower part of the leaf cushion. PB11104 (X12). 
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Text. fig 3.4 

Longitudinal reconstructions of the four main types of preservation 
based on the degree of conpression or flattening. 

(A) Reconstruction of leaf cushion seen as if sectioned longitudinally 
on a radial plane. 

(I) complete compression results in an impression surface with 
little three dimensional structure (Ia), which in surface view 
contains a double layer of cuticle around the leaf perforation which 
way be partially embedded in the matrix. 

(II) Sediment accretion between the adaxial surface of the leaf and 
the thinner cuticle, immediatly surrounding the upper parts of the 
leaf cushion (IIa, arrow), results in syffri6trical ork. ýmretrical 
wings, when seen in surface view (Ijb). 

(III) The keel, which is continuous with the leaf midrib, is more 
resistant to collapse and compression, compared with the rest of the 
leaf cushion. It forms a groove or notch, which may appear isol. ated 
from the midrib above (III a-c). 

(IV) 7bree dimensional impressions may form around 
fusainised material or contain empty spaces originally occupied by 
some form of organic material. 7bey contain a conspicuous depression 
where the leaf descends into the matrix (IVa, b). 
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Text. fig 3.5 

E. variabilis 

Three dimensional diagram summarising the four main types of 
preservation, comparing the surface features of the leaf cushion 
surfaces and the relative positions of the laminae which descend into 
the matrix. (IIa) and (Iva) represent leaf cushions towards the axis 
margins which are laterally displaced, but differ in the degree of 
three dimensional structure. The Leaf cushions are viewed as if from 
inside the stem, and they are unafýected by the line of fracture. 
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Text. fig 3.6 

(A) E. variabilis, Fusainised twig, the numbers refer to the various 
decorticated fragments illustrated in Plate 3.5, where (I)- PL. 3.5, fig 
5, (2,3)= PL. 3.5, fig 1, (4)n PL. 3.5, fig 4. PB11153 (M. (B) Fragment 
of decorticated, fusainised stem with raised rims around each concave 
oval area. 7bese represent the bases of leaf cushions. Each oval 
contains a central aperture which represents an empty vascular trace. 
PB11153, Fragment(4), M). (C) Reconstruction of decorticated oval 
and leaf cushion. 

E. f irrbriophy I la 
(D) Isolated leaf PB12066 (X2.5) , (El) surface view of lamina 
attached to leaf cushion outline, with central, keel impression, 
(E2,3) Part and counterpart showing passage of line of cleavage 
through raised keel impression, PB12005 (X8). (FI) lbree dimensional 
reconstruction of leaf cushion, and (F2)Relationship of the ligule 
pit, an attached leaf and the basal heel in a partially compressed 

1paf wit-h FrA^1.11rae MiArih--PRIMAR fY1k1---- 
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Text. fig 3.7 

Angarodendron mcroliqula 

(A) Small rhomboidal leaf cushion, with ligule pit cast overlying 
slight oval depression. PB13002 (X ). (B) and (C) Part and counterpart 
of transversely elongated leaf cushion. The depression or mould of the 
leaf cushion (B) has a ligule pit in the adaxial margin. The leaf 
cushion cast (C) contains a central oval depression and wide basal 
heel. A small hole marks the position of the expanded part of the 
counterpart seen in (B). PB13011 (X ). (E) Diagram showing the 
relationshipof the line of cleavage to the structures seen in (B) and 
(C). (F) Reconstruction of leaf cushion showing the suspected 
relationship of leaf attachment to the central depression. 
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CHAPTER 4 

ADDITIONAL LYCOPHYTE SHOOTS 

INTRODUMON 

The following chapter deals with some small Lycophyte shoots which 

do not exceed a few millimetres in width. All have small leaves in 

attachment and are distinguished by their differences in leaf form and 

arrangement, and the minute morphology of the stem surface. It is 

possible that one or more of these stems represent herbaceous 

lycophytes. Four types of leafy shoot are recognised which include a 

new species of Clwydia Lacey,, 'a- new species of Malanzania 

Archangelesky et al, and two problematical shoots with rounded 

leaves, which are assigned to two species of the new genus 
I. 

Drybrookia. 

CLASS LYCOPSIDA 

Genus CLWYDIA Lacey 1962 

Clwydia microphylla. sp. nov. 

PL. 4.1 to PL. 4.5 and Text. figs 4.1 to 4.6 
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DIAGNOSIS 

Leafy shoots at least 5 cm in length with stem, 1.5 to 2.0 mm in 

diameter. Branching dichotomous with angle of 30* to 50* between 

branches. Stem diameter constant at all levels of branching. 

microphylls arranged in four vertical orthostichies, decussate with 

distal hair-points, broadest a third of the distance from the base, 

3.2 to 4.5 mm long by 1.8 to 2.0 mm wide. Width of stem including 

leaves 5 to 7 mm, midrib present. Base of leaves not differentiated to 

form leaf cushions or expanded bases but emerge from stem as a thick 

lamina. Presence of ligule uncertain. Stomata confined to abaxial 

surface of microphyll with frequency of 340 to 380 per mmt. Guard cells 

35 to 38 pm long by 28 to 38 pm wide and raised above surface of 

microphyll. Stomata mostly longitudinally orientated with the long 

axis of the leaf. Stomatal aperture 16 pm long by 6-8 pm wide. Stem 

surface lacking stomata. Cortex 250 to 350 pm thick. Stele 400jum in 

diameter, exarchr consisting of scalariform to reticulate thickenings 

with rounded apertures in primary wall. Tracheids up to 25 Pm in 

diameter, and at least 60 jum in. length. Lamina about 0.5 mm thick at 

base palisade layer 80 pm wide,, vascular trace 250 pm in diameter and 

a zone of thin walled parenchyma in between. Hypodermis two to four 

cells thick, consisting of rounded to oval, thick-walled cells. 

TYPE MATERIAL 

Syntypes: 

PB60094. fusainisedt PL. 4.5, figs 1-8t Text. fig 4.4B. 

PB60095. fusainised, PL. 4.3, figs 2-7l PL. 4.4, figs 1-5, Text. figs 4ACID. 
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PB60091. Fusainisedf 

PB60038. Impressiont 

PB60002. Impressiony 

PB60003. Impressiont 

PB60051. Impression, 

PB60015. Impression, 

PL. 4.2tfigs 9rlOt PL4.31fig 11 Text. fig 4.4A. 

PL. 4.2, figs 415, Text. fig 4.3B. 

PL. 4.1, figs 6,8, Text. fig 4.1D. 

PL. 4.1, figs 7,9, Text. fig 4.1E. 

PL. 4.21figs 112t Týext. fig 4.3A. 

PL. 4.1, fig 1, Text. fig 4.1C. 

TYPE LOCALITY AND AGE 

Hazel Hill quarry, Puddlebrookj, Nr. Drybrook,, Forest of Dean,, 

Gloucestershire. Upper visean. 

INTRODUCTION 

The leafy shoots described here are preserved as flattened 

compressions, three dimensional impressions and as fusainised 

material. over one hundred specimens were collected and all are fairly 

small-fragments of branching leafy axes. Some material is described 

which may represent fertile axes which are previously unknown for this 

genus. The possibility that the plant represents a Lower 

Carboniferous, herbaceous Lycopod is discussed. The fusainised 

material has generated anatomical and morphological structures which 

are new to the genus. 

DESCRIPTION 

impression/compression material: 

The majority of specimens are slender leafy axes, up to 9 cm in 

length which branch dichotomously at varying intervals (PLA. 11figs 

1-3, Text. fig 4.1A-C). These three specimens. are mostly defoliated 

apart from a few attached microphylls (Text. fig 
. 
4.1A). The 

narrow stem diameter is constant at all levels of branching and this 
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is apparent in the specimens with several dichotomies. The angle 

between the branches resulting from each dichotomy is 5Crto 600. The 

stems are 1.5 to 2.0 mm in diameter and 5.0 to 7.5 mm in 

width, including the microphylls (PL. 4.1, figs 4-10). The microphylls 

are arranged in four vertical rows in all the material studied from 

this locality. There were no instances were this arrangement'changed 

apart from terminal regions which might represent strobili or 

vegetative apices (PL-4.2, figs 1,8). 

The microphylls are 3.2 to 4.5 nun in length and 1.8 to 2.0 min in 

width. They are broadest in the region one third of the distance from 

the base. They are slightly contracted at their point of attachment 

with the stem and are deltoid in outline, when seen in surface view 

(PL. 4. ltfig 9, Text. fig 4.1 E, PL. 4.2, figs 3,7). The angle' of the 

microphylls to the stem vary from quite open (PL. 4.1, fig 10, Týext. fig 

4.1D), to-'a more closed orientation where the distal two thirds of 

each leaf is decussate, and lies parallel to the axis. ' 

Nearly all non-fusainised specimens are of three dimensional, 

impressions which may be flattened to varying degrees. Two types of 

impression surface exist which differ in the appearance of the median 

microphylls (PL. 4.1, figs 617,819, Text. figs 4.1 DIE). Both types of 

preservation are impressions which contain an empty space with varying 

amounts of organic matter. It is possible that the impressions were 

formed around fusainised stems or some other type of organic structure 

that has since been weathered away. An interpretation of these two 

types of impression surface is shown in Text-fig 4.2. The 

preservation form referred to as Type (I) (PLA. 11fig 81 Text. fig 4.2 

IA-C) consists of an impression of the stem with lateral microphylls 

to each side and transverse grooves on the surface of the stem. Each 

groove marks the position where a median microphyll descends into the 
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matrix (PL. 4.1, fig 8 arrow b). The groove often has the appearance of 

a flattened letter W. Surrounding each microphyll depression is a 

circular to oval ridge 1.5 to 1.9mm in length and 1.3 to 1.5mm in 

width, (PL4.1, fig 8 arrow b) which is interpreted to represent a 

slight extension of the stem around the attachment of the leaf to the 

stem. In this type of preservation the median microphylls are at' a 

relatively wide angle to the stem'(Text. fig 4.2 IA) which had allowed 

sediment accretion between each leaf in the areas marked (S) (Text. -fig 

4.2IA). The other type of preservation differs to (I), because the 

impressions of the median microphylls are visible in surface view. 

They lie parellel to the axis and overlie the stem surface (PLA. 11fig 

9, Text. fig 4.1E, Text. fig 4.2 11 A-C). The hair-points of the distal 

parts of the microphylls are visible and the lateral microphylls have 

the same three dimensional morphology as those observed in the type 

(I). Small longitudinal grooves are visible to each side of the median 

microphylls (Text. fig ClE arrow a). In the Type (II) preservation 

the median microphylls were at a relatively acute angle to the 

stem at the time of deposition, so that little or no accretion of 

sediment occurred in the space between them and the main axis 

(Text. fig 4.2 IIAIB). 

In a number of stems the median row of leaves is orientated at an 

angle of 450F relative to the cleavage plane. The median microphylls 

are displaced and the lateral microphylls are of variable lengths 

(PL. 4. ltfig 10, Text. fig'4.1F). The lateral microphylls are similar to 

those of both Types (I) and (II), and consist of V-shaped impressions 

where, the groove. at the bottom of the V represents the lamina edge of 

the the partially flattened microphyll (PL. 4.1, figs 8,9,10, Text. fig 

4.1D arrow B). 

The terminal parts of some shoots have a different appearance to 
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some of the more proximal leafy axes (PL. 4.1, figs 1,2,5,8, Text. fig 

8.3A). In these regions the appendages are more densely arranged and 

their bases overlap. In two specimens the compact, distal zone occurs 

after a sharp bend of the proximal, vegetative axis (PL. 4.11fig 5l 

PL. 4.2,, fig 1). Some parts of the axes are defoliated, and are only 1.0 

to 1.25 mm in diameter (PL. 4.1, fig 51 PL. 4.2#figs 4j5). Close 

inspection of these regions suggests that the tightly clustered 

appendages, might represent sporophylls. one specimen j kindly donated 

by Dr. B. A. Thorrast is a slightly flattened, three dimensional mould 

inpression, which contains at least ten groups of rounded depressions, 

which occur in groups of about three (PL. 4.2, figs lr2, Text. fig 4.3A). 

Each depression is 0.9 to 1.8 mm in diameter and is subdivided into 

several oval or rounded-triangular units. At high magnification 

randomly arranged holes are visible on the surfaces of the most finely 

preserved impressions. It is possible that these indicate some kind of 

ornamentation on the surface of the sporangia or the megaspores. The 

material is not preserved well enough to determine, for certain, 

whether each group of depressions represents three sporangia or three 

megaspores enclosed within a single sporangium. 

Another specimen consists of a basal vegetative part (PL. 4.2rfig 41 

arrow V) with attached microphylls and two partially defoliated 

branches, either of which could be attached to the basal part. Both 

are partly defoliated and contain oval or cordate depressions and 

small oval casts which occur in groups of up to four (PL. 4.2, fig 5 

arrow, Text. fig 4.3B arrows a1b). The circular to oval casts are 0.6 

to 0.9 mm in diameter and are contained within depressions 1.7 to 1.9 

mm wide. one group of oval casts is superinposed on a heart-shaped 

appendage which might represent a sporophyll (Text. fig 4.3B arrow b). 

The casts may-be in tetrads, and like the depressions of the specimen 
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described above (PL. 4.2rfigs 1,2)o each cast is covered with 

minute holes. Another specimen is illustrated, which although poorly 

preserved,, shows a vegetative shoot which dichotomises once 

(PL. 4. lffig 5). Above the branch point the axis is strongly recurved 

and distal to this, the stem consists of a partially defoliated axis 

with spherical depressions, which are associated with a few attached 

appendages. 

Fusainised material: 

Seven fusainised specimens of Clwydia microphylla were found 

but only four were consolidated enough to withstand demineralisation 

in 40% HF, -and observation with the S. E. M . Because of the close 

similarity of these stems to the three dimensional impressions, the 

two types of preservation are believed to originate from the saffe 

plant. 

one fragment of a leafy axis (PL. 4.2,, fig 9F Text. fig 4.4A) 

indicates that the microphylls are attached to the stem in four 

vertical rows. seven microphylls or parts of microphylls are visible 

in attachment. Another specimen that is in two fragments, (PL4.3, fig 2, 

Text. fig 4.4C) is finely preserved (PL. 4.5, fig IjText. fig 4.4B) and 

also has four vertical rows of microphylls in attachment. 

The main axis is 1.2 to 1.3 mm in diameter and there is little or 

no differentiation around the base of the leaves to form a leaf 

cushion or raised leaf base (PL. 4.2, fig 9, Text. fig 4.4A) and 

(PL-4.3, fig 3). The microphylls emerge from the stem surface as thick 

laminae. In another fragment (PL. 4.5, figs 1,2 Text. fig 4.4B arrow a) 

the laterally attached microphyll is flattened in a direction 

perpendicular to the flat leaf surface. It appears to have a broad 

area of vertical attachment to the stem and has lost its laminate 



93 

structure (PL. 4.5, fig 2, Text. fig 4-4B). Although the base, of this 

single appendage superficially res,, mbles an expanded leaf cushion# 

the ridge which is visible along the middle of the microphyll 

(Text. fig 4AB arrow a) is interpreted to represent the edge of the 

lamina or- a region near the edge of the lamina before it was 

flattened. The structure of this microphyll and the presence of the 

median ridge corresponds well with the impressions of lateral 

microphylls seen in the three dimensional inpressions described above 

(Text. fig 4AD arrow b). It would appear that the distortion of the 

lateral microphylls is a frequent occurrence in the fusainised and 

impression material. However this does not always occur, as 

illustrated by the lateral microphylls in the specimen in PL. 4.2, fig 9 

and Text. fig 4.4A. None of the fusainised specimens had hair-points in 

attachment but this would be expected owing to the very fragile nature 

of the fusainised material. Several microphylls had small fracture 

areas at their points which probably represent the areas at which the 

hair-points were separated. 

Fine structure of the stem : 

The surface morphology of areas on the stem between the emerging 

leaf laminae rarely generate cellular detail in this material. The 

epidermis is visible on the microphyll surfaces but the stem surface 

appears to consist of thick walled elements lacking stomata 

(PL. 4.3, figs 3,4). The point at which the stomata are no longer 

present in the area between the abaxial surface of the leaf and the 

stem surface is quite obvious. 

The two parts of the specimen in Text. figs 4.4 B, C generated limited 

anatomical details. The cortex is 0.25 to 0.35 -mm in width and 

encloses the stele which is at least 400 pm in diameter (PLA. 51figs 
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3,4). The cortex consists of elements that are oval to isodiametric 

and 15 to 45 pm in diameter. There appears to be little organisation 

or differentiation into inner or outer cortical zones apart from a 

slight tendancy for smaller thick walled elements to be more frequent 

at the outside., The stele is visible and protrudes from one end of the 

fractured surface of the stem (PL. 4.5, fig 31 PL. 4.5, figs 4,5). All the 

vascular tissue is primary and consists of a solid, exarch protostele 

with metaxylem elements in a central position and smaller protoxylem 

elements outside (PL. 4.5, fig 5). The metaxylem tracheids are about 25 

pm in diameter and at least 60pm in length. They are oval, circular or 

rectangular when - seen in transverse section. The tracheids 

consist of a thin, merrbraneous early wall which is interrupted by a 

series of circular to oval spaces which, are clearly visible. in 

longitudinal section (PL. 4.5, fig 8 ). In transverse section ýthe 

primary wall is visible as-a series of tooth-like pegs (PL. 4.5, fig 6). 

The inner wall is scalariform to reticulate consisting of thickenings 

that are approximately 3 pm wide (PL. 4.5, figs 7,8). A narrow gap is 

present between the primary walls of a number of tracheids but it is 

difficult to say whether they represent a middle lamella or merely the 

gap produced by various forces as a result of'preservation and 

fusainisation. 

Fine structure of the microphyll: 

only one specimen provides any evidence of a ligule'pit which is 

visible as a raised oval structure on'the adaxial surface of a 

laterally distorted microphyll. only one of these structures was 

visible and its morphological significance is, unclear. Stomata are 

only present on the abaxial surface of the microphyllWhere they have 

a frequency of 340 to 370 per mm"(PL. 4.3, figs 1,415#,, 6). ' It is 
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difficult to be sure what the precise structure of the guard cells and 

the epidermal cells is, because of the quality of preservation. of the 

three specimens which generated fine structure of varying quality, 

three types of stem were identified which are subsequently believed to 

represent preservational variations of the same structure (Text. fig 

4.5 A-C). The stomata are 35 to 38 pm in length and 28 to 38 pm in 

width. In one specimen both guard cells are clearly visible 

(PL. 4.4, fig6l Text. fig 4.5A) and the differentiation at the points of 

contact at the extremities of each cell is seen (arrow a). There is a 

broad, stomatal pore and a continuous ridge is present on the upper 

surface of both guard cells (PL. 4.4, fig 6 arrow b, Text. fig 4.5 A 

arrow r). In this specimen the guard cells are slightly lower than the 

surface of the microphyll which is irregular and poorly preserved. In 

another specimen (PL4.3, fig 11 Text. fig 4.5B) the stomata have a 

different appearance. There is a rim on the surface of the guard 

cells. Tust inside the rim, are the inner faces of the guard cells 

that line the*stomatal aperture. In the previous example only a large 

oval space was visible. Another type of stoma found on another 

specimen shows that both guard cells- are partially obscured by an 

outer layer. The guard cells are raised above the microphyll surface 

(PL. 4.3, figs 5,6). The inner edge of the guard cells is perched above 

the storratal aperture (PL-4.3, fig 6 arrow rr Text. fig 4.5C). The inner 

surfaces of the guard cells that surround the stomatal aperture are 

slightly raised and bulge outwards to met each other. The remainder 

of the guard cell surfaces is obscured by a skirt of material which 

probably represents the cuticle that would have been continuous with 

the guard cells and the neighbouring epidermal cells. 

The stomata are very closely arranged. Apart from an indication of 

narrow grooves that might represent slender epidermal or subsidiary 
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cells, little surface detail is available. Part of one specimen shows 

some detail of the sub epidermal tissue or hypodermis (PL. 4.3, figs 

5,7). on the right part of the abaxial surface the outer layer has 

been removed to reveal a thick walled hypodermis of randomly arranged, 

isodiametric to oval cells that are 15 to 34 um in diameter. The cells 

are thick walled and little information could be seen regarding the 

arrangement of the stomata with this fibrous layer. 

The upper epidermis of the microphyll , seen on a laterally 

distorted microphyllf lacks stomata and consists of elongate cells 

that are aligned with the long axis of the microphyll (PL. 4.5,, fig 2). 

The cells close to the central ridge, which represents the lamina 

edge, are more irregular and 20 to 28 um in diameter (PL. 4.5, fig 2). 

A transverse section through a microphyll is visible in one 

specimen which was fractured near to1ts point of attachment with the 

stem (PL. 4.4, figs 1-51 Text. fig 4AD). Several zones of cells are 

visible. The hypodermis is two cells thick near the edge of the lamina 

and three or four cells deep closer to the midrib (PI, 4.4, fig 1, 

Text. fig 4AD arrow b). The stele consists of a single strand of 

tracheids which are similar to those of the stem and contains about 35 

elements with a mixture of narrow and broad tracheids ranging from 8 

to 15 um in diameter (PL-4.4, figs 215). The tracheids have thin early 

walls and like those of the stem are scalariform to reticulate 

(PL. 4.4, fig 5). In transverse section the primary walls are visible as 

small pegs indicating that they have the same oval spaces as those of 

the stem. The stele is 250 um in width and 80 um, in height. The 

surrounding tissue is poorly preserved and crushed. ImmediatAly above 

the stele a number of elongate elements are arranged perpendicularly 

to the microphyll lamina (PL. 4.4, fig 4, P). Each element is about 75 um 

in length and 20 um in width. It is possible that this layer of cells 
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represents a layer of palisade parenchyma on the adaxial_side of the 

microphyll (Text. fig 4AD arrow a). 

COMPARISON AND DISCUSSION 

The leafy shoot described above is a distinctive lycophyte on 

account of the arrangement of microphylls in four vertical rows and 

the presence of distal hair-points. Thd material from Drybrook is 

assigned to the genus Clwydia Lacey. A number of similar leafy 

shoots are listed in Table 4.1 which shows their principalr 

morphological characters and occurrences. 

comparison with other occurrences of, Clwydia 

Apart from a difference in overall size these shoots are very 

similar to c. decussata from the Lower Brown Limestone of North Wales 

(Lacey 1955,1962). The microphylls of C. decussata are at least 

12mm in length whereas those of C. microphylla reach a full length of 

of only 3.2 to 4.5mm. Most of the Drybrook specimens are preserved as 

three dimensional inpressions, whereas the material from the 

localities in the Vale of Clwyd are preserved as flattened, 

carbonaceous compressions. Lacey identified some hexagonal outlines 

surrounding the leaf bases in C. decussatar which he interpreted to 

represent'the shape of the leaf base impressed in the matrix. Although 

such clearly defined hexagons are not present in the impressions of 

C. microphylla, some faint oval ridges are visible, which might 

indicate a slight extension of the stem around the area of attachment 

with the leaf. The fusainised specimens from Drybrook show no 

differentiation to form an expanded leaf base. The impressions and 

fusainised material both suggest a flatter microphyll profile than 

Lacey (1962) reports for C. decussata, which he describes 
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as; proximally, roughly conical in shape. He also describes lateral 

and abaxial ridges on the microphylls which he suggestsýcorrespond to 

the angles of the hexagonal outline at the point of attachment with 

the leaf lamina. There are indications of these ridges in 

C. microphylla, but it seems that great care is neccessary in 

interpreting their relationship with the original three dimensional 

structure of the microphylls and their attachment to the stem. If 

lateral and median microphylls are compared two quite differant 

arrangements are visible. This is believed to result from a lateral 

conpression or distortion of the lateral microphylls so that the edge 

of the lamina is visible-as a central ridge. The flattened impression 

of the lateral microphyll superficially res-embles a broad area of 

attachment to the stem. 

Additional comparable material includes the controversial leafy 

shoots from the Lower Carboniferous of Westmor land (Table 4.1), 

which were first described as Lycopodites vanuxemi Kidston 1885. 

This material includes a number of larger axes as well as narrow, 

decussate shoots of the same form as C; decussata. Kidston and 

numerous subsequent authors treat both the larger stems and 

the narrow decussate axes synonymously. Kidston (1901) subsequently 

synonymised this material with Archaeosigillaria vanuxemi from the 

Upper Devonian of New York state on account of the similarity of its 

apparently 1ýexagonal leaf bases. Krausel and Weyland (1949) separated 

this material from A. vanuxemi and reclassified all the Westmor land 

shoots as Archaeosigillaria kidstoni. This approach was 

followed by Crookall (1966), Chaloner (1967) and Nudds and Taylor 

(1978). Lacey (1962), mentions the possibility that, in fact, two 

types of leafy shoot exist in the limited material from Westmonland. 

He suggested that one was more similar to the Clwydia from N. Wales 
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on account of its narrow stem and decussate leaves with hair-points. 

The other consists of broader, leafy axes attached to narrower 

shoots that decrease in diameter after each dichotomy. 

It is apparent that two approaches are available concerning the 

Genus Clwydia. one involves a broad concept of the genus whereby the 

leafy axes from N. Wales and all the material from Westmor "And are 

treated synonymously. The other approach is that followed by Lacey 

(1962) where the narrow leafy shoots with decussate microphylls 

arranged in four vertical ranks, are assigned to the Genus Clwydia 

and considered distinct to the broader Westmor land axes which retain 

the name Archaeosigillaria kidstoni. 

The new species of Clwydia from Drybrook substantiates Lacey's 

approach for a number of reasons. Firstly the axes never exceed a 

maximum diameter of about 2.0 mm even after a. number of dichotomies 

are traced proximally. Over a hundred quite well preserved specimens 

were found and not once was a stem wider than this found in 

attachment . This is one of Lacey's main arguments for separating the 

genus. Secondly the use of the "leaf base outline" as a means of 

distinguishing these axes is unreliable as the leaf, base outline is 

too variable and is probably dependant on a number of preservational 

and compression factors. Thirdly, the material which supposedly 

demonstrates the connection of the Clwydia-like shoots to the 

broader stems in the Westmor land material, is ba sed on two specimens 

and neither of these is well preserved (Crookall 1966, PLXCVIII. figs 

2,3, spec nos. 60.64. RFf 60.64. RC). Having inspected this material, 

it is arguable whether the terminal shoots on these broader axes do 

have microphylls arranged in four vertical. rows and whether their 

leaves are decussate with hair-points. It appears more-likely that the 

microphylls are in very steep spirals than in vertical orthostichies. 
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Some of the isolated specimens from Westmorland are very similar 

to C. decussata (specimen nos. 60 64 RG and 60 64 RBI Liverpool City 

Museum). Unlike the broad stems, the shoots branch without any 

appreciable reduction in stem width and have decussate leaves with 

hair-points arranged in four vertical rows. on this basis these two 

specimens are synonymised with, C. decussata as they are of a slightly 

larger size than C. microphylla. 

Another record of a SLwydia-like plant is from the Arundian. or 

Holkerian of Cumbria at Ravonstonedale (Nudds and Taylor 1978). The 

naterial consists of fragmented leafy shoots preserved as sediment 

and calcite infills. Only the gross morphology is preserved. Because 

of its small size it is more similar to C. microphylla than 

C. decussata. The microphylls have hair-points, and if the type 

of preservation reflects the original structure of the leaves, like 

C. microphylla, r they are flatter in section near their point of 

attachment rather than cone-shaped. Nudds and Taylor (1978) interpret 

some of the axes as fertile areas, on account of an alternating series 

of long appendages, and shorter structures which they regard as 

adaxially-borne sporangia (Nudds, and Taylor PL. 11, fig -b). It appears 

more likely that these branches are, in fact, only twisted vegetative 

axes as they appear very similar to the obliquely orientated stems of 

C. microphylla. This material also shows evidence of hexagonal areas 

on the stem around each leaf, which are similar to those illustrated 

by Lacey (1962), but were not visible in the Drybrook material. 

Stomatal construction and variation 

Reference has already been made to the reconstruction of the 

lepidodendroid stoma (Chap 3). As well as describing the major 

characteristics of the guard cells and their associated epidermal 
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cells, some variability was noted in the appearance of certain ridges 

and bands of the inner guard cell surfaces and on the walls 

surrounding the stornatal pore (Thomas 1974). This was seen 

particularly in the cuticles of, Lepidophloios acerosus L&H, and was 

considered to result from differences in preservation. The stomata 

observed in the fusainised specimens of Clwydia exhibit considerable 

variation (Text. fig. 4.5 AjB, C). All the stomata are observed from 

outside the microphyll and a distinct ridge is visible, to a variable 

degree, on the outer surface of the guard cells in all three specimens 

(Text. fig 4.5jarrow r). The stomata in (A) and (B) have a 

flatter profile than (C) in which both guard cells are raised and 

partially covered by a "skirt" of material which probably represents 

the cuticle. The guard cell cuticle terminates in a thickened rim 

which is perched some distance above the stomatal pore. In (A) and (B) 

the guard cells are flatter but each has a continuous rim in the same 

position on the outer surface of the guard cell wall. This is 

considered to represent a less well preserved equivalent of the rim 

seen perched above the_stoma in (C). If the guard cells in (A) and (B) 

had shrunk or collapsed because of drying, compression or 

fusainisation, such a change might cause the differe4s seen among 

the stomata here. The rims are entire around both guard cells and 

appear similar to some of the structures observed by Thomas (1974). 

Comparison of the fusainised stomata with those studied from 

cuticles is difficult. In fusainised material some homogenization of 

plant cell walls sometimes occurs, and it was impossible to observe 

the inner surface of the stomatal complex (which is the surface Most 

often observed in cuticles). The guard cells in Clwydia differ fron 

the typical lepidodendroid stoma, as they are not sunken below a 

layer of epidermal cells that form the stomatal pitt but are 
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superficial or even raised above the microphyll surface. However, this 

was only observed in one speciwen and in all three,, the cells 

surrounding the storpata were difficult to interpret-The best 

preserved stomata bear an interesting res emblance to the stomatal 

conplex of the extantr herbaceous Lycopodium clavatum illustrated by 

Thomas and Masarati (1982). 

Comparison of stelar anatomy: 

Unfortunatyly the gross anatomical details of the stele in 

C. microphylla aro- inconplete. However,, there is enough tissue 

remaining to suggest that the stele is exarch and that the 

largerr metaxylem elements are in the centre and smaller protoxylem 

elements towards the outside. A number of- herbaceous lycopods are 

known in- anatomical detail from, the Upper Devonian and- Lower 

carboniferousr and the gross structure of the steles are remarkably 

uniform . They consist of an exarch protostele with numerous (often 

more than ten) protoxylem points (Alvin 1965, Philips and Leisman 

1966, Banks et al. 1972, Fairon-Demaret 1977, Grierson and Banks 

1983). Although the whole steýe is unknown for Clwydiar the fine 

structure of the metaxylem tracheids is very comparable to those seen 

in other herbaceous lycophytes. The metaxylem walls of. Barsostrobus 

Fairon-Demaret (1977) are very similar although the axes represent the 

strobilus of an Upper Devonianr herbaceous lycopod. Several features 

are consistent including the scalariform bars of the late wall which 

are 2 to 4 pm thick, a thin early wall with irregular rounded 

apertures and an overall size of 15 to 40 pm in diameter. In the 

description of Barsostrobus, both light microscope pictures of peel 

sections and S. E. M. micrographs of the metaxylem wall were 

illustrated, and it was pointed out that two, very different images 
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were obtained. The scalariform bars were thread-like when observed by 

the light microscope but much thicker when observed with the SEM - 

The tracheids of Oxroadia gracilis (Alvin 1965). observed with the 

light microscope also have thread-like tracheid walls and are 

difficult to compare with the structures visible in the fusainised 

material. It is apparent that a wide variety of Lycophytes have 

tracheids with scalariform thickenings of the late wall and a thinner, 

thread-like or aperturate early wall. The structurally similar 

tracheids are found in such diverse forms as Leclercqia in the Late 

Middle Devonian (Banks et al. 1972) and tracheids constituting 

the secondary xylem of Lepidophloios in the Upper Carboniferous 

(chican et al. 1981). Variation is present in the form of the 

thinner outer wall which may be perforated with rounded holes as in 

clwydia or consist of an angular, ladder-like arrangement as 

reported for, Lepidophloios. 

Habit and Habitat 

Ever since Kidston's original description of Lycopodites vanuxemi 

it has been found exceedingly difficult to distinguish truly 

herbaceous lycophyte shoots from the distal branches of larger shrubby 

or arborescent plants (Kidston 1885, Chaloner 1967, Chaloner and 

Collinson 1975). Selaginella fraiponti is almost certainly a 

herbaceous plant on account of the discovery of its small rhizophore, 

in attachment at the base of a narrow leafy axis that reaches a 

diameter of only 4 mm (Phillips and Leisman 1966, -Schlanker 

and Leisman 1969). Shoots of C. microphylla never attain a width 

greater than 2.0mm and wider shoots bearing the. same type of decussate 

leaves in vertical rows are absent. Perhaps the-most convincing 

evidence to support a herbaceous habit is the consistently narrow stem 
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at all levels of branching . Terminal shoots of Eskdalia 

variabilis (chap 3) can also be very narrow. If the widths of these 

axes are followed proximally, quite significant changes in stem 

diameter are observed at each dichotomy. Large slabs containing quite 

extensive shoot systems-of C. decussata are known from the N. Wales 

localities. If measurements are taken of the stem diameter at various 

levels of branching, there is also little or no change from about 3mm 

in width. 

Additional indirect evidence that suggests an herbaceous habit is 

shown by the number of specimens which have a bend in the axis shortly 

before the vegetative or strobilar apex. This region of the stem may 

represent the transition from a prostrate or creeping vegetative part 

to an upright, vegetative or fertile part of the stem. 

The stomatal frequency of C. microphylla is 340 to 380 per Mewhich 

is of the same magnitude as some Upper Carboniferous, lepidodendroid 

leaf cushions (Thomas 1970). Stomatal densities are rarely known from 

leaf compressions of these plants, and in many instances it is 

impossible to assign any isolated leaf to a given type of stem. In his 

survey of anatomical and morphological features of some 

permineralised, Carboniferous leaves, Graham (1935) found that the 

stomata were nearly always confined to two bands at each side of the 

midrib on the abaxial surface of the leaf. Although most of the 

specimens observed, were of much larger leaves, the arrangement of 

stomata in Clwydia appears to conform to this basic pattern. 

Graham's work showed that a hypodermis was always present in 

transverse section, and that its thickness appeared to depend on the 

size of the leaf. Large leaves consisted of a hypodermis many cells in 

thickness whereas smaller leaves had a hypoderm of only a few layers. 

Trasnsverse views of the Clwydia microphylls also conform to this 
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trend and would support the hypothesis that large lycopod leaves 

require a thick hypodermis for mechanical strength. 

As mentioned in Chapter (3)0, the data relating to stomatal 

frequencies in fossil lycophytes and its correlation with the plant's 

water relations and habitat am difficult. Nudds and Taylor (1978) 

speculate that the axes from Ravenstonedale were adapted for growth 

in a saline, aquatic environment on account of thair small, thick 

leaves and a presumed_aerenchyma in the cortex (which was supposedly, 

readily filled with sediment). The plant-bearing layer was associated 

with probable evaporite nodules. As their material is fragmentary and 

there is no evidence of highly saline conditions in either the N. Wales 

or Drybrook localities it is, perhaps, more likely that the plant 

material had drifted into a hyper-saline or evaporite deposition 

environment - 

Fertile material: 

Because of the limited quality of preservation, the strobilus-like 

structures terminating some of the specimens are problematical but are 

belieýed to represent either cones or compact terminal vegetative 

regions or both. It is possible that the arrangement of appendages in 

these areas is spiral. The identification of rounded depressions and 

small rounded casts arranged near the bases of modified appendages 

does suggest the presence of megaspores or sporangia but this can not 

be proved with the available material. The fact that the possible 

fertile areas, are small and compact might suggest that they represent 

the strobili of an herbaceous Lycophyte. However, in some specimens 

the presence of slender, parts of the axis which lack appendages or 

sporophylls may suggest th at sporophyll dispersal has taken place 

which is more typical of the larger arborescent Lycophyte cones. 
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Clwydia microphylla differs to Lycopodites and Sellaginellites 

on account of its completly differant leaf arrangement. it is possible 

that the genus represents an additional type of herbaceous, 

Carboniferous lycophyte. 
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Class LYCOPSIDA 

Genus Malanzania Archangelsky, Azcuy and Wagner 1981 

Malanzania plumata (Thomas) comb. nov., emend. 

PL. 4.6, PL. 4.7, PL. 4.8, Text. fig 4.6, Text. fig 4.7, Text. fig 4.8 

EMENDED DIAGNOSIS 

Narrow leafy shoots, 1 to 8 mm in diameter, up to 11 cm in length. 

Distal parts leafy, more proximal parts defoliated, branching unequal 

with angle of 66*to 7Crbetween branches. Distal shoots narrow with 

closely arrangedt recurved microphylls. Laminae overlapping at point 

of attachment with stem. Microphylls departing from axis at angle of 

a 45. Leaves 0.9 to 2.3 mm wide and 6 to 8 mm long. Leaf cushions 

absent, Leaf perforations in two even parastichies at approximatly, 550,1 

vertical orthostichies absent. Leaf perforations 0.8 mm long and 1.0 

mm wide, upper margin evenly arched, lower margin flat or irregular. 

Epidermal cells above leaf perforation small, circular or 

isodiametric, 30 to 50 pm in diameter. cells below-and at lower angles 

of perforationr fan away from lower margin, longitudinally elongated 

and 40 to 70 pm long, 20 to 30 pm wide. Anticlinal walls rugose. 

Cells, equidistant to leaf bases, isodiametric to pentagonal and 50 

to 90 )im in diameter. Stomata on stem surface absent, ligule absent. 

TYPE MATERIAL 

Selected lectotype: 
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V. 56288 (B. M. N. H. ), (Thomas 1972). 

material substantiating new combination: 

PB20004. Compression, P1.4.6, figs 4,5, Text. fig 4.6 E. 

PB20002. compression, PL. 4.6, figs'6,7,8, Text. fig 4.6 BjCjD- 

PB20022. Compression,, Pl. 4.6,, figs 10,11F Text. fig 4.7 C. 

PB20064. Compression (cuticle)f H. 42, PL. 4.7, fig ll Text-fig 4.8 A. 

PB20066. Compression (cuticle)l H-85, PL. 4.71figs 2-6l P1.4.8, figs 1-5 

Text. figs 4.8 Al-3. 

TYPE WCALITY AND AGE 

Hazel Hill quarry, Puddlebrook, Nr Drybrook, Forest of Dean, 

Gloucestershire. Upper Visean. 

INTRODUCTION 

A single specimen of a narrow leafy shoot with recurved, delicate 

leaves was'described by Thomas (1972) who regarded the material as 

probably moss-like. The single specimen was assigned to the genus 

Muscites Brongniart as the new speciesr Muscites plumatus. 

Additional specimens of the shoot described by Thomas have been found 

which show a sufficient range of morphological characters to 

suggest that the material is a small lycophyte. over 50 specimens were 

found consisting of either flattened compressions of thin, 

superimposed layers of cuticle or impression surfaces retaining some 

degree of three dimensional structure. 

DESCRIPTION 

Stem morphology: 

The terminal, narrow shoots are about 1 mm in diameter and are 

partially obscured by closely arranged, recurved leaves (PL. 4.6, figs 
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1,, 2,3, Text. fig A). The actual point of leaf attachment is very 

difficult to determine in shoots of this size because of the width of 

the stem and the overlapping leaf laminae. The specimen in PL. 4.6, fig 

1 is similar to to that described by Thomas (1972) and is a flattened 

compression consisting of thin cuticle with little three dimensional 

relief. The cuticle is poorly preserved and was difficult to dissect 

apart. A peel made of the fragmentary counterpart revealed no more 

cellular detail than that prepared by Thomas, but did suggest that the 

leaf laminae were inserted into the stem with little differentiation 

to form a leaf cushion. Stems were found which have exactly the same 

type of leaves in attachment as the narrow shoot described above 

(PL. 4.6, figs 2,3). Both specimens are poorly preserved and each axis 

is about 2.5 mm in 'diameter. The suriace of the stem is visible in 

these specimens and there are faint indications of areas of leaf 

attachment or leaf perforations (PL. 4.6, fig 3 arrow). A slightly wider 

stem, about 2.8 m in diameter (PL. 4.6, fig 4,5) has recurved, 

taperingr acuminate leaves which are exactly the same as those in 

PL. 4.6, fig, 1. Impressions of oval 'to heart-shaped leaf 

perforations are clearly visiblp on this stem (PL. 4.6, fig 5. Text. fig 

4.7E). This specimen provides the best intermediate between the very 

narrow shoot described by Thomas and the wider branched axes w hich 

have spirally arranged leaf perforations and which are more obviously 

lycophyte steins (PL. 4.6, figs 4, T). The specimens are considered to be 

parts of the same plant on account of the identical types of leaf 

perforation and the same type of leaves which are rarely found 

attached to the broader defoliated axes. One of the broader axes is 

mostly defoliated and is 9.3 cm in length. The. shoot gradually tapers 

distally, and bears a crown of reflexed leaves (PL. 6, figs 6,8). It is 

3.25 mm in width at the base and 1.5 mm wide at the leafy apex. Higher 
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magnification of the regions where the microphylls join the stem 

indicates that there is little or no development of an expanded leaf 

base or cushion. The laminae are simply inserted into the stem 

(PL. 4.6, fig 7. Text. fig 4.6C). Another specimen has a maximum width of 

5 mm and fragments of cuticle are visible adhering to the stem around 

the leaf perforations (PL. 4.6, fig 9). This branchlet also has, several 

reflexed leaves in attachment. 

Morphology of microphylls : 

The microphylls initially depart from the axis at an angle of 3ý to 

45 0 after whicht they flatten perpendicularly to the axis for a short 

distance before recurving proximally. The distal parts of the leave's 

are almost parallel to the axis. The leaves are 0.9 to 2.3 mm in 

diameter at the widest part which is-in the lower third of the lamina'. 

They are 6 to 8 mm in length and are slightly contracted at the base 

(PL. 4.61fig 8). A narrow midrib or vein is present along the full 

length of the leaf and is visible as a slightly darker band of 

cuticular material. The leaf cuticle is very thin compared with that 

of the stem (PL. 4.6, fig 9), and the apparently delicate structure of 

the leaves might explain the often, defoliated state of the wider 

axes. The leaves taper to'a fine point which is 2 to 3 mm in length. 

Fine morphology of, the stem and leaf perforations 

The approximatdy oval areas that are visible as slight depressions 

on the stem impressions, ' and as apertures in the cuticles, are 

referred to as leaf perforations. There is little evidence that leaf 

scars are presentý and leaf loss owing to mechanical detachment is 

regarded to be more likely. 

The leaf perforations are the same size on all shoots between 2.8 
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and 8.0 m in width . The phyllotaxy is lepidodendroid with two 

'0 crossing parastichies at approximatly 50, with vertical orthostichies. 

The distance between leaf perforations is one to two times their width 

and this distance changes slightly according to the size of the stem 

(PL. 4.6, figs 4,11). The leaf perforation outline is variable but the 

most common form is where the upper margin is evenly arched and the 

lower rargin either irregular or flat. Quite considerable variety 

exists even on the same stem fragmnt (PL. 4.6, fig llj Text. fig 4.8 

B. 1-4),, and the outline way be either heart-shapedf rounded-hexagonal, 

sub-circular or vertically oval. All the perforations are 1 mm in 

width and 0.8 m in length. One of the mst notieable features is the 

more even, abrupt outline of the upper margin which is often visible 

as a groove in stem impressions. The lower margin is more irregular 

and a well defined ridge or groove is usually absent. It is possible 

that the more even upper margin is formed by the more acute angle 

produced. at the point where the adaxial surface of the leaf is 

attached to the stem. The irregular lower margin may have formed where 

the abaxial surface of the leaf is at a wider angle to the stem and 

consequently does not form a ridge or groove, but forms a more 

irregular cuticle margin (PL. 4.7, figs 1,2). There is little 

differentiation inside the leaf perforation apart from a raised point 

of sedimentf which is occasionally found in the centre of the leaf 

perforation (Thomas and Purdy 1982, fig 10). 7he impression surface 

was not preserved sufficiently well to establish whether it 

represents aeration tissue or the vascular trace. 

Description of cuticle : 

Two well preserved cuticles were found on axes that showed little 

or no morphological relief on the impression surface. However, because 
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of their similarity to the well preserved impressions which 

contained poorly preserved cuticle (PL. 4.6, fig 9)j there is sufficient 

evidence to regard them as the cuticles of the axes described above. 

one specimen is three dimensionally corrplex and small, aligulate tubes 

of thin cuticle emerge from the thicker cuticle of the stem surface 

(PL. 4.7ffig lF Text. fig 4.8A). The curved upper margins (arrow u) and 

the more irregular lower margins (arrow 1) are easily visible. 

Although the cuticle was teased apart with fine needles the surface of 

the stem cuticle is still wrink led so that the phyllotaxy and 

arrangement of leaf perforations is difficult to ascertain. Another 

cuticle with a better preserved epidermal pattern was found, which 

required no maceration or pre-treatment before observation,, apart from 

immersion in 40% HF for 10 minutes to-remove any mineral matter. The 

cuticles were observed with the light microscope (PL. 4.7, figs 2-6) and 

the S. E. M. (PL. 4.8, figs 1-5). Stomata are absent on the stem cuticle 

including the thinner cuticle iminediatily surrounding each perforation 

(PL. 4.7, figs 4F5 PL. 4.8#fig 2, arrow). Both cuticles have the same 

type of epidermis,, and three cell type S are identified and 

distinguished by their size, shape, arrangement. The cells immediatily 

below the leaf perforation are longitudinally orientated and aLigned 

in a fan-shaped'distribution which occupies the region below the lower 

margin (PL. 4.7, figs 4,5,6, P1.4.8, figs 1.2,3 Text. fig 4.8A 1). Towards 

the edge of the lower margint the cuticle becomes considerably 

thinner, and the anticlinal walls of the epidermal cells disappear 

(PL. 4.8rfigl, 2). The cells in this region are 40 to 70 pm in length 

and 20 to 30 pm in width. The ridges representing the positions of 

the anticlinal walls are rugose when seen with the light microscope 

(PL. 4.7, fig 5) but quite smooth, with the SEM (PL. 4.81fig 3). The 

cells surrounding the upper margin and part of the lateral margins, 
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are oval and aligned in a radiating orientation around the perforation 

(PLA. 71fig 7f Pl. 4.8, figs 4,5, Text. fig 4.8 A2). They range between 30 

and 50 pm in diameter and extend for a distance of 350 to 400 P from 

the leaf perforation margin. These cells give rise to larger, 

hexagonal or pentagonal cells between 50 and 90 pm in diameter 

(PL. 4.7, fig 3, PL. 4.8, fig 4, Text. fig 4.8A 3). This zone of cells 

occurs in narrow bands between the other two cell types (PIý. Mtfig 41 

at right, PL. 4.8, figs 1.4). 

COMPARISON AND DISCUSSION 

Among the numerous accounts of vegetative axes of Carboniferous 

lycophytes, most emphasis has been placed on the description of quite 

substantial axes which are at least several centimetres in diameter. 

Although much recent research has identified fine structure in 

compression and impression material (Thomas 1967,1970,1974,1977, 

Chaloner & Gay 1973, Chaloner & Collinson 1975), little information is 

currently known about the most terminal leafy shoots of non-herbaceous 

lycophytes. In the majority of cases'the relationship between 

leafy shoots and their connection to the broader axes is 'unknown. 

Numerous difficulties abound in identifying narrow leafy shoots, 

principally because of their small size and correspondingly minute 

morphological characters. In order to'distinguish one leafy shoot from 

another, a much finer degree of preservation is needed to adequately 

describe, structures such as the leaf cushion, the type of leaf and 

the presence or absence of a ligule or ligule pit. - The problem of 

correlating leafy shoots and larger axes in 
, 

for example, a coal 

masure compression floral involves lycophyte axes of vastly differing 

width, which range from a few millimetres to several decimetres. In 

the Drybrook flora the majority of lycophyte axes rarely exceed a 
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diameter of three or four centimetres but the problem of correlation 

is on a correspondingly smaller scale. 

Malanzania plumata typifies the situation outlined above because 

of-the narrow width of the terminal shoots and their rather different 

appearance to the more proximal axes. However,, the minute stems that 

are only 1 mm in diameter have been correlated with wider stems, after 

the identification of two or three specimens showing a combination of 

characters from both distal and proximal axes. The discovery -of 

additional material has allowed a new interpretation of the shoot 

which had previously been compared with bryophytes and assigned to 

Muscites plumatus by Thomas (1972). The rmterial is of lycophyte 

affinity as is suggested by the spiral arrangement of leaf 

perforations or false leaf scars, the type of branching, and the 

structure and arrangement of epidermal cells which is similar to a 

number of Lycophyte stems. 

M. plumata lacks raised or expanded leaf cushions and the stomata 

are probably confined to the leaves. A ligule or ligule pit was not 

observed in any of the material but it is now generally accepted that 

these structures may have be positioned distal to the point of leaf 

loss or sinply not preserved (Thomas and Masarati 1982). A number of 

Carboniferous genera are known which lack well developed leaf cushions 

and the presence of a ligule is uncertain. These include genera such 

as Bothrodendron L&H, 'Lepidodendropsis Lutz, Prelepidodendron 

Danze-Corsin and Porodendron Nathorst. Much of the material assigned 

to these and other genera are either poorly preserved, fragmentary or 

inadequo. tly described. Instead of atteupting to assign genera such as 

these to higher taxal some authors have adopted an alternative 

approach, which employs a set of characters, which are-used to delimit 

lycophyte axes into taxa that are considered to represent artificial, 
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form genera (Thomas & Meyen 1984a). By using this approach, this 

leafy shoot is most similar to the genus Malanzania 

Archangelesky et al(1981). The following characters are comnon to- 

the Drybrook material and the genus Malanzania, which was based on 

material from the Middle Carboniferous of S. America ; leaf cushion 

absent, false leaf scars, ligule pit absent, infrafoliar bladder 

absentr phyllotaxy Lepidodendroid without evident orthostichies. 

Further conparison of this axis with Malanzania nana indicates that 

there are additional similarities which include ; overall small size; 

sub-circular false leaf scars about 1 mm in diameter; stem cuticle 

thick with at least two types of epidermal cell; those below false 

leaf scar, elongated and arranged in fan-shaped rows. Those above 

false leaf scar, isodiametric or oval and 30 um in diameter with thick 

walls; stomata absent on stem cuticle which becomes thinner at the 

edge of leaf perforation; vertical orthostichies absent; variable 

phyllotaxy. 

The principal differences between the two species is the presence 

of slendert recurved microphylls in M. plumata whereas the only 

evidence of-appendages in M. nana are wshort, spiny excrescences", 

which the authors admit are probably the bases of larger leaf-like 

structures (Archangelesky et al. 1981). other differences include 

the number of epidermal cell-typest which they identify on the stem 

cuticle. The two cell-types they describe are very similar in size and 

shape to those of M. plumatar but the larger hexagonal or pentagonal 

cells are absent. The Drybrook material is assigned to Malanzania in 

favour to some other , geographically and stratigraphically closer 

fossils on account of the main suite of characters identified by 

Thomas and Meyen (1984a), and in the close similarity of other 

characters seen in the diagnosis and description of M. nana. The 
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Drybrook material is assigned to a different species of this form 

genus on account of its leaves and the difference in epidermal cell 

types in the cuticle. 
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Class LYCOPSIDA 

Genus DRYBROOKIA gen. nov. 

DIAGNOSIS 

small leafy shoots bearing spirally arranged leaves with 

rounded distal tips. Lower portion of leaf contracted and joined 

basally to minute area of attachment on the stem. Midrib present and 

edge of lamina thickened. 

Type species Drybrookia obovata sp. nov. 

Drybrookia obovata sp. nov. 

PL. 4.9, figs 1-7 

DIAGNOSIS 

small shoots, branching dichotomous, stem between 1 and 3 mm in 

diameter,, up to 25 mm in length, leaves densely arranged on axis 

obscuring stem surface. False leaf scars ovalf 0.5 to 0.8mm in 

diameter. Leaves obovate, 4.5 to 5.0 rm long and 2.5 to 3.5 mn wide, 

broadest at extreme tip and recurved in the distal third, departing 

from axis at angle of 20rto Ur. Lamina thin, midrib faint, 0.1 nn in 

width. Cells of leaf epidermist isodiametric to rounded-rectangulart 

50 to 100 pm long by 30 to 40 pm wide. 
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TYPE MATERIAL 

Syntypes: 

PB90002. conpressionr PL. 4.9, figs 1,2,3. 

PB90004. conpressiont PL. 4.9ffigs 4,5,6,7. 

TYPE WCALITY AND AGE , 

Hazel Hill quarry, Puddlebrooki Nr Drybrook, Forest of Deany 

Gloucestershire . Upper Visean. 

DESCRIPTION 

Three specimens of a small leafy axis were found preserved as 

flattened, carbonaceous films. There is little three dimensional 

relief on the impression surface apart from some small depressions 

where the leaves are attached to the stem. The exact width of the stem 

is uncertain because of the dense, overlapping arrangement of the 

leaves (PL-4-9, figs 1,3). one specimen has two branches. one of which 

is 25 mm in length and basally attached to a shorter axis. The 

interconnecting part of the left branch is just visible along the 

lower edge of the rock (PL. 4.9, fig 1 arrow). The arrangement of 

appendages on the stem surface is probably spiral which is seen by the 

position of the rounded leaf tips and the contracted lamina bases on 

the stem (PL. 4.9, fig 3). Another specimen is interpreted to represent 

part of a leafy axis which has been compressed vertically so that a 

"rosette" of appendages is seen on the surface of the cleavage plane 

(PL. 4.91fig 4). This specimen also suggests a spiral arrangement of 

leaves. Very little detail is visible on the stem surface except for 

some minute oval or circular depressions, 0.5 to 0.8mm in diameter. 

These appear to represent the minute points of leaf attachment, as the 
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contracted leaf bases appear to arise from them (PL. 4.9, fig 2 arrow). 

Although the main axis is barely visible in one specimen, (PL. 4.9ffig 

1), the vertically orientated specimen, indicates that quite a 

substantial, cuticular area is present which is 3 mm in'diameter and 

is interpreted to represent an oblique compression of the stem. 

The leaves are obovate or balloon-shaped and are 4.5 to 5.0 mm 

long by 2.5 to 3.5 mm wide. Many of the leaves in the larger specimen 

are obscured by their dense arrangement and al ignement to the 

cleavage plane (PL. 4.9, figs 113). Part of a spiral of leaves 

(PL. 4.91fig 3) and a slightly twisted appendage, near to the base of 

the right shoot (PL. 4.9ifig 2), indicate that the leaves are of 

exactly the same outline in this speciment and the vertically 

orientated one (PL. 4.9, fig 4). The leaves depart from the axis at a 

relatively acute angle of dto 30"and are recurved in their distal 

third. In one part of the stem one of the leaves is apparently paired 

with another, as two distal margins are visible (PL. 4.9, fig 2). 

However, it is probable that this merely representýs one leaf 

fortuitously superimposed on another. The leaf outline is entire and 

the lamina edge is darker and thickened in comparison with the rest of 

the leaf (PL. 4.9, fig 5). A thin midrib or nerve is present which is 

0.1 mm in width and this is also darker than the rest of the lamina. 

No useful details were seen in the fragments of cuticular material 

that were picked directly from the stem and leaves. Some cellular 
detail was visible on a peel made from the fragmentary counterpart of 
the specimen illustrated in PL. 4.9, fig 4. At higher magnification the 

cells are only just visible by their anticlinal walls, because the 

periclinal walls were either too thin and not preserved, or left 

behind in the matrix after removal of the peel. The epidermis appears 

to lack stomata, but this could be a reflection of the limited 
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preservation. The epidermal cells are longitudinally arranged and in 

some areas are organised into files (PL. 4.9, fig 6,7). Each cell is 

either longitudinally elongated and oval to rectangulaý, or almost 

isodiametric. The epidermal cells are 50 to 100 um in length by 30 to 

40 um in width (PL. 4.0, fig 7). 

Drybrookia linqulata sp. nov. 

(PL. 4.9, figs 8-13) 

DIAGNOSIS 

Narrow leafy axes, 3.5 to 5.5 mm in diameter bearing spirally 

arranged, oval leaf perforations or false leaf scars, that are wider 

than thay are high. Leaf perforations 0.9 to 1.2 mm wide and 0.6 to 

0.8 mm long, with curved lower margin and flatter or slightly angular 

upper margin, lateral angles acute. Leaf cushions absent. Leaves 

lingulate with rounded distal tips, 6 to 8 mm long and 1.5 to 2.8 mm 

in width, midrib present. 

TYPE MATERIAL 

Syntypes: 

PB100031PB10004, Compression, PL. 4.9, fig 13. 

PB100091 Compression, PL. 4.91figs 8,9. 

PB10015, Conpression, PL. 4.9, figs 10,12. 
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TYPE WCALITY AND AGE 

Hazel Hill quarry, Puddlebrook, Nr Drybrook, Forest of Dean, 

Gloucestershire. Upper visean. 

DESCRIPTION 

Fifteen fragmnts of a leafy shoot were found with a maximum length 

of 25 nun. All are preserved as flattened compressions r conprising 

very thin films of cuticular material. Some three dimensional relief 

is present around the points of leaf attachment. Branching was not 

observed in these axes which are 3.0 to 5.5 mn in diamter. The leaf 

perforations or false leaf scars are arranged spirally without any 

evident orthostichies. The description of the phyllotaxy is 

difficult, because the stems of most specimens are flattened to the 

extent that the leaf bases of both sides of the original stem are 

present on the same impression surface (PL. 4.9, figs 10,11,12). The 

stem cuticle is very thin and when fragments are removed and observed 

under the microscope, they appear transparent and featureless. In some 

specimens the cuticle is vertically folded or torn, suggesting that 

the stems were in a state of near disintegration during deposition. 

This also complicates the pattern of leaf bases on the stem which 

are separated by a distance, at least one and a half times their 

width. 

The leaf perforations or false leaf scars are 0.9 to 1.2 mm wide and 

0.6 to 0.8 rm in length. The lower margin is evenly curved and the 

upper rrargin is flatter. In some cases, the upper margin consists of 

two angled sides which form an open angle where they meet at the apex 

(PL. 4.9, figs 9,10,11,12). In stems where one side of the stem is 

superimposed on the other, the leaf perforations that are present as 
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depressions (PL. 4.9, figl2'arrow a), are interpreted to represent those 

from the lower surface of the compressed stem. The other type of leaf 

perforations, are preserved on the same impression surface as minute 

bolsters (PL. 4.9, fig 12 arrow b), and are interpreted to represent the 

leaf perforations of the other side of the stem. There is no evidence 

of a ligule pit, vascular scar, infrafoliar bladder or cellular 

differentiation suggesting an abscission surface. The edge of the leaf 

perforations terminate in a narrow groove'or rim (PL. 4.9, fig 12). 

Careful uncovering with fine needles did not reveal any additional 

grooves or cuticle beneath the matrix. It is therefore probable that 

expanded leaf cushions are not present around the leaf base. The 

outline of the leaf perforation probably represents the shape of the 

leaf in cross section, so that the acute lateral angles are continuous 

with the edges of the attached lamina. 

The leaves consist of very thin cuticular material which is light 

orange or transparent. The leaf outline is lingulate and contracted at 

the base (PL-4.9, fig 9). The edges of the laminae are parallel for 

much of their length and the distal tip is rounded (PL. 4.9, fig 13). 

They are 6 to 8 mm in length and 1.5 to 2.8 mm in width' at their 

broadest point (which is for most of their. length). A midrib or nerve 

is present as a dark strip in a itedian position, which is about 0.2 mm 

in diameter. The cuticle around the perimeter of the lateral edges and 

the distal tip is also darker. Leaf cuticle that was removed directly 

or observed in amyl acetate peels did not generate any cellular 

details. 

Comparison and discussion of D. obovata and D-lingulata: 

Because of the spiral arrangement of false leaf scars and leaves in 

the leafy shoots described above, both forms are considered to be of 
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lycophyte affinity. ' Although their description is based on very few 

specimens, both leafy shoots are reluctantly assigned to a new genus 

on account of their unusual, rounded microphylls, their diminutive 

size and in one of the speciest D. lingulata, its distinctive false 

leaf scar outline. 

The two species differ in stem diameter and in the size and shape 

of the microphylls, as implied by their specific names. 

D. obovata has the superficial appearance of a bryophyte because 

of its very delicate appearance . Compared with some extant mosses the 

specimen that is preserved vertically, has an astonishing likeness to 

mnium punctatum on account of the terminal wros4tte" of appendages 

which is very similar to the arrangement seen in the antheridial 

gametophyte. However,, a lycophyte affinity of this species is 

preferred because of the dense cuticular mass in the centre of the 

speciment which probably indicates a more robust stem than might be 

expected in a bryophyte. Small,, oval points of attachment'are visible 

on the axis of one specimen, which would suggest that the leaf lamina 

is more than one cell thick and is therefore not bryophytic. Although 

stomata were not visible on the leaf lamina the epidermal arrangement 

of elongate cells and shorter, isodiametric cells are typical of 

lycophyte leaves (Graham 1935). , 

D. lingulata is more obviously of lycophyte affinity on account of 

its false leaf scars and a stem diameter of up to 5.5 mm. The absence 

of any differentiation around the false leaf scar which my 

represent a leaf cushion, suggests that the species represents an 

additional type of lycophyte such as Malanzania and 

Tunguskadendron that is known only as narrow axes which lack leaf 

cushions. The wide, somewhat flattened leaf perforations of this 

species are interpreted as false leaf scars, because in some cases 
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very thin leaf cuticle is connected to the "leaf scar", and because 

the stems appear as if they were disintegrating at the time of 

deposition, and the loss of leaves through mechanical separation would 

be expected. 

Because of the extreme rarity of these two species and the few 

available specimens it has not been possible to demonstrate a 

progression of characters such as a decrease in stem diameter or 

the maintenance of a narrow stem width, which might allow a prediction 

of what the axes were attached to, or whether they were herbaceous. 

The axes are probably vegetative as no evidence of associated 

sporangia or spores was found. The appendages themselves are unlike 

sporophylls as there is no differentiation between a proximal pedicel 

and a more distal lamina. The leaves of both species are also unlike 

the vegetative leaves normally associated with lycophyte stems. Some 

herbaceous lycophytes have microphylls that are broad in relation to- 

their total length such as Clwydia microphylla and Sellaginella 

fraiponti. However, the leaves in both of these species terminate in 

pointed tips, and the darker, cuticular margin visible in the 

Drybrookia stems would suggest that the rounded edges do not represent 

the broken areas of pointed leaves. 
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Clwydia microphylla 

b 

(A) to (C) line drawings of defoliated branching axes. (A) PB60016, 
(B) PB60012j (C) PB60015. All (Xl). (D) Type I preservation of mould 
impression surface. Arrow (a) indicates the depression formed where 
the leaf and the slight extension of the stem surface descend into the 
matrix. PB60002 MO) . (E) Type II preservation. The median 
microphylls are seen in surface view because of their more acute angle 
to the stem. PB60003 (X10). (F) Type I preservation that is twisted 
about 45" and the median microphylls are displaced to one side. 
PB60004- (XlO). 
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TEXT. FIG 4.2 

Clwydia microphylla 

Ic 
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Diagramatic interpretation of the two types of three dimensional mould 
impression. The principal differance between I and II is the angle of 
the leaves to the axis and the amount of sediment between the leaves 
and the stem. In IA the leaves arise from the stem at a wide angle and 
sediment has infilled the spaces in between . After cleavage of the 
rock both counterparts appear as IB in longitudinal section and Ic 
in surface view (PL. 4.1, fig 8, Text fig 4.1D). In type II the median 
microphylls are at a more acute angle to the stem axis and the 
sediment has not accumulated between them. After cleavage through the 
middle of the specimen the mould impression surface appears as IIB in 
longitudinal section and the median leaf impressions are parallel to 
the cleavage plane. In surface view the impression surface appears as 
in IIC (PL-4-ltfig 9, Text. fig 4.1E). 
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Clwydia microphylla 

(A) Mould impression of possible strobilus attached to a vegetative 
axis. The numerous circular to oval depressions may indicate the 
positions of the impressions of sporangia. PB60051 (X5). (B) Two 
possible strobili one of which is attached to a vegetative axis (arrow 
b) and the other one may be in attachment (arrow a). The fertile areas 
are partly defoliated and the mineral casts and moulds of sporangia 
containing megaspores are visible. PB60038 (x5). 
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TEXT. FIG 4.4 

Fusainised Clwydia microphylla 

(A) Specimen with three dimensional morphology and microphylls in 

attachment corresponding exactly with the mould impressions 
(PL. 4.2,, fig 9). PB60091 (X16). (B) Specimen showing stem anatomy and 
morphology of the flattened lateral microphyll where the lateral 
margin is visible as a ridge (arrow a) (PL. 4.5, fig 1) . PB60044 WO). 
(C) Stem fragment with well preserved microphyll anatomy and surface 
morphology (PL-4.3, fig 2). PB60095 (X16). (D) Enlargement of 
microphyll in (C) illustrating the details, seen with the S. E. M. where 
(a) palisade cells, (b) Hypodermis, (c) stele, (d) thin-walled, 
crushed parenchyma (e) stomata. (X55). 
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TEXT-FIG 4.5 

Variously preserved stomata of Clwydia microphylla 

(A) Guard cells easily visible and exterior skirt of cuticle has 
shrunk.. not preserved. There is an indication of a rim (arrow r) on the 
surface of the guard cells, (PL. 4.4, fig 6). PB60092 (X650). (B) Guard 
cells are shrunken or collapsed below the level of the surrounding 
epidermis and are concave in section. A rim is present, (PL-4.3, fig 
1). PB60091 (X650). (C) These are the best preserved stomata and are 
interpreted to resemble the original three dimensional structure of 
the guard cells most closely. Both guard cells project from the 
surface of the micrcphyll and are partially covered by a skirt of 

' 
what 

is probably cuticle which is thickened distally to form a rim 
surrounding the stomatal aperture, (PL. 4.3, fig 6). PB60095 (X650). 
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TEXT. FIG 4.6 

Malanzania plumata 

D 

(A) Terminal shoot with slender reflexed appendages. The stem diameter 
of this specimen is too narrow to distinguish' individual leaf 
perforations. PB20005 (X2.5). (B) Larger specimen showing the 
attachment of a terminal leafy shoot with reflexed leaves to a wider 
stem with distinct leaf perforations on the stem surface, 
(PL. 4.6, fig 6 counterpart. PB20002 W. 8). (C), (D) Enlargements of 
parts of (B) showing the points of leaf attachment to the stem. (E) 
Additional specimen with recurved leaves and oval leaf perforations. 
PB20004 (M. 
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Malanzania plumata 

(A) t (B) wider defoliated axes with the same type of leaf perforations 
as the stems bearing recurved leaves. (A) PB20012, (B) PB20013, 
(Xl. 5). (C) Broadest stem found with recurved leaves in attachment. 
The cuticle is still present on the stem surface. PB20018 (X5). 
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Malanzania plumta 

(A) Inner surface of cuticle from stem showing. the three dimensional 
structure of the cuticle around each leaf perforation. The cuticle 
rises abruptly abouve the leaf perforation and more gradually below. 
Tbree epidermal cell types are present. Slide no. H42, Pb20064- 
PL. 4.71fig 1. (Al) Longitudinally elongated, thick-walled cells with 
rugose anticlinal walls. (A2) Oval to isodiametric, thick-walled cells 
abouve leaf perforation. (A3) Larger pentagonal to hexagonal cells in 
the areas in between. Pb20066 (X350). (B) Variety of leaf 
perforations seen in cuticles and stem impressions. The upper margins 
are less variable and usually crescentic whereas the lower marainA are 
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CHAPTER 5 

SYNANGIATE AND SPORANGIATE ORGANS 

This chapter deals with four types of fructification which represent 

either synangiate or free sporangiate reproductive structures. 

Because of the limited quality of preservation of microfossils at this 

locality there were no instances where spores could be identified . 

The interpretation of these structures as microsporangiate organs 

rests on the identification of sporangia, lines of dehiscence and 

the arrangement and extent of fusion of sporangia to form either 

synangia or free sporangiate clusters. 

Genus TELANGIOPSIS Eggert and Taylor 1971. 

Telanqiopsis ruqosa sp nov 

P1.5.1,, figs 1-13r P1.5.2, figs 1-6. 

DIAGNOSIS 

small, radially synuetrical synangia 2.0 to 2.6 mm in length and 1.9 

to 2.6 mm in width, consisting of five to six basally fused sporangia 

with broadly pointed, incurving tips, 1.9 to 2.1 mm in length, 0.4 to 

0.5 M wide. Outer sporangial wall consisting of, large,, 

longitudinally arranged epidermal cells with rounded end walls 

neasuring 260 to 330 pm wide and 55 pm thick. Dehiscence ventral, 

occurring over approximatily two thirds of the length of the 

sporangium. 
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TYPE MATERIAL 

Syntypes: 

PB80004. Impression, PL. 5.3, fig 1. 

PB80012. Compressiont PL. 5. ltfigs 1,2. 

PB80015. Conpression, PL. 5.1, figs'12,13. 

PB80023. Fusainised, PL. 5.2, figs 1,2. 

PB80024. Fusainisedt PL. 5.3, figs 3,4. ' 

TYPE LOCALITY AND AGE 

Hazel Hill quarry, Puddlebrookr Nr Drybrook Forest -of Dean, 

Gloucestershire. Upper visean. 

INTRODUMON 

Twenty five specimens of a -small synangiate organ were' found 

preserved either as conpressions (PL. 5. llfigs ' 2,12,13), as 

cast/mould inpressions (PL. 5.1, figs 1,3-6) and as fusainised material 

(PL. 5.11 figs 7-11). It is believed that there are sufficiently 

similar morphological charactersto treat the differently preserved 

plant organs as a single species. 

DESCRIPrION 

Flattened compression material: 

The synangia are nearly always found as isolated units consisting of 

five or six sporangia that are fused at the base and radially arranged 

around a narrow, basal synangial stalk'. The whole structure is 2.0 to 

2.6 Trm in length and 1.6 to 2.6 imn in width. Unlike the three 

dimensional cast/mould combinations, the flattened compressions 

consist of a thin film of carbonaceous or cuticular material 
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(PL. 5.1, fig 2) with at least four sporangia attached to a synangial 

stalk. one specimen shows the connection of five partially preserved 

synangial units to a narrow branchlet (PL. 5.1,, figs l2rl3 arrows and 

text. fig 5.1a). The branchlet is at least 15 mm in length and 0.7 mm 

in diameter. The preservation is poor, but it appears that the 

synangia are arranged oppositely on the branchlet. Two of the attached 

synangia (PL. 5.1, fig 13) have the same structures as seen in the 

better preserved compression specimen (PL. 5. lffig 2). The synangia are 

2.2 M in length and 2.0 mm in diameter. Both specimens have four 

broadly pointed sporangia that are fused at the base, which in this 

material is seen as a dense carbonaceous area (PL. 5.1, fig 

2,13, arrows). The sporangia are 1.9 mm in length and 0.4 mm in width, 

and are broadest at a point approximately two thirds from the base. 

The basal stalk broadens distally to join the fused bases of the 

sporangia. There are faint indications in this compression material of 

longitudinally arranged epidermal cells on the surfaces of the 

sporangia. 

Three dimensional impressions: 

This is the most common type of preservation which, represents three 

dimensional casts and moulds of synangia that have been infilled with 

fine sediment, before or during burial (PL. 5.1, figs 1.3-6). The 

mineral impression 'surfaces contain varying amounts of organic 

material which is usually black and coaly. The dimensions are the same 

as those of the compression material and are 1.9 to 2.6 rm in length 

and 2.0 to 2.6 nrn in width. The sporangia are broadly pointed, and 

widest at a point two thirds along their length. The distal parts of 

the sporangium are curved towards the centre of the synangiUM 

(PL-5.1, figs 1,2). 
0 



128 

Different areas of the three dimensional impression mould are seen 

according to what level the cleavage plane passed through the 

specimen,, when the rock was split. In some specimens the basal stalk 

region is visible (PL. 5.1, figs 3,4, arrow), while in others the more 

distal parts of the synangia are tilted upwards and'the arrangement of 

the distal tips of the sporangia are visible (PL. 5. lrfig 61arrow). 

In this specimen the distal parts of the sporangia curve towards the 

centre of the synangium. With'the material described so far it is 

difficult to say with certainty whether the sporangia are radially or 

bilaterally syrmretricalf as there is a tendancy for this type of 

preservation to be partially hidden in the matrix or the sporangia to 

be spread apart, possibly as a result of dehiscence. 

so far only non-fusainised material has' been described. It is 

pertinent to point out that only specimens containing a thin film of 

cuticular material could be described as non-fusainised. Unless the 

mould inpressions (PL. 5. lrfigs, 3-6) are known to be counterparts of 

fusainised material it is difficult to say whether one is dealing with 

fusain inpressions or inpressions that represent a mould of a 

non-fusainised structure. It is likely that some of the mould 

impressions are derived from the surfaces of fusainised material which 

has since fragmented and been weathered away-, and that others are 

derived from non fusainised casts. Because there are no critical 

differences between the impression surfaces of these different types 

of preservation, all three forms; cast/mould, flattened compression 

and fusainisation, are interpreted to have the same biological 

affinity. 

Fusainised material: 

Fusainised synangia are of the same size and shape as the 
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compressions and cast/mold preservations (PL. 5.1,, figs 7-11). They 

differ in that well preserved specimens may show complete three 

dimensional morphology. 

Fusainised synangia consist of five or six sporangia arranged in a 

radial cluster around a centrally positioned synangial stalk 

(PL. 5.2tfig lr2 and text. fig, 5.1b). Radial symmetry is seen in one 

specimen (PL. 5.2, fig 1) but a bilateral organisation is apparently 

present in the distal part of another (PL. 5.2, fig 3). It is probable 

that the free distal ends of the synangium are distorted due to 

partial flattening and the true symmetry of the synangium, is best seen 

where the bases of the sporangia emerge from the synangial stalk as 

in PL. 5.2ffig 2. The three dimensional interpretation of the symmetry 

of the synangia is shown from distal ( text. figt5.1b) and proximal 

(text. fig, 5. la) views. 

ne outer wall layer of the sporangium compares well with that seen 

in the impression material. The cells are axially alligned and 260 to 

330 pm, in length by 60 pm in width. The outer periclinal walls 

expand outwards to form the characteristic ornamentation observed in 

the impressions. The distal parts of the sporangia are slightly- 

parted, which is a feature seen in all types of preservation. A 

ventral view of two adjacent sporangia (PL. 5.2, fig 5) indicates that 

the lateral walls of adjacent sporangia are closely adpressed,. but 

not histologically united, for the upper two thirds of their length 

(PL. 5.21fig 5 arrow). In transverse section, the outer epidermis, of 

the sporangial wall consists of isodiametric cells, which are 55 
'UM 

wide and radially aligned around the centre of the sporangium. The 

anticlinal walls are 55 pm, in length. Text. fig 5. le is a 

reconstruction of this ventral view which shows a tranýverse section 

through the sporangium close to the sporangial tip. There is an oval 
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space which is 0.4 mm in diameter in the middle and basal region, 

which may represent a sporangial chamber. There is an indication that 

a second layer of cells is present inside the' outermost 'layer 

(PL. 5.2, fig 51arrow) which is included in the reconstruction of the 

transverse section. 

RECONSTRUCTION 

A reconstruction of this synangiate organ is presented 

(Text. fig, 5.1d) which combines the information gained from all three 

types of preservation. A pair of synangia is connected to a narrow 

branchlet (only one synangium is shown). There is 'little 

differentiation at the base of the synangium in the region where the 

sporangia are fused, which suggests that a well developed synangial 

pad or base, is absent. The sporangia have a characteristic 

ornamentation and are arranged around a short, narrow synangial stalk. 

COMPARISON AND DISCUSSION 

The genus Telanqi was established by Berison (1904) for smallf 

simply constructed microsporangia from the Westphalian A of 

Lanarkshire. Eggert and Taylor (1971) have emended the genus to 

include permineralised forms only, and erected the genus 

Telangiopsis for compression and impression material. They described 

T, elanqiopsis arkansanum from the Mississippian, Chester series in 

Arkansas. Jennings (1976) described some petrified and compression 

material also from the Chester series in Illinois which he refers to 

as Telanqium sp. Jennings convincingly demonstrated that although 

the synangia are preserved differently,, they were almost certainly of 

the same biological affinity. Both Eggert and Taylor ;s 
and Jennings' 

synangia are essentially similar to the material from Drybrook. All 
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three forms consist of radially symmetrical synangia with five or six 

basally fused, broadly pointed sporangia with inwardly pointing tips. 

There is some uncertainty regarding the arrangement of sporangia in 

T, elanqium scotti. Benson (1904) described the synangiLun as 

consisting of two rows of sporangia which would suggest a bilateral 

symmetry. 

The dimensions of the Telanqium and Telanqiopsis species are 

shown in Table 8.1. The Lower Carboniferous representatives are 

approximately the same size, whereas T. scotti is twice as large as 

these. The limited development at the base of the synangium is a 

feature common to all species. In permineralised-forms the synangial 

pad is said by Benson (1904) and Jennings (1976) to consist of a 

triangular, vascularised core. It is possible that such a structure 

ray have formed the dark area at the base of the synangium in T. 

ruqosa and T. arkansanum. 

The outer wall layer of the sporangium in T. ruqosa is very 

similar to that described for T. arkansanum, (Eggert and Taylor 1971) 

and consists of large axially elongated cells with curved cell walls 

that are not arranged in vertical or horizontal rows. The outer walls 

of T. scotti are large and, like T. ruqosa, are isodiametric when 

seen in transverse section. Benson's illustrations indicate that the 

sporangial walls are biseriate which there is also some evidence for 

in T. ruqosa. All these species of Telanqiu and Telanqiopsis 

have longitudinal, ventral dehiscence. 

The natural affinity of the Drybrook synangia is uncertain as they 

are nearly always found as isolated units, apart from one rather 

problematical compression. If 'this connection to a narrow branchlet is 

accepted then the arrangement of these Drybrook sýynangia differ 

markedly from T. arkansanum (Eggert and Taylor 1971) and Telanqi 
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sp. (Jennings 1976). T. arkansanum is borne on a three 

dimensionally complex branch system, but Telanqium- sp. is arranged 

terminally on three dimensional, dichotomous parts of an otherwise 

planate, vegetative frond. Jennings also showed that Telangium s. 

is connected to fronds bearing Rhodea-like foliage. Pinnate foliage 

very similar to this is present at the locality but has not been found 

in attachment with synangia. 

A complete list of the occurrences, of Telanqium-and Telanqiopsis 

by Eggert and Taylor 1971, includes a number of poorly known or badly 

preserved forms. They also include; Telangium bifidum L&H, 

Telangium affine L&H, and Diplopteridium telianum Walton. It is 

considered likely that these species represent a different type of 

synangium of a higher complexity than the simple basally fused forms 

discussed above. 

A number of other synangiate forms from the Carboniferous have 

certain similarities with Telanqium ruqosa., The callistophytalean 

genera such as Idanothekion Millay and Eggert, (Rothwell 1979) 

consist of radially arranged, basally fused, sporangia with 

longitudinal, ventral dehiscence. However, both of these are 

associated with laminate foliage to which they are attached abaxially. 

Musatea qlobata. Galtier 1970 is a permineralised, radially 

symmetrical cluster of sporangia of upper Visean age from Esnost,, 

France. Because of the small size of the synangia discussed above and 

the limitations of preservation in compression and impression 

material, it is sometimes difficult to accurately determinine the 

extent of lateral fusion between adjacent sporangia. For this reason 

it is possible that some of the flattened compressions of species such 

as T. arkansanum and T. ruqosa, may represent free sporangial 

clusters such as Musatea because the partial superimposition of the 
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sporangia gives the appearance of a synangium. 

Jennings (1976) demonstrated that Telangium sp. is connected to 

Heterangium Corda 1845, a petrified stem genus believed to belong to 

the Lyginopteridaceae. Benson (1904) noted large numbers of 

Lyginopteris axes in the same preparations as T. scotti and drew 

attention to the similarity of the microspores produced by T. scotti 

and those in the pollen chamber of Lagenostoma lomaxi Williamson. 

Because of the lack of spores and attached plant organs the Drybrook 

synangia can not be ascribed to the lyginopterids, but on the basis of 

comparison with Jennings' and Benson's material, affinity with 6e 

lyginopterids might be expected. Howevert the development of radially 

arranged, exannulate sporangia appears to have evolved in quite a wide 

variety of plant groups and the material here will have to remain 

incertae sedis as a new species of the form genus Telangiopsis. 
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Division Spermatophyta 

class Pteridospermpsida 

order Lyginopteridales 

DICHOTANGIUM gen. nov. 

SYNONYMY 

1877 Calymatotheca Stur; Peach. 

1904 Telangium Benson,, in pars, p. 165,, figs 11,12. 

1924 Telangium Benson; Kidston, in pars, p. 444-459, Text. fig 430, 

PL. CIr fig 1, PLI CII, figs 5,6, PLj CIIIj figs 3.4.6-9, PL, CIVF fig 

5. 

1971 TelangioPsis Eggert and Taylorr in pars, S. affinis and 

s. bifida). 

GENERIC DIAGNOSIS 

Strictly dichotomous, fertile branchlet bearing terminal, variously 

lobed synangia. Synangia clustered in multiples of two or four 

Branch system up to 4 cm in length and individual branchlets 1 to 3 

m in width lacking vegetative appendages. Synangia consisting of a 

differentiated synangial pad which varies, in shape and sizer 

according to the extent of subdivision. Sporangia arranged around the 

periphery of the synangial pad. Synangium, cone-shapedr. when viewed in 

lateral preservations and oval to highly lobed, when orientated 

vertically. 
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Type species: Dichotangium quadrithecum 

Dichotangium quadrithec um sp nov. 

PL. 5.31figs 1-14, PL. 5.4, figs 1-8, PL. 5.5, figS 1-7, PL. 5.61figs 1-6 

SYNONYMY 

1962 Telangium sp Lele and Walton, P. 143, PL, 21 figs 23-26. 

SPECIFIC DIAGNOSIS 

Synangia 2 to 6 mm in diameter borne terminally on three 

dimensional, strictly dichotomous fertile branch. Synangial pads 

bilobed or quadrilobed and round to oval, arranged in bilaterally 

synmtrical groups. Surface of synangial stalk rugose, containing 

tracheids 8 um in diameter with scalariform thickenings. Sporangia 1.8 

to 2.2 mm in length and 0.3 to 0.55 mm in diameter. overall shape 

acuminate, with reflexed, tipst dehiscence, longitudinal, ventral and 

exannulate. outer facing sporangial wall thick, inner and lateral 

walls thin. Sporangial epidermal cells 30 to 40 pm in diameter, 

radially arranged with scalariform thickenings. Sporangium epidermis 

consisting of narrow, elongate epidermal cells 60 to 90 pm in length 

and 25 to 30 pm in width, rounded end walls, al igned axially tending 

to form longitudinal rows. 
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TYPE MATERIAL 

Holotype: 

PB20001. Iupression/compression, PL. 5.3, figs'1,2, Text. fig 5.2 A. 

Paratypes: 

pB20024. Impression# 

PB20004. Impression, 

PB20027. Impression, 

PB20006. Impressiony 

PB20153. Fusainised, 

PL. 5.3tflg 10, Text. fig 5.2 B. 

PL. 5.3, figs 11,12. 

PL. 5.3, fig 8, Text. fig 5.2 A. 

PL. 5.3tfig 14. 

PL. 5.4, figs 4-8, PL. 5.5, figs 1-7, PL. 5.6, figs 1-6. 

TYPE LOCALITY AND AGE 

Hazel Hill quarryt Puddlebrook, Nr Drybrookj Forest of Deant 

Gloucestershire, upper visean. 

INTRODUCTION 

This is a common synangiate organ at the locality and was briefly 

described by Lele and Walton (1962) where only four specimens were 

figured (figs 23-26). Over a hundred specimens were collected of 

which fifty are well preserved. Nearly all are of cast/mould 

impressions containing varying amounts of organic material. Five 

fusainised specimens were observed of which three revealed useful 

information with the S. E. M 

DESCRIPTION 

Inpression/compression material: 

The most coirplete specimen is shown in (PL. 5.3, fig 1,2, text. fig 

8.2a). The fertile branch is 1.0 mm in diameter at the base and 

decreases progressively to 0.3 to 0.4 mm at the point of attachment 

with is synangia (PL. 5.3, figs 1,2, text. fig 5.2a). libe surface of the 



137 

axes are finely ornamented with longitudinally orientated striations. 

The first two dichotomies are at wide angles, while successive' 

divisions are more acute. The internodes are progressively shorter 

following each dichotomy. The first internode is at least 10 mm in 

length, the second 7 mm and the third 3 to 4 mm. The part and 

counterpart of this specimen show the impression surfaces of an 

originallyý three dimensional structure. one half of the specimen 

(PL. 5.3, fig 1) shows the number of individual synangia which are 

orientated obliquely to the bedding plane. The counterpart (PL. 5.3, fig 

2) shows an impression surface of another part of the original three 

dimensional structure, and reveals the basal connection of the 

synangia to the most distal part of the fertile branch. The specimen 

is incompletly preserved and only one half of the fertile branch has 

synangia still in connection. The other half of the branch systeml 

which departs from the first dichotomy of the basal rachis, has lost 

most of the terminal branchlets and synangia,, but has at least four 

equal dichotomies of the same form as the other more complete half. 

The whole specimen is 2.8 cm in length and 3.0 cm. in width. In the 

left halý of the specimen the synangla are arranged in groups of four, 

eight and sixteen (PL. 5.3, fig 1). Close inspection of the counterpart 

indicates that each group of four is made up of two opposite pairs 

of synangia (PL. 5.3, fig 2). This orderly and symmetrical arrangement 

is the result of six consecutive dichotomies. The number of divisions 

and the three dimensional arrangement of the branches is. shown in the 

reconstruction of the fertile branch in text. fig, 5.2b. Such complete 

specimens - are very rare, possibly as a result of their delicate 

construction and the fact that the flora has evidently been drifted. 

Additional specimens of laterally orientated branchlets often show a 

number of synangia superimposed on each other and it is usually 
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dif f icult to distinguish the relationship of the most distal 

internodes and dichotomies with the terminal synangia (PL. 5.3, fig 

4,5). 

Two basic types of preservational orientation are found that are 

either "lateral",, where the synangia are superimposed on each other, 

(PL. 5.3ffig 3,415) or "vertical", where they are arranged in groups of 

four or more (PL. 5.3, figs 11,12,14, PL. 5.41fig 2). The specimen 

described above (PL. 5-3, figs 1,2) is a fortuitous exanple because the 

lower parts of the branchlet are folded. The result 'is that the 

terminal synangia are in an oblique position and the distal 

dichotomies are clearly visible. 

The interpretation of the two types of orientation is that the 

fertile branch was a three dimensional structure producing a pendulous 

canopy of terminal synangiar produced by a succession of equal 

dichotomies. 

shape, synmtry and organisation of the synangial pad : 

The terminal synangia differ considerably in size and shape. They 

can be morphologically divided into the synangial stalkF the synangial 

pad and a region of marginal sporangia. The synangial stalk is the 

mst distal part of the fertile branch which is slightly expanded and 

joins the synangial pad (PL. 5.3, figs 3F617). The sporangia are basally 

attached around the margin of the synangial pad which is an expanded 

area of tissue (PL. 5.3, figs 8rlOrl4). 7he size of the synangial pad 

varies when seen in lateral preservations, conpare PL. 5.3, figs 6,7 

with PL. 5.4ffig 1. This variability is also seen in vertical 

preservations (PL. 5.3, figs 10,11,14). The vertical orientations , in 

particular, provide evidence that a variety of synangial pads exist 

that are partially divided in a way that generates a bilateral 
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symmetry (PL. 5.3, figs 8,10, text. fig 5.3a). Because of the extent of 

division it is sometimes difficult to distinguish how many individual 

synangial pads are present in one cluster. one of the largest 

synangial pads is interpreted to represent a single synangium, 

(PL. 5.3, fig 8, text. fig 5.3a). It is quadrilobed and appears to 

consist of two bilobed sub-units that are fused at the centre. The 

whole structure is 6 mm in diameter. Another vertical preservation 

(PL. 5.3, fig 10) is a smaller bilobed synangium. which on closer 

inspection also consists of four, lobed sub-units (text. figr 5.3b). A 

synangial stalk is present, (PL. 5.3,, fig 10jarrow) which may indicate a 

dichotomy of the branch immediatly below the synangial pad. In terms 

of size and shape this partially divided synangium is equivalent to 

one side of the larger synangium, (PL. 5.31fig 81text. fig 5.3a). The 

smaller synangium, (PL. 5.3,, fig 10itext. fig 5.3b) is not associated 

with another bilobed or quadrilobed part but is clearly differentiated 

at the base by a synangial stalk. Around the perimeter of the larger 

synangium there is a slight indication of four lobes in each half of 

the synangial pad. The equivalent lobes are more strongly developed in 

the smaller- synangium. A number of additional specimens are more 

deeply divided'and are thus composed of smaller, individual synangial 

pads which like the larger ones are bilaterally symmetrical. The part 

and counterpart of one speciment (PL. 5.3,, fig 11,12) consists of four 

pairs of synangia, each of which is equivalent in size to the type of 

synangium in PL. 5.8,, fig 10,, but is further divided. There is also an 

indication that each of these paired synangia is bilobed 

(PL. 5.3, fig 13, arrow). Each half of this cluster of synangia is 

"equivalent" to one of the larger synangial pads in PL. 5.3, fig 8. 

There is also evidence that even more divided synangia of the same 

type exist. A cluster of small synangia (PL. 5.4, figs 112) also have a 
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bilaterally symmetrical arrangement . Another specimen, (PL. 5.41fig 

14) consists of two highly lobed synangial padsr and in another 

specimen, (PL. 5.4, fig 2) each synangial pad is highly divided and 

composed of four lobes that produce four groups of sporangia. 

ne cluster of four synangial units (PL. 5.31fig 14) is 4mm. in 

diameter and therefore the same size as one of the lobed pairs of 

synangia in PL. 5.3, fig 12. one of the synangial pads is deeply divided 

(PL. 5.3, fig l4jarrow) and the position- of this division is in-the 

equivalent position of the partially developed lobe in PL. 5.3jfig 13. 

The descriptions above indicate that the synangial pad varies in 

size and shape. The synangia have a bilateral symimtry whatever their 

size, and exist in pairs, multiples of four or larger multi-lobed 

structures with bilaterally symmetrical lobes. The size, shape and 

position of the sporangia around the margin of the synangial discs is 

constant. Marginal attachment of the sporangia is present even in the 

smallest of the synangial pads (PL. 5.3,, fig 14). 

A feature of the synangial pads that is correlated with the 

arrangement of lobes is the appearance of fine, branching grooves or 

ridges that my indicate vascularisation of the synangial pad. A 

number of synangia (PL. 5.3, figs 8,10,13) have a system of grooves that 

originate at the point where the synangial stalk is connected to the 

synangial pad (PL. 5.3, fig 10, text. fig 5.3b). In two specimens 

(PL. 5.3, figs 8,10) the grooves are directed towards the lobes, at the 

perimeter of the synangial pad. At'the base of the large synangium 

(PL. 5.3, fig 9) a groove divides, and a branch goes to each half of the 

synangium, where they divide again, nearly meting each corner-of the 

pad. 

Arrangement and attachment of sporangia : 
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The number of sporangia around the peripheral margin of the 

synangial pad is variable.. Smaller,, highly divided synangia, contain 

more sporangia for the equivalent area of pad than larger ones. The 

maximum number of sporangia on the large synangial pad in P1.5.3, fig 9 

is about 25. The specimen with smaller, highly lobed pads in 

PL. 5.31fig 13, contains at least 42 in a synangium which has the 

equivalent surface area as the larger synangium. The increase in the 

numbers of sporangia is seen in a number of specimens and appears to 

be the result of an increase in the total length of the sporangial 

margin due to the increase in the extent of division of the synangial 

pad. 

A hypothetical representation of the major types of synangial pad 

seen in vertically orientated impressions is shown in text. fig 5.4 . 

Type I represents the form of synangium seen in PL. 5.3, fig 8, type II 

in PL. 5.3rfig 10i type III in PL. 5.3, fig 11,12, and type IV in 

pL. 5.3, fig 14 and PL. 5-4, fig 2. This "series" of forms does not 

intend to reflect a developmental or growth sequence but simply 

indicates the decrease in size and increase in the length of the 

peripheral margin. 

Morphology of sporangium : 

The sporangia are 1.8 to 2.2 mm in length and 0.3 to 0.55 mm, in 

width. They are acuminate with inward pointing distal tips and are 

attached basally to the peripheral margin of the synangial pad. A 

space occupies the area inside the ring of sporangia. The surface of 

the sporangium is finely ornamented with longitudinal striations which 

represent the surface topography of the epidermis. It is difficult to 

say whether the sporangia are laterally fused or free above their 

point of attachment with the synangial pad. Lateral preservations of 



142 

synangia indicate that the sporangia may be fused, (PL. 5.3, figs 3,6) 

whereas, vertical preservations would suggest that they are free 

(PL. 5.3, fig 1OF PL. 5.41fig 1). It is possible that either of these 

conditions is the result of the way the synangium is preserved . 

observation of the sporangial impression surface under' high 

magnification occasionally showed longitudinal striations or, fine 

grooves that ray indicate lines of dehiscence. 

Fusainised material: 

Few of the fusainised specimens were preserved well enough to 

generate fine details with the S. E. M . only three isolated specirmns 

were sufficiently consolidated to demonstrate parts of the synangial 

stalk,, the synangial pad and the sporangia. one specimen (PL. 5.4, rfig 

3) is of a nearly complete synangium, observed while still embedded in 

the mineral matrixt without prior demineralisation. Another specimen, 

(PL. 5.41fig 4) although better preserved, has broken up into several 

pieces on the stub (PL. 5.4, fig 7). 

Synangial stalk and synangial pad : 

The most complete specimen (PL. 5.4, fig 3) is 2.1 m in diameter and 

2.2 mm, in length. It res eiTbles the same morphological state of 

development as the smallest of the impressions and represents stage 

IV of Text. fig 5.4 . The synangial pad contains two clusters of 

sporangia connected to the peripheral margin. one end of the 

synangium is broken and reveals a space occupying the central region 
(PL. 5.4, fig 3, arrow). The expansion of the synangial stalk to form the 

synangial pad is clearly visible in this specimen and in one other 
(PL. 5.4, fig 4). The surface of the synangial stalk is smooth in -the 

specimen in PL. 5.4, fig 3 because the surface is still partially 
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covered with mineral material. The demineralised specimen has a highly 

rugose surface which may account for the, axial striations seen on the 

impression surfaces of the fertile branches (PL-5.4, figs 4r5). The 

angle of the synangial stalk to the synangial pad is approximatly 

6e, which is a characteristic of many laterally preserved impressions. 

The synangial stalk is 0.6 in in diameter and contains longitudinal 

elements, 8 to 10 pm in widthr which have scalariform thickenings of 

the secondary wall (PL. 5.4, fig 6). It is possible that these elements 

represent tracheids that constitute the vascular supply to the 

synangial pad. 

The sporangia are inserted into the synangial pad and 'are 

slightly expanded above their level of contact with the synangial pad 

(PL-5.51fig 6). This is a critical feature as it provides evidence 

that the synangial pad is a specialised platform of tissue on which 

the sporangia are inserted rather than consisting of the fused bases 

of numerous sporangia. Another part of the demineralised specimen 

PL. 5.4, fig 7 shows the attachment of four free sporangia that make up 

about a quarter of the original structure. Part of the synangial pad 

is present below the sporangia, but is poorly preserved. 

Sporangia : 

Fusainised sporangia compare closely with those preserved as 

impressions. They are 1.9 to 2.2 mm in length and 0.4 to 0.5 mm in 

diameter. They are acuminate and the distal tips are always incurved 

(PL. 5.4, fig 8, PL. 5.5, figs 2,3 and text. fig 5.4)., All sporangia were 

dehisced and have longitudinal, ventral lines of dehiscense occupying 

three quarters their length which are 0.25 to 0.35 mm in width. The 

epidermis consists of axially alligned, rectangular, slightly 

round-ended cells, 60 to 90 pm in length by 25 to 30 )1m in width 
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(PL. 5.5, fig 5). A similar pattern is also found on the surfaces of 

impression material. There does not appear to be any modification of 

the cells around the line of dehiscence to form an annulus. The 

fusainised material provides additional evidence to indicate that the 

sporangia are free above the point of insertion with the synangial pad 

as the surface of the outer wall remains unaltered, for it's full 

length (PL. 5.5rfigs 3,5). A narrow gap separates the lateral walls of 

adjacent sporangia. 

Several sporangia were broken at various levels to expose transverse 

sections and observed under the S. E. M (PL. 5.6, figs 1-61 text. fig 5.6). 

A section through the distal part of the sporangium (PL. 5.6, fig 1) 

indicates that the line of dehiscence almost reaches the apex 

(PL. 5.5, fig 1). The outer wall of the sporangium. is 16 to 18 F thick. 

it is difficult to determine whether the thick, outer homogeneous 

layer, seen in the sections, represents -a thick outer wall of the 

cells immediatly to the inside or whether it represents a layer of 

cells with dense contents which after preservation appear solid. The 

wall elements inside the thick outer layer are oval and radially 

arranged (PL. 5.6, figs lr3). They are 30 to 40 pm in diameter and their 

walls are 5 to 10 pm thick. The radial walls of the cells inside have 

thickenings which protrude to form small bars. There is also a 

suggestion of openings or pits (PL. 5.6, fig 314 arrows). The fine 

structure of this fusainised material must be interpreted with 

caution because the reaction of plant cell walls to heat and 

diagenesis, which may cause the formation of fusain in the fossil 

recordt is not fully understood. There are also indications of 

checking, which is artefactual and which has also been observed in 

thick walled elements of other fusainised plant organs from the 

locality (PL. 5.6, fig 2). The outer sporangial wall in the middle 
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region of the sporangium (PL. 5.61figs 3,4, text. fig 5.6e) is thicker 

than the lateral sides which taper towards the line of dehiscence. 

Nearer the base the outer wall is. flatter and consists of two or three 

radially flattened wall cells (PL. 5.6, fig 5.6, text. fig 5.6). 

The inner surface of the sporangium is lined with axially al igned, 

flattened cells (PL. 5-6, fig 6) which form a series of longitudinal 

ribs along the length of the inside of the sporangium. The most basal 

parts of isolated sporangia are frequently still in attachment with 

part of the sporangial pad margin (PL. 5.5, fig 4). 

COMPARISON 

Among the other sporangiate organs from the locality these synangia 

are most similar to Telangiopsis-rugosa. Some of the specimens are 

equivalent in overall size and shape but apart from this, a number of 

features clearly separates them. The construction of the synangia in 

T. rugosa is less conplex and consists of groups of five or six 

basally fused sporangia that are radially arranged around a synangial 

stalk. The synangia of Dichotangium are more complex and consist of 

a basal synangial pad, with laterally free sporangiar arranged around 

the peripheral margin. The sporangia are also quite different, those 

of D. quadrithecum are acuminate and possess small axially al igned 

epidermal cells, whereas the sporangia in Telangiopsis are blunter 

and have largerr expanded epidermal cells that are not al igned in 

axial rows. 

Dichotanqium differs considerably from Telangiopsis arkansanum 

E)ggert and Taylor (1971), Telanqium sp Jennings (1976) and 

Telangium scotti Benson (1904) because, the synangia are more 

conplex. However there are certain features whicý Dichotangium 

shares with these. Both Telangium scotti and Telangium sp 
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Jennings have a differential thickening of the sporangium wall, which 

is thick on the outer facing side and tapers towards the line of 

dehiscence. Benson (1904) describes ornamentation of the wall elements 

in the hypodermal cells in T. scotti which-is similar to that of the 

fusainised material described here. However, the differential 

thickening of the wall' and its role in the dehiscence of exannulate 

sporangia may be expected however, in a range of quite unrelated 

forms. So too'might the development of ornamented cell walls,, for the 

vascular supply to the sporangium. Benson's illustrations and those of 

Jennings' indicate histological continuity or fusion between adjacent 

sporangia. The sporangia in Dichotangium appear to be free 

laterally, and there are no irregularities in the lateral walls of 

fusainised sporangia that might be expected, had they at one time been 

connected. 

The fertile branch Of Dichotangium differs considerably to 

those of T. arkansanum and Telangium sp (Jennings 1976). The 

fertile branch of T. arkansanum is three dimensionally complex, and 

the synangia are borne terminally on slender monopodial branchlets. 

ribe fertile branch of Telanqium' sp, consists of planate fronds with 

Rhodea-like pinnules and the synangia are borne on limited 

dichotomously branched portions of these; The dichotomies are 

different as they are not strictly dichotomous and the synangia are 

not limited to the terminal parts of a wholly fertile branch system. 

The branch system of T. scotti is currently unknown but some of 

Benson's illustrations and some similar material in the 

palaeobotanical slide collection of the University of Bristol, Botany 

Department,, no C. 361 do show 'transverse sections of unattached 

synangia lying parallel to each other. This may indicate that the 

synangia were borne terminally on dichotomising branchlets. The 
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problem still remaining with T. scotti is whether the sporangia are 

arranged in a bilaterally or radially symmetrical arrangement. The 

arrangement seen in Benson's material is similar to that seen in in 

some of the smaller synangial pads of Dichotangium (PL. 5.41fig 3). 

Because of the possibility of partial flattening in Benson's material 

and the lack of details of the synangial base, I am inclined to regard 

T. scotti as distinct to Dichotangium. 

other conparable synangia include Crossotheca Zeiller and the 

permineralised Feraxotheca Millay and Taylor 1976,, and 

Schopfiangium Stidd et al. 1985. A variety of 'forms of 

Crossotheca have been identified (Kidston 1906,1924)r (Arnold and 

Steidtmann 1937 ),, (Taylor et al 1982)., Crossotheca consists of a 

flattened synangial pad that has been referred to as a reduced pinnule 

(Scott 1902,1923) because of it5 disc like structure and its 

similarity to the vegetative pinnules on the same frond., The 

sporangia are connected to the periphery of this basal pad and in this 

respect are similar in construction to Dichotangium. There is 

evidence in some species, such as Crossotheca hughesiana 

Kidston and Crossotheca hoeninghausi Brongniart, of vascular traces 

on the surface of the synangial pad (Kidston 1924). Apart from the 

basic similarity in gross structure of the synangia, Crossotheca is 

different to Dichotangium because the synangia are reflexed and 

attached to a planate, fertile frond. Kidston (1924) also stated that 

the two species C. hughesiana and C. hoeninqhausi have bilocular 

sporangia, which is apparently absent in Dichotangium. 

The genus Feraxotheca (Millay and Taylor 1977) is a 

permineralised, Middle Pennsylvanian synangium, which they suggest 

represents the 
, anatomical preservation of Crossotheca. The 

arrangement of synangia on the fertile branch is similar to 
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Crossotheca , and there are also non-fertiler laminate structures on 

the fertile frond. The sporangia arise from a small basal pad and are 

fused to each other along their lateral and ventral surfaces. 

Dehiscence involves the lateral separation and internal rupturing of 

these connections leaving a space' inside the sporangia. There is an 

indication that the shape of the synangial pad varies according to 

it$ position on the fertile frond, but not to the variable extent 

shown by Dichotangium. Feraxotheca possesses a vascular 'strand 

which expands laterally and branches out over the surface of the 

synangial pad, which is similar to that in Dichotangium. ' 

It is apparent that a wide variety of forms of the 

Crossotheca. -type synangium existr which include the simple oval type 

such as C. hughesiana to more complex forms such as Cr'ossotheca 

sagitata, (Arnold and Steidtmann 1937). Like Feraxotheca, this type 

of synangium are borne on a planate fertile frond that my contain 

sterile appendages. They represent a group, albeit a diverse one, that 

is quite distinct to Dichotangium. 

A new genus of possible lyginopterid synangiat Schopfiangium, 

(Stidd et al 1985) consists 'of clusters of two to three radially 

to bilaterally symmetrical synangial units. Seven to nine sporangia 

are connected to basal pads of tissue and are fused for two thirds 

their length. The sporangia have narrow protruding tips. The parent 

plant or fertile branch is unknown but adjacent sporangia are 

interconnected by narrow extensions or cross-bridges that contain 

vascular tissue. This feature is one of the principal morphological 

features that distinguishes it from Feraxothecal Telangium and 

Dichotangium. other features such as longitudinal, ventral 

dehiscence and biseriate, differentially thickened walls are similar 

to a number of the synangia mentioned above. 
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Three structurally similar synangia have been described from British 

localities that are believed to be associated with sphenopteroid 

foliage. These are ; Sphenopteris affinis L and H, (Peach 1887, 

Kidston 1906,1924), Sphenopteris bifida L and Hr (Kidston 1906, 

1924) which are from localities in the Calciferous Sandstone series of 

Northern England and Scotland, and Diplopteridium teilianum from the 

Teilia beds in North Wales (Walton 1926,1931). Each consists of a 

strictly dichotomous, three dimensional, fertile branch systemp 

bearing terminal synangia. The width of the fertile branch, the angle 

of branching and the presence of variously sized synangial pads, 

(Peach 1887r Kidston 1906,1924), indicate that the fructificationst 

supposedly associated with S. affinis are very similar to the 

Drybrook material. The vertical preservation of a terminal cluster of 

s. bifida synangia illustrated by Kidston (1924) is almost identical 

to some of the synangia of this material,, ( compare Kidston"s figure 

Plate CII, fig 5,6 with the specimen illustrated here in PL. 8.3, figs 

11,12). Both Benson (1904) and Kidston (1924) mention the arrangement 

of the terminal synangia of S. bifida, and note the symmetrical and 

dichotomous distribution of the terminal branchlets. Benson (1904) 

says A careful examination of Mr Kidston's figs 1-6 PL VIII would 

lead me to conjecture that the synangium is composed of not more than 

ten or twelve sporangia and that the appearance of a greater number is 

due to the shortness of the ultimate ramifications and hence the 

almost capitate condition of the fructification". Kidston (1924) in 

describing the same specimen says "In Telangium bifidum it is 

larger (refering to the synangial pad of S. bifidum ) and 

forms a small, quadrilobed, flat, shield-like'disc 3 mm in diameter 

which may result from a coalescence of four short bianches arising 

from a double dichotomy as indicated by its quadrilobate form". The 
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material shown in these early works is of only a few specimens of both 

S. affinis and S. bifida, and each res embles the smaller highly 

dissected synangial pads of this material. Kidston's measurements for 

the two synangia are ; 2.5 to 3.5 irm in length by 2.75 to 3.0 mm in 

width for S. affinis, and 6.5 to 6.7 mm in length by 3.75 to 4.0 mm 

in width for S. bifida. His measurements of S. bifida are of- a 

group of four, lobed synangia including the spaces in between, and so 

the actual dimensions of the constituent synangial units are 

equivalent in size to the smallest of the Drybrook synangia. Kidston 

separated S-affinis and S. bifida on the size of the synangial base 

which he regarded as larger in S. bifida. It appears from his 

illustrationsr that he was comparing lateral compressions of 

S. affinis (where the lateral extent and organisation of the synangia 

is obscured) with vertical compressions of S. bifida, which appear 

larger because the lateral distribution of synangia is visible. It 

seems possible that these two forms may have the same preservational 

variability observed in the Drybrook synangia. Further investigation 

of Kidston's material is necessary in order to clarify the 

relationship between these two forms,, particularly with regard to the 

distribution and associations of each at their numerous localities. 

The synangiate organs associated with Diplopteridium teilianum 

Walton (1931) are also similar, but less thoroughly investigated, than 

those of S. affinis, S. bifida and the Drybrook material. The 

synangia are borne terminally on an apparently, equally dichotomous 

branch system. Walton (1931) illustrated one specimen which he 

suggested was connected to the frond of Diplopteridium teilianum. 

Walton's line drawing ( fig 1.1931) would suggest that the branch 

system is strictly dichotomous but his reconstructi6n (Walton 1940t 

p. 123) is obscure and appears monopodially branched. 
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DISCUSSION 

In a recent review, Taylor and Millay (1981) discuss the general 

trends found among the synangiate genera attributed to the 

lyginopterid pteridosperms. They suggest that the early, Lower 

carboniferous representatives such as Telangiopsis arkansanum 

(Eggert and Taylor 1971) were upright and terminal on entirely 

fertile, non planate branch systems. Later forms such as Crossotheca 

and Feraxothecar according to these workersf represent a later and 

more conplex development. This difference in conplexity is apparent 

in the differentiation of the synangial base to form- a discreet 

synangial base or pad and their arrangement on a planate fertile 

frond. other distinguishing features include the association 'of 

additionall sterile , laminate structures on the fertile frond. They 

also suggest that the material described by Jennings (1976) my 

represent an intermediate form on account of, it5 sinpler terminal 

synangia,, and the fact that the synangia are attached to small 

dichotomous branches that are attached to an otherwise planated frond 

consisting of sterile appendages. The Dichotangium synangium 

described here r represents another type which combines some of the 

"early" Telangiopsis characters, such as a completly fertiler 

non-planate branch system with a more complex synangium that is more 

similar to Crossotheca or Feraxotheca. 

one of the most problematical synangiate organs is Telangium 

scotti becauser although the anatomical details of the sporangia are 

known, the nature of the synangial base and the branch system is still 

unknown. Its stratigraphical position is Westphalian A and therefore 

much higher than T. arkansanum 01 Telangium sp. ' Jennings and 

DichotangiuM. Benson's material would suggest that it is of the same 
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basic structure as Telangium sp. Jenningsr which is interesting as 

it would represent a simply constructed synangium at a comparatively 

late stratigraphical position. 

The material from the Drybrook locality is especially interesting as 

at least two types of synangium are to be found. Telangiopsis rugosa 

represents the early type of synangium whereas Dichotangium 

represents a more complex form. Both of these synangia might be 

considered to represent lyginopterid seed fern synangia. 

Whether or not the identification of simple, earlier synangia and 

later, more complex synangia is an observation that has any 

evolutionary importance is a matter of some speculation. The 

appearance 'of synangia of varying complexity at different 

stratigraphical positions could be explained in the following ways. 

Firstly the lyginopteridales is a highly variabler artificial 

assemblage that contains a number of types of synangia that indicate 

the presence of more than one group of plants of equal rank. Secondly 

the differences in synangial architecture are observable at varying 

stratigraphical ages and represent an evolutionary tendancy of the 

development from a simple to a more complex type of synangium that 

belongs to a single, stratigraphically diverse group defined as the 

Lyginopteridales. 

The identification of this new type of synangium occurring in the 

Calciferous Sandstone series and in the Upper Visean Drybrook 

Sandstone where it is contemporaneous with a Telangiopsis-type of 

synangium is significant with regard to the hypotheses outlined 

above. As far as the first is concerned the Drybrook material would 

suggest that the simple and complex forms co-existed and that the 

development of the more complex synanglum occurred at ah early age. 

With regard to the second possibility, the presence of the two forms 
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at Drybrook and the fact that the simple type of synangium, 

Telangium scotti Benson, is to be found as high as the Westphalian 

A might suggest that the move towards a more complex type of synangium 

did not necessitate the extinction of the simpler type . and both 

complex and simple forms evolved side by side from the Tournaisian to 

the Westphalian A. 

Ever since Benson's description of T. scotti there has been some 

controversy as to whether the limited I parenchymatuos area of tissue 

in the region of the synangial stalk represents a reduced pinnule or 

a terminal modification of a non-laminate fertile branchlet (Scott 

1909,1923, Kidston 1906, Eggert and Taylor 1971). The variable range 

of synangial bases seen in Dichotangium, is an interesting 

intermediate between the type of Crossotheca synangium , seen in 

the larger, undivided specimens and much smaller synangial pads seen 

in the highly divided specimens. It has been suggested that- the 

unusual arrangement of the units making- up the synangia in 

Crossotheca sagitata (Arnold and Steidtmann 1937) was derived from 

the fusion of three smaller units which impart a planate construction 

to the synangia. I have decided that the variety of forms assigned to 

Dichotangium are of a close biological affinity. If this is the case 

it appears that great flexibility is possible in the extent of fusion 

or subdivision of the synangial units. 

The range of synangial forms seen in Dichotangium, and summarised 

in Text. fig 5.5 could be interpreted as representing a developmental 

sequence. An initially large synangial pad is subdivided by a series 

of dichotomies with the reproductive advantage of producing larger 

numbers of sporangia and consequently larger numbers of spores. Such 

a developmental scheme is speculative but it compares interestingly 

with other sporangiate organs such as Alcicornopteris Kidston, 
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Rhacopteris fertilis Walton and Triphyllopteris_ uberis Gensel and 

Skog 1984 which are non synangiate and consist of a branch system 

containing large numbers of free sporangia. 

A significant point wade by Taylor and Millay (1981) concerns the 

fact that many Lower Carboniferous foliage genera consist of narrow 

non laminate pinnule segments such as; Rhodea Presl, some species of 

Sphenopteris Brongniart, Diplopteridium holdeni Liele and Walton, 

DiPlopteridium teilianum Walton. It is possible that this type of 

foliage with limited lamina development is structurally more 

equivalent to the slender dichotomising apices of Dichotangium and 

produce this type of synangium rather than the more laminate forms 

such as Crossotheca. 

Di-chotangium provides additional evidence that probable 

lyginopterid pteridosperms consist of a range of forms that produced 

synangia of more variable construction than has previously been 

realised. It is apparently confined to the upper Visean of the Forest 

of Dean and the Teilia beds of North Wales and the older Tournaisian 

localities from Northern England and Scotland. There is some evidence 

from association and in one cas. e a close association, that this 

synangiate organ is one of the reproductive organs of the Lower 

Carboniferous plant Diplopteridium Walton. 
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Cornutheca gen nov 

GENERIC DIAGNOSIS 

slender branch system bearing pairs of secondary branchlets that 

terminate in pendulous, horn-shaped, pluriseriate synangia. 

Type species: Cornutheca spinensis sp nov. 

Cornutheca spinensis 

PL. 5.7,. figs 1-5j, PL. 5.8, figs 1-10r PL. 5.91figs 1-6 

SPECIFIC DIAGNOSIS 

Branch system at least 40 mm in length and 2.0 mm in width. Wholly 

fertile, associated in groups of up to four individual branchlets. 

Synangia 6 to 10 mm in length and 6 to 8 mm in width, consisting of 

an oval, distal surface covered with 25 to 30 sporangia. Lateral, 

proximal surfaces and margin of distal surface possessing partially 

flattened, broad based, pointed spines. Distal sporangia 1.5 mm in 

length by 0.4 to 0.5 mm in width. Marginal and superficial spines up 

to 0.8 mm in diameter and 2 mm in length. 

TYPE MATERIAL 

Syntypes: 

PB50001. Inpression, PL. 5.7, figs 1,2,3,4, PL. 5.8, figs 1,21 Text. fig 

5.6 AFBIC. 

PB50004. Fusainised, PL. 5.8, figs 3,4,6-10, PL. 5.9rfigs 1-5, Text. fig 

5.6 D. 
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TYPE WCALITY AND AGE 

Hazel Hill quarry r Puddlebrook, Nr Drybrook, Forest of Deant 

Gloucestershire. Upper Visean. 

INTRODUCTION 

Twelve specimens of what are considered to represent complex,, 

synangiate organs were found as impressions and fusainised material. 

Two specimens include details of a branch system to which the synangia 

are attached, while the remainder are of isolated units. Two branching 

specimens are found associated with vegetative pinnae of the Lower 

Carboniferous frond genus Archaeopteridium. A new genus is proposed 

for this synangium and its branch system. 

DESCRIPTION 

impression material 

Two specimens show the connection of cone-shaped synangiate organs 

to a slender branch system (PL. 5.7, figs 1-5). Two separate branches 

are visible (PL. 5.7, fig 1) to one side of an Archaeopteridium frond. 

Another specimen (PL. 5.7, fig 5) shows a cluster of the same type of 

synangia associated with a frond but no direct connection- was 

observable here. The most complete fertile branchlet is 40 rnm in 

length with a maximum diameter of 2 mm. There is little detail on the 

impressions of these branchlets apart from an indication of fine 

longitudinal striations. Each branchlet consists of a leading axis 

which is partially visible on one of the branches (PL. 5.7, fig 

3, arrow). It has been flattened laterally so that the leading rachis 

is on the left and pairs of partially superimposed synangia are to the 

right. The other branchlet on this specimen (PL. 5.7, fig 4, text. fig 
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8.5b) has two pairs of synangia and shows the connection of 

these with the leading rachis (arrow). This second branchlet has been 

preserved vertically so that the abaxial surface of the frond is 

facing uppermost and the leading rachis is lying in tbe-matrix beneath 

the lower pair of synangia. A similar type of vertical preservation is 

visible in two clusters of synangia on the counterpart (PL. 5.7, fig 

2, arrow) which are not present in the part (PL. 5.7,. fig 1). These four 

branchlets form the basis of the suggested reconstruction (text. fig 

5.6f). The branchlet is therefore pinnate and consists of a leading 

rachis from which a number of secondary branchlets arise in pairs. 

Each of these terminate in a cone or horn-shaped synangium. The total 

number of synangia on the part and counterpart of this most complete 

specimen (PL. 5.7, figs 1.2) is at least twenty and these are contained 

on at least four separate branches. There is no direct evidence of 

attachment to the Archaeopteridium frond or to each other , but the 

extreme rarity of these synangia and their close-proximity in two 

specimens to Archaeopteridium fronds does suggest an association. 

The synangia are 8 to 11 mm in length and' 6 to 18 mm in width and 

are preserved either as verticalýy or laterally orientated impressions 

(PL. 5.7, fig 3, PL. 5.8,, fig 5F PL. 5.8,, fig 1). The vertical impressions 

are visible as oval regions consisting of numerous triangular 

depressions penetrating the matrix (PL. 5.2, fig5). These compare 

closely with fusainised specimens in shape , outline and number of 

projections (PL. 5.8, fig 7). The distal margin of the synangium in some 

specimens is marked by a row of tooth-like depressions (PL. 5.8, fig 5F 

arrow) which are also present around the perimeter of the fusainised 

specimens (PL. 5.8, fig 7,8). Lateral compressions of synangia are 

longer than they are wide and are broadest at the distal surface. The 

synangia attached to the leading rachis (PL. 8.7, fig 3) are obliquely 
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orientated in the matrix, with the result that the distal surfaces 

appear oval in outline and taper towards to the synangial stalk. From 

the distal surface to the basal stalk the synangium is slightly 

recurved and and the proximal and lateral surfaces are marked by the 

impressions of distally pointed spines (PL. 5.7, fig 4). Around the 

margin of the distal surface are conspicuous marginal spines 

(PL. 5.8ffigs lj2). The marginal and superficial spines are 1.8 to 2.0 

mm in length and are broadest at their point of attachment with the 

synangium. Silicone rubber replicas of the marginal spines indicate 

that the surface consists of axially al igned, rectangular, cells, 

arranged in longitudinal files which are 140 Pm long by 50 pm wide 

(PL. 5.8, fig 6). The marginal spines taper to a fine point. ' 

Fusainised material 

Isolated fusainised specimens were found and where possibler 

subjected to observation with the S. E. M. All the material is extremely 

fragmentary and only one specimen (PL. 5.8, fig 7) was observed as a 

nearly complete structure. 

TWO specimens show a combination of morphological characters 

comparable with those seen in the impression material (PL. 5.2, fig 

3,7-10, PL. 5.3, figs 1-4). one is shown embedded in the matrix prior to 

any attempted demineralisation, or observation with the S. E. M. 

(PL. 5.8ifig 3). It consists of a pair of synangia that are united at 

the base and bears lateral and marginal spines (PL. 5.8, fig 31arrows). 

The other synangium, was uncovered as far as possible with fine needles 

and carefully immersed in 40% HF for 10 minutes and gently agitated 

(PL. 5.8, figs 7,8). Both specimens are 9 mm im length and 6m in 

width. The three dimensional structure of the synangium (PL-5-81fig 

7,8, text. fig 5.6d) shows that the distal region is bordered by 
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marginal spines which surround an area packed with closely arranged 

sporangia. The external features of the synangia are poorly preserved 

(PL. 5.8, figs 8,9,10) and a series of ridges indicate the original 

positions of the broken spine bases. The marginal spines are laterally 

flattened . tooth-like and, fused at their bases forming a crenulated 

margin (PL. 5.8, fig 9). The size and distribution of the distal 

protuberances or sporangia, coqoare closely with the arrangement of 

triangular depressions seen in the inpression material (PL. 5.8, fig 5). 

The sporangia are linear and 0.5 to 0.6 mm in diameter and at least 

1.5 rnm in length. Higher magnification of the distal region 

(PL. 5.9, figs 1-6) show numerous 'transverse sections of closely 

arranged protuberances. They are poorly preserved and broken at 

varying levels along their lengths (PL-5.9, figs 1,2). The line drawing 

in PL. 5.91fig 2 indicates the positions of the structures in the 

central region of the distal surface. The total number of sporangia 

for the whole specimen is estimated to be between 25 and 30. Each 

sporangium is 0.6 mm in diameter and circular in transverse section 

near the base but slightly flattened distally (PL. 5.3, figs 2,3). In 

both the circular basal sections. and the flatter distal parts, many of 

the protuberances have central hollows approximately 0.2 mm in 

diameter. Although the external surfaces of the sporangia are poorly 

preserved, limited anatomical details are visible. Some of the 

transverse sections show evidence of radially arranged wall elements 

that are three or four cells deep. One section through the wall 

(PL. 5.9, fig 4, arrow) indicates a layer of smaller rounder elements 

with a thicker outer wall that may represent the sporangium wall 

epidermis. They appear to lack identifiable lines of dehiscence and 

differ from the marginal and superficial spines, principally, by their 

smaller size and their' circular outline at the base in transverse 
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section. 

COMPARISON AND DISCUSSION 

The interpretation of these structures as synangiate organs rests on 

the assumption that the terminalf distal protuberances on the distal 

surface are sporangia. The observations from the fusainised material 

suggest they differ from the marginal and superficial spines in size, 

shape and arrangement. The presence of a hollow space in the centre of 

each projection may represent a spore chamber but this is uncertain. 

Like most of the fructifications from this locality the preservation 

of the sporangia and microfossils is not good enough to identify in 

situ spores. The size and shape of the distal protuberances are 

similar to microsporangia although no spores or lines of dehiscence 

are visible. The possibility remains that the structures may represent 

ovulate fructifications or a combination of microsporangiate and 

ovulate structures such as Hydrasperma tenuis Long (1979). The more 

basal regions are only known from the external impression details as 

no fusainised details were obtainable in the interior of the 

structure. Present evidence would suggest that the microsporangia-like 

structures are solely present inside the structure and the organ is 

tentatively interpreted to represent a synangium. 

The distal sporangia are found inside a fringe of slightly flattened 

marginal spines and the superficial spines depart at various positions 

along the length of the outer wall. It is therefore clear that the 

synangium is not composed of a ring of laterally fused sporangia but 

a discreet outer wall to which the external spines are attached. This 

is an important, structural feature when comparing with other complex 

synangiate which consist of a ring of laterally fused sporangia such 

as Aulacotheca. Halle 1933, Boulaya Carpentier 1925, and 
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Whittleseya Newberry 1853. 

The association of fertile branches with fronds of 

Archaeopteridium is interesting, as there are no previous reports 

of any fructification associated with this rare frond. If these 

fertile branches were attachedr they were borne on a separate, 

otherwise non-vegetative, branch system associated with a bifurcating 

vegetative axis. The pairs of synangia superficially res emble the 

arrangement of pinnules of Archaeopteridium. one might consider 

that the synangia represent modified pinnules that have become 

reflexed and bear sporangia on their abaxial surface. However, the 

lack of spines in Archaeopteridium, makes such a comparison 

unjustified. Some of the specimens are superficialy similar to 

superimposed aggregations of Dichotangium. However in 

Cornuthecal the sporangia are found on the distal surface whereas in 

Dichotangium the sporangia are confined to the peripheral margin. 

There are numerous reports of aggregate or compound synangia from 

the Carboniferous but most are known from the Upper Carboniferous and 

the better known forms are of permineralisations. Some problematical 

forms from the Lower Carboniferous, that represent either 

microsporangiate or ovulate structures, include Calathiops Goeppert 

and Pterispermistrobus Stopes. The material from Drybrook differs -From 

these on account of the much smaller size of the structures 

interpreted 'here as sporangia. Calathiops renier-i Walton and 

Calathiops glomerata Walton 1931 are more similar to the cupulate 

structures from this locality and are clearly different to these 

synangia. calathiops acicularis Walton 1931 is smaller but lacks the 

cup-shaped structure of these and has fewer sporangia-like 

protuberances. Pterispermistrobus is a monotypic genus used for 

probable cupulate organs 'and is also unlike this material. Benson 
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(1935) restricted the use of the genus Calathiops for ovulate and 

cupulate structures only, and so it is therefore regarded as 

unsuitable for this material. 

A number of synangia are cup shaped and possess a central hollow 

such as Wbittleseyal Boulaya, Aulacotheca and Codonotheca. 

cornutheca differs from these in not possessing a central space but 

having numerous internal sporangia and a synangial wall that is not 

comprised of numerous tangentially fused sporangia. other more complex 

forms are campanulate and consist of large numbers of distally 

orientated microsporangia such as Dolerotheca and Potoniea. Apart 

from overall size and its superficial spines, Cornutheca is most 

similar to these. The permineralised genus Dolerotheca is 

campanulate and up to 40 mm in length and is from the middle and Upper 

Pennsylvanian of North America. Its overall shape is similar to 

Cornutheca but differs in size and the arrangement of sporangia 

which are positioned around the periphery of four highly plicated 

sub-units (Dennis and Eggert 1978). The sporangia are arranged in 

double rows that are directed towards the 'centre of the structure. 

Such complexity could not be demonstrated in Cornutheca but even if 

the material was preserved better it is unlikely that the sporangia 

are arranged radially. Potoniea Zeiller is perhaps more similar to 

this material. Until Stidd's (1978) discovery of a permineralised 

specimen only compressions were known of this synangium. The 

compression species Potoniea carpentieri Kidston (1924) from the 

Westphalian B of Staffordshire, consists of Cyclopteroid foliage with 

charecteristic dichotomous veination to which are attached numerous 

microsporangia that are 0.4 to 0.7 mm in length (Crookall 1976). 

Vertical preservations consist of a mass of sporangia-shaped 

impressions that are approximatdy the same shape and size as the 
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vertically orientated impressions of Cornutheca. Apart from this 

similarity , the distinct type of veination and the pinnule-like 

nature of the campanulumt which is attached to a much stouter rachis 

indicate that Potoniea is different. 

Stidd (1978) justified the application of a generic name based on 

compressions to his permineralised material on the basis of similarity 

in size,, shape and the presence of distally free, pluriseriate 

sporangia and their arrangement in concentric and radial rows. The 

fusainised and impression material from Drybrook is not well enough 

preserved to compare the fine organisation of the sporangia, but their 

arrangement on the distal surface might represent a concentric 

arrangement. The maximum length and width of the sporangia, in 

fusainised material is approximatly equal to that of Potoniea 

illinoiensis. Stidd 1978 and is also similar to this synangium in 

apparently lacking any differentiation around the line of dehiscence 

(Stidd 1978). One of the major differences between the two forms is 

the arrangement of sporangia. In P. illinoiensis and in some 

compression forms of, Potoniea (Carpentier 1929, Laveine 1971 the 

sporangia are arranged in groups of four to six. Potoniea is 

slightly larger and it is wider than it is long, whereas Cornutheca 

is longer than it is wide. There is also no report of any superficial 

spines in Potoniea. 

In the absence of in situ spores and direct attachment to any other 

plant organ this probable synangiate organ shall remain incertae 

sedis. 
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GenuS ALCICORNOPTERIS Kidston 

Alcicornopteris recurva sp. nov 

PL. 5.10,. figs, 1-7 

DIAGNOSIS 

Branch sýstem consisting up to 25 un in length and 35 m in width 

consisting of numerous flexuous branches, that dichotomise, giving 

rise to slender much branched, bluntly terminating branchlets. Maximum 

width of branch axis , 4.0 mm. Some areas of the branch system 

flattened, res embling aphlebiae. Branchlets terminate in pointed, 

irregularly arranged structures that may represent sporangia. 

TYPE MATERIAL 

Syntypes: 

PB70001. Conpression, PL. 5.10, fig lt Text. fig-5.8 A. 

PB700041PB70005. Compression, PL. 5.10, figs 415, Text-fig 8.8 D. 

PB70003. Compression, PL. 5.10, figs 2j3, Text. fig 5.8 BIC. 

PB70006,70007. Compressiont PL. 5.101 figs 6,7. 

DESCRIPMON 

Four specimens of one of the rarest plant organs at the locality, 

exhibit features characteristic of a branching, sporangiate frond. 

All are preserved as flattened compressions and impressions with 

little organic matter apart from a fine black powdery residue and 

thin highly particulate cuticle. 

If all the available specimens are considered, it appears that each 
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could represent part of a small, freely branched frond. The distal 

parts of the branch are seen in PL. 5.10, figs lj213 and the more 

proximal parts in PL. 5.10, figs 415. The specimen in PL-5-10, figs 6,7 

represent the most complete frond fragment and is at least 35 mm wide 

by 25 mm long. The basal parts of the branchlet divide dichotomously 

at angles of approximately 600 to 800(PL. 5.1o, figs 4,7 arrow). The 

maximum width of the basal branches is 4 to 4.5 mm. Towards the 

terminal region the branching becomes irregular and produces narrower 

and more flexuous branchlets. These terminal branches are frequently 

superimposed on each other in 'closely aggregated clusters 

(PL. 5.10, figs 6r7). The branch system is strongly recurved 

(PL. 5.10ifigs lF4,6). Two branches are seen in in (PL. 5.10, figs 617) 

both of which dichotomise at the base (arrows) and are reflexed 

towards each other. The fine details of the terminal parts of the 

branch are barely visible, even when, - photographed under alcohol 

(PL. 5.10, fig 3). The branchlets terminate abruptly in a number of 

short, pointed structures which might represent sporangia (text. fig 

5.8d, e). Pieces of the matrix containing these terminal appendages 

were digested in 40% HF and gently macerated but failed to yield 

anything other than minute fragments of cuticular material. one of the 

branches resulting from a dichotomy (PL. 5.10, fig l, arrow), remains as 

a leading axis for 25 mm giving rise to narrower secondary branches 

every 3 or 4 mm. It bifurcates near the end and terminates abruptly 

(text. fig 5.8a). This suggests that the branch becomes pinnate and 

flattened towards the distal region. 

COMPARISON AND DISCUSSION 

Ibis structure differs markedly from the synangiate structures and 

other fertile organs from the locality. If the terminally arranged, 
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pointed structures are sporangia and not aphlebiae the whole structure 

would represent a freely branching, non-synangiate branch or fertile 

f rond. 

Comparison can be made with a number of non-synangiate branch 

systems from the Devonian to the Upper Carboniferous. Rhacopteris 

fertilis Walton 1926 ressembles this material to some extent 

-particularly with regard to the terminal parts. He describes 

"sporangia" that are very similar indeed to the terminal structures in 

this material (text. fig 5.7c). Walton's material, also shows evidence 

of a single basal dichotomy terminating a naked, basal petiole, which 

may be equivalent to the lowest divisions observed here. He compared 

, R. fertilis with R. paniculifera Stur 1875 from the Culm flora. 

This species has Rhacopteris-like foliage attached to a terminal 

petiole which gives rise to a similar, freely, branched, sporangiate 

organ. The basal part of the fertile region of R. paniculifera has 

some similarity with the Drybrook structure as the two leading 

rachides are reflexed towards each other but a good description of the 

supposed fertile region of this species is lacking. 

other comparabler compression material includes Triphyllopteris 

uberis Skog and Gensel 1980, from the Upper Mississippian of the 

Price Formation, Virginia. The type of branching in this material is 

strikingly similar to that of the Drybrook material. It consists of a 

basally dichotomising branch system, that produces leading, flexuous 

branches. Smaller secondary branchlets arise from these which 

terminate in densely aggregated sporangial masses. The whole branch 

system is strongly recurved in one direction. The sporangia are 

narrower than those of the Drybrook material but the principal 

difference between the two forms is the fact that T. uberis is about 

one and a half times the size of this branch system. Skog and Gensel 
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convincingly demonstrate that the fertile branch is attached 

terminally to an unbranched frond of Triphyllopteris. The most 

similar type of frond to this at Puddlebrook is Archaeopteridium 

which was not associated with this fructification. 

It is very difficult to to assign this fossil to any particular group 

of plants without any further details of the sporangia. A number of 

widely related groups of plants such as the Aneurophytales and 

Protopteridales, and genera that are believed 'to belong to the 

Filicopsidst possess sporangia that are borne on a partially 

dichotomousf planate, branch system. The fertile part of Protopitys 

walton (1957) is another dichotomously branched axis with pinnately 

arranged branches terminating in sporangia. The earlier, Middle to 

Upper Devonian Aneurophytales (Bonamo and Banks 1967) possess fertile 

axes that dichotomise twice at the base and each resulting branch is 

tripinnate. The most distal branchlets bear terminally free 

sporangia. Rellimia thompsonii Leclercq and Bonamo 1971 is 

another Aneurophytalean genus which is a compression and has a similar 

overall construction to the Drybrook material in having a reflexed 

leading rachis. 

Alcicornopteris Kidston (1887) is a form genus based on 

compression material for probable sporangiate organs, consisting of 

dichotomising axes and flattened unfertile appendages, with a fertile 

portion consisting of much divided pinnae bearing sporangia. The genus 

was redefined ( idston 1924) and two species were figured 

Alcicornopteris convoluta Kidston 1887 and Alcicornopteris 

zeilleri Vaffier 1901. The material came from localities in the north 

of England and Scotland in the Oilshale group of the Calciferous 

Sandstone series. Walton (1949) described a. new species, 

Alcicornopteris hallei from loch Humphrey Burn, which although 
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anatomically preserved showed sufficient morphological information to 

compare with Kidston's material. 

The terminal parts of this Drybrook material way or may not possess 

sporangia. It would therefore be most sensible to follow Walton's 

(1949) suggestion regarding material such as this. He recommended the 

following; " It would appear to be the better course for the present 

to disregard the actual fructifications of the genus and depend on the 

charecters of the rachides. Alcicornopteris must be regarded as a 

form genus for a type of fructification rachis". Walton also pointed 

out that it is impossible to interpret the supposed "synangial" 

structures, in Kidston's material as anything more than bunches of 

linear structures. 

This new material is therefore included in the form genus 

Alcicornopteris as a new species, on account of it's small size and 

distinctive type of branching. 



TEXT. FIG 5.1 

Telangiopsis rugosa (A) PB30015, X5 line drawing of specimn showing 
possible attachment of 4 or 5 synangia to a narrow branchlet. (B) 
basal and (C) distal views of reconstruction of T. rugosa showing 
interpretation of radial symmetry and limited differentiation of 
synangial base. (D) reconstruction of synangium attached to narrow 
branchlet (only one of a pair of synangia shown). (E) Diagram of 
structures visible in fusainised specimen in PL. 8.2, figs 5,6, X120. 
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TEXT. FIG 5.2 

Dichotangium quadrithecum (A) PB20001, X2' Line drawing of most 
complete specimen showing the arrangement of synangia in pairs, and 
groups of four, eight and sixteen attached to strictly dichotomous 
branch system. (B) Three dimensional reconstruction of synangia 
arranged terminally on part of a fertile branch. (C) Reconstruction of 
a single synangium showing the attachment of sporangia interpreted to 
be being free abo ve their point of insertion with the synangial pad. 
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TEXT. FIG 5.3 

Line drawings of conplex, and lobed Dichotangium synangia. (A) 
PB20027, X12 large quadrilobed synangial pad consisting of four major 
lobes delimited in one place at arrow 1.7he surface of the synangial 
pad contains a branched system of grooves, possibly representing 
vascularisation of the synangial pad, arrow 2. (B) PB20024# X12 
another complex synangium, "equivalent" to half of the synangium in (A) 
with a further subdivision into smaller lobes, also showing possible 
vascularisation of the synangial pad. 
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TEXT. FIG 5.4 

Diagrammatical representation of the morphology and anatomy of 
Dichotangiu sporangia based on sporangia removed from fusainised 
synangia in plates 8.4 to 8.6. (A) Ventral and (B) lateral views of 
sporangium showing epidermal pattern, length of dehiscence line and 
incurving distal tip. (C) to (F) Demonstrate the anatomy seen in 
transverse section from the small circular t. s at (C) in the distal 
regionr through the line of dehiscence ((D)j (E) and of the flattened 
outer sporangial wall at the base M. 
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TEXT. FIG 5.5 

Diagramatical representation of the range of synangial types which 
vary from large, slightly lobed synangial pads (I) to more delimited 
forms. The smallest, or most highly lobed synangia contain larger 
numbers of sporangia on an "equivalent" area of synangial pad. 
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Cornutheca spinosa, probable aggregate sypangiate organ. (A) 
PB50001* X3 Line drawing of most complete synangiate branchlet 
associated with otherwise vegetative frond of Archaeopteridium. (B) 
PB50001, X4 another part of branchlet on same slab as (A) of two pairs 
of synangia presumably attached by a branchlet underneath. (C) 
PB50001, X20 Line drawing of epidermis of marginal spines observed by 
S. E. M. (D) PB50013, X9 line drawing of distal view of fusainised 
specimen in PL. B. 8, fig 7. (E) reconstruction of single synangium and 
branchlet containing paired synangia (F) based on PB50001. 
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TEXT-FIG 5.7 

Line drawings of Alcicornopteris recurva. (A) PB70001, X3 Based on 
part and counterpart, showing leading rachides and basal dichotomies 
of branch system. (B) and (C) PB70003, X15 Terminal parts of branchlet 
showing structures that possibly represent sporangia. (D) and (E) 
PB70004, PB70005, X4 part and counterpart of lower region of branch 
system showing basal dichotomies. 
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CHAPTER 6 

THE PTERIDOSPERM; DIPLOPTERIDIUM HOLDENI LELE AND WALTON AND 

ITS FRUCTIFICATIONS 

INTRODUCTION 

Lele and Walton (1962) described the frond Diplopteridium holdeni 

from this locality which consists of a bifurcating rachis with highly 

segmented secondary and tertiary pinnae. They provided some evidence 

that the frond possessed a median rachis in the angle of the fork, a 

situation similar to Diplopteridium teilianum from the Teilia beds 

in Flintshire, North Wales (Walton 1931). For this reason they 

assigned the Drybrook material to Diplopteridium. 

The specimens they described are fragmentary and of only small 

isolated parts of an originally much larger frond system. The new 

material described here provides evidence of the arrangement of these 

fronds on the main axis and the connection of cupulate branches which 

arise from the angle of the otherwise vegeta tive fronds. The cupules 

are also known from fusainised material which has- provided 

morphological and anatomical information not found in the cast/mould 

impression material. 
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Division SPERMATOPHYTA 

Class PTERIDOSPERMOPSIDA 

Order LYGINOPTERIDALES 

Genus DIPLOPTERIDIUM Walton 1931. 

Diplopteridium holdeni Lele and Walton 1962. emend. nov. 

PL. 6.1, PL. 6.2, PL-6-31 PL. 6.41 PL. 6.51 PL. 6.6F PL. 6.7, 

Text. figs, 6.1.6.2,6.3f 6.41 6.51 6.6f 

SYNONYMY 

1962 Diplopteridium holdeni Lele and Walton P. 140,141, PL. 201figs 

8-15. 

EMENDED DIAGNOSIS 

Monopodially branched axis bearing terminal crowns of helically 

arranged bifurcate or trifurcate fronds. Leading axis at least 19 cm 

in length, 8 to 12 mm in width. Fronds, 8 to 25 cm in length by 3.5. to 

9.0 cm in width, departing from the min axis at an angle of 3Cr to 

60'. Lateral secondary rachides broadly sagitate. Secondary and 

tertiary pinnae, highly variable consisting of well developed or 

weakly formed rachides giving rise to clusters of bifurcating pinnule 

segments. Pinnule segments highly divided. Median rachis consisting of 

either dichotomously branched axis bearing terminal, reflexed, paired 

cupules or a weakly developed, vegetative pinna. Both median and 

lateral, secondary rachides develop by circinate v6nation. Cupule 

pairs, 6 to 10 mm in diameter, each half-pair consisting of 4 cupule 
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segments or lobes that are laterally fused to each other for half 

their length. Cupules are reflexed and borne on narrow dichotomising 

branchlets. Cupule lobes consisting of thick walled, fibrous elements 

60 to 80 p in length by 25 to 35 p in width with spirally thickened 

secondary walls. 

TYPE MATERIAL 

Holotype: 

V. 42453 (B. M. N. H. ), (Lele and Walton 1962). 

Paratypes: 

V. 42474F V. 42487, V. 43004 (B. M. N. H. ), (Lele and Walton 1962). 

Emendation of genus substantiated by: 

PB400011 Conpression, PL. 6.1, figs 1.3. 

PB400181 Compression, PI. 6.3, fig 1. 

PB40036,, Compression, PL. 6.4,, figs 1,, 2,3,, Text-fig 6.2 D. 

PB40136, Fusainised, PL. 6.5, figs 8j9j Text. fig 6.2 C. 

PB40061, Fusainised, PL-6.6, figs 1-6. 

LOCALITY AND AGE 

Hazel Hill quarry, Puddlebrook, Nr Drybrook, Forest of Dean, 

Gloucestershire. Upper Visean. 

DESCRIPMON 

Attachment of fronds to main axis: 

The most complete specimen was found on a single slab, where the 

part and counterpart contain a single axis with spirally arranged 

fronds organised in a terminal crown (PL. 6.1, fig 1, PL. 6.2rfig 1). The 



172 

main axis is at least 19 cm in length and 8 to 12 rim in width, it is 

slightly sinuous and branches about a third of the distance from the 

base. The surface of the axis is irregular and the edges are marked 

by series of projections, which are found in a number of other 

isolated axes which are probably of the same affinity (PL. 6.1, fig 

2, A). 

The fertile and vegetative fronds are attached to localised 

portions of the main axis and are helically arranged (PL. 6.1, fig 2t 

pL. 6.2ffig 6). The bases of the fronds are slightly expanded and 

overlap each other on the leafy parts of the axis. The same 

arrangement is seen in other less complete specimens (PL. 6.2, fig 4). 

Unfortunatly the material is not complete enough to say whether 

certain parts of the axis are entirely cupulate or a mixture of 

cupulate and vegetative fronds. There are two crowns of fronds on this 

slab, the one attached to the axis has at least three fronds with 

cupules attached, whilst the unattached crown (PL. 6.1, fig 1, lower 

left), is apparently vegetative. The leading axis terminates in a 

spirally arranged crown -of expanded petiole bases. The fronds depart 

from the axis at angles of Urto 600. The whole crown is estimated to 

be approximatdy 25 to 30 cm in width. 

An additional group of fronds are visible on the same slab which 

are at an early stage of development (PL. 6.2, fig 3). Three immature 

fronds are present and all are circinatly coiled. one contains a 

number of tightly reflexed , narrow pinnule segments that ressemble 

Diplopteridium pinnules (PL. 6.2, fig 3, arrow). The base of these 

circinate fronds is 8 nun in diameter and the whole structure has a 

similar appearance to the apical part of the large specimen on the 

same slab. 
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Vegetative fronds and foliage: 

Individual fronds of D. holdeni vary greatly in sizer and in 'the 

density and arrangement of the secondary and tertiary pinnae. The 

largest and most complete frond is 21-cm long by 9 cm wide (PL. 6.3, fig 

7). Whole fronds may be as small as 8 cm in length-by 4.5 cm, in width 

(PL. 6.3, fig 1). The vegetative fronds consist of a basal rachis, 2.5 

to 5.5 mm in diameter which bifurcates at a point approximatdy 

halfway up from the base and each branch produces a secondary pinna. 

The secondary pinnae vary considerably in complexity. Some are well 

developed and produce tertiary pinnae (PL. 6.3,, fig 7). These give rise 

to alternatdy arranged clusters of slender pinnule segments. Other 

fronds with secondary rachides have weakly developed tertiary pinnae, 

with shorter axes and sparsely arranged clusters of pinnule segments 

(PL. 6.3ffig lj2j4j5r Text. fig 6.1a). Below the dichotomy of the frond 

the lateral pinnae are also arranged alternatply but are weakly 

developed with short pinna axes and fewer clusters of single and 

bifurcate pimule segments (PL. 6.3tfigs 2,6,9 text. fig 6.1a) 

The differences in complexity. and arrangement of the pinnae'may at 

first sight provide grounds for separating groups of specimens into 

different taxa. However the large number of specimens observed, has 

revealed a continuum of features which are extremely difficult to 

separate. It appears more likely that the variability is the result of 

differences in ontogenyl and position on the plant. Additional 

variation of the fronds, almost certainly results from the condition 

of the plant organ prior to preservation. If the secondary rachides in 

PL. 6.41fig 7 are compared with those of PL. 6.4, fig 1 the former are 

straighter and wider, whereas in the latter, the pinnule segments are 

narrower and have a feathery appearance, which might be an indication 



174 

of a higher level of decomposition prior to burial and preservation. 

There is an indication of circinate development in a number of 

specimens, before and after the division of the primary rachis. One of 

the smaller *fronds consists of a basal petiole with two short 

secondary rachides. Each of these has a small circinate coil ,4 mm in 

diameter, and 2 cm. from the most distal pinnule segments (PL. 6.3, fig 

1). This specimen is interpreted as representing a developmental stage 

shortly after the division of the primary rachis. Another specimen of 

an unbranched frond terminates distally with a circinate coil 

(PL. 6.2rfig 5). This specimen could represent a circinate 

developmental stage prior to the dichotomy of the primary rachis. 

There is evidence from a number of specimens that some of the 

fronds are trifurcate (PL. 6.3, fig 3r PL. 6.3, fig 4). The best specimen 

illustrating this (PL-6-3, fig 3, Text. fig 6.1d) has a naked secondary 

rachide, 22 rnm in length and 2.5 mm in width. The upper part of this 

rachis is circinately coiled and at each side there are', vegetative, 

secndary rachides. Another specimen of a poorly preserved frond has a 

secondary, median raChide which is pinnate and apparently vegetative. 

It has a spindly appearance and gives rise to sparsely arranged, 

slender pinnule segments. The rachis is 3 mm, wide at the base and 1.5 

m wide for most of it, 5- length (Text. fig 6.2a). 

Fertile median rachis: 

Clusters of cupulate organs borne on dichotomising axes are 

frequently found superimposed on fronds of D. holden (PL. 6.1, figs 

lj3jText. fig 6.4a, PL. 6.4, figs 112r6j Text. fig 6.2). The exact 

position of attachment is not clear because the cupules are frequently 

superimposed on the fertile branch and with each otherr obscuring the 

exact point of connection. The terminal crown of the large specimen 
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(PL. 6.1i, fig 1j, PL. 6.2,, fig 1) has at least three fronds in attachment 

which incorporate a number of cupulate structures occupying the area 

where the fronds divide. One frond on this slab (which is not actually 

connected to the main specimen) has at least 8 separate casts and 

moulds of cupulate structures that are splayed apart and cover an area 

3 by 2 cm (PL. 6.11fig 3, Text. fig 6.4a).. The exact mode of branching 

is not clear but a branchlet at the base of this cluster that is 2 mm 

in diameter,, clearly divides. Two additional specimens are 

illustrated showing the same arrangement, one consists of a few pairs 

associated with a dichotomy (PL. 6.4, figs 1-3, Text. fig &2d). and 

another with at least 16 cupules superimposed on a Diplopteridium 

rachis (PL. 6.41fig 6). The first has at least three pairs of cupules 

which are preserved as casts and moulds associated with an impression 

of a frond. Again the exact relationship of the cupules to the 

Diplopteridiu frond is obscure, but it is possible that a median 

branch arises from the angle of the two secondary rachides which is 

partially overlying the rachide on the left (PL. 6.4, fig 2. Text. fig 

6.2d). The casts and moulds of these cupules (PL. 6.4, figs 2,3) 

indicate that the cupules are associated in pairs, are reflexed, and 

consist of at least four partially fused segments. Each cupule pair is 

5.5 mm in width and 6.5 mm in length. These preservations consist of 

an impression which is often darkly stained with organic material 

(PL. 6.4, fig 3, arrow) and a centrally positioned cast which is roughly 

pear-shaped - The casts frequently have longitudinal ribs or grooves 

which indicate the positions of each cupule lobe or segment (Text-fig 

6.2d). The lobes are fused for one half their length and terminate 

separatly with pointed , slightly incurved tips. The larger, 

multilobed, mould impressions are interpreted to -represent the 

impression of the outer surface of the cupule pair, while the oval 
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cast represents the sediment infill of the space in between the 

cupule lobes, in those that have presumably shed their contents. 

Mineral casts are frequently found in pairs and those in PL. 6.4, fig 

2,3 are joined at the base which suggests that the cupules in this 

impression material occur in laterally adjacent pairs. The cupules are 

preserved in varying orientations. Those in PL. 6.4, figs 2,3 are 

orientated laterally whereas those in PL. 6.1, fig 3 and 6.4, fig 6 are 

at orientations that are often difficult to interpret. 

Isolated clusters of cupules also show a variety of preservational 

orientations. one is of four cupule pairs that are interconnected by a 

slender axis which dichotomises twice. Each dichotomy terminates'in a 

cupule pair (PL. 6.5, fig 1). The branchlet is 8 mm long and 1.5'mm in 

width. Another specimen shows the basal part of a cupulate branchlet 

which is 1.4 mm-wide and 7 mm long that divides equally (PL. 6.51fig 61 

Text. fig 6.2b). The more complete-half contains at least, one reflexed 

cupule pair. Both of these specimens are of flattened cast/mould 

preservations with powdery carbon deposits. 

Before describing the fusainised material some,, additional 

cast/mould impressions that have retained their three dimensional 

morphologyt and which show an interesting variety of preservational 

orientations, shall be discussed. It is on the interpretation of 

the three dimensional structure of these, and their comparison with 

the fusainised material which has convinced me that the two types of 

preservation are of the same affinity. Five specimens are illustrated 

which are preserved at varying orientations. Those in PL. 6.5, figs 213 

are part and counterpart, and PL. 6.5 fig 4 are of two reflexed cupule 

pairs, preserved obliquely with their basal surfaces uppermost. The 

cupule pair in PL. 6.5, fig 7 is preserved laterally. The two 

interconnected cupule pairs in PL. 6.5, fig 5 and the pair in PL. 6.5rfig 



177 

10 are preserved vertically. 

The outer impression of the first specimen (PL-6.5, fig 2) is 10 m 

in length and 7m in width. The left part is divided into two lobed 

sub-units (arrows) and each half on the counterpart contains an 

oval, mineral cast (PL. 6.5, fig 3, arrows 'Text. fig 6-4). The arrows 

point to the bases of the paired casts which mark -the interface 

between organic matterl (which has since disappeared) and mineral 

matter, at the time of infilling. Another specimen (PL. 6.5, fig 4) 

shows exactly the same orientation. Both of these specimens are 

preserved obliquely so that the distal parts of the lobes of each 

cupule point towards the centre of the structure. This provides 

further evidence that the cupules are in a reflexed position on the 

fertile branch. Text. fig 6.5 is an interpretation of these specimens 

based on the direction and angle of the cupule casts and the positions 

of the spaces which occupy the areas originally filled by the organic 

matter. A reflexed arrangement of paired cupules is suggested by this 

material (see explanation Text. fig 6.5). The third specimen 

(PL. 6.5, fig 7) is a laterally orientated cast-which is 6 inm in length 

and 6 om wide. There is a groove along the base ofthe paired casts 

and the surface of these are marked by by the impressions made by the 

cupular lobes and the spaces in between. The third type of orientation 

(PL. 6.5tfigs 5rlO Text. fig 6.3d) consists of vertically orientated 

sediment-filled cupules. one of these consists of two inter-connected 

cupule pairs (PL. 6.5, fig 5) and another consists of a single pair 

(PL. 6.5, fig 10). The cupules are orientated with their' long axes 

arranged parallel to the bedding plane. Like other three dimensional 

cast/mould preservations the organic matter is absent so that a 

complex series of grooves and channels is left around the mineral 

casts. The cast of the double cupule pair is butterfly-shaped and 
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occupies the central space of all four cupules (Text. fig 6.3b). The 

tooth-like depressions around the perimeter of the cast descend into 

the matrix for some distance and represent the spaces originally 

occupied by the cupule lobes .A diagranuatical representation of this 

specimen is shown in Text. fig 6.6 a. b. Part of one of the cupule pairs 

is shownr where a fragment of the mineral inpression surface was 

chipped away to observe the vertical extent of the impression mould. 

The tooth-like depressions are interpreted as representing lateral 

distortions of the'cupule lobes caused by a, partial flattening of the 

structure. ( text. fig 6.5b 

Fusainised cupules: 

Four fusainised specimens are illustrated of which three were 

prepared for the S. E. M .' Because of their relatively large size and 

degree of fragmentation, those specimens observed with the S. E. M 

frequently charged, resulting in a poor, flared image. This was 

partially overcome by adhering the specimen to the stub with silverr, 

conductive paint and sputter coating the specimen for up to twenty 

minutes. observation of the specimens was carried out at a filament 

current voltage below 10 K-V. 

one specimen is of two cupule pairs that are connected by'a commn 

strip of tissue that may represent part of the fertile branchlet 

(PL. 6.5, fig 8P9 part and counterpart Text-fig 6. '2c). one half of the 

part and counterpart is intact and and shows the outer surface of the 

base of a cupule pair (PL. 6.5, fig 819 arrow lF Text. fig 6.2 c) while 

the other half (arrow 2), has been transversely sectioned about one 

third of the distance from the base, ; as a result of cleavage 

through the rock (Text. fig 6.7 a). This specimen clearly shows the 

division of the cupule walls into lobes even at a level near the baser 
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where the lobes or segments are still laterally fused. This may 

account for the appearance of the tooth-like pegs around the 

perimeter of the vertically orientated cast/mould preservations 

(PL. 6.5, figs 5,10). The sectioned half of the specimen shows the shape 

(in T. S) of a vertically orientated sediment infill, which is 

equivalent in size and shape to those of cast/mould fossils lacking 

organic material. The specimen is 10.5 mm in length and 9.5 mm in 

width and is equivalent in shape and organisation to the three 

dimensional, cast/mould preservations described above. 

Additional specimens observed with the S. E. M (PL. 6.61 PL. 6.7) show 

the same basic features. One specimen shows part of a single cupule 

with three remaining cupule lobes (PL. 6.6, figs 1-6). Each lobe or 

segment is 0.9 mm in diameter at the base. The inner surface of one 

of the cupule lobes (PL. 6.6, fig 4) has an oval-shaped depression on 

the surface which narrows distally. The surface is finely ornamented 

with thick walled, angulart roughly rectangular epidermal cells, 35 pm 

in length by 20 pm in width. The periclinal surfaces of these cells 

are sunken, perhaps indicating dehydration and shrinkage (PL. 6.6, fig 

5). The base of the cupule is relatively undifferentiated apart from 

two raised areas, which when seen in section are comprised of thick 

walled fibre cells alligned parallel to the cupule base (PL. 6.6, 'fig 

6). The most complete specimen consists of a dichotomising branchlet 

which bears a cupule pair attached terminally to the left branch of 

the dichotomy (PL. 6.7, fig 1). The branchlet is 1.9 mm in diameter at 

the base and narrows slightly after the division. The width and 

orientation of this branchlet compares well with those preserved as 

cast/mould impressions. The cupule pair-consists of nearly complete 

segments on the right side that are broken distally (PL. 6.7, fig 4) and 

some poorly preserved segment bases to the left (PL. 6.7, fig 2). The 
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point at which the two cupules making up a pair are separated is seen 

in PL. 6.7, fig 2, arrow, at a point where the outer surfaces of two 

adjacent cupule segments, one from each half, have their outer 

surfaces almost adpressed. The section through the distal regions of 

the cupule segments (PL. 6.7, fig 4), indicate that the tips way be 

rounded to triangular or a flattened oval shape. The cupule segments 

consist of thick walled, spirally thickened, fibre-like cells, that 

are 60 to 80 pm in length and 25 to 35 p in width. The inner surface 

of these elements is very irregular as the spiral outgrowths of the 

secondary walls penetrate for some distance into the cell lumen 

(PL. 6.7, fig 6). In transverse section some of the cupule lobes have 

spaces up to 0.4 mm in diameter. 

A range of preservations and orientations of cupulate structures 

exist that vary considerably in appearance. The flattened impressions, 

the three dimensional cast/mould impressions, and the fusainised 

cupules have a number of features in common. All are bilaterally 

symmetrical and consist of small dichotomising branchlets that 

terminate in paired cupulate structures. Each. half of a cupule pair is 

composed of four or five segments that are fused basaRy for the lower 

half of their length and and are free distally. The base of the 

cupules are undifferentiated apart from one or two raised areas. No 

direct evidence of ovules or microsporangia were found within these 

structures. 

DISCUSSION AND COMPARISON 

The discovery of large specimens of Diplopteridium holdeni with a 

large compliment of morphological characters and interconnected organs 

permits the comparison of this species with the pter. idosperms. The 

Lyginopteridales is a diverse group of Carboniferous pteridosperms 
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which lack a clear definition because of the large number of 

fragmentary and diverse types of plant organ usually assigned to it. 

one of the major problems concerned with a comparison of this sort 

lies in the fact that many of the characters used to define groups 

of pteridosperms are found in permineralised material. Howeverr 

among the morphological characters generally considered to belong to 

the Lyginopteridales (Arnold 1947, Stidd and Hall 1970, Taylor and 

Millay 1981F Stewart 1983) the following are found, in this new 

roaterial of D. holdeni- (1) A spiral arrangement of trifurcate and 

bifurcate fronds attached to a slender monopodial axis. (2) Fronds 

with narrow sphenopteroid pinnule segments. (3) Small cupulate organs 

attached to a median rachis arising from the angle of bifurcate 

fronds. 

Habit: 

From the available evidence the size and habit of this plant is 

difficult to predict. The Lyginopterids are commonly believed to have 

been scrambling or vine-like (Arnold 1947,. Taylor and Millay 1981, 

Stewart 1983 ). Which is an inference based on the fact that stems 

more than about 4 cm. in diameter have never been found and that such 

axes could never have supported such large fronds without the partial 

support of the neighbouring vegetation. Arnold (1947 p. 212) mentions 

the fact that fronds arranged radially on the rac*his may indicate an 

upright habit which is certainly suggested in the arrangement of 

fronds in the terminal crowns of D. holdeni. The fact that the main 

axes of these plants are narrow could just as likely have resulted 

from preferential sorting in the depositional envirorunent, as few 

plant axes are found at this locality that are more than 4 or 5 cm in 

width. 
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Cupules and associated fertile organs: 

The discovery of cupules attached to these fronds is interesting as 

a number of similar frond/cupule associations are known from other 

Lower Carboniferous localities in the British Isles. The exact mode of 

attachment of the cupulate branch to the' bifurcate -frond is not 

clearly demonstrated here bacause of the tendancy of the cupules to be 

superimposed and obscure the point of attachment to the frond. Because 

of the presence of a median rachis and the number of specimens with 

cupules overlying the middle region of numerous fronds I consider that 

there is sufficient indirect evidence to assume that the cupules are 

borne on a median rachis arising from the -angle between the secondary 

rachides. 

The question arises as to' whether the cupules contain 

seeds or represent microsporangiate organs. None of the impression or 

fusainised material showed any direct evidence of attachment to seeds 

ovules, or differentiation of the cupule lobes' to form 

microsporangiate organs. one fusainised specimen showed some 

ornamentation or impression on the inner surface of the cupule lobe' 

that might indicate the position originaly occupied by 'an ovule or 

seed. one cupule lobe (PL. 6.6, fig 4) *contains an elongatel'narr-ow 

depression (arrow 1) to the side of a central, broader area (arrow 2). 

It is tempting to speculate that the outer indentation represents an 

integumental lobe and the inner area represents the nucellus and 

salpinx of a small seed or ovule. if this were the case it is likely 

that each cupule half would not contain more than two seeds each. In 

the same specimen on the inner surface of the base of the cupule there 

is one, possibly two bumps or raised areas (PL. 6.6, fig 6 arrow). 

Long (1960a) interpreted similar protuberances in the cupules of 
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Stamostoma huttonense to represent the abscission marks left after 

the shedding of seeds. This may provide further evidence that suggests 

the 

structures described here represent seed cupules. 

A number of specimens indicate that the fronds developed by 

circinate vernation at the primary, secondary and median rachides. 

This provides further evidence that plants assumed to be pteridosperms 

developed by a process,. which is now found only in the Filicopsids; and 

some Cycads. The presence of crosiers in the apical parts of 

pteridosperm foliage is noted throughout the Carboniferous from a 

nuzber of groups including Sphenopteris affine (Peach 18871 Kidston 

1924) and in the Callistophytales (Rothwell 1981). 

coniparison with other Lower Carboniferous fronds and fertile organs: 

The identification of a fertile branch in the angle of two lateral 

secondary rachides has been demonstrated for a number of Lower 

Carboniferous pteridosperm fronds. These include Diplopteridium 

teilianum Walton (1931) and Sphenopteris bifida Lindley and Hutton 

(1832). Kidston (1924), Long (1977). The synangia in D. teilianum 

are borne on a dichotomous branch system that arises from the same 

position as that interpreted for the cupulate branch in D. holden . 
Some very similar synangiate organs are described from this locality 

and assigned to the new genus Dichotangium (Chap 8). Convincing 

connections of this to D. holdeni were not found. Although some 

synangia were associated with fronds of D. holdeni,, this my be 

expected on cleavage planes containing large numbers of fronds and 

synangiate organs. If Dichotanqium was found to be the 

microsporangiate organ of Diplopteridium at Drybrook then the 

cupulate and sporangiate organs would have been borne on separate 
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fertile branches. The waterial from Teilia did not have any cupules in 

attachment although Walton (1931) describes several isolated cupulate 

structures. Calathiops glomerata Walton is larger than the cupules 

of D. holden and is apparently pinnately arranged. Calathiops 

acicularis consists of terminally arranged cupule-like structures 

with finely pointed segments. Neither of these is very similar to 

those of D. holdeni and they are only known from a few poorly 

preserved , flattened compressions and impressions -(Walton 1931, 

Crookall 1976). The fronds of D. teilianum are approximatly the same 

size as the vegetative fronds of D. holdeni and although the pinnule 

segments are slightly broader' their arrangement on the frond is 

similar. 

Sphenopteris bifida L&H, as well as being associated with 

synangiate organs of Dichotanqium (Kidston 19241 Benson 1904),, 

has also been shown attached to cupulate organs that are very similar 

indeed to those described here (Kidston 19241 Long 1979). Long (1979) 

describes some new material and he convincingly shows the attachment 

of a cupulate branch system to a median rachis which arises from the 

angle of two secondary rachides. The material was collected from the 

Lewis Burn site in the Low6r Visean of Northumberland. This 

compression material is similar in size to the Drybrook cupules. and 

consists 'of reflexed cupule pairs borne terminally on a dichotomous 

branch system. Long (1979) drew attention to -the fact that the 

cupules, which appear to be preserved as three dimensional casts and 

moulds, are preserved in varying orientations. He describes vertical 

orientations that are butterfly- shaped and similar to those of 

D-holdeni, and lateral preservations which show the outline and 

vertical extent of the partially fused cupule lobes. Like the Drybrook 

material, Long could not find synangiate organs in attachment with the 
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fronds although, like Kidston'sr there were numerous specimens on the 

same cleavage planes. other parts of S. bifida are similar to the 

vegetative parts of D. holdeni and D. teilianum. The pinnae 

connected to the edges of the primary rachis are small and consist of 

only a few slender pinnule segments which are bifurcate and 

oppositely arranged whereas those comprising the secondary rachides , 

although poorly preserved in this material, are more complex. Although 

the frond architecture is similar, S. bifida is estimated by Long to 

reach 40 cm in length which is twice as large as D. holdeni and 

]2. teilianum. 

Long (1979) compares S. bifida with the permineralised cupule 

genus Hydrasperma cf tenuis from Oxroad Bayr East Lothian which is 

late Tournaisian, CM group in age (Scott gt 11.1985). Transverse 

sections of this material were found to bear a striking res emblance 

to the so called dorso-ventral orientated compression material of 

S. bifida. He shows some line drawings of serial sections through a 

cupule pair, which clearly show that each cupule is connected to a 

common median stalk - in om earlier paper (Long 1977) describes additional 

H. tenuis cupules, which consist of tapering, basally 

fused cupule lobes, and, small elongate structures, which he 

interpreted to represent microsporangia. From observing additional 

specimens he stated that the presence of these features was an 

"inconsistent feature". It might be said here that the anatomical 

details of H. tenuis are not well preserved and that the transverse 

sections of the cupule lobes are not really comparable with those of 

D. holdeni. Long (1979) compared S. bifida cupules with H. tenuis 

on the basis of overall size and morphology although he could not 

identify the exact number of cupule segments to each cupule in 

S. bifida. The number of lobes in the specimen described in his 1977 
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paper contain about eight segments to each half of a cupule pair. Both 

H. tenui and S. bifida are between 11.5 and 12.5 mm in diameter 

across each pair of cupules. Long (1977) describes two specimens of 

H. tenuis. It is sometimes difficult to distinguish exactly how many 

individual cupules are present and what represents a single cupule, 

a cupule pair,? and the various lobes and valves into which he 

morphologically divides the structures. In the discussion of one of 

the specimens he makes the following comment; ...... and the two cupule 

units seem to be more intimat4y fused so that they form a more unified 

structuref almost giving the impression of being 'one cupule only". 

Hydrasperma is a problematical cupule which Long (1979) suggested 

might represent the permineralised form of S. bifida. It is 

approximabdy the same sizer and the cupules have'a similar arrangement 

as in 5. bifid and p. holden r but it has far more individual 

cupule lobes and fertile appendages . There is the interesting 

possibility that it might represent a combined ovulate and 

microsporangiate organ. - 

. The probability that the cupules described here and the synangiate 

organs as cribed to Dichotanqium from the Drybrook locality- belong 

to -D. holdeni, was initially * suggested by Lele and Walton 

(1962). They had no other evidence apart from the presence of -a 

median strap-lil(e appendage and the general similarity to 

D. teilianum from North Wales. The similarity -of the vegetative 

fronds and the Dichotanqium synangia. to the vegetative and 

fertile parts of D. teilianum is striking, and it is probable that 

the synangiate organ known as DichotanqiUMý quadrithecum is the 

sYnangiate organ of D. holdeni. As there is no technical evidence to 

proove this the two taxa can not be united. Long (1979 mentions the 

difficulty he encountered in trying to find microsporangiate fronds of 
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S. bifida at Lewis Burn although he found cupulate organs in 

attachment. He drew attention to the fact that microsporangiate organs 

of the Týelanqiopsis-type were found on- the same cleavage 

surface but unconnected to S. bifida. It appears that if the 

microsporangiate organs were attached to these fronds they were more 

susceptible to fragmentation than the cupulate branches, possibly as a 

result of their narrow, delicate axes. There are , certain 

morphological similarities between the cupules discussed above and 

Dichotanqium described in chapter 8. Both types of fructification 

are borne terminally on a dichotomous branch system and there is a 

certain resemblance in the angle of branching in the branch system of 

the cupules of D. holdeni and S. bifida with that of Dichotanqium. 

Another similarity alluded to above is the fact that it is sometimes 

difficult to distinguish exactly what comprises a single cupule. Some 

of the Drybrook cupules and those of S. bifida and particularly 

Long's Hydrasperma tenuis (Long 1979) and Hydrasperma cf tenuis 

(Long 1979) show variable degrees of separation between adjacent 

cupules on the same branch system. 

This feature is clearly evident in Dichotanqium, where a series of 

synangial forms exist showing a 'variable extent of division. A number 

of workers now accept the fact that Palaezoic cupules are derived 

from a primitive, three dimensional branch system or telome truss that 

through variable degrees of syngenesis and planation formed the range 

of lobes and segments that comprise a number of types of cupules 

(Taylor and Millay 1981 Stewart 1983). The variable extent of cupule 

lobe formation seen in D. holden , S. bifida and H. tenuis and that 

seen in the synangiate organ Dichotanqi 
J* 

could be interpreted 

to manifest this process. A developmental series representing 

growth stages of the same biological entity, or a variety of forms 
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produced by a range of closely related plants, may account for this 

variety at Drybrook and other localities in the Lower Carboniferous. 

Such a variety could indicate a particularly "plastic phase" in the 

evo lution of pteridosperm cupules and synangia in the Lower 

Carboniferous. 

Numerous authors have drawn attention to the fact that many 

Carboniferous fronds believed to belong to Pteridosperms, consist of 

bifurcate fronds (Kidston 1924, Walton 1931, -Arnold 1947 and Long 

1979). Some of these are known to belong to Lyginopterid, Medullosan 

and Callistophytalean Pteridosperms in both the Lower and Upper 

Carboniferous. This type of frond architecture is obviously widespread 

is therefore not in itself a suitable character to distinguish 

groups of Pteridosperms. 

In addition to those mentioned above Long (1979) mentioned two 

additional plants that are thought to contain a fertile median rachis 

arising from the angle of two otherwise vegetative secondary pinnae. 

Lyqinorachis papilio Kidston, was probably borne on stems of 

Pitys which ressembles fronds of Sphenopteris affinis. It is known 

to have a radial, median rachis (Tristichia ovensi) with lax 

dichotomous leaves containing ' cupules of Stamostoma' huttonens 

Long (1960a, 1962t 19631). Another plant Calathopteris heterophylla 

Long (1976) has bifurcate and trifurcate fronds which probably 

contained cupules of Calathospermum fimbriatum. - Although the basic 

arrangement is similar to Diplopteridium and s. bifida the 

associated cupules show quite a considerable variety. Starrnost'orm 

huttonense cupules are derived from a system of cylindrical axes and 

each cupule contains four seeds. The cupules are divided into four 

principal lobes which are further divided distally. Each cupule is 

narrower than S. bifida and D. holdeni, and 10 to 15 nn in length by 
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3 to 4 mm in width (Long 1963). A number of other Lower Carboniferous 

fronds that are bifurcate include; Aneimites Dawsont Adiantites 

Goppert, and Diploptmena Sturl(walton 1931), but all are only 

known as isolated vegetative frond units. 

The comparison of Diplopteridium holdeni with S. bifid Kidston 

(1924) Long (1979) and Diplopteridium teilianum (Walton 1926,1931) 

has shown that all three have a number of vegetative and fetile organs 

in common seen by direct evidence of connection or circumtantial 

evidence through repeated association. It is tempting to treat 

these similarities as a basis for regarding this group of plants or 

plant organs as a natural higher group of familial ranking which 

represents a distinct group of Pteridosperms in the middle to upper 

Visean of northern Englandr Scotland and Wales. I think that before 

this can be done the lack of direct evidence that links Dichotanqium 

with D. holdeni and S. bifida, although implied by association, 

prevents this. There is also no direct evidence for the attachment 

of a cupulate organ to D. teilianum. 

SYSTEMATICS 

Following Walton's recoomndation concerning Diplopteridium 

teilianum (Walton 1931) 1 propose the following taxonomic treatment 

of the various plant parts that belong to the "Diplopteridium 

complex". Bifurcate fronds with no evidence of a median rachis should 

be assigned to their respective form genera such as Sphenopteris, 

Sphenopteridium and Rhodea. If there is evidence of a median 

rachis arising from the angle of the dichotomy which is vegetative, 

weakly pinnate or either cupulate or microsporangiate, the frond and 

it's fertile parts my be assigned to the genus Diplopteridium. 

Isolated fructifications that are not found in attachment at a given 
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locality but which are suspected to belong to Diplopteridium, such 

as the Dichotanqium synangia at Drybrook, must be assigned to their 

respective taxon in the sense of an organ genus. 
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Line drawings showing the variability and arrangement of pinnule 
segments of Diplopteridium holdeni. (A) PB40038, X5 lateral pinnae 

, of secondary rachide. (B) PB400241 X5 lateral pinnae of secondary 
rachide. (C) PB40047, X5 poorly developed pinnae attached to rrimary 
rachis. (D) PB40005, X2 trifurcate frond with circinate, median 
rachis and well developed lateralf secondary rachides. 
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Fronds and cupules of D. holdeni. (A) PB400161 X1 Trifurcate frond 
with vegetative, weakly pinnat , median rachis arising from angle of 
dichotomy. (B) PB40039, X5 stalk containimg at least two reflexed 
terminal cupules. (C) PB40137 1 X6 Fusainised specimen of two 
interconnected, paired cupules one of which (arrow 2) is sectioned 
half way along it's length. (D) PB40037, X3 frond possibly showing 
connection of median cupulate frond. (E) Diagram showing levels of 
branching on the Diplopteridium frond. Arrow -points to primary 
rachis, arrow 2 to secondary rachis, arrow 3 to tertiary rachis and 
arrow M points to the median rachis. 
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TEXT-FIG 6.3 

(A) PB400411 X5 Diplopteridium frond associated with large cluster 
of cupulate structures superimposed over the presumed point of 
attachment in the angle of the otherwise vegetative rachis. (B) 
Suggested reconstruction of a single cupule pair based on three 
dimensional cast/mould and fusainised specimenst X 12 approx. 
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TEXT. FIG 6.4 

Relief drawing of a three dimensional cast/mould specimen of isolated 

cupule pairs. (A) PB400521 X9 Bow-tie-shaped cast formed from two 
cupule pairs (see Text. fig 7.5) of obliquely orientated cupulate 
branchlet. (B) PB40137, X10 Three dimensional cut-away diagram 
of the fusainised double cupule pair in PL. 7.5 figs 8j9 and 
Text. fig 7.2 c. 
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Explanation Text-fig, 6.5 

This diagram is a three dimensional interpretation of the specimen 
figured-in PL. 7.5, figs 3,4 and of the line drawing Text. fig 7.4. Part 
I is the surface view of one half (one counterpart) of the specimen. 
The bow-tie-shaped outline represents the concave irrpression surface 
of two cupule pairs. A similar concave inpression is seen in the 
counterpart fig II but inside this half there is a complex cast 
protruding from the impression surface, which represents the sediment 
infill of four distally adjacent cupules (see text. fig 7.4). The cross 
section in part III passes through part and counterpart in the 
positions they occupied before cleavage of the specimen. Part IV is a 
suggested reconstruction of two pairs of opposite, reflexed cupules 
which are arranged so that the distal parts of each are almost 
touching. During burial the cupulate structure was orientated in 
approximatly this position and fine sediment filled the empty cupules 
and the narrow spaces separating them distally resulting in the 
formation of the bow-tie-shaped cast. 
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TEXT-FIG 6.6 

(A) PB40049, X10 Relief drawing of vertically orientated cast/mould 
preservation of two cupule pairs. (B) diagram of cross section of one 
of vertical cupule casts in diagram abouve, showing extent of the 
vertical grooves that are interpreted aLs representiAjtheresults of 
partial compression on the cupule lobes. 
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CHAPTER 

ISOLATED OR POORLY PRESERVED PLANT ORGANS 

The following chapter deals with some additional fragrentary or 

isolated plant organs. Because of their quality of preservation or 

absence of connection to other recognisable plants from the locality, 

these plant organs are described separately here. 

Class LYCOPSIDA 

Genus Lepidostrobophyllum Hirmer 1928, emend. Allen 1961. 

L, epidostrobophyllum fimbriatum (Kidston 1883) emendf Allen 1961. 

PL-7.1, figs 1-12 - 

SYNONYMY 

1883 Lepidostrobus fimbriatUS Kidston, p. 543, PL. 31, figs 21314. 

1903 Lepidostrobus fimbriatus Kidston, p. 823-5. 

1952 Lepidostrobus fimbriatus, Lacey, p. 20. 

1952a Lepidostrobus fimbriatus, Lacey, p. 375. 

1961 Lepidostrobophyllum fimbriat=, Allent p. 225j, PL13r Text-figs 

1-5. 

1962 Lepidostrobophyll= fimbriatum,, Lacey p. 136,, PL. 25,, fig 17,, 

T, ext. figs 7,8. 

1967 Lepidostrobophyllum fimbriat=j Chaloner, p. 592; figs 397,398, 

399. 
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INTRODUCrION 

This well known lycopod -sporophyll was described from this 

locality by Allen (1961),, who emended Kidston's original diagnosis 

based on material' from Scotland and Northumberland. Allen's 

observations'showed the presence'bf four apparently, equally developed 

megaspores, which compare most closely ' with Echitriletes echinoides 

(Chaloner) Potonie (1954), from the Mississippian (Chester series)*of 

Indianna,, U. S-A Lele and Walton (1962) disagreed with Allen's 

assignment of the material to Lepidostrobophyllum and referred it 

to Lepidophyllum fimbriatum. However this combination is 

illegitimate as the generic name is now known to have been used by 

Cassini (1816, p. 199) for an extant, S. American flowering plant. 

Numerous observations of peel preparations and S. E. M. observation 

of silicone rubber replicas failed to generate any further details of 

the megasporest that are not dealt with sufficiently by Allen (1961). 

A number of cones were found which show the arrangement of sporophylls 

on a strobilar axis, and the following description deals mainly 

with these. 

DESCRIPTION 

isolated sporophylls: 

The size ranges of the sporophylls found in this study conform to 

those of Allen (1962). They are 17 to 28 mm in total length with a 

vertical limb, 7 to 12 mm long and a horizontal limb, 10 to 16 mm 

long. The sporophylls are 12 to 18 mm wide at the broadest point where 

the two limbs join (PL. 7.1, figs 1-5). The four megaspores are 1.2 to 

1.9 mm in diameter and slightly contracted at their point of contact 

(PL. 7. llfig 2). The megaspores are spiny and are positioned adaxially 
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on a cordate to oval sporangium. The vertical lamina is triangular 

with a distinct midrib and fimbriate margins (PL. 7.1, fig 1). The 

horizontal limb consists of two marginal ribs which appear separate 

from the sporangial area when viewed adaxially . 

Allen (1961) mentioned, but did not figure, some sporophylls which 

have a different appearance. In these, the horizontal limb is much 

lighter in colour and appears to lack megaspores (PL. 7.11fig 3). some 

of these were investigated for spores and cuticular structure, but 

unfortunatdy, neither was successful. These sporophylls are smaller 

than the more typical specimens of L. fimbriatum. Although Allen 

(1961) describes what might represent a ligulate structure in a 

position just distal to the sporangium, convincing evidence of a 

ligule is still lacking in this material. It seems more likely that 

the area he pointed out represents a depression formed in the angle 

between the horizontal and vertical limbs. 

Description of cones: 

Partially fragmented cones were found as compressionsy yielding 

little three dimensional structure. They were found in two 

orientations. The more common form is where the long axis of the cone 

is parallel to the bedding plane (PL. 7.1, figs 6-10,12). The other type 

is where segments of the strobilus, which consist of several 

sporophylls, are preserved as radial fragments (PL. 7.1, fig 11). The 

strobili are 30 to 80 mm long and 20 to 35 mm wide. The sporophylls 

are spirally arranged on a robust strobilar axis which is 4 to 6 mm in 

width. The sporophylls are closely arranged on the axis and vertical 
laminae overlap those directly above. When viewed as radial segments 

the three sporophylls are seen to represent part. of a spiral 

(PL. 7.11fig 11), as the ribs of the horizontal limb are partially 
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superimposed on each other. There is little differentiation in these 

parts of the cone axis which lack sporophylls apart from some small, 

longitudinal ovals about 1 mm long. It is not possible to say whether 

these are spirally arranged or not. Apart from one specimen 

(PL. 7.11fig 12) the sporophylls appear to have been shed from the base 

towards the apex of the cone (PL. 7.1, figs 6,7,8,10). In fact, two 

specimens appear as if the sporophylls were being shed at the time the 

cone was actually preserved (PL. 7.11fig 10, arrowl 12). Some of these 

partially connected sporophylls indicate that the marginal ribs of the 

proximal liTrb are in a horizontal position and not folded vertically 

beside the sporangium. This is also suggested by the radial 

preservations (PL. 7. ltfig 11). 

Some of the cones are apparently differentiated in the apical 

region. The most distal appendages are smaller and more closely 

arranged than the sporophylls below (PL. 7. lffigs 7,9110). Some cones 

consist of a naked strobilar axis and a terminal cluster of distally 

reflexed, smaller appendages (PL. 7.1, fig 6). Maceration of the organic 

material from these regions failed to generate any microfossils. The 

close, lateral arrangement of these structures also failed to show any 

oval depressions visible in the more proximal areas of the cones, 

which indicate the sporangia or the spaces occupied by megaspores. 

The terminal areas appear as a tuft of of appendages which is 8 to 14 

mm wide. 

COMPARISON AND DISCUSSION 

These sporophylls are very similar to those described from the 

Lower Brown Limestones of N-Wales (Lacey 1955,, 1962),, and those 

originally described by Kidston (1883) from the oilshale group in 
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Eskdale and Liddesdale in Scotland, and from the Scremerston beds, 

North Tyndale, Northumberland. Lacey (1962) points out that the spore 

range of L. fimbriatum should be increased to 1 to 4 am, which is 

based on the material from N. Wales. Such large megaspores were not 

I observed in this material. 

The discovery of strobili poses some nomenclatural problems as 

Hirmer's original concept of Lepidostrobophyllum was for; "Isolated 

sporophylls with or without sporangia". The assignmnt to any 

particular cone genus is made difficult by the lack of inforration, 

concerning the possible microsporophylls at the apex of the cone. 

Leaving this problem aside for the moment it is-worthwhile comparing 

the morphology of this distinctive cone with some other Carboniferous 

representatives. 

In a recent review Phillips (1978) distinguishes four groups of 

lycopsid cone which include; a Lepidostrobus type which consists of 

biosporangiate cones, and various monosporangiate forms with variable 

degrees of sporophyll and sporangium architecture. These include; 

Mazocarpon Benson, Achlamydocarpon, -' Schumaker and Lambry,, and 

Lepidocarpon Scott. Phillips' bisporangiate cone type is now 

referred to as ýFlemingites sensu Brack-Hanes and Thomas (1983)., 

All these genera were present by the Lower Mississippian. 

L. fimbriatum differs from Mazocarpon because the four megaspores 

are fused and species of MazOCarpon such as M. pettycurense Benson 

(1908,1918), Long (1968). consist of 8 or twelve free megaspores. 

Achlamydocarpon Schumaker and Lambry (1968) consists of 

un-integumented, monosporic sporophylls and 'Lepidocarpon is 

integumented with a single functional megaspore. With the new concept 

applied to Lepidostrobus the L. fimbriatum cones cannot be assigned 

to this genus. Brack-Hanes and Thomas (1983) point out the attempts of 
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earlier workers to distinguish lycopod sporophylls by their size and 

shape (Abbot 1963, Arber 1922), and emphasize the need for a system of 

identification based on in situ spores, in addition to sporophyll 

morphology. only megaspores were found in these cones and isolated 

sporophylls. Although Phillips (1979) mentions that there is usually 

little morphological variety between microsporophylls and 

megasporophylls in bi-sporangiate cones,. it is possible that 

L-finbriatum may prove to be an exception to this in possessing a 

tuft of smaller appendages. Until such a time as the terminal 

appendages can be proved to be microsporophylls or otherwise, the 

isolated sporophylls and the cones are best retained in the genus 

_Lepidostrobophyllum. 
The genus is understood to represent an artificial form taxon for 

isolated sporophylls or parts of cones, where the constituent spores 

of the whole cone remain in doubt. 

Genus STIGMARIA (Brongniart) 

Stigmaria sp. 

PL. 7.2, figs 13,14. 

Evidence of rooting organs are uncommon at the locality and the 

only specimens which can be reliably interpreted as such are some 

poorly preserved inpressions ressembling Stigmaria. Although these 

were rare in the min plant bed, the irregular silt band about 3m 

above, was packed with Stigmaria axes. one of which is at least 36 

cm long and 8 cm wide (PL. 7.2, fig 14). This axis has numerous spirally 

arranged circular areas and some of these have impressions of rootlets 
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in attachment. The other specimen, which is from the main plant bed, 

contains spirally arranged rootlet scars which are orientated 

obliquely in a sandy matrix. Lele and Walton (1962) illustrate a 

specimen which they refer to as cf. Stigmaria which has larger 

circular scars with raised rims (Lele and walton 1962 PL. 19, fig 7). 

Possible algal filaments 

PL. 7.2, figs 11,12. 

, Iwo types of' supposed algal compressions are identified and 

include a Type A which consists of thread-like carbonaceous 

strands which are associated with rounded carbonaceous areas 

(PL. 7.21fig 11). 7he Type B, consists of wider carbonaceous axes 

which are apparently branched (PL. 7.2, fig 12). The narrow threads are 

0.2 to 0.3 mm in width and the spherical areas are up to 5 mm wide. 

Although peels and extracted fragments of these were observed, no 

further differentiation was visible. It is very difficult to say 

whether the material might represent some type of rootlets derived 

from a vascular plant or algal filaments. Lacey (1962) described some 

algal filaments of similar width, which he assigned to 

Bythrotrephis Hall. However,, this material showed evidence' of 

whorled appendages. The filaments are quite common at the locality 

and occur in lenses of fine sediment occupying areas up to 10 cm in 

diameter. The wider axes are equally problematical and apart from 

overall size and shape no other structure is present. 

Division SPERMATOPHYTA 

Genus CARPOLITHUS 
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carpolithus puddlebrookense nomas and Purdy 1982 

PL. 7.21figs 1-7 

DESCRIPTION AND COMPARISON 

Additional specimens of this ovule were foundr which was originally 

described and named by Thomas and Purdy (1982). Although some 

fusainised specimens were found and observed with the SEMI little 

additional information can be added to that already known. The SEM 

observations revealed a thin membraneous, cuticular sheet overlying 

the central area which presumably surrounded the prothallus. Howevert 

no cellular details were visible. The new material corroborates Thomas 

and Purdy's interpretation of a raised salpinx between the 

integumental lobes (PL. 7.2, figs 1,7). In some specimens the apex of 

the salpinx is flattened and slightly expanded. The ovules are 

preserved as three dimensional impressions (PL. 7.2, figs 1,216), casts 

(PL. 7.2rfig 5) and as flattened, carbonaceous compressions 

(PL. 7.2tfigs 3.7). In one of the flattened compressions, the central 

area isa lighter colour than the basal region and the integuments. A 

triangular area is observed in some specimens which are preserved as 

three dimensional casts (PL. 7.2, fig 2). These*were interpreted by 

Thomas and Purdy (1982) as representing an effect of preservation or 

the result of shearing strains as the rock was split. 

Thomas and Purdy (1982) compare their material with Eurystoma 

Long 1960al emend. 1975, on the basis of having four integumental 

lobes and its similarity in general size and shape. They take the view 

that the diffe rences in preservation between the well preserved, 
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petrified seeds and and the Drybrook ovules make any close conparison 

very uncertain. For this reason they placed this material in 

Carpolithus Schlotheim. 

one of the cupulate structures now identified from the Drybrook 

locality is known to have belonged to Diplopteridium, holdeni 

(chapter 5). Unfortunatly none of these cupules contained evidence of 

seeds apart from one fusainised specimen. The specimen was shown to 

possess an indentation on the inner surface of the cupule lobe and 

this might indicate the position of the salpinx and integuments of the 

seed inpressed onto the surface of the cupule lobe (PL. 6.6ffig 4). 

Long described both. E. angulare (Long 1960b) and S. huttonense (Long 

1960a), in attachment to cupules on a narrow and otherwise 

non-vegetative branch system. However, both of these cupules differ to 

those of D. holdeni in the number of cupule segments and extent of 

division of the distal parts of the lobes. In S. huttonense the 

cupule segments are divided into numerous apical segments (Long 1960a, 

Text. figs 4,5). In E. angulare the terminal parts of each segment 

consist of long slender apices (Long 1960br Textifig 516). Some 

cupules referred to as Hydrasperma tenuis Long (1979) are similar 

to those of D-holdeni (see chapter (5). However, the ovules in 

H. tenuis are only 1 mm long, and have 8 to 10 integumental lobes. 

This is quite different from the arrangement in C. puddlebrookense. 

There are obvious parallels between the seedsl*cupules,, fronds and 

synangiate organs from Hazel Hill, and the material described by Long 

and others from the Calciferous Sandtone series in the north of 

Britain. Detailed investigation of well preserved and fusainised seeds 

and cupules is needed before any closer comparison can be rode. 
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Form genus CALATHIOPS Goeppert. 

calathiops curvata (Kidston) emend 

PL. 7.2tfigs 8,9rlO. 

1903 Rhabdocarpus curvatus Kidstont p. 826 PL. II, figs 14 a-d. 

1962 Calathiops sp. Lele and Walton, p. 143 in parsr PL. 21, fig 29. 

1976 Holcospermum curvatum (Kidston) Crookallp p. 942i PL. CLXIXr fig 

20. 

EMENDED DIAGNOSIS 

oblongj, slightly flattened structures, 0.9 to 2.0 cm long by 0.5 to 

0.7 cm wide, with 4 to 8 longitudinal ridges. Whole structure slightly 

curved in one direction. 

DESCRIPTION 

These oval-shaped impressions are quite connon at the locality. 

They range between 0.9 to 2.0 cm long and 0.5 to 0.7 cm wide and are 

always present as poorly preserved impressions, where the only organic 

substance remaining is a coaly black powder. The only morphological 

differentiation visible, are 4 to 8 longitudinal grooves and ridges 

which are about 1 mm wide (PL. 7.2lfigs 8,, 9,, 10). ribe ridges are 

sometimes fused at one end of the structure, or remain free for their 

full length. The ovals are slightly flattened at each end and some are 

curved in one direction (PL. 7.2, fig 8). 
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COMPARISON AND DISCUSSION 

The material is assigned to the form genus Calathiops Goeppert 

which is currently used for structures which are of unknown affinity 

and which might represent cupulate structures, some kind of seed or 

synangiate organ. 

Although Benson confined the use of the genus to ovulate 

fructifications, it is used here in the sense of Walton (1931) who 

states; "Calathiops is merely a provisional form-genus for a certain 

type of fructification of indeterminate nature" 

The Drybrook representatives are synonomised with some *seed"-like 

structures which Kidston originally described as Rhabdocarpus 

curvatus Kidston (1903). His material is from the Scremerston coal 

group of Lewis burn, Northumberland, and is considered here to be 

specifically identical to the specimens from Hazel Hill. Although both 

Kidston and Cookall (1976) refer to these structures as seeds, there 

is little evidence that this is what they actually represent. The 

grooves and ridges could just as likely represent cupulate lobes as 

integumentary lobes. Lele and Walton (1962) figure one specimen 

(PL. 2l, fig 29) which they do not distinguish from the smaller, oval 

cupules of Diplopteridium holdeni. Walton (1931) describes some 

quite similar structures from the Teilia quarry of N. Wales. One'of 

these; Calathiops acicularis Goeppert (Walton 1931t PL. 261fig 35) is 

small, branched and contains highly divided, and pointed segments 

which are laterally separated and which Walton admits might represent 

microsporangia. calathiops, glomerata Walton (1931, PL26, figs 

32,33,34) consists of a branching axis bearing tightly clustered 

groups of appendages which are smaller and distally pointed. His third 

species; Calathiops renieri Walton is more similar to C. curvata 

but is much larger and up to 4.5 by 2.7 cm. The large cupule-like 
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structure is attached to a narrow stalk and longitudinal ribs or 

ridges are vsible along the length of the expanded structure. Again, 

Walton admits that it may represent a microsporangiate or cupulate 

organ. 

Class SPHENOPSIDA. 

INTRODUMON 

Three types of sphenophyte branchlet or foliage are present at the 

locality. Some poorly preserved rmterial which can be assigned to 

Archaeocalamites occurs only very rarely (PL. 7.3ifigs 2.3). A single 

specimen representing an axis with closely spaced bracts,, ray 

represent a fertile part of Archaeocalamites (PL. 7.31fig 1). 

Additional material is represented by fusainised material which 

consist of very narrow stems with whorls of sinple appendages 

(PL. 7.3, figs 5-81 PL. 7.4, figs 1-8). This material generated, fine 

rwrphological and limited anatomical details of the branchlets and 

their appendages. 

Archaeocalamites sp. A 

PL. 7.3rfigs 2,3. 

Two coupressions of a sphenophyte axis are illustrated, and one 

quite clearly has longitudinal ribs which pass through a node without 

alternating (PL. 7.3, fig 2). The fragment is 16 m broad and 22 mm 

long. The ribs are 3m wide and separated by narrow grooves. Another 

specimen which is 9 mm wide shows some fine longitudinal ribs but 

these are not seen to pass through a node (PL. 7.3, fig 3). This is the 
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only material found at the locality which shows the nodal features 

normally identified in pith casts of Archaeocalamites. 

Archaeocalamites sp. B 

PL. 7.3, fig 4. 

A single specimen, without internodal ribs does have some poorly 

preserved appendages in attachrmnt, which are apparently arranged in 

whorls (PL. 7.3, fig 4). rrhe specimn is 30 m long and 2m wide. One 

of the appendages is branched but the poor level of preservation makes 

this uncertain. 

Sphenophyte branchlet Type C 

PL. 7.31fig 1 

A single branchlet is interpreted to represent another sphenophyte 

axis. it is 16 mm long and 2.2 m wide. Whorls of simple, pointed 

appendages arise every 1.25 m along the length of the axis 

(PL. 7.3,, fig 2). Each appendage is about 2m long and departs from the 

axis at an angle of 40. There are approximately 5 to 6 appendage bases 

visible in each whorl. The surface of the internodes have minute, 

longitudinal striations, but it is not possible to see whether they 

alternate at the nodes. 

Sphenophyte branchlet Type D 

PL. 7.31figs 5-9, PL. 7.4, figs 1-8 

An additional type of branchlet was found as fusainised fragwnts 

which are often dichotomously branched (PL. 7.3, figs 5,7). The axes are 



204 

0.4 to 1.8 M in width and some specimens are up to 20 mm in length. 

Two specimens are shown embedded in the matrix prior to 

demineralisation in 40% HF (PL. 7.3, figs 5.7). 7he branched specimen 

was stereo-scanned while still embedded in the matrix (PL. 7.3, figs 

8.9) whereas the other specimen was completly demineralised and 

observed directly (PL. 7.3ffig 6). 

Both specimens consist of nodal areas with whorls of pointed 

appendages which are up to 1.5 mm longr and, separated by internodal 

areas. The epidermis of the axis and the appendages is the same and 

consists of elongate, axially aligned epidermal cells and stomata 

(PL. 7.3, figs 6P9)- The branches derived from the single dichotomy are 

approximately two thirds the width of the basal axis (PL. 7.3, figs 

7,8). Two complete appendages are still attached to the basal part of 

one specimen. They are simple and without any differentiation into 

abaxial and adaxial surfaces. (PL. 7.3, fig 6). The epidermal cells are 

180 to 300 pm long and 16 to 20 pm wide. They are axially aligned and 

have angular end walls. The outer wall surfaces, are granular 

(PL. 7.4, figs 2-5). 

The stomata are very characteristic and are aligned with the long 

axis of the branchlet internodes. They are distributed on the 

epidermis of the internodal areas and the appendages. The stomatal 

complex is 34 pm long and 24 pm wide, and consists of two guard 

cells (Pl. 7.4, figs 1-6). The stomatal aperture is about 10 pm long and 

3 to 5 pm wide. The stomata are bounded laterally by two relatively 

undifferentiated epidermal cells which are slightly distended where 

they pass each guard cell (PL. 7.4rfigs 20). The guard cells are 

terminally adjacent to either one or two elongate epidermal cells 

(PL-7.4, figs 2,3). Each guard cell is significantly 'raised above the 

surrounding epidermal cells and contains a distinct rim or ridge 
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around the stomatal aperture (PL. 7.4, figs 1,5,6). This ridge is 

occasionally differentiated further, and an extended network of ridges 

in the lower regions of the guard cell (PL. 7.4tfig 4). The ridge 

surrounding the stomatal aperture is 2 pm wide. 

some of the material generated anatomical details of the appendage 

bases (PL. 7.3, fig 9), and the internodal part of. the wain axis 

(PL. 7.4, figs 7,8). The transverse fracture of the microphyll revealed 

the outline of the of the epidermal cells quite clearly, but the 

tissue inside this was fragmentary and obscure. The epidermal cells 

are isodiametric to oval, in transverse view, and the walls are smooth 

on the inside. The anatomy of the stem consists of an outer ring of 

epidermal cells (as seen in T. Sj PL. 7.4ifig 7), with at least two 

layers of irregularly-shaped and distorted elements. The cells of the 

innermost layer are at least half the diameter of the outer elements 

which lie immediately below the epidermis. A space lies to the inside 

of the smaller elements and surrounds a partially crushed, oval, area 

of thick-walled elements. It is difficult to say whether this inner 

region represents vascular tissue or a central pith, as it is 

partially fused and crushed. 

DISCUSSION AND 0W ARISON 

it is difficult to assign any of the above fragments to currently 

known taxat particularly in view of the number of specimens and the 

quality of preservation of the -compression/impression material. The 

only material which is assigned to a formal genus are the impressions 

which res emble the pith casts of Archaeocalamites radiatus 

(Brongniart) Stur 1875. The compression which shows evidence of 

attached appendages departing from nodes may represent the ýtype of 

axis figured by Stur (1875). The leafy axes referred to as Type C and 
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the fusainised Type D, are more difficult to classify. The appendages 

in the Wpe C axis are simple and unbranched, unlike those of 

A. radiatus. The close proximity of the whorls and the wide diameter 

of the axis are more suggestive of a fertile sphenophyte such as 

Calamostachys. Howeverp because there is no evidence of 

sporangiophorest and as the material is only known from one poorly 

preserved specimen the material is not formally identified. 

The fusainised axes do not resemble current reconstructions of 

Archaeocalamites leaflets. Each axis represents part of a shoot 

system with whorls of simple appendages rather than a system of 

branched leaflets which have been demonstrated for Archaeocalamites 

(Stur 1875, Scott 1920). 

There are two genera cited by Boureau (1964) which include 

suvundukia zalessky 1948 and Koretophyllites vulgaris Radczenko 

1955. Both are from the Lower Carboniferous of central Russia and 

consist of narrow axes which dichotomise and bear whorls of simple, 

linear appendages. Further investigation of the fusainised material 

might reveal further similarities with these little-known 

sphenophytes. 

r rhe epidermis conforms to the size and distribution of cells which 

Good (1971) identified in certain Asterophyllites-like shoots from 

the Pennsylvanian of the U. S. A and N. Africa. The stomata he describes 

consist of two subsidiary cells which partially overlap the guard 

cells which are triangular when seen in T. S - He also pointed out some 

wall thickenings of the outer guard cell walls which were aligned 

perpendicularly. to the stomatal aperture (Good 1971, PL. 49, fig 28). 

The stomata described here are quite different. They have a simpler 

construction and consist of two superficial guard cells. The stomata 

seen on the axes from Hazel Hill are more similar to those identified 
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by Seward (1898) on the leaves of calamites. 
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CHAPTER 8 

STERILE FERN/GYMNOSPERM FRONDS 

The following section deals with three types of vegetative frond 

and two isolated pinnule segments. These are assigned to provisional 

form genera in the absence of attached fructifications as their true 

affinity is completly unknown. The isolated, but well preserved 

pinnule segments are not assigned formally. 

Genus ARCHAEOPTERIDIUM Kidston 1923. 

Archaeopteridium tschermaki (Stur 1875) 

PL. S. lefigs 1-9t PL. 8.2. figs 1-8, PL. 8.3. figs 1-2. 

SYNONYMY 

See Kidston (1923-1925). 

INTRODUCTION 

Kidston (1923-25) erected the genus for some fronds which had 

previously been assigned to Archaeopteris tschermaki by Stur (1875) 

from the Culm Flora of Europe. Kidston separated this material from 

Archaeopteris Dawson on account of its different frond and pinnule 

architecture and on the lack of fructifications. 

Lele and Walton (1962) described and figured one specimen which 
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they assigned to A. tschermaki (p. 142, PL21Ffig 22). Many more 

specimens of this rare frond were collected from the locality which 

conform closely to Kidston's description of this species particularly 

with regard to the form of branching and the outline, division and 

venation of the pinnules. Some fusainised material is described which 

is believed to represent the same type of pinnule segment as that seen 

in compressions and impressions. 

DESCRIPTION 

compression material: 

All the material is highly fragmentaryl but sufficiently complete 

areas of frond were found to describe the single dichotomy which 

divides these fronds into two equal segments. The largest specimen is 

estimated to be at least 25 cm in length. The fronds consist of a 

basal rachis which gives rise to two pinnae (PL. 8.1, fig 5). The basal 

rachis is 3 to 6 mm in width and gives rise to laterally produced 

pinnuies between 3 and 5 mm in diameter. These pinnules are contracted 

at the base, and a number of individual laminae arise from a 

foreshortened initial. The pinnules in this part of the rachis are 

often superinposed on each other (PL-8.1, figs 315). Although the basal 

pinnules have quite different outlines to those in the more distal 

parts of the frond, the type of venation is the same (PL. 8. llfigs 

3,, 6). 

r The secondary pinnae are lanceolate and give rise to tertiary 

pinnae which are either sub-oppositely or alternately arranged 
(PL. 8.11figs lr2r4). The tertiary pinnae give rise to alternate, 

oblong or obovate, decurrent pinnule segments. The extended length of 
attachment among some pinnules, particularly when the segments are 
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closely arrangedr rake it difficult to distinguish the axis from 

individual pinnule bases (PL. 8.1, figs 617). occasionally a cluster of 

individual segments appears as a single lobed pinnule, and it is not 

certain which level of differentiation is observed. All the flattened 

corrpression material is poorly preserved and occasionally contains a 

thin membraneous layer of cuticle, which at high magnification, is 

highly particulate. Where pinnules are preserved in a fine matrix the 

venation pattern is visible (PL. 8. ltfigs 6,7). The veinlets are 

slightly darker than the areas in between and are about 0.1 to 0.2 m 

wide. The veinlets divide equally and extend over the length of the 

pinnule. The veins are not normally deflected towards the lateral 

edges of the lamina (PL-8.1, fig 7) except in the pinnules attached to 

the primary rachis (PL. 8.3, fig 3). ' 

Fusainised material: 

Three fusainised pinnule segments, of the same size and shape as 

those preserved as compressions, were found as isolated units. one of 

these was sufficiently well preserved to'show fine detail with the 

SEM. This specimen is illustrated as seen in the matrix before 

demineralisation (PL. 8. lrfig 8). The specimen has exactly the same 

form as the compression material, particularly in view of its tapering 

base and the orientation of veins, which are visible as a series of 

grooves and ridges (PL. 8.1, figs 8,? 9). The SEM micrograph in PL. 8.1, fig 

9 shows the same specimen as in fig 8 but is a view of the other side. 

The fusainised specimen represents the basal half or one third of a 

medium sized pinnule. There are five to six ridges visible towards 

the distal part of this pinnule, and these correspond to the number 

of veins in an equivalent position of a pinnule preserved as a 

compression (PL. 8.1, fig 9). 
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Various levels of the fusainised pinnule are visible and include; 

the surface epidermis (PL. 8.2, figs 1-4); epidermal cells where the 

outer periclinal wall has broken away (PL. 8.2, figs 516); and slightly 

deeper, where the tracheids or schlerenchyma which constitute the 

veinlets or ridges and grooves are visible (PL. 8.2ffigs 517). The 

distal part of the specimen contained the well preserved epidermis and 

the contracted base showed more of the sub epidermal tissue 

(PL. 8. lpfig 9). The most basal area also showed evidence of deeper 

tissue which includes different types of tracheids that are 

interpreted to represent the vascular trace at the base of the pinnule 

(PL. 8.3ifigs 1,2). 

The epidermis consists of elongate, axially aligned cells with 

rounded end walls, varying from 66 to 190 pm long by 20 to 24 pm wide 

(PL. 8.2, figs 1,2). In some areas, the elongate epidermal cells are 

arranged in longitudinal rows (PL. 8.2, fig 6), whereas in others, the 

end walls overlap (PL. 8.2, fig 3). The outer surface of the epidermis 

is roughened at high magnification (PL. 8.2, fig 3) and in some areas is 

delicately sculptured by irregularly shaped papillae (PL. 8.2, fig 4). 

The outer layer is believed to represent the cuticle because a 

transverse fracture clearly shows the differentiation between the 

periclinal wall and the outer papillate layer (PL. 8.2, fig 8). The 

ornamentation varies from one region to another, and even between the 

surfaces of neighbouring cells (PL. 8.2, figs 4.8). It is possible that 

these differences are brought about by preservational factors, 

possibly by the reaction of the cuticle to the processes involved in 

the formation of fusain. 

Stomatal apertures are present in the depressions between the 

raised ridges (PL. 8.2, figs 1,2). They are arranged'parallel to the 

long axis of the pinnule. The actual construction of the stomatal 
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complex is unknown as they are only visible from the outer surface. 

The arrangement of elongate epidermal cells is interrupted immediatdy 

around each stoma, and shorter more irregular cells are arranged 

around each stomatal aperture (PL. 8.2tfigs 2r3). The stomatal 

apertures are elongate and 32 to 40 ým long -by 6 to 8p wide. 

Two types of ornamented cell are visible in the tissue below the 

epidermis. Just beneath the surface, are some slender, longitudinally 

arranged elements with narrowt spiral thickenings (PL. B. 2, figs 5,, '7). 

These elements are between 100 and 140 pm long and are present beneath 

the raised ridges and the grooves (PL. 8.2, fig 5). There is an 

indication in some of these elements of circular to oval pits 

(PL. 8.2, fig 7). Near the proximal part of the pinnule where the 

contracted base is about 1 mm wide, a tracheid is visible which has 

small multi-seriate, pits which are aligned in longitudinal rows 

(PL. B. 3tfigs lr2). The ornamented elements visible in the wider part 

of the pinnule are varied. Some have distinct spiral ridges with 

flattened end walls and resemble tracheids (PL. 8.2, fig 7). other 

elements have less regular thickenings and contain obliquely 

orientated pits. These might -represent sc lerenchymatous elements 

associated with the tracheids. The distribution of the variously 

ornamented cells is not necessarily correlated with the ridges and 

grooves as they seem to occur in most parts of the pinnule. it is 

possible that the tracheids which constitute the veins seen in the 

compressions are buried more deeply in the pinnule. 

COMPARISON AND DISCUSSION 

ne compression material described here conforms to Kidston's 

description of A. tschermaki, particularly with regard to; the 

bifurcation of the primary rachis; the arrangement of oblong, obovate 
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and decurrent pinnules and the dichotomous venation visible on the 

pinnule surface. One difference is the the arrangement of tertiary 

pinnae which are more often oppositely arranged in this material. 

The pinnae bear a superficial resemblance to Archaeopteris Dawson 

and perhaps some conparison with this and related forms is worthwhile. 

one of the major differences which separate Archaeopteridium and 

other quite similar form such as Palaeopteridium Kidston 1923, from 

Archaeopteris, is their lack of rachial pinnules (Beck 1971,1981). 

Although one specimen from Hazel Hill appeared to possess them 

(PL. 8-lifig 1)r careful observation would suggest that, they are in 

fact, derived from one of the neighbouring rachides and have been 

twisted around. Whereas the branches in Archaeopteris are arranged 

in a spiral, there is little evidence of this in Archaeopteridium. 

Even if secondary planation and the effects of conpression are token 

into account careful observation of the bases of the tertiary pinnae 

indicate that a planate organisation is the most probable arrangement. 

one interesting feature seen on the fusainised epidermis is the 

strand-like material on the surface of the pinnule (PL. 8.2, figs 1,2). 

These structures might represent. fungal hyphae on the surface of the 

pinnule, and it is interesting that at least one of these appears to 

enter one of the stomata. 

Form Genus, RHACOPTERIS Schimper 1869 

Rhacopteris weissii Walton 1926 

PL-8-3, figs 3-8. 

SYNONYMY 

1926 Sphenopteris (Rhacopteris) weissii Walton, p. 211, PL. 17rfigs 
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22,23,, Text. figs 2a, 2b. 

1927 Rhacopteris weissii, Waltont Hirmer p. 614. 

1928 Rhacopteris weissii, Walton, p. 745. 

1952 Rhacopteris weissii. Walton, Lacey, p. 20. 

1952a Rhacopteris weissii, Walton, Lacey, p. 376. 

1962 Rhacop eris weissii Waltonj Lacey. p. 151, PL. 28, figs 42,43, 

Text. figs 14a-j. 

1962 Sphenopteris cuneolata L&HF Lele and Walton p. 1421 PL. 211fig 21. 

INTRODUCTION 

The genus Rhacopteris was divided by Oberste- Brink (1914) into 

two genera; Anisopteris for the Lower Carboniferous representatives 

and Eurhacopteris for those from the Upper Carboniferous. This 

treatment was followed by Hirmer (1927) and was also used by Bureau 

and Doubinger (Boureau 1975). Walton (1926) pointed out that as nearly 

all the material known is of poorly preserved compressions which only 

represent provisional form genera, there is little point in causing 

an unnec essary increase in the synonymies by dividing the material on 

strat igraphical grounds. This approach was followed by Lacey (1952, 

1952a, 1962) and will be employed here. 

Lele and Walton (1962) figure one specimen, from a total of 

four which they assigned to Sphenopteris cuneolata L&H. They even 

selected this specimen as a lectotype for the lost type material. It 

appears they were mistaken in doing this for several reasons. The 

diagnosis of S. cuneolata indicates that the primary rachis 

bifurcates (see Lindley and Hutton 1837, vol III, PL. CCXIV). There is 

no evidence of this in Lele and Walton's specimen, or among sixty 

specimens that have been recently collected. The clusters of pinnule 

segments become sinpler towards the base in this material and this is 
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not seen in the illustration of the original holotype. The pinnule 

segments are most frequently wedge shaped and not of the form 

illustrated by Lindley and Huton and Kidston (1923-25). 

DESCRIPTION 

The rachises are unbranched and up to 14 cm long and 5 nm wide 

(PL-8.3, figs 4r617). The total width of the fronds, including the 

lateral pinnules, is 14 to 50 m. The fronds narrow towards the base 

as the pinnules become smaller and less complex (PL. 8.3, figs 4.5,6). 

The pinnules are highly divided and consist of numerous spathulate to 

wedge-shaped segments which are 2.5 to 4 mm wide. The segments have 

constricted bases and are irregularly arranged on slender rachides. 

The arrangement of segments is often asym4trical (PL-8.3. figs 5,6). 

Some fronds have a different appearance to the typical organisation 

(PL. B. 3tfig 7), and the pinnule segTwnts have much narrower bases and 

a generally shrunken appearance. It is possible that these had 

undergone partial decomposition prior to deposition. The bases of the 

fronds are expanded and finely striated. There were no fine details on 

the pinnule surfaces and all the. specimns lacked cuticle. 

COMPARISON AND DISCUSSION 

The fronds described here are sufficiently similar to the material 

described by Walton (1926) and Lacey (1955,1962) from the Lower Brown 

Limestone localities in the Vale of Clwyd, to be assigned to the same 

species. Lacey describes cellular details of the pinnule segmnts from 

extracted cuticle but this was absent in all the material from Hazel 

Hill. Lacey (1962) also describes two other species; R-subcuneata 

Kidston 1894 and R. geikiei Kidston 1886, which have. much narrower 

pinnule segments. 
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Genus SPHENOPTERIS Brongniart 1822 

sphenopteris obfalcata 

PL. 8.4, figs 1-6. 

SYNONYMY 

1926 Sphenopteris obfalcata Walton, p. 363F PL. 251fig 27, Text-fig 27. 

1962 
_Sphenopteris 

obfalcata Walton, Lele and Walton p. l4ljPL. 20j figs 

l6jl7. 

INTRODUCTION 

Walton (1926) first recorded this species from the Upper Black 

Limestone at Teilia. Lele and Walton (1962) describe some frond 

fragments which they assign to this species. These authors point out 

that several foliage genera exist such as Sphenopteris Brongniart, 

sphenopteridium Schinper, Spathulopteris Kidston, and Rhodea 

Presl, all of which have narrow and highly divided pinnules. It is 

sometimes difficult to decide which of these genera to enploy, 

particularly when the material is poorly preserved or fragmentary. 

DESCRIPTION 

Lele and Walton's specimens are highly fragmentary, but do show 

evidence of a frond which is at least trifurcate. The new material 

described here includes larger specimens which also show the 

arrangement of pinnae and pinnules on large trifurcate fronds. 

The most extensive specimen consists of a main rachis which is 5m 

wide and at least 22 cm long (PL8.4, fig 1). This gives rise to 

secondary pinnae at intervals of 20 to 25 m, which are alternately 
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arranged and depart from ýhe main rachis at approximatply 30. * The 

secondary rachides are 1.5 to 2.5 mm wide and give rise to highly 

segmented tertiary pinnae (PL. 8.4, fig 2). These closely resemble the 

clusters of interconnected segments illustrated by Walton in some 

material from the Teilia locality (Walton 1926, p. 363tfig 6). The 

segments are slightly spathulate, linear and bifurcate. The widest 

part of the pinnule segment is immediatty behind the tip. 

Additional specimens are illustrated to show the variety seen among 

pinnule segments from different specimens (PL. 8.4rfigs 3-6). Some 

specimens have pinnule segments which are larger and form more 

expansive areas of planated frond (PL. B. 4, figs 3,6). The actual 

arrangement of pinnules is the same among the variety of forms 

observed, and seems to result from different levels of development 

rather than sufficiently different forms to justify taxonomic 

separation. 

ISOLATED PINNULE SEGMENTS 

TYPE A 

PL. 8.5tfigs 1-5 

DESCRIPTION 

Several broad, fusainised pinnule segments were found which were 

known only as isolated units (PL. 8.5, figs 1-5). The segment is 1.3 mm 

wide and at least 2.3 mm long. The epidermis is well preserved and 

consists of axially aligned, rather irregular cells which are 90 to 

200 pm long and 18 to 40 pm wide. The epidermal cells are not arranged 

in longitudinal files and their end walls are often pointed and 
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overlap (PL-8.5ifig 3). A transverse fracture of the pinnule indicates 

that the epidermal cells are circular to square in cross-section. The 

tissue below the epidermis is crushed. Both surfaces of the segment 

are the same, and small depressions among the epidermal cells are 

believed to represent stomatal apertures (PL. 8.5, figs 214). Little of 

the stomatal conplex is visible and a small aperture about 25 Pm long 

is closely surrounded by relatively unmodified epidermal cells. 

TYPE B 

PL. 8.5, figs 6-8 

DESCRIPTION 

This pinnule consists Of two segments which are united at the base. 

one of the segments overtops the other (PL. 8.5, fig 6). The whole 

structure is 4.6 mm long and 0.8 mm wide at the broadest point, just 

behind the apex. Although the surface and the anatomy of this 

specimen is poorly preserved,, some stomata are clearly visible 

(PL. 8.51figs 7r8). The stomatal complex consists of two superficial 

guard cells which are 60 Fm long and 40 Fm wide. There is a 

characteristic mouth-shaped aperture which is 28 p long and 10 pm 

wide. A ridge or rim, which is 2-3 pm thick, is present on the outer 

guard cell surface and surrounds the stomatal aperture (PL. 8.5, fig 8). 

COMPARISON AND DISCUSSION OF TYPE A AND TYPE B PINNULE SEGMENrS 

Both of the pinnule segments described above are found as isolated 

units. Because of the lack of detail from the impression material 

of many of the fronds from this locality, it is impossible to assign 

the segments to the material known as larger fronds. However, from 
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overall size and shape, the Type A is most similar to R. weissii 

and the Type B is most similar to S. obfalcata. Neither of the 

pinnule segments show any differentiation between the adaxial and 

abaxial surfaces, and both types have different types of stomata and 

epidermal cells. 

The pinnule segments represent what might be described as part of 

the Oýmminuted plant debris (cpd) element of the flora (Scott and 

collinson 1978). There are a number of layers, particularly towards 

the base of the plant bed, which are packed with this type of plant 

debris. Much of the material consists of cuticle and fusain fragments 

which still require investigation. It is possible that some of this 

well preserved material might be correlated with the larger 

wacrofossils such as R. weissii for which there is no available fine 

structure. Six types of fusainised wood were identified from this 

material and most of this was of gymnosperms or Lycophytes. Several 

specimens generated fine structure with details such as pit membranes 

and cell wall differentiation. Although embedding and sectioning 

proved unsuccessful, it is hoped that future work might produce 

material which can be observed with the TEM. 
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CHAPTER 9 COMPARISON OF THE HAZEL HILL FIDRA WITH OTHER 

LOWER CARBONIFEROUS WORLD FLORAS 

INTRODUCrION 

A number of problems affect any kind of palaeobotanical comparison 

between assemblages in a given time period such as the Lower 

Carboniferous (Chaloner and Lacey 1973, Jongmans 1952, Chaloner and 

Meyen 1978). This is particularly the case when a conparison of floral 

elements is attempted which seeks a biological understanding between 

fossil plants or floras which might be separated by stratigraphical 

and geographical differences. The following might be considered when 

atteopting such a conparlson. 

(1) Tenporal incontinuity: where the stratigraphical position or age 

of a flora is in doubt. In some cases it is difficult to assign a 

given flora to either the Tournaisian, the Visean, the Namurian or 

their stratigraphical equivalents. In some cases the stratigraphic 

position is calculated, from necessity by the plants themselves. 

(2) Mode of preservation: an obvious exanple is the difference between 

compression floras and permineralised assemblages. Here comparison is 

often neglected because of the taxonomic separation which 

conventionally isolates them. 

(3) Accuracy of description and generic concept: because of incomplete 

preservation and the fragmentary nature of the fossil ýlant record one 

is often forced to assign incompletely known plant fossils into formal 
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genera and species which might include other forms that are similar in 

only a few morphological details. This must inevitably result in the 

inclusion of quite diverse elements within the same genus. This 

is unavoidable until a more detailed suite of characters can be 

discovered. Further complications arise from inconsistent 

interpretations among different workers of the structures they see. 

over the last century the concepts of many Lower Carboniferous genera 

have changed, so there is now considerable difficulty in assessing the 

relevance of historically described taxa without personally examining 

the material. This is also a problem which is inherent in 

palaeobotanical systematics, and one which will unavoidably blur any 
A 

real meaning of f loral comparisons based1genera with only a limited 

understanding. 

In spite of these problems many Lower Carboniferous genera which 

are very poorly understood have still been used by authors attempting 

to identify plant assemblages on a regional or global basis (Chaloner 

and Lacey 1973, Chaloner and Meyen 1978, Raymond 1985). The genera; 

Lepididendropsis, Archaeocalamites, Archaeosigillaria 

Triphyllopteris and Rhacopteris have all been used to define 

regional floral provinces. The result is that a fairly uniform Lower 

Carboniferous flora is reported to have existed over most of the world 

with possible exception of Angaraland. In discussing the selection of 

genera characteristic of Lower Carboniferous floras, Chaloner and 

meyen (1978) refer to the so called "Lepidodendropsis flora" of 

Jongmans (1952) the "Lepidodendropsis- Cyclostigma- 

Triphyllopteris flora" and the "Lepidodendropsis - RhacopteriS 

Triphyllopteris flora by the same author. Out of these genera 

Lepidodendropsis is only known as fertile materiai from two cases 

(jongmans 1954). Triphyllopteris has been demonstrated in connection 
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with a sporangial branch system once (Skog and Gensel 1980) and the 

species previously referred to as Rhacopteris ovata (McCoy) has been 

assigned to a different genus, Nothorhacopteris (Archangelesky 

1983). Some recent papers dealing with Lower Carboniferous floras 

attempt to identify, quite detailed, phytogeographical regions from 

lists of taxa which include poorly known genera. (Raymond 1985, 

Raymond et al 1985,, Rowley et al 1985). 

Raymond (1985) uses vegetative genera to identify world, floral 

assemblages from the Tournaisian to the Namurian. *By identifying 

supposed changes in plant "diversity" between the continents at 

various latitudes, she suggests that a climatic amelioration took 

place in the north, middle and high latitudes, (as a result of 

continental drift). This is suggested to have resulted in a loss of 

floral diversity within the equatorial to middle latitudes during the 

Visean and Namurian. She also alludes to an expansion in 

diversity of the siberian assemblage in the Visean and a decrease in 

the number of equatorial "endemics". These assumptions are made from 

the analysis of generic diversity of numerous localities, using 

problematical general many of which have broad generic concepts and 

have been described prior to recent morphological and systematic 

concepts. The supposed changes in diversity are interpreted 

as indicating processes such as migrationt extinction, endemism and 

evolution. 

The impression gained from this work is that the data used to 

establish a measure of diversity are interpreted as if they represent 

well def ined biological entities whereas the majority are provisional 

form genera or inadequately known as discussed previously. Even if a 

large number of floral elements are compared, the '"diversity" or 

number of taxa in a species list, for a given locality is profoundly 
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affected by the level of preservation, the extent of excavation 

and the systematic biases of different authors. For these reasons the 

changes in floral "diversity" as a result of climatic amelioration are 

not accepted. 

The following comparison of Lower Carboniferous floras seeks to 

compare the better known representatives rather than poorly known 

or described floras. The comparison is dealt with in regions but these 

are not intended to represent floral provinces. 

COMPARISON OF THE DINANTIAN FLORAS IN THE BRITISH ISLES 

I 

Lower carboniferous floras are known from the Upper Black Limestone 

series in Flintshire (Kidstonr Walton 1926tl931) and the Lower Brown 

limestones in the north of Wales (Walton 19261 Lacey 1962). Numerous 

localities have been recorded from the Calciferous Sandstone series 

and Lower Limestone groups of Scotland and the north of England. The 

material from N. Wales consists entirely of compression material, 

whereas the localities from Scotland include some assemblages 

preserved both as permineralisations and compression material. 

conparison with floras of N. Wales: 

The floras from this region both contain significant floral 

elements in common with the Hazel Hill assemblage (TeXt-fig 9-1). A 

number of floras are known from the Vale of Clwyd (Lacey 1962) and for 

convenience the data from the three exposures are combined here. 

Lacey's flora contains significant elements in common with the Hazel 

Hill flora and includes Le2idodenderon perforatum (Eskdalia 

fimbriophylla), Clwydia and L. fimbriatum. These are known in 
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detail from both localities and almost certainly represent a spatial 

distribution of closely related plant species. Less well known, 

common elements include R-weissii, Archaeocalamites, and 

malanzania plumata (=? Lepidodendropsis recurvifolia Lacey). well 

known elements which are common at Hazel Hill but absent in the Vale 

of clwyd include; Diplopteridium Dichotangium and Eskdalia 

variabilis. Lacey's floras are Middle to Upper Visean in age which 

correlates well with that of the Drybrook sandstone. 

The flora of the Upper Black Limestone at Teilia in 

Flintshire, is the locality where Walton (1931) demonstrated the 

probable connection of a synangium with a bifurcate frond. ne 

synangiate organ is very similar to some of the specimens from 

Drybrook and the frond/synangium conplex is believed to represent a 

synangiate counterpart of the frond/cupule complex identified at 

Drybrook. The rest of the Teilia flora largely consists of sterile 

foliage which is assigned to form genera such as Adiantites, 

Diploptmema, Sphenopteridium, Rhodea, Spathulopteris, 

Rhacopteris and Sphenopteris Walton (1931). He also describes an 

unusual form with broad pinnulesand a characteristic venation, which 

is not found at Drybrook, which he assigns to Neuropteris. 

Sphenpopteris obfalcata is recorded at Drybrook although its 

affinity is unknown, and some of the frond fragments which are 

presently assigned to this species, could be assigned to one or more 

of the above genera. Howevert considering the fact that many are of 

only limited fragments and are of poorly preserved impressionst this 

hardly seems worthwhile. 

Some structures which he refers to as Calathiops differ from all 
the cupules connected to. Dipl22teridium holdeni and'the cupule-like 

structure assigned to Calathiops curvata. The lYcopods are very 
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poorly represented at Teilia. Walton (1926) identifies three types, 

which he assigns to Lepidodendron and Sigillaria. This material 

is only known from very few specimens and a reinvestigation is 

necessary to assess the affinity of them in the light of recent 

concepts in lycophyte systematics. Apart from the presence of 

Diplopteridium and Dichotangium the Teilia flora lacks most of the 

better knownt and commn elements of the Hazel Hill flora, such as 

clwydia and Eskdalia. 

perhaps the most significant fact arising from this conparison is 

that some of the coamn elements of the Hazel Hill flora are found at 

Teilia and the Vale of Clwyd. However, some of these, for exwrple; 

Clwydiar E. fimbriophylla (L. perforatum) and L. fimbriatum are 

absent at Teilia and others such as; Dipl22teridium and 

Dichotangium are absent at the Vale of Clwyd localities. As all 

three areas are of Middle to Upper Visean in age it is possible that 

the differences in floral conposition are due to ecological or 

depositional factors rather than differences in stratigraphy as 

suggested by Walton (1931 p. 373). 

Floras of Scotland and N. England: 

The last comprehensive account of these compression floras was by 

Kidston (1923-25). The material was collected from many isolated 

localities in the Midland Valley, the Scottish borders and 

Northumberland and Cumbria. Additional reports of Lower Carboniferous 

compressions are from Arran and the Isle of Man. Crookall (1932) gives 

a detailed account of the distribution of taxa which draws together 

much of Kidston's data. Recent work on these floras is inostly confined 

to permineralised assemblages particularly by Long in the 1960's and 
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70's. In spite of this little has been done on the compression 

material since Kidston's work. Scott et al. (1984) and Scott and 

Meyer-Berthaud (1985) havealso largely concentrated on permineralised 

material. 

A number of relatively well preserved elements with accurate 

descriptions were presented by Kidston (1923-25) and some of these are 

directly comparable with elements from the Welsh and Forest of Dean 

floras. E. minuta is recorded from the Cementstone group of 

Dumfriesshire and Northumberland (Kidston 1903), which is 

significantly older than the Upper Visean age of the species of 

Eskdalia from the southern localities. The record of Clwydia from 

Ravenstonedale in Cumbria is dated by Nudds and Taylor (1978) which is 

Arundian or Holkerian in age which is also lower than its occurrence 

in N. Wales and Hazel Hill. Kidston's original material is from 

Cumbria which is Tournaisian to Lower Visean and this is also older 

than the southerly occurrences (Table 9.1). This Iycophyte genus which 

is known in relatively fine detail in three localities, has a range 

from the Upper Tournaisian to the Middle and Upper Visean. 

Additional common elements which are known in some detail include 

certain bifurcate fronds, synangia and cupulate structures which 

Kidston (1923-25) refers to as Telangium affine and Telangium, 

bifidum. over twenty localities are listed for T. affine and about 

fifteen for T. bifidum. Although only cupules are shown in 

attachment, Kidston incorporated all three types of organ in the 

same species. It is possible that the widespread occurrence that 

Kidston refers to might just reflect the relative abundance of sterile 
fronds. However, his illustrated material demonstrates that the 

synangial forms, which compare very closely with the Dichotangium 

from Drybrook (chapter 5) are present at; West Caldert Midlothian; the 
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n,, N. Tyndale (Table 9.1). The River Esk in Dumf riesshire; and Lewis Bur 

latter locality is where Long (1979) discovered a bifurcate frond with 

a cupulate branch in median attachment. The vegetative fronds of these 

species are known to occur in; the Burdiehouse Limestones near 

Edinburgh; West Calder Midlothian; and at Lewis Burn, and many others 

(see Kidston 1923-25 pp. 452-454,459,460). Fronds with cupules 

attached are known from the River Irthing in Cumberland as well as 

from Lewis Burn. There is substantial evidence that the synangia, ' 

cupules and bifurcate fronds represent the same biological elements as 

those found in N. Wales and at Hazel Hill. This type of plant or 

assemblage of organs appears to have been a major floral element in 

the Visean of St. Georges Land and the landmasses to the north. 

Less-well understood plant organs which are common to the northern 

and southern areas, includes Archaeopteridium tschermaki (Kidston 

1923-5) from the Calciferous Sandstone series and the Lower Limestone 

series of Ayrshire and Lanarkshire. The problematical structure 

Calathiops curvata is also known from the Visean of Northumberland. 

Scott and Meyer-Berthaud (1985) describe some permineralisations 

and compressions from the late Tournaisian of Fouldenj, Berwickshire. 

Some of the elements of this assemblage are comparable with those at 

Hazel Hill and N. Wales. One of these is an axis bearing spirally 

arranged petioles which might be bifurcate. This is similar to the 

Organisation seen in the large specimens Of D. holdeni from Drybrock. 

unfortunately-, there were no fructifications in attachment and the 

material was poorly preserved. Another specimen which they refer to as 

Te-langiopsis consists of a group of sporangia which might be 

arranged in a sporangia but this is unsure. Some of the elements of 

this flora are noticeably absent from the Drybrook flora although they 

are also badly preserved. These include some cupulate structures borne 



228 

on a slender branch system which they refer to as Stamnostoma 

huttonense; some questionable microsporangiate fructifications 

referred to as Ootheca sp., and some possible fertile appendages which 

are attached to a Tristichia ovensi-like plant. The lycophyte 

elements also dif ferfrom those at Hazel Hill and include some axes with 

slender,, fusiform leaf cushions. 

Scott et al. (1985) record a number of isolated 

fructifications, sporangia and pinnule segments from the Upper 

Tournaisian of Loch Humphrey Burn. most of the material is 

assigned to early ferns. Their fructification Type-D (PL. IV, fig 7) is 

similar to the isolated sporangia of Dichotangium from Hazel Hill. 

The sporangium is slender and exannulate and appears to have a beaked 

tip. This interpretation would mean that the specimen is illustrated 

upside down. It is possible that it represents a single sporangium of 

the Dichotangium-type which has broken at its point of insertion 

with the synangial pad. Scott et al. suggest that it might 

represent a fern sporangium such as Musatea but admit that it could 

be derived from a pteridosperm synangium. 

SUMMARY OF BRITISH LOWER CARBONIFEROUS COMPRESSION FLORAS 

The elements which are found in the Lower Carboniferous of Scotland 

and N. England which are absent from Wales and the Forest of Dean 

include; Lepidodendron and Lel2idophloios in the Visean of 

midlothian and Lepidodendron veltheimii, Lepidodendron 

. 
volkmanianum and Lepidophloios scotticus in the Visean of 

Northumberland (Crookall 1966). The species of Lepidodendron are quite 

different from the lycopods from Hazel Hill and N. Wales and consist of 

slender fusiform leaf cushions with well expressed upper and lower 
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leaf cushion surfaces. Some have transverse notches along the lower 

keel which are more co mo nly found on Upper Carboniferous lycopods. In 

chapter (3) it was suggested that Lepidodendron perforatum Lacey 

(1962) was not a species of Lepidodendron but probably a lycophyte 

with a leaf cushion structure and arrangement more like that of 

Eskdalia. The large number of Lepidodendron species listed by 

Crookall (1932) from Lower Carboniferous localities way merely be a 

reflection of a conmnt by Dimichele (1981) that; The genus 

Lepidodendron has been circurmcribed so broadly that it has come to 

include a broader range of anatomical and leaf cushion variation than 

other -genera of Palaeozoic lycopods". It is clear that these 

lycophytes require reinvestigation in the light of recent concepts in 

lycophyte morphology and systematics. 

The following are considered to represent conpression elements 

commn to the northern and southern localities and horizons. Because 

of the difficulty in assessing all the northern localities of Kidston 

(1923-5) they are corrbined. 

Eskdalia 

Diplopteridium 

Dichotanglum 

L, epidostrobophyllum fimbriatum 

clwydia 

Rare in North region. 

Absent in V. of Clwyd. 

Absent in V. of Clwyd. 

Absent at Teilia. 

Absent at Teilia. 

Other elements: 

Archaeopteridium tschermaki 

Calathiops curvata 

Absent in N. Wales. 

Absent in N. Wales. 
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Archaeocalamites Rare at Hazel Hill. 

With the important exception of the Lower Brown Limestone the 

Dichotangium and Diplopteridium elements are the most widespread 

of the elements listed above which are known in detail. Furthermore, 

the likelihood that the bifurcate fronds, the synangia and the 

cupulate structures represent part of the same plant or parts of 

closely associated plants is substantiated by their simultaneous 

occurrences at localities in addition to the Hazel Hill flora. 

COMPARISON WITH EUROPEAN L. CARDONIFEROUS FLORAS 

Lacey (1955) compared the Lower Brown Limestones with various 

floras from Central Europe including the Silesian basin in 

Czechoslovakia, and the Culm, floras of Germany and Spitsbergen 

(Nathorst 1914r 1920, Lutz 19331 Patttiesky 1928,1929). Walton (1931) 

correlated the Týeilia flora and the upper part of the Oilshale group 

of the calciferous Sandstone with the- Lower Carboniferous of 

Silesia on macrofloral'evidence. However, most of the comparison rests 

on vegetative fronds and pinnules. Both the material described by 

Pattiesky (1928,1929) and by Lutz (1933) from the Culm, of 'East 

Germany include the apparently ubiquitous Lepidodendron veilthemii 

and Lepidodendron volkmanianum. Both of these are absent from the 

Hazel Hill locality although they have been reported elsewhere in 

Britain. 

Floras of France: 

Three floral assemblages are known from the southern and central 

regions of France and include the Montagne Noire 
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(Mid-Upper Tournaisian),, Roannais (Upper Visean) " and Esnost (Upper 

Visean). These floras were originally described by Renaultr Grand' Eury 

and Zeiller in the last centuryr but more recently by Galtier during 

the sixties which is summarised in a monograph dealing with all three 

localities (Galtier 1971). Scott et al. (1984) compare these with 

the permineralised floras from Scotland and N. England. The Visean 

assemblages at Roannais and Esnost comprise a large number of ferns 

which are mostly described as permineralised sections of vegetative 

and fertile organs. Some emphasis is placed on the reconstruction 

of the branching of this material, and gives some idea of the gross 

morphology of forms such as Botryopsis and Clepsydropsis. These 

types of plants have not been found at Hazel Hill. Scott et al. 

(1984) point out that all the French floras lack seeds and cupules and 

this contrasts strongly with the Hazel Hill flora. There is some 

similarity between the lycophytes from the Montagne Noire 

(Meyer-Berthaud 1985) and those from Hazel Hill which lack leaf 

cushions such as Malanzania plumata (Chapter 4). 

Galtier (1970) refers to a list of compressions obtained from 

Roannis by earlier workerst which includes three species of 

r, epidodendron including L. veiltheimianum Presir but there is no 

well described material which is comparable to the Hazel Hill flora. 

Floras of S. W. Spain: 

Wagner et al. (1984) identify three assemblages from the Sierra 

Morena of Upper Tournaisian to visean age. The lycophytes they 

identify which include; Lepidodendron losseni Weiss, 

Lepidodendropsis vandergrachti Jongmans, Gothan and Darrah and a 

specimen assigned to Archaeosigillaria vanuxemi are not found at 



232 

Hazel Hill. other floral elements include some fronds with large 

rounded pimules such as Fryopsis frondosa (Goeppert), 

Neurocardiopteris broilii Lutz, and Adiantites cf rhombifolia. 

All of these represent quite different types of frond and pinnule 

architecture conpared with those from Drybrook and many other 

localities in Britain. 

Floras of Central Russia and Siberia: 

A conparison of the conpression floras of the British Islesj with 

the Tournaisian and Visean floras of Angaraland reveal few common 

elements. Meyen (1982) emphasizes the high endemicity of these floras 

since the Upper Devonian on rracrofossil and meiospore evidence. Four 

lepidophytalean assemblages are recognised which mostly comprise 

vegetative lycophyte axes (Meyen 1972r 1976, Thomas and Meyen 1984b). 

The range and form of pinnate foliage such as Angaropteridium is not 

found at the British localities and fronds such as Dipl22teridium 

and Dichotan2ium are absent. Meyen (1976) points out that the 

relationship of Euramerian to Angaraland lycophytes is not clear at 

the generic level but that "differences at the specific level are 

evident". This is clearly the case with the species Of Eskdalia and 

Angarodendron (Chapter 3). The identification of fertile structures 

among the Angara flora, such as that demonstrated for E. Variabilis 

would surely help to establish a more natural means of comparison. 

The Lower Carboniferous records of lYcoPod cuticles from the Moscow 

basin, represent a floral element which can only be compared with the 

British and Angaran floras with difficulty. Their provisional 

assignment to Eskdalia' might indicate only a broad morphological 

similarity between the British and Angaraland representatives. 
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Floras of N. America: 

Conpared to the mass of information which has accumulated from the 

Pennsylvanian floras of N. Azerica,, relatively little has emerged from 

Mississippian assenblages (Arnold 1948, Pfefferkorn and Gillespie 

1982). Early accounts of floras (White 1937, Lacey and Eggert 

1964) have only been added to recently,, by descriptions of single 

representatives of assemblages rather than accounts of whole floras 

(Eggert and Taylor 1971, Jennings 1972,1976, Skog and Gensel 1980, 

Smoot 2t ý11.19. ). However,, the recent additions provide detailed 

descriptions and connections of vegetative and fertile Lower 

Carboniferous plantst which at least provide valuable floral elements 

for conparison. 

Assemblages are known from the Upper Mississippian, Chester series 

of S. Illinois and Arkansas (White 1937, Lacey and Eggert 1964, Eggert 

and Taylor 1976), and the Lower Mississippian from the Price formation 

in Virginia (Gensel and Skog 1977# Skog and Gensel 1980). Other 

localities are known from Nova scotial (Bell 1960), the mid west and 

Alaska. 

Lacey and Eggert (1964) describe the flora from N-W-Arkansas which 

is the nearest flora of equivalent age to that described by White 

(1937). Apart from some material referred to as Archaeocalamites 

there is little else in common with the Drybrook flora. Some lycophyte 

axes are assigned to Lepidodendron volkmanianum and Le-pidodendron 

cf. veitheimii. These are quite similar to those from the 

Cementstone group in Scotland and N. England which are absent from the 

Drybrook flora. The only evidence of pteridosperm elements in this 

assemblage are some axes with a Dictyoxylon ornamentation. 
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Jennings (1976) and Eggert and Taylor (1971) report the attachment 

of Telangiopsis synangia with Rhodea-type foliage and some naked, 

monopodial axes respectively. These are from different localities 

within the Chester series. The vegetative pinnae described by Jennings 

(1976) are similar to some of those at Drybrook, particularly 

S. obfalcata, but the synangiate organs described as Telangiopsis 

rugosa from Hazel Hill were not found in attachment. In spite of 

this, the presence of similar frond types with tertiary pinnae and 

narrow pinnule segments, combined with the Simultaneous occurrence of 

snail Telangiopsis synangia, might be suggestive of a co=On organ 

complex between the two floras. 

Valymerodendron triangulifolium Jennings (1972) represents the 

only well described Mississippian lycophyte compre6sion from N-America 

which is in any way similar to the lycophytes such as Eskdalia from 

Hazel Hill (Chapter 3). 7his is significant as many other lycophytes 

from this region are referred to as Lepidodendron (White 1937). 

ribe sporangiate organ referred to as Triphyllopteris uberis Skog 

and Gensel (1980) has some similarity to Archaeopteridium tschermaki 

and Alcicornopteris recurva from Hazel Hill. However, the type of 

connection they demonstrate was hot found. Skog and Gensel (1980) 

point out that the type of sporangiate organ they describe, is 

observed on at least one other type of foliage which is Rhaco2teris 

fertilis (Walton 1926). The possibility that such a fructification 

could have been connected to more than one type of foliage makes 

T. uberis difficult to compare with isolated similart isolated 

organs. 



235 

Floras from S. America: 

Jongrmns (1954) described a Lower Carboniferous assemblage f rom the 

Paracas Peninsular of Peru which includes species 

of; Lepidodendropsist Triphylloptris, Rhacopteris and material 

he questionably assigned to Cycl stigma. This flora contains 

elements which imnediately separate it from the Drybrook flora. Some 

of the lycophytes he describes include Le2idodendr22sis_- -de-yndi 

which contains sporangia in fertile regions of the axis and not in 

cones. This type of arrangement was not observed among the lYcophyte 

elements of the Drybrook flora. The vegetative pinnae he assigns to 

Triphyll22teris and Rhacopteris also differ from those at 

Drybrook. 

Archangelesky et al. (1981) compare Jongmans' material with 

their lycophyte assemblage from the Middle Carboniferous of Argentina. 

In the light of their more detailed investigation of leaf cushion 

morphology,, they question whether his LeRidodendroEsis could be 

assigned to Bumbudendron Archangelesky et 21., and enphasize the 

need for a detailed reinvestigation of Jongmans' material. The genus 

Malanzania Archangelesky et al. is based on additional Middle 

Carboniferous material from S. America. In spite of the wide 

geographical separation. The decision to assign material from Drybrook 

to this genus was based on a close similarity of the stem cuticle, the 

arrangement of leaves and the absence of leaf cushions. 

Floras of Africa: 

Numerous floras are known from N. Africa which are notably rich in 
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lYcophytes and poor in all other plant groups (Danze-Corsin 1965, 

Mensah and Chaloner 1971). They include, in particular; 

Lepidodendropsis, Lepidodendron, Prelepidodendron and 

Archaeosigillaria. Relatively few of these have been described 

recently with useful demonstrations of leaf cushion morphology. The 

stems described by Mensah and Chaloner (1971) possessed cuticular 

details which differ to the similarly sized stems at Hazel Hill 

(Chapter 3). 

Floras of Asia: 

pal and Chaloner (1979) describe a small assemblage from the 

L. Carboniferous of the Gund formation in Kashmir. They claim that it 

contains several genera which link it with the "typical 

Lepidodendropsis floras" from other parts of the World. The ovals 

present on the lycophyte axis they refer to as Lepidosiqillaria cf. 

quadrata, are superficially similar in appearance to those of 

Eskdalia. The identification of Rhacoptris cf. circularis Walton 

is based on very fragmentary material and the absence of more 

detailed information precludes any accurate comparison of the axis 

they describe as Lepidodendropsi . 

Floras of Australia: 

There are very few reports of Lowe: 

Australia (Morris 1975). All the 

Lepidodendront Rhacopteris Fryopsis 

need of further investigation. Morris 

sp from the Visean in the Gloucester 

Wales. Some plants from higher up in 

r Carboniferous plants from 

material refered to as; 

and Adiantites are in 

(1975) reports. Lepidodendron 

region of New South 
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the section are supposedly similar to some Lower Carboniferous plants 

f rom Europe. They include Rhacopteris. -ovata, (McCoy) Walkom, 

Triphylloptris and a narrow pinnate frond-type known as 

Dac-tyllophyllum-digitatum,. 

Chaloner and Meyen (1976) suggest that the supposed similarity of 

Gondwanan Lower Carboniferous f loras may be due to the broad generic 

concept of the plant taxa under consideration. This would seem likely 

in the light of recent papers dealing with lycophytes and 

fern/gymnosperm foliage from this region (Meyen 1976, Thomas and Meyen 

1984, Archangelesky 1983). 

SUMMARY 

The impression gained from an attempted comparison of World floras 

is that the common elements identified on quite a detailed basis from 

localities in the British Isles have few occurrences, outside Europe. 

Although current views would suggest that the Lower Carboniferous 

World floras were relatively uniform (Pal and Chaloner 1979), it is 

argued here that the plant taxa used to assess this hypothesis such 

as; Rhacopteris, LepidodendroRsis, Archaeosigillaria and 

Lepidodendron are too poorly understood. The difficulty of comparing 

previously published material which has not been described in detail 

is acute. This combined with the other problems outlined at the 

beginning of this chapter make any realistic comparison of plants and 

the floras they constituter as biological entities, extremely 

difficult. This comparison has at least realised that. 

Some recent publications particularly those of JenningsC1972,1976) 

and Skog and Gensel (1980), and others, do provide accurate details of 

plant fossils which are valuable for this type of comparative 

approach. It is believed that more detailed accounts 'of plants from 
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different parts of the world might provide the data needed to 

establish a more realistic global distribution of Lower Carboniferous 

plants. 
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I CHAPrER 10 

GENERAL DISCUSSION 

isolated plant organs, organ complexes and nomenclature: 

The flora at Hazel Hill consists of twenty seven elements of which 

twenty are assigned to formal taxa and seven to informal categories. 

The assemblage consists of 9 lycophytes, 6 pteridosperms, 6 

gymnosperms/ferns, 4 sphenophytes and 2 elements of unknown affinity 

which might represent algal filaments. This study has discovered 3 

new genera and 8 new species. Each species is known at variable levels 

of complexity. For example Diplopteridium. holdeni includes a slender 

axis, vegetative bifurcate fronds, fronds with cupules in attachment 

and circinate tips. other elements are only known as isolated units of 

unknown affinity such as Rhacopteris. weissii. When a complex of 

organs are known to belong to a particular plant such as 

Diplopteridium.... holdeni, Eskdalia.... variabilis and Eskdalia 

fimbriophylla, they are included within a single appropriate taxon, 
6c 

even though they might more frequently4found as isolated units. It is 

believed that this approach is justified at a single locality such as 

this, providing there is sufficient comparative evidence between 

attached and isolated organs. Although the connection of a 

Dichotangium-like fructification to a frond of Diplopteridium was 

demonstrated by Walton (1931), the synangia cannot be formally 

combined at Drybrook because they were not found in attachment. 

Therefore this approach has the flexibility required for dealing with 
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plant organs which are connected at one locality but unconnected at 

others. 

Similar nomenclatural problems are found when dealing with the 

range of preservations which include; flattened compressionst three 

dimensional inpressions/compressions and fusainised material. The same 

approach is followed as with the organ complexes. Where there is 

believed to be sufficient comparative evidence,, the different 

preservations are treated synonymously. 

Where it has been necessary to erect new genera or speciesf in most 

cases, a list of syntypes has been used in favour of a single 

holotype. It is believed that this approach is nec essary so as to 

include the maximum range of characters possible. In cases where a 

holotype or lectotype had been selected prior to this investigation 

the method of Grierson and Banks (1983) has been followed. The 

material showing the new features is listed under the prefix; 

Substantiation for the new combination (etc. ) ...... . 

The intention of these approaches is to enphasize 

interconnected organ complexes and combine the details obtained from 

different preservations. These have been the main part of this study. 

ECOLOGY, DEPOSITION AND PRESERVATION BIASES 

Scott et al (1984) observed an enormous difference between the 

Tournaisian floras of Loch Hunphrey Burn and Oxroad Bay. Significant 

differences are also present between the Visean floras of N. Wales and 

Hazel Hill (Chapter 9). The Drybrook flora contains elements which are 

present at Teilia or the Vale of Clwyd or both. This might indicate 

that the depositional environment at Drybrook received plant mterial, 
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from a more diverse plant community which included elements-from both 

Teilia and The Vale of Clwyd. This analysis is based on material such 

as Diplopteridium Dichotangium 
I 

Clwydia 
f 

Lepidostrobophyllum 

and Eskdalia. However, it is also possible that the supposed 

increased diversity at Drybrook is'merely a reflection of the varying 

extents of excavation between the localities. 

The relationship between the deposited plant fossils with the 

original geographical and ecological position of the source community 

is extremely difficult (Spicer and Hill 1979). This is particularly 

the case at Drybrook where only one band of plant bearing shale 

exists. As pointed out in Chapter (2) the extent of weathering and the 

irregular bedding made any quantitative assessment of the vertical and 

horizontal distribution of the plant fossils impossible. 

The presence of fusain in the fossil record has been used by some 

authors as evidence of forest fire (Scott et al. 1985). Because of 

the possible roles of diagenesis and factors such as the heat caused 

by respiration of microorganisms in organic sediments (Beck 1982) any 

ecological interpretation based on fusainised material at Hazel Hill 

is not attempted. 

The plant assemblage is evidently drifted as seen by the lack of 

any evidence of stumps or rooting organs preserved in their positions 

of growth, and by the high frequency of small, highly particulate 

plant debris. The plant material was probably deposited in an 

abandone4 channel by overspilling from a neighbouring one. The 

irregular bedding and the very variable levels of plant material might 

indicate that the deposition was sporadic. 

The overall size of the plants is often impossible to determine but 

the plant 'Community is known to contain slender pteridosperm axes 

which might have been climbers (Rothwell 1979). At least one of the 
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lycophytes provided some sort of canopy on account of its frequently 

branched distal axes, but the level or height of this is unknown. 

Another lycophyte (clwydia.. microphylla sp. nov. ) is interpreted as 

having been either herbaceous or epiphytict on account of its 

consistently narrow stem at all levels of branching. 

some of the most cormnon plant organs at the locality are the 

sporophylls of Lepidostrobophyllum.. fimbriatum and the spiny leaves 

of E. fimbriophylla. The sporophylls are particularly prevalent and 

their large numbers may be due to their adaptation for dispersal in 

water as suggested by Phillips (1978) for Mazocarpon ... shorense. 

This does seem likely considering the number of instances where 

megaspores or their inpressions are still in contact with isolated 

sporophylls. 

The high frequency of leaves from E. fimbriophylla does not 

necessarily imply that that the leaves were abscissed. There is a 

strong possibility of mechanical detachment (Thomas and Purdy 1982),, 

particularly if the plant material was partially decomposed during 

transport and deposition. The high frequency of these leaves is also 

partially explained by the fibroust hypodermal tissue particularly 

along the edges of the lamina which may have reduced their 

susceptibility to further fragmentation. This bias towards the 

preservation of plant organs with conspicuous fibre cells is also seen 

among some other common elements such as the cupules of Diplopteridium 

which are often preserved as three dimensional moulds. 

At least four sporangiate, synangiate or cupulate organs were borne 

on separate fertile branch systems which lack vegetative, laminate 

structures. This feature possibly represents an adaptation for wind 

dispersal (Skog and Gensel 1980) where the spore-producing and spore 

receiving structures are positioned in localised areas away from the 
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rest of the plant. It is possible that Dichotangium, Cornutheca, 

Diplopteridium and Alcicornopteris show this type of reproductive 

strategy. 

The difficulties of establishing correlations between environmental 

conditions and plant structure such as stomatal structure and 

frequency, and cuticle thickness, have been discussed at various 

points above. A great range of stomatal types and frequencies was 

observed in E. variabilis, C. microphylla, Sphenophyte branchlet 

Type D,, Archaeopteridium.. tschermaki and pinnule segments 1 and 2. 

Although all the types of stomatal differ in construction and 

frequencyr at present it is very difficult to make any environmental 

deductions from this sort of data. 

As mentioned in Chapter (1) various assemblages are present at the 

Edgehills quarry, PluMp Hill. Three narrow shale bands generated very 

fragmentary material of L. fimbriatum and Diplopteridium. These are 

characteristic and cormnon elements at the Hazel Hill flora. If the 

strata exposed at Hazel Hill are continuous with those at Edgehills, 

it is tempting to speculate that their occurrence might represent 

deposition of the same floral elements, but at a further distance from 

the source vegetation, as indicated by their sparse occurrence and 

highly fragmentary state. 

The assemblage at the uppermost part of the exposure at Edgehills 

contains plant fossils which are quite differentfromthose at Hazel 

Hill. The only common element is Arcbaeocalamites which is extremely 

rare at Hazel Hill (Only one specimen of a really identifiable stem 

was found). This suggests that if the Archaeocalamites bed is part 

of the Drybrook Sandstone series it represents a quite different 

assemblage which may have some ecological significance. 
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morphological significance of structures seen among Lower 

Carboniferous Lycophytes: 

Perhaps some of the most detailed results from this study are of 

the lycophyte representatives of the flora. A range of structures are 

visible between the leafy shoots of which four might be understood to 

represent different biological species. It is perhaps worthwhile 

discussing and comparing some of these and their morphological 

significance in the light of recent nomenclatural and evolutionary 

concepts. 

one of the most variable features of the stems described here is 

the mode of connection of the leaf to the stem, and the extent of 

development, if any, of a leaf cushion. The two species of Eskdalia 

have particularly well developed leaf cushions with lateral expansions 

(wings) and lower projections (heels). The stems identified as 

Malanzanial Drybrookia and Clwydia lack such elaborated leaf 

bases altogether. Although these stems are generally, but not always, 

smaller than Eskdaliar the absence of leaf cushions is not simply 

related to the size of the stem, because miniaturer elaborate, leaf 

cushions are visible in the smallest axes of E. variabilis. 

There is some controversy as to what constitutes a leaf cushion . 

Some authors refer to leaf cushions as the raised portions of the leaf 

base left behind after leaf abscission (Scott 1900r Taylor 1981) 

whereas other workers (Thomas 1967r Chaloner and Meyer-Berthaud 1983) 

understand them as an expanded part of the leaf even without leaf 

abscission. i agree with the latter definition because of the 

uncertainty of identifying true abscission surfaces iý fossil lycoPOd 

stems. The extent of elaboration at the base of a leaf might be 
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difficult to qualify when deciding whether a leaf cushion is actually 

present or not. The difference As clear between, for example 

E. variabilis and C. microphylla but intermediate levels of 

development might exist,, such as a leaf which is decurrent on the 

stem. Perhaps the most acceptable definition of a leaf cushion is 

the presence of an expanded portion of the-leaf which occurs between 

the point of insertion of the leaf lamina and the stem surface. 

From observing impressions and compressions of certain Angaran and 

British lycophyte leaf cushions, it might be argued that the lateral 

wings and heels could have been produced by the effects of compression 

or flattening of an originally less complex, raised structure. The 

fusainised leaf cushions - of E-variabilis described here, 

however, corroborate the three dimensional structures depicted by 

meyen (1976) and Thomas and Meyen (1985 a). 

The identification of a ligule or ligule pit is often difficult 

(Thomas and Masarati 1982). The species of Eskdalia from this 

locality were the only lycophytes where ligule pits were identified 

with certainty. E. variabilis was the onl y lycophyte which was 

definiteLy shown to possess cones. - 

The presence of a strobilus would perhaps allow the attribution of 

this species to the Lepidodendrales as this is one of the principal 

features which distinguish this group from the Protolepidodendrales. 

The affinity of L. fimbriatum is still unknown and represents a 

rather intriguing-problem as the cones might be bisporangiate. If this 

is the case the strobili of L. fimbriatum would, have little or no 

relation to E. variabilis and the possibility that it represents the 

cone of E. fimbriophylla is tempting, particularly with regard to the 

spiny margins of the Vegetative leaves and the' sporophylls. 

Speculating further, if the cone of L. fimbriatum is not 
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heterosporous, a reconstruction of all four organs in connection might 

involve narrow leafy shoots with small microsporangiate, terminal 

cones which were distally attached to broader stems with spiny leaves 

which produced larger cones consisting of megasporangiate sporophylls. 

Meyer-Berthaud (1981,1984) points out the difficulty in ascribing 

some of the Tournaisian lycophytes to either the Protolepidodendrales 

or the Lepidodendrales because of the absence of fructifications 

and the variable presence of a ligule pit. She suggests that a group 

of lycophytes of intermediate status existed during the Tournaisian 

and Visean which had a variable number of characters from both the 

Lepidodendrales and the Protolepidodendrales. The range of lycophytes 

from Drybrook are equally difficult to assign to either of these 

groups with the possible exception Of E. variabilis. Alvin (1965) 

also points out the same difficulty in assigning Oxroadia to 

either one of these taxa. 

it is clear that fossil lycophytes which are known as vegetative 

remains or with incompletly known fructifications cannot be ascribed 

to very meaningful higher taxa. Meyen (1976) states that; " The 

present day systematics of ' lycophytes acquires a form of 

multidiwensional lattice of freely combining characters. " This is 

certainly the case among Tournaisian and Visean lycophyte 

representatives, where the presence of a ligule pitt leaf cushions, 

wings, heelst perichnos, keels and presumed leaf abscission occur 
independantly throughout a range of genera. Our understanding of 
lycophytes where some of these structures have been accurately 
determined is poor enough, but the situation becomes even more 

confused when trying to deal with poorly described or badly preserved 
forms such as some of those under consideration in Chapter (9). The 

statement by Scott et al (1985) which states; " so apparently the 
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lycopods do not undergo any significant evolutionary change during the 

wwer carboniferous"r is really a reflection of the level of current 

knowledge and the lack of observed natural affinity among the genera 

during this period. 

General morphological and evolutionary considerations of some other 

floral elements from Hazel Hill: 

The Hazel Hill flora notably lacks evidence of ferns or fronds 

which can be demonstrated as such. only one reproductive organ which 

might have represented a fern was found and assigned to the 

provisional form genus Alcicornopteris. However, this material 

consisted of poorly preserved branchlets and the terminal 

sporangial areas were not clear. All the sporangia from the locality 

were fused to some extent to form synangia. The absence of any fern 

fructifications such as those described by Scott et al. (1985) is 

surprising considering the number and range of delicate 

synangiate organs that were found. The Calciferous Sandstone series 

at Loch Hurrphrey Burn (Upper Tournaisian) has a diverse assemblage of 

fern organs (Scott et al 1984A). They suggest that this might 

represent an early evolutionary diversification of the group in this 

area, which might have been combined with, . or initiated by 

colonisation in the peripheral volcanic areas of the Clyde region. 

They justify this conclusion by the appar ent "dominance" of 

pteridosperms over the ferns at other localities. From the number of 

synangiate forms from Hazel Hill and the abundance of Diplopteridium 

fronds, this flora would apparently support this hypothesis. However, 

the extent of ecological/depositional segregation which might explain 

the almost total absence of substantial Archaeocalamites stems might 
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also have excluded the fern representatives. 

Walton (1931) described the connection of a synangiate organ to the 

median,, dichotomising rachis of af rond of Sphenopteris teiliana 

he stated; "Spbenopteris. teiliana is at present therefore the most 

completely known frond, f rom the point of external morphology, of any 

Lower Carboniferous plant". Whether or not this statement is true, 

this pteridosperm element which he named Diplopteridium probably 

represents an important and common Dinantian plant. The material 

from Drybrook and that redescribed. by Long (1979) has identified the 

main axis and established the nature of the cupulate structures which 

presumably contained, a seed or seeds. 
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